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AGENDA OF MEETING

	BUREAU OF INDIAN STANDARDS
 (METALLURGICAL ENGINEERING DEPARTMENT)

	Name of the Committee
	No. of Meeting
	Day & Date
	Time
	Venue/Mode

	Non-Destructive Testing Sectional Committee, MTD 21
	31st Meeting
	Monday,
21-06-2024

	1100 AM

	Hybrid Mode- Copper Room, Manak Bhawan, BIS, New Delhi

Meeting link :  
https://bismanak.webex.com/bismanak/j.php?MTID=mb67137c3c9c6dd8a4f5ca4f0f6183852
Friday, July 19, 2024 11:00 AM | 2 hours | (UTC+05:30) Chennai, Kolkata, Mumbai, New Delhi
Meeting number: 2510 641 6951
Password: 12345 (12345 when dialing from a video system)

Join by video system
Dial 25106416951@bismanak.webex.com
You can also dial 210.4.202.4 and enter your meeting number.

[bookmark: _GoBack]Join by phone
+65-6703-6949 Singapore Toll

Access code: 251 064 16951



Chairman: Dr B. Venkatraman				Member Secretary: Kunal Kumar
ITEM 0 GENERAL
0.1 Opening Remarks by BIS
0.2 Opening Remarks by the Chairman  
Item 1 CONFIRMATION OF MINUTES OF LAST MEETING
1.1 The minutes of the 30th meeting of Non-Destructive Testing Sectional Committee, MTD 21 held on 20.12.2023 were circulated through portal and email on 31/01/2024. No comments received.

The committee may consider and approve the minutes of the previous meeting.

ITEM 2 R&D GUIDELINES AND TOR FOR R&D PROJECT
2.1 The current guidelines for R&D projects for establishments/revision of Indian Standards are given below:


2.2 It has been decided that all the standard taken up for revision/new standard under development, shall be done by taking it up as a R&D project. The committee may decide on the R & D projects which can be taken up by the committee members/ Educational Institution having MoU with BIS for which funding shall be done by BIS.

ITEM 3 ROLLING ANNUAL ACTION PLAN FOR THE YEAR 2023-24

3.1 Following documents are pending for printing:
	Sl No.
	IS No.
	Doc No.
	IS Title
	Current status

	1. 
	New
	MTD/21/19953


	Non-destructive testing Eddy Current Testing. Determination of Electrical Conductivity of Non-magnetic Metals
	Validation documents are required before sending the finalized draft for printing.


The committee may please deliberate and decide.


	2. 
	New
	MTD/21/21512


	Micro-focal radiography for industrial components recommended practices
	Under print
The committee may please note.




3.2 Following documents are pending for WC:
	Sl No.
	IS No.
	IS Year
	IS Title
	Decision taken by the Committee in last Meeting
	Current status

	1. [bookmark: _Hlk140497794]
	New
	MTD/21/17491


	Non-Destructive Testing of Steel Wires Automated Eddy Current Testing of Steel Wires for Detection of Surface Imperfections.






	Online panel 
Meeting with the concerned members- Shri Bharar Biradar, Dr. S T Arasu and Dr. Arvind kumar within 1 month. MS will coordinate. Document to be finalized during the meeting.
 The document received shall be sent for WC for 2 months.


	Panel meeting held on 16/03/2024. Modified draft is attached 

The committee may please deliberate and decide.

	2. 
	New
	MTD/21/17538


	Non-Destructive Testing of Bolts Studs And Fasteners


	The committee in the 29th meeting requested the following members to go through Appendix 4 and add their inputs w.r.to inclusion of  the size of bolts in the scope of the standard and comments of Dr. Arumugam and submit final draft to BIS within 1 month for WC –
a.Dr. Arumugam
b. A shunmugavel ---(deputy head QC materials division, vssc, isro) as convener
c. Dr. Saratchandaran
d. Dr. S T Arasu
e. Dr P PNanekar
f. Dr. Arbinda Kumar.

During the last meeting committee requested the concerned members and MS to conduct a panel meeting and finalize the draft during that meeting.
	No panel meeting done so far. Panel meeting to be done.

The committee may please note.



3.3 Following Standards due for review in 2023-24 were reaffirmed. The committee may please note.
	Sl No.
	IS No.
	IS Title

	1
	IS 12666 : 2018
	Performance assessment of ultrasonic flaw detection equipment (First Revision)

	2
	IS 12889 : 2018
	Performance evaluation of materials used for liquid penetrant test (First Revision)

	3
	IS 3657 : 2018
	Specification for radiographic image quality indicators (Second Revision)

	4
	IS 16979 : 2018
	Guidelines for visual inspection using borescopes and video scopes

	5
	IS 16241 : 2018
	Real-time radioscopic examination of weldments

	6
	IS 17069 (Part 1) : 2019
ISO 14096-1:2005
	Non - Destructive testing - Qualification of radiographic film digitization systems: Part 1 definitions, quantitative measurements of image quality parameters, standard reference film and qualitative control

	7
	IS 17069 (Part 2): 2019
ISO 14096-2 : 2005
	Non - Destructive testing - Qualification of radiographic film digitization systems: Part 2 minimum requirements



3.4 Following reaffirmed Standards from above table on which further action is required:
	Sl No.
	IS No.
	IS Title
	Decision taken by the Committee in last Meeting
	Action taken on last decision
	Decision taken by the committee

	1
	IS 12666 : 2018
	Performance assessment of ultrasonic flaw detection equipment (First Revision)
	We have received comments on parts of IS 12666 which is placed below-


The committee after deliberation requested UST Panel -3 to go through the comment, review the standard and submit their comment/recommendations/ revised draft within 1 month time.
Committee requested member secretary to provide copy of IS 12666 to the panel 3 and to do an online panel meeting within 1 month.
	Minutes of meeting circulated to the members through portal as well as email dated 01/02/2024. 
Copy of IS 12666 was provided to the panel. Panel meeting not held so far.
The committee may please deliberate and decide.
	

	2
	IS 12889 : 2018
	Performance evaluation of materials used for liquid penetrant test (First Revision)
	Comment received from Mr. Nerukar vide email dated 18.12.2023. Comment is enclosed.


Committee requested panel 2 to conduct a panel meeting to discuss the above comment and submit report within 1 month.
	Minutes of meeting circulated to the members through portal as well as email dated 01/02/2024.
Panel meeting not held so far.
The committee may please deliberate and decide.
	

	3
	IS 3657 : 2018
	Specification for radiographic image quality indicators (Second Revision)
	In 29th meeting, The committee after deliberation alloted this standard for review to Dr. Menaka M from  panel 5. Committee also requested Dr. Menaka to submit her comment/ recommendations/ revised draft within 1 month time.

During 30th meeting, Dr. Menaka informed that she has reviewed will submit shortly. 



	No review report received.
Committee may please deliberate and decide.
	

	4
	IS 16241 : 2018
	Real-time radioscopic examination of weld ments
	Committee decided to conduct a Panel meeting within 1 month co-ordinated by MS.
	A panel meeting was conducted on 19.02.2024. Minutes of panel meeting is attached.


Dr. Menaka informed that  Shri Arumugam has made some corrections in figure 1. Shri Arumugam informed that he will submit the corrected document.
Panel decided to circulate the corrected document among committee members for comment.

Corrected documents not received so far. The committee may please deliberate and decide.
	

	5
	IS 17069 (Part 1) : 2019
ISO 14096-1:2005
	Non - Destructive testing - Qualification of radiographic film digitization systems: Part 1 definitions, quantitative measurements of image quality parameters, standard reference film and qualitative control
	Committee decided to conduct a Panel meeting within 1 month co-ordinated by MS
	A panel meeting was conducted on 19.02.2024. Minutes of panel meeting is attached.


Dr. Menaka informed that there are no technical changes in the standard but there is change in format. Printed format is same as in ISO document. Format should be in line with the Indian standard.

The committee may please deliberate and decide.
	

	6
	IS 17069 (Part 2): 2019
ISO 14096-2 : 2005
	Non - Destructive testing - Qualification of radiographic film digitization systems: Part 2 minimum requirements
	Committee decided to conduct a Panel meeting within 1 month co-ordinated by MS
	-do-
	

	7
	IS/ISO 3057 : 1998
	Non - Destructive testing - Metallographic replica techniques of surface examination
	Committee requested Shri Kalesh Nerukar to examine and conduct a meeting of panel 2  consist of Dr. Menaka as well. Within 1 month.
	Panel meeting not held so far. Panel meeting to be done.
The committee may please note and decide.

	






	Item 4 ANNUAL CALENDAR OF TECHNICAL COMMITTEE MEETINGS

	Meetings planned for FY 2024-25
	Date & Time
	Venue

	First Meeting
	19 July 2024, 11:00 AM
	BIS HQ (Manak Bhavan), New Delhi

	Second Meeting
	 22-10-2024, 10.30 AM

	Kalpakkam

	Third Meeting
	24-03-2025, 11.00 AM
	BIS HQ (Manak Bhavan), New Delhi



The Committee may please Note and decide.
Item 5 ACTION TAKEN REPORT
Summary of Actions taken on decisions of the last meeting of Non-Destructive Testing Sectional Committee, MTD 21 is placed below:


	SlNo.
	Subject
	Decision taken by the Committee in last Meeting
	Actions taken on the decisions of the last meeting
	Decision taken


	1
	MTD 21(05171) (Revision of       IS 11655:1986 by adoption of ISO 10893-3)
ISO 10893-3 :2011 Non-destructive testing of steel tubes —Part 3:Automated full peripheral flux leakage testing of seamless and welded (except submerged arc-welded) ferromagnetic steel tubes for the detection of longitudinal and transverse imperfections.


Amendment 1: Published in 2019 is about "Change of dimensions of the reference notch"
Amendment 2: Published in 2020 is about "Change in acceptance criteria”


	During 29th meeting, the committee requested Panel 2 members - Mr. Kalesh Nerukar and Mr. Dinesh Gupta to review and submit their views/comments/ recommendation positively within 1 month.

If the members agreed to adopt ISO 10893-3, the document shall be sent for WC for 2 months.
Comment received from Mr. Nerukar vide email dated 18.12.2023. Mr. Nerukar has suggested for adoption of ISO 10893-3:2011 with comparison report. Copy of email is attached.


In the 30th meeting, Committee after deliberation decided to adopt ISO 10893- 3: 2011.
	Draft under preparation.
	

	2
	Adoption of ISO 9712: 2021Non-Destructive Testing - Qualification and Certification of NDT Personnel in single Numbering and Revision of IS 13805 : 2004
General standard for qualification and certification of Non-Destructive testing Personnel – Specification
	The Committee in 27th meeting decided to put hold on the adoption of IS 9712 as IS/ISO 9712 (single numbering) till the revised version of IS 13805 gets published as it was opined by Dr. P Nanekar that both ISO and Indian standard are different. Hence the committee decided to revise the Indian standard with modified scope, title and content.
Comments received from Shri P Nanekar vide email dated 09.08.2023 is attached


The committee after deliberation requested  Shri P Nanekar  to submit the draft to BIS for wide circulation within 1 months.
On receipt of draft document, the same shall be sent for WC for 2 months.
During 30th meeting, Shri Nanekar informed that he will submit final draft within 2 months.
Committee requested MS to circulate the draft received for WC for 2 months.
	Email dated 01.02.2024 was sent to Shri Nanekar to submit the final draft.
Final draft awaited.
The committee may deliberate and decide.

	

	3
	Revision of IS 12148:1987 `Guidelines for requirements for non-destructive testing agencies’

[bookmark: _MON_1781954612]APPENDIX 2
	The committee after deliberation requested Shri P. Nanekar to review the standard with existing ISO if any and  submit his Input/ Comment/recommendation within 1 month.
Shri Nanekar confirmed to submit revised draft in 1month.  

Committee requested MS to circulate the draft for WC for 1 month.

	Minutes of meeting circulated to the members through portal as well as email dated 01/02/2024.
Draft awaited from Shri Nanekar.
The committee may deliberate and decide.

	

	4
	Revision of 
IS 15404:2003 `Recommended practice for measuring ultrasonic velocity in materials’ and 
IS 15435:2003 `Recommended practice for measuring thickness using ultrasonic method





	In the 29th meeting, Shri P. Nanekar suggested to 
1)Adopt ISO 16809 : 2017 (corresponding IS 15435 exist)

2)Adopt ISO 16831: 2012 (corresponding IS 15468 exist)
3) For IS 15404:2003
Recommended to change the title to :
Recommended practice for measuring ultrasonic velocity in materials using conventional ultrasonic flaw detector.
The committee after deliberation decided to 1)Adopt ISO 16809 : 2017 (corresponding IS 15435 exist) and send it for WC for 2months.

2)Adopt ISO 16831: 2012 (corresponding IS 15468 exist) and send it for WC for 2months.
3) Circulate the document with modified title  to  IS 15404: 2003 to committee members for 21 days. In case no comments received, the same shall be sent for WC for 30 days.

In the 30th meeting, MS informed that  Comparison report is required before adopting the ISO standards. 
Committee requested  Shri Nanekar to submit the comparison report.
Dr. Nanekar informed that he will submit the review/comparison report within 1month.  

Committee requested MS to process for adoption on receipt of review report.
	Email dated 01.02.2024 was sent to Shri Nanekar to submit the comparison report.
Report awaited.
The committee may deliberate and decide.
	

	5
	Revision of IS 15468:2004`Performance evaluation of ultrasonic thickness gauge


	
	
	

	6
	Revision of IS11626:2005`Recommended practice for ultrasonic testing and  acceptance for forging quality steel blooms (first revision)




	The following comment received from Shri P. Nanekar vide email dated 09.08.2023 - Couldn’t locate IS 8791: 1978, IS 11626 : 2005 and BS EN 10228 in the standards shared for review and hence cannot offer any comments
The committee after deliberation requested Member secretary to provide the mentioned standards IS 8791: 1978, IS 11626: 2005 and BS EN 10228 to Shri P. Nanekar and further requested Shri Nanekar to provide input/comment within 1 month.
	Email dated 01.02.2024 was sent to Shri Nanekar to provide input/ comment.
input/comment  awaited.
The committee may deliberate and decide.

	

	7
	Revision of IS 11630:2005 `Method for ultrasonic testing of steel plates for pressure vessels and special applications (first revision)





	The following comments received from Shri P. Nanekar vide email dated 09.08.2023 –

IS 11630:2005 specifies backwall echo amplitude for setting the scanning sensitivity, while ISO 17577 specifies flat bottom hole as reference reflector. Hence these two standards are different. 
The title of Indian standard may be changed to: ‘Method for ultrasonic testing of steel plates by backwall echo method’. In the scope, section 1.2, [‘pressure vessel application and special application] may be omitted.



Proposal received for Revision of IS 11630: 2005 (METHOD FOR ULTRASONIC TESTING OF STEEL PLATES FOR PRESSURE VESSELS AND SPECIAL APPLICATIONS) in line with ASTM A 578 that covers on line UT.
The committee after deliberation requested Shri P. Nanekar to submit Draft document for Wide Circulation within 1 month.

	Email dated 01.02.2024 was sent to Shri Nanekar to submit the draft.
Draft awaited.
The committee may deliberate and decide.
	

	8
	Formulation of new standard on Oxide layer thickness measurement with ultrasonic technique for boiler tube life assessment

	Comments received from Shri P Nanekar vide email dated 09.08.2023 is attached.


The committee after deliberation requested panel-3 for ultrasonic testing to discuss the comments received from Shri P. Nanekar in a panel meeting and submit a modified draft within 2 months. 
The draft received shall be sent for WC for 2 months. In case no comments received, the same shall be sent for printing.


In the 30th meeting, Committee requested panel 3 to do a meeting within 1 month and complete the review. Committee requested MS to form a whatsapp group for all the panels and co-ordinate in conducting panel meetings.
	Whats app group formed for the panels. Panel meeting not held so far. Panel meeting to be done.
The committee may note.

	

	9
	Revision of IS 12782:1989 `Guidelines for using thermography for monitoring of industrial components’

	The committee after deliberation decided to assign this review to  Panel 8 on thermographic testing who will submit their Input with draft document within 30 days for circulating the same to the committee members for 21 days.
The committee further requested panel 8 to submit their recommendations on what all ISO Standards on thermography can be adopted. 
ISO has published 5 standards , one on vocabulary o, general principles, characteristics of system ,General principles for thermoelastic stress measuring method
ISO 10878:2013
Non-destructive testing — Infrared thermography — Vocabulary
ISO 10880:2017
Non-destructive testing — Infrared thermographic testing — General principles
ISO 18251-1:2017
Non-destructive testing — Infrared thermography — Part 1: Characteristics of system and equipment
ISO 18251-2
Non-destructive testing — Infrared thermography — Part 2: Test method for integrated performance of system and equipment
 ISO 22290:2020
Non-destructive testing — Infrared thermographic testing — General principles for thermoelastic stress measuring method
During 30th meeting, Dr. Menaka recommended to adopt. 

Committee requested Dr. Menaka to specify the ISO standard need to be adopted and submit review/comparison report within 1 month.
	Email dated 01.02.2024 was sent to submit the comparison report.
report awaited.
The committee may deliberate and decide.
	

	10
	Revision of IS 7343:1986 `Code of practice for ultrasonic testing of ferrous welded pipes and tubular products (first revision)

	An email dated 09.08.2023 received from Shri P. Nanekar with following recommendation -
Recommended to adopt ISO 10893-8,9,11,12
The committee after deliberation requested panel 3 to do comparative study and submit their recommendation within 2 months.

MS observation- There exists two separate standards for welded and seamless ultrasonic testing IS 6394 and IS 7343. Both of them having similar technical content in the standard. Is it not feasible to have one standard under a common tile and scope covering both?
During 30th meeting, Dr. Nanekar recommended to adopt the ISO standard. 
Committee requested Dr. Nanekar to submit review/ comparison report within 1 month.
	Email dated 01.02.2024 was sent to Shri Nanekar to submit the comparison report.
Report awaited.
The committee may deliberate and decide.
	

	11
	Revision of IS 6394:2006 Code of practice for ultrasonic testing of seamless metallic tubular products by contact and immersion methods (second revision)
	-do-

	
	

	12
	MTD 21 (5046)
Formulation of new standard on      Code of practice for  radiometric techniques

APPENDIX 5
	BIS proposed NWIP on "Gammatopography of  shielding structures" in ISO/TC 135/ SC5 mirror committee.
During the 16th plenary meeting of ISO/ TC 135/ SC 5 held on 2023-07-08 in Hybrid mode in Lisbon, Portugal ,  Dr. Menaka M, IGCAR - Expert and   Shri Kunal Kumar, Member secretary of the mirror committee , paricipated virtually and made presentation on the NWIP.
The following were outcome of the meeting-
ISO/TC 135/SC 5 agrees to establish ISO/PWI “Gamma topography of shielding Integrity”.
Attendees agree to establish a new preliminary work item.
PWI is allocated to the new study group “Gamma topography of shielding Integrity” with convenor  Ms Menaka (BIS).
The PWI is supported by BIS, ANSI, JISC, SAC and DIN.
 asks CM to initiate a call for experts.
The resolution was approved unanimously.
 A ballot for call of experts was initiated by the committee manager of ISO/TC 135/SC 5, The experts were nominated by the NSBs.
A meeting was scheduled by the committee manager of ISO/TC 135/SC 5 with all the experts. However, meeting could not be held due to some technical issue. An email was circulated to all the experts to submit their input/comments on Draft  to Dr. Menaka. 
Inputs received on the draft were communicated to Dr. Menaka.
	17th planery meeting of ISO/TC 135/SC 5 committee held in Korea on 2/06/2024 in Hybrid mode.
The delegation, as approved by the Chairman MTD 21, consisting of   Mrs Menaka M. of IGCAR as project leader, Dr. Alok Pandey of AERB, Member MTD 21 and  Shri Kunal Kumar, Member Secretary, MTD 21 attended the meeting.
The comments received from Japan and Germany. The manuscript will be updated asap and  sent back to SC 5.
Minutes of meeting attached.



The committee may please note.
	

	13
	Revision of IS 4853:1982 
`Recommended practice for radiographic inspection of fusion welded butt joints in steel pipes (first revision)’
	The Committee after deliberation requested Panel 5 on radiographic testing  to examine the Indian Standards IS 4853 and IS 1182 with respect to corresponding ISO 17636-1 and ISO 17636-2  and submit their recommendation for adoption/ revision within 1 month period of time.
If adoption of ISO recommended by the committee, the same shall be sent in wide circulation for 2 months.
Committee requested member secretary to provide ISO standards to Dr. Arumugam. 

Committee also requested MS to co-ordinate a meeting for panel 5 to discuss all the work allocated to panel 5 within 1 month.
	ISO standards were circulated through email as well as on whatsapp group.
A panel meeting was conducted on 19.02.2024. Minutes of panel meeting is attached.


Panel requested member secretary to provide draft document to Mr. Deepesh for necessary modification. 
Draft documents were provided to Mr. Deepesh vide email dated 06.03.2024. Modified draft awaited.
The committee may please deliberate and decide.
	

	14
	Review of IS 1182: 1983Recommended - Practice for radiographic examination of fusion welded butt joints in steel plates Second Revision
	-do-
	
	

	15
	Revision of IS 7666:1988 Recommended procedure for ultrasonic examination of ferritic castings of carbon and low alloy steel (first revision)’
	The committee in its previous meeting after detailed deliberation requested Panel-3 on ultrasonic to examine this Indian Standard IS 7666 with respect to corresponding ISO standards –
ISO 4992-1:2020 Steel castings — Ultrasonic testing — Part 1: Steel castings for general purposes
ISO 4992-2:2020Steel castings — Ultrasonic testing — Part 2: Steel castings for highly stressed components
 and submit their recommendation within 2 months period of time.`
Shri P. NAnekar vide email dated 09.08.2023 –
Recommended to adopt ISO 4992-1:2020 & ISO 4992-2:2020.
The committee after deliberation decided to adopt ISO 4992-1:2020 & ISO 4992-2:2020. The committee requested member secretary to circulate the documents in WC for 2 months.
During 30th meeting, member secretary informed that  Comparison report is required before adopting the ISO standards. Shri Nanekar and Panel 3 may be requested to submit the comparison report.
Dr. Nanekar informed that he will submit the review/comparison report within 1month.  
Committee requested MS to process for adoption on receipt of review report.
	Email dated 01.02.2024 was sent to Shri Nanekar to submit the comparison report.
Report awaited.
The committee may deliberate and decide.
	

	16
	 Revision of IS 9902:2004`
Recommended practice  for leak testing (first revision) 


	The committee after deliberation requested panel 6 for leak testing to examine IS 9902: 2004 with corresponding ISO standard and submit their recommendation within 2 months period of time.
There exist two Indian standards namely:
1. IS 8973 : 1991 Leak detection techniques glossary First Revision for glossary of terms for leak testing  and the corresponding ISO standard is ISO 20484 : 2017 .  The Indian standard has to be reviewed, and recomemndations are invited from panel members whether we can adopt ISO 20484:2017 and revise IS 8973:1991.
2. IS 9902 : 2004 Recommended practice for leak testing First Revision exists for leak testing and the corresponding ISO standard are ISO 20485: 2017 Non-destructive testing — Leak testing — Tracer gas method; ISO 20486 : 2017 Non-destructive testing — Leak testing — Calibration of reference leaks for gases; ISO 3530 : 1979  Vacuum technology — Mass-spectrometer-type leak-detector calibration.  
Committee requested Dr. Vivek Yelgaonkar to conduct a meeting of panel 6 within 1 month and discuss all the works allocated to the panel. 
	Minutes of meeting circulated to the members through portal as well as email dated 01/02/2024.
Panel meeting not held so far.
The committee may please deliberate and decide.

	

	17
	Review of IS 8791 : 1978
Code of practice for ultrasonic flaw detection of ferritic steel  forgings
	The committee after deliberation requested Panel 3 on ultrasonic testing to  examine IS 8791: 1978 with corresponding BS EN 10228  standard and submit their  Input/recommendation within 1 month period of time.
There exists 4 parts of BSEN 10228 stated below  - 
BS EN 10228 - Non-destructive testing of steel forgings
· Part 1 Non-destructive testing of steel forgings. Magnetic particle inspection
· Part 2 Non-destructive testing of steel forgings. Penetrant testing
· Part 3 Non-destructive testing of steel forgings. Ultrasonic testing of ferritic or martensitic steel forgings
· Part 4 Non-destructive testing of steel forgings. Ultrasonic testing of austenitic and austenitic-ferritic stainless steel forgings
During 30th meeting, Committee requested panel 3 to conduct a panel meeting within 1 month and discuss all the works allocated to the panel.  
	Minutes of meeting circulated to the members through portal as well as email dated 01/02/2024.
Panel meeting not held so far.
The committee may please deliberate and decide.

	

	 18
	Review of IS 2478 : 1991
Glossary of terms relating to industrial radiology (Second Revision)
	Committee after deliberation requested Dr. Arumugam to conduct a panel meeting within 1 month and discuss the work allocated. MS will coordinate.
	A panel meeting was conducted on 19.02.2024. Minutes of panel meeting is attached.


There is an ISO Standard, ISO 5576: 1997 for Industrial X-ray and gamma ray radiology – vocabulary.
Panel requested Mr. Deepesh to review the standard. Review report awaited from Mr. Deepesh.
The committee may please deliberate and decide.
	

	19
	Review of IS 3415 : 1998
Glossary of terms used in magnetic particle flaw detection (Second Revision)
	Committee after deliberation requested Shri Kalesh Nerukar to conduct a panel 2 meeting within 1 month and discuss the work allocated and submit report.

	Minutes of meeting circulated to the members through portal as well as email dated 01/02/2024.
Panel meeting not held so far.
The committee may please deliberate and decide.

	

	20
	Review of  IS 3658 : 1999
Code of practice for liquid penetrant flaw detection (Second Revision)
	Committee after deliberation requested Shri Kalesh Nerukar to conduct a panel 2 meeting within 1 month and discuss the work allocated and submit report.

	Minutes of meeting circulated to the members through portal as well as email dated 01/02/2024.
Panel meeting not held so far.
The committee may please deliberate and decide.

	

	21
	Review of IS 7810 : 1999
Code of practice for radiographic examination of resistance spot welds on aluminium and its alloys (First Revision)
	Committee after deliberation requested Panel 5 members to conduct a meeting within 1 month to discuss the work allocated and submit report.

	A panel meeting was conducted on 19.02.2024. Minutes of panel meeting is attached.


Mr.Arumugam informed that the standard is very old and needs to be revised to be in line with the current practices. There is no ISO Standard on the subject.  Panel will review the Standard.
The inputs received from all the three members shall be discussed in the next panel meeting.
Inputs not yet received from panel members.
The committee may please deliberate and decide.
	

	22
	Review of IS 8973 : 1991
Leak detection techniques glossary (First Revision)
	Committee after deliberation requested Dr. Vivek Yelgaonkar to conduct a Panel 6 meeting to discuss the work allocated and submit report.
	Minutes of meeting circulated to the members through portal as well as email dated 01/02/2024.
Panel meeting not held so far.
The committee may please deliberate and decide.

	

	23
	Review of IS 12710 : 1989
Acoustic emission testing - Glossary of terms
	Pending- to find expert to include in panel 9.
	-
	

	24
	Review of  IS 12860 : 1989
Metallic coating thickness by X-ray fluorescence technique method - Determination

	Committee after deliberation requested Dr. Arumugam to conduct a panel meeting within 1 month to discuss the work allocated and submit report. MS will coordinate.
	Panel meeting was held on 19.02.2024. During meeting, Mr Arumugam informed that the standard is very old and needs to be revised to be in line with the current practices.
It was informed that there is an ISO Standard, ISO 3497: 2000. 
Panel will review the Indian and ISO Standard.
No inputs received from the panel. 
The committee may please deliberate and decide.
	

	25
	Review of  IS 12965 : 1990
Glossary of terms used in electro magnetic (Eddy Current) testing
	Committee after deliberation requested Shri Bharat S Biradar to conduct a panel meeting within 1 month to discuss the work allocated and submit report. MS will coordinate.
	Panel meeting held on 16/03/2024. Minutes of panel meeting is attached.


However, IS 12965 could not be discussed in that meeting. 
The committee may please deliberate and decide.
	

	26
	Review of  IS 13190 : 1991
Recommended practice for eddy current examination by rotating probe method of round steel bars
	Committee after deliberation requested Shri Bharat S Biradar to conduct a panel meeting within 1 month to discuss the work allocated and submit report. MS will coordinate.
	Panel meeting held on 16/03/2024. Minutes of panel meeting is attached.


However, IS 13190 could not be discussed in that meeting. 
The committee may please deliberate and decide.
	

	27
	Review of  IS 14669 : 1999
Thermal neutron radiography - Recommended practices
	Committee after deliberation requested Panel 5 members to conduct a meeting within 1 month to discuss the work allocated and submit report.
MS will coordinate.
	A panel meeting was conducted on 19.02.2024. Minutes of panel meeting is attached above.
It was informed that there is an ISO standard, ISO 12721: 2000 for NDT- Thermal neutron radiographic testing.
Dr. Menaka will review the Indian standard and corresponding ISO Standard.
The inputs received from Dr. Menaka  shall be discussed in the next panel meeting.
No inputs received.
The committee may please deliberate and decide.
	

	28
	Review of  IS 14670 : 1999
Recommended practice for acoustic emission inspection during hydrostatic pressure testing of system
	Committee after deliberation requested Dr. Menaka to conduct a meeting with panel 9 to discuss the work allocated and submit report. 
	Pending- to find expert to include in panel 9.
	

	29
	Review of  IS 2953 :1985
Glossary of terms used for interpretation of welds and castings radiographs First Revision
	Committee after deliberation requested Dr. Arumugam to conduct a panel meeting within 1 month to discuss the work allocated and submit report. MS will coordinate.

	A panel meeting was conducted on 19.02.2024. Minutes of panel meeting is attached above.
It was informed that there is no ISO standard on the subject.  Mr. Arumugam informed that he and Mr. Deepesh will review the standard.
The inputs received from Mr. Arumugam and Mr. Deepesh  shall be discussed in the next panel meeting.
No inputs received.
The committee may please deliberate and decide.
	














Item 6 COMMENTS ON INDIAN STANDARS
6.1 We have received comments on parts of IS 12666 which is placed below-




The Committee may please Deliberate and Decide.
Item7 NEW PROPOSALS FOR STANDARDIZATION 
7.1As per new guidelines received from Competent Authority, any new proposal for standardization should essentially be made on the prescribed proforma as a preliminary work item. Where a proposal is made in the Sectional Committee, the member making the proposal should fill up the proforma beforehand and present it in the meeting for consideration of the committee. The sample proforma is given below:


7.2 It may further be added that the proposal received at 7.1 has to be analyzed by the member secretary in the prescribed proforma for consideration of the technical committee/screening committee keeping the following in view:
i) What is the feasibility of achieving consensus on national standards in this subject area by the proposed target date;   
ii) How many members besides the proposer agree to the proposal and how many are ready to actively participate in the development of the project;
iii) Whether any outside funding is possible;
iv) Only those subjects should be taken up which have a potential to mature into a standard in the stipulated time.
7.3Prioritization of a subject
The expected time schedule is given below:
	Type
	Priority 1
	Priority 2
	Priority 3

	Adoption
	6 months
	9 months
	12 months

	Indigenous
	9 months
	18 months
	24 months



7.4 New proposals received.
1) Revision of IS 11630 : 2005 (METHOD FOR ULTRASONIC TESTING OF STEEL PLATES FOR PRESSURE VESSELS AND SPECIAL APPLICATIONS) in line with ASTM A 578 that covers on line UT.
Item 8 INTERNATIONAL ACTIVITY
8.1 Interaction with ISO
8.1.1 The National Standards Bodies who are members of ISO have the right to participate in the work of its technical committees and subcommittees and working groups as participating (P members) or observer (O member) with the following responsibilities:
a) P members have to participate actively in the work, with an obligation to vote on all questions formally submitted for voting within the technical committee or subcommittee and on draft documents at different stages or processing and, whenever possible, to participate in meeting (s).
b) O members have to follow the work as an observer, and therefore, receive committee documents and have the right to submit comments and to attend meetings
c) National Bodies irrespective of their status as ‘P’ or ‘O’ member within a technical   committee or subcommittee have the right to vote on draft International Standards.
8.2 India’s participation in ISO meetings
8.2.1India is a `P’ member on ISO/TC 135 and in its sub committees – Standardization in the field of Non- Destructive Testing. All the members are advised to closely examine the NWIP received from ISO and active participation. All the members are also requested to identify the experts in International Standardization so that our participation at international level can be increased. The present status published and under development standards in ISO/TC 135 – Non-destructive testing and its Sub-Committees is given below:

	Sl. No.
	Sectional Committee
	Subject
	link

	1. 
	ISO/TC 135
	Non-destructive testing
	https://www.iso.org/committee/52398/x/catalogue/p/1/u/1/w/0/d/0#projects

	2. 
	ISO/TC 135/SC 2
	Non-destructive testing - Surface methods
	https://www.iso.org/committee/52404/x/catalogue/

	3. 
	ISO/TC 135/SC 3
	Non-destructive testing - Ultrasonic Testing
	https://www.iso.org/committee/52410/x/catalogue/p/1/u/1/w/0/d/0

	4. 
	ISO/TC 135/SC 4
	Non-destructive testing - Eddy current testing
	https://www.iso.org/committee/52416/x/catalogue/p/1/u/0/w/0/d/0

	5. 
	ISO/TC 135/SC 5
	Non-destructive testing - Radiation Method
	https://www.iso.org/committee/52418/x/catalogue/p/1/u/0/w/0/d/0

	6. 
	ISO/TC 135/SC 6
	Non-destructive testing - Leak detection method
	https://www.iso.org/committee/52430/x/catalogue/p/1/u/0/w/0/d/0

	7. 
	ISO/TC 135/SC 7
	Non-destructive testing - Personnel qualification
	https://www.iso.org/committee/52432/x/catalogue/p/1/u/0/w/0/d/0

	8. 
	ISO/TC 135/SC 8
	Non-destructive testing - Infrared thermography for Non-destructive testing
	https://www.iso.org/committee/52446/x/catalogue/p/1/u/0/w/0/d/0

	9. 
	ISO/TC 135/SC 9
	Non-destructive testing - Acoustic emission testing
	https://www.iso.org/committee/542404/x/catalogue/p/1/u/0/w/0/d/0



8.3Harmonizing of Indian standards with ISO standards
8.3.1 Efforts to be made to harmonize maximum number of BIS standards with ISO standards - While harmonizing the Indian standards with International standards the reasons/justifications are needed to be given in the foreword of Indian Standards, if there is any deviation from the provisions stipulated in the corresponding ISO standards.
8.3.2Members are requested to examine ISO standards vis-a-vis Indian standards and send their comments to BIS secretariat, if any so that Indian standards could be revised/harmonized on the basis of ISO standard. Comments, if any, will be tabled during the meeting for consideration of the committee. 
The committee may please NOTE.
8.3.3We have identified ISO standards for harmonization and also received harmonization recommendation from MTD 21 for few Indian Standards which are listed below:
	Sl. No.
	ISO Number
	Title
	Panel for which the standard(s) is/are allotted for their review and recommendation to the committee
	Previous actions
	Decision of the committee during last meeting

	1) 
	ISO10893-1 : 2011
	Non-destructive testing of steel tubes — Part 1: Automated electromagnetic testing of seamless and welded (except submerged arc-welded) steel tubes for the verification of hydraulic leak-tightness

	Panel-3 

1. Shri ArbindKumar,BARC Mumbai (Convener)                  
2. Shri S Mahadevan,IGCAR, Kalpakkam;              
3. Dr S.T Arasu, IGCAR;   
	Panel 3 convener was requested vide email dated 01-November-2021 to submit their review recommendation on adoption and reply was received on 24th November 2021. The comments received from Dr. Arbind Kumar are placed below.



	To be discussed in the next meeting.

	2) 
	ISO 10893-4:2011
	Non-destructive testing of steel tubes — Part 4: Liquid penetrant inspection of seamless and welded steel tubes for the detection of surface imperfections

	Panel-3 
1. Shri Arbind Kumar, Mumbai (Convener)                  
2. Shri S Mahadevan,IGCAR, Kalpakkam; 
3. Dr S.T Arasu, IGCAR;   ) 
	
-------------do-------------
	To be discussed in the next meeting.

	3) 
	ISO 10893-5:2011
	Non-destructive testing of steel tubes — Part 5: Magnetic particle inspection of seamless and welded ferromagnetic steel tubes for the detection of surface imperfections

	Panel-3  
1. Shri Arbind Kumar, Mumbai (Convener)                  
2. Shri S Mahadevan,IGCAR, Kalpakkam;              
3. Dr S.T Arasu, IGCAR;   
	.-------------do--------


 It is to inform to the committee that the corresponding Indian standard is IS 6752: 2012 ‘Code of practice for magnetic particle flaw detection of ferrous pipes and tubes”
	To be discussed in the next meeting.

	4) 
	ISO 10893-6:2019
	Non-destructive testing of steel tubes — Part 6: Radiographic testing of the weld seam of welded steel tubes for the detection of imperfections

	Panel -1 
1. Shri Kurmanathan ,SHAR (Convener);
2. Dr. T Sarvananan, IGCAR;

	Panel convener was requested vide email dated 15th -November-2021 to submit their review and recommendation on adoption of these parts .Several Reminders were sent on 20th Dec 2021, 7th Jan 2022. 06th April 2022 and 3rd June 2022.
However the reply is awaited.

	To be discussed in the next meeting.

	5) 
	ISO 10893-7:201 9
	Non-destructive testing of steel tubes — Part 7: Digital radiographic testing of the weld seam of welded steel tubes for the detection of imperfections

	Panel -1 
1. Shri Kurmanathan ,SHAR (Convener);
2. Dr. T Sarvananan, IGCAR;
	-------------do-------------
	To be discussed in the next meeting.

	6) 
	ISO 10893-8:2011
	Non-destructive testing of steel tubes — Part 8: Automated ultrasonic testing of seamless and welded steel tubes for the detection of laminar imperfections

	Panel-2 
1. Shri P PNanekar, BARC, Mumbai (Convener);                      
2. Dr. M Arumugam, 
3. Dr G K Sharma, IGCAR
4. Dr. Diwakar Joshi, ISNT
5. Dr Vivek Yelgoankar, BVG Nuclear
	Panel convener Shri P NAnekar vide  email dated 09.08.2023 recommended to adopt ISO 10893-8, ISO 10893-9, ISO 10893-11, ISO 10893-12.  

	The committee after deliberation   decided to adopt ISO 10893-8.
A report on requirement to adopt the ISO Standard is required to be submitted. 

	7) 
	ISO 10893-9:2011
	Non-destructive testing of steel tubes — Part 9: Automated ultrasonic testing for the detection of laminar imperfections in strip/plate used for the manufacture of welded steel tubes

	Panel-2 
1. Shri P PNanekar, BARC, Mumbai (Convener);                      
2. Dr. M Arumugam, ;
3. Dr G K Sharma, IGCAR
4. Dr. Diwakar Joshi, ISNT
5. Dr Vivek Yelgoankar, BVG Nuclear
	Panel convener Shri P NAnekar vide  email dated 09.08.2023 recommended to adopt ISO 10893-8, ISO 10893-9, ISO 10893-11, ISO 10893-12.  

	The committee after deliberation   decided to adopt ISO 10893-9

A report on requirement to adopt the ISO Standard is required to be submitted.

	8) 
	ISO 10893-10 :2011
	Non-destructive testing of steel tubes — Part 10: Automated full peripheral ultrasonic testing of seamless and welded (except submerged arc-welded) steel tubes for the detection of longitudinal and/or transverse imperfections

	Panel-2 
1. Shri P PNanekar, BARC, Mumbai (Convener);                      
2. Dr. M Arumugam, ;
3. Dr G K Sharma, IGCAR
4. Dr. Diwakar Joshi, ISNT
5. Dr Vivek Yelgoankar, BVG Nuclear

	-------------do---------
IS 7343 & IS 6394
	To be discussed in the next meeting.

	9) 
	ISO 10893-11:2011
	Non-destructive testing of steel tubes — Part 11: Automated ultrasonic testing of the weld seam of welded steel tubes for the detection of longitudinal and/or transverse imperfections

	Panel-2
1.  Shri P PNanekar, BARC, Mumbai (Convener);                      
2. Dr. M Arumugam, ;
3. Dr G K Sharma, IGCAR
4. Dr. Diwakar Joshi, ISNT
5. Dr Vivek Yelgoankar, BVG Nuclear

	Panel convener Shri P NAnekar vide  email dated 09.08.2023 recommended to adopt ISO 10893-8, ISO 10893-9, ISO 10893-11, ISO 10893-12.  

	The committee after deliberation   decided to adopt ISO 10893-11

A report on requirement to adopt the ISO Standard is required to be submitted.

	10) 
	ISO 10893-12:2011
	Non-destructive testing of steel tubes — Part 12: Automated full peripheral ultrasonic thickness testing of seamless and welded (except submerged arc-welded) steel tubes

	Panel-2
1.  Shri P PNanekar, BARC, Mumbai (Convener);                      
2. Dr. M Arumugam, ;
3. Dr G K Sharma, IGCAR
4. Dr. Diwakar Joshi, ISNT
5. Dr Vivek Yelgoankar, BVG Nuclear

	Panel convener Shri P NAnekar vide  email dated 09.08.2023 recommended to adopt ISO 10893-8, ISO 10893-9, ISO 10893-11, ISO 10893-12.  

	To be discussed in the next meeting.



The committee may please Review and Decide
8.4 Closer examination of the New Work Item Proposals received from ISO
1)	ISO/TC 135/SC 3: Non-destructive Testing-Ultrasonic testing
Documents under development:
a) ISO/FDIS 4773 — Non-destructive testing — Ultrasonic guided-wave testing using the phased-array technique;
b) ISO/WD 5577 — Non-destructive testing — Ultrasonic testing — Vocabulary;
c) ISO/WD 16810 — Non-destructive testing — Ultrasonic testing — General principles;
d) ISO/WD 16811 — Non-destructive testing — Ultrasonic testing — Sensitivity and range setting;
e) ISO/WD 16823 — Non-destructive testing — Ultrasonic testing — Transmission technique;
f) ISO/WD 16826 — Non-destructive testing — Ultrasonic testing — Examination for discontinuities perpendicular to the surface;
g) ISO/WD 16827 — Non-destructive testing — Ultrasonic testing — Characterization and sizing of discontinuities;
h) ISO/AWI 16828 — Non-destructive testing — Ultrasonic testing — Time-of-flight diffraction technique as a method for detection and sizing of discontinuities;
j) ISO/WD 16831 — Non-destructive testing — Ultrasonic testing — Characterization and verification of ultrasonic thickness measuring equipment;
k) ISO/DIS 16946 — Non-destructive testing — Ultrasonic testing — Specification for a step wedge calibration block;
l) ISO/CD 18563-2 — Non-destructive testing — Characterization and verification of ultrasonic phased array equipment — Part 2: Probes;
m) ISO/DIS 18563-3 — Non-destructive testing — Characterization and verification of ultrasonic phased array equipment — Part 3: Complete systems.
2)	ISO/TC 135/SC 5: Non-destructive Testing —Radiographic testing
a) ISO/DIS 5580 — Non-destructive testing — Industrial radiographic illuminators — Minimum requirementsISO/DTS 9516-2: Iron ores — Determination of various elements by X-ray fluorescence spectrometry — Part 2: Simplified procedure
b) ISO/DIS 32543-1 — Non-destructive testing — Characteristics of focal spots in industrial X-ray systems — Part 1: Pinhole camera radiographic method
3) 	ISO/TC 135/SC 9: Non-destructive Testing — Acoustic emission testing
a) ISO/CD 18081 — Non-destructive testing — Acoustic emission testing (AT) — Leak detection by means of acoustic emission
b) ISO/DIS 24489 — Non-destructive testing — Acoustic emission testing — Detection of corrosion at atmospheric and low-pressure metallic storage tank floors

The committee may please NOTE.
List of ballot due–
	Type
	Committee / Working Group
	Reference
	Vote
	Status
	Start date
	End date

	DIS
	ISO/TC 135/SC 5
	ISO/DIS 15708-3 (Ed 2)
	Vote Pending
	Open
	2024-04-26
	2023-07-19

	DIS
	ISO/TC 135/SC 3
	ISO/DIS 16831 (Ed 2)
	Vote Pending
	Open
	2024-05-02
	2024-07-25

	NP
	ISO/TC 135/SC 3
	ISO/NP 25222-2
	Vote Pending
	Open
	2024-05-03
	2024-07-26

	FDIS
	ISO/TC 135/SC 3
	ISO/FDIS 18563-2 (Ed 2)
	Vote Pending
	Open
	2024-06-26
	2024-08-21

	NP
	ISO/TC 135/SC 2
	ISO/TC 135/SC 2
	Vote Pending
	Open
	2024-06-04
	2024-08-27

	NP
	ISO/TC 135/SC 2
	ISO/NP 22530
	Vote Pending
	Open
	2024-06-04
	2024-08-27




The committee may please Review and Decide.
Item 9 COMPOSITION OF THE COMMITTEE
9.1 Review of the membership in the Committee 
In accordance with the guidelines, the composition should be compact and the membership of the committee shall be reviewed after 3 years and the organizations representing for reasonable long time without participation/contribution may be substituted by new organization that are capable of contributing in the new technologies/area of work. BIS has issued following guidelines for appointment of members and vice chairman in the sectional committees.



9.2 Balancing of all interested groups in the Committee 
It has been decided that the composition of the Technical Committee should be reviewed to have at least two third of the committee members representing Consumers/Technical Bodies/R&D/Testing Laboratories/Educational Institutions/Govt. Departments etc. and the representation of the Manufacturing Industries/Associations of Industries should be not more than one third of the committee members. NGO’s and Consumer Organizations may be co-opted in Technical Committees, where there is no adequate representation.
9.3 The Size of the Committee 
The size of the committee is often a compromise between a reasonably broad basis of representation and the need to restrict membership to workable numbers. Generally, a smaller membership will be appropriate for a committee dealing with Detailed Aspects of a Standard, With Wider Representation Being Provided at the More Senior committee levels. In order to keep committee to a workable size, the strength of Sectional Committee is generally 30. 
[bookmark: ANNEXII]9.4 The present scope and composition of MTD 21 is given in Annex-I.
The Committee may review and decide.
9.5 New Nominations
No new nominations have been received from the last meeting.
The Committee may please Note.
Item 10 CREATION OF POOL OF EXPERTS
The Committee may Deliberate and Decide.
Item 11 ANY OTHER BUSINESS
[bookmark: _heading=h.30j0zll]
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Annex-I
Scope: Standardization in the field of Non-Destructive Testing Sectional Committee, MTD 21
Liaison:
Principle (P) Member in ISO Committees/Sub-committees
1. ISO TC 135 - Non-Destructive testing - Principle (P)
2. ISO TC 135 / SC 2 - Surface method - Principle (P)
3. ISO TC 135 / SC 3 - Ultrasonic testing - Principle (P)
4. ISO TC 135 / SC 4 - Eddy current testing - Principle (P)
5. ISO TC 135 / SC 5 - Radiographic testing - Principle (P)
6. ISO TC 135 / SC 6 - Leak testing - Principle (P)
7. ISO TC 135 / SC 7 - Personnel qualification - Principle (P)
8. ISO TC 135 / SC 8 - Thermographic testing - Principle (P)
9. ISO TC 135 / SC 9 - Acoustic emission testing - Principle (P)
COMPOSITION OF SECTIONAL COMMITTEE, MTD 21
	Meeting
	Date
	Place

	Twenty-ninth, 29th
	10August 2023
	Hybrid Meeting (Physical + Virtual)

	Thirty, 30th 
	20 Dec 2023
	Hybrid Meeting (Physical + Virtual)




	Sl. No.
	Name of the Organization
	Represented by
	29th
	30th 
	Total

	1. 
	Atomic Energy Regulation Board, Mumbai
	Shri  Amit Sen  (Principle Member)   
Shri Alok Pandey (Alternate Member)
	P
	N
	1/2

	2. 
	BVG Nuclear Private Limited, Pune
	Dr.Vivek Nagesh Yelgaonkar (Principal Member)
Dr.Tushar Ghate (Alternate Member)   
	N
	P
	1/2

	3. 
	Bhabha Atomic Research Centre ,Mumbai  
	Dr.P.P.Nanekar (Alternate Member)   
Dr.Arbind Kumar (Principal Member)        
	P
	P
	2/2

	4. 
	Bharat Heavy Electricals Ltd, New Delhi
	Shri R. Arul Prabhu (Principal Member)
Shri Shyamsunder Reddy (Alternate Member 1st)
Shri Rakesh Kumar Munda; (Alternate Member 2nd)
Shri B K Sethupath (Alternate Member 3rd)
	P
	P
	2/2

	5. 
	CSIR, National Physical Laboratory ,  New Delhi
	Dr.Premshankar K. Dubey (Principal Member)                                
Dr. Naveen Garg (Alternate Member)          
	P
	P
	2/2

	6. 
	CSIR, National Metallurgical laboratory (Jamshedpur) 
	Dr. S. PalitSagar (Principal Member)                                
Dr.  A.K. Panda (Alternate Member)        
	P
	P
	2/2

	7. 
	Centre for Design and 
Manufacture BARC, Mumbai
	Shri R. K Gupta (Principal Member)        
Shri Lalit Mohan (Alternate Member)
Shri Ashutosh Srivastava (Young Professional)
	N
	N
	0/2

	8. 
	Defence Metallurgical Research Laboratory (DMRL), DRDO, Hyderabad
	Dr. M. Phani Surya Kiran (Principal Member)
Shri A. Mukhopadhyay (Alternate Member)   
	N
	P
	1/2

	9. 
	Department of Space, Bengaluru 
	Dr. Saratchandran S (Principal Member)        
Dr. M. Arumugam (Alternate Member)
	P
	P
	2/2

	10. 
	Satish Dhavan space Centre (ISRO), SHAR, SriharikotaAndhra Pradesh
	Dr. B.   Munirathinam (Principal Member) Shri.P.V.S.Kurmanath (Alternate Member)   Shri V.Ramesh Babu(Young Professional) 
	P
	P
	2/2

	11. 
	Ministry of Defence (DGQA) ,  Ichapur
	Shri  Ashok Kumar   (Principal Member)                                
Shri M.K.Shrivastav  (Alternate Member)          
	N
	N
	0/2

	12. 
	Electrical Research and Development
Association (ERDA) ,  Vadodara                      
	Shri Macwan Robert Advin (Principal Member)           
Shri Umesh Soni (Alternate Member)    
	P
	N
	1/2

	13. 
	Indian Institute of Technology Roorkee, 
	Dr VikramDabhade (Principal Member) 
	N
	P
	1/2

	14. 
	Indian Society for Non-Destructive Testing, Chennai

	Shri Diwakar D Joshi(Principal Member)
Dr. Krishnan Balasubramaniam (Alternate Member 1st)     

	P
	N
	1/2

	15. 
	Indira Gandhi Centre for Atomic  Research,   Kalpakkam, Tamil Nadu	
	Dr. K. V. Rajkumar
Smt. M. Menaka
Dr. B. Venkatraman

	P
	P
	2/2

	16. 
	Larsen & Toubro Ltd. ,  Mumbai
	Shri A.D.Paranjpe (Principal Member)                        
Shri P.B.Patil (AlternateMember)        

	N
	N
	02

	17. 
	M.N. Dastur& Co (P) Ltd ,  Chennai
	Shri G.S. Kulkarni   (Principal Member)                           
Shri H. Gupta (AlternateMember)        
Shri S.Yuvaraj (Young Professional)

	N
	P
	1/2

	18. 
	Ministry of Commerce and Industry, Department for Promotion of Industry and Internal Trade, New Delhi
	Shri T.S.G.Narayannen (Principal Member)           
Shri S.K.Jain (Alternate Member)
	N
	N
	0/2

	19. 
	NTPC ,  Delhi
	Shri D.D.N. Verma (Principal Member)
	N
	N
	02

	20. 
	National Test House , Kolkata
	Shri Nirman Singh (Principal Member)                                
Shri Sher Singh (Alternate Member)          
	P
	P
	2/2

	21. 
	Nuclear Fuel Complex ,  Hyderabad
	Shri B.Kamlesh Kumar (Principal Member)                                
Shri Swarup Acharya   (Alternate Member)            
	N
	P
	1/2

	22. 
	Nuclear Power Corporation of India 
Ltd. ,  Mumbai
	Shri J.K.Jain  (Principal Member)                                  
Shri N.P.Srivastava   (Alternate Member)             
	P
	P
	2/2

	23. 
	P - Met, High Tech ,  Vadodara
	Shri Hemal Mehta (Principal Member) 
Shri P.K. Panchal (Alternate Member)                  
	N
	P
	1/2

	24. 
	Pradeep Metal Treatment Chemicals 
Pvt Ltd. Thane
	Shri D.J. Varde (Principal Member)
Shri Kalesh A. Nerukar (Alternate Member)               
	P
	P
	2/2

	25. 
	Research Design & Standards 
Organization, Lucknow
	Shri  Amrish Kumar (Principal Member)
Shri Om Prakash (Alternate Member)  
	N
	N
	0/2

	26. 
	Satyakiran Engineers Private limited, New Delhi
	Smt.Navita Gupta (Principal Member)
Shri Dinesh Gupta (Alternate Member)   
	P
	P
	2/2

	27. 
	Tata Motors Limited ,  Pune
	Shri Hemant More (Principal Member)
ShriAnoop Toby (Alternate Member)   
	N
	P
	1/2

	28. 
	Tata Steel  Ltd. ,  Jamshedpur
	Shri S. Balamurugan   (Principal Member)
Shri R. ShumugaSundaram     (Alternate Member)               
	P
	P
	2/2

	29. 
	Technofour ,  Pune, Maharashtra
	Shri P.V. Dhole  (Principal Member) 
Shri Bharat S. Biradar(Alternate Member 1st)     
Shri Pradeep J. Lad (Alternate Member 2nd)   
	P
	P
	2/2

	30. 
	Institute for Plasma Research, Gandhinagar, Ahmedabad
	Dr. Shwetang N. Pandya
	P
	P
	2/2



[bookmark: _Hlk140659729]Existing panel on the portal–
The composition of various panels in MTD 21, Non-Destructive Testing Sectional Committee formulated are mentioned below:

	Sl No.
	Name of Panel
	Scope of Panel
	Composition

	1
	Panel -1
	Radiographic(ISO/TC135/SC5)  and Thermographic Testing(ISO/TC135/SC8)  
	1. Dr. Kurmanathan ,SHAR (Convener);
2. Dr. T Sarvananan, IGCAR;


	2
	Panel-2
	Ultrasonic Testing(SC3), Leak Testing(SC6), Acoustic emission testing(SC9) and Personnel Qualification(SC7)
	1. Dr.P P Nanekar, BARC, Mumbai (Convener);                      
2. Dr. M Arumugam,VSSC, ISRO ;
3. Dr G K Sharma, IGCAR
4. Dr. Diwakar Joshi, ISNT
5. Dr Vivek Yelgoankar, BVG Nuclear

	3
	Panel-3
	Surface Method(SC2) and Eddy Current Testing(SC4)
	1. Dr. Arbind Kumar, Mumbai (Convener)                  
2. Dr. S Mahadevan, IGCAR, Kalpakkam;              
3. Dr S.T Arasu, IGCAR;   

	4
	Panel-4
	Miscellaneous Subjects
	1. Shri C K Mukhopadhyay,IGCAR, Kalpakkam (Convener)     
2. Shri P V S Ganesh Kumar

	5
	Panel-5
	Panel for formulating new standard on determination of electrical conductivity using eddy current method
	1. Dr.Arbind Kumar of M/s BARC(Convener) 
2. Shri Bharat Biradar, M/s Technofour Electronics Pvt. Ltd, Pune and 
3. Mr. D.K. Jain & Mr. Vasanth Alvaof M/s Aggarwal Metal Works Pvt Ltd ,Bhiwadi, Rajasthan.


	6
	Panel-6
	Panel for revising IS 13805- General standard for qualification and certification of Non-Destructive testing Personnel – Specification
	1. Dr Diwakar Joshi , ISNT(Panel Convener)

2. Dr. P PNanekar , BARC
3. Ms Navita Gupta, Satyakiran School of NDT


	7
	Panel -7
	Panel for revising  IS 12148 – ‘Guidelines for requirements for non-destructive testing agencies’
	1. Shri P PNanekar,BARC Mumbai(Convener)
2. Shri Diwakar Joshi, ISNT




New Panels as approved in the previous meeting-
Following new panels were constituted in line with ISO Subcommittees during previous meeting-
	Sl No.
	Name of Panel
	Scope of Panel
	Composition

	1
	Panel -2
	Surface Method including Visual testing, Liquid penetrant Testing and Magnetic particle Testing(SC2)
	1. Shri Kalesh A. Nerukar (Convener) of M/s Pradeep Metal Treatment Chemicals Pvt Ltd. Thane.
2.

	2
	Panel-3
	Ultrasonic Testing(SC3)
	1. Dr.P P Nanekar, BARC, Mumbai (Convener);                      
2. Dr. G K Sharma, IGCAR
3. Dr. Saratchandran  of M/s VSSC, ISRO
4. 

	3
	Panel-4
	Eddy Current Testing(SC4)
	1. Dr. Arbind Kumar, Mumbai (Convener)                  
2. Dr S.T Arasu, IGCAR; 
3. Shri Bharat Biradar of M/s Technofour ,  Pune, Maharashtra

	4
	Panel-5
	Radiographic Testing (SC5)
	1. Dr. M Arumugam,VSSC, ISRO (Convener) ;
2. Dr. M Menaka, IGCAR
3. Shri M.V.Kuupuswamy, IGCAR
4. Shri Deepesh, BHEL  

	5
	Panel-6
	Leak Testing (SC6)
	1. Dr. Vivek Nagesh Yelgaonkar (Convener)
2. Shri N.Raghu in personal capacity

	6
	Panel-7
	Personnel Qualification (SC7)
	1. Dr. P PNanekar , BARC (Convener)
2. Ms Navita Gupta, Satyakiran School of NDT
3. Dr. M T Shyamsundar
4. Shri Amit Sen of M/s AERB, Mumbai


	7
	Panel -8
	Thermographic testing (SC8)
	1. Dr. M Menaka, IGCAR (Convener)
2. Dr Ravi Babu,  IIT Delhi
3. Shwetang N Pandya, IPR

	8
	Panel-9
	Acoustic emission testing (SC9)
	1. Dr. C K Mukhopadyay in Personal Capacity, Ex-IGCAR (Convener)
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Annexure I 


Guidelines for Appointment of Vice Chairperson of Sectional Committees of 
Bureau of Indian Standards (BIS) 


1. Scope 


This document provides the guidelines for appointment of Vice Chairperson of Sectional 
Committee including procedure of appointment, tenure, responsibilities and withdrawal of 
Vice Chairpersonship. 


2. Purpose 


This guidelines aim at bringing in clarity and uniformity in appointment of Vice chairperson 
of the Sectional Committees of BIS. 


3. Procedure 


3.1 Appointment  


3.1.1 In addition to Chairperson, a notable/ experienced/ senior expert from among the 
Sectional Committee members representing industry/ other stakeholders may be 
designated as Vice Chairperson of the Sectional Committee, wherever required. 


3.1.2 Vice Chairpersons could be the representatives from industry or other stakeholders. 
The appointment of Vice Chairperson would be purely based on his/her contribution as a 
member in the Sectional Committee.  


3.1.3 The recommendation of appointment of Vice Chairperson shall be made by DDG 
(Standardization) in consultation with the Chairperson of the concerned Sectional 
Committee, for approval of Director General, BIS. Bio-data/credentials of expert 
proposed for appointment as Vice Chairperson along with details of his/ her contribution 
as a member of the Sectional Committee should be part of the recommendation processed 
for approval of DG, BIS. 


3.1.4 After approval, the nominated expert should be informed about the same for 
his/her concurrence clearly informing thereby the role and responsibilities of Vice-
Chairperson (see Appendix I and II). 


3.1.5 The appointment of Vice chairperson of Sectional Committee shall be reported to 
Division Council in its next meeting. 


 







3.2 Tenure 


3.2.1 The tenure of the Vice Chairperson would be for a period of 3 years with a 
provision for extension for a period of further 3 years.  


3.2.2 Vice Chairpersonship of an expert can be withdrawn, for the following reasons: 


i) The expert desires to relinquish the position and has requested for the same in 
writing 


ii) The expert has failed to perform his duties as Vice Chairperson. 


3.2.3 The decision to withdraw Vice Chairpersonship is to be supported by adequate 
reasons and is taken by the constituting authority. 


********** 


  







Appendix I 
(Clause 3.1.4) 


 
Offer of Vice Chairpersonship of Sectional Committee 


Our Ref:          dated: 


Subject: Offer of Chairpersonship of Sectional Committee 


Dear Ms./Shri/ Dr………………, 


I am glad to convey that …………………………………… the Competent Authority has 
decided to offer you the Vice Chairpersonship of ………………………….Sectional 
Committee.  


I hope, you will accept the offer and extend your cooperation and support to the National 
Standardization effort. I shall appreciate receiving a confirmation of your acceptance. 


I am enclosing relevant extract from the role and responsibilities of Vice Chairperson of 
the Sectional Committee (see Appendix II). 


Your early reply will be very much appreciated. 


With regards, 


Yours Sincerely, 


 


 


(Head of the Department) 


  







Appendix II 
(Clause 3.1.4 and Appendix I) 


 
i) The Vice Chairperson of Sectional Committee will assist the Chairperson in 
performing the duties and responsibilities towards standard formulation work.  


ii) He/she will support the Chairperson in technical matters related to state of art 
technological development in the field and will crystalize and present the viewpoints/ 
issues of the Indian industries and other stakeholder groups. 


iii) The Vice Chairperson will take the role as the acting Chairperson when the 
Chairperson is absent and perform the role and responsibilities the Chairperson as detailed 
hereunder:  


(a) The duty of the Chairperson of a Sectional Committee is to guide all the 
facets of the technical activity assigned to the committee. The Chairperson of a 
Sectional Committee is responsible for the overall management of that Sectional 
Committee, including any sub-committees and panel. Chairperson’s duties are, in 
brief; to guide and control the discussions with the object of reaching balanced and 
prompt decisions; to exercise judgment without bias, particularly as some 
committee decisions have financial and legal consequences; and to keep in close 
touch with the Member Secretary to ensure that work is proceeding on time.  


(b) The Chairperson has the final responsibility for setting the pace at which 
technical decisions are reached, whether at meetings or by correspondence. The 
Chairperson of a sectional committee shall guide the Member Secretary of the 
Sectional Committee in carrying out his/her duty. If a Chairperson has any problem 
in the work of the Committee, on which the concerned Departmental Head, other 
senior Officers of BIS, might be able to help, he/she should get in touch with them 
at an early stage. 


(c) In carrying out this duty he/she acts purely in an impartial capacity and 
divests himself / herself of his/her organization’s point of view and thus cannot 
serve as a delegate for its interests. He/she may, however, ensure through his/her 
organization or through his/her alternate member that his/her organization’s views 
are expressed in advance in its capacity as member.  


(d) The Chairperson may conduct meetings with a view to reaching consensus 
(please see Note) on committee drafts. During meetings, he/she has the duty of  







ensuring that all the points of view are expressed. He/ She has the authority to 
overrule trivial objections, but is equally responsible for ensuring that the committee 
pays adequate attention to the views of a minority of members, which cannot 
constitutionally be over-ruled by force of numbers alone. 


NOTE: “Consensus” means general agreement, characterized by the absence of 
sustained opposition to substantial issues by any important part of the concerned 
interests and by a process that involves seeking to take into account the views of 
all parties concerned and to reconcile any conflicting agreements. Consensus need 
not imply unanimity. Clarification was sought from Additional Solicitor General 
by Legal Department (vide ref: Law/8/392/2004 dated 28 Jan 2004) and it was 
clarified that the word ‘consensus’ read with the phrase ‘substantial support’ 
indicates that the decision does not have to be taken on the basis of unanimity but 
having regard to the views of reasonably more than the majority of members 
reflecting different institutions/interests. 


(e) The Chairperson shall ensure that all points of view expressed are adequately 
summed up so that they are understood by all present and can be recorded. He/she 
shall also ensure that all decisions are clearly formulated and made available in 
written form by the secretary for confirmation. He/she has to ensure that the 
decisions do not contradict regulatory requirements, where they exist.  


(f) The Chairperson shall on behalf of the Sectional Committee carry out the 
functions of the Division Council in all emergent situations and routine matters. 


iv) The Vice Chairperson will perform the other tasks as assigned by the Chairperson.  
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Annexure I 


Guidelines for Appointment of Members in the Sectional Committees of Bureau 


of Indian Standards (BIS) 


1. Scope 


These guidelines cover the principles and general considerations for offer of representation 


in Sectional Committees of Bureau of Indian Standards (BIS) and procedures for review 


of composition (including co-option, reconstitution, withdrawal of membership and 


resignation). 


2. Principles 


2.1 The Bureau of Indian Standards Rules, 2018 (Rule 17) empowers the Division Councils 


of BIS to constitute such number of Sectional Committees, for the work of formulation of 


Indian Standards, as it may consider necessary for the purpose. As per the Rules, every 


Sectional Committee shall comprise of concerned officers of the Bureau and 


representatives of various interests such as consumers, regulatory and other Government 


bodies, industry, testing organisations laboratories or calibration laboratories, scientists, 


technologists, experts in personal capacity and consumer interests and an officer of the 


Bureau shall be its Member-Secretary. Further, as per the Rule 19, Sectional Committees 


shall be reconstituted once every three years.  


2.2 The basic principles are that BIS should carry out its task in the national interest, 


take account of all significant viewpoints, secure their representation at all committee levels 


and, through its consultation procedures, have an authoritative body of opinion behind 


every Indian Standard.  


4. General Considerations  


4.1 Membership of Committee 


4.1.1 A distinction is drawn between the constitution of a Committee, i.e. the bodies 


represented, and the membership, i.e. the individual representatives nominated by those 


bodies to serve the Committee. Except when a member is appointed in his personal 


capacity, a person vacates his/her membership on leaving his/her organization, firm or 


institution and a fresh nomination is sought from the nominating authority. 


4.1.2 The size of a Committee is often a compromise between a reasonably broad basis 


of representation and the need to restrict membership to workable numbers. In order to 







keep committees to a workable size, the strength of Sectional Committee is generally 25 


(bodies represented). 


4.1.3 BIS Directorate General would be represented in the Committee by the Head of 


the Technical Department. 


4.1.4 A Technical Officer of the Bureau shall be the Member-Secretary of the Sectional 


Committee. 


4.1.5 Only relevant organizations that are related to the subject, and representing the 


views of consumers, regulatory and other Government bodies, industry, testing 


organisations laboratories or calibration laboratories and scientists or technologists, should 


be offered representation. Offer of membership to individual experts shall be made with 


great caution and only when a suitable person is not forthcoming as a representative of an 


organization, a firm or an institution.  


4.1.6 The organizations represented shall be recognized as a legal entity in India and the 


members represented shall be citizens of India resident/located in India.  


4.1.7 There should be adequate representation of all sections of stakeholders.  


4.1.8 Membership shall be offered to All-India or State Organizations / Associations in 


preference to individual firms or institutions. 


4.1.9 Consumer interests may be represented by the consumer organizations, NGOs, 


Users organizations and Government Departments/ Ministry. 


4.1.10 There should be adequate representation from Research & Development 


institutions in order to enable the Committee to have technical inputs about latest 


developments. 


4.1.11 Organizations offered representation should be specifically appraised that they 


should nominate members who have expertise in the subject. Standard letter should be 


addressed to the organizations requesting them to nominate their principal and alternate 


representatives on the committee (see Appendix A, D and E). It should be ensured that 


letters for nomination of representatives on Committee are addressed to proper 


nominating authority. 


4.1.12 In case the Committee seeks nomination of a specific expert from the organization, 


as its representative, standard letter for the same (see Appendix B, D and E) should be 


communicated to the nominating authority. 







4.1.13 In case of nomination of experts in personal capacity, standard letter for the same 


(see Appendix C and E) should be communicated to the expert. 


4.1.14 On receipt of replies, necessary entries should be made in the software. The 


composition of Sectional Committees shall be made available on BIS website on real-time 


basis. 


4.2 Invitees 


4.2.1 The Member-Secretary may extend with the prior knowledge of the Chairman and 


Departmental Head concerned, an invitation to individuals or representatives of 


organizations whose presence is likely to be helpful in the discussions proposed to be held 


under the agenda. While all courtesy should be shown to the invitees when they participate 


in the discussion, they shall not be entitled to vote. Special care has to be taken by the 


Member-Secretary to ensure that no financial commitment is made in these invitations. 


4.2.2 An officer of the Bureau (other than Head of Technical Department and Member-


Secretary), who in the opinion of the Committee, can contribute to the works of the 


Committee, may be requested to attend the meetings as invitee. However, such officers 


should not be offered membership of the Committee. 


4.3 Engagement of Consultants 


The engagement of Consultants to assist the committees is governed by the Rule 21 of the 


Bureau of Indian Standards Rules, 2018. 


5. Review of Composition 


5.1 The attendance / involvement of each member shall be recorded by the Member 


Secretary in the following manner: 


(a) Suppose ‘X’ is a member of a committee of which three meetings were held 


after his/her nomination and he/she has attended only two. The entry in the 


column would be 
2/3.  


(b) Suppose ‘Y’ is a member who has not been able to attend any of the meetings, 


but is active in work of the committee by correspondence, the entry in the 


column would be 
0/3.  


(c) Suppose ‘Z’ is a member who has not been able to attend any of the meetings, 


but is active in work of the committee by correspondence, a separate entry ‘A’ 







would be made against his/her name to indicate active participation, ie., the entry 


in the column would be 
0/3 A. 


5.2 Review of Composition by concerned Activity Head 


The Composition of the Committee may be reviewed by concerned Activity Head to verify 


that the non-manufacturers is 
2/3 


rd
 or more. In case the representation is less than 


2/3 
rd


, 


the same would be conveyed to the Division Council for necessary balancing. 


5.3 Review of Composition by the Sectional Committee 


5.3.1 A Sectional Committee may co-opt additional members, to make the committee 


more fully representative, subject to reporting the same to the Division Council. The 


recommendations regarding withdrawals shall be communicated to the Division Council 


for decision in this regard. 


5.3.2 When a Sectional Committee first meets, members should be asked whether they 


know of any other directly interested organizations, which should be represented.  


5.3.3 The composition and membership of an inactive Committee should be invariably 


reviewed when it is reconvened for new work. The organizations/ members representing 


for reasonably long time (more than 6 years) without participation/contribution may be 


substituted by new organizations who are capable of contributing in the new 


technologies/areas of the work. 


5.3.4 In addition, the composition may be reviewed in all the meetings of the Sectional 


Committee based on attendance and contribution.  


5.4 Review of Composition by the Division Council 


5.4.1 The composition of Sectional Committee may be subject to revision by the Division 


Council at any time after its appointment but, with a view to making such changes as may 


be considered necessary to make it more effective, and fully representative of the interests 


concerned with the subjects allotted to it.  


5.4.2 If a particular Sectional Committee does not meet within one year of its 


appointment, the Division Council may consider the question of its continuance and/or 


revision of its membership. 


5.4.3 The membership of the Sectional Committee shall invariably be reviewed by the 


Division Council after three years of the first meeting of a new or reconstituted Sectional 


Committee. 







5.4.4 The decision to withdrawn the representation of an organization is to be taken by 


the Division Council and has to be supported by adequate reasons.  


5.4.5 After reconstitution of the committee, letter as provided at Appendix F (also see 


Appendix D and E) should be communicated to retained member organization for 


updating the composition list. The decision of withdrawal shall also be communicated (see 


Appendix G). 


5.4.6 On receipt of replies, necessary entries should be made in the software. The 


composition of Sectional Committees shall be made available on BIS website on real-time 


basis. 


5.5 Resignation 


Organizations wishing to relinquish the representation given to them in the Sectional 


Committee due to various reasons shall do so after communicating the same in writing to 


the Secretariat. The Secretariat shall keep the Sectional Committee and the Division 


Council informed of such development. Necessary entries shall be made in the software. 


6 Power to Relax 


Where Director General, BIS is of the opinion that it is necessary or expedient so to do, 


he/ she may, for reasons to be recorded in writing, relax any of the provisions of these 


guidelines in respect of any class or category of persons.  


7 Saving  


Nothing in these guidelines shall affect implementation of BIS Act, 2016 and BIS Rules, 


2018 as amended from time to time.  


 


  







Appendix A 


(Clause 4.1.11) 


OFFER OF REPRESENTATION IN THE SECTIONAL COMMITTEE TO 


AN ORGANIZATION 


Our Ref:         dated: 


Subject: Representation in the …………….. Sectional Committee, (…..) of BIS 


Dear Madam/Sir(s), 


 


As you are aware, Bureau of Indian Standards (BIS), is the National Standards Body of 


India, which is inter alia responsible for promotion of harmonious development in 


standardisation and matters connected therewith, both within the country and at 


international level. In line with its mandate, BIS is engaged in the establishment, 


publication, review and promotion of the Indian Standards, in relation to goods, articles, 


processes, systems and services. 


 


The standard formulation process of BIS is carried out by Sectional Committees, functional 


under Division Councils. For standardization in the area of 


“…………………………………………………………………………………………


…………………………………………………………………………………………


……………………………………………………(scope of the Sectional Committee)”, 


the …………………………. Division Council of BIS has constituted the 


……………………………………….Sectional Committee, ………(code of Sectional 


Committee). 


 


I am glad to convey that............................................................. Sectional Committee/ Division 


Council has decided to offer a representation to your organization 


in………………………..……Sectional Committee (…..) of BIS. 


 


I hope you will accept this representation and let me have the name, designation and 


address including contact number, fax, e-mail particulars of your representative in the 


proforma enclosed. 


 


May I add that BIS is anxious to give due consideration in its work to the views of your 


organization. It is, therefore, requested that suitable arrangements may be made to brief 


your representative on all matters on which he may have to express your organization's 


views. Furthermore, the possibility of implementing Indian Standards within your 


organization should always be borne in mind by your representative, from the earliest 


stages of their formulation. 


 







The guidelines for participation in technical committee work are enclosed herewith. 


 


An early reply would be appreciated. 


Yours faithfully, 


 


 


(Head of Department/ Activity Head) 


Encl.: As above  







Appendix B 


(Clause 4.1.12) 


OFFER OF REPRESENTATION IN THE SECTIONAL COMMITTEE TO 


AN ORGANIZATION REQUESTING FOR A SPECIFIC EXPERT 


Our Ref:         dated: 


Subject: Representation in the …………….. Sectional Committee, (…..) of BIS 


Dear Madam/Sir (s), 


As you are aware, Bureau of Indian Standards (BIS), is the National Standards Body of 


India, which is inter alia responsible for promotion of harmonious development in 


standardisation and matters connected therewith, both within the country and at 


international level. In line with its mandate, BIS is engaged in the establishment, 


publication, review and promotion of the Indian Standards, in relation to goods, articles, 


processes, systems and services. 


 


The standard formulation process of BIS is carried out by Sectional Committees, functional 


under Division Councils. For standardization in the area of 


“…………………………………………………………………………………………


…………………………………………………………………………………………


……………………………………………………(scope of the Sectional Committee)”, 


the …………………………. Division Council of BIS has constituted the 


……………………………………….Sectional Committee, ………(code of Sectional 


Committee). 


 


I am glad to convey that............................................................. Sectional Committee/ Division 


Council has decided to offer a representation to your organization 


in………………………..……Sectional Committee (…..) of BIS. 


 


In this connection it has been suggested that, if there is no objection, you may kindly 


consider nominating……..…………………………., as your representative. I hope it will 


be possible for you to accept this representation. Please intimate the latest address including 


contact no., fax, email of your representative. 


May I add that BIS is anxious to give due consideration in its work to the views of your 


organization. It is, therefore, requested that suitable arrangements may be made to brief 


your representative on all matters on which he may have to express your organization's 


views. Furthermore, the possibility of implementing Indian Standards within your 







organization should always be borne in mind by your representative, from the earliest 


stages of their formulation. 


The guidelines for participation in technical committee work are enclosed herewith. 


 


An early reply would be appreciated. 


Yours faithfully, 


(Head of Department/ Activity Head) 


Encl.: As above  







Appendix C 


(Clause 4.1.13) 


OFFER OF REPRESENTATION IN THE SECTIONAL COMMITTEE TO 


AN EXPERT, IN PERSONAL CAPACITY 


Our Ref:         dated: 


Subject: Representation in the …………….. Sectional Committee, (…..) of BIS 


Dear Madam/Sir (s), 


As you are aware, Bureau of Indian Standards (BIS), is the National Standards Body of 


India, which is inter alia responsible for promotion of harmonious development in 


standardisation and matters connected therewith, both within the country and at 


international level. In line with its mandate, BIS is engaged in the establishment, 


publication, review and promotion of the Indian Standards, in relation to goods, articles, 


processes, systems and services. 


 


The standard formulation process of BIS is carried out by Sectional Committees, functional 


under Division Councils. For standardization in the area of 


“…………………………………………………………………………………………


…………………………………………………………………………………………


……………………………………………………(scope of the Sectional Committee)”, 


the …………………………. Division Council of BIS has constituted the 


……………………………………….Sectional Committee, ………(code of Sectional 


Committee). 


 


I am glad to convey that............................................................. Sectional Committee/ Division 


Council has decided to offer a representation to you, in personal capacity in the 


………………………..……Sectional Committee.  


 


I hope you will accept this representation and confirm your contact details. 


The guidelines for participation in technical committee work are enclosed herewith. 


 


An early reply would be appreciated. 


Yours faithfully, 


(Head of Department/ Activity Head) 


Encl.: As above 







Appendix D 


(Clauses 4.1.11, 4.1.12 and 5.4.5) 


NOMINATION PROFORMA 


……………………………………DEPARTMENT 


Committee Name : ……………………………. Sectional Committee 


Committee Number : ………. 


Name of Organization : ……………………………………………………………...…. 


Principal Member  


Shri/Smt/Dr./Prof. : …………………………………………………………………… 


Designation : …………………………………………………………………….……… 


General Interest : ………………………………………………………...……………… 


Address in full for Correspondence (with PINCODE): ………………………………… 


………………………………………………………………………………………....... 


…………………………………………………………………………………………... 


Contact No. : …………………………………………………………………………… 


Fax : …………………………………………………………………………………….. 


E-mail : …………………………………………………………………………………. 


Alternate Member 


Shri/Smt/Dr./Prof. : …………………………………………………………………… 


Designation : …………………………………………………………………….……… 


General Interest : ………………………………………………………...……………… 


Address in full for Correspondence (with PINCODE): ………………………………… 


………………………………………………………………………………………....... 


…………………………………………………………………………………………... 


Contact No. : …………………………………………………………………………… 


Fax : …………………………………………………………………………………….. 


E-mail : …………………………………………………………………………………. 


 







2nd Alternate Member (subject to the condition that the additional alternate member is a young 


professional below 37 years of age) 


Shri/Smt/Dr./Prof. : …………………………………………………………………… 


Designation : …………………………………………………………………….……… 


General Interest : ………………………………………………………...……………… 


Address in full for Correspondence (with PINCODE): ………………………………… 


………………………………………………………………………………………....... 


…………………………………………………………………………………………... 


Contact No. : …………………………………………………………………………… 


Fax : …………………………………………………………………………………….. 


E-mail : …………………………………………………………………………………. 


  







Appendix E 


(Clauses 4.1.11, 4.1.12, 4.1.13 and 5.4.5) 


GUIDELINES FOR PARTICIPATION IN THE TECHNICAL COMMITTEE 


WORK OF BIS 


1. The organizations represented shall be recognized as a legal entity in India and the 


members represented shall be citizens of India resident/located in India. In case the criteria 


is not met, the organization shall communicate the same to the Member-Secretary of the 


Committee. 


2. Further, where an organization offered representation in BIS work feels that it has 


limited interests in the scope of activity of the committee, it shall communicate the same 


to the Member-Secretary of the Committee before accepting the representation. 


3. All organizations represented in a technical work of BIS shall be conscious of the 


national role they play in the preparation of Indian Standards. They shall nominate the best 


available talent for this work and ensure that their nominees are fully briefed, and utilize all 


opportunity to express their organization’s view point in the Bureau forums. For continuity 


of participation, it shall be ensured that representatives once nominated are continued as 


long as possible and changes, where inevitable, are proceeded smoothly and shall be 


communicated to Member-Secretary without delay. 


4. Organizations participating in the technical work of the Bureau may also consider 


initiating wherever possible formal standardization activity within the organization that 


would amongst other things aid participation and act as permanent liaison with Bureau on 


all standardization matters, and shall coordinate adoption and implementation of national 


standards. 


5. Organizations' representing the interests of a group/association/federation shall 


ensure that all constituent members (whose interest he/she represent) are consulted/kept 


informed of the committee work. 


6. The members of the technical committees representing the Central Government, 


State Governments, Union territories, statutory bodies, autonomous bodies and public 


sector undertakings (other than those specially approved by the Executive Committee), 


trade, industry and their associations, shall not be eligible to draw any travelling or daily 


allowance from the funds of the Bureau. Therefore, all expenses related to the nominees 


from such organizations are to be borne by the participating organizations. 







7. Travelling allowances for other members, not covered under para. 6 above, may be 


admissible from the Bureau for attending meetings of the technical committee or 


discharging any duty of the technical committee, at rates applicable to non-officials 


attending the meetings of the committees set up by the Central Government, with prior 


concurrence of the Director General. 


8. The reimbursement of travel expenses would be processed as per the guidelines for 


payment of TA/DA to members of BIS Committees from BIS funds, as amended from 


time to time. In addition, BIS may consider reimbursement of Travelling Allowance under 


Plan Funds of Government of India, if available, subject to conditions stipulated from time 


to time. 


9. Authorities nominating representatives as members of Sectional Committee of the 


Bureau, if they so choose, may nominate two representatives one to be known as the 


principal and the other as the alternate. The organization may also nominate a third 


representative, ie., a second alternate member, provided the representative is a young 


professional below the age of 37 years. The nominations of the members are subject to the 


following: 


i) Generally one representative shall attend the meeting but if this department or body so 


desired, both the principal and alternate(s) may attend the meeting. 


ii) Only the principal representative shall have the right to vote. 


iii) In the absence of the principal representative, the alternate may exercise the right 


to vote. 


iv) All documents circulated in electronic form shall be sent to all the 


representatives, irrespective of location. Hard copies of documents concerned with 


the work of the technical committee, if circulated, shall ordinarily be sent to the 


Principal representative, if both principal and alternate representatives are located 


at the same station. However, if principal and alternate representatives are from 


different stations, such hard copy documents shall be sent to all the representatives.  


v) Organizations may, if they so choose, nominate experts by designation instead 


of by name. 


vi) In exceptional circumstances, where a case in made out on the basis of regional 


representation or representation of special interests within any organization, more 


than one alternative may be accepted. 







vii) Only the designated Principal/Alternate members can attend Sectional 


Committee meetings. In case of their absence, their representatives can attend the 


meetings. However, BIS should be given prior intimation in such cases. In any case, 


no more than three representatives from one organisation can attend the committee 


meetings. 


10. Comments on documents at any stage, as well as on printed Indian Standards, though 


are welcome at all times, members are requested to send them well in advance for inclusion 


in the agenda in order to consider them in the meeting. Comments received very late or 


brought along for tabling during the meeting will be liable not to be considered as other 


members have not had the opportunity to deliberate within their organization on these 


comments and form their viewpoint and are unable to put forth their views at a short 


notice. 


11. In case there is continual failure to contribute either through correspondence or by 


attending meetings for a period of three years/three technical Committee meetings by the 


members, the membership of such organizations will be recommended for withdrawal. 


  







Appendix F 


(Clause 5.4.5) 


RECONSTITUTION OF SECTIONAL COMMITTEES 


Our Ref:          dated: 


Subject: Confirmation about Continuance of Existing Member(s) 


Dear Madam/Sir(s), 


In accordance with the BIS Rules, 2018 the Composition of 


…………………………………………………………..Sectional Committee,………, 


has recently been reviewed and it has been decided to continue your representation. 


I shall be glad if you kindly let me know whether you would like your representative (s), 


whose particulars are given below, to continue or you would like to make any change. 


Principal Member…………………………………………. 


Alternate Member ………………………………………… 


Kindly let me have your reply by………... If no reply is received by that date, I shall 


presume that you would like the present representative(s) to continue. 


If you wish to change the nominations, please provide us with full particulars of your new 


nominations together with complete address, along with contact number, fax and e-mail 


particulars in the enclosed proforma. 


The relevant extract from the guidelines for participation in technical committee work are 


reproduced overleaf. 


Thanking you, 


Yours faithfully, 


 


(Head of Department/ Activity Head) 


Encl.: As above 


 







Appendix G 


(Clause 5.4.5) 


WITHDRAWAL OF REPRESENTATION 


Our Ref:         dated: 


Subject: Review/Reconstitution of the.................................... Sectional Committee 


Dear Madam/Sir, 


The ……………………… Division Council at its 


…………………………………………………………..meeting held on ……………. 


at ……………………………. reviewed and reconstituted the …………. Sectional 


Committee, and decided to withdraw representation of your organization, in the light of 


lack of adequate participation of your organization in the activity of the 


………………………….. Sectional Committee. 


I take this opportunity to thank you and your organization for your representation in the 


Sectional Committee and hope you would extend your cooperation and support in all 


future work of the Bureau. 


Thanking you, 


Yours faithfully, 


 


(Head of Department/ Activity Head) 
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Draft Indian Standard 


Non-destructive testing — Eddy Current Testing—


Determination of Electrical Conductivity of Non-


magnetic Metals  


ICS   


Non-Destructive Testing  


Sectional Committee, MTD 21 


Last date for receipt of comments is  


XXXX 


 


FOREWORD 


 


(Formal clauses of the foreword will be added later.) 


 


The traditional method to measure electrical conductivity is based on Kelvin Bridge which is 


quite complicated and time consuming. It is envisaged that with the help of this standard, the 


measurement of electrical conductivity of nonmagnetic conductive materials like copper, 


aluminium, titanium, zirconium & their alloys, and austenitic stainless steel would become 


much easier and faster. 


For the guidance purpose of the user of this standard, the minimum specimen/sample thickness 


required, based on the combination of test frequency and electrical conductivity of the 


materials, for testing of electrical conductivity by eddy current method is given in Annex A. 


In reporting the result of a test or analysis made in accordance with this standard, is to be 


rounded off, it shall be done in accordance with IS 2 : 2022 ‘Rules for rounding off numerical-


values (second revision)’. The number of significant places retained in the rounded off value 


should be the same as that of the specified value in this standard. 
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Draft Indian Standard  


Non-destructive testing — Eddy Current Testing—


Determination of Electrical Conductivity of Non-


Magnetic Metals  


1. SCOPE 


1.1 This test method covers a procedure for determining the electrical conductivity of 


nonmagnetic metals like copper, aluminium, titanium, zirconium & their alloys, and austenitic 


stainless steel using the electromagnetic (eddy current) method. The procedure is primarily for 


use with commercially available direct reading electrical conductivity instruments.  


1.2 This test method is applicable to non-magnetic conductive materials that have a flat surface 


and includes metals with or without a thin nonconductive coating. 


1.3 Electrical conductivity, when evaluated with eddy current instruments, is usually expressed 


as 


a) Percentage of the electrical conductivity of the International Annealed Copper Standard 


(% IACS) 


b) Siemens/meter (S/m). 


The conductivity of the Annealed Copper Standard is defined to be 0.58 × 108 S/m (100 % 


IACS) at 20 °C.  


2 REFERENCES 


The following standards contain provisions which through reference in this text, constitute 


provisions of this standard. At the time of publication, the editions indicated were valid. All 


standards are subjected to revision, and parties to agreements based on this standard are 


encouraged to investigate the possibility of applying the most recent editions of the standards 


indicated below: 


         IS No.                                            Title 


IS 12965 : 1990  Glossary of terms used in electromagnetic (Eddy Current) testing 


IS 13805: 2004 General standard for qualification and certification of non - Destructive 


testing personnel - Specification (First Revision) 


 


3. TERMINOLOGY 


For the purpose of this standard the definition given in IS 12965 and following shall apply: 


3.1 Temperature coefficient 
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The fractional or percentage change in electrical conductivity per degree Celsius change in 


temperature.  


4. QUALIFICATION AND CERTIFICATION OF TESTING PERSONNEL 


The testing personnel shall be at least qualified and certified as Eddy Current Testing Level I 


for conducting the test and at least Level II for writing the instructions, analysing the results 


and issuing the report as per IS 13805 or any other nationally/internationally accepted standard. 


5. PRINCIPLE OF THE TEST 


Eddy current testing is based on the electromagnetic induction. The test coil carries alternating 


current supplied by eddy current equipment. The coil is associated with primary alternating 


magnetic field .This coil is having its own Impedance. When this coil comes near a conducting 


material, a circular alternating current is induced in the conductor by the primary flux 


associated with the coil. This circular alternating current is called eddy current. The direction 


of the eddy current is opposite to the direction of primary current and the plane of the eddy 


current is parallel to the coil winding. Eddy current is associated with the secondary magnetic 


field which opposes the primary magnetic field associated with the test coil. Hence, net 


magnetic field associated with the test coil changes and thereby the impedance of the test coil 


changes. This change in the impedance of the test coil represents the condition of the test 


material. The generation of the eddy current depends on the electrical conductivity and 


magnetic permeability of the test material and the test frequency and the lift-off. By selecting 


the appropriate test parameters a particular variable can be determined by eddy current testing. 


The results of eddy current conductivity examination are based on the comparison of an 


unknown sample with two reference standard samples, one sample is of lowest conductivity 


and one sample of highest conductivity in the range of measurement of electrical conductivity.  


6. SIGNIFICANCE AND USE  


6.1 Absolute probe coil methods, when used in conjunction with reference standards of known 


value and eddy current equipment, provide a means for determining the electrical conductivity 


of nonmagnetic conductive materials. 


6.2 Electrical conductivity of a sample, when used in conjunction with another method listed 


and compared to reference charts, can be used as a means of determining: (I) type of metal or 


alloy, (2) type of heat treatment (for aluminum this evaluation should be used in conjunction 


with a hardness examination), (3) aging of the alloy, (4) effects of corrosion, (5) heat damage, 


(6) temper, and (7) hardness. 


7. LIMITATIONS  


7.1 The ability to accomplish the examinations is dependent on the electrical conductivity 


change caused by the variable of interest. If the electrical conductivity is a strong function of 


the variable of interest, these examinations can be very accurate. 


7.2 If electrical conductivity measurements are used to interpret a property that is related to the 


electrical conductivity, the correlation curve relating the property to the electrical conductivity 


should be established for such use. 


8. Variables Influencing Accuracy  
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8.1 Consider the influence of the following variables to ensure an accurate evaluation of 


electrical conductivity.  


8.1.1 Temperature 


The instrument, probe, reference standards, and parts being examined shall be stabilized at 


ambient temperature prior to conductivity evaluation. When possible, examinations should be 


performed at room temperature (typically 20 °C).  


8.1.2 Probe Coil to Metal Coupling 


Variations in the separation between the probe coil and the surface of the sample (lift-off) can 


cause large changes in the instrument output signal. The sensitivity of the instrument vary 


widely due to lift-off. The equipment should have adjustments for minimizing the effect of lift-


off. Standardize the instrument with values at least as large as the known lift-off. Surface 


curvature may also affect the coupling. If any surface curvature is present on the test job then 


the calibration should be done with the reference sample of similar curvature. (Consult the 


manufacturer’s manual for limitations on lift-off and surface curvature).  


8.1.3 Uniformity of Sample 


Variations in material properties are common and can be quite large. Discontinuities or 


inhomogeneities in the metal near the position of the probe coil will change the value of the 


measured conductivity.  


NOTE 1—Similar materials from various manufacturing methods (extrusion, forging, casting, 


rolling, machined vs. unmachined) may exhibit significant conductivity variation between 


processes. Eddy current conductivity meters can be affected by detecting differences in material 


grain structure, alloy uniformity, and internal stresses so care must be taken as this can influence 


accuracy.  


8.1.4 Surface Conditions 


Surface treatments and roughness can affect the measured electrical conductivity value of a 


material. Preferable surface roughness (Ra) should be 1.6 microns maximum. Conductive 


coatings such as cladding will have a pronounced effect on electrical conductivity readings as 


compared to the base material values. Procedures for determining the electrical conductivity of 


clad materials are not addressed in this test method. The sample surface should be clean and 


free from grease, dirt and any metallic particle embedment at the test location.  


8.1.5 Instrument Stability 


Instrument drift, noise, and nonlinearities can cause inaccuracies in the measurement. The 


instrument may have the facility for the compensation of these variables. 


8.1.6 Nonunique Conductivity Values 


It should be noted that two different alloys can have the same conductivity. Thus, in some 


cases, a measurement of conductivity may not uniquely characterize an alloy. 


 8.1.7 Sample Thickness 


Eddy current density decreases exponentially with depth (that is, distance from the metal 


surface). The depth at which the density is approximately 37 % (1/e) of its value at the surface 
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is called the standard depth of penetration δ. Calculate the standard depth of penetration for 


nonmagnetic conductive materials using one of the following formulas: 


a) When conductivity (𝜎) is in S/m; 


𝛿 = √
1


𝜋𝜇𝜎𝑓
 


b) When σ is in % IACS, then ρ(micro–ohm–cm) = 172.41 σ(%IACS)⁄ ;        


𝛿 = √
𝜌


𝜋𝜇𝑓
 


where  


 𝜋= 3.14, 


 𝜇= 𝜇𝑜x 𝜇𝑟, 𝜇𝑜  =4𝜋 × 10−7 H/m , 𝜇𝑟  = 1 (non -ferromagnetic material) 


𝛿 = Standard depth of penetration in metre 


𝑓 = Frequency in Hertz  


𝜎 = Electrical conductivity in S/m 


𝜌 = Resistivity in ohm-metre 


Normally, thickness of sample should be three times the standard depth of penetration 


NOTE - When testing thin materials, stacking of the test parts may be acceptable. Similar 


material, preferably from the same batch or sheet, may be used to back the material being 


examined, thereby increasing the effective thickness. Stacked materials must be bare, without 


cladding, and fit so that they are in intimate contact at the area to be measured. The total 


thickness of the stacked material must be at least 3 standard depths of penetration (3δ). The 


electrical conductivity measured using the above technique for stacked material may not 


represent the actual value. 


8.1.8 Instrument frequency 


Depth of penetration of Eddy current is inversely proportional to the frequency. The graph 


shown in Figure 1 represents the minimum material thickness required for electrical 


conductivity of a particular material and test frequencies.  
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FIG. 1 MINIMUM THICKNESS OF THE TEST OBJECT AS A FUNCTION OF FREQUENCY 


AND ELECTRICAL CONDUCTIVITY 


A simple test to determine whether a test object meets the requirements for minimum thickness 


at the desired measuring frequency can be performed using the copper standard included with 


the instrument.  


 


9. APPARATUS  


9.1 Electronic Apparatus 


The electronic apparatus shall be capable of energizing the probe coil with alternating currents 


of suitable frequencies and power levels and shall be capable of sensing changes in the 


measured impedance of the coil. Equipment may include any suitable signal-processing device 


(phase discriminator, filter circuits, and so forth). The output may be displayed in either 


analogue or digital readouts. Readout is normally in percent IACS although it may be scaled 


for readings in other units. Additional apparatus, such as computers, plotters, or printers, or 


combination thereof, may be used in the recording of data. It shall be capable of measuring 


electrical conductivity as low as 1% IACS and as high as 100% IACS at resolution of 0.1% 


IACS. 


9.2 Probe 


Probe coil designs combine empirical and mathematical design methods to choose appropriate 


combinations of characteristics. The usual probe diameter ranges from 8 mm to 14 mm. The 


probe coil is of absolute type. For most electrical conductivity instruments, the cable 


connecting the coil to the instrument is an integral part of the measuring circuit and the cable 


length should not be modified without consulting the instrument manufacturer or manual.  
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9.2.1 Mechanical handling apparatus for feeding the samples or moving the probe coil, or both, 


may be used to automate a specific measurement. It is recommended to use appropriate fixtures 


to steady and stabilize the product or the probe coil to prevent variations in lift-off and 


subsequent variations in test results. 


9.3 Reference Standards 


Reference standards shall be made from homogeneous and non-magnetic conductive materials 


of electrical conductivity ranges from 1% IACS (Low Electrical Conductivity) to 100% IACS 


(High Electrical Conductivity).  They must have a thickness equal or greater than 3 times of 


standard depth of penetration at the selected test frequency and a width and length equal to or 


greater than 2 times the probe edge effect. The edge effect will be calculated as coil diameter 


plus 4 times of standard depth of penetration. 


9.3.1 Electrical conductivity reference standards are precise electrical standards and should be 


treated as such. Scratching of the surface of the standard may introduce measurement error. 


Avoid dropping or other rough handling of the standard. Keep the surface of the standard as 


clean as possible. Clean with a nonreactive liquid and a soft cloth or tissue. Store reference 


standards in a place where the temperature is relatively constant. Avoid thermal shocking of 


the reference standards or placing them where large temperature variations are present. 


9.4 Selection of Test Frequency  


The test frequency determines the standard depth of penetration as well as sensitivity of the 


test system. During Electrical Conductivity Measurements the test frequency shall be selected 


in such a way that the sufficient depth of the penetration could be achieved and the effect of 


surface roughness should not interfere the test results. Generally, the test frequency is used in 


the range of 5 kHz to 960 kHz depending upon the electrical conductivity and thickness of the 


material. 


10. CALIBRATION PROCEDURE  


10.1 Connect the required probe coil to the instrument. 


10.2 Switch on the instrument and allow it to warm up for at least the length of time 


recommended by the manufacturer.  


10.3 The instrument, probe, and reference standards should be standardized at room 


temperature (typically 20 °C).  


10.4 Make all necessary setups, setting of test parameters (such as frequency etc.) and control 


adjustments in accordance with the manufacturer’s recommendation.  


10.5 Put the probe on low conductivity sample and feed the value of the corresponding 


electrical conductivity in the instrument. Similarly, put the probe on high electrical 


conductivity sample and feed the value of the corresponding electrical conductivity in the 


instrument. In analogue systems, the fine tuning of the electrical conductivity setting can be 


obtained by adjusting the knob corresponding to higher and lower conductivity setting. In 


digital system, this action can be accomplished by touch/push buttons.  


11. TEST PROCEDURE 
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After Calibration of the equipment, put the probe on unknown conductivity sample and find 


the value of the electrical conductivity from the equipment. 


12.  VERIFICATION OF THE STANDARDIZATION OF THE EQUIPMENT  


Check the standardization at the start of the run and at least once every hour of continuous 


operation and at the end of a run. If there is a metal temperature change greater than 20 °C, or 


whenever improper functioning of the system is suspected, the values of the standard reading 


is outside the limits, or any change of the hardware of the test set-up is done, the operator 


should repeat tests starting from the last passed check standardization.  


 


13. REPORTING OF THE RESULT 


13.1 The written report of an electrical conductivity measurement should contain any 


information about the examination setup that will be necessary to duplicate the examination at 


the same or some other location, plus such other items as may be agreed upon between the 


producer and purchaser. Specific items to be recorded should be agreed upon and determined 


by the using parties. When specified, the manufacturer shall submit to the purchaser a test 


report including at least the following information: 


1) Apparatus Description; 


a) Equipment type 


b) Model number 


c) Serial number 


d) Recorder type (if used); 


2) Coil; 


a) Size 


b) Type. 


3) Other interconnecting apparatus; 


4) Reference standards; 


5) Measurement frequency; 


6) Description of Materials; 


a) Geometry 


b) Chemistry 


c) Heat treatment 


7) Standardization method. 


8)  Temperature 


a) Temperature of the reference standards. 


b)  Sample temperature.  


c) Ambient temperature. 


9)  Examination procedure. 


13.2. Test Results 


The report should be prepared by the testing personnel and to be issued by the competent 


authority. 
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ANNEX A 


(Foreword) 


Minimum specimen thickness for different Electrical Conductivity at different frequencies during 


electrical conductivity test by Eddy current method 


Sl No. 
Electrical Conductivity 


% IACS 
Specimen Thickness (mm) 


Frequencies (kHz) 


60 120 240 480 960 


1 100 


Standard depth of penetration δ,mm 0.27 0.19 0.13 0.10 0.07 


Specimen Thickness t,mm 0.81 0.57 0.40 0.29 0.20 


2 95 


Standard depth of penetration δ,mm 0.28 0.20 0.14 0.10 0.07 


Specimen Thickness t,mm 0.83 0.59 0.42 0.29 0.21 


3 90 


Standard depth of penetration δ,mm 0.28 0.20 0.14 0.10 0.07 


Specimen Thickness t,mm 0.85 0.60 0.43 0.30 0.21 


4 85 


Standard depth of penetration δ,mm 0.29 0.21 0.15 0.10 0.07 


Specimen Thickness t,mm 0.88 0.62 0.44 0.31 0.22 


5 80 


Standard depth of penetration δ,mm 0.30 0.21 0.15 0.11 0.08 


Specimen Thickness t,mm 0.91 0.64 0.45 0.32 0.23 


6 75 


Standard depth of penetration δ,mm 0.31 0.22 0.16 0.11 0.08 


Specimen Thickness t,mm 0.94 0.66 0.47 0.33 0.23 


7 70 


Standard depth of penetration δ,mm 0.32 0.23 0.16 0.11 0.08 


Specimen Thickness t,mm 0.97 0.68 0.48 0.34 0.24 


8 65 Standard depth of penetration δ,mm 0.33 0.24 0.17 0.12 0.08 
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Specimen Thickness t,mm 1.00 0.71 0.50 0.36 0.25 


9 60 


Standard depth of penetration δ,mm 0.35 0.25 0.17 0.12 0.09 


Specimen Thickness t,mm 1.05 0.74 0.52 0.37 0.26 


10 55 


Standard depth of penetration δ,mm 0.36 0.26 0.18 0.13 0.09 


Specimen Thickness t,mm 1.09 0.77 0.55 0.39 0.27 


11 50 


Standard depth of penetration δ,mm 0.38 0.27 0.19 0.13 0.10 


Specimen Thickness t,mm 1.15 0.81 0.57 0.40 0.29 


12 45 


Standard depth of penetration δ,mm 0.40 0.28 0.20 0.14 0.10 


Specimen Thickness t,mm 1.21 0.85 0.60 0.43 0.30 


13 40 


Standard depth of penetration δ,mm 0.43 0.30 0.21 0.15 0.11 


Specimen Thickness t,mm 1.28 0.91 0.64 0.45 0.32 


14 35 


Standard depth of penetration δ,mm 0.46 0.32 0.23 0.16 0.11 


Specimen Thickness t,mm 1.37 0.97 0.68 0.48 0.34 


15 30 


Standard depth of penetration δ,mm 0.49 0.35 0.25 0.17 0.12 


Specimen Thickness t,mm 1.48 1.05 0.74 0.52 0.37 


16 25 


Standard depth of penetration δ,mm 0.54 0.38 0.27 0.19 0.13 


Specimen Thickness t,mm 1.62 1.15 0.81 0.57 0.40 


17 20 


Standard depth of penetration δ,mm 0.60 0.43 0.30 0.21 0.15 


Specimen Thickness t,mm 1.81 1.28 0.91 0.64 0.45 


18 15 


Standard depth of penetration δ,mm 0.70 0.49 0.35 0.25 0.17 


Specimen Thickness t,mm 2.09 1.48 1.05 0.74 0.52 
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19 10 


Standard depth of penetration δ,mm 0.85 0.60 0.43 0.30 0.21 


Specimen Thickness t,mm 2.56 1.81 1.28 0.91 0.64 


20 5 


Standard depth of penetration δ,mm 1.21 0.85 0.60 0.43 0.30 


Specimen Thickness t,mm 3.62 2.56 1.81 1.28 0.91 


21 1 


Standard depth of penetration δ,mm 2.70 1.91 1.35 0.95 0.67 


Specimen Thickness t,mm 8.10 5.73 4.05 2.86 2.02 
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भारतीय मानक ब्यरूो 


 


 


 (Not to be reproduced without permission of BIS or used as an Indian Standard) 


Draft Indian Standard 


MICRO-FOCAL RADIOGRAPHY FOR INDUSTRIAL 


COMPONENTS – 


RECOMMENDED PRACTICES 


 
ICS 19.100 


 


Non-Destructive Testing  


Sectional Committee, MTD 21 


Last date for receipt of comments is  


XXXX 


 


FOREWORD 


 


(Formal clauses of the foreword will be added later.) 


X-Ray equipments having the focal spot size less than 100 µm are referred as Microfocus 


system. Currently there are advanced micro-focus systems having focal spot size of even 5 


µm. Micro-focus radiography systems have the capability to examine even the miniature 


details of an article by using the magnified X-ray images, which enhances the capability of 


flaw detection and the reliability. As there is no penumbra effect, the images obtained have 


very high resolution. 


Currently when there is an advancement of technology, cost effectiveness and weight 


reduction are major factors. Accordingly the detection of finer defects and enhancement of 


reliability are prime factors for not only for strategic sectors but also for generic applications. 


These factors necessitates for Microfocus Radiography inspection and hence a need to have a 


standard. 


This Indian Standard covers the recommended practice for micro-focal radiography of 


materials, components and assemblies.  The practice outlined in this standard is intended to 


provide the basis for good working practices for producing high quality radiographs for 


inspection of welded joints and castings used in strategic sectors like Aerospace, Defence and 


Nuclear etc, turbine blade inspection to detect fine cracks; Inspection of printed circuit boards 


(PCB), inspection of tube to tube sheet weld of heat exchangers; inspection of ceramics and 


composites to detect micro-voids, etc. This standard deals with micro-focal x-ray systems, 


focal spot measuring techniques, magnification, image recording methods and image quality.  
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For the purpose of deciding whether a particular requirements of this standard is complied 


with, the final value, observed or calculated, expressing the result of a test or analysis shall be 


rounded off in accordance with IS 2 : 2022 ‘Rules for rounding off numerical value (second 


revision)’. The number of significant places retained in the rounded off value should be the 


same as that of the specified value in this standard. 
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Draft Indian Standard 


MICRO-FOCAL RADIOGRAPHY FOR INDUSTRIAL 


COMPONENTS – 


RECOMMENDED PRACTICES 
 


 


1 SCOPE 
 


This standard covers the recommended practice for micro-focal radiography of materials, 


components and assemblies.  The practice outlined in this document is intended to provide 


the basis for good working practices for producing high quality radiographs. This standard 


deals with micro-focal x-ray systems, focal spot measuring techniques, magnification, image 


recording methods and image quality. 


 


2 REFERENCES 
 


The following Indian Standard contains provisions, which through reference in this text, 


constitute provision of this standard.  At the time of the publication, the edition indicated 


below was valid.  All the standards are subject to revision, and parties to agreement based on 


this standard are encouraged to investigate the possibility applying the most recent edition of 


the standard. 


 


IS No. Title 


IS 13805 : 


2004 


General Standard for Qualification and Certification of Non-Destructive Testing 


Personnel - Specification 


 


3    PERSONAL QUALIFICATION  


3.1 Personnel designated to carry out microfocal radiography shall be trained on the micro-


focal x-ray equipment with hands on training. Training will include troubleshooting and 


maintenance of the microfocal x-ray unit and proper handling procedures to prevent any 


unnecessary issues with being able to reproduce the desired results.  They will be familiar 


with the operating instructions and shall have a good working knowledge of the equipment 


and its limitations. 


3.2 Nondestructive testing (NDT) personnel shall be qualified and certified as per IS 13805 


or any other nationally or internationally recognized NDT personnel qualifications practice or 


standards. Personnel who are performing Radiography inspection shall have at least Level-I 


certification and at least Level-II for personnel who are performing Interpretation of X-rays 


(IS 13805). 


 


4   MICRO-FOCAL RADIOGRAPHY  
 


4.1 In conventional radiography units, the size of the focal spot ranges from 1 to 5 mm.  


Hence to keep geometric unsharpness (Ug) as low as possible, the film is placed in intimate 


contact with the object (minimizing Object to Film Distance (OFD)) and the source to object 


distance is increased.  However, the Source to Object Distance (SOD) cannot be increased 


beyond a limit, since this would make the exposure time impractical.  An alternative method 
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is to reduce the focal spot.  X-ray equipment in which the size of the focal spot is between 


0.1–1 mm is commonly referred to as minifocus unit while X-ray equipment in which the 


focal spot size is less than 0.1 mm or 100 micrometers is referred to as microfocus unit. This 


small focal spot is achieved by focusing the electron beam on to the target.  Present day 


microfocus units have focal spots in the range of 5 – 15 micrometers. 
 


4.2 The technique of radiography is based on the principles of differential absorption and 


shadow projection. Thus, one of the main parameters which determine the image quality and 


the detectability of features is the area from where the X-rays originate commonly known as 


the “focal spot”. It can be observed from see Fig.1 that while a point source of radiation 


produces a sharp image, a large source produces a diffused image with a large geometric 


unsharpness. This geometric unsharpness (Ug) primarily depends on the focal spot size as 


given by the relation 


 


SOD


OFDf
U g






      


 


where 


OFD = the object to film distance; and  


SOD =  the source to object distance.   


f = focal spot size 


 


Once the focal spot size is reduced, a number of advantages can be identified.  These 


include: 
 


a) Projection magnification:  


The object need not be in contact with the film during exposure as in conventional 


radiography.  Thus one can obtain enlarged primary radiographs with magnifications 


greater than 2X (see Fig. 1). Magnification reduces the number of features that is 


masked by the background image noise thus enhancing the detection sensitivity of 


micro-defects.   
 


b) Improved radiographic contrast: 


In conventional radiography, scattered radiation especially generated from within the 


object reduces radiographic contrast.  In microfocal radiography, since the object is 


placed away from the film, the amount of scattered radiation reaching the film is 


largely reduced. Thus, microfocal radiographs have better contrast compared to 


conventional radiographs. 


 


c) Possibility of object manipulation:  


Since the object and the film can be separated without sacrificing image definition, 


real time radiography of dynamic / temporally changing events is possible. Further the 


object can be rotated / translated within the radiation beam making stereo and micro-


tomography possible. These techniques allow for better detection of planar defects 


and greater resolution of detail within the section thickness. 
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IMAGE DUE TO POINT SOURCE OF RADIATION AND 


A LINE SOURCE OF RADIATION 


Penumbra


(a)


(b)


Object


Line source


Point source


Umbra


Line focus


          MICROFOCAL SPOT MAKES IT POSSIBLE TO 


          HAVE PROJECTIVE MAGNIFICATION AND HIGH


          CONTRAST RADIOGRAPHS DUE TO DECREASED 


          SCATTER RADIATION
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FIG. 1 IMAGE DUE TO POINT SOURCE OF RADIATION AND LINE SOUREC OF 


RADIATION 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


FIG. 2 MICROFOCAL SPOT MAKES IT POSSIBLE TO HAVE PROJECTIVE 


MAGNIFICATION AND HIGH CONTRAST RADIOGRAPHS DUE TO DECREASED SCATTER 


RADIATION 


 


Projection magnification has its inherent disadvantages given below: 
 


a) Since the object is placed closed to the source, a smaller volume of the object is 


inspected at any one time as can be seen from see Fig. 2. This means more number of 


exposures and more number of films.   
 


b) Since the electrons are focused on to the target, the heat is concentrated in a very 


small and localized spot.  Hence the target cannot be loaded to a great extent which 


limits the tube current.   
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5 PARAMETERS 


 


5.1 Focal Spot in a Microfocus Unit 
 


The X-ray focal spot is characterised by its size, shape and luminance profile.  This is of 


special interest to both the manufacturer and the user.  Determination of focal spot of 


microfocus units has been a challenge right from the beginning. Conventional method of 


focal spot measurement is the pinhole method.  However, due to the difficulty in having 


pinholes of the order of 0.05 micrometers in high atomic number materials, this method is 


difficult to apply. However by using appropriate image processing tools the focal spot size 


can be determined. The following methods are used for measurement of focal spot size: 


a) Scanning Method;  


b) Pinhole Method;  


c) Slit Camera Method;  


d) Edge Method; 


e) Focal Spot Size Measurement of Micro-Focus Tubes using Platinum Wires or Lead 


Sphere; 


f) Use of Modulation Transfer Function in Determination of Focal Spot Dimensions; 


and  


g) Micro focus Resolution Chart. 


 


5.2 Magnification 
 


5.2.1 The primary advantage of having an extremely small focal spot is projective 


magnification.  This means that the object need not be in contact with the film during 


exposure as in conventional radiography.  Thus one can obtain enlarged primary radiographs 


with magnifications (M) greater than 2X.   


 


The magnification factor is defined as the ratio of the source to imaging plane distance and 


source to object distance and is expressed mathematically as follows: 


 


M = SFD / (SFD-OFD) 


   where 


        OFD = the object to film distance; and  


        SOD = the source to object distance.   


 


Simple formula that relates the image blur (Ug) to the magnification (M) and the focal spot 


size (F) is as follows: 


                 Ug = F (M-1) 


 


6 MICROFOCUS X-RAY SYSTEM 


6.1 Micro-focal X-ray units use either sealed X-ray tubes or a demountable tube. Sealed x-ray 


tubes have vacuum system and panoramic or directional rod anode.  Demountable X-ray 


tubes have rotating rod anode. This is due to considerations like the possibility of replacing 


the filaments and targets. A typical microfocus unit consists of: 
 


a) A X-ray tube head in the form of an O-ring sealed, containing an electron accelerator 


section, an electron optics section, and replaceable probe with the actual X-ray 


emitting element, the target. 
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Fig. 4  Typical components in a microfocus X-ray unit      
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system 


b) A high voltage unit capable of supplying a stable and ripple-free high voltage. 
 


c) A microprocessor based control console for display of system parameters and provide 


operator interface to control the operation of the high voltage generator, electron 


optics and the vacuum equipment. 


 
 


Fig. 3 shows the typical components in a microfocus unit.  The electrons are accelerated by 


the electrical field between the cathode and the anode, which has a central hole to let the 


electrons through. The electron beam is focused on to the target by a set of electromagnetic 


lenses and deflection coils. This is the most critical part in a microfocus tube.  The field 


strength of the lenses should be precisely adjusted with the velocity of the electrons for 


effectively focusing them onto a small spot on the target surface.  After passing the deflection 


coils the electrons enter the probe.  At the end of the probe is the target.  This target can be a 


conical target, flat target or thin target.  The conical target produces a radial panoramic beam 


while a thin the flat target produces a beam in the forward direction and a thick flat target 


produces a beam in the backward direction.  Thus a variety of probes are possible each with 


different beam configuration. The probes can be of varying lengths depending on the 


requirement ranging from about 10mm to 400 mm and in some special cases upto 1000 mm.   


The diameter of the probes can be as small as 8 mm.  Probes can also be equipped with Mu-


Metal shielding to overcome the effects of magnetic fields when examining tubes of magnetic 


material which are likely to be magnetized during the welding operation.  


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


FIG. 3. TYPICAL COMPONENTS IN MICRO-FOCUS X-RAY UNIT. 


 


6.2 Detector System 
 


Generally in conventional radiography the detector is normally a sheet of photographic film 


that on exposure to X- or gamma rays and subsequent development provide a negative image. 
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Similarly in micro focal radiography, fast, medium and slow films can be used for imaging. 


Apart from this, for real time imaging systems, image intensifiers, x-ray sensitive vidicon 


camera,  and higher frame rate (25 fps (frames per second) or higher) flat panels  shall be 


used.  


 


7    APPLICATION AREAS 
 


The main areas of application of microfocal Radiography can be classified as: 
 


a) Those where conventional radiography cannot be applied due to problems of access 


such as evaluation of tube to tube sheet welds of steam generator, mode couplers etc. 
 


b) Those where conventional radiography can be applied but cannot resolve the fine 


defects necessary to be detected example detection of microdefects such as voids, 


microcracks and inhomogenous distribution of material in ceramics and detection of 


defects in microelectronic components. 
 


c) For real time and computed tomography applications where microfocal radiography is 


an essential requirement due to higher detector unsharpness of real-time systems 


example online evaluation of automotive components. 


 


d) for Inspection of Integrated circuits and PCB’s 


 


e) for Inspection of Tube to tube sheet weld inspection 


 


8 SAFETY  
 


Microfocal radiography involves the use of hazardous ionizing radiations.  Hence all 


necessary safety precautions with respect to location of unit in an appropriate shielded 


enclosure and also area and personnel monitoring as stipulated by Atomic Energy Regulatory 


Board (AERB) shall be followed.   


 


 







Doc. No. : MTD21 (XXXX) 


IS XXXX : XXXX  


ANNEX A 


MTD 21 Composition 


Organization Representative 


Indira Gandhi Centre for Atomic Research (IGCAR), 


Kalpakkam 
DR B. VENKATRAMAN (Chairperson) 


Arora Technologies Private Limited, Nerul, Navi 


Mumbai 
MR. MUKESH ARORA  


MR. ALOK PANDEY ( Alternate I ) 


PUSHPALAXMI VANNIYAR ( Alternate II) 


Atomic Energy Regulatory Board (AERB), Mumbai SHRI AMIT SEN 


SHRI ALOK PANDEY ( Alternate ) 


BVG Nuclear Private Limited, Pune DR VIVEK NAGESH YELGAONKAR 


DR TUSHAR GHATE ( Alternate ) 


Bhabha Atomic Research Centre, Mumbai SHRI ARBINDA KUMAR 


SHRI PARITOSH NANEKAR ( Alternate ) 


Bharat Heavy Electrical Limited, New Delhi SHRI R. ARUL PRABHU  


SHRI SHYAMSUNDER REDDY A ( Alternate I) 


SHRI RAKESH KUMAR MUNDA ( Alternate II) 


SHRI B K SETHUPATHY ( Alternate III) 


CSIR - National Physical Laboratory, New Delhi DR PREMSHANKAR K. DUBEY 


DR NAVEEN GARG ( Alternate ) 


CSIR -National Metallurgical Laboratory, Jamshedpur DR SARMISTHA PALIT SAGAR  


DR ASHISH KUMAR PANDA ( Alternate ) 


Centre for Design and Manufacture, Bhabha Atomic 


Research Centre, Mumbai 
SHRI R. K GUPTA 


SHRI LALIT MOHAN ( Alternate ) 


SHRI ASHUTOSH SRIVASTAVA (Young 


Professional) 


Defence Metallurgical Research Laboratory, Ministry of 


Defence, Hyderabad 
DR. M. PHANI SURYA KIRAN 


SHRI A. MUKHOPADHYAY ( Alternate ) 


Department of Space, Bengaluru SHRI S. SARATCHANDRAN  


SHRI M. ARUMUGAM ( Alternate ) 







Doc. No. : MTD21 (XXXX) 


IS XXXX : XXXX  


 


Department of Space, Indian Space Research 


Organisation, Satish Dhawan Space Centre, Sriharikota 
DR. B. MUNIRATHINAM 


SHRI P.V.S KURMANATH ( Alternate ) 


SHRI V.RAMESH BABU (Young Professional ) 


Directorate General of Quality Assurance, Ministry of 


Defence, New Delhi 
SHRI ASHOK KUMAR 


SHRI M K SHRIVASTAV ( Alternate ) 


Electrical Research and Development Association, 


Vadodara 
DR G.S GREWAL  


SHRI R.N. PATIL ( Alternate ) 


Ferro Flux Limited, Ahmedabad SHRI S.I SANKLECHA 


SHRI MANDAR VINZE ( Alternate ) 


Gujarat State Fertilizers and Chemicals Limited, 


Vadodara 
SHRI A.S SIKDAR 


SHRI K.R. SHETH ( Alternate ) 


Indian Institute of Technology, Roorkee DR VIKRAM DABHADE 


Indian Society for Non-Destructive Testing (ISNT), 


Chennai 
SHRI DIWAKAR D JOSHI 


DR KRISHNAN BALASUBRAMANIAM ( Alternate ) 


Indira Gandhi Centre for Atomic Research, Kalpakkam DR K. V. RAJKUMAR 


SMT. M. MENAKA ( Alternate ) 


Larsen and Toubro Limited, Mumbai SHRI A. D. PARANJPE 


SHRI P. B. PATIL ( Alternate ) 


M.N. Dastur and Company Private Limited, Kolkata SHRI G.S KULKARNI 


SHRI HIMANSHU GUPTA ( Alternate ) 


SHRI S YUVARAJ ( Young Professional ) 


Department for Promotion of Industry and Internal 


Trade, Ministry of Commerce and Industry, New Delhi 
SHRI T S G NARAYANNEN 


SHRI S K JAIN ( Alternate ) 


NTPC Limited, New Delhi SHRI D.D.N VERMA 


National Test House, Kolkata SHRI SHER SINGH ( Alternate ) 


Nuclear Fuel Complex, Hyderabad SHRI B KAMALESH KUMAR 


SHRI SWARUP ACHARYA ( Alternate ) 


Nuclear Power Corporation of India Limited (NPCIL), 


Mumbai 
SHRI J.K JAIN 


SHRI N.P SRIVASTAVA ( Alternate ) 







Doc. No. : MTD21 (XXXX) 


IS XXXX : XXXX  


P-Met High-Tech Company Private Limited, Vadodara SHRI HEMAL MEHTA 


SHRI P.K PANCHAL ( Alternate ) 


Pradeep Metal Treatment Chemicals Private Limited, 


Thane 
SHRI D.J VARDE 


SHRI KALESH A. NERUKAR ( Alternate ) 


Research Designs and Standards Organization (RDSO), 


Lucknow 
SHRI B.K SAXENA 


SHRI B.L.JATAV ( Alternate ) 


Satyakiran Engineers Private limited, New Delhi SMT. NAVITA GUPTA 


SHRI DINESH GUPTA ( Alternate ) 


Tata Motors Limited, Pune SHRI PRADEEP KULKARNI 


SHRI AKSHAY KULKARNI ( Alternate ) 


Tata Steel Limited, Kolkata SHRI S. BALAMURUGAN 


SHRI R SHUMUGA SUNDARAM ( Alternate ) 


Technofour Electronics Private Limited, Pune SHRI PRAVIN DHOLE 


SHRI BHARAT S. BIRADAR ( Alternate I) 


SHRI PRADEEP J. LAD ( Alternate II) 


BIS Directorate General SHRI SANJIV MAINI, SCIENTIST ‘F’ AND Senior DIRECTOR  AND 


HEAD (MTD) [REPRESENTING DIRECTOR GENERAL (Ex-


officio)] 


 


Member Secretary 


SHRI SAAQIB RAHI 


Scientist ‘B’/Assistant Director (MTD), BIS 


 


 


  


 


 






image5.emf
PMTD4117491_2406 2022_2.pdf


PMTD4117491_24062022_2.pdf


For Comments Only       Doc No. : MTD 21 (17491) 
 


BUREAU OF INDIAN STANDARDS 
Draft Indian Standard 
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FOREWORD 
(Formal clauses will be added later) 


 
 
1 SCOPE 


 
This part of IS _______ specifies requirements for automated Eddy Current Testing of Steel Wires for 
detection of “surface imperfections” according to the different acceptance levels as shown in Table 1. It is 
applicable to the inspection of Steel Wires of 1mm  3 mm to 10 mm diameter.    


 
2  REFERENCES   


The following standards contain provisions which through reference in this text, constitute 


provisions of this standard. At the time of publication, the editions indicated were valid. All 


standards are subjected to revision and parties to agreements based on this standard are 


encouraged to investigate the possibility of applying the most recent editions of the standards 


indicated below: 
      


           IS No                                                                                        Title 


 


IS 13805 : 2004                    General standard for qualification and certification of  


Non-destructive testing personnel — Specification 


ISO 9712 : 2012                     Non-destructive testing – Qualification and certification  of NDT       


                                               personnel 


ISO 11484 : 2019                  Steel products – Employer’s qualification system for non-destructive        


                                                  testing (NDT) personnel      


IS 12965 :1990 Glossary of terms used in electromagnetic Eddy          
Current Testing   


  
 
3  TERMS AND DEFINITIONS   


 
For the purposes of this document, the terms and definitions given in ISO 11484 IS 12965, IS 13805 and 
the following shall apply :  


 
3.1  Wire — Solid long steel product of uniform circular cross-section over the entire length of diameter not 
greater than 10mm produced by cold drawing process, in coil form.  
 
3.2  Cut length of Wire — Straight-cut length of Wire.  


 







3.3  Reference Standard — Standard for the calibration of non-destructive testing equipment (e.g. 


notches). 
 
3.4  Reference Wire — Length of Wire containing the reference standard(s).  


 
3.5  Reference Sample — Sample (i.e. Length of Wire) containing the reference standard(s). 


 
NOTE —  Only the term “reference wire” is used in this part of Standard, also covering the term “reference 
sample”.  
 
3.6  Manufacturer  — Organization that manufactures products in accordance with the relevant standard(s) 


and declares the compliance of the delivered products with all applicable provisions of the relevant 
standard(s).  
 
3.7  Agreement — Contractual agreement between the manufacturer and purchaser at the time of enquiry 
and order.  
 
4   GENERAL REQUIREMENTS  


 
4.1  Unless otherwise specified by the product standard or agreed on by the purchaser and manufacturer, 


this eddy current inspection shall be carried out on wires after completion of all the production process 
operations, such as rolling, heat treating, cold forming and hot working sizing and primary straightening.  
 
4.2 The wires being tested shall be sufficiently straight to ensure the validity of the test. The surfaces shall 


be sufficiently free of foreign matter which can interfere with the validity of the test.  
 
4.3 This inspection shall be carried out by trained operators qualified in accordance with IS 13805 or 


equivalent and supervised by competent personnel nominated by the manufacturer. In the case of third-
party inspection, this shall be agreed on between the purchaser and manufacturer.  
 
4.4  The operating authorization issued by the Manufacturer shall be according to a written procedure. NDT 


operations shall be authorized by a level 3 NDT individual approved by the Manufacturer.  
 
NOTE — The definition of levels 1, 2 and 3 can be found in appropriate Indian Standards, e.g. IS 13805 or International Standards, 
e.g. ISO 9712 and ISO 11484.  
 


5  TEST METHOD   
 
5.1  Test Techniques  


 
5.1.1 The wires shall be tested by the eddy current method for the detection of imperfections using in 
“absolute mode” and/or “differential mode” one of the following alternative automated or semi-automated 
techniques :  


 
(a) Encircling Coil technique – full peripheral Circumferential (see Fig. 1);  


 
(b) Rotating Probe Coil technique – full peripheral Circumferential (see Fig. 2)  


 
For both techniques, the chosen relative speed of movement of wire during the testing shall not vary by 
more than + 10%.  
 
NOTE 1 — It is recognized that there may be a short length at both ends of wire which cannot be tested. 
Any untested ends shall be dealt with in accordance with the requirements of the appropriate product 
standards.  


  







NOTE 2 — It is recognized that Encircling Coil technique is more effective / sensitive for detection of 
Transverse imperfections longitudinal imperfections.  


 
NOTE 3 — It is recognized that Rotating Probe Coil technique is more effective/sensitive for detection of  
Longitudinal imperfections. Both longitudinal and transverse imperfections. 


 
NOTE 4 — See Annexure-A for guidelines on the limitations of the eddy current test method.  


 


 
5.1.2 When testing wires using the Encircling Coil technique, the wire shall be passed at a constant 


speed through fixed Encircling Coil.  
   
5.1.3 When testing Wires using the Rotating Probe Coil technique the wire shall be passed at a constant 


speed through the centre-line of Test Head with probe rotating around the wire, such that the whole of the 
wire surface is scanned.  


 
NOTE 1 — It is emphasized that only surface breaking imperfections can be detected using this method i.e. eddy current testing 
method.  


 
 
5.2    Test Equipment  


 
The equipment shall be capable of classifying wires as either acceptable or suspect wires by means of an 
automated trigger/alarm level combined with a marking and / or sorting system.  
 


   
       
Key :  
 
 1 Secondary Coil 1  
 
 2 Primary Coil  
 
 3 Secondary Coil 2  
 
 4 Wire  
 
 ~ Alternate energizing current  
 
 ∆ v Signal output  


 
NOTE— The above diagram is a simplified form of a multi-coil arrangement which can contain, for example 
split primary coils, twin differential coils and calibrator coil.  







 
Figure 1 – Simplified diagram of the Encircling Coil technique 


 
   
  


 
 


Rotating Probe Coil technique – Linear movement of the Wire  
 


Key  
 
1 Position of Rotating Probe Coil  
 
2 Wire  
 
a Direction of probe rotation  
 


Figure 2 – Simplified diagram of Rotating Probe Coil technique 


  
 
6  REFERENCE WIRE   
 
6.1  General 


 
6.1.1 The reference standards defined in this part of IS________ are convenient standards for calibration 


of non-destructive testing equipment. Their dimensions should not be considered as the minimum size of 
imperfections detectable by such equipment.  


 
6.1.2 The reference wires shall have the same specified diameter, same surface finish, and delivery 


condition (e.g. as-rolled, normalized, quenched and tempered) and similar steel grade as the wire being 
tested.  


 
6.1.3 The reference standards for the two testing techniques shall be as follows :  


 
(a) A Transverse Longitudinal reference Notch as defined in 6.2.1 and 6.2.2 while using the 


Encircling Coil technique;  
 


(ii) A Transverse/ Longitudinal reference Notch as defined in 6.2.1 and 6.2.2, while using the 


Rotating Probe Coil technique.  
 
 







 
 
 
 
  
6.2  Dimensions of the Reference Standards   


 
 Reference notch  


 
The dimensions of the reference notches related to the wire diameter shall not exceed the requirements of 
Table 1.  
 
The reference notch shall be of the “N” type (see Figure 3) and shall be :  


 
(ii) Transverse Longitudinal for Encircling Coil technique; and 


 
(ii) Transverse/ Longitudinal for Rotating Probe Coil technique  


 
The sides shall be nominally parallel and the bottom shall be nominally square to the sides.   


 
The reference notch shall be formed by machining, spark erosion or other methods.  


 
NOTE—  The bottom or the bottom corners of the notch can be rounded.  


 
TABLE 1 


 
SPECIFIED WIRE DIAMETER AND CORRESPONDING SIZES OF THE 


REFERENCE NOTCHES FOR POSSIBLE ACCEPTANCE LEVEL 
 


 For Encircling 
Coil technique 


For Rotating Probe Coil 
technique 


 
 


Specified wire 
diameter 


Acceptance level 
Transverse 


Longitudinal 
Notch Depth 


Acceptance level 
Longitudinal/Transverse Notch 


Depth 
 


3mm to 10mm 
  


5% of the dia of 
wire OR 0.1mm 


whichever is more. 


5% of the dia of wire OR 
0.1mm whichever is more. 


 


Flat Bottom Holes  
Sizes as agreed 
between 
Purchaser & 
Manufacturer  


 
 


— 


  
 
                                                         w 
     
Key  
                                                              d 
w  width  
d depth  
   Figure 3 “N” type Notch  
 


 







6.2.2 Dimensions of the reference notch   


 
(a) Width, w (see Fig. 3)  
 
The width of the reference notch shall not be greater than the reference notch depth or 1mm whichever is 
greater.  
 
 
(b) Depth, d (see Fig. 3)  
 
The depth of the reference notch shall be as given in Table 2 1 with the following limitations. 


 
  Minimum notch depth :  0.1mm  
 
  Maximum notch depth : 1mm 0.5mm 
 
The tolerance on notch depth shall be +15% of reference notch depth. 
 
(c) Length : 


 
(1) When Encircling Coil technique is used  — The length will be decided by the depth of the notch.  


 
(2) When Rotating Probe Coil technique is used — Unless otherwise specified by product standard 


or agreed between purchaser and manufacturer, the length of the longitudinal reference notch(es) shall be 
greater than twice the width of each individual probe coil or transducer. In any case, the length of reference 
notch shall not exceed 50mm.  
 
6.2.3 Verification of the reference standards  


 
The reference notch dimensions and shape shall be verified by a suitable technique and shall not exceed 
the value specified in Table 1.  
 
7   EQUIPMENT CALIBRATION AND CHECKING  


 
7.1 At the start of each inspection cycle, the equipment shall be calibrated to produce consistently, (e.g. 


from three consecutive passes of the reference wire through the equipment), clearly identifiable signals 
from the reference standards(s). These signals shall be used to activate their respective trigger alarm of the 
equipment as follows :  
 


(a) When using Transverse Longitudnal reference Notch in case of Encircling Coil technique, the 


full signal amplitude obtained from the reference notch shall be used to set trigger / alarm level of 
the equipment.  


 
(b) When using Longitudinal/Transverse reference Notch in case of Rotating Probe Coil technique, 


the full signal amplitude obtained from the reference notch shall be used to set the trigger / alarm 
level of the equipment.  


 
7.2 During the calibration check, the relative speed of movement between the reference wire and the test 
coils/probes shall be the same as that used during the production test (see also 5.1.2, 5.1.3).  The same  
equipment setting for instance frequency, sensitivity, phase discrimination, filtering and eventual magnetic 
saturation, shall be employed.  
 
7.3 The calibration of the equipment shall be checked at regular intervals during the production testing of 


wires of the same specified diameter and grade by passing the reference wire through the test equipment.  


 







The frequency of checking the calibration shall be at least every 4 h, but also whenever there is an 
equipment operator team changeover and at the start and end of production.  
 
7.4 The equipment shall be recalibrated if any of the parameters which were used during the initial 


calibration are changed.  
 
7.5 If on checking during production testing, the calibration requirements are not satisfied then all wires 


tested since the previous acceptable equipment calibration shall be retested after the equipment has been 
recalibrated.  


 
 
 
8  ACCEPTANCE   


 
8.1 Any imperfection on wire producing signals lower than the trigger / alarm level shall be deemed to 


have passed this test.  
 
8.2 Any imperfection on wire producing signals equal to or greater than the trigger/alarm level shall be 
designated suspect, or at the discretion of the manufacturer, may be retested. If, after two consecutive 
retests, all signals are lower than the trigger/alarm level, the wire shall be deemed to have passed this test 
otherwise the wire shall be designated as suspect.  


 
8.3  For suspect wires, one or more of the following actions shall be taken subject to the requirements of  
the product standard :  


 
(a) By agreement between the purchaser and manufacturer the suspect area may be retested by 


the other non-destructive techniques and test methods, to agreed acceptance levels.  
 


(b) The suspect area shall be cropped off.  
 


(c) The manufacturer shall ensure that all the suspect areas have been removed.  
 


(d) The wire shall be deemed not to have passed the test.  
 
9 TEST REPORT   


 
When specified, the manufacturer shall submit to the purchaser a test report including at least the following 
information :  
 
 (a) Reference to this part of IS____________ ; 
 
 (b) Statement of conformity; 
 


(c) Any deviation, by agreement or otherwise, from the procedures specified;  
 
 (d) Product designation by steel grade and size;  
 
 (e) Type and details of inspection technique(s);  
 
 (f) Equipment calibration method used;  
 
 (g) Description of the reference standard acceptance level; 
 
 (h) Date of test; and 
 







 (i) Operator identification  







ANNEXURE A  
(Informative) 


 
GUIDANCE NOTES ON LIMITATIONS OF EDDY CURRENT TEST METHOD  


  
A-1 EDDY CURRENT DEPTH OF PENETRATION  


 
A-1.1  During the eddy current testing of wires, the sensitivity of the test is at a maximum at the wire surface 


adjacent to the test coil and decreases with increasing distance from the coil. The signal response from a 
subsurface or internal surface imperfection is thus smaller than that from an external surface imperfection of 
the same size.  


 
A-1.2  The capacity of the test equipment to detect subsurface or internal surface imperfections is 


determined by various factors, but predominantly by technique and by the eddy current excitation 
frequency. Subsurface or internal imperfections larger than surface imperfection producing signal higher 
than the Acceptance Level, will be detected.  
 
A-1.3  The excitation frequency applied to the test coil determines the extent to which the induced eddy 


current intensity penetrates the wire. The higher the excitation frequency, the lower the penetration and 
conversely, the lower the excitation frequency, the higher the penetration. In particular, the physical 
parameters of the wire (conductivity, permeability, etc.) should be taken into account.  


 
A-2 ENCIRCLING COIL TECHNIQUE   


 
A-2.1  This test technique is preferred since they can detect short longitudinal imperfections and   


transverse imperfections,   both  of which break, or lie below, the surface adjacent to the test coil.  
 
A-2.2  The minimum length of the longitudinal imperfection which is detectable is principally determined by 


the rate of change of section along the length of the imperfection.  
 
A-2.3  When using this technique on ferromagnetic steel, the products being inspected shall be 


magnetically saturated, inserting them into an external strong magnetic field. The intention of this saturation 
is to normalize and reduce the magnetic permeability of the material in order to increase the penetration 
capability of eddy current and to reduce possible magnetic noises from material itself.  
 
A-3 ROTATING PROBE COIL TECHNIQUE   


 
A-3.1  This test technique uses one or more probes/coils to describe a helical path over the wire surface. 


For this reason, this technique detects longitudinal imperfections with a minimum length dependent on the 
width of the Rotating Probe Coil and the inspection helical pitch. It is recognized that transverse 
imperfections are not normally detectable.  
 
A-3.2  Since the excitation frequency is significantly higher than that using Encircling Coil, only 


imperfections which break the wire surface adjacent to the test coil are detectable.  
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		Section 5.1.1

		Note 2

		

		The sentence, “It is recognised that encircling coil technique is more effective / sensitive for detection of transverse imperfections” is not correct, as encircling probes are not effective for transverse imperfections due to less perturbation of eddy currents.

		The sentence, “It is recognised that encircling coil technique is more effective / sensitive for detection of transverse imperfections” is Correct. The encircling coil technique used for in-production inspection of wires for defects are always differential. 
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		Table 1

		

		Accordingly, longitudinal notches shall be used for encircling coil technique (change required in Table 1). Transverse or longitudinal or both types of notches shall be used for rotating coil technique.  

		 A defect such as an artificial EDM longitudinal notch,with abrupt ends will fare better with differential sensors. At one end of such a notch, one coil of the sensor is on a
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do not see much of a difference between them at any point. The signal due to such defects is therefore considerably smaller than that for an artificial notch.
To further compound the situation, dynamic tests are always used with in-production inspection of steel wire products. 


The high-pass filter used for the purpose is partial
towards fast transitions in signal,
such as those occurring with EDM notches. The high-pass filter further attenuates slow signals such as
those from real-world longitudinal defects. Therefore: Encircling coil inspection is not the ideal choice for
detection of longitudinal defects. So Longitudinal notch can not be included in Table 1.
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FOREWORD


(Formal clauses will be added later)


1 SCOPE

This part of IS _______ specifies requirements for automated Eddy Current Testing of Steel Wires for detection of “surface imperfections” according to the different acceptance levels as shown in Table 1. It is applicable to the inspection of Steel Wires of 1mm  3 mm to 10 mm diameter.   


2  REFERENCES  


The following standards contain provisions which through reference in this text, constitute provisions of this standard. At the time of publication, the editions indicated were valid. All standards are subjected to revision and parties to agreements based on this standard are encouraged to investigate the possibility of applying the most recent editions of the standards indicated below:


           IS No                                                                                        Title


IS 13805 : 2004                   
General standard for qualification and certification of 

non-destructive  testing personnel — Specification

ISO 9712 : 2012                    
Non-destructive testing – Qualification and certification  of NDT      

                                              
personnel

ISO 11484 : 2019                 
Steel products – Employer’s qualification system for non-destructive       

                                                 
testing (NDT) personnel

3  TERMS AND DEFINITIONS  


For the purposes of this document, the terms and definitions given in ISO 11484 and the following apply : 


3.1  Wire — Solid long steel product of uniform circular cross-section over the entire length of diameter not greater than 10mm produced by cold drawing process, in coil form. 


3.2  Cut length of Wire — Straight-cut length of Wire. 


3.3  Reference Standard — Standard for the calibration of non-destructive testing equipment (e.g. notches).



3.4  Reference Wire — Length of Wire containing the reference standard(s). 


3.5  Reference Sample — Sample (i.e. Length of Wire) containing the reference standard(s).


NOTE —  Only the term “reference wire” is used in this part of Standard, also covering the term “reference sample”. 

3.6  Manufacturer  — Organization that manufactures products in accordance with the relevant standard(s) and declares the compliance of the delivered products with all applicable provisions of the relevant standard(s). 


3.7  Agreement — Contractual agreement between the manufacturer and purchaser at the time of enquiry and order. 


4   GENERAL REQUIREMENTS 

4.1  Unless otherwise specified by the product standard or agreed on by the purchaser and manufacturer, this eddy current inspection shall be carried out on wires after completion of all the production process operations, such as rolling, heat treating, cold forming and hot working sizing and primary straightening. 


4.2 The wires being tested shall be sufficiently straight to ensure the validity of the test. The surfaces shall be sufficiently free of foreign matter which can interfere with the validity of the test. 


4.3 This inspection shall be carried out by trained operators qualified in accordance with ISO 9712, ISO 11484 or equivalent and supervised by competent personnel nominated by the manufacturer. In the case of third-party inspection, this shall be agreed on between the purchaser and manufacturer. 


4.4  The operating authorization issued by the Manufacturer shall be according to a written procedure. NDT operations shall be authorized by a level 3 NDT individual approved by the Manufacturer. 


NOTE — The definition of levels 1, 2 and 3 can be found in appropriate Indian Standards, e.g. IS 13805 or International Standards, e.g. ISO 9712 and ISO 11484. 


5  TEST METHOD  


5.1  Test Techniques 

5.1.1
The wires shall be tested by the eddy current method for the detection of imperfections using in “absolute mode” and/or “differential mode” one of the following alternative automated or semi-automated techniques : 


(a) Encircling Coil technique – full peripheral Circumferential (see Fig. 1); 


(b) Rotating Probe Coil technique – full peripheral Circumferential (see Fig. 2) 


For both techniques, the chosen relative speed of movement of wire during the testing shall not vary by more than + 10%. 


NOTE 1 — It is recognized that there may be a short length at both ends of wire which cannot be tested. Any untested ends shall be dealt with in accordance with the requirements of the appropriate product standards. 


NOTE 2 — It is recognized that Encircling Coil technique is more effective / sensitive for detection of Transverse imperfections longitudinal imperfections. 


NOTE 3 — It is recognized that Rotating Probe Coil technique is more effective/sensitive for detection of  Longitudinal imperfections. Both longitudinal and transverse imperfections.


NOTE 4 — See Annexure-A for guidelines on the limitations of the eddy current test method. 


5.1.2
When testing wires using the Encircling Coil technique, the wire shall be passed at a constant speed through fixed Encircling Coil. 


5.1.3
When testing Wires using the Rotating Probe Coil technique the wire shall be passed at a constant speed through the centre-line of Test Head with probe rotating around the wire, such that the whole of the wire surface is scanned. 


NOTE 1 — It is emphasized that only surface breaking imperfections can be detected using this method i.e. eddy current testing method. 


5.2    Test Equipment 

The equipment shall be capable of classifying wires as either acceptable or suspect wires by means of an automated trigger/alarm level combined with a marking and / or sorting system. 
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NOTE— The above diagram is a simplified form of a multi-coil arrangement which can contain, for example split primary coils, twin differential coils and calibrator coil. 


Figure 1 – Simplified diagram of the Encircling Coil technique
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Rotating Probe Coil technique – Linear movement of the Wire 
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1 Position of Rotating Probe Coil 


2 Wire 


a
Direction of probe rotation 


Figure 2 – Simplified diagram of Rotating Probe Coil technique


6  REFERENCE WIRE  


6.1  General

6.1.1
The reference standards defined in this part of IS________ are convenient standards for calibration of non-destructive testing equipment. Their dimensions should not be considered as the minimum size of imperfections detectable by such equipment. 


6.1.2
The reference wires shall have the same specified diameter, same surface finish, and delivery condition (e.g. as-rolled, normalized, quenched and tempered) and similar steel grade as the wire being tested. 


6.1.3
The reference standards for the two testing techniques shall be as follows : 


(a)
A Transverse Longitudinal reference Notch as defined in 6.2.1 and 6.2.2 while using the Encircling Coil technique; 


(ii) A Transverse/ Longitudinal reference Notch as defined in 6.2.1 and 6.2.2, while using the Rotating Probe Coil technique. 


6.2  Dimensions of the Reference Standards  


6.2.1 Reference notch 

The dimensions of the reference notches related to the wire diameter shall not exceed the requirements of Table 1. 


The reference notch shall be of the “N” type (see Figure 3) and shall be : 


(ii) Transverse Longitudinal for Encircling Coil technique; and

(ii) Transverse/ Longitudinal for Rotating Probe Coil technique 


The sides shall be nominally parallel and the bottom shall be nominally square to the sides.  


The reference notch shall be formed by machining, spark erosion or other methods. 


NOTE—  The bottom or the bottom corners of the notch can be rounded. 


TABLE 1


SPECIFIED WIRE DIAMETER AND CORRESPONDING SIZES OF THE REFERENCE NOTCHES FOR POSSIBLE ACCEPTANCE LEVEL


		

		For Encircling Coil technique

		For Rotating Probe Coil technique



		Specified wire diameter

		Acceptance level Transverse Longitudinal Notch Depth

		Acceptance level Longitudinal/Transverse Notch Depth






		3mm to 10mm


 

		5% of the dia of wire OR 0.1mm whichever is more.

		5% of the dia of wire OR 0.1mm whichever is more.






		

		Flat Bottom Holes 


Sizes as agreed between Purchaser & Manufacturer 

		-





                                                         w
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                                                              d
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width 


d
depth 





Figure 3 “N” type Notch 


6.2.2
Dimensions of the reference notch  


(a)
Width, w (see Fig. 3) 


The width of the reference notch shall not be greater than the reference notch depth or 1mm whichever is greater. 


(b)
Depth, d (see Fig. 3) 


The depth of the reference notch shall be as given in Table 2 1 with the following limitations.




Minimum notch depth : 
0.1mm 




Maximum notch depth :
1mm 0.5mm

The tolerance on notch depth shall be +15% of reference notch depth.


(c)
Length :


(1)
When Encircling Coil technique is used  — The length will be decided by the depth of the notch. 


(2)
When Rotating Probe Coil technique is used — Unless otherwise specified by product standard or agreed between purchaser and manufacturer, the length of the longitudinal reference notch(es) shall be greater than twice the width of each individual probe coil or transducer. In any case, the length of reference notch shall not exceed 50mm. 


6.2.3
Verification of the reference standards 

The reference notch dimensions and shape shall be verified by a suitable technique and shall not exceed the value specified in Table 1. 


7   EQUIPMENT CALIBRATION AND CHECKING 

7.1
At the start of each inspection cycle, the equipment shall be calibrated to produce consistently, (e.g. from three consecutive passes of the reference wire through the equipment), clearly identifiable signals from the reference standards(s). These signals shall be used to activate their respective trigger alarm of the equipment as follows : 


(a)
When using Transverse Longitudnal reference Notch in case of Encircling Coil technique, the full signal amplitude obtained from the reference notch shall be used to set trigger / alarm level of the equipment. 


(b)
When using Longitudinal/Transverse reference Notch in case of Rotating Probe Coil technique, the full signal amplitude obtained from the reference notch shall be used to set the trigger / alarm level of the equipment. 


7.2 During the calibration check, the relative speed of movement between the reference wire and the test


coils/probes shall be the same as that used during the production test (see also 5.1.2, 5.1.3).  The same 

equipment setting for instance frequency, sensitivity, phase discrimination, filtering and eventual magnetic


saturation, shall be employed. 


7.3 The calibration of the equipment shall be checked at regular intervals during the production testing of wires of the same specified diameter and grade by passing the reference wire through the test equipment. 


The frequency of checking the calibration shall be at least every 4 h, but also whenever there is an equipment operator team changeover and at the start and end of production. 


7.4
The equipment shall be recalibrated if any of the parameters which were used during the initial calibration are changed. 


7.5
If on checking during production testing, the calibration requirements are not satisfied then all wires tested since the previous acceptable equipment calibration shall be retested after the equipment has been recalibrated. 


8  ACCEPTANCE  


8.1
Any imperfection on wire producing signals lower than the trigger / alarm level shall be deemed to have passed this test. 


8.2
Any imperfection on wire producing signals equal to or greater than the trigger/alarm level shall be designated suspect, or at the discretion of the manufacturer, may be retested. If, after two consecutive retests, all signals are lower than the trigger/alarm level, the wire shall be deemed to have passed this test otherwise the wire shall be designated as suspect. 


8.3  For suspect wires, one or more of the following actions shall be taken subject to the requirements of 

the product standard : 


(a)
By agreement between the purchaser and manufacturer the suspect area may be retested by the other non-destructive techniques and test methods, to agreed acceptance levels. 


(b)
The suspect area shall be cropped off. 


(c)
The manufacturer shall ensure that all the suspect areas have been removed. 


(d)
The wire shall be deemed not to have passed the test. 


9
TEST REPORT  


When specified, the manufacturer shall submit to the purchaser a test report including at least the following information : 



(a)
Reference to this part of IS____________ ;



(b)
Statement of conformity;


(c)
Any deviation, by agreement or otherwise, from the procedures specified; 



(d)
Product designation by steel grade and size; 



(e)
Type and details of inspection technique(s); 



(f)
Equipment calibration method used; 



(g)
Description of the reference standard acceptance level;



(h)
Date of test; and


(i)
Operator identification 


ANNEXURE A 


(Informative)


GUIDANCE NOTES ON LIMITATIONS OF EDDY CURRENT TEST METHOD 


A-1
EDDY CURRENT DEPTH OF PENETRATION 


A-1.1  During the eddy current testing of wires, the sensitivity of the test is at a maximum at the wire surface adjacent to the test coil and decreases with increasing distance from the coil. The signal response from a subsurface or internal surface imperfection is thus smaller than that from an external surface imperfection of the same size. 


A-1.2  The capacity of the test equipment to detect subsurface or internal surface imperfections is determined by various factors, but predominantly by technique and by the eddy current excitation frequency. Subsurface or internal imperfections larger than surface imperfection producing signal higher than the Acceptance Level, will be detected. 


A-1.3  The excitation frequency applied to the test coil determines the extent to which the induced eddy current intensity penetrates the wire. The higher the excitation frequency, the lower the penetration and conversely, the lower the excitation frequency, the higher the penetration. In particular, the physical parameters of the wire (conductivity, permeability, etc.) should be taken into account. 


A-2
ENCIRCLING COIL TECHNIQUE  


A-2.1  This test technique is preferred since they can detect short longitudinal imperfections and   transverse imperfections,   both  of which break, or lie below, the surface adjacent to the test coil. 


A-2.2  The minimum length of the longitudinal imperfection which is detectable is principally determined by the rate of change of section along the length of the imperfection. 


A-2.3  When using this technique on ferromagnetic steel, the products being inspected shall be magnetically saturated, inserting them into an external strong magnetic field. The intention of this saturation is to normalize and reduce the magnetic permeability of the material in order to increase the penetration capability of eddy current and to reduce possible magnetic noises from material itself. 


A-3
ROTATING PROBE COIL TECHNIQUE  


A-3.1  This test technique uses one or more probes/coils to describe a helical path over the wire surface. For this reason, this technique detects longitudinal imperfections with a minimum length dependent on the width of the Rotating Probe Coil and the inspection helical pitch. It is recognized that transverse imperfections are not normally detectable. 


A-3.2  Since the excitation frequency is significantly higher than that using Encircling Coil, only imperfections which break the wire surface adjacent to the test coil are detectable. 


�Figure 2, the schematic of rotating probe coil technique is not effectively conveying the function of rotating probe coil. An alternative drawing shall be given. 
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FOREWORD


(Formal clauses will be added later)

1 SCOPE

This part of IS _______ specifies requirements for automated Eddy Current Testing of Steel Wires for detection of “surface imperfections” according to the different acceptance levels as shown in Table 1. It is applicable to the inspection of Steel Wires of 1mm  3 mm to 10 mm diameter.   


2  REFERENCES  

The following standards contain provisions which through reference in this text, constitute provisions of this standard. At the time of publication, the editions indicated were valid. All standards are subjected to revision and parties to agreements based on this standard are encouraged to investigate the possibility of applying the most recent editions of the standards indicated below:

           IS No                                                                                        Title

IS 13805 : 2004                   
General standard for qualification and certification of 


non-destructive  testing personnel — Specification

ISO 9712 : 2012                    
Non-destructive testing – Qualification and certification  of NDT      

                                              
personnel


ISO 11484 : 2019                 
Steel products – Employer’s qualification system for non-destructive       

                                                 
testing (NDT) personnel

3  TERMS AND DEFINITIONS  


For the purposes of this document, the terms and definitions given in ISO 11484 and the following apply : 


3.1  Wire — Solid long steel product of uniform circular cross-section over the entire length of diameter not greater than 10mm produced by cold drawing process, in coil form. 


3.2  Cut length of Wire — Straight-cut length of Wire. 


3.3  Reference Standard — Standard for the calibration of non-destructive testing equipment (e.g. notches).



3.4  Reference Wire — Length of Wire containing the reference standard(s). 


3.5  Reference Sample — Sample (i.e. Length of Wire) containing the reference standard(s).


NOTE —  Only the term “reference wire” is used in this part of Standard, also covering the term “reference sample”. 


3.6  Manufacturer  — Organization that manufactures products in accordance with the relevant standard(s) and declares the compliance of the delivered products with all applicable provisions of the relevant standard(s). 


3.7  Agreement — Contractual agreement between the manufacturer and purchaser at the time of enquiry and order. 


4   GENERAL REQUIREMENTS 

4.1  Unless otherwise specified by the product standard or agreed on by the purchaser and manufacturer, this eddy current inspection shall be carried out on wires after completion of all the production process operations, such as rolling, heat treating, cold forming and hot working sizing and primary straightening. 


4.2 The wires being tested shall be sufficiently straight to ensure the validity of the test. The surfaces shall be sufficiently free of foreign matter which can interfere with the validity of the test. 


4.3 This inspection shall be carried out by trained operators qualified in accordance with ISO 9712, ISO 11484 or equivalent and supervised by competent personnel nominated by the manufacturer. In the case of third-party inspection, this shall be agreed on between the purchaser and manufacturer. 


4.4  The operating authorization issued by the Manufacturer shall be according to a written procedure. NDT operations shall be authorized by a level 3 NDT individual approved by the Manufacturer. 


NOTE — The definition of levels 1, 2 and 3 can be found in appropriate Indian Standards, e.g. IS 13805 or International Standards, e.g. ISO 9712 and ISO 11484. 


5  TEST METHOD  

5.1  Test Techniques 


5.1.1
The wires shall be tested by the eddy current method for the detection of imperfections using in “absolute mode” and/or “differential mode” one of the following alternative automated or semi-automated techniques : 


(a) Encircling Coil technique – full peripheral Circumferential (see Fig. 1); 


(b) Rotating Probe Coil technique – full peripheral Circumferential (see Fig. 2) 


For both techniques, the chosen relative speed of movement of wire during the testing shall not vary by more than + 10%. 


NOTE 1 — It is recognized that there may be a short length at both ends of wire which cannot be tested. Any untested ends shall be dealt with in accordance with the requirements of the appropriate product standards. 


NOTE 2 — It is recognized that Encircling Coil technique is more effective / sensitive for detection of Transverse imperfections longitudinal imperfections. 


NOTE 3 — It is recognized that Rotating Probe Coil technique is more effective/sensitive for detection of  Longitudinal imperfections. Both longitudinal and transverse imperfections.

NOTE 4 — See Annexure-A for guidelines on the limitations of the eddy current test method. 

5.1.2
When testing wires using the Encircling Coil technique, the wire shall be passed at a constant speed through fixed Encircling Coil. 


5.1.3
When testing Wires using the Rotating Probe Coil technique the wire shall be passed at a constant speed through the centre-line of Test Head with probe rotating around the wire, such that the whole of the wire surface is scanned. 


NOTE 1 — It is emphasized that only surface breaking imperfections can be detected using this method i.e. eddy current testing method. 

5.2    Test Equipment 


The equipment shall be capable of classifying wires as either acceptable or suspect wires by means of an automated trigger/alarm level combined with a marking and / or sorting system. 
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NOTE— The above diagram is a simplified form of a multi-coil arrangement which can contain, for example split primary coils, twin differential coils and calibrator coil. 


Figure 1 – Simplified diagram of the Encircling Coil technique
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Rotating Probe Coil technique – Linear movement of the Wire 
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1 Position of Rotating Probe Coil 


2 Wire 


a
Direction of probe rotation 


Figure 2 – Simplified diagram of Rotating Probe Coil technique


6  REFERENCE WIRE  

6.1  General

6.1.1
The reference standards defined in this part of IS________ are convenient standards for calibration of non-destructive testing equipment. Their dimensions should not be considered as the minimum size of imperfections detectable by such equipment. 


6.1.2
The reference wires shall have the same specified diameter, same surface finish, and delivery condition (e.g. as-rolled, normalized, quenched and tempered) and similar steel grade as the wire being tested. 


6.1.3
The reference standards for the two testing techniques shall be as follows : 


(a)
A Transverse Longitudinal reference Notch as defined in 6.2.1 and 6.2.2 while using the Encircling Coil technique; 


(ii) A Transverse/ Longitudinal reference Notch as defined in 6.2.1 and 6.2.2, while using the Rotating Probe Coil technique. 


6.2  Dimensions of the Reference Standards  


6.2.1 Reference notch 

The dimensions of the reference notches related to the wire diameter shall not exceed the requirements of Table 1. 


The reference notch shall be of the “Rectangular” type (see Figure 3) and shall be : 


(ii) Transverse Longitudinal for Encircling Coil technique; and


(ii) Transverse/ Longitudinal for Rotating Probe Coil technique 


The sides shall be nominally  parallel to the sides and the bottom shall be nominally  perpendicular to the sides.  


The reference notch shall be formed by machining, spark erosion or other methods. 


NOTE—  The bottom or the bottom corners of the notch can be rounded. 

TABLE 1


SPECIFIED WIRE DIAMETER AND CORRESPONDING SIZES OF THE REFERENCE NOTCHES FOR POSSIBLE ACCEPTANCE LEVEL


		

		

		For Encircling Coil technique

		For Rotating Probe Coil technique



		Specified wire diameter 3mm to 10mm

Tolerance 5% of the dia of wire +/- 10%
this is not clear to us

		

		Acceptance level Transverse Longitudinal Notch Depth (d)

		Acceptance level Longitudinal/Transverse Notch Depth


(d)



		 

		Notch Depth (d)

		 0.1 mm or 5% of Diameter whichever is max

		0.1 mm or 5% of Diameter whichever is max



		

		 Notch Width (w)




		 0.1 mm min but Less than notch depth 

		0.1 mm min but Less than notch depth 



		

		Notch Length (l)

		half of the circumference of the rod. 

		10 mm to 20 mm for the testing speed of less than 50 meters per minute





                                                         w




 


Key 


                                                              d


w 
width 

d
depth 





Figure 3 “N” type Notch  Rectangular Notch

6.2.2
Dimensions of the reference notch  

(a)
Width, w (see Fig. 3) 


The width of the reference notch (Transverse/ longitudinal) shall be greater than 0.1mm and less than notch depth.

(b)
Depth, d (see Fig. 3) 


The depth of the reference notch (Transverse/ longitudinal) shall be as given in Table 2 1 with the following limitations.




Minimum notch depth : 
0.1mm 




Maximum notch depth :
1mm 0.5mm

 (c)
Length :


(1)
When Encircling Coil technique is used — The length of the notch shall be half of the circumference of the rod. 

(2)
When Rotating Probe Coil technique is used — Unless otherwise specified by product standard or agreed between purchaser and manufacturer, the length of the longitudinal reference notch(es) shall be between 10 mm to 20 mm provided the linear speed less than 50 meters per minute. 

6.2.3
Verification of the reference standards 

The reference notch dimensions and shape shall be verified by a suitable technique and shall not exceed the value specified in Table 1. 


7   EQUIPMENT CALIBRATION AND CHECKING 

7.1
At the start of each inspection cycle, the equipment shall be calibrated to produce consistently, (e.g. from three consecutive passes of the reference wire through the equipment), clearly identifiable signals from the reference standards(s). These signals shall be used to activate their respective trigger alarm of the equipment as follows : 


(a)
When using Transverse Longitudnal reference Notch in case of Encircling Coil technique, the full signal amplitude obtained from the reference notch shall be used to set trigger / alarm level of the equipment. 


(b)
When using Longitudinal/Transverse reference Notch in case of Rotating Probe Coil technique, the full signal amplitude obtained from the reference notch shall be used to set the trigger / alarm level of the equipment. 


7.2 During the calibration check, the relative speed of movement between the reference wire and the test


coils/probes shall be the same as that used during the production test (see also 5.1.2, 5.1.3).  The same 


equipment setting for instance frequency, sensitivity, phase discrimination, filtering and eventual magnetic


saturation, shall be employed. 


7.3 The calibration of the equipment shall be checked at regular intervals during the production testing of wires of the same specified diameter and grade by passing the reference wire through the test equipment. 

The frequency of checking the calibration shall be at least every 4 h, but also whenever there is an equipment operator team changeover and at the start and end of production. 


7.4
The equipment shall be recalibrated if any of the parameters which were used during the initial calibration are changed. 


7.5
If on checking during production testing, the calibration requirements are not satisfied then all wires tested since the previous acceptable equipment calibration shall be retested after the equipment has been recalibrated. 

8  ACCEPTANCE  


8.1
Eddy Current Signal amplitudes depend on its ability to pass the tube concentrically,so that the defect passes with the same gap from the test coil. For ensuring that no defective wire rod gets accepted, the threshold needs to be lowered from the level that ‘just’ detects the standard defect. The magnitude by which the threshold needs to be lowered is a little more. than this. More often than not - this translates to 15 to 20% lowering of the threshold.

Any imperfection on wire producing signals lower than the trigger / alarm level shall be deemed to have passed this test. 


8.2
Any imperfection on wire producing signals equal to or greater than the trigger/alarm level shall be designated suspect, or at the discretion of the manufacturer, may be retested. If, after two consecutive retests, all signals are lower than the trigger/alarm level, the wire shall be deemed to have passed this test otherwise the wire shall be designated as suspect. 

8.3  For suspect wires, one or more of the following actions shall be taken subject to the requirements of 


the product standard : 


(a)
By agreement between the purchaser and manufacturer the suspect area may be retested by the other non-destructive techniques and test methods, to agreed acceptance levels. 


(b)
The suspect area shall be cropped off. 


(c)
The manufacturer shall ensure that all the suspect areas have been removed. 


(d)
The wire shall be deemed not to have passed the test. 


9
TEST REPORT  


When specified, the manufacturer shall submit to the purchaser a test report including at least the following information : 



(a)
Reference to this part of IS____________ ;



(b)
Statement of conformity;


(c)
Any deviation, by agreement or otherwise, from the procedures specified; 



(d)
Product designation by steel grade and size; 



(e)
Type and details of inspection technique(s); 



(f)
Equipment calibration method used; 



(g)
Description of the reference standard acceptance level;



(h)
Date of test; and



(i)
Operator identification 

ANNEXURE A 


(Informative)


GUIDANCE NOTES ON LIMITATIONS OF EDDY CURRENT TEST METHOD 

A-1
EDDY CURRENT DEPTH OF PENETRATION 

A-1.1  During the eddy current testing of wires, the sensitivity of the test is at a maximum at the wire surface adjacent to the test coil and decreases with increasing distance from the coil. The signal response from a subsurface or internal surface imperfection is thus smaller than that from an external surface imperfection of the same size. 


A-1.2  The capacity of the test equipment to detect subsurface or internal surface imperfections is determined by various factors, but predominantly by technique and by the eddy current excitation frequency. Subsurface or internal imperfections larger than surface imperfection producing signal higher than the Acceptance Level, will be detected. 


A-1.3  The excitation frequency applied to the test coil determines the extent to which the induced eddy current intensity penetrates the wire. The higher the excitation frequency, the lower the penetration and conversely, the lower the excitation frequency, the higher the penetration. In particular, the physical parameters of the wire (conductivity, permeability, etc.) should be taken into account. 

A-2
ENCIRCLING COIL TECHNIQUE  


A-2.1  This test technique is preferred since they can detect short longitudinal imperfections and   transverse imperfections,   both  of which break, or lie below, the surface adjacent to the test coil. 


A-2.2  The minimum length of the longitudinal imperfection which is detectable is principally determined by the rate of change of section along the length of the imperfection. 


A-2.3  When using this technique on ferromagnetic steel, the products being inspected shall be magnetically saturated, inserting them into an external strong magnetic field. The intention of this saturation is to normalize and reduce the magnetic permeability of the material in order to increase the penetration capability of eddy current and to reduce possible magnetic noises from material itself. 


A-3
ROTATING PROBE COIL TECHNIQUE  


A-3.1  This test technique uses one or more probes/coils to describe a helical path over the wire surface. For this reason, this technique detects longitudinal imperfections with a minimum length dependent on the number of probes, RPM at which probes rotate, width of the Rotating Probe Coil and the inspection test speed. helical pitch. It is recognized that transverse imperfections are not normally detectable. 

A-3.2  Since the excitation frequency is significantly higher than that using Encircling Coil, only imperfections which break the wire surface adjacent to the test coil are detectable. 


�Figure 2, the schematic of rotating probe coil technique is not effectively conveying the function of rotating probe coil. An alternative drawing shall be given. 
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FOREWORD 
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Two types of joining processes- Permanent and Temporary are popular for joining pieces of 


material with each other. Joining by bolts, studs and rivets is considered to be temporary 


process as assembled parts can be detached as and when required. Bolts are subjected to tensile 


load and may be exposed to corrosive environment containing acids or gases. Besides static 


load, fasteners may undergo cyclic loading due to thermal and mechanical stresses. Bolts may 


fail due to fatigue, corrosion or excessive loading. Bolts, studs and fasteners are important parts 


of pressure boundary equipments as well as of other items of equipment not related to safety 


but essential for operation. Presence of harmful discontinuities and degradation of bolts due to 


service conditions may lead to their failure and for these reasons inspection of bolts, studs and 


fasteners is considered to be an important quality control activities either during raw material 


stage or in-service stage.  


 


1 SCOPE 


This document describes classification of discontinuities in bolts, studs and fasteners based on 


their manufacturing processes and acceptable sizes. This document also specifies the 


requirements of various non-destructive evaluation methods for their qualification to service. 


 


2 CLASSIFICATION OF DISCONTINUITIES BASED ON THEIR ORIGIN  


 


2.1  Discontinuities on bolts, studs, washers and nuts can be classified in the following four 


groups: (i) Inherent discontinuities, (ii) Primary processing discontinuities, (iii) Secondary 


processing discontinuities and (iv) Service induced discontinuities. 


 


2.2  Inherent discontinuities originate from solidification of metal in the ingot. Pipe and 


nonmetallic inclusions are the most common and may lead to other types of discontinuities 


during service.  


 


2.3  Primary processing discontinuities are produced from the hot or cold working of the ingot 


into rod and bar. Secondary processing discontinuities are produced during manufacture of 


studs, washers, bolts and nuts in machining, grinding, heat treating, plating or other finishing 


operations. Finally, service induced discontinuities may be caused by vibration, over stressing 


and corrosion. The presence of inherent, primary processing and secondary processing 


discontinuities is sometimes revealed in service. 


 


2.4  The most common locations for fastener failures are in the head-to-shank fillet, through 


the first thread inside the nut on threaded fasteners or at the transition from the thread to the 


shank. 2.5  Sources of failure are discontinuities in the metal caused either by segregation in 


the form of inclusion in the ingot or by folds, laps or seams that have formed because of faulty 


working in the semi-finish or finishing operation. 


 







3 TYPES OF DISCONTINUITIES, APPEARANCE AND LIMITS  


 


3.1 Quench Cracks —  Quench cracks may occur during hardening due to excessively high 


thermal and transformation stresses. Quench cracks usually follow an irregular and erratic 


course on the surface of the fastener (Fig.e 1 & 1A). 


 


3.2  Limits applicable for Bolts and Nuts: Quench cracks of any depth, any length, or in any 


location shall not be permitted. 


 


 
Figure 1: Quench cracks in bolts 


 


 
Fig.1A  Quench Cracks in Nuts 







 


3.3 Forging Cracks — Forging cracks may occur during the cut-off or forging operation and 


are located on the top of screws and bolts (Fig. 2). 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


3.4  Limits Applicable for Bolts  — Acceptance: L ≤ d and b≤0.04 d     


(Not applicable for socket head screws) 


 


Where; 


 


d = nominal thread diameter,  


L = Length of forging cracks,   


b = Depth or width of forging cracks 


 


 


 


 


 


3.5  Limits Applicable for Nuts — Cracks located in the top and bottom faces shall be 


permitted (Fig. 2A), provided that - there are not more than two forging cracks which extend 


across the full width of the bearing face, neither of which shall exceed a depth of 0.05d. 


 


- no crack extends into the tapped hole beyond the first full thread. 


- no crack in the first full thread exceeds a depth of 0.5H1. 


 


In the case of nuts with a flange, cracks in the area between s and dw   shall not be permitted. 


 


where; 


 


 d = nominal thread diameter,  


dw = diameter of the bearing face, 


P = pitch of the thread,  


s = width across flats and  


H1 = effective thread height = 0.54P 


 


 
Fig. 2 Forging Crack in Bolt Head 







 
Fig.  2A  Forging Cracks in Nuts 


3.6  Limits Applicable for Locking Element of All-Metal Prevailing Type Nuts — Cracks 


in the locking element (Figure 2B) resulting from the forging process shall be permitted, 


provided that all mechanical and functional requirements are met and that 


 


-there are not more than two cracks which extend the full width of the crown circle, 


neither of which shall exceed a depth of 0.05d. 


-no crack extends into the tapped hole beyond the first full thread. 


-no crack in the first full thread exceeds a depth of 0.5H1. 


 


Cracks in the locking element resulting from the deflecting process shall not be permitted. 


 


where;  


 


d = the nominal thread diameter,  


H1 = effective thread height  


 


 


 


3.7  Limits Applicable for the Washer Retainer of Nuts with Captive Washers —  Washer 


retainer cracks may occur when pressure is applied to the lip or hub during assembly of the 


washer (Fig. 2C). 


 


Washer retainer cracks are permissible if limited to the contour of the lip or hub used for 


retaining purposes, provided that the washer is securely held and able to rotate freely. 


 


 
 


Fig. 2B:  Forging Cracks in Torque Type Nut  Fig. 2C: Forging Cracks in Nut with 


Captive Washer 







3.8 Forging Bursts —  Bursts are breaks in the surface of the metal. Bursts in bolting materials 


may be external or internal. External bursts often occur where forming is severe or where 


sections are thin. An internal burst is a subsurface discontinuity found in bars and forgings. 


Internal bursts are caused by rupturing of metal extruded or forged at temperatures that are too 


low or too high. 


Forging bursts may occur, for example, during forging on the flats or corners of the heads of 


bolts and screws, at the periphery of flanged or circular head products or on the raised periphery 


of indented head bolts and screws (Fig. 3). 


3.9  Limits Applicable for Hexagon Head Screws — No forging burst in the flats of hexagon 


bolts and screws shall extend into the crown circle on the top of the head surface (chamfer 


circle) or into the underhead bearing surface. Forging bursts occurring at the intersection of 


two wrenching flats shall not reduce the width across corners below the specified minimum. 


 


Forging bursts in the raised periphery of indented head bolts and screws shall not exceed a 


width of 0.06 d (d = nominal thread diameter) or have a depth extending below the indented 


portion. 


3.10  Limits Applicable for Circular Head Screws — Flanges of bolts and screws and 


peripheries of circular head screws may have forging bursts, but they shall not exceed the 


following limits: 


b ≤ 0.08 dc
 (with only one forging burst) 


b ≤ 0.04 dc (with two or more forging bursts, one of which may extend to 0.08dc) 


 


where 


 


d = nominal thread diameter,  


dc = head or flange diameter,  


b = width of forging bursts 


 


 







Fig. 3: Forging Bursts in Bolts 


 


3.11  Limits Applicable for Nuts — If a burst occurs in connection with a seam resulting 


from the raw material, the seam may extend into the crown circle (Fig. 3A) but not the burst. 


 


 


Fig. 3A  Forging Bursts in Nuts 


 


Burst occurring at the intersection of two wrenching flats shall not reduce the width across 


corners below the specified minimum value. 


 


No burst or shear burst located at the intersection of the top or bottom face with a wrenching 


flat shall have a width greater than (0.25 + 0.02s) mm, where ‘s’ is the width across flats. 


In case of nuts with a flange, bursts and shear bursts at the periphery of the flange are allowed, 


provided that they do not extend into the minimum diameter of the bearing face dw and that 


width of the burst does not exceed 0.08dc, where dc is the flange diameter. 


 


3.12 Shear Bursts or Shear Breaks or Shear Cracks — Shear breaks or shear cracks are 


open breaks in the metal located at the periphery of a bolt or nut, at about 45 degree angle to 


the long axis. Shear breaks occur most often with flanged products. They can be caused by 


overstressing the metal during forging, insufficient ductility and high strain rates. Shear bursts 


may also occur on the sides of hexagon head products. 


 


3.13  Limits Applicable for Hexagon Head Screws — Shear burst limits on the wrenching 


head are as follows: 


 


Width b  ≤  (0.25 mm + 0.02s), Depth h ≤ 0.04d 


were 


 


 s = width across flats,  


d = nominal thread diameter 


 


No shear burst in the flats of hexagon bolts and screws shall extend into the crown circle on 


the top of the head surface (chamfer circle) or into the underhead bearing surface. Shear bursts, 


occurring at the intersection of two wrenching flats, shall not reduce the width across corners 


below the specified minimum. 


 


Shear bursts in the raised periphery of indented head bolts and screws shall not exceed a width 


of 0.06 d or have a depth extending below the indented portion. 







 


3.14  Limits applicable for Circular Head Screws — Flanges of bolts and screws and 


peripheries of circular head products may have shear bursts, but shall not exceed the following 


limits: 


Width of shear bursts: 


 


b ≤ 0.08 dc (for only one shear burst) : 


b ≤ 0.04 dc (with two or more forging shear bursts, one of which may extend to 0.08dc) 


 


where  


d = nominal thread diameter,  


dc = head or flange diameter, 


s = width across flat 


 


3.15  Limits Applicable for Nuts — No shear burst in the flats of hexagon nuts (Fig. 4) shall 


extend into the bearing faces of a nut or the crown circle of a nut with a flange. Shear bursts 


occurring at the intersection of two wrenching flats shall not reduce the width across corners 


below the specified minimum value. 


   


Shear bursts at the periphery of the flange of nuts with a flange are allowed, provided they do 


not extend into the minimum diameter of the bearing face dw. 


 


 


 


 


 


 


 


 


 


 


3.16 Seams — A seam is a narrow, generally straight or smooth curved line discontinuity 


running longitudinally on the thread, shank or head (Fig. 5 & 5A). Seams are generally inherent 


in the raw material from which a fastener is made. 


 


 
Fig. 4 Shear Bursts in Nut 







 
Fig. 5 Seams in Bolts 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


3.17  Limits Applicable for Bolts —  Depth of seam h ≤ 0.015d + 0.1 mm (0.4 mm max) 


d = nominal thread diameter.  If seams extend into the head, they shall not exceed the 


permissible limits for width and depth specified for bursts. 


 


3.18  Limits Applicable for Nuts — For all thread sizes, seams shall be permitted, provided 


that a depth of 0.05d from the surface is not exceeded, where d is the nominal thread diameter. 


 


3.19  Tears — Surface tears occur along the length of a bar or threaded fastener and are caused 


by faulty extrusion dies or inadequate lubrication during extrusion. Surface tears can resemble 


seams. 


 


3.20 Laps or Folds — Laps or folds are surface discontinuities caused by folding of the metal. 


Folds are produced by material displacements due to lack of congruence of forms and volumes 


of the single forging steps. Folds may occur during forging, at or near the intersection of 


diameter changes. If laps occur in threads, they generally show a pattern of consistency- they 


are located in the same place on all threads of the nut or bolt (Fig, 6 & 6A). 


 


 


Fig. 5A Seams in Nuts 







 


Fig. 6 Folds in Bolts 


 


 


3.21  Limits Applicable for Bolts — Folds at interior corners at or below the bearing surface 


are not permissible. Folds at exterior corners are permissible. 


 


3.22  Limits Applicable for Nuts — Folds are permitted, but those located at the intersection 


of the flange periphery and bearing face of nuts with a flange shall not intrude into the 


bearing surface. 


 


3.23 Voids — A void is a shallow pocket on the surface of a bolt or screw due to non-filling 


of metal during forging or upsetting 


 
Fig. 6A Folds in Nuts 
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3.24  Limits Applicable for 


Bolts — Depth h ≤  0.02d, (0.25 mm maximum) 


d = nominal thread diameter Area of all voids (Fig. 7) 


The combined surface area of all voids on the bearing face shall not exceed 10% of the total 


area. 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


3.25  Limits Applicable for Nuts —  Depth h ≤ 0.02d, (0.25 mm maximum) d = nominal 


thread diameter.  Area of all voids (Figure 7A): The combined surface area of all voids on the 


bearing face shall not exceed - 5% of the bearing surface, for nuts with nominal thread 


diameter d ≤ 24 mm - 10% of the bearing surface, for nuts with nominal thread diameter d > 


24 mm. 


 
Fig. 7 Voids in Bolts 


 


Fig. 7A Voids in Nuts 







3.26  Tool Marks — Tool marks are longitudinal or circumferential shallow grooves produced 


by the movement of manufacturing tools over the surface of the fastener (Fig. 8).  


 


3.27 Limits Applicable for Bolts — Tool marks produced by machining in the shank, fillet 


or bearing surface shall not exceed a surface roughness of Ra = 3.2µm. 


 


3.28  Limits Applicable for Nuts — Tool marks on the bearing surface shall not exceed a 


surface roughness of Ra =3.2µm. Tool marks on other surfaces are allowed (Fig. 8A). 


 


3.29 Damages — Damages, for example dent, scrapes, nicks and gouges are produced by 


external actions during handling and transport. A nick or gouge is an indentation on the surface 


of a fastener produced by forceful abrasion or by impact of the fastener against other 


components. 


 


 


 


Fig. 8 Tool Mark on Bolts Fig. 8A: Tool Mark on Nuts 


3.30  Limits —  Damages such as nicks, gouges, dents, and scrapes are permitted provided that 


the functionality of the fastener is not impaired. Dent, scrapes, nicks and gouges on the first 


three threads shall be such that they allow the screwing on of a go-ring gauge with a torque 


value of 0.001 d3 (maximum) in Newton meters.  


 


3.31 Other Discontinuities 


 


3.32  Necking- Necking down is a localized reduction in area of a component in overload 


conditions. 


 


3.33  Erosion- Erosion is destruction of metals or other materials by the abrasive action of 


moving fluids, usually accelerated by the presence of solid particles in suspension. 


 


3.34  Crevice Corrosion- Crevice corrosion cracks are due to corrosion of a metal caused by 


the concentration of dissolved salts, metal ions, oxygen or other gases. It occurs in crevices or 


pockets remote from the principal fluid stream with a resulting build up of differential cells 


that ultimately cause deep pitting. 


 


4 INSPECTION PROCEDURE  


 


4.1  The purchaser shall specify the inspection sampling requirements which the manufacturer 


must satisfy to demonstrate the acceptability of fastener with respect to surface discontinuities. 


In the absence of the purchaser instructions sampling plan given in Table 1 of annex shall be 


applicable. Surface coatings, if any, shall be removed before examination if identification of 


the surface discontinuities is impaired. 







 


4.2 Non-destructive Testing — A random sample shall be taken from the lot in accordance 


with Table 1 in the annex and subjected to either visual tests or other suitable tests, e.g. liquid 


penetrant test, or magnetic particle test or eddy current test in order to detect conditions such 


as cracks, bursts, seams, folds, voids, tool marks, nicks, gouges, wear, corrosion, erosion or 


physical damage on the surfaces of the components. 


 


Visual inspection can include the use of devices that provide up to and including, 10-power 


magnification. Lighting, natural or artificial, must be sufficient to resolve a 0.75 mm (0.03 in.) 


black line on an 18 percent neutral gray card. 


 


4.3 Evaluation 


 


(i) On visual inspection, if no defective product is found in the random sample taken from the 


lot in accordance with Table 1 in the annex, the lot shall be accepted. 


(ii) If on visual inspection any product is found with quench cracks in any location, or folds at 


interior corners or below the bearing surface, except “clover leaf’ folds in non-circular shoulder 


fasteners, the lot shall be subject to rejection. 


(iii) If, during visual inspection, any products are found with any other surface discontinuity, 


each discontinuity shall be measured and if any is found that exceeds the allowable dimensional 


limits for that discontinuity, the lot shall be rejected. 


(iv) Thread Acceptability Based on GO- Ring Gauge 


 


When a GO ring gage will not assemble the full thread length of an externally threaded fastener, 


when torque is applied by hand, the following procedure shall be used to determine thread 


acceptability. Using an appropriately calibrated torque measuring device and an appropriately 


calibrated GO ring gage (class 3A for inch and 6h for metric fasteners), either hold the ring 


gage or the bolt stationary and rotate the other the full length of the bolt thread. Record the 


maximum torque observed. Nicks and gouges shall not interfere with hand assembly of initial 


thread engagement or impair product function. No lubricant shall be added to the bolt or gage 


for purposes of conducting the test. The indicated maximum torque value shall not exceed those 


in Table 2 in the annex. 


 


 


 


5  EXAMINATION OF BOLTS, STUDS AND NUTS FOR SPECIAL REQUIREMENTS  


 


5.1  In case of pressure boundary equipment, degradation of bolts may lead to loosening of 


components/enclosure, drop or rise in pressure, loss of material from the chamber etc. Failure 


may cause serious accident, non scheduled outages with the high costs associated with such 


incidents. Hazards associated with the release of radioactive or lethal material are unsafe 


conditions for human beings and environment. Bolts and nuts for such type of application need 


special attention as envisaged in the following paragraphs.    


 


Type of Examinations to be Performed 


 
a) All bolting material shall be visually examined (100% examination).  







b) Nominal sizes greater than 25 mm shall be examined by either the magnetic particle or 


the liquid penetrant method. 


c) In addition, nominal sizes greater than 50 mm but not over 100 mm shall be examined 


by the ultrasonic method using radial scan only.  


d) Nominal sizes greater than 100 mm shall be examined by the ultrasonic method using 


radial as well as longitudinal scan. 


5.2 Visual Examination — The areas of threads, shanks and heads of final machined parts 


shall be visually examined. Tests of pressure vessel bolts may be done with direct methods 


when access is sufficient to place the eye within 60 cm (24 in.) of the test surface at an angle 


not less than 30 degree to the surface. Mirrors may be used to improve the viewing angle. 


Remote visual tests may be substituted for direct visual testing, using devices such as 


telescopes, borescopes, cameras or other suitable instruments. Such devices must have 


resolution at least equivalent to that attainable by direct visual testing. 


 


5.3  Recording — Any area where a visual test reveals surface discontinuities (physical 


damage, wear, cracks, gouges, corrosion, erosion, misalignment nicks, oxidation, and 


scratches) on studs, washers, nuts or bolts is recorded on a data sheet regardless of discontinuity 


size. Unspecified movement and the looseness of bolts is also recorded. 


 


If there are areas or indications that cannot be easily recorded on a data form, a sketch or 


photograph is included with the report to clarify the results.   


 


Harmful discontinuities such as laps, seams, or cracks that would be detrimental to the intended 


service are unacceptable. All indications shall be evaluated in terms of the limits given in the 


preceding paragraphs except for the laps on thread, for which limits are given in the following 


paragraph: 


 


5.4  Limits for Laps on the Thread of Bolts for Special Requirements (Fig. 9) 


 


Laps of any depth or length are not permitted in the following places: 


-At the root of the thread; 


-At the loaded flank of screw thread below the pitch diameter, even if they start beyond 


the pitch diameter. 


 


The following laps are permissible: 


-Laps in the crest of the threads of 0.25 H1 (maximum) 


-Crest of the threads not entirely rolled out, maximum half a turn on one thread; 


-Laps below the pitch diameter, if they run on the non-loaded flank towards the major 


diameter and not deeper than 0.25H1 and not longer than half a turn on one thread. 


 


5.5 Liquid Penetrant Examination 


 


5.5.1  Examination procedure — All bolts, studs, and nuts greater than 25 mm nominal bolt 


size shall be examined by a liquid penetrant test method. Such examination shall be performed 


on the finished component after threading or on the materials stock at approximately the 


finished diameter before threading and after heading, if involved. 


 


5.5.2  Acceptance/rejection criteria — Linear non-axial indications are unacceptable. Linear 


axial indications greater than 25 mm long are unacceptable. 







5.6 Magnetic Particle Examination (for Ferritic Steel Bolting Material only) 


5.6.1  Examination procedure — All bolts, studs, and nuts greater than 25 mm nominal bolt 


size shall be examined by the magnetic particle method. If desired (by purchaser), the supplier 


may perform liquid penetrant examination instead of magnetic particle examination. Such 


examination shall be performed on the finished component after threading or on the materials 


stock at approximately the finished diameter before threading and after heading, if involved. 


This examination shall be performed on all accessible surfaces. 


 


Fig. 9 Laps and folds on thread of bolts 







5.6.2  Acceptance/rejection criteria —  Linear non-axial indications are unacceptable. Linear 


axial indications greater than 25 mm in length are unacceptable. 


5.7 Ultrasonic Examination for Sizes Greater than 50 mm and up to 100 mm 


All bolts, studs, and nuts greater than 50 mm nominal bolt size shall be ultrasonically examined 


over the entire cylindrical surface prior to threading in accordance with the following 


requirements. 


 


5.7.1  Ultrasonic method — Examination shall be carried out by the straight beam, radial-scan 


method. 


 


5.7.2  Examination procedure —  Examination shall be performed at a nominal frequency of 


2.25 MHz with a search unit not to exceed 650 mm2. 


 


5.7.3  Calibration of Equipment —  Calibration sensitivity shall be established by adjustment 


of the instrument so that the first back reflection is 75% to 90% of full-screen height. 


 


5.7.4  Acceptance/rejection criteria —  Any discontinuity that causes an indication in excess 


of 20% of the height of first back reflection or any discontinuity that prevents the production 


of a first back reflection of 50% of the calibration amplitude is not acceptable. 


5.8 Ultrasonic Examination for Sizes Over 100 mm — In addition to the requirement of 


radial scan, all bolts, studs, and nuts over 100 mm nominal bolt size shall be ultrasonically 


examined over the entire surface of each end before or after threading in accordance with the 


following requirements. 


 


5.8.1  Ultrasonic Method — Examination shall be carried out by the straight beam, 


longitudinal-scan method. 


 


5.8.2  Examination procedure— Examination shall be performed at a nominal frequency of 


2.25 MHz with a search unit having a circular cross section with a diameter not less than 13 


mm nor more than 29 mm. 


 


5.8.3  Calibration of equipment— Calibration shall be established on a test bar of the same 


nominal composition, diameter and length as the production part. A flat-bottom hole, (FBH) 


diameter and depth given below, shall be drilled in one end of the bar and plugged to full depth. 


Signal from this reference reflector picked up from another end shall be adjusted to 80% full 


screen height as a reference level.  


 


Φ = 5% of d; h = 25% of L for L ≤ 50 mm, and h = 20% of L for L > 50 mm 


where  


 


L= length of bolt,  


d = nominal thread diameter,  


Φ = diameter of flat bottom hole,  


h = depth of flat bottom hole; 


 


5.8.4  Acceptance/rejection criteria —  Any discontinuity that causes an indication in excess 


of that of reference level is not acceptable. 


 







5.8.5  Time of examination — Acceptance examinations shall be performed after the final heat 


treatment required by the basic material specifications. 


 


5.9 Elimination and Repair of Surface Defects — Unacceptable surface defects on finished 


bolts, studs, and nuts are not permitted and are cause for rejection. Weld repairs of bolts, studs 


and nuts are not permitted. 


 







ANNEX I 


 


Table 1  Sample Sizes for Visual and Non-destructive Testing 


Lot size1)  


N 


Sample size 


n 


N ≤ 1200 20 


1 201 ≤ N ≤ 10 000 32 


10 001≤ N ≤ 35 000 50 


35 001 ≤ N ≤ 150 000 80 


 


1) Lot size is the number of products of the same type, size and property class submitted for 


inspection at one time. 


Table 2  Maximum Allowable Torque 


Nominal Thread Size Maximum Allowable Torque 


Size d (mm) T (Nm) 


M5 5 0.1 


M6 6 0.2 


M8 8 0.5 


M10 10 1.0 


M12 12 1.7 


M14 14 2.7 


M16 16 4.1 


M18 18 5.8 


M20 20 8.0 


M22 22 10.6 


M24 24 13.8 


M30 30 27.0 


M33 33 36.0 


M36 36 46.6 


--- -- --- 


--- -- --- 


Formula T = 0.001d3 
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FOREWORD

(Formal clauses will be added later)





Two types of joining processes- Permanent and Temporary are popular for joining pieces of material with each other. Joining by bolts, studs and rivets is considered to be temporary process as assembled parts can be detached as and when required. Bolts are subjected to tensile load and may be exposed to corrosive environment containing acids or gases. Besides static load, fasteners may undergo cyclic loading due to thermal and mechanical stresses. Bolts may fail due to fatigue, corrosion or excessive loading. Bolts, studs and fasteners are important parts of pressure boundary equipments as well as of other items of equipment not related to safety but essential for operation. Presence of harmful discontinuities and degradation of bolts due to service conditions may lead to their failure and for these reasons inspection of bolts, studs and fasteners is considered to be an important quality control activities either during raw material stage or in-service stage. 



1 SCOPE

This document describes classification of discontinuities in bolts, studs and fasteners based on their manufacturing processes and acceptable sizes. This document also specifies the requirements of various non-destructive evaluation methods for their qualification to service.



2 CLASSIFICATION OF DISCONTINUITIES BASED ON THEIR ORIGIN 



2.1  Discontinuities on bolts, studs, washers and nuts can be classified in the following four groups: (i) Inherent discontinuities, (ii) Primary processing discontinuities, (iii) Secondary processing discontinuities and (iv) Service induced discontinuities.



2.2  Inherent discontinuities originate from solidification of metal in the ingot. Pipe and nonmetallic inclusions are the most common and may lead to other types of discontinuities during service. 



2.3  Primary processing discontinuities are produced from the hot or cold working of the ingot into rod and bar. Secondary processing discontinuities are produced during manufacture of studs, washers, bolts and nuts in machining, grinding, heat treating, plating or other finishing operations. Finally, service induced discontinuities may be caused by vibration, over stressing and corrosion. The presence of inherent, primary processing and secondary processing discontinuities is sometimes revealed in service.



2.4  The most common locations for fastener failures are in the head-to-shank fillet, through the first thread inside the nut on threaded fasteners or at the transition from the thread to the shank. 2.5  Sources of failure are discontinuities in the metal caused either by segregation in the form of inclusion in the ingot or by folds, laps or seams that have formed because of faulty working in the semi-finish or finishing operation.



3 TYPES OF DISCONTINUITIES, APPEARANCE AND LIMITS 



3.1 Quench Cracks —  Quench cracks may occur during hardening due to excessively high thermal and transformation stresses. Quench cracks usually follow an irregular and erratic course on the surface of the fastener (Fig.e 1 & 1A).



3.2  Limits applicable for Bolts and Nuts: Quench cracks of any depth, any length, or in any location shall not be permitted.
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		Figure 1: Quench cracks in bolts
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		Fig.1A  Quench Cracks in Nuts







3.3 Forging Cracks — Forging cracks may occur during the cut-off or forging operation and are located on the top of screws and bolts (Fig. 2).
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		Fig. 2 Forging Crack in Bolt Head































3.4  Limits Applicable for Bolts	 — Acceptance: L ≤ d and b≤0.04 d 			

(Not applicable for socket head screws)



Where;



d = nominal thread diameter, 

L = Length of forging cracks,  

b = Depth or width of forging cracks











3.5  Limits Applicable for Nuts — Cracks located in the top and bottom faces shall be permitted (Fig. 2A), provided that - there are not more than two forging cracks which extend across the full width of the bearing face, neither of which shall exceed a depth of 0.05d.



- no crack extends into the tapped hole beyond the first full thread.

- no crack in the first full thread exceeds a depth of 0.5H1.



In the case of nuts with a flange, cracks in the area between s and dw   shall not be permitted.



where;



 d = nominal thread diameter, 

dw = diameter of the bearing face,

P = pitch of the thread, 

s = width across flats and 

H1 = effective thread height = 0.54P



		[image: ]



		Fig.  2A  Forging Cracks in Nuts





3.6  Limits Applicable for Locking Element of All-Metal Prevailing Type Nuts — Cracks in the locking element (Figure 2B) resulting from the forging process shall be permitted, provided that all mechanical and functional requirements are met and that



-there are not more than two cracks which extend the full width of the crown circle, neither of which shall exceed a depth of 0.05d.

-no crack extends into the tapped hole beyond the first full thread.

-no crack in the first full thread exceeds a depth of 0.5H1.



Cracks in the locking element resulting from the deflecting process shall not be permitted.



where; 



d = the nominal thread diameter, 

H1 = effective thread height 







3.7  Limits Applicable for the Washer Retainer of Nuts with Captive Washers —  Washer retainer cracks may occur when pressure is applied to the lip or hub during assembly of the washer (Fig. 2C).



Washer retainer cracks are permissible if limited to the contour of the lip or hub used for retaining purposes, provided that the washer is securely held and able to rotate freely.



		[image: ]

		[image: ]



		Fig. 2B:  Forging Cracks in Torque Type Nut

		 Fig. 2C: Forging Cracks in Nut with Captive Washer





3.8 Forging Bursts —  Bursts are breaks in the surface of the metal. Bursts in bolting materials may be external or internal. External bursts often occur where forming is severe or where sections are thin. An internal burst is a subsurface discontinuity found in bars and forgings. Internal bursts are caused by rupturing of metal extruded or forged at temperatures that are too low or too high.

Forging bursts may occur, for example, during forging on the flats or corners of the heads of bolts and screws, at the periphery of flanged or circular head products or on the raised periphery of indented head bolts and screws (Fig. 3).

3.9  Limits Applicable for Hexagon Head Screws — No forging burst in the flats of hexagon bolts and screws shall extend into the crown circle on the top of the head surface (chamfer circle) or into the underhead bearing surface. Forging bursts occurring at the intersection of two wrenching flats shall not reduce the width across corners below the specified minimum.



Forging bursts in the raised periphery of indented head bolts and screws shall not exceed a width of 0.06 d (d = nominal thread diameter) or have a depth extending below the indented portion.

3.10  Limits Applicable for Circular Head Screws — Flanges of bolts and screws and peripheries of circular head screws may have forging bursts, but they shall not exceed the following limits:

b ≤ 0.08 dc (with only one forging burst)

b ≤ 0.04 dc (with two or more forging bursts, one of which may extend to 0.08dc)



where



d = nominal thread diameter, 

dc = head or flange diameter, 

b = width of forging bursts
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		Fig. 3: Forging Bursts in Bolts







3.11  Limits Applicable for Nuts	— If a burst occurs in connection with a seam resulting from the raw material, the seam may extend into the crown circle (Fig. 3A) but not the burst.
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		Fig. 3A  Forging Bursts in Nuts







Burst occurring at the intersection of two wrenching flats shall not reduce the width across corners below the specified minimum value.



No burst or shear burst located at the intersection of the top or bottom face with a wrenching flat shall have a width greater than (0.25 + 0.02s) mm, where ‘s’ is the width across flats.

In case of nuts with a flange, bursts and shear bursts at the periphery of the flange are allowed, provided that they do not extend into the minimum diameter of the bearing face dw and that width of the burst does not exceed 0.08dc, where dc is the flange diameter.



3.12 Shear Bursts or Shear Breaks or Shear Cracks — Shear breaks or shear cracks are open breaks in the metal located at the periphery of a bolt or nut, at about 45 degree angle to the long axis. Shear breaks occur most often with flanged products. They can be caused by overstressing the metal during forging, insufficient ductility and high strain rates. Shear bursts may also occur on the sides of hexagon head products.



3.13  Limits Applicable for Hexagon Head Screws — Shear burst limits on the wrenching head are as follows:



Width b  ≤  (0.25 mm + 0.02s), Depth h ≤ 0.04d

were



 s = width across flats, 

d = nominal thread diameter



No shear burst in the flats of hexagon bolts and screws shall extend into the crown circle on the top of the head surface (chamfer circle) or into the underhead bearing surface. Shear bursts, occurring at the intersection of two wrenching flats, shall not reduce the width across corners below the specified minimum.



Shear bursts in the raised periphery of indented head bolts and screws shall not exceed a width of 0.06 d or have a depth extending below the indented portion.



3.14  Limits applicable for Circular Head Screws — Flanges of bolts and screws and peripheries of circular head products may have shear bursts, but shall not exceed the following limits:

Width of shear bursts:



b ≤ 0.08 dc (for only one shear burst) :

b ≤ 0.04 dc (with two or more forging shear bursts, one of which may extend to 0.08dc)



where 

d = nominal thread diameter, 

dc = head or flange diameter,

s = width across flat



3.15  Limits Applicable for Nuts — No shear burst in the flats of hexagon nuts (Fig. 4) shall extend into the bearing faces of a nut or the crown circle of a nut with a flange. Shear bursts occurring at the intersection of two wrenching flats shall not reduce the width across corners below the specified minimum value.

		

Shear bursts at the periphery of the flange of nuts with a flange are allowed, provided they do not extend into the minimum diameter of the bearing face dw.
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		Fig. 4 Shear Bursts in Nut























3.16 Seams — A seam is a narrow, generally straight or smooth curved line discontinuity running longitudinally on the thread, shank or head (Fig. 5 & 5A). Seams are generally inherent in the raw material from which a fastener is made.
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		Fig. 5 Seams in Bolts
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		Fig. 5A Seams in Nuts



































3.17  Limits Applicable for Bolts —  Depth of seam h ≤ 0.015d + 0.1 mm (0.4 mm max)

d = nominal thread diameter.  If seams extend into the head, they shall not exceed the permissible limits for width and depth specified for bursts.



3.18  Limits Applicable for Nuts — For all thread sizes, seams shall be permitted, provided that a depth of 0.05d from the surface is not exceeded, where d is the nominal thread diameter.



3.19  Tears — Surface tears occur along the length of a bar or threaded fastener and are caused by faulty extrusion dies or inadequate lubrication during extrusion. Surface tears can resemble seams.



3.20 Laps or Folds — Laps or folds are surface discontinuities caused by folding of the metal. Folds are produced by material displacements due to lack of congruence of forms and volumes of the single forging steps. Folds may occur during forging, at or near the intersection of diameter changes. If laps occur in threads, they generally show a pattern of consistency- they are located in the same place on all threads of the nut or bolt (Fig, 6 & 6A).
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		Fig. 6 Folds in Bolts







		[image: ]



		Fig. 6A Folds in Nuts







3.21  Limits Applicable for Bolts — Folds at interior corners at or below the bearing surface are not permissible. Folds at exterior corners are permissible.



3.22  Limits Applicable for Nuts — Folds are permitted, but those located at the intersection of the flange periphery and bearing face of nuts with a flange shall not intrude into the bearing surface.



3.23 Voids — A void is a shallow pocket on the surface of a bolt or screw due to non-filling of metal during forging or upsetting

		[image: ]



		Fig. 7 Voids in Bolts





.



























3.24  Limits Applicable for Bolts — Depth h ≤  0.02d, (0.25 mm maximum)

d = nominal thread diameter Area of all voids (Fig. 7)

The combined surface area of all voids on the bearing face shall not exceed 10% of the total area.
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		Fig. 7A Voids in Nuts























3.25  Limits Applicable for Nuts —  Depth h ≤ 0.02d, (0.25 mm maximum) d = nominal thread diameter.  Area of all voids (Figure 7A): The combined surface area of all voids on the bearing face shall not exceed - 5% of the bearing surface, for nuts with nominal thread diameter d ≤ 24 mm - 10% of the bearing surface, for nuts with nominal thread diameter d > 24 mm.

3.26  Tool Marks — Tool marks are longitudinal or circumferential shallow grooves produced by the movement of manufacturing tools over the surface of the fastener (Fig. 8). 



3.27 Limits Applicable for Bolts — Tool marks produced by machining in the shank, fillet or bearing surface shall not exceed a surface roughness of Ra = 3.2µm.



3.28  Limits Applicable for Nuts — Tool marks on the bearing surface shall not exceed a surface roughness of Ra =3.2µm. Tool marks on other surfaces are allowed (Fig. 8A).



3.29 Damages — Damages, for example dent, scrapes, nicks and gouges are produced by external actions during handling and transport. A nick or gouge is an indentation on the surface of a fastener produced by forceful abrasion or by impact of the fastener against other components.
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		Fig. 8 Tool Mark on Bolts

		Fig. 8A: Tool Mark on Nuts





3.30  Limits —  Damages such as nicks, gouges, dents, and scrapes are permitted provided that the functionality of the fastener is not impaired. Dent, scrapes, nicks and gouges on the first three threads shall be such that they allow the screwing on of a go-ring gauge with a torque value of 0.001 d3 (maximum) in Newton meters. 



3.31 Other Discontinuities



3.32  Necking- Necking down is a localized reduction in area of a component in overload conditions.



3.33  Erosion- Erosion is destruction of metals or other materials by the abrasive action of moving fluids, usually accelerated by the presence of solid particles in suspension.



3.34  Crevice Corrosion- Crevice corrosion cracks are due to corrosion of a metal caused by the concentration of dissolved salts, metal ions, oxygen or other gases. It occurs in crevices or pockets remote from the principal fluid stream with a resulting build up of differential cells that ultimately cause deep pitting.



4 INSPECTION PROCEDURE 



4.1  The purchaser shall specify the inspection sampling requirements which the manufacturer must satisfy to demonstrate the acceptability of fastener with respect to surface discontinuities. In the absence of the purchaser instructions sampling plan given in Table 1 of annex shall be applicable. Surface coatings, if any, shall be removed before examination if identification of the surface discontinuities is impaired.



4.2 Non-destructive Testing — A random sample shall be taken from the lot in accordance with Table 1 in the annex and subjected to either visual tests or other suitable tests, e.g. liquid penetrant test, or magnetic particle test or eddy current test in order to detect conditions such as cracks, bursts, seams, folds, voids, tool marks, nicks, gouges, wear, corrosion, erosion or physical damage on the surfaces of the components.



Visual inspection can include the use of devices that provide up to and including, 10-power magnification. Lighting, natural or artificial, must be sufficient to resolve a 0.75 mm (0.03 in.) black line on an 18 percent neutral gray card.



4.3 Evaluation



(i) On visual inspection, if no defective product is found in the random sample taken from the lot in accordance with Table 1 in the annex, the lot shall be accepted.

(ii) If on visual inspection any product is found with quench cracks in any location, or folds at interior corners or below the bearing surface, except “clover leaf’ folds in non-circular shoulder fasteners, the lot shall be subject to rejection.

(iii) If, during visual inspection, any products are found with any other surface discontinuity, each discontinuity shall be measured and if any is found that exceeds the allowable dimensional limits for that discontinuity, the lot shall be rejected.

(iv) Thread Acceptability Based on GO- Ring Gauge



When a GO ring gage will not assemble the full thread length of an externally threaded fastener, when torque is applied by hand, the following procedure shall be used to determine thread acceptability. Using an appropriately calibrated torque measuring device and an appropriately calibrated GO ring gage (class 3A for inch and 6h for metric fasteners), either hold the ring gage or the bolt stationary and rotate the other the full length of the bolt thread. Record the maximum torque observed. Nicks and gouges shall not interfere with hand assembly of initial thread engagement or impair product function. No lubricant shall be added to the bolt or gage for purposes of conducting the test. The indicated maximum torque value shall not exceed those in Table 2 in the annex.







5  EXAMINATION OF BOLTS, STUDS AND NUTS FOR SPECIAL REQUIREMENTS 



5.1  In case of pressure boundary equipment, degradation of bolts may lead to loosening of components/enclosure, drop or rise in pressure, loss of material from the chamber etc. Failure may cause serious accident, non scheduled outages with the high costs associated with such incidents. Hazards associated with the release of radioactive or lethal material are unsafe conditions for human beings and environment. Bolts and nuts for such type of application need special attention as envisaged in the following paragraphs.   



Type of Examinations to be Performed



a) All bolting material shall be visually examined (100% examination). 

b) Nominal sizes greater than 25 mm shall be examined by either the magnetic particle or the liquid penetrant method.

c) In addition, nominal sizes greater than 50 mm but not over 100 mm shall be examined by the ultrasonic method using radial scan only. 

d) Nominal sizes greater than 100 mm shall be examined by the ultrasonic method using radial as well as longitudinal scan.

5.2 Visual Examination — The areas of threads, shanks and heads of final machined parts shall be visually examined. Tests of pressure vessel bolts may be done with direct methods when access is sufficient to place the eye within 60 cm (24 in.) of the test surface at an angle not less than 30 degree to the surface. Mirrors may be used to improve the viewing angle. Remote visual tests may be substituted for direct visual testing, using devices such as telescopes, borescopes, cameras or other suitable instruments. Such devices must have resolution at least equivalent to that attainable by direct visual testing.



5.3  Recording — Any area where a visual test reveals surface discontinuities (physical damage, wear, cracks, gouges, corrosion, erosion, misalignment nicks, oxidation, and scratches) on studs, washers, nuts or bolts is recorded on a data sheet regardless of discontinuity size. Unspecified movement and the looseness of bolts is also recorded.



If there are areas or indications that cannot be easily recorded on a data form, a sketch or photograph is included with the report to clarify the results.  



Harmful discontinuities such as laps, seams, or cracks that would be detrimental to the intended service are unacceptable. All indications shall be evaluated in terms of the limits given in the preceding paragraphs except for the laps on thread, for which limits are given in the following paragraph:



5.4  Limits for Laps on the Thread of Bolts for Special Requirements (Fig. 9)



Laps of any depth or length are not permitted in the following places:

-At the root of the thread;

-At the loaded flank of screw thread below the pitch diameter, even if they start beyond the pitch diameter.



The following laps are permissible:

-Laps in the crest of the threads of 0.25 H1 (maximum)

-Crest of the threads not entirely rolled out, maximum half a turn on one thread;

-Laps below the pitch diameter, if they run on the non-loaded flank towards the major diameter and not deeper than 0.25H1 and not longer than half a turn on one thread.



5.5 Liquid Penetrant Examination



5.5.1  Examination procedure — All bolts, studs, and nuts greater than 25 mm nominal bolt size shall be examined by a liquid penetrant test method. Such examination shall be performed on the finished component after threading or on the materials stock at approximately the finished diameter before threading and after heading, if involved.



5.5.2  Acceptance/rejection criteria — Linear non-axial indications are unacceptable. Linear axial indications greater than 25 mm long are unacceptable.

5.6 Magnetic Particle Examination (for Ferritic Steel Bolting Material only)

5.6.1  Examination procedure — All bolts, studs, and nuts greater than 25 mm nominal bolt size shall be examined by the magnetic particle method. If desired (by purchaser), the supplier may perform liquid penetrant examination instead of magnetic particle examination. Such examination shall be performed on the finished component after threading or on the materials stock at approximately the finished diameter before threading and after heading, if involved. This examination shall be performed on all accessible surfaces.
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		Fig. 9 Laps and folds on thread of bolts





5.6.2  Acceptance/rejection criteria —  Linear non-axial indications are unacceptable. Linear axial indications greater than 25 mm in length are unacceptable.

5.7 Ultrasonic Examination for Sizes Greater than 50 mm and up to 100 mm

All bolts, studs, and nuts greater than 50 mm nominal bolt size shall be ultrasonically examined over the entire cylindrical surface prior to threading in accordance with the following requirements.



5.7.1  Ultrasonic method — Examination shall be carried out by the straight beam, radial-scan method.



5.7.2  Examination procedure —  Examination shall be performed at a nominal frequency of 2.25 MHz with a search unit not to exceed 650 mm2.



5.7.3  Calibration of Equipment —  Calibration sensitivity shall be established by adjustment of the instrument so that the first back reflection is 75% to 90% of full-screen height.



5.7.4  Acceptance/rejection criteria —  Any discontinuity that causes an indication in excess of 20% of the height of first back reflection or any discontinuity that prevents the production of a first back reflection of 50% of the calibration amplitude is not acceptable.

5.8 Ultrasonic Examination for Sizes Over 100 mm — In addition to the requirement of radial scan, all bolts, studs, and nuts over 100 mm nominal bolt size shall be ultrasonically examined over the entire surface of each end before or after threading in accordance with the following requirements.



5.8.1  Ultrasonic Method — Examination shall be carried out by the straight beam, longitudinal-scan method.



5.8.2  Examination procedure— Examination shall be performed at a nominal frequency of 2.25 MHz with a search unit having a circular cross section with a diameter not less than 13 mm nor more than 29 mm.



5.8.3  Calibration of equipment— Calibration shall be established on a test bar of the same nominal composition, diameter and length as the production part. A flat-bottom hole, (FBH) diameter and depth given below, shall be drilled in one end of the bar and plugged to full depth. Signal from this reference reflector picked up from another end shall be adjusted to 80% full screen height as a reference level. 



Φ = 5% of d; h = 25% of L for L ≤ 50 mm, and h = 20% of L for L > 50 mm

where 



L= length of bolt, 

d = nominal thread diameter, 

Φ = diameter of flat bottom hole, 

h = depth of flat bottom hole;



5.8.4  Acceptance/rejection criteria —  Any discontinuity that causes an indication in excess of that of reference level is not acceptable.



5.8.5  Time of examination — Acceptance examinations shall be performed after the final heat treatment required by the basic material specifications.



5.9 Elimination and Repair of Surface Defects — Unacceptable surface defects on finished bolts, studs, and nuts are not permitted and are cause for rejection. Weld repairs of bolts, studs and nuts are not permitted.




ANNEX I



Table 1  Sample Sizes for Visual and Non-destructive Testing

		Lot size1) 

N

		Sample size

n



		N ≤ 1200

		20



		1 201 ≤ N ≤ 10 000

		32



		10 001≤ N ≤ 35 000

		50



		35 001 ≤ N ≤ 150 000

		80







1) Lot size is the number of products of the same type, size and property class submitted for inspection at one time.

Table 2  Maximum Allowable Torque

		Nominal Thread Size

		Maximum Allowable Torque



		Size

		d (mm)

		T (Nm)



		M5

		5

		0.1



		M6

		6

		0.2



		M8

		8

		0.5



		M10

		10

		1.0



		M12

		12

		1.7



		M14

		14

		2.7



		M16

		16

		4.1



		M18

		18

		5.8



		M20

		20

		8.0



		M22

		22

		10.6



		M24

		24

		13.8



		M30

		30

		27.0



		M33

		33

		36.0



		M36

		36

		46.6



		---

		--

		---



		---

		--

		---



		Formula

		T = 0.001d3
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6/22/23, 3:43 PM Email


https://email.gov.in/h/printmessage?id=22120&tz=Asia/Kolkata&xim=1 1/2


From : RAJENDRA KHURSINGE
<sitrack12@iricen.railnet.gov.in>


Subject : Fw: Clarification needed on para No. 4 of IS 12666-
2018.


To : MTDtcTWENTYONE Metallurgical Engineering
Department <mtd21@bis.gov.in>


Email MTDtcTWENTYONE Metallurgical Engineering Department


Fw: Clarification needed on para No. 4 of IS 12666-2018.


Fri, May 19, 2023 05:53 PM


Respected Sir, 


In connection with the above mentioned para No. 4 of IS 12666-2018 one more clarification is
requested.


For example during Linearity of Time base checking, If the range is selected 500 mm and Probe is
placed on 100 mm height of IIW Block, 


05 echoes will appear on screen. Then we adjust the 1st peak at 100 mm (2.0 division) for


reference. Now in ideal situation 2nd echo must 


be at 200 mm (4.0 div), 3rd echo at 300 mm (6.0 div), 4th echo at 400 mm (8.0 div) & 5th echo at
500 mm (10.0 div).


But due to some issue in machine, if the 2nd echo appears at 202 mm the deviation will be +2mm


for the 2nd peak and at the same time if the 3rd echo appears at 298 mm.


 What will be the deviation for 3rd peak?


1. 298 - 300 = - 2 mm               [ considering 300 mm ideal position of
and 298 mm actual position ] 


2. 298 - (202 + 100) = - 4 mm [considering 202 mm position of
previous echo + 100 mm beam path travelled by sound wave, 


3. 
a. 


i. 
1. 


     hencefore the ideal position of 3rd peak will be
at 302 mm] 


Please clarify.


With regards,


Rajendra Khursinge
Sr. Instructor 
Indian Railways Institute of Civil Engineering (IRICEN)
Pune.
7972151266, 7420041159
sitrack12@iricen.railnet.gov.in, rnkiricen@gmail.com







6/22/23, 3:43 PM Email


https://email.gov.in/h/printmessage?id=22120&tz=Asia/Kolkata&xim=1 2/2


From: RAJENDRAKHURSINGE
Sent: Wednesday, May 17, 2023 5:03 PM
To: mtd21@bis.gov.in <mtd21@bis.gov.in>
Subject: Clarification needed on para No. 4 related to IS 12666-2018.
 
Respected Sir,


I am working in Indian Railways Institute of Civil Engineering (IRICEN), Pune and
dealing with the subject of Ultrasonic Testing of Rails and Weld.
As per the Para No. 4.1.1 (d) of "MANUAL FOR ULTRASONIC TESTING OF RAILS
AND WELDS" for the characteristics checking of USFD equipment 
we have to refer IS 12666-1988. The IS 12666-1988 is revised and issued in 2018. 
In Para No. 4.6 of IS 12666-2018 the formula is given to calculate the percentage of non-
linearity of the USFD equipment (T = (amax / b) X 100) and according to that the
value of amax = maximum deviation found among all the echoes and b = number of small
divisions on the time base. In the previous revision of IS 12666-1988 the value of was
considered as the selected range in (mm). 


For example, if we are considering range is 250mm and holding the probe on 25mm thickness of
IIW (V1) Block, 10 echoes of 25mm depth will 
appear on screen on each division from 1 to 10. And if we are considering the amax is 2mm found
on the fourth peak which is appearing on 102mm.


As per previous revision of 1988, we are calculating the Non-Linearity of Time base in above case
as   T = (2/0.8 X 250) X 100 = 1 % 


Please clarify what will be the value of 'b' to be considered as per IS 12666-
2018. 
Some other doubts are also there in the procedure will communicate further.
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[image: ]MINUTES OF MEETING

		
 BUREAU OF INDIAN STANDARDS

(METALLURGICAL ENGINEERING DEPARTMENT)



		           MTD 21- Panel 5 (Radiographic Testing) meeting



		

Meeting Date &Time

		

19th February 2024, Monday, 4:00 PM



		No. of Meeting

		1st meeting of Panel 5



		Venue

		Virtual mode





									Co-ordinator: Shri Kunal Kumar

MembersPresent:



		Sl No.

		Name of Member

		Name of Organization

		Mode of Joining

		E-mail



		1. 

		Shri M.Arumugam, Convener

		Department of Space, Bengaluru

		Virtually

		m_arumugam@lpsc.gov.in

arumugamm@rocketmail.com



		2. 

		Shri  Deepesh V

		Bharat Heavy Electrical Limited, Trichy

		Virtually

		deepeshvimalan@gmail.c



		3. 

		Dr. Menaka M

		IGCAR

		Virtually

		menaka@igcar.gov.in









Item 1 – Action taken report on work allocated during 30th meeting of MTD 21 Technical committee

		Sl No.

		IS No.

		IS Title

		Decision taken by the Committee in last Meeting

		Action taken on decision of the committee

		Decision of the panel



		1

		IS 16241 : 2018

		Real-time radioscopic examination of weldments

		Committee decided to conduct a Panel meeting within 1 month co-ordinated by MS.

		Dr. Menaka informed that  Shri Arumugam has made some corrections in figure 1. Shri Arumugam informed that he will submit the corrected document.

		Panel decided to circulate the corrected document among committee members for comment.



		2

		IS 17069 (Part 1) : 2019

ISO 14096-1:2005

		Non - Destructive testing - Qualification of radiographic film digitization systems: Part 1 definitions, quantitative measurements of image quality parameters, standard reference film and qualitative control

		Committee decided to conduct a Panel meeting within 1 month co-ordinated by MS

		Dr. Menaka informed that there are no technical changes in the standard but there is change in format. Printed format is same as in ISO document. Format should be in line with the Indian standard.

		Panel decided to print the document in Indian standard format.



		3

		IS 17069 (Part 2): 2019

ISO 14096-2 : 2005

		Non - Destructive testing - Qualification of radiographic film digitization systems: Part 2 minimum requirements

		Committee decided to conduct a Panel meeting within 1 month co-ordinated by MS

		-do-

		-do-



		4

		MTD 21 (5046)



		Formulation of new standard on      Code of practice for  radiometric techniques



APPENDIX 5

		Committee requested Member Secretary, Mr. Aumugam and Dr. Menaka to discuss on the subject.

		Panel discussed on the current status of the project and informed that an email should be written to the committee manager of ISO/TC 135/ SC5 to schedule a meeting with the experts and Dr. Menaka as convener, keeping in mind the convenience of time to discuss on the preliminary draft submitted by BIS.

		Panel discussed on the current status of the project and informed that an email should be written to the committee manager of ISO/TC 135/ SC5 to schedule a meeting with the experts and Dr. Menaka as convener, keeping in mind the convenience of time to discuss on the preliminary draft submitted by BIS.



		5

		Revision of IS 4853:1982 



		`Recommended practice for radiographic inspection of fusion welded butt joints in steel pipes (first revision)’

		Committee requested member secretary to provide ISO standards to Dr. Arumugam. 

ISO 17636-1: 2022- Non-destructive testing of welds- Radiographic testing- Part 1: X-ray and gamma-ray techniques with film.



ISO 17636-2: 2022- Non-destructive testing of welds- Radiographic testing- Part 1: X-ray and gamma-ray techniques with digital detectors.



Committee also requested MS to co-ordinate a meeting for panel 5 to discuss all the work allocated to panel 5 within 1 month.

.

		Mr. Arumugam informed that the publication year of standard is very old and this may be revised. Mr. Deepesh informed that the IS and ISO standards are different. We can’t directly adopt ISO Standards. There are some technical changes in the Indian standards. He further informed that he will review and  submit the draft after incorporating the changes. 

		Panel requested member secretary to provide draft document to Mr. Deepesh for necessary modification. 



The outcome of review shall be discussed in the next panel meeting to be held in next 15 days.



		6

		Review of IS 1182: 1983

		Recommended - Practice for radiographic examination of fusion welded butt joints in steel plates Second Revision

		-do-

		-do-



		 7

		Review of IS 2478 : 1991



		Glossary of terms relating to industrial radiology (Second Revision)

		Committee after deliberation requested Dr. Arumugam to conduct a panel meeting within 1 month and discuss the work allocated. MS will coordinate.



		Mr.Arumugam informed that the standard is very old and needs to be revised to be in line with the current practices. 



There is an ISO Standard, ISO 5576: 1997 for Industrial X-ray and gamma ray radiology – vocabulary.



Panel requested Mr. Deepesh to review the standard.

		The outcome of review shall be discussed in the next panel meeting to be held in next 15 days.



		8

		Review of IS 7810 : 1999



		Code of practice for radiographic examination of resistance spot welds on aluminium and its alloys (First Revision)

		Committee after deliberation requested Panel 5 members to conduct a meeting within 1 month to discuss the work allocated and submit report.

MS will coordinate.

		Mr.Arumugam informed that the standard is very old and needs to be revised to be in line with the current practices. There is no ISO Standard on the subject.  Panel will review the Standard.

		The inputs received from all the three members shall be discussed in  the next panel meeting to be held in next 15 days.



		9

		Review of  IS 12860 : 1989



		Metallic coating thickness by X-ray fluorescence technique method - Determination



		Committee after deliberation requested Dr. Arumugam to conduct a panel meeting within 1 month to discuss the work allocated and submit report. MS will coordinate.



		Mr.Arumugam informed that the standard is very old and needs to be revised to be in line with the current practices.

It was informed that there is an ISO Standard, ISO 3497: 2000. 

Panel will review the Indian and ISO Standard. 

		The inputs received from all the three members shall be discussed in the next panel meeting to be held in next 15 days.



		10

		Review of  IS 14669 : 1999



		Thermal neutron radiography - Recommended practices

		Committee after deliberation requested Panel 5 members to conduct a meeting within 1 month to discuss the work allocated and submit report.

MS will coordinate.

		It was informed that there is an ISO standard, ISO 12721: 2000 for NDT- Thermal neutron radiographic testing.



Dr. Menaka will review the Indian standard and corresponding ISO Standard.

		The inputs received from Dr. Menaka  shall be discussed in the next panel meeting to be held in next 15 days.



		11

		Review of  IS 2953 :1985



		Glossary of terms used for interpretation of welds and castings radiographs First Revision

		Committee after deliberation requested Dr. Arumugam to conduct a panel meeting within 1 month to discuss the work allocated and submit report. MS will coordinate.



		It was informed that there is no ISO standard on the subject.  Mr. Arumugam informed that he and Mr. Deepesh will review the standard.

		The inputs received from Mr. Arumugam and Mr. Deepesh  shall be discussed in the next panel meeting to be held in next 15 days.









Item 2 ANY OTHER BUSINESS

2.1 Panel decided to meet after 15 days i.e. in the 2nd week of March 2024.

2.2 The meeting ended with a hearty vote of thanks.
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BUREAU OF INDIAN STANDARDS


Indian Standards


CODE OF PRACTICE FOR RADIOMETRY TECHNIQUES





FOREWORD


(Formal clauses will be added  later )





1	Introduction





1.1	Proper shield design, its fabrication and installation play an important role in controlling radiation exposures to operating staff. The shields come in a variety of forms, shapes and sizes.  It is a known fact that it is imperative to carry out testing of the shielded vessels by NDT. Many methods are available for inspecting the shield for its shielding integrity. These include i) ultrasonic ii) radiography and iii) conventional radiometry. Differences in ultrasonic velocities or changes in transmitted radiation levels (with X-rays and gamma sources) are made use of for evaluation of loss in shield thickness.  All the three methods cited above have certain limitations. The major limitation in the case of ultrasonics is that the air gap, due to the poor bonding between the steel shell structure and the shield material, results in impedance mismatch and hence wrong estimation of the thickness. Secondly even if one assumes that the bonding would be good, the ultrasonic testing will fail to indicate the true picture if there is more than one flaw (void) in a line of sight, i.e., the method has poor spatial resolution and very less sensitivity.  Radiography using gamma emitting source involves the use of high source strength and hence suffers from reduced signal to noise ratio due to the interference from scattered radiation resulting in poor sensitivity. Radiography technique, however, is restricted to smaller thickness (max: 75 mm for steel itself). Added to this, on-line analysis is not possible. Gammatography, a higher sensitive and reliable NDT method, avoids larger exposures while testing.





1.2	In the conventional radiometry method, a high energy gamma source of higher strength is placed at the centre of the vessel and the external wall is scanned by dose rate measuring survey instruments.  These radiation survey instruments have limited accuracy at low dose rate levels, which necessitates the use of a source having very high strength.  The surface dose rates need to be of the order of 40 to 50 Gy/h to successfully use such devices.  At lower dose rates, the uncertainty in the detector reading coupled with the interfering background (ground scattering, air-shine etc.) masks the small variation in lead or any other shield thickness.  For a 4% deviation in a lead thickness of about 20 cm, the variation in the dose rate is 50 to 60% when Co 60 source is being used.  This is difficult to achieve with the dose rate measuring survey instruments, which use detectors such as Geiger Muller (GM) counter or ionisation chamber.  However, in actual conditions where these vessels are designed to carry radioactive material of 0.37 to 37 PBq, a 4% tolerance when missed under such scanning would result in hot spots of 3 to 4 mGy/h. A specification of 2% tolerance is impossible to detect by this method unless the activity of the source is very much increased.  The source handling problems get aggravated further when the vessel has large thickness but short height (comparable to its outer diameter). These difficulties have been successfully overcome by the gammatography method.





1.3	In gammatography, instead of recording the transmitted dose rate as in the conventional radiometry method, the transmitted virgin gamma ray flux is measured.  For shield structures of high density materials, 60Co source is loaded at the centre of the vessel and the outer surface of the shield vessel is scanned using a 50 mm x 50 mm thallium activated sodium iodide [NaI(Tl)] detector and a Single Channel Analyzer (SCA) based Gamma Ray Spectrometer (GRS) with a window set for the photo peak region of the source energy.  An area of 2500 mm2 (equivalent to the diameter of the detector used) is scanned for 10 seconds each time.  The strength of the source is selected such that when the source is loaded at the centre of the vessel, the external dose rate at the outer surface of the vessel wall will be around 0.5 Gy/h. This method has been termed as “Gammatography” denoting the evaluation of the topography of the vessel for its shielding integrity by gamma scanning.  Laboratory tests confirm the feasibility of adopting the method for even 1% tolerance.





1.4	The fact that the dose rate would be only around 0.5 Gy/h at the external surface of the wall illustrates that the source strength needed is 50 to 100 times lesser than that used in conventional radiometry method.  This results in mitigating problems during source handling and subsequent vessel testing and consequently enormous reduction in external exposures, to comply with ALARA (As Low As Reasonably Achievable) practice, one of the basic principles of radiation protection.  Since the counting is done under 60Co channel, the background is negligible; thus the sensitivity of the measurement is excellent for estimating small deviations from specified tolerances.  There is no interference from scattered radiation and hence the method is capable of evaluating the small deviation with high resolution, which is impossible to obtain in the dose rate measuring techniques viz., conventional radiometry.  Since air-shine contribution is totally eliminated, vessels of very short height with large outer diameter and thickness can be successfully tested.  The source to detector geometry is well defined and scanning time for each grid is uniformly fixed at 10 seconds and hence the repeatability of measurement is 100% guaranteed.  





2	TYPE OF DEFECTS


	


2.1	Lead Poured Vessels





Due to its relatively large contraction, lead solidifies to a smaller volume, which results in cavity.Blowholes and voids are formed by entrapped air.


Poor bonding with steel, leads to loss of shielding.





Internal structural details (example: stiffener rods) may impair smooth flow of lead.Formation of slag especially at the top portion of the vessel through which the lead is poured and hence considerable reduction in density.





2.2	Concrete Structures





Typical problems encountered in concrete structures are entrapped tiny air bubbles, reduced density due to improper mixing and curing, complicated strengthening structures like steel rods may block free flow of concrete resulting in voids.


3	ADDITIONAL APPLICATIONS





i)	In-situ testing of reactor components, which were suspected to have developed cracks. This testing can be carried out even in the presence of high ambient background radiation levels, say of the order of 30 mGy/h.


ii)		Testing of shielding structures comprising of layers of different materials. (Example: Fe + Concrete + Fe + Pb + Fe)


iii)	Testing of mockup structures to qualify a concrete or lead pouring technique. 


iv)	Liquid level measurements (example: NaK, heavy water etc.) using lower energy sources such as 241Am, can be easily carried out in a plant where the vessel in question is surrounded by various structural materials and pipings and thereby make it impossible to use other NDT techniques. 


4	TERMINOLOGY





For the purpose of this standard, the definitions given below shall apply.





4.1	Air-Shine





The scattered component of the gamma rays by air and intervening medium as seen by the detector, due to the presence of radiation source.





4.2	Background (BKG)





Those counts  that can be observed in the absence of source when the detector was kept on the vessel to be tested. These counts are attributable to environmental radioactivity in the shielding material, in the surroundings, cosmic rays, detector assembly itself; electronic noise pulses etc. 


	


4.3	Check Source





A radioactive source, not necessarily calibrated, that is used to confirm the continuing satisfactory operation of an instrument.


	


4.4	Dummy Source





Non-radioactive object, dimensionally identical to the radioactive source being used for the testing.  





4.5	Energy Calibration





The relationship between the height of the amplifier output pulse and the energy of the photons originating in the radioactive source.





4.6	Gamma Ray Spectrum





A differential distribution of the intensity of radiation as a function of energy.





4.7	Gamma Ray Spectrometer (GRS)





A system used to obtain the gamma ray spectrum. It consists of detector assembly, linear amplifier, high voltage, low voltage and a single channel analyzer with timer counter or a multi-channel analyzer.





4.8	Gammatography 





The evaluation of the topography of the vessel for its shielding integrity by gamma scanning.





4.9	Linear Amplifier 





The section of amplifier following preamplifier that contains pulse shaping networks.





4.10	Lower Level Discriminator (LLD) 





It is part of the single channel analyzer (SCA). Voltage pulses falling above the set voltage in LLD are allowed to next stage of processing.








4.11	Mock-Up 





Testing structure made of same type material with dimensions either comparable to the actual one or scaled down to smaller one. Such structures are generally used to evaluate lead or concrete pouring procedures before applying them to actual ones.





4.12	Photopeak or Full Energy Peak





The peak in a pulse height spectrum that corresponds to total absorption of a gamma ray in the detector used.





4.13	Preamplifier





The input section of an amplifier chain, usually located as close to the detector as possible.





4.14	Precision





The degree of agreement of repeated measurements of the same property, expressed quantitatively as the standard deviation computed from the results of a series of measurements.





4.15	Sensitivity





The net number of counts registered by the detector system per unit time in the selected region of interest (ROI) divided by exposure rate in nGy/h.





4.16	Single Channel Analyzer (SCA)





SCA qualifies a voltage pulse for counting based on the lower level and/or upper level discriminator settings.





4.17	Source Strength





The gamma ray intensity from any given gamma ray source.





4.18	Standard Source





A standard radioactive source whose activity is certified by the supplier. In India, such standard sources are supplied by Board of Radiation and Isotope Technology (BRIT), Dept. of Atomic Energy, Govt. of India, Mumbai.  The activity of the standard source will be around 37 kBq. The standard sources are used for calibrating the systems and estimating the counting efficiency of the system. 





4.19	Survey Instruments





The radiation monitoring instruments used to measure the radiation exposure level in a place.





4.20	Tolerance





The acceptable deviation of percentage reduction in thickness from the designed value, normally specified  by the designer. 





% thickness reduction: 











4.21	Upper Level Discriminator (ULD)





It is part of the SCA. When the “window” mode is selected in SCA, the ULD acts as voltage window i.e., LLD+V. When normal mode is selected, it acts as upper limit to qualify the pulse counting. When used in integral” mode, the ULD is cut off from the circuit.  





4.22	Virgin Gamma





The uncolloided gamma rays traversed through shielding material(s) without any interaction.





The other terminologies used here are as per definitions given in AERB Safety 


Code in Industrial Radiography AERB/SC/IR-1,2001 





5	PRINCIPLE OF THE TESTING





5.1	The transmitted intensity of virgin gamma ray flux through any material changes with the thickness. Presence of voids and hence reduction in net thickness of the shield material increases the transmitted gamma ray flux. The increase in the transmitted gamma ray flux can also be observed when the density of the given material is lesser than the specified one. This principle is utilized in the gammatography technique. The schematic of the same is shown Fig. 1. The transmitted virgin gamma ray flux is measured in terms of counts for a preset time of       10 seconds using a gamma ray spectrometer (GRS) of linear amplifier Gammaray Spectrometer (GRS)


t





Gamma rays


Shield


NaI (Tl) Detector


I0


It = I0e-t


Fig. 1  Schematic of  Gammatography Technique








(LA), SCA, timer and counter. Counting the virgin gamma ray flux between two selected energies using SCA makes this technique a more refined one than the conventional radiometry method i.e., avoiding completely the scattered gamma component, which results in better sensitivity and accuracy. 


5.2	Also, the energy selection makes this technique, narrow beam geometry equivalent. Hence, gamma ray attenuation equation can directly be applied in evaluation of the thickness using the formula: 








                                                    [1]











where


t	thickness of the material in cm 


I0	intensity of the gamma ray flux 


µ	linear attenuation coefficient (cm-1) of the material for that gamma ray energy and


It	transmitted virgin gamma ray flux through the shield thickness ‘t’


Based on the dimensions of the vessel or structure to be tested, the source strength and the detector to source distance (d in m) are arrived at. The dose rate at the detector location corresponding to I0 is calculated and converted into counts (C0) using the sensitivity factor viz., counts for 10 seconds/unit dose rate. 





                [2]


where


X	Exposure unit.


X = 1 Coulomb/kg = 34 Gy 


· Specific gamma ray constant. 


It gives exposure rate from a point source of unit activity (1 MBq) at unit distance (1m). 


For sources emitting gamma rays with energy between 60 keV and 2 MeV, specific gamma ray constant is given by: 





                            [3]


where


Ei	gamma ray energy in MeV


fi	fraction of transformations that result in a gamma ray of energy under consideration	


The specific gamma ray constants of some commonly used sources are given in Table 2. 


Then the expected count rate C1 for the actual thickness t1 is calculated. 





                                           [4]	


C1 is compared with observed count rate C2. If the thickness and density of the shield material are as per the designed ones, both the values should be the same. If any void is present, that will lead to a reduction in thickness t2 and hence increase in observed count rate C2. 





                                           [5]


	The difference in thickness (t1-t2) can be calculated using the formula:





                                  [6]


6	EQUIPMENT





6.1	Probe





NaI(Tl) detector of size 50 mm thickness with 50 mm diameter coupled with a suitable photomultiplier and a preamplifier. These three together are called as scintillation head. The diameter of the detector can be varied according to the area of the grid, used for testing the vessel. Use of smaller diameter crystals is also acceptable.  





6.2	Counting Instrument





Gamma Ray Spectrometer consisting of linear amplifier, single channel analyzer, counter and timer (Fig. 2). The GRS, particularly the linear amplifier, should have good stability under field conditions. A voltage stabilizer shall be used.





Linear amplifier


Single channel analyser


Timer


Counter


LV


HV


NaI (Tl)


PMT


PA


NaI (Tl)	: Sodium Iodide Detector


PMT	: Photomultiplier Tube


PA	: Preamplifier


Fig. 2  Gamma Ray Spectrometer 








6.3	Monitoring Instruments


Radiation survey meter (from 0.1 Gy/h to 0.2 Gy/h) and/or teletector (upto 10 Gy/h) for area monitoring, thermoluminescence dosimeter (TLD) and direct reading dosimeter (DRD) for personnel monitoring. 


6.4 	Other Accessories 


Tong of one metre or two metre length for source handling operations.





7	PRE-EXAMINGATION REQUIREMENTS





7.1	Design and fabrication drawings with dimensional details of the vessel and a personal inspection of the vessel are must for proper planning of the testing. The design should give the exact thickness of the shielding material, inner and outer steel layers and stiffener rods. The drawing should clearly indicate the location of the stiffener rods to enable exact interpretation of the results. 


7.2	Source Strength


The strength of the source is chosen such that it should give a dose rate in the range of 400 - 1000 nGy/h at the outer surface of the vessel i.e., detector location. This depends on the thickness of the shield materials, source to detector distance and the radioactive source. It is preferable to have the lower level of the doserate range mentioned. The source to detector distance and the thickness of the vessel should be taken into account while arriving at the required strength. The lead poured vessel usually has inner and outer steel layers. The attenuation by these layers should also be included while arriving at the source strength. These layers of mild or stainless steel are generally assumed to be defect free.





7.3	Grid Marking on The Vessel





A grid size of 50 mm x 50 mm (corresponding to the diameter of the detector employed) should be marked on the outer surface of the vessel (Fig. 3). The markings should be preserved atleast till the completion of the testing. The grids should be identified by “rows” and “columns”.J
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 Fig. 3  Grid Marking on a Typical Shield Vessel








Depending on the size and shape of the vessel structure, one needs to keep the source 





in flush with one of the surfaces at times. In such cases the grid marking has to be done on both the surfaces and the grids should have one to one correspondence. This will help in aligning the source and the detector. 





8	CALIBRATION OF GAMMA RAY SPECTROMETER





Put “ON” the instrument (GRS), apply specified high voltage for photomultiplier tube (PMT) and allow about 30 minutes for the GRS to get stabilized.Using the ‘window’ mode of SCA, calibrate the GRS with different standard sources viz., 133Ba, 137Cs, 54Mn and 60Co. Ensure that 662 keV photo peak due to 137Cs is observed at a pulse height of 3.31 volts i.e., 200 keV per volt. Note down the HV and linear amplifier settings (attenuator position, input polarity, coarse gain, fine gain and the time constant) and these settings should remain the same throughout the testing. Though the typical total gain of the linear amplifier is 800, the gain of the linear amplifier should be kept as minimum as possible, say around 20. Smaller the gain of the linear amplifier, greater would be the stability of the system. The time constant for NaI(Tl) crystal is kept as 1s. The input polarity of the linear amplifier is selected depending on the polarity of the preamplifier output pulse. After calibrating the GRS, acquire gamma spectrum under ‘window’ mode of SCA using 60Co standard source. Plot the counts against the pulse height. From the plot and/or the counts, fix the lower level discriminator (LLD) and upper level discriminator (ULD) of the SCA to cover both the photo peaks of 1173 





keV and 1332 keV gammas emitted by 60Co (1060 keV to 1440 keV) [Fig. 4].  This is called as the 60Co region of interest (ROI).


Fig. 5  Counts Vs Dose Rate Linearity Plot


[image: ]


Dose rate (nGy/h)





Set LLD and ULD as described above with the help of count spectrum. Select ‘normal’ mode in SCA. Keep a standard source of 60Co on the detector face and record the counts in the 60Co ROI for 10 seconds. This count information should be used for checking the stability of the GRS during the course of actual testing. Record the background counts (BKG) by holding the detector at a minimum of three different [image: ]


Fig. 4   60Co Gamma Spectrum Using SCA Based GRS














locations over the outer surface of the vessel to be tested. The average of these readings shall be used as the background counts while arriving at the net counts later. 














9	SENSITIVITY FACTOR





This is to find the response of the detector (in terms of count rate) to the gamma ray intensity (dose rate). A standard source of known activity and accuracy, is kept at different distances so as to produce varying dose rates and the corresponding counts per 10 seconds in the 60Co ROI are noted. The calculated dose rate either for different source to detector distances or for varying shield thicknesses and the corresponding measured count rates (counts for 10 seconds) is plotted (Fig. 5). The slope of the curve gives counts for 10s/(nGy/h), which is called as sensitivity factor for the system. The typical sensitivity factor obtained for a 50 mm dia x 44 mm thick NaI(Tl) crystal is 1 count for 10 seconds per nGy/h.





10	PLACEMENT OF SOURCE





The source has to be placed at the center along its axis for cylindrical vessels (Fig. 6a) symmetric to its vertical or horizontal axis, as the case may be, inside the guide tube of suitable diameter. The guide tube arrangement will ensure that the source is always along the center line of the axis and can be positioned at any desired location. Detector and source should be aligned each 





time. After alignment of the source and the detector, it should not get disturbed during measurement time duration of 10 seconds. For flat shield 


Fig. 6 Detector Positioning And The Source Guide arrangement 
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structures, the source should be placed exactly at the center of each grid in flush with the surface of the vessel (Fig. 6b).  Fig. 7 shows a typical guide tube arrangement for source positioning and the alignment of the detector for a cylindrical vessel. It may be noted that the flanges provided at the top and bottom of the guide tube ensure that the source is always along the axis of the vessel. Detector


Source


Thread


Guide tube


Support flange


Fig. 7  A Typical Guide Tube Arrangement 


Vessel under testing





11	RADIATION PROTECTION





The thread or wire tied to the source should be rugged enough to withstand the weight of the source pencil/assembly. An adequate lead shielding shall additionally be provided to the source while carrying out the testing of top surface of the shield vessels.  This will reduce the possible external exposure received by the operating personnel. A mock-up run with a dummy source pencil is always advisable if one plans to use a radioactive source of relatively high activity (maximum of 370 GBq of 60Co is used for 30 cm thick lead vessels).After placing the source inside the structure to be tested, a general radiation survey around the outside of the structure would help in locating any major streaming locations. Also, this would be useful in knowing the contribution due to air-shine and/or ground scattering to the operating personnel and planning the testing. If sources of higher strength (order of GBq) are handled, wearing of direct reading dosimeter (DRD) with or without an alarm annunciating feature, besides the mandatory use of thermoluminescence dosimeter (TLD) / film badge, is necessary. Also, cordoning around the testing area should be done, if warranted.





12	EXAMINATION METHOD AND MEASUREMENT PROCEDURE





Set the counting time as 10 seconds. Record background counts at different locations over the vessel surface.Keep the source on center of each grid and align the detector on the outer side of the vessel. The alignment of the source and the detector should be confirmed by doing proper measurement and by taking counts in adjacent grid locations around the concerned grid without changing the source position. Take three measurements for each grid. The average value is taken for calculation. Carefully assign the counts to right grid numbers.If any grids could not be tested due to obstruction or approach problem, they should be marked clearly and the details of the same brought out in the report. Periodic checking of the system’s gain stability of the LA with ‘check’ source is a must. Checking can be carried out after completing all the grids in a row or a column. Keep the ‘check’ source and see whether the counts recorded in 60Co ROI are equal to the counts obtained already. If not, the system has to be recalibrated. During the testing, if one gets erratic reading (either too low or very high), then also the system has to be checked immediately. Normally, the increase in count rate would be due to the flaw in the shield material.While testing a grid, among the three readings if any one of the readings shows significantly a different one i.e., outside the 2 values, then also the system’s gain stability has to be confirmed. Exact positioning of the source and the detector i.e., repeatability is very important one. At the end of the testing, this has to be verified by locating the source on a few randomly selected grids and recording the counts. Compare it with that of the observed one earlier. The difference should be well within the statistical fluctuations.  





13	FIELD PROBLEMS





Ensure proper locking of amplifier, signal, high voltage and low voltage connectors. Due to frequent moving of the detector while carrying out the testing, the cables might become loose quite often. Such condition normally results in either ‘nil’ counts or reduced counts. The abnormal discontinuity in the rate of change of counts is an indication of such problem. While testing structures of larger diameter or height, the person holding the detector and the person noting the counts may at times be out of sight. A proper communication and coordination has to be planned between these two before the commencement of testing the vessel.  This is to ensure that the counter is made ‘ON’ only after positioning the detector at a particular grid location.


Preferably, the power to GRS should be drawn from a power point, which is not connected to any heavy current drawing equipment like welding machines etc. Usage of voltage stabilizer is mandatory.





14	EVALUTATION





Find out the average counts for each grid. Then the net counts is arrived as follows:


Net counts (C2) = Average counts – BKG counts





Let C1 be the expected counts for the actual or the designed thickness t1 and µ the linear attenuation coefficient of the material for the specific gamma ray energy. The percentage reduction in thickness of shield material is calculated as:





      [7]


15	INTERPRETATION OF DATA 





A “positive” value indicates less thickness than the expected or designed thickness. This reduction can be due to the presence of any type of defects. In lead poured vessels, the reduction could be due to any one or combination of various defects viz., cavity, blow holes, voids, presence of slag material and poor bonding between the outer steel structure and the shield material. Before attributing the “positive” values to defects, one should carefully go through the design drawing and look for presence of any interfering supporting steel rods (stiffener rods) etc. These stiffener rods are provided to improve the structural stability of the vessel.  At times, pipes, ducts etc., would be incorporated inside the shield for operational requirements.  These would also impair the free flow of the shield material causing the defects and / or poor bonding.  Generally, the lead poured vessels do have this type of stiffener rods at different places. A “negative” value indicates increased shield thickness. This cannot be completely ruled out. Bulging of the either inner or outer wall of the vessel could take place due to heating of the vessel especially during lead pouring and the lead material occupying the bulged area and thus increasing the lead thickness. This will normally happen to the inner side of the wall and especially to the vessels made of stainless steel. 





In concrete structures, the reduction in concrete density also leads to positive values besides voids in the form of air bubbles, cracks and absence of concrete due to non-uniform flow.  Also, the formation of defects due to non-uniform flow of concrete or poor bonding due to internal structures as outlined in the above paragraphs are applicable to concrete poured structures too.  





16	REPORT 





a)	The report should have the following details;


b)	Name of the vessel tested and the schematic of the vessel ;


c)	Date of testing;


d)	Name of the persons who carried out the testing;


e)	Details like source used, its strength on the date of testing and 	the detector system used;


f)	Tolerance limit specified by designers;


g)	Presentation of data in suitable format; and


h)	Results of the testing





17	DATA PRESENTATION 





Test report is presented based on the requirement by the designers. The requirement may be on the basis of tolerance levels, importance given to the portion of the vessel from the radiation point of view, handling of the vessel during operations etc.  The data presentation can be either in the form of table (Table 1) or in the form of graphs (Fig. 8 & 9) or represented by colour coding or grey scale (Fig. 10).  The number of grids falling under various percentage reduction groups can be presented as table. This type of simple presentation helps in locating the grids and the percentage of total area with defects exceeding the specified tolerance limits. 





			Table 1 Presentation of Percentage Reduction Data As Table





			Percentage reduction in shield thickness


			No. of grids


			Percentage area of the vessel 


			Grid numbers





			< 0


			4


			6


			A5, B5, M3 and R2





			0 - 4


			34


			57


			





			4 – 10


			13


			22


			





			10 – 15


			2


			3


			





			Could not be tested


			7


			12


			














17.1   Profile of counts or percentage reduction in shield material along a row of grids of the vessel are given in Fig. 8.


Column


ROW 1


Fig. 8  Plot of % Thickness Reduction Against Grids In a Single Row 





This type of presentation clearly brings out the grids with either reduced or increased thickness in a row as well as the magnitude of the flaw. The line with legend “Normal” indicates the designed thickness. The 4% tolerance line corresponding to the acceptable level of percentage tolerance to the designers, is also shown in the figure. This tolerance can be varying based on the design needs. This tolerance line clearly indicates the grids which have more than the acceptable level of reduction in shield thickness. One of the reasons for the above pattern may be attributed to ovality that can happen in typical cylindrical vessel while fabricating and hence the negative values in one half of the vessel.





17.3.1 All the rows can be similarly represented. When one sees a combined figure of a few rows (Fig. 9), it will give a vivid picture on the extent of the defect around a location and/or the presence of stiffener rods etc.Column


% thickness reduction





Fig. 9  Profile of counts or percentage reduction - row wise





 






17.4 Mapping of percentage reduction in each grid in grey scale or by colour coding (Fig. 10). This clearly indicates the defective locations, extent of defect and its magnitude. Marking of interfering structures and grids which could not be tested can be easily done. 





 
Fig. 10  Mapping of percentage reduction in grey scale


[image: ]


Could not be tested





18	USEFUL DATA 








			Table 2  Specific Gamma Ray Constant () for Commonly Used Sources


_________________________________________________________





			Source


			Half-life


			Gamma Energy (MeV)


			





			


			


			


			





			








			60Co


			5.26 y


			1.173, 1.332


			9.19e-9


			1.32





			137Cs


			30 y


			0.662


			2.30e-9


			0.33











_____________________________________________________________________


			





Table 3  Linear Attenuation Coefficients for 60Co Gamma Rays


____________________________________________________________





			Material


			Density (g/cm3)


			 (cm-1)





			Air


			0.001293


			0.00007





			Water


			1


			0.0630





			Concrete


			2.63


			0.6453





			Iron


			7.46


			0.4163





			Lead


			11.34


			0.1588








_____________________________________________________________________





			Table 4  Conversion table (old units to SI units)


_____________________________________________________





			Activity


			Dose rate





			Old unit


			SI unit


			Old unit


			SI unit





			1 Ci


			37 GBq


			100 R/h


			1 Gy/h





			1 mCi


			37 MBq


			1 R/h


			10 mGy/h





			1 Ci


			37 kBq


			1 mR/h


			10 Gy/h 





			1 nCi


			37 Bq


			 1 R/h


			 10 nGy/h





			1 pCi


			37 mBq


			


			








__________________________________________________________



19	CAUTION





19.1 In an unsymmetrical vessel, the detector to source distance might vary for some grids. Such variations should be taken into account while calculating the expected counts for those grids. 





19.2 While testing smaller height vessels, air-shine problem from the point of view of radiation protection to operating personnel has to be tackled.





19.3 Interference from 40K content if the shield material is made of glass (example: Pb glass). 40K emits 1460 keV gamma rays and their contribution in the 60Co ROI is significant and hence the caution.





19.4 Possible misinterpretation of backscatter peak or the Compton edge as photopeak while doing calibration.


20	QUALITY CONTROL FOR SYSTEM PERFORMANCE/SENSITIVITY





It is desirable to evaluate the system calibration and estimate the sensitivity of the system before the actual testing. To check the performance of the system and interpretation skills of the operating persons, a test structure of different sizes and shapes with artificially incorporated defects can be used. The test structures with different types of shielding materials are recommended.





21	PERSONNEL REQUIREMENTS





21.1 Experience in handling radioactive sources and knowledge about radiation protection.





21.2 Operation of GRS. 





21.3 Should know the parameters that would affect the calibration, which leads to change in 60Co ROI counts.





21.4 Technical skill in correlating the counts to the defects in the tested vessels.





21.5 Technical qualification for testing personnel: Minimum B.Sc in Physics or Chemistry with five years of experience in handling of gamma ray spectrometer and sources.





22	REFERENCES


Efficient scanning of thick lead vessels
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22.1	Improved Gammatography NDT using Spectrometric Methods 


V.M. Raghunath and V. Meenakshisundaram


Third International Symposium On Radiation Physics, Ferrara, Italy, 1985.


Twenty years of experience in applying gamma spectrometry for NDT


V. Meenakshisundaram and V.M. Raghunath


14th World conference on NDT, New Delhi, Dec 8-13, 1996.


Safety Guide on Radiological Safety in Enclosed Radiography Installations


AERB/SG/IN-1; 1986.


Safety Guide on Radiological Safety in Open Field Industrial Radiography 


AERB/SG/IN-2; 1986.


Calibration and usage of thallium activated sodium iodide detector systems for assay of radionuclides


ANSI N42.12-1994. 


IEEE standard test procedures for amplifiers and preamplifiers used with detectors of ionizing radiation


IEEE Std 301 – 1988 (Reaff 1993).


IEEE standard test procedures for photomultipliers for scintillation counting and glossary for scintillation counting field
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 BUREAU OF INDIAN STANDARDS

(METALLURGICAL ENGINEERING DEPARTMENT)



		           MTD 21- Panel 5 (Radiographic Testing) meeting



		

Meeting Date &Time

		

19th February 2024, Monday, 4:00 PM



		No. of Meeting

		1st meeting of Panel 5



		Venue

		Virtual mode





									Co-ordinator: Shri Kunal Kumar

MembersPresent:



		Sl No.

		Name of Member

		Name of Organization

		Mode of Joining

		E-mail



		1. 

		Shri M.Arumugam, Convener

		Department of Space, Bengaluru

		Virtually

		m_arumugam@lpsc.gov.in

arumugamm@rocketmail.com



		2. 

		Shri  Deepesh V

		Bharat Heavy Electrical Limited, Trichy

		Virtually

		deepeshvimalan@gmail.c



		3. 

		Dr. Menaka M

		IGCAR

		Virtually

		menaka@igcar.gov.in









Item 1 – Action taken report on work allocated during 30th meeting of MTD 21 Technical committee

		Sl No.

		IS No.

		IS Title

		Decision taken by the Committee in last Meeting

		Action taken on decision of the committee

		Decision of the panel



		1

		IS 16241 : 2018

		Real-time radioscopic examination of weldments

		Committee decided to conduct a Panel meeting within 1 month co-ordinated by MS.

		Dr. Menaka informed that  Shri Arumugam has made some corrections in figure 1. Shri Arumugam informed that he will submit the corrected document.

		Panel decided to circulate the corrected document among committee members for comment.



		2

		IS 17069 (Part 1) : 2019

ISO 14096-1:2005

		Non - Destructive testing - Qualification of radiographic film digitization systems: Part 1 definitions, quantitative measurements of image quality parameters, standard reference film and qualitative control

		Committee decided to conduct a Panel meeting within 1 month co-ordinated by MS

		Dr. Menaka informed that there are no technical changes in the standard but there is change in format. Printed format is same as in ISO document. Format should be in line with the Indian standard.

		Panel decided to print the document in Indian standard format.



		3

		IS 17069 (Part 2): 2019

ISO 14096-2 : 2005

		Non - Destructive testing - Qualification of radiographic film digitization systems: Part 2 minimum requirements

		Committee decided to conduct a Panel meeting within 1 month co-ordinated by MS

		-do-

		-do-



		4

		MTD 21 (5046)



		Formulation of new standard on      Code of practice for  radiometric techniques



APPENDIX 5

		Committee requested Member Secretary, Mr. Aumugam and Dr. Menaka to discuss on the subject.

		Panel discussed on the current status of the project and informed that an email should be written to the committee manager of ISO/TC 135/ SC5 to schedule a meeting with the experts and Dr. Menaka as convener, keeping in mind the convenience of time to discuss on the preliminary draft submitted by BIS.

		Panel discussed on the current status of the project and informed that an email should be written to the committee manager of ISO/TC 135/ SC5 to schedule a meeting with the experts and Dr. Menaka as convener, keeping in mind the convenience of time to discuss on the preliminary draft submitted by BIS.



		5

		Revision of IS 4853:1982 



		`Recommended practice for radiographic inspection of fusion welded butt joints in steel pipes (first revision)’

		Committee requested member secretary to provide ISO standards to Dr. Arumugam. 

ISO 17636-1: 2022- Non-destructive testing of welds- Radiographic testing- Part 1: X-ray and gamma-ray techniques with film.



ISO 17636-2: 2022- Non-destructive testing of welds- Radiographic testing- Part 1: X-ray and gamma-ray techniques with digital detectors.



Committee also requested MS to co-ordinate a meeting for panel 5 to discuss all the work allocated to panel 5 within 1 month.

.

		Mr. Arumugam informed that the publication year of standard is very old and this may be revised. Mr. Deepesh informed that the IS and ISO standards are different. We can’t directly adopt ISO Standards. There are some technical changes in the Indian standards. He further informed that he will review and  submit the draft after incorporating the changes. 

		Panel requested member secretary to provide draft document to Mr. Deepesh for necessary modification. 



The outcome of review shall be discussed in the next panel meeting to be held in next 15 days.



		6

		Review of IS 1182: 1983

		Recommended - Practice for radiographic examination of fusion welded butt joints in steel plates Second Revision

		-do-

		-do-



		 7

		Review of IS 2478 : 1991



		Glossary of terms relating to industrial radiology (Second Revision)

		Committee after deliberation requested Dr. Arumugam to conduct a panel meeting within 1 month and discuss the work allocated. MS will coordinate.



		Mr.Arumugam informed that the standard is very old and needs to be revised to be in line with the current practices. 



There is an ISO Standard, ISO 5576: 1997 for Industrial X-ray and gamma ray radiology – vocabulary.



Panel requested Mr. Deepesh to review the standard.

		The outcome of review shall be discussed in the next panel meeting to be held in next 15 days.



		8

		Review of IS 7810 : 1999



		Code of practice for radiographic examination of resistance spot welds on aluminium and its alloys (First Revision)

		Committee after deliberation requested Panel 5 members to conduct a meeting within 1 month to discuss the work allocated and submit report.

MS will coordinate.

		Mr.Arumugam informed that the standard is very old and needs to be revised to be in line with the current practices. There is no ISO Standard on the subject.  Panel will review the Standard.

		The inputs received from all the three members shall be discussed in  the next panel meeting to be held in next 15 days.



		9

		Review of  IS 12860 : 1989



		Metallic coating thickness by X-ray fluorescence technique method - Determination



		Committee after deliberation requested Dr. Arumugam to conduct a panel meeting within 1 month to discuss the work allocated and submit report. MS will coordinate.



		Mr.Arumugam informed that the standard is very old and needs to be revised to be in line with the current practices.

It was informed that there is an ISO Standard, ISO 3497: 2000. 

Panel will review the Indian and ISO Standard. 

		The inputs received from all the three members shall be discussed in the next panel meeting to be held in next 15 days.



		10

		Review of  IS 14669 : 1999



		Thermal neutron radiography - Recommended practices

		Committee after deliberation requested Panel 5 members to conduct a meeting within 1 month to discuss the work allocated and submit report.

MS will coordinate.

		It was informed that there is an ISO standard, ISO 12721: 2000 for NDT- Thermal neutron radiographic testing.



Dr. Menaka will review the Indian standard and corresponding ISO Standard.

		The inputs received from Dr. Menaka  shall be discussed in the next panel meeting to be held in next 15 days.



		11

		Review of  IS 2953 :1985



		Glossary of terms used for interpretation of welds and castings radiographs First Revision

		Committee after deliberation requested Dr. Arumugam to conduct a panel meeting within 1 month to discuss the work allocated and submit report. MS will coordinate.



		It was informed that there is no ISO standard on the subject.  Mr. Arumugam informed that he and Mr. Deepesh will review the standard.

		The inputs received from Mr. Arumugam and Mr. Deepesh  shall be discussed in the next panel meeting to be held in next 15 days.









Item 2 ANY OTHER BUSINESS

2.1 Panel decided to meet after 15 days i.e. in the 2nd week of March 2024.

2.2 The meeting ended with a hearty vote of thanks.
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BUREAU OF INDIAN STANDARDS


Indian Standards


CODE OF PRACTICE FOR RADIOMETRY TECHNIQUES





FOREWORD


(Formal clauses will be added  later )





1	Introduction





1.1	Proper shield design, its fabrication and installation play an important role in controlling radiation exposures to operating staff. The shields come in a variety of forms, shapes and sizes.  It is a known fact that it is imperative to carry out testing of the shielded vessels by NDT. Many methods are available for inspecting the shield for its shielding integrity. These include i) ultrasonic ii) radiography and iii) conventional radiometry. Differences in ultrasonic velocities or changes in transmitted radiation levels (with X-rays and gamma sources) are made use of for evaluation of loss in shield thickness.  All the three methods cited above have certain limitations. The major limitation in the case of ultrasonics is that the air gap, due to the poor bonding between the steel shell structure and the shield material, results in impedance mismatch and hence wrong estimation of the thickness. Secondly even if one assumes that the bonding would be good, the ultrasonic testing will fail to indicate the true picture if there is more than one flaw (void) in a line of sight, i.e., the method has poor spatial resolution and very less sensitivity.  Radiography using gamma emitting source involves the use of high source strength and hence suffers from reduced signal to noise ratio due to the interference from scattered radiation resulting in poor sensitivity. Radiography technique, however, is restricted to smaller thickness (max: 75 mm for steel itself). Added to this, on-line analysis is not possible. Gammatography, a higher sensitive and reliable NDT method, avoids larger exposures while testing.





1.2	In the conventional radiometry method, a high energy gamma source of higher strength is placed at the centre of the vessel and the external wall is scanned by dose rate measuring survey instruments.  These radiation survey instruments have limited accuracy at low dose rate levels, which necessitates the use of a source having very high strength.  The surface dose rates need to be of the order of 40 to 50 Gy/h to successfully use such devices.  At lower dose rates, the uncertainty in the detector reading coupled with the interfering background (ground scattering, air-shine etc.) masks the small variation in lead or any other shield thickness.  For a 4% deviation in a lead thickness of about 20 cm, the variation in the dose rate is 50 to 60% when Co 60 source is being used.  This is difficult to achieve with the dose rate measuring survey instruments, which use detectors such as Geiger Muller (GM) counter or ionisation chamber.  However, in actual conditions where these vessels are designed to carry radioactive material of 0.37 to 37 PBq, a 4% tolerance when missed under such scanning would result in hot spots of 3 to 4 mGy/h. A specification of 2% tolerance is impossible to detect by this method unless the activity of the source is very much increased.  The source handling problems get aggravated further when the vessel has large thickness but short height (comparable to its outer diameter). These difficulties have been successfully overcome by the gammatography method.





1.3	In gammatography, instead of recording the transmitted dose rate as in the conventional radiometry method, the transmitted virgin gamma ray flux is measured.  For shield structures of high density materials, 60Co source is loaded at the centre of the vessel and the outer surface of the shield vessel is scanned using a 50 mm x 50 mm thallium activated sodium iodide [NaI(Tl)] detector and a Single Channel Analyzer (SCA) based Gamma Ray Spectrometer (GRS) with a window set for the photo peak region of the source energy.  An area of 2500 mm2 (equivalent to the diameter of the detector used) is scanned for 10 seconds each time.  The strength of the source is selected such that when the source is loaded at the centre of the vessel, the external dose rate at the outer surface of the vessel wall will be around 0.5 Gy/h. This method has been termed as “Gammatography” denoting the evaluation of the topography of the vessel for its shielding integrity by gamma scanning.  Laboratory tests confirm the feasibility of adopting the method for even 1% tolerance.





1.4	The fact that the dose rate would be only around 0.5 Gy/h at the external surface of the wall illustrates that the source strength needed is 50 to 100 times lesser than that used in conventional radiometry method.  This results in mitigating problems during source handling and subsequent vessel testing and consequently enormous reduction in external exposures, to comply with ALARA (As Low As Reasonably Achievable) practice, one of the basic principles of radiation protection.  Since the counting is done under 60Co channel, the background is negligible; thus the sensitivity of the measurement is excellent for estimating small deviations from specified tolerances.  There is no interference from scattered radiation and hence the method is capable of evaluating the small deviation with high resolution, which is impossible to obtain in the dose rate measuring techniques viz., conventional radiometry.  Since air-shine contribution is totally eliminated, vessels of very short height with large outer diameter and thickness can be successfully tested.  The source to detector geometry is well defined and scanning time for each grid is uniformly fixed at 10 seconds and hence the repeatability of measurement is 100% guaranteed.  





2	TYPE OF DEFECTS


	


2.1	Lead Poured Vessels





Due to its relatively large contraction, lead solidifies to a smaller volume, which results in cavity.Blowholes and voids are formed by entrapped air.


Poor bonding with steel, leads to loss of shielding.





Internal structural details (example: stiffener rods) may impair smooth flow of lead.Formation of slag especially at the top portion of the vessel through which the lead is poured and hence considerable reduction in density.





2.2	Concrete Structures





Typical problems encountered in concrete structures are entrapped tiny air bubbles, reduced density due to improper mixing and curing, complicated strengthening structures like steel rods may block free flow of concrete resulting in voids.


3	ADDITIONAL APPLICATIONS





i)	In-situ testing of reactor components, which were suspected to have developed cracks. This testing can be carried out even in the presence of high ambient background radiation levels, say of the order of 30 mGy/h.


ii)		Testing of shielding structures comprising of layers of different materials. (Example: Fe + Concrete + Fe + Pb + Fe)


iii)	Testing of mockup structures to qualify a concrete or lead pouring technique. 


iv)	Liquid level measurements (example: NaK, heavy water etc.) using lower energy sources such as 241Am, can be easily carried out in a plant where the vessel in question is surrounded by various structural materials and pipings and thereby make it impossible to use other NDT techniques. 


4	TERMINOLOGY





For the purpose of this standard, the definitions given below shall apply.





4.1	Air-Shine





The scattered component of the gamma rays by air and intervening medium as seen by the detector, due to the presence of radiation source.





4.2	Background (BKG)





Those counts  that can be observed in the absence of source when the detector was kept on the vessel to be tested. These counts are attributable to environmental radioactivity in the shielding material, in the surroundings, cosmic rays, detector assembly itself; electronic noise pulses etc. 


	


4.3	Check Source





A radioactive source, not necessarily calibrated, that is used to confirm the continuing satisfactory operation of an instrument.


	


4.4	Dummy Source





Non-radioactive object, dimensionally identical to the radioactive source being used for the testing.  





4.5	Energy Calibration





The relationship between the height of the amplifier output pulse and the energy of the photons originating in the radioactive source.





4.6	Gamma Ray Spectrum





A differential distribution of the intensity of radiation as a function of energy.





4.7	Gamma Ray Spectrometer (GRS)





A system used to obtain the gamma ray spectrum. It consists of detector assembly, linear amplifier, high voltage, low voltage and a single channel analyzer with timer counter or a multi-channel analyzer.





4.8	Gammatography 





The evaluation of the topography of the vessel for its shielding integrity by gamma scanning.





4.9	Linear Amplifier 





The section of amplifier following preamplifier that contains pulse shaping networks.





4.10	Lower Level Discriminator (LLD) 





It is part of the single channel analyzer (SCA). Voltage pulses falling above the set voltage in LLD are allowed to next stage of processing.








4.11	Mock-Up 





Testing structure made of same type material with dimensions either comparable to the actual one or scaled down to smaller one. Such structures are generally used to evaluate lead or concrete pouring procedures before applying them to actual ones.





4.12	Photopeak or Full Energy Peak





The peak in a pulse height spectrum that corresponds to total absorption of a gamma ray in the detector used.





4.13	Preamplifier





The input section of an amplifier chain, usually located as close to the detector as possible.





4.14	Precision





The degree of agreement of repeated measurements of the same property, expressed quantitatively as the standard deviation computed from the results of a series of measurements.





4.15	Sensitivity





The net number of counts registered by the detector system per unit time in the selected region of interest (ROI) divided by exposure rate in nGy/h.





4.16	Single Channel Analyzer (SCA)





SCA qualifies a voltage pulse for counting based on the lower level and/or upper level discriminator settings.





4.17	Source Strength





The gamma ray intensity from any given gamma ray source.





4.18	Standard Source





A standard radioactive source whose activity is certified by the supplier. In India, such standard sources are supplied by Board of Radiation and Isotope Technology (BRIT), Dept. of Atomic Energy, Govt. of India, Mumbai.  The activity of the standard source will be around 37 kBq. The standard sources are used for calibrating the systems and estimating the counting efficiency of the system. 





4.19	Survey Instruments





The radiation monitoring instruments used to measure the radiation exposure level in a place.





4.20	Tolerance





The acceptable deviation of percentage reduction in thickness from the designed value, normally specified  by the designer. 





% thickness reduction: 











4.21	Upper Level Discriminator (ULD)





It is part of the SCA. When the “window” mode is selected in SCA, the ULD acts as voltage window i.e., LLD+V. When normal mode is selected, it acts as upper limit to qualify the pulse counting. When used in integral” mode, the ULD is cut off from the circuit.  





4.22	Virgin Gamma





The uncolloided gamma rays traversed through shielding material(s) without any interaction.





The other terminologies used here are as per definitions given in AERB Safety 


Code in Industrial Radiography AERB/SC/IR-1,2001 





5	PRINCIPLE OF THE TESTING





5.1	The transmitted intensity of virgin gamma ray flux through any material changes with the thickness. Presence of voids and hence reduction in net thickness of the shield material increases the transmitted gamma ray flux. The increase in the transmitted gamma ray flux can also be observed when the density of the given material is lesser than the specified one. This principle is utilized in the gammatography technique. The schematic of the same is shown Fig. 1. The transmitted virgin gamma ray flux is measured in terms of counts for a preset time of       10 seconds using a gamma ray spectrometer (GRS) of linear amplifier Gammaray Spectrometer (GRS)


t





Gamma rays


Shield


NaI (Tl) Detector


I0


It = I0e-t


Fig. 1  Schematic of  Gammatography Technique








(LA), SCA, timer and counter. Counting the virgin gamma ray flux between two selected energies using SCA makes this technique a more refined one than the conventional radiometry method i.e., avoiding completely the scattered gamma component, which results in better sensitivity and accuracy. 


5.2	Also, the energy selection makes this technique, narrow beam geometry equivalent. Hence, gamma ray attenuation equation can directly be applied in evaluation of the thickness using the formula: 








                                                    [1]











where


t	thickness of the material in cm 


I0	intensity of the gamma ray flux 


µ	linear attenuation coefficient (cm-1) of the material for that gamma ray energy and


It	transmitted virgin gamma ray flux through the shield thickness ‘t’


Based on the dimensions of the vessel or structure to be tested, the source strength and the detector to source distance (d in m) are arrived at. The dose rate at the detector location corresponding to I0 is calculated and converted into counts (C0) using the sensitivity factor viz., counts for 10 seconds/unit dose rate. 





                [2]


where


X	Exposure unit.


X = 1 Coulomb/kg = 34 Gy 


· Specific gamma ray constant. 


It gives exposure rate from a point source of unit activity (1 MBq) at unit distance (1m). 


For sources emitting gamma rays with energy between 60 keV and 2 MeV, specific gamma ray constant is given by: 





                            [3]


where


Ei	gamma ray energy in MeV


fi	fraction of transformations that result in a gamma ray of energy under consideration	


The specific gamma ray constants of some commonly used sources are given in Table 2. 


Then the expected count rate C1 for the actual thickness t1 is calculated. 





                                           [4]	


C1 is compared with observed count rate C2. If the thickness and density of the shield material are as per the designed ones, both the values should be the same. If any void is present, that will lead to a reduction in thickness t2 and hence increase in observed count rate C2. 





                                           [5]


	The difference in thickness (t1-t2) can be calculated using the formula:





                                  [6]


6	EQUIPMENT





6.1	Probe





NaI(Tl) detector of size 50 mm thickness with 50 mm diameter coupled with a suitable photomultiplier and a preamplifier. These three together are called as scintillation head. The diameter of the detector can be varied according to the area of the grid, used for testing the vessel. Use of smaller diameter crystals is also acceptable.  





6.2	Counting Instrument





Gamma Ray Spectrometer consisting of linear amplifier, single channel analyzer, counter and timer (Fig. 2). The GRS, particularly the linear amplifier, should have good stability under field conditions. A voltage stabilizer shall be used.





Linear amplifier


Single channel analyser


Timer


Counter


LV


HV


NaI (Tl)


PMT


PA


NaI (Tl)	: Sodium Iodide Detector


PMT	: Photomultiplier Tube


PA	: Preamplifier


Fig. 2  Gamma Ray Spectrometer 








6.3	Monitoring Instruments


Radiation survey meter (from 0.1 Gy/h to 0.2 Gy/h) and/or teletector (upto 10 Gy/h) for area monitoring, thermoluminescence dosimeter (TLD) and direct reading dosimeter (DRD) for personnel monitoring. 


6.4 	Other Accessories 


Tong of one metre or two metre length for source handling operations.





7	PRE-EXAMINGATION REQUIREMENTS





7.1	Design and fabrication drawings with dimensional details of the vessel and a personal inspection of the vessel are must for proper planning of the testing. The design should give the exact thickness of the shielding material, inner and outer steel layers and stiffener rods. The drawing should clearly indicate the location of the stiffener rods to enable exact interpretation of the results. 


7.2	Source Strength


The strength of the source is chosen such that it should give a dose rate in the range of 400 - 1000 nGy/h at the outer surface of the vessel i.e., detector location. This depends on the thickness of the shield materials, source to detector distance and the radioactive source. It is preferable to have the lower level of the doserate range mentioned. The source to detector distance and the thickness of the vessel should be taken into account while arriving at the required strength. The lead poured vessel usually has inner and outer steel layers. The attenuation by these layers should also be included while arriving at the source strength. These layers of mild or stainless steel are generally assumed to be defect free.





7.3	Grid Marking on The Vessel





A grid size of 50 mm x 50 mm (corresponding to the diameter of the detector employed) should be marked on the outer surface of the vessel (Fig. 3). The markings should be preserved atleast till the completion of the testing. The grids should be identified by “rows” and “columns”.J
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 Fig. 3  Grid Marking on a Typical Shield Vessel








Depending on the size and shape of the vessel structure, one needs to keep the source 





in flush with one of the surfaces at times. In such cases the grid marking has to be done on both the surfaces and the grids should have one to one correspondence. This will help in aligning the source and the detector. 





8	CALIBRATION OF GAMMA RAY SPECTROMETER





Put “ON” the instrument (GRS), apply specified high voltage for photomultiplier tube (PMT) and allow about 30 minutes for the GRS to get stabilized.Using the ‘window’ mode of SCA, calibrate the GRS with different standard sources viz., 133Ba, 137Cs, 54Mn and 60Co. Ensure that 662 keV photo peak due to 137Cs is observed at a pulse height of 3.31 volts i.e., 200 keV per volt. Note down the HV and linear amplifier settings (attenuator position, input polarity, coarse gain, fine gain and the time constant) and these settings should remain the same throughout the testing. Though the typical total gain of the linear amplifier is 800, the gain of the linear amplifier should be kept as minimum as possible, say around 20. Smaller the gain of the linear amplifier, greater would be the stability of the system. The time constant for NaI(Tl) crystal is kept as 1s. The input polarity of the linear amplifier is selected depending on the polarity of the preamplifier output pulse. After calibrating the GRS, acquire gamma spectrum under ‘window’ mode of SCA using 60Co standard source. Plot the counts against the pulse height. From the plot and/or the counts, fix the lower level discriminator (LLD) and upper level discriminator (ULD) of the SCA to cover both the photo peaks of 1173 





keV and 1332 keV gammas emitted by 60Co (1060 keV to 1440 keV) [Fig. 4].  This is called as the 60Co region of interest (ROI).


Fig. 5  Counts Vs Dose Rate Linearity Plot
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Dose rate (nGy/h)





Set LLD and ULD as described above with the help of count spectrum. Select ‘normal’ mode in SCA. Keep a standard source of 60Co on the detector face and record the counts in the 60Co ROI for 10 seconds. This count information should be used for checking the stability of the GRS during the course of actual testing. Record the background counts (BKG) by holding the detector at a minimum of three different [image: ]


Fig. 4   60Co Gamma Spectrum Using SCA Based GRS














locations over the outer surface of the vessel to be tested. The average of these readings shall be used as the background counts while arriving at the net counts later. 














9	SENSITIVITY FACTOR





This is to find the response of the detector (in terms of count rate) to the gamma ray intensity (dose rate). A standard source of known activity and accuracy, is kept at different distances so as to produce varying dose rates and the corresponding counts per 10 seconds in the 60Co ROI are noted. The calculated dose rate either for different source to detector distances or for varying shield thicknesses and the corresponding measured count rates (counts for 10 seconds) is plotted (Fig. 5). The slope of the curve gives counts for 10s/(nGy/h), which is called as sensitivity factor for the system. The typical sensitivity factor obtained for a 50 mm dia x 44 mm thick NaI(Tl) crystal is 1 count for 10 seconds per nGy/h.





10	PLACEMENT OF SOURCE





The source has to be placed at the center along its axis for cylindrical vessels (Fig. 6a) symmetric to its vertical or horizontal axis, as the case may be, inside the guide tube of suitable diameter. The guide tube arrangement will ensure that the source is always along the center line of the axis and can be positioned at any desired location. Detector and source should be aligned each 





time. After alignment of the source and the detector, it should not get disturbed during measurement time duration of 10 seconds. For flat shield 


Fig. 6 Detector Positioning And The Source Guide arrangement 
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structures, the source should be placed exactly at the center of each grid in flush with the surface of the vessel (Fig. 6b).  Fig. 7 shows a typical guide tube arrangement for source positioning and the alignment of the detector for a cylindrical vessel. It may be noted that the flanges provided at the top and bottom of the guide tube ensure that the source is always along the axis of the vessel. Detector


Source


Thread


Guide tube


Support flange


Fig. 7  A Typical Guide Tube Arrangement 


Vessel under testing





11	RADIATION PROTECTION





The thread or wire tied to the source should be rugged enough to withstand the weight of the source pencil/assembly. An adequate lead shielding shall additionally be provided to the source while carrying out the testing of top surface of the shield vessels.  This will reduce the possible external exposure received by the operating personnel. A mock-up run with a dummy source pencil is always advisable if one plans to use a radioactive source of relatively high activity (maximum of 370 GBq of 60Co is used for 30 cm thick lead vessels).After placing the source inside the structure to be tested, a general radiation survey around the outside of the structure would help in locating any major streaming locations. Also, this would be useful in knowing the contribution due to air-shine and/or ground scattering to the operating personnel and planning the testing. If sources of higher strength (order of GBq) are handled, wearing of direct reading dosimeter (DRD) with or without an alarm annunciating feature, besides the mandatory use of thermoluminescence dosimeter (TLD) / film badge, is necessary. Also, cordoning around the testing area should be done, if warranted.





12	EXAMINATION METHOD AND MEASUREMENT PROCEDURE





Set the counting time as 10 seconds. Record background counts at different locations over the vessel surface.Keep the source on center of each grid and align the detector on the outer side of the vessel. The alignment of the source and the detector should be confirmed by doing proper measurement and by taking counts in adjacent grid locations around the concerned grid without changing the source position. Take three measurements for each grid. The average value is taken for calculation. Carefully assign the counts to right grid numbers.If any grids could not be tested due to obstruction or approach problem, they should be marked clearly and the details of the same brought out in the report. Periodic checking of the system’s gain stability of the LA with ‘check’ source is a must. Checking can be carried out after completing all the grids in a row or a column. Keep the ‘check’ source and see whether the counts recorded in 60Co ROI are equal to the counts obtained already. If not, the system has to be recalibrated. During the testing, if one gets erratic reading (either too low or very high), then also the system has to be checked immediately. Normally, the increase in count rate would be due to the flaw in the shield material.While testing a grid, among the three readings if any one of the readings shows significantly a different one i.e., outside the 2 values, then also the system’s gain stability has to be confirmed. Exact positioning of the source and the detector i.e., repeatability is very important one. At the end of the testing, this has to be verified by locating the source on a few randomly selected grids and recording the counts. Compare it with that of the observed one earlier. The difference should be well within the statistical fluctuations.  





13	FIELD PROBLEMS





Ensure proper locking of amplifier, signal, high voltage and low voltage connectors. Due to frequent moving of the detector while carrying out the testing, the cables might become loose quite often. Such condition normally results in either ‘nil’ counts or reduced counts. The abnormal discontinuity in the rate of change of counts is an indication of such problem. While testing structures of larger diameter or height, the person holding the detector and the person noting the counts may at times be out of sight. A proper communication and coordination has to be planned between these two before the commencement of testing the vessel.  This is to ensure that the counter is made ‘ON’ only after positioning the detector at a particular grid location.


Preferably, the power to GRS should be drawn from a power point, which is not connected to any heavy current drawing equipment like welding machines etc. Usage of voltage stabilizer is mandatory.





14	EVALUTATION





Find out the average counts for each grid. Then the net counts is arrived as follows:


Net counts (C2) = Average counts – BKG counts





Let C1 be the expected counts for the actual or the designed thickness t1 and µ the linear attenuation coefficient of the material for the specific gamma ray energy. The percentage reduction in thickness of shield material is calculated as:





      [7]


15	INTERPRETATION OF DATA 





A “positive” value indicates less thickness than the expected or designed thickness. This reduction can be due to the presence of any type of defects. In lead poured vessels, the reduction could be due to any one or combination of various defects viz., cavity, blow holes, voids, presence of slag material and poor bonding between the outer steel structure and the shield material. Before attributing the “positive” values to defects, one should carefully go through the design drawing and look for presence of any interfering supporting steel rods (stiffener rods) etc. These stiffener rods are provided to improve the structural stability of the vessel.  At times, pipes, ducts etc., would be incorporated inside the shield for operational requirements.  These would also impair the free flow of the shield material causing the defects and / or poor bonding.  Generally, the lead poured vessels do have this type of stiffener rods at different places. A “negative” value indicates increased shield thickness. This cannot be completely ruled out. Bulging of the either inner or outer wall of the vessel could take place due to heating of the vessel especially during lead pouring and the lead material occupying the bulged area and thus increasing the lead thickness. This will normally happen to the inner side of the wall and especially to the vessels made of stainless steel. 





In concrete structures, the reduction in concrete density also leads to positive values besides voids in the form of air bubbles, cracks and absence of concrete due to non-uniform flow.  Also, the formation of defects due to non-uniform flow of concrete or poor bonding due to internal structures as outlined in the above paragraphs are applicable to concrete poured structures too.  





16	REPORT 





a)	The report should have the following details;


b)	Name of the vessel tested and the schematic of the vessel ;


c)	Date of testing;


d)	Name of the persons who carried out the testing;


e)	Details like source used, its strength on the date of testing and 	the detector system used;


f)	Tolerance limit specified by designers;


g)	Presentation of data in suitable format; and


h)	Results of the testing





17	DATA PRESENTATION 





Test report is presented based on the requirement by the designers. The requirement may be on the basis of tolerance levels, importance given to the portion of the vessel from the radiation point of view, handling of the vessel during operations etc.  The data presentation can be either in the form of table (Table 1) or in the form of graphs (Fig. 8 & 9) or represented by colour coding or grey scale (Fig. 10).  The number of grids falling under various percentage reduction groups can be presented as table. This type of simple presentation helps in locating the grids and the percentage of total area with defects exceeding the specified tolerance limits. 





			Table 1 Presentation of Percentage Reduction Data As Table





			Percentage reduction in shield thickness


			No. of grids


			Percentage area of the vessel 


			Grid numbers





			< 0


			4


			6


			A5, B5, M3 and R2





			0 - 4


			34


			57


			





			4 – 10


			13


			22


			





			10 – 15


			2


			3


			





			Could not be tested


			7


			12


			














17.1   Profile of counts or percentage reduction in shield material along a row of grids of the vessel are given in Fig. 8.


Column


ROW 1


Fig. 8  Plot of % Thickness Reduction Against Grids In a Single Row 





This type of presentation clearly brings out the grids with either reduced or increased thickness in a row as well as the magnitude of the flaw. The line with legend “Normal” indicates the designed thickness. The 4% tolerance line corresponding to the acceptable level of percentage tolerance to the designers, is also shown in the figure. This tolerance can be varying based on the design needs. This tolerance line clearly indicates the grids which have more than the acceptable level of reduction in shield thickness. One of the reasons for the above pattern may be attributed to ovality that can happen in typical cylindrical vessel while fabricating and hence the negative values in one half of the vessel.





17.3.1 All the rows can be similarly represented. When one sees a combined figure of a few rows (Fig. 9), it will give a vivid picture on the extent of the defect around a location and/or the presence of stiffener rods etc.Column


% thickness reduction





Fig. 9  Profile of counts or percentage reduction - row wise





 






17.4 Mapping of percentage reduction in each grid in grey scale or by colour coding (Fig. 10). This clearly indicates the defective locations, extent of defect and its magnitude. Marking of interfering structures and grids which could not be tested can be easily done. 





 
Fig. 10  Mapping of percentage reduction in grey scale


[image: ]


Could not be tested





18	USEFUL DATA 








			Table 2  Specific Gamma Ray Constant () for Commonly Used Sources


_________________________________________________________





			Source


			Half-life


			Gamma Energy (MeV)


			





			


			


			


			





			








			60Co


			5.26 y


			1.173, 1.332


			9.19e-9


			1.32





			137Cs


			30 y


			0.662


			2.30e-9


			0.33











_____________________________________________________________________


			





Table 3  Linear Attenuation Coefficients for 60Co Gamma Rays


____________________________________________________________





			Material


			Density (g/cm3)


			 (cm-1)





			Air


			0.001293


			0.00007





			Water


			1


			0.0630





			Concrete


			2.63


			0.6453





			Iron


			7.46


			0.4163





			Lead


			11.34


			0.1588








_____________________________________________________________________





			Table 4  Conversion table (old units to SI units)


_____________________________________________________





			Activity


			Dose rate





			Old unit


			SI unit


			Old unit


			SI unit





			1 Ci


			37 GBq


			100 R/h


			1 Gy/h





			1 mCi


			37 MBq


			1 R/h


			10 mGy/h





			1 Ci


			37 kBq


			1 mR/h


			10 Gy/h 





			1 nCi


			37 Bq


			 1 R/h


			 10 nGy/h





			1 pCi


			37 mBq


			


			








__________________________________________________________



19	CAUTION





19.1 In an unsymmetrical vessel, the detector to source distance might vary for some grids. Such variations should be taken into account while calculating the expected counts for those grids. 





19.2 While testing smaller height vessels, air-shine problem from the point of view of radiation protection to operating personnel has to be tackled.





19.3 Interference from 40K content if the shield material is made of glass (example: Pb glass). 40K emits 1460 keV gamma rays and their contribution in the 60Co ROI is significant and hence the caution.





19.4 Possible misinterpretation of backscatter peak or the Compton edge as photopeak while doing calibration.


20	QUALITY CONTROL FOR SYSTEM PERFORMANCE/SENSITIVITY





It is desirable to evaluate the system calibration and estimate the sensitivity of the system before the actual testing. To check the performance of the system and interpretation skills of the operating persons, a test structure of different sizes and shapes with artificially incorporated defects can be used. The test structures with different types of shielding materials are recommended.





21	PERSONNEL REQUIREMENTS





21.1 Experience in handling radioactive sources and knowledge about radiation protection.





21.2 Operation of GRS. 





21.3 Should know the parameters that would affect the calibration, which leads to change in 60Co ROI counts.





21.4 Technical skill in correlating the counts to the defects in the tested vessels.





21.5 Technical qualification for testing personnel: Minimum B.Sc in Physics or Chemistry with five years of experience in handling of gamma ray spectrometer and sources.
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Indian Standard 
PROCEDURE FOR 


STRAY FLUX TESTING OF FERRO-MAGNETIC 
SEAMLESS STEEL TUBULAR PRODUCTS 


0. FOREWORD 


0.1 This Indian Standard was adopted by the Indian Standards 
Institution on 5 February 1986, after the draft finalized by the Non- 
Destructive Testing Sectional Committee had been approved by the 
Structural and Metals Division Council. 


0.2 The flux leakage method of testing ferro-magnetic tubular products 
is capable of detecting the presence and location of significant 
longitudinally oriented defects such as, scabs, slivers, gouges, rollins, laps, 
seams, cracks, holes, etc, in such tubes. Additionally, the severity of a 
discontinuity may be estimated and a rejection level set with respect to 
the magnitude of the electromagnetic indication produced by the 
discontinuity. 


0.3 The response from natural discontinuities can be significantly different 
from the response from artificial discontinuities, such as drilled holes or 
notches of equivalent depth. It is, therefore, necessary to establish the 
conditions for detection and marking of natural discontinuities whose 
characteristics will adversely affect the serviceability of the tube before 
applying this test method. 


0.4 In the preparation of this standard assistance has been derived from 
ASTM E 570-1981 ‘Recommended practice for flux leakage examination 
of ferro-magnetic steel tubular products’, issued by the American Society 
for Testing and Materials. 


I. SCOPE 


1.1 This standard prescribes the method of testing ferro-magnetic 
seamless steel tube/pipe having outside diameter from 20 to 650 mm with 
wall thickness up to 20 mm, using stray ftux method for detection of 
longitudinal externel and internal discontinuities. 
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2. TERMINOLOGY 


2.0 For the purpose of this standard, the following definition shall apply. 


2.1 Flux Magnetic Leakage -The magnetic field that leaves or enters 
the surface of a part as the result of a discontinuity or a change in section. 


3. PRINCIPLE OF TEST 


3.1 The test is performed by passing the tube at a steady speed through 
a rotating chamber consisting of a magnetizing system and a sensing 
system. At a discontinuity in the tube/pipe wall, the flux lines are 
distorted, producing a leakage field. The maximum flux leakage normally 
occurs when magnetization is perpendicular to the discontinuity. 
Relative motion between the flux sensor and the flux leakage field caused 
by discontinuity is generally utilized to generate a voltage in the sensor. 
The signal amplitude of the voltage generated by the sensor is generally 
indicative of the severity of the discontinuity when al1 other factors are 
constant. 


4. TEST EQUIPMENT 


4.1 Rotating Chamber - Rotating chamber driven by a variable speed 
motor contains the magnetizing system and flux leakage sensors. This 
rotates in unison around the specimen that is being translated axially 
through the mechanism, thereby producing a helical scanning over the 
surface of the tube/pipe. Good examination practice requires that the 
pole pieces of the magnetizing system rotate uniformly about the tube 
and that flux sensors ride on the tube during rotation or be spaced 
uniformly above the surface of the tube during rotation. 


4.2 Magnetizing System - The magnetizing system shall consist of a 
suitable means of applying a strong adjustable circumferential magnetic 
field to the region of the tube under the flux sensors and shall be capable 
of bringing that region of the tube/pipe to near-saturation. 


4.3 Flux Leakage Sensors - Sensors such as magneto-diodes, Hall 
probes and magneto resistors are electromagnetic transducers that 
respond to variations in magnetic flux density. These sensors are 
normally used to detect flux leakage directly from the discontinuity in the 
tube/pipe. The flux sensors should be of sufficient number and length so 
as to provide 100 percent coverage while scanning the tube/pipe surface 
to be tested at the desired examination speed. 


4.4 Electronic Instrumentation - The electronic apparatus shall be 
capable of amplifying signals from the flux sensors and also of a 
classifying signals into internal and external flaws depending upon signal 
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configuration. Each of the two sets of electronic channels should contain 
its own sensitivity and threshold triggering controls for independent 
setting of percentage of wall thickness rejection levels. 


4.5 Driving Mechanism - A mechanical drive mechanism shall be 
used which is capable of rigidly holding and passing the specimen 
concentrically through the inspection apparatus at constant speed. 


4.6 Accessories - Either a recorder, an alarm and or a marking system 
shall be used alongwith the main equipment. 


5. REFERENCE STANDARD 


5.1 A reference standard free from interfering natural flaws shall be 
prepared from a tube of sufficient length, which shall be of same size, 
composition and metallurgical conditions as the tubes to be inspected. 


5.2 Surface Preparation - The surface of the tube shall be free from 
such metallic particles, other foreign material and roughness that may 
interfere with the interpretation of the test results. 


5.3 Notches - Longitudinal outside and inside surface notches may be 
produced either by air abrasive, milling or EDM ( electric discharge 
machining ). 


5.3.1 Notch width and geometry are relevant variables that can affect 
signal response and should be taken into consideration in applying this 
method. Notch depth is specified as a percentage of nominal wall 
thickness, namely, 5 percent or as agreed to between the contracting 
parties. Notch width shall be minimum but shall not exceed the depth. 
Notch length shall be 50 mm or twice the probe width whichever is less 
(set Fig. 1). Such a reference standard shall not be construed as a 
measure of size of any imperfection detectable by this method. 


6. TEST PROCEDURE 


6.1 Adjustment of the Equipment - The reference standard shall be 
passed through the rotary system and the notch shall be brought under 
the sensors. The magnetization power, flaw channel sensitivity and filter 
network shall be adjusted for optimum performance. The system shall 
be adjusted so as to obtain the optimum signal-to-noise ratio. The 
instrument should be set to mark such detected flaws. The setting of 
the instrument shaI1 not be altered during testing of the lot. 
The alarm level and the marking mechanism shall be so set that an 
alarm or a mark is given each time a flaw passes the sensors. 
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ti 


SECTION AA 
j-i 1 
I + 50mm _i 


ta = Depth of outer longitudinal notch 
ti = Depth of inner longitudinal notch 
b = Width of notch 0.7 to 0.8 mm 


Tolerance for ta and I, = f 15 percent 


FIG. 1 REFERENCE TUBE FOR STRAY FLUX TESTING 


6.2 Mode of Testing - The tube shall be passed through the 
equipment at a constant speed as done during calibration. Wobbling and 
vibration is avoided by proper guiding and the driving system, Any 
section of tubing, giving a flaw indication equal to or greater than that 
produced by the reference standard, shall be segregated for further 
salvaging work. 


6.3 The proper functioning of the equipment shall be checked 


a) At the beginning and end of she shift; 


b) At every four hours of continuous operation, and whenever 
malfunction is suspected; and 


c) Tube shall be demagnetized suitably in view of the end use of 
the tube. 


If malfunctioning is confirmed all the tubes which have been tested 
since the last satisfactory calibration shall be retested. 


6.4 Level of Acceptance -The acceptance standard shall be based on 
the setting of the instrument to a sensitivity adequate to detect the 
artificial flaw of the reference specimen. 
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Foreword 



ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies 
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO 
technical committees. Each member body interested in a subject for which a technical committee has been 
established has the right to be represented on that committee. International organizations, governmental and 
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the 
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization. 



International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2. 



The main task of technical committees is to prepare International Standards. Draft International Standards 
adopted by the technical committees are circulated to the member bodies for voting. Publication as an 
International Standard requires approval by at least 75 % of the member bodies casting a vote. 



Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights. ISO shall not be held responsible for identifying any or all such patent rights. 



ISO 10893-3 was prepared by Technical Committee ISO/TC 17, Steel, Subcommittee SC 19, Technical 
delivery conditions for steel tubes for pressure purposes. 



This first edition cancels and replaces ISO 9402:1989 and ISO 9598:1989, which have been technically 
revised. 



ISO 10893 consists of the following parts, under the general title Non-destructive testing of steel tubes: 



⎯ Part 1: Automated electromagnetic testing of seamless and welded (except submerged arc-welded) steel 
tubes for the verification of hydraulic leaktightness  



⎯ Part 2: Automated eddy current testing of seamless and welded (except submerged arc-welded) steel 
tubes for the detection of imperfections 



⎯ Part 3: Automated full peripheral flux leakage testing of seamless and welded (except submerged arc-
welded) ferromagnetic steel tubes for the detection of longitudinal and/or transverse imperfections 



⎯ Part 4: Liquid penetrant inspection of seamless and welded steel tubes for the detection of surface 
imperfections 



⎯ Part 5: Magnetic particle inspection of seamless and welded ferromagnetic steel tubes for the detection of 
surface imperfections 



⎯ Part 6: Radiographic testing of the weld seam of welded steel tubes for the detection of imperfections 



⎯ Part 7: Digital radiographic testing of the weld seam of welded steel tubes for the detection of 
imperfections 



⎯ Part 8: Automated ultrasonic testing of seamless and welded steel tubes for the detection of laminar 
imperfections 



⎯ Part 9: Automated ultrasonic testing for the detection of laminar imperfections in strip/plate used for the 
manufacture of welded steel tubes 



⎯ Part 10: Automated full peripheral ultrasonic testing of seamless and welded (except submerged arc-
welded) steel tubes for the detection of longitudinal and/or transverse imperfections 
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⎯ Part 11: Automated ultrasonic testing of the weld seam of welded steel tubes for the detection of 
longitudinal and/or transverse imperfections 



⎯ Part 12: Automated full peripheral ultrasonic thickness testing of seamless and welded (except 
submerged arc-welded) steel tubes 
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Non-destructive testing of steel tubes — 



Part 3: 
Automated full peripheral flux leakage testing of seamless and 
welded (except submerged arc-welded) ferromagnetic steel 
tubes for the detection of longitudinal and/or transverse 
imperfections 



1 Scope 



This part of ISO 10893 specifies requirements for automated full peripheral magnetic flux leakage testing of 
seamless and welded ferromagnetic steel tubes, with the exception of submerged arc-welded (SAW) tubes, 
for the detection of imperfections. 



Unless otherwise specified in the purchase order, this part of ISO 10893 is applicable to the detection of 
predominantly longitudinal imperfections. 



This part of ISO 10893 is applicable to the inspection of tubes with an outside diameter equal to or greater 
than 10 mm. 



This part of ISO 10893 can also be applicable to the testing of hollow sections. 



2 Normative references 



The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies. 



ISO 9712, Non-destructive testing — Qualification and certification of personnel 



ISO 11484, Steel products — Employer's qualification system for non-destructive testing (NDT) personnel 



3 Terms and definitions 



For the purposes of this document, the terms and definitions given in ISO 11484 and the following apply. 



3.1 
reference standard 
standard for the calibration of non-destructive testing equipment (e.g. drill holes, notches and recesses) 



3.2 
reference tube 
tube or length of tube containing the reference standard(s) 
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3.3 
reference sample 
sample (e.g. segment of tube, plate or strip) containing the reference standard(s) 



NOTE Only the term “reference tube” is used in this part of ISO 10893, also covering the term “reference sample”. 



3.4 
tube 
hollow long product open at both ends, of any cross-sectional shape 



3.5 
seamless tube 
tube made by piercing a solid product to obtain a tube hollow, which is further processed, either hot or cold, 
into its final dimensions 



3.6 
welded tube 
tube made by forming a hollow profile from a flat product and welding adjacent edges together, and which 
after welding can be further processed, either hot or cold, into its final dimensions 



3.7 
manufacturer 
organization that manufactures products in accordance with the relevant standard(s) and declares the 
compliance of the delivered products with all applicable provisions of the relevant standard(s) 



3.8 
agreement 
contractual arrangement between the manufacturer and purchaser at the time of enquiry and order 



4 General requirements 



4.1 Unless otherwise specified by product standard or agreed on by the purchaser and manufacturer, this 
peripheral magnetic flux leakage inspection shall be carried out on tubes after completion of all the primary 
production process operations (rolling, heat treating, cold and hot working, sizing, primary straightening, etc.). 



4.2 The tubes being tested shall be sufficiently straight to ensure the validity of the test. The surfaces shall 
be sufficiently free of foreign matter which can interfere with the validity of the test. 



4.3 This inspection shall be carried out by trained operators qualified in accordance with ISO 9712, 
ISO 11484 or equivalent, and supervised by competent personnel nominated by the manufacturer. In the case 
of third-party inspection, this shall be agreed on between the purchaser and manufacturer. 



The operating authorization issued by the employer shall be according to a written procedure. NDT operations 
shall be authorized by a level 3 NDT individual approved by the employer. 



NOTE The definition of levels 1, 2 and 3 can be found in appropriate International Standards, e.g. ISO 9712 and 
ISO 11484. 



5 Test method 



5.1 The tubes shall be tested using the magnetic flux leakage technique for the detection of predominantly 
longitudinal imperfections (see Figure 1) and/or, by agreement, predominantly transverse imperfections 
(see Figure 2). No limits on thickness are specified; indications on the limits of the method are reported in 
Annex A. 



It is recognized that there can be a short length at both tube ends which cannot be tested. Any untested ends 
shall be dealt with in accordance with the requirements of the appropriate product standards. 
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5.2 During testing, the tube and the transducer(s) shall be moved relative to each other such that the whole 
of the tube surface is scanned. The relative speed during testing shall not vary by more than ±10 %. 



5.3 The maximum width of each individual transducer, measured parallel to the major axis of defects being 
detected, shall be 30 mm. 



5.4 The equipment shall be capable of classifying tubes as either acceptable or suspect tubes by means of 
an automated trigger/alarm level combined with a marking and/or sorting system. 



  



a)   Rotating magnetic transducer technique — 
Linear movement of the tube 



b)   Fixed magnetic transducer technique — 
Linear and rotary movement of the tube 



Key 



1 flux leakage transducers 
2 tube 
N north pole 
S south pole 



a Direction of probe rotation. 
b Direction of tube rotation. 



Figure 1 — Simplified diagram of magnetic flux leakage techniques 
for the detection of longitudinal imperfections 
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Key 



1 staggered array of transducers 
2 power supply (d.c.) 



NOTE The magnetic transducers can take different forms, for example absolute and differential, depending on the 
equipment used and other factors. The means of introducing magnetic flux in a direction parallel to the major axis of the 
tube can be achieved by methods other than that shown in this figure. 



Figure 2 — Simplified diagram of magnetic flux leakage technique 
for the detection of transverse imperfections 



6 Reference tube 



6.1 General 



6.1.1 The reference standards defined in this part of ISO 10893 are convenient standards for calibration of 
non-destructive testing equipment. The dimensions of these standards should not be considered as the 
minimum size of imperfections detectable by such equipment. 



6.1.2 Each single probe of the magnetic flux leakage equipment shall be calibrated using a reference notch 
on the outside surface or notches on outside and inside surfaces of a reference tube. 



Alternatively, a circular reference hole drilled radially through the full thickness of the reference tube may be 
used for equipment calibration by agreement between the purchaser and the manufacturer. In this case, the 
maximum diameter of the reference hole for a specific acceptance level shall be agreed on and the 
manufacturer shall demonstrate that the test sensitivity achieved using the reference hole and the equipment 
settings is essentially equivalent to that obtained when using the specified external reference notch and the 
agreed internal reference notch depth. 



NOTE The diameter of the holes can be specified based on factors involving intended service or other appropriate 
criteria. Typical holes diameter range is from 0,80 mm to 3,20 mm. 
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The internal surface of the reference tube may be dressed or machined prior to the preparation of the internal 
notch. The internal notch should not be used when the tube internal diameter is less than 20 mm, unless 
otherwise agreed on between the purchaser and the manufacturer or when the tube thickness is greater than 
20 mm since, due to technical limitations given in Annex A, the test at the tube bore is not adequate even after 
applying the maximum ratios given in Table A.1. 



6.1.3 The reference tubes shall have the same specified diameter and thickness, same surface finish and 
delivery condition (e.g. as-rolled, normalized, quenched and tempered) and similar steel grade as the tubes 
being tested. For specified wall thickness exceeding 10 mm, the wall thickness of the reference tubes may be 
greater than the specified wall thickness of the pipe under inspection provided the notch depth is calculated on 
the specified wall thickness of the pipe being inspected. The manufacturer shall demonstrate, on request, the 
effectiveness of the adopted solution. 



6.1.4 The external and the eventual internal notches and the reference hole shall be sufficiently separated 
from the ends of the reference tube and from each other (when both notches are used), such that clearly 
distinguishable signals are obtained. 



6.2 Reference notches 



6.2.1 General 



a) The reference notch(es) shall be of the “N” type (see Figure 3) and shall lie parallel to the major axis of 
the tube; when transverse imperfection detection has been agreed on between the purchaser and 
manufacturer, the reference notch(es) shall lie transversally to the major axis of the tube (see Figure 4). 



b) The sides shall be nominally parallel and the bottom shall be nominally square to the sides; 



c) The reference notch shall be formed by machining, spark erosion or other methods. 



NOTE The bottom or the bottom corners of the notch can be rounded. 



 



Key 



w width 
d depth 



Figure 3 — “N” type notch 
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a)   External partial circumferential notch b)   Internal partial circumferential notch 



Key 



d depth 



Figure 4 — Possible transverse notch forms 



6.2.2 Dimensions of the reference notch 



a) Width, w (see Figure 3) 



The width of the reference notch shall not be greater than the depth of the reference notch depth or 1 mm 
whichever is greater. 



b) Depth, d (see Figures 3 and 4) 



The depth of the external reference notch shall be as given in Table 1 with the following limitations: 



⎯ minimum notch depth: 0,30 mm for acceptance levels F2 and F3; 0,50 mm for acceptance levels F4 
and F5; 



⎯ maximum notch depth: 1,5 mm. 



The internal notch depth shall be subject to agreement between the purchaser and manufacturer 
(see Annex A) but under no circumstance shall be less than the specified external notch depth or greater than 
that applying the maximum ratios given in Table A.1. The maximum internal notch depth shall be 3,0 mm. 



The tolerance on depth shall be ±15 % of the reference notch depth. 



c) Length 



Unless otherwise specified by product standard or agreed between purchaser and manufacturer, the length of 
the reference notch(es) shall be greater than the width of each individual transducer. In any case, the length of 
reference notch shall not exceed 50 mm. 



In case of detection of transverse imperfections, the minimum length of circumferential notch(es) 
(see Figure 4) shall be 25 mm. 



6.2.3 Verification of reference standards 



The reference notch dimensions and shape shall be verified by a suitable technique. 
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Table 1 — Acceptance levels and corresponding external reference notch depth 



Acceptance level Notch depth of the specified thickness 
% 



F2 5 % (min 0,30 mm) 



F3 10 % (min 0,30 mm) 



F4 12,5 % (min 0,50 mm) 



F5 15 % (min 0,50 mm) 



NOTE The values of notch depth specified in this table are the same for the corresponding categories, in all International Standards 
concerning non-destructive testing of steel tubes where reference is made to different acceptance levels. Although the reference 
standards are identical, the various test methods involved can give different test results. Accordingly, the acceptance level designation 
prefix F (flux leakage) has been adopted to avoid any inferred direct equivalence with other test methods. 



 



7 Equipment calibration and checking 



7.1 At the start of each inspection cycle, the equipment shall be calibrated to produce consistently 
(e.g. from three consecutive passes of the reference tube through the equipment), clearly identifiable signals 
from the reference standard(s). These signals shall be used to activate their respective trigger alarm of the 
equipment. 



7.2 During the calibration check, the relative speed of movement between the reference tube and the 
transducer assembly shall be the same as that used during the production test. 



7.3 The calibration of the equipment shall be checked at regular intervals during the production testing of 
tubes of the same specified diameter, thickness and grade by passing the reference tube through the test 
equipment. 



The frequency of checking the calibration shall be at least every 4 h, but also whenever there is an equipment 
operator team changeover and at the start and end of production. 



7.4 The equipment shall be recalibrated if any of the parameters which were used during the initial 
calibration are changed. 



7.5 If, on checking during production testing, the calibration requirements are not satisfied, all tubes tested 
since the previous acceptable equipment calibration shall be retested after the equipment has been 
recalibrated. 



8 Acceptance 



8.1 Any tube producing signals lower than the trigger/alarm level shall be deemed to have passed this 
test. 



8.2 Any tube producing signals equal to or greater than the trigger/alarm level shall be designated 
suspect, or at the discretion of the manufacturer, may be retested. If, after two consecutive retests, all signals 
are lower than the trigger/alarm level, the tube shall be deemed to have passed this test; otherwise, the tube 
shall be designated as suspect. 
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8.3 For suspect tubes, one or more of the following actions shall be taken subject to the requirements of 
the product standard. 



a) The suspect area shall be dressed or explored using a suitable method. After checking that the remaining 
thickness is within tolerance, the tube shall be retested as previously specified. If no signals are obtained 
equal to or greater than trigger/alarm level, the tube shall be deemed to have passed this test. 



By agreement between the purchaser and manufacturer, the suspect area may be retested by other 
non-destructive techniques and test methods to agreed acceptance levels. 



b) The suspect area shall be cropped off. 



c) The tube shall be deemed not to have passed the test. 



9 Test report 



When specified, the manufacturer shall submit to the purchaser a test report including at least the following 
information: 



a) reference to this part of ISO 10893, i.e. ISO 10893-3; 



b) statement of conformity; 



c) any deviation, by agreement or otherwise, from the procedures specified; 



d) product designation by steel grade and size; 



e) type and details of inspection technique(s); 



f) equipment calibration method used; 



g) description of the reference standard acceptance level; 



h) date of test; 



i) operator identification. 
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Annex A 
(normative) 



 
Limitations of magnetic flux leakage test method 



A.1 General 



When using this method, the inspected products shall be magnetically saturated inserting them in an external 
strong magnetic field; the aim of this saturation is to cause flux leakage/flux diversion from imperfections. 



During the magnetic flux leakage testing of tubes, the sensitivity of the test is at maximum at the tube surface 
adjacent to the magnetic transducer and decreases with increasing tube thickness due to effective diminishing 
flux diversion from imperfection at the tube bore surface in relation to that at the external surface. The signal 
response from internal surface imperfection may thus be smaller than that from an external imperfection of the 
same size. 



As a result, it may be necessary for the internal notch depth to be increased in excess of that specified for the 
external notch depth by an amount agreed on by the purchaser and the manufacturer, being dependent, for 
example on the type of equipment in use and the surface condition of the tube being tested. For that reason, 
Table A.1 is generally applied. 



Table A.1 — Maximum ratio of internal notch depth and external notch depth 
with respect to tube thickness 



Specified wall thickness 



T 
Maximum ratio of internal notch depth/external notch depth 



mm F2 F3/F4/F5 



8 < T u 12 2,0 1,2 



12< T u 15 2,5 1,5 



15< T u 20 3,0 2,0 



NOTE Minimum internal notch depth: 0,4 mm. 



 



A.2 Fixed or rotating magnetic transducer 



These test techniques use one or more magnetic transducers to describe a helical path over the tube surface. 
For this reason, these techniques detect longitudinal imperfections with a minimum length dependant on the 
width of the transducer and the inspection helical pitch. It is recognized that transverse imperfections are 
normally not detectable. 



A.3 Multiple transducers technique 



This test technique uses multiple fixed magnetic transducers surrounding the tube during its linear movement. 
For this reason the technique detects predominantly transverse imperfections having a minimum length 
dependant on the circumferential dimension of the transducer. It is recognized that longitudinal imperfections 
are normally not detectable unless they have a significant transverse component (oblique). 
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Non-destructive testing of steel tubes —



Part 3: 
Automated full peripheral flux leakage testing of seamless 
and welded (except submerged arc-welded) ferromagnetic 
steel tubes for the detection of longitudinal and/or 
transverse imperfections



AMENDMENT 1: Change of dimensions of the reference notch



6.2.2 a)



Replace the definition of the width:



"The width of the reference notch shall not be greater than the depth of the reference notch depth 
or 1 mm whichever is greater."



with



"The width of the reference notch shall not exceed 1 mm."
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Non-destructive testing of steel tubes —



Part 3: 
Automated full peripheral flux leakage testing of seamless 
and welded (except submerged arc-welded) ferromagnetic 
steel tubes for the detection of longitudinal and/or 
transverse imperfections



AMENDMENT 2: Change acceptance criteria
	  



8.2, second sentence



Replace the second sentence:



"If after two consecutive retests all signals are lower than the trigger/alarm level, the tube shall be 
deemed to have passed this test otherwise the tube shall be designated as suspect."



with the following:



"If after one retest all signals are lower than the trigger/alarm level, the tube shall be deemed to have 
passed this test otherwise the tube shall be designated as suspect."
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Revision of IS 13805







Importance of IS 13805


• National Certification Board, ISNT is the Certifying Body


• Many ISNT Chapters are involved in imparting training as per IS 13805


• Over 4000 certified persons in the country to different levels of certifications


• Very popular with Government Organizations: DAE, DRDO, ISRO


• In last few years, many persons from NABL Accredited Labs are going for IS 13805 
certification


• Certification is not limited to any specific sector but is more general in nature







Salient Changes


• Scope


Advanced NDE techniques like PAUT, TOFD, DR included in the standard


Limited Certification: UT Thickness Gauging, ET Conductivity Measurement etc. are included


• Definitions


Few more terminologies added as specified in the latest version of ISO 9712:2021







Salient Changes


• Eligibility for certification:


Educational requirement: No change


Experience Requirement: 


As per current ISO 9712:2021


Also allow individuals to take training and examination if part of experience  
requirement is met


Much lesser requirement if the scope of certification is limited


Training Requirement: As per ISO 9712:2021







Salient Changes


• Examination 


Number of questions during theory and specific in line with other international   
standard


Practical examination samples as per international standard requirement


• Grading


Minimum 70% in all parts of examination. No composite grading. This is as per ISO 
9712:2021


Re-examination


Only in the failed part of examination
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Draft Indian Standard

GUIDELINES FOR REQUIREMENTS OF

NON-DESTRUCTIVE TESTING AGENCIES





FOREWORD

(Formal clauses to be added later)

Changes are highlighted in red colour.

It is intended that the requirement specified in this standard apply to independent, public or in-house agencies to the extent required by the purchase order or specification. This standard does not apply to in house equipment, methods and examinations used for the exclusive purpose of internal process control. It is intended that this standard apply to all NDT examinations used for the final acceptance of a product or material if such examinations are required by the purchase order or specification. The agency and the authority may be the same in some cases.

The intent of 5 (Personnel Qualification) is to comply fully with the recommended practice for non-destructive testing personnel qualification and certification. The additional words used in this clause are intended to be educational and informative.

This standard was originally published in 1987. In view of the experience gained during these years it was felt necessary to revise the standard again.

The following modifications have been made in this revisionPlease specify)

	a) 

	b) 

In the preparation of this standard, assistance has been derived from ASTM E 543-15 ‘Standard Specification for Agencies Performing Nondestructive Testing’, issued by the American Society for Testing and Materials.

For the purpose of deciding whether a particular requirement of this standard is complied with, the final value, observed or calculated, expressing the result of a test or analysis shall he rounded off in accordance with IS 2 : 1960 'Rules for rounding off numerical values (revised)'. The number of significant places retained in the rounded off value should be the same as that of the specified value in this standard.









1. SCOPE

1.1 This Standard gives minimum requirements for agencies performing non-destructive testing.

2. REFRENCES

The following standards contain provisions, which through reference in this text, constitute provisions of this standard.  At the time of publication, the editions indicated were valid.  All standards are subject to revision and parties to agreements based on this standard are encouraged to investigate the possibility of applying the most recent editions of the standards indicated below:

		IS No

		Title



		IS : 3658-1981  IS 3658 : 1999 

		Code of practice for liquid penetrant flaw detection (second revision)



		IS 3664 : 1981

		Code of practice for ultrasonic pulse echo testing by contact and immersion methods (first revision)



		IS 13805 : 2004

		General standard for qualification and certification of non - Destructive testing personnel - Specification (first revision)







3. TERMINOLOGY

3.1 For the purpose of this standard, the following definitions shall apply.

3.2 Authority — The owner, prime contractor, engineer, architect, or purchasing agent responsible for or incharge of the work, or duly recognized or designated representative.

3.3 Agency —The public, independent or in house non-destructive testing organization selected by the authority to perform the examination (s) required by the purchase order or specification.

4. RESPONSIBILITIES AND DUTIES

4.1 A non-destructive testing agency’s capabilities should include, but not be limited to one or more of the following methods:

a) Magnetic particle,

b) Penetrant,

c) Radiographic/fluoroscopic,

d) Ultrasonic,

e) Eddy current, and

f) Leak testing

g) Acoustic Emission,

4.2 It is the responsibility of the agency to ensure that:

a) It performs only examinations for which it is adequately equipped and staffed,

b) Its employees perform only examinations for which they are adequately qualified,

c) Its equipment is calibrated and personnel are certified in accordance with applicable specifications,

d) Its equipment is properly maintained, and

e) It informs the authority of any discrepancy or limitations imposed on testing accuracy by such factor as surface finish, form, shape, metallurgical condition or procedure.

4.3 The following duties are those usually performed by the agency:

a) Performance of all examinations in accordance with the specified standards or quality control criteria or both (necessary documents shall be furnished by the authority, the agency or both, as specified in the applicable purchase agreements). The agency should bring to the attention of the authority any irregularity or deficiency noted in the documents; and

b) Prompt submission to the authority of formal reports of all examinations that indicate compliance or non-compliance of the material with the applicable specifications. The agency should e prepared to substantiate examination results, when required.

4.4 The agency may, in accordance with an agreement with the authority, report only compliance or non-compliance with the applicable specifications or control documents. The authority reserves the right of disposition on all non-compliances.

4.5 The authority may, at its discretion, inspect the procedures, equipment and personnel qualifications of the agency.

5. PERSONNEL QUALIFICATION

5.1 Agencies and personnel are certified by the competent authority or national certifying body. In the field of industrial radiography agencies, site and personnel should hold valid authorization certificates issued by the competent authority enforcing radiation safety.

5.2 Nondestructive testing (NDT) personnel shall be qualified and certified as per IS 13805 or any other . with a nationally or internationally recognized NDT personnel qualifications practice or standards. such as IS 13805,                 ISO 9712:2012, ANSI/ASNT-CP-189, SNT-TC-1A (Employer based), NAS-410 (Employer based), or a similar document. The practice or standard used and the applicable revision shall be specified in the contractual agreement between parties.

5.3 Summary job description for each professional, scientific, supervisory, and technical position category, documenting the required education, training, or experience, or a combination thereof.

5.4 Records or resumes that document the qualifications, work experience, and training history of each person in a position described.

5.5 The agency shall make available a description of its means of ensuring the continued competence of its personnel to perform NDT, including the maintenance of written records to document the results.

5.6 The following terms relate only to the technical capabilities of the personnel and do not necessarily relate to the actual designation assigned to its personnel by the agency.

5.6.1 Examiner — The examiner shall have level III qualification in non-destructive testing in the fields of NDT in which he is engaged.

5.6.2 Level II Technician — An individual capable of conducting the examination with sufficient training and experience to evaluate the results. He should be technically responsible to a person certified to Level III and be certified to Level II himself for the proper performance of the examination in the applicable method.

5.6.3 Level I Technician — An individual capable of properly performing specific calibrations, examinations and evaluation in accordance with written instructions and of recording the results. He shall receive the necessary technical guidance or supervision from a certified NDT Level II or Level III individual and be trained and certified as Level I in the applicable method.

5.6.4 Trainee — Prior to qualification as a Level I technician, a trainee should work under direct supervision/guidance of a certified technician (at least NDT Level I). The trainee shall not be permitted to conduct or evaluate examinations independently.

5.7 The personnel records of the certified individuals should contain the following:

a) Name of certified individual;

b) Level of certification;

c) Educational background and experience;

d) Statement indicating satisfactory completion of training in accordance with Indian Standard Guidelines for certification of personal for non-destructive testing (under preparation);

e) Results of the most recent vision test;

f) Actual grades obtained in each examination;

g) Weightage factor assigned to each examinations;

h) Composite grade of all examinations;

j) Site incharge/radiographer certificate issued by competent authority enforcing radiation safety (for industrial radiography personnel only);

k) Date of certification or recertification or both and validity; and

m) Signature of NDT examiner.

6. EQUIPMENT FOR NON-DESTURCTIVE TESTING

6.1 General

6.1.1 The agency responsible for non-destructive examination of material should be equipped with, or have access to, at least the equipment listed below for the applicable processes.

6.1.2 Non-destructive testing systems can include multiple examination stations with extensive supporting mechanisms and controls. Others may be utilizing only manual application of a basic instrument.

7.  MAGNETIC PARTICLE EQUIPMENT

7.1 Equipment for magnetization of parts shall be capable of inducing a flux density of sufficient intensity and direction to perform the required examination. Either ac or dc (full-wave rectified) equipment or permanent magnets shall be used as specified by the contract, purchase order or specification to produce the required magnetization.

7.1.1 The part or a section of the part may be magnetized by induction or by passing current through the part or section by permanent conductors, contact plates, clamps or prods. After proper cleaning of the part, the magnetic particles may be applied either wet or dry.

7.1.2 The magnetic field is induced in the part by the use of any of the following:

a) Yoke,

b) Coil,

c) Prods,

d) Clamps, and

e) Pads.

7.1.2.1 Yoke — Used to magnetize sections of parts. It is a U-shaped iron core with a coil around the cross bar of a U-shaped or flexible permanent magnet. The magnetic field across the open ends is used to induce a magnetic field in the section of the part. The yoke’s fixed or movable legs are used with the open ends in contact with the part.

7.1.2.2 Coil — Used to magnetize parts or sections. It is a current-carrying conductor formed into a coil of several turns. The magnetic field inside the coil is used to induce a magnetic field into the part or section.

7.1.2.3 Prods — Used to magnetize sections of parts. They are rods, normally 12.7 to 25.4 mm (1/2 to 1 inch) in diameter and 203 to 254 mm (8 to 10 inch) in length, made of copper with a handle on one end. The ends of a prods are placed on the part and current passed from one prod to the other through the part. The magnetic field is produced in the area between the prods.

7.1.2.4 Clamps — Used to magnetize sections of parts. They are spring-loaded clamps with braided copper pads on the inside of the jaws. The clamps are clamped on to the part and a current is passed from one clamp to the other through the part.

7.1.2.5 Pads — Used in stationary equipment to magnetize parts. They are braided copper or lead pads placed at each end of the part. Current is passed from one pad to the other through the part. Pads are normally used with stationary equipment and rigged so that the pads are in contact with the part under pressure.

7.1.3 The coils, prods, clamps and pads are energized with high-amperage low-voltage current. Therefore, equipment must be available to transform line voltage and, when required, to rectify it. The equipment should contain an ammeter to indicate the magnetizing amperage, suitable switches and, when required, timers to control the length of the time that the current is applied. If different amperages are required, the equipment shall produce the maximum required amperage with a suitable control for reducing the amperage to the required lower levels. Cables should be of adequate but not excessive length and large enough to carry the required amperage.

7.1.4 Magnetic particles may be applied either wet or dry. Dry particles should be applied uniformly with a dusting or light blowing action. Wet particles should be applied by aerosol cans or by hosing. Provisions should be available to ensure that the required amount of particles are in suspension when the spray is applied and to periodically check the concentration of the solution.

7.1.5 Adequate and proper lighting shall be available when the parts are viewed for indications. When fluorescent particles are used, ultraviolet light 320 to 380nm (3200 to 2800 A) must be available. Adequate white light must be available, when viewing colour contract particles. When viewing fluorescent particles, minimum ambient light should be available.

7.2 Equipment for demagnetization should be capable of demagnetizing all part configurations, to the minimum residual field specified in the specification or purchase documents regardless of size and configuration. Demagnetization is normally accomplished by stepping down ac or dc voltage while the direction of dc is changed between each step or by withdrawing the part from an ac field. Demagnetization can be accomplished by induced fields or by passing a current through the part. Induced fields using coils are generally the most effective methods. Facilities should include a coil, cables (when required) and equipment to produce adequate voltages and amperages, reversing and step-down switches and a meter to indicate residual external magnetic fields.

8. RADIOGRAPHIC EQUIPMENT

8.1 Radiation Source — The radiation source shall be capable of producing sufficient energy and intensity to examine materials in accordance with the required specifications. Either X-rays or gamma rays may be used. Unless otherwise specified by the contract, specification or purchase order. The gamma radiation source shall be housed in an exposure device with adequate shielding as certified and approved for use by competent authority enforcing radiation safety.

8.1.1 X-ray equipment should contain voltage and amperage controls (when applicable) and meters, a timer to control the duration of the exposure, or other approved controls, and provisions for positioning the tube head and the part being X-rayed (when applicable). The voltage and amperage range of the equipment must be adequate to penetrate the thickness of the material to be evaluated and produce acceptable film densities.

8.1.2 Gamma rays are emitted by radioactive materials, such as cobalt 60 and iridium 192. Different isotopes emit gamma rays in specific energy ranges. The isotope (size, energy level and strength) should be selected keeping in view the application (material, its thickness, required penetra-meter sensitivity) and a reasonable exposure time.

8.2 Safety and monitoring equipment consistent with good practice and current regulations should be available and normally should include safety switches, survey meters, film badges, dosimeters, signs, ropes, lead-lined room, etc, as applicable. Also, lead sheet, shot or leaded rubber should be available to control or reduce scattered radiation. Penetrameters (image quality indicators) are used to evaluate the sensitivity of both the set up and process techniques. They must be made from material that is radio graphically similar to and representing the specified percentage thickness of the material to be evaluated. The penetrameters must be clean and properly identified. Blocks shall be available on which the penetrameter can be placed during the exposure, if required. The thickness of the blocks should be approximately equal to the thickness of the sections being radiographed and radio graphically similar. When exposing non-homogeneous specimens such as electronic components or other complex structured devices, the penetrameters shall be used only as image-quality indicators (IQIs) and shall be selected to produce image densities similar to that of the area of interest of the device being radiographed. Lead number letters of adequate size and thickness should be available for film identification purposes. There should be a sufficient numbers of each letter and number to put all the required identification are permitted. Examples are light box exposures and permanent white ink.

8.3 Recording Medium — The recording medium, such as film and fluoroscope, shall be capable of recording or displaying an image to the sensitivity and contrast required by the applicable specification, purchase order or contract. Film or paper, if permitted, should be stored in a cool, dry place and completely protected from direct/ or scattered radiation (back-ground radiation excluded). Various types of intensifying screens are used in industrial applications, with the most common being lead oxide (or lead compound) and fluorescent screen. When intensifying screens are employed, they should be clean and free of scratches, wrinkles, surface contamination, and any other conditions that may interfere with the production of a quality radiograph.

8.4 Processing Equipment — Processing equipment, such as darkroom facilities and densitometers, shall be adequate to ensure that the quality intent of the applicable specifications is maintained.

8.4.1 A darkroom or other suitable facility must be available to handle film when loading exposure holders, cutting preloaded strip film, and when removing the film from the holder for processing. The darkroom should be equipped with both safe and white lights and a work area to handle the film.

8.4.2 When  hand-processing equipment is used, facilities must be available to process the film, in developer solution, stop bath or fresh water rinse, fixer, and a final fresh water rinse (preferably not the rinse used between develop and fix), and should include the use of a film dryer and a timer with an alarm. A time/temperature relationship for film processing must be maintained.

8.4.3 When automatic processing equipment is used, it must be clean and time/temperature relationships and replenishment rates must be maintained.

8.4.4 Facilities for viewing the radiograph and for measuring photographic or optical density must be available. The viewing equipment should include both high and normal intensity lights or separate viewers. A light transmission-type densitometer should be available along with the calibrated density strips/step wedge to measure film density. A reflection-type densitometer should be available to measure the density of X-ray paper.

8.5 Reference Standard — Reference standard must be in accordance with authority furnished standards or specifications or both, and when possible, should be established by the use of the applicable set of Indian Standard reference radiographs.

9. PENETRANT EQUIPMENT

9.1 Liquid penetrant inspection equipment consists of necessary apparatus to apply the penetrant, wash the surface of the part, dry the part, and apply a developer, and a properly lighted area in which the part can be inspected. There are two basic liquid penetrant methods and three types of penetrant systems. Each system requires slightly different facilities and apparatus for proper processing of parts. The two liquid penetrant methods are fluorescent and colour contract (visible). The three types of penetrant systems are water washable, post-emulsified, and solvent removable (see IS 3658).

9.2 Equipment generally consists of immersion dip tanks or spray apparatus (spray guns, aerosol cans,  etc) or brushing arranged in a logical order to allow for smooth flow of parts when the applicable sequence of operations (penetrant application, dwell, penetrant removal, drying developing examination) are followed as specified in IS 3658 or other contract documents.

9.3 Adequate lighting shall be available when the parts are viewed for indications. When fluorescent colour contract particles are used, ultra-violet light 320 to 380 mm (3200 to 3800 A) must be available. Adequate white light must be available when viewing colour contrast particles. When viewing fluorescent particles, the minimum ambient light should be available.

10. ULTRASONIC EQUIPMENT

10.1 Ultrasonic Instrumentation — The ultrasonic instrumentation shall be capable of generating and detecting pulsed ultrasonic energy over an adequate frequency and power range to ensure proper examination in accordance with the applicable governing specifications. The instrumentation and accessories should include, when applicable, ultrasonic unit, probe, tank, bridge. Recorder, couplant and reference blocks.

10.1.1 Ultrasonic Unit — This unit should include a pulser circuit, receiver circuit, CRT display or acceptable equivalent signal display.

10.1.2 Search Unit — The cable, probe and search tube (when immersion scanning is required).

10.1.3 The ultrasonic unit and probe as a system should meet the performance requirements of the authority as determined by IS 3664.

10.1.4 When immersion testing is required, a tank or bubbler system is necessary to furnish a water path between the search unit and the part. The tank should be equipped with a bridge and manipulating system to hold the search unit. The bridge should be of sufficient strength to provide rigid support for the manipulator.

10.2 Reference Standards

10.2.1 When reference blocks using flat-bottom holes, side bottom holes or notches are required, the same should be processed and monitored in accordance with the relevant applicable documents. 

10.2.2 When contoured surfaces are to be examined, reference standards conforming to the general geometry of the part or section should be used.

10.2.3 Reference standards must be in accordance with authority-furnished standards or specifications or both, and when possible, should be established by the use of the applicable Indian Standards.

11. LEAK TESTING 

11.1 Equipment

11.1.1 Helium leak testing requires a mass spectrometer that is peaked for helium and that has a sensitivity of at least one decade better than the minimum leakage rate being tested. Pressure chambers capable of withstanding positive and vacuum pressure may be required for some methods.

11.1.2 Radioisotope leak testing requires a tracer gas pressurization system that has been approved and licensed by competent authority enforcing radiation safety. Also, scintillation crystal detectors and Geiger Muller counters are required which are capable of detecting emissions of the racer being used.

11.1.3 Halogen leak testing requires a standard probe-type halogen leak detector.

11.1.4 Bubble leak testing requires baths of appropriate sizes that are capable of heating the detector fluid to the specified temperature. Also, pressure vessels may be necessary for pressurization of the test specimens prior to immersion in the detector fluid.

11.1.5 Leak testing by pressure change method requires accurate pressure gauges, pressurization and evacuation systems.

11.2 Reference Standards

11.2.1 The helium leak standard shall have a leak rate at least as low as the limit being tested.

11.2.2 Krypton 85 standard shall be encapsulated in the same type glass, wall thickness and geometrical shape as the sample vials used to determine specific activity.

11.2.3 The halogen standard, with the response correction factor, shall be so contoured that the maximum leak will be read on the upper 9/10 of the scale.

12. ELECTROMAGNETIC (EDDY-CURRENT) EQUIPMENT

12.1 Electronic Apparatus —The electronic apparatus shall be capable of energizing the test coils or probes with alternating currents of suitable frequencies and power levels and shall be capable of sensing the change in the electromagnetic response of the sensors. Equipment may include a detector, phase discriminator, filter circuits, modulation circuit, magnetic saturation devices, display (recorder, scope or meter, or bath) and signaling devices, as required by a particular application. 

12.2 Test Coils — Test coils may be of the encircling or probe-coil type and shall be capable of inducting an electromagnetic field in the test specimen and standard and sensing changes in the electric and magnetic characteristics of the specimen.

12.3 Standards

12.3.1 Sorting Standards — In sorting, known reference standard(s) are required.

12.3.2 Coating Thickness Measurement Standards –Calibration standards, of uniform thickness available should be in either of two types; foil or coated substrate. 

12.3.3 Conductivity Standards

12.3.3.1 Primary standards — Those standards which have a value assigned through direct comparison with a standard calibrated by National Bureau of Standards or have been calibrated by an agency which has access to such standards. The primary standards are usually kept in a laboratory environment and are used only to calibrate secondary standards.

12.3.3.2 Secondary Standards — Those standards supplied with the instrumentation or standards constructed by the user for a specific test. Those standards are used to calibrate the instrumentation during examination of materials.

12.3.4 Discontinuity Standards

12.3.4.1 The standard used to adjust the sensitivity of the apparatus shall be free of interfering discontinuities and shall be of the same nominal alloy, heat treatment, and dimensions as the products to be examined. It shall be of sufficient length to permit the spacing of artificial discontinuities to provide good signal resolution and be mechanically stable while in the examining position in the apparatus. Artificial discontinuities placed in the product to be examined shall be one or more of the following types:

a) Notches — Notches may be produced by electric discharge machining (EDM), milling, or other means. Longitudinal or transverse notches, or both may be used. Orientation dimensions, configuration, and position of the notches affect the response of the eddy-current system;

b) Holes — Drilled holes may be used. Care should be taken during drilling to avoid distortion of the piece and hole.

13. ACOUSTIC EMISSION EQUIPMENT

13.1 Acoustic Emission Instrumentation —The acoustic emission (AE) instrumentation shall be capable of detection of stress waves (acoustic emission) over an adequate frequency range and propagation distance to ensure a proper examination in accordance with the applicable governing specification. The instrumentation should include, when applicable, sensors, preamplifiers, filters, and a processing unit.

13.1.1 Sensors — Sensors transform particle motion into electrical signals that can be processed by the instrumentation.

Acoustic emission sensors are typically piezoelectric devices, but other types, for example, fiber optic or laser based, may also be used.

13.1.2 Pre-Amplifiers — Pre-amplifiers are typically used between the sensors and the processing unit. Pre-amplifiers boost the AE signal from the sensor and provide the electronic drive necessary to assure signal integrity (through long cable distances) to the processing unit.

13.1.3 Filters — Both analog and digital filtering can be used to eliminate noise and undesirable acoustic activity (for example, low-frequency machine vibrations), outside of the AE analysis frequency range. Filters can be used in both preamplifiers and the processing unit.

13.1.4 Processing Unit — The processing unit includes 1 or more AE processing channels, each typically consisting of: a filter, amplifier, data acquisition circuitry, AE signal or feature processing, a user interface (for example, a keyboard or keypad input and display) and data storage or results output capability (for example, pass-fail indicator, bar graph, alphanumeric readout). The processing unit must be capable of acquiring data and performing data analysis functions per the examination specifications.

14. LABORATORY PROCEDURE MANUAL

14.1 Minimum Requirements

14.1.1 Each agency shall have prepared a written laboratory procedure manual for the type of work for which the agency is contracted. The manual shall contain, as a minimum requirement, sections in accordance with 14.1.2 to 14.1.6. The sections shall be of sufficient detail to provide complete guidance for their use by the agency’s personnel.

14.1.2 Process Control (Operation Procedures) — This section shall contain the information necessary to control the various activities required for the examination of materials. Items covered shall include receiving the preparing material, identification and marking, test procedures and specifications to be followed, reports and return of material.

14.1.3 Personnel Qualification — The requirements, procedures for training, certification and recertification for each level of qualification, and the maintenance of personnel records shall be covered in this section.

14.1.4 Equipment Maintenance and Calibration — This section shall contain all of the following.

14.1.4.1 Inventory listing — All available equipment shall be listed with the following information noted:

a) Name of the manufacturer:

b) Equipment model and serial number:

c) Characteristics subject to calibration;

d) Range of operation and range of calibration;

e) Reference to recognized standardization procedures acceptable to the authority, if applicable;

f) Frequency of Calibration;

g) Allowable tolerances or maximum sensitivity; and 

h) Source of verification.

14.1.4.2 Each instrument or machine, when calibration is required, shall have either a calibration sticker affixed or record of certification on file, containing the following;

a) Instrument calibrated;

b) Serial no;

c) Calibration date;

d) Date of next calibration; and

e) Name of individual who performed last calibration. If calibration is not required, a sticker stating ‘no calibration is necessary’ shall be affixed, or a record shall be on file to this effect.

14.1.4.3 The equipment shall be calibrated against standards currently certified by accepted government or industrial agencies (or shall indicate that it is calibrated as used, or that no calibration is necessary) at least at the following specific intervals in accordance with a written procedure which shall also specify the agency to calibrate each equipment type.

a) Magnetic Particle

i) Timer and ammeter—Timer and ammeter shall be checked every 90 days, unless subjected to electrical repair or inadvertently damaged, at which tie calibration is required prior to use.

ii) Black lights — A minimum level of intensity shall be maintained as specified by the agency; and

iii). Suspension concentration test — Suspension concentration test shall be done prior to use or daily, whichever is less restrictive.

b) Penetrant

i) Penetrant and emulsifier — Penetrant and emulsifier shall be checked monthly for contamination;

ii). Dryers — Dryers shall be checked monthly for thermostat accuracy; and

iii). Black lights — A minimum level of intensity shall be maintained as specified by the agency.

c) Radiographic — Calibration of densitometers shall be done prior to each use utilizing calibrated film strips. Calibration of radiation survey meters shall also be done by users, periodically as required.

d) Ultrasonic — The authority shall approve the required calibration intervals.

e) Leak testing

i) The equipment shall be calibrated at the beginning of each shift; and

ii) The standards used should be calibrated at the 6 month intervals by using a reference standard leak.

f) Eddy-current — Calibration of the system at the start and end of each run and at the beginning of each shift (or turn) using the reference standard (second day) is normally required. This or other required calibration intervals shall be approved by the authority.

g) Acoustic Emission — The authority shall approve the required calibration intervals for the following

i) Sensors

ii) Pre-Amplifiers

iii) Filters

iv) Processing Unit

h) Written records of the results of the check and calibrations are to be maintained at a central location. The above checks are minimum and don not relieve the responsibility of constantly checking and immediately repairing any item which may affect test results. A history of the repairs, modifications or substitutions shall be maintained.

14.1.5 Equipment Operation and Technique File

14.1.5.1 Each type of equipment in use shall have a complete manual which contains all information necessary to operate and maintain the equipment in accordance with applicable codes and specifications. The manual shall include the maintenance procedures and schedules for each type of equipment.

14.1.5.2 A technique file should be maintained for each type of equipment. It should be available for the guidance of the technician. The manual should include:

a) Summary of test procedure;

b) Step-by step preparation of material for examination;

c) Defect calibration standard, if applicable;

d) Control of essential variables, such as the time required for each test step (if applicable);

e) What indications should appear at each step;

f) Indications and their evaluation; and

g) Recording of test results.

14.1.6 Records and Documentation

14.1.6.1 Records — All applicable records pertaining to 13.1.2 to 13.1.5 shall be maintained in a central file and in other accessible files as necessary, and should be available for examination by the authority. The records shall be signed by the persons authorized to do so.

14.1.6.2 The internal process forms or job record forms shall be filed with the written report to the authority and shall become a part of the permanent record. They should include the following minimum information:

a) Order and reference number;

b) Specification;

c) Type of test and procedure identification;

d) Serial or part numbers, alloy numbers, heat and lot numbers, as applicable;

e) Special instruction from the authority;

f) Authority’s name; and

g) Results of the examination.

14.1.6.3 All applicable internal reports should be signed by the technician performing the work and by Level II or Level III personnel. A procedure for auditing of reports by Level III personnel must be included.

14.1.6.4 Personnel qualification records should be developed in accordance with 4.2 and be available in an active file as long as employment continues. When personnel leave the agency, the records may be transferred to an inactive file but should not be discarded for a period of 5 years or as otherwise specified.

14.1.6.5 Specification File — The agency should maintain an orderly file containing all relevant codes, specifications and amendments under which the tests are carried out.





ANNEX A



		Comparison of NDE Methods



		Method

		Properties Sensed or Measured

		Typical Advantages Dis-continuties Detected

		Representative Applications

		Selected IS Standards
(Appropriate IS standard to be filled)

		Advantages

		Limitation



		Magnetic particle Testing

		Leakage in magnetic
field flux caused by
surface or near-surface
discontinuities.

		Surface or near surface cracks, laps, voids, and nonmetallic
inclusions.

		Ferromagnetic products
such as weldments,
castings, forgings, and
extrusions, and other basic steel products.

		 

		Stable; inexpensive

		Ferromagnetic materials only; surface preparation may be required; false
indications often occur



		Penetrant Testing

		Surface openings. 

		Cracks, porosity, laps,
and seams.

		Castings, forgings,
weldments, metallic and
nonmetallic components.

		 , 

		Inexpensive; easy to
apply; portable.

		Discontinuity must be
open to an accessible
surface; false indications often occur.



		Radiography Testing 
(X -Ray & Gamma ray)

		Changes in density
from voids, inclusions,
material variations,
placement of internal
parts.

		Voids, porosity,
inclusions, cracks,
corrosion.

		Castings, weldments,
assemblies, explosives,
detection of corrosion/
material loss, location/
dimension of internal
structures.

		  

		Detects internal discontinuities;
useful on a wide variety of materials;
portable; permanent
record.

		Relative insensitivity to thin or laminar flaws such as fatigue cracks or delaminations which are perpendicular to the radiation beam.



		Ultrasonic
Testing

		Changes in acoustic
impedance.

		Cracks, voids,
porosity, lamination,
delaminations, and
inclusions.

		Weldments, plates, tubes, castings, forgings, extrusions;
thickness gaging.

		  

		Excellent penetration;
readily automated;
good sensitivity and resolution; requires access
to only one side;
permanent record, if
needed.

		Requires acoustic coupling to surface; reference standard usually required; highly dependent upon operator skill; highly sensitive to laminar flaws which are perpendicular to the sound beam.



		Eddy current
Testing

		Changes in electrical
and magnetic properties
caused by surface
and near-surface discontinuities.

		Cracks, seams, laps, voids, and variations in alloy  composition
and heat treatment.

		Bars, rods, wire, tubing,
local regions of sheet
metal, alloy sorting, and
thickness gauging.

		 

		Moderate cost; readily
automated; portable;  permanent record if needed.

		Conductive materials
only; shallow penetration;
geometry sensitive; reference standards often necessary



		Leak Testing

		Pressure changes,
bubbles, acoustic hiss,
or the passage of a
tracer fluid through a
pressure boundary.

		Leaks in closed
systems.

		Vacuum systems; gas
and liquid storage
vessels; piping.

		

		Good sensitivity; wide range of instrumentation
available.

		Requires internal and
external access to system; contaminants may interfere; can be costly.



		Acoustic emission Testing 

		Stress wave energy
generated by growing
flaws, areas of high
stress, leaks.

		Cracks, structural
anomalies, leaks, also delamination, fiber fracture and matrix failure in composite
materials.

		Crack detection and location during proof testing, crack propagation, composite, structures, metal structures, rotating equipment.

		 , 

		100% volumetric examination
in real time, complicated
geometries, very high sensitivity, permanent record, accurate flaw
location.

		Structure must be
loaded, sensors must be in contact with structure.
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Non-destructive Testing Sectional Committee, MTD 21


FOREWORD


This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the Non-destructive
Testing Sectional Committee had been approved bythe Metallurgical Engineering Division Council.


U Itrason ic velocity measurements have been found to be useful for determining many important material properties
like elasticity modulus, poisson’s ratio, acoustic impedance and other solid materials, determination of uniformity
of densities of ceramics, glass and wood.


More accurate values of ultrasonic velocities can be determined by using recent improved ultrasonic equipments
having specialized features, like transit time measurement of wave propagation to accuracy intended for use on
materials of 5 mm thickness or greater.


For clarification of terms and concepts used in this standard, IS 2417:2003 ‘Glossary of terms on ultrasonic testing
(.seccmdrevision)’ and IS 3664:1981 ‘Code of practice for ultrasonic pulse echo testing by contact and immersion
methods (first revision)’ may be referred.


In the preparation of this standard assistance has been derived from AN SVASTM E 494-95 ‘Standard practice for
measuring ultrasonic velocity in materials’, issued by the American Society for Testing and Materials.


For the purpose of deciding whether a particular requirement of this standard is complied with the final value,
observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with
IS 2: 1960 ‘Rules for rounding off numerical values (reviseco’. The number of significant places.retained in the
rounded off value should be the same as that of the specified value in this standard.


  
  







1S 15404:2003


Indian Standard


RECOMMENDED PRACTICE FOR MEASURING
ULTRASONIC VELOCITY IN MATERIALS


1 SCOPE


This recommended practice covers test procedure for
measuring ultrasonic velocity in materials by utilizing
conventional ultrasonic flaw detector giving A-scan
output. This practice depends on comparing the
unknown u krasonic velocity of the test material with
that of accurately known velocity in a reference
material.


2 MODE (IF WAVE PROPAGATION


Several possible modes of vibrations can propagate in
a solid material. However, only two modes of
propagation, namely longitudinal mode and transverse
mode of vibrations have been considered in this
standard. Whereas, the longitudinal velocity is
independent of sample geometry as long as the
dimensions at right angle to the beam width is large,
the transverse velocity must be measured on large
parallel plate whose thickness is such that distance
between back-wall echo can be measured without any
ambiguity.


3 EQUIPMENT


3.1 Test Instrument


Convent ional ultrasonic flaw detector comprising of a
time-base, pulse transmitter, receiver (echo amplifier),
and A-scan display system may be used. The equipment
shall allow the reading of positions of multiple
back-wall ethos on base-line to an accuracy of
+ 0.5 mm or better,


3.2 Search Unit


A transducer of an appropriate size, type and frequency
that generates and receives ultrasonic wave designated
for contact tests shall be used. Contact straight beam
longitudinal mode shall be used for longitudinal
velocity measurements and contact straight beam shear
mode for transverse velocity measurements. For
maximum accuracy, the highest optimum possible
frequency that will present at least two but preferably
five easily distinguishable back wall ethos shall be
used.


3.3 Couplant


For transverse velocity measurements some high
viscosity liquid like epoxy resin pure honey or scdid
bond shall be used. (The resin part of any epoxy
adhesive may be adequate.)


3.4 Standard Reference Block


3.4.1 Velocity Standard
.


Any material whose ultrasonic velocity is known
and which can be penetrated by acoustical wave
may be used. The velocity of standard block shall be
counter checked with some other technique of higher
accuracy. The reference block shall have attenuation
characteristics similar to that of test material.


4 PROCEDURE


4.1 Longitudinal Wave Velocity


Longitudinal wave normal beam probe is used. The
probe is coupled with suitable couplant on the reference
standard and then on the test piece. The ultrasonic
equipment controls are set in such a way to get clear
mu hiple back-wall echoes from both standard sample
and test piece as shown in Fig. 1.


For better accuracy the gain shall be adjusted such as
to get the amplitude of last back wall echo equal to
atleast 40 percent or full screen height. This allows more
accurate time of distance measurement on base line.
The position of the leading edge of both firstback wall
and last back wall is thus accurately determined. Using
a scale of cal iper the distance at base line between the
leading edge of the first back-wall echo and last back-
wall echo shall be measured.


The signal traverses a distance of twice the thickness
of the specimen between each “back-wall echo. The
signal traversing the specimen and returning may be
called a-round trip.


In Fig. 1 the signal has made six round trips from
echo 1 to echo 7. The number of round trips from
1st echo to the last echo used shall be counted for both
samples. This number will be one less than the number
of echoes used.


4.1.1 The samples shall have flat parallel surfaces with
thickness tolerance of* 0.02 mm or .0.1 percent of
sample thickness whichever is greater. The surface
furnish on both faces shall be better than 3 microns.


4.1.2 The transducer alignment shall be same for both
samples and time base (sweep control) shall beset same
for both measurements.


4.1.3 Calculation


The value of unknown velocity in the test specimen
shall be calculated as follows:


1
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I I


FIG. I INITIAL PULSE AND 7 BACK ECHOES


CikY?, t, Vk
.V, =


C/ln, t,
where


C/k= distance from 1st to nth back echo on known


d, =


material in mm;


number of round trips of unknown material;


thickness of unknown material in mm;


velocity of longitudinal waves in known material
in rids;


distance from the first to the nth back echo on
unknown material in mm;


number of round trips in known material; and


thickness of known material in mm.


4.2 Transverse Velocity


In similar way the unknown transverse velocity (VJ
may be determined by comparing transit time of


transverse wave in an unknown material to the transit-
time in a material of known (V,).


The measurements shall be carried out in same way as
described for longitudinal wave. The normal beam
transverse wave probe shall be used for this.


4.3 Calculation


The value of unknown velocity V, can be calculated as
follows:


s d, n, t,


d,= distance from Ist to nth back echo on the known
material in mm;


n, = number of round trips of unknown material;


t, = thickness of unknown material in mnl;


~ = velocity of transverse wave in known material;


d, = distance from the first to the nth back echo on
unknown material ;


n = number of round trips in known material; andt


t,= thickness of known material in mm.


5 REPORT


Report on measurements shall include data on all above
quantities, test frequency, probe details, couplant used,
horizontal linearity of equipment, name of instrument
and settings.
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Non-destructive Testing Sectional Committee, MTD21


FOREWORD


This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the Non-destructive
Testing Sectional Committee had been approved by the Metallurgical Engineering Division Council.


This method is applicable to any material in which ultrasonic waves will propagate at a constant velocity throughout
the part and from which back reflection can be obtained and resolved.


There are two different situations in which thickness measurement is done:


a) Where the requirement is to determine the exact thickness, and


b) Where the requirement is to determine only the variations in thickness from point to point.


For the purpose of deciding whether a particular requirement of this standard is compIied with the final value
observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with
IS 2: 1960 ‘Rules for rounding off numerical values (revised’. The number of significant places retained in the
rounded off value should be the same as that of the specified value in this standard.


FOR B
IS


 IN
TERNAL U


SE O
NLY 


 N
OT F


OR S
ALE







IS 15435:2003


Indian Standard


RECOMMENDED PRACTICE FOR MEASURING
THICKNESS USING ULTRASONIC METHOD


1 SCOPE


1.1 This standard deals in with the procedures of
measurement of thickness using ultrasonic pulse echo
method.


1.2 This standard is applicable to all such materials
which will give a clear resolvable back wall echo and
which do not have variation in the ultrasonic velocity
in any direction.


2 REFERENCES


2. I The standards listed below contain provisions which
through reference in this text, constitute provisions of
this standard. At the time of publication, the editions
indicated were valid. All standards are subject to
revision and parties to agreement based on this standard
are encouraged to investigate the possibility of applying
the most recent editions of the standards indicated
below:


IS No.


2417:2003


12666:1988


13805:1993


3 GLOSSARY


Title


Glossary of terms relating to
ultrasonic testing (second revision)


Method for performance assessment
of ultrasonic flaw detection
equipment


Guidelines for certification for
personnel for non-destructive testing


For the purpose of this standard, the definitions given
in 1S 2417 shall apply.


4 PRINCIPLE OF MEASUREMENT


There are two different situations in which thickness
lmeasurement is done:


a) Where the requirement is to determine the exact
thickness.


b) Where the requirement is to determine only the
variation in thickness from point to point.


In all these situations, the thickness is evaluated as a
product of ultrasonic velocity in the sample and the
time of travel of the ultrasonic waves. The instrument
(thickness gauge) evaluates the time of flight basically
and then multiplies it with a preset value of velocity. In
situation (a), this preset velocity is the velocity in the
test material, and in (b) it is the approximate velocity.
[n place of feeding in the velocity data, the instrument
can be calibrated using parallel plate in both the cases.


The time interval between the pulse that triggers the
circuit on and the pulse that puts the circuit off is
measured by a timer or flip-flop circuit. The start of
time interval can be done by initial pulse, interface echo
or the back wall echo. The initial pulse, with electronic
delay to compensate for travel.time in delay block, etc,
gives good near surface resolution. Interface echo, via
receiver channel, suffers from poor resolution which
improves, if echo is received via transmitter channel.
The back wall echo suffers from amplitude variation.


The end of time interval is done by the first back wall
echo. It depends upomthe threshold level and the echo
amplnuae or the successwe back wall echo as the case
may be which in turn depends upon the transmitted
pulse amplitude, receiver gain, beam characteristics,
surface conditions, attenuation, etc. Setting up of
threshold level is important as it may lead to an error
that occurs when the measurements are made at thicker
section and the first half cycle used for calibration at
thin section may get attenuated wel[below the threshold
level. This inherent error of ultrasonic gauges can be
reduced appreciably by integrating the full wave
rectified echo.


The ultrasonic wave depends upon the frequency, probe
characteristics and the acoustic properties and thickness
of the material of the sample. Since the exact beam
characteristic in the sample is not known, it forces some
errors to enter in. The inherent errors of ultrasonic
gauges can be appreciably reduced by some adjustments
both in the instrument as well as during calibration.
The instrument can be provided with automatic
amplitude control that makes the heights of echoes equal
even if these are coming from different thicknesses,
This electronic correction is specially necessary in thick
samples. It may not be necessary in case (b) above if
the expected variation in thickness is not much. The
thin samples do not require this correction but pose the
problem of non-linearity in the Vee path, if twin probe
is being used.


5 EQUIPMENT FOR MEASUREMENT


5.1 Instrument


Three different types of instruments can be used. One
fitted only with a cathode ray tube (CRT), second with
an additional attachment for digital display and the third
with only digitai display. The CRT displays A-scan
presentation. Some of the instruments are additionally
equipped with B-scan presentation for display of
variation of thickness at different points, This is done
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by displaying A-scan presentations of various positions
in straight parallel lines. The display is used to measure
the separation between initial pulse and any of the back
wall echoes or between any two echoes. The digital
display simplifies the task of measurement. The
instrument must be calibrated as per IS 12666 for
linearity and repeatability.


5.2 Probes


A twin p~obe shall be used for thickness measurement
between 1.5 mm and 20 mm. These probes pose a
problem due to their different Vee path in thinner
samples resulting into large non-linearity below 3 mm
of steel. This requires the linearity correction if twin
probes are used for thin sections.


Single probes have large dead zone or poor near surface
resolution due to the continuous ringing of crystal and
the finite saturation time of receiver. Such probes shall
be used for measurement of samples with thickness
above 20 mm. For samples with thickness below
1.5 mm, single probe with delay lines shall be used.
These probes shall be highly damped and will have
nominal frequency of 10 MHz or more.


The diameter of the probe chosen depends upon several
factors. It would be better to have as small diameter as
possible, say 10 mm, to allow proper contact on curved
surface. This will also result in smaller beam diameter
which gives finer resolution in the measurement of
variation in thickness. However, small diameter probes
suffer from larger beam diffraction giving some times
spurious echoes from lateral wall after the first back
wall echo. If the lateral dimensions are not large enough,
either high frequency has to be used or higher diameter
has to be used.


5.3 .Couplant


The couplant that allows the transfer of energy from
transducer to sample and back can affect the
measurement of tkickness. The variation in thickness
of couplant while scanning the sample and also the
difference between couplant thickness on reference
block and test sample shall be kept minimum. The use
of delay line made of a material having small acoustic
impedance, such as perspex, is recommended for thin
sections.


6 PROCEDURE-OF MEASUREMENT


The procedure of measurement depends upon the two
situations described in 4 and is given in the following
clauses.


6.1 Determination of Exact Thickness


Either of the following two methods can be used for
determination of exact thickness.


6.1.1 Using Instrument with A-scan Display


A reference block shall be prepared from the same


material as that of the sample in the form of a parallel
plate. Its thickness will be exactly measured.
Alternately, a site will be selected on the sample where
parallel faces are available and where probe can be
placed and the gap (thickness) can be measured.


The instrument having A-scan display facility will be
calibrated on this reference block or at this selected
site. The difference between x-axis positions of leading
edges of first and njh back wall echoes from the
reference block or selected site and that from the test
location is recorded. The thickness at the test location
is then calculated using the following expression:


Sample thickness =


Block thickness x Difference for sample


Difference for block


Use of twin probes is not recommended. High frequency
will give better accuracy. The frequency of probe shall
be so chosen that at least two echoes from back wall
are clearly visible.


6.1.2 Using Thickness Gauges


Two reference blocks shall be made out of the material
under test in the form of parallel plates. One will have
the thickness near the maximum range of interest and
the other near the minimum of this range. Their
thickness will preferably be measured within the
accuracy better than the display resolution of the gauge.


For the adjustment of delay and range controls, the
probe is first placed on the thicker of the two reference
blocks. Any deviation in the thickness reading from
the true value is offset by the adjustment of range
(material calibration) control. The probe is then placed
on the thinner block and delay control is adjusted to
get true thickness value. The steps are repeated several
times till the instrument reads the correct thickness of
the two blocks. The thickness of the test sample is then
measured directly from the gauge.


6.2 Evaluation of Variation in Thickness


6.2.1 Using Instrument with A-scan Displqv


The procedure used to measure the exact thickness
(see 6.1.1) is used for the evaluation of variation in
thickness. However, the reference block need not be
m-ade of the same material as that of test sample. It can
be of a material acoustically similar to the sample
material. For fast calculations, the ratio of block
thickness to difference in positions of echoes can be
rounded offto a single place of decimal. Also, the first
back wall echo may be brought -to zero position by
introducing the suitable delay.


6.2.2 Using Thickness Gauges


The procedure is similar to that given in 6.1.2 except
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that the two blocks need not be made of the same
material as the test sample. These blocks maybe made
of hard, non-corrosive material if thickness to be
measured is between 3 mm and 20 mm. Below 3 mm,
blocks made of material acoustically identical to test
sample have to be taken, if twin probe is used. Above
20 mm, blocks made of material with nearly same
attenuation as test sample are to be used. The variation
in thickness of the test sample is measured directly from
the gauge.


7 TEMPERATURE EFFECT


The calibration of equipment and reference block must
be done with the same couplant and at the same
temperature at which the thickness of the test material
“is to be measured. If however, the temperatures of
calibration block and that of test material are different,
the correction factor must be applied. The correction
factor shall be different for different materials and must
be known experimentally.
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Non-destructive Testing Sectional Committee, MTD21


FOREWORD


This Indian Standard was adopted by the Bureau of Indian Standards, after the drafl finalized by the Non-destructive
Testing Sectional Committee had been approved by the Metallurgical Engineering Division Council.


The standard describes the procedure for evaluating the overall performance of thickness gauge, which are based


on the principle of ultrasonics. Instrument characteristics measured in accordance with this practice are those
that have potential usefulness for highest reliability.


This standard was formulated on the basis of work done in the field of thickness gauges used for the measuring
thickness using ultrasonic method at National Physical Laboratory ( NPL ).


For the purpose of deciding whether a particular requirement of this standard is complied with, the final
value observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with


IS 2:1960 ‘Rules for rounding off numerical values ( revised )’. The number of significant places retained in the
rounded off value should be the same as that of the specified value in this standard.
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Indian Standard


PERFORMANCE EVALUATION OF ULTRASONIC
THICKNESS GAUGES


1 SCOPE


1.1 This standard deals in with the procedures of
evaluating various parameters of ultrasonic
thickness gauges that have direct bearing on their
performance.


1.2 This standard is applicable to all such instruments
which are meant solely for the measurement of thickness


using principle of ultrasonics.


1.3 This standard does not cover ultrasonic flaw


detectors which can also be used to measure
the thickness. Such instruments are covered by
IS 12666:1990 ‘Methods for performance assessment
of ultrasonic flaw detection equipment’.


2 REFERENCES


The following standard contains provision which
through reference in this text, constitutes provision
of this standard. At the time of publication, the edition
indicated was valid. All standards are subject to


revision and parties to agreements based on this


standard are encouraged to investigate the possibility


of applying the most recent edition of the standard
indicated below:


IS No. Title


15435:2003 Recommended practice for
measuring thickness using ultrasonic
method


3 PRINCIPLE OF MEASUREMENT


In ultrasonic thickness gauges, the thickness of a


sample is evaluated using ultrasonic pulse echo
method as a product of ultrasonic velocity in the


sample and the time of travel of the ultrasonic waves.
The gauge evaluates the time of flight basically and
then multiplies it with some value of velocity. A timer
or flip-flop circuit measures the time interval between
the pulse that triggers the circuit on and the pulse
that puts the circuit off.


The ultrasonic wave propagation in materials is a


complex phenomenon. This depends upon the
frequency, probe characteristics and the acoustic
properties and thickness of the material of the sample.
Since the exact beam characteristics in the sample are
not known, it forces some errors to enter in. The
inherent errors of ultrasonic gauges can be appreciably


reduced by some adjustments both in the
instrument as well as during calibration. The
instrument is provided with automatic amplitude


control that makes the heights of echoes equal
even if these are coming from different thicknesses.
This electronic correction is specially necessary in
thick samples. The thin samples do not require this
correction but pose the problem of non-linearity in
the Vee path if twin probe is being used.


4 PROBES


A twin probe shall be used in thickness measurement


between 1.5 mm and 20 mm. These probes pose a
problem due to their different Vee path in thinner
samples resulting into large non-linearity below 3 mm


of steel. This requires the linearity correction, if
twin probes are used for thin sections.


Single probes have large dead zone or poor near
surface resolution due to the continuous ringing


of crystal and the finite saturation time of receiver.
Such probes shall be used for measurement of


samples with thickness above 20 mm. For samples
with thickness below 1.5 mm, single probe with delay
lines shall be used. These probes shall be highly
damped and will have nominal frequency of 10 MHz
or more.


The diameter of the probe chosen depends upon
several factors. It would be better to have as small
diameter as possible, say 10 mm, allow proper contact
on curved surface. This will also result in smaller
beam diameter which gives finer resolution in the


measurement of variation in thickness. However, small
diameter probes suffer from larger beam diffraction


giving some times spuriflus echoes from lateral wall


afler the first back wall echo. If the lateral dimensions
are not large enough, either high frequency has to
be used or higher diameter has to be used.


5 COUPLANT


The couplant that allows the transfer of energy


from transducer to sample and back can affect
the measurement of thickness. The variation in
thickness of couplant while scanning the sample and
also the difference between couplant thickness on ,
reference block and test sample shall be kept
minimum. The use of delay line made ofa material
having small acoustic impedance, such as perspex,
is recommended for thin sections.
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6 REFERENCE BLOCKS


Two reference blocks, one near the maximum range


of interest and the other near the minimum of this
range shall be taken. These blocks may be made
of hard, non-corrosive material if thickness to be
measured is between 3 mm and 20 mm. Below 3 mm,


blocks made of material acoustically identical to test
sample have to be taken if twin probe is used. Above
20 mm, blocks made of material with nearly same
attenuation as test sample are to be used.


7 EVALUATION OF GAUGE PARAMETERS


Two parameters, namely, the linearity and the
repeatability, shall necessarily be evaluated for
each ultrasonic thickness gauge. This evaluation
shall be done every 3 months or after every 500 h
whichever is less. For stringent applications, the


evaluation shall be carried out by a national/accredited
laboratory before the use and at least once in year.


7.1 Setting up of Gauge


For the adjustment of delay and range controls,
the probe is first placed on the thicker of the two
reference blocks. Any deviation in the thickness
reading from the true value is offset by the adjustment


of range ( material calibration ) control. The probe is
then placed on the thinner block and delay control is
adjusted to get true thickness value. The steps are
repeated several times till the instrument reads the


correct thickness of both the blocks.


7.2 Linearity


For the evaluation of the non-linearity, the gauge


shall be adjusted using the two reference blocks.


The thickness should then be measured over at
least five more blocks of intermediate thickness. The
linearity shall be evaluated separately for all the ranges
available in the gauge.


If the range extends below 3 mm and a twin probe is
used, linearity curve must be plotted.


Non-linearity of more than 1 percent of the range shall
not be acceptable.


7.3 Repeatability


The equipment should be recalibrated and recalibrated
several times to obtain a set of measurements on same
sample.


Standard deviation of more than three times the display
resolution shall not be acceptable.


7.4 Temperature Effect


The calibration of equipment and reference block
must be preferably done at the same temperature at
which the thickness of the test material is to be
measured. lfthe temperature of test material is above


200°C, a correction “factor must be applied as per
Is 15435.


8 CALIBRATION OF REFERENCE BLOCKS


The reference blocks shall be calibrated for following
parameters:


a)


b)


c)


Time of travel of ultrasonic longitudinal
waves between two parallel faces with an
accuracy of &3 ns for thickness less than
20 mm and that of +5 ns for thickness equal
to or above 20 mm.


Velocity of ultrasonic longitudinal waves
with an accuracy of +5 mls for thickness less
than 20 mm and that of +1 Om/s for thickness


equal to or above 20 mm.


Equivalent thickness for steel having


ultrasonic longitudinal wave velocity of


5920 m/s. This has to be expressed with an
accuracy not less than the display resolution.
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Non-destructive Testing Sectional Committee, MTD 21


FOREWORD


This Indian Standard (First Revision) was adopted by the Bureau of Indian Standards, atler the draft finalized by
Non-destructive Testing Sectional Committee had been approved by the Metallurgical Engineering Division
Council.


This standard was first published in 1986. It has now been revised in the light of the experience gained since its
last publication. When applying ultrasonic techniques, it is essential that the operators are fully conversant with
the characteristics of the equipment to be used and have a fair knowledge about the method of manufacture of the
item under test and the type, position and probable distribution of the defects likely to be present.


[n this revision, following modifications have been carried out:


a) Scope has been modified, and


b) Clause on calibration of apparatus has been modified.


For the purpose of deciding whether a particular requirement of this -standard is complied with the final value,
observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with
IS 2: 1960 ‘Rules for rounding off numerical values (revised’. The number of significant places retained in the
rounding off value should be the same as that of the specified value in this standard.
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Indian Standard


RECOMMENDED PRACTICE FOR ULTRASONIC
, TESTING AND ACCEPTANCE FOR PLAIN CARBON AND


LOW ALLOY FORGING


(First


1 SCOPE


1.1 This standard describes for carrying out
ultrasonic examination using straight beam, pulse-echo
contact technique of plain carbon and low alloy
forging quality blooms. It is applicable for blooms of
sizes up to 300 mm x 300 mm from ingot route and
200 mm x 200 mm from continuous casting route.


1.2 In case of bloom rolled fi-om the continuous
casting product, the reduction ratio between the rolled
blooms and cast product shall not be less than 9.


2 REFERENCES


The following standards contain provisions, which through
reference in this text, constitute provisions of this standard.
At the time of publication, the editions indicated were
valid. All standards are subject to revision and parties
to agreements based on this standard are encouraged to
investigate the possibility of applying the most recent
editions of the standards indicated below.


IS No.


2417:2003


12666:1988


13805:2004


Title


Glossary of terms used in ultrasonic
non-destructive testing (second revision)


Methods for performance assessment of
ultrasonic flaw detection equipment


Gerreral standard for qualification and
certification of non-destructive testing
personnel — Specification (fhst revision)


3 TERMINOLOGY


For the purpose of this standard the definitions given in
IS 2417 shall apply, in addition to the following.


3.1 Bloom — A semi-finished forged, rolled or
continuously cast product intended for re-rolling or
forging. The cross-section is square or rectangular
(excluding slab) and is generally more than 125 mm x


125 mm or equivalent cross-sectional area.


4 PERSONNEL


Personnel conducting examination shall be trained and
certified as per IS 13805.


QUALITY


Revision )


STEEL BLOOMS


5 EQU-IPMENT


5.1 Ultrasonic Apparatus


The apparatus shall conform to IS 12666 for performance
assessment of ultrasonic flaw detection equipment.


5.2 Probe


A suitable probe having crystal diameter between
20 mm and 25 mm, and frequency in the range of 1 to
4 MHz shall be used.


6 CALIBRATION OF APPARATUS


6.1 DGS Calibration


Prior to use, verify that the DGS overlay matches the
probe size and frequency. Accuracy of the overlay can
be verified by reference blocks as described in
IS 12666.


6.2 Select the appropriate DGS scale for the cross-
sectional thickness of the test specimen to-be examined.
Insert the overlay over the CRT screen, ensuring the
DGS scale base line coincides with the sweep line of the
CRT screen.


6.3 Using sufficient coupkmt place the probe on the
test specimen and by adjusting the gain (dB) produce
the first backwall echo, clearly visible on the CRT
screen scale.


6.4 Using time based adjustment shift the trace until
the foot of the rising flank of the initial pulse is on the
zero point of the scale and the backwall echo is on that
scale value which corresponds to the thickness of the
test specimen.


6.5 Using controls ‘gain’ (dB control) and ‘continuous
gain’ adjust the back wall echo to the amplitude of the
backwall echo curve within 2dB variation.


6.6 Using the ‘gain (dB)’, control increase the instrument
gain by the dB value given for the back wall echo curve.


6.7 Instrument is now calibrated and flaw sizes that can


  
  







IS 11626:2005


be reliably detected can be directly read from the CRT
screen. The+e flaw sizes are the equivalent flat bottom
reflector that carbe used as a reference point.


6.8 In the absence of DGS scale appropriate distance-
amplitude curve shall be developed.


6.8.1 The material used for reference blocks shall be
t?ee from defects. The material of reference block and
the material to be tested shall have the same accoustic
attenuation as far as practicable.


6.-8.2 The reference standards shall be flat
bottom holes drilled perpendicular to one of the end
faces at the centre to a depth of about 25 mm as given
in Table 1.


6.8.3 A distance amplitude set shall contain a number
of reference blocks with identical hole sizes with varying
distance from the entry surface to the flat bottom holes.
The distance amplitude curves for different sizes of flat
bottom holes having different distance will be drawn on
the CRT screen by selecting a suitable gain. As the
diameter of holes vary between 2 mm to 12 mm,
sensitivity may be required to be changed, this should
be taken care of while plotting the curves on the CRT
screen.


6.8.4 As distance-amplitude correction (DAC) depends
upon the equipment and probe used, it is to be established
before proceeding with the test. As shown in Table 1,
DACS shall be plotted for varying flat bottom holes
(2 mm to 12 mm) at varying depths for different
frequencies (for example 1-2 MHz separately).


6.8.5 All dimensions of interest like, depth of block,
hole and diameter of hole shall be checked accurately to
a tolerance indicated in Table 1.


6.8.6 For any change in setting of equipment, probe,
couplant and operator, recalibration shall be carried
out. Change in gain of more than 20 percent when


confirmed at the end of test shall invalidate the test
carried out and fresh test shall be carried out after
recalibration of the equipment.


6.9 When testing on actual blooms atler calibrating
the instrument, transfer corrections should be made.


7 SURFACE CONDITION


The surface of the bloom shall be made free from loose
scale, rust and such other extraneous matter as far as
practicable. Heavier size bloom may have ragging
mark on the surface of the rolls for increasing the angle
of bite. Testing on such raised portion may not be
possible. If testing on all area is ~equired, prior
agreement shall be made between the supplier and the
purchaser for such test.


8 COUPLANT


Water, light or medium viscosity oil or grease shall be
used as the coupling medium. If found necessary, other
fluid may also be used.


9 MODE OF SCANNING


9.1 The blooms shall be tested on any two adjacent
faces by moving the probe along a sinusoidal line from
one -end of the bloom to the other end so as to cover at
least 10 percent of the surface area of the faces.


9.2 Whenever a flaw is detected during scanning, the
entire surface area equivalent to cross-section of the
bloom centred around the defect indicated shall be
scanned.


9.3 Closer scanning than those specified in 9.1 and 9.2
can be carried out with mutual agreement between the
purchaser and the supplier.


10 ACCEPTANCE STANDARD


10.1 Definition


10.1.1 Core Zone — Core zone is defined as the


Table 1 Dimension of Reference Blocks
(Clauses 6.8.2,6.8.4 and 6.8.5)


S1No. BlockDepth Tolerance HoleDia Tolerance -Depthof Hole Tolerance
mm mm mm mm mm mm


(1) (2) (3) (4) (5) (6) (7)


i) 50 0.50 1.5-12 0.10 25 0.50


ii) 100 0.50 1.5-12 0.10 25 0.50


iii) 160 0.50 1.5-12 0.10 25 .0.50


iv) 200 0.50 2-12 0.10 25 0.50


v) 250 1.00 2-12 0,10 25 0.50


vi) “300 1.00 2-12 0.10 25 0.50


2
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central zone having diameter equal to one half of side
of bloom.


10.1.2 Remaining Area — Area other than core zone.


10.1.3 Half Value Length — The length of the flaw
as established by movement and plotting the mid-point
of probe when the echo falls to 50 percent or 6 dB.


10.2 Acceptance Limits .


10.2.1 Defect exceeding 1 mm equivalent flaw diameter
or the minimum equivalent flaw diameter which can be
detected taking into consideration the sound attenuation
shall be recorded.


10.2.2 The acceptability criteria for the different
dimension of the -bloom shall be as per Tables 2 to 4
and 9.1 to 9.3.


10.2.3 Flaw indication showing the presence of pipes
and flakes shall not be accepted.


10.2.4 Total loss in back reflection without assignable
cause like improper coupling, etc, shall not be acceptable.


10.2.5 With prior agreement any other acceptance
criteria other than those specified from 10.2.1 to 10.2.4
can be followed, if specified and agreed to between the
purchaser and the supplier.


1-1 TEST REPORTS


11.1 A test certificate shall indicate the size, grade of
steel, cast number and ultrasonic acceptance grade,
name of UT operator, his level, date of testing.


11.2 A suitable identification mark indicating the
acceptance grade shall be given on the cross-section of
the bloom.


..
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Table 2 Criteria for Acceptability of Flaws in Blooms of >250 mm Up to 300 mm
..


(Clause 10.2.2J :0fn


Grade Maximum Acceptable Continuous, Maximum Maximum Acceptable Acceptable


Individual Continuous
If Half Value Acceptable Distance Number of No. of Flaw


Length Flaw Length
Indications


Between
Indications


Flaws per in Supp.
Exceeds mm Flaws Metre Run Length of


EquivalentFlawDi~ mm mm 3t04m


Core Remaining core Remaining
Area Area


(1) (2) (3) (4) (5) (6) (7) (8) (9) (l-o)


1 6 3 3 2 40 90 60 3 8


2 7 5 5 3 40 100 60 3 8


3 9 5 5 3 40 120 80 3 8


4 12 6 6 4 50 150 100 6 10


Table 3 Criteria for Acceptability of Flaws in Bloom Size Range bf 200 mm to 300 mm
(Clause 10.2.2).


Grade Maximum Acceptable Continuous, Maximum Maximum Acceptable Acceptable


Individual Continuous If Half Value Acceptable Dktance Number of No. of Flaw


Indications
Length Flaw Length Between


Indications
Flaws per in Supp.


Exceeds mm Flaws Metre Run Length of
EquivalentFlaw Di& mm mm 3t04m


core Remaining core Remaining
Area Area


(1) (2) (3) (4) (5) (6) (7) (8) (9) (lo)


1 5 3 3 2 30 80 60 3 6


2 6 3 3 2 40 90 60 3 8


3 7 4 4 2 40 100 60 3 8


4 9 5 5 3 40 120 80 3 8
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Table 4 Criteria for Acceptability of Flaws in Blooms of 200 mm Square and Below


(C/as4.se10:2.2)


Grade Maximum Acceptable Continuous, Maximum Maximum Acceptable Acceptable


Individual Continuous If Half Value Acceptable Distance Number of No. of Flaw


Indiactions
Length Flaw Length


Indications
Between Flaws per in ‘Supp.


Exceeds mm Flaws Mctre Run Length of
EquivaIcntFlawDi~ mm mm 3t04m


Core Remaining core Remaining
Area Area


(1) (2) (3) (4) (5) (6) (7) (8) (9) (lo)


1 3 2 2 1.5 30 60 40 2 ~


2 4 2 3 2 30 80 50 3 6


3 7 4 4 2 40 90 60 3 8


4 9 4 5 2 40 70 70 3 8
I
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Non-destructive Testing Sectional Committee, MTD 21


FOREWORD


This Indian Standard (First Revision) was adopted by the Bureau of Indian Standards, atler the draft finalized by
Non-destructive Testing Sectional Committee had been approved by the Metallurgical Engineering Division
Council.


This standard was first published in 1986. It has now been revised in the light of the experience gained since its
last publication. When applying ultrasonic techniques, it is essential that the operators are fully conversant with
the characteristics of the equipment to be used and have a fair knowledge about the method of manufacture of the
item under test and the type, position and probable distribution of the defects likely to be present.


[n this revision, following modifications have been carried out:


a) Scope has been modified, and


b) Clause on calibration of apparatus has been modified.


For the purpose of deciding whether a particular requirement of this -standard is complied with the final value,
observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with
IS 2: 1960 ‘Rules for rounding off numerical values (revised’. The number of significant places retained in the
rounding off value should be the same as that of the specified value in this standard.
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Indian Standard


RECOMMENDED PRACTICE FOR ULTRASONIC
, TESTING AND ACCEPTANCE FOR PLAIN CARBON AND


LOW ALLOY FORGING


(First


1 SCOPE


1.1 This standard describes for carrying out
ultrasonic examination using straight beam, pulse-echo
contact technique of plain carbon and low alloy
forging quality blooms. It is applicable for blooms of
sizes up to 300 mm x 300 mm from ingot route and
200 mm x 200 mm from continuous casting route.


1.2 In case of bloom rolled fi-om the continuous
casting product, the reduction ratio between the rolled
blooms and cast product shall not be less than 9.


2 REFERENCES


The following standards contain provisions, which through
reference in this text, constitute provisions of this standard.
At the time of publication, the editions indicated were
valid. All standards are subject to revision and parties
to agreements based on this standard are encouraged to
investigate the possibility of applying the most recent
editions of the standards indicated below.


IS No.


2417:2003


12666:1988


13805:2004


Title


Glossary of terms used in ultrasonic
non-destructive testing (second revision)


Methods for performance assessment of
ultrasonic flaw detection equipment


Gerreral standard for qualification and
certification of non-destructive testing
personnel — Specification (fhst revision)


3 TERMINOLOGY


For the purpose of this standard the definitions given in
IS 2417 shall apply, in addition to the following.


3.1 Bloom — A semi-finished forged, rolled or
continuously cast product intended for re-rolling or
forging. The cross-section is square or rectangular
(excluding slab) and is generally more than 125 mm x


125 mm or equivalent cross-sectional area.


4 PERSONNEL


Personnel conducting examination shall be trained and
certified as per IS 13805.


QUALITY


Revision )


STEEL BLOOMS


5 EQU-IPMENT


5.1 Ultrasonic Apparatus


The apparatus shall conform to IS 12666 for performance
assessment of ultrasonic flaw detection equipment.


5.2 Probe


A suitable probe having crystal diameter between
20 mm and 25 mm, and frequency in the range of 1 to
4 MHz shall be used.


6 CALIBRATION OF APPARATUS


6.1 DGS Calibration


Prior to use, verify that the DGS overlay matches the
probe size and frequency. Accuracy of the overlay can
be verified by reference blocks as described in
IS 12666.


6.2 Select the appropriate DGS scale for the cross-
sectional thickness of the test specimen to-be examined.
Insert the overlay over the CRT screen, ensuring the
DGS scale base line coincides with the sweep line of the
CRT screen.


6.3 Using sufficient coupkmt place the probe on the
test specimen and by adjusting the gain (dB) produce
the first backwall echo, clearly visible on the CRT
screen scale.


6.4 Using time based adjustment shift the trace until
the foot of the rising flank of the initial pulse is on the
zero point of the scale and the backwall echo is on that
scale value which corresponds to the thickness of the
test specimen.


6.5 Using controls ‘gain’ (dB control) and ‘continuous
gain’ adjust the back wall echo to the amplitude of the
backwall echo curve within 2dB variation.


6.6 Using the ‘gain (dB)’, control increase the instrument
gain by the dB value given for the back wall echo curve.


6.7 Instrument is now calibrated and flaw sizes that can


  
  



BARC

Note

INclude Level I/ II/ III



BARC

Note

Include 3.1, 3.1.1 and 3.1.2 of IS 11630



BARC

Note

Probes of different size and frequency may be used if the product condition demands so.



BARC

Note

DGS scale



BARC

Note

Add a para on ' Calibrate the time based CRT such that the range equals 1.5 to 2 times the thickness of the object to be tested'







IS 11626:2005


be reliably detected can be directly read from the CRT
screen. The+e flaw sizes are the equivalent flat bottom
reflector that carbe used as a reference point.


6.8 In the absence of DGS scale appropriate distance-
amplitude curve shall be developed.


6.8.1 The material used for reference blocks shall be
t?ee from defects. The material of reference block and
the material to be tested shall have the same accoustic
attenuation as far as practicable.


6.-8.2 The reference standards shall be flat
bottom holes drilled perpendicular to one of the end
faces at the centre to a depth of about 25 mm as given
in Table 1.


6.8.3 A distance amplitude set shall contain a number
of reference blocks with identical hole sizes with varying
distance from the entry surface to the flat bottom holes.
The distance amplitude curves for different sizes of flat
bottom holes having different distance will be drawn on
the CRT screen by selecting a suitable gain. As the
diameter of holes vary between 2 mm to 12 mm,
sensitivity may be required to be changed, this should
be taken care of while plotting the curves on the CRT
screen.


6.8.4 As distance-amplitude correction (DAC) depends
upon the equipment and probe used, it is to be established
before proceeding with the test. As shown in Table 1,
DACS shall be plotted for varying flat bottom holes
(2 mm to 12 mm) at varying depths for different
frequencies (for example 1-2 MHz separately).


6.8.5 All dimensions of interest like, depth of block,
hole and diameter of hole shall be checked accurately to
a tolerance indicated in Table 1.


6.8.6 For any change in setting of equipment, probe,
couplant and operator, recalibration shall be carried
out. Change in gain of more than 20 percent when


confirmed at the end of test shall invalidate the test
carried out and fresh test shall be carried out after
recalibration of the equipment.


6.9 When testing on actual blooms atler calibrating
the instrument, transfer corrections should be made.


7 SURFACE CONDITION


The surface of the bloom shall be made free from loose
scale, rust and such other extraneous matter as far as
practicable. Heavier size bloom may have ragging
mark on the surface of the rolls for increasing the angle
of bite. Testing on such raised portion may not be
possible. If testing on all area is ~equired, prior
agreement shall be made between the supplier and the
purchaser for such test.


8 COUPLANT


Water, light or medium viscosity oil or grease shall be
used as the coupling medium. If found necessary, other
fluid may also be used.


9 MODE OF SCANNING


9.1 The blooms shall be tested on any two adjacent
faces by moving the probe along a sinusoidal line from
one -end of the bloom to the other end so as to cover at
least 10 percent of the surface area of the faces.


9.2 Whenever a flaw is detected during scanning, the
entire surface area equivalent to cross-section of the
bloom centred around the defect indicated shall be
scanned.


9.3 Closer scanning than those specified in 9.1 and 9.2
can be carried out with mutual agreement between the
purchaser and the supplier.


10 ACCEPTANCE STANDARD


10.1 Definition


10.1.1 Core Zone — Core zone is defined as the


Table 1 Dimension of Reference Blocks
(Clauses 6.8.2,6.8.4 and 6.8.5)


S1No. BlockDepth Tolerance HoleDia Tolerance -Depthof Hole Tolerance
mm mm mm mm mm mm


(1) (2) (3) (4) (5) (6) (7)


i) 50 0.50 1.5-12 0.10 25 0.50


ii) 100 0.50 1.5-12 0.10 25 0.50


iii) 160 0.50 1.5-12 0.10 25 .0.50


iv) 200 0.50 2-12 0.10 25 0.50


v) 250 1.00 2-12 0,10 25 0.50


vi) “300 1.00 2-12 0.10 25 0.50
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central zone having diameter equal to one half of side
of bloom.


10.1.2 Remaining Area — Area other than core zone.


10.1.3 Half Value Length — The length of the flaw
as established by movement and plotting the mid-point
of probe when the echo falls to 50 percent or 6 dB.


10.2 Acceptance Limits .


10.2.1 Defect exceeding 1 mm equivalent flaw diameter
or the minimum equivalent flaw diameter which can be
detected taking into consideration the sound attenuation
shall be recorded.


10.2.2 The acceptability criteria for the different
dimension of the -bloom shall be as per Tables 2 to 4
and 9.1 to 9.3.


10.2.3 Flaw indication showing the presence of pipes
and flakes shall not be accepted.


10.2.4 Total loss in back reflection without assignable
cause like improper coupling, etc, shall not be acceptable.


10.2.5 With prior agreement any other acceptance
criteria other than those specified from 10.2.1 to 10.2.4
can be followed, if specified and agreed to between the
purchaser and the supplier.


1-1 TEST REPORTS


11.1 A test certificate shall indicate the size, grade of
steel, cast number and ultrasonic acceptance grade,
name of UT operator, his level, date of testing.


11.2 A suitable identification mark indicating the
acceptance grade shall be given on the cross-section of
the bloom.


..
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Table 2 Criteria for Acceptability of Flaws in Blooms of >250 mm Up to 300 mm
..


(Clause 10.2.2J :0fn


Grade Maximum Acceptable Continuous, Maximum Maximum Acceptable Acceptable


Individual Continuous
If Half Value Acceptable Distance Number of No. of Flaw


Length Flaw Length
Indications


Between
Indications


Flaws per in Supp.
Exceeds mm Flaws Metre Run Length of


EquivalentFlawDi~ mm mm 3t04m


Core Remaining core Remaining
Area Area


(1) (2) (3) (4) (5) (6) (7) (8) (9) (l-o)


1 6 3 3 2 40 90 60 3 8


2 7 5 5 3 40 100 60 3 8


3 9 5 5 3 40 120 80 3 8


4 12 6 6 4 50 150 100 6 10


Table 3 Criteria for Acceptability of Flaws in Bloom Size Range bf 200 mm to 300 mm
(Clause 10.2.2).


Grade Maximum Acceptable Continuous, Maximum Maximum Acceptable Acceptable


Individual Continuous If Half Value Acceptable Dktance Number of No. of Flaw


Indications
Length Flaw Length Between


Indications
Flaws per in Supp.


Exceeds mm Flaws Metre Run Length of
EquivalentFlaw Di& mm mm 3t04m


core Remaining core Remaining
Area Area


(1) (2) (3) (4) (5) (6) (7) (8) (9) (lo)


1 5 3 3 2 30 80 60 3 6


2 6 3 3 2 40 90 60 3 8


3 7 4 4 2 40 100 60 3 8


4 9 5 5 3 40 120 80 3 8
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Table 4 Criteria for Acceptability of Flaws in Blooms of 200 mm Square and Below


(C/as4.se10:2.2)


Grade Maximum Acceptable Continuous, Maximum Maximum Acceptable Acceptable


Individual Continuous If Half Value Acceptable Distance Number of No. of Flaw


Indiactions
Length Flaw Length


Indications
Between Flaws per in ‘Supp.


Exceeds mm Flaws Mctre Run Length of
EquivaIcntFlawDi~ mm mm 3t04m


Core Remaining core Remaining
Area Area


(1) (2) (3) (4) (5) (6) (7) (8) (9) (lo)


1 3 2 2 1.5 30 60 40 2 ~


2 4 2 3 2 30 80 50 3 6


3 7 4 4 2 40 90 60 3 8


4 9 4 5 2 40 70 70 3 8
I
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Non-destructive Testing Sectional Committee, MTD 21


FOREWORD


This Indian Standard (First Revision) was adopted by the Bureau of Indian Standards, after the draft finalized by
the Non-destructive Testing Sectional Committee had been approved by the Metallurgical Engineering Division
Council.


This standard was first published in 1986. It has now been revised in the light of the experience gained in this field.
In this revision, following modifications have been carried out:


a) Reference clause has been added.


b) Equipment clause has been modified.


c) A new clause on testing personnel has


d) Procedure clause has been modified.


e) Scanning clause has been modified.


f) Recording clause has been modified.


been added.


!3) Acceptance level clause has been modified.


h) A new clause on rehearing has been added.


This standard should be used in conjunction with:


a) IS 3664 : 1981 Code of practice for ultrasonic pulse echo testing by contact and immersion method
(first revision)


b) IS 4225:2004 Recommended practice for straight beam ultrasonic testing of steel plates (second
revision)


For the purpose of deciding whether a particular requirement of this standard is complied with the final value,
observed or”calculated, expressing the result of a test or analysis, shall be rounded off in accordance with
IS 2:1960 ‘Rules forrounding off numerical values (revise~’. The number of significant places retained in the
rounded off value should be the same as that of the specified value in this standard,


  
  







Indian Standard


METHOD FOR ULTRASONIC


IS 11630:2005


TESTING OF
STEEL PLATES FOR PRESSURE VESSELS


AND SPECIAL APPLICATIONS


(First Revision)


1 SCOPE


1.1 This standard covers the procedure for ultrasonic
testing of hot-rolled heat treated low alloy and plain
carbon steel of 12 mm and over in thickness by normal
beam pulse echo method. It also specifies the two
grades of steel plates.


1.2 Grade 1 is intended primarily for plates used for
pressure vessel applications; for other special application
plates can be supplied conforming to Grade 2 of this
standard.


1.3 For plates below 12 mm in thickness, method of
testing and acceptance criteria shall be mutually agreed
at the time of ordering.


2 REFERENCE


The following standard contains provision, which
through reference in this text, constitutes provision of
this standard. At the time of publication, the edition was
valid. All standards are subject to revision and parties
to agreements based on this standard are encouraged to
investigate the possibility of applying the most recent
edition of the standard indicated below:


1S No. Title


13805:2004 General standard for qualification and
certification ofnon-destructive testing
personnel (fht revision)


3 EQUIPMENT


3.1 Ultrasonic Apparatus


The equipment shall be of pulse echo type capable of
generating frequencies over the range of at least 1 MHz
to 6 MHz. Instruments operating at other frequencies
may be used if equal or better sensitivity can be
demonstrated or documented. The equipment shall be
capable of providing linear vertical presentation within
+ 5 percent of the full screen height for 20 percent to
80 percent of the screen height.


3.1.1 The equipment shall be provided with an amplitude
control which is calibrated minimum in steps of 1 or 2
dB and accurate over its useful range to * 20 percent of
the nominal amplitude ratio.


3.1.2 The equipment shall have a time base which is
linear within + 20 percent over its full range and have
length appropriate to the geometry of the parts to be
tested.


3.2 Transducer


The transducer shall be normal beam compression wave
type and is normally 25 to 30 mm in diameter maximum
in diameter. Other search units maybe used for evaluating
and pinpointing indications.


4 PERSONNEL


Personnel conducting examination shall be trained and
certified as per IS 13805.


5 PROCEDURE


5.1 The ultrasonic examination shall be normally carried
out on one surface only. Examination to be carried out
in an area fkee of operations that interfere with proper
performance of the test.


5.2 With special agreement betweefi purchaser and the
manufacturer, if required, examination from both the
surface (top and bottom) may also be carried out.


5.3 Plates ordered in heat treated condition shall be
tested after specified heat treatment.


5.4 The plates to be examined shall be clean and
smooth so as to maintain a first reflection from the
opposite side from the defect free zone of the plate at
least 80 percent of the fill scale during scanning. If the
above condition is not possible to be attained due to
presence of surface scale, use of grinding or other
means of scale removal shall be followed to obtain
proper coupling of transducer with material under test.


5.5 Direct contact, immersion or liquid coltunmoupling
shall be used to perform the test. Suitable couplant such
as water, oil or glycerine shall be used.


5.6 A nominal test frequency of 4 MHz is recommended.
When testing plates less than 20 mm thick, higher
tiequency of 6 MHz may be necessary. Lower frequencies
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may be used, if the signal to noise ratio is not adequate.
A clean, easily interpretted trace pattern should be
produced during the examination.


> 5.7 Thickness, grain size or microstructure of the
material and nature of equipment or testing method may
require higher or lower test frequency.


5.8 Transducer of frequency 1 MHz and below maybe
used with special agreement between the supplier and
the purchaser.


6 SCANNING


6.1 For Grade 1 plate, the scanning shall be along
continuous perpendicular grid lines on nominal 150 mm
centres or all the options of manufacturers shall be
along continuous parallel paths, transverse to the major
plate axis, on nominal 100 mm centres, or shall be along
continuous parallel paths parallel to the major plate
axis, on 75 mm or smaller centres. Measurement shall
be from the centre or one comer of the plate with an
additional area within 50 mm of all edges of the plate
on the searching surface.


6.2 For Grade 2 sheared and gas cut plates, edge testing
shall be carried out on extreme edges along sides,
parallel to the edges. The width of tested region shall
not be less than 50 mm. Additional scanning shall also
be carried out along the centre of the width and length
parallel to the edges. The width of the scanned portion
shall not be less than 75 mm.


6.3 Pattern of scanning other than those indicated
in 6.1 and 6.2 can be followed with special agreement
between the purchaser and the supplier.


6.4 Conduct the general scanning with the instrument
adjustment that will produce a first reflection from the
opposite side of a sound area of the plate from
80 percent of full scale. Minor sensitivity adjustments
may be made to accommodate the surface roughness.


6.5 When discontinuity condition is observed during
general scanning adjust the instrument to produce a first
reflection fi-omthe opposite side of a sound area of the
plate of 75 * 5 percent of fi.dl screen height. This


50 percent of the initial back echo or which causes
50 percent loss in back reflection or both.


7.3 Where grid scanning is performed and recordable
condition as in 7.1 and 7.2 are detected along a given
grid line, the entire surface area of the squares adjacent
to this indications shall be scanned. Where parallel
path scanning is performed and recordable conditions
as in 7..1and 7.2 are detected, the entire surface area of
150 mm x 150 mm square centered on this indication
shall be scanned.


7.4 The true boundary of the flaw shall be estimated by
moving the transducer away from the centre of
discontinuity until the height of back reflection and
flaw indication are equal. The centre of the transducer
shall be marked on the plate. Operation shall be repeated
to establish the boundary of the flaw.


8 ACCEPTANCE STANDARD — LEVEL I


8.1 Edge Lamination


The maximum penetration of the defect in the plate
shall be 25 mm to a minimum length -of 25 mm. The
maximum total “length in any 1 m length of the plate
shall not exceed 120 mm and maximum average length
of the flaw per metre length of the plate shall not exceed
60 mm. The acceptable adjacent discontinuities shall be
separated by a minimum distance equal to the greater
length of the discontinuity in the group.


8.2 Inside


Any area where one or more discontinuities produce a
continuous total loss of back reflection accompWied by
continuous indications on the same plane that cannot be
encompassed within a circle whose diameter is 75 mm
or 1/2 of the plate thickness, whichever greater is
unacceptable.


8.3 In addition, two or more discontinuities smaller
than described in 8.2 shall be unacceptable unless
separated by a minimum distance equal to the greatest
diameter of the larger discontinuity or unless may be
collectively encompassed by the circle described in 8.2.


9 ACCEPTANCE STANDARD — LEVEL 11


instrument setting shall be maintained during evaluation
of discontinuity. 9.1 Edge Lamination


The maximum penetration of the defect in the plate


7 RECORDING shall be 50 mm to a maximum length of 50 mm, The
maximum total length in any 1 m length of the plate


7.1 Record all discontinuities causing complete loss of shall not exceed 150 mm and maximum average length


back reflection. of the flaw per metre length of the plate shall not exceed
80 mm. The acceptable adjacent discontinuities shall


7.2 For’ plates 20 mm thick and over, record all be separated by a minimum distance equal to the greater
indications with amplitudes equal to or greater than length of the discontinuity in the group.
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9.2 Inside
Any area where one or more discontinuities produce a
continues total loss of back reflection accompanied by
continuous indications on the same plane that cannot be
encompassed within a circle whose diameter is 75 mm
or 1/2 of the plate thickness, whichever greater is
unacceptable.


10 REHEARING


The manufacturer reserves the right to discuss with the
purchaser regarding rejectable ultrasonically tested plate
with the object of possible repair of the ultrasonically
indicated defect before rejection of the plate.


11 INSPECTION


The inspector representing the purchaser shall have
access at all times, while work on the contract of the
purchaser is being performed, to all parts of the
manufacturer’s works that concern the ultrasonic testing
of the plates ordered. The manufacturer shall a-ffordthe
inspector all reasonable facilities to satisfy him that the
material is being furnished in accordance with this
specification. All tests and inspection shall be made at
the place of manufacture prior to shipment, unless
otherwise specified, and shall be conducted without
interfering unnecessarily with the manufacturer’s
operations.


12 MARKING


12.1 All plates accepted to this standard shall have the
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grade and specification marked by means of good
quality enamel paint or by stenciling (stamping) on one
comer of the each plate.


12.1.1 The appropriate quality grade of the plate and
the specification number shall be marked by paint.


13 REPORT


13.1 Unless otherwise agreed with -the purchaser, an
ultrasonic test certificate indicating followrng details
shall be supplied to the purchaser.


13.1.1 All recordable indications listed in 7 on a sketch
of the plate with suftkient data to enable correlation
with the plate.


13.1.2


a)


b)


c)


d)


e)


8


g)


h)


j)


k)


Test parameters includs:


Material specification;


Plate identification;


Cast number;


Size and thickness of the plate;


Surface condition;


Make and model of UT instrument;


Detail of transducer (type, diameter,
frequency, etc);


Detail of couplant;


Date of testing; and


UT operator’s name, his level.
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Non-destructive Testing Sectional Committee, MTD 21


FOREWORD


This Indian Standard (First Revision) was adopted by the Bureau of Indian Standards, after the draft finalized by
the Non-destructive Testing Sectional Committee had been approved by the Metallurgical Engineering Division
Council.


This standard was first published in 1986. It has now been revised in the light of the experience gained in this field.
In this revision, following modifications have been carried out:


a) Reference clause has been added.


b) Equipment clause has been modified.


c) A new clause on testing personnel has


d) Procedure clause has been modified.


e) Scanning clause has been modified.


f) Recording clause has been modified.


been added.


!3) Acceptance level clause has been modified.


h) A new clause on rehearing has been added.


This standard should be used in conjunction with:


a) IS 3664 : 1981 Code of practice for ultrasonic pulse echo testing by contact and immersion method
(first revision)


b) IS 4225:2004 Recommended practice for straight beam ultrasonic testing of steel plates (second
revision)


For the purpose of deciding whether a particular requirement of this standard is complied with the final value,
observed or”calculated, expressing the result of a test or analysis, shall be rounded off in accordance with
IS 2:1960 ‘Rules forrounding off numerical values (revise~’. The number of significant places retained in the
rounded off value should be the same as that of the specified value in this standard,
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METHOD FOR ULTRASONIC


IS 11630:2005


TESTING OF
STEEL PLATES FOR PRESSURE VESSELS


AND SPECIAL APPLICATIONS


(First Revision)


1 SCOPE


1.1 This standard covers the procedure for ultrasonic
testing of hot-rolled heat treated low alloy and plain
carbon steel of 12 mm and over in thickness by normal
beam pulse echo method. It also specifies the two
grades of steel plates.


1.2 Grade 1 is intended primarily for plates used for
pressure vessel applications; for other special application
plates can be supplied conforming to Grade 2 of this
standard.


1.3 For plates below 12 mm in thickness, method of
testing and acceptance criteria shall be mutually agreed
at the time of ordering.


2 REFERENCE


The following standard contains provision, which
through reference in this text, constitutes provision of
this standard. At the time of publication, the edition was
valid. All standards are subject to revision and parties
to agreements based on this standard are encouraged to
investigate the possibility of applying the most recent
edition of the standard indicated below:


1S No. Title


13805:2004 General standard for qualification and
certification ofnon-destructive testing
personnel (fht revision)


3 EQUIPMENT


3.1 Ultrasonic Apparatus


The equipment shall be of pulse echo type capable of
generating frequencies over the range of at least 1 MHz
to 6 MHz. Instruments operating at other frequencies
may be used if equal or better sensitivity can be
demonstrated or documented. The equipment shall be
capable of providing linear vertical presentation within
+ 5 percent of the full screen height for 20 percent to
80 percent of the screen height.


3.1.1 The equipment shall be provided with an amplitude
control which is calibrated minimum in steps of 1 or 2
dB and accurate over its useful range to * 20 percent of
the nominal amplitude ratio.


3.1.2 The equipment shall have a time base which is
linear within + 20 percent over its full range and have
length appropriate to the geometry of the parts to be
tested.


3.2 Transducer


The transducer shall be normal beam compression wave
type and is normally 25 to 30 mm in diameter maximum
in diameter. Other search units maybe used for evaluating
and pinpointing indications.


4 PERSONNEL


Personnel conducting examination shall be trained and
certified as per IS 13805.


5 PROCEDURE


5.1 The ultrasonic examination shall be normally carried
out on one surface only. Examination to be carried out
in an area fkee of operations that interfere with proper
performance of the test.


5.2 With special agreement betweefi purchaser and the
manufacturer, if required, examination from both the
surface (top and bottom) may also be carried out.


5.3 Plates ordered in heat treated condition shall be
tested after specified heat treatment.


5.4 The plates to be examined shall be clean and
smooth so as to maintain a first reflection from the
opposite side from the defect free zone of the plate at
least 80 percent of the fill scale during scanning. If the
above condition is not possible to be attained due to
presence of surface scale, use of grinding or other
means of scale removal shall be followed to obtain
proper coupling of transducer with material under test.


5.5 Direct contact, immersion or liquid coltunmoupling
shall be used to perform the test. Suitable couplant such
as water, oil or glycerine shall be used.


5.6 A nominal test frequency of 4 MHz is recommended.
When testing plates less than 20 mm thick, higher
tiequency of 6 MHz may be necessary. Lower frequencies
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may be used, if the signal to noise ratio is not adequate.
A clean, easily interpretted trace pattern should be
produced during the examination.


> 5.7 Thickness, grain size or microstructure of the
material and nature of equipment or testing method may
require higher or lower test frequency.


5.8 Transducer of frequency 1 MHz and below maybe
used with special agreement between the supplier and
the purchaser.


6 SCANNING


6.1 For Grade 1 plate, the scanning shall be along
continuous perpendicular grid lines on nominal 150 mm
centres or all the options of manufacturers shall be
along continuous parallel paths, transverse to the major
plate axis, on nominal 100 mm centres, or shall be along
continuous parallel paths parallel to the major plate
axis, on 75 mm or smaller centres. Measurement shall
be from the centre or one comer of the plate with an
additional area within 50 mm of all edges of the plate
on the searching surface.


6.2 For Grade 2 sheared and gas cut plates, edge testing
shall be carried out on extreme edges along sides,
parallel to the edges. The width of tested region shall
not be less than 50 mm. Additional scanning shall also
be carried out along the centre of the width and length
parallel to the edges. The width of the scanned portion
shall not be less than 75 mm.


6.3 Pattern of scanning other than those indicated
in 6.1 and 6.2 can be followed with special agreement
between the purchaser and the supplier.


6.4 Conduct the general scanning with the instrument
adjustment that will produce a first reflection from the
opposite side of a sound area of the plate from
80 percent of full scale. Minor sensitivity adjustments
may be made to accommodate the surface roughness.


6.5 When discontinuity condition is observed during
general scanning adjust the instrument to produce a first
reflection fi-omthe opposite side of a sound area of the
plate of 75 * 5 percent of fi.dl screen height. This


50 percent of the initial back echo or which causes
50 percent loss in back reflection or both.


7.3 Where grid scanning is performed and recordable
condition as in 7.1 and 7.2 are detected along a given
grid line, the entire surface area of the squares adjacent
to this indications shall be scanned. Where parallel
path scanning is performed and recordable conditions
as in 7..1and 7.2 are detected, the entire surface area of
150 mm x 150 mm square centered on this indication
shall be scanned.


7.4 The true boundary of the flaw shall be estimated by
moving the transducer away from the centre of
discontinuity until the height of back reflection and
flaw indication are equal. The centre of the transducer
shall be marked on the plate. Operation shall be repeated
to establish the boundary of the flaw.


8 ACCEPTANCE STANDARD — LEVEL I


8.1 Edge Lamination


The maximum penetration of the defect in the plate
shall be 25 mm to a minimum length -of 25 mm. The
maximum total “length in any 1 m length of the plate
shall not exceed 120 mm and maximum average length
of the flaw per metre length of the plate shall not exceed
60 mm. The acceptable adjacent discontinuities shall be
separated by a minimum distance equal to the greater
length of the discontinuity in the group.


8.2 Inside


Any area where one or more discontinuities produce a
continuous total loss of back reflection accompWied by
continuous indications on the same plane that cannot be
encompassed within a circle whose diameter is 75 mm
or 1/2 of the plate thickness, whichever greater is
unacceptable.


8.3 In addition, two or more discontinuities smaller
than described in 8.2 shall be unacceptable unless
separated by a minimum distance equal to the greatest
diameter of the larger discontinuity or unless may be
collectively encompassed by the circle described in 8.2.


9 ACCEPTANCE STANDARD — LEVEL 11


instrument setting shall be maintained during evaluation
of discontinuity. 9.1 Edge Lamination


The maximum penetration of the defect in the plate


7 RECORDING shall be 50 mm to a maximum length of 50 mm, The
maximum total length in any 1 m length of the plate


7.1 Record all discontinuities causing complete loss of shall not exceed 150 mm and maximum average length


back reflection. of the flaw per metre length of the plate shall not exceed
80 mm. The acceptable adjacent discontinuities shall


7.2 For’ plates 20 mm thick and over, record all be separated by a minimum distance equal to the greater
indications with amplitudes equal to or greater than length of the discontinuity in the group.
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9.2 Inside
Any area where one or more discontinuities produce a
continues total loss of back reflection accompanied by
continuous indications on the same plane that cannot be
encompassed within a circle whose diameter is 75 mm
or 1/2 of the plate thickness, whichever greater is
unacceptable.


10 REHEARING


The manufacturer reserves the right to discuss with the
purchaser regarding rejectable ultrasonically tested plate
with the object of possible repair of the ultrasonically
indicated defect before rejection of the plate.


11 INSPECTION


The inspector representing the purchaser shall have
access at all times, while work on the contract of the
purchaser is being performed, to all parts of the
manufacturer’s works that concern the ultrasonic testing
of the plates ordered. The manufacturer shall a-ffordthe
inspector all reasonable facilities to satisfy him that the
material is being furnished in accordance with this
specification. All tests and inspection shall be made at
the place of manufacture prior to shipment, unless
otherwise specified, and shall be conducted without
interfering unnecessarily with the manufacturer’s
operations.


12 MARKING


12.1 All plates accepted to this standard shall have the
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grade and specification marked by means of good
quality enamel paint or by stenciling (stamping) on one
comer of the each plate.


12.1.1 The appropriate quality grade of the plate and
the specification number shall be marked by paint.


13 REPORT


13.1 Unless otherwise agreed with -the purchaser, an
ultrasonic test certificate indicating followrng details
shall be supplied to the purchaser.


13.1.1 All recordable indications listed in 7 on a sketch
of the plate with suftkient data to enable correlation
with the plate.


13.1.2


a)


b)


c)


d)


e)


8


g)


h)


j)


k)


Test parameters includs:


Material specification;


Plate identification;


Cast number;


Size and thickness of the plate;


Surface condition;


Make and model of UT instrument;


Detail of transducer (type, diameter,
frequency, etc);


Detail of couplant;


Date of testing; and


UT operator’s name, his level.
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Designation: A578/A578M − 07 (Reapproved 2012)


Standard Specification for
Straight-Beam Ultrasonic Examination of Rolled Steel Plates
for Special Applications1


This standard is issued under the fixed designation A578/A578M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (´) indicates an editorial change since the last revision or reapproval.


This standard has been approved for use by agencies of the Department of Defense.


1. Scope


1.1 This specification2 covers the procedure and acceptance
standards for straight-beam, pulse-echo, ultrasonic examina-
tion of rolled carbon and alloy steel plates, 3⁄8 in. [10 mm] in
thickness and over, for special applications. The method will
detect internal discontinuities parallel to the rolled surfaces.
Three levels of acceptance standards are provided. Supplemen-
tary requirements are provided for alternative procedures.


1.2 Individuals performing examinations in accordance with
this specification shall be qualified and certified in accordance
with the requirements of the latest edition of ASNT SNT-
TC-1A or an equivalent accepted standard. An equivalent
standard is one which covers the qualification and certification
of ultrasonic nondestructive examination candidates and which
is acceptable to the purchaser.


1.3 The values stated in either SI units or inch-pound units
are to be regarded separately as standard. The values stated in
each system may not be exact equivalents; therefore, each
system shall be used independently of the other. Combining
values from the two systems may result in non-conformance
with the standard.


1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.


2. Referenced Documents


2.1 ASTM Standards:3


A263 Specification for Stainless Chromium Steel-Clad Plate


A264 Specification for Stainless Chromium-Nickel Steel-
Clad Plate


A265 Specification for Nickel and Nickel-Base Alloy-Clad
Steel Plate


2.2 ANSI Standard:4


B 46.1 Surface Texture
2.3 ASNT Standard:5


SNT-TC-1A


3. Ordering Information


3.1 The inquiry and order shall indicate the following:
3.1.1 Acceptance level requirements (Sections 7, 8, and 9).


Acceptance Level B shall apply unless otherwise agreed to by
purchaser and manufacturer.


3.1.2 Any additions to the provisions of this specification as
prescribed in 5.2, 13.1, and Section 10.


3.1.3 Supplementary requirements, if any.


4. Apparatus


4.1 The amplitude linearity shall be checked by positioning
the transducer over the depth resolution notch in the IIW or
similar block so that the signal from the notch is approximately
30 % of the screen height, and the signal from one of the back
surfaces is approximately 60 % of the screen height (two times
the height of the signal from the notch). A curve is then plotted
showing the deviations from the above established 2:1 ratio
that occurs as the amplitude of the signal from the notch is
raised in increments of one scale division until the back
reflection signal reaches full scale, and then is lowered in
increments of one scale division until the notch signal reaches
one scale division. At each increment the ratio of the two
signals is determined. The ratios are plotted on the graph at the
position corresponding to the larger signal. Between the limits
of 20 and 80 % of the screen height, the ratio shall be within
10 % of 2:1. Instrument settings used during inspection shall
not cause variation outside the 10 % limits established above.


1 This specification is under the jurisdiction of ASTM Committee A01 on Steel,
Stainless Steel and Related Alloys and is the direct responsibility of Subcommittee
A01.11 on Steel Plates for Boilers and Pressure Vessels.


Current edition approved March 1, 2012. Published March 2012. Originally
approved in 1967. Last previous edition approved in 2007 as A578/A578M – 07.
DOI: 10.1520/A0578_A0578M-07R12.


2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-
cation SA-578/SA-578M in Section II of that Code.


3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.


4 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
4th Floor, New York, NY 10036, http://www.ansi.org.


5 Available from American Society for Nondestructive Testing (ASNT), P.O. Box
28518, 1711 Arlingate Ln., Columbus, OH 43228-0518, http://www.asnt.org.


Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. United States
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4.2 The transducer shall be 1 or 11⁄8 in. [25 or 30 mm] in
diameter or 1 in. [25 mm] square.


4.3 Other search units may be used for evaluating and
pinpointing indications.


5. Procedure


5.1 Perform the inspection in an area free of operations that
interfere with proper performance of the test.


5.2 Unless otherwise specified, make the ultrasonic exami-
nation on either major surface of the plate.


5.3 The plate surface shall be sufficiently clean and smooth
to maintain a first reflection from the opposite side of the plate
at least 50 % of full scale during scanning. This may involve
suitable means of scale removal at the manufacturer’s option.
Condition local rough surfaces by grinding. Restore any
specified identification which is removed when grinding to
achieve proper surface smoothness.


5.4 Perform the test by one of the following methods: direct
contact, immersion, or liquid column coupling. Use a suitable
couplant such as water, soluble oil, or glycerin. As a result of
the test by this method, the surface of plates may be expected
to have a residue of oil or rust or both.


5.5 A nominal test frequency of 21⁄4 MHz is recommended.
When testing plates less than 3⁄4 in. [20 mm] thick a frequency
of 5 MHz may be necessary. Thickness, grain size or micro-
structure of the material and nature of the equipment or method
may require a higher or lower test frequency. Use the trans-
ducers at their rated frequency. A clean, easily interpreted trace
pattern should be produced during the examination.


5.6 Scanning:
5.6.1 Scanning shall be along continuous perpendicular grid


lines on nominal 9-in. [225-mm] centers, or at the option of the
manufacturer, shall be along continuous parallel paths, trans-
verse to the major plate axis, on nominal 4-in. [100-mm]
centers, or shall be along continuous parallel paths parallel to
the major plate axis, on 3-in. [75-mm] or smaller centers.
Measure the lines from the center or one corner of the plate
with an additional path within 2 in. [50 mm] of all edges of the
plate on the searching surface.


5.6.2 Conduct the general scanning with an instrument
adjustment that will produce a first reflection from the opposite
side of a sound area of the plate from 50 to 90 % of full scale.
Minor sensitivity adjustments may be made to accommodate
for surface roughness.


5.6.3 When a discontinuity condition is observed during
general scanning adjust the instrument to produce a first
reflection from the opposite side of a sound area of the plate of
75 6 5 % of full scale. Maintain this instrument setting during
evaluation of the discontinuity condition.


6. Recording


6.1 Record all discontinuities causing complete loss of back
reflection.


6.2 For plates 3⁄4 in. [20 mm] thick and over, record all
indications with amplitudes equal to or greater than 50 % of the
initial back reflection and accompanied by a 50 % loss of back
reflection.


NOTE 1—Indications occurring midway between the initial pulse and
the first back reflection may cause a second reflection at the location of the
first back reflection. When this condition is observed it shall be investi-
gated additionally by use of multiple back reflections.


6.3 Where grid scanning is performed and recordable con-
ditions as in 6.1 and 6.2 are detected along a given grid line, the
entire surface area of the squares adjacent to this indication
shall be scanned. Where parallel path scanning is performed
and recordable conditions as in 6.1 and 6.2 are detected, the
entire surface area of a 9 by 9-in. [225 by 225-mm] square
centered on this indication shall be scanned. The true bound-
aries where these conditions exist shall be established in either
method by the following technique: Move the transducer away
from the center of the discontinuity until the height of the back
reflection and discontinuity indications are equal. Mark the
plate at a point equivalent to the center of the transducer.
Repeat the operation to establish the boundary.


7. Acceptance Standard—Level A


7.1 Any area where one or more discontinuities produce a
continuous total loss of back reflection accompanied by con-
tinuous indications on the same plane (within 5 % of plate
thickness) that cannot be encompassed within a circle whose
diameter is 3 in. [75 mm] or 1⁄2 of the plate thickness,
whichever is greater, is unacceptable.


8. Acceptance Standards—Level B


8.1 Any area where one or more discontinuities produce a
continuous total loss of back reflection accompanied by con-
tinuous indications on the same plane (within 5 % of plate
thickness) that cannot be encompassed within a circle whose
diameter is 3 in. [75 mm] or 1⁄2 of the plate thickness,
whichever is greater, is unacceptable.


8.2 In addition, two or more discontinuities smaller than
described in 8.1 shall be unacceptable unless separated by a
minimum distance equal to the greatest diameter of the larger
discontinuity or unless they may be collectively encompassed
by the circle described in 8.1.


9. Acceptance Standard—Level C


9.1 Any area where one or more discontinuities produce a
continuous total loss of back reflection accompanied by con-
tinuous indications on the same plane (within 5 % of plate
thickness) that cannot be encompassed within a 1-in. [25-mm]
diameter circle is unacceptable.


10. Report


10.1 Unless otherwise agreed to by the purchaser and the
manufacturer, the manufacturer shall report the following data:


10.1.1 All recordable indications listed in Section 6 on a
sketch of the plate with sufficient data to relate the geometry
and identity of the sketch to those of the plate.


10.1.2 Test parameters including: Make and model of in-
strument, test frequency, surface condition, transducer (type
and frequency), and couplant.


10.1.3 Date of test.
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11. Inspection


11.1 The inspector representing the purchaser shall have
access at all times, while work on the contract of the purchaser
is being performed, to all parts of the manufacturer’s works
that concern the ultrasonic testing of the material ordered. The
manufacturer shall afford the inspector all reasonable facilities
to satisfy him that the material is being furnished in accordance
with this specification. All tests and inspections shall be made
at the place of manufacture prior to shipment, unless otherwise
specified, and shall be conducted without interfering unneces-
sarily with the manufacturer’s operations.


12. Rehearing


12.1 The manufacturer reserves the right to discuss reject-
able ultrasonically tested plate with the purchaser with the


object of possible repair of the ultrasonically indicated defect
before rejection of the plate.


13. Marking


13.1 Plates accepted according to this specification shall be
identified by stenciling (stamping) “UT A578—A” on one
corner for Level A, “UT A578—B” for Level B, and “UT
A578—C” for Level C. The supplement number shall be added
for each supplementary requirement ordered.


14. Keywords


14.1 nondestructive testing; pressure containing parts; pres-
sure vessel steels; steel plate for pressure vessel applications;
steel plates; ultrasonic examinations


SUPPLEMENTARY REQUIREMENTS


These supplementary requirements shall apply only when individually specified by the purchaser.
When details of these requirements are not covered herein, they are subject to agreement between the
manufacturer and the purchaser.


S1. Scanning


S1.1 Scanning shall be continuous over 100 % of the plate
surface along parallel paths, transverse or parallel to the major
plate axis, with not less than 10 % overlap between each path.


S2. Acceptance Standard


S2.1 Any recordable condition listed in Section 6 that (1) is
continuous, (2) is on the same plane (within 5 % of the plate
thickness), and (3) cannot be encompassed by a 3-in. [75-mm]
diameter circle, is unacceptable. Two or more recordable
conditions (see Section 5), that (1) are on the same plane
(within 5 % of plate thickness), (2) individually can be
encompassed by a 3-in. [75-mm] diameter circle, (3) are
separated from each other by a distance less than the greatest
dimension of the smaller indication, and (4) collectively cannot
be encompassed by a 3-in. [75-mm] diameter circle, are
unacceptable.


S2.2 An acceptance level more restrictive than Section 7 or
8 shall be used by agreement between the manufacturer and
purchaser.


S3. Procedure


S3.1 The manufacturer shall provide a written procedure in
accordance with this specification.


S4. Certification


S4.1 The manufacturer shall provide a written certification
of the ultrasonic test operator’s qualifications.


S5. Surface Finish


S5.1 The surface finish of the plate shall be conditioned to
a maximum 125 µin. [3 µm] AA (see ANSI B 46.1) prior to test.


S6. Withdrawn


See Specifications A263, A264, and A265 for equivalent
descriptions for clad quality level.


S7. Withdrawn


See Specifications A263, A264, and A265 for equivalent
descriptions for clad quality level.


S8. Ultrasonic Examination Using Flat Bottom Hole Cali-
bration (for Plates 4 in. [100 mm] Thick and Greater)


S8.1 Use the following calibration and recording procedures
in place of 5.6.2, 5.6.3, and Section 6.


S8.2 The transducer shall be in accordance with 4.2.
S8.3 Reference Reflectors—The T/4, T/2, and 3T/4 deep flat


bottom holes shall be used to calibrate the equipment. The flat
bottom hole diameter shall be in accordance with Table S8.1.
The holes may be drilled in the plate to be examined if they can
be located without interfering with the use of the plate, in a
prolongation of the plate to be examined, or in a reference
block of the same nominal composition, and thermal treatment
as the plate to be examined. The surface of the reference block
shall be no better to the unaided eye than the plate surface to
be examined. The reference block shall be of the same nominal
thickness (within 75 to 125 % or 1 in. [25 mm] of the examined
plate, whichever is less) and shall have acoustical properties


TABLE S8.1 Calibration Hole Diameter as a Function of Plate
Thickness (S8)


Plate Thickness, in. [mm]
4–6


[100–150]
>6–9


[>150–225]
>9–12


[>225–300]
>12–20


[>300–500]


Hole Diameter, in. [mm] 5⁄8 [16] 3⁄4 [19] 7⁄8 [22] 11⁄8 [29]
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similar to the examined plate. Acoustical similarity is pre-
sumed when, without a change in instrument setting, compari-
son of the back reflection signals between the reference block
and the examined plate shows a variation of 25 % or less.


S8.4 Calibration Procedure:
S8.4.1 Couple and position the search unit for maximum


amplitudes from the reflectors at T/4, T/2, and 3T/4. Set the
instrument to produce a 75 6 5 % of full scale indication from
the reflector giving the highest amplitude.


S8.4.2 Without changing the instrument setting, couple and
position the search unit over each of the holes and mark on the
screen the maximum amplitude from each hole and each
minimum remaining back reflection.


S8.4.3 Mark on the screen half the vertical distance from the
sweep line to each maximum amplitude hole mark. Connect
the maximum amplitude hole marks and extend the line
through the thickness for the 100 % DAC (distance amplitude
correction curve). Similarly connect and extend the half
maximum amplitude marks for the 50 % DAC.


S8.5 Recording:
S8.5.1 Record all areas where the remaining back reflection


is smaller than the highest of the minimum remaining back
reflections found in S8.4.2.


S8.5.2 Record all areas where indications exceed 50 %
DAC.


S8.5.3 Where recordable conditions listed in S8.5.1 and
S8.5.2 are detected along a given grid line, continuously scan
the entire surface area of the squares adjacent to the condition
and record the boundaries or extent of each recordable condi-
tion.


S8.6 Scanning shall be in accordance with 5.6.
S8.7 The acceptance levels of Section 7 or 8 shall apply as


specified by the purchaser except that the recordable condition
shall be as given in S8.5.


S9. Ultrasonic Examination of Electroslag Remelted (ESR)
and Vacuum-Arc Remelted (VAR) Plates, from 1 to 16
in. [25 to 400 mm] in Thickness, Using Flat-Bottom
Hole Calibration and Distance-Amplitude Corrections


S9.1 The material to be examined must have a surface finish
of 200 µin. [5 µm] as maximum for plates up to 8 in. [200 mm]
thick, inclusive, and 250 µin. [6 µm] as maximum for plates
over 8 to 16 in. [200 to 400 mm] thick.


S9.2 Use the following procedures in place of 5.6.1, 5.6.2,
5.6.3, and Section 6.


S9.3 The transducer shall be in accordance with 4.2.
S9.4 Reference Reflectors—The T/4, T/2, and 3T/4 deep flat


bottom holes shall be used to calibrate the equipment. The flat
bottom hole diameter shall be in accordance with Table S9.1.
The flat bottoms of the holes shall be within 1° of parallel to the
examination surface. The holes may be drilled in the plate to be
examined if they can be located without interfering with the


use of the plate, in a prolongation of the plate to be examined,
or in a reference block of the same nominal composition and
thermal treatment as the plate to be examined. The surface of
the reference block shall be no better to the unaided eye than
the plate surface to be examined. The reference block shall be
of the same nominal thickness (within 75 to 125 % or 1 in. [25
mm] of the examined plate, whichever is less) and shall have
acoustical properties similar to the examined plate. Acoustical
similarity is presumed when, without a change in instrument
setting, comparison of the back reflection signals between the
reference block and the examined plate shows a variation
of 25 % or less.


S9.5 Calibration Procedure:
S9.5.1 Couple and position the search unit for maximum


amplitudes from the reflectors at T/4, T/2, and 3T/4. Set the
instrument to produce a 75 6 5 % of full-scale indication from
the reflector giving the highest amplitude.


S9.5.2 Without changing the instrument setting, couple and
position the search unit over each of the holes and mark on the
screen the maximum amplitude from each of the holes.


S9.5.3 Mark on the screen half the vertical distances from
the sweep line to each maximum amplitude hole mark.
Connect the maximum amplitude hole marks and extend the
line through the thickness for the 100 % DAC (distance
amplitude correction curve). Similarly connect and extend the
half maximim amplitude marks for the 50 % DAC.


S9.6 Scanning —Scanning shall cover 100 % of one major
plate surface, with the search unit being indexed between each
pass such that there is at least 15 % overlap of adjoining passes
in order to assure adequate coverage for locating discontinui-
ties.


S9.7 Recording—Record all areas where the back reflection
drops below the 50 % DAC. If the drop in back reflection is not
accompanied by other indications on the screen, recondition
the surface in the area and reexamine ultrasonically. If the back
reflection is still below 50 % DAC, the loss may be due to the
metallurgical structure of the material being examined. The
material shall be held for metallurgical review by the purchaser
and manufacturer.


S9.8 Acceptance Standards—Any indication that exceeds
the 100 % DAC shall be considered unacceptable. The manu-
facturer may reserve the right to discuss rejectable ultrasoni-
cally examined material with the purchaser, the object being
the possible repair of the ultrasonically indicated defect before
rejection of the plate.


TABLE S9.1 Calibration Hole Diameter as a Function of Plate
Thickness (S9)


Plate Thickness, in. [mm]
1–4


[25–100]
>4–8


[>100–200]
>8–12


[>200–300]
>12–16


[>300–400]


Hole Diameter, in. [mm] 1⁄8 [3] 1⁄4 [6] 3⁄8 [10] 1⁄2 [13]
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.


This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.


This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org). Permission rights to photocopy the standard may also be secured from the ASTM website (www.astm.org/
COPYRIGHT/).
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Non-destructive Testing Sectional Committee, MTD 21


FOREWORD


This Indian Standard (First Revision) was adopted by the Bureau of Indian Standards, after the draft finalized by
the Non-destructive Testing Sectional Committee had been approved by the Metallurgical Engineering Division
Council.


This standard was first published in 1986. It has now been revised in the light of the experience gained in this field.
In this revision, following modifications have been carried out:


a) Reference clause has been added.


b) Equipment clause has been modified.


c) A new clause on testing personnel has


d) Procedure clause has been modified.


e) Scanning clause has been modified.


f) Recording clause has been modified.


been added.


!3) Acceptance level clause has been modified.


h) A new clause on rehearing has been added.


This standard should be used in conjunction with:


a) IS 3664 : 1981 Code of practice for ultrasonic pulse echo testing by contact and immersion method
(first revision)


b) IS 4225:2004 Recommended practice for straight beam ultrasonic testing of steel plates (second
revision)


For the purpose of deciding whether a particular requirement of this standard is complied with the final value,
observed or”calculated, expressing the result of a test or analysis, shall be rounded off in accordance with
IS 2:1960 ‘Rules forrounding off numerical values (revise~’. The number of significant places retained in the
rounded off value should be the same as that of the specified value in this standard,


  
  







Indian Standard


METHOD FOR ULTRASONIC


IS 11630:2005


TESTING OF
STEEL PLATES FOR PRESSURE VESSELS


AND SPECIAL APPLICATIONS


(First Revision)


1 SCOPE


1.1 This standard covers the procedure for ultrasonic
testing of hot-rolled heat treated low alloy and plain
carbon steel of 12 mm and over in thickness by normal
beam pulse echo method. It also specifies the two
grades of steel plates.


1.2 Grade 1 is intended primarily for plates used for
pressure vessel applications; for other special application
plates can be supplied conforming to Grade 2 of this
standard.


1.3 For plates below 12 mm in thickness, method of
testing and acceptance criteria shall be mutually agreed
at the time of ordering.


2 REFERENCE


The following standard contains provision, which
through reference in this text, constitutes provision of
this standard. At the time of publication, the edition was
valid. All standards are subject to revision and parties
to agreements based on this standard are encouraged to
investigate the possibility of applying the most recent
edition of the standard indicated below:


1S No. Title


13805:2004 General standard for qualification and
certification ofnon-destructive testing
personnel (fht revision)


3 EQUIPMENT


3.1 Ultrasonic Apparatus


The equipment shall be of pulse echo type capable of
generating frequencies over the range of at least 1 MHz
to 6 MHz. Instruments operating at other frequencies
may be used if equal or better sensitivity can be
demonstrated or documented. The equipment shall be
capable of providing linear vertical presentation within
+ 5 percent of the full screen height for 20 percent to
80 percent of the screen height.


3.1.1 The equipment shall be provided with an amplitude
control which is calibrated minimum in steps of 1 or 2
dB and accurate over its useful range to * 20 percent of
the nominal amplitude ratio.


3.1.2 The equipment shall have a time base which is
linear within + 20 percent over its full range and have
length appropriate to the geometry of the parts to be
tested.


3.2 Transducer


The transducer shall be normal beam compression wave
type and is normally 25 to 30 mm in diameter maximum
in diameter. Other search units maybe used for evaluating
and pinpointing indications.


4 PERSONNEL


Personnel conducting examination shall be trained and
certified as per IS 13805.


5 PROCEDURE


5.1 The ultrasonic examination shall be normally carried
out on one surface only. Examination to be carried out
in an area fkee of operations that interfere with proper
performance of the test.


5.2 With special agreement betweefi purchaser and the
manufacturer, if required, examination from both the
surface (top and bottom) may also be carried out.


5.3 Plates ordered in heat treated condition shall be
tested after specified heat treatment.


5.4 The plates to be examined shall be clean and
smooth so as to maintain a first reflection from the
opposite side from the defect free zone of the plate at
least 80 percent of the fill scale during scanning. If the
above condition is not possible to be attained due to
presence of surface scale, use of grinding or other
means of scale removal shall be followed to obtain
proper coupling of transducer with material under test.


5.5 Direct contact, immersion or liquid coltunmoupling
shall be used to perform the test. Suitable couplant such
as water, oil or glycerine shall be used.


5.6 A nominal test frequency of 4 MHz is recommended.
When testing plates less than 20 mm thick, higher
tiequency of 6 MHz may be necessary. Lower frequencies
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may be used, if the signal to noise ratio is not adequate.
A clean, easily interpretted trace pattern should be
produced during the examination.


> 5.7 Thickness, grain size or microstructure of the
material and nature of equipment or testing method may
require higher or lower test frequency.


5.8 Transducer of frequency 1 MHz and below maybe
used with special agreement between the supplier and
the purchaser.


6 SCANNING


6.1 For Grade 1 plate, the scanning shall be along
continuous perpendicular grid lines on nominal 150 mm
centres or all the options of manufacturers shall be
along continuous parallel paths, transverse to the major
plate axis, on nominal 100 mm centres, or shall be along
continuous parallel paths parallel to the major plate
axis, on 75 mm or smaller centres. Measurement shall
be from the centre or one comer of the plate with an
additional area within 50 mm of all edges of the plate
on the searching surface.


6.2 For Grade 2 sheared and gas cut plates, edge testing
shall be carried out on extreme edges along sides,
parallel to the edges. The width of tested region shall
not be less than 50 mm. Additional scanning shall also
be carried out along the centre of the width and length
parallel to the edges. The width of the scanned portion
shall not be less than 75 mm.


6.3 Pattern of scanning other than those indicated
in 6.1 and 6.2 can be followed with special agreement
between the purchaser and the supplier.


6.4 Conduct the general scanning with the instrument
adjustment that will produce a first reflection from the
opposite side of a sound area of the plate from
80 percent of full scale. Minor sensitivity adjustments
may be made to accommodate the surface roughness.


6.5 When discontinuity condition is observed during
general scanning adjust the instrument to produce a first
reflection fi-omthe opposite side of a sound area of the
plate of 75 * 5 percent of fi.dl screen height. This


50 percent of the initial back echo or which causes
50 percent loss in back reflection or both.


7.3 Where grid scanning is performed and recordable
condition as in 7.1 and 7.2 are detected along a given
grid line, the entire surface area of the squares adjacent
to this indications shall be scanned. Where parallel
path scanning is performed and recordable conditions
as in 7..1and 7.2 are detected, the entire surface area of
150 mm x 150 mm square centered on this indication
shall be scanned.


7.4 The true boundary of the flaw shall be estimated by
moving the transducer away from the centre of
discontinuity until the height of back reflection and
flaw indication are equal. The centre of the transducer
shall be marked on the plate. Operation shall be repeated
to establish the boundary of the flaw.


8 ACCEPTANCE STANDARD — LEVEL I


8.1 Edge Lamination


The maximum penetration of the defect in the plate
shall be 25 mm to a minimum length -of 25 mm. The
maximum total “length in any 1 m length of the plate
shall not exceed 120 mm and maximum average length
of the flaw per metre length of the plate shall not exceed
60 mm. The acceptable adjacent discontinuities shall be
separated by a minimum distance equal to the greater
length of the discontinuity in the group.


8.2 Inside


Any area where one or more discontinuities produce a
continuous total loss of back reflection accompWied by
continuous indications on the same plane that cannot be
encompassed within a circle whose diameter is 75 mm
or 1/2 of the plate thickness, whichever greater is
unacceptable.


8.3 In addition, two or more discontinuities smaller
than described in 8.2 shall be unacceptable unless
separated by a minimum distance equal to the greatest
diameter of the larger discontinuity or unless may be
collectively encompassed by the circle described in 8.2.


9 ACCEPTANCE STANDARD — LEVEL 11


instrument setting shall be maintained during evaluation
of discontinuity. 9.1 Edge Lamination


The maximum penetration of the defect in the plate


7 RECORDING shall be 50 mm to a maximum length of 50 mm, The
maximum total length in any 1 m length of the plate


7.1 Record all discontinuities causing complete loss of shall not exceed 150 mm and maximum average length


back reflection. of the flaw per metre length of the plate shall not exceed
80 mm. The acceptable adjacent discontinuities shall


7.2 For’ plates 20 mm thick and over, record all be separated by a minimum distance equal to the greater
indications with amplitudes equal to or greater than length of the discontinuity in the group.
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9.2 Inside
Any area where one or more discontinuities produce a
continues total loss of back reflection accompanied by
continuous indications on the same plane that cannot be
encompassed within a circle whose diameter is 75 mm
or 1/2 of the plate thickness, whichever greater is
unacceptable.


10 REHEARING


The manufacturer reserves the right to discuss with the
purchaser regarding rejectable ultrasonically tested plate
with the object of possible repair of the ultrasonically
indicated defect before rejection of the plate.


11 INSPECTION


The inspector representing the purchaser shall have
access at all times, while work on the contract of the
purchaser is being performed, to all parts of the
manufacturer’s works that concern the ultrasonic testing
of the plates ordered. The manufacturer shall a-ffordthe
inspector all reasonable facilities to satisfy him that the
material is being furnished in accordance with this
specification. All tests and inspection shall be made at
the place of manufacture prior to shipment, unless
otherwise specified, and shall be conducted without
interfering unnecessarily with the manufacturer’s
operations.


12 MARKING


12.1 All plates accepted to this standard shall have the


IS 11630:2005


grade and specification marked by means of good
quality enamel paint or by stenciling (stamping) on one
comer of the each plate.


12.1.1 The appropriate quality grade of the plate and
the specification number shall be marked by paint.


13 REPORT


13.1 Unless otherwise agreed with -the purchaser, an
ultrasonic test certificate indicating followrng details
shall be supplied to the purchaser.


13.1.1 All recordable indications listed in 7 on a sketch
of the plate with suftkient data to enable correlation
with the plate.


13.1.2


a)


b)


c)


d)


e)


8


g)


h)


j)


k)


Test parameters includs:


Material specification;


Plate identification;


Cast number;


Size and thickness of the plate;


Surface condition;


Make and model of UT instrument;


Detail of transducer (type, diameter,
frequency, etc);


Detail of couplant;


Date of testing; and


UT operator’s name, his level.
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Foreword



Creep rupture failure of Superheater (SH) and Reheater (RH) tubes in boiler is a major cause of forced outage in thermal power plants. The boiler tubes operating at high temperature in the creep range have a finite life because the rupture strength of the material decreases with time in service. The time to stress rupture failure depends on the operating temperature, operating stress level and properties of the material. Hence, it is imperative to measure the operating temperature and the stress levels, which continuously change because of the formation of steam side oxide scale being built internally on the (SH/RH) tubes. When high temperature steam passes through tubes and because of the steam reaction with alloy constituents of the tube metal, a layer of magnetic oxide scale begins to form on the internal surface (Fig 1). 



The thickness of the oxide scale on the steam side of tubes is a unique function of the exposure to temperature and time. The kinetics of the oxide scale follow parabolic, logarithmic or Para linear law. The oxide scale acts as a barrier to heat transfer from gas to steam side causing an increase in the metal temperature. 



An ultrasonic non-destructive technique helps to measure the steam side oxide scale and in turn assessing the metal temperature distribution in the remaining life prediction. 



1  SCOPE



This Standard prescribes the procedure for carrying out pulse-echo ultrasonic examination for oxide scale thickness measurement in boiler tubes to assess metal temperature distribution and remaining life calculation.



2   REFERENCES 



The following Indian Standard contains provisions, which through reference in this text, constitute provision of this standard.  At the time of the publication, the edition indicated below was valid.  All the standards are subject to revision, and parties to agreement based on this standard are encouraged to investigate the possibility applying the most recent edition of the standard.





IS No					Title



2417 : 2003	Glossary of terms used in Ultrasonic non-destructive testing

3664 : 1981	Code of practice for Ultrasonic Pulse Echo Testing 	by contact and immersion 

                        methods.

6394 : 2006	Code of practice for Ultrasonic testing of Seamless 	metallic tubular products by 

                        contact and immersion method.

13805 : 2004   General standard for qualification and certification of non-destructive testing 

                        personnel (first revision)





3 EQUIPMENT 



3.1  The pulse-echo ultrasonic system used in this application should have a broadband ultrasonic pulser / receiver unit (minimum band width of 50 MHz) in combination with an oscilloscope (minimum bandwidth of 100 MHz) and high frequency piezoelectric transducers ( Fig 2).



3.2  The pulser section of the instrument generates short, large amplitude electric pulses of controlled energy which, when applied to an Ultrasonic transducer are converted into short ultrasonic pulses.



3.3  The Ultrasonic pulses are received by the transmitting transducer after partial or total reflection. The voltage signals produced by the transducer which represent the received ultrasonic pulses are amplified by the receiver section. The amplified radio frequency (RF) signal is available as an output for display on an oscilloscope where measurements are made directly from the face of the cathode ray tube (CRT) as input to a waveform digitizer and other signal processing hardware.



3.4 Normal incidence, longitudinal wave transducers in the frequency range of 15 to 30 MHz should be used for tube thickness above 7.5 mm; however, for thickness up to 7.4 mm, it is preferable to use 20 MHz, 5.0 mm diameter transducer. (Why up to 30 MHz frequency is chosen for above 7.5 mm which is higher than 7.4 mm? Generally higher thickness lower frequency shall be used to avoid attenuation)



4 MEASUREMENT PROCEDURE 



4.1  The Ultrasonic method of measuring oxide scale thickness is based on transmitting short pulses of Ultrasonic waves through the tube thickness under inspection.



4.2  A high frequency contact probe along with especially designed ultrasonic system is used for this purpose. While scanning the tube by the transducer, the ultrasonic wave pulses travel through the tube until they are reflected from the two interfaces viz. metal / oxide and oxide / air. The reflected pulses are received and converted back to an electrical signal by the same transducer and are amplified and exhibited as radio frequency signals on cathode ray tube screen.  Owing to the difference in acoustic impedance of metal and oxide, two different waveforms are obtained having different amplitude (Fig 3). The oxide scale thickness is calculated by measuring the time difference between the signals reflected from the steel / oxide scale interface and oxide scale / air interface. 



4.3 The time difference usually ranges between 100 to 400 nanoseconds (10-9 sec) for the oxide layer thickness in a range of about 0.30 to 1.30 mm. Because of the measurement of such small time difference, the application requires the use of a high frequency transducer in the range of 15 to 30 MHz. Lower frequency transducer does not provide sufficient resolution to perform take such measurements. Once time difference is measured, the scale thickness can be calculated using ultrasonic velocity in the scale. The ultrasonic velocity in oxide scale may vary amongst the boilers. In general, the velocity in oxide scale is in the range of 6.5 to 6.8 x 106 mm/sec for longitudinal waves. 



5 CALIBRATION OF THE EQUIPMENT 



It is necessary to calibrate the equipment with samples of known oxide scale thickness before measuring the oxide scale on an unknown sample. The calibration is affected by the physical properties of the scale and the material, their chemical composition, microstructure and size viz., diameter and thickness of the tube. Hence, it is necessary to calibrate the equipment with each set of samples with known oxide scale thickness values.



6 SURFACE CONDITION OF THE MATERIAL 



In order to ensure proper coupling, the tube surface on which the ultrasonic transducer is placed, shall be free from scale, dirt, paint or other foreign material that could interfere with interpretation or test results.



7 COUPLANT 



A good liquid couplant such as water, oil, grease, glycerin shall be used for effective contact between the transducer and the tube surface.





8 PERSONNEL REQUIREMENT 



The personnel performing Ultrasonic testing in accordance with the standard shall be suitably qualified (level I, II or III) as per IS 13805 and be familiar at least with the following:



a) Equipment calibration. 

b) Effect of transducer, material, size, frequency and mode on test result.

c) Effect of material structure on test result.

d) Effect of non-linearity on test result.

e) Effect of surface condition on test results.



9 ESTIMATION OF METAL TEMPERATURE 



The oxide scale thickness values in microns are used in conjunction with other details viz. the service hours, operating pressure, geometry, type of material etc. to evaluate the temperature to which Super heater/ Reheater tubes are exposed and remaining useful life of these tubes is determined.

	





The tube metal temperature is estimated using the following formula:



	Log10 x = 0.00022 (T+460) (20+log10 t)



	Where,



		 X= Oxide scale thickness (mils)

		T= Temperature (ºF)

		 t= Service time (hours)

(Any reference for this formula)



10 CALCULATION OF RESIDUAL LIFE 

    

10.1 Based on the steam side oxide scale thickness and tubewall thickness, the methodology reconstructs the thermal and stress history of a tube and calculates the creep–damage accumulation. Although it is a calculation technique, the input to it (i.e., oxide scale and wall thickness) is provided from Ultrasonic measurements at selective locations. The growth of oxide scale in relatively pure steam, under isothermal conditions, is a function of temperature and time of exposure only. In this methodology, the current steam side scale thickness is used in conjunction with an isothermal oxide growth rate law to determine the current “equivalent” temperature of the tube. The estimated temperature and time to rupture are related by the Larson Miller parameter (P) as follows:



		P= TC(C + log tr)



where,



		 T = Temperature in Rankine,

		C = Constant.

		 tr = time to rupture.

(Reference)

10.2 The tube dimensions are used to calculate the current effective stress. Following formula can be used for the stress calculation.



	σ = P D / 2t



where, 



	σ = Stress, 

	P = internal steam pressure,	

	D = mean diameter 

 	T = Thickness of the tubes.

(Reference)



10.3 The temperature and stress values are then extrapolated back to the initial conditions assuming linear growth of steam side scale and fireside wastage and the known heat transfer properties of the steel and oxide scale. The total life of the tube is divided into 1000 hours intervals. For each interval, the oxide-scale thickness and wall thinning under non-isothermal conditions are estimated using Linear Kinetics of scale growth and fireside corrosion. The corresponding equivalent temperature is calculated using the isothermal Kinetics for oxide growth. This process establishes the average metal temperature and stress as a function of time.



10.4 These life fractions are summed to evaluate the life up to the present time. The remaining life is estimated by extrapolating into the future by the same technique, when the total expended life fraction reaches a value of unity, the end of life is deemed to have been reached.

	

			∑ ti / tri   (at constant stress and constant temperature)

Where, 

		ti =  time spent (Service hours of boiler).

		tri =  rupture time.







My observations:



1) Since, contact testing has to be carried out whether flat transducers can be used for this 

purpose if the tube diameter is small? Instead curved surface transducer may be useful.



2) Whether water or other liquid medium can be used for coupling effectively. May be one more point can be mentioned that – Suitable coupling medium shall be used to get clearly resolvable echoes… 

[image: drawing of tube]
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Foreword



Creep rupture failure of Superheater (SH) and Reheater (RH) tubes in boiler is a major cause of forced outage in thermal power plants. The boiler tubes operating at high temperature in the creep range have a finite life because the rupture strength of the material decreases with time in service. The time to stress rupture failure depends on the operating temperature, operating stress level and properties of the material. Hence, it is imperative to measure the operating temperature and the stress levels, which continuously change because of the formation of steam side oxide scale being built internally on the (SH/RH) tubes. When high temperature steam passes through tubes and because of the steam reaction with alloy constituents of the tube metal, a layer of magnetic oxide scale begins to form on the internal surface (Fig 1). 



The thickness of the oxide scale on the steam side of tubes is a unique function of the exposure to temperature and time. The kinetics of the oxide scale follow parabolic, logarithmic or Para linear law. The oxide scale acts as a barrier to heat transfer from gas to steam side causing an increase in the metal temperature. 



An ultrasonic non-destructive technique helps to measure the steam side oxide scale and in turn assessing the metal temperature distribution in the remaining life prediction. 



1  SCOPE



This Standard prescribes the procedure for carrying out pulse-echo ultrasonic examination for oxide scale thickness measurement in boiler tubes to assess metal temperature distribution and remaining life calculation.



2   REFERENCES 



The following Indian Standard contains provisions, which through reference in this text, constitute provision of this standard.  At the time of the publication, the edition indicated below was valid.  All the standards are subject to revision, and parties to agreement based on this standard are encouraged to investigate the possibility applying the most recent edition of the standard.





IS No					Title



2417 : 2003	Glossary of terms used in Ultrasonic non-destructive testing

3664 : 1981	Code of practice for Ultrasonic Pulse Echo Testing 	by contact and immersion 

                        methods.

6394 : 2006	Code of practice for Ultrasonic testing of Seamless 	metallic tubular products by 

                        contact and immersion method.

13805 : 2004   General standard for qualification and certification of non-destructive testing 

                        personnel (first revision)





3 EQUIPMENT 



3.1  The pulse-echo ultrasonic system used in this application should have a broadband ultrasonic pulser / receiver unit (minimum band width of 50 MHz) in combination with an oscilloscope (minimum bandwidth of 100 MHz) and high frequency piezoelectric transducers ( Fig 2).



3.2  The pulser section of the instrument generates short, large amplitude electric pulses of controlled energy which, when applied to an Ultrasonic transducer are converted into short ultrasonic pulses.



3.3  The Ultrasonic pulses are received by the transmitting transducer after partial or total reflection. The voltage signals produced by the transducer which represent the received ultrasonic pulses are amplified by the receiver section. The amplified radio frequency (RF) signal is available as an output for display on an oscilloscope where measurements are made directly from the face of the cathode ray tube (CRT) as input to a waveform digitizer and other signal processing hardware.



3.4 Normal incidence, longitudinal wave transducers in the frequency range of 15 to 30 MHz should be used for tube thickness above 7.5 mm; however, for thickness up to 7.4 mm, it is preferable to use 20 MHz, 5.0 mm diameter transducer. (Why? Generally higher thickness lower frequency shall be used to avoid attenuation)



4 MEASUREMENT PROCEDURE 



4.1  The Ultrasonic method of measuring oxide scale thickness is based on transmitting short pulses of Ultrasonic waves through the tube thickness under inspection.



4.2  A high frequency contact probe along with especially designed ultrasonic system is used for this purpose. While scanning the tube by the transducer, the ultrasonic wave pulses travel through the tube until they are reflected from the two interfaces viz. metal / oxide and oxide / air. The reflected pulses are received and converted back to an electrical signal by the same transducer and are amplified and exhibited as radio frequency signals on cathode ray tube screen.  Owing to the difference in acoustic impedance of metal and oxide, two different waveforms are obtained having different amplitude (Fig 3). The oxide scale thickness is calculated by measuring the time difference between the signals reflected from the steel / oxide scale interface and oxide scale / air interface. 



4.3 The time difference usually ranges between 100 to 400 nanoseconds (10-9 sec) for the oxide layer thickness in a range of about 0.30 to 1.30 mm. Because of the measurement of such small time difference, the application requires the use of a high frequency transducer in the range of 15 to 30 MHz. Lower frequency transducer does not provide sufficient resolution to perform take such measurements. Once time difference is measured, the scale thickness can be calculated using ultrasonic velocity in the scale. The ultrasonic velocity in oxide scale may vary amongst the boilers. In general, the velocity in oxide scale is in the range of 6.5 to 6.8 x 106 mm/sec for longitudinal waves. 



5 CALIBRATION OF THE EQUIPMENT 



It is necessary to calibrate the equipment with samples of known oxide scale thickness before measuring the oxide scale on an unknown sample. The calibration is affected by the physical properties of the scale and the material, their chemical composition, microstructure and size viz., diameter and thickness of the tube. Hence, it is necessary to calibrate the equipment with each set of samples with known oxide scale thickness values.



6 SURFACE CONDITION OF THE MATERIAL 



In order to ensure proper coupling, the tube surface on which the ultrasonic transducer is placed, shall be free from scale, dirt, paint or other foreign material that could interfere with interpretation or test results.



7 COUPLANT 



A good liquid couplant such as water, oil, grease, glycerin shall be used for effective contact between the transducer and the tube surface.





8 PERSONNEL REQUIREMENT 



The personnel performing Ultrasonic testing in accordance with the standard shall be suitably qualified (level I, II or III) as per IS 13805 and be familiar at least with the following:



a) Equipment calibration. 

b) Effect of transducer, material, size, frequency and mode on test result.

c) Effect of material structure on test result.

d) Effect of non-linearity on test result.

e) Effect of surface condition on test results.



9 ESTIMATION OF METAL TEMPERATURE 



The oxide scale thickness values in microns are used in conjunction with other details viz. the service hours, operating pressure, geometry, type of material etc. to evaluate the temperature to which Super heater/ Reheater tubes are exposed and remaining useful life of these tubes is determined.

	





The tube metal temperature is estimated using the following formula:



	Log10 x = 0.00022 (T+460) (20+log10 t)



	Where,



		 X= Oxide scale thickness (mils)

		T= Temperature (ºF)

		 t= Service time (hours)

(Any reference for this formula)



10 CALCULATION OF RESIDUAL LIFE 

    

10.1 Based on the steam side oxide scale thickness and tubewall thickness, the methodology reconstructs the thermal and stress history of a tube and calculates the creep–damage accumulation. Although it is a calculation technique, the input to it (i.e., oxide scale and wall thickness) is provided from Ultrasonic measurements at selective locations. The growth of oxide scale in relatively pure steam, under isothermal conditions, is a function of temperature and time of exposure only. In this methodology, the current steam side scale thickness is used in conjunction with an isothermal oxide growth rate law to determine the current “equivalent” temperature of the tube. The estimated temperature and time to rupture are related by the Larson Miller parameter (P) as follows:



		P= TC(C + log tr)



where,



		 T = Temperature in Rankine,

		C = Constant.

		 tr = time to rupture.

(Reference)

10.2 The tube dimensions are used to calculate the current effective stress. Following formula can be used for the stress calculation.



	σ = P D / 2t



where, 



	σ = Stress, 

	P = internal steam pressure,	

	D = mean diameter 

 	T = Thickness of the tubes.

(Reference)



10.3 The temperature and stress values are then extrapolated back to the initial conditions assuming linear growth of steam side scale and fireside wastage and the known heat transfer properties of the steel and oxide scale. The total life of the tube is divided into 1000 hours intervals. For each interval, the oxide-scale thickness and wall thinning under non-isothermal conditions are estimated using Linear Kinetics of scale growth and fireside corrosion. The corresponding equivalent temperature is calculated using the isothermal Kinetics for oxide growth. This process establishes the average metal temperature and stress as a function of time.



10.4 These life fractions are summed to evaluate the life up to the present time. The remaining life is estimated by extrapolating into the future by the same technique, when the total expended life fraction reaches a value of unity, the end of life is deemed to have been reached.

	

			∑ ti / tri   (at constant stress and constant temperature)

Where, 

		ti =  time spent (Service hours of boiler).

		tri =  rupture time.







My observations:



1) Since, the contact testing has to be carried out whether flat transducers can be used for this

purpose if the tube diameter is small?

Instead curved surface transducer may be useful.

2) Whether water or other liquid medium can be used for coupling effectively. May be one more point can be mentioned that – Suitable coupling medium shall be used to get clearly resolvable echoes… 

[image: drawing of tube]
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BUREAU OF INDIAN STANDARDS

Indian Standards

CODE OF PRACTICE FOR RADIOMETRY TECHNIQUES



FOREWORD

(Formal clauses will be added  later )



1	Introduction



1.1	Proper shield design, its fabrication and installation play an important role in controlling radiation exposures to operating staff. The shields come in a variety of forms, shapes and sizes.  It is a known fact that it is imperative to carry out testing of the shielded vessels by NDT. Many methods are available for inspecting the shield for its shielding integrity. These include i) ultrasonic ii) radiography and iii) conventional radiometry. Differences in ultrasonic velocities or changes in transmitted radiation levels (with X-rays and gamma sources) are made use of for evaluation of loss in shield thickness.  All the three methods cited above have certain limitations. The major limitation in the case of ultrasonics is that the air gap, due to the poor bonding between the steel shell structure and the shield material, results in impedance mismatch and hence wrong estimation of the thickness. Secondly even if one assumes that the bonding would be good, the ultrasonic testing will fail to indicate the true picture if there is more than one flaw (void) in a line of sight, i.e., the method has poor spatial resolution and very less sensitivity.  Radiography using gamma emitting source involves the use of high source strength and hence suffers from reduced signal to noise ratio due to the interference from scattered radiation resulting in poor sensitivity. Radiography technique, however, is restricted to smaller thickness (max: 75 mm for steel itself). Added to this, on-line analysis is not possible. Gammatography, a higher sensitive and reliable NDT method, avoids larger exposures while testing.



1.2	In the conventional radiometry method, a high energy gamma source of higher strength is placed at the centre of the vessel and the external wall is scanned by dose rate measuring survey instruments.  These radiation survey instruments have limited accuracy at low dose rate levels, which necessitates the use of a source having very high strength.  The surface dose rates need to be of the order of 40 to 50 Gy/h to successfully use such devices.  At lower dose rates, the uncertainty in the detector reading coupled with the interfering background (ground scattering, air-shine etc.) masks the small variation in lead or any other shield thickness.  For a 4% deviation in a lead thickness of about 20 cm, the variation in the dose rate is 50 to 60% when Co 60 source is being used.  This is difficult to achieve with the dose rate measuring survey instruments, which use detectors such as Geiger Muller (GM) counter or ionisation chamber.  However, in actual conditions where these vessels are designed to carry radioactive material of 0.37 to 37 PBq, a 4% tolerance when missed under such scanning would result in hot spots of 3 to 4 mGy/h. A specification of 2% tolerance is impossible to detect by this method unless the activity of the source is very much increased.  The source handling problems get aggravated further when the vessel has large thickness but short height (comparable to its outer diameter). These difficulties have been successfully overcome by the gammatography method.



1.3	In gammatography, instead of recording the transmitted dose rate as in the conventional radiometry method, the transmitted virgin gamma ray flux is measured.  For shield structures of high density materials, 60Co source is loaded at the centre of the vessel and the outer surface of the shield vessel is scanned using a 50 mm x 50 mm thallium activated sodium iodide [NaI(Tl)] detector and a Single Channel Analyzer (SCA) based Gamma Ray Spectrometer (GRS) with a window set for the photo peak region of the source energy.  An area of 2500 mm2 (equivalent to the diameter of the detector used) is scanned for 10 seconds each time.  The strength of the source is selected such that when the source is loaded at the centre of the vessel, the external dose rate at the outer surface of the vessel wall will be around 0.5 Gy/h. This method has been termed as “Gammatography” denoting the evaluation of the topography of the vessel for its shielding integrity by gamma scanning.  Laboratory tests confirm the feasibility of adopting the method for even 1% tolerance.



1.4	The fact that the dose rate would be only around 0.5 Gy/h at the external surface of the wall illustrates that the source strength needed is 50 to 100 times lesser than that used in conventional radiometry method.  This results in mitigating problems during source handling and subsequent vessel testing and consequently enormous reduction in external exposures, to comply with ALARA (As Low As Reasonably Achievable) practice, one of the basic principles of radiation protection.  Since the counting is done under 60Co channel, the background is negligible; thus the sensitivity of the measurement is excellent for estimating small deviations from specified tolerances.  There is no interference from scattered radiation and hence the method is capable of evaluating the small deviation with high resolution, which is impossible to obtain in the dose rate measuring techniques viz., conventional radiometry.  Since air-shine contribution is totally eliminated, vessels of very short height with large outer diameter and thickness can be successfully tested.  The source to detector geometry is well defined and scanning time for each grid is uniformly fixed at 10 seconds and hence the repeatability of measurement is 100% guaranteed.  



2	TYPE OF DEFECTS

	

2.1	Lead Poured Vessels



Due to its relatively large contraction, lead solidifies to a smaller volume, which results in cavity.Blowholes and voids are formed by entrapped air.

Poor bonding with steel, leads to loss of shielding.



Internal structural details (example: stiffener rods) may impair smooth flow of lead.Formation of slag especially at the top portion of the vessel through which the lead is poured and hence considerable reduction in density.



2.2	Concrete Structures



Typical problems encountered in concrete structures are entrapped tiny air bubbles, reduced density due to improper mixing and curing, complicated strengthening structures like steel rods may block free flow of concrete resulting in voids.

3	ADDITIONAL APPLICATIONS



i)	In-situ testing of reactor components, which were suspected to have developed cracks. This testing can be carried out even in the presence of high ambient background radiation levels, say of the order of 30 mGy/h.

ii)		Testing of shielding structures comprising of layers of different materials. (Example: Fe + Concrete + Fe + Pb + Fe)

iii)	Testing of mockup structures to qualify a concrete or lead pouring technique. 

iv)	Liquid level measurements (example: NaK, heavy water etc.) using lower energy sources such as 241Am, can be easily carried out in a plant where the vessel in question is surrounded by various structural materials and pipings and thereby make it impossible to use other NDT techniques. 

4	TERMINOLOGY



For the purpose of this standard, the definitions given below shall apply.



4.1	Air-Shine



The scattered component of the gamma rays by air and intervening medium as seen by the detector, due to the presence of radiation source.



4.2	Background (BKG)



Those counts  that can be observed in the absence of source when the detector was kept on the vessel to be tested. These counts are attributable to environmental radioactivity in the shielding material, in the surroundings, cosmic rays, detector assembly itself; electronic noise pulses etc. 

	

4.3	Check Source



A radioactive source, not necessarily calibrated, that is used to confirm the continuing satisfactory operation of an instrument.

	

4.4	Dummy Source



Non-radioactive object, dimensionally identical to the radioactive source being used for the testing.  



4.5	Energy Calibration



The relationship between the height of the amplifier output pulse and the energy of the photons originating in the radioactive source.



4.6	Gamma Ray Spectrum



A differential distribution of the intensity of radiation as a function of energy.



4.7	Gamma Ray Spectrometer (GRS)



A system used to obtain the gamma ray spectrum. It consists of detector assembly, linear amplifier, high voltage, low voltage and a single channel analyzer with timer counter or a multi-channel analyzer.



4.8	Gammatography 



The evaluation of the topography of the vessel for its shielding integrity by gamma scanning.



4.9	Linear Amplifier 



The section of amplifier following preamplifier that contains pulse shaping networks.



4.10	Lower Level Discriminator (LLD) 



It is part of the single channel analyzer (SCA). Voltage pulses falling above the set voltage in LLD are allowed to next stage of processing.





4.11	Mock-Up 



Testing structure made of same type material with dimensions either comparable to the actual one or scaled down to smaller one. Such structures are generally used to evaluate lead or concrete pouring procedures before applying them to actual ones.



4.12	Photopeak or Full Energy Peak



The peak in a pulse height spectrum that corresponds to total absorption of a gamma ray in the detector used.



4.13	Preamplifier



The input section of an amplifier chain, usually located as close to the detector as possible.



4.14	Precision



The degree of agreement of repeated measurements of the same property, expressed quantitatively as the standard deviation computed from the results of a series of measurements.



4.15	Sensitivity



The net number of counts registered by the detector system per unit time in the selected region of interest (ROI) divided by exposure rate in nGy/h.



4.16	Single Channel Analyzer (SCA)



SCA qualifies a voltage pulse for counting based on the lower level and/or upper level discriminator settings.



4.17	Source Strength



The gamma ray intensity from any given gamma ray source.



4.18	Standard Source



A standard radioactive source whose activity is certified by the supplier. In India, such standard sources are supplied by Board of Radiation and Isotope Technology (BRIT), Dept. of Atomic Energy, Govt. of India, Mumbai.  The activity of the standard source will be around 37 kBq. The standard sources are used for calibrating the systems and estimating the counting efficiency of the system. 



4.19	Survey Instruments



The radiation monitoring instruments used to measure the radiation exposure level in a place.



4.20	Tolerance



The acceptable deviation of percentage reduction in thickness from the designed value, normally specified  by the designer. 



% thickness reduction: 







4.21	Upper Level Discriminator (ULD)



It is part of the SCA. When the “window” mode is selected in SCA, the ULD acts as voltage window i.e., LLD+V. When normal mode is selected, it acts as upper limit to qualify the pulse counting. When used in integral” mode, the ULD is cut off from the circuit.  



4.22	Virgin Gamma



The uncolloided gamma rays traversed through shielding material(s) without any interaction.



The other terminologies used here are as per definitions given in AERB Safety 

Code in Industrial Radiography AERB/SC/IR-1,2001 



5	PRINCIPLE OF THE TESTING



5.1	The transmitted intensity of virgin gamma ray flux through any material changes with the thickness. Presence of voids and hence reduction in net thickness of the shield material increases the transmitted gamma ray flux. The increase in the transmitted gamma ray flux can also be observed when the density of the given material is lesser than the specified one. This principle is utilized in the gammatography technique. The schematic of the same is shown Fig. 1. The transmitted virgin gamma ray flux is measured in terms of counts for a preset time of       10 seconds using a gamma ray spectrometer (GRS) of linear amplifier Gammaray Spectrometer (GRS)

t



Gamma rays

Shield

NaI (Tl) Detector

I0

It = I0e-t

Fig. 1  Schematic of  Gammatography Technique





(LA), SCA, timer and counter. Counting the virgin gamma ray flux between two selected energies using SCA makes this technique a more refined one than the conventional radiometry method i.e., avoiding completely the scattered gamma component, which results in better sensitivity and accuracy. 

5.2	Also, the energy selection makes this technique, narrow beam geometry equivalent. Hence, gamma ray attenuation equation can directly be applied in evaluation of the thickness using the formula: 





                                                    [1]







where

t	thickness of the material in cm 

I0	intensity of the gamma ray flux 

µ	linear attenuation coefficient (cm-1) of the material for that gamma ray energy and

It	transmitted virgin gamma ray flux through the shield thickness ‘t’

Based on the dimensions of the vessel or structure to be tested, the source strength and the detector to source distance (d in m) are arrived at. The dose rate at the detector location corresponding to I0 is calculated and converted into counts (C0) using the sensitivity factor viz., counts for 10 seconds/unit dose rate. 



                [2]

where

X	Exposure unit.

X = 1 Coulomb/kg = 34 Gy 

· Specific gamma ray constant. 

It gives exposure rate from a point source of unit activity (1 MBq) at unit distance (1m). 

For sources emitting gamma rays with energy between 60 keV and 2 MeV, specific gamma ray constant is given by: 



                            [3]

where

Ei	gamma ray energy in MeV

fi	fraction of transformations that result in a gamma ray of energy under consideration	

The specific gamma ray constants of some commonly used sources are given in Table 2. 

Then the expected count rate C1 for the actual thickness t1 is calculated. 



                                           [4]	

C1 is compared with observed count rate C2. If the thickness and density of the shield material are as per the designed ones, both the values should be the same. If any void is present, that will lead to a reduction in thickness t2 and hence increase in observed count rate C2. 



                                           [5]

	The difference in thickness (t1-t2) can be calculated using the formula:



                                  [6]

6	EQUIPMENT



6.1	Probe



NaI(Tl) detector of size 50 mm thickness with 50 mm diameter coupled with a suitable photomultiplier and a preamplifier. These three together are called as scintillation head. The diameter of the detector can be varied according to the area of the grid, used for testing the vessel. Use of smaller diameter crystals is also acceptable.  



6.2	Counting Instrument



Gamma Ray Spectrometer consisting of linear amplifier, single channel analyzer, counter and timer (Fig. 2). The GRS, particularly the linear amplifier, should have good stability under field conditions. A voltage stabilizer shall be used.



Linear amplifier

Single channel analyser

Timer

Counter

LV

HV

NaI (Tl)

PMT

PA

NaI (Tl)	: Sodium Iodide Detector

PMT	: Photomultiplier Tube

PA	: Preamplifier

Fig. 2  Gamma Ray Spectrometer 





6.3	Monitoring Instruments

Radiation survey meter (from 0.1 Gy/h to 0.2 Gy/h) and/or teletector (upto 10 Gy/h) for area monitoring, thermoluminescence dosimeter (TLD) and direct reading dosimeter (DRD) for personnel monitoring. 

6.4 	Other Accessories 

Tong of one metre or two metre length for source handling operations.



7	PRE-EXAMINGATION REQUIREMENTS



7.1	Design and fabrication drawings with dimensional details of the vessel and a personal inspection of the vessel are must for proper planning of the testing. The design should give the exact thickness of the shielding material, inner and outer steel layers and stiffener rods. The drawing should clearly indicate the location of the stiffener rods to enable exact interpretation of the results. 

7.2	Source Strength

The strength of the source is chosen such that it should give a dose rate in the range of 400 - 1000 nGy/h at the outer surface of the vessel i.e., detector location. This depends on the thickness of the shield materials, source to detector distance and the radioactive source. It is preferable to have the lower level of the doserate range mentioned. The source to detector distance and the thickness of the vessel should be taken into account while arriving at the required strength. The lead poured vessel usually has inner and outer steel layers. The attenuation by these layers should also be included while arriving at the source strength. These layers of mild or stainless steel are generally assumed to be defect free.



7.3	Grid Marking on The Vessel



A grid size of 50 mm x 50 mm (corresponding to the diameter of the detector employed) should be marked on the outer surface of the vessel (Fig. 3). The markings should be preserved atleast till the completion of the testing. The grids should be identified by “rows” and “columns”.J
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 Fig. 3  Grid Marking on a Typical Shield Vessel





Depending on the size and shape of the vessel structure, one needs to keep the source 



in flush with one of the surfaces at times. In such cases the grid marking has to be done on both the surfaces and the grids should have one to one correspondence. This will help in aligning the source and the detector. 



8	CALIBRATION OF GAMMA RAY SPECTROMETER



Put “ON” the instrument (GRS), apply specified high voltage for photomultiplier tube (PMT) and allow about 30 minutes for the GRS to get stabilized.Using the ‘window’ mode of SCA, calibrate the GRS with different standard sources viz., 133Ba, 137Cs, 54Mn and 60Co. Ensure that 662 keV photo peak due to 137Cs is observed at a pulse height of 3.31 volts i.e., 200 keV per volt. Note down the HV and linear amplifier settings (attenuator position, input polarity, coarse gain, fine gain and the time constant) and these settings should remain the same throughout the testing. Though the typical total gain of the linear amplifier is 800, the gain of the linear amplifier should be kept as minimum as possible, say around 20. Smaller the gain of the linear amplifier, greater would be the stability of the system. The time constant for NaI(Tl) crystal is kept as 1s. The input polarity of the linear amplifier is selected depending on the polarity of the preamplifier output pulse. After calibrating the GRS, acquire gamma spectrum under ‘window’ mode of SCA using 60Co standard source. Plot the counts against the pulse height. From the plot and/or the counts, fix the lower level discriminator (LLD) and upper level discriminator (ULD) of the SCA to cover both the photo peaks of 1173 



keV and 1332 keV gammas emitted by 60Co (1060 keV to 1440 keV) [Fig. 4].  This is called as the 60Co region of interest (ROI).

Fig. 5  Counts Vs Dose Rate Linearity Plot

[image: ]

Dose rate (nGy/h)



Set LLD and ULD as described above with the help of count spectrum. Select ‘normal’ mode in SCA. Keep a standard source of 60Co on the detector face and record the counts in the 60Co ROI for 10 seconds. This count information should be used for checking the stability of the GRS during the course of actual testing. Record the background counts (BKG) by holding the detector at a minimum of three different [image: ]

Fig. 4   60Co Gamma Spectrum Using SCA Based GRS









locations over the outer surface of the vessel to be tested. The average of these readings shall be used as the background counts while arriving at the net counts later. 









9	SENSITIVITY FACTOR



This is to find the response of the detector (in terms of count rate) to the gamma ray intensity (dose rate). A standard source of known activity and accuracy, is kept at different distances so as to produce varying dose rates and the corresponding counts per 10 seconds in the 60Co ROI are noted. The calculated dose rate either for different source to detector distances or for varying shield thicknesses and the corresponding measured count rates (counts for 10 seconds) is plotted (Fig. 5). The slope of the curve gives counts for 10s/(nGy/h), which is called as sensitivity factor for the system. The typical sensitivity factor obtained for a 50 mm dia x 44 mm thick NaI(Tl) crystal is 1 count for 10 seconds per nGy/h.



10	PLACEMENT OF SOURCE



The source has to be placed at the center along its axis for cylindrical vessels (Fig. 6a) symmetric to its vertical or horizontal axis, as the case may be, inside the guide tube of suitable diameter. The guide tube arrangement will ensure that the source is always along the center line of the axis and can be positioned at any desired location. Detector and source should be aligned each 



time. After alignment of the source and the detector, it should not get disturbed during measurement time duration of 10 seconds. For flat shield 

Fig. 6 Detector Positioning And The Source Guide arrangement 
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a. Cylindrical vessel structure
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structures, the source should be placed exactly at the center of each grid in flush with the surface of the vessel (Fig. 6b).  Fig. 7 shows a typical guide tube arrangement for source positioning and the alignment of the detector for a cylindrical vessel. It may be noted that the flanges provided at the top and bottom of the guide tube ensure that the source is always along the axis of the vessel. Detector

Source

Thread

Guide tube

Support flange

Fig. 7  A Typical Guide Tube Arrangement 

Vessel under testing



11	RADIATION PROTECTION



The thread or wire tied to the source should be rugged enough to withstand the weight of the source pencil/assembly. An adequate lead shielding shall additionally be provided to the source while carrying out the testing of top surface of the shield vessels.  This will reduce the possible external exposure received by the operating personnel. A mock-up run with a dummy source pencil is always advisable if one plans to use a radioactive source of relatively high activity (maximum of 370 GBq of 60Co is used for 30 cm thick lead vessels).After placing the source inside the structure to be tested, a general radiation survey around the outside of the structure would help in locating any major streaming locations. Also, this would be useful in knowing the contribution due to air-shine and/or ground scattering to the operating personnel and planning the testing. If sources of higher strength (order of GBq) are handled, wearing of direct reading dosimeter (DRD) with or without an alarm annunciating feature, besides the mandatory use of thermoluminescence dosimeter (TLD) / film badge, is necessary. Also, cordoning around the testing area should be done, if warranted.



12	EXAMINATION METHOD AND MEASUREMENT PROCEDURE



Set the counting time as 10 seconds. Record background counts at different locations over the vessel surface.Keep the source on center of each grid and align the detector on the outer side of the vessel. The alignment of the source and the detector should be confirmed by doing proper measurement and by taking counts in adjacent grid locations around the concerned grid without changing the source position. Take three measurements for each grid. The average value is taken for calculation. Carefully assign the counts to right grid numbers.If any grids could not be tested due to obstruction or approach problem, they should be marked clearly and the details of the same brought out in the report. Periodic checking of the system’s gain stability of the LA with ‘check’ source is a must. Checking can be carried out after completing all the grids in a row or a column. Keep the ‘check’ source and see whether the counts recorded in 60Co ROI are equal to the counts obtained already. If not, the system has to be recalibrated. During the testing, if one gets erratic reading (either too low or very high), then also the system has to be checked immediately. Normally, the increase in count rate would be due to the flaw in the shield material.While testing a grid, among the three readings if any one of the readings shows significantly a different one i.e., outside the 2 values, then also the system’s gain stability has to be confirmed. Exact positioning of the source and the detector i.e., repeatability is very important one. At the end of the testing, this has to be verified by locating the source on a few randomly selected grids and recording the counts. Compare it with that of the observed one earlier. The difference should be well within the statistical fluctuations.  



13	FIELD PROBLEMS



Ensure proper locking of amplifier, signal, high voltage and low voltage connectors. Due to frequent moving of the detector while carrying out the testing, the cables might become loose quite often. Such condition normally results in either ‘nil’ counts or reduced counts. The abnormal discontinuity in the rate of change of counts is an indication of such problem. While testing structures of larger diameter or height, the person holding the detector and the person noting the counts may at times be out of sight. A proper communication and coordination has to be planned between these two before the commencement of testing the vessel.  This is to ensure that the counter is made ‘ON’ only after positioning the detector at a particular grid location.

Preferably, the power to GRS should be drawn from a power point, which is not connected to any heavy current drawing equipment like welding machines etc. Usage of voltage stabilizer is mandatory.



14	EVALUTATION



Find out the average counts for each grid. Then the net counts is arrived as follows:

Net counts (C2) = Average counts – BKG counts



Let C1 be the expected counts for the actual or the designed thickness t1 and µ the linear attenuation coefficient of the material for the specific gamma ray energy. The percentage reduction in thickness of shield material is calculated as:



      [7]

15	INTERPRETATION OF DATA 



A “positive” value indicates less thickness than the expected or designed thickness. This reduction can be due to the presence of any type of defects. In lead poured vessels, the reduction could be due to any one or combination of various defects viz., cavity, blow holes, voids, presence of slag material and poor bonding between the outer steel structure and the shield material. Before attributing the “positive” values to defects, one should carefully go through the design drawing and look for presence of any interfering supporting steel rods (stiffener rods) etc. These stiffener rods are provided to improve the structural stability of the vessel.  At times, pipes, ducts etc., would be incorporated inside the shield for operational requirements.  These would also impair the free flow of the shield material causing the defects and / or poor bonding.  Generally, the lead poured vessels do have this type of stiffener rods at different places. A “negative” value indicates increased shield thickness. This cannot be completely ruled out. Bulging of the either inner or outer wall of the vessel could take place due to heating of the vessel especially during lead pouring and the lead material occupying the bulged area and thus increasing the lead thickness. This will normally happen to the inner side of the wall and especially to the vessels made of stainless steel. 



In concrete structures, the reduction in concrete density also leads to positive values besides voids in the form of air bubbles, cracks and absence of concrete due to non-uniform flow.  Also, the formation of defects due to non-uniform flow of concrete or poor bonding due to internal structures as outlined in the above paragraphs are applicable to concrete poured structures too.  



16	REPORT 



a)	The report should have the following details;

b)	Name of the vessel tested and the schematic of the vessel ;

c)	Date of testing;

d)	Name of the persons who carried out the testing;

e)	Details like source used, its strength on the date of testing and 	the detector system used;

f)	Tolerance limit specified by designers;

g)	Presentation of data in suitable format; and

h)	Results of the testing



17	DATA PRESENTATION 



Test report is presented based on the requirement by the designers. The requirement may be on the basis of tolerance levels, importance given to the portion of the vessel from the radiation point of view, handling of the vessel during operations etc.  The data presentation can be either in the form of table (Table 1) or in the form of graphs (Fig. 8 & 9) or represented by colour coding or grey scale (Fig. 10).  The number of grids falling under various percentage reduction groups can be presented as table. This type of simple presentation helps in locating the grids and the percentage of total area with defects exceeding the specified tolerance limits. 



		Table 1 Presentation of Percentage Reduction Data As Table



		Percentage reduction in shield thickness

		No. of grids

		Percentage area of the vessel 

		Grid numbers



		< 0

		4

		6

		A5, B5, M3 and R2



		0 - 4

		34

		57

		



		4 – 10

		13

		22

		



		10 – 15

		2

		3

		



		Could not be tested

		7

		12

		









17.1   Profile of counts or percentage reduction in shield material along a row of grids of the vessel are given in Fig. 8.

Column

ROW 1

Fig. 8  Plot of % Thickness Reduction Against Grids In a Single Row 



This type of presentation clearly brings out the grids with either reduced or increased thickness in a row as well as the magnitude of the flaw. The line with legend “Normal” indicates the designed thickness. The 4% tolerance line corresponding to the acceptable level of percentage tolerance to the designers, is also shown in the figure. This tolerance can be varying based on the design needs. This tolerance line clearly indicates the grids which have more than the acceptable level of reduction in shield thickness. One of the reasons for the above pattern may be attributed to ovality that can happen in typical cylindrical vessel while fabricating and hence the negative values in one half of the vessel.



17.3.1 All the rows can be similarly represented. When one sees a combined figure of a few rows (Fig. 9), it will give a vivid picture on the extent of the defect around a location and/or the presence of stiffener rods etc.Column

% thickness reduction



Fig. 9  Profile of counts or percentage reduction - row wise



 




17.4 Mapping of percentage reduction in each grid in grey scale or by colour coding (Fig. 10). This clearly indicates the defective locations, extent of defect and its magnitude. Marking of interfering structures and grids which could not be tested can be easily done. 



 
Fig. 10  Mapping of percentage reduction in grey scale

[image: ]

Could not be tested



18	USEFUL DATA 





		Table 2  Specific Gamma Ray Constant () for Commonly Used Sources

_________________________________________________________



		Source

		Half-life

		Gamma Energy (MeV)

		



		

		

		

		



		





		60Co

		5.26 y

		1.173, 1.332

		9.19e-9

		1.32



		137Cs

		30 y

		0.662

		2.30e-9

		0.33







_____________________________________________________________________

		



Table 3  Linear Attenuation Coefficients for 60Co Gamma Rays

____________________________________________________________



		Material

		Density (g/cm3)

		 (cm-1)



		Air

		0.001293

		0.00007



		Water

		1

		0.0630



		Concrete

		2.63

		0.6453



		Iron

		7.46

		0.4163



		Lead

		11.34

		0.1588





_____________________________________________________________________



		Table 4  Conversion table (old units to SI units)

_____________________________________________________



		Activity

		Dose rate



		Old unit

		SI unit

		Old unit

		SI unit



		1 Ci

		37 GBq

		100 R/h

		1 Gy/h



		1 mCi

		37 MBq

		1 R/h

		10 mGy/h



		1 Ci

		37 kBq

		1 mR/h

		10 Gy/h 



		1 nCi

		37 Bq

		 1 R/h

		 10 nGy/h



		1 pCi

		37 mBq

		

		





__________________________________________________________


19	CAUTION



19.1 In an unsymmetrical vessel, the detector to source distance might vary for some grids. Such variations should be taken into account while calculating the expected counts for those grids. 



19.2 While testing smaller height vessels, air-shine problem from the point of view of radiation protection to operating personnel has to be tackled.



19.3 Interference from 40K content if the shield material is made of glass (example: Pb glass). 40K emits 1460 keV gamma rays and their contribution in the 60Co ROI is significant and hence the caution.



19.4 Possible misinterpretation of backscatter peak or the Compton edge as photopeak while doing calibration.

20	QUALITY CONTROL FOR SYSTEM PERFORMANCE/SENSITIVITY



It is desirable to evaluate the system calibration and estimate the sensitivity of the system before the actual testing. To check the performance of the system and interpretation skills of the operating persons, a test structure of different sizes and shapes with artificially incorporated defects can be used. The test structures with different types of shielding materials are recommended.



21	PERSONNEL REQUIREMENTS



21.1 Experience in handling radioactive sources and knowledge about radiation protection.



21.2 Operation of GRS. 



21.3 Should know the parameters that would affect the calibration, which leads to change in 60Co ROI counts.



21.4 Technical skill in correlating the counts to the defects in the tested vessels.



21.5 Technical qualification for testing personnel: Minimum B.Sc in Physics or Chemistry with five years of experience in handling of gamma ray spectrometer and sources.



22	REFERENCES

Efficient scanning of thick lead vessels

V.M. Raghunath, P.K. Bhatnagar and V. Meenakshisundaram

Bulletin of Radiation Protection, Vol. 1, No. 3, July-Sept., 1978.

22.1	Improved Gammatography NDT using Spectrometric Methods 

V.M. Raghunath and V. Meenakshisundaram

Third International Symposium On Radiation Physics, Ferrara, Italy, 1985.

Twenty years of experience in applying gamma spectrometry for NDT

V. Meenakshisundaram and V.M. Raghunath

14th World conference on NDT, New Delhi, Dec 8-13, 1996.

Safety Guide on Radiological Safety in Enclosed Radiography Installations

AERB/SG/IN-1; 1986.

Safety Guide on Radiological Safety in Open Field Industrial Radiography 

AERB/SG/IN-2; 1986.

Calibration and usage of thallium activated sodium iodide detector systems for assay of radionuclides

ANSI N42.12-1994. 

IEEE standard test procedures for amplifiers and preamplifiers used with detectors of ionizing radiation

IEEE Std 301 – 1988 (Reaff 1993).

IEEE standard test procedures for photomultipliers for scintillation counting and glossary for scintillation counting field

IEEE Std 398-1972 (Reaff 1990).
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1. Opening of the meeting 
 
The Chairman Mr Uwe Zscherpel opened the meeting by welcoming the attendees on the web 
conference.  
 
2. Roll call of delegates 
 
The participants introduced themselves. The attendance list of the meeting can be found in document 
N 594. 
 
10 of the 27 P-members attended the meeting: IRAM (Argentina), SCC (Canada), SAC (China), 
AFNOR (France), DIN (Germany), BIS (India), JISC (Japan), DGN (Mexico), SABS (South Africa), 
ANSI (United States). 
 
O-Member Portugal (IPQ) attended face-to-face. 
 
3. Code of Conduct (new: ISO Code of Ethics and Conduct) 
Doc. ISO/TC 135/SC 5 N 488 
 
The Code of Conduct was presented by Franziska Baensch. The purpose of the ISO Code of Ethics 
and Conduct is to facilitate ISO's work which is carried out in an international, multi-stakeholder, multi-
sector environment. It applies to every person who chooses to participate in an ISO committee, 
working group or other consensus group. The respect of the Code is an obligation for participation in 
the above groups that work in the framework of the ISO/IEC Directives. 
 
4. Adoption of the agenda 
Doc. ISO/TC 135/SC 5 N 539 
 
ISO/TC 135/SC 5 adopted the agenda N 539 without any changes. 
 
5. Appointment of the resolution drafting committee  
 
Proposal from the Secretariat was to appoint 


− Mr David Bajula (for the English) 
− Ms Franziska Baensch (committee manager) 
− Mr Uwe Zscherpel (chairman) 
− Ms Chuanyu Zou (technical programme manager) 


The attendees agreed. 
 
6. Report of the Committee Manager/Chair 
Doc. ISO/TC 135/SC 5 N 571 and N 585 
 
Ms Franziska Baensch informed about the ISO/TC 135/SC 5: 


− Structure of ISO/TC 135/SC 5; 
− Membership; 
− Programme of work;  
− Systematic review schedule 2023/2024. 


 For further information, see N 571 and N 585. 
 
7. Liaison reports 
Doc. ISO/TC 135/SC 5 N 578 
 
Mr Uwe Ewert informed about radiographic topics of ISO/TC 44/SC 5. For details, see N 578. He drew 
attention to the fact that experts regarding radiographic inspection of welds should be delegated to 
ISO/TC 44/SC 5, as this is the committee, where all important discussions on this subject take place. 
He further informed briefly about a future proposal focussing radiographic inspection of welds in heat 
exchangers. If this proposal will be developed in a possible future project, ISO/TC 44/SC 5/WG 1 will 
be reactivated. 
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8. Review of liaisons and confirmation of Liaison Representatives 
Doc. ISO/TC 135/SC 5 N 586 
 


− Confirmation of liaison with ISO/TC 44/SC 5, see Resolution 01/2024, N 586. 
− Initiation of new liaison with ISO/TC 17/SC 11, see Resolution 02/2024, N 586. 


To be systematically linked to the maintenance procedures of ISO 4993 “Steel and iron 
casting- Radiographic Testing”, a liaison to the responsible ISO/TC 17/SC 11” Steel 
castings” is required.  


 
9. Status of all items of the portfolio and actions to be taken  
Doc. ISO/TC 135/SC 5 N 586 and others 
 


• Current work programme & update on target dates for work in progress 
− ISO 14096 part 1 and part 2 (N 579 - N 582): Project leader Uwe Zscherpel presented 


some comments received during CD ballot. He informed the members, that the 
manuscripts are now prepared for DIS-ballot. See also Annex A attached to the 
minutes:  
Uwe Zscherpel opened a discussion with the members about some observations for a 
simplified test target for the measurement of basic spatial digitizer resolution according 
to ISO 19232-5, see Fig. A1. The difference in results using a positive or negative test 
target is 3 duplex line pairs, which is a factor of 2 in basic spatial resolution of the 
digitizer. This is not acceptable and needs still an optimization of the test targets, so 
the influence of the scattered light in the lens of the digitizer is reduced, e.g., by 
reducing the dynamics of the Laser printed test targets. Only if these problems have 
been solved a second simplified test target can be included into ISO 14096-1.  


− ISO 15708 parts 1, 2, 3, 4 (N 512 - N 515, N 519 - N 522): all 4 parts are in DIS ballot. 
− ISO 16371 part 1:  CD is under preparation. Time frame for publication is extended to 


2026-07-01. 
− ISO 19232 part 3: DIS ballot is going to start 2024-06-18. 
− ISO 32543 part 1 (N 536 - N 538): published since 2024-05-03. 
− ISO 32679 (N 503): publication under preparation. 


 
• Confirmation of items on which no progress has been made 


− Revision of ISO 5576:  
 Chair Mr Uwe Zscherpel is in favour of working out the terms and definitions 


exclusively in English, but not to use multilingual publication format (one 
language after the other in the PDF) or Multicolumn format (side by side). ISO 
will then provide the French translation. If CEN/TC 138 decides to adopt 
ISO 5576, German language version would be prepared during the adoption 
process. See Resolution 03/2024 (N 586). 


− Future edition of EN 12543, part 4, 5, 6 and 7 as EN ISO 32543 parts 2, 3, 4 and 5 
under V.A.. 
 


• Systematic review results 
− ISO 11699-1:2008: confirmed.  
− ISO 11699-2:2018: confirmed. 
− ISO 19232-1:2013 received comments (N 535), Resolution 04/2024 (N 586).  
− ISO 19232-2:2013: confirmed. 
− ISO 19232-4:2013: confirmed. 
− ISO 19232-5:2018: confirmed. 
− ISO 20769-1:2018 received comments (N 533), Resolution 05/2024 (N 586). 
− ISO 20769-2:2018 received comments (N 534), Resolution 06/2024 (N 586). 


 
10. Report of the Study Groups: 


− Report Study Group 1: ISO/PWI “Gammatopography of shielding integrity”. Project leader 
Ms Menaka thanked for the comments submitted by Japan and Germany. The manuscript 
will be updated and asap. sent back to SC 5.  


− Report Study Group 2: ISO/PWI 15708-5 “Detail sensitivity monitoring”. Project leader Uwe 
Ewert presents some updates on the project. For details, see N 595. 
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11. Items for future work 
 


During plenary meeting 2023 in Lisboa, the proposal of CEN/TC 138/WG 1 to tread under 
Vienna Agreement EN 12543 serie, Non-destructive testing - Characteristics of focal spots in 
industrial X-ray systems 


Revision Part 4: Edge method 
Revision Part 5: Measurement of the effective focal spot size of mini and micro focus 
X-ray tubes 
New Part 6: Line Group Method for measurement of the effective focal spot size of 
micro and nano focus X-ray tubes with spot sizes < 100 μm 
New Part 7: Focal spot reconstruction technique 


was discussed. Currently, two ballots are running to adopt EN 12543 part 4 as EN ISO 32543-
2 and EN 12543 part 5 as EN ISO 32543-3 to the work programme of ISO/TC 135/SC 5 under 
CEN lead. Two more ballots will follow soon regarding the new parts EN 12543-6 and EN 
12543-7.  


 
12. Next TC, SC and WG meetings 
 
The upcoming SC 5 meeting will be held together with the next ISO/TC 135 Plenary Meeting, in 
Niagara Falls, Canada in conjunction with 8th PANNDT (9 - 12 June 2025). 
 
 
13. Any other business 
 
Ms Baensch informs on ISO-ASTM PWI 52969 “Additive manufacturing for metals - Non-destructive 
testing and evaluation – Imperfections classification in DED parts” in ISO/TC 261/JG 59 with the 
following scope: This document specifies the classification imperfections likely to be generated during 
an additive manufacturing process by DED for metallic parts. This document also indicates the most 
probable causes of the formation of imperfections and includes illustrations. Acceptance criteria for 
imperfections are not included in this document. 
 
Ms Ding (SAC) noted that the revision of standards located in SC 5, nationally leads to difficulties for 
technical mirror work if no working groups are active in SC5, which perform the technical work of the 
standards revision. Mr Zscherpel and Ms Baensch thanked for the remark and the establishment of a 
WG for revision of IS-Standards under supervision of SC 5 will be examined by DIN. A completely new 
standardization project will generally be developed in a WG, but not in SC 5. 
 
Action 01/2024: Chair and Secretary will examine a possible restructuring.  
 
14. Approval of resolutions 
 
The resolutions N 586 were presented by the secretary. All resolutions were approved. 
 
15. Closure of the meeting 
 
The Chairman, Mr Zscherpel, thanked all participants for their discussions and contributions and closed 
the meeting. 
 
Uwe Zscherpel       Franziska Baensch 
Chairman ISO/TC 135/SC 5     Secretary ISO/TC 135/SC 5 
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ANNEX TOP 9 
 
 
 


 
Figure A.1: Problems with measurement of basic spatial resolution using a negative (upper part) or 
positive duplex line test target: caused by scattered light in the digitizer the above basic spatial 
resolution is 3 duplex line pairs less (read marks in the upper part) that with the positive test target 
(lower part) This is not acceptable and needs still optimization to achieve identical readings for both 
cases. 
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 BUREAU OF INDIAN STANDARDS

(METALLURGICAL ENGINEERING DEPARTMENT)



		           MTD 21- Panel 5 (Radiographic Testing) meeting



		

Meeting Date &Time

		

19th February 2024, Monday, 4:00 PM



		No. of Meeting

		1st meeting of Panel 5



		Venue

		Virtual mode





									Co-ordinator: Shri Kunal Kumar

MembersPresent:



		Sl No.

		Name of Member

		Name of Organization

		Mode of Joining

		E-mail



		1. 

		Shri M.Arumugam, Convener

		Department of Space, Bengaluru

		Virtually

		m_arumugam@lpsc.gov.in

arumugamm@rocketmail.com



		2. 

		Shri  Deepesh V

		Bharat Heavy Electrical Limited, Trichy

		Virtually

		deepeshvimalan@gmail.c



		3. 

		Dr. Menaka M

		IGCAR

		Virtually

		menaka@igcar.gov.in









Item 1 – Action taken report on work allocated during 30th meeting of MTD 21 Technical committee

		Sl No.

		IS No.

		IS Title

		Decision taken by the Committee in last Meeting

		Action taken on decision of the committee

		Decision of the panel



		1

		IS 16241 : 2018

		Real-time radioscopic examination of weldments

		Committee decided to conduct a Panel meeting within 1 month co-ordinated by MS.

		Dr. Menaka informed that  Shri Arumugam has made some corrections in figure 1. Shri Arumugam informed that he will submit the corrected document.

		Panel decided to circulate the corrected document among committee members for comment.



		2

		IS 17069 (Part 1) : 2019

ISO 14096-1:2005

		Non - Destructive testing - Qualification of radiographic film digitization systems: Part 1 definitions, quantitative measurements of image quality parameters, standard reference film and qualitative control

		Committee decided to conduct a Panel meeting within 1 month co-ordinated by MS

		Dr. Menaka informed that there are no technical changes in the standard but there is change in format. Printed format is same as in ISO document. Format should be in line with the Indian standard.

		Panel decided to print the document in Indian standard format.



		3

		IS 17069 (Part 2): 2019

ISO 14096-2 : 2005

		Non - Destructive testing - Qualification of radiographic film digitization systems: Part 2 minimum requirements

		Committee decided to conduct a Panel meeting within 1 month co-ordinated by MS

		-do-

		-do-



		4

		MTD 21 (5046)



		Formulation of new standard on      Code of practice for  radiometric techniques



APPENDIX 5

		Committee requested Member Secretary, Mr. Aumugam and Dr. Menaka to discuss on the subject.

		Panel discussed on the current status of the project and informed that an email should be written to the committee manager of ISO/TC 135/ SC5 to schedule a meeting with the experts and Dr. Menaka as convener, keeping in mind the convenience of time to discuss on the preliminary draft submitted by BIS.

		Panel discussed on the current status of the project and informed that an email should be written to the committee manager of ISO/TC 135/ SC5 to schedule a meeting with the experts and Dr. Menaka as convener, keeping in mind the convenience of time to discuss on the preliminary draft submitted by BIS.



		5

		Revision of IS 4853:1982 



		`Recommended practice for radiographic inspection of fusion welded butt joints in steel pipes (first revision)’

		Committee requested member secretary to provide ISO standards to Dr. Arumugam. 

ISO 17636-1: 2022- Non-destructive testing of welds- Radiographic testing- Part 1: X-ray and gamma-ray techniques with film.



ISO 17636-2: 2022- Non-destructive testing of welds- Radiographic testing- Part 1: X-ray and gamma-ray techniques with digital detectors.



Committee also requested MS to co-ordinate a meeting for panel 5 to discuss all the work allocated to panel 5 within 1 month.

.

		Mr. Arumugam informed that the publication year of standard is very old and this may be revised. Mr. Deepesh informed that the IS and ISO standards are different. We can’t directly adopt ISO Standards. There are some technical changes in the Indian standards. He further informed that he will review and  submit the draft after incorporating the changes. 

		Panel requested member secretary to provide draft document to Mr. Deepesh for necessary modification. 



The outcome of review shall be discussed in the next panel meeting to be held in next 15 days.



		6

		Review of IS 1182: 1983

		Recommended - Practice for radiographic examination of fusion welded butt joints in steel plates Second Revision

		-do-

		-do-



		 7

		Review of IS 2478 : 1991



		Glossary of terms relating to industrial radiology (Second Revision)

		Committee after deliberation requested Dr. Arumugam to conduct a panel meeting within 1 month and discuss the work allocated. MS will coordinate.



		Mr.Arumugam informed that the standard is very old and needs to be revised to be in line with the current practices. 



There is an ISO Standard, ISO 5576: 1997 for Industrial X-ray and gamma ray radiology – vocabulary.



Panel requested Mr. Deepesh to review the standard.

		The outcome of review shall be discussed in the next panel meeting to be held in next 15 days.



		8

		Review of IS 7810 : 1999



		Code of practice for radiographic examination of resistance spot welds on aluminium and its alloys (First Revision)

		Committee after deliberation requested Panel 5 members to conduct a meeting within 1 month to discuss the work allocated and submit report.

MS will coordinate.

		Mr.Arumugam informed that the standard is very old and needs to be revised to be in line with the current practices. There is no ISO Standard on the subject.  Panel will review the Standard.

		The inputs received from all the three members shall be discussed in  the next panel meeting to be held in next 15 days.



		9

		Review of  IS 12860 : 1989



		Metallic coating thickness by X-ray fluorescence technique method - Determination



		Committee after deliberation requested Dr. Arumugam to conduct a panel meeting within 1 month to discuss the work allocated and submit report. MS will coordinate.



		Mr.Arumugam informed that the standard is very old and needs to be revised to be in line with the current practices.

It was informed that there is an ISO Standard, ISO 3497: 2000. 

Panel will review the Indian and ISO Standard. 

		The inputs received from all the three members shall be discussed in the next panel meeting to be held in next 15 days.



		10

		Review of  IS 14669 : 1999



		Thermal neutron radiography - Recommended practices

		Committee after deliberation requested Panel 5 members to conduct a meeting within 1 month to discuss the work allocated and submit report.

MS will coordinate.

		It was informed that there is an ISO standard, ISO 12721: 2000 for NDT- Thermal neutron radiographic testing.



Dr. Menaka will review the Indian standard and corresponding ISO Standard.

		The inputs received from Dr. Menaka  shall be discussed in the next panel meeting to be held in next 15 days.



		11

		Review of  IS 2953 :1985



		Glossary of terms used for interpretation of welds and castings radiographs First Revision

		Committee after deliberation requested Dr. Arumugam to conduct a panel meeting within 1 month to discuss the work allocated and submit report. MS will coordinate.



		It was informed that there is no ISO standard on the subject.  Mr. Arumugam informed that he and Mr. Deepesh will review the standard.

		The inputs received from Mr. Arumugam and Mr. Deepesh  shall be discussed in the next panel meeting to be held in next 15 days.









Item 2 ANY OTHER BUSINESS

2.1 Panel decided to meet after 15 days i.e. in the 2nd week of March 2024.

2.2 The meeting ended with a hearty vote of thanks.
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BUREAU OF INDIAN STANDARDS


Indian Standards


CODE OF PRACTICE FOR RADIOMETRY TECHNIQUES





FOREWORD


(Formal clauses will be added  later )





1	Introduction





1.1	Proper shield design, its fabrication and installation play an important role in controlling radiation exposures to operating staff. The shields come in a variety of forms, shapes and sizes.  It is a known fact that it is imperative to carry out testing of the shielded vessels by NDT. Many methods are available for inspecting the shield for its shielding integrity. These include i) ultrasonic ii) radiography and iii) conventional radiometry. Differences in ultrasonic velocities or changes in transmitted radiation levels (with X-rays and gamma sources) are made use of for evaluation of loss in shield thickness.  All the three methods cited above have certain limitations. The major limitation in the case of ultrasonics is that the air gap, due to the poor bonding between the steel shell structure and the shield material, results in impedance mismatch and hence wrong estimation of the thickness. Secondly even if one assumes that the bonding would be good, the ultrasonic testing will fail to indicate the true picture if there is more than one flaw (void) in a line of sight, i.e., the method has poor spatial resolution and very less sensitivity.  Radiography using gamma emitting source involves the use of high source strength and hence suffers from reduced signal to noise ratio due to the interference from scattered radiation resulting in poor sensitivity. Radiography technique, however, is restricted to smaller thickness (max: 75 mm for steel itself). Added to this, on-line analysis is not possible. Gammatography, a higher sensitive and reliable NDT method, avoids larger exposures while testing.





1.2	In the conventional radiometry method, a high energy gamma source of higher strength is placed at the centre of the vessel and the external wall is scanned by dose rate measuring survey instruments.  These radiation survey instruments have limited accuracy at low dose rate levels, which necessitates the use of a source having very high strength.  The surface dose rates need to be of the order of 40 to 50 Gy/h to successfully use such devices.  At lower dose rates, the uncertainty in the detector reading coupled with the interfering background (ground scattering, air-shine etc.) masks the small variation in lead or any other shield thickness.  For a 4% deviation in a lead thickness of about 20 cm, the variation in the dose rate is 50 to 60% when Co 60 source is being used.  This is difficult to achieve with the dose rate measuring survey instruments, which use detectors such as Geiger Muller (GM) counter or ionisation chamber.  However, in actual conditions where these vessels are designed to carry radioactive material of 0.37 to 37 PBq, a 4% tolerance when missed under such scanning would result in hot spots of 3 to 4 mGy/h. A specification of 2% tolerance is impossible to detect by this method unless the activity of the source is very much increased.  The source handling problems get aggravated further when the vessel has large thickness but short height (comparable to its outer diameter). These difficulties have been successfully overcome by the gammatography method.





1.3	In gammatography, instead of recording the transmitted dose rate as in the conventional radiometry method, the transmitted virgin gamma ray flux is measured.  For shield structures of high density materials, 60Co source is loaded at the centre of the vessel and the outer surface of the shield vessel is scanned using a 50 mm x 50 mm thallium activated sodium iodide [NaI(Tl)] detector and a Single Channel Analyzer (SCA) based Gamma Ray Spectrometer (GRS) with a window set for the photo peak region of the source energy.  An area of 2500 mm2 (equivalent to the diameter of the detector used) is scanned for 10 seconds each time.  The strength of the source is selected such that when the source is loaded at the centre of the vessel, the external dose rate at the outer surface of the vessel wall will be around 0.5 Gy/h. This method has been termed as “Gammatography” denoting the evaluation of the topography of the vessel for its shielding integrity by gamma scanning.  Laboratory tests confirm the feasibility of adopting the method for even 1% tolerance.





1.4	The fact that the dose rate would be only around 0.5 Gy/h at the external surface of the wall illustrates that the source strength needed is 50 to 100 times lesser than that used in conventional radiometry method.  This results in mitigating problems during source handling and subsequent vessel testing and consequently enormous reduction in external exposures, to comply with ALARA (As Low As Reasonably Achievable) practice, one of the basic principles of radiation protection.  Since the counting is done under 60Co channel, the background is negligible; thus the sensitivity of the measurement is excellent for estimating small deviations from specified tolerances.  There is no interference from scattered radiation and hence the method is capable of evaluating the small deviation with high resolution, which is impossible to obtain in the dose rate measuring techniques viz., conventional radiometry.  Since air-shine contribution is totally eliminated, vessels of very short height with large outer diameter and thickness can be successfully tested.  The source to detector geometry is well defined and scanning time for each grid is uniformly fixed at 10 seconds and hence the repeatability of measurement is 100% guaranteed.  





2	TYPE OF DEFECTS


	


2.1	Lead Poured Vessels





Due to its relatively large contraction, lead solidifies to a smaller volume, which results in cavity.Blowholes and voids are formed by entrapped air.


Poor bonding with steel, leads to loss of shielding.





Internal structural details (example: stiffener rods) may impair smooth flow of lead.Formation of slag especially at the top portion of the vessel through which the lead is poured and hence considerable reduction in density.





2.2	Concrete Structures





Typical problems encountered in concrete structures are entrapped tiny air bubbles, reduced density due to improper mixing and curing, complicated strengthening structures like steel rods may block free flow of concrete resulting in voids.


3	ADDITIONAL APPLICATIONS





i)	In-situ testing of reactor components, which were suspected to have developed cracks. This testing can be carried out even in the presence of high ambient background radiation levels, say of the order of 30 mGy/h.


ii)		Testing of shielding structures comprising of layers of different materials. (Example: Fe + Concrete + Fe + Pb + Fe)


iii)	Testing of mockup structures to qualify a concrete or lead pouring technique. 


iv)	Liquid level measurements (example: NaK, heavy water etc.) using lower energy sources such as 241Am, can be easily carried out in a plant where the vessel in question is surrounded by various structural materials and pipings and thereby make it impossible to use other NDT techniques. 


4	TERMINOLOGY





For the purpose of this standard, the definitions given below shall apply.





4.1	Air-Shine





The scattered component of the gamma rays by air and intervening medium as seen by the detector, due to the presence of radiation source.





4.2	Background (BKG)





Those counts  that can be observed in the absence of source when the detector was kept on the vessel to be tested. These counts are attributable to environmental radioactivity in the shielding material, in the surroundings, cosmic rays, detector assembly itself; electronic noise pulses etc. 


	


4.3	Check Source





A radioactive source, not necessarily calibrated, that is used to confirm the continuing satisfactory operation of an instrument.


	


4.4	Dummy Source





Non-radioactive object, dimensionally identical to the radioactive source being used for the testing.  





4.5	Energy Calibration





The relationship between the height of the amplifier output pulse and the energy of the photons originating in the radioactive source.





4.6	Gamma Ray Spectrum





A differential distribution of the intensity of radiation as a function of energy.





4.7	Gamma Ray Spectrometer (GRS)





A system used to obtain the gamma ray spectrum. It consists of detector assembly, linear amplifier, high voltage, low voltage and a single channel analyzer with timer counter or a multi-channel analyzer.





4.8	Gammatography 





The evaluation of the topography of the vessel for its shielding integrity by gamma scanning.





4.9	Linear Amplifier 





The section of amplifier following preamplifier that contains pulse shaping networks.





4.10	Lower Level Discriminator (LLD) 





It is part of the single channel analyzer (SCA). Voltage pulses falling above the set voltage in LLD are allowed to next stage of processing.








4.11	Mock-Up 





Testing structure made of same type material with dimensions either comparable to the actual one or scaled down to smaller one. Such structures are generally used to evaluate lead or concrete pouring procedures before applying them to actual ones.





4.12	Photopeak or Full Energy Peak





The peak in a pulse height spectrum that corresponds to total absorption of a gamma ray in the detector used.





4.13	Preamplifier





The input section of an amplifier chain, usually located as close to the detector as possible.





4.14	Precision





The degree of agreement of repeated measurements of the same property, expressed quantitatively as the standard deviation computed from the results of a series of measurements.





4.15	Sensitivity





The net number of counts registered by the detector system per unit time in the selected region of interest (ROI) divided by exposure rate in nGy/h.





4.16	Single Channel Analyzer (SCA)





SCA qualifies a voltage pulse for counting based on the lower level and/or upper level discriminator settings.





4.17	Source Strength





The gamma ray intensity from any given gamma ray source.





4.18	Standard Source





A standard radioactive source whose activity is certified by the supplier. In India, such standard sources are supplied by Board of Radiation and Isotope Technology (BRIT), Dept. of Atomic Energy, Govt. of India, Mumbai.  The activity of the standard source will be around 37 kBq. The standard sources are used for calibrating the systems and estimating the counting efficiency of the system. 





4.19	Survey Instruments





The radiation monitoring instruments used to measure the radiation exposure level in a place.





4.20	Tolerance





The acceptable deviation of percentage reduction in thickness from the designed value, normally specified  by the designer. 





% thickness reduction: 











4.21	Upper Level Discriminator (ULD)





It is part of the SCA. When the “window” mode is selected in SCA, the ULD acts as voltage window i.e., LLD+V. When normal mode is selected, it acts as upper limit to qualify the pulse counting. When used in integral” mode, the ULD is cut off from the circuit.  





4.22	Virgin Gamma





The uncolloided gamma rays traversed through shielding material(s) without any interaction.





The other terminologies used here are as per definitions given in AERB Safety 


Code in Industrial Radiography AERB/SC/IR-1,2001 





5	PRINCIPLE OF THE TESTING





5.1	The transmitted intensity of virgin gamma ray flux through any material changes with the thickness. Presence of voids and hence reduction in net thickness of the shield material increases the transmitted gamma ray flux. The increase in the transmitted gamma ray flux can also be observed when the density of the given material is lesser than the specified one. This principle is utilized in the gammatography technique. The schematic of the same is shown Fig. 1. The transmitted virgin gamma ray flux is measured in terms of counts for a preset time of       10 seconds using a gamma ray spectrometer (GRS) of linear amplifier Gammaray Spectrometer (GRS)


t





Gamma rays


Shield


NaI (Tl) Detector


I0


It = I0e-t


Fig. 1  Schematic of  Gammatography Technique








(LA), SCA, timer and counter. Counting the virgin gamma ray flux between two selected energies using SCA makes this technique a more refined one than the conventional radiometry method i.e., avoiding completely the scattered gamma component, which results in better sensitivity and accuracy. 


5.2	Also, the energy selection makes this technique, narrow beam geometry equivalent. Hence, gamma ray attenuation equation can directly be applied in evaluation of the thickness using the formula: 








                                                    [1]











where


t	thickness of the material in cm 


I0	intensity of the gamma ray flux 


µ	linear attenuation coefficient (cm-1) of the material for that gamma ray energy and


It	transmitted virgin gamma ray flux through the shield thickness ‘t’


Based on the dimensions of the vessel or structure to be tested, the source strength and the detector to source distance (d in m) are arrived at. The dose rate at the detector location corresponding to I0 is calculated and converted into counts (C0) using the sensitivity factor viz., counts for 10 seconds/unit dose rate. 





                [2]


where


X	Exposure unit.


X = 1 Coulomb/kg = 34 Gy 


· Specific gamma ray constant. 


It gives exposure rate from a point source of unit activity (1 MBq) at unit distance (1m). 


For sources emitting gamma rays with energy between 60 keV and 2 MeV, specific gamma ray constant is given by: 





                            [3]


where


Ei	gamma ray energy in MeV


fi	fraction of transformations that result in a gamma ray of energy under consideration	


The specific gamma ray constants of some commonly used sources are given in Table 2. 


Then the expected count rate C1 for the actual thickness t1 is calculated. 





                                           [4]	


C1 is compared with observed count rate C2. If the thickness and density of the shield material are as per the designed ones, both the values should be the same. If any void is present, that will lead to a reduction in thickness t2 and hence increase in observed count rate C2. 





                                           [5]


	The difference in thickness (t1-t2) can be calculated using the formula:





                                  [6]


6	EQUIPMENT





6.1	Probe





NaI(Tl) detector of size 50 mm thickness with 50 mm diameter coupled with a suitable photomultiplier and a preamplifier. These three together are called as scintillation head. The diameter of the detector can be varied according to the area of the grid, used for testing the vessel. Use of smaller diameter crystals is also acceptable.  





6.2	Counting Instrument





Gamma Ray Spectrometer consisting of linear amplifier, single channel analyzer, counter and timer (Fig. 2). The GRS, particularly the linear amplifier, should have good stability under field conditions. A voltage stabilizer shall be used.





Linear amplifier


Single channel analyser


Timer


Counter


LV


HV


NaI (Tl)


PMT


PA


NaI (Tl)	: Sodium Iodide Detector


PMT	: Photomultiplier Tube


PA	: Preamplifier


Fig. 2  Gamma Ray Spectrometer 








6.3	Monitoring Instruments


Radiation survey meter (from 0.1 Gy/h to 0.2 Gy/h) and/or teletector (upto 10 Gy/h) for area monitoring, thermoluminescence dosimeter (TLD) and direct reading dosimeter (DRD) for personnel monitoring. 


6.4 	Other Accessories 


Tong of one metre or two metre length for source handling operations.





7	PRE-EXAMINGATION REQUIREMENTS





7.1	Design and fabrication drawings with dimensional details of the vessel and a personal inspection of the vessel are must for proper planning of the testing. The design should give the exact thickness of the shielding material, inner and outer steel layers and stiffener rods. The drawing should clearly indicate the location of the stiffener rods to enable exact interpretation of the results. 


7.2	Source Strength


The strength of the source is chosen such that it should give a dose rate in the range of 400 - 1000 nGy/h at the outer surface of the vessel i.e., detector location. This depends on the thickness of the shield materials, source to detector distance and the radioactive source. It is preferable to have the lower level of the doserate range mentioned. The source to detector distance and the thickness of the vessel should be taken into account while arriving at the required strength. The lead poured vessel usually has inner and outer steel layers. The attenuation by these layers should also be included while arriving at the source strength. These layers of mild or stainless steel are generally assumed to be defect free.





7.3	Grid Marking on The Vessel





A grid size of 50 mm x 50 mm (corresponding to the diameter of the detector employed) should be marked on the outer surface of the vessel (Fig. 3). The markings should be preserved atleast till the completion of the testing. The grids should be identified by “rows” and “columns”.J
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 Fig. 3  Grid Marking on a Typical Shield Vessel








Depending on the size and shape of the vessel structure, one needs to keep the source 





in flush with one of the surfaces at times. In such cases the grid marking has to be done on both the surfaces and the grids should have one to one correspondence. This will help in aligning the source and the detector. 





8	CALIBRATION OF GAMMA RAY SPECTROMETER





Put “ON” the instrument (GRS), apply specified high voltage for photomultiplier tube (PMT) and allow about 30 minutes for the GRS to get stabilized.Using the ‘window’ mode of SCA, calibrate the GRS with different standard sources viz., 133Ba, 137Cs, 54Mn and 60Co. Ensure that 662 keV photo peak due to 137Cs is observed at a pulse height of 3.31 volts i.e., 200 keV per volt. Note down the HV and linear amplifier settings (attenuator position, input polarity, coarse gain, fine gain and the time constant) and these settings should remain the same throughout the testing. Though the typical total gain of the linear amplifier is 800, the gain of the linear amplifier should be kept as minimum as possible, say around 20. Smaller the gain of the linear amplifier, greater would be the stability of the system. The time constant for NaI(Tl) crystal is kept as 1s. The input polarity of the linear amplifier is selected depending on the polarity of the preamplifier output pulse. After calibrating the GRS, acquire gamma spectrum under ‘window’ mode of SCA using 60Co standard source. Plot the counts against the pulse height. From the plot and/or the counts, fix the lower level discriminator (LLD) and upper level discriminator (ULD) of the SCA to cover both the photo peaks of 1173 





keV and 1332 keV gammas emitted by 60Co (1060 keV to 1440 keV) [Fig. 4].  This is called as the 60Co region of interest (ROI).


Fig. 5  Counts Vs Dose Rate Linearity Plot
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Dose rate (nGy/h)





Set LLD and ULD as described above with the help of count spectrum. Select ‘normal’ mode in SCA. Keep a standard source of 60Co on the detector face and record the counts in the 60Co ROI for 10 seconds. This count information should be used for checking the stability of the GRS during the course of actual testing. Record the background counts (BKG) by holding the detector at a minimum of three different [image: ]


Fig. 4   60Co Gamma Spectrum Using SCA Based GRS














locations over the outer surface of the vessel to be tested. The average of these readings shall be used as the background counts while arriving at the net counts later. 














9	SENSITIVITY FACTOR





This is to find the response of the detector (in terms of count rate) to the gamma ray intensity (dose rate). A standard source of known activity and accuracy, is kept at different distances so as to produce varying dose rates and the corresponding counts per 10 seconds in the 60Co ROI are noted. The calculated dose rate either for different source to detector distances or for varying shield thicknesses and the corresponding measured count rates (counts for 10 seconds) is plotted (Fig. 5). The slope of the curve gives counts for 10s/(nGy/h), which is called as sensitivity factor for the system. The typical sensitivity factor obtained for a 50 mm dia x 44 mm thick NaI(Tl) crystal is 1 count for 10 seconds per nGy/h.





10	PLACEMENT OF SOURCE





The source has to be placed at the center along its axis for cylindrical vessels (Fig. 6a) symmetric to its vertical or horizontal axis, as the case may be, inside the guide tube of suitable diameter. The guide tube arrangement will ensure that the source is always along the center line of the axis and can be positioned at any desired location. Detector and source should be aligned each 





time. After alignment of the source and the detector, it should not get disturbed during measurement time duration of 10 seconds. For flat shield 


Fig. 6 Detector Positioning And The Source Guide arrangement 
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structures, the source should be placed exactly at the center of each grid in flush with the surface of the vessel (Fig. 6b).  Fig. 7 shows a typical guide tube arrangement for source positioning and the alignment of the detector for a cylindrical vessel. It may be noted that the flanges provided at the top and bottom of the guide tube ensure that the source is always along the axis of the vessel. Detector


Source


Thread


Guide tube


Support flange


Fig. 7  A Typical Guide Tube Arrangement 


Vessel under testing





11	RADIATION PROTECTION





The thread or wire tied to the source should be rugged enough to withstand the weight of the source pencil/assembly. An adequate lead shielding shall additionally be provided to the source while carrying out the testing of top surface of the shield vessels.  This will reduce the possible external exposure received by the operating personnel. A mock-up run with a dummy source pencil is always advisable if one plans to use a radioactive source of relatively high activity (maximum of 370 GBq of 60Co is used for 30 cm thick lead vessels).After placing the source inside the structure to be tested, a general radiation survey around the outside of the structure would help in locating any major streaming locations. Also, this would be useful in knowing the contribution due to air-shine and/or ground scattering to the operating personnel and planning the testing. If sources of higher strength (order of GBq) are handled, wearing of direct reading dosimeter (DRD) with or without an alarm annunciating feature, besides the mandatory use of thermoluminescence dosimeter (TLD) / film badge, is necessary. Also, cordoning around the testing area should be done, if warranted.





12	EXAMINATION METHOD AND MEASUREMENT PROCEDURE





Set the counting time as 10 seconds. Record background counts at different locations over the vessel surface.Keep the source on center of each grid and align the detector on the outer side of the vessel. The alignment of the source and the detector should be confirmed by doing proper measurement and by taking counts in adjacent grid locations around the concerned grid without changing the source position. Take three measurements for each grid. The average value is taken for calculation. Carefully assign the counts to right grid numbers.If any grids could not be tested due to obstruction or approach problem, they should be marked clearly and the details of the same brought out in the report. Periodic checking of the system’s gain stability of the LA with ‘check’ source is a must. Checking can be carried out after completing all the grids in a row or a column. Keep the ‘check’ source and see whether the counts recorded in 60Co ROI are equal to the counts obtained already. If not, the system has to be recalibrated. During the testing, if one gets erratic reading (either too low or very high), then also the system has to be checked immediately. Normally, the increase in count rate would be due to the flaw in the shield material.While testing a grid, among the three readings if any one of the readings shows significantly a different one i.e., outside the 2 values, then also the system’s gain stability has to be confirmed. Exact positioning of the source and the detector i.e., repeatability is very important one. At the end of the testing, this has to be verified by locating the source on a few randomly selected grids and recording the counts. Compare it with that of the observed one earlier. The difference should be well within the statistical fluctuations.  





13	FIELD PROBLEMS





Ensure proper locking of amplifier, signal, high voltage and low voltage connectors. Due to frequent moving of the detector while carrying out the testing, the cables might become loose quite often. Such condition normally results in either ‘nil’ counts or reduced counts. The abnormal discontinuity in the rate of change of counts is an indication of such problem. While testing structures of larger diameter or height, the person holding the detector and the person noting the counts may at times be out of sight. A proper communication and coordination has to be planned between these two before the commencement of testing the vessel.  This is to ensure that the counter is made ‘ON’ only after positioning the detector at a particular grid location.


Preferably, the power to GRS should be drawn from a power point, which is not connected to any heavy current drawing equipment like welding machines etc. Usage of voltage stabilizer is mandatory.





14	EVALUTATION





Find out the average counts for each grid. Then the net counts is arrived as follows:


Net counts (C2) = Average counts – BKG counts





Let C1 be the expected counts for the actual or the designed thickness t1 and µ the linear attenuation coefficient of the material for the specific gamma ray energy. The percentage reduction in thickness of shield material is calculated as:





      [7]


15	INTERPRETATION OF DATA 





A “positive” value indicates less thickness than the expected or designed thickness. This reduction can be due to the presence of any type of defects. In lead poured vessels, the reduction could be due to any one or combination of various defects viz., cavity, blow holes, voids, presence of slag material and poor bonding between the outer steel structure and the shield material. Before attributing the “positive” values to defects, one should carefully go through the design drawing and look for presence of any interfering supporting steel rods (stiffener rods) etc. These stiffener rods are provided to improve the structural stability of the vessel.  At times, pipes, ducts etc., would be incorporated inside the shield for operational requirements.  These would also impair the free flow of the shield material causing the defects and / or poor bonding.  Generally, the lead poured vessels do have this type of stiffener rods at different places. A “negative” value indicates increased shield thickness. This cannot be completely ruled out. Bulging of the either inner or outer wall of the vessel could take place due to heating of the vessel especially during lead pouring and the lead material occupying the bulged area and thus increasing the lead thickness. This will normally happen to the inner side of the wall and especially to the vessels made of stainless steel. 





In concrete structures, the reduction in concrete density also leads to positive values besides voids in the form of air bubbles, cracks and absence of concrete due to non-uniform flow.  Also, the formation of defects due to non-uniform flow of concrete or poor bonding due to internal structures as outlined in the above paragraphs are applicable to concrete poured structures too.  





16	REPORT 





a)	The report should have the following details;


b)	Name of the vessel tested and the schematic of the vessel ;


c)	Date of testing;


d)	Name of the persons who carried out the testing;


e)	Details like source used, its strength on the date of testing and 	the detector system used;


f)	Tolerance limit specified by designers;


g)	Presentation of data in suitable format; and


h)	Results of the testing





17	DATA PRESENTATION 





Test report is presented based on the requirement by the designers. The requirement may be on the basis of tolerance levels, importance given to the portion of the vessel from the radiation point of view, handling of the vessel during operations etc.  The data presentation can be either in the form of table (Table 1) or in the form of graphs (Fig. 8 & 9) or represented by colour coding or grey scale (Fig. 10).  The number of grids falling under various percentage reduction groups can be presented as table. This type of simple presentation helps in locating the grids and the percentage of total area with defects exceeding the specified tolerance limits. 





			Table 1 Presentation of Percentage Reduction Data As Table





			Percentage reduction in shield thickness


			No. of grids


			Percentage area of the vessel 


			Grid numbers





			< 0


			4


			6


			A5, B5, M3 and R2





			0 - 4


			34


			57


			





			4 – 10


			13


			22


			





			10 – 15


			2


			3


			





			Could not be tested


			7


			12


			














17.1   Profile of counts or percentage reduction in shield material along a row of grids of the vessel are given in Fig. 8.


Column


ROW 1


Fig. 8  Plot of % Thickness Reduction Against Grids In a Single Row 





This type of presentation clearly brings out the grids with either reduced or increased thickness in a row as well as the magnitude of the flaw. The line with legend “Normal” indicates the designed thickness. The 4% tolerance line corresponding to the acceptable level of percentage tolerance to the designers, is also shown in the figure. This tolerance can be varying based on the design needs. This tolerance line clearly indicates the grids which have more than the acceptable level of reduction in shield thickness. One of the reasons for the above pattern may be attributed to ovality that can happen in typical cylindrical vessel while fabricating and hence the negative values in one half of the vessel.





17.3.1 All the rows can be similarly represented. When one sees a combined figure of a few rows (Fig. 9), it will give a vivid picture on the extent of the defect around a location and/or the presence of stiffener rods etc.Column


% thickness reduction





Fig. 9  Profile of counts or percentage reduction - row wise





 






17.4 Mapping of percentage reduction in each grid in grey scale or by colour coding (Fig. 10). This clearly indicates the defective locations, extent of defect and its magnitude. Marking of interfering structures and grids which could not be tested can be easily done. 





 
Fig. 10  Mapping of percentage reduction in grey scale


[image: ]


Could not be tested





18	USEFUL DATA 








			Table 2  Specific Gamma Ray Constant () for Commonly Used Sources


_________________________________________________________





			Source


			Half-life


			Gamma Energy (MeV)


			





			


			


			


			





			








			60Co


			5.26 y


			1.173, 1.332


			9.19e-9


			1.32





			137Cs


			30 y


			0.662


			2.30e-9


			0.33











_____________________________________________________________________


			





Table 3  Linear Attenuation Coefficients for 60Co Gamma Rays


____________________________________________________________





			Material


			Density (g/cm3)


			 (cm-1)





			Air


			0.001293


			0.00007





			Water


			1


			0.0630





			Concrete


			2.63


			0.6453





			Iron


			7.46


			0.4163





			Lead


			11.34


			0.1588








_____________________________________________________________________





			Table 4  Conversion table (old units to SI units)


_____________________________________________________





			Activity


			Dose rate





			Old unit


			SI unit


			Old unit


			SI unit





			1 Ci


			37 GBq


			100 R/h


			1 Gy/h





			1 mCi


			37 MBq


			1 R/h


			10 mGy/h





			1 Ci


			37 kBq


			1 mR/h


			10 Gy/h 





			1 nCi


			37 Bq


			 1 R/h


			 10 nGy/h





			1 pCi


			37 mBq


			


			








__________________________________________________________



19	CAUTION





19.1 In an unsymmetrical vessel, the detector to source distance might vary for some grids. Such variations should be taken into account while calculating the expected counts for those grids. 





19.2 While testing smaller height vessels, air-shine problem from the point of view of radiation protection to operating personnel has to be tackled.





19.3 Interference from 40K content if the shield material is made of glass (example: Pb glass). 40K emits 1460 keV gamma rays and their contribution in the 60Co ROI is significant and hence the caution.





19.4 Possible misinterpretation of backscatter peak or the Compton edge as photopeak while doing calibration.


20	QUALITY CONTROL FOR SYSTEM PERFORMANCE/SENSITIVITY





It is desirable to evaluate the system calibration and estimate the sensitivity of the system before the actual testing. To check the performance of the system and interpretation skills of the operating persons, a test structure of different sizes and shapes with artificially incorporated defects can be used. The test structures with different types of shielding materials are recommended.





21	PERSONNEL REQUIREMENTS





21.1 Experience in handling radioactive sources and knowledge about radiation protection.





21.2 Operation of GRS. 





21.3 Should know the parameters that would affect the calibration, which leads to change in 60Co ROI counts.





21.4 Technical skill in correlating the counts to the defects in the tested vessels.





21.5 Technical qualification for testing personnel: Minimum B.Sc in Physics or Chemistry with five years of experience in handling of gamma ray spectrometer and sources.
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Efficient scanning of thick lead vessels
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22.1	Improved Gammatography NDT using Spectrometric Methods 


V.M. Raghunath and V. Meenakshisundaram
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Twenty years of experience in applying gamma spectrometry for NDT


V. Meenakshisundaram and V.M. Raghunath


14th World conference on NDT, New Delhi, Dec 8-13, 1996.


Safety Guide on Radiological Safety in Enclosed Radiography Installations


AERB/SG/IN-1; 1986.


Safety Guide on Radiological Safety in Open Field Industrial Radiography 


AERB/SG/IN-2; 1986.


Calibration and usage of thallium activated sodium iodide detector systems for assay of radionuclides
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IEEE standard test procedures for amplifiers and preamplifiers used with detectors of ionizing radiation


IEEE Std 301 – 1988 (Reaff 1993).
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Non-destructive Testing Sectional Committee, MTD21


FOREWORD


This Indian Standard (First Revision) was adopted by the Bureau of Indian Standards, after the draft finalized by
the Non-destructive Testing Sectional Committee had been approved by the Metallurgical Engineering Division
Council.


This standard was first published in 1982. While reviewing this standard, the Committee decided to revise this
standard in order to bring it in line with present practices being followed in the country. Leak detection techniques
are increasingly being used in the country for inspection of fabricated equipment and components. The correct
choice of a leak testing method optimizes sensitivity, cost and reliability of the test. This standard is prepared to
serve as the guideline for correct and optimum formulation of a leak detection procedure.


In this revision following modifications have been made:


a) Reference clause has been added.


b) Clause 4 has been modified.


c) Range of sensitivity has been modified in 5.


d) Annexes A, B and C have been incorporated to make this standard more comprehensive.


While preparing this standard considerable assistance has been derived from Article 10 ASME Section V.


For the purpose of deciding whether a particular requirement of this standard is complied with, the final value,
observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with IS 2:
1960 ‘Rules for rounding off numerical value (revised)’. The number of significant places retained in the rounded
off value should be the same as that of the specified value in this standard.
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Indian Standard


RECOMMENDED PRACTICE FOR


(First Revision)


1 SCOPE


This standard deals with various leak-testing practices,
their sensitivities and sets forth recommended
guidelines for their use. Both gross and fine leak-test
practices have been included with emphasis on mass
spectrometric helium-leak-detection practice.


2 REFERENCE


The following standard contains provisions which
through reference in this text, constitute provisions of
this standard. At the time of publication, the edition
indicated was valid. All standards are subjectto revKlotL
and parties to agreement based on this standard are
encouraged to investigate the possibility of applying
the most recent edition of the standard indicated below:


IS No. Title


8973:1991 Glossary of terms relating to leak
detection techniques (jirst revision)


3 TERMINOLOGY


For the purpose of this sthndard, the definitions given
in IS 8973 shall apply.


4 TEST REQUIREMENTS


4.1 Test Specification


The job being. undertaken for leak-test shall have its
leak-tightness requirements defined by the designer/
purchaser. Wherever this requirement is not defined,
job would be tested to a degree of leak-tightness, which
is relevant to its end use. Whereve) not desirable, the
tendency to overspecify leak-tighmess requirement
should be avoided. The leak-tightness is specified as
leak rate which is the quantity of fluid leaking across
the boundary per unit time. It is measured in term
of — Pressure x Volume/Time. Commonly used units
are std cc/s and Pa.m3/slJ.


4.2 Choice of Method


Depending on the leak-tightness requirement, a suitable
leak-test method from those given in 5 may be selected.
If the job is to be leak-tight only up to gross leak range,
that is, up to 10A std cc/s, only gross leak test should
be performed. However if the job is to be leak-tight in


1)Pa.M3/s= 10stdcc/s.
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LEAK TESTING


tine leak range, that is, less than 10A std cc/s, then
helium leak test is recommended. If the job is tested
by pressure-vacuum techrdque of helium leak detection
(see 9.6) the job shall also be tested by gross-leak test
method to ascertain the presence of helium inside the
job.


4.3 Preparation of Job for Leak Test


4.3.1 Cleanliness


The areas of the job to be tested shall be cleaned
thoroughly by acetone, trichloroethylene or similar
degreaser, to make sure that leaks are not clogged by
presence of oil, grease, paint, etc. If liquid cleaning is
done, the component should be thoroughly dried prior
to testing.


4.3.2 Opening


All openings in the job should be properly sealed using
plugs, covers, sealing wax, etc, which could be easily
removed after the test is over. In case of halogen-diode
detector, the sealing compound should be halogen-free.


4.3.3 Trained Personnel


The persons carrying out leak-test should have
undergone sufllcient training in leak-test practices.


5 LEAK DETECTION METHODS


Some commonly used leak-test methods with their
range of sensitivity are given here @ guidance.
Depending upon their range of sensitivity, the metiods
may be classified either as gross-leak or fine-leak
methods.


S1
No.


(1)


i)
ii)
iii)
iv)


v)
vi)
vii)


Test Method, Range
Pascal m3/s


(2) (3)
Pressure drop test 101to 10-3
Pressure rise test 10’ to lo~
Ultrasonic leak detector 101to 10-*
Bubble tests:


1) Air soap solution 10’ to lo~
2) Hz-Alcohol 101to 10-5
3) Air-Glycol 101to 10-5


Ammonia sensitized paper (ozaled) 10° to 10-s
Halogen-diode sniffer lolto 10+
Helium M.S. leak testi


1) Pressure (sniffer) method lo*to lo~


.-


.
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2) Vacuum method 10-5to 10-11
(Hood method)


3) Pressure-vacuum test 10-3to 10-12
viii) Argon mass spectrometer leak test 10-3to 10-9
ix) Kr-85 radio active gas method 10-11


In general, test methods from (i) to (v) are called gross
leak-test methods and that from (vi) to (ix) are called
Fine-1eak test methods.


6 PRESSURE TEST


6.1 Pressure Gauges


Pressure gauge should be connected when carrying out
pressure tests. The gauge should face the operator
controlling the pressure.


6.2 Range


The pressure-range indicated in the gauge should
preferably be twice the intended maximum pressure,
but in no case should the range be less than 1.5 times
and more than 4 times that of the test pressure.


6.3 Calibration


All gauges shall be calibrated by s~itable means and
recalibrated at least once in six months.


6.4 Test Pressure


Unless otherwise specified, components which are to
be pressure leak-tested should be pressurized to a
minimum of 0.42 MPa (60 psi) or 15percent maximum
allowable design pressure, whicheveris less,andheld at
this pressurefor sufficienttime till equilibriumis ~ached.


7 BUBBLE TESTS


7.1 In bubble tests the gas escaping from a pressurized
or sealed container is allowed to form bubbles, with
the help of suitable solution. The bubbles are examined
visually under suitable light conditions with
magnifying lenses, if necessary. This test helps to locate
the leak. The gas used normally is air; however, helium,
nitrogen and hydrogen may also be used. The solution
used normally shall have good wetting properties,
allow easy bubble formation and retain bubbles for
sufficient time to allow viewing. It should have low
viscosity and good surface-tension, to allow easy
formation of bubble and retention of bubbles for
sufficient time.


7.2 Some usual compatible combinations are air-soap
solution, hydrogen-alcohol and air-glycol.


7.2.1 Air-Soap Solution Test


The pressure shall be held for a minimum of 15 min
prior to examination. The bubble forming solution
should be applied to the surface to be tested by flowing
the solution over the examination areas. The,leak would


be shown by the formation of bubbles. If the job is
repaired at leaky location, it shall be again tested in
similar way to ensure that there is no leak present.


7.3 Air-Glycol Leak Test


The sealed component having air inside is immersed
in glycol and the transparent chamber is evacuated by
the help of vacuum pump. Because of pressure
difference, air comes out through leak in the job and
forms bubble in glycol. After r~pair, if any, the job
shall be tested again for acceptance.


8 HALOGEN-DIODE SNIFFER


8.1 General


This method uses the general principles of a heated
platinum element (anode) and an ion collector plate
(cathode) where halogen vapour is ionized by the anode
and the ions are collected by the cathode. A current
proportional to the rate of ion-formation is indicated
on the meter. The relative concentration of halogen
present can be measured by comparing the meter
reading for the gas leakage of a component with that
for a standard gas leakage.


8.2 Calibration Standard — A capillary type halogen
leakage standard shall be used with a leak rate of around
9 X 10-5 atrn cc/s of refrigerant 12 or any other gas
listed in 8.3.


8.3 Tracer Gas


Normally Retilgerant 12, that is, Dichlorodifluoro-
methane (CC12F2)is recommended for use as the tracer
gas. Other gases which could be used are:


a)


b)


c)


d)


e)


Retiigerant 11— Trichloromon@luoromethane
(CC1,F);


Retligerant21 — Dichloromonofluoromethane
(CH C12F);


Refrigerant 22 — Chlorodifluoromethane
(CH Cl F,);


Refrigerant 114—I)ichlorotetrafluoromethane
(C2Cl, F,); and


Methylenechloride-’Dichloromethane (C~C4).


The concentration of the tracer gas by volume at the
test pressure should be 10 percent.


8.4 Test Procedure


8.4.1 Soak Time


A minimum of 30 min should be allowed for dispersion ,
of the halogen gas throughout the component.


8.4.2 Instrument Calibration


a) The diode detector should be allowed to warm
up at least 30 min prior to calibrating with
capillary leak standard.
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b) The detector should be calibrated before and
after testing and at intervals of 2 h minimum
of scanning. If the sensitivity has gone down,
all areas tested after the last satisfactory
calibration are to be retested.


8.4.3 Normal Scanning


The scanning rate is determined by passing the probe
across the orifice of the capillary leak standard. The
scanning rate should not exceed that which can detect
leakage of 1 x 10-5 std cc/s from the calibration
standard. The probe tip should be kept within 3 mm of
the test surface during scanning.


9 HELIUM MASS-SPECTROMETER LEAK TEST


9.1 General


The equipment is a portable mass-spectrometer
normally turned for helium. The method is highly
sensitive, reliable and repeatable. There are three
different modes of operation:


a) Pressure tests or sniffer method (Semi-
quantitative);


b) Vacuum tests or Hood method; and


c) Pressure vacuum tests.


9.2 Auxiliary Equipment


9.2.1 Sampling Probe or SnijLer


A sniffer is a device which sucks in traces of helium
leaking from a job under helium pressure, when the
job is scanned through the fine nozzle of the sniffer.
Typically it consists of a 15 cm long and 25 ym bore
capillary tube, whose response is around 10s. The hose
length should normally be restricted to about 2 to 3 m.


9.2.2 Calibration Standards


9.2.2.1 Permeation type standard


This shall be a calibration leak standard with a
leak rate in the range of 1 x 10_8std cc/s to 1 x 10-9std
cc/s for helium.


9.2.2.2 Capilla~ type standard


This shall be a calibration leak standard with a leak
rate of about 1 x 10-5std cc/s.


9.2.3 Spray Probe


This is a hand-held spray device having a valve
connected to the regulator of helium cylinder by PVC
tubing to spray helium on the jobs to be tested.


9.3 Calibration


The equipment is started up as per manufacturer’s
operating manual. Atler more than half an hour, when
requisite vacuum of around 10-storr has been achieved
the permeation type of standard calibrator is coupled
to the port of the leak detector. The reading on the
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indicator meter is taken with calibrator valve filly
open. The valve is then closed and background reading
noted. The difference of the two readings is the actual
signal displayed by the meter. The scale of leak-
indicator meter is linear and hence, numerically each
division is thus calibrated by dividing the actual leak
rate (std cc/s) of the calibrator by number of divisions
so obtained on the meter due to helium leaking inside
the spectrometer tube.


9.3.1 The smallest division on the meter, thus calibrated
in std cc/s is the sensitivity of the equipment. Normally
the working sensitivity of a leak-detector should be
around 1 x 10-10std cc/s for helium or normally two
decades better than the required leak to be detected.


9.4 Pressure (Sniffer) Tests


9.4.1 The job is pressurized with helium. If required
due to large volume, the tracer gas concentration could
be 20 percent by volume. The component should be
allowed to soak for more than an hour under pressure
as outlined in 6.4 before being tested. The sniffer
method, however, is a semi-quantitative method.


9.4.2 Scanning Rate


The scanning rate is determined by passing the sniffer
probe connected to leak-detector across the orifice of
the capillary leak standard, and should not exceed that
with which 1 x 10-5 atm cc/s leakage from the
calibration standard can be detected. The tip of the
probe should be within 3 mm of the surface being
scanned. Normally, a sniffer probe speed of around
25 cm/minis adequate.


9.4.3 Acceptance Criteria


Leakage rate acceptance criteria shall be specified by
the designer/purchaser. Correction for concentration of
tracer gas (helium) could be carried out by the relation:


MLR
x1oO=ALR


Percent He


where


MLR = measured leak rate as seen on the
meter,


ALR = actual leak rate of component, and


Percent He = helium concentration.


9.5 Vacuum Methods (Hood Test)


The job is connected to leak-detector and evacuated
by its pumping system.. If the job is of such large
volume, that cannot be evacuated by the pumping
system of the leak detector, auxiliary fore-line vacuum
system could be utilized for maintaining the required
vacuum of around 10-5 torr. Helium is sprayed over
joints through a spraying-probe connected to helium”
cylinder pressure-regulator.
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Alternatively, the job could be covered by a hood made
out of polythene bag, plastic box, etc, and a helium
gas atmosphere just above atmosphere pressure
maintained in the hood for around 10 to 15 min. If the
situation be such that the line joining (rubber hose,
metallic tube, etc) the leak detector and job be longer
than 2 to 3 m, exact response time of the system should
be determined experimentally. This would help in
determining time of test and location of leak, while
spraying the job.


The leak detector is calibrated according to 9.3. The
acceptance of the job would be as per designer’sl
purchaser’s specifications. However, in most cases
leaks equal to or greater than 100-7std cc/s would be
cause for rejection.


The actual leak-rate could be determined, if required,
by determining the concentration of helium in the hood
and by applying the correction factor for helium
concentration.


9.6 Pressure Vacuum Method


In this method the job to be tested is tilled with helium
gas at around atmospheric pressure and hermetically
sealed. This is placed in a chamber or bell-jar and
evacuated by the pumping system of the leak-detector.
Any helium, leaking out from the job is indicated


on the meter.


The leak detector is calibrated according to 9.3. Since,
in this technique there is no dilution of helium, before
getting detected’ by the mass-spectrometer tube, the
method is quantitative and hence, actual leak-rate could
be determined by this technique. If the concentration
of helium inside the job is less than 100 percent,
correction for dilution could be applied.


Acceptance of the job would be guided by designer’s/
purchaser’s specifications. However, in most cases,
jobs showing leak greater than 1 x 10+ std cc/s should
be rejected.


10 TEST REPORTS


* reports SIUdlh maintained of all leak-testsdone.
The report should normally contain the following:


a)


b)


G)


d)


e)


o


g)


Date of test


Name’of operatoq


Description of test equipment, calibration
standards employe*


Details of component under test


Tracer gas used and its concentrations;


Test pressure; and


Test results.


ANNEX A


(Foreword)


GUIDE FOR SELECTION OF LEAK-TESTING METHOD


A-1 LEAK RATE REQUIREMENTS


If the designer/purchaser’s specification calls for gross-
leak-testing (that is up to 10~ Pa.m3/s), then gross leak
testing methods like bubble tests, ultrasonic leak
detection, pressure-rise, pressure decay, etc, should be
used. However, if the specification calls for fine leak-
testing (that is below 10+ Pa.m3/s), then fine leak
testing methods like — Helium leak detection, halogen
leak detection, etc, should be used.


A-2 LEAK LOCATION


If it is required to locate leaks, then bubble tests, hot
water test, ultrasonic tests, liquid penetrant, He-sniffer
tests, He-spray tests, halogen tests, etc, maybe used.
For pressurized systems — bubble ultrasonic liquid
penetrant, helium sniffer, halogen etc, may be used.


A-2.1 For Vacuum System


Pressure charge, ukrasonis helium spray, halogen, etc,
may be used for systems ~f atmospheric pressures on
both sides. High source insjde the vessel in dark room
and seeing for any light rays coming out from inside.
Liquid penetrant filled inside and leaks detected
visually by fluorescence and coloration maybe used,
for sealed objects at atmosphere pressure, dipping the
object in hot water (temperature around 60”C) for few
minutes and watching for any bubbles, emanating fkom
leaks may be used for gross-leaks.


A-3 LEAK MEASUREMENT


For measurement of leak-rate methods like — helium,
halogen, back pressure helium tests, gauge-pressure
measurements, etc, should be used.


.+
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A-4 SENSITIVITY OF TEST-EQUIPMENT AND test method, where tracer gas helium is allowed to
SYSTEM SENSITIVITY accumulate in a known volume for sufficient time to


It is important to distinguish between instrument
build up increased concentration the system sensitivity


sensitivity and system sensitivity. For example — the
may be increased up to 1 x 10”14Pa.m3/s.


sensitivity of a helium leak detector instrument may It is importanttorealii thatrangeoftemperature,pnxsures,
be 1 x I&]’ Pa.m3/sbut the sensitivity of a sniffer test types fluid flow, air draft directions, etc, influence both
is only around 1 x 10_7Pa.m3/s.Simikmlyinaccumulation the instruments sensitivity and system sensitivity.


ANNEX B


(Foreword)


GUIDE FOR PREPARATION OF LEAK-TESTING SPECIFICATIONS


B-1 Ideally, it is impossible .to fabricate a component
a system, which is absolutely leak-tight. In other words,
everything leaks only the order of leakage maybe big
or small. For example, a system which has been
determined to be leak-tight up to 10~ Pa.m3/s, maybe
leaking in the range of 10-8Pa.m3/s, but that leak-rate
may be alright for the purpose for which the item is
intended to be put to use. Hence leak-tightness of an
object is only a relative statement.


Hence, a designer/purchaser before speci&ing leak-
tightness requirements must determine taking into
account quantity of fluids, pressure, temperature,
environmental safety aspects, etc, and arrive at an
optimal level of leak-tightness. It may be mentioned
here, higher the degree of leak-tightness required,
higher is the cost of leak testing in terms of instrument,
man power time, etc.


In general quantity of fluid leaking from one
enclosure to another per unit time is calculated by
the formula:


Pressure XVolume


Time


Various pressure units like — Standard atmospheres,
torr, micron, Pa, etc, Vacuum units — m3, 1,cc Time
units — h, rein, s, etc, are in use. Hence various leak
rate measuring units are std, atm, cc/s, torr-l. s, micron
I/s current practice is to use only S1units — that is —
Pa.m3/s. [1 Pa.m3/s = 10 std. cc/s.]


NOTE— ASME-Vgivescalculationof refrigerantleaking
throughthecircuitrelevant for halogen leak-detection, which


may be used for reference by refdgerator industry.


ANNEX C


(Foreword)


LEAK TESTING


C-1 CONVERSION UNITS


a)


b)


S1 Pressure Unit c)


Pa (pascal) = Newton/square metre, that is,
Pa= N/m2


Atmospheric pressure = 101.3 KPa or 105Pa
(approximately) or 1 atmospheric= 15 Psi=
1 kg/cm2 = 105Pa= 0.1 MPa or 1 MPa = 10
atmospheric


S1Leak Rate Unit


1 Pa.m3/s = 9.87 Std. cc/s or approximately
1 Pa.m3/s = 10 std.cc/s


Vacuum Units


1 atmosphere= 760 mm (torr) of Hg = 1 bar


1 micron= 103mm or 10-3torr = 1 m bar


Rough vacuum — up to 10-3torr


High vacuum — lo~ torr to lo< torr


Ultra high vacuum (UHV) — Below 10-7torr


NOTE—InHe-leaktestingvacuumup to high vacuum


range that is up to 10+ torr only is used.
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[image: ]MINUTES OF MEETING

		
 BUREAU OF INDIAN STANDARDS

(METALLURGICAL ENGINEERING DEPARTMENT)



		           MTD 21- Panel 5 (Radiographic Testing) meeting



		

Meeting Date &Time

		

19th February 2024, Monday, 4:00 PM



		No. of Meeting

		1st meeting of Panel 5



		Venue

		Virtual mode





									Co-ordinator: Shri Kunal Kumar

MembersPresent:



		Sl No.

		Name of Member

		Name of Organization

		Mode of Joining

		E-mail



		1. 

		Shri M.Arumugam, Convener

		Department of Space, Bengaluru

		Virtually

		m_arumugam@lpsc.gov.in

arumugamm@rocketmail.com



		2. 

		Shri  Deepesh V

		Bharat Heavy Electrical Limited, Trichy

		Virtually

		deepeshvimalan@gmail.c



		3. 

		Dr. Menaka M

		IGCAR

		Virtually

		menaka@igcar.gov.in









Item 1 – Action taken report on work allocated during 30th meeting of MTD 21 Technical committee

		Sl No.

		IS No.

		IS Title

		Decision taken by the Committee in last Meeting

		Action taken on decision of the committee

		Decision of the panel



		1

		IS 16241 : 2018

		Real-time radioscopic examination of weldments

		Committee decided to conduct a Panel meeting within 1 month co-ordinated by MS.

		Dr. Menaka informed that  Shri Arumugam has made some corrections in figure 1. Shri Arumugam informed that he will submit the corrected document.

		Panel decided to circulate the corrected document among committee members for comment.



		2

		IS 17069 (Part 1) : 2019

ISO 14096-1:2005

		Non - Destructive testing - Qualification of radiographic film digitization systems: Part 1 definitions, quantitative measurements of image quality parameters, standard reference film and qualitative control

		Committee decided to conduct a Panel meeting within 1 month co-ordinated by MS

		Dr. Menaka informed that there are no technical changes in the standard but there is change in format. Printed format is same as in ISO document. Format should be in line with the Indian standard.

		Panel decided to print the document in Indian standard format.



		3

		IS 17069 (Part 2): 2019

ISO 14096-2 : 2005

		Non - Destructive testing - Qualification of radiographic film digitization systems: Part 2 minimum requirements

		Committee decided to conduct a Panel meeting within 1 month co-ordinated by MS

		-do-

		-do-



		4

		MTD 21 (5046)



		Formulation of new standard on      Code of practice for  radiometric techniques



APPENDIX 5

		Committee requested Member Secretary, Mr. Aumugam and Dr. Menaka to discuss on the subject.

		Panel discussed on the current status of the project and informed that an email should be written to the committee manager of ISO/TC 135/ SC5 to schedule a meeting with the experts and Dr. Menaka as convener, keeping in mind the convenience of time to discuss on the preliminary draft submitted by BIS.

		Panel discussed on the current status of the project and informed that an email should be written to the committee manager of ISO/TC 135/ SC5 to schedule a meeting with the experts and Dr. Menaka as convener, keeping in mind the convenience of time to discuss on the preliminary draft submitted by BIS.



		5

		Revision of IS 4853:1982 



		`Recommended practice for radiographic inspection of fusion welded butt joints in steel pipes (first revision)’

		Committee requested member secretary to provide ISO standards to Dr. Arumugam. 

ISO 17636-1: 2022- Non-destructive testing of welds- Radiographic testing- Part 1: X-ray and gamma-ray techniques with film.



ISO 17636-2: 2022- Non-destructive testing of welds- Radiographic testing- Part 1: X-ray and gamma-ray techniques with digital detectors.



Committee also requested MS to co-ordinate a meeting for panel 5 to discuss all the work allocated to panel 5 within 1 month.

.

		Mr. Arumugam informed that the publication year of standard is very old and this may be revised. Mr. Deepesh informed that the IS and ISO standards are different. We can’t directly adopt ISO Standards. There are some technical changes in the Indian standards. He further informed that he will review and  submit the draft after incorporating the changes. 

		Panel requested member secretary to provide draft document to Mr. Deepesh for necessary modification. 



The outcome of review shall be discussed in the next panel meeting to be held in next 15 days.



		6

		Review of IS 1182: 1983

		Recommended - Practice for radiographic examination of fusion welded butt joints in steel plates Second Revision

		-do-

		-do-



		 7

		Review of IS 2478 : 1991



		Glossary of terms relating to industrial radiology (Second Revision)

		Committee after deliberation requested Dr. Arumugam to conduct a panel meeting within 1 month and discuss the work allocated. MS will coordinate.



		Mr.Arumugam informed that the standard is very old and needs to be revised to be in line with the current practices. 



There is an ISO Standard, ISO 5576: 1997 for Industrial X-ray and gamma ray radiology – vocabulary.



Panel requested Mr. Deepesh to review the standard.

		The outcome of review shall be discussed in the next panel meeting to be held in next 15 days.



		8

		Review of IS 7810 : 1999



		Code of practice for radiographic examination of resistance spot welds on aluminium and its alloys (First Revision)

		Committee after deliberation requested Panel 5 members to conduct a meeting within 1 month to discuss the work allocated and submit report.

MS will coordinate.

		Mr.Arumugam informed that the standard is very old and needs to be revised to be in line with the current practices. There is no ISO Standard on the subject.  Panel will review the Standard.

		The inputs received from all the three members shall be discussed in  the next panel meeting to be held in next 15 days.



		9

		Review of  IS 12860 : 1989



		Metallic coating thickness by X-ray fluorescence technique method - Determination



		Committee after deliberation requested Dr. Arumugam to conduct a panel meeting within 1 month to discuss the work allocated and submit report. MS will coordinate.



		Mr.Arumugam informed that the standard is very old and needs to be revised to be in line with the current practices.

It was informed that there is an ISO Standard, ISO 3497: 2000. 

Panel will review the Indian and ISO Standard. 

		The inputs received from all the three members shall be discussed in the next panel meeting to be held in next 15 days.



		10

		Review of  IS 14669 : 1999



		Thermal neutron radiography - Recommended practices

		Committee after deliberation requested Panel 5 members to conduct a meeting within 1 month to discuss the work allocated and submit report.

MS will coordinate.

		It was informed that there is an ISO standard, ISO 12721: 2000 for NDT- Thermal neutron radiographic testing.



Dr. Menaka will review the Indian standard and corresponding ISO Standard.

		The inputs received from Dr. Menaka  shall be discussed in the next panel meeting to be held in next 15 days.



		11

		Review of  IS 2953 :1985



		Glossary of terms used for interpretation of welds and castings radiographs First Revision

		Committee after deliberation requested Dr. Arumugam to conduct a panel meeting within 1 month to discuss the work allocated and submit report. MS will coordinate.



		It was informed that there is no ISO standard on the subject.  Mr. Arumugam informed that he and Mr. Deepesh will review the standard.

		The inputs received from Mr. Arumugam and Mr. Deepesh  shall be discussed in the next panel meeting to be held in next 15 days.









Item 2 ANY OTHER BUSINESS

2.1 Panel decided to meet after 15 days i.e. in the 2nd week of March 2024.

2.2 The meeting ended with a hearty vote of thanks.
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BUREAU OF INDIAN STANDARDS


Indian Standards


CODE OF PRACTICE FOR RADIOMETRY TECHNIQUES





FOREWORD


(Formal clauses will be added  later )





1	Introduction





1.1	Proper shield design, its fabrication and installation play an important role in controlling radiation exposures to operating staff. The shields come in a variety of forms, shapes and sizes.  It is a known fact that it is imperative to carry out testing of the shielded vessels by NDT. Many methods are available for inspecting the shield for its shielding integrity. These include i) ultrasonic ii) radiography and iii) conventional radiometry. Differences in ultrasonic velocities or changes in transmitted radiation levels (with X-rays and gamma sources) are made use of for evaluation of loss in shield thickness.  All the three methods cited above have certain limitations. The major limitation in the case of ultrasonics is that the air gap, due to the poor bonding between the steel shell structure and the shield material, results in impedance mismatch and hence wrong estimation of the thickness. Secondly even if one assumes that the bonding would be good, the ultrasonic testing will fail to indicate the true picture if there is more than one flaw (void) in a line of sight, i.e., the method has poor spatial resolution and very less sensitivity.  Radiography using gamma emitting source involves the use of high source strength and hence suffers from reduced signal to noise ratio due to the interference from scattered radiation resulting in poor sensitivity. Radiography technique, however, is restricted to smaller thickness (max: 75 mm for steel itself). Added to this, on-line analysis is not possible. Gammatography, a higher sensitive and reliable NDT method, avoids larger exposures while testing.





1.2	In the conventional radiometry method, a high energy gamma source of higher strength is placed at the centre of the vessel and the external wall is scanned by dose rate measuring survey instruments.  These radiation survey instruments have limited accuracy at low dose rate levels, which necessitates the use of a source having very high strength.  The surface dose rates need to be of the order of 40 to 50 Gy/h to successfully use such devices.  At lower dose rates, the uncertainty in the detector reading coupled with the interfering background (ground scattering, air-shine etc.) masks the small variation in lead or any other shield thickness.  For a 4% deviation in a lead thickness of about 20 cm, the variation in the dose rate is 50 to 60% when Co 60 source is being used.  This is difficult to achieve with the dose rate measuring survey instruments, which use detectors such as Geiger Muller (GM) counter or ionisation chamber.  However, in actual conditions where these vessels are designed to carry radioactive material of 0.37 to 37 PBq, a 4% tolerance when missed under such scanning would result in hot spots of 3 to 4 mGy/h. A specification of 2% tolerance is impossible to detect by this method unless the activity of the source is very much increased.  The source handling problems get aggravated further when the vessel has large thickness but short height (comparable to its outer diameter). These difficulties have been successfully overcome by the gammatography method.





1.3	In gammatography, instead of recording the transmitted dose rate as in the conventional radiometry method, the transmitted virgin gamma ray flux is measured.  For shield structures of high density materials, 60Co source is loaded at the centre of the vessel and the outer surface of the shield vessel is scanned using a 50 mm x 50 mm thallium activated sodium iodide [NaI(Tl)] detector and a Single Channel Analyzer (SCA) based Gamma Ray Spectrometer (GRS) with a window set for the photo peak region of the source energy.  An area of 2500 mm2 (equivalent to the diameter of the detector used) is scanned for 10 seconds each time.  The strength of the source is selected such that when the source is loaded at the centre of the vessel, the external dose rate at the outer surface of the vessel wall will be around 0.5 Gy/h. This method has been termed as “Gammatography” denoting the evaluation of the topography of the vessel for its shielding integrity by gamma scanning.  Laboratory tests confirm the feasibility of adopting the method for even 1% tolerance.





1.4	The fact that the dose rate would be only around 0.5 Gy/h at the external surface of the wall illustrates that the source strength needed is 50 to 100 times lesser than that used in conventional radiometry method.  This results in mitigating problems during source handling and subsequent vessel testing and consequently enormous reduction in external exposures, to comply with ALARA (As Low As Reasonably Achievable) practice, one of the basic principles of radiation protection.  Since the counting is done under 60Co channel, the background is negligible; thus the sensitivity of the measurement is excellent for estimating small deviations from specified tolerances.  There is no interference from scattered radiation and hence the method is capable of evaluating the small deviation with high resolution, which is impossible to obtain in the dose rate measuring techniques viz., conventional radiometry.  Since air-shine contribution is totally eliminated, vessels of very short height with large outer diameter and thickness can be successfully tested.  The source to detector geometry is well defined and scanning time for each grid is uniformly fixed at 10 seconds and hence the repeatability of measurement is 100% guaranteed.  





2	TYPE OF DEFECTS


	


2.1	Lead Poured Vessels





Due to its relatively large contraction, lead solidifies to a smaller volume, which results in cavity.Blowholes and voids are formed by entrapped air.


Poor bonding with steel, leads to loss of shielding.





Internal structural details (example: stiffener rods) may impair smooth flow of lead.Formation of slag especially at the top portion of the vessel through which the lead is poured and hence considerable reduction in density.





2.2	Concrete Structures





Typical problems encountered in concrete structures are entrapped tiny air bubbles, reduced density due to improper mixing and curing, complicated strengthening structures like steel rods may block free flow of concrete resulting in voids.


3	ADDITIONAL APPLICATIONS





i)	In-situ testing of reactor components, which were suspected to have developed cracks. This testing can be carried out even in the presence of high ambient background radiation levels, say of the order of 30 mGy/h.


ii)		Testing of shielding structures comprising of layers of different materials. (Example: Fe + Concrete + Fe + Pb + Fe)


iii)	Testing of mockup structures to qualify a concrete or lead pouring technique. 


iv)	Liquid level measurements (example: NaK, heavy water etc.) using lower energy sources such as 241Am, can be easily carried out in a plant where the vessel in question is surrounded by various structural materials and pipings and thereby make it impossible to use other NDT techniques. 


4	TERMINOLOGY





For the purpose of this standard, the definitions given below shall apply.





4.1	Air-Shine





The scattered component of the gamma rays by air and intervening medium as seen by the detector, due to the presence of radiation source.





4.2	Background (BKG)





Those counts  that can be observed in the absence of source when the detector was kept on the vessel to be tested. These counts are attributable to environmental radioactivity in the shielding material, in the surroundings, cosmic rays, detector assembly itself; electronic noise pulses etc. 


	


4.3	Check Source





A radioactive source, not necessarily calibrated, that is used to confirm the continuing satisfactory operation of an instrument.


	


4.4	Dummy Source





Non-radioactive object, dimensionally identical to the radioactive source being used for the testing.  





4.5	Energy Calibration





The relationship between the height of the amplifier output pulse and the energy of the photons originating in the radioactive source.





4.6	Gamma Ray Spectrum





A differential distribution of the intensity of radiation as a function of energy.





4.7	Gamma Ray Spectrometer (GRS)





A system used to obtain the gamma ray spectrum. It consists of detector assembly, linear amplifier, high voltage, low voltage and a single channel analyzer with timer counter or a multi-channel analyzer.





4.8	Gammatography 





The evaluation of the topography of the vessel for its shielding integrity by gamma scanning.





4.9	Linear Amplifier 





The section of amplifier following preamplifier that contains pulse shaping networks.





4.10	Lower Level Discriminator (LLD) 





It is part of the single channel analyzer (SCA). Voltage pulses falling above the set voltage in LLD are allowed to next stage of processing.








4.11	Mock-Up 





Testing structure made of same type material with dimensions either comparable to the actual one or scaled down to smaller one. Such structures are generally used to evaluate lead or concrete pouring procedures before applying them to actual ones.





4.12	Photopeak or Full Energy Peak





The peak in a pulse height spectrum that corresponds to total absorption of a gamma ray in the detector used.





4.13	Preamplifier





The input section of an amplifier chain, usually located as close to the detector as possible.





4.14	Precision





The degree of agreement of repeated measurements of the same property, expressed quantitatively as the standard deviation computed from the results of a series of measurements.





4.15	Sensitivity





The net number of counts registered by the detector system per unit time in the selected region of interest (ROI) divided by exposure rate in nGy/h.





4.16	Single Channel Analyzer (SCA)





SCA qualifies a voltage pulse for counting based on the lower level and/or upper level discriminator settings.





4.17	Source Strength





The gamma ray intensity from any given gamma ray source.





4.18	Standard Source





A standard radioactive source whose activity is certified by the supplier. In India, such standard sources are supplied by Board of Radiation and Isotope Technology (BRIT), Dept. of Atomic Energy, Govt. of India, Mumbai.  The activity of the standard source will be around 37 kBq. The standard sources are used for calibrating the systems and estimating the counting efficiency of the system. 





4.19	Survey Instruments





The radiation monitoring instruments used to measure the radiation exposure level in a place.





4.20	Tolerance





The acceptable deviation of percentage reduction in thickness from the designed value, normally specified  by the designer. 





% thickness reduction: 











4.21	Upper Level Discriminator (ULD)





It is part of the SCA. When the “window” mode is selected in SCA, the ULD acts as voltage window i.e., LLD+V. When normal mode is selected, it acts as upper limit to qualify the pulse counting. When used in integral” mode, the ULD is cut off from the circuit.  





4.22	Virgin Gamma





The uncolloided gamma rays traversed through shielding material(s) without any interaction.





The other terminologies used here are as per definitions given in AERB Safety 


Code in Industrial Radiography AERB/SC/IR-1,2001 





5	PRINCIPLE OF THE TESTING





5.1	The transmitted intensity of virgin gamma ray flux through any material changes with the thickness. Presence of voids and hence reduction in net thickness of the shield material increases the transmitted gamma ray flux. The increase in the transmitted gamma ray flux can also be observed when the density of the given material is lesser than the specified one. This principle is utilized in the gammatography technique. The schematic of the same is shown Fig. 1. The transmitted virgin gamma ray flux is measured in terms of counts for a preset time of       10 seconds using a gamma ray spectrometer (GRS) of linear amplifier Gammaray Spectrometer (GRS)


t





Gamma rays


Shield


NaI (Tl) Detector


I0


It = I0e-t


Fig. 1  Schematic of  Gammatography Technique








(LA), SCA, timer and counter. Counting the virgin gamma ray flux between two selected energies using SCA makes this technique a more refined one than the conventional radiometry method i.e., avoiding completely the scattered gamma component, which results in better sensitivity and accuracy. 


5.2	Also, the energy selection makes this technique, narrow beam geometry equivalent. Hence, gamma ray attenuation equation can directly be applied in evaluation of the thickness using the formula: 








                                                    [1]











where


t	thickness of the material in cm 


I0	intensity of the gamma ray flux 


µ	linear attenuation coefficient (cm-1) of the material for that gamma ray energy and


It	transmitted virgin gamma ray flux through the shield thickness ‘t’


Based on the dimensions of the vessel or structure to be tested, the source strength and the detector to source distance (d in m) are arrived at. The dose rate at the detector location corresponding to I0 is calculated and converted into counts (C0) using the sensitivity factor viz., counts for 10 seconds/unit dose rate. 





                [2]


where


X	Exposure unit.


X = 1 Coulomb/kg = 34 Gy 


· Specific gamma ray constant. 


It gives exposure rate from a point source of unit activity (1 MBq) at unit distance (1m). 


For sources emitting gamma rays with energy between 60 keV and 2 MeV, specific gamma ray constant is given by: 





                            [3]


where


Ei	gamma ray energy in MeV


fi	fraction of transformations that result in a gamma ray of energy under consideration	


The specific gamma ray constants of some commonly used sources are given in Table 2. 


Then the expected count rate C1 for the actual thickness t1 is calculated. 





                                           [4]	


C1 is compared with observed count rate C2. If the thickness and density of the shield material are as per the designed ones, both the values should be the same. If any void is present, that will lead to a reduction in thickness t2 and hence increase in observed count rate C2. 





                                           [5]


	The difference in thickness (t1-t2) can be calculated using the formula:





                                  [6]


6	EQUIPMENT





6.1	Probe





NaI(Tl) detector of size 50 mm thickness with 50 mm diameter coupled with a suitable photomultiplier and a preamplifier. These three together are called as scintillation head. The diameter of the detector can be varied according to the area of the grid, used for testing the vessel. Use of smaller diameter crystals is also acceptable.  





6.2	Counting Instrument





Gamma Ray Spectrometer consisting of linear amplifier, single channel analyzer, counter and timer (Fig. 2). The GRS, particularly the linear amplifier, should have good stability under field conditions. A voltage stabilizer shall be used.





Linear amplifier


Single channel analyser


Timer


Counter


LV


HV


NaI (Tl)


PMT


PA


NaI (Tl)	: Sodium Iodide Detector


PMT	: Photomultiplier Tube


PA	: Preamplifier


Fig. 2  Gamma Ray Spectrometer 








6.3	Monitoring Instruments


Radiation survey meter (from 0.1 Gy/h to 0.2 Gy/h) and/or teletector (upto 10 Gy/h) for area monitoring, thermoluminescence dosimeter (TLD) and direct reading dosimeter (DRD) for personnel monitoring. 


6.4 	Other Accessories 


Tong of one metre or two metre length for source handling operations.





7	PRE-EXAMINGATION REQUIREMENTS





7.1	Design and fabrication drawings with dimensional details of the vessel and a personal inspection of the vessel are must for proper planning of the testing. The design should give the exact thickness of the shielding material, inner and outer steel layers and stiffener rods. The drawing should clearly indicate the location of the stiffener rods to enable exact interpretation of the results. 


7.2	Source Strength


The strength of the source is chosen such that it should give a dose rate in the range of 400 - 1000 nGy/h at the outer surface of the vessel i.e., detector location. This depends on the thickness of the shield materials, source to detector distance and the radioactive source. It is preferable to have the lower level of the doserate range mentioned. The source to detector distance and the thickness of the vessel should be taken into account while arriving at the required strength. The lead poured vessel usually has inner and outer steel layers. The attenuation by these layers should also be included while arriving at the source strength. These layers of mild or stainless steel are generally assumed to be defect free.





7.3	Grid Marking on The Vessel





A grid size of 50 mm x 50 mm (corresponding to the diameter of the detector employed) should be marked on the outer surface of the vessel (Fig. 3). The markings should be preserved atleast till the completion of the testing. The grids should be identified by “rows” and “columns”.J
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 Fig. 3  Grid Marking on a Typical Shield Vessel








Depending on the size and shape of the vessel structure, one needs to keep the source 





in flush with one of the surfaces at times. In such cases the grid marking has to be done on both the surfaces and the grids should have one to one correspondence. This will help in aligning the source and the detector. 





8	CALIBRATION OF GAMMA RAY SPECTROMETER





Put “ON” the instrument (GRS), apply specified high voltage for photomultiplier tube (PMT) and allow about 30 minutes for the GRS to get stabilized.Using the ‘window’ mode of SCA, calibrate the GRS with different standard sources viz., 133Ba, 137Cs, 54Mn and 60Co. Ensure that 662 keV photo peak due to 137Cs is observed at a pulse height of 3.31 volts i.e., 200 keV per volt. Note down the HV and linear amplifier settings (attenuator position, input polarity, coarse gain, fine gain and the time constant) and these settings should remain the same throughout the testing. Though the typical total gain of the linear amplifier is 800, the gain of the linear amplifier should be kept as minimum as possible, say around 20. Smaller the gain of the linear amplifier, greater would be the stability of the system. The time constant for NaI(Tl) crystal is kept as 1s. The input polarity of the linear amplifier is selected depending on the polarity of the preamplifier output pulse. After calibrating the GRS, acquire gamma spectrum under ‘window’ mode of SCA using 60Co standard source. Plot the counts against the pulse height. From the plot and/or the counts, fix the lower level discriminator (LLD) and upper level discriminator (ULD) of the SCA to cover both the photo peaks of 1173 





keV and 1332 keV gammas emitted by 60Co (1060 keV to 1440 keV) [Fig. 4].  This is called as the 60Co region of interest (ROI).


Fig. 5  Counts Vs Dose Rate Linearity Plot


[image: ]


Dose rate (nGy/h)





Set LLD and ULD as described above with the help of count spectrum. Select ‘normal’ mode in SCA. Keep a standard source of 60Co on the detector face and record the counts in the 60Co ROI for 10 seconds. This count information should be used for checking the stability of the GRS during the course of actual testing. Record the background counts (BKG) by holding the detector at a minimum of three different [image: ]


Fig. 4   60Co Gamma Spectrum Using SCA Based GRS














locations over the outer surface of the vessel to be tested. The average of these readings shall be used as the background counts while arriving at the net counts later. 














9	SENSITIVITY FACTOR





This is to find the response of the detector (in terms of count rate) to the gamma ray intensity (dose rate). A standard source of known activity and accuracy, is kept at different distances so as to produce varying dose rates and the corresponding counts per 10 seconds in the 60Co ROI are noted. The calculated dose rate either for different source to detector distances or for varying shield thicknesses and the corresponding measured count rates (counts for 10 seconds) is plotted (Fig. 5). The slope of the curve gives counts for 10s/(nGy/h), which is called as sensitivity factor for the system. The typical sensitivity factor obtained for a 50 mm dia x 44 mm thick NaI(Tl) crystal is 1 count for 10 seconds per nGy/h.





10	PLACEMENT OF SOURCE





The source has to be placed at the center along its axis for cylindrical vessels (Fig. 6a) symmetric to its vertical or horizontal axis, as the case may be, inside the guide tube of suitable diameter. The guide tube arrangement will ensure that the source is always along the center line of the axis and can be positioned at any desired location. Detector and source should be aligned each 





time. After alignment of the source and the detector, it should not get disturbed during measurement time duration of 10 seconds. For flat shield 


Fig. 6 Detector Positioning And The Source Guide arrangement 
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structures, the source should be placed exactly at the center of each grid in flush with the surface of the vessel (Fig. 6b).  Fig. 7 shows a typical guide tube arrangement for source positioning and the alignment of the detector for a cylindrical vessel. It may be noted that the flanges provided at the top and bottom of the guide tube ensure that the source is always along the axis of the vessel. Detector


Source


Thread


Guide tube


Support flange


Fig. 7  A Typical Guide Tube Arrangement 


Vessel under testing





11	RADIATION PROTECTION





The thread or wire tied to the source should be rugged enough to withstand the weight of the source pencil/assembly. An adequate lead shielding shall additionally be provided to the source while carrying out the testing of top surface of the shield vessels.  This will reduce the possible external exposure received by the operating personnel. A mock-up run with a dummy source pencil is always advisable if one plans to use a radioactive source of relatively high activity (maximum of 370 GBq of 60Co is used for 30 cm thick lead vessels).After placing the source inside the structure to be tested, a general radiation survey around the outside of the structure would help in locating any major streaming locations. Also, this would be useful in knowing the contribution due to air-shine and/or ground scattering to the operating personnel and planning the testing. If sources of higher strength (order of GBq) are handled, wearing of direct reading dosimeter (DRD) with or without an alarm annunciating feature, besides the mandatory use of thermoluminescence dosimeter (TLD) / film badge, is necessary. Also, cordoning around the testing area should be done, if warranted.





12	EXAMINATION METHOD AND MEASUREMENT PROCEDURE





Set the counting time as 10 seconds. Record background counts at different locations over the vessel surface.Keep the source on center of each grid and align the detector on the outer side of the vessel. The alignment of the source and the detector should be confirmed by doing proper measurement and by taking counts in adjacent grid locations around the concerned grid without changing the source position. Take three measurements for each grid. The average value is taken for calculation. Carefully assign the counts to right grid numbers.If any grids could not be tested due to obstruction or approach problem, they should be marked clearly and the details of the same brought out in the report. Periodic checking of the system’s gain stability of the LA with ‘check’ source is a must. Checking can be carried out after completing all the grids in a row or a column. Keep the ‘check’ source and see whether the counts recorded in 60Co ROI are equal to the counts obtained already. If not, the system has to be recalibrated. During the testing, if one gets erratic reading (either too low or very high), then also the system has to be checked immediately. Normally, the increase in count rate would be due to the flaw in the shield material.While testing a grid, among the three readings if any one of the readings shows significantly a different one i.e., outside the 2 values, then also the system’s gain stability has to be confirmed. Exact positioning of the source and the detector i.e., repeatability is very important one. At the end of the testing, this has to be verified by locating the source on a few randomly selected grids and recording the counts. Compare it with that of the observed one earlier. The difference should be well within the statistical fluctuations.  





13	FIELD PROBLEMS





Ensure proper locking of amplifier, signal, high voltage and low voltage connectors. Due to frequent moving of the detector while carrying out the testing, the cables might become loose quite often. Such condition normally results in either ‘nil’ counts or reduced counts. The abnormal discontinuity in the rate of change of counts is an indication of such problem. While testing structures of larger diameter or height, the person holding the detector and the person noting the counts may at times be out of sight. A proper communication and coordination has to be planned between these two before the commencement of testing the vessel.  This is to ensure that the counter is made ‘ON’ only after positioning the detector at a particular grid location.


Preferably, the power to GRS should be drawn from a power point, which is not connected to any heavy current drawing equipment like welding machines etc. Usage of voltage stabilizer is mandatory.





14	EVALUTATION





Find out the average counts for each grid. Then the net counts is arrived as follows:


Net counts (C2) = Average counts – BKG counts





Let C1 be the expected counts for the actual or the designed thickness t1 and µ the linear attenuation coefficient of the material for the specific gamma ray energy. The percentage reduction in thickness of shield material is calculated as:





      [7]


15	INTERPRETATION OF DATA 





A “positive” value indicates less thickness than the expected or designed thickness. This reduction can be due to the presence of any type of defects. In lead poured vessels, the reduction could be due to any one or combination of various defects viz., cavity, blow holes, voids, presence of slag material and poor bonding between the outer steel structure and the shield material. Before attributing the “positive” values to defects, one should carefully go through the design drawing and look for presence of any interfering supporting steel rods (stiffener rods) etc. These stiffener rods are provided to improve the structural stability of the vessel.  At times, pipes, ducts etc., would be incorporated inside the shield for operational requirements.  These would also impair the free flow of the shield material causing the defects and / or poor bonding.  Generally, the lead poured vessels do have this type of stiffener rods at different places. A “negative” value indicates increased shield thickness. This cannot be completely ruled out. Bulging of the either inner or outer wall of the vessel could take place due to heating of the vessel especially during lead pouring and the lead material occupying the bulged area and thus increasing the lead thickness. This will normally happen to the inner side of the wall and especially to the vessels made of stainless steel. 





In concrete structures, the reduction in concrete density also leads to positive values besides voids in the form of air bubbles, cracks and absence of concrete due to non-uniform flow.  Also, the formation of defects due to non-uniform flow of concrete or poor bonding due to internal structures as outlined in the above paragraphs are applicable to concrete poured structures too.  





16	REPORT 





a)	The report should have the following details;


b)	Name of the vessel tested and the schematic of the vessel ;


c)	Date of testing;


d)	Name of the persons who carried out the testing;


e)	Details like source used, its strength on the date of testing and 	the detector system used;


f)	Tolerance limit specified by designers;


g)	Presentation of data in suitable format; and


h)	Results of the testing





17	DATA PRESENTATION 





Test report is presented based on the requirement by the designers. The requirement may be on the basis of tolerance levels, importance given to the portion of the vessel from the radiation point of view, handling of the vessel during operations etc.  The data presentation can be either in the form of table (Table 1) or in the form of graphs (Fig. 8 & 9) or represented by colour coding or grey scale (Fig. 10).  The number of grids falling under various percentage reduction groups can be presented as table. This type of simple presentation helps in locating the grids and the percentage of total area with defects exceeding the specified tolerance limits. 





			Table 1 Presentation of Percentage Reduction Data As Table





			Percentage reduction in shield thickness


			No. of grids


			Percentage area of the vessel 


			Grid numbers





			< 0


			4


			6


			A5, B5, M3 and R2





			0 - 4


			34


			57


			





			4 – 10


			13


			22


			





			10 – 15


			2


			3


			





			Could not be tested


			7


			12


			














17.1   Profile of counts or percentage reduction in shield material along a row of grids of the vessel are given in Fig. 8.


Column


ROW 1


Fig. 8  Plot of % Thickness Reduction Against Grids In a Single Row 





This type of presentation clearly brings out the grids with either reduced or increased thickness in a row as well as the magnitude of the flaw. The line with legend “Normal” indicates the designed thickness. The 4% tolerance line corresponding to the acceptable level of percentage tolerance to the designers, is also shown in the figure. This tolerance can be varying based on the design needs. This tolerance line clearly indicates the grids which have more than the acceptable level of reduction in shield thickness. One of the reasons for the above pattern may be attributed to ovality that can happen in typical cylindrical vessel while fabricating and hence the negative values in one half of the vessel.





17.3.1 All the rows can be similarly represented. When one sees a combined figure of a few rows (Fig. 9), it will give a vivid picture on the extent of the defect around a location and/or the presence of stiffener rods etc.Column


% thickness reduction





Fig. 9  Profile of counts or percentage reduction - row wise





 






17.4 Mapping of percentage reduction in each grid in grey scale or by colour coding (Fig. 10). This clearly indicates the defective locations, extent of defect and its magnitude. Marking of interfering structures and grids which could not be tested can be easily done. 





 
Fig. 10  Mapping of percentage reduction in grey scale


[image: ]


Could not be tested





18	USEFUL DATA 








			Table 2  Specific Gamma Ray Constant () for Commonly Used Sources


_________________________________________________________





			Source


			Half-life


			Gamma Energy (MeV)


			





			


			


			


			





			








			60Co


			5.26 y


			1.173, 1.332


			9.19e-9


			1.32





			137Cs


			30 y


			0.662


			2.30e-9


			0.33











_____________________________________________________________________


			





Table 3  Linear Attenuation Coefficients for 60Co Gamma Rays


____________________________________________________________





			Material


			Density (g/cm3)


			 (cm-1)





			Air


			0.001293


			0.00007





			Water


			1


			0.0630





			Concrete


			2.63


			0.6453





			Iron


			7.46


			0.4163





			Lead


			11.34


			0.1588








_____________________________________________________________________





			Table 4  Conversion table (old units to SI units)


_____________________________________________________





			Activity


			Dose rate





			Old unit


			SI unit


			Old unit


			SI unit





			1 Ci


			37 GBq


			100 R/h


			1 Gy/h





			1 mCi


			37 MBq


			1 R/h


			10 mGy/h





			1 Ci


			37 kBq


			1 mR/h


			10 Gy/h 





			1 nCi


			37 Bq


			 1 R/h


			 10 nGy/h





			1 pCi


			37 mBq


			


			








__________________________________________________________



19	CAUTION





19.1 In an unsymmetrical vessel, the detector to source distance might vary for some grids. Such variations should be taken into account while calculating the expected counts for those grids. 





19.2 While testing smaller height vessels, air-shine problem from the point of view of radiation protection to operating personnel has to be tackled.





19.3 Interference from 40K content if the shield material is made of glass (example: Pb glass). 40K emits 1460 keV gamma rays and their contribution in the 60Co ROI is significant and hence the caution.





19.4 Possible misinterpretation of backscatter peak or the Compton edge as photopeak while doing calibration.


20	QUALITY CONTROL FOR SYSTEM PERFORMANCE/SENSITIVITY





It is desirable to evaluate the system calibration and estimate the sensitivity of the system before the actual testing. To check the performance of the system and interpretation skills of the operating persons, a test structure of different sizes and shapes with artificially incorporated defects can be used. The test structures with different types of shielding materials are recommended.





21	PERSONNEL REQUIREMENTS





21.1 Experience in handling radioactive sources and knowledge about radiation protection.





21.2 Operation of GRS. 





21.3 Should know the parameters that would affect the calibration, which leads to change in 60Co ROI counts.





21.4 Technical skill in correlating the counts to the defects in the tested vessels.





21.5 Technical qualification for testing personnel: Minimum B.Sc in Physics or Chemistry with five years of experience in handling of gamma ray spectrometer and sources.





22	REFERENCES


Efficient scanning of thick lead vessels


V.M. Raghunath, P.K. Bhatnagar and V. Meenakshisundaram
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22.1	Improved Gammatography NDT using Spectrometric Methods 


V.M. Raghunath and V. Meenakshisundaram


Third International Symposium On Radiation Physics, Ferrara, Italy, 1985.


Twenty years of experience in applying gamma spectrometry for NDT


V. Meenakshisundaram and V.M. Raghunath


14th World conference on NDT, New Delhi, Dec 8-13, 1996.


Safety Guide on Radiological Safety in Enclosed Radiography Installations


AERB/SG/IN-1; 1986.


Safety Guide on Radiological Safety in Open Field Industrial Radiography 


AERB/SG/IN-2; 1986.


Calibration and usage of thallium activated sodium iodide detector systems for assay of radionuclides


ANSI N42.12-1994. 


IEEE standard test procedures for amplifiers and preamplifiers used with detectors of ionizing radiation


IEEE Std 301 – 1988 (Reaff 1993).


IEEE standard test procedures for photomultipliers for scintillation counting and glossary for scintillation counting field


IEEE Std 398-1972 (Reaff 1990).
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 BUREAU OF INDIAN STANDARDS

(METALLURGICAL ENGINEERING DEPARTMENT)



		           MTD 21- Panel 5 (Radiographic Testing) meeting



		

Meeting Date &Time

		

19th February 2024, Monday, 4:00 PM



		No. of Meeting

		1st meeting of Panel 5



		Venue

		Virtual mode





									Co-ordinator: Shri Kunal Kumar

MembersPresent:



		Sl No.

		Name of Member

		Name of Organization

		Mode of Joining

		E-mail



		1. 

		Shri M.Arumugam, Convener

		Department of Space, Bengaluru

		Virtually

		m_arumugam@lpsc.gov.in

arumugamm@rocketmail.com



		2. 

		Shri  Deepesh V

		Bharat Heavy Electrical Limited, Trichy

		Virtually

		deepeshvimalan@gmail.c



		3. 

		Dr. Menaka M

		IGCAR

		Virtually

		menaka@igcar.gov.in









Item 1 – Action taken report on work allocated during 30th meeting of MTD 21 Technical committee

		Sl No.

		IS No.

		IS Title

		Decision taken by the Committee in last Meeting

		Action taken on decision of the committee

		Decision of the panel



		1

		IS 16241 : 2018

		Real-time radioscopic examination of weldments

		Committee decided to conduct a Panel meeting within 1 month co-ordinated by MS.

		Dr. Menaka informed that  Shri Arumugam has made some corrections in figure 1. Shri Arumugam informed that he will submit the corrected document.

		Panel decided to circulate the corrected document among committee members for comment.



		2

		IS 17069 (Part 1) : 2019

ISO 14096-1:2005

		Non - Destructive testing - Qualification of radiographic film digitization systems: Part 1 definitions, quantitative measurements of image quality parameters, standard reference film and qualitative control

		Committee decided to conduct a Panel meeting within 1 month co-ordinated by MS

		Dr. Menaka informed that there are no technical changes in the standard but there is change in format. Printed format is same as in ISO document. Format should be in line with the Indian standard.

		Panel decided to print the document in Indian standard format.



		3

		IS 17069 (Part 2): 2019

ISO 14096-2 : 2005

		Non - Destructive testing - Qualification of radiographic film digitization systems: Part 2 minimum requirements

		Committee decided to conduct a Panel meeting within 1 month co-ordinated by MS

		-do-

		-do-



		4

		MTD 21 (5046)



		Formulation of new standard on      Code of practice for  radiometric techniques



APPENDIX 5

		Committee requested Member Secretary, Mr. Aumugam and Dr. Menaka to discuss on the subject.

		Panel discussed on the current status of the project and informed that an email should be written to the committee manager of ISO/TC 135/ SC5 to schedule a meeting with the experts and Dr. Menaka as convener, keeping in mind the convenience of time to discuss on the preliminary draft submitted by BIS.

		Panel discussed on the current status of the project and informed that an email should be written to the committee manager of ISO/TC 135/ SC5 to schedule a meeting with the experts and Dr. Menaka as convener, keeping in mind the convenience of time to discuss on the preliminary draft submitted by BIS.



		5

		Revision of IS 4853:1982 



		`Recommended practice for radiographic inspection of fusion welded butt joints in steel pipes (first revision)’

		Committee requested member secretary to provide ISO standards to Dr. Arumugam. 

ISO 17636-1: 2022- Non-destructive testing of welds- Radiographic testing- Part 1: X-ray and gamma-ray techniques with film.



ISO 17636-2: 2022- Non-destructive testing of welds- Radiographic testing- Part 1: X-ray and gamma-ray techniques with digital detectors.



Committee also requested MS to co-ordinate a meeting for panel 5 to discuss all the work allocated to panel 5 within 1 month.

.

		Mr. Arumugam informed that the publication year of standard is very old and this may be revised. Mr. Deepesh informed that the IS and ISO standards are different. We can’t directly adopt ISO Standards. There are some technical changes in the Indian standards. He further informed that he will review and  submit the draft after incorporating the changes. 

		Panel requested member secretary to provide draft document to Mr. Deepesh for necessary modification. 



The outcome of review shall be discussed in the next panel meeting to be held in next 15 days.



		6

		Review of IS 1182: 1983

		Recommended - Practice for radiographic examination of fusion welded butt joints in steel plates Second Revision

		-do-

		-do-



		 7

		Review of IS 2478 : 1991



		Glossary of terms relating to industrial radiology (Second Revision)

		Committee after deliberation requested Dr. Arumugam to conduct a panel meeting within 1 month and discuss the work allocated. MS will coordinate.



		Mr.Arumugam informed that the standard is very old and needs to be revised to be in line with the current practices. 



There is an ISO Standard, ISO 5576: 1997 for Industrial X-ray and gamma ray radiology – vocabulary.



Panel requested Mr. Deepesh to review the standard.

		The outcome of review shall be discussed in the next panel meeting to be held in next 15 days.



		8

		Review of IS 7810 : 1999



		Code of practice for radiographic examination of resistance spot welds on aluminium and its alloys (First Revision)

		Committee after deliberation requested Panel 5 members to conduct a meeting within 1 month to discuss the work allocated and submit report.

MS will coordinate.

		Mr.Arumugam informed that the standard is very old and needs to be revised to be in line with the current practices. There is no ISO Standard on the subject.  Panel will review the Standard.

		The inputs received from all the three members shall be discussed in  the next panel meeting to be held in next 15 days.



		9

		Review of  IS 12860 : 1989



		Metallic coating thickness by X-ray fluorescence technique method - Determination



		Committee after deliberation requested Dr. Arumugam to conduct a panel meeting within 1 month to discuss the work allocated and submit report. MS will coordinate.



		Mr.Arumugam informed that the standard is very old and needs to be revised to be in line with the current practices.

It was informed that there is an ISO Standard, ISO 3497: 2000. 

Panel will review the Indian and ISO Standard. 

		The inputs received from all the three members shall be discussed in the next panel meeting to be held in next 15 days.



		10

		Review of  IS 14669 : 1999



		Thermal neutron radiography - Recommended practices

		Committee after deliberation requested Panel 5 members to conduct a meeting within 1 month to discuss the work allocated and submit report.

MS will coordinate.

		It was informed that there is an ISO standard, ISO 12721: 2000 for NDT- Thermal neutron radiographic testing.



Dr. Menaka will review the Indian standard and corresponding ISO Standard.

		The inputs received from Dr. Menaka  shall be discussed in the next panel meeting to be held in next 15 days.



		11

		Review of  IS 2953 :1985



		Glossary of terms used for interpretation of welds and castings radiographs First Revision

		Committee after deliberation requested Dr. Arumugam to conduct a panel meeting within 1 month to discuss the work allocated and submit report. MS will coordinate.



		It was informed that there is no ISO standard on the subject.  Mr. Arumugam informed that he and Mr. Deepesh will review the standard.

		The inputs received from Mr. Arumugam and Mr. Deepesh  shall be discussed in the next panel meeting to be held in next 15 days.









Item 2 ANY OTHER BUSINESS

2.1 Panel decided to meet after 15 days i.e. in the 2nd week of March 2024.

2.2 The meeting ended with a hearty vote of thanks.
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BUREAU OF INDIAN STANDARDS


Indian Standards


CODE OF PRACTICE FOR RADIOMETRY TECHNIQUES





FOREWORD


(Formal clauses will be added  later )





1	Introduction





1.1	Proper shield design, its fabrication and installation play an important role in controlling radiation exposures to operating staff. The shields come in a variety of forms, shapes and sizes.  It is a known fact that it is imperative to carry out testing of the shielded vessels by NDT. Many methods are available for inspecting the shield for its shielding integrity. These include i) ultrasonic ii) radiography and iii) conventional radiometry. Differences in ultrasonic velocities or changes in transmitted radiation levels (with X-rays and gamma sources) are made use of for evaluation of loss in shield thickness.  All the three methods cited above have certain limitations. The major limitation in the case of ultrasonics is that the air gap, due to the poor bonding between the steel shell structure and the shield material, results in impedance mismatch and hence wrong estimation of the thickness. Secondly even if one assumes that the bonding would be good, the ultrasonic testing will fail to indicate the true picture if there is more than one flaw (void) in a line of sight, i.e., the method has poor spatial resolution and very less sensitivity.  Radiography using gamma emitting source involves the use of high source strength and hence suffers from reduced signal to noise ratio due to the interference from scattered radiation resulting in poor sensitivity. Radiography technique, however, is restricted to smaller thickness (max: 75 mm for steel itself). Added to this, on-line analysis is not possible. Gammatography, a higher sensitive and reliable NDT method, avoids larger exposures while testing.





1.2	In the conventional radiometry method, a high energy gamma source of higher strength is placed at the centre of the vessel and the external wall is scanned by dose rate measuring survey instruments.  These radiation survey instruments have limited accuracy at low dose rate levels, which necessitates the use of a source having very high strength.  The surface dose rates need to be of the order of 40 to 50 Gy/h to successfully use such devices.  At lower dose rates, the uncertainty in the detector reading coupled with the interfering background (ground scattering, air-shine etc.) masks the small variation in lead or any other shield thickness.  For a 4% deviation in a lead thickness of about 20 cm, the variation in the dose rate is 50 to 60% when Co 60 source is being used.  This is difficult to achieve with the dose rate measuring survey instruments, which use detectors such as Geiger Muller (GM) counter or ionisation chamber.  However, in actual conditions where these vessels are designed to carry radioactive material of 0.37 to 37 PBq, a 4% tolerance when missed under such scanning would result in hot spots of 3 to 4 mGy/h. A specification of 2% tolerance is impossible to detect by this method unless the activity of the source is very much increased.  The source handling problems get aggravated further when the vessel has large thickness but short height (comparable to its outer diameter). These difficulties have been successfully overcome by the gammatography method.





1.3	In gammatography, instead of recording the transmitted dose rate as in the conventional radiometry method, the transmitted virgin gamma ray flux is measured.  For shield structures of high density materials, 60Co source is loaded at the centre of the vessel and the outer surface of the shield vessel is scanned using a 50 mm x 50 mm thallium activated sodium iodide [NaI(Tl)] detector and a Single Channel Analyzer (SCA) based Gamma Ray Spectrometer (GRS) with a window set for the photo peak region of the source energy.  An area of 2500 mm2 (equivalent to the diameter of the detector used) is scanned for 10 seconds each time.  The strength of the source is selected such that when the source is loaded at the centre of the vessel, the external dose rate at the outer surface of the vessel wall will be around 0.5 Gy/h. This method has been termed as “Gammatography” denoting the evaluation of the topography of the vessel for its shielding integrity by gamma scanning.  Laboratory tests confirm the feasibility of adopting the method for even 1% tolerance.





1.4	The fact that the dose rate would be only around 0.5 Gy/h at the external surface of the wall illustrates that the source strength needed is 50 to 100 times lesser than that used in conventional radiometry method.  This results in mitigating problems during source handling and subsequent vessel testing and consequently enormous reduction in external exposures, to comply with ALARA (As Low As Reasonably Achievable) practice, one of the basic principles of radiation protection.  Since the counting is done under 60Co channel, the background is negligible; thus the sensitivity of the measurement is excellent for estimating small deviations from specified tolerances.  There is no interference from scattered radiation and hence the method is capable of evaluating the small deviation with high resolution, which is impossible to obtain in the dose rate measuring techniques viz., conventional radiometry.  Since air-shine contribution is totally eliminated, vessels of very short height with large outer diameter and thickness can be successfully tested.  The source to detector geometry is well defined and scanning time for each grid is uniformly fixed at 10 seconds and hence the repeatability of measurement is 100% guaranteed.  





2	TYPE OF DEFECTS


	


2.1	Lead Poured Vessels





Due to its relatively large contraction, lead solidifies to a smaller volume, which results in cavity.Blowholes and voids are formed by entrapped air.


Poor bonding with steel, leads to loss of shielding.





Internal structural details (example: stiffener rods) may impair smooth flow of lead.Formation of slag especially at the top portion of the vessel through which the lead is poured and hence considerable reduction in density.





2.2	Concrete Structures





Typical problems encountered in concrete structures are entrapped tiny air bubbles, reduced density due to improper mixing and curing, complicated strengthening structures like steel rods may block free flow of concrete resulting in voids.


3	ADDITIONAL APPLICATIONS





i)	In-situ testing of reactor components, which were suspected to have developed cracks. This testing can be carried out even in the presence of high ambient background radiation levels, say of the order of 30 mGy/h.


ii)		Testing of shielding structures comprising of layers of different materials. (Example: Fe + Concrete + Fe + Pb + Fe)


iii)	Testing of mockup structures to qualify a concrete or lead pouring technique. 


iv)	Liquid level measurements (example: NaK, heavy water etc.) using lower energy sources such as 241Am, can be easily carried out in a plant where the vessel in question is surrounded by various structural materials and pipings and thereby make it impossible to use other NDT techniques. 


4	TERMINOLOGY





For the purpose of this standard, the definitions given below shall apply.





4.1	Air-Shine





The scattered component of the gamma rays by air and intervening medium as seen by the detector, due to the presence of radiation source.





4.2	Background (BKG)





Those counts  that can be observed in the absence of source when the detector was kept on the vessel to be tested. These counts are attributable to environmental radioactivity in the shielding material, in the surroundings, cosmic rays, detector assembly itself; electronic noise pulses etc. 


	


4.3	Check Source





A radioactive source, not necessarily calibrated, that is used to confirm the continuing satisfactory operation of an instrument.


	


4.4	Dummy Source





Non-radioactive object, dimensionally identical to the radioactive source being used for the testing.  





4.5	Energy Calibration





The relationship between the height of the amplifier output pulse and the energy of the photons originating in the radioactive source.





4.6	Gamma Ray Spectrum





A differential distribution of the intensity of radiation as a function of energy.





4.7	Gamma Ray Spectrometer (GRS)





A system used to obtain the gamma ray spectrum. It consists of detector assembly, linear amplifier, high voltage, low voltage and a single channel analyzer with timer counter or a multi-channel analyzer.





4.8	Gammatography 





The evaluation of the topography of the vessel for its shielding integrity by gamma scanning.





4.9	Linear Amplifier 





The section of amplifier following preamplifier that contains pulse shaping networks.





4.10	Lower Level Discriminator (LLD) 





It is part of the single channel analyzer (SCA). Voltage pulses falling above the set voltage in LLD are allowed to next stage of processing.








4.11	Mock-Up 





Testing structure made of same type material with dimensions either comparable to the actual one or scaled down to smaller one. Such structures are generally used to evaluate lead or concrete pouring procedures before applying them to actual ones.





4.12	Photopeak or Full Energy Peak





The peak in a pulse height spectrum that corresponds to total absorption of a gamma ray in the detector used.





4.13	Preamplifier





The input section of an amplifier chain, usually located as close to the detector as possible.





4.14	Precision





The degree of agreement of repeated measurements of the same property, expressed quantitatively as the standard deviation computed from the results of a series of measurements.





4.15	Sensitivity





The net number of counts registered by the detector system per unit time in the selected region of interest (ROI) divided by exposure rate in nGy/h.





4.16	Single Channel Analyzer (SCA)





SCA qualifies a voltage pulse for counting based on the lower level and/or upper level discriminator settings.





4.17	Source Strength





The gamma ray intensity from any given gamma ray source.





4.18	Standard Source





A standard radioactive source whose activity is certified by the supplier. In India, such standard sources are supplied by Board of Radiation and Isotope Technology (BRIT), Dept. of Atomic Energy, Govt. of India, Mumbai.  The activity of the standard source will be around 37 kBq. The standard sources are used for calibrating the systems and estimating the counting efficiency of the system. 





4.19	Survey Instruments





The radiation monitoring instruments used to measure the radiation exposure level in a place.





4.20	Tolerance





The acceptable deviation of percentage reduction in thickness from the designed value, normally specified  by the designer. 





% thickness reduction: 











4.21	Upper Level Discriminator (ULD)





It is part of the SCA. When the “window” mode is selected in SCA, the ULD acts as voltage window i.e., LLD+V. When normal mode is selected, it acts as upper limit to qualify the pulse counting. When used in integral” mode, the ULD is cut off from the circuit.  





4.22	Virgin Gamma





The uncolloided gamma rays traversed through shielding material(s) without any interaction.





The other terminologies used here are as per definitions given in AERB Safety 


Code in Industrial Radiography AERB/SC/IR-1,2001 





5	PRINCIPLE OF THE TESTING





5.1	The transmitted intensity of virgin gamma ray flux through any material changes with the thickness. Presence of voids and hence reduction in net thickness of the shield material increases the transmitted gamma ray flux. The increase in the transmitted gamma ray flux can also be observed when the density of the given material is lesser than the specified one. This principle is utilized in the gammatography technique. The schematic of the same is shown Fig. 1. The transmitted virgin gamma ray flux is measured in terms of counts for a preset time of       10 seconds using a gamma ray spectrometer (GRS) of linear amplifier Gammaray Spectrometer (GRS)


t





Gamma rays


Shield


NaI (Tl) Detector


I0


It = I0e-t


Fig. 1  Schematic of  Gammatography Technique








(LA), SCA, timer and counter. Counting the virgin gamma ray flux between two selected energies using SCA makes this technique a more refined one than the conventional radiometry method i.e., avoiding completely the scattered gamma component, which results in better sensitivity and accuracy. 


5.2	Also, the energy selection makes this technique, narrow beam geometry equivalent. Hence, gamma ray attenuation equation can directly be applied in evaluation of the thickness using the formula: 








                                                    [1]











where


t	thickness of the material in cm 


I0	intensity of the gamma ray flux 


µ	linear attenuation coefficient (cm-1) of the material for that gamma ray energy and


It	transmitted virgin gamma ray flux through the shield thickness ‘t’


Based on the dimensions of the vessel or structure to be tested, the source strength and the detector to source distance (d in m) are arrived at. The dose rate at the detector location corresponding to I0 is calculated and converted into counts (C0) using the sensitivity factor viz., counts for 10 seconds/unit dose rate. 





                [2]


where


X	Exposure unit.


X = 1 Coulomb/kg = 34 Gy 


· Specific gamma ray constant. 


It gives exposure rate from a point source of unit activity (1 MBq) at unit distance (1m). 


For sources emitting gamma rays with energy between 60 keV and 2 MeV, specific gamma ray constant is given by: 





                            [3]


where


Ei	gamma ray energy in MeV


fi	fraction of transformations that result in a gamma ray of energy under consideration	


The specific gamma ray constants of some commonly used sources are given in Table 2. 


Then the expected count rate C1 for the actual thickness t1 is calculated. 





                                           [4]	


C1 is compared with observed count rate C2. If the thickness and density of the shield material are as per the designed ones, both the values should be the same. If any void is present, that will lead to a reduction in thickness t2 and hence increase in observed count rate C2. 





                                           [5]


	The difference in thickness (t1-t2) can be calculated using the formula:





                                  [6]


6	EQUIPMENT





6.1	Probe





NaI(Tl) detector of size 50 mm thickness with 50 mm diameter coupled with a suitable photomultiplier and a preamplifier. These three together are called as scintillation head. The diameter of the detector can be varied according to the area of the grid, used for testing the vessel. Use of smaller diameter crystals is also acceptable.  





6.2	Counting Instrument





Gamma Ray Spectrometer consisting of linear amplifier, single channel analyzer, counter and timer (Fig. 2). The GRS, particularly the linear amplifier, should have good stability under field conditions. A voltage stabilizer shall be used.





Linear amplifier


Single channel analyser


Timer


Counter


LV


HV


NaI (Tl)


PMT


PA


NaI (Tl)	: Sodium Iodide Detector


PMT	: Photomultiplier Tube


PA	: Preamplifier


Fig. 2  Gamma Ray Spectrometer 








6.3	Monitoring Instruments


Radiation survey meter (from 0.1 Gy/h to 0.2 Gy/h) and/or teletector (upto 10 Gy/h) for area monitoring, thermoluminescence dosimeter (TLD) and direct reading dosimeter (DRD) for personnel monitoring. 


6.4 	Other Accessories 


Tong of one metre or two metre length for source handling operations.





7	PRE-EXAMINGATION REQUIREMENTS





7.1	Design and fabrication drawings with dimensional details of the vessel and a personal inspection of the vessel are must for proper planning of the testing. The design should give the exact thickness of the shielding material, inner and outer steel layers and stiffener rods. The drawing should clearly indicate the location of the stiffener rods to enable exact interpretation of the results. 


7.2	Source Strength


The strength of the source is chosen such that it should give a dose rate in the range of 400 - 1000 nGy/h at the outer surface of the vessel i.e., detector location. This depends on the thickness of the shield materials, source to detector distance and the radioactive source. It is preferable to have the lower level of the doserate range mentioned. The source to detector distance and the thickness of the vessel should be taken into account while arriving at the required strength. The lead poured vessel usually has inner and outer steel layers. The attenuation by these layers should also be included while arriving at the source strength. These layers of mild or stainless steel are generally assumed to be defect free.





7.3	Grid Marking on The Vessel





A grid size of 50 mm x 50 mm (corresponding to the diameter of the detector employed) should be marked on the outer surface of the vessel (Fig. 3). The markings should be preserved atleast till the completion of the testing. The grids should be identified by “rows” and “columns”.J
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 Fig. 3  Grid Marking on a Typical Shield Vessel








Depending on the size and shape of the vessel structure, one needs to keep the source 





in flush with one of the surfaces at times. In such cases the grid marking has to be done on both the surfaces and the grids should have one to one correspondence. This will help in aligning the source and the detector. 





8	CALIBRATION OF GAMMA RAY SPECTROMETER





Put “ON” the instrument (GRS), apply specified high voltage for photomultiplier tube (PMT) and allow about 30 minutes for the GRS to get stabilized.Using the ‘window’ mode of SCA, calibrate the GRS with different standard sources viz., 133Ba, 137Cs, 54Mn and 60Co. Ensure that 662 keV photo peak due to 137Cs is observed at a pulse height of 3.31 volts i.e., 200 keV per volt. Note down the HV and linear amplifier settings (attenuator position, input polarity, coarse gain, fine gain and the time constant) and these settings should remain the same throughout the testing. Though the typical total gain of the linear amplifier is 800, the gain of the linear amplifier should be kept as minimum as possible, say around 20. Smaller the gain of the linear amplifier, greater would be the stability of the system. The time constant for NaI(Tl) crystal is kept as 1s. The input polarity of the linear amplifier is selected depending on the polarity of the preamplifier output pulse. After calibrating the GRS, acquire gamma spectrum under ‘window’ mode of SCA using 60Co standard source. Plot the counts against the pulse height. From the plot and/or the counts, fix the lower level discriminator (LLD) and upper level discriminator (ULD) of the SCA to cover both the photo peaks of 1173 





keV and 1332 keV gammas emitted by 60Co (1060 keV to 1440 keV) [Fig. 4].  This is called as the 60Co region of interest (ROI).


Fig. 5  Counts Vs Dose Rate Linearity Plot
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Dose rate (nGy/h)





Set LLD and ULD as described above with the help of count spectrum. Select ‘normal’ mode in SCA. Keep a standard source of 60Co on the detector face and record the counts in the 60Co ROI for 10 seconds. This count information should be used for checking the stability of the GRS during the course of actual testing. Record the background counts (BKG) by holding the detector at a minimum of three different [image: ]


Fig. 4   60Co Gamma Spectrum Using SCA Based GRS














locations over the outer surface of the vessel to be tested. The average of these readings shall be used as the background counts while arriving at the net counts later. 














9	SENSITIVITY FACTOR





This is to find the response of the detector (in terms of count rate) to the gamma ray intensity (dose rate). A standard source of known activity and accuracy, is kept at different distances so as to produce varying dose rates and the corresponding counts per 10 seconds in the 60Co ROI are noted. The calculated dose rate either for different source to detector distances or for varying shield thicknesses and the corresponding measured count rates (counts for 10 seconds) is plotted (Fig. 5). The slope of the curve gives counts for 10s/(nGy/h), which is called as sensitivity factor for the system. The typical sensitivity factor obtained for a 50 mm dia x 44 mm thick NaI(Tl) crystal is 1 count for 10 seconds per nGy/h.





10	PLACEMENT OF SOURCE





The source has to be placed at the center along its axis for cylindrical vessels (Fig. 6a) symmetric to its vertical or horizontal axis, as the case may be, inside the guide tube of suitable diameter. The guide tube arrangement will ensure that the source is always along the center line of the axis and can be positioned at any desired location. Detector and source should be aligned each 





time. After alignment of the source and the detector, it should not get disturbed during measurement time duration of 10 seconds. For flat shield 


Fig. 6 Detector Positioning And The Source Guide arrangement 
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a. Cylindrical vessel structure
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structures, the source should be placed exactly at the center of each grid in flush with the surface of the vessel (Fig. 6b).  Fig. 7 shows a typical guide tube arrangement for source positioning and the alignment of the detector for a cylindrical vessel. It may be noted that the flanges provided at the top and bottom of the guide tube ensure that the source is always along the axis of the vessel. Detector


Source


Thread


Guide tube


Support flange


Fig. 7  A Typical Guide Tube Arrangement 


Vessel under testing





11	RADIATION PROTECTION





The thread or wire tied to the source should be rugged enough to withstand the weight of the source pencil/assembly. An adequate lead shielding shall additionally be provided to the source while carrying out the testing of top surface of the shield vessels.  This will reduce the possible external exposure received by the operating personnel. A mock-up run with a dummy source pencil is always advisable if one plans to use a radioactive source of relatively high activity (maximum of 370 GBq of 60Co is used for 30 cm thick lead vessels).After placing the source inside the structure to be tested, a general radiation survey around the outside of the structure would help in locating any major streaming locations. Also, this would be useful in knowing the contribution due to air-shine and/or ground scattering to the operating personnel and planning the testing. If sources of higher strength (order of GBq) are handled, wearing of direct reading dosimeter (DRD) with or without an alarm annunciating feature, besides the mandatory use of thermoluminescence dosimeter (TLD) / film badge, is necessary. Also, cordoning around the testing area should be done, if warranted.





12	EXAMINATION METHOD AND MEASUREMENT PROCEDURE





Set the counting time as 10 seconds. Record background counts at different locations over the vessel surface.Keep the source on center of each grid and align the detector on the outer side of the vessel. The alignment of the source and the detector should be confirmed by doing proper measurement and by taking counts in adjacent grid locations around the concerned grid without changing the source position. Take three measurements for each grid. The average value is taken for calculation. Carefully assign the counts to right grid numbers.If any grids could not be tested due to obstruction or approach problem, they should be marked clearly and the details of the same brought out in the report. Periodic checking of the system’s gain stability of the LA with ‘check’ source is a must. Checking can be carried out after completing all the grids in a row or a column. Keep the ‘check’ source and see whether the counts recorded in 60Co ROI are equal to the counts obtained already. If not, the system has to be recalibrated. During the testing, if one gets erratic reading (either too low or very high), then also the system has to be checked immediately. Normally, the increase in count rate would be due to the flaw in the shield material.While testing a grid, among the three readings if any one of the readings shows significantly a different one i.e., outside the 2 values, then also the system’s gain stability has to be confirmed. Exact positioning of the source and the detector i.e., repeatability is very important one. At the end of the testing, this has to be verified by locating the source on a few randomly selected grids and recording the counts. Compare it with that of the observed one earlier. The difference should be well within the statistical fluctuations.  





13	FIELD PROBLEMS





Ensure proper locking of amplifier, signal, high voltage and low voltage connectors. Due to frequent moving of the detector while carrying out the testing, the cables might become loose quite often. Such condition normally results in either ‘nil’ counts or reduced counts. The abnormal discontinuity in the rate of change of counts is an indication of such problem. While testing structures of larger diameter or height, the person holding the detector and the person noting the counts may at times be out of sight. A proper communication and coordination has to be planned between these two before the commencement of testing the vessel.  This is to ensure that the counter is made ‘ON’ only after positioning the detector at a particular grid location.


Preferably, the power to GRS should be drawn from a power point, which is not connected to any heavy current drawing equipment like welding machines etc. Usage of voltage stabilizer is mandatory.





14	EVALUTATION





Find out the average counts for each grid. Then the net counts is arrived as follows:


Net counts (C2) = Average counts – BKG counts





Let C1 be the expected counts for the actual or the designed thickness t1 and µ the linear attenuation coefficient of the material for the specific gamma ray energy. The percentage reduction in thickness of shield material is calculated as:





      [7]


15	INTERPRETATION OF DATA 





A “positive” value indicates less thickness than the expected or designed thickness. This reduction can be due to the presence of any type of defects. In lead poured vessels, the reduction could be due to any one or combination of various defects viz., cavity, blow holes, voids, presence of slag material and poor bonding between the outer steel structure and the shield material. Before attributing the “positive” values to defects, one should carefully go through the design drawing and look for presence of any interfering supporting steel rods (stiffener rods) etc. These stiffener rods are provided to improve the structural stability of the vessel.  At times, pipes, ducts etc., would be incorporated inside the shield for operational requirements.  These would also impair the free flow of the shield material causing the defects and / or poor bonding.  Generally, the lead poured vessels do have this type of stiffener rods at different places. A “negative” value indicates increased shield thickness. This cannot be completely ruled out. Bulging of the either inner or outer wall of the vessel could take place due to heating of the vessel especially during lead pouring and the lead material occupying the bulged area and thus increasing the lead thickness. This will normally happen to the inner side of the wall and especially to the vessels made of stainless steel. 





In concrete structures, the reduction in concrete density also leads to positive values besides voids in the form of air bubbles, cracks and absence of concrete due to non-uniform flow.  Also, the formation of defects due to non-uniform flow of concrete or poor bonding due to internal structures as outlined in the above paragraphs are applicable to concrete poured structures too.  





16	REPORT 





a)	The report should have the following details;


b)	Name of the vessel tested and the schematic of the vessel ;


c)	Date of testing;


d)	Name of the persons who carried out the testing;


e)	Details like source used, its strength on the date of testing and 	the detector system used;


f)	Tolerance limit specified by designers;


g)	Presentation of data in suitable format; and


h)	Results of the testing





17	DATA PRESENTATION 





Test report is presented based on the requirement by the designers. The requirement may be on the basis of tolerance levels, importance given to the portion of the vessel from the radiation point of view, handling of the vessel during operations etc.  The data presentation can be either in the form of table (Table 1) or in the form of graphs (Fig. 8 & 9) or represented by colour coding or grey scale (Fig. 10).  The number of grids falling under various percentage reduction groups can be presented as table. This type of simple presentation helps in locating the grids and the percentage of total area with defects exceeding the specified tolerance limits. 





			Table 1 Presentation of Percentage Reduction Data As Table





			Percentage reduction in shield thickness


			No. of grids


			Percentage area of the vessel 


			Grid numbers





			< 0


			4


			6


			A5, B5, M3 and R2





			0 - 4


			34


			57


			





			4 – 10


			13


			22


			





			10 – 15


			2


			3


			





			Could not be tested


			7


			12


			














17.1   Profile of counts or percentage reduction in shield material along a row of grids of the vessel are given in Fig. 8.


Column


ROW 1


Fig. 8  Plot of % Thickness Reduction Against Grids In a Single Row 





This type of presentation clearly brings out the grids with either reduced or increased thickness in a row as well as the magnitude of the flaw. The line with legend “Normal” indicates the designed thickness. The 4% tolerance line corresponding to the acceptable level of percentage tolerance to the designers, is also shown in the figure. This tolerance can be varying based on the design needs. This tolerance line clearly indicates the grids which have more than the acceptable level of reduction in shield thickness. One of the reasons for the above pattern may be attributed to ovality that can happen in typical cylindrical vessel while fabricating and hence the negative values in one half of the vessel.





17.3.1 All the rows can be similarly represented. When one sees a combined figure of a few rows (Fig. 9), it will give a vivid picture on the extent of the defect around a location and/or the presence of stiffener rods etc.Column


% thickness reduction





Fig. 9  Profile of counts or percentage reduction - row wise





 






17.4 Mapping of percentage reduction in each grid in grey scale or by colour coding (Fig. 10). This clearly indicates the defective locations, extent of defect and its magnitude. Marking of interfering structures and grids which could not be tested can be easily done. 





 
Fig. 10  Mapping of percentage reduction in grey scale


[image: ]


Could not be tested





18	USEFUL DATA 








			Table 2  Specific Gamma Ray Constant () for Commonly Used Sources


_________________________________________________________





			Source


			Half-life


			Gamma Energy (MeV)


			





			


			


			


			





			








			60Co


			5.26 y


			1.173, 1.332


			9.19e-9


			1.32





			137Cs


			30 y


			0.662


			2.30e-9


			0.33











_____________________________________________________________________


			





Table 3  Linear Attenuation Coefficients for 60Co Gamma Rays


____________________________________________________________





			Material


			Density (g/cm3)


			 (cm-1)





			Air


			0.001293


			0.00007





			Water


			1


			0.0630





			Concrete


			2.63


			0.6453





			Iron


			7.46


			0.4163





			Lead


			11.34


			0.1588








_____________________________________________________________________





			Table 4  Conversion table (old units to SI units)


_____________________________________________________





			Activity


			Dose rate





			Old unit


			SI unit


			Old unit


			SI unit





			1 Ci


			37 GBq


			100 R/h


			1 Gy/h





			1 mCi


			37 MBq


			1 R/h


			10 mGy/h





			1 Ci


			37 kBq


			1 mR/h


			10 Gy/h 





			1 nCi


			37 Bq


			 1 R/h


			 10 nGy/h





			1 pCi


			37 mBq


			


			








__________________________________________________________



19	CAUTION





19.1 In an unsymmetrical vessel, the detector to source distance might vary for some grids. Such variations should be taken into account while calculating the expected counts for those grids. 





19.2 While testing smaller height vessels, air-shine problem from the point of view of radiation protection to operating personnel has to be tackled.





19.3 Interference from 40K content if the shield material is made of glass (example: Pb glass). 40K emits 1460 keV gamma rays and their contribution in the 60Co ROI is significant and hence the caution.





19.4 Possible misinterpretation of backscatter peak or the Compton edge as photopeak while doing calibration.


20	QUALITY CONTROL FOR SYSTEM PERFORMANCE/SENSITIVITY





It is desirable to evaluate the system calibration and estimate the sensitivity of the system before the actual testing. To check the performance of the system and interpretation skills of the operating persons, a test structure of different sizes and shapes with artificially incorporated defects can be used. The test structures with different types of shielding materials are recommended.





21	PERSONNEL REQUIREMENTS





21.1 Experience in handling radioactive sources and knowledge about radiation protection.





21.2 Operation of GRS. 





21.3 Should know the parameters that would affect the calibration, which leads to change in 60Co ROI counts.





21.4 Technical skill in correlating the counts to the defects in the tested vessels.





21.5 Technical qualification for testing personnel: Minimum B.Sc in Physics or Chemistry with five years of experience in handling of gamma ray spectrometer and sources.
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[image: ]MINUTES OF MEETING

		
 BUREAU OF INDIAN STANDARDS

(METALLURGICAL ENGINEERING DEPARTMENT)



		           MTD 21- Panel 4 (Eddy Current Testing) meeting



		

Meeting Date &Time

		

16th March 2024, Saturday, 10:00 AM



		No. of Meeting

		1st meeting of Panel 4



		Venue

		Virtual mode





									Co-ordinator: Shri Kunal Kumar

MembersPresent:



		Sl No.

		Name of Member

		Name of Organization

		Mode of Joining

		E-mail



		1. 

		Shri Arbind Kumar, Convener

		Bhabha Atomic Research Centre, Mumbai

		Virtually

		arbindk@barc.gov.in



		2. 

		 Shri Bharat S. Biradar

		Technofour Electronics Private Limited, Pune

		Virtually

		bharatbiradar@gmail.com



		3. 

		Smt. Navita Gupta

		Satyakiran Engineers Private limited, New Delhi

		Virtually

		navita.gupta@satyakiran.com









Item 1 – Action taken report on work allocated during 30th meeting of MTD 21 Technical committee

		Sl No.

		IS No. &

IS Year

		IS Title

		Decision taken by the Committee in last Meeting

		Action taken on last decision

		 Recommendation of the panel 



		1. 

		New



MTD/21/17491





		Non-Destructive Testing of Steel Wires Automated Eddy Current Testing of Steel Wires for Detection of Surface Imperfections.













		The committee after deliberation requested Shri Bharar Biradar, Dr. S T Arasu and Dr. Arvind kumar to provide the final document to BIS within 1 month. The document received shall be sent for WC for 2 months.





		Email dated 09.10.2023 was sent to the concerned members to submit final draft within 1 month. Reminder sent on 13.12.2023. Final draft awaited.

		During the meeting, various parameters like scope, size and shape of notch were discussed and were modified. Modified draft is attached. Panel were of the opinion that even after several modifications, still there are lot of modifications required in the draft. Panel requested Shri Bharat S Biradar to  prepare a fresh draft  to discuss in the next panel meeting tentatively in the 2nd week of April 2024. 



		2. 

		Review of  IS 12965 : 1990



		Glossary of terms used in electro magnetic (Eddy Current) testing

		The committee after deliberation requested panel 4 on eddy current testing to examine /study the standard vis a vis the corresponding ISO Standard and submit their recommendations within 1 month time period.

		Email dated 09.10.2023 was sent to the members of panel 4 to submit the comparison study report/recommendations within 1 month time. Reminder sent on 13.12.2023. Report/Recommendation from panel 4 awaited.

		Panel decided to discuss this standard in next panel meeting.





		3. 

		Review of  IS 13190 : 1991



		Recommended practice for eddy current examination by rotating probe method of round steel bars

		The committee after deliberation requested panel 4 on eddy current testing to examine /study the standard vis a vis the corresponding ISO Standard and submit their recommendations within 1 month time period.

		Email dated 09.10.2023 was sent to the members of panel 4 to submit the comparison study report/recommendations within 1 month time. Reminder sent on 13.12.2023. Report/Recommendation from panel 4 awaited.

		Panel decided to discuss this standard in next panel meeting.











Item 2 ANY OTHER BUSINESS

2.1 Panel decided to meet in the 2nd week of April 2024.

2.2 The meeting ended with a hearty vote of thanks.
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			Section 5.1.1


			Note 2


			


			The sentence, “It is recognised that encircling coil technique is more effective / sensitive for detection of transverse imperfections” is not correct, as encircling probes are not effective for transverse imperfections due to less perturbation of eddy currents.


			The sentence, “It is recognised that encircling coil technique is more effective / sensitive for detection of transverse imperfections” is Correct. The encircling coil technique used for in-production inspection of wires for defects are always differential. 



Such sensors essentially compare two adjacent cross sections of the wire and output a signal proportional to
the difference.


			





			STA/IGCAR


			


			Table 1


			


			Accordingly, longitudinal notches shall be used for encircling coil technique (change required in Table 1). Transverse or longitudinal or both types of notches shall be used for rotating coil technique.  


			 A defect such as an artificial EDM longitudinal notch,with abrupt ends will fare better with differential sensors. At one end of such a notch, one coil of the sensor is on a
defect-free surface, while the other sees the notch. This situation maximizes the difference between
the two coils. A signal of the same magnitude occurs at the other end of the notch, when the first coil
sees the notch while the other sees a defect-free surface. Of course, the phase of the signal reverses,
but this does not matter as symmetrical thresholds are always used for such inspection. As you might
expect, when both coils are on the notch, the sensor outputs a zero signal.
Long defects will show signals only near either end with differential sensors.
Real-world defects almost never begin or end abruptly. They are likely to start shallow, growing to
depth gradually and also end gradually. Thus the two coils of the sensor
do not see much of a difference between them at any point. The signal due to such defects is therefore considerably smaller than that for an artificial notch.
To further compound the situation, dynamic tests are always used with in-production inspection of steel wire products. 



The high-pass filter used for the purpose is partial
towards fast transitions in signal,
such as those occurring with EDM notches. The high-pass filter further attenuates slow signals such as
those from real-world longitudinal defects. Therefore: Encircling coil inspection is not the ideal choice for
detection of longitudinal defects. So Longitudinal notch can not be included in Table 1.
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			In any case, the length of reference notch shall not exceed 2 mm.
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Draft Indian Standard



NON-DESTRUCTIVE TESTING OF STEEL WIRES — AUTOMATED EDDY CURRENT TESTING OF STEEL WIRES FOR DETECTION OF SURFACE IMPERFECTIONS



ICS 19.100


________________________________________________________________________________


Not to be reproduced without the permission                                          Last date for receipt of



BIS or used as STANDARD                                                                        comments is 11-07-2021


_________________________________________________________________________________


FOREWORD



(Formal clauses will be added later)



1 SCOPE


This part of IS _______ specifies requirements for automated Eddy Current Testing of Steel Wires for detection of “surface imperfections” according to the different acceptance levels as shown in Table 1. It is applicable to the inspection of Steel Wires of 1mm  3 mm to 10 mm diameter.   



2  REFERENCES  



The following standards contain provisions which through reference in this text, constitute provisions of this standard. At the time of publication, the editions indicated were valid. All standards are subjected to revision and parties to agreements based on this standard are encouraged to investigate the possibility of applying the most recent editions of the standards indicated below:



           IS No                                                                                        Title



IS 13805 : 2004                   
General standard for qualification and certification of 


non-destructive  testing personnel — Specification


ISO 9712 : 2012                    
Non-destructive testing – Qualification and certification  of NDT      


                                              
personnel


ISO 11484 : 2019                 
Steel products – Employer’s qualification system for non-destructive       


                                                 
testing (NDT) personnel


3  TERMS AND DEFINITIONS  



For the purposes of this document, the terms and definitions given in ISO 11484 and the following apply : 



3.1  Wire — Solid long steel product of uniform circular cross-section over the entire length of diameter not greater than 10mm produced by cold drawing process, in coil form. 



3.2  Cut length of Wire — Straight-cut length of Wire. 



3.3  Reference Standard — Standard for the calibration of non-destructive testing equipment (e.g. notches).




3.4  Reference Wire — Length of Wire containing the reference standard(s). 



3.5  Reference Sample — Sample (i.e. Length of Wire) containing the reference standard(s).



NOTE —  Only the term “reference wire” is used in this part of Standard, also covering the term “reference sample”. 


3.6  Manufacturer  — Organization that manufactures products in accordance with the relevant standard(s) and declares the compliance of the delivered products with all applicable provisions of the relevant standard(s). 



3.7  Agreement — Contractual agreement between the manufacturer and purchaser at the time of enquiry and order. 



4   GENERAL REQUIREMENTS 


4.1  Unless otherwise specified by the product standard or agreed on by the purchaser and manufacturer, this eddy current inspection shall be carried out on wires after completion of all the production process operations, such as rolling, heat treating, cold forming and hot working sizing and primary straightening. 



4.2 The wires being tested shall be sufficiently straight to ensure the validity of the test. The surfaces shall be sufficiently free of foreign matter which can interfere with the validity of the test. 



4.3 This inspection shall be carried out by trained operators qualified in accordance with ISO 9712, ISO 11484 or equivalent and supervised by competent personnel nominated by the manufacturer. In the case of third-party inspection, this shall be agreed on between the purchaser and manufacturer. 



4.4  The operating authorization issued by the Manufacturer shall be according to a written procedure. NDT operations shall be authorized by a level 3 NDT individual approved by the Manufacturer. 



NOTE — The definition of levels 1, 2 and 3 can be found in appropriate Indian Standards, e.g. IS 13805 or International Standards, e.g. ISO 9712 and ISO 11484. 



5  TEST METHOD  



5.1  Test Techniques 


5.1.1
The wires shall be tested by the eddy current method for the detection of imperfections using in “absolute mode” and/or “differential mode” one of the following alternative automated or semi-automated techniques : 



(a) Encircling Coil technique – full peripheral Circumferential (see Fig. 1); 



(b) Rotating Probe Coil technique – full peripheral Circumferential (see Fig. 2) 



For both techniques, the chosen relative speed of movement of wire during the testing shall not vary by more than + 10%. 



NOTE 1 — It is recognized that there may be a short length at both ends of wire which cannot be tested. Any untested ends shall be dealt with in accordance with the requirements of the appropriate product standards. 



NOTE 2 — It is recognized that Encircling Coil technique is more effective / sensitive for detection of Transverse imperfections longitudinal imperfections. 



NOTE 3 — It is recognized that Rotating Probe Coil technique is more effective/sensitive for detection of  Longitudinal imperfections. Both longitudinal and transverse imperfections.



NOTE 4 — See Annexure-A for guidelines on the limitations of the eddy current test method. 



5.1.2
When testing wires using the Encircling Coil technique, the wire shall be passed at a constant speed through fixed Encircling Coil. 



5.1.3
When testing Wires using the Rotating Probe Coil technique the wire shall be passed at a constant speed through the centre-line of Test Head with probe rotating around the wire, such that the whole of the wire surface is scanned. 



NOTE 1 — It is emphasized that only surface breaking imperfections can be detected using this method i.e. eddy current testing method. 



5.2    Test Equipment 


The equipment shall be capable of classifying wires as either acceptable or suspect wires by means of an automated trigger/alarm level combined with a marking and / or sorting system. 
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1
Secondary Coil 1 
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Primary Coil 




3
Secondary Coil 2 
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Wire 




~
Alternate energizing current 




∆ v
Signal output 



NOTE— The above diagram is a simplified form of a multi-coil arrangement which can contain, for example split primary coils, twin differential coils and calibrator coil. 



Figure 1 – Simplified diagram of the Encircling Coil technique
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Rotating Probe Coil technique – Linear movement of the Wire 



Key 



1 Position of Rotating Probe Coil 



2 Wire 



a
Direction of probe rotation 



Figure 2 – Simplified diagram of Rotating Probe Coil technique



6  REFERENCE WIRE  



6.1  General


6.1.1
The reference standards defined in this part of IS________ are convenient standards for calibration of non-destructive testing equipment. Their dimensions should not be considered as the minimum size of imperfections detectable by such equipment. 



6.1.2
The reference wires shall have the same specified diameter, same surface finish, and delivery condition (e.g. as-rolled, normalized, quenched and tempered) and similar steel grade as the wire being tested. 



6.1.3
The reference standards for the two testing techniques shall be as follows : 



(a)
A Transverse Longitudinal reference Notch as defined in 6.2.1 and 6.2.2 while using the Encircling Coil technique; 



(ii) A Transverse/ Longitudinal reference Notch as defined in 6.2.1 and 6.2.2, while using the Rotating Probe Coil technique. 



6.2  Dimensions of the Reference Standards  



6.2.1 Reference notch 


The dimensions of the reference notches related to the wire diameter shall not exceed the requirements of Table 1. 



The reference notch shall be of the “N” type (see Figure 3) and shall be : 



(ii) Transverse Longitudinal for Encircling Coil technique; and


(ii) Transverse/ Longitudinal for Rotating Probe Coil technique 



The sides shall be nominally parallel and the bottom shall be nominally square to the sides.  



The reference notch shall be formed by machining, spark erosion or other methods. 



NOTE—  The bottom or the bottom corners of the notch can be rounded. 



TABLE 1



SPECIFIED WIRE DIAMETER AND CORRESPONDING SIZES OF THE REFERENCE NOTCHES FOR POSSIBLE ACCEPTANCE LEVEL



			


			For Encircling Coil technique


			For Rotating Probe Coil technique





			Specified wire diameter


			Acceptance level Transverse Longitudinal Notch Depth


			Acceptance level Longitudinal/Transverse Notch Depth









			3mm to 10mm



 


			5% of the dia of wire OR 0.1mm whichever is more.


			5% of the dia of wire OR 0.1mm whichever is more.









			


			Flat Bottom Holes 



Sizes as agreed between Purchaser & Manufacturer 


			-








                                                         w






 



Key 



                                                              d



w 
width 



d
depth 






Figure 3 “N” type Notch 



6.2.2
Dimensions of the reference notch  



(a)
Width, w (see Fig. 3) 



The width of the reference notch shall not be greater than the reference notch depth or 1mm whichever is greater. 



(b)
Depth, d (see Fig. 3) 



The depth of the reference notch shall be as given in Table 2 1 with the following limitations.





Minimum notch depth : 
0.1mm 





Maximum notch depth :
1mm 0.5mm


The tolerance on notch depth shall be +15% of reference notch depth.



(c)
Length :



(1)
When Encircling Coil technique is used  — The length will be decided by the depth of the notch. 



(2)
When Rotating Probe Coil technique is used — Unless otherwise specified by product standard or agreed between purchaser and manufacturer, the length of the longitudinal reference notch(es) shall be greater than twice the width of each individual probe coil or transducer. In any case, the length of reference notch shall not exceed 50mm 2mm. 



6.2.3
Verification of the reference standards 


The reference notch dimensions and shape shall be verified by a suitable technique and shall not exceed the value specified in Table 1. 



7   EQUIPMENT CALIBRATION AND CHECKING 


7.1
At the start of each inspection cycle, the equipment shall be calibrated to produce consistently, (e.g. from three consecutive passes of the reference wire through the equipment), clearly identifiable signals from the reference standards(s). These signals shall be used to activate their respective trigger alarm of the equipment as follows : 



(a)
When using Transverse Longitudnal reference Notch in case of Encircling Coil technique, the full signal amplitude obtained from the reference notch shall be used to set trigger / alarm level of the equipment. 



(b)
When using Longitudinal/Transverse reference Notch in case of Rotating Probe Coil technique, the full signal amplitude obtained from the reference notch shall be used to set the trigger / alarm level of the equipment. 



7.2 During the calibration check, the relative speed of movement between the reference wire and the test



coils/probes shall be the same as that used during the production test (see also 5.1.2, 5.1.3).  The same 


equipment setting for instance frequency, sensitivity, phase discrimination, filtering and eventual magnetic



saturation, shall be employed. 



7.3 The calibration of the equipment shall be checked at regular intervals during the production testing of wires of the same specified diameter and grade by passing the reference wire through the test equipment. 



The frequency of checking the calibration shall be at least every 4 h, but also whenever there is an equipment operator team changeover and at the start and end of production. 



7.4
The equipment shall be recalibrated if any of the parameters which were used during the initial calibration are changed. 



7.5
If on checking during production testing, the calibration requirements are not satisfied then all wires tested since the previous acceptable equipment calibration shall be retested after the equipment has been recalibrated. 



8  ACCEPTANCE  



8.1
Any imperfection on wire producing signals lower than the trigger / alarm level shall be deemed to have passed this test. 



8.2
Any imperfection on wire producing signals equal to or greater than the trigger/alarm level shall be designated suspect, or at the discretion of the manufacturer, may be retested. If, after two consecutive retests, all signals are lower than the trigger/alarm level, the wire shall be deemed to have passed this test otherwise the wire shall be designated as suspect. 



8.3  For suspect wires, one or more of the following actions shall be taken subject to the requirements of 


the product standard : 



(a)
By agreement between the purchaser and manufacturer the suspect area may be retested by the other non-destructive techniques and test methods, to agreed acceptance levels. 



(b)
The suspect area shall be cropped off. 



(c)
The manufacturer shall ensure that all the suspect areas have been removed. 



(d)
The wire shall be deemed not to have passed the test. 



9
TEST REPORT  



When specified, the manufacturer shall submit to the purchaser a test report including at least the following information : 




(a)
Reference to this part of IS____________ ;




(b)
Statement of conformity;



(c)
Any deviation, by agreement or otherwise, from the procedures specified; 




(d)
Product designation by steel grade and size; 




(e)
Type and details of inspection technique(s); 




(f)
Equipment calibration method used; 




(g)
Description of the reference standard acceptance level;




(h)
Date of test; and



(i)
Operator identification 



ANNEXURE A 



(Informative)



GUIDANCE NOTES ON LIMITATIONS OF EDDY CURRENT TEST METHOD 



A-1
EDDY CURRENT DEPTH OF PENETRATION 



A-1.1  During the eddy current testing of wires, the sensitivity of the test is at a maximum at the wire surface adjacent to the test coil and decreases with increasing distance from the coil. The signal response from a subsurface or internal surface imperfection is thus smaller than that from an external surface imperfection of the same size. 



A-1.2  The capacity of the test equipment to detect subsurface or internal surface imperfections is determined by various factors, but predominantly by technique and by the eddy current excitation frequency. Subsurface or internal imperfections larger than surface imperfection producing signal higher than the Acceptance Level, will be detected. 



A-1.3  The excitation frequency applied to the test coil determines the extent to which the induced eddy current intensity penetrates the wire. The higher the excitation frequency, the lower the penetration and conversely, the lower the excitation frequency, the higher the penetration. In particular, the physical parameters of the wire (conductivity, permeability, etc.) should be taken into account. 



A-2
ENCIRCLING COIL TECHNIQUE  



A-2.1  This test technique is preferred since they can detect short longitudinal imperfections and   transverse imperfections,   both  of which break, or lie below, the surface adjacent to the test coil. 



A-2.2  The minimum length of the longitudinal imperfection which is detectable is principally determined by the rate of change of section along the length of the imperfection. 



A-2.3  When using this technique on ferromagnetic steel, the products being inspected shall be magnetically saturated, inserting them into an external strong magnetic field. The intention of this saturation is to normalize and reduce the magnetic permeability of the material in order to increase the penetration capability of eddy current and to reduce possible magnetic noises from material itself. 



A-3
ROTATING PROBE COIL TECHNIQUE  



A-3.1  This test technique uses one or more probes/coils to describe a helical path over the wire surface. For this reason, this technique detects longitudinal imperfections with a minimum length dependent on the width of the Rotating Probe Coil and the inspection helical pitch. It is recognized that transverse imperfections are not normally detectable. 



A-3.2  Since the excitation frequency is significantly higher than that using Encircling Coil, only imperfections which break the wire surface adjacent to the test coil are detectable. 



�Figure 2, the schematic of rotating probe coil technique is not effectively conveying the function of rotating probe coil. An alternative drawing shall be given. 
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FOREWORD 
(Formal clauses will be added later) 



 
 
1 SCOPE 



 
This part of IS _______ specifies requirements for automated Eddy Current Testing of Steel Wires for 
detection of “surface imperfections” according to the different acceptance levels as shown in Table 1. It is 
applicable to the inspection of Steel Wires of 1mm  3 mm to 10 mm diameter.    



 
2  REFERENCES   



The following standards contain provisions which through reference in this text, constitute 



provisions of this standard. At the time of publication, the editions indicated were valid. All 



standards are subjected to revision and parties to agreements based on this standard are 



encouraged to investigate the possibility of applying the most recent editions of the standards 



indicated below: 
      



           IS No                                                                                        Title 



 



IS 13805 : 2004                    General standard for qualification and certification of  



Non-destructive testing personnel — Specification 



ISO 9712 : 2012                     Non-destructive testing – Qualification and certification  of NDT       



                                               personnel 



ISO 11484 : 2019                  Steel products – Employer’s qualification system for non-destructive        



                                                  testing (NDT) personnel      



IS 12965 :1990 Glossary of terms used in electromagnetic Eddy          
Current Testing   



  
 
3  TERMS AND DEFINITIONS   



 
For the purposes of this document, the terms and definitions given in ISO 11484 IS 12965, IS 13805 and 
the following shall apply :  



 
3.1  Wire — Solid long steel product of uniform circular cross-section over the entire length of diameter not 
greater than 10mm produced by cold drawing process, in coil form.  
 
3.2  Cut length of Wire — Straight-cut length of Wire.  



 











3.3  Reference Standard — Standard for the calibration of non-destructive testing equipment (e.g. 



notches). 
 
3.4  Reference Wire — Length of Wire containing the reference standard(s).  



 
3.5  Reference Sample — Sample (i.e. Length of Wire) containing the reference standard(s). 



 
NOTE —  Only the term “reference wire” is used in this part of Standard, also covering the term “reference 
sample”.  
 
3.6  Manufacturer  — Organization that manufactures products in accordance with the relevant standard(s) 



and declares the compliance of the delivered products with all applicable provisions of the relevant 
standard(s).  
 
3.7  Agreement — Contractual agreement between the manufacturer and purchaser at the time of enquiry 
and order.  
 
4   GENERAL REQUIREMENTS  



 
4.1  Unless otherwise specified by the product standard or agreed on by the purchaser and manufacturer, 



this eddy current inspection shall be carried out on wires after completion of all the production process 
operations, such as rolling, heat treating, cold forming and hot working sizing and primary straightening.  
 
4.2 The wires being tested shall be sufficiently straight to ensure the validity of the test. The surfaces shall 



be sufficiently free of foreign matter which can interfere with the validity of the test.  
 
4.3 This inspection shall be carried out by trained operators qualified in accordance with IS 13805 or 



equivalent and supervised by competent personnel nominated by the manufacturer. In the case of third-
party inspection, this shall be agreed on between the purchaser and manufacturer.  
 
4.4  The operating authorization issued by the Manufacturer shall be according to a written procedure. NDT 



operations shall be authorized by a level 3 NDT individual approved by the Manufacturer.  
 
NOTE — The definition of levels 1, 2 and 3 can be found in appropriate Indian Standards, e.g. IS 13805 or International Standards, 
e.g. ISO 9712 and ISO 11484.  
 



5  TEST METHOD   
 
5.1  Test Techniques  



 
5.1.1 The wires shall be tested by the eddy current method for the detection of imperfections using in 
“absolute mode” and/or “differential mode” one of the following alternative automated or semi-automated 
techniques :  



 
(a) Encircling Coil technique – full peripheral Circumferential (see Fig. 1);  



 
(b) Rotating Probe Coil technique – full peripheral Circumferential (see Fig. 2)  



 
For both techniques, the chosen relative speed of movement of wire during the testing shall not vary by 
more than + 10%.  
 
NOTE 1 — It is recognized that there may be a short length at both ends of wire which cannot be tested. 
Any untested ends shall be dealt with in accordance with the requirements of the appropriate product 
standards.  



  











NOTE 2 — It is recognized that Encircling Coil technique is more effective / sensitive for detection of 
Transverse imperfections longitudinal imperfections.  



 
NOTE 3 — It is recognized that Rotating Probe Coil technique is more effective/sensitive for detection of  
Longitudinal imperfections. Both longitudinal and transverse imperfections. 



 
NOTE 4 — See Annexure-A for guidelines on the limitations of the eddy current test method.  



 



 
5.1.2 When testing wires using the Encircling Coil technique, the wire shall be passed at a constant 



speed through fixed Encircling Coil.  
   
5.1.3 When testing Wires using the Rotating Probe Coil technique the wire shall be passed at a constant 



speed through the centre-line of Test Head with probe rotating around the wire, such that the whole of the 
wire surface is scanned.  



 
NOTE 1 — It is emphasized that only surface breaking imperfections can be detected using this method i.e. eddy current testing 
method.  



 
 
5.2    Test Equipment  



 
The equipment shall be capable of classifying wires as either acceptable or suspect wires by means of an 
automated trigger/alarm level combined with a marking and / or sorting system.  
 



   
       
Key :  
 
 1 Secondary Coil 1  
 
 2 Primary Coil  
 
 3 Secondary Coil 2  
 
 4 Wire  
 
 ~ Alternate energizing current  
 
 ∆ v Signal output  



 
NOTE— The above diagram is a simplified form of a multi-coil arrangement which can contain, for example 
split primary coils, twin differential coils and calibrator coil.  











 
Figure 1 – Simplified diagram of the Encircling Coil technique 



 
   
  



 
 



Rotating Probe Coil technique – Linear movement of the Wire  
 



Key  
 
1 Position of Rotating Probe Coil  
 
2 Wire  
 
a Direction of probe rotation  
 



Figure 2 – Simplified diagram of Rotating Probe Coil technique 



  
 
6  REFERENCE WIRE   
 
6.1  General 



 
6.1.1 The reference standards defined in this part of IS________ are convenient standards for calibration 



of non-destructive testing equipment. Their dimensions should not be considered as the minimum size of 
imperfections detectable by such equipment.  



 
6.1.2 The reference wires shall have the same specified diameter, same surface finish, and delivery 



condition (e.g. as-rolled, normalized, quenched and tempered) and similar steel grade as the wire being 
tested.  



 
6.1.3 The reference standards for the two testing techniques shall be as follows :  



 
(a) A Transverse Longitudinal reference Notch as defined in 6.2.1 and 6.2.2 while using the 



Encircling Coil technique;  
 



(ii) A Transverse/ Longitudinal reference Notch as defined in 6.2.1 and 6.2.2, while using the 



Rotating Probe Coil technique.  
 
 











 
 
 
 
  
6.2  Dimensions of the Reference Standards   



 
 Reference notch  



 
The dimensions of the reference notches related to the wire diameter shall not exceed the requirements of 
Table 1.  
 
The reference notch shall be of the “N” type (see Figure 3) and shall be :  



 
(ii) Transverse Longitudinal for Encircling Coil technique; and 



 
(ii) Transverse/ Longitudinal for Rotating Probe Coil technique  



 
The sides shall be nominally parallel and the bottom shall be nominally square to the sides.   



 
The reference notch shall be formed by machining, spark erosion or other methods.  



 
NOTE—  The bottom or the bottom corners of the notch can be rounded.  



 
TABLE 1 



 
SPECIFIED WIRE DIAMETER AND CORRESPONDING SIZES OF THE 



REFERENCE NOTCHES FOR POSSIBLE ACCEPTANCE LEVEL 
 



 For Encircling 
Coil technique 



For Rotating Probe Coil 
technique 



 
 



Specified wire 
diameter 



Acceptance level 
Transverse 



Longitudinal 
Notch Depth 



Acceptance level 
Longitudinal/Transverse Notch 



Depth 
 



3mm to 10mm 
  



5% of the dia of 
wire OR 0.1mm 



whichever is more. 



5% of the dia of wire OR 
0.1mm whichever is more. 



 



Flat Bottom Holes  
Sizes as agreed 
between 
Purchaser & 
Manufacturer  



 
 



— 



  
 
                                                         w 
     
Key  
                                                              d 
w  width  
d depth  
   Figure 3 “N” type Notch  
 



 











6.2.2 Dimensions of the reference notch   



 
(a) Width, w (see Fig. 3)  
 
The width of the reference notch shall not be greater than the reference notch depth or 1mm whichever is 
greater.  
 
 
(b) Depth, d (see Fig. 3)  
 
The depth of the reference notch shall be as given in Table 2 1 with the following limitations. 



 
  Minimum notch depth :  0.1mm  
 
  Maximum notch depth : 1mm 0.5mm 
 
The tolerance on notch depth shall be +15% of reference notch depth. 
 
(c) Length : 



 
(1) When Encircling Coil technique is used  — The length will be decided by the depth of the notch.  



 
(2) When Rotating Probe Coil technique is used — Unless otherwise specified by product standard 



or agreed between purchaser and manufacturer, the length of the longitudinal reference notch(es) shall be 
greater than twice the width of each individual probe coil or transducer. In any case, the length of reference 
notch shall not exceed 50mm.  
 
6.2.3 Verification of the reference standards  



 
The reference notch dimensions and shape shall be verified by a suitable technique and shall not exceed 
the value specified in Table 1.  
 
7   EQUIPMENT CALIBRATION AND CHECKING  



 
7.1 At the start of each inspection cycle, the equipment shall be calibrated to produce consistently, (e.g. 



from three consecutive passes of the reference wire through the equipment), clearly identifiable signals 
from the reference standards(s). These signals shall be used to activate their respective trigger alarm of the 
equipment as follows :  
 



(a) When using Transverse Longitudnal reference Notch in case of Encircling Coil technique, the 



full signal amplitude obtained from the reference notch shall be used to set trigger / alarm level of 
the equipment.  



 
(b) When using Longitudinal/Transverse reference Notch in case of Rotating Probe Coil technique, 



the full signal amplitude obtained from the reference notch shall be used to set the trigger / alarm 
level of the equipment.  



 
7.2 During the calibration check, the relative speed of movement between the reference wire and the test 
coils/probes shall be the same as that used during the production test (see also 5.1.2, 5.1.3).  The same  
equipment setting for instance frequency, sensitivity, phase discrimination, filtering and eventual magnetic 
saturation, shall be employed.  
 
7.3 The calibration of the equipment shall be checked at regular intervals during the production testing of 



wires of the same specified diameter and grade by passing the reference wire through the test equipment.  



 











The frequency of checking the calibration shall be at least every 4 h, but also whenever there is an 
equipment operator team changeover and at the start and end of production.  
 
7.4 The equipment shall be recalibrated if any of the parameters which were used during the initial 



calibration are changed.  
 
7.5 If on checking during production testing, the calibration requirements are not satisfied then all wires 



tested since the previous acceptable equipment calibration shall be retested after the equipment has been 
recalibrated.  



 
 
 
8  ACCEPTANCE   



 
8.1 Any imperfection on wire producing signals lower than the trigger / alarm level shall be deemed to 



have passed this test.  
 
8.2 Any imperfection on wire producing signals equal to or greater than the trigger/alarm level shall be 
designated suspect, or at the discretion of the manufacturer, may be retested. If, after two consecutive 
retests, all signals are lower than the trigger/alarm level, the wire shall be deemed to have passed this test 
otherwise the wire shall be designated as suspect.  



 
8.3  For suspect wires, one or more of the following actions shall be taken subject to the requirements of  
the product standard :  



 
(a) By agreement between the purchaser and manufacturer the suspect area may be retested by 



the other non-destructive techniques and test methods, to agreed acceptance levels.  
 



(b) The suspect area shall be cropped off.  
 



(c) The manufacturer shall ensure that all the suspect areas have been removed.  
 



(d) The wire shall be deemed not to have passed the test.  
 
9 TEST REPORT   



 
When specified, the manufacturer shall submit to the purchaser a test report including at least the following 
information :  
 
 (a) Reference to this part of IS____________ ; 
 
 (b) Statement of conformity; 
 



(c) Any deviation, by agreement or otherwise, from the procedures specified;  
 
 (d) Product designation by steel grade and size;  
 
 (e) Type and details of inspection technique(s);  
 
 (f) Equipment calibration method used;  
 
 (g) Description of the reference standard acceptance level; 
 
 (h) Date of test; and 
 











 (i) Operator identification  











ANNEXURE A  
(Informative) 



 
GUIDANCE NOTES ON LIMITATIONS OF EDDY CURRENT TEST METHOD  



  
A-1 EDDY CURRENT DEPTH OF PENETRATION  



 
A-1.1  During the eddy current testing of wires, the sensitivity of the test is at a maximum at the wire surface 



adjacent to the test coil and decreases with increasing distance from the coil. The signal response from a 
subsurface or internal surface imperfection is thus smaller than that from an external surface imperfection of 
the same size.  



 
A-1.2  The capacity of the test equipment to detect subsurface or internal surface imperfections is 



determined by various factors, but predominantly by technique and by the eddy current excitation 
frequency. Subsurface or internal imperfections larger than surface imperfection producing signal higher 
than the Acceptance Level, will be detected.  
 
A-1.3  The excitation frequency applied to the test coil determines the extent to which the induced eddy 



current intensity penetrates the wire. The higher the excitation frequency, the lower the penetration and 
conversely, the lower the excitation frequency, the higher the penetration. In particular, the physical 
parameters of the wire (conductivity, permeability, etc.) should be taken into account.  



 
A-2 ENCIRCLING COIL TECHNIQUE   



 
A-2.1  This test technique is preferred since they can detect short longitudinal imperfections and   



transverse imperfections,   both  of which break, or lie below, the surface adjacent to the test coil.  
 
A-2.2  The minimum length of the longitudinal imperfection which is detectable is principally determined by 



the rate of change of section along the length of the imperfection.  
 
A-2.3  When using this technique on ferromagnetic steel, the products being inspected shall be 



magnetically saturated, inserting them into an external strong magnetic field. The intention of this saturation 
is to normalize and reduce the magnetic permeability of the material in order to increase the penetration 
capability of eddy current and to reduce possible magnetic noises from material itself.  
 
A-3 ROTATING PROBE COIL TECHNIQUE   



 
A-3.1  This test technique uses one or more probes/coils to describe a helical path over the wire surface. 



For this reason, this technique detects longitudinal imperfections with a minimum length dependent on the 
width of the Rotating Probe Coil and the inspection helical pitch. It is recognized that transverse 
imperfections are not normally detectable.  
 
A-3.2  Since the excitation frequency is significantly higher than that using Encircling Coil, only 



imperfections which break the wire surface adjacent to the test coil are detectable.  
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 BUREAU OF INDIAN STANDARDS

(METALLURGICAL ENGINEERING DEPARTMENT)



		           MTD 21- Panel 4 (Eddy Current Testing) meeting



		

Meeting Date &Time

		

16th March 2024, Saturday, 10:00 AM



		No. of Meeting

		1st meeting of Panel 4



		Venue

		Virtual mode





									Co-ordinator: Shri Kunal Kumar

MembersPresent:



		Sl No.

		Name of Member

		Name of Organization

		Mode of Joining

		E-mail



		1. 

		Shri Arbind Kumar, Convener

		Bhabha Atomic Research Centre, Mumbai

		Virtually

		arbindk@barc.gov.in



		2. 

		 Shri Bharat S. Biradar

		Technofour Electronics Private Limited, Pune

		Virtually

		bharatbiradar@gmail.com



		3. 

		Smt. Navita Gupta

		Satyakiran Engineers Private limited, New Delhi

		Virtually

		navita.gupta@satyakiran.com









Item 1 – Action taken report on work allocated during 30th meeting of MTD 21 Technical committee

		Sl No.

		IS No. &

IS Year

		IS Title

		Decision taken by the Committee in last Meeting

		Action taken on last decision

		 Recommendation of the panel 



		1. 

		New



MTD/21/17491





		Non-Destructive Testing of Steel Wires Automated Eddy Current Testing of Steel Wires for Detection of Surface Imperfections.













		The committee after deliberation requested Shri Bharar Biradar, Dr. S T Arasu and Dr. Arvind kumar to provide the final document to BIS within 1 month. The document received shall be sent for WC for 2 months.





		Email dated 09.10.2023 was sent to the concerned members to submit final draft within 1 month. Reminder sent on 13.12.2023. Final draft awaited.

		During the meeting, various parameters like scope, size and shape of notch were discussed and were modified. Modified draft is attached. Panel were of the opinion that even after several modifications, still there are lot of modifications required in the draft. Panel requested Shri Bharat S Biradar to  prepare a fresh draft  to discuss in the next panel meeting tentatively in the 2nd week of April 2024. 



		2. 

		Review of  IS 12965 : 1990



		Glossary of terms used in electro magnetic (Eddy Current) testing

		The committee after deliberation requested panel 4 on eddy current testing to examine /study the standard vis a vis the corresponding ISO Standard and submit their recommendations within 1 month time period.

		Email dated 09.10.2023 was sent to the members of panel 4 to submit the comparison study report/recommendations within 1 month time. Reminder sent on 13.12.2023. Report/Recommendation from panel 4 awaited.

		Panel decided to discuss this standard in next panel meeting.





		3. 

		Review of  IS 13190 : 1991



		Recommended practice for eddy current examination by rotating probe method of round steel bars

		The committee after deliberation requested panel 4 on eddy current testing to examine /study the standard vis a vis the corresponding ISO Standard and submit their recommendations within 1 month time period.

		Email dated 09.10.2023 was sent to the members of panel 4 to submit the comparison study report/recommendations within 1 month time. Reminder sent on 13.12.2023. Report/Recommendation from panel 4 awaited.

		Panel decided to discuss this standard in next panel meeting.











Item 2 ANY OTHER BUSINESS

2.1 Panel decided to meet in the 2nd week of April 2024.

2.2 The meeting ended with a hearty vote of thanks.

Comments of all organizations FinalCorreted 30oct21.doc

			Template for comments and secretariat observations


			Date: 


			Document: ISO/








			1


			2


			3


			4


			5


			6


			7





			MB1



			Clause/
Subclause/
Annex/Figure/Table
(e.g. 3.1, Table 2)


			Paragraph/
List item/
Note/
(e.g. Note 2)


			Type of com-ment2


			Comment (justification for change)


			Proposed change


			Secretariat observations
on each comment submitted








			TEMPLATE FOR SENDING COMMENTS ON BIS DOCUMENTS








			Date: 


			


			Document No.: 


			


			Title of the Document:


			





			Name of the Commentator/



Organization:


			


			Abbreviation of the Commentator/Organization:


			








(Comments on each clause/subclause/table/fig, etc be started on a fresh box.  Information in column 5 should include reasons for the comments/suggestions for modified wordings of the clauses when the existing text/provision is found not acceptable.  Adherence to this format facilitates Secretariat’s work)



			Abbreviation of the Commentator/Organization


			Clause/ Subclause No.



(e.g. 3.1)


			Paragraph No. /



Figure No. / 



Table No.



(e.g. Table 1)


			Type of Comment1)


			Comments/Suggestions along with Justification for the Proposed Change


			Proposed Change/Modified Wordings


			Committee Decision





			(1)


			(2)


			(3)


			(4)


			(5)


			(6)


			(7)











			STA/IGCAR


			Section 5.1.1


			Note 2


			


			The sentence, “It is recognised that encircling coil technique is more effective / sensitive for detection of transverse imperfections” is not correct, as encircling probes are not effective for transverse imperfections due to less perturbation of eddy currents.


			The sentence, “It is recognised that encircling coil technique is more effective / sensitive for detection of transverse imperfections” is Correct. The encircling coil technique used for in-production inspection of wires for defects are always differential. 



Such sensors essentially compare two adjacent cross sections of the wire and output a signal proportional to
the difference.


			





			STA/IGCAR


			


			Table 1


			


			Accordingly, longitudinal notches shall be used for encircling coil technique (change required in Table 1). Transverse or longitudinal or both types of notches shall be used for rotating coil technique.  


			 A defect such as an artificial EDM longitudinal notch,with abrupt ends will fare better with differential sensors. At one end of such a notch, one coil of the sensor is on a
defect-free surface, while the other sees the notch. This situation maximizes the difference between
the two coils. A signal of the same magnitude occurs at the other end of the notch, when the first coil
sees the notch while the other sees a defect-free surface. Of course, the phase of the signal reverses,
but this does not matter as symmetrical thresholds are always used for such inspection. As you might
expect, when both coils are on the notch, the sensor outputs a zero signal.
Long defects will show signals only near either end with differential sensors.
Real-world defects almost never begin or end abruptly. They are likely to start shallow, growing to
depth gradually and also end gradually. Thus the two coils of the sensor
do not see much of a difference between them at any point. The signal due to such defects is therefore considerably smaller than that for an artificial notch.
To further compound the situation, dynamic tests are always used with in-production inspection of steel wire products. 



The high-pass filter used for the purpose is partial
towards fast transitions in signal,
such as those occurring with EDM notches. The high-pass filter further attenuates slow signals such as
those from real-world longitudinal defects. Therefore: Encircling coil inspection is not the ideal choice for
detection of longitudinal defects. So Longitudinal notch can not be included in Table 1.



			





			STA/IGCAR


			Section 6.2.2


			Point b)


			


			Maximum notch depth shall be 0.5 mm only. 


			


			





			STA/IGCAR


			


			


			


			There are several typographical errors which need to be corrected. 


			


			





			


			Clause 5.1.1


			Point a) and b)


			


			Full circumference instead of peripheral


			Full circumference instead of peripheral


			





			


			


			Table-1


			


			may include type of notch 



Additional radial hole as reference defect can be included, sizes as agreed between purchaser & manufacturer


			Short defect like  Flat Bottom Holes can be included
in Table for Encircling Coil Technique.



sizes as agreed between purchaser & manufacturer


			





			


			Clause 6.2.2


			Point c)


			


			In any case, the length of reference notch shall not exceed 2 mm.
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Doc No. : MTD 21 (17491)


BUREAU OF INDIAN STANDARDS



Draft Indian Standard



NON-DESTRUCTIVE TESTING OF STEEL WIRES — AUTOMATED EDDY CURRENT TESTING OF STEEL WIRES FOR DETECTION OF SURFACE IMPERFECTIONS



ICS 19.100


________________________________________________________________________________


Not to be reproduced without the permission                                          Last date for receipt of



BIS or used as STANDARD                                                                        comments is 11-07-2021


_________________________________________________________________________________


FOREWORD



(Formal clauses will be added later)



1 SCOPE


This part of IS _______ specifies requirements for automated Eddy Current Testing of Steel Wires for detection of “surface imperfections” according to the different acceptance levels as shown in Table 1. It is applicable to the inspection of Steel Wires of 1mm  3 mm to 10 mm diameter.   



2  REFERENCES  



The following standards contain provisions which through reference in this text, constitute provisions of this standard. At the time of publication, the editions indicated were valid. All standards are subjected to revision and parties to agreements based on this standard are encouraged to investigate the possibility of applying the most recent editions of the standards indicated below:



           IS No                                                                                        Title



IS 13805 : 2004                   
General standard for qualification and certification of 


non-destructive  testing personnel — Specification


ISO 9712 : 2012                    
Non-destructive testing – Qualification and certification  of NDT      


                                              
personnel


ISO 11484 : 2019                 
Steel products – Employer’s qualification system for non-destructive       


                                                 
testing (NDT) personnel


3  TERMS AND DEFINITIONS  



For the purposes of this document, the terms and definitions given in ISO 11484 and the following apply : 



3.1  Wire — Solid long steel product of uniform circular cross-section over the entire length of diameter not greater than 10mm produced by cold drawing process, in coil form. 



3.2  Cut length of Wire — Straight-cut length of Wire. 



3.3  Reference Standard — Standard for the calibration of non-destructive testing equipment (e.g. notches).




3.4  Reference Wire — Length of Wire containing the reference standard(s). 



3.5  Reference Sample — Sample (i.e. Length of Wire) containing the reference standard(s).



NOTE —  Only the term “reference wire” is used in this part of Standard, also covering the term “reference sample”. 


3.6  Manufacturer  — Organization that manufactures products in accordance with the relevant standard(s) and declares the compliance of the delivered products with all applicable provisions of the relevant standard(s). 



3.7  Agreement — Contractual agreement between the manufacturer and purchaser at the time of enquiry and order. 



4   GENERAL REQUIREMENTS 


4.1  Unless otherwise specified by the product standard or agreed on by the purchaser and manufacturer, this eddy current inspection shall be carried out on wires after completion of all the production process operations, such as rolling, heat treating, cold forming and hot working sizing and primary straightening. 



4.2 The wires being tested shall be sufficiently straight to ensure the validity of the test. The surfaces shall be sufficiently free of foreign matter which can interfere with the validity of the test. 



4.3 This inspection shall be carried out by trained operators qualified in accordance with ISO 9712, ISO 11484 or equivalent and supervised by competent personnel nominated by the manufacturer. In the case of third-party inspection, this shall be agreed on between the purchaser and manufacturer. 



4.4  The operating authorization issued by the Manufacturer shall be according to a written procedure. NDT operations shall be authorized by a level 3 NDT individual approved by the Manufacturer. 



NOTE — The definition of levels 1, 2 and 3 can be found in appropriate Indian Standards, e.g. IS 13805 or International Standards, e.g. ISO 9712 and ISO 11484. 



5  TEST METHOD  



5.1  Test Techniques 


5.1.1
The wires shall be tested by the eddy current method for the detection of imperfections using in “absolute mode” and/or “differential mode” one of the following alternative automated or semi-automated techniques : 



(a) Encircling Coil technique – full peripheral Circumferential (see Fig. 1); 



(b) Rotating Probe Coil technique – full peripheral Circumferential (see Fig. 2) 



For both techniques, the chosen relative speed of movement of wire during the testing shall not vary by more than + 10%. 



NOTE 1 — It is recognized that there may be a short length at both ends of wire which cannot be tested. Any untested ends shall be dealt with in accordance with the requirements of the appropriate product standards. 



NOTE 2 — It is recognized that Encircling Coil technique is more effective / sensitive for detection of Transverse imperfections longitudinal imperfections. 



NOTE 3 — It is recognized that Rotating Probe Coil technique is more effective/sensitive for detection of  Longitudinal imperfections. Both longitudinal and transverse imperfections.



NOTE 4 — See Annexure-A for guidelines on the limitations of the eddy current test method. 



5.1.2
When testing wires using the Encircling Coil technique, the wire shall be passed at a constant speed through fixed Encircling Coil. 



5.1.3
When testing Wires using the Rotating Probe Coil technique the wire shall be passed at a constant speed through the centre-line of Test Head with probe rotating around the wire, such that the whole of the wire surface is scanned. 



NOTE 1 — It is emphasized that only surface breaking imperfections can be detected using this method i.e. eddy current testing method. 



5.2    Test Equipment 


The equipment shall be capable of classifying wires as either acceptable or suspect wires by means of an automated trigger/alarm level combined with a marking and / or sorting system. 





[image: image1.png].









Key : 




1
Secondary Coil 1 




2
Primary Coil 




3
Secondary Coil 2 




4
Wire 




~
Alternate energizing current 




∆ v
Signal output 



NOTE— The above diagram is a simplified form of a multi-coil arrangement which can contain, for example split primary coils, twin differential coils and calibrator coil. 



Figure 1 – Simplified diagram of the Encircling Coil technique
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Rotating Probe Coil technique – Linear movement of the Wire 



Key 



1 Position of Rotating Probe Coil 



2 Wire 



a
Direction of probe rotation 



Figure 2 – Simplified diagram of Rotating Probe Coil technique



6  REFERENCE WIRE  



6.1  General


6.1.1
The reference standards defined in this part of IS________ are convenient standards for calibration of non-destructive testing equipment. Their dimensions should not be considered as the minimum size of imperfections detectable by such equipment. 



6.1.2
The reference wires shall have the same specified diameter, same surface finish, and delivery condition (e.g. as-rolled, normalized, quenched and tempered) and similar steel grade as the wire being tested. 



6.1.3
The reference standards for the two testing techniques shall be as follows : 



(a)
A Transverse Longitudinal reference Notch as defined in 6.2.1 and 6.2.2 while using the Encircling Coil technique; 



(ii) A Transverse/ Longitudinal reference Notch as defined in 6.2.1 and 6.2.2, while using the Rotating Probe Coil technique. 



6.2  Dimensions of the Reference Standards  



6.2.1 Reference notch 


The dimensions of the reference notches related to the wire diameter shall not exceed the requirements of Table 1. 



The reference notch shall be of the “N” type (see Figure 3) and shall be : 



(ii) Transverse Longitudinal for Encircling Coil technique; and


(ii) Transverse/ Longitudinal for Rotating Probe Coil technique 



The sides shall be nominally parallel and the bottom shall be nominally square to the sides.  



The reference notch shall be formed by machining, spark erosion or other methods. 



NOTE—  The bottom or the bottom corners of the notch can be rounded. 



TABLE 1



SPECIFIED WIRE DIAMETER AND CORRESPONDING SIZES OF THE REFERENCE NOTCHES FOR POSSIBLE ACCEPTANCE LEVEL



			


			For Encircling Coil technique


			For Rotating Probe Coil technique





			Specified wire diameter


			Acceptance level Transverse Longitudinal Notch Depth


			Acceptance level Longitudinal/Transverse Notch Depth









			3mm to 10mm



 


			5% of the dia of wire OR 0.1mm whichever is more.


			5% of the dia of wire OR 0.1mm whichever is more.









			


			Flat Bottom Holes 



Sizes as agreed between Purchaser & Manufacturer 


			-








                                                         w
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w 
width 



d
depth 






Figure 3 “N” type Notch 



6.2.2
Dimensions of the reference notch  



(a)
Width, w (see Fig. 3) 



The width of the reference notch shall not be greater than the reference notch depth or 1mm whichever is greater. 



(b)
Depth, d (see Fig. 3) 



The depth of the reference notch shall be as given in Table 2 1 with the following limitations.





Minimum notch depth : 
0.1mm 





Maximum notch depth :
1mm 0.5mm


The tolerance on notch depth shall be +15% of reference notch depth.



(c)
Length :



(1)
When Encircling Coil technique is used  — The length will be decided by the depth of the notch. 



(2)
When Rotating Probe Coil technique is used — Unless otherwise specified by product standard or agreed between purchaser and manufacturer, the length of the longitudinal reference notch(es) shall be greater than twice the width of each individual probe coil or transducer. In any case, the length of reference notch shall not exceed 50mm 2mm. 



6.2.3
Verification of the reference standards 


The reference notch dimensions and shape shall be verified by a suitable technique and shall not exceed the value specified in Table 1. 



7   EQUIPMENT CALIBRATION AND CHECKING 


7.1
At the start of each inspection cycle, the equipment shall be calibrated to produce consistently, (e.g. from three consecutive passes of the reference wire through the equipment), clearly identifiable signals from the reference standards(s). These signals shall be used to activate their respective trigger alarm of the equipment as follows : 



(a)
When using Transverse Longitudnal reference Notch in case of Encircling Coil technique, the full signal amplitude obtained from the reference notch shall be used to set trigger / alarm level of the equipment. 



(b)
When using Longitudinal/Transverse reference Notch in case of Rotating Probe Coil technique, the full signal amplitude obtained from the reference notch shall be used to set the trigger / alarm level of the equipment. 



7.2 During the calibration check, the relative speed of movement between the reference wire and the test



coils/probes shall be the same as that used during the production test (see also 5.1.2, 5.1.3).  The same 


equipment setting for instance frequency, sensitivity, phase discrimination, filtering and eventual magnetic



saturation, shall be employed. 



7.3 The calibration of the equipment shall be checked at regular intervals during the production testing of wires of the same specified diameter and grade by passing the reference wire through the test equipment. 



The frequency of checking the calibration shall be at least every 4 h, but also whenever there is an equipment operator team changeover and at the start and end of production. 



7.4
The equipment shall be recalibrated if any of the parameters which were used during the initial calibration are changed. 



7.5
If on checking during production testing, the calibration requirements are not satisfied then all wires tested since the previous acceptable equipment calibration shall be retested after the equipment has been recalibrated. 



8  ACCEPTANCE  



8.1
Any imperfection on wire producing signals lower than the trigger / alarm level shall be deemed to have passed this test. 



8.2
Any imperfection on wire producing signals equal to or greater than the trigger/alarm level shall be designated suspect, or at the discretion of the manufacturer, may be retested. If, after two consecutive retests, all signals are lower than the trigger/alarm level, the wire shall be deemed to have passed this test otherwise the wire shall be designated as suspect. 



8.3  For suspect wires, one or more of the following actions shall be taken subject to the requirements of 


the product standard : 



(a)
By agreement between the purchaser and manufacturer the suspect area may be retested by the other non-destructive techniques and test methods, to agreed acceptance levels. 



(b)
The suspect area shall be cropped off. 



(c)
The manufacturer shall ensure that all the suspect areas have been removed. 



(d)
The wire shall be deemed not to have passed the test. 



9
TEST REPORT  



When specified, the manufacturer shall submit to the purchaser a test report including at least the following information : 




(a)
Reference to this part of IS____________ ;




(b)
Statement of conformity;



(c)
Any deviation, by agreement or otherwise, from the procedures specified; 




(d)
Product designation by steel grade and size; 




(e)
Type and details of inspection technique(s); 




(f)
Equipment calibration method used; 




(g)
Description of the reference standard acceptance level;




(h)
Date of test; and



(i)
Operator identification 



ANNEXURE A 



(Informative)



GUIDANCE NOTES ON LIMITATIONS OF EDDY CURRENT TEST METHOD 



A-1
EDDY CURRENT DEPTH OF PENETRATION 



A-1.1  During the eddy current testing of wires, the sensitivity of the test is at a maximum at the wire surface adjacent to the test coil and decreases with increasing distance from the coil. The signal response from a subsurface or internal surface imperfection is thus smaller than that from an external surface imperfection of the same size. 



A-1.2  The capacity of the test equipment to detect subsurface or internal surface imperfections is determined by various factors, but predominantly by technique and by the eddy current excitation frequency. Subsurface or internal imperfections larger than surface imperfection producing signal higher than the Acceptance Level, will be detected. 



A-1.3  The excitation frequency applied to the test coil determines the extent to which the induced eddy current intensity penetrates the wire. The higher the excitation frequency, the lower the penetration and conversely, the lower the excitation frequency, the higher the penetration. In particular, the physical parameters of the wire (conductivity, permeability, etc.) should be taken into account. 



A-2
ENCIRCLING COIL TECHNIQUE  



A-2.1  This test technique is preferred since they can detect short longitudinal imperfections and   transverse imperfections,   both  of which break, or lie below, the surface adjacent to the test coil. 



A-2.2  The minimum length of the longitudinal imperfection which is detectable is principally determined by the rate of change of section along the length of the imperfection. 



A-2.3  When using this technique on ferromagnetic steel, the products being inspected shall be magnetically saturated, inserting them into an external strong magnetic field. The intention of this saturation is to normalize and reduce the magnetic permeability of the material in order to increase the penetration capability of eddy current and to reduce possible magnetic noises from material itself. 



A-3
ROTATING PROBE COIL TECHNIQUE  



A-3.1  This test technique uses one or more probes/coils to describe a helical path over the wire surface. For this reason, this technique detects longitudinal imperfections with a minimum length dependent on the width of the Rotating Probe Coil and the inspection helical pitch. It is recognized that transverse imperfections are not normally detectable. 



A-3.2  Since the excitation frequency is significantly higher than that using Encircling Coil, only imperfections which break the wire surface adjacent to the test coil are detectable. 



�Figure 2, the schematic of rotating probe coil technique is not effectively conveying the function of rotating probe coil. An alternative drawing shall be given. 
















image1.png

>






image2.emf

PMTD4117491_2406 2022_2.pdf




PMTD4117491_24062022_2.pdf




For Comments Only       Doc No. : MTD 21 (17491) 
 



BUREAU OF INDIAN STANDARDS 
Draft Indian Standard 



NON-DESTRUCTIVE TESTING OF STEEL WIRES — AUTOMATED EDDY CURRENT TESTING OF 
STEEL WIRES FOR DETECTION OF SURFACE IMPERFECTIONS 



ICS 19.100 



________________________________________________________________________________ 
Not to be reproduced without the permission                                          Last date for receipt of 
BIS or used as STANDARD                                                                        comments is 24-07-2022 
_________________________________________________________________________________ 
 
FOREWORD 
(Formal clauses will be added later) 



 
 
1 SCOPE 



 
This part of IS _______ specifies requirements for automated Eddy Current Testing of Steel Wires for 
detection of “surface imperfections” according to the different acceptance levels as shown in Table 1. It is 
applicable to the inspection of Steel Wires of 1mm  3 mm to 10 mm diameter.    



 
2  REFERENCES   



The following standards contain provisions which through reference in this text, constitute 



provisions of this standard. At the time of publication, the editions indicated were valid. All 



standards are subjected to revision and parties to agreements based on this standard are 



encouraged to investigate the possibility of applying the most recent editions of the standards 



indicated below: 
      



           IS No                                                                                        Title 



 



IS 13805 : 2004                    General standard for qualification and certification of  



Non-destructive testing personnel — Specification 



ISO 9712 : 2012                     Non-destructive testing – Qualification and certification  of NDT       



                                               personnel 



ISO 11484 : 2019                  Steel products – Employer’s qualification system for non-destructive        



                                                  testing (NDT) personnel      



IS 12965 :1990 Glossary of terms used in electromagnetic Eddy          
Current Testing   



  
 
3  TERMS AND DEFINITIONS   



 
For the purposes of this document, the terms and definitions given in ISO 11484 IS 12965, IS 13805 and 
the following shall apply :  



 
3.1  Wire — Solid long steel product of uniform circular cross-section over the entire length of diameter not 
greater than 10mm produced by cold drawing process, in coil form.  
 
3.2  Cut length of Wire — Straight-cut length of Wire.  



 











3.3  Reference Standard — Standard for the calibration of non-destructive testing equipment (e.g. 



notches). 
 
3.4  Reference Wire — Length of Wire containing the reference standard(s).  



 
3.5  Reference Sample — Sample (i.e. Length of Wire) containing the reference standard(s). 



 
NOTE —  Only the term “reference wire” is used in this part of Standard, also covering the term “reference 
sample”.  
 
3.6  Manufacturer  — Organization that manufactures products in accordance with the relevant standard(s) 



and declares the compliance of the delivered products with all applicable provisions of the relevant 
standard(s).  
 
3.7  Agreement — Contractual agreement between the manufacturer and purchaser at the time of enquiry 
and order.  
 
4   GENERAL REQUIREMENTS  



 
4.1  Unless otherwise specified by the product standard or agreed on by the purchaser and manufacturer, 



this eddy current inspection shall be carried out on wires after completion of all the production process 
operations, such as rolling, heat treating, cold forming and hot working sizing and primary straightening.  
 
4.2 The wires being tested shall be sufficiently straight to ensure the validity of the test. The surfaces shall 



be sufficiently free of foreign matter which can interfere with the validity of the test.  
 
4.3 This inspection shall be carried out by trained operators qualified in accordance with IS 13805 or 



equivalent and supervised by competent personnel nominated by the manufacturer. In the case of third-
party inspection, this shall be agreed on between the purchaser and manufacturer.  
 
4.4  The operating authorization issued by the Manufacturer shall be according to a written procedure. NDT 



operations shall be authorized by a level 3 NDT individual approved by the Manufacturer.  
 
NOTE — The definition of levels 1, 2 and 3 can be found in appropriate Indian Standards, e.g. IS 13805 or International Standards, 
e.g. ISO 9712 and ISO 11484.  
 



5  TEST METHOD   
 
5.1  Test Techniques  



 
5.1.1 The wires shall be tested by the eddy current method for the detection of imperfections using in 
“absolute mode” and/or “differential mode” one of the following alternative automated or semi-automated 
techniques :  



 
(a) Encircling Coil technique – full peripheral Circumferential (see Fig. 1);  



 
(b) Rotating Probe Coil technique – full peripheral Circumferential (see Fig. 2)  



 
For both techniques, the chosen relative speed of movement of wire during the testing shall not vary by 
more than + 10%.  
 
NOTE 1 — It is recognized that there may be a short length at both ends of wire which cannot be tested. 
Any untested ends shall be dealt with in accordance with the requirements of the appropriate product 
standards.  



  











NOTE 2 — It is recognized that Encircling Coil technique is more effective / sensitive for detection of 
Transverse imperfections longitudinal imperfections.  



 
NOTE 3 — It is recognized that Rotating Probe Coil technique is more effective/sensitive for detection of  
Longitudinal imperfections. Both longitudinal and transverse imperfections. 



 
NOTE 4 — See Annexure-A for guidelines on the limitations of the eddy current test method.  



 



 
5.1.2 When testing wires using the Encircling Coil technique, the wire shall be passed at a constant 



speed through fixed Encircling Coil.  
   
5.1.3 When testing Wires using the Rotating Probe Coil technique the wire shall be passed at a constant 



speed through the centre-line of Test Head with probe rotating around the wire, such that the whole of the 
wire surface is scanned.  



 
NOTE 1 — It is emphasized that only surface breaking imperfections can be detected using this method i.e. eddy current testing 
method.  



 
 
5.2    Test Equipment  



 
The equipment shall be capable of classifying wires as either acceptable or suspect wires by means of an 
automated trigger/alarm level combined with a marking and / or sorting system.  
 



   
       
Key :  
 
 1 Secondary Coil 1  
 
 2 Primary Coil  
 
 3 Secondary Coil 2  
 
 4 Wire  
 
 ~ Alternate energizing current  
 
 ∆ v Signal output  



 
NOTE— The above diagram is a simplified form of a multi-coil arrangement which can contain, for example 
split primary coils, twin differential coils and calibrator coil.  











 
Figure 1 – Simplified diagram of the Encircling Coil technique 



 
   
  



 
 



Rotating Probe Coil technique – Linear movement of the Wire  
 



Key  
 
1 Position of Rotating Probe Coil  
 
2 Wire  
 
a Direction of probe rotation  
 



Figure 2 – Simplified diagram of Rotating Probe Coil technique 



  
 
6  REFERENCE WIRE   
 
6.1  General 



 
6.1.1 The reference standards defined in this part of IS________ are convenient standards for calibration 



of non-destructive testing equipment. Their dimensions should not be considered as the minimum size of 
imperfections detectable by such equipment.  



 
6.1.2 The reference wires shall have the same specified diameter, same surface finish, and delivery 



condition (e.g. as-rolled, normalized, quenched and tempered) and similar steel grade as the wire being 
tested.  



 
6.1.3 The reference standards for the two testing techniques shall be as follows :  



 
(a) A Transverse Longitudinal reference Notch as defined in 6.2.1 and 6.2.2 while using the 



Encircling Coil technique;  
 



(ii) A Transverse/ Longitudinal reference Notch as defined in 6.2.1 and 6.2.2, while using the 



Rotating Probe Coil technique.  
 
 











 
 
 
 
  
6.2  Dimensions of the Reference Standards   



 
 Reference notch  



 
The dimensions of the reference notches related to the wire diameter shall not exceed the requirements of 
Table 1.  
 
The reference notch shall be of the “N” type (see Figure 3) and shall be :  



 
(ii) Transverse Longitudinal for Encircling Coil technique; and 



 
(ii) Transverse/ Longitudinal for Rotating Probe Coil technique  



 
The sides shall be nominally parallel and the bottom shall be nominally square to the sides.   



 
The reference notch shall be formed by machining, spark erosion or other methods.  



 
NOTE—  The bottom or the bottom corners of the notch can be rounded.  



 
TABLE 1 



 
SPECIFIED WIRE DIAMETER AND CORRESPONDING SIZES OF THE 



REFERENCE NOTCHES FOR POSSIBLE ACCEPTANCE LEVEL 
 



 For Encircling 
Coil technique 



For Rotating Probe Coil 
technique 



 
 



Specified wire 
diameter 



Acceptance level 
Transverse 



Longitudinal 
Notch Depth 



Acceptance level 
Longitudinal/Transverse Notch 



Depth 
 



3mm to 10mm 
  



5% of the dia of 
wire OR 0.1mm 



whichever is more. 



5% of the dia of wire OR 
0.1mm whichever is more. 



 



Flat Bottom Holes  
Sizes as agreed 
between 
Purchaser & 
Manufacturer  



 
 



— 



  
 
                                                         w 
     
Key  
                                                              d 
w  width  
d depth  
   Figure 3 “N” type Notch  
 



 











6.2.2 Dimensions of the reference notch   



 
(a) Width, w (see Fig. 3)  
 
The width of the reference notch shall not be greater than the reference notch depth or 1mm whichever is 
greater.  
 
 
(b) Depth, d (see Fig. 3)  
 
The depth of the reference notch shall be as given in Table 2 1 with the following limitations. 



 
  Minimum notch depth :  0.1mm  
 
  Maximum notch depth : 1mm 0.5mm 
 
The tolerance on notch depth shall be +15% of reference notch depth. 
 
(c) Length : 



 
(1) When Encircling Coil technique is used  — The length will be decided by the depth of the notch.  



 
(2) When Rotating Probe Coil technique is used — Unless otherwise specified by product standard 



or agreed between purchaser and manufacturer, the length of the longitudinal reference notch(es) shall be 
greater than twice the width of each individual probe coil or transducer. In any case, the length of reference 
notch shall not exceed 50mm.  
 
6.2.3 Verification of the reference standards  



 
The reference notch dimensions and shape shall be verified by a suitable technique and shall not exceed 
the value specified in Table 1.  
 
7   EQUIPMENT CALIBRATION AND CHECKING  



 
7.1 At the start of each inspection cycle, the equipment shall be calibrated to produce consistently, (e.g. 



from three consecutive passes of the reference wire through the equipment), clearly identifiable signals 
from the reference standards(s). These signals shall be used to activate their respective trigger alarm of the 
equipment as follows :  
 



(a) When using Transverse Longitudnal reference Notch in case of Encircling Coil technique, the 



full signal amplitude obtained from the reference notch shall be used to set trigger / alarm level of 
the equipment.  



 
(b) When using Longitudinal/Transverse reference Notch in case of Rotating Probe Coil technique, 



the full signal amplitude obtained from the reference notch shall be used to set the trigger / alarm 
level of the equipment.  



 
7.2 During the calibration check, the relative speed of movement between the reference wire and the test 
coils/probes shall be the same as that used during the production test (see also 5.1.2, 5.1.3).  The same  
equipment setting for instance frequency, sensitivity, phase discrimination, filtering and eventual magnetic 
saturation, shall be employed.  
 
7.3 The calibration of the equipment shall be checked at regular intervals during the production testing of 



wires of the same specified diameter and grade by passing the reference wire through the test equipment.  



 











The frequency of checking the calibration shall be at least every 4 h, but also whenever there is an 
equipment operator team changeover and at the start and end of production.  
 
7.4 The equipment shall be recalibrated if any of the parameters which were used during the initial 



calibration are changed.  
 
7.5 If on checking during production testing, the calibration requirements are not satisfied then all wires 



tested since the previous acceptable equipment calibration shall be retested after the equipment has been 
recalibrated.  



 
 
 
8  ACCEPTANCE   



 
8.1 Any imperfection on wire producing signals lower than the trigger / alarm level shall be deemed to 



have passed this test.  
 
8.2 Any imperfection on wire producing signals equal to or greater than the trigger/alarm level shall be 
designated suspect, or at the discretion of the manufacturer, may be retested. If, after two consecutive 
retests, all signals are lower than the trigger/alarm level, the wire shall be deemed to have passed this test 
otherwise the wire shall be designated as suspect.  



 
8.3  For suspect wires, one or more of the following actions shall be taken subject to the requirements of  
the product standard :  



 
(a) By agreement between the purchaser and manufacturer the suspect area may be retested by 



the other non-destructive techniques and test methods, to agreed acceptance levels.  
 



(b) The suspect area shall be cropped off.  
 



(c) The manufacturer shall ensure that all the suspect areas have been removed.  
 



(d) The wire shall be deemed not to have passed the test.  
 
9 TEST REPORT   



 
When specified, the manufacturer shall submit to the purchaser a test report including at least the following 
information :  
 
 (a) Reference to this part of IS____________ ; 
 
 (b) Statement of conformity; 
 



(c) Any deviation, by agreement or otherwise, from the procedures specified;  
 
 (d) Product designation by steel grade and size;  
 
 (e) Type and details of inspection technique(s);  
 
 (f) Equipment calibration method used;  
 
 (g) Description of the reference standard acceptance level; 
 
 (h) Date of test; and 
 











 (i) Operator identification  











ANNEXURE A  
(Informative) 



 
GUIDANCE NOTES ON LIMITATIONS OF EDDY CURRENT TEST METHOD  



  
A-1 EDDY CURRENT DEPTH OF PENETRATION  



 
A-1.1  During the eddy current testing of wires, the sensitivity of the test is at a maximum at the wire surface 



adjacent to the test coil and decreases with increasing distance from the coil. The signal response from a 
subsurface or internal surface imperfection is thus smaller than that from an external surface imperfection of 
the same size.  



 
A-1.2  The capacity of the test equipment to detect subsurface or internal surface imperfections is 



determined by various factors, but predominantly by technique and by the eddy current excitation 
frequency. Subsurface or internal imperfections larger than surface imperfection producing signal higher 
than the Acceptance Level, will be detected.  
 
A-1.3  The excitation frequency applied to the test coil determines the extent to which the induced eddy 



current intensity penetrates the wire. The higher the excitation frequency, the lower the penetration and 
conversely, the lower the excitation frequency, the higher the penetration. In particular, the physical 
parameters of the wire (conductivity, permeability, etc.) should be taken into account.  



 
A-2 ENCIRCLING COIL TECHNIQUE   



 
A-2.1  This test technique is preferred since they can detect short longitudinal imperfections and   



transverse imperfections,   both  of which break, or lie below, the surface adjacent to the test coil.  
 
A-2.2  The minimum length of the longitudinal imperfection which is detectable is principally determined by 



the rate of change of section along the length of the imperfection.  
 
A-2.3  When using this technique on ferromagnetic steel, the products being inspected shall be 



magnetically saturated, inserting them into an external strong magnetic field. The intention of this saturation 
is to normalize and reduce the magnetic permeability of the material in order to increase the penetration 
capability of eddy current and to reduce possible magnetic noises from material itself.  
 
A-3 ROTATING PROBE COIL TECHNIQUE   



 
A-3.1  This test technique uses one or more probes/coils to describe a helical path over the wire surface. 



For this reason, this technique detects longitudinal imperfections with a minimum length dependent on the 
width of the Rotating Probe Coil and the inspection helical pitch. It is recognized that transverse 
imperfections are not normally detectable.  
 
A-3.2  Since the excitation frequency is significantly higher than that using Encircling Coil, only 



imperfections which break the wire surface adjacent to the test coil are detectable.  
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comments on IS 12666.pdf


6/22/23, 3:43 PM Email


https://email.gov.in/h/printmessage?id=22120&tz=Asia/Kolkata&xim=1 1/2


From : RAJENDRA KHURSINGE
<sitrack12@iricen.railnet.gov.in>


Subject : Fw: Clarification needed on para No. 4 of IS 12666-
2018.


To : MTDtcTWENTYONE Metallurgical Engineering
Department <mtd21@bis.gov.in>


Email MTDtcTWENTYONE Metallurgical Engineering Department


Fw: Clarification needed on para No. 4 of IS 12666-2018.


Fri, May 19, 2023 05:53 PM


Respected Sir, 


In connection with the above mentioned para No. 4 of IS 12666-2018 one more clarification is
requested.


For example during Linearity of Time base checking, If the range is selected 500 mm and Probe is
placed on 100 mm height of IIW Block, 


05 echoes will appear on screen. Then we adjust the 1st peak at 100 mm (2.0 division) for


reference. Now in ideal situation 2nd echo must 


be at 200 mm (4.0 div), 3rd echo at 300 mm (6.0 div), 4th echo at 400 mm (8.0 div) & 5th echo at
500 mm (10.0 div).


But due to some issue in machine, if the 2nd echo appears at 202 mm the deviation will be +2mm


for the 2nd peak and at the same time if the 3rd echo appears at 298 mm.


 What will be the deviation for 3rd peak?


1. 298 - 300 = - 2 mm               [ considering 300 mm ideal position of
and 298 mm actual position ] 


2. 298 - (202 + 100) = - 4 mm [considering 202 mm position of
previous echo + 100 mm beam path travelled by sound wave, 


3. 
a. 


i. 
1. 


     hencefore the ideal position of 3rd peak will be
at 302 mm] 


Please clarify.


With regards,


Rajendra Khursinge
Sr. Instructor 
Indian Railways Institute of Civil Engineering (IRICEN)
Pune.
7972151266, 7420041159
sitrack12@iricen.railnet.gov.in, rnkiricen@gmail.com







6/22/23, 3:43 PM Email


https://email.gov.in/h/printmessage?id=22120&tz=Asia/Kolkata&xim=1 2/2


From: RAJENDRAKHURSINGE
Sent: Wednesday, May 17, 2023 5:03 PM
To: mtd21@bis.gov.in <mtd21@bis.gov.in>
Subject: Clarification needed on para No. 4 related to IS 12666-2018.
 
Respected Sir,


I am working in Indian Railways Institute of Civil Engineering (IRICEN), Pune and
dealing with the subject of Ultrasonic Testing of Rails and Weld.
As per the Para No. 4.1.1 (d) of "MANUAL FOR ULTRASONIC TESTING OF RAILS
AND WELDS" for the characteristics checking of USFD equipment 
we have to refer IS 12666-1988. The IS 12666-1988 is revised and issued in 2018. 
In Para No. 4.6 of IS 12666-2018 the formula is given to calculate the percentage of non-
linearity of the USFD equipment (T = (amax / b) X 100) and according to that the
value of amax = maximum deviation found among all the echoes and b = number of small
divisions on the time base. In the previous revision of IS 12666-1988 the value of was
considered as the selected range in (mm). 


For example, if we are considering range is 250mm and holding the probe on 25mm thickness of
IIW (V1) Block, 10 echoes of 25mm depth will 
appear on screen on each division from 1 to 10. And if we are considering the amax is 2mm found
on the fourth peak which is appearing on 102mm.


As per previous revision of 1988, we are calculating the Non-Linearity of Time base in above case
as   T = (2/0.8 X 250) X 100 = 1 % 


Please clarify what will be the value of 'b' to be considered as per IS 12666-
2018. 
Some other doubts are also there in the procedure will communicate further.
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Annex – VI 
(Item 7.1) 


 
 
PROFORMA FOR PROPOSING NEW SUBJECTS FOR NATIONAL STANDARDIZATION 
 


1 
Proposer Name & Complete Contact 
Details including Phone no and Email ID 


 


2 


Proposed Title of the standard (Indicate 
whether the standard required is for product 
specification/methods of test/code of 
practice and define the subject in brief 


 


3 
Scope of the proposed standard (Define the 
limits to be considered) 


 


4 Purpose and Justification  


5 Likely users of standards and their inputs  


6 
Any related standard/series of 
standard/system standard required to make 
this subject standard complete 


 


7 
When the final standard would be 
required(any time limit) 


 


8 
Any specific problem being faced without 
this standard 


 


9 Bearing with Govt.  legislation regulation, 
etc 


 


10 


Name and address of 
manufacturers/implementing 
industries/purchasing 
organization/component supplier/raw 
material supplier, if any 


 


11 Status of the industry in the country  


12 Availability of test facilities in the country  


13 


Whether related to variety reduction, 
export, health, safety consumer protection, 
mass consumption, energy conservation, 
technology transfer, technology up-
gradation, protection of environment & 
other national priorities 
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14 


Relevant supportive document/other 
national/international standards, company 
standard, technical & research papers etc. if 
any (Please give reference or attach a copy) 


 


15 R&D work done in India  


16 Any foreign collaboration(give details)  


17 Liaison with any organization(s)  


18 


Preparatory work: 
a)whether draft attached 
b)whether outline attached and draft can be 
prepared 
c) No draft possible, if so, why? 


 


19 


Whether this project can be funded by your 
organization or can it be sponsored by 
industry/association/professional 
bodies/ministry? If yes, to what extent? 


 


20 
Whether your organization would be 
interested to opt for BIS Standard Mark 
once the standard is published? 


 


 
 
 
 
Date ………….. Signature


NOTES:   
1. It is desirable that information is provided by the proposer for all items of the 


2. 
3. 


proforma in any case information against item 1 to 5 must be provided. 
Write ‗NA‘ wherever not applicable.   
Add separate sheet to elaborate 
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Comments on Standard 10893 part 1 to part 5 (1).docx


		Comments on 10893-1-2011 Non-destructive testing of steel tubes —

Part 1: Automated electromagnetic testing of seamless and welded (except submerged arc-welded) steel tubes for the verification of hydraulic leak tightness



		Sr. No.

		Paragraphs

		Existing

		Suggested Change



		1

		1

		Tube thickness is not indicated 

		Tube having thickness more than 3.5 mm cannot be tested using eddy current testing



		2

		6.1.2

		Suggestion for Reference standard above 10 mm tube thickness is given

		No need to give any suggestions regarding reference standard for tubes of different thicknesses. 

The reference standard shall be of same chemical composition, heat treatment, dimensions (except length), manufacturing processes. 



		3

		6.6.2.2 b1

		Minimum Notch depth – 0.5 mm

		Minimum Notch depth – 0.1 mm



		4

		6.6.2.2 c

		In any case, the length of reference notch shall not exceed 50 mm

		In any case, the length of reference notch shall not exceed 25 mm



		5

		7

		No information regarding test parameters selection

		Test frequency shall be selected based on the tube wall thickness taken as one standard depth of penetration. Phase and Gain shall be selected to get the appreciable signal produced by smallest reference flaw. 



		6

		9

		NIL

		List of indications to be added























		Comments on ISO 10893 Part 4: Liquid penetrant inspection of seamless and welded steel tubes

for the detection of surface imperfections



		Sr. No.

		Paragraphs

		Existing

		Suggested Change

		BIS Comments



		1

		5.3

		NIL

		Requirements of sensitivity check of penetrant/developer combination on cracked sample having known crack size shall be added 

		The general principles and the methods of verification of liquid penetrant testing, sensitivity are described in ISO 3059,

ISO 3452-1 and ISO 3452-2 shall be applied is written in this standard itself.



		2

		8

		NIL

		List of indications to be added

		



		

		

		

		

		















		Comments on 10893-5-2011 Non-destructive testing of steel tubes —

Part 5: Magnetic particle inspection of seamless and welded ferromagnetic steel tubes for the detection of surface imperfections





		Sr. No.

		Paragraphs

		Existing

		Suggested Change

		BIS Comments



		1

		7.3

		NIL

		Demagnetization of the components shall be carried out after evaluation.

		Requirements are given in the referred standard ISO 9934-1, ISO 9934-2,iso 9934-3



		2

		8

		NIL

		List of indications to be added

		












































Comments on Standard 10893 part 1 to part 5 (1).docx


		Comments on 10893-1-2011 Non-destructive testing of steel tubes —

Part 1: Automated electromagnetic testing of seamless and welded (except submerged arc-welded) steel tubes for the verification of hydraulic leak tightness



		Sr. No.

		Paragraphs

		Existing

		Suggested Change



		1

		1

		Tube thickness is not indicated 

		Tube having thickness more than 3.5 mm cannot be tested using eddy current testing



		2

		6.1.2

		Suggestion for Reference standard above 10 mm tube thickness is given

		No need to give any suggestions regarding reference standard for tubes of different thicknesses. 

The reference standard shall be of same chemical composition, heat treatment, dimensions (except length), manufacturing processes.
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		6.6.2.2 b1

		Minimum Notch depth – 0.5 mm

		Minimum Notch depth – 0.1 mm



		4

		6.6.2.2 c

		In any case, the length of reference notch shall not exceed 50 mm

		In any case, the length of reference notch shall not exceed 25 mm



		5

		7

		No information regarding test parameters selection

		Test frequency shall be selected based on the tube wall thickness taken as one standard depth of penetration. Phase and Gain shall be selected to get the appreciable signal produced by smallest reference flaw. 



		6

		9

		NIL

		List of indications to be added























		Comments on ISO 10893 Part 4: Liquid penetrant inspection of seamless and welded steel tubes

for the detection of surface imperfections



		Sr. No.

		Paragraphs

		Existing

		Suggested Change

		BIS Comments



		1

		5.3

		NIL

		Requirements of sensitivity check of penetrant/developer combination on cracked sample having known crack size shall be added 

		The general principles and the methods of verification of liquid penetrant testing, sensitivity are described in ISO 3059,

ISO 3452-1 and ISO 3452-2 shall be applied is written in this standard itself.



		2

		8

		NIL

		List of indications to be added

		



		

		

		

		

		















		Comments on 10893-5-2011 Non-destructive testing of steel tubes —

Part 5: Magnetic particle inspection of seamless and welded ferromagnetic steel tubes for the detection of surface imperfections





		Sr. No.

		Paragraphs

		Existing

		Suggested Change

		BIS Comments



		1

		7.3

		NIL

		Demagnetization of the components shall be carried out after evaluation.

		Requirements are given in the referred standard ISO 9934-1, ISO 9934-2,iso 9934-3



		2

		8

		NIL

		List of indications to be added
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		Comments on 10893-1-2011 Non-destructive testing of steel tubes —

Part 1: Automated electromagnetic testing of seamless and welded (except submerged arc-welded) steel tubes for the verification of hydraulic leak tightness



		Sr. No.

		Paragraphs

		Existing

		Suggested Change



		1

		1

		Tube thickness is not indicated 

		Tube having thickness more than 3.5 mm cannot be tested using eddy current testing



		2

		6.1.2

		Suggestion for Reference standard above 10 mm tube thickness is given

		No need to give any suggestions regarding reference standard for tubes of different thicknesses. 

The reference standard shall be of same chemical composition, heat treatment, dimensions (except length), manufacturing processes.



		3

		6.6.2.2 b1

		Minimum Notch depth – 0.5 mm

		Minimum Notch depth – 0.1 mm



		4

		6.6.2.2 c

		In any case, the length of reference notch shall not exceed 50 mm

		In any case, the length of reference notch shall not exceed 25 mm



		5

		7

		No information regarding test parameters selection

		Test frequency shall be selected based on the tube wall thickness taken as one standard depth of penetration. Phase and Gain shall be selected to get the appreciable signal produced by smallest reference flaw. 



		6

		9

		NIL

		List of indications to be added























		Comments on ISO 10893 Part 4: Liquid penetrant inspection of seamless and welded steel tubes

for the detection of surface imperfections



		Sr. No.

		Paragraphs

		Existing

		Suggested Change

		BIS Comments



		1

		5.3

		NIL

		Requirements of sensitivity check of penetrant/developer combination on cracked sample having known crack size shall be added 

		The general principles and the methods of verification of liquid penetrant testing, sensitivity are described in ISO 3059,

ISO 3452-1 and ISO 3452-2 shall be applied is written in this standard itself.



		2

		8

		NIL

		List of indications to be added

		



		

		

		

		

		















		Comments on 10893-5-2011 Non-destructive testing of steel tubes —

Part 5: Magnetic particle inspection of seamless and welded ferromagnetic steel tubes for the detection of surface imperfections





		Sr. No.

		Paragraphs

		Existing

		Suggested Change

		BIS Comments



		1

		7.3

		NIL

		Demagnetization of the components shall be carried out after evaluation.

		Requirements are given in the referred standard ISO 9934-1, ISO 9934-2,iso 9934-3



		2

		8

		NIL

		List of indications to be added
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