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	Name of the Committee
	No. of Meeting
	Date & Day
	Time
	Hybrid Meeting

	Industrial Fuel Fired Furnaces Sectional Committee, MTD 26
	23rd

	
13-08-2024
Tuesday


	11 : 30 AM
	Venue: ENCON Thermal Engineers Private Limited

(53 KM Stone, Delhi - Mathura Road, Vill. Baghola, Distt. Palwal - 121 102 Haryana (India))
Link: https://bismanak.webex.com/bismanak/j.php?MTID=maa65f7ebf2a052c931accfe5ea3eec58

Meeting Id : 2510 732 3196
Password : mtd26
Contact : mtd26@bis.gov.in



Chairperson:  Shri Ajay Kumar	                             	   Member Secretary: Smt. Challakonda Vidisha
ATTENDANCE 
	Sl No.
	Organization
	Member Name
	Present/Absent

	1. 
	Ex - Steel Authority of India, Centre for Engineering and Technology, Ranchi
	Shri Ajay Kumar (Chairperson)
	Present 
(virtually)

	2. 
	Bharat Forge Limited, Pune
	Principal Member: Shri Jayant Deshmukh
Alternate Member : Shri Subhash S Yewale
	Present 
(virtually)

	3. 
	Bureau of Energy Efficiency, New Delhi
	Principal Member : Shri Milind B. Deore
Alternate Member: Shri P. Shayam Sunder
	Present 
(virtually)

	4. 
	CSIR - Central Glass and Ceramic Research Institute, Kolkata
	Alternate Member : Dr Sitendu Mandal
	Absent 

	5. 
	Durgapur Steel Plant, SAIL Durgapur
	Principal Member : Shri Kesri
	Absent 

	6. 
	ENCON Thermal Engineers Private Limited, Baghola
	Principal Member: Shri Vishve Bandhu Mahendra
Alternate Member: Shri Puneet Mahendra
	Present 
(physically)

	7. 
	Eastern Equipment and Engineers Private Limited, Kolkata
	Principal Member: Shri Alok Basu
Alternate Member: Shri Rajesh Chakravorty
	Present 
(virtually)

	8. 
	Indian Institute of Technology Kharagpur, Kharagpur
	Principal Member : Dr. Sukanta Kumar Dash
Alternate Member : Dr. Mahendra Reddy Vanteru
	Present 
(virtually)

	9. 
	Indian Seamless Metal Tubes Limited, Jaipur
	Principal Member : Shri Balram Agarwal
Alternate Member : Shri Bhagwan Paralkar
	Absent 

	10. 
	Ipsen Technologies Pvt Ltd, Kolkata
	Principal Member : Shri Abhijit Banerjee
Alternate Member : Shri Partha Guha Ray
	Absent 

	11. 
	MECON Limited, Ranchi
	Alternate Member: Shri A.K. Sinha
	Present 
(virtually)

	12. 
	MN Dastur and Company Private Limited, Kolkata
	Alternate Member : Shri Sarbari Dhari
Young Professional : Shri Santu Bhattacharya
	Absent 

	13. 
	National Institute of Secondary Steel Technology, Mandi Gobindgarh
	Principal Member : Shri Rajib Kumar Paul
Alternate Member : Shri Sandeep Pal Singh
	Absent 

	14. 
	Rail Wheel Factory, Bengaluru
	Alternate Member : Shri D.K. Gaur
Principal Member : Shri Naresh Kumar Barnawal
Young Professional : Shri Ashwani Kumar D
	Present 
(virtually)

	15. 
	Steel Authority Of India Limited(SAIL), Visvesvaraya Iron and Steel Plant (VISL), Bhadravathi
	Principal Member : Shri Samuel Prabhurajan
Alternate Member : Shri Chinna Krishna
	Present 
(physically)

	16. 
	Steel Authority of India Limited (SAIL) Rourkela Steel Plant,Rourkela
	Principal Member : Shri Abit Santosh Khakha
Alternate Member : Shri Brijeshwar Prasad Pandey
	Present 
(virtually)

	17. 
	Steel Authority of India Limited, Bhilai Steel Plant, Bhilai
	Principal Member : Shri Ajay Gajghate
Alternate Member : Shri Kamal
	Present 
(virtually)

	18. 
	Steel Authority of India Limited, Bokaro Steel Plant, Bokaro Steel City
	Principal Member : Shri Prabir kumar bhuin
Alternate Member : Shrimati Lalita Biruli

	Present 
(virtually)

	19. 
	Steel Authority of India, Centre for Engineering and Technology, Ranchi
	Principal Member : Shri Manish Kumar
	Present 
(physically)

	20. 
	Tata Steel Limited, Jamshedpur
	Principal Member : Dr. S. Sikdar (Retired)
	Absent

	21. 
	The Wesman Engineering Company Private Limited, Kolkata
	Principal Member : Shri Gautam Samanta
Alternate Member : Shri Amit Chaudhuri
	Present 
(physically)

	22. 
	In Personal Capacity
	Personal Capacity : Shri Saurav Ghosal
	Absent 

	INVITEES

	23. 
	Arjas Modern Steel - Mandi Gobindgarh
	Shri Sanjeev Dalodria
	Present 
(virtually)

	24. 
	IIT, Delhi 	
	Prof. Krishnakant Agrawal
	Present 
(virtually)



Item 0 WELCOME AND OPENING REMARKS
Smt. Challakonda Vidisha, member secretary, MTD 26 welcomed the chairman and all the committee members to the 23rd committee meeting of Industrial Fuel Fired Furnaces Sectional Committee, MTD 26. The member secretary requested the committee members to actively participate in the upcoming meetings as well and informed about the latest guidelines, where members who are absent for two consecutive meetings or more than 50% meetings held by TC in a year will be terminated by BIS. She encouraged the committee members to actively contribute to the standards formulation of MTD 26 by commenting on P-drafts. She informed that BIS has signed MoU with about 90 reputed educational institutes and the next TC meeting followed by seminar to be organized in one of these institutes. 
The members proposed organizing the next Technical Committee (TC) meeting in regions where industry clusters, particularly small-scale industries, are located. This would help the committee better understand the challenges faced by these industries and revise the standards to address their needs. The committee requested Shri P. Shayam Sunder from the Bureau of Energy Efficiency, New Delhi, to share the details of these small-scale industries so they can be invited to the seminar.
Shri Ajay Kumar, Chairman, MTD 26 welcomed the members to the 23rd committee meeting of Industrial Fuel-Fired Furnaces Sectional Committee, MTD-26.
Item 1 CONFIRMATION OF MINUTES OF THE LAST MEETING
A comment has been received from Shri Manish Kumar from SAIL, Ranchi to modify item 17(2) for more clarity and the revised minutes, incorporating these comments was circulated on 08-04-2024.
Since, no further comments were received on the Minutes of 22nd meeting of Industrial Fuel Fired Furnaces Sectional Committee, MTD 26 held on 15th March 2024 (Friday) through virtual mode, were circulated to the members vide email dated 28-03-2024 and revised minutes on 08-04-2024, the Committee confirmed the minutes of the meeting.
Item 2 SCOPE AND COMPOSITION OF COMMITTEE
2.1.1 The committee noted the information at Item 2.1 of the agenda and the members including chairman has suggested that Shri Manish Kumar, SAIL CET would be the most suitable member to chair MTD26 in the next term. The same will be proposed to MTDC for approval. 
2.1.2 The following inactive members were identified:
	Sl No.
	Organization
	Principal member
	Alternate member

	1. 
	Indian Seamless Metal Tubes Limited, Jaipur
	Shri Balram Agarwal
	Shri Bhagwan Paralkar 

	2. 
	CSIR - Central Glass and Ceramic Research Institute, Kolkata
	-
	Dr Sitendu Mandal

	3. 
	Durgapur Steel Plant, Sail Durgapur
	Shri Kesri 
	-

	4. 
	Tata Steel Limited, Jamshedpur
	Dr. S. Sikdar
	-

	5. 
	In Personal capacity 
	Shri Sourav Ghosal
	-



The committee decided to terminate the membership of the above organizations.

2.1.3 It was informed during the meeting that Shri A.K. Sinha representing MECON Limited, Ranchi has left the organization but is interested to continue membership in person capacity.
The committee requested member secretary to seek fresh nominations from MECON Limited and contact details of nominating authority to be given by Shri A.K. Sinha.
2.2 The committee noted the information at Item 2.2 to 2.5 of the agenda.
2.3 The committee noted the information at Item 2.6 of the agenda and decided to co-opt the following organization in the committee.
	Sl No.
	Organization
	Remark 
	Action Taken
	Remarks 

	1. 
	IIT Delhi
	The committee requested Sh. Vishve Bandhu Mahendra to provide the contact details of the nominating authority within the organization.
	A co-option request was sent to IIT Delhi, and Prof Krishna Kant Aggarwal has been nominated and has been invited to attend the meeting.
IIT Delhi will be co-opted once the complete nomination proforma along with details of principal member has been submitted.

	The committee noted the information.



Item 3 ACTION TAKEN REPORT
	Sl No.
	Subject
	Decision of the committee during previous meetings
	Action Taken
	Decision of the committee

	1. 
	Revision of   IS 12392 : 1988 Code of practice for design manufacture and testing of metallic Recuperators
	18th Meeting
The committee after deliberation decided to request Shri Alok Basu of Eastern equipment and Engineers Pvt Ltd to prepare working draft for revision of the Indian Standard and submit it to BIS within one month.
Reminder was sent over email 09/08/2021,14/10/2021,26/10/2021,15/11/2021.
19th Meeting
The committee requested M/s Eastern Equipment and Engineers Pvt Ltd to submit the Working draft within one month to BIS.
Working draft received and placed below : 


The committee is requested to form a panel on the subject to prepare a draft standard.
20th Meeting
The committee decided to form a new panel (MTD26:P02) for the drafting of this standard.
Panel Composition:
a) M/s SAIL CET - Shri Manish kumar
b) M/s ENCON Thermal engineers pvt ltd - Shri Vishve Bandhu Mahendra  
c) M/s Eastern equipment and Engineers Pvt Ltd   - Shri Alok Basu (convener)
d) M/s Wesman Engg Company Ltd 
e) M/s Petroleum Conservation Research Association (PCRA)
The panel is requested to finalise the working draft received on ‘Code of practice for design manufacture and testing of metallic Recuperators’ and submit the same to BIS within 45 days.
The panel meeting was held on 16-12-2022. We have received following comments on the working draft document from Mr. Alok Basu, M/s 
Eastern Equipment & Engineers Pvt Ltd which is highlighted in yellow:


21st Meeting
The committee after deliberation and requested Member Secretary to seek reference and missing data which is mentioned in draft document by mail from Mr Alok Basu, M/s Eastern Equipment & Engineers Pvt Ltd. 

After receiving the modified draft from Mr. Alok Basu, the document shall be sent for Wide Circulation for a period of 2 months. 

Further, the Committee also decided that if no comments received on WC or comments received are in editorial nature same to process for printing on approval of chairman MTD 26. 

The modified draft from Mr. Alok Basu is still awaited and the reminder was sent via mail dated 28th November 2023 and 29th February 2024.
Reply awaited.
The modified draft from Mr. Alok Basu was received after the agenda had been circulated and is placed below.


22nd Meeting
The committee after detailed deliberation felt that some items such as pie-charts are informative but not required to be mentioned in the standard and advised the member secretary to modify the draft according to BIS practices and circulate it within the committee as a P-draft for 2 weeks. If no comments/recommendations were received, document may be wide circulated for a period of 30 days.
	The document MTD/26/25871 was P circulated for the period of 14 days and no comments were received.
Hence, the document MTD/26/25871 is sent for wide circulation for 30 days on 02-08-2024.


The committee may please deliberate and decide.

	The committee decided to finalize the wide circulated document MTD/26/25871 after the completion of WC period if no comments are received/comments received are editorial in nature and send for printing.

	2. 
	Revision of IS 17082 : 2019 MTD 26 (23691) Guidelines for Design & Construction of Continuous pusher type coal/oil/gas fired reheating furnaces
	18th Meeting
The committee decided to form a panel to finalize the draft. 
The panel consists of : 
a) SAIL CET (convenor)- Shri Manish kumar
b) ENCON Thermal engineers pvt ltd - Shri Vishve Bandhu Mahendra  
c) Eastern equipment and Engineers Pvt Ltd   - Shri Alok Basu  
d) Wesman Engg Company Ltd  - Shri Gautam Samanta 

Working Draft is placed at ANNEXURE 3
Member Secretary BIS will organise online meeting of the panel.
Timeline was set to 45 days.
The panel MTD26:P01 conducted 1st meeting on 25/08/2021 and second meeting on 1st Dec 2021. 
Panel convener: Shri Manish Kumar of M/s SAIL CET 
Working draft provided by Panel is attached below: 


The committee may deliberate and decide.
19th Meeting
The committee reviewed the draft and agreed with the recommendation of the panel to drop the doc MTD 26 (10620) and consider the working draft present at Annex I  for revision of IS 17082 which was already circulated through email. 
The committee decided to send the draft for P-circulation of 30 days. 
The document is sent for P circulation of 30 days on 06/07/2022. 


20th Meeting
The committee after deliberation requested the panel (MTD26:P01) to include a clause for compliance to regulatory requirements. In addition to this a line may be added for addressing the relevant Sustainable Development Goal. 
The panel was requested to share the final P-draft within 15 days. The draft will be circulated with the committee members for their review and comments for the period of 10 days. In case, no comments are received, the draft shall be sent for wide circulation of 1 month.
The panel is not submitted working draft document incorporating clause for compliance to regulatory requirements and addressing the relevant Sustainable Development Goal.
21st Meeting
The committee after deliberation and discussion decided that there are no relevant SDG goals and compliance to regulatory requirements applicable on this standard and decided to circulate the document in WC for 60 days. 

Further, the Committee also decided that if no comments received on WC or comments received are in editorial nature same to process for printing on approval of chairman MTD 26. 

The document MTD/26/23691 is sent for wide circulation for 60 days on 06-03-2024.
22nd Meeting
The committee noted the information and decided to finalize the wide circulated document and send it for printing if no comments were received/comments received were editorial in nature.
	The document MTD/26/23691 is finalized and sent for printing.

The Committee may please note.

	The committee noted the information.

	3. 
	IS 14492 : 1997 Drying, pre-heating and commissioning of furnace installations, steam boilers, industrial kilns and chimneys - Recommendations
	21st Meeting
This standard to be reaffirmed and revised to bring the standard in the latest style and format of the Indian Standards. 
The Member Secretary requested Shri Manish Kumar to review the draft of IS 14492 via email dated 20th November 2023. No comments have been received.
The draft was P- circulated on 24th November 2023 for the period of 21 days and no comments were received.

22nd Meeting
The committee after detailed deliberation decided to send the draft document for wide circulation for a period of 30 days and then finalize the document and send it for printing if no comments were received/comments received were editorial in nature.
	The document MTD/26/24182 was sent for Wide Circulation for a period of 30 days from 31-05-2024 to 30-06-2024.
During Wide circulation period of the document a   comment has been received from Shri Anup Chandra -
“Some Guidelines for Location of Chimney for Different Type of Metallurgical Furnaces May Be Included in The Standard.
This Particularly for Electrically Heated Systems”

The Committee may please deliberate and decide.
	The committee decided that the comments received from Shri Anup Chandra are not relevant to this standard as this standard gives information about drying, preheating, commissioning of furnace for which drawings are already specified (location/layouts/drawings are not under the scope of this standard) also MTD26 committee deals with only fuel fired furnaces & related equipment, electrically heated systems are not a part of this committee and hence decided to finalize the document MTD/26/24182 and send for printing.

	4. 
	IS 12553 : 1988  Code of practice for design, construction, installation and operation of industrial gas/oil burning equipment
	21st Meeting
This standard to be reaffirmed and revised to bring the standard in the latest style and format of the Indian Standards. 

The draft was P- circulated on 20th November 2023 for the period of 21 days and no comments were received.

22nd Meeting
The committee after detailed deliberation decided to send the draft document for wide circulation for a period of 30 days and then finalize the document and send it for printing if no comments were received/comments received were editorial in nature.
	It was observed that the reference Australian standard  AS 1375: 1979 has revised in 1985, 2013 and 2023. Major changed have been done during these revisions.
Though it was decided to revise IS 12553 to bring the standard in the latest style and format of the Indian Standards, it is to bring to the notice of the committee regarding the major changes made in latest version of AS 1375. The committee may decide if the standard has to be revised as per the reference standard or not.

The Committee may please deliberate and decide.
	The committee advised the member secretary to circulate the list of major changes with respect to AS 1375:2023 among the committee members for a period of two weeks for their views and comments on whether major changes in AS 1375:2023 are to be incorporated in IS 12553 or not and also to express their interest to be the part of working to contribute to the revision of this standard. 
If it was decided to revise the standard based on AS 1375, a working group may be formed with the members who have expertise in this subject.

	5. 
	ISO 13577-2:2023 Industrial furnaces and associated processing equipment -- Safety -- Part 2: Combustion and fuel handling systems 
	18th Meeting
The committee requested Shri Rajib Kumar Paul of M/s National Institute of Secondary Steel Technology to review the document and give recommendation on whether the ISO standard can be adopted.
19th meeting
The committee after detailed deliberation decided to send the document for wide circulation for a period of 1 month
20th meeting
The committee decided to send the document for printing since no comments were received for the wide circulation draft 
21st Meeting
The Committee decided to send the document for printing. 

The document has been published under dual numbering IS 17984 (Part 2): 2024/ ISO 13577-2:2014.
Also, ISO 13577-2: 2014 has been revised by ISO 13577-2:2023.
22nd Meeting
The committee after detailed deliberation decided to revise IS 17984 (Part 2): 2024/ISO 13577-2:2014 by adopting latest version ISO 13577-2: 2023 and decided to send the document for wide circulation for a period of 30 days and then to finalize the document and send it for printing if no comments were received/comments received were editorial in nature.
	As decided, the document will be sent for Wide Circulation for the period of 30 days as decided by the committee in 22nd committee meeting.

The committee may please note.
	The committee noted the information.

	6. 
	ISO 13577-3:2016 Industrial furnaces and associated processing equipment -- Safety -- Part 3: Generation and use of protective and reactive atmosphere gases 

	18th Meeting
The committee requested Shri Rajib Kumar Paul of M/s National Institute of Secondary Steel Technology to review the document and give recommendation on whether the ISO standard can be adopted.
19th meeting
The committee after detailed deliberation decided to send the document for wide circulation for a period of 1 month.
20th meeting
The document was wide circulated for one month and no comments received during the period. However, during the meeting M/s IPSEN – Shri Abhijeet Banerjee requested 1-week time to study the documents before sending it for printing. 
The committee agreed to the request of Shri Abhijeet Banerjee and advised him to submit the comments within 1 week. In case of absence of any comments, member secretary was advised to proceed the documents for printing
21st Meeting
The committee after detailed deliberation decided to send the comments received from Mr. Abhijeet Banerjee during WC of document MTD26 (19269) to ISO for ISO 13577-3: 2016, as the standard is being adopted under dual numbering. 

The Committee also decided to send the document MTD26 (19269) for printing.
The document is currently under publication stage and is sent for printing on 09-02-2024.
22nd Meeting
The committee noted the information.
	The document was printed on 04-06-2024.


The committee may note.
	The committee noted the information.

	7. 
	ISO 13577-4:2022 Industrial furnaces and associated processing equipment – Safety-Part 4: Protective systems 

	18th Meeting
The committee requested Shri Rajib Kumar Paul of M/s National Institute of Secondary Steel Technology to review the document and give recommendation on whether the ISO standard can be adopted.
19th meeting
The committee after detailed deliberation decided to send the document for wide circulation for a period of 1 month
20th meeting
The document was wide circulated for one month and no comments received during the period. However, during the meeting M/s IPSEN – Shri Abhijeet Banerjee requested 1-week time to study the documents before sending it for printing. 
The committee agreed to the request of Shri Abhijeet Banerjee and advised him to submit the comments within 1 week. In case of absence of any comments, member secretary was advised to proceed the documents for printing
21st Meeting
Since ISO 13577-4:2014 has been revised as ISO 13577-4:2022. The committee after deliberation and discussion decided to adopt ISO 13577-4: 2022 under dual numbering and the document shall be sent for Wide Circulation for a period of 2 months. 

Further, the Committee also decided that if no comments received on WC or comments received are in editorial nature same to process for printing on approval of chairman MTD 26.
The document is currently under publication stage and is sent for printing on 09-02-2024.
22nd Meeting
The committee noted the information.
	The document was printed on 22-07-2024.


The committee may please note.
	The committee noted the information.



Item 4 DRAFT STANDARDS/AMENDMENTS FOR FINALIZATION/PRINTING
The committee decided to finalize the following documents and send it for printing.
	Sl No
	IS No/Doc No./ISO No.
	Title
	Remarks 

	1. 
	IS 12392 : 1988
MTD/26/25871
	Code of practice for design, manufacture and testing of metallic recuperators
	Please refer Item 3, Sl no. 1.

	2. 
	IS 14492 : 1997 
MTD/26/24182
	Drying, pre-heating and commissioning of furnace installations, steam boilers, industrial kilns and chimneys - Recommendations
	Please refer Item 3, Sl no. 3.



Item 5 DRAFT STANDARD/ AMENDMENTS FOR APPROVAL FOR WIDE CIRCULATION
The committee decided to Wide circulate the following documents for a period of 30 days.
	Sl No
	IS No/Doc No./ISO No.
	Title
	Remarks

	1. 
	IS 17984 (Part 2): 2024/ISO 13577-2:2014
	Industrial furnaces and associated processing equipment -- Safety -- Part 2: Combustion and fuel handling systems
	Please refer Item 3, Sl no. 5.



Item 6 DRAFTS UNDER PREPARATION
The following drafts are under preparation.
	Sl No
	IS No/Doc No./ISO No.
	Title
	Remarks

	1. 
	IS 12553 : 1988  
MTD/26/24181
	Code of practice for design, construction, installation and operation of industrial gas/oil burning equipment
	Please refer Item 3, Sl no. 4.



Item 7 COMMENTS ON PUBLISHED STANDARDS
The committee noted the information at Item 7.
Item 8 NEW SUBJECTS
The committee noted the information at Item 8.
Item 9 TECHNICAL ISSUES
The committee noted the information at Item 9.
Item 10 INTERNATIONAL ACTIVITIES
10.1 The committee noted the information at Item 10.1
The committee advised the member secretary to circulate ISO 4529:2023 & ISO 23495:2021 to all the committee members for their views and recommendations on whether new Indian standards on the above subjects to be taken up or not.
10.2 The committee noted the information at Item 10.2.
	ISO
	Meeting Number
	Mode
	From Date - To Date
	Location

	ISO/TC 244 - Industrial furnaces and associated processing equipment
	13
	Face to Face
	20/11/2024 - 22/11/2024
	Osaka, Japan



Item 11 PROGRAMME OF WORK
11.1 The committee noted the information at Item 11.1.
11.2. The committee noted the information at Item 11.2.
Standards that are due for review this year are as follows and the committee decided as follows:
	Sl No.
	IS No.
	Title
	Due Date
	Decision of the committee

	1.
	IS 16191 : 2014
	Safety for oil fired furnaces
	February, 2025
	The committee requested Shri Vishve Bandhu Mahendra from ENCON Thermal Engineers Private Limited and Shri Gautam Samanta from The Wesman Engineering Company Private Limited to review the standard and give their inputs within 1 month. 



11.3 The committee noted the information at Item 11.3.
Item 12 IMPLEMENTATION OF INDIAN STANDARDS
The committee noted the information at Item 12.
Item 13 R&D PROJECTS FOR ESTABLISHMENT/REVISION OF INDIAN STANDARDS
The committee noted the information at Item 13.
Item 14 LATEST INITIATIVES TAKEN BY BIS:
The committee noted the information at Item 14.
Item 15 TASKS ASSIGNED TO THE TECHNICAL COMMITTEES BY BIS:
The committee noted the information at Item 15.
Item 16 DATE AND PLACE OF NEXT MEETINGS (FY 2024-2025):
	Sl No.
	Meetings planned 
	Date (tentative)
	Mode/Venue (tentative)

	1. 
	23rd Meeting
	13th August 2024
	Physical/Hybrid: Manak Bhawan, New Delhi
(ENCON Thermal Engineers Private Limited)

	2. 
	24th Meeting
	18th October 2024 
	Physical/Hybrid: Kolkata 

	3. 
	25th Meeting 
	20th January 2025
	Physical/Hybrid: Chandigarh



[bookmark: _ANNEXURE_1]Item 17 ANY OTHER BUSINESS
The committee has decided to accept the transfer of IS 13306:1992 “Oil and gas fired thermic fluid heaters-Method of calculation of film temperatures” to MTD 26 as the standard is within the scope of MTD 26 “Standardization in the field of industrial fuel fired furnaces” & ISO/TC 244 -Industrial Furnaces and associated processing equipment.
Further, the committee requested member secretary to share this standard to all the members to identify the members who has expertise in this subject.
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Working draft  IS12392 received from Eastern Equipmens.docx


Working draft IS12392 received from Eastern Equipmens.docx
 IS : 12392 – 1988

		Working draft on 

CODE OF PRACTICE FOR

DESIGN, MANUFACTURE AND TESTING OF

METALLIC RECUPERATOR



		1.Introduction 



This document describes the basics of hot air/gas recuperator for Industrial furnaces, Kilns and similar heating applications.



A recuperator is basically a device used to recover energy from the waste flue gasses from a furnace/kilns etc.  Normally the unutilised energy is tapped to preheat the air/gas which will be fed to the furnace heating system thus reducing the energy required to attain a specific energy liberation needed in the furnace/kilns or other heating system.



The end objective is to recover energy from the waste gas and/or to reduce the temperature of the waste gasses (as in case of gas coolers).  This improves the overall thermal efficiency of the system.  This is explained by the typical heat balance diagram, as illustrated in figure – 1.



[image: ]Based on this method overall combustion efficiency can also be illustrated in percentage available heat curve.  A typical curve for natural gas is explained in figure – 2.  The percentage available heat is in another way the overall thermal efficiency.	Comment by dushyant: Not clearly understood.

Fig 1 Typical heat balance diagram of a Furnace







[image: ]	Comment by dushyant: Values/percentages are missing. 
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Fig 2 Available heat of products of combustion and relationship with Air preheat and Furnace temperature 



2.  Scope – Covers guidelines for design, manufacture, inspection and testing of metallic recuperators, to be used with industrial furnaces/kilns/other heating systems.



Insert Important Terminology/Definitions 



3.  Types of Recuperators and their selection 



3.1 Depending on the method of heat transfer, taking place from the hot gases to the cold air/gas, the recuperator can be grouped into following three categories:



a) Convection type – The tubular heat transferring element may be made either from drawn tubes, ERW tubes, fin or fabricated or from cast tubes.  Material of construction for the cast tubes could be either alloy cast iron or alloy steel, depending on the design requirement.  A convection type tubular recuperator may be installed in the flue duct. 

A typical example is shown in Fig 3.



b) Radiation type – Radiation type recuperator has two concentric shells with the air/gas to be preheated passing through the annular space between the two shells and the hot waste gases passing in the centre.  This is called a ‘Double Shell Type’ radiation recuperator.  If tubes are arranged around the rising/descending hot waste gases, it is called a ‘Tube Radiation Recuperator’.



c) Combination recuperator – As the name suggests, generally a part of it is a radiation recuperator (either double shell or tubular type) and the other part is a convection recuperator.  There could be also combination of a double shell radiation recuperator and a tubular radiation recuperator.



[image: ][image: E-1107 GA-Model]



Fig 3 Typical Convection Recuperator



3.2  Depending on the handled medium, Recuperators are grouped into the following categories :

a) Air Recuperators : The handled medium can be atmospheric air, furnace / process atmosphere gasses, mixtures, with various combinations of gaseous elements like Hydrogen, Nitrogen, SOx, NOx, waste gasses from combustion, etc., and any such mixture which is not intended to be used as a fuel for other processes.

b) Gas Recuperators : The handled medium is a fuel gas (combustible gas) like BFG, COG, Mixed Gas, LPG, Natural Gas, Bio Gas, Producer Gas, etc., which are to be used for combustion and as a fuel.



3.3  Selection of recuperators  – 

For the selection of recuperator, following guidelines are recommended:



3.3.1 Convection type recuperators are generally used with flue gas temperatures below 1050°C at recuperator.  For higher flue gas temperature, radiation type recuperators are used.  In special applications, recuperators achieving heat transfer, both by radiation and convection methods, are also used.  Recuperators can be categorised depending on the constructional features and the method in which it is installed on the path of the waste gases.



3.3.2 Metallic recuperators can be installed with furnaces, using various types of fuels like coal, oil and gases either by themselves or in combination with other.  The application of fuel that is intended to be used in the furnace shall be taken into consideration while selecting the type of recuperator.  It is also important to consider the corrosion aspect of the fuel/flue gases while selecting the material for construction of the heat exchanging surfaces.  Only that fuel, for which the furnace equipped with a recuperator has been designed, shall be used.  In case of any change in type or quality of fuel in such a furnace, a prior consultation with the furnace/recuperator manufacturer is necessary.



4.  Design Parameters



4.1  Operating Data of Equipment Where Metallic Recuperator is Used – The purchaser shall furnish the following data/information to the manufacturer regarding the operating parameters of furnace/process equipment where a recuperator is intended to be installed for optimum design of the recuperator:



a) Type of furnace installation,

b) Capacity of furnace,

c) Type of fuel,

d) Calorific value (kcal/m³/kg),

e) Fuel quantity (to be specified whether with or without recuperator) (kg/m³/h),

f) Percentage of excess air (combustion) (m³/h),

g) Flue gas volume (m³/h),

h) Air volume to be preheated (m³/h),

i) Fuel gas volume to be preheated (m³/h),

j) Flue gas temperature at inlet to recuperator (K or °C),

k) Desired temperature of air preheat (K or °C),

l) Desired air preheat with flue gas (K or °C),

m) Flue gas withdrawal by natural draft stack/forced draft stack/ID Fan.

n) Permissible pressure drop on flue gas side [ mm of H²O (gauge) ],

o) Permissible pressure drop on air/fuel gas side (if fuel gas preheating desired) [ mm of H2O (gauge)],

p) Type of installation desired

1) Underground flue duct,

2) Overground flue duct,

3) Any other type of installation, inside insulated casing.

q) Details of available space for recuperator installation (maximum flue duct width, depth and length drawing showing proposed layout, wherever possible).



4.2  The manufacturer on receipt of the data from the purchaser would work out the design parameters of the recuperator and shall furnish the data for the operation of the recuperator.  The manufacturer shall inform the purchaser of the following performance parameters (which result out of the design of the recuperator) and shall guarantee that these are attainable:



a) Flue gas temperature at inlet to recuperator (°C),

b) Flue gas volume plus cooling air/water volume (m³/h),

c) Air inlet/outlet temperature (°C),

d) Flue gas outlet temperature (°C),

e) Useful heat transfer (kcal/Pr),

f) Pressure drop on flue gas side [ mm of H2O (gauge)],

g) Pressure drop on air side [ mm of H2O (gauge)],

h) Maximum permissible temperature of flue gas at inlet of recuperator (K or °C),

i) Maximum permissible air preheat temperature at outlet of recuperator (K or °C), and

j) Minimum air volume that should be passed through the recuperator at any period of time (m³/h).



4.2.1 In order to be specific about the requirement of the Recuperator the useful data for design condition should be put in a tabulated form which should be the basis of design and operation.

A typical form may be as in Table 4.



Table 4 Typical recuperator specification sheet

		OPERATING DATA 



		

NEW SPECIFICATIONS

		UNITS

		Max condition

		Normal usage



		Excess Air

		%

		

		



		WASTE GAS



		BEFORE

DILUTION

		Volume 

		Nm³/h 

		

		



		

		Temperature

		ºC

		

		



		

		Quantum through Recuperator

		%

		

		



		AFTER

DILUTION

		Dilution Air Volume 

		Nm³/h

		

		



		

		Inlet Temperature at air recuperator

		ºC

		

		



		

		Outlet Temperature (approx.)  

		ºC

		

		



		

		Volume through Air recuperator

		Nm³/ h

		

		



		COMBUSTION AIR



		

		Volume for Combustion

		Nm³/ h

		

		



		

		Bleed Air Volume

		Nm³/ h

		

		



		

		Bypass Air Volume

		Nm³/ h

		

		



		

		Volume through Recuperator 

		Nm³/ h

		

		



		

		Inlet temperature

		ºC

		

		



		

		Air preheat at Recuperator 

		ºC

		

		



		

		Connected heat load (approx.)

		kW

		

		



		

		Flue gas side

		mm WG

		

		



		

		Air Side

		mm WG

		

		



		MOMENTARY PERMISSIBLE OPERATING CONDITIONS (INDIVIDUALLY)



		Minimum Air flow

		Nm³/Hr

		



		Maximum Flue gas inlet temperature

		ºC

		



		Maximum Air preheat at Recuperator

		ºC

		



		Minimum Flue gas outlet temperature

		ºC

		







4.2.2  Performance guarantee by the manufacturer – It should be understood that the salient performance data for the recuperator, such as air preheat temperature, overall thermal efficiency and the pressure drops on the waste gas and air/fuel gas side that would be attainable so far as the input data regarding the operation of the furnace/process equipment given by the purchaser are the same in actual operation and this would be guaranteed by the manufacturers as per the operating data sheet in Table 4



Clarification Note:

It should be understood that the recuperator is an equipment which is designed to recover the energy from the sensible heat available in the flue.  Based on the quantity and available temperature of the flue as well as the quantity of the combustion air, the Air/Fuel Gas preheat will be determined. If actual operating condition, the above data varies from the specified condition the air preheat will also change. Under such condition the performance data need to be redefined or corrected. A good idea will be to see the flue gas actual temperature down stream of the recuperator vis-à-vis the operating data sheet which gives the indication of performance of the recuperator.





5.  Material for Recuperator



5.1  The manufacturer of recuperators normally designs the recuperator, and guarantee its performance and the suitability of materials used for construction to the purchaser.  Therefore, it is the responsibility of the manufacturer to satisfy himself that the right quality of materials have been chosen and used in manufacturing the recuperator to achieve the guaranteed performance of the recuperator.  The materials used should withstand the wall temperatures which is attainable in the heat transfer areas at the maximum operating conditions as agreed to between the manufacturer and the purchaser.  Conditions as dictated by presence of undesirable impurities in fuel oil/gases should be considered by the manufacturer while choosing the material for construction. The most important part are the tubes of the recuperator.  Depending on the design, the tubes can be of various materials like ferritic stainless steel, Austenitic stainless steels, Duplex etc.   In the colder areas the tubes are normally made of carbon steel. The selection is as per the design standards of the manufacturers and is guided by the operating condition, skin temperature of the tubes as well as of the flue, its dust content, corrosive nature or not, etc. The Tubes can be circular or elliptical, and straight or bent as per design.  The material and design of the tube is a matter of designers experience.  



5.2  If agreed to between the purchaser and the manufacturer, any special material of construction can be utilised to suit specific requirements. The same shall be informed to the purchaser, and may be inspected by purchaser or his authorised agency. 



6.  Manufacturer



6.1 The manufacturer shall ensure that the manufacturing practice used by them in their shop conforms to the standard practices specifically for bending, welding, etc, and manufacturer has to give due consideration to the operating condition to which the recuperator would be subjected to, when in use.  It has to be understood, however, that a metallic recuperator for preheating combustion air/fuel gas is not a pressure vessel or a high-pressure heat exchanger.  In the sense of the terms normally used while manufacturing and inspecting equipment for the chemical, fertilizer and similar process industries.



6.2 When specifically agreed between the purchaser and manufacturer, inspection in various stages of manufacturing of the recuperator can also be carried out by the purchaser or his authorised agency.



7.  Inspection and Acceptance of Recuperator Prior to Despatch



7.1 Overall Dimensions – The overall dimensions for installation of the recuperator shall be checked to conform to the general arrangement drawing submitted by the manufacturer to the purchaser at the time of ordering.  This would ensure that the recuperator can be installed in the duct or housing made by the purchaser in advance according to the information furnished by the recuperator manufacturer.



7.2  Pressure Test – Metallic recuperators, after fabrication in a workshop and without the inlet and outlet ducting connections, shall be subjected to leakage test, either by flow pressure method or by static pressure method.  In the flow pressure method, air at a particular pressure is allowed to flow through the recuperator and the loss of volume of air due to leakage, if any, is measured.  In a static pressure method, a pre-determined test pressure is applied to the recuperator which is closed with blind flanges, stop cock, etc, at its openings and the losses of pressure after a prescribed lapse of time is measured.  The allowable losses in volume/pressure of air in the flow pressure test, as also in the static pressure test methods, are given below:



Method of Test                                                            Allowable Losses

                                                               ------------------------------------------------

                                                               Air Recuperator         Gas Recuperator

                                                                 (percent)                         (percent)

Flow Pressure Method                             0.2                                        0.002

Static Pressure Method                            50                                         10

                                                                (in 6 minutes)               (in two hours)



Both the methods amount to the same level of leakage performance.



Note 1 – Tests are conducted at room temperature.

Note 2 – Applied air pressure in static pressure test method is recommended to be 1000 mm or 1.5 times the working air/gas pressure at recuperator inlet.



7.2.1  The method used for pressure testing may be agreed between the purchaser and the manufacturer.



8.  Workmanship and Finish



8.1 The workmanship so far as bending, welding of pressure parts and the general appearance are concerned, should be checked to ensure that the recuperators are clean, sound and free from harmful defects.



9.  Repair



9.1 In case a recuperator does not give satisfactory result when put to pressure test, rectification of the same is allowed twice by the same method as employed for the manufacture of the recuperator.  Thereafter, the recuperator would be put to pressure test again.



10.  Certificate



10.1  The manufacturer shall furnish certificates to the purchaser in respect of the following:



a) Result of pressure test as per the typical format given below.

b) Warranty on workmanship and use of proper material.



(Test Certificate copy to put here)



10.2  In addition to the above, if specifically agreed between the purchaser and manufacturer, a certificate giving the specifications of the materials used and a copy of the original manufacturers’ certificate for the same, may be furnished to the purchaser.



11.  Testing of Recuperator while in Operation



11.1 Running Tests – Testing of recuperators in operation would mean investigation during continuous operation along with the specific furnace when fully stabilised under specified operating conditions.  



The period of test should be chosen in such a way that related furnace is in the same thermal state at the start and end of the test.  The running tests should consist of:



a) Preheat test for air/gas, and 

b) Pressure drop test:

1) Air side, and

2) Gas side (flue gas).



11.1.1 A test programme should be drawn jointly by the contracting parties (purchaser and supplier) mentioning the measurements to be taken, allowable tolerance, and measuring and regulating equipment, instruments to be used.



11.1.2 The time schedule for conducting performance tests should be mutually agreed upon.  Tests should be conducted not earlier than three weeks and not later than 12 weeks after the date of final commissioning/commercial use.



11.1.3 Tests should be performed by the supplier in presence of client’s accredited representative.  A record should be kept through the test recording all readings at short intervals of about 15 minutes on indicating/measuring instruments.



11.2  Preheat Test – Preheat temperature of gas/air should be measured by inserting a thermo-couple at a point in the delivery pipeline within one metre from the preheated gas/air outlet of the recuperator and connected to a calibrated temperature measuring equipment.  Simultaneously, the measurement of the flue gas temperature and cross checking by way of calculating (based on the rate of fuel usage and oxygen content in the flue gas during test period), to volume of flue gases and gas/air being preheated are also necessary to co-relate with the preheat value.



11.3  Pressure Drop Test -  The tolerance in the guarantee value under specified flow conditions shall be mutually agreed to between the purchaser and the manufacturer.  Testing under safety flow conditions should be carried out with calibrated pressure gauge to simultaneously measure pressure across the recuperator both on flue gas side and on gas/air side.  The locations of pressure taps must conform to relevant norms prescribed by the instrument maker.



11.4  When the related furnace will often run on partial loads, performance test can be conducted also based on a partial load.  The value of the partial load and corresponding guarantee values in recuperator performance should be mutually agreed to between the contracting parties and specified in the test programme.  The results of the corresponding tests should be signed by the contracting parties.





CONCLUDING REMARK



E X P L A N A T O R Y   N O T E



Recuperators, in general, and metallic recuperators, in particular are being increasingly used in industrial furnaces in India.  At present, the manufacture and testing of metallic recuperators is being done according to the standard of the manufacturers in the country.  In order to provide some guidelines for metallic recuperators, this code has been prepared.



The aim of the standard is to – draw up specification for recuperators which would help, both, the purchaser and the manufacturer in ordering and manufacturing of a metallic recuperators, and the requirements to be met by the manufacturer.  It also covers the provisions of the guarantee that the manufacturer is expected to give for the recuperators.
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ANNEXTURE 1

IS : 12392 – 1988

		Working draft on 

CODE OF PRACTICE FOR

DESIGN, MANUFACTURE AND TESTING OF

METALLIC RECUPERATOR



		1.Introduction 

This document describes the basics of hot air/gas recuperator for Industrial furnaces, Kilns and similar heating applications.



A recuperator is basically a device used to recover energy from the waste flue gasses from a furnace/kilns etc.  Normally the unutilised energy is tapped to preheat the air/gas which will be fed to the furnace heating system thus reducing the energy required to attain a specific energy liberation needed in the furnace/kilns or other heating system.



The end objective is to recover energy from the waste gas and/or to reduce the temperature of the waste gasses (as in case of gas coolers).  This improves the overall thermal efficiency of the system.  This is explained by the typical heat balance diagram, as illustrated in figure – 1.



[image: ]Based on this method overall combustion efficiency can also be illustrated in percentage available heat curve.  A typical curve for natural gas is explained in figure – 2.       The percentage available heat is in another way the overall thermal efficiency.  The available heat as per the diagram below gives an id idea of overall thermal efficiency of the system.

Fig 1 Typical heat balance diagram of a Furnace
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New pictures replacing the above are being sent separately.
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Fig 2 Available heat of products of combustion and relationship with Air preheat and Furnace temperature 



Source of Graph will be added.



2.  Scope – Covers guidelines for design, manufacture, inspection and testing of metallic recuperators, to be used with industrial furnaces/kilns/other heating systems.



Insert Important Terminology/Definitions 



3.  Types of Recuperators and their selection 



3.1 Depending on the method of heat transfer, taking place from the hot gases to the cold air/gas, the recuperator can be grouped into following three categories:



a) Convection type – The tubular heat transferring element may be made either from drawn tubes, ERW tubes, fin or fabricated or from cast tubes.  Material of construction for the cast tubes could be either alloy cast iron or alloy steel, depending on the design requirement.  A convection type tubular recuperator may be installed in the flue duct. 

A typical example is shown in Fig 3.



b) Radiation type – Radiation type recuperator has two concentric shells with the air/gas to be preheated passing through the annular space between the two shells and the hot waste gases passing in the centre.  This is called a ‘Double Shell Type’ radiation recuperator.  If tubes are arranged around the rising/descending hot waste gases, it is called a ‘Tube Radiation Recuperator’.



c) Combination recuperator – As the name suggests, generally a part of it is a radiation recuperator (either double shell or tubular type) and the other part is a convection recuperator.  There could be also combination of a double shell radiation recuperator and a tubular radiation recuperator.



[image: E-1107 GA-Model][image: ]



Fig 3 Typical Convection Recuperator



3.2  Depending on the handled medium, Recuperators are grouped into the following categories :

a) Air Recuperators : The handled medium can be atmospheric air, furnace / process atmosphere gasses, mixtures, with various combinations of gaseous elements like Hydrogen, Nitrogen, SOx, NOx, waste gasses from combustion, etc., and any such mixture which is not intended to be used as a fuel for other processes.

b) Gas Recuperators : The handled medium is a fuel gas (combustible gas) like BFG, COG, Mixed Gas, LPG, Natural Gas, Bio Gas, Producer Gas, etc., which are to be used for combustion and as a fuel.



3.3  Selection of recuperators  – 

For the selection of recuperator, following guidelines are recommended:



3.3.1 Convection type recuperators are generally used with flue gas temperatures below 1050°C at recuperator.  For higher flue gas temperature, radiation type recuperators are used.  In special applications, recuperators achieving heat transfer, both by radiation and convection methods, are also used.  Recuperators can be categorised depending on the constructional features and the method in which it is installed on the path of the waste gases.



3.3.2 Metallic recuperators can be installed with furnaces, using various types of fuels like coal, oil and gases either by themselves or in combination with other.  The application of fuel that is intended to be used in the furnace shall be taken into consideration while selecting the type of recuperator.  It is also important to consider the corrosion aspect of the fuel/flue gases while selecting the material for construction of the heat exchanging surfaces.  Only that fuel, for which the furnace equipped with a recuperator has been designed, shall be used.  In case of any change in type or quality of fuel in such a furnace, a prior consultation with the furnace/recuperator manufacturer is necessary.



4.  Design Parameters



4.1  Operating Data of Equipment Where Metallic Recuperator is Used – The purchaser shall furnish the following data/information to the manufacturer regarding the operating parameters of furnace/process equipment where a recuperator is intended to be installed for optimum design of the recuperator:



a) Type of furnace installation,

b) Capacity of furnace,

c) Type of fuel,

d) Calorific value (kcal/m³/kg), Calorific value will be KCal/Nm3 or KCal/kg.)

e) Fuel quantity (to be specified whether with or without recuperator) (kg/m³/h), (kg/hr or Nm3/hr or lit/hr.)

f) Percentage of excess air (combustion) (Nm³/h),

g) Flue gas volume (Nm³/h),

h) Air volume to be preheated (Nm³/h),

i) Fuel gas volume to be preheated (Nm³/h),

j) Flue gas temperature at inlet to recuperator (K or °C),

k) Desired temperature of air preheat (K or °C),

l) Desired air preheat with flue gas (K or °C),

m) Flue gas withdrawal by natural draft stack/forced draft stack/ID Fan.

n) Permissible pressure drop on flue gas side [ mm of H²O (gauge) ],

o) Permissible pressure drop on air/fuel gas side (if fuel gas preheating desired) [ mm of H2O (gauge)],

p) Type of installation desired

1) Underground flue duct,

2) Overground flue duct,

3) Any other type of installation, inside insulated casing.

q) Details of available space for recuperator installation (maximum flue duct width, depth and length drawing showing proposed layout, wherever possible).



4.2  The manufacturer on receipt of the data from the purchaser would work out the design parameters of the recuperator and shall furnish the data for the operation of the recuperator.  The manufacturer shall inform the purchaser of the following performance parameters (which result out of the design of the recuperator) and shall guarantee that these are attainable:



a) Flue gas temperature at inlet to recuperator (°C),

b) Flue gas volume plus cooling air/water volume (m³/h),

c) Air inlet/outlet temperature (°C),

d) Flue gas outlet temperature (°C),

e) Useful heat transfer (kcal/Pr),   (KCal)/hr.)

f) Pressure drop on flue gas side [ mm of H2O (gauge)],

g) Pressure drop on air side [ mm of H2O (gauge)],





h) Maximum permissible temperature of flue gas at inlet of recuperator (K or °C),

i) Maximum permissible air preheat temperature at outlet of recuperator (K or °C), and

j) Minimum air volume that should be passed through the recuperator at any period of time (m³/h).



4.2.1 In order to be specific about the requirement of the Recuperator the useful data for design condition should be put in a tabulated form which should be the basis of design and operation.

A typical form may be as in Table 4.   Annex-I.



4.2.2  Performance guarantee by the manufacturer – It should be understood that the salient performance data for the recuperator, such as air preheat temperature, overall thermal efficiency and the pressure drops on the waste gas and air/fuel gas side that would be attainable so far as the input data regarding the operation of the furnace/process equipment given by the purchaser are the same in actual operation and this would be guaranteed by the manufacturers as per the operating data sheet in Table 4



Clarification Note:

It should be understood that the recuperator is an equipment which is designed to recover the energy from the sensible heat available in the flue.  Based on the quantity and available temperature of the flue as well as the quantity of the combustion air, the Air/Fuel Gas preheat will be determined. If actual operating condition, the above data varies from the specified condition the air preheat will also change. Under such condition the performance data need to be redefined or corrected. A good idea will be to see the flue gas actual temperature down stream of the recuperator vis-à-vis the operating data sheet which gives the indication of performance of the recuperator.





5.  Material for Recuperator



5.1  The manufacturer of recuperators normally designs the recuperator, and guarantee its performance and the suitability of materials used for construction to the purchaser.  Therefore, it is the responsibility of the manufacturer to satisfy himself that the right quality of materials have been chosen and used in manufacturing the recuperator to achieve the guaranteed performance of the recuperator.  The materials used should withstand the wall temperatures which is attainable in the heat transfer areas at the maximum operating conditions as agreed to between the manufacturer and the purchaser.  Conditions as dictated by presence of undesirable impurities in fuel oil/gases should be considered by the manufacturer while choosing the material for construction. The most important part are the tubes of the recuperator.  Depending on the design, the tubes can be of various materials like ferritic stainless steel, Austenitic stainless steels, Duplex etc.   In the colder areas the tubes are normally made of carbon steel. The selection is as per the design standards of the manufacturers and is guided by the operating condition, skin temperature of the tubes as well as of the flue, its dust content, corrosive nature or not, etc. The Tubes can be circular or elliptical, and straight or bent as per design.  The material and design of the tube is a matter of designers experience.  



5.2  If agreed to between the purchaser and the manufacturer, any special material of construction can be utilised to suit specific requirements. The same shall be informed to the purchaser, and may be inspected by purchaser or his authorised agency. 









6.  Manufacturer



6.1 The manufacturer shall ensure that the manufacturing practice used by them in their shop conforms to the standard practices specifically for bending, welding, etc, and manufacturer has to give due consideration to the operating condition to which the recuperator would be subjected to, when in use.  It has to be understood, however, that a metallic recuperator for preheating combustion air/fuel gas is not a pressure vessel or a high-pressure heat exchanger.  In the sense of the terms normally used while manufacturing and inspecting equipment for the chemical, fertilizer and similar process industries.



6.2 When specifically agreed between the purchaser and manufacturer, inspection in various stages of manufacturing of the recuperator can also be carried out by the purchaser or his authorised agency.



7.  Inspection and Acceptance of Recuperator Prior to Despatch



7.1 Overall Dimensions – The overall dimensions for installation of the recuperator shall be checked to conform to the general arrangement drawing submitted by the manufacturer to the purchaser at the time of ordering.  This would ensure that the recuperator can be installed in the duct or housing made by the purchaser in advance according to the information furnished by the recuperator manufacturer.



7.2  Pressure Test – Metallic recuperators, after fabrication in a workshop and without the inlet and outlet ducting connections, shall be subjected to leakage test, either by flow pressure method or by static pressure method.  In the flow pressure method, air at a particular pressure is allowed to flow through the recuperator and the loss of volume of air due to leakage, if any, is measured.  In a static pressure method, a pre-determined test pressure is applied to the recuperator which is closed with blind flanges, stop cock, etc, at its openings and the losses of pressure after a prescribed lapse of time is measured.  The allowable losses in volume/pressure of air in the flow pressure test, as also in the static pressure test methods, are given below:



Method of Test                                                            Allowable Losses

                                                               ------------------------------------------------

                                                               Air Recuperator         Gas Recuperator

                                                                 (percent)                         (percent)

Flow Pressure Method                             0.2                                        0.002

Static Pressure Method                            50                                         10

                                                                (in 6 minutes)               (in two hours)



Both the methods amount to the same level of leakage performance.



Note 1 – Tests are conducted at room temperature.

Note 2 – Applied air pressure in static pressure test method is recommended to be 1000 mm or 1.5 times the working air/gas pressure at recuperator inlet.



7.2.1  The method used for pressure testing may be agreed between the purchaser and the manufacturer.











8.  Workmanship and Finish



8.1 The workmanship so far as bending, welding of pressure parts and the general appearance are concerned, should be checked to ensure that the recuperators are clean, sound and free from harmful defects.



9.  Repair



9.1 In case a recuperator does not give satisfactory result when put to pressure test, rectification of the same is allowed twice by the same method as employed for the manufacture of the recuperator.  Thereafter, the recuperator would be put to pressure test again.



10.  Certificate



10.1  The manufacturer shall furnish certificates to the purchaser in respect of the following:



a) Result of pressure test as per the typical format as per Annex-2.

b) Warranty on workmanship and use of proper material.

10.2  In addition to the above, if specifically agreed between the purchaser and manufacturer, a certificate giving the specifications of the materials used and a copy of the original manufacturers’ certificate for the same, may be furnished to the purchaser.



11.  Testing of Recuperator while in Operation



11.1 Running Tests – Testing of recuperators in operation would mean investigation during continuous operation along with the specific furnace when fully stabilised under specified operating conditions.  



The period of test should be chosen in such a way that related furnace is in the same thermal state at the start and end of the test.  The running tests should consist of:



a) Preheat test for air/gas, and 

b) Pressure drop test:

1) Air side, and

2) Gas side (flue gas).



11.1.1 A test programme should be drawn jointly by the contracting parties (purchaser and supplier) mentioning the measurements to be taken, allowable tolerance, and measuring and regulating equipment, instruments to be used.



11.1.2 The time schedule for conducting performance tests should be mutually agreed upon.  Tests should be conducted not earlier than three weeks and not later than 12 weeks after the date of final commissioning/commercial use.



11.1.3 Tests should be performed by the supplier in presence of client’s accredited representative.  A record should be kept through the test recording all readings at short intervals of about 15 minutes on indicating/measuring instruments.





11.2  Preheat Test – Preheat temperature of gas/air should be measured by inserting a thermo-couple at a point in the delivery pipeline within one metre from the preheated gas/air outlet of the recuperator and connected to a calibrated temperature measuring equipment.  Simultaneously, the measurement of the flue gas temperature and cross checking by way of calculating (based on the rate of fuel usage and oxygen content in the flue gas during test period), to volume of flue gases and gas/air being preheated are also necessary to co-relate with the preheat value.



11.3  Pressure Drop Test -  The tolerance in the guarantee value under specified flow conditions shall be mutually agreed to between the purchaser and the manufacturer.  Testing under safety flow conditions should be carried out with calibrated pressure gauge to simultaneously measure pressure across the recuperator both on flue gas side and on gas/air side.  The locations of pressure taps must conform to relevant norms prescribed by the instrument maker.



11.4  When the related furnace will often run on partial loads, performance test can be conducted also based on a partial load.  The value of the partial load and corresponding guarantee values in recuperator performance should be mutually agreed to between the contracting parties and specified in the test programme.  The results of the corresponding tests should be signed by the contracting parties.





CONCLUDING REMARK



E X P L A N A T O R Y   N O T E



Recuperators, in general, and metallic recuperators, in particular are being increasingly used in industrial furnaces in India.  At present, the manufacture and testing of metallic recuperators is being done according to the standard of the manufacturers in the country.  In order to provide some guidelines for metallic recuperators, this code has been prepared.



The aim of the standard is to – draw up specification for recuperators which would help, both, the purchaser and the manufacturer in ordering and manufacturing of a metallic recuperators, and the requirements to be met by the manufacturer.  It also covers the provisions of the guarantee that the manufacturer is expected to give for the recuperators.
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Table 4  -Annex-I - Typical recuperator specification sheet

		OPERATING DATA 



		

NEW SPECIFICATIONS

		UNITS

		Max condition

		Normal usage



		Excess Air

		%

		

		



		WASTE GAS



		BEFORE

DILUTION

		Volume 

		Nm³/h 

		

		



		

		Temperature

		ºC

		

		



		

		Quantum through Recuperator

		%

		

		



		AFTER

DILUTION

		Dilution Air Volume 

		Nm³/h

		

		



		

		Inlet Temperature at air recuperator

		ºC

		

		



		

		Outlet Temperature (approx.)  

		ºC

		

		



		

		Volume through Air recuperator

		Nm³/ h

		

		



		COMBUSTION AIR



		

		Volume for Combustion

		Nm³/ h

		

		



		

		Bleed Air Volume

		Nm³/ h

		

		



		

		Bypass Air Volume

		Nm³/ h

		

		



		

		Volume through Recuperator 

		Nm³/ h

		

		



		

		Inlet temperature

		ºC

		

		



		

		Air preheat at Recuperator 

		ºC

		

		



		

		Connected heat load (approx.)

		kW

		

		



		

		Flue gas side

		mm WG

		

		



		

		Air Side

		mm WG

		

		



		MOMENTARY PERMISSIBLE OPERATING CONDITIONS (INDIVIDUALLY)



		Minimum Air flow

		Nm³/Hr

		



		Maximum Flue gas inlet temperature

		ºC

		



		Maximum Air preheat at Recuperator

		ºC

		



		Minimum Flue gas outlet temperature

		ºC

		













ANNEX - II













		LEAKAGE TEST REPORT



		Equipment No.





		Customer

		



		Description

		 Test Method

		Remarks



		Leakage Test of Recuperator.

No. of Units:



Static Air Pressure Method as per  IS-12392-1988 for Recuperator.    













		Applied Static Air Pressure of  ……. mm WC. Duration …… mins.

		Pressure Drop Observed after ……. minutes.





		

		 

Pressure Gauge:-



  Serial No.

1) Allied- 58960919

  





		



		







Date



		





Signature
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WD_IS 12392.docx
Working Draft IS 12392

Draft Indian Standard

CODE OF PRACTICE FOR DESIGN, MANUFACTURE AND TESTING OF METALLIC RECUPERATOR

(First Revision)

1 INTRODUCTION 

This document describes the basics of hot air/gas recuperator for Industrial furnaces, Kilns and similar heating applications.

A recuperator is basically a device used to recover energy from the waste flue gasses from a furnace/kilns etc.  Normally the unutilised energy is tapped to preheat the air/gas which will be fed to the furnace heating system thus reducing the energy required to attain a specific energy liberation needed in the furnace/kilns or other heating system.

The end objective is to recover energy from the waste gas and/or to reduce the temperature of the waste gasses (as in case of process gas coolers).  This improves the overall thermal efficiency of the system.  This is explained by the typical heat balance diagram, as illustrated in Figure 1.

Based on this method overall combustion efficiency can also be illustrated in percentage available heat curve.  A typical pie-diagram for natural gas is given in Figure 2. The available heat as per the diagram below gives an idea of overall thermal efficiency of the system.

[image: ]

Fig 1 Typical heat balance diagram of a Furnace



[image: ]

Fig 2

(This shows a typical distribution. Actual values will vary for Furnace to Furnace depending upon application)



[image: ]

Fig 3 Available heat of products of combustion and relationship with Air preheat and Furnace temperature (source : North American Combustion Handbook)

2 SCOPE 

Covers guidelines for design, manufacture, inspection and testing of metallic recuperators, to be used with industrial furnaces/kilns/other heating systems.

3 TYPES OF RECUPERATORS AND THEIR SELECTION 

3.1 Depending on the method of heat transfer taking place from the hot flue gases to the cold air/gas, the recuperator can be grouped into following three categories:

a) Convection type  The tubular heat transferring element may be made either from drawn tubes, ERW tubes, fin or fabricated or from cast tubes.  Material of construction for the cast tubes could be either alloy cast iron or alloy steel, depending on the design requirement. A convection type tubular recuperator may be installed in the flue duct. A typical example is shown in Fig 4.

b) Radiation type  Radiation type recuperator has two concentric shells with the air/gas to be preheated passing through the annular space between the two shells and the hot waste gases passing in the centre.  This is called a ‘Double Shell Type’ radiation recuperator.  If tubes are arranged around the rising/descending hot waste gases, it is called a ‘Tube Radiation Recuperator’.

c) Combination recuperator  As the name suggests, generally a part of it is a radiation recuperator (either double shell or tubular type) and the other part is a convection recuperator.  There could be also combination of a double shell radiation recuperator and a tubular radiation recuperator.

[image: ][image: ]



Fig 4 Typical Convection Recuperator

3.2 Depending on the handled (heated) medium, Recuperators are grouped into the following categories :

a) Air Recuperators  The handled (heated) medium can be atmospheric air, furnace/process gasses, mixtures, with various combinations of gaseous elements like Hydrogen, Nitrogen, SOx, NOx, waste gasses from combustion, etc., and any such mixture which is not intended to be used as a fuel for processes.

b) Gas Recuperators  The handled (heated) medium is a fuel gas (combustible gas) like BFG, COG, Mixed Gas, LPG, Natural Gas, Bio Gas, Producer Gas, etc., which are to be used for combustion and as a fuel.



3.3 Selection of recuperators  

The following guidelines are recommended for the selection of a suitable recuperator :

3.3.1 Convection type recuperators are generally used with flue gas temperatures below 1050°C at recuperator.  For higher flue gas temperature, radiation type recuperators are used.  In special applications, recuperators achieving heat transfer, both by radiation and convection methods, are also used.  Recuperators can be categorised depending on the constructional features and the method in which it is installed on the path of the waste gases.

3.3.2 Metallic recuperators can be installed with furnaces, using various types of fuels like coal, oil and gases either by themselves or in combination with other.  The application of fuel that is intended to be used in the furnace shall be taken into consideration while selecting the type of recuperator.  It is also important to consider the corrosion aspect of the fuel/flue gases while selecting the material for construction of the heat exchanging surfaces.  Only that fuel, for which the furnace equipped with a recuperator has been designed, shall be used.  In case of any change in type or quality of fuel in such a furnace, a prior consultation with the furnace/recuperator manufacturer is necessary.

4 DESIGN PARAMETERS

4.1 Operating Data of Equipment Where Metallic Recuperator is Used – The purchaser shall furnish the following data/information to the manufacturer regarding the operating parameters of furnace/process equipment where a recuperator is intended to be installed for optimum design of the recuperator:

a) Type of furnace installation,

b) Capacity of furnace,

c) Type of fuel,

d) Calorific value (kcal/Nm3 or kcal/kg)

e) Fuel quantity (to be specified whether with or without recuperator), (kg/hr or Nm3/hr or lit/hr.)

f) Percentage of excess air for combustion, (% or Nm³/h),

g) Flue gas volume (Nm³/h),

h) Air volume to be preheated (Nm³/h),

j) Fuel gas volume to be preheated (Nm³/h),

k) Flue gas temperature at inlet to recuperator (K or °C),

l) Desired temperature of preheated air (K or °C),

m) Desired temperature of preheated fuel gas (K or °C),

n) Inlet temperature of handled air / fuel gas (K or °C),

o) Flue gas withdrawal by natural draft stack/forced draft stack/ID Fan.

p) Permissible pressure drop on flue gas side [ mm of H2O (gauge) ],

q) Permissible pressure drop on air/fuel gas side (if fuel gas preheating desired) [ mm of H2O (gauge)],

r) Type of installation desired

1) Underground flue duct,

2) Overground flue duct,

3) Any other type of installation, inside insulated casing.

s) Details of available space for recuperator installation (maximum flue duct width, depth and length, drawing showing proposed layout, wherever possible).



4.2 The manufacturer on receipt of the data from the purchaser would work out the design parameters of the recuperator and shall furnish the data for the operation of the recuperator.  The manufacturer shall inform the purchaser of the following parameters (which result out of the design of the recuperator) :

a) Flue gas temperature at inlet to recuperator (°C),

b) Flue gas volume plus cooling air volume (Nm³/h),

c) Air inlet/outlet temperature (°C),

d) Flue gas outlet temperature (°C),

e) Useful heat transfer / gain (kcal/hr.)

f) Pressure drop on flue gas side [ mm of H2O (gauge)],

g) Pressure drop on air side [ mm of H2O (gauge)],

h) Maximum permissible temperature of flue gas at inlet of recuperator (K or °C),

j) Maximum permissible air preheat temperature at outlet of recuperator (K or °C), and

k) Minimum air volume that should be passed through the recuperator at any period of time (m³/h).



4.2.1 In order to be specific about the requirement of the Recuperator the useful data for design condition should be put in a tabulated form which should be the basis of design and operation. A typical form may be as in Table 1.

4.2.2 Performance guarantee by the manufacturer  It should be understood that the salient performance data for the recuperator, such as air preheat temperature, overall thermal efficiency and the pressure drops on the waste gas and air/fuel gas side that would be attainable so far as the input data regarding the operation of the furnace/process equipment given by the purchaser are the same in actual operation and this would be guaranteed by the manufacturers as per the operating data sheet in Table 1.

Clarification Note:

It should be understood that the recuperator is an equipment which is designed to recover the energy from the sensible heat available in the flue gas passing through the recuperator.  Based on the quantity and available temperature of the flue gas as well as the quantity of the combustion air/fuel gas, the Air/Fuel Gas preheat will be determined. If the data of actual operating condition varies from the specified condition, the air preheat will also change. Under such condition the performance data need to be redefined or corrected. A good idea will be to see the flue gas actual temperature down stream of the recuperator vis-à-vis the operating data sheet which gives the indication of performance of the recuperator.

5 MATERIAL FOR RECUPERATOR

5.1 The manufacturer of recuperators normally designs the recuperator, and guarantee its performance and the suitability of materials used for construction to the purchaser.  Therefore, it is the responsibility of the manufacturer to satisfy himself that the right quality of materials has been chosen and used in manufacturing the recuperator to achieve the guaranteed performance of the recuperator.  The materials used should withstand the wall temperatures which is attainable in the heat transfer areas at the maximum operating conditions as agreed to between the manufacturer and the purchaser.  Conditions as dictated by presence of undesirable impurities in fuel oil/gases should be considered by the recuperator manufacturer while choosing the material for construction. The most important part are the tubes of the Recuperator.  Depending on the design, the tubes can be of various materials like ferritic stainless steel, Austenitic stainless steels, Duplex, Alloy Cast Iron, Alloy Steel, Carbon Steel, etc. in the hot areas and in the colder areas of the Recuperator, the tubes are normally made of carbon steel. The material selection is as per the design standards of the Recuperator manufacturer and is guided by the operating condition, skin temperature of the tubes as well as of the flue gas, its dust content, corrosive nature or not, etc. The Tubes can be circular or elliptical, or polygonal and straight or bent as per design.  The material and design of the tube is a matter of Recuperator manufacturer designer’s experience.

5.2 If agreed to between the purchaser and the manufacturer, any special material of construction can be utilised to suit specific requirements.

6 MANUFACTURER

6.1 The manufacturer shall ensure that the manufacturing practice used by them in their shop conforms to the standard practices specifically for bending, welding, etc, and manufacturer has to give due consideration to the operating condition to which the recuperator would be subjected to, when in use.  It has to be understood, however, that a metallic recuperator for preheating combustion air/fuel gas is not a pressure vessel or a high-pressure heat exchanger, in the sense of the terms normally used while manufacturing and inspecting equipment for the chemical, fertilizer and similar process industries.

7 INSPECTION AND ACCEPTANCE OF RECUPERATOR PRIOR TO DESPATCH

7.1 Overall Dimensions 

The overall dimensions for installation of the recuperator shall be checked to conform to the general arrangement drawing submitted by the manufacturer to the purchaser at the time of ordering.  This would ensure that the recuperator can be installed in the duct or housing made by the purchaser in advance according to the information furnished by the recuperator manufacturer. Alternatively, a recuperator can also be supplied along with factory insulated housing, depending upon the size and transportability, as mutually agreed between the purchaser and manufacturer.

7.2 Pressure Test 

Metallic recuperators, after completion of fabrication in a workshop and without the inlet and outlet ducting connections, shall be subjected to leakage test, either by flow pressure method or by static pressure method as agreed between the purchaser and the manufacturer.  In the flow pressure method, air at a particular pressure is allowed to flow through the recuperator and the loss of volume of air due to leakage, if any, is measured.  In a static pressure method, a pre-determined test pressure is applied to the recuperator which is closed with blind flanges, stop cock, etc, at its openings and the losses of pressure after a prescribed lapse of time is measured.  The allowable losses in volume/pressure of air in the flow pressure test, as also in the static pressure test methods, are given below:

Method of Test                                                            Allowable Losses

                                                               ------------------------------------------------

                                                               Air Recuperator         Gas Recuperator

                                                                 (percent)                         (percent)

Flow Pressure Method                             0.2                                        0.002

Static Pressure Method                            50                                         10

                                                                (in 6 minutes)               (in two hours)



Both the methods amount to the same level of leakage performance.

NOTE 1  Tests are conducted at room temperature.

NOTE 2  Applied air pressure in static pressure test method is recommended to be 1000 mm or 1.5 times the working air/gas pressure at recuperator inlet.

8 WORKMANSHIP AND FINISH

8.1 The workmanship so far as bending, welding of pressure parts, the tubes, etc. and the general appearance are concerned, should be checked to ensure that the recuperators are clean, sound and free from harmful defects.

9 REPAIR

9.1 In case a recuperator does not give satisfactory result when put to pressure test, rectification of the same is allowed twice by the same method as employed for the manufacture of the recuperator.  Thereafter, the recuperator would be put to pressure test again.

10 CERTIFICATE

10.1 The manufacturer shall furnish certificates to the purchaser in respect of the following:

a) Result of pressure test as per the typical format as per Table 2.

b) Warranty on workmanship and use of proper material.



10.2 In addition to the above, if specifically agreed between the purchaser and manufacturer, a certificate giving the specifications of the materials used and a copy of the original manufacturers’ certificate for the same, may be furnished to the purchaser.

11 TESTING OF RECUPERATOR WHILE IN OPERATION

11.1 Running Tests  

Testing of recuperators in operation would mean investigation during continuous operation along with the specific furnace when fully stabilised under specified operating conditions.  

The period of test should be chosen in such a way that related furnace is in the same thermal state/steady operating temperature conditions at the start, throughout till the end of test. The running tests should consist of:

a) Preheat test for air/gas, and 

b) Pressure drop test:

1) Air side, and

2) Gas side (flue gas).



11.1.1 A test programme should be drawn jointly by the contracting parties (purchaser and supplier) mentioning the measurements to be taken, allowable tolerance, and measuring and regulating equipment, instruments to be used.

11.1.2 The time schedule for conducting performance tests should be mutually agreed upon.  Tests should be conducted not later than 12 weeks after the date of commissioning.

11.1.3 Tests should be performed by the supplier in presence of client’s representative.  A record should be kept through the test recording all readings at short intervals of about 15 minutes on indicating/measuring instruments.

11.2 Preheat Test 

Preheat temperature of fuel gas / combustion air should be measured by inserting a thermo-couple at a point in the Recuperator preheated gas / air outlet of the recuperator and connected to a calibrated temperature measuring equipment.  Simultaneously, the measurement of the flue gas inlet and outlet temperatures and cross checking by way of calculating (based on the rate of fuel usage and oxygen content in the flue gas during test period) the volume of flue gases and gas/air being preheated are also necessary to co-relate with the preheat value.

11.3 Pressure Drop Test 

The tolerance in the guarantee value under specified flow conditions shall be mutually agreed to between the purchaser and the manufacturer.  This testing should be carried out with calibrated pressure gauge to simultaneously measure pressure across the recuperator both on flue gas side and on gas/air side.  The locations of pressure taps must conform to norms prescribed by the Recuperator maker.

11.4 When the related furnace will often run on partial loads, performance test can be conducted also based on a partial load.  The value of the partial load and corresponding guarantee values in recuperator performance should be mutually agreed to between the contracting parties and specified in the test programme.  The results of the corresponding tests should be signed by the contracting parties.











CONCLUDING REMARK

E X P L A N A T O R Y   N O T E

Recuperators, in general, and metallic recuperators, in particular are being increasingly used in industrial furnaces in India.  At present, the manufacture and testing of metallic recuperators is being done according to the standard of the manufacturers in the country.  In order to provide some guidelines for metallic recuperators, this code has been prepared.

The aim of the standard is to draw up specification for recuperators which would help, both, the purchaser and the manufacturer in ordering and manufacturing of a metallic recuperators, and the requirements to be met by the manufacturer.  It also covers the provisions of the guarantee that the manufacturer is expected to give for the recuperators.






Table 1 (Typical recuperator specification sheet)

		OPERATING DATA



		

SPECIFICATIONS

		UNITS

		Max condition

		Normal usage



		Connected heat load (approx.)

		kW

		

		



		Excess Air

		%

		

		



		WASTE GAS



		Before

Dilution

		Volume 

		Nm³/h 

		

		



		

		Temperature

		ºC

		

		



		

		Quantum through Recuperator

		%

		

		



		After

Dilution

		Dilution Air Volume 

		Nm³/h

		

		



		

		Inlet Temperature at air recuperator

		ºC

		

		



		

		Outlet Temperature (approx.)

		ºC

		

		



		

		Volume through recuperator

		Nm³/ h

		

		



		COMBUSTION AIR



		

		Volume for Combustion

		Nm³/ h

		

		



		

		Bleed Air Volume

		Nm³/ h

		

		



		

		Bypass Air Volume

		Nm³/ h

		

		



		

		Volume through Recuperator 

		Nm³/ h

		

		



		

		Inlet temperature

		ºC

		

		



		

		Air preheat at Recuperator 

		ºC

		

		



		PRESSURE DROP ACROSS RECUPERATOR



		

		Flue gas side

		mm WG

		

		



		

		Air Side

		mm WG

		

		



		MOMENTARY PERMISSIBLE OPERATING CONDITIONS (INDIVIDUALLY)



		Minimum Air flow

		Nm³/Hr

		



		Maximum Flue gas inlet temperature

		ºC

		



		Maximum Air preheat at Recuperator

		ºC

		



		Minimum Flue gas outlet temperature

		ºC

		














Table 2





		LEAKAGE TEST REPORT

[bookmark: _GoBack]

		Equipment No.





		Customer

		



		Description

		 Test Method

		Remarks



		Leakage Test of Recuperator.

No. of Units:



Static Air Pressure Method as per IS-12392-1988 for Recuperators.    













		Applied Static Air Pressure of ……. mm WC. Duration …… mins.

		Pressure Drop Observed after ……. minutes.





		

		 

Pressure Gauge:-



  Serial No. of equipment :

  





		



		







Date



		





Signature
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Final WD-  GUIDELINES FOR DESIGN AND CONSTRUCTION OF CONTINUOUS PUSHER TYPE COAL OIL (1).docx
GUIDELINES FOR DESIGN AND CONSTRUCTION OF CONTINUOUS PUSHER TYPE COAL /OIL / GAS TOP FIRED REHEATING FURNACES



1 SCOPE

This Indian Standard covers the general guidelines for design and construction for coal/ oil/ gas fired continuous pusher type top fired reheating furnace.



2 REFERENCES

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 agreements based on this standard are encouraged to investigate the possibility of applying the most recent editions of the standards are indicated below:

IS No.	Title

5      : 2007      Colours for ready mixed paints and enamels 

6      : 1983		Specification for moderate heat duty fireclay refractories, group ‘A’ 

8        : 1994	High heat duty fireclay refractories 

2062    : 2011	Hot rolled low, medium and high tensile structural steel 

6533	Code of practice for design and construction of steel chimney

(Part 1) : 1989	Mechanical aspect 

(Part 2) : 1989	Structural aspect 

3 DESIGN PARAMETERS

The following basic performance parameters need to be specified for designing of continuous pusher type reheating furnace:

a) Material to be charged………………..	:	     Billets/ Blooms/ Ingot / Slabs

b) Material specification ………………..	:	    Mild Steel/ Low or Medium or 

Bureau of Indian Standards

Working draft for revision of IS 17082



			    High Carbon Steel / Alloy steel /  				    Stainless Steel

11



c) Material dimensions (range)

							Length	:     upto 12 m

						  Cross-section:     130 mm optimum thickness, width can vary

d) Reference    charge    material    dimensions and material specification on the basis of which Furnace will be sized and designed

					Specification	:	………………………

					Length		:	………………………

					Cross-section	:	………………………

e) Straightness of charge material……………	:	………………………

f) Rhombodity of charge material……………		:	………………………

g) Twist of charge material			:	………………………

h)          Number of charging rows…………………….:		Single / double

i)           Material charge temperature in °C	  :		Cold charge at ambient temperature/Hot at temp   	range

j) Reference	charge	material	of	Charge  

	temperature in °C						:	………………………

k) Material discharge temperature in	°C (reference)	:	……………………°C Ambient/20°C

m) Material discharge temperature range in °C		:	………………………

n) Discharge   Temperature   uniformity   in   the material in °C that is, temperature difference between top & bottom surface of hot billet in

°C (required)				         		 	:	………………………

p) Combustion air preheated temperature °C		:	………………………

q) Flue gas outlet temperature after waste heat 

Recovery				      			: 	………………………

r) Furnace output in MT per hour on continuous 

production for reference size charge at reference

conditions in required number of charging row 

(Single/double)			        			:	………………………

s) Fuel to be used 		        :	Coal/ pulverized coal/Furnace  oil/LDO/HSD Gas (Natural Gas/ LPG/Coke  Oven Gas/Producer gas /other fuel)/Gas  with composition

t) LCV of fuel in case of oil firing			:	………………………kcal/kg.



u) LCV of fuel in case of gas firing		            :	………………………kcal/Nm3

v) LCV of Coal in case of coal firing			:	………………………kcal/kg

w) Supply temperature and pressure		          	:	………………………

x) Estimated specific fuel consumption in Million	

kcal/Mt or kJ/kg on continuous and normal 

operation for rated output, for reference charge 

material, under specified reference condition

 and number of charging rows (to be indicated

by the furnace designer)					:	………………………

y) Estimated connected heat load in Million kcal/hr 

or kW (to be indicated by the furnace designer)		:	………………………

z) Type of charging			: 	Whether side/end charging

aa) Type of discharging			: 	Whether side/end discharging

ab) Type of flue outlet (down take or uptake)		:	………………………

aa)	Electricity supply characteristic for various

motors, heaters and controls/instruments.			:	………………………

ab)	Compressed air quality with its pressure and 

temperature 							: 	………………………

ac)	Water quality with its pressure and temperature	:	………………………

NOTE —   1 k cal = 4.186 kJ

1 kcal/h = 1.163 W



4	GENERAL CONSTRUCTION



4.1 The furnace will be generally designed for end charging and side/end discharging arrangement (see Fig. 1). The material will be brought in front of the charge door through charge rollers, or directly placed on the charge table. For proper dispositioning of the material at the charge end, in single/double row, fixed and vanishing stopper arrangement will be used when charge approach rollers are used. The material will be pushed by means of hydraulically/electro- mechanically operated pusher mechanism. After the material have reached the discharge end, the same will be taken out one by one from the side by a hydraulically/ electrically operated discharge ejector mechanism. The furnace charge table with billet positioning may be provided.

In case of an end discharge type furnace (see Fig. 2), the material will get discharged through the end door one by one over an inclined slope refractory bed on to discharge rollers.

4.2 Type of material discharging arrangement will be either from side with the help of discharge ejector machine or through end over inclined slope refractory bed on to discharge rollers. However, side discharge with the help of an ejector machine is preferred since during end-discharging, the discharge door through the width of the furnace will remain open and heat losses will increase considerably.

4.3 The furnace will be equipped with coal/oil burners/gas burners or dual fuel burners, as per customer’s requirement especially suitable for steel reheat furnaces which can easily handle air preheat temperature up to preferably 350°C and above.



[image: ]

Fig. 1 TYPICAL DIAGRAM END CHARGING AND SIDE DISCHARGING ARRANGEMENT

[image: ]



Fig. 2 TYPICAL DIAGRAM END CHARGING AND END DISCHARGING ARRANGEMENT



4.4 Hot gases after passing through the furnace will escape through the flue port located at the charge end. Flue ports will be connected to an overhead/underground flue collector and thereafter pass through the recuperator to the chimney. In the flue duct there will be a recuperator for combustion air preheat. Flue duct from furnace to chimney may be underground or over ground depending on site and soil conditions and layout. In case of probable water seepage below ground level, it is better to use an over ground flue duct from furnace to chimney.

4.5 The furnace will be divided in heating and soaking zones and the length of the furnace including unfired, heating and soaking zones is to be decided on the basis of heating and soaking time required for the material inside the furnace from charging to discharging to achieve uniformity of temperature and maximum capacity of the furnace.

4.6 The furnace will be provided with convection type multi-channel tubular high recovery efficiency cross counter flow type recuperator for preheating the combustion air from the flue gas leaving the furnace thereby the furnace would be very effectively designed in terms of fuel economy.

4.7 Heating and soaking zones are to be controlled through stand-alone PID type temperature controllers with other necessary instruments or mass flow control philosophy. In order to maintain positive pressure in the furnace, necessary PID type furnace pressure control instruments will be used.

4.8 Complete interlocking and sequential control of the furnace with respect to charge roller table, furnace charge pusher and discharge ejector and pull-out roll will be carried out through relay logic panel or Programmable Logic Controllers (PLC) complete with control processors, power supply module, I/O modules, digital input as well as offline programme. Redundant PLC system will be considered for critical functions like heating control etc. In case of failure of PLC some emergency sequence operation like pusher, discharge doors, ejector’ can be operated through push buttons in manual mode.  

4.9 In case Coal is used as a fuel, furnace will be provided with impact type coal pulverizer capable of delivering (–) 200 mesh size of coal (about 80-90) along with hoppers (as required).PLC-PC based instrumentation for process control can also be used in place of standalone controllers.



5 CONSTRUCTIONAL DETAILS

The furnace profile, effective lengths, width and sizing of the different zones will be decided so as to ensure optimum heating efficiency, uniformity of charge temperature and flexibility of furnace operation during varying capacity utilization.

Furnace profile will be such that the charge material stays for only the required (desired) time in the fired zones, but nevertheless undergoes very gradual heating in the long unfired preheating zone, through direct transfer of heat via the outgoing flue gases. This gives only advantages without increasing the scale levels.

5.1 Sizing of Furnace

5.1.1 Effective length and width of the furnace are to be calculated on the basis of output, reference charge  material size, number of rows, material discharge temperature and uniformity, heating and soaking time. The following dimensions for the furnace are to be calculated: 

The furnace effective length:

Inside furnace length	                                                            :	………………………

Soaking zone length	                                                           :	………………………

Heating zone length	                                                           :	………………………

Preheating zone length	                                               :	………………………

Charge level of material with respect to mill floor level      : 	To suit plant    requirement

Discharge level of material with respect to mill floor level : 	To suit plant requirement

5.1.2  Based on the typical heating configuration, the range of heating rates to be considered as : 

Top fired pusher type furnace				          :	……….around 1min/mm

Top and bottom fired pusher type furnace		          :	………. around 0.5min/mm

5.2 Furnace Casing

The furnace casing will be fabricated from minimum 5 mm thick IS 2062 (Grade E 250 A) quality steel plates adequately reinforced with structural members. The casting used on front walls (door opening side) and the burner cut-out areas will be made of minimum 10 mm thick mild steel plates.

The suspended/arch roof is constructed by suitable beams framed to the structural members attached to the side buckstays. The intermediate beams are to be provided as required to stiffen the main beams and the support walkways. The main structural members will support the fired burner walls.

5.3 Walkways and Platforms

All necessary platforms and access walkways on the furnace proper for servicing the burner, valve, drive mechanism, thermocouples and door drives.

The platforms and access walkways include all necessary structural supports, gratings, chequered plates and hand rails.

The platform will be designed for a minimum of 800 kg/ sq m and walkways will be designed for a minimum of 500 kg/ sq m loading.

5.4 Doors

5.4.1 End Charge Door

End charge door will have following details:

  Type		:        Vertical rise and fall, counterweighted

  Quantity	:         1 no

Operation	:        Manual, winch-operated or electric motor/ hydraulic cylinder driven

Material	:        MS fabricated with graded cast iron cladding around periphery

Door insulation:       Ceramic fibre / refractories of adequate thickness



The charge door will be manufactured from steel plates (IS 2062 Grade E 250 A) and structural with heat resistant cast iron at periphery. The door opening periphery will be fitted with heat resistant cast iron.

5.4.2 Door Drive Operation

The door will be operated manually for which necessary shafting, bearings, sprockets, chains, winch etc. will be provided.

The door can also be operated hydraulically by means of hydraulic cylinder with necessary shafting, bearings, sprockets, chains etc. or electro-mechanically operated by suitable motor electric gear box with necessary electro-magnetic brake, chain and pulley etc. will be provided.

5.4.2.1 Side discharge door

Side discharge door will have following details:

Type		:	Vertical rise and fall

Quantity	:	2 nos. (one at each side of furnace)

Operation	:	Hydraulic cylinder/Electric motor/ pneumatic

Opening size	:	As required

Material	:	Heat resistant cast iron/Alloy steel



5.4.3 Door Drive Operation

The door can be operated hydraulically/pneumatically by means of hydraulic cylinder/pneumatic cylinder with necessary shafting, bearings, sprockets, chains etc. or electro-mechanically operated by suitable motor electric gear box with necessary electro-magnetic brake, chain and pulley etc. will be provided.

5.4.4 Inspection Door

Type		:	Manual, hinged type

Quantity	:	As required

Opening size	:	250 mm × 250 mm approx.

Materials 	:	Graded cast iron and heat resistant cast iron  

Operation	:	Manual



5.4.4.1 Adequate number of inspection doors on both side walls will be provided. These doors will be manufactured from heat resistant cast iron for preheating zone and heat resistant cast iron for heating/ soaking zones. The doors will be suitable for manual operation. The door opening periphery would be fitted with heat resistant cast iron.



5.4.5 Access Doors

Type		:	Manual, cover type, bolted 

Quantity	:	As required

Opening size	: 	Minimum 600 mm × 750 mm

Material        	:    	Mild steel plate (IS 2062 grade E250 A) of Min 5 mm thick

Operation 	:	Manual

5.4.5.1 Adequate number of access doors made of minimum 5mm thick mild steel plate will be provided on the side of the furnace wall and will be bolted to the furnace casing suitably. The opening in the furnace side wall brick work for the access doors will be normally filled with refractory brick laid dry for easy removal of bricks at the time of maintenance/requirement of access inside the furnace.

5.4.6 Clean Out Door

Type		:	Manual, cover type, bolted

Quantity	:	As required

Opening size	:	Minimum 250 mm × 270 mm

Material	:	Heat resistant cast iron

Operation	:	Manual

Adequate number of clean-out doors made of heat resistant cast iron construction will be provided. The doors will be hinge type construction



5.5 Refractory and Insulation Material

5.5.1 Roof construction will be arch type if the width of the furnace is up to 2.2 m. Beyond this, the furnace roof is to be constructed with suspended roof hanger bricks.  Refractory materials shall be selected to achieve skin temperature of furnace as under:

a) All walls including hearth - 50 degree above ambient with 100°C (Max)

b) Roof - 120°C (Max)

Temperature will be measured 1 m away from the burner, door opening and any other opening on the furnace. Quality of refractory bricks shall be selected to withstand a minimum 100°C more than the maximum surface temperature at furnace face as well as at each layer face. Physical properties of refractory shall be selected as per customer choice. In the absence of the customer's choice, the same may be specified by the supplier.

		

5.5.2 Furnace Roof with Suspended Bricks



		a) Soak zone and part of heating zone

		 :         

		250 mm thick special shape roof brick               

made of minimum 60 percent alumina firebricks.	

115 mm hot face insulation bricks and

75 mm cold face insulation bricks.



		b)  Balance zone

		 :

		250 mm thick special shape roof brick 

made of 45 to 55 percent alumina quality fire bricks

115 mm hot face insulation bricks 

75 mm cold face insulation





The roof hangers shall be made of heat resistant cast steel, which will be held in position to the anchors of roof steel beams.



		5.5.3

		Furnace Roof with Arch Bricks

	



		

		a) Soak zone and part of heating zone

		:

		230 mm thick end arch fire bricks made of  minimum 60 percent alumina bricks

115 mm Hot face insulation bricks

75 mm cold face insulation



		

		b)   Balance zone

		:

		230 mm thick end arch bricks made of  45 to 50 percent  alumina fire bricks backed by -115 mm hot face insulating bricks

75 mm cold face insulation









		

		5.5.4

		Walls





		

		

		a)  Furnace Discharge End Wall, Furnace Soak and Part of Heating Zone Side Wall

		   :

		230 mm thick end bricks made of minimum 60 percent quality firebricks

115 mm. hot face insulation bricks minimum

115 mm. cold face insulation bricks minimum

50 mm. block insulation or 50 mm ceramic fiber board (220 kg/m3 density minimum, temperature range 1260 0C)



		

		

		

		

		



		

		

		b)   Remaining zone side wall and Charge end wall

		   :

		230 mm thick end bricks made of minimum 40 percent alumina quality firebricks

115 mm. hot face insulation bricks

115 mm. cold face insulation bricks

40 mm. block insulation and 50 mm ceramic fiber (64 kg/m3 density, temperature range 1260 0C)



		

		

5.5.5

		

Furnace Hearth



		

		a)

		Soak Hearth

		:

		200 mm thick High Alumina (70%) Low Cement Castable

115 mm thick High Heat Duty (IS-8) Firebricks.

75 mm thick Hot Face Insulation Bricks.

190 mm Insulating Castable/Insulation bricks followed by ceramic fiber board



		b) 

		 Heating Zone Hearth

		:

		115mm Hot Face high temperature chromite/ fused cast alumina bricks up to 4m from soak zone end and 70 percent Alumina Quality Firebricks at remaining heating zone. 

115mm high heat duty (IS 8) firebricks 

75mm Hot Face Insulation Bricks, 

150mm Cold Face Insulation Bricks







		 c)

		 Unfired Zone Hearth

		:

		115mm high heat duty (IS 8) firebricks.

115mm medium heat duty (IS 6) firebricks

75 mm hot face insulation bricks

115mm cold face insulation bricks







Castable on the soak hearth will be laid in position by heat resisting stainless steel  anchors depending on temperature condition inside the furnace.





		5.5.6  

		For Overground flue duct Before and After Recuperator

		:

		150 mm thick of ceramic fiber blankets of different grades 



		5.5.7

		For underground flue duct Before   

 Recuperator



		:

		230mm high heat duty firebricks (IS 8)

75mm cold face insulation bricks

150mm red bricks to be used as a ventilation course.





		5.5.8

		For underground flue duct after   

		:

		230mm medium heat duty firebricks (IS 6)



		5.5.9

		Recuperator

		:

		Metallic to suit the flue gas temperature









		5.5.10

		Stack

		:

		Bell portion of the chimney will be lined 230 mm. Medium heat duty quality firebricks backed by broken insulation bricks and portion up to a height of 5 m. from bell portion with 115 mm. medium heat duty quality firebricks and balance portion would remain unlined.

In case the fuel is having sulphur content 3-4 percent, a fully lined chimney is preferred.







		5.5.11

		Hot Air Lagging

		:

		100mm thick mineral wool mattress covered with galvanized steel/aluminium sheet cladding







		5.5.12

		Discharge Doors

		:

		115mm 45 percent alumina firebricks

115mm cold face insulation

25 mm block insulation







		5.5.13

		Charge door	

		:

		115mm 40 percent alumina firebricks

75mm cold face insulation bricks



		5.5.14

		Burner Blocks

		:

		60 percent alumina refractory castable/ fired block or equivalent.





6 COMBUSTION EQUIPMENT



6.1 Burners



6.1.1 General

Burners are selected based on available fuel (coal, oil or gas), fuel oil grade and calorific value, type of fuel gas (also cleanliness and calorific value), and combustion air preheat temperature and pressure. Accordingly, burners can be chosen exclusively for oil firing, gas firing, coal firing or dual fuel burner for firing any of the two fuels simultaneously.

Burner shall be suitable for combustion air preheat temperature of 350°C and above. Stoichiometric energy efficient burners using maximum 10 percent excess air shall be used.



6.1.2Mode of Firing

The furnace will be divided into required automatically controlled zones for heating and soaking zones in addition to unfired preheating zone. All the burners of the heat zone will fire across the width/length of the furnace and will be mounted on the side/end walls depending on the design of the furnace. Burners of the soak zone will fire longitudinally (axially) and will be mounted on the back wall. The burner firing configuration should ensure proper heat distribution, maximizing heat transfer and minimum fuel consumption.



6.1.3 Heat Distribution

Adequate number of burners are to be selected on the basis of zone-wise heat distribution in the furnace considering the total connected heat load in Million kcal per hour/ kW.

The heat distribution in different zones are to be decided considering, charging and discharging arrangement and preheating, heating and soaking time.



6.2 Gas Firing System

6.2.1 For gas firing system One (1) set of gas train components comprising of the following will be provided (see Fig. 3).

a) Limiting orifice valves in gas line;

b) Metering orifice valves in gas line;

c) Manual gas shut off valves in burner gas line; and

d) Solenoid operated gas safety shut off valves in burner gas lines.

e) Gas filter and governor

f) Solenoid operated safety shut off valve in bleed line

g) Pressure gauge

h) High/low gas pressure switch

[image: ] 



Fig.3 GAS TRAIN CONTROL LOOP



6.2.3	UV Flame Monitoring Devices and Auto Burner Ignition

UV photocell flame monitoring devices for each burner with pilot ignition equipment may be provided as required for safety.

Each burner will be provided with standard UV adaptor detector assembly which include UV detector and observation port. The UV photocell assembly is threaded into the back of the burner in place of its observation port.

In case of failure of burner flame, UV photocell will give impulse to solenoid valve to cut-off fuel supply to burner to avoid generation of unburnt fuel in the furnace resulting in fire hazards/explosion.

Auto burner ignition system for each burner will consist of an ignition transformer, spark plug.

UV flame monitoring system is recommended in case of gas firing system (for self-ignition temperature of the fuel is higher than 800°C).



6.3 For Oil Firing System



For Oil firing system following system components are to be considered:

6.3.1	Oil Pumping and Heating System 

For supply of oil at constant pressure and temperature, one oil recirculation system from termination point to the burners through ring main system are to be provided. To terminate the oil supply, an isolating valve is to be provided. Oil should be supplied from the day oil tank at slightly higher temperature (depending on the visco city) with free flow gravity pressure.

In order to preheat fuel oil at day tank, one no. outflow heater of adequate kW rating is to be provided at oil day tank.

For low viscosity fuel oils like LDO and HSD, heater may not be required.

Complete pumping and heating set shall comprise the following:

a) 2 Oil pumps (1 working + 1 standby);

b) 1 Suction side duplex filter;

c) 1 Delivery side duplex filter;

d) 1 Pressure regulating valve on return line with valves and by-pass valve; 1 Set Interconnecting pipeline; and

e) 1 Lot of duplex oil heaters, each of adequate kW (1 working + 1 standby).

Zonal heaters are also to be provided for large furnaces where burners are located far from the oil heating unit to maintain desired temperature of oil. In case of furnace oil, an outflow heater of adequate kW rating is to be provided at the outlet of the oil day tank to preheat depending on viscosity of oil so that oil flows to the main heating and pumping unit smoothly.

Combustion air flow will be controlled zone-wise through:

a) Wafer style butterfly valves with stainless steel internals for combustion air control (to be operated with modulating motor/pneumatic actuator with linkages);

b) Butterfly valves in burner combustion air; and

c) Butterfly valves in burner atomizing air (in case of oil firing).

The complete pumping and heating set will be fitted on a fabricated base frame with an oil drip tray. The pump will circulate approximately 2-3 times of oil requirement per hour in the oil ring main to maintain oil supply to burners at required flow and pressure.



		Zone

		No of burners (Approx) 

		Total Heat Release (Approx) 

		Firing Arrangement 



		Soak zone  

		………

(Required)  

		………

million kcal/ hr or kW

		Across width/ length



		Heating Zone - I

		………

(Required)

		………

million kcal/ hr or kW

		Across width/ length



		Heating Zone - II

		………

(Required)

		………

million kcal/ hr or kW

		Across width/ length







6.3.2 Other equipment fittings used oil firing system are as under

a) Sensitrol oil valves in oil line;

b) Oil flexible hoses;

c) Oil shut-off valve;

d) Adjustable port valve for zone control; and

e) Oil solenoid valve for zone (oil solenoid valve for each burner, when UV flame monitoring system is used).



6.4 For Coal Firing System  

Pulveriser : The size and capacity will be selected based on type of coal and coal consumption rate. The body will be made either cast iron or M.S. Sheet. The pulverizer shall be capable of delivering (-) 200 mesh coal powder size of about 75-85%.

The upper portion of the hopper bin shall be covered with M.S. sheet to contain coal dust spreading out during collection in the hopper. 

The following general recommendation will be as following: 

	Hammer		:	High Manganese 

	Liner 			:	E4 – 31 steel

	Classifier blade		:	Stainless steel

	Fan Blades		:	Stainless steel  



7 BLOWERS



7.1 Combustion Air Blower

Adequate number of combustion air blowers with standby of suitable capacity and pressure are to be provided. The blower will be arranged for direct/V-belt/ coupling driven through a suitable motor. Following details shall be indicated on the blower:

a) Capacity (m3/h);

b) Pressure, mm WG;

c) Motor rating (kW); 

d) Type of drive; and

e) Simply supported/cantilever type

Blowers shall be centrifugal type, mild steel construction and statically and dynamically balanced. Blower capacity cannot be less than the air requirement considering the connected load of the furnace.

NOTE — VFD/VVFD for combustion air blower may be considered as optional.

7.2 Atomizing Air Blower (for Oil Firing)

Adequate number of atomizing air blowers with standby of suitable capacity and pressure are to be provided. The blower will be arranged for direct/V-belt/coupling driven through a suitable motor. Following details shall be indicated on the blower:

a) Capacity (m3/h);

b) Pressure, mm WG;

c) Motor rating (kW); and

d) Type of drive.

Blowers shall be centrifugal type, mild steel construction and statically and dynamically balanced. Blower capacity cannot be less than the air requirement considering the connected load of the furnace.

NOTE — VVFD for atomizing air blower may be considered as optional.



7.3 Pulverized coal transportation blower

Suitable capacity and pressure blower will be provided. The blower will be arranged for direct/V-belt/coupling driven through a suitable motor.  Following details shall be indicated on the blower:



a) Capacity (Nm3/h);

b) Pressure, mmWG;

c) Motor rating (kW);

d) RPM, and

e) Type of drive.

f) Simply supported/cantilever type



Blowers shall be centrifugal type, mild steel construction and statically and dynamically balanced. Blower capacity shall be suitable for transporting pulverized coal to the burners at suitable pressure considering pressure drop in the system 



NOTE — VVFD/VFD for combustion air blower may be considered as optional.



8 PIPE WORK



8.1 Combustion Air Pipeline

Cold air piping from the combustion air fan to the recuperator and hot air piping between the recuperator and burners through individual zone headers would be provided. The pipeline will be flanged at appropriate intervals and supported by brackets. Combustion air blower will be located near the recuperator. Flexible bellows should be provided in preheated combustion air line to take care of expansion and alignment during pipe assembly. Hot air piping shall be internally lined or of suitable grade to withstand the hot air temperature with external insulation.



8.2 Atomizing Air Pipeline (In Case of Oil Firing)



Necessary atomizing air pipeline up to burners will be provided. The pipelines will be supported at appropriate places.





8.3 Dilution Air Piping



Dilution air piping from dilution air fan to the flue tunnel where the recuperator is placed.



8.4 Gas Piping



Gas piping from termination point to various zones including distribution network complete with valves and fittings will be included. An isolating valve is to be provided. Gas pressure at takeover point should be min 0.07-0.08 kg/cm2.g



8.5 Oil Piping



Oil piping from the oil pumping and preheating unit to the burners through the ring-main system will be included. Fuel oil supply to the oil pumping and heating unit at a free flow gravity pressure of 0.5-1.5 kg/cm2.g and pumpable temperature (about 50-60°C temperature for furnace oil) at header at the battery limit with an isolating valve is to be provided. All pipelines from this point to the points of usage through the ring-main will be provided.



8.6 Hydraulic Piping (if Applicable)



The hydraulic pipe work for the pusher and ejector mechanism as well as charge and discharge doors including all necessary valves, flexible pipes, fittings and supports are to be provided. All fittings and sockets will be of weldable quality. All the pipes will be from seamless tubes suitable to withstand hydraulic pressure.



9 RECUPERATOR



One multi-channel tubular cross counter flow type. Recuperator will be required for preheating the combustion air to a temperature of  upto 650°C. As a general guideline the design of the recuperator should be such that it recovers 75 to 80% of the heat contained in the flue gas. 

The recuperator includes two or more completely assembled suspended units in which the front (hot) bank of tubes are made of suitable special alloy steel and the balance tubes are made of carbon steel. 



Operating Data (Approximately):

a) Fuel			: …………….	

b) Connected heat load for furnace with recuperator	: …………… kW  

c) [bookmark: _heading=h.gjdgxs]Waste gas flow		 : …………….	Nm3 /h

d)  Temperature of waste gas:

1) At entry to recuperator		 : …………….	°C (Max.)

2) At exit to recuperator		 : …………….	°C (indicative)

e) Combustion air flow		 : …………….	Nm3/h

f) Temperature of air:

1) At entry to recuperator		 : …………….	°C (ambient)

2) At exit to recuperator (desired)		 : …………….	°C (350°C or above)

g) Pressure drop across		 	            :

1) Air side				: 150 - 350 mm WG approx.

2) Flue side				: 10 - 20 mm WG approx.





9.1 Dilution Air Blower

Adequate number of dilution air blowers with standby of suitable capacity (10-15% of combustion air flow) and pressure are to be provided. The blower will be arranged for direct/V-belt/coupling driven through a suitable motor. Following details shall be indicated on the blower:

a) Capacity (m3/h);

b) Pressure, mm WG;

c) Motor rating (kW); and

d) Type of drive.

Blowers shall be centrifugal type, mild steel construction and statically and dynamically balanced.  Blower should have sufficient reserve capacity over and above the design requirement. 

NOTE — VVFD for dilution air blower may be considered as optional.

9.2 Hot Air Bleed

A hot air bleed system will be provided to give further protection to the recuperator. Should the hot air temperature exceed the safe temperature limit, the hot air bleed control opens the bleed valve which allows a greater quantity of combustion air to flow through the recuperator tubes. The hot air that is exhausted is usually piped back into the waste gas flue between the recuperator and the stack.

9.3 Flues

a) Type              :	Underground or overhead

b) Insulation      :	Inside

The furnace will be provided with underground/ overground flue duct for exhausting of waste gas from furnace to the chimney through recuperators. Overhead flue duct will be made of steel plates with flanges and supporting structures. The flue duct will be lined inside with suitable insulation material.

Underground flue duct will be made of RCC which will be lined inside with suitable refractory and insulation material.

9.4 Dampers

a) Application :	To regulate outgoing flue gases, and hence, Furnace chamber pressure

b) Location	  :	In the overhead/ underground flue duct after recuperator

c) Type	  :	Rise and fall type for underground and rotary type for overhead

One guillotine rise and fall type (or, rotary type) damper would be provided in the underground flue, after the combustion air recuperator. The damper would be made of AISI-304 stainless steel plates suitably stiffened. The damper will be suitable for actuation with an electro- mechanical/pneumatic actuator and will be provided with a damper operating mechanism.

9.5 Stack (See IS 6533)

a) Type		:	Self-supported, natural

                                                draught

b) Height		:	……….m

c) Material of 

        construction	:	Mild steel (IS 2062 Grade E 250. A)

d) Insulation		:	Inside

The stack is a self-supporting partially/fully refractory lined natural draft chimney of suitable height. The stack is of welded construction The chimney will be of suitable height and diameter considering Central Pollution Control norms and will be designed and constructed as per relevant IS standard along with lightening arrestor, earthing, platform, ladder, aviation lamp, sample ports etc. The lining configuration of the chimney will be as described under refractory and insulation material.

Induced draft chimney can also be provided, if desired due to limitation of height in the plant area and / or any other design requirement.



10   CHARGE PUSHER MECHANISM



Application	:	To feed charge into the furnace

Type		:	Hydraulic/electro-mechanical 

Operation	:	Hydraulic/motorized

Speed		:    	……m/min 

Pushing force	:    	……kg

Stroke		:    	……mm



The material will be pre-positioned in front of the charge end of the furnace through the charge roller table (or, placed directly on the charge table in front of the furnace).

For pushing the material inside the furnace, hydraulically/electro-mechanically operated charge pusher mechanism will be provided. The hydraulically/ electro-mechanically operated pusher mechanism will push the material up to a required distance and adequate speed.

Pusher will be designed considering the total pushing load in hearth, cycle time required for output, speed and stroke length.

The pusher head will be constructed from a heavy mild steel structural section with necessary stiffening arrangement. Hydraulic cylinders along with necessary valves for proper operation will be required.

Hydraulically/electro-mechanically operated pusher mechanism will push the material in one/two/triple row as desired.



12 DISCHARGE EJECTOR

a) Application	        :       To discharge   the   material from the furnace

b) Type	        :        Electro-mechanical or electro-hydraulic

c) Operation	        :        Motorized	(or,through hydraulic arrangement

d)      Speed	        :         ……. m/min

e) Pushing force        :       ……… kg    

f)       Stroke	        :       ……….mm

For charging of the hot billets from the furnace to the discharge roller table, one (1) no. electro-mechanically (or, electro-hydraulic) operated discharge ejector shall be provided. The main drive roll will be connected with suitable capacity motor and gearbox assembly. Necessary guide rolls and support rolls will be provided throughout the ejector rod for uniform loading. Necessary water piping will be provided above the ejector rod for uniform spray of water. The ejector machine shall have facility for cross movement. The cross movement shall be effected by means of a hydraulic cylinder, which will be operated from hydraulic power pack. The ejector rod will have adequate stroke to push the billets onto the furnace discharge table. However, to reduce the stroke of ejector a furnace pull-out roll may be provided.



13 PULL-OUT ROLL ASSEMBLY



 a) Application		          	            :   To discharge the material from the furnace

 b) Type			:   Hydraulic/electric

 c)Operation			:   Hydraulic/electric

    d) Speed			:   …………….m/min

    e) Weight of charge material          :   …………….kg 



One set furnace pull-out roll assembly, which will work in conjunction with the discharge ejector mechanism are to be provided.

Pull-out role will help in pulling-out the material from the furnace faster and ultimately place it on the discharge roller conveyor. This will help the ejector machine to be designed for a smaller pushing stroke.

The pull-out roll will consist of two driven rolls (one stationary bottom roll and the other hydraulically clamping top roll). Both the rollers will be driven by a pinion stand, which will be driven by an electro- mechanical drive unit consisting of motor, gearbox, couplings and shaft etc.

Both the rollers shall be of solid steel rolls of suitable diameter supported on anti-friction bearings and housed in water-cooled bearing blocks.



14 HYDRAULIC POWER PACK



a) Application             		:      Operation of pusher, ejector, pull-out roll assembly

b) Number of hydraulic 	:       2 Nos. (1 working + 1 standby) pumps                  

c) Pump capacity		:      ……………. l/min each

d) Design Pressure        	:      160 kg/cm square approximately

e) Normal working       	:      100 – 120 kg/cm2 approximately pressure

 f) Connected motor      	:       …………….hp, energy-efficient

g) 	Accessories	  	          : 

	     	

1)  Hydraulic pumps   with couplings and motors

2) Solenoid operated direction control valves

3) Solenoid operated unloader valve

4) Pressure relief valve

5) Flow control valves

6) Oil reservoir with air breather and strainer

7) Pressure gauges

8) Heat exchanger for oil cooling

9) Level indicator

10) Low level switch

11) Non-return valves

12) Interconnecting piping

13)  Manifolds and other fittings

For operation of hydraulic cylinders of charge pusher, hydraulic cylinder for discharge doors, hydraulic torque motor and cross travel cylinder for ejector, one common composite hydraulic power pack unit comprising of hydraulic oil storage tank, 2 Nos. (1 working + 1 standby) pumps with suitable HP motor, necessary valve station etc. are to be provided. The system would be suitable for operating pressure of 120 Bar and system pressure would be 160 Bar. The hydraulic system would also include one water cooled heat exchanger which will cool the hydraulic oil during operation.



15 INSTRUMENTATION AND CONTROL



15.1 PID Type Control Through Stand Alone Controllers

a) The furnace zone temperature will be automatically controlled through microprocessor- based PID temperature controllers on mass flow-based control principle. Manual override facility shall be provided,

b) In order to maintain positive pressure in the furnace, necessary furnace pressure control instruments will be used. Automatic furnace pressure control will maintain positive pressure inside the furnace to reduce ingress of outside air to minimum, which will ultimately reduce oxidation of charge material and thereby scale loss. Manual override facility shall be provided, and)

c) The furnace sequence will be controlled by a Relay Logic Panel or PLC-PC based system.



15.2 The furnace will be divided into required control zone and zone temperature shall be controlled by the stand- alone PID controllers. The instrumentation system shall be suitable for operating on a power supply of 220 V, single phase, 50 Hz, AC supply obtained from MCC Panel.

The instrumentation system of the furnace will consist of the following controls and interlocking:

a) Zone temperature control;

b) Furnace pressure control;

c) Preheated air temperature control (recuperator protection);

d) Hot air bleed control;

e) Flue gas temperature control through dilution air (recuperator protection); and

f) Safety interlocking as required for the furnace system.

15.2.1 Zone Temperature Control

a) Pt. Pt/Rh 13 percent simplex thermocouple with necessary compensating cable;

b) PID temperature controllers;

c) Gas/oil/coal/air ratio controllers;

d) Air/gas(oil/coal) orifice plates;

e) Air/Gas(oil/coal) flow transmitters;

f) Oil/Gas/coal flow meters;

g) Air control valve with electro-mechanical/ pneumatic actuator

h) Gas/Oil control valves with electro-mechanical/ pneumatic actuator;

i) Coal feed control through weigh feeders; and

j) ON/OFF override temperature controllers.

Quantity of above instruments will be decided on the basis of heating and soaking control zones.

15.2.2 Furnace Pressure Control

a)  1 No. - Furnace pressure transmitter.

b)  1 No. - PID type microprocessor-based pressure indicating controller.

c)        1 No. - Modulating motor /pneumatic actuator for damper actuation in flue line.

15.2.3 Preheated Air Control Loop (Hot Air Bleed Control)

 a)       One (1)   -  Ni.Cr./Ni.Al. simplex thermocouple with compensating cable

 b)       One (1) - ON/OFF temperature controller

 c)       One (1) -  Wafer style control	valve with electromechanical/pneumatic actuator

15.2.4 Flue Gas Temperature through Dilution Air Control

a)   One (1) -   Ni.Cr./Ni.Al. simplex thermocouple with compensating cable

b)   One (1) - ON/OFF temperature controller

c)   One (1) -  Wafer style control valve with electrical/pneumatic actuator 

15.3 Instrument Panel 

One 2 mm thick sheet steel construction, single cubicle type with fixed front and rear two leaf hinge door suitably sized instrument panel to house the required front panel microprocessor-based controllers, lamps, switches and other back of panel devices like relays, fuses, MCBs, terminal blocks etc. will be provided.

15.4 Annunciator

The instrument panel will be provided with one no. standalone solid-state multi-channel audio/visual solid-state annunciator having front facia with legends of fault points and shall have the following features:

Fault conditions will activate audible alarm and flash the associated facia of the annunciator.

a) On pressing the “acknowledge push button” the audible alarm will be silent and fault facia nameplate will become steady;

b) When fault is cleared, the facia will go “off” when reset push button is pressed; and

c) All alarm units will be independent of each other and will have legends engraved on the front facia.



Alarm conditions will include the following fault points for safety:

a) High gas pressure	                   			:	1 point

b) Low gas pressure	                    			:	1 point

c) Low oil Pressure	                  			:	1 point

d) Low combustion	                        			:	1-point air pressure

e) Low atomizing pressure	                          		:	1 point

f) High zone temperature			           		:	as required

g) High combustion air temperature after recuperator	:	1 point

h) High waste gas entry temperature to recuperator	:	1 point

i)	      High furnace pressure					:	1 Point

 j)      Spares							:	as required



15.5 PLC-PC Based Mass Flow Control

It is advisable to provide PLC-PC based instrumentation system in the furnace for the following:

a) Indication, recording and control of furnace temperature in each zone;

b) Indication and control of fuel oil/gas in each zone;

c) Indication, recording, control and totalization of fuel oil/gas flow in main header / coal weigh feeder and feed rate measurement through load cell-based conveyer weighing;

d) Indication and control of combustion air flow;

e) Indication, recording and control of furnace pressure;

f) Indication of flue temperature and control of dilution air to recuperator;

g) Indication of preheated air temperature control;

h) Indication and recording of combustion air temperature at recuperator inlet and outlet;

i) Indication of fuel oil/gas pressure at main header;

j) Data for process control, and

k)  Any other data required.ZZ

The PLC-PC based instrumentation system shall be flexible and user friendly with user friendly interface in HMI (Human Machine Interface) (see Fig. 4).

The PLC-PC based instrumentation system will consist of the following.

15.5.1 Temperature and Air/Fuel Ratio Control (Mass Flow Based) — (see Fig. 5 and Fig. 6)

a) ‘R’ type with suitable length below flange simplex thermocouple for zone temperature control / excess zone temperature control;

b) Modulating motor /pneumatic actuator for air flow control valves;

c) Airline orifice plates;

d) Air flow transmitter;

e) Oil flow meters; 

f) Oil flow control valves;

g) Modulating motor/pneumatic actuator for oil control valves;

h) Gas line orifice plates;

J) Gas flow transmitters;

k) Gas control valves;

m) Modulating motor/pneumatic actuator for gas control valves;

n) Coal weigh feeder and feed rate measurement through load cell-based conveyer weighing; and

o) ON/OFF excess zone temperature controllers.

15.5.2 Preheated Air Control Loop (Hot Air Bleed Control) (see Fig. 7)

a) One (1)	-	Ni.Cr./Ni.Al. simplex thermocouple with compensating cable

b) One (1)	-	Wafer style control valve with electromechanical/pneumatic actuator

15.5.3 Flue Gas Temperature through Dilution Air Control

a) One (1)	- Ni.Cr./Ni.Al simplex thermocouple with compensating cable

b) One (1)		-Wafer style control valve with electrical /pneumatic actuator

The PID controllers for furnace zone temperature shall be constituted within the PLC through intelligent software PID blocks. The value and status of zone temperature can be viewed on the Human Machine Interface (HMI) screen of the colour monitor for the furnace work station.

For excess temperature control of respective zones, provision for stand-alone ON/OFF override temperature controllers have been considered. In case the zonal temperature overshoots the maximum set value it will shut off the zone fuel oil/gas valve and at the same time the system will raise an audio-visual alarm. Details of alarm and fault will be logged in HMI.



15.6 Furnace Pressure Control (see Fig. 8)

The furnace will be provided with one set of furnace pressure controlling instrument consisting of the following:

a) 1 No. draft range furnace pressure transmitter; and

b) 1 Set damper and actuating motor.

Furnace pressure control is important to maintain slightly positive pressure inside the furnace to prevent ingress of atmosphere air into the furnace which will help in reducing oxidation thereby reducing scale formation.

Furnace pressure control will be through a common PLC in which necessary components will be provided in the PLC.



15.7 PLC and its Panel

The PLC, its accessories and relays shall be housed inside a non-compartmentalized 2 mm thick sheet steel construction, self-standing dust and vermin proof type panel. Wirings shall be completed up to the terminals. All incoming and outgoing cable shall be through a 3 mm thick gland plate provided at the bottom of the panel.

The panel doors shall be two leaf hinged type at both front and rear of the panel. The panel shall be painted inside and outside light grey (Shade no.631 of IS 5).

One non-redundant type Programmable Logic Controller (PLC) for the furnace will be provided for interlocking and sequential control and for furnace process control like temperature etc. The PLC would be complete with one control processor, one power supply module, and required digital input/output cards, analog card, T/C card etc. Redundant PLC system may be considered for critical functions like heating control etc. The unit would be located in an air-conditioned electrical control room in a dust and vermin proof enclosure.
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Fig. 4 SYSTEM CONFIGURATION
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Fig. 5 TEMPERATURE CONTROL LOOP FOR OIL LINE
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Fig. 6 TEMPERATURE CONTROL LOOP FOR GAS LINE




















































Fig. 7 P AND I DIAGRAM – TEMPERATURE CONTROL OF PREHEAT COMBUSTION AIR





[image: ]

Fig. 8 FURNACE PRESSURE CONTROL LOOP



		Symbol 

		Description 



		M

		Motor operated 



		PT

		Pressure Transmitter 



		PIC

		Pressure Indicating Controller 



		PG

		Pressure Gauge 



		PSL

		Pressure Switch Low 



		PAH

		Pressure Alarm High 



		PAL

		Pressure Alarm Low 



		TIC

		Temperature Indicating Controller 



		TCV

		Temperature Control Valve 



		CV

		Control Valve 



		FCV

		Flow Control Valve 



		FE

		Flow Element 



		FT

		Flow Transmitter 



		RIC

		Radioactivity indicator controller  



		ACT

		Actuator



		BLR

		Blower 



		HV

		Butterfly Valve (hand operated) 



		STE

		Simplex Temperature Element 







15.7.1 In addition to process and sequence control through PLC, following features will be available through PC based system on monitor screen in various pages,

· Temperature and pressure data logging and trending,

· Overview of furnace, and

· Fault annunciation page and alarm logging

15.7.2 Alarm conditions will include the following fault points for safety:

a) High gas pressure					: 1 point

b) Low gas pressure					: 1 point

c) Low oil pressure					: 1 point

d) Low combustion air pressure 				: 1 point

e) Low atomizing pressure					: 1 point

f) High zone temperature					:  As required

g) High combustion air temperature after recuperator	: 1 point

h) High waste gas entry temperature to recuperator	: 1 point

j) High furnace pressure				            : 1 Point

k) Spares			      		: As required



15.7.3 Besides this, the PLC-PC based instrumentation shall log the data as detailed below:

a) Shift-wise, daily, monthly, yearly report with process values/production figures and other process data. However, same shall be finalized during detailed engineering process;

b) Logging and reports of events; and

c) Historical data storage and trending.

The PC shall have limited storage capacity. As and when the hard disk capacity space reduces substantially due to storage of data, the same is to be stored in  DVDs/CDs for future and hard disk space is to be restored.

15.8 Workstations — PC and Printer

One set common grade PC consisting of latest processer with colour monitor, CD Rom, compatible key-board, mouse, one (1) No. colour laserjet/inkjet printer. UPS should be provided as power supply utility.

		

15.8.1 Programmable Logic Controller (PLC) for Sequential Operation

A common Programmable Logic Control Panel (PLC) indicated above will also be suitable for interlocking and sequential control of operation of charge rollers, charge pusher, discharge doors, discharge ejector, pull- out roll and charge doors.

The common panel shall also control the entire sequential operation of the furnace and its allied equipment which are provided along with process control as described above.



16 SAFETY INTERLOCKING IN THE FURNACE 

The safety against various abnormal conditions like excess zonal temperature, excess furnace pressure, low oil pressure, high/low gas pressure, low combustion air pressure, shall be interlocked in such a way so that in the event of occurrence of such faults, respective safety devices (control/alarm) will be activated to prevent any adverse situation in the furnace.

The furnace will be provided with following safety interlocks for safe operation;

a) Air temperature control instruments with broken thermocouple safety protection (upscale);

b) To cut-off zone burner firing with the help of oil safety solenoid valves and On/OFF gas control valves in the event of excess temperature; and 

c) Necessary limit switches as required will be provided to ensure safe operation of the furnace

17 ELECTRICAL

17.1 Motor Control Centre

The furnace will be provided with one dust and vermin proof, 2mm thick sheet steel, floor mounted type totally enclosed non-compartmentalized/compartmentalized and non-draw out type motor control centre for the operation of various motors and heaters. Cable entry shall be from bottom of panel through 3 mm thick gland plate at bottom of panel. MCC panel, Junction Boxes etc., shall be: painted – Inside and Outside: Light Grey, Shade No.631 of IS 5.

In addition to the above, two control desks, adequate number of control stations and local push button stations are required to be located at charging and discharging end for operation.



17.2 Power and Control Cables

 All power and control cables including cable laying accessories from MCC panel and Instrument panel to various motors/heaters and field instruments are to be decided on the basis of cable routing layout and kW ratings.
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Final WD-  GUIDELINES FOR DESIGN AND CONSTRUCTION OF CONTINUOUS PUSHER TYPE COAL OIL (1).docx
GUIDELINES FOR DESIGN AND CONSTRUCTION OF CONTINUOUS PUSHER TYPE COAL /OIL / GAS TOP FIRED REHEATING FURNACES



1 SCOPE

This Indian Standard covers the general guidelines for design and construction for coal/ oil/ gas fired continuous pusher type top fired reheating furnace.



2 REFERENCES

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 agreements based on this standard are encouraged to investigate the possibility of applying the most recent editions of the standards are indicated below:

IS No.	Title

5      : 2007      Colours for ready mixed paints and enamels 

6      : 1983		Specification for moderate heat duty fireclay refractories, group ‘A’ 

8        : 1994	High heat duty fireclay refractories 

2062    : 2011	Hot rolled low, medium and high tensile structural steel 

6533	Code of practice for design and construction of steel chimney

(Part 1) : 1989	Mechanical aspect 

(Part 2) : 1989	Structural aspect 

3 DESIGN PARAMETERS

The following basic performance parameters need to be specified for designing of continuous pusher type reheating furnace:

a) Material to be charged………………..	:	     Billets/ Blooms/ Ingot / Slabs

b) Material specification ………………..	:	    Mild Steel/ Low or Medium or 

Bureau of Indian Standards

Working draft for revision of IS 17082



			    High Carbon Steel / Alloy steel /  				    Stainless Steel

11



c) Material dimensions (range)

							Length	:     upto 12 m

						  Cross-section:     130 mm optimum thickness, width can vary

d) Reference    charge    material    dimensions and material specification on the basis of which Furnace will be sized and designed

					Specification	:	………………………

					Length		:	………………………

					Cross-section	:	………………………

e) Straightness of charge material……………	:	………………………

f) Rhombodity of charge material……………		:	………………………

g) Twist of charge material			:	………………………

h)          Number of charging rows…………………….:		Single / double

i)           Material charge temperature in °C	  :		Cold charge at ambient temperature/Hot at temp   	range

j) Reference	charge	material	of	Charge  

	temperature in °C						:	………………………

k) Material discharge temperature in	°C (reference)	:	……………………°C Ambient/20°C

m) Material discharge temperature range in °C		:	………………………

n) Discharge   Temperature   uniformity   in   the material in °C that is, temperature difference between top & bottom surface of hot billet in

°C (required)				         		 	:	………………………

p) Combustion air preheated temperature °C		:	………………………

q) Flue gas outlet temperature after waste heat 

Recovery				      			: 	………………………

r) Furnace output in MT per hour on continuous 

production for reference size charge at reference

conditions in required number of charging row 

(Single/double)			        			:	………………………

s) Fuel to be used 		        :	Coal/ pulverized coal/Furnace  oil/LDO/HSD Gas (Natural Gas/ LPG/Coke  Oven Gas/Producer gas /other fuel)/Gas  with composition

t) LCV of fuel in case of oil firing			:	………………………kcal/kg.



u) LCV of fuel in case of gas firing		            :	………………………kcal/Nm3

v) LCV of Coal in case of coal firing			:	………………………kcal/kg

w) Supply temperature and pressure		          	:	………………………

x) Estimated specific fuel consumption in Million	

kcal/Mt or kJ/kg on continuous and normal 

operation for rated output, for reference charge 

material, under specified reference condition

 and number of charging rows (to be indicated

by the furnace designer)					:	………………………

y) Estimated connected heat load in Million kcal/hr 

or kW (to be indicated by the furnace designer)		:	………………………

z) Type of charging			: 	Whether side/end charging

aa) Type of discharging			: 	Whether side/end discharging

ab) Type of flue outlet (down take or uptake)		:	………………………

aa)	Electricity supply characteristic for various

motors, heaters and controls/instruments.			:	………………………

ab)	Compressed air quality with its pressure and 

temperature 							: 	………………………

ac)	Water quality with its pressure and temperature	:	………………………

NOTE —   1 k cal = 4.186 kJ

1 kcal/h = 1.163 W



4	GENERAL CONSTRUCTION



4.1 The furnace will be generally designed for end charging and side/end discharging arrangement (see Fig. 1). The material will be brought in front of the charge door through charge rollers, or directly placed on the charge table. For proper dispositioning of the material at the charge end, in single/double row, fixed and vanishing stopper arrangement will be used when charge approach rollers are used. The material will be pushed by means of hydraulically/electro- mechanically operated pusher mechanism. After the material have reached the discharge end, the same will be taken out one by one from the side by a hydraulically/ electrically operated discharge ejector mechanism. The furnace charge table with billet positioning may be provided.

In case of an end discharge type furnace (see Fig. 2), the material will get discharged through the end door one by one over an inclined slope refractory bed on to discharge rollers.

4.2 Type of material discharging arrangement will be either from side with the help of discharge ejector machine or through end over inclined slope refractory bed on to discharge rollers. However, side discharge with the help of an ejector machine is preferred since during end-discharging, the discharge door through the width of the furnace will remain open and heat losses will increase considerably.

4.3 The furnace will be equipped with coal/oil burners/gas burners or dual fuel burners, as per customer’s requirement especially suitable for steel reheat furnaces which can easily handle air preheat temperature up to preferably 350°C and above.
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Fig. 1 TYPICAL DIAGRAM END CHARGING AND SIDE DISCHARGING ARRANGEMENT
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Fig. 2 TYPICAL DIAGRAM END CHARGING AND END DISCHARGING ARRANGEMENT



4.4 Hot gases after passing through the furnace will escape through the flue port located at the charge end. Flue ports will be connected to an overhead/underground flue collector and thereafter pass through the recuperator to the chimney. In the flue duct there will be a recuperator for combustion air preheat. Flue duct from furnace to chimney may be underground or over ground depending on site and soil conditions and layout. In case of probable water seepage below ground level, it is better to use an over ground flue duct from furnace to chimney.

4.5 The furnace will be divided in heating and soaking zones and the length of the furnace including unfired, heating and soaking zones is to be decided on the basis of heating and soaking time required for the material inside the furnace from charging to discharging to achieve uniformity of temperature and maximum capacity of the furnace.

4.6 The furnace will be provided with convection type multi-channel tubular high recovery efficiency cross counter flow type recuperator for preheating the combustion air from the flue gas leaving the furnace thereby the furnace would be very effectively designed in terms of fuel economy.

4.7 Heating and soaking zones are to be controlled through stand-alone PID type temperature controllers with other necessary instruments or mass flow control philosophy. In order to maintain positive pressure in the furnace, necessary PID type furnace pressure control instruments will be used.

4.8 Complete interlocking and sequential control of the furnace with respect to charge roller table, furnace charge pusher and discharge ejector and pull-out roll will be carried out through relay logic panel or Programmable Logic Controllers (PLC) complete with control processors, power supply module, I/O modules, digital input as well as offline programme. Redundant PLC system will be considered for critical functions like heating control etc. In case of failure of PLC some emergency sequence operation like pusher, discharge doors, ejector’ can be operated through push buttons in manual mode.  

4.9 In case Coal is used as a fuel, furnace will be provided with impact type coal pulverizer capable of delivering (–) 200 mesh size of coal (about 80-90) along with hoppers (as required).PLC-PC based instrumentation for process control can also be used in place of standalone controllers.



5 CONSTRUCTIONAL DETAILS

The furnace profile, effective lengths, width and sizing of the different zones will be decided so as to ensure optimum heating efficiency, uniformity of charge temperature and flexibility of furnace operation during varying capacity utilization.

Furnace profile will be such that the charge material stays for only the required (desired) time in the fired zones, but nevertheless undergoes very gradual heating in the long unfired preheating zone, through direct transfer of heat via the outgoing flue gases. This gives only advantages without increasing the scale levels.

5.1 Sizing of Furnace

5.1.1 Effective length and width of the furnace are to be calculated on the basis of output, reference charge  material size, number of rows, material discharge temperature and uniformity, heating and soaking time. The following dimensions for the furnace are to be calculated: 

The furnace effective length:

Inside furnace length	                                                            :	………………………

Soaking zone length	                                                           :	………………………

Heating zone length	                                                           :	………………………

Preheating zone length	                                               :	………………………

Charge level of material with respect to mill floor level      : 	To suit plant    requirement

Discharge level of material with respect to mill floor level : 	To suit plant requirement

5.1.2  Based on the typical heating configuration, the range of heating rates to be considered as : 

Top fired pusher type furnace				          :	……….around 1min/mm

Top and bottom fired pusher type furnace		          :	………. around 0.5min/mm

5.2 Furnace Casing

The furnace casing will be fabricated from minimum 5 mm thick IS 2062 (Grade E 250 A) quality steel plates adequately reinforced with structural members. The casting used on front walls (door opening side) and the burner cut-out areas will be made of minimum 10 mm thick mild steel plates.

The suspended/arch roof is constructed by suitable beams framed to the structural members attached to the side buckstays. The intermediate beams are to be provided as required to stiffen the main beams and the support walkways. The main structural members will support the fired burner walls.

5.3 Walkways and Platforms

All necessary platforms and access walkways on the furnace proper for servicing the burner, valve, drive mechanism, thermocouples and door drives.

The platforms and access walkways include all necessary structural supports, gratings, chequered plates and hand rails.

The platform will be designed for a minimum of 800 kg/ sq m and walkways will be designed for a minimum of 500 kg/ sq m loading.

5.4 Doors

5.4.1 End Charge Door

End charge door will have following details:

  Type		:        Vertical rise and fall, counterweighted

  Quantity	:         1 no

Operation	:        Manual, winch-operated or electric motor/ hydraulic cylinder driven

Material	:        MS fabricated with graded cast iron cladding around periphery

Door insulation:       Ceramic fibre / refractories of adequate thickness



The charge door will be manufactured from steel plates (IS 2062 Grade E 250 A) and structural with heat resistant cast iron at periphery. The door opening periphery will be fitted with heat resistant cast iron.

5.4.2 Door Drive Operation

The door will be operated manually for which necessary shafting, bearings, sprockets, chains, winch etc. will be provided.

The door can also be operated hydraulically by means of hydraulic cylinder with necessary shafting, bearings, sprockets, chains etc. or electro-mechanically operated by suitable motor electric gear box with necessary electro-magnetic brake, chain and pulley etc. will be provided.

5.4.2.1 Side discharge door

Side discharge door will have following details:

Type		:	Vertical rise and fall

Quantity	:	2 nos. (one at each side of furnace)

Operation	:	Hydraulic cylinder/Electric motor/ pneumatic

Opening size	:	As required

Material	:	Heat resistant cast iron/Alloy steel



5.4.3 Door Drive Operation

The door can be operated hydraulically/pneumatically by means of hydraulic cylinder/pneumatic cylinder with necessary shafting, bearings, sprockets, chains etc. or electro-mechanically operated by suitable motor electric gear box with necessary electro-magnetic brake, chain and pulley etc. will be provided.

5.4.4 Inspection Door

Type		:	Manual, hinged type

Quantity	:	As required

Opening size	:	250 mm × 250 mm approx.

Materials 	:	Graded cast iron and heat resistant cast iron  

Operation	:	Manual



5.4.4.1 Adequate number of inspection doors on both side walls will be provided. These doors will be manufactured from heat resistant cast iron for preheating zone and heat resistant cast iron for heating/ soaking zones. The doors will be suitable for manual operation. The door opening periphery would be fitted with heat resistant cast iron.



5.4.5 Access Doors

Type		:	Manual, cover type, bolted 

Quantity	:	As required

Opening size	: 	Minimum 600 mm × 750 mm

Material        	:    	Mild steel plate (IS 2062 grade E250 A) of Min 5 mm thick

Operation 	:	Manual

5.4.5.1 Adequate number of access doors made of minimum 5mm thick mild steel plate will be provided on the side of the furnace wall and will be bolted to the furnace casing suitably. The opening in the furnace side wall brick work for the access doors will be normally filled with refractory brick laid dry for easy removal of bricks at the time of maintenance/requirement of access inside the furnace.

5.4.6 Clean Out Door

Type		:	Manual, cover type, bolted

Quantity	:	As required

Opening size	:	Minimum 250 mm × 270 mm

Material	:	Heat resistant cast iron

Operation	:	Manual

Adequate number of clean-out doors made of heat resistant cast iron construction will be provided. The doors will be hinge type construction



5.5 Refractory and Insulation Material

5.5.1 Roof construction will be arch type if the width of the furnace is up to 2.2 m. Beyond this, the furnace roof is to be constructed with suspended roof hanger bricks.  Refractory materials shall be selected to achieve skin temperature of furnace as under:

a) All walls including hearth - 50 degree above ambient with 100°C (Max)

b) Roof - 120°C (Max)

Temperature will be measured 1 m away from the burner, door opening and any other opening on the furnace. Quality of refractory bricks shall be selected to withstand a minimum 100°C more than the maximum surface temperature at furnace face as well as at each layer face. Physical properties of refractory shall be selected as per customer choice. In the absence of the customer's choice, the same may be specified by the supplier.

		

5.5.2 Furnace Roof with Suspended Bricks



		a) Soak zone and part of heating zone

		 :         

		250 mm thick special shape roof brick               

made of minimum 60 percent alumina firebricks.	

115 mm hot face insulation bricks and

75 mm cold face insulation bricks.



		b)  Balance zone

		 :

		250 mm thick special shape roof brick 

made of 45 to 55 percent alumina quality fire bricks

115 mm hot face insulation bricks 

75 mm cold face insulation





The roof hangers shall be made of heat resistant cast steel, which will be held in position to the anchors of roof steel beams.



		5.5.3

		Furnace Roof with Arch Bricks

	



		

		a) Soak zone and part of heating zone

		:

		230 mm thick end arch fire bricks made of  minimum 60 percent alumina bricks

115 mm Hot face insulation bricks

75 mm cold face insulation



		

		b)   Balance zone

		:

		230 mm thick end arch bricks made of  45 to 50 percent  alumina fire bricks backed by -115 mm hot face insulating bricks

75 mm cold face insulation









		

		5.5.4

		Walls





		

		

		a)  Furnace Discharge End Wall, Furnace Soak and Part of Heating Zone Side Wall

		   :

		230 mm thick end bricks made of minimum 60 percent quality firebricks

115 mm. hot face insulation bricks minimum

115 mm. cold face insulation bricks minimum

50 mm. block insulation or 50 mm ceramic fiber board (220 kg/m3 density minimum, temperature range 1260 0C)



		

		

		

		

		



		

		

		b)   Remaining zone side wall and Charge end wall

		   :

		230 mm thick end bricks made of minimum 40 percent alumina quality firebricks

115 mm. hot face insulation bricks

115 mm. cold face insulation bricks

40 mm. block insulation and 50 mm ceramic fiber (64 kg/m3 density, temperature range 1260 0C)



		

		

5.5.5

		

Furnace Hearth



		

		a)

		Soak Hearth

		:

		200 mm thick High Alumina (70%) Low Cement Castable

115 mm thick High Heat Duty (IS-8) Firebricks.

75 mm thick Hot Face Insulation Bricks.

190 mm Insulating Castable/Insulation bricks followed by ceramic fiber board



		b) 

		 Heating Zone Hearth

		:

		115mm Hot Face high temperature chromite/ fused cast alumina bricks up to 4m from soak zone end and 70 percent Alumina Quality Firebricks at remaining heating zone. 

115mm high heat duty (IS 8) firebricks 

75mm Hot Face Insulation Bricks, 

150mm Cold Face Insulation Bricks







		 c)

		 Unfired Zone Hearth

		:

		115mm high heat duty (IS 8) firebricks.

115mm medium heat duty (IS 6) firebricks

75 mm hot face insulation bricks

115mm cold face insulation bricks







Castable on the soak hearth will be laid in position by heat resisting stainless steel  anchors depending on temperature condition inside the furnace.





		5.5.6  

		For Overground flue duct Before and After Recuperator

		:

		150 mm thick of ceramic fiber blankets of different grades 



		5.5.7

		For underground flue duct Before   

 Recuperator



		:

		230mm high heat duty firebricks (IS 8)

75mm cold face insulation bricks

150mm red bricks to be used as a ventilation course.





		5.5.8

		For underground flue duct after   

		:

		230mm medium heat duty firebricks (IS 6)



		5.5.9

		Recuperator

		:

		Metallic to suit the flue gas temperature









		5.5.10

		Stack

		:

		Bell portion of the chimney will be lined 230 mm. Medium heat duty quality firebricks backed by broken insulation bricks and portion up to a height of 5 m. from bell portion with 115 mm. medium heat duty quality firebricks and balance portion would remain unlined.

In case the fuel is having sulphur content 3-4 percent, a fully lined chimney is preferred.







		5.5.11

		Hot Air Lagging

		:

		100mm thick mineral wool mattress covered with galvanized steel/aluminium sheet cladding







		5.5.12

		Discharge Doors

		:

		115mm 45 percent alumina firebricks

115mm cold face insulation

25 mm block insulation







		5.5.13

		Charge door	

		:

		115mm 40 percent alumina firebricks

75mm cold face insulation bricks



		5.5.14

		Burner Blocks

		:

		60 percent alumina refractory castable/ fired block or equivalent.





6 COMBUSTION EQUIPMENT



6.1 Burners



6.1.1 General

Burners are selected based on available fuel (coal, oil or gas), fuel oil grade and calorific value, type of fuel gas (also cleanliness and calorific value), and combustion air preheat temperature and pressure. Accordingly, burners can be chosen exclusively for oil firing, gas firing, coal firing or dual fuel burner for firing any of the two fuels simultaneously.

Burner shall be suitable for combustion air preheat temperature of 350°C and above. Stoichiometric energy efficient burners using maximum 10 percent excess air shall be used.



6.1.2Mode of Firing

The furnace will be divided into required automatically controlled zones for heating and soaking zones in addition to unfired preheating zone. All the burners of the heat zone will fire across the width/length of the furnace and will be mounted on the side/end walls depending on the design of the furnace. Burners of the soak zone will fire longitudinally (axially) and will be mounted on the back wall. The burner firing configuration should ensure proper heat distribution, maximizing heat transfer and minimum fuel consumption.



6.1.3 Heat Distribution

Adequate number of burners are to be selected on the basis of zone-wise heat distribution in the furnace considering the total connected heat load in Million kcal per hour/ kW.

The heat distribution in different zones are to be decided considering, charging and discharging arrangement and preheating, heating and soaking time.



6.2 Gas Firing System

6.2.1 For gas firing system One (1) set of gas train components comprising of the following will be provided (see Fig. 3).

a) Limiting orifice valves in gas line;

b) Metering orifice valves in gas line;

c) Manual gas shut off valves in burner gas line; and

d) Solenoid operated gas safety shut off valves in burner gas lines.

e) Gas filter and governor

f) Solenoid operated safety shut off valve in bleed line

g) Pressure gauge

h) High/low gas pressure switch

[image: ] 



Fig.3 GAS TRAIN CONTROL LOOP



6.2.3	UV Flame Monitoring Devices and Auto Burner Ignition

UV photocell flame monitoring devices for each burner with pilot ignition equipment may be provided as required for safety.

Each burner will be provided with standard UV adaptor detector assembly which include UV detector and observation port. The UV photocell assembly is threaded into the back of the burner in place of its observation port.

In case of failure of burner flame, UV photocell will give impulse to solenoid valve to cut-off fuel supply to burner to avoid generation of unburnt fuel in the furnace resulting in fire hazards/explosion.

Auto burner ignition system for each burner will consist of an ignition transformer, spark plug.

UV flame monitoring system is recommended in case of gas firing system (for self-ignition temperature of the fuel is higher than 800°C).



6.3 For Oil Firing System



For Oil firing system following system components are to be considered:

6.3.1	Oil Pumping and Heating System 

For supply of oil at constant pressure and temperature, one oil recirculation system from termination point to the burners through ring main system are to be provided. To terminate the oil supply, an isolating valve is to be provided. Oil should be supplied from the day oil tank at slightly higher temperature (depending on the visco city) with free flow gravity pressure.

In order to preheat fuel oil at day tank, one no. outflow heater of adequate kW rating is to be provided at oil day tank.

For low viscosity fuel oils like LDO and HSD, heater may not be required.

Complete pumping and heating set shall comprise the following:

a) 2 Oil pumps (1 working + 1 standby);

b) 1 Suction side duplex filter;

c) 1 Delivery side duplex filter;

d) 1 Pressure regulating valve on return line with valves and by-pass valve; 1 Set Interconnecting pipeline; and

e) 1 Lot of duplex oil heaters, each of adequate kW (1 working + 1 standby).

Zonal heaters are also to be provided for large furnaces where burners are located far from the oil heating unit to maintain desired temperature of oil. In case of furnace oil, an outflow heater of adequate kW rating is to be provided at the outlet of the oil day tank to preheat depending on viscosity of oil so that oil flows to the main heating and pumping unit smoothly.

Combustion air flow will be controlled zone-wise through:

a) Wafer style butterfly valves with stainless steel internals for combustion air control (to be operated with modulating motor/pneumatic actuator with linkages);

b) Butterfly valves in burner combustion air; and

c) Butterfly valves in burner atomizing air (in case of oil firing).

The complete pumping and heating set will be fitted on a fabricated base frame with an oil drip tray. The pump will circulate approximately 2-3 times of oil requirement per hour in the oil ring main to maintain oil supply to burners at required flow and pressure.



		Zone

		No of burners (Approx) 

		Total Heat Release (Approx) 

		Firing Arrangement 



		Soak zone  

		………

(Required)  

		………

million kcal/ hr or kW

		Across width/ length



		Heating Zone - I

		………

(Required)

		………

million kcal/ hr or kW

		Across width/ length



		Heating Zone - II

		………

(Required)

		………

million kcal/ hr or kW

		Across width/ length







6.3.2 Other equipment fittings used oil firing system are as under

a) Sensitrol oil valves in oil line;

b) Oil flexible hoses;

c) Oil shut-off valve;

d) Adjustable port valve for zone control; and

e) Oil solenoid valve for zone (oil solenoid valve for each burner, when UV flame monitoring system is used).



6.4 For Coal Firing System  

Pulveriser : The size and capacity will be selected based on type of coal and coal consumption rate. The body will be made either cast iron or M.S. Sheet. The pulverizer shall be capable of delivering (-) 200 mesh coal powder size of about 75-85%.

The upper portion of the hopper bin shall be covered with M.S. sheet to contain coal dust spreading out during collection in the hopper. 

The following general recommendation will be as following: 

	Hammer		:	High Manganese 

	Liner 			:	E4 – 31 steel

	Classifier blade		:	Stainless steel

	Fan Blades		:	Stainless steel  



7 BLOWERS



7.1 Combustion Air Blower

Adequate number of combustion air blowers with standby of suitable capacity and pressure are to be provided. The blower will be arranged for direct/V-belt/ coupling driven through a suitable motor. Following details shall be indicated on the blower:

a) Capacity (m3/h);

b) Pressure, mm WG;

c) Motor rating (kW); 

d) Type of drive; and

e) Simply supported/cantilever type

Blowers shall be centrifugal type, mild steel construction and statically and dynamically balanced. Blower capacity cannot be less than the air requirement considering the connected load of the furnace.

NOTE — VFD/VVFD for combustion air blower may be considered as optional.

7.2 Atomizing Air Blower (for Oil Firing)

Adequate number of atomizing air blowers with standby of suitable capacity and pressure are to be provided. The blower will be arranged for direct/V-belt/coupling driven through a suitable motor. Following details shall be indicated on the blower:

a) Capacity (m3/h);

b) Pressure, mm WG;

c) Motor rating (kW); and

d) Type of drive.

Blowers shall be centrifugal type, mild steel construction and statically and dynamically balanced. Blower capacity cannot be less than the air requirement considering the connected load of the furnace.

NOTE — VVFD for atomizing air blower may be considered as optional.



7.3 Pulverized coal transportation blower

Suitable capacity and pressure blower will be provided. The blower will be arranged for direct/V-belt/coupling driven through a suitable motor.  Following details shall be indicated on the blower:



a) Capacity (Nm3/h);

b) Pressure, mmWG;

c) Motor rating (kW);

d) RPM, and

e) Type of drive.

f) Simply supported/cantilever type



Blowers shall be centrifugal type, mild steel construction and statically and dynamically balanced. Blower capacity shall be suitable for transporting pulverized coal to the burners at suitable pressure considering pressure drop in the system 



NOTE — VVFD/VFD for combustion air blower may be considered as optional.



8 PIPE WORK



8.1 Combustion Air Pipeline

Cold air piping from the combustion air fan to the recuperator and hot air piping between the recuperator and burners through individual zone headers would be provided. The pipeline will be flanged at appropriate intervals and supported by brackets. Combustion air blower will be located near the recuperator. Flexible bellows should be provided in preheated combustion air line to take care of expansion and alignment during pipe assembly. Hot air piping shall be internally lined or of suitable grade to withstand the hot air temperature with external insulation.



8.2 Atomizing Air Pipeline (In Case of Oil Firing)



Necessary atomizing air pipeline up to burners will be provided. The pipelines will be supported at appropriate places.





8.3 Dilution Air Piping



Dilution air piping from dilution air fan to the flue tunnel where the recuperator is placed.



8.4 Gas Piping



Gas piping from termination point to various zones including distribution network complete with valves and fittings will be included. An isolating valve is to be provided. Gas pressure at takeover point should be min 0.07-0.08 kg/cm2.g



8.5 Oil Piping



Oil piping from the oil pumping and preheating unit to the burners through the ring-main system will be included. Fuel oil supply to the oil pumping and heating unit at a free flow gravity pressure of 0.5-1.5 kg/cm2.g and pumpable temperature (about 50-60°C temperature for furnace oil) at header at the battery limit with an isolating valve is to be provided. All pipelines from this point to the points of usage through the ring-main will be provided.



8.6 Hydraulic Piping (if Applicable)



The hydraulic pipe work for the pusher and ejector mechanism as well as charge and discharge doors including all necessary valves, flexible pipes, fittings and supports are to be provided. All fittings and sockets will be of weldable quality. All the pipes will be from seamless tubes suitable to withstand hydraulic pressure.



9 RECUPERATOR



One multi-channel tubular cross counter flow type. Recuperator will be required for preheating the combustion air to a temperature of  upto 650°C. As a general guideline the design of the recuperator should be such that it recovers 75 to 80% of the heat contained in the flue gas. 

The recuperator includes two or more completely assembled suspended units in which the front (hot) bank of tubes are made of suitable special alloy steel and the balance tubes are made of carbon steel. 



Operating Data (Approximately):

a) Fuel			: …………….	

b) Connected heat load for furnace with recuperator	: …………… kW  

c) [bookmark: _heading=h.gjdgxs]Waste gas flow		 : …………….	Nm3 /h

d)  Temperature of waste gas:

1) At entry to recuperator		 : …………….	°C (Max.)

2) At exit to recuperator		 : …………….	°C (indicative)

e) Combustion air flow		 : …………….	Nm3/h

f) Temperature of air:

1) At entry to recuperator		 : …………….	°C (ambient)

2) At exit to recuperator (desired)		 : …………….	°C (350°C or above)

g) Pressure drop across		 	            :

1) Air side				: 150 - 350 mm WG approx.

2) Flue side				: 10 - 20 mm WG approx.





9.1 Dilution Air Blower

Adequate number of dilution air blowers with standby of suitable capacity (10-15% of combustion air flow) and pressure are to be provided. The blower will be arranged for direct/V-belt/coupling driven through a suitable motor. Following details shall be indicated on the blower:

a) Capacity (m3/h);

b) Pressure, mm WG;

c) Motor rating (kW); and

d) Type of drive.

Blowers shall be centrifugal type, mild steel construction and statically and dynamically balanced.  Blower should have sufficient reserve capacity over and above the design requirement. 

NOTE — VVFD for dilution air blower may be considered as optional.

9.2 Hot Air Bleed

A hot air bleed system will be provided to give further protection to the recuperator. Should the hot air temperature exceed the safe temperature limit, the hot air bleed control opens the bleed valve which allows a greater quantity of combustion air to flow through the recuperator tubes. The hot air that is exhausted is usually piped back into the waste gas flue between the recuperator and the stack.

9.3 Flues

a) Type              :	Underground or overhead

b) Insulation      :	Inside

The furnace will be provided with underground/ overground flue duct for exhausting of waste gas from furnace to the chimney through recuperators. Overhead flue duct will be made of steel plates with flanges and supporting structures. The flue duct will be lined inside with suitable insulation material.

Underground flue duct will be made of RCC which will be lined inside with suitable refractory and insulation material.

9.4 Dampers

a) Application :	To regulate outgoing flue gases, and hence, Furnace chamber pressure

b) Location	  :	In the overhead/ underground flue duct after recuperator

c) Type	  :	Rise and fall type for underground and rotary type for overhead

One guillotine rise and fall type (or, rotary type) damper would be provided in the underground flue, after the combustion air recuperator. The damper would be made of AISI-304 stainless steel plates suitably stiffened. The damper will be suitable for actuation with an electro- mechanical/pneumatic actuator and will be provided with a damper operating mechanism.

9.5 Stack (See IS 6533)

a) Type		:	Self-supported, natural

                                                draught

b) Height		:	……….m

c) Material of 

        construction	:	Mild steel (IS 2062 Grade E 250. A)

d) Insulation		:	Inside

The stack is a self-supporting partially/fully refractory lined natural draft chimney of suitable height. The stack is of welded construction The chimney will be of suitable height and diameter considering Central Pollution Control norms and will be designed and constructed as per relevant IS standard along with lightening arrestor, earthing, platform, ladder, aviation lamp, sample ports etc. The lining configuration of the chimney will be as described under refractory and insulation material.

Induced draft chimney can also be provided, if desired due to limitation of height in the plant area and / or any other design requirement.



10   CHARGE PUSHER MECHANISM



Application	:	To feed charge into the furnace

Type		:	Hydraulic/electro-mechanical 

Operation	:	Hydraulic/motorized

Speed		:    	……m/min 

Pushing force	:    	……kg

Stroke		:    	……mm



The material will be pre-positioned in front of the charge end of the furnace through the charge roller table (or, placed directly on the charge table in front of the furnace).

For pushing the material inside the furnace, hydraulically/electro-mechanically operated charge pusher mechanism will be provided. The hydraulically/ electro-mechanically operated pusher mechanism will push the material up to a required distance and adequate speed.

Pusher will be designed considering the total pushing load in hearth, cycle time required for output, speed and stroke length.

The pusher head will be constructed from a heavy mild steel structural section with necessary stiffening arrangement. Hydraulic cylinders along with necessary valves for proper operation will be required.

Hydraulically/electro-mechanically operated pusher mechanism will push the material in one/two/triple row as desired.



12 DISCHARGE EJECTOR

a) Application	        :       To discharge   the   material from the furnace

b) Type	        :        Electro-mechanical or electro-hydraulic

c) Operation	        :        Motorized	(or,through hydraulic arrangement

d)      Speed	        :         ……. m/min

e) Pushing force        :       ……… kg    

f)       Stroke	        :       ……….mm

For charging of the hot billets from the furnace to the discharge roller table, one (1) no. electro-mechanically (or, electro-hydraulic) operated discharge ejector shall be provided. The main drive roll will be connected with suitable capacity motor and gearbox assembly. Necessary guide rolls and support rolls will be provided throughout the ejector rod for uniform loading. Necessary water piping will be provided above the ejector rod for uniform spray of water. The ejector machine shall have facility for cross movement. The cross movement shall be effected by means of a hydraulic cylinder, which will be operated from hydraulic power pack. The ejector rod will have adequate stroke to push the billets onto the furnace discharge table. However, to reduce the stroke of ejector a furnace pull-out roll may be provided.



13 PULL-OUT ROLL ASSEMBLY



 a) Application		          	            :   To discharge the material from the furnace

 b) Type			:   Hydraulic/electric

 c)Operation			:   Hydraulic/electric

    d) Speed			:   …………….m/min

    e) Weight of charge material          :   …………….kg 



One set furnace pull-out roll assembly, which will work in conjunction with the discharge ejector mechanism are to be provided.

Pull-out role will help in pulling-out the material from the furnace faster and ultimately place it on the discharge roller conveyor. This will help the ejector machine to be designed for a smaller pushing stroke.

The pull-out roll will consist of two driven rolls (one stationary bottom roll and the other hydraulically clamping top roll). Both the rollers will be driven by a pinion stand, which will be driven by an electro- mechanical drive unit consisting of motor, gearbox, couplings and shaft etc.

Both the rollers shall be of solid steel rolls of suitable diameter supported on anti-friction bearings and housed in water-cooled bearing blocks.



14 HYDRAULIC POWER PACK



a) Application             		:      Operation of pusher, ejector, pull-out roll assembly

b) Number of hydraulic 	:       2 Nos. (1 working + 1 standby) pumps                  

c) Pump capacity		:      ……………. l/min each

d) Design Pressure        	:      160 kg/cm square approximately

e) Normal working       	:      100 – 120 kg/cm2 approximately pressure

 f) Connected motor      	:       …………….hp, energy-efficient

g) 	Accessories	  	          : 

	     	

1)  Hydraulic pumps   with couplings and motors

2) Solenoid operated direction control valves

3) Solenoid operated unloader valve

4) Pressure relief valve

5) Flow control valves

6) Oil reservoir with air breather and strainer

7) Pressure gauges

8) Heat exchanger for oil cooling

9) Level indicator

10) Low level switch

11) Non-return valves

12) Interconnecting piping

13)  Manifolds and other fittings

For operation of hydraulic cylinders of charge pusher, hydraulic cylinder for discharge doors, hydraulic torque motor and cross travel cylinder for ejector, one common composite hydraulic power pack unit comprising of hydraulic oil storage tank, 2 Nos. (1 working + 1 standby) pumps with suitable HP motor, necessary valve station etc. are to be provided. The system would be suitable for operating pressure of 120 Bar and system pressure would be 160 Bar. The hydraulic system would also include one water cooled heat exchanger which will cool the hydraulic oil during operation.



15 INSTRUMENTATION AND CONTROL



15.1 PID Type Control Through Stand Alone Controllers

a) The furnace zone temperature will be automatically controlled through microprocessor- based PID temperature controllers on mass flow-based control principle. Manual override facility shall be provided,

b) In order to maintain positive pressure in the furnace, necessary furnace pressure control instruments will be used. Automatic furnace pressure control will maintain positive pressure inside the furnace to reduce ingress of outside air to minimum, which will ultimately reduce oxidation of charge material and thereby scale loss. Manual override facility shall be provided, and)

c) The furnace sequence will be controlled by a Relay Logic Panel or PLC-PC based system.



15.2 The furnace will be divided into required control zone and zone temperature shall be controlled by the stand- alone PID controllers. The instrumentation system shall be suitable for operating on a power supply of 220 V, single phase, 50 Hz, AC supply obtained from MCC Panel.

The instrumentation system of the furnace will consist of the following controls and interlocking:

a) Zone temperature control;

b) Furnace pressure control;

c) Preheated air temperature control (recuperator protection);

d) Hot air bleed control;

e) Flue gas temperature control through dilution air (recuperator protection); and

f) Safety interlocking as required for the furnace system.

15.2.1 Zone Temperature Control

a) Pt. Pt/Rh 13 percent simplex thermocouple with necessary compensating cable;

b) PID temperature controllers;

c) Gas/oil/coal/air ratio controllers;

d) Air/gas(oil/coal) orifice plates;

e) Air/Gas(oil/coal) flow transmitters;

f) Oil/Gas/coal flow meters;

g) Air control valve with electro-mechanical/ pneumatic actuator

h) Gas/Oil control valves with electro-mechanical/ pneumatic actuator;

i) Coal feed control through weigh feeders; and

j) ON/OFF override temperature controllers.

Quantity of above instruments will be decided on the basis of heating and soaking control zones.

15.2.2 Furnace Pressure Control

a)  1 No. - Furnace pressure transmitter.

b)  1 No. - PID type microprocessor-based pressure indicating controller.

c)        1 No. - Modulating motor /pneumatic actuator for damper actuation in flue line.

15.2.3 Preheated Air Control Loop (Hot Air Bleed Control)

 a)       One (1)   -  Ni.Cr./Ni.Al. simplex thermocouple with compensating cable

 b)       One (1) - ON/OFF temperature controller

 c)       One (1) -  Wafer style control	valve with electromechanical/pneumatic actuator

15.2.4 Flue Gas Temperature through Dilution Air Control

a)   One (1) -   Ni.Cr./Ni.Al. simplex thermocouple with compensating cable

b)   One (1) - ON/OFF temperature controller

c)   One (1) -  Wafer style control valve with electrical/pneumatic actuator 

15.3 Instrument Panel 

One 2 mm thick sheet steel construction, single cubicle type with fixed front and rear two leaf hinge door suitably sized instrument panel to house the required front panel microprocessor-based controllers, lamps, switches and other back of panel devices like relays, fuses, MCBs, terminal blocks etc. will be provided.

15.4 Annunciator

The instrument panel will be provided with one no. standalone solid-state multi-channel audio/visual solid-state annunciator having front facia with legends of fault points and shall have the following features:

Fault conditions will activate audible alarm and flash the associated facia of the annunciator.

a) On pressing the “acknowledge push button” the audible alarm will be silent and fault facia nameplate will become steady;

b) When fault is cleared, the facia will go “off” when reset push button is pressed; and

c) All alarm units will be independent of each other and will have legends engraved on the front facia.



Alarm conditions will include the following fault points for safety:

a) High gas pressure	                   			:	1 point

b) Low gas pressure	                    			:	1 point

c) Low oil Pressure	                  			:	1 point

d) Low combustion	                        			:	1-point air pressure

e) Low atomizing pressure	                          		:	1 point

f) High zone temperature			           		:	as required

g) High combustion air temperature after recuperator	:	1 point

h) High waste gas entry temperature to recuperator	:	1 point

i)	      High furnace pressure					:	1 Point

 j)      Spares							:	as required



15.5 PLC-PC Based Mass Flow Control

It is advisable to provide PLC-PC based instrumentation system in the furnace for the following:

a) Indication, recording and control of furnace temperature in each zone;

b) Indication and control of fuel oil/gas in each zone;

c) Indication, recording, control and totalization of fuel oil/gas flow in main header / coal weigh feeder and feed rate measurement through load cell-based conveyer weighing;

d) Indication and control of combustion air flow;

e) Indication, recording and control of furnace pressure;

f) Indication of flue temperature and control of dilution air to recuperator;

g) Indication of preheated air temperature control;

h) Indication and recording of combustion air temperature at recuperator inlet and outlet;

i) Indication of fuel oil/gas pressure at main header;

j) Data for process control, and

k)  Any other data required.ZZ

The PLC-PC based instrumentation system shall be flexible and user friendly with user friendly interface in HMI (Human Machine Interface) (see Fig. 4).

The PLC-PC based instrumentation system will consist of the following.

15.5.1 Temperature and Air/Fuel Ratio Control (Mass Flow Based) — (see Fig. 5 and Fig. 6)

a) ‘R’ type with suitable length below flange simplex thermocouple for zone temperature control / excess zone temperature control;

b) Modulating motor /pneumatic actuator for air flow control valves;

c) Airline orifice plates;

d) Air flow transmitter;

e) Oil flow meters; 

f) Oil flow control valves;

g) Modulating motor/pneumatic actuator for oil control valves;

h) Gas line orifice plates;

J) Gas flow transmitters;

k) Gas control valves;

m) Modulating motor/pneumatic actuator for gas control valves;

n) Coal weigh feeder and feed rate measurement through load cell-based conveyer weighing; and

o) ON/OFF excess zone temperature controllers.

15.5.2 Preheated Air Control Loop (Hot Air Bleed Control) (see Fig. 7)

a) One (1)	-	Ni.Cr./Ni.Al. simplex thermocouple with compensating cable

b) One (1)	-	Wafer style control valve with electromechanical/pneumatic actuator

15.5.3 Flue Gas Temperature through Dilution Air Control

a) One (1)	- Ni.Cr./Ni.Al simplex thermocouple with compensating cable

b) One (1)		-Wafer style control valve with electrical /pneumatic actuator

The PID controllers for furnace zone temperature shall be constituted within the PLC through intelligent software PID blocks. The value and status of zone temperature can be viewed on the Human Machine Interface (HMI) screen of the colour monitor for the furnace work station.

For excess temperature control of respective zones, provision for stand-alone ON/OFF override temperature controllers have been considered. In case the zonal temperature overshoots the maximum set value it will shut off the zone fuel oil/gas valve and at the same time the system will raise an audio-visual alarm. Details of alarm and fault will be logged in HMI.



15.6 Furnace Pressure Control (see Fig. 8)

The furnace will be provided with one set of furnace pressure controlling instrument consisting of the following:

a) 1 No. draft range furnace pressure transmitter; and

b) 1 Set damper and actuating motor.

Furnace pressure control is important to maintain slightly positive pressure inside the furnace to prevent ingress of atmosphere air into the furnace which will help in reducing oxidation thereby reducing scale formation.

Furnace pressure control will be through a common PLC in which necessary components will be provided in the PLC.



15.7 PLC and its Panel

The PLC, its accessories and relays shall be housed inside a non-compartmentalized 2 mm thick sheet steel construction, self-standing dust and vermin proof type panel. Wirings shall be completed up to the terminals. All incoming and outgoing cable shall be through a 3 mm thick gland plate provided at the bottom of the panel.

The panel doors shall be two leaf hinged type at both front and rear of the panel. The panel shall be painted inside and outside light grey (Shade no.631 of IS 5).

One non-redundant type Programmable Logic Controller (PLC) for the furnace will be provided for interlocking and sequential control and for furnace process control like temperature etc. The PLC would be complete with one control processor, one power supply module, and required digital input/output cards, analog card, T/C card etc. Redundant PLC system may be considered for critical functions like heating control etc. The unit would be located in an air-conditioned electrical control room in a dust and vermin proof enclosure.
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Fig. 4 SYSTEM CONFIGURATION
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Fig. 5 TEMPERATURE CONTROL LOOP FOR OIL LINE
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Fig. 6 TEMPERATURE CONTROL LOOP FOR GAS LINE




















































Fig. 7 P AND I DIAGRAM – TEMPERATURE CONTROL OF PREHEAT COMBUSTION AIR
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Fig. 8 FURNACE PRESSURE CONTROL LOOP



		Symbol 

		Description 



		M

		Motor operated 



		PT

		Pressure Transmitter 



		PIC

		Pressure Indicating Controller 



		PG

		Pressure Gauge 



		PSL

		Pressure Switch Low 



		PAH

		Pressure Alarm High 



		PAL

		Pressure Alarm Low 



		TIC

		Temperature Indicating Controller 



		TCV

		Temperature Control Valve 



		CV

		Control Valve 



		FCV

		Flow Control Valve 



		FE

		Flow Element 



		FT

		Flow Transmitter 



		RIC

		Radioactivity indicator controller  



		ACT

		Actuator



		BLR

		Blower 



		HV

		Butterfly Valve (hand operated) 



		STE

		Simplex Temperature Element 







15.7.1 In addition to process and sequence control through PLC, following features will be available through PC based system on monitor screen in various pages,

· Temperature and pressure data logging and trending,

· Overview of furnace, and

· Fault annunciation page and alarm logging

15.7.2 Alarm conditions will include the following fault points for safety:

a) High gas pressure					: 1 point

b) Low gas pressure					: 1 point

c) Low oil pressure					: 1 point

d) Low combustion air pressure 				: 1 point

e) Low atomizing pressure					: 1 point

f) High zone temperature					:  As required

g) High combustion air temperature after recuperator	: 1 point

h) High waste gas entry temperature to recuperator	: 1 point

j) High furnace pressure				            : 1 Point

k) Spares			      		: As required



15.7.3 Besides this, the PLC-PC based instrumentation shall log the data as detailed below:

a) Shift-wise, daily, monthly, yearly report with process values/production figures and other process data. However, same shall be finalized during detailed engineering process;

b) Logging and reports of events; and

c) Historical data storage and trending.

The PC shall have limited storage capacity. As and when the hard disk capacity space reduces substantially due to storage of data, the same is to be stored in  DVDs/CDs for future and hard disk space is to be restored.

15.8 Workstations — PC and Printer

One set common grade PC consisting of latest processer with colour monitor, CD Rom, compatible key-board, mouse, one (1) No. colour laserjet/inkjet printer. UPS should be provided as power supply utility.

		

15.8.1 Programmable Logic Controller (PLC) for Sequential Operation

A common Programmable Logic Control Panel (PLC) indicated above will also be suitable for interlocking and sequential control of operation of charge rollers, charge pusher, discharge doors, discharge ejector, pull- out roll and charge doors.

The common panel shall also control the entire sequential operation of the furnace and its allied equipment which are provided along with process control as described above.



16 SAFETY INTERLOCKING IN THE FURNACE 

The safety against various abnormal conditions like excess zonal temperature, excess furnace pressure, low oil pressure, high/low gas pressure, low combustion air pressure, shall be interlocked in such a way so that in the event of occurrence of such faults, respective safety devices (control/alarm) will be activated to prevent any adverse situation in the furnace.

The furnace will be provided with following safety interlocks for safe operation;

a) Air temperature control instruments with broken thermocouple safety protection (upscale);

b) To cut-off zone burner firing with the help of oil safety solenoid valves and On/OFF gas control valves in the event of excess temperature; and 

c) Necessary limit switches as required will be provided to ensure safe operation of the furnace

17 ELECTRICAL

17.1 Motor Control Centre

The furnace will be provided with one dust and vermin proof, 2mm thick sheet steel, floor mounted type totally enclosed non-compartmentalized/compartmentalized and non-draw out type motor control centre for the operation of various motors and heaters. Cable entry shall be from bottom of panel through 3 mm thick gland plate at bottom of panel. MCC panel, Junction Boxes etc., shall be: painted – Inside and Outside: Light Grey, Shade No.631 of IS 5.

In addition to the above, two control desks, adequate number of control stations and local push button stations are required to be located at charging and discharging end for operation.



17.2 Power and Control Cables

 All power and control cables including cable laying accessories from MCC panel and Instrument panel to various motors/heaters and field instruments are to be decided on the basis of cable routing layout and kW ratings.
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Industrial Fuel-Fired Furnaces Sectional Committee, MTD 26

NATIONAL FOREWORD

This Indian standard (Part 3) which is identical to 1ISO 13577-3 : 2016 ‘Industrial furnaces and
associated processing equipment — Safety — Part 3 : Generation and use of protective and
reactive atmosphere gases’ issued by the International Organization for Standardization (ISO), was
adopted by the Bureau of Indian Standards on the recommendation of the Industrial Fuel-Fired
Furnaces Sectional Committee and approval of the Metallurgical Engineering Division Council.

The Committee has decided to adopt this standard under dual numbering system and make it
align with ISO 13577-3 : 2016. Other parts in this series are:

Part 1 Industrial furnaces and associated processing equipment — Safety — Part 1:
General Requirement
Part 2 Industrial furnaces and associated processing equipment — Safety — Part 2:
Combustion and fuel handling systems
Part 4 Industrial furnace and associated processing equipment — Safety — Part 4:
Protective systems
The text of ISO standard has been approved as suitable for publication as an Indian Standard

without deviations. Certain terminologies and conventions are, however, not identical with those
used in Indian Standard. Attention is especially drawn to the following:

a) Wherever the words ‘International Standard’ appear referring to this standard, it should
be read as ‘Indian Standard’; and

b) Comma (,) has been used as a decimal marker while in Indian Standards the current practice
is to use a point (.) as the decimal marker.

In this adopted standard, reference appears to certain International Standards for which Indian
Standards also exists. The corresponding Indian Standards which are to be substituted in their
place are listed below along with their degree of equivalence for the edition indicated:

International Standard Corresponding Indian Standard  Degree of Equivalence

ISO 7-1 Pipe threads where |S 554 : 1999/ISO 7-1 : 1994 Pipe Identical
pressure-tight joints are made ON  threads where pressure-tight joints
the threads — Part 1. 0 a4 on the threads —
Dimensions, tolerances and Di . | d
designation imensions, tolerances an
designation (fourth revision)
ISO 228-1 Pipe threads IS 2643 : 2005/ISO 228-1 : 2000 Identical
where pressure-tight joints are Pipe threads where pressure-tight
not made on the threads — joints are not made on the threads —
Part 1: Dimensions, tolerances Dimensions, tolerances and
and designation designation (third revision)
ISO 12100 Safety of machinery IS 16819 : 2018/ISO 12100 : 2010 Identical

— General principles for design
— Risk assessment and risk
reduction

General
Risk

Safety of machinery
principles for design
assessment and risk reduction





International Standard

ISO 13574 2015 Industrial
furnaces and associated
processing equipment —
Vocabulary

ISO 13577-1 : 2012 Industrial
furnaces and associated

processing equipment — Safety
— Part 1: General requirements

ISO 13577-2 : 2014 Industrial
furnaces and associated
processing equipment — Safety
— Part 2: Combustion and fuel
handling systems

ISO 13577-4 Industrial furnace
and associated processing
equipment — Safety — Part 4:
Protective systems

ISO 13849-1 Safety of
machinery —  Safety-related
parts of control systems — Part
1: General principles for design

Corresponding Indian Standard

IS 8849 : 2024/ISO 13574 : 2015
Industrial furnaces and associated
processing equipment — Vocabulary
(second revision)

IS 17984 (Part 1) 2024/
ISO 135771 2016 Industrial
furnaces and associated processing
equipment — Safety — Part 1:
General requirements

IS 17984 (Part 2) 2024/
ISO 13577-2 2014 Industrial

furnaces and associated processing

equipment — Safety — Part 2:
Combustion and fuel handling
systems

IS 17984 (Part 4) 2024/
ISO 13577-4 2022 Industrial
furnace and associated processing
equipment — Safety — Part 4:
Protective systems

IS 16810 (Part 1) : 2018/
ISO 13849- 1 2015 Safety of

machinery — Safety related parts of
control systems: Part 1 General
principles for design

Degree of Equivalence

Identical

Identical

Identical

Identical

Identical

The Committee responsible for the preparation of this standard has reviewed the provisions of
following International Standards referred in these adopted standards and has decided their
acceptability for use in conjunction with this standard.
International Standard Title

Welding — Fusion-welded joints in steel, nickel, titanium and their
alloys (beam welding excluded) — Quality levels for imperfections

ISO 5817 : 2023

ISO 7005-1 : 2011 Metallic flanges — Part 1: Steel flanges

Metallic flanges — Part 2: Cast iron flanges

ISO 7005-2 : 1988

Metallic tube connections for fluid power and general use — Part 1: 24
degree cone connectors

ISO 8434-1:2018

ISO 8434-2 : 2007 Metallic tube connections for fluid power and general use — Part 2: 37

degree flared connectors

ISO 8434-3 : 2005 Metallic tube connections for fluid power and general use — Part 3:

O-ring face seal connectors





International Standard Title

ISO 19879 : 2021 Metallic tube connections for fluid power and general use — Test
methods for hydraulic fluid power connections

ISO 23551-1: 2012 Safety and control devices for gas burners and gas-burning
appliances — Particular requirements Part 1: Automatic and semi-

automatic valves

ISO 23551-2 : 2018 Safety and control devices for gas burners and gas-burning
appliances — Particular requirements — Part 2: Pressure regulators

IEC 60730-2-5:2011 Automatic electrical controls for household and similar use —
Part 2-5: Particular requirements for automatic electrical burner

control systems

IEC 60730-2-6 : 2007 Automatic electrical controls for household and similar use — Part
2-6: Particular requirements for automatic electrical pressure sensing

controls including mechanical requirements

In reporting the result of a test or analysis made in accordance with this standard, if the final value,
observed or calculated, is to be rounded off, it shall be done in accordance with IS 2 : 2022 ‘Rules for

rounding off numerical values (second revision)'.
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Introduction

This part of ISO 13577 is a Type C-Standard as defined in ISO 12100.

The machinery concerned and the extent, to which hazards, hazardous situations and events are
covered, is indicated in the scope of this part of ISO 13577.

When provisions of this type C standard are different from those which are stated in type A or B
standards, the provisions of this type C standard take precedence over the provisions of the other
standards, for machines that have been designed and built according to the provisions of this type C
standard.

Compliance with product standards, e.g. ISO 22967 or ISO 22968 is not sufficient to ensure the minimum
safety requirement for TPE. This part of ISO 13577 shall always have priority for TPE.

Industrial furnaces and associated thermo-processing equipment (TPE) generally consists of the
following components:

— processing chamber (e.g. steel construction with lining and/or refractory);
— heating systems;

— protective system,;

— control and instrumentation system/operator-control level.

ISO 13577-1 provides the general safety requirements common to TPE. This part of ISO 13577 details
in addition specific safety requirements for generation and use of protective and reactive atmosphere
gases that are part of TPE as listed in the scope. These requirements establish the minimum acceptable
requirements for safety functions required for various processes. Where a process is not part of the
TPE, the requirements do not apply.

For example, the minimum requirements for the opening and closing of doors on a TPE does not apply
to TPE that do not have doors in their design.

NOTE As stated in its scope, ISO 13577-1 does not cover blast furnaces, converters (in steel plants), boilers
and equipment not covered under ISO 12100.

The requirements of protective system are specified in ISO 13577-4.

If a general provision of ISO 13577-1 counters provisions in this part of [SO 13577, the provisions of this
part of ISO 13577 take precedence.

It is assumed that TPE will only be operated and maintained by trained personnel.

ix
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Indian Standard

INDUSTRIAL FURNACES AND ASSOCIATED
PROCESSING EQUIPMENT— SAFETY

PART 3 GENERATION AND USE OF PROTECTIVE AND REACTIVE
ATMOSPHERE GASES

1 Scope

This part of ISO 13577 specifies safety requirements for generation and use of protective and reactive
atmosphere gases that are part of industrial thermo-processing equipment (TPE).

NOTE The general safety requirements common to TPE are provided in ISO 13577-1 (see Introduction).

This part of ISO 13577 deals with significant hazards, hazardous situations and events relevant to the
generation and use of protective and reactive atmosphere gases created by thermochemical reactions
and their use in TPE that are part of TPE as listed in Clause 4 and Clause 5, when used as intended and
under the conditions foreseen by the manufacturer.

This part of [ISO 13577 covers

— pipework downstream of and including the manual isolating valve,
— equipment for the generation of atmosphere gases,

— additional equipment for the use of atmosphere gases in TPE,

— safety devices, and

— functional requirements for safety related control system

for the generation and use of protective and reactive atmosphere gases.

It applies to the supply of atmosphere gas, source gas, inert gas and process liquids to TPE and their
removal from TPE, confined to equipment integrated in the TPE.

This part of ISO 13577 also details the anticipated significant hazards associated with atmosphere gas
systems and their use in TPE and specifies the appropriate preventative measures for the reduction or
elimination of these hazards.

The pressure hazard of the piping and components covered by this standard is within the maximum
pressure/size relationship of group I as described in Annex C.

This part of [SO 13577

— specifiestherequirements to be metto ensure the safety of persons and property during installation,
commissioning, start up, operation, shutdown and maintenance,

— does not cover the relevant risks involved in the flue gas ducting system when it is not considered a
part of TPE,

— is not applicable to utility supply upstream of the TPE main disconnects,

— does not apply to TPE for semi-conductor devices,
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— does not apply to TPE with atmosphere, such as air and flue gas from an over stoichiometric
combustion,

— does not cover the decommissioning of the TPE,
— does not cover vacuum furnaces,
— does not deal with the hazard of noise which is covered in ISO 13577-1,

— is not applicable to generation and use of atmosphere gas in TPE and associated plant which is
manufactured before the date of its publication, and

— gives the necessary requirements for the information for use.

A TPE designed according to this part of ISO 13577 does not create any potentially explosive atmosphere
in the area around the TPE and is not designed to be located in an area with a potentially explosive or
hazardous atmosphere.

A table of typical protective and reactive gases is given in Annex B.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 7-1, Pipe threads where pressure-tight joints are made on the threads — Part 1: Dimensions, tolerances
and designation

ISO 228-1, Pipe threads where pressure-tight joints are not made on the threads — Part 1: Dimensions,
tolerances and designation

ISO 5817, Welding — Fusion-welded joints in steel, nickel, titanium and their alloys (beam welding
excluded) — Quality levels for imperfections

ISO 7005-1, Metallic flanges — Part 1: Steel flanges

ISO 7005-2, Metallic flanges — Part 2: Cast iron flanges

ISO 8434-1, Metallic tube connections for fluid power and general use — Part 1: 24 degree cone connectors
ISO 8434-2, Metallic tube connections for fluid power and general use — Part 2: 37 degree flared connectors
[SO 8434-3, Metallic tube connections for fluid power and general use — Part 3: O-ring face seal connectors
ISO 12100, Safety of machinery — General principles for design — Risk assessment and risk reduction

IS0 13574:2015, Industrial furnaces and associated processing equipment — Vocabulary

ISO 13577-1:2012, Industrial furnaces and associated processing equipment — Safety — Part 1: General
requirements

ISO 13577-2:2014, Industrial furnaces and associated processing equipment — Safety — Part 2: Combustion
and fuel handling systems

ISO 13577-4, Industrial furnace and associated processing equipment — Safety — Part 4: Protective systems

ISO 13849-1, Safety of machinery — Safety-related parts of control systems — Part 1: General principles
for design

[SO 19879, Metallic tube connections for fluid power and general use — Test methods for hydraulic fluid
power connections
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ISO 23551-1, Safety and control devices for gas burners and gas-burning appliances — Particular
requirements — Part 1: Automatic and semi-automatic valves

ISO 23551-2, Safety and control devices for gas burners and gas-burning appliances — Particular
requirements — Part 2: Pressure regulators

IEC 60730-2-5:2011, Automatic electrical controls for household and similar use—Part 2-5: Particular
requirements for automatic electrical burner control systems

IEC 60730-2-6:2007, Automatic electrical controls for household and similar use—Part 2-6: Particular
requirements for automatic electrical pressure sensing controls including mechanical requirements

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 13574 and the following apply.
NOTE See Annex | for the list of terms specified in ISO 13574.

31
safety shutdown
function that takes the TPE out of operation and brings it in a defined safe state

Note 1 to entry: The definition is different from safety shutdown according ISO 13574:2015, 2.166 which is
applicable to ISO 13577-2.

3.2

flame failure

loss of flame from the normally detected position by any cause other than the action of de-energising
the automatic shut-off valves system

Note 1 to entry: The term is used in ISO 13577-2.

3.3

gas generator

equipment that converts or modifies a fluid or a mixture of fluids (gaseous or liquid) into a gas which
can be utilized as the controlled atmosphere within the thermo-processing equipment

3.4
endothermic generator
gas generator that produces atmosphere gas by an endothermic reaction

3.5
exothermic generator
gas generator that produces atmosphere gas by an exothermic reaction

3.6

combustible atmosphere gas

any gas mixture that is capable of forming ignitable mixtures with air or oxygen under the conditions
of temperature and pressure used in the process, according to the lower explosion level (LEL) of the
actual gas mixture

3.7
inert gas
non-combustible gas which will not support combustion and does not react at all

Note 1 to entry: Nitrogen, helium and argon are typical inert gases.
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3.8
purge gas
gas which can be used to purge a TPE

Note 1 to entry: A purge gas can safely be used for pre- and post-purging of cold and hot enclosures of TPE.

Note 2 to entry: Typically, purge gases are nitrogen, argon, helium and lean exothermic gas.

3.9

safety purge volume

volume of purge gas needed to displace either air or a combustible gas from a furnace chamber/enclosure
to achieve a volume fraction of 1 % or less oxygen and/or a non-combustible atmosphere gas and/or
25 % of the lower flammability limit

Note 1 to entry: Typically, this will be a volume equal to five times the volume of the thermo-processing equipment
chamber to be purged, if the purging gas is an inert gas.

Note 2 to entry: Non-combustible atmosphere gas as defined in 3.6.

3.10

multi-turn valve

valve which, in order to operate from the fully closed to the fully open position, requires a number of
revolutions of the operating key or handwheel to be completed

3.11
safe ignition temperature
<MAC> minimum temperature at which spontaneous, safe auto-ignition of combustible gases occurs

Note 1 to entry: The safe ignition temperature has been established at 750 °C.

3.12
toxic atmosphere gas
gas which, in addition to having asphyxiating properties, also acts as a poison

3.13
internal gas generator
gas generator integrated into or directly connected to a TPE

3.14

gas control equipment

centralized mounting of components such as: pipework, safety components, pressure and flow
accessories, assembled in a functional unit

3.15

atmosphere gas

gas that is supplied into or formed in TPE in accordance with a defined specification for thermo-
processes

Note 1 to entry: Atmosphere gas is used to react with the material processed or to avoid a reaction with the
material processed.

3.16
process liquids
liquids that are supplied to TPE to create an atmosphere gas
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4 Safety requirements and measures

4.1 General

Protective and reactive atmosphere gases in TPE are used to react with the material processed or to
avoid a reaction with the material processed. Protective and reactive atmosphere gases are fed into the
TPE at determined points and are discharged out of the TPE at determined points too.

Protective and reactive atmosphere gases shall only be used in TPE that has been constructed to avoid
leakage of the protective and reactive atmosphere gases out of the TPE or ambient air into the TPE.

Electrical circuits shall be designed in accordance with [EC 60204-1.

A risk assessment according to ISO 12100 shall be carried out. Safety functions shall be designed in
accordance with ISO 13577-4, where the use of standards for functional safety IEC 62061, ISO 13849-1,
IEC 61511 and IEC 61508 is included. Annex E provides information for the determination of the SIL or
PL of safety-related functions covered in this part of [SO 13577.

Specific regional requirements are given in Annex G, Annex H and Annex I. The safety requirements of
Annex G, Annex H and Annex I shall ensure at least the equivalent level of safety to the requirements
given in this part of ISO 13577.

CAUTION — Toxic hazards for persons occur at lower concentrations than hazards by generation
of ignitable atmospheres.

NOTE Requirements for maximum allowable concentrations values are identified by national regulations.

Materials used shall comply with the requirements for gas and liquids (e.g. non-ferrous metals are not
suitable for NH3 and natural rubber is not suitable for natural gas).

For basic configuration of piping system of TPE using atmosphere gas, see Annex F.
4.2 Pipework

4.2.1 General

The pipework design shall take into account the composition and properties (e.g. pressure, temperature,
corrosiveness, specific gravity, velocity) of gas and liquids and the need for venting, purging and
cleaning.

The pipework material shall comply with the relevant standards.

Due to durability, steel is the preferred material for pipes and components but where appropriate
and the same safety levels can be achieved, then other materials may be utilized. Such materials and
conditions of service shall be specified in the instruction handbook.

Vibration which may cause damage to pipework, components or safety systems shall be prevented (by
firm anchoring and/or use of flexible couplings).

Pipework shall be arranged so that safe isolation of atmosphere gas and process liquids to all parts of
the TPE can be guaranteed

NOTE An example is shown in Figure F.1.

The isolation method shall be clearly identified (e.g. by removable spool piece painted in red, blanking
plate), and provision for blanking opened pipes shall be provided secured against loss (e.g. by an
attached chain).

Use of brass or other copper alloy components in contact with ammonia or dissociated ammonia is not
allowed.
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4.2.2 Connections

Pipework connections shall be metallic and shall be of threaded, compression, press fittings, flanged
welded or brazed types. Threaded connections shall be used only for the following pressure/diameter
combinations:

— pressures up to 15 kPa and diameters up to DN 100;
— pressures up to 200 kPa and diameters up to DN 50;
— pressures up to 500 kPa and diameters up to DN 25;
— pressures up to 1 MPa and diameters up to DN 15

For other combinations of pressures and diameters, connections shall be made by means of welded
flanges or welded joints. The number of connections shall be kept to a minimum.

For fittings according to ISO 49, the following limitations shall be observed:
— fittings are class “A”;

— maximum allowed pressure is 50 kPa;

— for dimensions DN 25 or less, the maximum pressure is 500 kPa.

Where the equipment has a threaded connection, this thread shall comply with ISO 228-1 or ISO 7-1,
as appropriate. The use of threads complying with ISO 228-1 is limited to diameter up to DN 50. In
the case of threads according to ISO 228-1, the tightness shall be ensured by a ring gasket. In case of
threads according ISO 7-1 suitable sealants shall be used to ensure tightness. Hemp shall not be used in
threaded connections unless reinforced with a suitable sealant.

Other threaded connections shall only be used providing they ensure tight connections and are suitably
identified.

The design of pipework shall be such as to avoid tensile loading of the joints.

Compression fittings shall comply with ISO 8434-1, ISO 8434-2 and ISO 8434-3 or ISO 19879. They shall
only be used for pressures up to 500 kPa and diameters up to 42 mm.

Where press fitting according to EN 10352:2012-09 are used, they shall comply with the application
restrictions (e.g. temperature, vibration, gas, liquids).

Any pipe passing through an unventilated space shall not have a connection except welded joints.
Flanges shall comply with ISO 7005-1 and ISO 7005-2 as appropriate.

Arc welding shall comply with ISO 5817, quality Level C.

4.2.3 Unconnected pipework

Any unconnected pipework shall be plugged, capped or blank flanged by means of metallic parts.

4.2.4 Galvanic cells

The formation of galvanics cell shall be avoided by suitable choice of materials.

4.2.5 Flexible tubing and couplings

Flexible tubing shall comply with the general requirements of 4.2.1, together with the following:

— shall be as short as possible;

— shall be suitable for the maximum and minimum working temperatures;
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— shall be suitable for a pressure 1,5 times the working operating pressure (with a minimum of
15 kPa), at the maximum and minimum working temperatures;

— shall have a directly accessible, upstream manual shut-off valve;
— shall be mounted in such a way as to avoid distortion, whiplash and damage;
— shall have end fittings as integral parts of the tubing;

— shall be constructed from suitable material both metallic and/or non-metallic selected for the
application duty and not be easily damaged.

Couplings for removable equipment shall ensure a gastight connection with the equipment connected
and disconnected.

4.2.6 Marking of pipework

Marking of pipework is required which enable medium and flow direction to be identified in accordance
with national regulations.

4.2.7 Soundness/Tightness

The pipework shall be tight and shall be designed to withstand the internal pressure. After assembly,
the pipework shall be submitted to its test pressure and tested for tightness. The test pressure shall be
not less than 1,1 times the maximum working pressure at any point with a minimum of 5 kPa.

The external leakage rate shall not give rise to a dangerous condition, combustible and/or toxic, in the
foreseen circumstances of the equipment or installation. The frequency of testing to determine the
external leakage shall be specified in the instruction handbook.

NOTE Itis generally agreed that an external leak rate of ~1 dm3(n)/h for gas or 1 cm3(n)/h for methanol will
not create a dangerous condition in typical ventilated industrial installation.

The external leak rate test method shall take into account the volume, number of connections, test gas,
number of valves and component parts contained and temperature. Methods of testing shall include
spray bubble leak identification and/or pressure decay test.

4.2.8 Condensate drains

In cases where condensates can create a hazard, means shall be provided at the lowest points of the
equipment for draining any condensate. When moist gases are being used, condensate drains of a
suitable type shall be installed. Any condensate drains, siphons, etc. shall be in a position such that they
can be easily checked. Combustible condensates shall be collected by an appropriate means (e.g. piped
into a container).

Valves in condensate drains shall be suitably plugged, capped or blank flanged by metallic parts.

4.2.9 Purge points

Means shall be provided to facilitate purging of pipework during commissioning and maintenance to
prevent the forming of an ignitable atmosphere.

All distribution pipework and storage vessels for atmosphere gas shall be designed, so that purging
procedures in accordance with 4.6 or in such a manner which excludes the simultaneous presence of
combustible gas/air mixtures and an ignition source can be done. Each purging point shall be provided
with a valve which shall either

— be fitted with a device to prevent unauthorised operation, or

— be blanked off during normal operation of the plant.
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4.2.10 Blow-off and breather pipes or conduits

Where blow-off or breather pipes or conduits are fitted on regulators or relief valves, adequate means
shall be provided to facilitate the venting of gas from the system to a safe discharge area.

In case breathers or blow-off pipes are gathered, the cross section of the collector shall be suitable to
evacuate simultaneously total flow rates of the exhaust sources.

4.2.11 Pressure relief devices and flame arrestors on pipework

For equipment designed for situations in which flash-backs can occur, flame arrestors and/or pressure
relief devices shall be fitted.

Pressure relief devices shall be designed to yield at a pressure below the design pressure of the
pipework and shall be positioned such that the discharge flow and the pressure relief device does not
constitute a risk to the equipment, personnel or third parties.

A flash-back shall trigger an alarm. The required measures after a flash-back shall be described in the
instruction handbook.

4.2.12 Pressure oscillations

The pipework shall be designed so as to avoid the possibility of gas velocities and pressure fluctuations
causing oscillations which could cause damage to pipework, components or safety systems (e.g. by
designing the correct sizing of pipes or using pressure regulators).

4.2.13 Combustible gas by-pass
By-passes shall not be fitted in parallel with any item of combustible gas safety equipment.

This requirement shall not apply to valve proving systems (see ISO 23551-4) on automatic shut-off valves.

4.2.14 Isolation of required safety devices

Required safety devices (e.g. pressure switches, relief valves) shall not be isolated from the equipment
they protect during start-up or operation of the TPE. In case isolating valves cannot be avoided and are
mounted between these required devices and the main lines, these isolating valves shall be locked in
the open position during operation of the equipment by adequate means (e.g. manual lock).

4.2.15 Vents

Any vent from a gas supply pipe, reaction gas control system, gas/air mixture pipe or generated
atmosphere gas line shall be adequately sized for the duty intended.

Any vent which is likely to carry a combustible gas/air mixture and which is fitted with a pilot burner
shall be equipped with a flame trap.

Any vent from the mixture supply pipe shall be taken from a point downstream of the flame trap or be
fitted with a separate flame trap. Any vent which is not fitted with a pilot burner shall terminate above
roof level and be remote from potential sources of ignition, having due regard to the layout of adjacent
buildings. These vents shall not be manifold.
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4.3 Required safety devices
4.3.1 Atmosphere gas control equipment

4.3.1.1 General

A TPE that generates or uses atmosphere gases shall be equipped with atmosphere gas control
equipment.

Atmosphere gas control equipment means a centralized mounting of components assembled in a
functional unit such as

— pipework,

— safety devices as referred in 4.3.1.2, and

— other pressure and flow accessories (e.g. manometer(s), flow adjusting valve(s), test connection(s)
and/or purging nipples).

Atmosphere gas control equipment shall be designed based on the TPE’s demand for atmosphere gas
supply. It shall be designed with components suitable for this purpose.

The atmosphere gas control equipment shall be placed in a sufficiently ventilated area.

If atmosphere gas control equipment is enclosed and combustible and/or toxic gas or liquids are
used, the enclosure shall be sufficiently ventilated and equipped with devices to detect toxic gases.
Combustible gas detection should also be considered.

The atmosphere gas control equipment shall be suitably marked to be identified as such using written
indications in the languages of the user land.

NOTE Identification of atmosphere gas control equipment can be dealt by national regulations.

The atmosphere gas control equipment shall be freely accessible.
4.3.1.2 Safety devices for introduction of atmosphere gases to TPE

4.3.1.2.1 Manual isolating valve

A manually operated and lockable isolation valve shall be fitted upstream of the first control device
in each circuit. Manual isolation valves shall be so designed and positioned as to prevent inadvertent
operation but shall be easily accessible and capable of rapid operation when required.

They shall be so designed that the “OPEN” and “CLOSED” positions are readily distinguishable (e.g. a
90° turn valve).

4.3.1.2.2 Filter/strainer
Filters shall be fitted to protect automatic shut-off valves, other controls and pipework.

Special care shall be taken to prevent the ingress of particles, either from the pipework or from the
gas and liquids, which would be detrimental to the operation of the equipment by the incorporation
of a suitable filter or strainer immediately downstream of the first manual isolating valve of the TPE.
Additional filters/strainers may be required (e.g. immediately upstream of the automatic shut-off
valve). The filter and/or the strainer shall be positioned in such a way that periodic servicing remains
easy. The filtering capacity of the filter/strainer has to be chosen according to the requirements of
downstream equipment.

In case of the installation of a by-pass to the filter and/or the strainer, an identical filtering device shall
be installed on the by-pass line.
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The intervals for checking the filter and/or the strainer shall be specified in the instruction handbook.
The location of filters shall consider service requirements.

NOTE An equipment for purging filters/strainer is in some cases necessary.

4.3.1.2.3 Pressure regulator and over pressure protection
A pressure regulator shall be incorporated when necessary to control the pressure of atmosphere gases.
Gas pressure regulators when fitted shall comply with ISO 23551-2 as appropriate.

If the outlet side of the gas pressure regulator and/or the following line section with equipment up
to the TPE is/are not designed for the maximum supply pressure (inlet pressure upstream to the gas
pressure regulator under fault conditions) and an overpressure will create a hazard, the following
measures shall be applied shutting off the gas supply before an excessively high pressure occurs.

The over pressure cut off device shall be

— amechanical valve which measures the gas pressure downstream of the gas pressure regulator by
means of an impulse line and closes by spring force in case the pressure exceeds the set response
pressure, or

— an automatic shut-off valve according to ISO 23551-1 actuated by an overpressure switch according
to [EC 60730-2-6 installed downstream of the gas pressure regulator. In this case, signal processing
shall fulfil the requirements of a protective system according to ISO 13577-4.

A small capacity relief valve (token relief valve) shall always be applied downstream of the gas pressure
regulator if an over pressure cut-off device is installed to vent small leakages of the high pressure cut-off.

Attention shall be paid to the unintended decrease of atmosphere supply to the TPE which can result in
unintended disability of maintaining positive pressure of TPE (see 4.4.2 and 4.4.4).

Pressure adjustment on the gas pressure regulator shall only be possible with a special tool provided
for the task.

4.3.1.2.4 Pressure relief

In situations where gas or especially liquids can be isolated (e.g. between two shut-off valves) and
subject to unacceptable pressure rise, relief shall be provided.

4.3.1.2.5 Automatic shut-off valves

With the exception of the safety purge gas, the atmosphere gas and process liquids supply to the TPE
shall be under the control of two automatic shut-off valves in series in the pipework in accordance with
the following subclauses of ISO 23551-1:2012, unless a risks assessment can demonstrate the suitability
of a single automatic shut-off valve:

— 7.1, for general requirements;
— 7.2, for leak tightness;

— 7.5, for durability;

— 7.6.10.1, for the closing function;
— 7.6.10.4, for the closing force;

— 7.6.10.6, for the closing time.

The sealing force for automatic shut-off valves shall be equal or greater than 15 kPa.
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The automatic shutoff valve must endure the intended number of cycles in the TPE.
Valves construction and materials shall be suitable for the used gas and liquids.

Automatic shut-off valve shall be capable of withstanding all upstream pressure, backpressure and
differential pressure under all process circumstances.

High cycling applications over 100 000 cycles/year shall use only valves that are declared capable of the
intended number of cycles.

The instruction handbook shall specify the need to check automatic shut-off valves for correct operation,
the procedure to be adopted and the intervals at which this should be carried out and the requirements
for replacement. A means to determine when automatic shut-off valves require replacement shall be
supplied.

All systems shall have the ability for manual leak testing of the automatic shut-off valve.

NOTE1 Itis commonly agreed that valves are to be tested annually unless longer or shorter testing intervals
can be justified by the risk analysis.

Control valves may be used as safety shut-off valves provided they are designed as both safety shut-off
and modulation valves and tested for concurrent use.

The automatic shut-off valves shall not open when the limit of any safety condition is reached.

NOTE 2 Example for safety related conditions to be considered are (but not limited to): minimum and
maximum gas pressure, failure of power supply and/or other utilities (e.g. compressed air), minimum and
maximum operation temperature, minimum and maximum pressure inside the TPE which is not caused by

process.

It shall only be possible to manually reset (locally or remotely) the lock out of a closed automatic shut-
off valve.

4.3.1.2.6 Flow rate indicators

Flow meters and flow control valves shall be provided for all gases and process liquids introduced into
the TPE.

4.3.1.2.7 Non-return valves

Non-return valves shall be provided in the atmosphere gases and process liquids supplies to the TPE.

4.3.1.2.8 Temperature monitoring and control of cooled atmosphere gas

If gas is cooled, so that the temperature of the gas does not exceed the allowed maximum value of
the safety relevant components downstream, means to detect over temperature of the gas shall be
provided.

If over temperature is detected, at least an alarm shall be caused. The required measures shall be
described in the instruction handbook.

For open discharge systems, the cooling water shall be discharged into an open drain such that the flow
is visible. There shall be no valves or restrictions in the discharge piping to, or the outlet piping from,
the drain.

For closed discharge systems, the cooling water shall be discharged through individual flow indicators.
Relief valves shall be installed to relieve any obstructed discharge lines.

11
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4.3.1.3 Safety devices for purge gas

Manual isolation valves shall be proven in the fully open position during operation. If it is proven
automatically, then it shall meet the requirements of a protective system according to ISO 13577-4.

Automatic valves for emergency safety purge shall be normally open. Automatic valves for emergency
shall have a manual by-pass valve piped in parallel.

When used, timers for purging shall comply with IEC 60730-2-5, if applicable.

Purge gas supply pipework for fuel gas pipework/combustion chamber and purge of atmosphere gas
pipework shall be securely isolated or shall not commonly be used.

4.3.2 Other safety devices

4.3.2.1 Trap seals

If a trap seal is used to contain combustible or toxic atmosphere, its performance shall be monitored.
Any detected malfunction shall initiate a corrective procedure.

NOTE1 Performance can be monitored with systems such as level sensors for liquids or gas warning systems
for dry traps.

NOTE 2 Examples of corrective procedure may include audible alarms, automatic refill, shutdown, etc.

4.3.2.2 Safety devices for gas boosters/compressors

Where a gas booster/compressor is used, a low-pressure protection shall be fitted in the gas inlet
system to the booster/compressor to ensure that depressurisation of upstream gas systems cannot
occur. This low pressure protection shall cause shutdown of the booster/compressor in the event of
reduced pressure and shall prevent automatic re-start on pressure restoration.

Gas pressure detectors shall comply with IEC 60730-2-6 or shall be evaluated to ensure appropriated
reaction time and accuracy.

Attention shall be paid to the unintended decrease of atmosphere gas supply to the TPE which can
result in unintended disability of maintaining positive pressure of TPE.

A suitable non-return valve shall be fitted between the booster/compressor outlet and the inlet to any
storage vessel incorporated in the system.

The booster/compressor shall be fitted with a device to prevent the pressure from exceeding a pre-
determined safe value.

4.3.2.3 Devices for vacuum conditions
Where atmosphere gas or process liquids additions are supplied to TPE that are operating under, or

may induce, a vacuum, then special consideration shall be given to the selection of any controls which
can be subject to vacuum during both normal and abnormal conditions.

4.4 Requirements for the use of atmosphere gases
4.4.1 Prevention of potential ignitable atmospheres

4.4.1.1 General
If combustible atmosphere gases are used, the formation of ignitable atmospheres shall be avoided.

The following subclauses detail established process requirements to avoid the formation of ignitable
atmospheres inside a TPE.

12
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The following methods shall be used, either singly or in combination.

4.4.1.2 Safety temperature

If for the safe operation of a TPE, the operating temperature shall be above the safe ignition temperature
(750 °C), the temperature shall be monitored.

The start of admittance of the combustible atmosphere gas supply shall be interlocked with the safe
ignition temperature. This function shall meet the requirements of a protective system according to
ISO 13577-4.

If the temperature in the TPE falls below the safe ignition temperature and a combustible atmosphere
gas is used and a hazardous situation can occur, an alarm shall be caused. If this situation cannot be
changed within a predetermined time, an emergency safety purge shall be performed (see 4.4.4). This
function shall meet the requirements of a protective system according to ISO 13577-4.

4.4.1.3 Monitoring of TPE pressure

A pressure and/or a flow interlock and alarm shall be provided where a combustible atmosphere is
used and safe operation of TPE is dependent upon the operating furnace pressure being maintained and
monitored above a predetermined limit. The minimum and maximum pressure and/or flow levels shall
be specified in the instruction handbook. This system shall prevent the introduction of air in abnormal
situation.

If the pressure in the TPE or the flow rate to the TPE falls below the safe limit and a combustible
atmosphere gas is used, an alarm shall be caused and an emergency safety purge shall be performed
(see 4.4.4). This function shall meet the requirements of a protective system according to [SO 13577-4.

4.4.1.4 Controlling process air/oxygen of TPE operating below 750 °C
NOTE1 Controlling process air/oxygen can be required on TPE performing the oxy-nitriding process.

When process air/oxygen is used with a combustible special atmosphere in a TPE operating below
750 °C, the furnace’s oxygen content shall be maintained below a predetermined safe level.

The means of maintaining the above requirement shall be specified in the instruction handbook.

NOTE 2  The means of maintaining the above requirement can include an oxygen sensor/controller to limit the
oxygen content and a flow control to limit process air/oxygen below set flow rates.

If the oxygen content in the TPE is not maintained below the predetermined safe level, an alarm shall be
caused and the following action shall be implemented (see 4.4.4):

— closure of the combustible atmosphere supply valve(s);
— closure of process air/oxygen gas supply valve(s);
— emergency safety purge.

These functions shall meet the requirements of a protective system according to [SO 13577-4.

4.4.1.5 Monitoring of atmosphere gas and process liquid supply

If safety is dependent upon the atmosphere gas or process liquid flow rate, then a device shall be fitted
to prove that an adequate supply is available. If, for any reason, the supply is not sufficient, an alarm
shall occur and an emergency safety purge shall be performed (see 4.4.4). This function shall meet the
requirements of a protective system according to ISO 13577-4.

13
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4.4.2 Monitoring of TPE doors movements

If a combustible atmosphere gas is used and temperature inside next to the door is below than 750 °C,
a means of ignition shall be provided at each door or process opening to ignite the atmosphere gases.

NOTE Means of ignition of atmosphere gases could be flame curtain, pilot burner, hot surface ignition, etc.
Any means of ignition shall be proven and supervised.

The gas supply valve for flame curtains shall not be opened until the source of ignition of the flame curtain
is established. The flame curtain has to cover the full width of the door. Flame curtains shall be supervised
in accordance to ISO 13577-2:2014, 4.2.6.4 on point of ignition and at least at the end(s) of the flame curtain
at a height that will ensure ignition of the atmosphere gas, when the doors are being opened.

Failure of any means of ignition shall cause an alarm and an interlock to the doors shall prevent opening.
This function shall meet the requirements of a protective system according to ISO 13577-4.

If the means of ignition fails during the doors movement and the atmosphere in the TPE could ignite in
an uncontrolled manner, the door shall move to an end position

An alternative to opening the doors of the TPE without means of ignition is when TPE has an automatic
system for purge cycle, interlocking doors in closed position until the atmosphere is non-combustible
and nontoxic.

4.4.3 Supervision of the means of ignition at the point of combustible atmosphere gas
discharge

Means of ignition shall be fitted at each point of gas discharge. The ignition means shall be so designed
that safe ignition of discharge atmosphere gas is always ensured.

NOTE Means of ignition can be pilot burner, electric ignition, etc.

Start of supply of combustible atmosphere gas is only permitted, if the mean of ignition at the point
of gas discharge is in operation. This function shall meet the requirements of a protective system
according to ISO 13577-4.

Failure of the means of ignition shall cause an alarm.

The instruction handbook shall detail process and procedure for dealing the alarm situation.

4.4.4 Emergency safety purge

Where an emergency safety purge is required a supply of purge gas of at least the safety purge volume
of the TPE shall be available.

The supply of purge gas of sufficient quantity, pressure and flow rate to effect a safety purge
(see ISO 13574:2015, 2.143) shall be provided and its availability shall be proved before the atmosphere
gas or process liquids are admitted. Any unnecessary obstacle in the supply line for emergency safety
purge shall be avoided.

Before a remaining safety purge gas falls below the required quantity, an emergency safety purge shall
be initiated. If safety purge gas (e.g. nitrogen) is missing, operation shall not be started (interlock).
These functions shall meet the requirements of a protective system according to ISO 13577-4.

The system shall be designed to operate in upset conditions (e.g. power outage).
The performance of an emergency safety purge procedure includes
— closure of the combustible atmosphere gas supply valve(s), and

— admittance of purge gas into the TPE.
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4.5 Change of atmosphere

4.5.1 General
Changing atmosphere means: air to atmosphere gas or atmosphere gas to air.

The following subclauses detail established process requirements for safety controls for purging
atmosphere gas pipework and TPE that can be used in the design of equipment for atmosphere gases.
The change of atmosphere is part of the automatic control system.

Specific instructions on the procedure for admitting atmosphere gas into, and removing atmosphere
gas from, TPE and enclosures shall be provided by the manufacturer in accordance with the purging
method(s) adopted.

The effects of doors (operational speed and sequencing) and/or other openings on safe purging shall be
taken into account in the selection and use of purging procedures.

The following purging methods shall be used, either singly or in combination.
Possible procedures for changing of atmospheres for
— TPE at or above 750 °C operation temperature:

— self-ignition (see 4.5.3);

— purge (see 4.5.2);

— burning (see 4.5.4);
— evacuate (see 4.5.5);
— TPE below 750 °C operation temperature:
— purge (see 4.5.2);
— evacuate (see 4.5.5).

The principle procedures for the change of atmosphere are shown in Figure D.1.
4.5.2 Purge with purge gas

4.5.2.1 General

The change of atmosphere in a TPE from air to a combustible gas or from a combustible gas to air can be
done by using a purge gas.

4.5.2.2 Purge with purge gas to change atmosphere from air to combustible gas

If a combustible atmosphere gas or process liquid is introduced into a TPE or enclosures (which operate
below 750 °C or which operate above 750 °C with a purge done below 750 °C), then its introduction
shall be preceded by an purge gas purge to remove air until the oxygen content is a volume fraction of
1 % or less. This function shall meet the requirements of a protective system according to ISO 13577-4.

4.5.2.3 Purge with purge gas to change atmosphere from combustible gas to air

Prior to shutting off the supply of combustible atmosphere gas or process liquids to a TPE or enclosure
(operating below 750 °C or which operate above 750 °C with a purge done below 750 °C) an purge with
purge gas shall be initiated and the flow adjusted to the required value. The supply valves shall then be
closed and the purge gas shall purge continued until 50 % of LFL is reached. This function shall meet the
requirements of a protective system according to ISO 13577-4. The purge gas may then be replaced by air.
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If the atmosphere gas supply source can be adjusted to provide a non-combustible atmosphere gas with
less than 1 % oxygen this gas may be utilized as the purge gas purge.

4.5.3 Purge with self-ignition

4.5.3.1 General

The change of atmosphere in a TPE from air to a combustible gas or from a combustible gas to air, can
be accomplished using the self-ignition of combustible gases at temperatures above 750 °C.

Combustible atmosphere gas or process liquids shall only be introduced in the TPE if the temperature
in the TPE is above the safe ignition temperature.

4.5.3.2 Purge with self-ignition to change atmosphere from air to combustible gas

If a combustible atmosphere gas or process liquids are introduced into a TPE zone where the
temperature is maintained at 750 °C or more then purging of the furnace chamber may continue until
all the air has been consumed and/or displaced by the incoming combustible atmosphere gas or process
liquids.

4.5.3.3 Purge with self-ignition to change atmosphere from combustible gas to air

If air is introduced into a TPE zone where the temperature is maintained at 750 °C or more to purge a
combustible atmosphere from the TPE zone, then the supply valves of the combustible atmosphere gas
or process liquids shall be closed, thus, allowing remaining combustible atmosphere within the TPE to
be consumed by combustion.

Products of combustion shall be vented and doors may be opened. The ingress of air shall be such that
the pressure and temperature resulting from the combustion will not create a hazardous condition.

4.5.4 Change of atmosphere by burning

4.5.4.1 General

This method of changing of atmosphere shall not be used when furnace atmosphere gas circulation
fans are operating in the zone or enclosure.

NOTE A change of atmosphere procedure by self-ignition is possible for furnaces operating below 750 °C,
provided that the safety ignition temperature is exceeded during the change of atmosphere.

4.5.4.2 Change of atmosphere by burning from air to combustible gas

If the TPE zone or enclosure into which the combustible atmosphere gas isintroduced is at a temperature
below 750 °C, changing of atmosphere without the use of purge gas is only permitted if a reliable means
of ignition is proven at the position where the combustible atmosphere gas is introduced. This function
shall meet the requirements of a protective system according to ISO 13577-4.

4.5.4.3 Change of atmosphere by burning from combustible gas to air

Ifthe TPE zone or enclosure is at a temperature below 750 °C the change of atmosphere from combustible
gas to air may be done by opening the door to this zone or enclosure according to 4.4.2.

NOTE The change of atmosphere (burnout) will start at the moment the door is opened, as the combustible
atmosphere gas from inside the chamber and the air outside the chamber are ignited, induced by the mean of
ignition and a controlled burnout will progress inside the chamber.

If the TPE zone or enclosure subject for change of atmosphere is more than 0,25 m higher than the
upper edge of door opening, an extra means of induced ignition shall be located in this upper chamber
area next to the exit into the atmosphere burn-off area on top of the chamber.
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4.5.5 Purge by evacuation

4.5.5.1 General

The change of atmosphere in a TPE from air to a combustible gas or from a combustible gas to air can be
also done by evacuation.

4.5.5.2 Purge by evacuation to change atmosphere from air to combustible gas

The air shall be evacuated to a pressure of 4,5 kPa absolute. Subsequently, the TPE shall be flooded
with a purge gas up to the pressure of the prevailing atmospheric value. This function shall meet the
requirements of a protective system according to ISO 13577-4. As an effect, the content of oxygen is a
volume fraction of 1 % or less.

4.5.5.3 Purge by evacuation to change atmosphere from combustible gas to air

The evacuation of a combustible gas is only valid if the tightness of the TPE is ensured and no air can be
pulled in and mixed with the combustible gas.

The combustible gas shall be evacuated to a safe pressure, depending on the atmosphere, and then the
TPE shall be flooded with a purge gas or air up to the pressure of the prevailing atmospheric value. This
function shall meet the requirements of a protective system according to ISO 13577-4.

When calculating safe pressure, the aspects of combustible or toxic atmosphere gases shall be
considered.

4.6 Interfaces to exhaust systems for combustible or toxic atmosphere gases
4.6.1 Exhaust of burned gases

4.6.1.1 General
In the instruction handbook, the manufacturer shall define
— the maximum possible flow of burned gases from the TPE, and

— incasethemanufacturer supplies parts ofthe exhaustsystem such assuction hoods, the manufacture
shall also define the connecting cross section and the needed draft pressure.

The exhaust gas system shall be designed according to these defined requirements.

The proper function of this system has to be verified during the commissioning.

4.6.1.2 Natural draft exhaust gas system

No signal for proper function of the exhaust gas system to the TPE is needed.

4.6.1.3 Vented exhaust gas system
The function of the exhaust system has to be ensured in case of a power blackout.

A signal from the exhaust gas system to the TPE is needed, which indicates the discharge of the
maximum possible gas flow of burned gases.

If the discharge of the exhaust gas is disturbed, an alarm shall be caused. If this situation cannot be
changed within a predetermined time, it shall be followed by

— safety shutdown of TPE operating below 750 °C to prevent any hazardous situation arising, and
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— closure of the atmosphere gas and process liquids supply valve(s).

In the calculation of the predetermined, time such factors as gas flow, work space volume, work space
venting have to be considered.

4.6.2 Gathering of gases without burning and a closed system
The system of gathering gases shall be designed in a way that no reaction back on the TPE will be caused.
NOTE The gathered gas may be used in other processes, e.g. as a fuel gas.

The gathering system shall be able to remove the gas flow from the TPE at any time, e.g. in situations as
power blackout or stop of the planed processing of the gas.

The creation of an explosive mixture in the gathering system has to be prevented at all possible
operating modes.

A signal from the gas gathering system to the TPE is needed, which indicates the proper removal of the
gas flow.

If the gathering of the gas is disturbed, an alarm shall be caused.
This shall be followed by
— safety shutdown of TPE operating below 750 °C to prevent any hazardous situation arising, and

— closure of the atmosphere gas and process liquids supply valves.

5 Additional requirements for the generation of atmosphere gases

5.1 General

This clause describes the additional functional requirements for
— gas supplies,

— liquid supplies,

— flame detection,

— atmosphere gas generating burners,

— special requirements for different types of generators, and
— post-treatment of generated gases.

The instruction handbook shall specify that the ventilation of the building in which the atmosphere gas
generator is housed shall be such that it allows a supply of sufficient volume of clean fresh air to reach
the atmosphere gas generator under all conditions.

Fuel handling system for the generation of atmosphere gases shall be in accordance with ISO 13577-2,
if applicable.

5.2 Gas and process liquid supplies

5.2.1 Air supplies

Where the air is supplied under pressure, a suitable device for proving the air supply to the atmosphere
gas generator shall be fitted. The air supply shall be proved before opening the source gas automatic
shut-off valve.
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5.2.2 Reaction mixture supplies

If a system includes combustible gas/air mixtures, the mixture supply pipe shall be kept as short as
possible. The equipment shall be designed so that a flash back will not occur.

5.2.3 Generated atmosphere gas distribution

5.2.3.1 Valves

The generated atmosphere gas distribution system from the gas generator shall be fitted with a manual
shut-off valve and a relief valve upstream of this shut-off valve.

5.2.3.2 Condensate traps

Means shall be provided to ensure that generated atmosphere gas is not discharged from condensate
traps other than via suitably designed vents into an area where it does not create hazards.

5.2.3.3 Excess of generated atmosphere gas

Means shall be provided for the safe disposal of excess (surplus) generated atmosphere gas discharged
from the relief valve. Depending upon specific local circumstances and the analysis of the generated
atmosphere gas, safe disposal shall be accomplished by either

— burning off of the generated atmosphere gas and safe disposal of the combustion products; the pilot
burner for this purpose shall be suitably protected and an alarm given on flame failure, or

— venting to an area where it does not create hazards.

5.3 Flame detection

Flame detection shall be in according with ISO 13577-2:2014, 4.2.6.

5.4 Burners generating exothermic gases

A means of ignition of the burner shall be provided.

Ignition shall be accomplished by either

— aproperly located and fixed interrupted pilot,

— aproperly located and removable interrupted pilot, or

— direct ignition of the main flame at the minimum practicable rate.

In all cases, ignition shall comply with ISO 13577-2:2014, 4.2.5.3 and 4.2.7.
5.5 Special requirements for different types of generator
5.5.1 Requirements for endothermic generators

5.5.1.1 Source gas supplies

If the combustion and reaction atmosphere gases are supplied from a single main inlet, steps shall be
taken to ensure that varying flow rates do not adversely affect the control of combustion and reaction.

19





IS 17984 (Part 3) : 2024
ISO 13577-3 : 2016

5.5.1.2 Catalyst regeneration

Regeneration of the catalyst of endothermic generators (i.e. burning off of carbon deposits) is usually
carried out by passing only air through the retort at a suitable temperature. In order to carry out this
procedure it is necessary to energize the reaction air supply control system with the reaction gas supply
control system isolated and locked out. This procedure shall be described in the instruction handbook.

The design and instructions for use of systems incorporating catalyst regeneration shall ensure that
the reaction air cannot be fed into the atmosphere gas distribution pipework of the TPE or enclosures.

5.5.1.3 Mixture supplies

If a mechanical gas/air mixing machine or a similar pre-mixing system is used, a flame trap or other
suitable devices shall be provided to protect against flash-back in the mixture supply pipe. The flame
trap shall be fitted as close as practicable to the atmosphere gas generator retort inlet respectively. The
length of the mixture supply pipe between the device and the retort shall be kept as short as possible.

The flame trap or other suitable device shall incorporate a sensor to detect flash-back. Detection of
flash-back shall result in a lockout of the generator.

If a mechanical gas/air mixing machine is used, there shall be no gas off-take from the gas line between
the manual reaction gas isolating valve and the mixing machine inlet.

5.5.1.4 Temperature monitoring

The temperature of the endothermic generators shall be monitored. The admittance of the
gas/air-mixture to the generator shall only be possible if the temperature of the generator is above a
predetermined safe limit. This function shall meet the requirements of a protective system according
to ISO 13577-4.

5.5.2 Requirements for exothermic generators

5.5.2.1 Mixture supplies

If a mechanical gas/air mixing machine or a similar pre-mixing system is used, a flame trap or other
suitable devices shall be provided to protect against flash-back in the mixture supply pipe. The flame
trap shall be fitted as close as practicable to the burner of the exothermic generator. The length of the
mixture supply pipe between the device and the burner shall be kept as short as possible.

The flame trap or other suitable device shall incorporate a sensor to detect flash-back. Detection of
flash-back shall result a lockout of the generator.

If a mechanical gas/air mixing machine is used, there shall be no gas off-take from the gas line between
the manual reaction gas isolating valve and the mixing machine inlet.

5.5.2.2 Pre-purge before start-up

Pre-purging of exothermic generator and any external coolers shall be in accordance with
[SO 13577-2:2014, 4.3.7.1.

5.6 Post-treatment of generated atmosphere gases

NOTE Post-treatment of generated atmosphere gases can be done to enhance the suitability for a specific
process. Drying or dehumidifying and/or separating of unwanted components, as well as addition of other gases,
may be done.

If equipment for post treatment is used (either integrated into the generator plant or placed between
generator and furnace), it shall meet corresponding safety level requirements as prescribed for the
generator plant.
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Equipment for treatment of atmosphere gases has to be designed for the purpose. Special attention
shall be given to molecular sieves. It shall be possible to isolate containers from process gas lines for
maintenance purposes (e.g. changing sieve mass).

6 Verification of the safety requirements and/or measures

Table 1 shall be used as a checklist for manufacturers to prepare their own specific table of methods
for verifying that the safety requirements and measures described in Clause 4 and Clause 5 are met. It
should contain references to the respective clauses of this part of ISO 13577.

Table 1 — Verification of the safety requirements and/or measures

Visual Functional | Measuring |Examination
inspection test of drawings/
Clause |Safety requirements and/or measures calculations
Note 1 Note 2 Note 3 Note 4
4 Safety requirements, measures and verification means
4.1 General X X
4.2 Pipework
4.2.1 |General X X
4.2.2 |Connections X X
4.2.3 |Unconnected pipework X
4.2.4 |Galvanic cells X X
4.2.5 |Flexible tubing and couplings X X
4.2.6 |Marking of pipework X
4.2.7 |Soundness/Tightness X X
4.2.8 |Condensate drains X
4.29 |Purge points X
4.2.10 |Blow-off and breather pipes or conduits X X
4.2.11 |Pressure relief devices and flame X
arrestors on pipework
4.2.12 |Pressure oscillations X X
4.21 Combustible fluid by-pass X
4.2.14 |Isolation of required safety devices X X
4.2.15 |Vents X X
4.3 Required safety devices
4.3.1 |Gas control equipment X
4.3.1.1 |General X X
4.3.1.2 |Safety devices for introduction of X
protective or reactive atmosphere
gases to furnace
4.3.1.2.1 |Manual isolating valve X
4.3.1.2.2 |Filter/strainer X
NOTE 1 Visual inspection is carried out for testing the required characteristics and properties by visual examination of
the delivered equipment and components.
NOTE 2 The functional test will show whether the parts in question function in such a way as to satisfy the requirements.
NOTE 3 Verification by means of measuring instruments is used to check whether the requirements are fulfilled within
the specific limits.
NOTE 4 Drawings and calculations are used to check whether the design characteristics of the components meet the
specific requirements
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Table 1 (continued)

Visual Functional | Measuring |Examination
inspection test of drawings/
Clause |Safety requirements and/or measures calculations
Note 1 Note 2 Note 3 Note 4
4.3.1.2.3 |Pressure regulator and over pressure X
protection
4.3.1.2.4 |Pressure relief X
4.3.1.2.5 |Automatic shut-off valves X
4.3.1.2.6 |Flow rate indicators X
4.3.1.2.7 |Non-return valves X
4.3.1.2.8 |Temperature control devices of cooled X X
atmosphere gas
4.3.1.3 |Safety devices for purge gas X
4.3.2 |Other safety devices X
4.3.2.1 |Trap seals X
4.3.2.2 |Safety devices for gas boosters/com- X
pressors
4.3.2 |Devices for vacuum conditions X
4.4 Requirements for the use of protective or reactive atmosphere
4.4.1 |Prevention of potential explosive at- X
mospheres
4.4.1.2 |Safety temperature X
441 Monitoring of TPE pressure X
4.41.4 |Controlling process air/oxygen of TPT X
operating under 750 °C
4.4.1.5 |Monitoring of atmosphere gas supply X
4.4.2 |Monitoring of TPE doors movement
4.4.3 |Supervision of the means of ignition at
the point of combustible gas discharge
4.4.4 |Emergency safety purge X X
4.5 Change of atmosphere X
4.5.2 |Purge with purge gas X
4.5.2.2 |Purge with purge gas to change atmos- X
phere from air to combustible gas
4.5.2.3 |Purge with purge gas to change atmos- X
phere from combustible gas to air
4.5.3 |Purge with self-ignition
4.5.3.2 |Purge with self-ignition to change at- X
mosphere from air to combustible gas
4.5.3.3 |Purge with self-ignition to change at- X
mosphere from combustible gas to air
4.5.4 |Change of atmosphere by burning X

NOTE 1 Visual inspection is carried out for testing the required characteristics and properties by visual examination of
the delivered equipment and components.

NOTE 2 The functional test will show whether the parts in question function in such a way as to satisfy the requirements.

NOTE 3 Verification by means of measuring instruments is used to check whether the requirements are fulfilled within
the specific limits.

NOTE 4 Drawings and calculations are used to check whether the design characteristics of the components meet the
specific requirements
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Table 1 (continued)
Visual Functional | Measuring |Examination
inspection test of drawings/
Clause |Safety requirements and/or measures calculations
Note 1 Note 2 Note 3 Note 4
4.5.4.2 |Change of atmosphere by burning from X
air to combustible gas
4.5.4.3 |Change of atmosphere by burning from X
combustible gas to air
4.5.5 |Purge by evacuation X
4.5.5.2 |Purge by evacuation to change atmos- X
phere from air to combustible gas
4.5.5.3 |Purge by evacuation to change atmos- X
phere from combustible gas to air
4.6 Interfaces to exhaust systems for combustible or toxic atmosphere gases
4.6.1 |Exhaust of burned gases X
4.6.1.2 |Natural draft exhaust gas system X
4.6.1.3 |Vented exhaust gas system X X
4.6.2 |Gathering of gases without burning and X
a closed system
5 Additional requirements for the generation of protective and reactive atmosphere gases
5.2 Gas and process liquid supplies X
5.2.1 |Air supplies X
5.2.2 |Reaction mixture supplies X
5.2.3 |Generated atmosphere gas distribution X
5.2.3.1 |Valves X
5.2.3.2 |Condensate traps X
5.2.3.3 |Excess of generated atmosphere gas X
53 Flame detection X
54 Gas atmospheric generating burners X
5.5 Special requirements for different types of generator
5.5.1 |Requirements for endothermic generators
5.5.1.1 |[Source gas supplies X
5.5.1.2 |Catalyst regeneration X
5.5.1.3 |Mixture supplies X X
5.5.1.4 |Temperature monitoring X
5.5.2 |Requirements for exothermic generators
5.5.2.1 |Mixture supplies X
5.5.2.2 |Pre-purge before start-up
5.6 Post-treatment of generated X
atmosphere gases

NOTE 1 Visual inspection is carried out for testing the required characteristics and properties by visual examination of

the delivered equipment and components.

NOTE 2 The functional test will show whether the parts in question function in such a way as to satisfy the requirements.

NOTE 3 Verification by means of measuring instruments is used to check whether the requirements are fulfilled within

the specific limits.

NOTE 4 Drawings and calculations are used to check whether the design characteristics of the components meet the

specific requirements
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7 Information for use

7.1 General

The manufacturer of the TPE shall provide an instruction handbook which contains the necessary
information for generation and use of atmosphere gases system. The format and content shall comply
with I1SO 12100:2010, 6.4.

The information for use shall be written in the user’s language and shall contain one copy in the original
language chosen by the manufacturer.

The information for use shall contain details for commissioning, start-up and use together with
information for test procedure and general maintenance of the generation and use of atmosphere gases
system of the TPE and its intended use defined by the manufacturer.

7.2 Marking

The minimum information marked on the TPE is given in ISO 13577-1:2012, Clause 6.
The pipework shall be identified by

— colour, and/or

— sign,

— medium,

— flow direction.
7.3 Instruction handbook

7.3.1 General

The instruction handbook shall be in accordance with the requirements specified in
ISO 13577-1:2012, 6.4.

For the part generation and use of atmosphere gases system, the instruction handbook of the TPE shall
at least contain the following details:

— exact description of the generation and use of atmosphere gases system of the TPE and of the safety
equipment;

— complete range of application of the generation and use of atmosphere gases system of the TPE
(tolerable range of application, if necessary);

— schematic description of the safety functions.
Moreover, the following aspects are to be treated by the instruction handbook:

— operation of generation and use of atmosphere gases system of the TPE only by competent personnel
according to the conditions of use defined by the manufacturer;

— information on correct work place of operator.

The instruction handbook shall deal with start-up, operation, normal and emergency shutdown.
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7.3.2 Description of equipment
The instruction handbook shall contain the following information:

— description of the generation and use of atmosphere gases system of the TPE, including as built
schematic diagrams of pipework and electrical wiring;

— list of all safety and control equipment parts with their settings and an indication of the relevant
standards;

— list of equipment settings/adjustments as made during final;

— description of any deviations from the requirements of relevant standards in the construction
and/or function of parts of the generation and use of atmosphere gases system of the TPE;

— requirements for handling the waste products of combustion from the TPE.

All the information given on the marking plate(s) shall be repeated together with information relevant
to generation and use of atmosphere gases.

7.3.3 Inspection procedures

The instruction handbook shall contain details of inspection intervals and periodic checking
procedures for

— leak tightness of all pipework; periodic checking of leak tightness should be carried out at intervals
to be determined by consideration of the operating conditions and material of construction,

— leak tightness of the TPE,

— leak tightness check of the valves,

— leak tightness check of the filter and/or the strainer,

— all safety equipment, warning devices and automatic shut-off valves,

— safety functions in order to ensure that these functions are not impaired by concealed faults or errors.

A documentation form shall be included in which the date, the results and the person who carried out
the checks are recorded together with the date of the next inspection.

The requirements for the leak inspection intervals and procedures shall take in account all hazards of
the used fluids (e.g. creating of explosive atmospheres, intoxication, asphyxiation or cauterization).

Intervals for leak inspection can be extended and the procedures can be modified if gas measuring and
warning devices are installed.

7.3.4 Commissioning, start-up and operating procedures

7.3.4.1 General

The instruction handbook shall provide details of the procedure for commissioning, start up, including
preliminary checks (e.g. cleaning of pipework), description of conditions and a list of manually and
automatically operated system checks, e.g. opening equipment doors, if applicable.

Attention shall be drawn to the necessity of ensuring that the pipework is free of debris, welding slag,
etc. after initial commissioning, before the equipment is put into service, after maintenance or long
periods of shutdown.
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The instruction handbook shall provide information on special allowances or requirements if
applicable for

— pre-purge, the exhausting of atmosphere gases,
— exhausting of combustion products, and

— conditions for use and discharge of fluid such as cooling water.

7.3.4.2 Conditions for start-up

The instruction handbook shall provide information when starting a TPE with an inside temperature
below 750 °C, which does not contain a protective or reactive atmosphere, furnace doors in vestibules
shall be kept open until normal introduction of atmosphere is activated.

The instruction handbook shall provide information that attention should be given to all possibilities
for forming an unintended combustible atmosphere in closed chambers.

NOTE Purging with purge gas is an alternative.

7.3.4.3 Operation condition

The instruction handbook shall provide information about the hazards by accumulation of gases from
leakages in confined spaces (e.g. TPE-chambers, pits, manholes, cellars and peaked roofs, etc.).

The main hazards are caused by

— gases having a higher density than air,

— toxic gases and liquids, or

— combustible gases and liquids.

A recommendation shall be made that

— users provide operators with training for safe working practices in these spaces, and

— persons entering these spaces use portable gas detection units and personal protective equipment.

7.3.5 Shutdown procedures

The instruction handbook shall provide information on any special requirements, together with a
description of measures to be taken in the event of a safety shutdown.

Any time a TPE is not operating, all atmosphere gas and process liquids pipework shall be safely closed
and locked.

The instruction handbook shall set down any special requirements for lock-out and/or emergency
shutdown and any special measures for subsequent re-start.

An information sheet containing the information required by this clause shall be provided for display at
the equipment control panel or at a defined nearest place.

The instruction handbook shall provide information on special allowances or requirements if
applicable for

— safe condition, and

— putting the TPE out service.
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Where the possibility of combustible residual gases in a non-operating furnace exists, doors shall be
fixed in the open position and the venting of these residual gases shall be addressed in the instruction
handbook.

7.3.6 Maintenance procedures

The instruction handbook shall contain details of the maintenance intervals and procedures for all
parts that require maintenance, replacement and/or repair of items of safety equipment. Means to
permit the operator to determine when safety devices require replacement shall be supplied.

Documentation forms with dates of last and next maintenance and the contact information (such as
addresses, telephone, fax numbers, e-mail, website and helpdesk coordinates) of maintenance and
repair services shall be provided.

The instruction handbook shall provide information on special allowances or requirements if
applicable for

— storage of the furnace atmosphere in isolation,
— accessible TPE,

— disconnection and/or closing and locking of atmosphere gas and process liquids during maintenance
and access to TPEs,

— leak-proofisolation atmosphere gas and process liquid supply to the TPE (removable spool pieces or
blanking plates), and

— environment condition inside furnace chamber to perform (maintenance) work (e.g. oxygen content
and no detection of CO).

7.3.7 Documentation

Provision shall be made for recording revisions to the instruction handbook in the event of modification
of the equipment (e.g. by repair, modernization or replacement of parts, change of operating conditions).
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Annex A

(informative)

List of significant hazards

This annex contains all the significant hazards, hazardous situations and events, as far as they are dealt
with in this part of ISO 13577, identified by risk assessment as significant for this type of equipment
and which require action to eliminate or reduce the risk. The following significant hazards can occur in

the use of TPE.
Table A.1 — List of significant hazards
Clause Hazards Location Relevant clauses of | Relevant clauses of
IS0 13577-1:2012 this part of ISO 13577
Hazards, hazardous situation and hazardous events
1 Mechanical hazards
1.1 High pressure fluid injection |Pipework 4.2.7 4.21,
or ejection hazard
2 Electrical hazards
2.1 Electrical contact direct or |Control system, 4.3 Clause 4
indirect with live parts power supply to the
machine and
connectors
2.2 Electrostatic phenomena 4.3
3 Thermal hazards, resulting in:
31 Burns and other injuries by |Gas generating 441,444
a possible contact of persons |system
with objects or materials Fl tai
with an extreme high- ame curtain
temperature, by flames or Environment of the
explosions and also by the TPE
radiation of heat sources.
3.2 Damage to health by hot Environment of the 4.4.5
working environment TPE
4 Hazards caused by interruption of energy supply
4.1 Malfunction or break up of |Gas generating and 43,4111 4.31.2.5
components distribution system
4.2 Malfunction or break down |Control system 4.3,4.11.1
of control system
5 Hazards caused by (temporary) missing and/or incorrectly positioned safety related
measures/means
5.1 Specific hazard of mainte- Piping, duct, control 412
nance and adjusting system
6 Hazards generated by materials and substances processed or used by the machinery
6.1 Hazards from contact with |Gas generating, 4.8.2 Clauses 4 and 5
or inhalation of harmful distribution system,
fluids, gases, mists, fumes, exhaust gases and
and dusts. TPE
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Clause

Hazards

Location

Relevant clauses of
ISO 13577-1:2012

Relevant clauses of
this part of ISO 13577

6.2

Fire or explosion hazard

Gas generating,
distribution system,
exhaust gases and
TPE

4.4.3,4.8.3

Clauses 4 and 5

Hazards generated by neglecting ergonomic principles in machinery design, as hazards from:

7.1

Hazard of mismatch of
design, location or identifica-
tion of manual controls

Pipework
control system

49
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Annex B

(informative)

Typical protective and reactive atmosphere gases

Typically, any gas mixture containing more than a volume fraction of 5 % combustibles (Hp+CO+CHy),
of which CHg is not more than a volume fraction of 1 %, where the remainder of the mixture is non-
combustible, is considered to be combustible. Any gas mixture which contains more than a volume
fraction of 1 % CnHm or a volume fraction of 2,5 % NH3 where the remainder of the mixture is non-
combustible is also considered to be combustible.

A combustible gas which contains a volume fraction of 1 % or less oxygen cannot in itself form an
explosive or combustible mixture.

Table B.1 — Typical protective and reactive atmosphere gases

Typical gas composition Densi- | Weight
p 8 po ty (relative to Hazards
% (volume fraction) K 3 .
g/m air)
Atmosphere gases
. ex- .
coz | cO | Hz | N2 | H0 light- heav-| |, | tox- | asphyxi-
er | ier . icity | ation
sion
Elementary gases:
1) Helium (He) — — — — — 0,179 X — — — X
2) Argon (Ar) — — — — — 1,784 — X — — X
3) Nitrogen |[(N3) — — — 100 — 1,251 xf — — — X
4) Hydrogen |[(Hp) — — 100 — — 0,090 X — X — X
Exothermic atmos- d d
pheresc
5) CCHN- (‘lean’)| 12to | 0,5to | 0,5to | 87 to e 1,131h | xf — —b X X
typea 18 2,5 2,5 85
(‘rich’) | 8to4 |5to12|{5to0 18| 82 to e 1,161h X — X X X
66
6) CHN-typea |(‘lean’)] — | 0,5to|05to| 99to | — | 1,234h | xf — | —b X X
2,5 2,5 95
(‘rich)| — |5to12|5t0o18| 90to | — | 1,117h | x — X X X
70
7) HN-typea [(‘lean’)| — — |1to5]99to | — | 1,216h | xf — | =b | — X
95
(‘rich)| — — 10to | 90to | — | 1,019h | x — X — X
30 70
Endothermic atmos-
pheres:
8) ENDO-Gas Traces| 20to | 31to | 40to |Traces| 0,834h X — X X X
23 40 46
9) Ammonia — — 75 25 — 0,380 X — X — X
(dissociated)
10) Methanol Traces| 33 67 — | Traces| 0,868 X — X X X
(dissociated)
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Typical gas composition Densi- | Weight
p g po ty (relative to Hazards
% (volume fraction) .
kg/m3 air)
Atmosphere gases
. ex- .
oz | co | H, | N2 | H0 light-heav-| |, | tox- | asphyxi-
er ier . icity ation
sion

Other atmosphere
gases:
11) Water (H20) — — — — 100 | 0,8058 | x — — — X
vapour
12) Carbon |(CO2) 100 — — — — 1,977 — X — — X
dioxide
13) Ammonia | (NH3) — — — — — 0,771 X — X X X
14)
Hydrocarbons
Methane (CH4) — — — — — 0,717 X — —
Propane (C3Hg) | — — — — — 2,019 — X X — X
a (Code letters indicate typical constituents:

(C) »co

(CC)—>CO +COy

(H) —Hz

(N) =N

b Provided that (CO + Hy + max. a volume fraction of 1 % CHy) < a volume fraction of 5 %.

¢ Protective and reactive atmosphere gases classified under 5 to 10 can also be produced by mixing of compo-

nent gases.

d The percentage of combustibles in a furnace chamber can be higher due to the addition of hydrocarbons or

the vapourization of oily residues of insufficiently cleaned work pieces.

e The amount of water vapour may be varied to make the atmosphere gas suitable for specific processes.

f Difference in density relative to air is only slight. Equal density should be assumed in terms of safety consid-

erations.

& Gaseous state not existing under physical “Standard Conditions” (0 °C/1 013 mbar =1, 013 x 105 Pa).

h Density value refers to mean composition.
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Annex C
(normative)

Allowed maximum pressure

This annex covers the pressure hazard of piping forming an integral part of combustion and fuel
handling systems of TPE intended to be subjected to an allowed maximum pressure not exceeding
50 kPa, containing

NOTE References to Group 2 and Group 3 of this annex are mentioned for information only.

a)

b)

gases, liquefied gases, gases dissolved under pressure, vapours and also those liquids whose vapour
pressure at the allowed maximum temperature exceeding 50 kPa above normal atmospheric
pressure, (101,3 kPa) at the following limits:

— for Group 1

— DN 25 and included;

— DN x PS (kPa) = 1,0 x 105 kPa for DN 25 up to 100 and included (see Figure C.1);
— for Group 2

— DN 100 and included;

— DN x PS (kPa) = 3,5 x 105 kPa for DN greater than 100 (see Figure C.2);

liquids having a vapour pressure at the allowed maximum temperature not exceeding 50 kPa above
normal atmospheric pressure (101,3 kPa) at the following limits:

— for Group 1
— DN 25 and included;
— DN x PS (kPa) = 2,0 x 105 kPa for DN 25 up to 200 and included;
— PS=1,0 x 103 kPa for DN greater than 200 (see Figure C.3);
— for Group 2
— DN 200 and included;

— PS =50 x 103 kPa for DN greater than 200 (see Figure C.4).

Group 1 comprises the following fluids:
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explosive;

extremely combustible:

— highly combustible;

— combustible (where the maximum allowable temperature is above flashpoint);
— very toxic;

— toxic;

— oxidizing.
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Group 2 comprises all other fluids.

This annex is not applicable to piping forming an integral part of combustion and fuel handling systems
of industrial thermo processing equipment intended to contain unstable gases.

PS (kPa) A o S
AN -~
1l 1
106 B zZ pd
o o
105 -
104 L
4+10° PS (kPa) * DN = 10° kPa
3,5+10° PS (kPa) DN = 3,5 « 10° kPa
103
o o
o o]
O I
I 1
102 L z pa
ol e PS = 50 kPa
50
10 | | 1 | >
0,1 1 10 25 100 350 1000 10000 DN

Figure C.1 — Piping referred to in a) Group 1 of this annex
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PS (kPa) A

106 -

DN = 32
DN =100
DN = 250

105 -

O]

104 L

3,5+10°
3,125+ 10°

2103 il \

PS (kPa) « DN = 5 - 10° kPa

-

PS (kPa) « DN = 3,5+ 10° kPa

PS (kPa) + DN =1« 10° kPa

10% +
PS =50 kPa
50
10 | | | >
0,1 1 10 32 100 250 1000 1|0 000 DN
2 000 7 000

Figure C.2 — Piping referred to in a) Group 2 of this annex
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PS (kPa) A

0
N
6 L I
10 >
()]
10° - .
PS =5+10* kP
5. 10* 2
®
8+10°
— 144103
10° PS =1-10%kPa
PS (kPa) * DN =2 « 10° kPa
10% +
50 PS = 50 kPa
10 | | | 1 | >
0,1 1 10 25 100 1 000 10 000 DN

200 4 000

Figure C.3 — Piping referred to in b) Group 1 of this annex
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PS (kPa) A o
Q
10° I
4
[m]
105 -
4 PS =5+ 10* kPa
5+10
10 r ®
2,5+10° PS (kPa) * DN =5« 10° kPa
—1.103
10° PS =1+ 10% kPa
10 |
50 PS = 50 kPa
10 | | | 1 >
0,1 10 100 1000 10 000 DN
200 500

Figure C.4 — Piping referred to in b) Group 2 of this annex
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Annex D
(informative)

Principle procedures for the change of atmosphere

c ¥
=3
<
: 5
1
0
-
" a

Figure D.1 — Principle procedures for the change of atmosphere
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Annex E
(informative)

Examples for the determination of safety integrity level SIL and
performance level PL using the risk graph method

Several International Standards may be used for determination of the required safety integrity level
(SIL)/performance level (PL). For machinery, [EC 62061 was developed to determine the SIL, while
IEC 61511 (all parts) was developed to determine the required SIL for process industry. Risk graph
methods for determining the SIL are given in both IEC standards. In addition, ISO 13849-1 covers
the determination of a performance level PL and also includes a method to determine PL from SIL
(ISO 13849-1:2006, Table 4).

Table E.1 shows an example of SIL/PL determination according to IEC 62061-1 or ISO 13849:2006,
Table 4. This SIL determination is done according to IEC 62061:2005, Figure A.3. The PL is determined
in accordance with Table 4 in ISO 13849-1:2006 which shows the relationship between PL and SIL.

Table E.2 shows an example with a PL determination according to ISO 13849-1:2006, Annex A
with an additional column where the corresponding SIL values determined according to
[SO 13849-1:2006, Table 4 are given.

The values given in Table E.1 and Table E.2 refer to typical TPE. The required SIL/PL levels might vary
dependent on the individual risk assessment.

38





2024

IS 17984 (Part 3)
ISO 13577-3

2016

A1 T a[qI31[3oN 14 1<

a[qissod 4 Appaey IL1soysme< | TS WO T pre1s.a1y ‘9[qIsIaady
arqissodw 9[gISSO SIM 7S 0 uoiuane
Iqr I € [qissod M 75 01p I< TS | TS WO 4 [E1PO DQISIOATY

¥ A1 p1s01yI< €S | ZTS | TTIS WO € sIagdu1y 3uIso[ JUdUBULId]

S LEICRSENY qIs ETS | €S | ZTS | TTS ZTIs ¥ uLre 10 949 ue 3utso[ ‘yieaq

AY Id ‘WuaAs "paezey 1 ‘uonjeanp ST-¥1 | €I-T1 01-8 L-S ¥-€ as $09UsNbasU0)

9OUEBPIOAY Jo Aqiqeqo.ad pue Aouanbauy D ssep) A1119A38

JuaWISSasse yS1I dn-mo[[o4

JUQUWISSISSe ¥SLI 9jelpall.laju]

JuauIssasse ySLI-add

:JO 1Ied

ION JUaWNIO(]

popuswituodo.l Sa.anseaut %u@wmm = kalk \AO.HU

paainbal saanseaws £3ajes = eale yoe[g

Sa.Inseauwt £19Jes pue JUIWSSISSE YSTY

S0/¥0/€10Z  :uoisiaey

1e(

:Aq panss]

uoneuIwLIalap s [ed1d43 jo sjdwexy 1o9loayg

_:_:___:__:

Do 0S.< dInjeraduwia) apisul ue Je 3Jew.Inj J3qUIRYI-N[NW € 10 T90Z9 DII 03 SUIp.I0dde UoneuIuLIalap is jo sjduwiexy — 1°q 9[qeL

39





2024

2016

UOI1BIUSUINIISUI/SI1AD
Jo31sanq ay3 1a1je a1aydsowye
aa1sojdxa ue jo guruioy —
WEedIISUMOP UOIIBIUIWNIISUT
/S921A9p Jo 3sang —
spaiezey "aanssaad
ugisap ay3l aaoqe aanssauad g
uonoazoad aanssaad ploAe 03 paso[d st .1oje[ngdal See SlqEtteld
I9A0 pue 10je[ngdal a.1nssaad a1nssaad sed ayj Wearsumop Joye[ngal
€TTEY9T0Z:E-LLSET OSI| @1d € 11 q 14 ¥ 4 dA[eA Jjo-nys djewoine uy | aanssaad sed jo aunjie| 210
9SED STY3 Ul Ppapasau ST JDYS ON
PIa1Ys 2a130930.1d € puIyaq
UOI1BIUSWINIISU/SSI1AP —
Joyerngau
aanssa.ud a3 9.10J9q wo.1j
ua el s1 uagou £1ajes ayy —
:uonipuo)
WIB3IISUMOP UOIIBIUSWNIISUL
/S92149D JO 3sang :Splezey "2anssaad
ugisap ay3l aaoqe aanssaad
sed s[qewwe[j-uoN
uon3o93o.ad aanssaad ploae 03 paso[d st .1oje[ngal
I9A0 pue 10je[ngdal a.1nssald a1nssaad sed ayj wearsumop Jore[ngal
€TTEY 9T0Z:€-LLSET OSI 0 9A[eA JJO-INYS djeWOINe Uy | a1nssald ses jo ain[ied | qro
Jore[ngal
aanssaad a3 2.10j9q WO.1J
uaxe) st uadoaaru £3ajes oyl —
:uonipuo)
WEed.I)SUMOP UOIIBIUSWN.IISUT
/S921A3p Jo 3sIng :SpJezey aanssaad
ug1sap ay3 aaoqe aanssaad
segd s[qewwie[J-uoN
uoryoazoad ploae 03 paso[d st .Joje[ngal
2anssa.ad 1aa0 pue.doje[ngdal aans 21nssaad sed ay) Wwea.r3sumop Jole[ngal
-S91d €7 T'EY ‘9T0Z:E-LLSET OSI| P1d 4 11 S [4 4 € 9A[BA JJO-INYS djewoINe Uy | aanssaid sed jo aan[red| ero
d TIS D AY 1d 1 9S uondrisaq uondrisag "ON
SjuaWIW0) f1ids 90U2.LINJD0 b (404S) uonpuny
IgaU] | SSEB[) Jo ANIqeqo.d saouanbasuo) [011U0) paje[ay A19)es JU2AD Snop.aezey ADYUS

IS 17984 (Part 3)
ISO 13577-3

(panunuos) 19 d[qeL

40





2024

2016

Ire pue sed a1aydsow)e
dqewrwe[j paxiw Aq pasned
aa11j Jo/pue uoiso[dxyq :Splezey

Arddns pinbij ssas0.ad pue sed

€T ¥ 01 SuIp.aodde pa.ojyiuoua S1 gd I, ul a.anssaad ayy

ajel

wnuwiuiw pambal ay) aaoqe
sAe3s sed aaaydsowse ay3 jo
911 MO[J 9} UayM A[UO Pamo]
-[e St 4d L 03 sed aaaydsowe

ajel
WU a3 Mo[aq
S[rej sed a1aydsounye

IS 17984 (Part 3)
ISO 13577-3

a1aydsowie jo SULIONUON T TFF ‘drdwrexa a9y} ur ddeuw.Iny 3yl 03 Adde jou saop JDYS SIYL a[qewwely jo Ajddns ay ], Joajeamold| SO
Ire pue seg aJaydsowse
g ey o po
: : B MO[aq SA®3S Hd,[, 93 Ul [9A3]
6 0SL *sased | uadAxo ay3 uaym A[uo pamoje Jwil| pautuialapald
MmoJaq Sunerado g4I, Jo us8Ax0o| I[qewWIUIe[) YIM I3Y1}980] deu.Inj ay) 03} pappe sI uagixo ST 9d.L 03 sed aiaydsounje e 9A0(qe SaSLI 4d [,
/ate ssanoud Surfjonuo) FTFHF | ou ‘drdurexa ay3 ui adeu.rny ayy 01 Ajdde jou saop )YS SIY.L a[qewwely jo Ajddns ay ], 9UJ Ul [9Ad] UABAXQ| %0
Do 05/ MO[2q sajetado
doeuINnj ay3 jo 1ed y :uonipuo)
Ire pue seg aJaydsowse .
aanssaad wnwiuiw palinbau
d[qew e[} paxIw £q pasned
2.11j 10/pue uolso[dxy :SpJeze oY1 240qE sAe3s gL o Ul
i 10/p 1S01AXd SP H aanssaad ay) uaym AJuo pamoj aanssaad wnwiurw
Do 052 Jopun 3uryeado aanssaad -[e S1 44 I 03 sed aaaydsouye paJmbau a3 mojaq
dd.LJo SuLIoUO ETHFH| 2'1d € 11 ¥ € 14 ¥ sjqewwrefj jo A[ddns ayL,| s[[ej dd.L urainssaid| €0
10jetado ue £q pasialadns sfem
-[B 30U SI 90BUINJ 9Y ], :UOIIPUO) 103e13do
! : o . ue Aq pasialadns sfem
Ire pue segd a1aydsowe Do 054 -[B 10U SI d0BUIN} AY ],
aaoqe sI 4d I, a3 ul aanjetad
dqew e[} paxIw Aq pasned
aa11j 1o/pue uoiso[dxyq :Splezey -2) 9y usyM A[u0 pamoy(e uonusy
: : ST 4d.L 03 sed aiaydsounje -JI9s J10j durioyruowt
aanjeradwal £19JeS ZTH¥H| P'1d A 6 € Z ¥ ¥ s[qewwej jo A[ddns ay,| ainjeradwal jo aanjed| qzo
Jojerado ue £q pasiatadns
sAemie ST 90euIny 9y, ;U0 IpuUO) 101819
‘ o i -do ue £q pasiaiadns
Ire pue seg aJaydsounye Jo 0SL sAem[e sI adeu.Inj ay ],
aA0qQe ST 7d ], 9Y3 ul aanjerad
d[qew e[} paxIw £q pasned %
a1 1o/pue uoisojdxyq :sp.aezey “UIoY 91 uaym AIUO PoMor[e uontu
: ; S1 4.1 03 sed ataydsowe| -31-j[as 10j Suriojruowt
aanjeradwal £39JeS 7T+ ¥| P'1d A L 1 Z ¥ ¥ a[qewwefj jo Ajddns ay | a1njeradwal jo ainfied| eZO
Td TIS D AY Id 1 aS uondrisaq uondridsag ‘ON
sjuswWwo) 1118 30UA.LINJJ0 b (40¥S) uonpuny
H15au] SSEID Jo Ayiqeqo.ad $3IUaNbOSU0) [0-13u0) pareay A19jes JU9A9 Snop.rezey 424S

(panunyuos) 19 d[qeL

41






2024

IS 17984 (Part 3)
ISO 13577-3

2016

Ire pue seg ataydsounye
a[qursnquiod paxiw Aq pasned
a.11j 10o/pue uoiso[dxyq :SpJezey

Ire 03 sed a[qurIsnquiod

‘poyiaw

‘paoe[dsip uaaq sey

sed atoydsowe a[qewwe[J

wo.1j a1aydsowe agueyd 01 Suidand 1ayjoue £q sauop si d.1aydsoune jJo agueyd ay) 93 [[B [I3UN panuniuod | g4I aY3 ul a1aydsowie
sed a3and yum adind 7S ¥ ‘9rdurexa ay) ui adeu.rnj ay3 o} Ajdde jou saop IDYS SIY.L st 98and sed y1aur ay, jo aueyd urauanyrey| QL
Ire pue segd ataydsouwye
d[qrasnquiod paxiw Aq pasned
2.11j 10/pue uolso[dxyq :SpJezey
sed a[qrasnquiod ‘poyom ‘paoeldsip uaaq sey
0} J1e wo.j a1aydsowe agueyd Suiand Joyjoue £q sauop si d.1aydsoue jJo agueyd ay) I1e 913 [[e [IAUN panuuod | 4L 9yl ul ataydsounie
031 sed 119Ul YIM 33Ind 77 S ¥ ‘9rdurexa ay) ui adeu.rnj a3yl o} Ajdde you saop IDYS SIY.L st 98and sed y1aur ay, Joadueyd urainieq| 6
Ire pue segd ataydsouye
SBenae b pones ogssodoq s
: : sey suonpuod 3asdn ur g4, 93and
adand A1oyes Aouadiowy 7% a3 10y adand AouadiowL uy| Adusdiowa jo aanjiej| 8
Jauang uorudl
ue SI UoIIuSI JO UBSW :UOIHPUO)
Ire pue seg aJaydsowse
i i e o> o
4 10/P Isopaxy sp H Y “1ap.Jo poo3 ul ST uonusi jo a3aeyosip
adaeyosip sed a1aydsounie a[qna ueaW Y3} Uaym AJUO paliels segd s[qewiwie[j
-snquiod jo jyutod ay3 e uonugi S19d.L 03 sed a1aydsouye| jojurod ay3 je uoniusgi
Jo sueauwt ay3 jo uoisiatadnS €% F| 21d 1 6 € Z ¥ € s[qewwerj jo Ajddns ay, Jo sueaw jo aanfre]| £
Ire pue seg aJaydsouwe
d[qewWWEe[} paxIW Aq pasned
911 10/pue uotsoldxg :SpIezey "9AT10® ST UonTUSI sguiuado ssaooe
SjusaWaAOW Jo ueauw e J1 ‘uado AJuo [[eysS J0 SI00p Je uonugt
SI100p Jd.J, Jo SULIONUON ZFF| 21d I 0T € ¢ 4 € s3uruado ssadoe 10 s100(] Jo sueaun jo aanjiej| 90
d TIS D AY 1d 1 9S uondriasaqg uondrisag "ON
sjuswwIo) f1118 90U2.LINJD0 b (404S) uonpuny
HLgau] SSEID Jo Liiqeqoad $32U2NDISU0) [013u0) pare[AY A19)es JU9A9 snop.rezey AD4S

(panunuos) 19 d[qeL

42





2024

IS 17984 (Part 3)
ISO 13577-3

2016

“10je19Ua3 2.Jaydsowie do1w
-I9Y30pus 3y} Jo aanjeradwa)

J0jerauas
aJeydsourye druLIayjop
-U9 9y} JO [0J3U0D d1Nn)

duriojiuow aanjetadwa], F1GG -9[durexa ay3 ui ddeu.any ayj 03 Ajdde jou saop JHYS SIYL| Sunerado syl jo Suriojiuoly | -erodwal ay3 jo aanfreq| %I
Ire pue seg aJaydsouwe
a[qursnquiod paxiw £q pasned
2.11j 10/pue uolso[dxyq :SpJezey se8 110u1
Ire 03 sed s[qrashquiod ‘poyaur| yum Suipooyjjuanbasqns pue
wo.1j a1aydsowe agueyd Surdand Jayjoue £q suop si d1aydsounie jJo agueyd ay}| aInssaid ajes e 0l gd,[, dy3 ul| 7d.L ay3 ul a1eydsowie
03 uonjenoead £q 98.1nd €SS F ‘ardurexa a3 ut aoew.iny 3y} 03 Ajdde Jou sa0p JHYS SIYL| SeS o[qewwe[J JO UOIIeNIBAY joadueyo urainied| €I
Ire pue seg aaaydsouwe
a[qusnquod paxiw £q pasned
2.11j 10/pue uolso[dxyq :SpJezey se8 10u1
sed s[qrasnquiod ‘poylauwr| yum Suipooyjjusnbasqns pue
03 I1e wo.j a1aydsowie agueyd guidand Jayjoue £q suop si d1aydsoune jJo agueyd 3y} | ainjosqe edy G‘¥ jJo aanssaad e| 7d,L 9y3 ul a1eydsowie
03 uonyendead £q 98.nd 7G5 ¥ ‘ajdurexa a3 ut adew.iny ayy 03 Ajdde Jou sa0p J)YS SIY.L | 03 Hd.L 9Y3 UL IIE JO UOIIENIBAY jo adueyp uraanjred| I
TT1IS
XBW A[3Ua.LIND ST1.Ie Y3 JO 9jels
Ire pue seg ataydsounye
a[qursnquiod paxiw Aq pasned
aJ1j 1o/pue uoiso[dxyq :sp.Jeze
Ij 1o/p 1so[dxq :sprezey o1 51 AdLL
sed ur usgAxo ou [3un seg areyd
9[qrIsnquiod 03 Ire wo.j duruing -Sowije d[qew e[ panyrwpe| 441 a3 ul ataydsourye
Aq aaydsounie jo auey) ZFS+H| 21d I YA S € %4 % a3 su.ang uonudi jo ueaw y joadueyo urainred| TIT
Td TIS D AY Id 1 aS uondrisaq uondridsag ‘ON
sjus o) 1118 30UA.LINJJ0 b (40¥S) uonpuny
H1sajup | SSe) jo ANM1qeqoad $92UINDISUO] | |oaqu0) paje[ay A19Jes JuaAl snopaezeq | 4DYS

(panunyuos) 19 d[qeL

43





IS 17984 (Part 3) : 2024
ISO 13577-3 : 2016

E

E

s

-

|

d[qeploAeun ysow[y Zd
SUOI}PUOD UILIdD I9pun 3qISSod 1d

wLIey ay3 supruif 1o paezey ayl dunauasaid jo AN[1qIssod d

3uoy s1 paezey 03 aansodxs Jo/pue snonuuod 03 yuanbaag zd
Joliq sI paezey 03 aansodxa Jo/pue juanba.j £194 Jou 03 wop[es T4
plezey ayj 03 aa1nsodxa a3 jJo uoneanp 1o/pue Aouanbay b |
(yreap Surpnour A1n[ur a[qIsI9Aa.L11 A[[ensn) SNOLIdS ZS

Ain[ur (s[qrsiaaal A[fensn) Iourpy 1S

Aan[ur Jo ssausnorIag S

E &M & = 21 =21 &

Yo 0SL< dInjeraduia) apIsul Ue Je JeINJ J3qUIBRYD-II[NU € .10 T-6F8ET OSI 03 SUIp.I1odde uoreuruLIa}ap d jo ajdwexy — z'q a[qeL






2024

2016

IS 17984 (Part 3)
ISO 13577-3

UOoIBIUSWINIISUI/SII1AIP
Jo1sanq a3 Jayje ataydsounie
aa1so[dxs ue jo guruioy —
WEed.I3SUMOP UOIIBIUWN.IISUL
/S901A9p Joising —
SPIEZEH aanssa.ad udisep a3
sed sjqewrweyy
uo132930.d aanssa.ad 9A0Qe a.anssa.ad proAe 03 pasod SI
J9A0 puke 103e[ngal aanssald Joje[ngal aanssaad sed a3y weadls Joyengal
€TTEY9T0ZE-LLSET OSI| T p Zd T4 ¢S -UMOP dA[BA JJO-INYS d[jeWOINe Uy | danssaud sed jo ainfief| L0
9SED STY] Ul papaau st ADYS ON
pIaIYS 2an29301d B puIyaq
UOIIBIUSWINIISUI/SIIIAIP —
J10re[ngal
aanssa.ad a3 a.10joq Wo.1J
uaye) st uadoajru A1ajes ayy —
:uonrpuo)
WEea.I3SUMOP UOIIBIUWN.IISUL
/S921A9D JO 3sIng :SpJezey
aanssa.ad udisep a3 SES 51QBWIWET-UO
uo132930.d aanssaad 2A0Qe a.anssa.ad proAe 03 pasopd SI 1 1J-UON
J9A0 pue 103e[ngal aInssald Jojengau aanssaad sed a3y weaals Joyengal
STV 9T0Z:S-LLSET OSI 0 -UMOP dA[BA JJO-INYs dljewlolne uy| ainssaid sedjo ainjie| qLo
Joyengal
aanssa.d a3 a.10joq Wo.1J
uay el si uadoalru A1ajes ayy —
‘uonIpuo)
WEed.I3SUMOP UOIIBIUWN.IISUL
/S921A9D jJO 3sang :Splezey
-aanssa.ad ugdisep a3 B8 51 BIWERI1-UO
uonoajoad aanssaad aA0qe 3.Inssaad proAe 03 pasod SI 1 1J-UON
I9A0 pue 103e[Ngal1 aanssald Joye[ngau aanssa.ad sed ayy weass Joye[ngal
€TTEY 9T0T:E-LLSET OSI| € p Zd T4 ¢S -UMOP 9A[BA Jjo-INys dljewone uy | aunssaid sedjo aun[ie| ero
1S 1d uondrisaq uondrisaq 'ON
SjudWWOo) d 1 S (40¥S) uonouny
Aagaqug [011U0) paje[ay A13jes JUIAd snopJaezey A4S

(panunuos) z'4 dqeL

45






Ire pue seg aaaydsouwe
9[quIsnquiod paxiw Aq pasned
a.11j 10/pue uolso[dxy :Sp.aezey
A1ddns

pinbi ssas0.ad pue sed a1ayd

CTYY 0l

Suip.aodoe padojiuoua s1 g4 I, ul a.anssaad ay) ‘ojduexa

"9e] WnwiuIwW palinbau

a1 aa0qe sAe3s sed aaaydsowe
9Y3 JO 91BI MO[J 93 Uaym AJuo
pamot[e st 4d.L, 03 sed asaydsourye

9jel
wWNWUIW 33} Mo[aq
S[rej sed a1aydsounye

2024

2016

-sowje Jo SULIONIUON S THF 9y} ul deu.anj ay) ol Ajdde Jou saop JDYS SIY.L a[qewrwerj jo Aiddns ay, Joajeimofd| S0
Ire pue seg aaaydsowe
a[qusnquiod paxiw Aq pasned -
a.11j 10/pue uolso[dxy :Sp.aezey pouruIoiopa.d e Mo[q m»mu.m
Do 052 'sased a[qewrwiej yum| Fd.L Y3 Ul [9A9] U9SAX0 a3 uaym Jw pauluLIalepa.d
Jopun gunetado g4, Jo usadLxo| .I9y1ag03 adeuw.inj ayj 0l pappe st uadfxo ou ‘djdwexa| Auo pamoyfe si 4., 01 sed atayd B 9A0qe SIS Hd L,
/are ssasoad urf[o.uo) F1 T ¥ 9y} ul ddeu.anj ayj ol A[dde Jou saop JJHYS SIYL| -sowies[qewrwefjjo Aiddns ay, a3 Ul [0Ad] UBBAXQ| %0
D 05/ MO[aq sajetado
doew.Inj ayl jo 1red y :uonipuo)
Ire pue seg aJaydsounye )
9[quIsnquiod paxiw Aq pasned oanssa.d wnw
: o -tutw paainbaua ayl saaoqe sAeas
a.11j Jo/pue uorso[dxy :splezey
gd.L 9Y2 ul aanssaad ay3 uaym aanssaad wnwiurw
Do 0S2 Jopun 3uneiado aanssaad AJuo pamol[e st 44,1, 03 sed a1ayd paJmbau a3 mojaq
dd.LJo SULIONUOWN ETFH| ¢ p Zd T4 ¢S -sounje s[qewwrefy jo Ajddns ay, S[[ej dd L uta.Inssald| €0
Jojeaqado ue £q pasialadns sAem
-[B 30U SI 90BUINJ 9Y ], :UOIIIPUO) 101e13do ue
! : s Aq pasiatadns sAeme
Ire pue segd a1aydsowie . 05 9AOGE ST j0U ST 90eUInj oy,
9[qrashquiod paxiw Aq pasned
a.11j Jo/pue uoiso[dxyq :splezey Ad.L 9y ut aamersduwa) 3y usym uonIust
4 ‘ ' A[uo pamoi[e st 44,1, 03 sed aiayd -J[os 10j Suriojruowt
ainjerodwal £19JeS 7THTH| ¢ p zd 14 ZS -sowje a[qewrweyj jo A[ddns ay,J,| oInjeradwal jo aanied| qzo
Jojerado ue £q pasiatadns
sAem[e SI a0eU.INJ 9Y ], :UOIIPUO) 103e19do
: .. ue Aq pasiatadns
Ire pue seg aaaydsouwne ). 0GL FAOGE ST sAemre sI adeuIny ay ],
9[quIsnquiod paxiw Aq pasned
o113 10/pue uorsoydxq :spIeze Ad.L a3 ul aanjesadwal ay3 usaym uonugi
§10/P ISOIAXH 5P H A[uo pamoj[e s1 4.1, 03 sed aayd -}J[9s 10j Suriojruowt
ainjeradwal £39JeS 7T+ ¥| 1 h] 1d 14 ZS -sounje ajqewiwie[j jo Aiddns ay],| ainjeradwal jo aanjieq| ez
1S 1d uondridsaqg uondridsaqg "ON
sjudWwo) d 1 S (40¥4S) uonpouny
Aagaqug [011U0) paje[dy A13jes JUdAd snopJaezey A4S

IS 17984 (Part 3)
ISO 13577-3

(panunuos) z'q dqeL

46





2024

2016

Ire pue seg aaaydsowse
a[qusnquiod paxiw Aq pasned
a.11j 10/pue uolso[dxy :Sp.aezey

Ire 03 sed a[qrIsnquiod
wo.1y a1aydsowye agueyo

‘poyrouw Suidand Jayjoue
£q suop s1 a1aydsourye jo a8ueyd ay] ‘ojdwrexa

‘paoedsip uaaq sey sed aaayd
-Sowile s[qewwej ay3 [[e [[3un

Ad.L 9y3 ul a1aydsourye

IS 17984 (Part 3)
ISO 13577-3

01 sed 11aul yuMm 93Ind TG F 9y} ul ddeuw.inj 3y3 03 Ajdde Jou saop JHYS SIYL| ponunuood siadand sedriaulayy, joagueyp uraanfreq| Of
Ire pue seg aaaydsowse
9[qrashquiod paxiw Aq pasned
a.11j 10/pue uolso[dxy :Sp.aezey
sed a[qrsnquod ‘poyrouw Suid.and J1ayjoue ‘paocerdsip
03 Jre wo.Jj aJ1aydsowie adueyd £q suop s1 a1aydsourye jo a8ueyd ay) ‘ojdwrexa u2aq sey.dre ay3 [[B [AUn| Hd.L aYy3 ul a1rsydsounye
01 sed 11aul Yum 98.Ind 775 ¥ 9y ul ddeuw.inj ay) 03 Ajdde Jou saop JHYS SIYL| ponunuood siagind sedriaulayy, Jo agueyd ul aan[rey 6
Ire pue seg aaaydsowse
 lenau pov oo oqsodaq
; ; 03 sem[e sey suonIpuod 3asdn ur 98and
23.and £3ayes Aousgiowq T Ad.L 9y3 Joj 98and Aouadisws uy|  AdusSIawad JO N[y 8
Jouang uonIust
ue ST uorugI Jo UBdW :UOI}IPUO)
Ire pue seg a1aydsowe
9[qurIsnquiod paxiw Aq pasned .
2.11j 10/pue uoiso[dxq :Sp.aezey LIeTe
: : ue Sajeald aan[iej y “1ap.o pood ag.aeyasip
adaeyosip sed aaydsowie a[qny ul ST UOUSI JO UBIW dY3} UdYM sed ajqewweyy
-snquod jo jurod ay3 3e uonugl ATuo partels st gd.L, 03 sed atayd| jourod a3 e uoiusgi
Jo sueaw 9y} jo uoisialadnS %% | T 2 1d 14 ZS -sounje a[qewwej jo Addns ayJ, JO sueaw Jo aanjie L
Pld
"Xew A[3Ua.LInd SI 11e aY3 Jo a1e1s
Ire pue sed ataydsow)e
9[qrashquiod paxiw Aq pasned
a.11j 10/pue uoiso[dxy :Spaezey -3A10® sSuyuado ssaaoe
SJUaWAOW ST uonugi jo ueaw e J1 ‘uado A[uo 10 SJ100p e uonIugd!
S100p Jd.L JO SULIOMUON TFF| € p zd zd ZS [1eys sduruado ssadde 10 s100( Jo sueaw jo aanjiej| 90
uondrisaq uondrisaq 'ON
TIS 1d
SjudWWOo) d 1 S (40¥S) uonouny
Aagaqug [011U0) paje[ay A13jes JUIAd snopJaezey A4S

(panunuos) z'4 dqeL

47






*101e10U03 a1oydsowe

J0jerauas
a1aydsowie druLIay30p

2024

2016

‘9[durexa| OIWLILYIOPUS dY3 Jo adnjedadwal| -ud ay3 Jo [0J13U0D dIN)
duriojyruow aanjetadwa], FTGG 9y} ul ddeuw.inj ay) 0l Ajdde Jou saop JDYS SIY.L dunyeaado ay3 jo Surioyuopy | -eredwal ayl jo aanyied| FI
Ire pue seg aaaydsounye
d[qrasnquiod paxiw Aq pasned
a1 1o/pue uoisojdxyq :splezey <09
Ire 03 sed a[quasnq ‘poyrow Suidand Jayjoue 18Ul yum gurpoogy yuanbasqns
-wod wo.lj a1eydsowse adueyd Aq auop s1 aaaydsounje jo agueyd ay} ‘djdurexa pue aanssaad ajes e 03 44 9Yd| dd.L ay3 ul atsydsourye
03 uonendead £q 98.nd £GG ¥ 93 uI doeu.iny ay3 03 Ajdde Jou saop JDYS SIY.L ul Sed 9[qeWWE[J JO UOI}ENIBAY joadueyo uraanpred| €I
Ire pue seg aaaydsounye
d[qrIsnquiod paxiw £q pasned
a1} 1o/pue uoisojdxyq :splezey <09
sed a[qrIsnquiod ‘poyrow Surdand Jayjoue 118Ul yum gurpoogy yuanbasqns
01 I1e woJj a1eydsowe agueyd Aq duop s1 a1aydsourje jo a8ueyd ay) ‘9jdurexa| pue anjosqe gy §‘) Jo aanssaiad| FdL 9y ul ataydsoune
03 uolyendead Aq 938Ind 76 G ¥ 93 ul ddeu.iny 3y3 03 Ajdde Jou saop JDYS SIYL| © 03 HdL dY3 Ul.Ile JO UOIIBNDeAT joa3ueydp urauanqreg| ZT
21d
"Xeuw A[JUa.LInd SI 1Ie 3Y3 Jo 91e1s
Ire pue segd ataydsowe
a[qrsnquiod paxiw Aq pasned
2.11j 10/pue uolso[dxq :Sp.aezey
sed "3J9[ ST 4d.L Ul uUsgAxo ou [13un
9[qrsnquiod 03 Ire wo.j duruing sed a1oydsounie sajqewiwieyj paaywl| FdL 9yl ul a1oydsouwe
Aqartaydsounie jo a8uey) 73 S| 1 b Zd 14 ZS -pe ay3 suIng uonudi Jo ueaw y joaSueyo urainjreq| TT
uondrisaqg uondrisaqg 'ON
TIS 1d
sjudWwo) d 1 S (40¥4S) uonpouny
Anagajug [011U0) paje[ay A13jes JUIAD SnopJaezey A4S

IS 17984 (Part 3)
ISO 13577-3

(panunuos) z'q dqeL

48





IS 17984 (Part 3) : 2024
ISO 13577-3 : 2016

Annex F
(informative)

Basic configuration of piping system of TPE using protective or
reactive atmosphere gases
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Key

No.  Description Relevant clause
1 manual isolating valve 43.1.2.1

2 manual isolating valve (for purge gas supply) 43.1.3

3 manual isolating valve (for purge gas by-pass) 43.1.3

4 filter/strainer 4.3.1.2.2

5 pressure regulator 43.1.2.3

6 pressure relief 43.1.24

7 overpressure switch 431.2.3

8 automatic shut-off valve (normally close) 4.3.1.2.5

9 automatic shut-off valve (normally open) 43.1.3

10 flow rate indicator (flow meter) 431.2.6

11 device for safe isolation of atmosphere fluids 4.2.1

12 gas booster/compressor 4.3.2.2

13 mixing machine 5.5.1.3,5.5.1.2
a fuel gas supply for gas generator

b other atmosphere gas supply

c inert gas supply 4.4.4

A gas control equipment 4.3.1

B gas generator Clause 5

C fuel supply system within gas generator ISO 13577-2

Figure F.1 — Basic configuration of piping system of TPE using protective or reactive
atmosphere gases
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Annex G
(normative)

Requirements specific to Japan

G.1 General

Only those provisions of this part of [SO 13577 that are affected by requirements specific to Japan have
been identified in this annex, numbered correspondingly to the respective subclauses in the main body
of this part of ISO 13577.

The requirements of this annex shall ensure a level of safety at least equivalent to that provided by the
requirements in the main body of this part of ISO 13577.

G.2 Background

In addition to the safety requirements specified in this part of ISO 13577, at least information in regard
to the following laws and regulations are required to be prepared when combustion and fuel handling
systems which this standard covers are to be designed, manufactured and commissioned:

— Industrial Safety and Health Law;

— High Pressure Gas Safety Law;

— Air Pollution Control Act.

For this reason, in addition to the requirements specified in this part of ISO 13577, matters concerning
— NOy and CO shall comply with the Air Pollution Control Act,

— fuel supplied at 1 MPa or more shall comply with the High Pressure Gas Safety Act, and

— general safety, which is not covered by this part of ISO 13577, shall comply with the relevant
regulations specified in the Industrial Safety and Health Act.

In addition, regional safety requirements for combustion and fuel handling systems of TPE used in
Japan are specified in JIS B 8415:2008.

Those specified in this clause are the additional requirements or test methods based on JIS B 8415:2008
for equipment intended to be used in Japan.

G.3 References

For dated references only, the edition cited applies. For undated references, the latest edition of the
referenced document (including any amendments) applies.

JIS B 2220, Steel pipe flanges

JIS B 2312, Steel butt-welding pipe fittings

JIS G 3452, Carbon steel pipes for ordinary piping
JIS G 3454, Carbon steel pipes for pressure service

JIS G 3455, Carbon steel pipes for high pressure service
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JIS G 3456, Carbon steel pipes for high temperature service
JIS G 3457, Arc welded carbon steel pipes

JIS G 3458, Alloy steel pipes

JIS G 3459, Stainless steel pipes

JIS G 3460, Steel pipes for low temperature service

JIS G 3461, Carbon steel boiler and heat exchanger tubes

JIS G 3462, Alloy steel boiler and heat exchanger tubes

JIS G 3463, Stainless steel boiler and heat exchanger tubes
JIS H 3300, Copper and copper alloy seamless pipes and tubes
JIS H 3401, Pipe fittings of copper and copper alloys

JIS K 6774, Polyethylene pipes for the supply of gaseous fuels
JIS B 8415, General Safety Code for Industrial Combustion Furnaces

G.4 Requirements

G.4.1 Resistance heating
Additional to Clause 4

Resistance heating furnace shall be in accordance with JIS B 8420, if applicable.

G.4.2 Pipework, General
Additional to 4.2.1

Fuel gas pipes shall be as specified in JIS G 3452; JIS G 3454; JIS G 3455; JIS G 3456; ]IS G 3457; ]IS G 3458;
JIS G 3459; JIS G 3460; JIS G 3461; JIS G 3462; JIS G 3463; JIS K 6774; and JIS H 3300, as applicable.

However, pipes to JIS G 3458 shall be used only for buried portions of the piping under pressures of less
than 1,6 MPa; those to JIS G 3452, only for buried portions under pressures of less than 1,0 MPa; those
to JIS K 6774, only for buried portions under pressures of less than 0,3 MPa; and those to JIS H 3300,
only exposed portions under pressures of less than 0,1 MPa.

Any flexible tubes not specified in this clause may be used only if they withstand the maximum
operating pressure and temperature involved.

G.4.2.1 Connections
Additional to 4.2.2

Any steel pipes with a nominal diameter of not more than 20A for use under a maximum operating
pressure of not more than 0,1 MPa may be connected using compression fittings.

Any copper or copper alloy seamless pipes shall be connected in accordance with JIS H 3401, and such
seamless pipes with a nominal diameter of 20A or less for use under a pressure of 0,01 MPa or less may
be connected using flared or compression fittings. Brass and copper alloy shall not be used for piping,
which contact with ammonia or dissociated ammonia.
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Annex H
(normative)

Requirements specific to the U.S.A.

H.1 General

Only those subclauses in this part of ISO 13577 that are affected by requirements specific to the U.S.A.
have been identified in this annex, numbered correspondingly to the respective subclauses in the main
body of this part of [SO 13577.

The requirements of this annex shall ensure a level of safety at least equivalent to that provided by the
requirements in the main body of this part of ISO 13577.

H.2 Background

For equipment intended to be used in the U.S., the “Authority Having Jurisdiction” (AHJ]) has the
ultimate authority to approve the overall system installation of the equipment. The AH] may be a
State Government, local Fire Marshall, local building inspector, local board or commission, the user’s
insurance underwriter, an engineer or the end user. The US Federal and State Governments have
occupational safety and health requirements for a given installation via the Occupation Safety and
Health Administration (OSHA), but OSHA does not typically act as the AH] during the initial installation
and commissioning of the equipment.

The OHSA requirements for the U.S. (29 CFR Part 1910 General Industry Standards) can be downloaded
at http://www.osha.gov/. Some common hazards are covered in SO 13577-1:2012, Clause 4 in the “List
of hazards”. However, complying with these may not be enough to satisfy the OSHA requirements in
the USA for a given installation. Should OSHA determine that an American National Standard would
provide a higher level of safety than the International Standard, OSHA could impose the requirements
of other American National Standards in addition to the requirements of the International Standard for
a given installation.

The end user is responsible for identifying and communicating with the AHJ for a given installation.

For applications covered under this part of ISO 13577, NFPA 86 is the recognized American National
Standard in the U.S. The scope of NFPA 86 is limited to hazards associated with fires and explosions. In
addition to equipment requirements, it also includes requirements for the end user and the installation
location, whereas this part of ISO 13577 only covers requirements for the thermal processing equipment
(TPE). Thus, complying with this part of ISO 13577 does not mean that the installation will meet the
requirements of NFPA 86 or the AHJ, who might have additional or different requirements than those in
this part of ISO 13577. However, since all installations are subject to approval of the AH], it is possible
for equipment complying with the requirements of this part of ISO 13577 to be accepted.

H.3 Normative references

For the purposes of this annex, the following normative references apply.
ANSI/ASME B1.20.1, Pipe Threads, General Purpose (inch)

ANSI/ASME B31.1, Power Piping

ANSI/ASME B31.3, Process Piping

ANSI/ASME B16.20, Metallic Flat Gaskets for Pipe Flanges
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ANSI/ASME B16.21, Non Metallic Flat Gaskets for Pipe Flanges
International Fuel Gas Code

NFPA 31, Standard for the Installation of Oil-Burning Equipment
NFPA 54, National Fuel Gas Code

NFPA 55, Compressed Gases and Cryogenic Fluids Code

NFPA 70, National Electrical Code

NFPA 79, Electrical Standard for Industrial Machinery

NFPA 86, Standard for Ovens and Furnaces

H.4 Requirements

H.4.1 Electrical installation, General

The electrical installation shall comply with

— NFPA 70, National Electrical Code, and

— NFPA 79, Electrical Standard for Industrial Machinery.

Where seal leakage or diaphragm failure in a device can result in flammable gas or flammable liquid
flow through a conduit or cable to an electrical ignition source, a conduit seal or a cable type that is
sealed shall be installed.

H.4.2 Pipework, General
The pipework materials shall comply with

— NFPA 54, National Fuel Gas Code or International Fuel Gas Code.

H.4.2.1 Connections

The pipework connections including pressure limitations shall comply with the following, as applicable:
— ANSI/ASME B1.20.1, Pipe Threads, General Purpose (inch);

— ANSI/ASME B31.1, Power Piping;

— ANSI/ASME B31.3, Process Piping;

— ANSI/ASME B16.20, Metallic Flat Gaskets for Pipe Flanges;

— ANSI/ASME B16.21, Non Metallic Flat Gaskets for Pipe Flanges.
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Annex I
(normative)

Requirements specific to European countries

I.L1 General

Only those provisions of this part of ISO 13577 that are affected by requirements specific to Europe and
associated countries have been identified in this annex, numbered correspondingly to the respective
subclauses in the main body of this part of ISO 13577.

The requirements of this annex shall ensure a level of safety at least equivalent to that provided by the
requirements in the main body of this part of ISO 13577.

1.2 Background

For TPE intended to be used in the European Economic Community (EEC) member countries, European
Free Trade Association (EFTA) member countries accepting European (EEC) legislation, and in all other
countries accepting European legislation, it shall be noted that this part of ISO 13577 provides specific
essential health and safety requirements of Annex 1 of the applicable Directive the standard is referring
to or harmonized under, and only for the products in the scope of this part of ISO 13577.

This means that essential requirements of other European Directives could be applicable.
Examples of potential additional requirements are

— equipment intended to be used in hazardous locations shall additionally comply with EEC-ATEX-
requirements,

— equipment used under pressure (vessels, piping) exceeding 50 kPa may additionally need to comply
with EEC-PED-requirements, and

— equipment used with voltages between certain limits shall additionally comply with EEC-Low
Voltage and EEC-EMC requirements.

It shall be verified in the scope of the European Directives themselves if the Directive is additionally
applicable.

Other requirements are not in the clauses of this part of ISO 13577, but are specified in the EEC-
Directives themselves. Certification requirements, declaration requirements, literature requirements,
language requirements are specified in each Directive. It shall be verified, for each applicable Directive,
which additional requirements are applicable, for the TPE before it is installed and commissioned in
above specified countries.

I.3 Normative references
For the purposes of this annex, the following normative references apply.

EN 88-1:2011, Pressure regulators and associated safety devices for gas appliances — Part 1: Pressure
regulators for inlet pressures up to and including 50 kPa

EN 88-2:2008, Pressure regulators and associated safety devices for gas appliances — Part 2: Pressure
regulators for inlet pressures above 500 mbar up to and including 5 bar

EN 161:2011, Automatic shut-off valves for gas burners and gas appliances
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DIN ISO 23553-1:2014, Safety shut-off devices for combustion plants using liquid fuels; safety requirements
and testing:

EN 331:2013, Manually operated ball valves and closed bottom taper plug valves for gas installations for
buildings

EN 334:2009, Gas pressure regulators for inlet pressures up to 100 bar

EN 751-1:1996, Sealing materials for metallic threaded joints in contact with 1st, 2nd and 3rd family gases
and hot water — Part 1: Anaerobic jointing compounds

EN 751-2:1996, Sealing materials for metallic threaded joints in contact with 1st, 2nd and 3rd family gases
and hot water — Part 2: Non-hardening jointing compounds

EN 1057:2006, Copper and copper alloys — Seamless, round copper tubes for water and gas in sanitary and
heating applications

EN 10208-1:1997, Steel pipes for pipe lines for combustible fluids —Technical delivery conditions — Part 1:
Pipes of requirement class A

EN 10208-2:2009, Steel pipes for pipelines for combustible fluids — Technical delivery conditions — Part 2:
Pipes of requirement class B

EN 10241:2001, Steel threaded pipe

EN 10242:1995, Threaded pipe fittings in malleable cast iron

EN 10242/A1:1999, Threaded pipe fittings in malleable cast iron

EN 10242/A2:2003, Threaded pipe fittings in malleable cast iron

EN 10255:2004, Non-Alloy steel tubes suitable for welding and threading — Technical delivery conditions

EN 10255/A1:2007, Non-Alloy steel tubes suitable for welding and threading — Technical delivery
conditions

EN 14382:2009, Safety devices for gas pressure regulating stations and installations — Gas safety shut-off
devices for inlet pressures up to 100 bar

EN 13480-2:2013, Metallic industrial piping — Part 2: Materials

1.4 Requirements

1.4.1 Pipework, General
Additional to 4.2.1

For steel pipes, compliance with EN 10208-1 and EN 10208-2, EN 13480-2 (Table A.3), or EN 10255 is
considered appropriate. For copper pipes, compliance with EN 1057 is considered appropriate. Copper
soldering connections shall not be used for gas carrying parts where the temperature could exceed 100 °C.

Threaded pipe fittings shall comply with EN 10241 or EN 10242.

1.4.1.1 Connections
Additional to 4.2.2
Sealants for threads according to ISO 7-1 shall comply with EN 751, Part 1 or 2 as appropriate.

For diameters DN 50 to DN 80, threaded connections shall only be used for pressure up to 10 kPa.
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1.4.1.2 Flexible tubing and couplings
Additional to 4.2.5

The manual shut-off-valve shall comply with EN 331. For valves outside the scope of EN 331, the safety
requirements detailed in EN 331 shall be met at an equivalent level.

1.4.1.2.1 Manual isolating valve

Additional to 4.3.1.2.1

If technically applicable, only manual isolating valves complying with EN 331 shall be fitted. For valves
outside the scope of EN 331, the safety requirements detailed in EN 331 shall be met at an equivalent level.

1.4.1.2.2 Pressure regulator and over pressure protection
Additional to 4.3.1.2.3
Gas pressure regulators shall be in accordance with EN 88-1, EN 88-2 or EN 334 if applicable.

A mechanical over pressure cut-off device shall be in accordance with EN 14382.

1.4.1.2.3 Automatic shut-off valves
Additional to 4.3.1.2.5
Automatic shut-off valve for gases shall be in accordance with EN 161.

Automatic shut-off valve for liquids shall be in accordance with ISO 23553-1 if applicable.

1.4.1.2.4 Generated atmosphere gas distribution — valves
Additional to 5.1.3.1

The manual shut-off-valve shall comply with EN 331. For valves outside the scope of EN 331, the safety
requirements detailed in EN 331 shall be met at an equivalent level.
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Annex ]
(informative)

Overview of the terms defined in ISO 13574 (Vocabulary)

A

air pressure detector 2.1

air/fuel ratio 2.2

alternating pilot burner 2.12

analyser 2.3

atomization agent 2.4

automatic burner control system 2.5
automatic shut-off valve 2.194

auxiliary equipment 2.6

auxiliary flue 2.7

B

blowout device 2.8

brazing 2.9

burner 2.10

burner input rate 2.11

by-pass 2.26

C

calcining 2.27

calorific value 2.28

carbonitriding 2.31

carburising 2.32

cement, lime and gypsum industrial thermo-processing 2.33
ceramic industrial thermo-processing 2.34
check valve 2.200

chemical/petrochemical industrial thermo-processing 2.35
cleaning 2.36

closing force 2.195

closing time 2.197
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coating 2.37

combustion air 2.38
combustion chamber 2.39
combustion safeguard 2.5
condensate drain 2.40
control system 2.41
controlled atmosphere gas 2.42
cooling 2.43

cooling water 2.44

core making 2.45
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cross-ignited burner 2.13
D

decorating 2.47
degreasing 2.48
delacquering 2.49
de-waxing 2.50

differential pressure flow meter 2.51

distillation 2.52
drying 2.53

E

eductor 2.54

electrical generation efficiency 2.55

element 2.56
EMC 2.57

emergency safety-purge 2.145

endothermic/exothermic gas production 2.58

enriched air 2.59
exhaust gas 2.60

explosion relief 2.61
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false air 2.93

fault tolerance time 2.62
filter/strainer 2.63

firing 2.64

first safety time 2.168
fixture/jig 2.95

flame arrestor 2.68

flame detector device 2.65
flame establishing period 2.167
flame failure response time (FFRT) 2.66
flame response time (FRT) 2.66
flame sensor 2.67

flame trap 2.68

flash back 2.69
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food industrial thermo-processing 2.72
forced draught burner 2.14
functional safety 2.73

G

gas pressure regulator 2.74
gaseous fuel 2.75

gasifying 2.76

glass industrial thermo-processing 2.77
graded fuel 2.78

grate burner 2.15

gross calorific value 2.29
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hardening 2.79

heat storage loss 2.80

heat treatment 2.81

heating 2.82
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high temperature equipment 2.83
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ignition 2.87
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incineration of domestic refuse 2.89
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initial boiling point 2.94

J
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L

lighting torch 2.97

liquefied natural gas (LNG) 2.98
liquefied petroleum gas (LPG) 2.99
liquid fuel 2.100

lock-out, non-volatile 2.101

logic function 2.102

logic solver 2.103

lower flammability limit (LFL) 2.104
low-temperature equipment 2.105
M

main flame 2.106

main flame establishing period 2.169
manual burner 2.17

manual isolating valve 2.198

manual reset 2.107
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manual shut-off valve 2.199
maximum allowable pressure 2.132
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melting 2.108

melting out of metals 2.109
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RC fan 2.151

recirculation fan 2.151
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Industrial Fuel-Fired Furnaces Sectional Committee, MTD 26

NATIONAL FOREWORD

This standard (Part 4) which is identical to 1ISO 13577-4 : 2022 ‘Industrial furnaces and associated
processing equipment — Safety — Part 4: Protective systems’ issued by the International Organization
for Standardization (ISO), and subject to its finalization, was adopted by the Bureau of
Indian Standards on the recommendation of the Industrial Fuel-Fired Furnaces Sectional Committee
and approval of the Metallurgical Engineering Division Council.

Other parts in this series are:

Part1  General requirements
Part2  Combustion and fuel handling systems

Part3  Generation and use of protective and reactive atmosphere gases

The text of ISO standard has been approved as suitable for publication as in Indian Standard without
deviations. Certain terminologies and conventions are, however, not identical with those used in
Indian Standard. Attention is especially drawn to the following:

a) Wherever the words ‘International Standard’ appear referring to this standard, it should be read
as ‘Indian Standard’; and

b) Comma (,) has been used as a decimal marker while in Indian Standards the current practice
is to use a point (.) as the decimal marker.

In this adopted standard, reference appears to certain International Standards for which
Indian Standards also exists. The corresponding Indian Standards which are to be substituted in their
place are listed below along with their degree of equivalence for the edition indicated:

International Standard Corresponding Indian Standard Degree of Equivalence
ISO 13574 Industrial furnaces |5 8849 :2024/ISO 13574 : 2015 Identical
and  associated processing  |ndustrial furnaces and associated
equipment — Vocabulary processing equipment —

Vocabulary (second revision)

ISO 13849-1 Safety of machinery IS 16810 (Part 1) : 2018/ Identical
— Safety-related parts of control 1SO 13849-1 : 2015 Safety of
systems — Part 1: General machinery — Safety related parts
principles for design of control systems: Part 1 General

principles for design

IEC 60204-1 : 2016 Safety of IS 16504 (Part 1) : 2019/ Identical
machinery — Electrical equipment of |IEC 60204-1 : 2016 Safety of
machines — Part 1. General machinery — Electrical equipment
requirements of machines: Part 1 General

requirements (first revision)

(Continued on third cover)
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Introduction

This document was developed to specify the requirements of a protective system, which is a safety-
related control system (SCS) of industrial furnaces and associated processing equipment (TPE). It is
intended that in designing the protective system of TPE, manufacturers of TPE choose from the three
methods provided in this document. Requirements for safety-related control functions of TPE are
specified in ISO 13577-1,1SO 13577-2, and ISO 13577-3.

This document is intended to be used jointly with ISO 13577-1, ISO 13577-2 and ISO 13577-3. Since the
other parts of the ISO 13577 series are type-C standards of ISO 12100, TPE are required to be designed
in accordance with the principles of ISO 12100. The type-B standards of ISO 12100 for SCS are [EC 62061
or ISO 13849-1, which always assume high-demand applications. However, there are cases in which a
risk assessment according to the IEC 61511 series, which provides the option of a low-demand rate on
the protective system, is more suitable for the design of a TPE protective system.

In principle, when requirements of ISO 13577-1, ISO 13577-2 and ISO 13577-3 (type-C standards)
are different from those which are stated in type-A or -B standards, the requirements of the type-C
standards take precedence over the requirements of the other standards for machines, which have been
designed and built according to the requirements of the type-C standards. Therefore, this document
permits risk assessment for safety-related electrical control systems (SRECS) in which risk assessment
based on the [EC 61511 series can be chosen as an alternative.

iv
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Indian Standard

INDUSTRIAL FURNACES AND ASSOCIATED PROCESSING
EQUIPMENT — SAFETY

PART 4 PROTECTIVE SYSTEMS

1 Scope

This document specifies the requirements for protective systems used in industrial furnaces and
associated processing equipment (TPE).

The functional requirements to which the protective systems apply are specified in ISO 13577-1
ISO 13577-2 and ISO 13577-3.

This document is not applicable to blast furnaces, converters (in steel plants), boilers, fired heaters
(including reformer furnaces) in the petrochemical and chemical industries.

This document is not applicable to electrical cabling and power cabling upstream of the TPE control
panel/protective system.

This document is not applicable to the protective systems manufactured before the date of its
publication.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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.

[SO 13574, Industrial furnaces and associated processing equipment — Vocabulary

ISO 13849-1:—,USafety of machinery — Safety-related parts of control systems — Part 1: General
principles for design

IEC 60947-4-1:2018, Low-voltage switchgear and controlgear — Part 4-1: Contactors and motor-starters -
Electromechanical contactors and motor-starters

IEC 60947-5-1:2016, Low-voltage switchgear and controlgear — Part 5-1: Control circuit devices and
switching elements - Electromechanical control circuit devices

IEC 60204-1:2016, Safety of machinery — Electrical equipment of machines — Part 1: General requirements

[EC 60730-2-5:2013+AMD1:2017+AMD2:2020 CSV, Automatic electrical controls for household and
similar use — Part 2-5: Particular requirements for automatic electrical burner control systems

IEC 61508-1:2010, Functional safety of electrical/electronic/programmable electronic safety-related
systems — Part 1: General requirements

IEC 61508-2:2010, Functional safety of electrical/electronic/programmable electronic safety-related
systems — Part 2: Requirements for electrical/electronic/programmable electronic safety-related systems

[EC 61508-3:2010, Functional safety of electrical/electronic/programmable electronic safety-related
systems — Part 3: Software requirements

1) Fourth edition under preparation. Stage at the time of publication: ISO/DIS 13849-1:2022.
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[EC 61508-4:2010, Functional safety of electrical/electronic/programmable electronic safety-related
systems — Part 4: Definitions and abbreviations

IEC 61508-5:2010, Functional safety of electrical/electronic/programmable electronic safety-related
systems — Part 5: Examples of methods for the determination of safety integrity levels

IEC 61508-6:2010, Functional safety of electrical/electronic/programmable electronic safety-related
systems — Part 6: Guidelines on the application of IEC 61508-2 and IEC 61508-3

IEC 61508-7:2010, Functional safety of electrical/electronic/programmable electronic safety-related
systems — Part 7: Overview of techniques and measures

[EC 61131-3:2013, Programmable controllers — Part 3: Programming languages

IEC 61511-1:2016, Functional safety — Safety instrumented systems for the process industry sector — Part
1: Framework, definitions, system, hardware and application programming requirements

IEC 61511-2:2016, Functional safety — Safety instrumented systems for the process industry sector — Part
2: Guidelines for the application of IEC 61511-1:2016

IEC 61511-3:2016, Functional safety — Safety instrumented systems for the process industry sector — Part
3: Guidance for the determination of the required safety integrity levels

IEC 62061:2021, Safety of machinery - Functional safety of safety-related control systems

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 13574 and the following apply.

ISO and [EC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

31

final element

part of a protective system (3.6), that implements the physical action necessary to achieve or maintain a
safe state

Note 1 to entry: Examples are valves, switch gears, and motors, including their auxiliary elements, for example, a
solenoid valve and actuator if involved in the safety function.

[SOURCE: IEC 61511-1:2016, 3.2.22, modified — "BPCS or SIS" has been changed to read "protective
system" in the definition.]

3.2
flame detector device
device by which the presence of a flame is detected and signalled

Note 1 to entry: It can consist of a flame sensor (3.9), an amplifier, and a relay for signal transmission.

[SOURCE: ISO 13574:2015, 2.65, modified — The second sentence in the original definition is presented
as Note 1 to entry.]

3.3

logic function

function which performs the transformations between input information [provided by one or more
input functions or sensors (3.9)] and output information [used by one or more output functions or final
elements (3.1)]

Note 1 to entry: Logic functions are executed by the logic solver (3.4) of a protective system (3.6).



https://www.iso.org/obp/ui

https://www.electropedia.org/
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[SOURCE: IEC 61511-1:2016, 3.2.35, modified — "input functions" has been changed to read "input
functions or sensors" and "output function" had been changed to read "output function or final
elements” in the definition; Notes 1 and 2 to entry in the original definition had been deleted and Note 1
to entry has been added.]

3.4
logic solver
part of a protective system (3.6) that performs one or more logic function(s) (3.3)

Note 1 to entry: Examples are electrical systems, electronic systems, programmable electronic systems,
pneumatic systems, and hydraulic systems. Sensors (3.9) and final elements (3.1) are not part of the logic solver.

[SOURCE: IEC 61511-1:2016, 3.2.36, modified — "either a BPCS or SIS" has been changed to read "a
protective system" in the definition; Note 1 to entry in the original definition has been deleted.]

3.5

programmable (logic) controller

PLC

digitally operating electronic operating system, designed for use in an industrial environment, which
uses a programmable memory for the internal storage of user-oriented instructions to implement
specific functions such as logic, sequencing, timing, counting and arithmetic, to control, through digital
and analogue inputs and outputs, various types of machines or processes

[SOURCE: IEC 61131-1:2003, 3.5, modified — The second sentence of the original definition and Note 1
to entry have been deleted.]

3.6

protective system

instrumented system used to implement one or more safety-related instrumented functions which is
composed of any combination of sensor(s) (3.9), logic solver(s) (3.4), and final elements (3.1)

Note 1 to entry: This can include safety-related instrumented control functions or safety-related instrumented
protection functions or both.

Note 2 to entry: For example, see Figure 2.
[SOURCE: ISO 13574:2015, 2.138, modified — Note 1 to entry has been merged with the definition.]

3.7

safety bus

bus system and/or protocol for digital network communication between safety devices (3.8), which is
designed to achieve and/or maintain a safe state of the protective system (3.6)

[SOURCE: ISO 13574:2015, 2.164]

3.8
safety device

device that is used to perform protective functions, either on its own or as a part of a protective system
(3.6)

EXAMPLE Sensors (3.9), limiters, flame monitors, burner control systems, logic systems, final elements (3.1),
and automatic shut-off valves.

3.9
sensor
device that produces a signal based on a process variable

EXAMPLE Transmitters, transducers, process switches, and position switches.
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3.10
system for permanent operation
system, which is intended to remain in the running position for longer than 24 h without interruption

[SOURCE: IEC 60730-2-5:2013+AMD1:2017+AMD2:2020 CSV, 2.5.101]

3.11
system for non-permanent operation
system, which is intended to remain in the running position for less than 24 h

[SOURCE: IEC 60730-2-5:2013+AMD1:2017+AMD2:2020 CSV, 2.5.102]

4 Design requirements for equipment in a protective system

4.1 General

Electrical installations and equipment shall comply with IEC 60204-1:2016 and withstand the intended
operating stresses and external influences and hazards identified in the risk assessment required at
the design stage. Electrical installation and equipment shall be protected against damage. In particular,
it shall be robust to withstand damage during continuous operation.

Devices shall be used in accordance with their instructions including safety manuals. Any device used
outside of its published instructions shall be verified and validated to be suitable for the intended
application.

Devices of a protective system shall withstand the environmental conditions according to
IEC 60204-1:2016, 4.4 and fulfil their intended function.

Sensors (e.g. pressure transmitters, temperature transmitters, flow transmitters) used in the protective
system shall be independent from the process control system.

NOTE1 Operating information can be exchanged but cannot compromise the functional safety of the
protective system.

Safe state shall be realized by de-energized circuits only.

Functional safety requirement, as identified in the ISO 13577 series shall be in accordance with the
IEC 61508:2010 series, the IEC 61511:2016 series, IEC 62061:2021 or ISO 13849-1:—2)as applicable, and
implemented with the required SIL/PL for each function.

For the determination of the performance level of a safety function according to ISO 13849-1:—, the
alternative procedure as stated in ISO 13849-1:—, 6.1.9 is not allowed.

Figure 1 is provided as an aid to understand the relationship between the various elements of TPE and
their ancillary equipment, the heating system, the process control system and the protective system.

2) Fourth edition under preparation. Stage at the time of publication: ISO/DIS 13849-1:2022.
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Heating system -
Processing
Process control system chamber
Fuel supply and
e.g. pressure control, conditioning
temperature control,
(non-safety functions) ’ Auxiliary Burners
equipment
Burner .
system Combustion | | | Flue gas -
chamber system
Ignition
b ) Combustion air device
rotective system supply and
preheating
e.g.prepurge
automatic burner control system
(safety functions)

Figure 1 — Block diagram of control and protective systems

An appropriate group of techniques and measures shall be used that are designed to prevent the
introduction of systematic faults during the design and development of the hardware and software of
the protective system (see Annex A).

Failure due to short circuit in external wiring shall be avoided (see B.5 and Figure B.10).

The wiring of safety-relevant sensors and actuators, which are part of a protective system, usually are
made in the field, outside of electrical enclosures. Short circuits, cross-circuits and earth faults in that
field wiring can cause safety critical faults to the entire protective system. Cable loops for connecting
field devices shall be suitably routed and fastened to prevent damage to the cables.

In order to keep the entire protective system in a safe condition, the field wiring of safety-relevant
sensors and actuators (e.g. pressure switches, gas valves) shall be protected against mechanical damage
(including, e.g. vibration or bending) to prevent short circuits, cross circuits and earth faults.

NOTE 2 A method to protect against short circuits, cross circuits and earth faults is to use cable-ducts, cable
trays, or conduits for the field wiring.

If the protective system is operated in non-grounded, insulated mains, an insulation monitoring
device shall be foreseen. This isolation monitoring device immediately needs to isolate all poles of the
protective system from the mains in the event of the first fault detection.

Requirements for testing and testing intervals for protective systems shall be specified in the
instruction handbook. Except as permitted by method D, the testing of all safety functions shall be
performed at least annually. Method D shall be used if the testing of all safety functions is performed
beyond 1 year.

See Annexes C and D for examples of SIL/PL determinations.
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4.2 Requirements for protective systems

4.2.1 Overview of methods

Any one or a combination of the three (3) methods shall be used to implement a protective system for
the safety function(s) requirements identified in the ISO 13577 series; however, only one method shall
be used for any one specific safety function. The three methods are the following:

— method A as specified in 4.2.2;

— method BC as specified in 4.2.3;
— method D as specified in 4.2.4.

Figure 2 shows the basic configuration of a protective system.

4 )
Safety function 1 Safety function 2 Safety function n
(e.g. pressure monitoring) (e.g. flame monitoring) (method A, BC or D)
(method A, BC or D) (method A, BC or D)
N a N
Sensor(s) Sensor(s) Sensor(s)
(e.g. pressure monitoring) (e.g. flame monitoring) T
J J J
( + \ 4 + )\ e + Y
Logic solver(s) Logic solver(s) Logic solver(s)
. J . J/ . /
4 + ) 4 + ) 4 + Y
Final element(s) Final elen.len;cl(s) . Final element(s)
(e.g. actuator) (e.g. automatic shut-o
L ) L valves) ) L )
. J/

Figure 2 — Basic configuration of a protective system

Figure 3 shows the basic characteristics of each method.
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Method Method

BC

Method

D

Safety PLC
|
Devices withsystematic capability SC3
Hardware or
suitable to achieve PL e
|
. . . |
Devices which comply with relevant | Flame detector
product standards I device only
: |
| .
: Software
| interconnections
| |
|
Inter- | Safety bus
connections | interconnections
|
| |
Wired
interconnections
| |
| |
| I Safety PLC
: : program
Safety | | language
function | |
software | |
| Verified and validated
| software
: function blocks
|
|
|
|
I

|
|
4.23 | 4.24
|
I

4.2.2
description

Figure 3 — Method overview
NOTE1 Software interconnections are links between software function blocks, safety PLC inputs, and safety
PLC outputs. These are similar to wired interconnections between devices.

NOTE 2 A safety function software is either a software function block or program to perform safety logic
functions (e.g. prepurge, automatic burner control), see 4.2.2.

See Annex E for examples for protective functions of the various methods.

4.2.2 Method A

Method A shall be a wired system in which all devices (i.e. sensors, logic solver, and final elements
described in Figure 4) comply with the product standards as specified in the ISO 13577 series.

The requirements of the IEC 61508:2010 series, the IEC 61511:2016 series, IEC 62061:2021, and
ISO 13849-1:— are not applicable for this type of protective system.
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The following requirements for wiring shall be fulfilled:

a) all logic solvers shall be supplied by the devices and through the direct interconnections between
the devices;

b) devices with fixed program language, which meet the relevant product standards, shall be
permitted;

c) connections shall not be permitted through data communication buses;

d) wiring of the protective system shall be in accordance with Annex B.

Sensor(s) complying with the relevant product standard(s)
as specified in ISO 13577 (all parts),
e.g. pressure sensing device in accordance with IEC 60730-2-6,
flame detector device in accordance with IEC 60730-2-5

wiring
as specified in 4.2.2

Logic solver(s) complying with the relevant product standard(s)
as specified in ISO 13577 (all parts),
e.g. automatic burner control system in accordance with IEC 60730-2-5

wiring
as specified in 4.2.2

Final element(s) complying with the relevant product standard(s)
as specified in ISO 13577 (all parts),
e.g. automatic shut-off valve(s) according to ISO 23551-1

Figure 4 — Hardware configuration of Method A

NOTE The safety devices used in 4.2.2 correspond to specific safety requirements, matched to the field of
application and the functional requirements made of these devices, as demanded in the corresponding product
standards for safety devices, e.g. automatic burner control systems, valve-proving systems, pressure sensing
devices, automatic shut-off valves. Even without additional SIL/PL certification of these safety devices, the safety
requirements for use of safety devices are in compliance with relevant product standards. Implementation of a
protective system in accordance with 4.2.2 is one of several alternative methods.

4.2.3 Method BC

Method BC shall be a combination of devices meeting the relevant product standards and/or SIL/PL
capable devices for which no product standard exists. The use of safety PLCs is optional (see Figure 5).

The following requirements for wiring shall be fulfilled:

a) all logic solvers shall be supplied by the devices and through the direct interconnections between
the devices;

b) devices with fixed program language, which meet the relevant product standards, shall be
permitted;

c) theinterconnections shall be wired, or by safety bus, or by software interconnections;

d) wiring of the protective system shall be in accordance with Annex B.
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When using programmable logic solver (e.g. safety PLC), a safety function software shall be verified and
validated SIL 3 capable software function blocks (see Figure 5). In addition, the following requirements
shall be fulfilled:

i) where a programmable device implements a safety function that is partly or entirely addressed in a
relevant product standard, the software function shall be verified and validated with respect to the
applicable requirements in the related product standard including but not limited to the sequences
and timings of the product standard;

ii) software interconnections in a programmable device shall be verified and documented by a
functional test in accordance with the functional safety standards;

iii) software programming languages for PLCs shall be in accordance with IEC 61131-3:2013;
iv) software shall be locked and secured against unauthorized and unintended changes.

NOTE1  Verification and validations of SIL/PL certification of system software (see IEC 61508-4:2010, 3.2.6
and 3.2.7) and devices is typically carried out by a notified body, accredited national testing laboratory, or by an
organization in accordance with ISO/IEC 17025.

Safety functions shall be within a safety-rated device or within an external device covered by the
relevant product standard.

For the devices (safety PLC, timers, etc.), which are NOT covered by product standards, the following
requirements shall be fulfilled:

1) the devices shall have systematic capability SC 3 (SIL 3 capable) in accordance with the
IEC 61508:2010 series, the IEC 61511:2016 series, or IEC 62061:2021, or it shall be suitable to
achieve PL e in accordance with ISO 13849-1:—;

2) certification shall apply to the complete device, including the hardware and software.

Devices with less than SIL 3/PL e capability shall be permitted provided the SIL/PL requirements for
the loop (safety function) are determined based on the risk assessment. The systematic capability of
the devices shall conform to the determined SIL/PL as a minimum.

When the SIL of a device is determined based on proven in use, the requirements in the IEC 61508:2010
series shall be adhered to and required documentation be provided in the final assembly documentation.
These procedures shall be accepted by the end user.

When the PL is determined by well-tried components, the requirements in ISO 13849-1:— shall be
followed.

All requirements in the instructions or safety manual for the device shall be adhered to such as the
proof test interval.

NOTE 2  Annex C contains examples of determining SIL/PL.
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Sensor(s) complying with the relevant product standard(s) as specified in ISO 13577 (all parts),
e.g. pressure sensing device in accordance with IEC 60730-2-6, flame detector device in accordance
with IEC 60730-2-5

AND / OR

Sensor(s) with defined systematic capability or suitable to reach the required SIL/PL according to
IEC 62061:2021 or ISO 13849-1:—, as specified in 4.2.3.

wiring or safety bus
as specified in 4.2.3

Logic solver(s) complying with the relevant product standard(s) as specified in
ISO 13577 (all parts), e.g. automatic burner control system in accordance with IEC 60730-2-5

AND / OR
Component(s) with defined systematic capability in accordance with
IEC 61508 (all parts):2010, IEC 61511 (all parts):2016, IEC 62061:2021 or ISO 13849-1:—,
or suitable SIL/PL as specified in 4.2.3, e.g. safety relay(s)
AND / OR

Programmable logic solver (e.g. safety PLCs) with defined systematic capability as specified in
_ 4.2.3. Y,

wiring or safety bus
as specified in 4.2.3

Final element(s) complying with the relevant product standard(s) as specified in
ISO 13577 (all parts), e.g. automatic shut-off valve(s) in accordance with ISO 23551-1

AND / OR

Final element(s) with defined systematic capability or suitable to reach the required SIL/PL
according to IEC 62061:2021 or ISO 13849-1:—, as specified in 4.2.3.

Figure 5 — Hardware configuration of Method BC

4.2.3.1 Requirements for application software of programmable logic solvers

Application software shall be developed in accordance with the methods of functional safety of
programmable electronic safety-related systems, defined in the requirements of IEC 61508:2010 series,
the IEC 61511:2016 series, IEC 62061:2021, ISO 13849-1:— or Annex F.

NOTE Annex F provides criteria for applications based on the IEC 61508:2010 series.

Manufacturer’s instructions for the device shall identify any applicable requirements contained in
IEC 61508-3:2010, if software alterations are initiated by the end user.

4.2.4 MethodD

Method D shall be in accordance with the full requirements of functional safety standards the
IEC 61508:2010 series, the IEC 61511:2016 series, IEC 62061:2021, or ISO 13849-1:— (see Figure 6).

NOTE 1 See Annex D for the method in accordance with the IEC 61511:2016 series.
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NOTE 2  See Annex D for one method of hazard and risk assessment in accordance with the IEC 61511:2016
series. The application of other methods according to this document are possible. C.2.2 contains an example for
determining SIL in accordance with this document.

Method D shall also fulfil the following requirements:

a)
b)

c)

d)
e)

the flame detector device shall comply with IEC 60730-2-5:2013+AMD1:2017+AMD2:2020 CSV;

all requirements of the PLC and all safety devices shall be used in accordance with manufacturer’s
instructions and product safety manual;

each functional safety requirement, as identified in the ISO 13577 series, shall be evaluated for its
need in accordance with the functional safety standards and implemented with the required SIL/
PL for each function. Safety functions of the safety-related system, such as automatic burner control
system, valve proving, air/fuel ratio control, etc. shall fulfil the intent of the safety requirements in
the relevant product standards;

NOTE3 Ariskassessmentin method D can take precedence over the safety requirements in the ISO 13577
series. By nature of the risk assessment under method D, the overall safety is not reduced and meets or
exceeds the intended requirements of the [SO 13577 series.

the interconnections shall be wired, or by safety bus, or by software interconnections;

wiring of the protective system shall be in accordance with Annex B.

NOTE 4  Verification and validations of SIL/PL is typically carried out using an independent checking process
similar to 374 party verification.

Sensor(s) pursuant to the results of the riskassessment in accordance with
IEC 61508 (all parts):2010, IEC 61511 (all parts):2016, IEC 62061:2021 or ISO 13849-1:—,
flame detector device shall be in compliance with IEC 60730-2-5

wiring or safety bus
as specified in 4.2.4

Logic solver(s) pursuant to the results of the risk assessment in accordance with
IEC 61508 (all parts):2010, IEC 61511 (all parts):2016, IEC 62061:2021 or ISO 13849-1:—

wiring or safety bus
as specified in 4.2.4

Final element(s) pursuant to the results of the risk assessment in accordance with
IEC 61508 (all parts):2010, IEC 61511 (all parts):2016, IEC 62061:2021 or ISO 13849-1:—

Figure 6 — Hardware configuration of Method D

4.3 Fault assessment for the wired section of protective systems

The protective system shall be designed such that the devices required in the ISO 13577 series shall be
used as follows.

a)

When relays are used in safety functions, the contacts shall be supervised and mechanically
linked, and the current applied to all contacts shall be a maximum of 60 % of the contacts' rating.
Control relays for safety shall be in accordance with IEC 60947-5-1:2016 or the requested SIL/PL

11





IS 17984 (Part 4) : 2024
ISO 13577-4 : 2022

requirement. Power relays for safety with or without mirror contacts shall be in accordance with
IEC 60947-4-1:2018.

b) The device shall be wired in accordance with the manufacturer’s instructions.

c¢) For method BC, when timers not complying with the relevant product standards as specified in the
ISO 13577 series are used in safety functions, timers shall have a systematic capability of SC 3 (SIL
3 capable). Setting of adjustable timers shall be locked or sealed.

d) Overcurrent protection shall be provided to limit current in the safety circuit to below 60 % of the
lowest device contact rating.

Additional requirements are given in Annex B.

4.4 Failure of utilities

Loss of utilities (e.g. electrical power, instrument air) to the TPE shall result in safe state (e.g. lock-out).
Any restart shall be initiated by manual intervention only. The start-up and ignition sequence shall
apply (see ISO 13577-2: —3), 4.11).

4.5 Reset

Unless permitted by Method D on devices performing a safety function, reset after lock-out shall be
triggered manually after remedying the fault (see ISO 13574:2015, 2.107).

The reset shall be implemented as a safety function, it shall comply with ISO 13849-1:—, 5.2.3.2, and it
shall not override a safety function.

The design shall incorporate means to prevent unintended and permanent resets.
The design shall incorporate means to prevent unintended start of the TPE.

The instruction handbook shall include a requirement that the operator ensures safe operation prior to
initiating a reset.

The maximum number of resets within a defined time span shall be limited and specified, based on the
risk assessment, and shall be included in the instruction handbook.

When the manual reset is initiated, direct or camera view of the TPE shall be required. Safe operation
shall be ensured from the reset action, and the actual status and relevant information of the process
under control shall be verified to the operator.

5 Information for use

Documentation detailing the protective measures and operation shall be included in the equipment
documentation.

3) Second edition under preparation. Stage at the time of publication: ISO/FDIS 13577-2:2022.
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Annex A
(informative)

Explanation of techniques and measures for avoiding systematic
faults

A.1 General

Random faults have physical causes (e.g. temperature extremes, corrosion, wear) and statistical
information can be used for a risk analysis. However, systematic faults originate from human errors
in the specification and design of the protective system. Systematic faults can be hidden until specific
conditions occur and might not be discovered for long periods of time. These specific conditions will
cause all equipment that was produced from that system to fail in the same manner. Consequently, it is
very important to guard against systematic faults from the beginning stages of a project.

A.2 Competency

Because systematic faults are human in nature, the people and their organization involved in the design
and development of protective systems need to be competent for the particular activities for which
they are responsible. Each person, department, organization, or other unit needs to be identified and
informed of the responsibilities assigned to them (including, where relevant, licensing authorities or
safety regulatory bodies). The following items need to be addressed in determining competency for
protective system design:

a) engineering knowledge, training, and experience appropriate to:
1) the process application,
2) the applicable technology used (e.g. electrical, electronic, programming), and
3) the sensors and final elements;
b) safety engineering knowledge (e.g. process safety analysis);
c) knowledge of the legal and regulatory functional safety requirements;
d) adequate management and leadership skills appropriate to their role in the design;
e) understanding of the potential consequence of an event;
f) suitability to the novelty and complexity of the application and the technology.

Additional information on competency can be found in [EC 61511-1:2016.

A.3 Avoidance of systematic faults

The following provide a summary of typical activities needed for avoidance of systematic faults during
the design stage. More details can be found in IEC 61508-2:2010.

Choose a design method with features that facilitate the following:

a) transparency, modularity, and other features that control complexity;

13
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b) clear and precise expression of:

— functionality,

— subsystem and element interfaces,

— sequencing and time-related information, and

— concurrency and synchronization;
c) clear and precise documentation and communication of information;
d) verification and validation.

Use design features that make the protective system tolerant against systematic faults, random faults,
and residual design faults in the hardware, software, and data communication process.

During the design, distinguish and identify those activities that can be carried out at the development
premises from those that require access to the user’s site.

Formalize maintenance requirements during the design stage to ensure that the safety integrity
requirements of the protective systems continue to be met throughout their lifecycles.

Take into account human capabilities and limitations and the actions assigned to operators and
maintenance staff, including their likely level of training or awareness.

Design the protective system integration tests and establish the test plan documentation, including the
following:

i) the types of tests to be performed and procedures to be followed;
ii) the test environment, tools, configuration, and programs;
iii) the pass/fail criteria.

Where applicable, use automatic testing tools and integrated development tools.

14
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Annex B
(normative)

Wiring of protective systems

B.1 General

Electrical installation and equipment shall comply with IEC 60204-1:2016.
This annex describes how to wire the protective system so as not to reduce the level of safety:.

This annex applies to the wiring within the logic solver, and the wiring between the logic solver and
the devices that directly or indirectly control the final elements. Moreover, it applies to the field wiring
among devices like sensors, interlocks, actuators, final elements, flame detector, igniter, etc.

To maintain the level of safety of the wired protective system, techniques shall be applied to avoid
or prevent the introduction of systematic faults during design and development and to apply design
features (e.g. self-checking, redundancy) to control both random and systematic faults during operation.

The fault assessment in Figure B.1 shall be applied for the design, fault analysis, and proof of safety.

NOTE Based on the application of Figure B.1, a hazardous situation caused by a single fault can be excluded.

B.2 Protection against faults of the protective system
The protective system shall be designed such that:

a) faults, which could impair the effectiveness of the protective system, shall be minimized by fault-
avoidance techniques, such as shown by the examples in Figures B.2 to B.8 or

NOTE1 Examples of IMPROPER wiring are shown in Figures B.10 to B.14.

b) inthe event of internal faults (e.g. welded relay, incorrect placement of wiring, internal temperature
too high) or the occurrence of external influences (e.g. EMC, vibration, temperature too high, dust,
lightning), the protective system shall:

1) notbe compromised, or

2) keep the thermal processing equipment in a safe state or bring it to a safe state (by fault control
techniques).

The simultaneous occurrence of two independent faults in different devices need not be taken into
account (e.g. two relays fail simultaneously without a common cause).

The combination of a second fault with an undetected first fault shall be taken into account in
accordance with Figure B.1. Any faults arising from a first fault (consecutive faults) shall be considered
together with this first fault (see Figure B.14).

For systems for non-permanent operation, if a fault is detected at start-up, operation shall not be
permitted.

For systems for permanent operation, a second fault is considered to occur 24 h after the first fault (e.g.
if the fault is detected during operation, operation shall not be permitted for longer than 24 h after the
first fault is detected).

NOTE 2 24 hisanindication of the mean time to restoration (MTTR). Please refer to IEC 61511-1:2016.
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B.3 Measures to avoid faults

During development, organizational and design precautions shall be taken to avoid faults, including but
not limited to:

a) definition of a project-specific production sequence plan, including but not limited to:
1) specifications,
2) design (schematic, circuit diagram, parts lists, hardware design), and
3) testplan;

b) segregation of safety-related and non-safety-related functions of devices; and

c) functions and interconnections shall be verified by test.

Particular attention shall be paid to fault avoidance precautions in the case of application-specific
integrated circuits.

NOTE See Annex A for techniques and measures for avoidance of systematic faults.

B.4 Hardware design

B.4.1 General requirements of the hardware

a) The system description shall be readily comprehensible and logically structured, and it shall clearly
depict the safety philosophy and the protective functions.

b) The required functions, the reaction in the event of a fault, interfaces (software, hardware), and the
permissible environmental influences of a functional unit within the system shall be unambiguously
specified.

B.4.2 Wired section of the protective system

The wired section of protective system shall be constructed such that the fault assessment according to
Figure B.1 results in termination.

Fault assessment for the protective system according to Figure B.1 shall consider failure of auxiliary
power and break of connecting lines.

NOTE 1 Ifcertain devices affected by such failures achieve a safe status (e.g. closed-circuit operation in binary
circuits), a single-channel design of the relevant parts can be sufficient apart from the following measures. If this
cannot be assumed (e.g. open-circuit operation of binary circuits), a second independent trip channel, normally
energized (e.g. closed-circuit operation in binary circuits), would be provided in order to achieve the effectiveness
of the protective system (including all pneumatic, hydraulic, and mechanical final elements) for this function.

In the case of output circuits, at least two monitored disconnecting devices, i.e. contactors or relays,
shall be provided to obtain safety shutdown of the entire fuel supply.

Reed relays shall not be used for any protective functions.
NOTE 2  Hardware diversity is achieved by different types of construction of electro-mechanical switching

devices, for instance, if switching devices of different construction or design are used. Diverse functionality is
achieved by closed-circuit arrangement and open-circuit arrangement.

16





IS 17984 (Part 4) : 2024
ISO 13577-4 : 2022

C fault assessment )

1 additional assessment shall be N
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Figure B.1 — Fault assessment for the wired section of a protective system
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B.5 Proper input wiring
This clause provides examples of techniques for avoiding failures from external wiring.

Figure B.2 shows a technique that can provide a sufficient level of protection for the safety function
when used with protective system methods A, BC, or D. All conductors are brought back to the main
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enclosure through cable ducts or conduits, which provide sufficient protection from mechanical and
thermal damage. In addition, the protective system device accepts each conductor from the sensors.

3
/ 1 /
T 2 °
/ 4 /
/ S
Q Q g
= S S
SRS WES S D
Q
Q
Q
Q
Q
Key
1 digital sensor (e.g. pressure sensing device) 4 enclosure terminals
2 field terminal box 5 digital logic terminals

3 enclosure with logic
Figure B.2 — Protected wiring

Figure B.3 shows a slight variation, needed in case the logic solver accepts only one digital input.

1
%'/ 2 L0000 5
E}L / / Q
K1 Q
—Q+ —Q Q
lzozl [ f R
SEEE W= =l = K | o
Q
Q
Q
K1 K2 N
\ ‘ || ‘ \ Q
Key
1  digital sensor (e.g. pressure sensing device) 4 enclosure terminals
2 field terminal box 5 digital logic terminals
3 enclosure with logic Ky, K, auxiliary relays (see Figure B.9)

Figure B.3 — Protected wiring with auxiliary relays

Figure B.4 shows a technique where both states of each sensor switch (1 NO and 1 NC contact for each
sensor) are monitored by the protective system, and whose logic solver detects the improper condition
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caused by a short circuit in the field wiring. This technique is suitable when using any of the protective
system methods A, BC, or D.

3
1 s
5
g/ 2 4 /
o 4 PR
Q Q Q
Q Q Q
Q Q Q
E% Q Q Q
o | Q Q Q
o Q Q Q
Q
Q
Q
Q
Key
1 digital sensor (e.g. pressure sensing device) 4 enclosure terminals
2 field terminal box 5 digital logic terminals

3 enclosure with logic
Figure B.4 — Supervision of both states

Figure B.5 shows a variation of Figure B.4, whereby the 6-conductor single cable can be replaced with
two 3-conductor cables.

3

/

@@@@@@\\
%)% %) %) %) %,

BANITEN
N

%)%)%%) %, %% %, %, % %,

Key

1 digital sensor (e.g. pressure sensing device) 4  enclosure terminals

2 field terminal box 5 digital logic terminals
3 enclosure with logic

Figure B.5 — Supervision of both states, multiple cables
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Figure B.6 shows a technique using analogue signals for the switching states and the protective system
logic solver detects the improper condition caused by a short circuit in the field wiring (analogue level
is out of the acceptable bands for either the high or low state). This technique is suitable when using
method BC or D.

/ ’
/ ’
SRS
e Q
T Q
= Q
T Q
—HQ Q
Q
N
Q
Q
Q
Key
1 digital sensor (e.g. pressure sensing device) 5 analoglogic terminals
2 field terminal box R; resistor1 (1,2 kQ)
3 enclosure with logic R, resistor 2 (3,9 kQ)
4 enclosure terminals

The input card should be capable of detecting open and short circuit.

NOTE Values identified in the figure are examples for 4 mA to 20 mA only.

Figure B.6 — Supervision by analogue value

B.6 Proper output wiring

Figure B.7 shows how to wire two solenoid valves in case of simple automatic electrical burner control
system applications. This technique is only suitable when using protective system method A.
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2 3
Pl =
Q L Q
Q Q
Q Q
Q Q
Q Q
Q Q
; vy
6 K 23X
< | |
Key
1 automatic electrical burner control system 5 supply voltage
2 safe input 6 neutral
3 safe output 7 fuse
4  fuel valves
NOTE This figure shows safe output with valve redundancy. Diagnostics can be achieved by flame detection

(input signal). In other terms, once the system is shut down, the automatic electrical burner control system
detects the absence of the flame.

Figure B.7 — Example of simple automatic electrical burner control system application

Figure B.8 shows wiring in case relays shall be used to power the solenoid valves. This technique is
suitable when using protective system methods A, BC, or D.

or
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________________________________ \ Ky
________________________________ \\ K
Q| Q
Q| Q
2 3 Ki| K 4 _4
6 LXK
yd
Key
1 logic solver(s) 6 neutral
2 safe input 7 fuse
3 safe output K; relay1l
4 fuel valves K, relay2
5 supply voltage

NOTE1 Relay failures are detected, therefore failures do not accumulate.

NOTE 2  For requirements for relays, see 4.3 a). See also Figure B.9 for basic configuration of relays used in
safety circuits.

Figure B.8 — Example of fault avoidance

Figure B.9 shows an example of mechanically linked (IEC 60947-5-1:2016) construction for relay
contacts.
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4 3 4
Key
1 normally closed contacts
2 normally open contacts
3 welded contact (fault)
4 mechanically linked construction
X minimum distance

Relays used in safety circuits with feedback of the relay position shall be with mechanically linked contacts.
For power relays, mirror contacts shall only be used as feedback of the position of main contacts.

NOTE By design of the mechanical linkage and minimum distance, the normally open contacts remain open
when the relay coil is energized and a normally closed contact has welded. Similarly, a fault with welding of a
normally open contact causes the normally closed contacts to remain open when the relay coil is de-energized.

Figure B.9 — Example of relay with mechanically linked contacts

B.7 Prohibited input and output wiring

Figure B.10 shows an example of possible short circuit between the field terminal box and enclosure
terminals, which would defeat the protective system. For normal safety function, an open state of the
pressure switch contacts would cause the logic solver to perform an action through the final element
to bring the system to a safe state. With a short circuit between the field terminal box and enclosure
terminals, the open state of either switch is not detected.
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Key
1 digital sensor (e.g. pressure sensing device) 4  enclosure terminals
2 field terminal box 5 digital logic terminals

3 enclosure with logic
CAUTION The external wiring method shown in this diagram shall NOT be used.

Figure B.10 — Prohibited external wiring method

Figures B.11, B12, and B13 show examples of prohibited wiring, even when relays as described in
Figure B.9 are used.
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Key
1 logic solver(s) 5  supply voltage
2 safe input 6  neutral
3 safe output 7  fuse
4 fuel valves K; relay1

CAUTION The external wiring method shown in this diagram shall NOT be used.

NOTE Since only one relay is used, one single failure can result in the loss of the safety function.

Figure B.11 — Example of prohibited wiring
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f% XX
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e =

Key
1 logic solver(s) 5 supply voltage
2 safe input 6 neutral
3 safe output 7 fuse
4 fuel valves K; relay1l
CAUTION The external wiring method shown in this diagram shall NOT be used.
NOTE Since only one relay is used, even with its monitoring, one single failure can result in the loss of the

safety function.

Figure B.12 — Example of prohibited wiring
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p: N3
K| K 4 4
vallvallval{was'
,© | i
Key
1 logic solver(s) 6  neutral
2 safe input 7  fuse
3 safe output K; relay1l
4 fuel valves K, relay2
5

supply voltage

CAUTION The external wiring method shown in this diagram shall NOT be used.

NOTE One single failure avoids the loss of the safety function, but since relay failures are undetected, failures

can accumulate and result in the loss of the safety function.

Figure B.13 — Example of prohibited wiring

Figure B.14 shows an example of prohibited output wiring. Correct wiring is shown in Figure B.8.
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Key
1 logic solver(s) 6  neutral
2 safe input 7  fuse
3 safe output K; relay1
4 fuel valves K, relay2
5  supply voltage

CAUTION The external wiring method shown in this diagram shall NOT be used.

NOTE One single relay failure is not detected, therefore accumulation of failures can result in the loss of the

safety function.

Figure B.14 — Example of prohibited wiring of the monitoring relays
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Annex C
(informative)

Examples for the determination of safety integrity level (SIL) or
performance level (PL) using the risk graph method

C.1 General

The following provides a partial example of the procedures that are used when designing a system for a
protective system using method BC when devices do not relate to a product standard and the capability
is less than SIL 3/PL e.

Several International Standards can be used for determination of the required SIL/PL. For machinery,
[EC 62061:2021 was developed to determine the SIL while the IEC 61511:2016 series was developed
to determine the required SIL for process industry. Risk graph methods for determining the safety
integrity level SIL are given in both IEC standards (IEC 62061:2021 and the IEC 61511:2016 series). In
addition, ISO 13849-1:— covers the determination of a performance level PL and also includes a method
to determine PL from SIL (ISO 13849-1:—, Table 3).

A hazard and risk analysis needs to be carried out for each hazard to the industrial furnace and
associated processing equipment (TPE). When describing the hazard, the cause of the hazardous
situation shall also always be stated. For example, an explosion in the furnace can be brought about by
a wide variety of causes such as overheating, excess fuel pressure, insufficient fuel/air ratio, etc. Each of
these causes is then assigned at least one safety-related function, which then must reduce the resultant
risk.

The required SIL/PL for each safety-related function depends on different parameters:

1) consequences of the hazardous event (parameter Se in accordance with IEC 62061:2021, Annex A,
parameter C in accordance with IEC 61511-3:2016); the worst-case scenario shall be taken into
account;

2) frequency and duration of the time spent in the hazardous area (parameter Fr in accordance with
[EC 62061:2021, Annex A, parameter F in accordance with IEC 61511-3:2016); the factor of time
spent shall be determined on the basis of the person most exposed to the risk, not the average of all
persons. It is thus ensured that the risk is not averaged out across all persons;

3) possibility of preventing or avoiding the hazardous event (parameter Av in accordance with
IEC 62061:2021, Annex A, parameter P in accordance with IEC 61511-3: 2016);

4) probability of occurrence of the hazardous event or demand rate (parameter Pr in accordance with
[EC 62061:2021, Annex A, parameter W in accordance with IEC 61511-3: 2016).

Parameter Av in accordance with IEC 62061:2021, Annex A and parameter P in accordance with
IEC 61511-3:2016 can be estimated by taking into account aspects of the TPE design and its intended
application, which can help to avoid or limit the harm from a hazard. These aspects include, for
example, the speed of appearance of the hazardous event (sudden, fast, or slow), the spatial possibility
to withdraw from the hazard, the nature of the device or system, and the possibility of recognition of
a hazard. The lowest value should only be used if all the following statements correspondingly apply:

— theriskis apparent before it fully enfolds;

— the time that passes after detection until full occurrence of the hazard is definitely sufficient to
carry out the necessary tasks;
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— independent devices are present by means of which the risk can be avoided by the operator or it is
possible for all persons to flee from the hazard area.

Parameter Pr in accordance with IEC 62061:2021, Annex A and parameter W in accordance with
IEC 61511-3:2016 encompass the likelihood of occurrence of the hazardous procedural state in the
absence of the safety-related function to be classified. Measures, which are entirely independent of the
safety function for avoiding this specific risk, can be taken into account in reducing this parameter.

The results of the SIL/PL determination with rationale and the decisions made shall be documented.

C.2 Examples for the determination of the required SIL/PL

C.2.1 Example 1 - Table C.1

Table C.1 shows a comparison of example of SIL/PL determination under different risk environment in
accordance with IEC 62061:2021, Annex A and ISO 13849-1:—, Table 3.

C.2.2 Example 2 - Table C.2

Table C.2 shows an example of SIL determination under different risk environment in accordance with
IEC 61511-3:2016.
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C.2.3 Risk estimation and SIL assignment in accordance with IEC 62061:2021, Annex A
(i.e. Table C.1)

C.2.3.1 Hazard identification/indication

Indicate the hazards, including those from reasonable foreseeable misuse, whose risks are to be
reduced by implementing an SRCF. List them in the hazard column in Table C.7.

C.2.3.2 Risk estimation

Risk estimation should be carried out for each hazard by determining the risk parameters that, as
shown in Figure C.1, should be derived from the following:

— severity of harm, Se;

— probability of occurrence of that harm, which is a function of:
a) frequency and duration of the exposure of persons to the hazard, Fr,
b) probability of occurrence of a hazardous event, Pr, and

c) possibilities to avoid or limit the harm, Av.

N
Frequency and duration of C2341
exposure Fr
Risk related to Severity of the Probability of fa (2342
the identified _ : y and hro adl ity of occurrence of a P. 34. > C2.34
hazard pOSSlble harm azardous event r
Se Probability of avoiding or C23.4.3
limiting harm Av )

Figure C.1 — Parameters used in risk estimation

The estimates entered into Table C.7 should normally be based on worst-case considerations for the
SRCF. However, in a situation where, for example, an irreversible injury is possible but at a significantly
lower probability than a reversible one, then each severity level should have a separate line on the table.
It might be the case that a different SRCF is implemented for each line. If one SRCF is implemented to
cover both lines, then the highest target SIL requirement should be used.

C.2.3.3 Severity (Se)

Severity of injuries or damage to health can be estimated by taking into account reversible injuries,
irreversible injuries, and death. Choose the appropriate value of severity from Table C.3 based on the
consequences of an injury, where:

4  means a fatal or a significant irreversible injury such that it will be very difficult to continue the
same work after healing, if at all;

3 means a major or irreversible injury in such a way that it can be possible to continue the same
work after healing. It can also include a severe major but reversible injury such as broken limbs;

2 means areversible injury, including severe lacerations, stabbing, and severe bruises that requires
attention from a medical practitioner;

1  means a minor injury including scratches and minor bruises that require attention by first aid.

Select the appropriate row for consequences (Se) of Table C.3. Insert the appropriate number under the
Se column in Table C.7.
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Table C.3 — Severity level in consequence - Health hazard (H)

Consequences Severity (Se)

Irreversible: death, losing an eye or arm 4

Irreversible: broken limb(s), losing a finger(s)

3
Reversible: requiring attention from a medical practitioner 2
1

Reversible: requiring first aid

C.2.3.4 Probability of occurrence of harm

Each of the three parameters of probability of occurrence of harm (i.e. Fr, Pr, and Av) should be
estimated independently of each other. A worst-case assumption needs to be used for each parameter
to ensure that SRCF(s) are not incorrectly assigned a lower SIL than is necessary. Generally, the use of
a form of task-based analysis is strongly recommended to ensure that proper consideration is given to
estimation of the probability of occurrence of harm.

C.2.3.4.1 Frequency and duration of exposure (Fr)
Consider the following aspects to determine the level of exposure:

— need for access to the danger zone based on all modes of use, for example, normal operation,
maintenance;

— nature of access, for example, manual feed of material, setting.

It should then be possible to estimate the average interval between exposures and therefore the average
frequency of access.

It should also be possible to foresee the duration, for example, if it will be longer than 10 min. Where
the duration is shorter than 10 min, the value can be decreased to the next level. This does not apply to
frequency of exposure <1 h, which should not be decreased at any time.

The duration is related to the performance of activities that are carried out under the protection of the
SRCF. The requirements of IEC 60204-1:2016 and ISO 14118 with regard to power isolation and energy
dissipation should be applied for major interventions.

This factor does not include consideration of the failure of the SRCF.

Select the appropriate row for frequency and duration of exposure (Fr) of Table C.4. Insert the
appropriate number under the Fr column in Table C.7.

Table C.4 — Frequency and duration of exposure (Fr) classification

Frequency and duration of exposure (Fr)

Duration
Frequency of exposure
>10 min.

<1h
>1 hto <1 day

> 1 day to <2 weeks

>2 weeks to <1 year

N|W|H || U1

>]1 year

C.2.3.4.2 Probability of occurrence of a hazardous event (Pr)

The probability of occurrence of harm should be estimated independently of other related parameters
Fr and Av. A worst-case assumption should be used for each parameter to ensure that SRCF(s) are not
incorrectly assigned a lower SIL than is necessary. To prevent this from occurring, the use of a form of
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task-based analysis is strongly recommended to ensure that proper consideration is given to estimation
of the probability of occurrence of harm. This parameter can be estimated by taking into account the
following.

a)

b)

Predictability of the behaviour of component parts of the machine relevant to the hazard in
different modes of use (e.g. normal operation, maintenance, fault finding).

This will necessitate careful consideration of the control system especially with regard to the risk
of unexpected start up. Do not take into account the protective effect of any SCS. This is necessary
in order to estimate the amount of risk that will be exposed if the SCS fails. In general terms, it shall
be considered whether the machine or material being processed has the propensity to act in an
unexpected manner.

The machine behaviour will vary from very predictable to not predictable but unexpected events
cannot be discounted.

NOTE Predictability is often linked to the complexity of the machine function.

The specified or foreseeable characteristics of human behaviour with regard to interaction with
the component parts of the machine relevant to the hazard. This can be characterised by:

— stress (e.g. due to time constraints, work task, perceived damage limitation), and/or

— lack of awareness of information relevant to the hazard. This will be influenced by factors such
as skills, training, experience, and complexity of machine/process.

These attributes are not usually directly under the influence of the SCS designer, but a task analysis
will reveal activities where total awareness of all issues, including unexpected outcomes, cannot be
reasonably assumed.

"Very high" probability of occurrence of a hazardous event should be selected to reflect normal
production constraints and worst-case considerations. Positive reasons (e.g. well-defined
application and knowledge of high level of user competences) are required for any lower values to
be used.

Any required or assumed skills, knowledge, etc. should be stated in the information for use.

Select the appropriate row for probability of occurrence of hazardous event (Pr) of Table C.5. Indicate
the appropriate number under the Pr column in Table C.7.

Table C.5 — Probability (Pr) classification

Probability of occurrence Probability (Pr)
Very high 5
Likely 4
Possible 3
Rarely 2
Negligible 1

C.2.3.4.3 Probability of avoiding or limiting harm (Av)

This parameter can be estimated by taking into account aspects of the machine design and its intended
application that can help to avoid or limit the harm from a hazard. These aspects include, for example,

sudden, fast, or slow speed of appearance of the hazardous event;
spatial possibility to withdraw from the hazard;

the nature of the component or system, for example, a knife is usually sharp, a pipe in a dairy
environment is usually hot, electricity is usually dangerous by its nature but is not visible; and

39





IS 17984 (Part 4) : 2024
ISO 13577-4 : 2022

— possibility of recognition of a hazard, for example, electrical hazard: a copper bar does not change
its aspect whether it is under voltage or not; to recognize if one needs an instrument to establish
whether electrical equipment is energised or not; ambient conditions, for example, high noise levels
can prevent a person hearing a machine start.

Select the appropriate row for probability of avoidance or limiting harm (Av) of Table C.6. Insert the
appropriate number under the Av column in Table C.7.

Table C.6 — Probability of avoiding or limiting harm (Av) classification

Probability of avoiding or limiting harm (Av) Probability (Pr)
Impossible 5
Rarely 3
Probable 1

C.2.3.5 C(lass of probability of harm (CI)

For each hazard and, as applicable, for each severity level, add up the points from the Fr, Pr, and Av
columns and enter the sum into the column Cl in Table C.7.

Table C.7 — Parameters used to determine class of probability of harm (Cl)

Serial
Hazard Se Fr Pr Av Cl

Blw (N -

C.2.3.6 SIL assignment
Using Table C.8, where the severity (Se) row crosses the relevant column (CI), the intersection point

indicates whether action is required. The boxes indicate the SIL x assigned as the target for the SRCF.
The boxes indicate (OM) should be used as a recommendation that other measures (OM) be used.

Table C.8 — SIL assignment matrix

Class (C1)
Severity (Se)

3-4 5-7 8-10 11-13 14-15
4 SIL 2 SIL 2 SIL 2 SIL 3 SIL 3
3 (OM) SIL 1 SIL 2 SIL 3
2 (OM) SIL 1 SIL 2
1 (oM) SIL1

EXAMPLE For a specific hazard with an Se assigned as 3, an Fr as 4, an Pr as 5, and an Av as 5, then:

Cl=Fr+Pr+Av=4+5+5=14

Using Table C.8, this would lead to a SIL 3 being assigned to the SRCF that is intended to mitigate against
the specific hazard.
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C.2.4 User's guide for risk graph in accordance with IEC 61511-3:2016 (i.e. Table C.2)

C.2.4.1 Hazard identification/indication

Indicate the hazardous event, including those from reasonable foreseeable misuse, whose risks are to
be reduced by implementing a safety instrumented function (SIF). List them in the hazardous event and
safety instrumented function column in Table C.2.

C.2.4.2 Risk estimation

The risk graph matrix in accordance with IEC 61511-3:2016 is used for SIL assignment of safety
instrumented functions. Integrity levels are established by combining the risk graph consequence
parameter C and the likelihood summarized as the risk graph parameters F, P, and W. Individual
integrity levels for health (H), environmental (E), and financial (F) hazards could be determined. The
overall target SIL of the considered safety instrumented function is the maximum determined integrity
level.

Parameters are shown in Figure C.2 and should be derived from the following:
— consequence of harm (C), and
— probability of occurrence of that harm, which is a function of:

— occupancy parameter (F) which is the probability that the exposed area is occupied at the time
of the hazardous event;

— avoidance parameter (P) which is the probability that exposed persons are able to avoid the
hazardous situation, which exists if the SIF fails on demand;

— demand rate parameter (W) which is the residual demand rate or frequency of the hazardous
event if considering SIF is not implemented.

Probability that the exposed area is C2.4.4 )

occupied at the time of the hazardous F. Y
Risk related to event

. e Consequence of
the identified = |th ibl d Probability that exposed person are C.24.5 > C2.4.7
hazardous - € possible and | ,ple to avoid the hazardous situation P e
event harm
C Residual demand rate or frequency of C24.6
the hazardous event "
J

Figure C.2 — Parameters used in risk estimation by IEC 61511-3:2016

C.2.4.3 Consequence parameter selection

Consequence parameter represents number of fatalities and/or serious injuries likely to result from
the occurrence of the hazardous event. It is determined by calculating the numbers in the exposed area
when the area is occupied, taking into account the vulnerability to the hazardous event.

Severity level (C) is the estimated consequence of the hazardous event. Select proper level for health
(H), environmental (E), and financial (F) hazards. Fill in the chosen severity letter (A-F) for each
individual hazard in the C column.

NOTE Determining proper severity levels presupposes consequence categories calibrated to meet the
tolerable risk levels established by company risk management and authorities.

For details in severity level in consequence, see Table C.9, C.10, and C.11.
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Table C.9 — Severity level in consequence - Health hazard (H)

C Health hazard |Probability loss [Max. health consequences due |Additional comments to the health
(H) of life to the hazardous event consequence categories
Several (three or more) dead
Cp Catastrophic PLL>1 Many (10 or more) critical Several fatalities likely
injured
PLL = Some (one to two) dead
Cg Extensive 01-10 Several (three or more) critical ~|Individual fatality/fatalities likely
’ ’ injured
PLL = Some (one to two) critical inju-  |geveral lost time injury/injuries, one or
Cp Serious ries some lasting disablement Fatality/fatali-
O1=0, i ties not likely but possible
0,01-01 Several (3 or more) injured i likely but possibl
- Some (one to twa) injuries One or some lost time injury/injuries
Cc Considerable PLL <0,01 ) . Minor probability of lasting disablement,
Serious discomfort fatality improbable
Minor injury/injuries ime ini Ui i
Cs Marginal PLL =0 jury/inj No lost time injury/injuries, medical
Lasting discomfort treatment required
Negligible injury/injuries ime ini Ui i
C, Negligible PLL = 0 No lost time 1n]1_1ry/1n]ur1es, no medical
Temporary discomfort treatment required
NOTE C: Severity level.

Table C.10 — Severity level in consequence - Environmental hazard (E)

Environmen- |Effluent Effluent Ex- Max. environmental Additional comments to the environ-
C . consequences due to .
tal hazard (E) |Influence tension mental consequence categories
the hazardous event
Wide permanent or long- | A liquid spill into river or sea; a wide
time harm vapour or aerosol release
Cp Catastrophic Lasting Wide
Decontamination impos- | The effluent causes lasting or perma-
sible or hard nent damage to plants and wildlife.
Confined permanent or |A liquid spill to ground water; a con-
long-time harm fined vapour or aerosol release
Cg Extensive Lasting Confined
Decontamination impos- | The effluent causes lasting or perma-
sible or hard nent damage to plants and wildlife.
Limited permanent or Onsite liquid spill; a limited vapour or
long-time harm aerosol release (within fence)
Cp Serious Lasting Limited
Decontamination impos- |The effluent causes lasting or perma-
sible or hard nent damage to plants and wildlife.
Wide to confined tempo- |A liquid spill into river or sea; a limited
; _ rary harm vapour or aerosol release
Ce Considerable Temporary }’.\hdg/ Con
ne Decontamination easy or | The effluent causes temporary damage
not needed to plants and wildlife.
Limited (on site) tempo- |Onsite liquid spill, a limited vapour or
rary harm aerosol release (within fence)
Cy Marginal Temporary |Limited
Decontamination easy or | The effluent causes temporary damage
not needed to plants and wildlife.
Negligible environmental | Moderate leak from flange or valve
harm Lo . . .
Ca Negligible Negligible Small liquid spill or small soil pollution
Decontamination not not affecting ground water. Negligible
needed environmental effects.

NOTE C: Severity level.
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Table C.11 — Severity level in consequence — Financial hazard (F)

Financial Damaged Production Max. financial con- Additional comments to the financial
c harm (F) property loss (k€) sequences due to the consequence categories
(k€) hazardous event
Devastating damage to production unit
Devastating loss off pro-  |and/or plant
Cp Catastrophic >10 000 >50000 duction, market share and ) o )
image Event causing or requiring a production
stop for more than a year
Extensive loss of produc- |Extensive damage to equipment and/or
1000 - tion property
Cg Extensive 5000-50000
10 000 Large loss of market share |Event causing or requiring a lasting
and/or image production stop of several months
Large loss of production Serious damage to equipment and/or
) 100 - property
Cp Serious 500-5000 Considerable loss of mar- . o .
1000 . Event causing or requiring a lasting
ket share and/or image .
production stop up to a month
Considerable loss of pro- |Considerable damage to equipment
duction. and/or property
Cc Considerable 10-100 50-500
Marginal loss of market Event causing or requiring a lasting
share production stop up to a week
Minor loss of production  |Minor damage to equipment
Cs Marginal 1-10 5-50 No loss of market share Event causing or requiring a day of
and/or image production stop
ggihglble loss of produc- Negligible damage to equipment
C Negligible <1 <5 . .
A 8l1g No loss of market share Event causing or requiring a temporary
. (hours) production stop
and/or image
NOTE C: Severity level.

C.2.4.4 Occupancy parameter selection

Occupancy parameter represents the probability that the exposed area is occupied at the time of the
hazardous event, determined by calculating the fraction of time the area is occupied at the time of the
hazardous event. This should take into account the possibility of an increased likelihood of persons
being in the exposed area in order to investigate abnormal situations which can exist during the build-
up to the hazardous event (consider also if this changes the C parameter).

Exposure rate (F) is the probability that the exposed area is occupied at the time of the hazardous
event. The exposure rate is only valid for health (H) risks. If occupancy is permanent or if credit already
has been given for a reduced occupancy likelihood when the health severity level was chosen, the
"Permanent” alternative (FD) shall be chosen. Exposure rate FC shall be chosen if occupancy is frequent
or if the occupancy is dependent on the hazardous situation. Exposure rate FB should be chosen if
the area is occupied just occasionally and human presence is obviously independent of the hazardous
situation. Exposure rate FA should only be chosen if the hazardous area is confined and human presence
rare and independent of the hazardous situation. Fill in the selected correlating number (0-2) in the P
column. 1 is predefined for the environmental (E) and financial (F) hazards.

C.2.4.5 Avoidance parameter selection

Avoidance parameter represents probability that exposed persons are able to avoid the hazardous
situation, which exists if the safety instrumented function fails on demand. This depends on there being
independent methods of alerting the exposed persons to the hazard prior to the hazard occurring and
there being methods of escape.

Avoidance probability (P) is the probability of avoiding the hazardous event even if the considered
safety function fails to prevent the event. Normal choice is PB "Avoidance conditions not fulfilled". PA
could be chosen individually for the health hazard (H) if all persons in the hazardous area are likely
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evacuated to a safe area in time if the SIF fails on demand. Besides time are independent facilities
for alerting and evacuating all people in the hazardous area required. PA could also be claimed if the
hazardous event is likely avoided in time by manual operator actions. In this case, PA is also relevant
for the environmental (E) and financial (F) hazards. Independent facilities for alerting the operator of
the functional failure and for manually bringing the process to a safe state are an absolute demand. The
access of time is also a very important requirement for claiming PA, and 1 h is a minimum requirement
between operator alert and the hazardous event for taking credit for "Possibility of avoidance" (PA). Fill
in the correlating number (0 or 1) of the selected avoidance parameter in the P column.

C.2.4.6 Demand rate parameter selection

Demand rate parameter represents the number of times per year that the hazardous event would
occur in the absence of the safety instrumented function under consideration. This can be determined
by considering all failures, which can lead to the hazardous event and estimating the overall rate of
occurrence. Other protection layers should be included in the consideration.

The demand rate parameter (W) is selected by estimating or calculating the residual demand rate
or frequency of the hazardous event if the considered SIF not is implemented. This frequency can be
determined by combining frequencies of failures and other initializing events leading to the hazardous
event. Credit should be given for non-SIS-implemented safety barriers. The layer of protection analysis
(LOPA) is a recommended frequency analysis method. The total risk reduction credit for barriers
implemented in the normal control system (BPCS), including alarms and operator response, is
maximized to 10 times by definition in the IEC 61511:2016 series (risk reduction factor >0,1). Fill in the
chosen number correlating to the estimated or calculated residual demand rate in column W.

C.2.4.7 Risk graph matrix SIL-assignment

Finally, add the F, P, and W numbers for each of the health (H), environmental (E), and financial (F)
hazards. Fill in the resulting parameter sum in the "Likelihood" column of the form. Use the risk
graph matrix to read out the safety integrity level (SIL) for each and one of the hazards by combining
its severity letter (A-F) with its likelihood sum (1-12). The overall target SIL equals the maximum
determined SIL.

44





IS 17984 (Part 4) : 2024
ISO 13577-4 : 2022

Annex D
(informative)

Example of a risk assessment for one safety instrumented function
using the method according to the IEC 61511:2016 series

D.1 General

This annex provides a partial example of the procedures that are used when designing a system in
accordance with the IEC 61511:2016 series for a protective system using method D. This example is
illustrative only, is not exhaustive, and should not be used for an actual system.

D.2 Concept description of equipment under control

A heat-treating furnace operates at 500 °C with a negative pressure, non-flammable atmosphere. It has
40 burners with half on each length of the furnace. There are two combustion air blowers, one on each
side, each serving half the burners. There are two fuel flow control valves on the main header, each
serving one side with half the burners. The blower air and the fuel flows are modulated in order to
maintain the process temperature. The fuel and air flow control loops are provided through a central
control system. There is a minimum airflow of 25 % and a minimum fuel flow of 10 %. The fuel flow is
also limited to a maximum of 80 % of control valve setting which is 100 % of normal firing rate. The
fuel pressure to the burners is modulated from 0,25 kPa [gauge] to 14 kPa [gauge] and the air pressure
is modulated from 2,5 kPa [gauge] to 15 kPa [gauge].

The furnace is located in a large metal fabrication facility (10 000 m?2) with 200 workers. There are
welding, cutting, grinding, and other spark-producing operations around the furnace.

The furnace is 20 m long by 2 m wide. It has six stacks that are tied to a common manifold, which is
connected to an exhaust stack. The furnace operates continuously. The charge enters and leaves the
furnace through doors located on either end. The process is batch operated where each batch takes
from 2 h to 12 h. The furnace walls are designed for an overpressure condition of 70 kPa [gauge]. There
is no explosion relief door.

The blower is belt driven with external bearings. Its motor is started and controlled by a variable speed
drive that is driven from the central control through a (4 to 20) mA signal. Each burner has a damper
that is used for local trimming of the combustion air to that burner and can be closed while a burner is
offline for maintenance.

The control valve is a motor operated butterfly valve with a line voltage powered actuator. The control
signal is (4 to 20) mA provided from the central control system.
D.3 Hazard and risk assessment

A loss of combustion air will result in an accumulation of unburned fuel in the firebox. Subsequent re-
establishment of the combustion air source could lead to a deflagration and possible explosion.

D.3.1 Initiating events
Blower system failure:
a) bearing (inboard bearing, outboard bearings, unbalanced wheel);

b) motor failure (bearings, winding shorts, overload, breaker tripped);
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c) VSD failure (short circuit, open circuit);

d) belt failure (wear and tear);

e) airinlet blocked (dirt, plate, cardboard, tarpaulins);

f)  human error (blower shut off, block inlet);

g) human error (closed at wrong time or close wrong damper);

h) damper fastening screw wears loose due to vibration and damper closes.
Burner duct air leakage:

i) flexible duct leaks or breaks.

D.3.2 Hazard — Process deviation - insufficient combustion air
a) Insufficient air to one or more burners;
b) CO and unburned hydrocarbon build up in furnace;

c) unstable combustion.

D.4 Consequences
a) Afterburning in the stack (negative pressure draws in air);

b) re-establishment of combustion air could lead to deflagration and possible explosion.

D.5 Event tree example

See Figure D.1.
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Controller
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Airflow control
sensor fails <> loop |—
0,1 failure
0,2
VSD failure | | Low
0.05 combustion
airflow to
multiple
Motor trips | /\ burners, |
0,02 \/ [large buildup
of CO and
unburned
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Bearings fail | | 0,44
0,02
Deflagration
0,044
Drive belt Blower
fails <> failure — Furnace
0,05 0,24 @ rupture
0,004 4
Airflow
I“l‘;t,‘l:one restored |—
alls 1
0,05 0.1
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exceeds Possibility of Possibility of
Wheel structural [— exposure 4®— fatality
imbalance |— strength 0,8 0,003 52
0,05 0,1
Wheel
plugging  |—— Possibility of
0,05 avoidance
1
Key
@ summation of event probability by a logical ‘OR’
® multiplication of event probability by a logical AND’
Figure D.1 — Event tree example
D.6 Protective system safety requirement specification
NOTE This clause contains examples of the possible content of the safety requirements specification, which

need to be sufficient to design the protective system SIS and the application program.

D.6.1 General requirements

a) If at any point during the furnace operating sequence the combustion air flow to the burners fall
below 20 % of the maximum airflow, the fuel supply to all related burners shall be shut off within
the process safety time.

47





IS 17984 (Part 4) : 2024
ISO 13577-4 : 2022

b) The motor run status from the VSD shall be wired directly to the logic solver to provide further
pre-emptive trip functionality. The blower running status shall provide a risk reduction of at least
10.

c¢) The combustion air flow sensors shall be incorporated in the start-up sequence to ensure the
airflow is sufficient to properly purge the furnace.

d) After each safety shutdown, the combustion chamber shall be purged a minimum of five volume
changes. During the purge, the airflow as measured by the sensor shall measure greater than 50 %
of the maximum airflow rate. If the airflow falls below this flow rate, the purge shall not continue.

e) The safety instrumented function shall meet a risk reduction factor (RRF) of 352 (SIL 2) with a
testing interval of 2 years in order to coincide with the plant turnaround.

NOTE Without additional measures, the risk of fatality is 0,003 52 (see Figure D.1). When acceptable
risk is 10-5, then the protective system SIS provides a risk reduction of (10-5 / 0,003 52) = 0,002 84, which is
RRF =352 (SIL 2).

f) The safe state for the system is to have fuel isolated from the furnace. The fuel automatic shut-off
valves shall be fail closed.

g) The safe state for the combustion air blower shall ensure a minimum airflow through the furnace.

h) During a manual emergency shutdown, the safe state is to fully isolate all fuel and ignition sources.
Loss of power shall result in the same fail position as manual emergency shutdown.

i) Loss of actuating media (e.g. pneumatic, hydraulic) shall result in fuel automatic shut-off valves
failing closed.

j) The demand rate is less than once per year, i.e. low demand mode of operation. The sources of
demand are due to equipment hardware failure, control loop failure, and human error. It is assumed
that the operators are trained with a documented formal training process.

k) The spurious trip rate shall not exceed once in 10 years for each safety function.

1) The safety function shall be proof tested with 90 % coverage each 2 years. In order to ensure
90 % coverage, the airflow shall be reduced below the trip point to verify that the output to the
automatic shut-off valves is de-energized. During this test, the fuel shall be manually isolated from
the furnace such that the safety of the furnace is not compromised. De-energizing of the automatic
shut-off valves shall be tested separately using some other method, such as manually closing the
upstream fuel valve and checking for automatic shutdown of the automatic shut-off valves upon
loss of flame from the flame scanner. Once the automatic shut-off valves are closed, they shall be
leak tested.

m) The process safety time for complete isolation of the fuel to the side of the furnace where air flow is
below the trip points shall be less than 10 s. This process safety time is based on LFL calculations
(not shown in this example) that an accumulation of unburned fuel within 10 s will not result in an
explosive mixture of sufficient energy to exceed the strength of the TPE.

n) The system response time from the time the airflow drops below the trip point to the time the
fuel is completely isolated to the associated side of the furnace shall be within 5 s. This is half the
process safety time.

D.6.2 Safety sensor functional requirements

— Each side of the furnace shall have two safety flow transmitters voted as 1002D% providing a
hardware fault tolerance of 1.

4) 1002D: 1 out of 2 channel architecture with Diagnostics. 1002D is architecture with diagnostics, where
either of the two channels can perform the safety function. For details, see IEC 61508-6:2010, Annex B.
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The airflow shall be measured directly using mass, velocity, or differential pressure methods.
Downstream blockages shall not result in a false airflow reading such as would occur if static
pressure is used to infer flow.

A common flow element can be used for the basic process combustion control flow sensor, as well as
the safety flow transmitters; however, all sensing lines, root valves, and connection points shall be
separate to prevent common cause failures.

All aspects of the safety manual shall be reviewed for the safety sensor.
The airflow sensor shall:

a) be adifferent model from the process combustion control airflow sensor but it can be from the
same manufacturer (this is to minimize common cause factors),

b) be suitable for use between temperatures of -20 °C to 60 °C,
c¢) be compensated by a suitable downstream temperature element,

d) be suitable for a high-vibration, heavy industrial environment (the sensor shall be securely
mounted with adequate mechanical protection from shock and impact loads),

e) be suitable for heavy industrial EMC environment,
f) be suitable for a hazardous environment class I zone 1A T1,
g) be provided with an IP 65 or better enclosure,

h) be smart and with a diagnostics coverage factor of more than 80 % (the sensor shall revert to a
low analogue output signal of less than 3,8 mA when a fault condition is detected),

i) be configurable with a smart field programmer (such as a HART communicator); however, the
communications shall be able to be switched off once the safety function is on line,

j) be provided with an accuracy of at least 2 % for a period of more than 2 years without
recalibration,

k) be factory calibrated with a traceable calibration certificate,
1) have a systematic capability of SC 3,
m) be provided with a suitable SIL certificate, and

n) be wired using 1,5 mm? twisted, shielded pair armoured instrument cable with the drain
bonded at the logic solver side [the cable shall be run in a cable tray that is a minimum of 1 m
from all high-voltage and large EMI-generating devices (motors, VSDs)].

The sensing lines to the sensor shall:

i) continuously rise with no low points or sags (the sensing lines shall be self-draining to the
combustion air flow duct),

ii) consider a minimum of 12 mm to prevent blockage and to ensure a fast response.
The sensing line to the sensor shall be corrosion resistant 316 SST.

The sensing line to the sensor shall be leak tested at a minimum of 10 kPa [gauge] with zero leakage
over 30 min and where threaded, have no thread lubricant on the first two threads to avoid sensor

plugging.

Provisions shall be provided on each sensor for zeroing and testing. A suitable device is a three-
or five-valve manifold with removable handles and suitable process connections for connecting a
differential pressure calibrator.
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During safety operation, the sensor valve manifold shall have the handles removed.

During testing, the handles are installed. A pressure calibrator shall be connected to the sensor and
a differential pressure corresponding to 25 % and then 20 % shall be applied to one sensor. This
shall cause the system to request a trip. Both sensors shall be tested during the proof test interval.

D.6.3 Logic solver requirements including alarming, external comparisons and HMI

Each flow sensor with the 1002D pair shall be wired to separate 4 mA to 20 mA 12 bit isolated loop
powered analogue input cards on the PLC.

The process control sensor shall be wired to the central control system.

The automatic shut-off valves for each burner shall be wired to separate 24 VDC digital output cards
on the PLC.

The safety logic solver shall provide a first order software filter of no more than 1 s.

Where the self-diagnostics of a sensor detects a fault and provides an out-of-range signal to the
logic solver, the logic solver shall vote out and the faulty sensor and the trip function shall revert to
lool. Under these conditions, an alarm shall be generated in the logic solver to indicate a faulty flow
sensor. This alarm shall be re-alarmed every 4 h.

The mean time to restoration (MTTR) for the 1002D function is assumed to be 72 h, if the risk
assessment allows it.

It is assumed that at least one spare airflow sensor is in stock at all times.

The analogue value from each airflow sensor shall be communicated to the central control system.
The value of the combustion process control flow signal shall be displayed along with deviation and
fault alarms from the safety sensors. The HMI shall provide the option to display the analogue value
of each airflow sensor from the safety system, but this can be switched off by the operator to only
display the process control airflow sensor value.

The update time of the HMI shall be less than 1 s.
Alarms shall be audible and visual and recorded in a history log.

Alarms shall be provided when either safety airflow sensor or the combustion process control
airflow sensor falls below 25 % of maximum airflow to warn the operator of an impending trip.

A deviation alarm shall be generated when either of the 1002D airflow safety sensors measures
a deviation of more than 10 % from combustion process control airflow sensor. 10 % is based on
system operation with an O, level of 3 % in the exhaust gas, which corresponds to operating the
burner at approximately 15 % excess air level.

The status of each valve shall be displayed on the HMI. A valve position switch mismatch shall
generate an alarm.

Where the combustion air flow is the cause of a fuel trip, it shall be displayed on the HMI as a first
out.

For detailed requirements, see the logic solver specifications document.

D.6.4 Final element requirements
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— The fuel shall be clean natural gas of constant calorific value. The fuel supply to the safety valves
shall be filtered upstream in order to ensure particles no more than 100 microns are allowed to
pass through. All piping downstream of the filter shall be thoroughly brush pigged (cleaned) prior
to commissioning of the fuel system.

— Provisions shall be made available to test each automatic shut-off valve by placing pressure upstream
of the valve and measuring pressure downstream of the valve.

— The automatic shut-off valves shall be:
a) fire safe,

b) tightly shut off and shall meet the requirements of the applicable standard for burner safety
shut-off valves (as specified in ISO 23551-1),

c¢) provided with upstream and downstream isolation valves to allow online maintenance and
testing,

d) suitable for natural gas at temperatures from -20 °C to 60 °C,

e) suitable for ambient temperatures from -20 °C to 60 °C,

f) suitable for a hazardous environment class [ zone IIb TC3,

g) suitable for pressures up to 10 bar g,

h) suitable for a high-vibration, high-EMC heavy industrial environment,
i) flanged to ensure ease or removal and replacement, and

j)  externally corrosion-resistant or painted.

— During testing, the automatic shut-off valves shall have a leakage rate of not more than 50 dm3/h
(based on ISO 23551-4).

— A burner can be isolated for maintenance if the automatic shut-off valve fails the leak test. The
furnace can operate with one burner out of service.

— Atleast one automatic shut-off valve is to be kept in stock as a spare part.

D.6.5 Manual intervention requirements

— The low airflow safety function or loss of airflow safety function shall be manually reset to prevent
automatic restarting of the equipment. The manual reset button shall be located near to the
equipment and require the operator to physically inspect the equipment prior to re-energizing.

— A separate and independent manual trip function shall be provided to de-energize all fuel and
combustion air directly. Three manual trip buttons shall be provided: one in the control room,
one near to the furnace, and one a minimum of 20 m away. The manual trip function shall be in
accordance with ISO 13850 mushroom head push to trip button with a guard to prevent spurious
trips. The manual trip shall be tested along with the other devices in the safety function every
2 years.

D.6.6 Start-up requirements

The combustion air blower is in operation when the ESD button is not de-energized and the blower
disconnect is set to On. There should therefore be combustion air flow at all times and there is no
requirement to bypass the combustion air flow during start-up.

During the purge, the combustion air flow is required to be greater than 60 % of maximum airflow in
order to ensure a thorough purge. This shall be an additional permissive for the duration of the purge.
If the airflow falls below the minimum purge rate, the purge shall be stopped and require a restart.
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During the purge, the PLC shall measure the combustion air flow and measure the required purge time
in order to ensure at least five volume changes through the furnace and associated flue passages.
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Annex E
(informative)

Examples for protective functions

E.1 General

For a better and easier understanding of the three methods (A, BC, and D), this annex shows some
practical examples on how to build the hardware configurations in each method and provides the main
conditions for a clear comparison.

Examples for wiring are given in Annex B.

Only a few commonly used configurations are shown in these examples. Other options are possible
since not everything is listed here in detail.

The principles of the three methods (A, BC, or D) are used as follows:

— Method A, 4.2.2: wired system, all devices comply with relevant product standards (see Figure 4);
SIL- / PL-calculation is not required;

— Method BC, 4.2.3: combination of devices meeting relevant product standards with devices for
which no relevant product standard exits (see Figure 5). SIL- / PL-calculation
for the subsystems with no product standard is needed;

— Method D, 4.2.4: full requirement in accordance with the IEC 61508:2010 series, the IEC 61511:2016
series, I[EC 62061:2021, or ISO 13849-1:— (see Figure 6), and SIL- / PL-calculation
is mandatory for each safety function.

An overview of the different requirements and combinations (input, logic, and output) is given in
Table E.1.

E.2 and E.3 show examples of safety functions and subfunctions.
Safety functions with minimum SIL 3 or PL e should have at least an 1002D architecture, or HFT = 1.

With methods BC and D, diagnostics of the closure of the valves should be implemented where possible.
Options of diagnostics for the closure of the safety relevant shut-off function are:

— avalve proofing system: valve proofing done before start of the relevant burners(s) of the TPE, or
just after the valves close in case of no heat demand; or

— each valve equipped with a closed position indicator switch, interlocked in the safety chain; or
— the use of flame monitoring (see NOTE 2 in this subclause).

NOTE1 Diagnostics in high cycle applications as identified in ISO 13577-2 is not normally feasible with the
above approach.

NOTE 2 In case burners and respectively safety shut-off valves operate in high demand mode, every time the
burner is switched off by the logic solver, it

a) can de-energize valve 1 of the two valves;
b) detects valve 1 has closed (for example by detecting no flame within a predefined time period as
diagnostic);
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c) closes valve 2 of the two valves; and

d) starts this procedure with valve 2 the next time it switches off the burner.
Options of diagnostic for the safety relevant functions are:

— cross monitoring of input signals and comparing results within the logic solver;
— temporal and logical software monitor of the program flow; and

— detection of static faults.

It is possible to combine safety functions for high and low demand mode of operation.

Each safety function can be implemented following method A, BC, or D. Method A does not require
reliability data, nor any calculation of reliability level. Component conformity to product standards
ensure the safety level of the safety functions.

The risk assessment numbers in Table E.1 refer to Table C.1 and Table C.2.
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E.2 Examples of subfunctions

E.2.1 Overview of different requirements for input subfunctions

In high demand, “SIL n / PL n capable” or “certified suitable for SIL n or PL n applications” means that
the component, based upon its reliability data and number of operations per year, reaches a PFHy,
value such that the safety function can reach SIL n according to IEC 62061:2021, or PL n according to
ISO 13849-1:—.

In low demand, “SIL n capable” means that both the component hardware and the software have

systematic capability of “n”.

Safety relays, safety modules, or a safety PLC with certified hardware and software certified functional
blocks, are used in method BC. A safety PLC with certified hardware and application software using
other than certified functional blocks and complying with IEC 61508-3:2010, is used in method D.
Safety relays are considered having digital input and digital output only.

See Figures E.1 to E.7 for examples of subfunctions.
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IS.1 IS.2
Category 1; 1001 ; HFT=0 Category 3; 1002D ; HFT=1
Sensor: -
Sensor: Thermocouple

Thermocouple .
Logicsolver: Logicsolver:
Temperature
Temperature Safety temperature limit Safety temperature limit
controllerat least suitable controllerat least suitable
for SIL 1 / PLc Temperature for SIL 2 / PLd
Method «BC» Method «BC»

i

TPE chamber
(See NOTE)
temperature TPE chamber
temperature o
IS.3 1S.4
Category 4 ; 1002D ; HFT=1 Category 1; 1oo1l ; HFT=0
Sensor: T Sensor:= 0 ___
Thermocouple Tertnperature transmitter
suitable for SIL 1 / PL ¢
Logic solver: applications Logic solver:

Temperature

Safety temperature limit 4-20 mA Safety module or safety

controllerat least suitable PLC at least suitable for
Temperature forSIL3 /PLe SIL1/PLc

Method «BC» TPE chamber

t t Method «BC» or «D»
TPE chamber emperature
emperature e I
IS.5 IS.6
Category 3; 1002D ; HFT=1 Category 4 ; 1002D ; HFT=1
Sensor: Sensor:

Temperature transmitter Temperature transmitter
suitable for SIL3 /PLe —m8M——— — ———

suitable for SIL 2 / PL d . o
Logic solver: applications

applications 4-20mA Logic solver:
4-20mA | safety module or safety @:
PLC at least suitable for safety module or safety

SIL2 /PLd PLC at least suitable for

4-20 mA SIL3/PLe
TPE chamber
temperature Method «BC» or «D» Method « BC» or «D»

TPE chamber
temperature - =

I

NOTE Some temperature monitoring devices claim a SIL 2 also with a single thermocouple sensor, because they can detect
false signals coming from the sensor (e.g. short circuit or open circuit).

Figure E.1 — Temperature measuring
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I

1S.10 IS.11
Category 1; 1001 ; HFT=0 Category 3 ; 1002D ; HFT=1
Sensor: - - Sensor:
. X Logic solver: . .
pressure sensing device pressure sensing device IEC o
IEC 60730-2-6 Automatic 60730-2-6 Logic solver:
burner control Automatic

IEC 60730 -2-5
Method « A»

OR
Safety module, safety relay

or safety PLC at least suitable
forSIL1 /PLc

burner control
IEC 60730 -2-5

I— Method « A»

OR

—{P}-

Safety module, safety relay
or safety PLC at least suitable

for SIL2 / PLd

—i{P} =

I

__P}-
L]

Air, 0,, fuel ....

Method « BC» Method « BC»
Air, Oy, fuel .... T Air, 0,, fuel .... T
1S.12 1S.13
Category 4 ; 1002D ; HFT=1 Category 1; 1001 ; HFT=0
Sensor: Sensor: : —— =
Pressure-sensing device IEC o ing devi Logic solver:
60730-2-6 Logic solver: pressure- sensing device
' [EC 60730-2-6 Automatic
Automatic burner control

burner control
IEC 60730 -2-5
Method « A»

OR

Safety module, safety relay
or safety PLC at least suitable
for SIL3 /PLe

Method « BC»

IEC 60730 -2-5
Method « A»
OR
Safety module, safety relay
or safety PLC at least suitable
forSIL1/PLc

Method « BC»

Air, Oy, fuel ....

1S.14

Category 2; 1001D ; HFT=0

IS.15
Category 4 ; 1002D ; HFT=1

Sensor:
Pressure-sensing device
IEC 60730-2-6 and certified
suitable for SIL 2 or PL d
applications

_P}-
L]

Air, 0,, fuel ....

Logic solver:

Automatic
burner control
IEC 60730 -2-5
Method « A»

OR (NOTE)

Safety module, safety relay
or safety PLC at least suitable
for SIL2 /PLd

Method « BC»

Sensor:
pressure-sensing device
IEC 60730-2-6

Logic solver:

Automatic
burner control
IEC 60730 -2-5
Method « A»

I

OR (NOTE)
—@ - Safety module, safety relay
or safety PLC at least suitable

forSIL3 /PLe

Method « BC»

Air, 0,, fuel ....

NOTE Connection of both states NO and NC of a switch device allows to detect a short circuit on cables, as shown in Annex B.

Figure E.2 — Pressure sensing and status detection
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IS.16
Category 1; 1001 ; HFT=0

1S.17
Category 3 ; 1002D ; HFT=1

Sensor: Pressure transmitter
suitable for SIL1 / PLc
applications

Logicsolver:

m 4-20 mA Safety module or safety
PLC at least suitable for SIL
. iy

Method «BC» or «D»

Air, Oy, fuel .... .

Sensor: Pressure transmitter
certified suitable for
SIL 2 / PL d applications

Logic solver:
m 4-20 mA Safety module or safety
PLC at least suitable for SIL
. S
Method «BC» or «D»

Air, 0y, fuel .... .

1S.18
Category 4 ; 1002D ; HFT=1

Sensor: Pressure transmitter
certified suitable for
SIL 3 / PL e applications

4-20 mA .
ﬂDF Logicsolver:
NS Safety module or safety

PLC at least suitable for SIL

4-20 mA 3/PLe
[ PT Y|
\ ) Method BC» or «D»

Air, 0,, fuel .... .
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Figure E.3 — Pressure measuring
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1S.19
Category 1; 1001 ; HFT=0

1S.20
Category 3 ; 1002D ; HFT=1

Sensor: Differential
pressure-sensing device
IEC60730-2-6

I

Air, 0, fuel ...

Logic solver:

Automatic
burner control
IEC 60730-2-5
Method «A»

OR

Safety module, safety r elay
or safety PLC at least suitable
forSIL1 /PLc

Method «BC»

Sensor: differential pressure
sensing device
IEC60730-2-6

jz/
&)

I

Air, 0, fuel ....

=

Logic solver:

Automatic
burner control
IEC 60730-2-5
Method «A»

OR

Safety module, safety relay
or aafety PLC at least suitable
forSIL2 /PLd

Method «BC»

1S.21
Category 4 ; 1002D ; HFT=1

1S.22
Category 1; 1001 ; HFT=0

Sensor: Differential pressure-
sensing device
IEC60730-2-6

’TZ
&)

L

Air, 0,, fuel ...

=

Logic solver:

Automatic
burner control
IEC 60730-2-5
Method «A»

OR

Safety module, safety relay
or aafety PLC at least suitable
for SIL3 /PLe

Method «BC»

Sensor: Differential
pressure-sensing device
IEC60730-2-6

I

Air, O,, fuel ...

Logic solver:

Automatic
burner control
IEC 60730-2-5
Method «A»

OR

Safety module, safety relay
or aafety PLC at least suitable
forSIL1 /PLc

Method «BC»

1S.23
Category 2; 1001D ; HFT=0

1S.24
Category 4 ; 1002D ; HFT=1

Sensor: Differential
pressure-sensing device
IEC 60730-2-6 and certified
suitable for SIL 2 or PL d

applications

F —

Air, 0,, fuel ....

Logic solver:

Automatic
burner control
IEC 60730-2-5
Method «A»

OR (NOTE Figure E.2)

Safety module, safety relay
or safety PLC at least suitable
for SIL2 /PLd

Method «BC»

Sensor: Differential pressure-
sensing device
IEC60730-2-6

Air, 0y, fuel ....

Logic solver:

Automatic
burner control
IEC 60730-2-5
Method «A»

OR (NOTE Figure E.2)

Safety module, safety relay
or safety PLC at least suitable
forSIL3 /PLe

Method «BC»

Figure E.4 — Flow sensing and status detection
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IS.30
Category 1; 1001 ; HFT=0

1S.31
Category 2 ; 1001D ; HFT=0

Sensor: Transmitters suitable for
SIL 1/ PL c applications

4-20 mA
A —
4-20 mA
AT —

Logic solver:

Safety module or safety
PLC at least suitable for SIL
1/PLc

Method «BC» or «D»

Air, 0y, fuel ....

Sensor: Transmitters
certified suitable for
SIL 2 / PL d applications

m 4-20 mA
\_/

Logic solver:

4-20mA Safety module or safety

PLC at least suitable for SIL
2/PLd

Method «BC» or «D»

Air, 0,, fuel ....

1S.32
Category 4 ; 1002D ; HFT=1

Sensor: Transmitters certified suitable
for SIL 3 / PL e applications

/PT 4-20 mA
.:. £20ma
Logic solver:
EE;; 4-20 mA
Safety module or safety
_@% PLC at least suitable for SIL
3/PLe

4-20 mA

Method «BC» or «D»

Air, 0y, fuel ....

Figure E.5 — Mass flow measuring
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1S.33 1S.34
Category 1; 1ool ; HFT=0 Category 2 ; 1001D ; HFT=0
- - Sensor: 0, transmitter
Sensor: O, transmitter certified suitable for T
suitable for SIL 1/ PLc SIL 2 / PL d applications
applications Logic solver:

Logic solver:

4-20 mA
m Safety module or safety 4-20 mA
J PLC at least suitable for SIL /0, Safety module or safety

PLC atleast suitable for SIL
1/PLc ' 2/PLd
Method «BC» or «D» Method «<BC» or «D»
TPE flue TPE flue
gas [ gas
IS.35 1S.36
Category 4 ; 1002D ; HFT=1 Category 1; 100l ; HFT=0
Sensor: 0, transmitter Sensor: XX gas | -

certified suitable for —_— transmitter suitable for

SIL 3 / PL e applications ..
420 mA SIL 1/ PL c applications Logic solver:
m Logic solver: _
' 4-20 mA Safety module or safety
Safety module or safety PLC at least suitable for SIL
PLC atleast suitable for SIL 1/PLc
m 4-20 mA 3/PLe
' Method «BC» or «D» Method «BC» or «D>»
TPE flue
TPE flue gas
gas .
1S.37 1S.38
Category 2 ; 1001D ; HFT=0 Category 4 ; 1002D ; HFT=1
Sensor: XX gas transmitter Sensor: XX gas transmitter
certified suitable for ————— certified suitable for
SIL 2 / PL d applications SIL 3/ PLe applications T

4-20 mA

Logic solver: Logic solver:

4-20 mA
Safety module or safety Safety module or safety
PLC atleast suitable for SIL PLC at least suitable for SIL
2/PLd 4-20 mA 3/PLe

Method «BC» or «D» Method «BC» or «D»

TPE flue

gas TPE flue

—_—— - gas -_— - -

NOTE “XX” refers to Oz, CO and/or unburned fuel.

Figure E.6 — Flue gas sensing and status detection
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1S.40

Category 1; 1001D ; HFT=0

Sensor:
Flame sensor

(ionization or UV-sensor)

IEC60730-2-5

—AF——

Logic solver:

Automatic burner control
IEC 60730-2-5

Method «A»

1S.41

Category 3; 1001D ; HFT=0

Sensor:
Flame sensor
(ionization or UV-sensor)
IEC60730-2-5

———

Flame
detector
device

IEC
60730-2-5

Logic solver:

Safety PLC atleast
suitable for
SIL3/PLe

Method «BC» or «D»
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Figure E.7 — Flame sensing and status detection
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E.2.2 Overview of different requirements for output subfunctions
0S.1 0S.2
Category 1; 1002 ; HFT=1 Category 3 or 4; 1002D ; HFT=1
Final element: m Final element: T 7777777 o
Automatic shut-off valve Automatic shut-off valve | Zli:;eogfizesc;oélfgz ﬁ\\
1S0 23551-1 (gas) 1SO 23551-1 (gas) } closure
150 23553-1 (oil) 150 23553-1 (oil)
———- R A

Logic solver:

Automatic burner control
IEC 60730-2-5

Method «A»

Logicsolver:

Automatic burner control
IEC 60730-2-5

AND/OR
Safety PLC

atleast suitable for
SIL3/PLe

Method «BC» or «D»

0S.3 0S.4
Category 3 or 4 ; 1002D ; HFT=1 Category 3 or 4; 1002D ; HFT=1
(proof of closure)

Final element: Automatic shut-off valve
1SO 23551-1 (gas)
-_— 1SO 23553-1 (oil)

Logic solver:

Safety module,
safety relay or
safety PLC at
least suitable for

Proving

SIL3/PLe

Method «BC» or «D»

Final element: Automatic shut-off valve
1SO 23551-1 (gas)
- 1SO 23553-1 (oil)

Logic solver:
Safety PLC at
least suitable for

SIL3/PLe

Method «BC» or «D»

0S.5
Category 1; 1002 ; HFT=1

Final element: ﬁ\\

Automatic shut-off valve
ISO 23551-1 (gas)
1SO 23553-1 (oil)

Logic solver:

Safety module, safety
relay or safety PLC at
least suitable for
SIL1/PLc

Method «BC» or «D»

Figure E.8 — Direct fuel command
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0S.10 0S.11
Category 4 ; 1002D ; HFT=1 Category 4 ; 1002D ; HFT=1
Final element: Safety relay Final element: Safety relay
IEC 60947-5-1 or IEC 60947-4-1 IEC 60947-5-1 or IEC 60947-4-1
Logic solver: _ EII_ _ / Logic solver: /
Safety module, safety | Safety module, safety

relay or safety PLC relay or safety PLC

atleast suitable for atleast suitable for ] —
SIL3/PLe SIL3/PLe
Method «BC» or «D» - E _/ Method «BC» or «D» -

Figure E.9 — Indirect fuel command

E.3 Examples of safety functions

Figures E.10 to E.28 show examples of safety functions using methods A, BC, or D.

1S.40 LOGIC SOLVER 0S.1

Final element: Automatic
Sensor: shut-off valve
Flame sensor 150 23551-1 (gas)

C 1S0 23553-1 (oil
(ionization or UV -sensor) (oih

IEC 60730-2-5
—A—1+— Logic solver:

=%
- < Automatic burner control
’

IEC 60730-2-5

NOTE 1 Example of a method A application.
NOTE 2 Safety function: flame monitoring.

Figure E.10 — Example safety function - 01
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1S.10 LOGIC SOLVER 0S.1
Final element: Automatic //\\
Sensor: shut-off valve
Pressure-sensing device 1SO 23551-1 (gas)
IEC 60730-2-6 1S0O 23553-1 (oil)
Logicsolver:

—}
I

Automatic burner control
IEC 60730-2-5

Air, 0,, fuel ....

NOTE 1 Example of a method A application.

NOTE 2 Safety function: high or low pressure monitoring.

Figure E.11 — Example safety function - 02

[S.10 LOGIC SOLVER 0S.5
Final element: Automatic
shut-off valve
ISO 23551-1 (gas)
Sensor:

Pressure-sensing device
IEC 60730-2-6

—7}
L

Logic solver:
Safety module, safety relay or
safety PLC at least suitable for
SIL1/PLc

Method « BC»

1SO 23553-1 (oil)

]

Air, 0y, fuel ....

NOTE 1 Example of a method BC application.

NOTE 2 Safety function: high or low pressure monitoring up to SIL 1 / PL c.

Figure E.12 — Example safety function - 03
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Pressure-sensing device

suitable for SIL 2 or PL d
applications

—F

IEC 60730-2-6 and certified

L

Air, 0y, fuel ....

Logicsolver:

Safety module, safety relay or
safety PLC at least suitable for
SIL3/PLe

[S.14 LOGIC SOLVER 0S.3
Sensor: Final element: Automatic shut-off valve
1SO 23551-1 (gas)
1SO 23553-1 (oil)

proving

NOTE 1 Example of a method BC application.
NOTE 2 Safety function: high or low pressure monitoring up to SIL 2 / PL d.

Figure E.13 — Example safety function - 04

TPE chamber
temperature

IS.3 LOGIC SOLVER 0S.4
Final element: Automatic shut-off valve
ISO 23551-1 (gas)
Sensor: | _15023553-1(ol) __ _
Thermocouple |
Temperature Logic solver: |
Safety temperature limit controller |
at least suitable for
Temperature SIL3/PLe \

NOTE 1 Example of a method BCapplication.
NOTE 2 Safety function: high-temperature limit monitoring up to SIL 3 / PLe.
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Figure E.14 — Example safety function - 05
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1S.41

LOGIC SOLVER

0S.3

Sensor:
Flame sensor
(ionization or UV-sensor)
IEC 60730-2-5
Flame

— detector

9 N device
(

IEC
60730-2-5

Logic solver:

Safety PLC at least suitable for

SIL3/PLe

Final element: Automatic shut-off valve
1SO 23551 -1 (gas)
1S0 23553 -1 (oil)

Proving

NOTE 1 Example of a method BC or D application.
NOTE 2 Safety function: flame monitoring up to SIL 3 / PL e.

Figure E.15 — Example safety function - 06

1S.17

LOGIC SOLVER

0S.3

Sensor: Pressure transmitter
certified suitable for

Final e

lement: Automatic shut-off valve
1SO 23551-1 (gas)

SIL 2 / PL d applications

m 4-20 mA
\_/

Air, 0,, fuel ....

Logic solver:

Safety module or safety PLC
at least suitable for
SIL3/PLe

1SO 23553-1 (oil)

Valve-

proving

NOTE 1 Example of a method BC or D application.
NOTE 2 Safety function: high and/or low pressure monitoring up to SIL 2 / PL d.

Figure E.16 — Example safety function - 07
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IS.15 LOGIC SOLVER 0S.4
Sensor: Final element: Automatic shut-off valve
Pressuresensing device IS0 23551-1 (gas)
IEC 60730-2-6 150235531l

—F)

Logic solver: |

I

Safety module, safety relay or
safety PLC at least suitable for
SIL3/PLe |

Ll |

Air, 0y, fuel ....

—7)

NOTE 1 Example of a method BCapplication.

NOTE 2 Safety function: high or low pressure monitoring up to SIL 3 / PL e.

Figure E.17 — Example safety function - 08

1S.41 LOGIC SOLVER 0S.4

Final element: Automatic shut-off valve

1S0 23551-1 (gas)

Sensor: 1S0 23553-1 (oil)
Flame sensor

(ionization or UVsensor)
IEC 60730-2-5

Flame

T getector Logicsolver:
9 N\ device
_< Safety PLC at least suitable for
, IEC SIL3/PLe
60730-2-5

NOTE 1 Example of a method BCor D application.
NOTE 2 Safety function: flame monitoring up to SIL 3 / PL e.

Figure E.18 — Example safety function - 09
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LOGIC SOLVER 0S.11

IS.23

Sensor: Differential
pressuresensing device
IEC 60730-2-6 and certified
suitable for SIL 2 or PL d
applications

Final element: Safety relay
IEC 60947-5-1 or IEC 60947 -4-1

Logic solver:

Safety module, safety relay or
safety PLC at least suitable for

SIL3/PLe

Air, 0, fuel ....

NOTE 1 Example of a method BCapplication.
NOTE 2 Safety function: low air flow monitoring up to SIL 2 / PL d (e.g. for furnace purge).

Figure E.19 — Example safety function - 10

[S.14 LOGIC SOLVER 0S.3,0S.11
Sensor: Final element: Safety relay
IEC 60947-5-1 or IEC 60947-4-1

Pressure-sensing device
IEC 60730-2-6 and certified
suitable for SIL 2 or PL d

applications

—}

I—

Air, 0, fuel ....

Sensor:
Pressure-sensing device
IEC 60730-2-6 and certified
suitable for SIL 2 or PL d

applications

—7

Logicsolver:

-/

Safety module, safety relay or
safety PLC at least suitable for

I

SIL2 /PLd I:j 7/
Final element: Automatic shut-off valve
1SO 23551-1 (gas)
IS0 23553-1 (oil)
Logicsolver:

Safety PLC at least suitable for
SIL3/PLe

Air, 0,, fuel ....

proving

NOTE 1 Example of a method BCapplication.
NOTE 2 Safety function: high and low pressure monitoring up to SIL 2 / PL d.

Figure E.20 — Example safety function - 11
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1S.34,1S.37 LOGIC SOLVER 0S.3

Sensor: O, transmitter
certified suitable for
SIL 2 / PL d applications

m 4-20 mA Final element: Automatic shut-off valve
IS0 23551-1 (gas)

' IS0 23553-1 (oil)

TPE flue gas
]

Logicsolver:

Valve-
proving

Safety module or safety PLC <
at least suitable for

SIL3 /PLe
]

Sensor: XX gas transmitter
certified suitable for
SIL 2 / PL d applications

4-20 mA

TPE flue gas

NOTE 1 Example of a method BC or D application.
NOTE 2 Safety function: combustion monitoring up to SIL 3 / PLe.
NOTE 3 XX refers to Oz, CO and/or other unburned fuel as in Figure E.6.

Figure E.21 — Example safety function - 12
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1S.35 LOGIC SOLVER 0S.3
Sen§9r: 02 Fransmitter Final element: Automatic shut-off valve
Certlfled Sultable fOI‘ 1SO 23551-1 (gas)
SIL 3 / PL e applications 1SO 23553-1 (oil)
Logic solver: , o
Safety module or safety PLC e L _[7 =

& 4-20 mA
\_/

TPE flue gas

at least suitable for
SIL3/PLe

NOTE 1 Example of a method BC or D application.
NOTE 2 Safety function: combustion monitoring up to SIL 3 / PLe.

Figure E.22 — Example safety function - 13
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1S.32 LOGIC SOLVER 0S.3
Sensor: Transmitters certified suitable
for SIL 3 / PL e applications
c 4-20 mA
PT 4-20 mA
~— 4-20mA Final element: Automatic shut-off valve
ISO 23551-1 (gas)
TT 4-20 mA 1SO 23553-1 (oil)
. AP 4-20 mA
— 7 AP 4-20 mA
Logic solver: .
. g /[ \ F §
Air, O, Safety module or safety PLC DR |7 &
at least suitable for —‘
(PT;’ 4-20 mA SIL3/PLe
( PT \ 4-20 mA

4-20 mA

4-20 mA
+ AP

AP 4-20 mA

Fuel

< TT ;) —

NOTE 1 Example of a method BC or D application.

NOTE 2 Safety function: air/fuel ratio monitoring up to SIL 3 / PLe.
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1S.31, 1S.37 LOGIC SOLVER

0S.3

Sensor: XX gas transmitter
certified suitable for SIL 2 /
PL d applications

4-20 mA

TPE flue gas

Sensor: Transmitters
certified suitable for
SIL 2 / PL d applications

m 4-20 mA
\_/

TT 4-20 mA Logicsolver:

Safety module or safety PLC
4-20 mA at least suitable for
SIL3/PLe

AiI', Oz
Sensor: Transmitters

certified suitable for
SIL 2 / PL d applications

m 4-20 mA

4-20 mA

+ m 4-20 mA

Fuel

Final element: Automatic shut-off valve
1SO 23551-1 (gas)
IS0 23553-1 (oil)

proving

NOTE 1 Example of a method BC or D application.
NOTE 2 Safety function: air/fuel ratio monitoring up to SIL 3 / PLe.
NOTE 3 XX refers to O,, CO and/or other unburned fuel as in Figure E.6.

Figure E.24 — Example safety function - 15
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1S.32,1S.38 LOGIC SOLVER 0S.3
Sensor: XX gas transmitter
certified suitable for
SIL 3 / PL e applications
4-20 mA
Final element: Automatic shut-off valve
ISO 23551-1 (gas)
1SO 23553-1 (oil)
4-20 mA
TPE flue gas f E
uee Logicsolver: o 2
Sensor: Transmitters E 3
certified suitable for Safety module or safety PLC ~ .
SIL 3 / PL e applications at least suitable for
. 4-20 mA SIL3 /PLe
( PT \ 4-20 mA

EEE;\/ 4-20 mA
( TT\ 4-20 mA

. AP 4-20 mA
AP 4-20 mA
Air, Oy, fuel ....

NOTE 1 Example of a method BC or D application.

NOTE 2 Safety function: combustion monitoring up to SIL 3 / PL e.

NOTE 3 XX refers to O, CO and/or other unburned fuel as in Figure E.6.
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Figure E.25 — Example safety function - 16
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IS.2,1S5.14,1S.40 LOGIC SOLVER 0S.1, 0S.11
Logic solver: ?l;z 7J
Safety module, | Final element:

0S.11

Final element:
0S.11

Final element:
0S.1

Sensor:1S.14 safety relay or
safety PLC at least suitable for
_ SIL2 /PLd E /
Air, 0y, fuel .... |
Logic solver: ?FZ 7/
. Safety module, |
Sensor:1S.14 safety relay or
safety PLC at least suitable for E
. SIL2 /PLd /
Air, 0y, fuel .... |
<Jemperature Logic solver:
Sensor: 1S.2 Safety temperature limit
Temperature controller at least suitable for
< SIL2 /PLd
TPE chamber
temperature
Sensor:1S.40 :_‘:'_ Logic solver:
- Automatic burner control,
IEC 60730-2-5
T .
Sensor: 15.40 . Logic solver:
_ Automatic burner control,
’ IEC 60730-2-5

Final element:
0S.1

Key

I1S.14

IS.2

1S.40

0S.1
0S.1

(see Figure E.2.)
thermocouple (see Figure E.1.)

1

pressure sensing device, IEC 60730-2-6 and certified suitable for SIL 2 or PL d applications

flame sensor (ionization or UV-Sensor), IEC 60730-2-5 (see Figure E.7.)
Safety Relay, IEC 60947-5-1 or IEC 60947-4-1 (see Figure E.9.)
automatic shut-off valve, ISO 23551-1 (gas), ISO 23553-1 (oil) (see Figure E.8.)

NOTE 1 Example of a method BC application.

NOTE 2 Safety function: high and low pressure, and over temperature limit monitoring up to SIL 2 / PL d

for safety chain applications, independent burner flame monitoring.

Figure E.26 — Example safety function - 17
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IS.6,1S.14,1S.41 LOGIC SOLVER 0S.4
Sensor:1S5.14 —
Air, Oy, fuel ....
Sensor:[S.14 —} Final gézment
Air, 0y, fuel ....

Sensor:IS.6

TPE chamber temperature

E EE ; 4-20 mA Logic solver:
Safety PLC

4-20 mA at least suitable for
SIL3 /PLe

Sensor:1S.41

=

Sensor:1S.41

\J

Final element
0S.4

Key

[S.14 pressure sensing device, IEC 60730-2-6 and certified suitable for SIL 2 or PL d applications

(see Figure E.2.)

IS.6 temperature transmitter suitable for SIL 3/PL e applications (see Figure E.2.)

[S.41 flame sensor (ionization or UV-Sensor), IEC 60730-2-5 (see Figure E.7.)

1 flame detector device, IEC 60730-2-5
0S.4  automatic shut-off valve, ISO 23551-1 (gas), ISO 23553-1 (oil) (see Figure E.8.)

NOTE 1 Example of a method BC or D application.

NOTE 2 Safety function: high and low pressure limit monitoring up to SIL 2 / PL d, high temperature limit
monitoring and independent burner flame monitoring up to SIL 3 / PL e.
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1S.32,1S.40

LOGIC SOLVER

0S.1, 0S.11

Sensor:1S.32

Sensor:1S.32

Sensor:1S.40

Sensor:1S.40

[ 4-20 mA
"hhi |

Logic solver:

Safety module or
safety PLC
at least suitable for
SIL3 /PLe

o

Ao

e

0S.11

/
/

Nz

Logic solver:

Automatic burner
control
IEC 60730-2-5

\

N7

ﬁ]

Logic solver:

Automatic burner
control
IEC 60730-2-5

&
&

0S.1

0S.1

Final element

Final element

Final element

Key

IS.32
1S.40
0S.11

0S.1

Transmitters certified suitable for SIL 3/PL e applications (see Figure E.5)
flame sensor (ionization or UV-Sensor), IEC 60730-2-5 (see Figure E.7)
safety relay, IEC 60947-5-1 or [EC 60947-4-1 (see Figure E.9)

automatic shut-off valve, ISO 23551-1 (gas), ISO 23553-1 (oil) (see Figure E.8)

NOTE 1 Example of a method BC or D application.

NOTE 2 Safety function: air/fuel ratio monitoring up to SIL 3 / PL e for safety chain applications,

independent burner flame monitoring.

Figure E.28 — Example safety function - 19
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Annex F
(normative)

Requirements for application software

F.1 In accordance with the required safety integrity level, the chosen programmable protective
equipment and its software shall meet the safety integrity requirements of the particular application:

— correctness of functionality;

— sequencing and time-related information;

— timing constraints;

— concurrency (software interrupts should be avoided);
— data structures and properties;

— design assumptions and dependencies;

— testability.

F.2 The proof of the items listed in E1 shall be carried out by verification and validation steps
according to the design and development phases within the life cycle of the software, including:

— validity of the software requirement specification, and

— completeness, consistency, understandability, and unambiguousness of documentation and
programs.

The application design representations shall be based on a notation (e.g. functional diagram), which
is unambiguously defined or restricted to unambiguously defined features; as far as practicable, the
application design shall minimize the safety-related part of the software. Where the software is to
implement both safety and non-safety functions, then all of the software shall be treated as safety-
related, unless adequate independence between the functions can be demonstrated in the application
design. Where the software is to implement safety functions of different safety integrity levels, then
all of the software shall be treated as belonging to the highest safety integrity level unless adequate
independence between the safety functions of the different safety integrity levels can be shown in
the application design. The justification for independence shall be recorded in the relevant design
documentation.

If software modules proven in operation are to be used as part of the application software, they shall
be clearly identified and documented. The software's suitability in satisfying the requirements of a
particular application shall be justified. Suitability shall be based upon evidence of satisfactory operation
in a similar application or having been subject to the same verification and validation procedures as
would be expected for any newly developed software. For software modules proven in operation, the
extent of testing may be limited to the tests required to ensure proper implementation. Constraints
from the previous software environment (e.g. operating system and compiler dependencies) should
be evaluated. Depending on the nature of the software development, responsibility for conformance
with this annex can vary from the supplier alone, the user alone, or both. The division of responsibility
shall be recorded. The proposed software architecture shall be based on a partitioning into devices/
subsystems, which can be identified to be part of the system software and of the plant-specific
application software.
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The following information shall be provided:

— whether they are new, existing, or proprietary;

— whether they have been previously verified, and if so, their verification conditions;

— whether each subsystem/device is safety-related or not;

— the software safety integrity level of the subsystem/device;

— identification, evaluation and details of the significance of all hardware/software interactions;

— a notation used to represent the architecture which is unambiguously defined or restricted to
unambiguously defined features;

— identification of the design features used for maintaining the safety integrity of all data (this shall
include plant input-output data, communications data, operator interface data, maintenance data
and internal database data).
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