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Non-Destructive Testing Sectional Committee, MTD 21

FOREWORD

This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the Non-
Destructive Testing Sectional Committee had been approved by the Metallurgical Engineering Division
Council.

X-Ray equipments having the focal spot size less than 100 um are referred as Microfocus system. Currently
there are advanced micro-focus systems having focal spot size of even 5 pum. Micro-focus radiography
systems have the capability to examine even the miniature details of an article by using the magnified X-ray
images, which enhances the capability of flaw detection and the reliability. As there is no penumbra effect,
the images obtained have very high resolution.

Currently when there is an advancement of technology, cost effectiveness and weight reduction are major
factors. Accordingly the detection of finer defects and enhancement of reliability are prime factors for not
only for strategic sectors but also for generic applications. These factors necessitates for Microfocus
Radiography inspection and hence a need to have a standard.

This Indian Standard covers the recommended practice for micro-focal radiography of materials,
components and assemblies. The practice outlined in this standard is intended to provide the basis for good
working practices for producing high quality radiographs for inspection of welded joints and castings used
in strategic sectors like Aerospace, Defence and Nuclear etc, turbine blade inspection to detect fine cracks;
Inspection of printed circuit boards (PCB), inspection of tube to tube sheet weld of heat exchangers;
inspection of ceramics and composites to detect micro-voids, etc. This standard deals with micro-focal x-ray
systems, focal spot measuring techniques, magnification, image recording methods and image quality.

The composition of the Committee responsible for the formulation of this standard is given in Annex A.

For the purpose of deciding whether a particular requirements of this standard is complied with, the final
value, observed or calculated, expressing the result of a test or analysis shall be rounded off in accordance
with IS 2 : 2022 ‘Rules for rounding off numerical value (second revision)’. The number of significant
places retained in the rounded off value should be the same as that of the specified value in this standard.
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Draft Indian Standard

MICRO-FOCAL RADIOGRAPHY FOR INDUSTRIAL
COMPONENTS — RECOMMENDED PRACTICES

1 SCOPE

This standard covers the recommended practice for micro-focal radiography of materials, components and
assemblies. The practice outlined in this document is intended to provide the basis for good working
practices for producing high quality radiographs. This standard deals with micro-focal x-ray systems, focal
spot measuring techniques, magnification, image recording methods and image quality.

2 REFERENCES

The following Indian Standard contains provisions, which through reference in this text, constitute provision
of this standard. At the time of the publication, the edition indicated below was valid. All the standards are
subject to revision, and parties to agreement based on this standard are encouraged to investigate the
possibility applying the most recent edition of the standard.

1S No. Title
IS 13805: 2004 General Standard for Qualification and
Certification of Non-Destructive Testing
Personnel - Specification

3 PERSONAL QUALIFICATION

3.1 Personnel designated to carry out microfocal radiography shall be trained on the microfocal x-ray
equipment with hands on training. Training will include troubleshooting and maintenance of the microfocal
x-ray unit and proper handling procedures to prevent any unnecessary issues with being able to reproduce
the desired results. They will be familiar with the operating instructions and shall have a good working
knowledge of the equipment and its limitations.

3.2 Nondestructive testing (NDT) personnel shall be qualified and certified as per IS 13805 or any other
nationally or internationally recognized NDT personnel qualifications practice or standards. Personnel who
are performing Radiography inspection shall have at least Level-I certification and at least Level-1I for
personnel who are performing Interpretation of X-rays (IS 13805).

4 MICRO-FOCAL RADIOGRAPHY

4.1 In conventional radiography units, the size of the focal spot ranges from 1 to 5 mm. Hence to keep
geometric unsharpness (Ug) as low as possible, the film is placed in intimate contact with the object
(minimizing Object to Film Distance (OFD)) and the source to object distance is increased. However, the
Source to Object Distance (SOD) cannot be increased beyond a limit, since this would make the exposure
time impractical. An alternative method is to reduce the focal spot. X-ray equipment in which the size of
the focal spot is between 0.1-1 mm is commonly referred to as minifocus unit while X-ray equipment in
which the focal spot size is less than 0.1 mm or 100 micrometers is referred to as microfocus unit. This
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focal spot is achieved by focusing the electron beam on to the target. Present day microfocus units

have focal spots in the range of 5 — 15 micrometers.

4.2

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

projection. Thus, one of the main parameters which determine the image quality and the detectability of
features is the area from where the X-rays originate commonly known as the “focal spot”. It can be observed
from see Fig.1 that while a point source of radiation produces a sharp image, a large source produces a

diffus

ed image with a large geometric unsharpness. This geometric unsharpness (Ug) primarily depends on

the focal spot size as given by the relation

b)

U f X OFD
*7soD

where

OFD = the object to film distance; and
SOD = the source to object distance.
f = focal spot size

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

Projection magnification:

The object need not be in contact with the film during exposure as in conventional radiography.
Thus one can obtain enlarged primary radiographs with magnifications greater than 2X (see Fig. 1).
Magnification reduces the number of features that is masked by the background image noise thus
enhancing the detection sensitivity of micro-defects.

Improved radiographic contrast:

In conventional radiography, scattered radiation especially generated from within the object reduces
radiographic contrast. In microfocal radiography, since the object is placed away from the film, the
amount of scattered radiation reaching the film is largely reduced. Thus, microfocal radiographs
have better contrast compared to conventional radiographs.

Possibility of object manipulation:

Since the object and the film can be separated without sacrificing image definition, real time
radiography of dynamic / temporally changing events is possible. Further the object can be rotated /
translated within the radiation beam making stereo and microtomography possible. These techniques
allow for better detection of planar defects and greater resolution of detail within the section
thickness.
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FIG. 1 IMAGE DUETO POINT SOURCE OF RADIATION AND LINE SOURECOF
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FIG. 2 MICROFOCAL SPOT MAKESIT POSSIBLE TO HAVE PROJECTIVE
MAGNIFICATIONAND HIGH CONTRAST RADIOGRAPHS DUETO DECREASED SCATTER

RADIATION

Projection magnification has its inherent disadvantages given below:
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a) Since the object is placed closed to the source, a smaller volume of the object is inspected at any one
time as can be seen from see Fig. 2. This means more number of exposures and more number of
films.

b) Since the electrons are focused on to the target, the heat is concentrated in a very small and localized
spot. Hence the target cannot be loaded to a great extent which limits the tube current.

5 PARAMETERS
5.1 Focal Spot in a Microfocus Unit

The X-ray focal spot is characterised by its size, shape and luminance profile. This is of special interest to
both the manufacturer and the user. Determination of focal spot of microfocus units has been a challenge
right from the beginning. Conventional method of focal spot measurement is the pinhole method. However,
due to the difficulty in having pinholes of the order of 0.05 micrometers in high atomic number materials,
this method is difficult to apply. However by using appropriate image processing tools the focal spot size
can be determined. The following methods are used for measurement of focal spot size: a)Scanning Method;

b) Pinhole Method;

c¢) Slit Camera Method;

d) Edge Method;

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

Sphere;
f) Use of Modulation Transfer Function in Determination of Focal Spot Dimensions; and
g) Micro focus Resolution Chart.

5.2 Magnification

5.2.1 The primary advantage of having an extremely small focal spot is projective magnification. This
means that the object need not be in contact with the film during exposure as in conventional radiography.
Thus one can obtain enlarged primary radiographs with magnifications (M) greater than 2X.

The magnification factor is defined as the ratio of the source to imaging plane distance and source to object
distance and is expressed mathematically as follows:

M = SFD / (SFD-OFD)
where

OFD = the object to film distance; and SOD = the
source to object distance.

Simple formula that relates the image blur (Ug) to the magnification (M) and the focal spot size (F) is as
follows:
Ug=F (M-1)

6 MICROFOCUS X-RAY SYSTEM

6.1 Micro-focal X-ray units use either sealed X-ray tubes or a demountable tube. Sealed x-ray tubes have
vacuum system and panoramic or directional rod anode. Demountable X-ray tubes have rotating rod
anode. This is due to considerations like the possibility of replacing the filaments and targets. A typical
microfocus unit consists of:
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a) A X-ray tube head in the form of an O-ring sealed, containing an electron accelerator section, an
electron optics section, and replaceable probe with the actual X-ray emitting element, the target.

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

c) A microprocessor based control console for display of system parameters and provide operator
interface to control the operation of the high voltage generator, electron optics and the vacuum
equipment.

Fig. 3 shows the typical components in a microfocus unit. The electrons are accelerated by the electrical
field between the cathode and the anode, which has a central hole to let the electrons through. The electron
beam is focused on to the target by a set of electromagnetic lenses and deflection coils. This is the most
critical part in a microfocus tube. The field strength of the lenses should be precisely adjusted with the
velocity of the electrons for effectively focusing them onto a small spot on the target surface. After passing
the deflection coils the electrons enter the probe. At the end of the probe is the target. This target can be a
conical target, flat target or thin target. The conical target produces a radial panoramic beam while a thin the
flat target produces a beam in the forward direction and a thick flat target produces a beam in the backward
direction. Thus a variety of probes are possible each with different beam configuration. The probes can be
of varying lengths depending on the requirement ranging from about 10mm to 400 mm and in some special
cases upto 1000 mm. The diameter of the probes can be as small as 8 mm. Probes can also be equipped
with MuMetal shielding to overcome the effects of magnetic fields when examining tubes of magnetic
material which are likely to be magnetized during the welding operation.

Target Tube window

Electromagnetic focusing lens

Deflection Coil

Filament

To Vacuum ] [

system L J
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F1G. 3. TYPICAL COMPONENTSIN MICRO-FOCUS X-RAY UNIT.
6.2 Detector System

Generally in conventional radiography the detector is normally a sheet of photographic film that on exposure
to X- or gamma rays and subsequent development provide a negative image.

Similarly in micro focal radiography, fast, medium and slow films can be used for imaging. Apart from this,
for real time imaging systems, image intensifiers, x-ray sensitive vidicon camera, and higher frame rate (25
fps (frames per second) or higher) flat panels shall be used.

7 APPLICATION AREAS

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

a) Those where conventional radiography cannot be applied due to problems of access such as
evaluation of tube to tube sheet welds of steam generator, mode couplers etc.

b) Those where conventional radiography can be applied but cannot resolve the fine defects necessary
to be detected example detection of microdefects such as voids, microcracks and inhomogenous
distribution of material in ceramics and detection of defects in microelectronic components.

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

requirement due to higher detector unsharpness of real-time systems example online evaluation of
automotive components.

d) for Inspection of Integrated circuits and PCB’s
e) for Inspection of Tube to tube sheet weld inspection
8 SAFETY
Microfocal radiography involves the use of hazardous ionizing radiations. Hence all necessary safety

precautions with respect to location of unit in an appropriate shielded enclosure and also area and personnel
monitoring as stipulated by Atomic Energy Regulatory Board (AERB) shall be followed.
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