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r R i: i: A c e

The purpnsc of th i s teaching syllabus is to provide a resume 
ol' V he ínniimm ntaoiint of i n forma t ion that is consulcrccl to he 
ncccssary for thc instruction of students who are required to take 
an active part in thc use of industrial radiography, or in the 
running of an industrial radiographic department. The time r e ­
quired to covcr thc full syllabus and to complete thc practical 
experinents is about 140 liours. Extra time sliould be allowcd for 
thc conplction of the additional exerciscs on "real life" speci- 
r.icns .

The full syllabus is intended for use in the instruction of 
students who are alrcady professionally qualified in a Science or 
cnginceririg discipline appropriate to quality assurance. However, 
by extracting from the nnin syllabus it is possible to use it for 
thc instruction of tcchnicians and operators who require a limited 
knowledge of certain aspeets of industrial radiography.

Wo two lccturcrs will teach a given subject in an identical 
liianner, although at thc end of the course thcy will have covered 
more or lcss thc same subject matter. In following this syllabus, 
tliercfore, tlic linking up of certain topics could be varied from 
the pattern suggested. Ilowcvcr, the sequcnce adopted lias been 
found to lie logical and gcneralív acccptable in practice. The 
ciepth of instruction must be left to the discretion of the indiv­
idual lecturer who should adapt his treatment of the ¿ubject to 
the ains of his course and the acadcmic level of the students. 
Perhaps the most ii.iportant point to remember is that industrial 
radiography is esscntially a very practical subject. Care should 
be takcn, therefore, to rctain the correct emphasis on the pra c t ­
ical i ti es involved and not to turn thc course into a series of 
lecturcs on nuelear physics and electronic engineering.

J. C. ROCKLHY

buenos Aires, Scptember 1977.

JCR/F.Nb



TRAJIN INC CPU IRSE Ij\’ INDUSTRIAL RADIOGRAPHY.

T II E O R Y

I 'a rt 1: TI IH NATURIi 01; AN INDUSTRIAL RAD10CRAP11.

The Construction of Radiographic Film.

1.1. Types of photographic emulsions: blue-sensitive, 
orthochromatic, panchromatic; spectral sensitivity.

1.2. Radiographic film as a "blue-sensitive" emulsión; 
classification of radiographic film into "screen" 
and "non-screen" types. Sensitivity of radiographic 
film to electro-magnetic radiations, particulate 
radiations, mechanical pressure.

1.3. Construction of radiographic film: nature, thickness, 
and dimensional stability of central s u p p o r t ; "double 
coated" Radiographic film, advantages of double-coated 
film; emulsión composition and thickness; emulsión 
graininess.

The Characteristics of Radiographic Film.

2.1. The concept of image density as log 10 incident light 
intensity/transmitted light intensity.

2.2. The characteristic curve of a "screen" and "non-screen" 
radiographic film; film speed expressed as 1_ when E =

exposure in rontgens; film speed in relation to image 
density; image contrast in relation to image density; 
density limitations in industrial radiographs.

2.3. Conventional "negative" presentation of a radiograph 
;m u I Lts bcaring on rrjdiographic intcrprctation.

2.4. Use of radiographic film: cassettes, envelope-wrapped, 
"roll pack".

Processing Radiographic Film.

3.1. The chemistry of photographic development: developing 
agents and their characteristics; the formation of 
KBr during development; the influence of time, temper- 
ature, and solution agitation on development; the 
function of the alkali, restrainer, and preservative
in a developing solution. (This Section can be related 
to or included in Part 5.3.2).

3.2. Composition and use of developer replenishers.
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3*3. Methods and need for the monitoring of developer act- 
ivity; pH c h e c k s ; use of pre-exposed film strips.

3.4. Chemistry and function of the stop bath.

3.5. Chemistry and function of fixation: types of fixing 
solution.

3.6. Washing and drying radiographic film.

3.7. Automatic and manual processing methods: the need for 
consistency and cleanness in processing; evidence of 
spurious indications due to careless film handling and 
processing; darkroom lay o u t ; safelights: spectral 
transmission, brightness.

4. Radiographic Intensifying Screens.

5.1. The function of intensifying screens. Types of intens­
ifying screens.

5.2. Fluorescent salt screens: operati’ng principies, cons- 
truction, method of use, applications.

5.3. Cha;.acteristics of fLuorescent salt screens: intensif- 
ication factors, variation of intensification factor 
with radiation energy; graininess.

5.4. Metal foil screens: operating principies, construction, 
foil type and thickness, method of use, intensification 
factors, variation of intensification factor with screen 
thickness and radiation energy. Filtration effect of 
front screen.

5.5. The care of intensifying screens in use and storage.

5. Other Recording Media.

6.1. Paper-based emulsions: "x-ray" paper, bromide printing 
paper, photo-stabilisation paper. Construction of 
paper-based recording media.

6.2. Method of use of paper-based emulsions. Avoidance of 
lateral transposition of image.

6.3. Processing paper-based emulsions: "x-ray" paper, bromide 
paper, photo-stabilisation paper.

6.4. Characteristics of paper-based emulsions: density range, 
inherent contrast, speed, graininess of image due to use 
of salt intensifying screen.

6.5. Xero-radiography: construction of xero-radiographic
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plates, chart’.inj', mcthods, exposuro tcchniqucs, 
"dcvelopment", image formation, image recording by 
transfcr, rcmoval of latcnt image.

6.6. Advantaj’cs of xero-radiography, re-usable plates, 
care of plates.

***************
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: *AP.T 2

TI 112 RADIATIONS US12I) IN INDUSTRIAL RADIOGRAPHY

(Note: This section concent,ratcs solely on x- and gamma-radia - 
tion and makes no reCerencc to other radiations such as 
neutrons wliich are not in common routine use in industrial 
radiography).

1 . Nature of the Radiations.

1.1. The electro-magnet Le spcctruin: x- and gamma-radiation 
band commencing at about 2A: identical nature of x- 
and gamma-radiation; x-rays generated by deceleration 
of electrons ; gamna-rays emitted spontaneously by 
radioactivo a t o m s ; terr.iinology (x- and gamma-) to 
designate origins, not n a t u r e ; relationship v = c / A .

2. The Generation o f X-Rays.

2.1. Constr.uction of an x-ray tube: glass envelope; anode, 
target, focal spot, significance of line focus; cathode, 
filamcnt, focussin". cup.

2.2. Method of functioning: provision, application and c o n ­
trol of higli tensión; energy conversión at focal spot, 
eV = h v ; variation of intensity, "heel" effect; con- 
tinuous spectrum; influence of HT waveform on mean 
energy; influence of glass envelope on beam quality; 
control of tube current.

2.3. Types of x-ray sets: classification in terms of kV range, 
portable equipment, static equipment, bi-polar, ring 
radiation, rod anode, micro-focus; tube head mountings, 
need for flcxibility with rigidity; control panels.

3 . The Generation oí Gamr.ia-:ladi at i on .

3.1. Radioactivity: types of radiation, criteria for suit- 
ability as a radiographic source; the curie, specific 
activity, radioactivo decay and half life; line spectra; 
artificial and naturally-occurring sources; source form 
and dimensions; coinnonly available gamma-ray sources.

4 . Properties of X- and Gamma - rati i a t i o n .

4.1. Rectilinear propagation: formation of umbra and p e n ­
umbra; inverse squarelaw.

4.2. Refraction and reflection: reference to Bragg's Law and 
its bearing on diffraction mottle in radiographs.
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4.3. Absorption: linear and mass absorption coe££icients, 
absorption of mono-chromatic and mixed b e a m s ; scat- 
tcrinj’ and plioto-clcctric effects; luminescent prop- 
crtics, fluorescence, phosphorescence in rclation to 
salt intensifying screens; ionisation of gases in 
relation to radiation detection and measurement.

4.4. Photographic cffoct: (lurncy í) Mott theory of latent 
image formation. (Sec also Section 1 "The Nature of 
an Industrial Radiograph".).

4.5. Physiological effects and their relationship to radia­
tion safety. (See also Section 3.1.1.).

5 • T S -°-nc cP.t. P S  iiHiU-iL1 j°n 1 t y .

5.1. The need for the quantification of beam energy: re- 
producib i1 ity of cxposure conditions, variability of 
radiation quality from x-ray tubes as compared with 
gamma-ray sources.

5.2. Methods of quantification: disadvantages in the use 
of vtfavelength, applied kilovoltage; the half-valué 
layer conccpt.

6. Tlic Detection and Monsurcmcnt of X- and Gamma-radiation

6.1. The rangc of measurements required: output perform­
ance of x-ray sets and gamma-ray sources; lealcage of 
radiation in rclation to personnel protection.

6.2. Units of measuremcnt: rontgen, rad, rem.

6.3. Measuring equipmcnt: principies of operation and 
methods of use of ionisation chamber, condenser chamber, 
geiger counters, quartz-fibre electroscopes ; energy 
dependent charactcristics of detecting and measuring 
equipment; influence of "broad beam" conditions on 
measured intensity; calibration of equipment.

6.4. The film-badge: basic principies and manner of use 
of the radiation film badge.

*************
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PART 3.

THE INSTALLATION AND SAFE USE OF RADIOGRAPHIC EQUIPMENT.

1 . Safcty Regulations.

1.1. Regulations: International regulations, recommenda- 
tions, codes of practice; máximum permissible dose 
ratcs for radiation workcrs and o t h e r s ; minimum age 
for radiation workcrs; cumulative dose formula
5 (N-18) r e m . ; medical requirements for radiation 
workers; national regulations governing the installa- 
tion and use of sources of ionising radiation.

1.2. The storage and transport of gairana-ray sources; nation­
al and international regulations.

1.3. The need for staff training in the recognition and 
control of radiation h a z a r d s ; the provision of and 
adherence to correct working procedures.

1.4. The provision of a film badge and radiation monitoring 
scrvicc; the maintenancc of radiation dosage records.

2. l!a_d i_ô r.'iph i c L;il)or;itor i os .

2.1. Selccti011 of sito: ground level site preferred; c o n ­
ven icncc of access with respect to work source; con- 
sideration of adjacent occupied areas.

2.2. Determination of sliielding thickness for a permanent 
laboratory. The following points must be taken into 
consideration: operativo máximum leakage dose-rates 
(0.5, 0.75, 2.5 m r / hour); radiation output at máximum 
kV and i¡iA (x - r a y  sets) and máximum source strength and 
energy (ganma-ray sources) measured at 1 m . ; relate 
máximum radiation output to required leakage dose-rate 
to obtain attenuation factor; use of published attenua- 
tion curves to determine required thickness of lead for 
"broad beam1, conditions; use of lead equivalents for 
other shlelding matcrials; incorporation of existing 
walls as wliole or part of shielding.

2.3. Construction details: continuity of shielding between 
abutting lead panels and at base of shielded walls and 
floor; avoidance of “straight through" radiation leak­
age paths at cable and water pipe entry points, door 
sliielding, wall shielding overlap; avoidance of over- 
head leakage of radiation from open-topped shielded 
cubi el e s .



2.4. Special safety features: f provision o£ door interlock 
switches; provision of audible and/or visual warning 
d e v i c e s ; provision of "panic" switch in exposure room; 
special considerations relating to the use of gamma-ray 
sources; radiation monitor survey of completed instal- 
lation.

Site Radiography.

3.1. Provision of safe working conditions. The following. 
points must be taken into consideration: determina- 
tion of the máximum output of the source (x-ray set, 
gamma-ray source) to be used; use of distance to reduce 
radiation intensity; erection of barriers and warning 
signs; monitor survey around site perimeter; surveil- 
lance of site during exposures

The Use of Gamma-ray Sources.

5.1. Containers for gamma-ray sources; source handling sys- 
tems, mechanical, pneumatic; interlocks; setting-up 
procedure with dummy source; periodic check for leak- 
age of contents from source capsule.



PART 4.

THE PREPARATION AND APPLICATION OF 
RADIOGRAPHIC TECHNIQÜES

(Note: the term "radiographic technique" is ysed to describe a 
method for the radiographic examination of a specific design of 
casting, weldment, or other specimen. A radiographic technique 
will consist of one or more exposures, and gives the required 
degree of coveragc of the specimen concerned.).

1. Preliminary Considerations.

,1.1. Inspectional requirements: extent of coverage, loca- 
tion of any areas of special importance within the 
specimen, anticipated location and nature of defects, 
economic requirements, i.e., avoidance of an excessive 
number of exposures.

1.2. Radiographic requirements: sensitivity required, stand­
ard of image sharpness, ease of application in a routine 
situation.

1.3. Rreakdown of problems into three main areas: selection 
of exposure conditions; number of exposures required 
for complete coverage; selection of aspect for each 
exposure.

2 . Selection of Exposure Conditions.

¿.1 .

2 .2 .

2.3.

2.4.

2.5.

Exposure calculations: variation of exposure time with 
tu.be current (x-rays) , source strength (gamma-ray sources) 
film-focus distance.

Construction and use of an exposure chart: limiting 
parameters including type of equipment, film type, use 
of screens, filters, film-focus distance, material, 
image density, development conditions.

Use of an exposure chart in combination with film charac- 
teristic curve for multi-section specimens.

Radiographic equivalence factors.

Trial and error m e t h o d s : standardisation of certain 
variables, e.g., development conditions; considera­
tions governing initial selection of film type, intens- 
ifying screens, exposure geometry, tube current; trial 
exposures varying kV and time independently; final 
selection of kV and time. ' ■
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3. Number of Exposures and Selection of Aspect.

3.1. Factors influencing the number of exposures required per
specimen:

3.1.1. limited density range of the radiograph imposes 
restrictions on the specimen thickness range 
that can be accommodated in a single exposure, 
e.g., 3:1 for light metáis, 2:1 for dense metáis

3.1.2. the configuration of a complex specimen intro­
duces, in any one exposure, unsuitable aspects 
in some areas and creates a thickness range ex- 
ceeding those quoted in 3.1.1. above

3.1.3. specimens of mixed composition, e.g., metal and 
plástic, may require separate exposures for 
each material.

4. The Radiographic Examination of Castings.

4.1. In teaching this section of the syllabus the aim should 
be to persuade the student to visualise the casting as 
a collection of "basic shapes" rather than one complete 
entity. The "basic shapes" include (a) fíat plates,
(b) L-sections, (c) T-sections, (d) H-sections, (e) 
hollow box (□) sections, (f) solid cylinders, and (g) 
hollow cylinders. If the requirements fox covering
each of these shapes are considered, a technique can then 
be built up in a logical manner for any casting consist- 
ing of one or more of these shapes. In practice care 
has to be taken to ensure that this fundamental approach 
does not exelude consideration of other over-riding r e ­
quirements, e.g. the need to include a particular aspect 
to detect a defect that aligns itself in a particular 
plañe, or the possibility of duplication of coverage 
of certain areas. Provided that due attention is paid 
to these other considerations, the "basic shape" approach 
induces a logical and thorough approach to technique 
compilation.

4.2. The treatment of basic shapes:

4.2.1. Fiat P í a t e .

I
i

l
(■) (?) (3)



At least three approaches are available. Of those shown 
above N°3 is preferred £or the following reasons:

(a) the shorter path length for the radiation 
through the specimen ensures the detection 
of finer detail

(b) the more natural projection of this aspect 
avoids excessive super-imposition of detail.

4,2.2. L-sections.

- 10 -

Film

Treat as two fíat plates. In Fig. 1 exposures 
A and B are made to cover the upright and 
horizontal areas respectively. Neither A ñor 
B reveáis the junetion area (unshaded). A 
third exposure (C in Fig. 2) is required for 
this area. Exposure C in Fig. 2 may sometimes 
give an acceptable illustration of the entire 
piece provided that the image unsharpness in- 
duced by distance D is within acceptable limits. 
An alternative to C, Fig. 2, is shown in Fig. 3. 
However, this latter approach creates the pos- 
sibility of severe pressure marking in the 
radiograph at point x if the film is forced 
around a sharp radius. This approach is not 
suitable for exposures requiring the use of 
intensifying screens.

4.2.3. T and H-sections.

Film C
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The "fíat píate" approach is adopted. Exposure A 
(Fig. 1) covers part of the horizontal airea and 
its junction with the upright member. A similar 
exposure (B Fig. 1) completes the coverage of these 
arcas. A third exposure (C Fig. 2) is used to 
cover thc vertical member.

The central web of the II-section is covered by 
the "fíat píate" approach (Fig. 3). Jf it is 
difficult to position the film in the A1 position, 
position A2 can be used as an alternative. In 
the latter instánce the film-focus distance 
nust be incrcased to off-set the unsharpness 
arising from the object-film distance intro- 
duced by the A2 film position. The remainder 
of the piece is covered by the exposure A in 
Fig. 4 and the three similar exposures B, C, 
and D .

4.2.4. IIollow Box Sections.
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Fig. 1 illustrates an approach that is suit- 
able for open-ended box sections free from 
internal details that might prevent the posi- 
tioning of the film within the box section. 
Exposure A, Fig. 1 may be used to cover the 
side. Exposure B, Fig. 1 is intended to 
cover the junction area between two walls.
In some circumstances Exposure B may also 
provide an adequate illustration of the ad- 
jacent w a l l s .

Fig. 2 illustrates an approach for use when 
the film cannot be positioned inside the box 
section. This approach is based on the "double- 
wall, double-image" principie (see 4.2.6) 
and requires two exposure? for complete cover­
age. Note that the beam axis in both expo­
sures iá slightly off-set from the diagonal 
joining opposite corners in order to reduce 
the thickness changes.

Fig. 1 shows a method 
for the radiography of 
a simple cylinder with- 
out any associated at- 
tachments. One exposure 
as shown is usually suf- 
ficient for cylinders 
up to 25 mm. in dia- 
meters. Larger dia- 
meters will require 
two such exposures, 
one at a lower kilo- 
voltage for the thin- 
ner peripheral areas 
and a second in the 
same direction at a 
higher kilovoltage for 
the central thicker 
areas. (See also 
"Contrast Reduction 
Me t h o d s " ) . In casting 
radiography solid c y l ­
inders are often en- 
countered as bosses, 
etc,, and in such in- 
stances it may be pos- 
sible to utilise an 

«xposure aligned with the longitudinal axis of 
the b o s s . (See Fig. 2). The advantages of this 
approach are that it presents a uniform thickness 
and may align the beam with the main axis of any 
shrinkage piping that might develop in the boss.

Solid Cylinders.
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J Beam

4.2.6. Hollow Cylinders.

4.2.6.1. fhere are two methods by which hollow 
cylinders may be examined:

(a) "double-wall, double-image",

(b) "single-wall, single-image".

"Double-wall, double-image" methods are 
suitable for use when it is not possible 
to position the film or the radiation 
source inside the cylinder. They are, 
in general, more suited to the examination 
of hollow cylinders of relatively small 
outside diameter (e.g. 150 mm. max.).
Their application to cylinders of larger 
diameter is not usually economically 
viable because of the long exposure times 
involved with such specimens. Single-wall 
methods can be applied only to open-ended 
cylinders.



4.2.6.2. Double-wall, double-image.

Exposure 
A A B

pxposure A (Fig. 1) covers those segments 
of the wall between parallel lines AA*/BB* 
A second expoáure in the direction of 
arrow B covers the remaining segments 
between parallel lines CC*/DD*. It can 
be seen from Fig. 2 that provided that R 
does not exceed 1.4 x r, two exposures 
mutually at 90° separation will give com­
plete coverage of the walls of the cylin- 
der.
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When R exceeds 1.4 x r (Fig. 1) the number of exposures re- 
quited for complete coverage of a hollow cylinder by the 
"double-wall, double-image" method is as follows:

(a) when R/r is not greater than 2, use 3 exposures 
at 120° around the circumference, (see Fig. 2),

(b) when R/r is greater than 2, use 5 exposures at 
40° separation within one half of the circumfer- 
ence, (see Fig. 3).

1c
Fig. 2

Three exposures 
tarrows A,B,C,) at 
120°separation. 
Coverage of each 
exposure indicated 
by lettered pairs of 
parallel lines.

Five exposures 
(arrows 1 to 5) 
at 40° separation. 
Coverage of indiv­
idual exposures 
indicated by pairs 
of numbered paral­
lel lines.

'm
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4.2.6.3. Single wall-single image.

Fig. 1 illustrates a method in which the 
radiation source is located outside the 
cylinder and the film is placed in con- 
tact with the inside surface of the cyl­
inder wall. -The exteñt of coverage around 
the cylinder wall given in a single film 
should be such that the radiation path 
length through the cylinder wall at film 
extremities is not increased by more than 
10% of the nominal wall thickness. The 
angular separation between exposures 
B , Fig. 1) must be selected to ensure 

that there is continuous overlap of 
coverage through the wall thickness be- 
tw'een adjacent films. A marker should^ 
be placed on the outer surface to confirm 
that overlap has been obtained. Fig. 2 
shows lack of overlap arises when an ex- 
cessive angular separation is used.

4.2.6.4. "Rotation” method. single-wall, single-image.

This method is suitable for plain, open- 
ended cylinders free from upstanding in- 
ternal or external surface features such 
as bosses, ribs, etc., and having a wall
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thickness up to about 6 mm. max. The 
beam of radiation is centred on a narrow 
slit (about 2-3 mm. in width) in a sheet 
of lead of sufficier.t thickness t o a b -  
sorb completely the beam of radiation.
The cylindcr, with film and lead-backing 
inserted, is positioned with its centre 
in the plañe, of the slit and with its outer 
surface just clearing the lead sheet.
The cylinder is rotated under the slit 
during the exposure of the film. The 
minimum speed of rotation of the cylinder 
should be such that the time taken for 
a point on its outer surface to move past 
the slit is equal to the exposure time 
required to produce a conventional radio- 
graph of the cylinder wall. On this 
basis a single rotation will yield a 
radiograph of the entire cylinder wall. 
Faster speeds of rotation will require 
more than one rotation of the cylinder 
to produce a satisfactorily exposed 
radiograph, the number of rotations r e ­
quired being based on thé ratio of the 
actual speed of rotation to the basic 
speed of rotation. (High rotational 
speeds should be avolded in order to 
eliminate a stroboscopic effect in the 
radiographic image arising from t h e 1 
pulsed output of certain types of x-ray 
sets.) Information on the parameters
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controlling the image quality of rota- 
tion radiographs are given in Brit. J. of 
NDT Vol. 19 N*3, pages 122-125, May 1977).

4.2.6.5. Film outside, source inside, cylinder, 
single-wall, single-image.

over-lap at ends.

This method is suitable for use with gamma- 
ray sources and "ring radiation" x-ray 
tubes. Using such sources, which are 
located at the geometric centre of the 
cylinder, the wall of the cylinder can 
be completely covered in a single exposure. 
Length-wise coverage will require the use 
of a series of such exposures along the 
length of the cylinder. Overlap between 
separate "bands" will be based on the 
"increased path length" concept referred 
to in 4.2.6.3, together with the use of 
verification markers.

Rod anode x-ray tubes can be employed 
for this method, but in this instance cir- 
cumferential coverage will be obtained by 
the use of a series of separate, over- 
lapping exposures.

5. Contrast Control Methods.

5.1. Contrast Reduction.

5.1.1. Contrast reduction methods are for use with speci 
mens that, because of a very wide thickness range 
create a "high contrast" image, i.e., the thickes 
and thinnest areas cannot be accommodated within 
the normal acceptable image density range of a 
single radiograph. Contrast reduction techniques 
overcome this problem by the use of a greatly

rt
»
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increased radiation energy, sometimes in combina- 
tion with an artificial build-up of the thinner 
sections. It follows, thercíore, that such methods 
will always rcsult in a degradation of image qual- 
ity in the thinner areas of the specimen. The loss 
of quality must be assessed in the light of the 
relevant inspectional requirements before such 
methods are to be used in any particular applica- 
t i o n .

5.1.2. Immersion Methods.

5.1,3

These are suitable for small specimens that can 
be immersed conveniently in a tank of radio- 
opaque fluid that just covers the thickest section,

Solutions used should have an absorption coef- 
ficient similar to that of the specimen and may 
be carbón tetrachloride (for light metáis) and 
an aqueous solution of lead nitrate (for dense 
m e t á i s ) . The strength of the latter solution 
should be adjusted by experiment to suit the 
specimen. NOTF.: check for compatibility between 
specimen and solution. Thoroughly wash and dry 
specimens after immersion in aqueous solutions. 
LEAD NITRATE IS VERY TOXIC: RUBBER GLOVES MUST 
BE WORN WIIEN IT IS HANDLED.

Build-up Methods.

Smrsrfs o f  «ATW'W* WP 

SMtiAftt T»

N u M a S H  fp RCDUtS TWf
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In a'build-up" mcthod, additional material is 
added to the thinner section in order to reduce 
the thickness range of the specimen. The added 
material is usually in the form of sheet material 
having absorption characteristics similar to those 
of the material of the specimen; alternatively 
a lesser thickness of more dense material can be 
cmploycd. "Build-up" methods tend to create a 
shadow pattern that is superimposed on the main 
image in the radiograph. This may interfere 
with the interpreta!ion of the main image details.

This method is based on the simultaneous exposure 
of a slow and a fast radiographic film in the 
same cassette. The exposure is made at a kilo- 
voltage suited to the thickest section in the 
specimen. (No additional material is placed on 
the thinner sections). The exposure is adjusted 
by experimer.t to yield a satisfactory image 
density for thc thin sections on the slower film, 
whilc the thickest sections are recorded on the 
faster film. If the exposure requires the use 
of lead screens, an intermedíate screen should 
be placed between the two films. This screen 
is not mounted on a card support. (See Fig.-2).

5.1.4. Double Film Method.

B ita»*

L p g  £>-f»osvae
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5.1.5. Increased Energy Hethod.

An increase in radiation energy, e.g. the use of 
Iridium 192 in place of 200 kV x-rays, will give 
a considerable reduction in image contrast. No 
exact guidance can be given. Individual cases 
should be investigated by experiin.ent.

6. The Radiography of Weldments.

6.1. General Considerations.

(a) Tn the examination of a weldmcnt, radiography is restircted 
to the weld run and the immediately adjacent heat-affected 
zones. The radiographic examination is not concerned with 
the body of the weldment.

(b) The radiographic examination of welds in certain fields
of engineering, e.g., pipe-lines, pressure vessels, boilers, 
nuclear installations, is governed by well-established codes 
of practico such as those issued by ASME. These codes of 
practico may stipulato the techniques (aspects, number of 
shots) and exposure conditions that are to be used in 
specific instances.

6.2. Rasic Principies.

(a) Weld defects fall into two distinct categories (1) "volume" 
defects such as porositv, discreto gas cavities, slag in- 
clusions and (2) "laminar" defects such as cracks, lack of 
side and inter-run fusión.

(b) "Volume" defects, because of their geometric form, are 
capable of detcction fron most angles of view. "Laminar" 
defects, because they lie in a single plañe, are detectable 
only when the bean angle coincides with a major plañe of 
the defect; in addition, wi'dth and length of the image
of a laminar defect must exceed the total unsharpness of 
the radiographic process if the defect is to be detected.

(c) Surface features such as under-cutting, shrinkage grooves, 
spatter, grinding and cliipping m a r k s , and the surface con- 
dition of the weld bend in the instance of undressed welds 
tend to be a greater hazard in the interpretation of weld 
radiographs thr,n in the interpretat ion of radiographs of 
ca s tings.

6.7>. Practical Tcchniques.

6.3.1. Rutt-welds in píate.



-22-

\ ‘

i— y  v

9 0 *

Fig. 1. IJ-preparation.

Fig. 2 .Vee-preparation.

Depending upon the edge-preparation of the píate a 
single exposare at 00° (Fig. 1. U-prcparation) or.two 
angled exposures (Fig. ¿Vee-preparation) may be re- 
quired. In the latter instance, economic considera - 
tions may forcc the adoption of a single 90° shot.

Fij’. 3. Linit of Coverage.

The length of weld run to be covered in a single radio- 
graph should be such that the radiation path length 
through the weld at the film extremities is not more 
than 10» greater than the píate thickness, i.e., as 
shown in Fig. 3, T' should not exceed 1.1T, where T 
is the píate thickness and T' the increased path length.

6.4. Circuniferential Butt-wclds in Pipe.

6.4.1. Double-wall, double inage techniques are based on
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IMA

the principies described for hollow cylinders 
in Part 4, 4. 2.6. 2. The following modif ication 
should be introduced for the radiographic examina- 
tion of circumferential butt-welds in the pipe. 
(Scc Tij*. 4). The beam is off-set to separate 
in the radiograph the images of the upper and. 
lowor segments of the weld recorded in a single

Fig. 4. Off-set beam method.

6.4.2. Single-wall, single-image techniques similar to 
those described in Part 4, 4.2.6.3. and 4.2.6.5. 
can be employed when the interior of the pipe is 
acccssiblc and, in the instance of 4.2.6.5, when 
the pipe dimensions do not introduce the possibility 
of excessive image unsharpness due to short source- 
film distances.

Techniques based on that described in Part 4,
4.2.6.3. are affected by a marked increase in 
the thickness to be penetrated at the film ex- 
tremities as the curvature of the specimen in- 
creasinglv aligns itself with the beam path 
((see Fifi*. 5). The restriction on the length 
of weld covered in a single exposure is governed 
liy tho principie mentioned in 6.3.1. above. Figs. 
4aand 4b show the application of this principie 
in the exanination of a circumferential butt-weld



Source
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6.5. Fillet Welds, Píate-to-Píate.

The direction of the beam of radiation is aligned to 
coincide with the plañe of the edge preparation (see 
Figs. 5 and 5a).
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6.6. Fillet Welds. Nozzles.

The following methods are based on the ASME Boiler and 
Pressure Vessel Code.

The radiation bcam direction is aligncd to coincide with 
the plañe of the edge preparation. Circumferential cover- 
anc is obtainc.d by adherence to the principies in Part 4, 
4^2.6.1. to 4.2.6. 3. as appropr iate', in conjunction with 
the guidance giveh in Part 4, 6.4.2.

6.7. Identification of Radiographs.

Care rnust be taken to cnablc all radiographs to be accurate- 
ly correlated with the áreas of the weld run that they 
illústrate. Identification may be carried out by means 
of pernanent marks (lcttcrs or numeráis) placed on the 
weldment, over v/hicii are positioned corresponding lead 
lcttcrs or numeráis thnt nrc rcproduced in the radiograph.
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Overlapping radiographs bear identical reference letters 
or numeráis in the nrca of overlap (see Fig, 7). Some

P\tTA?í,- í
/ 3 *

}

j s p m m z X

__________

Fio,. 7. Identification of Radiographs.

Codcs of I’ractice nay stipulate the method of Identifica­
tion to be used.

7 . Defcct Localisation.

7.1. Stereoscopic Methods.

The principies of stereoscopic visión; types and use of 
stereoscopes; stereoradiographic methods; maintenance of 
correct perspective when working at FFD's greater than normal 
rcading (viewing) distance.

7.2. Triangulation Methods.

7.2.1. Tube-shift method involving double exposed film using 
half normal exposure time in each instance. In Fig. 8, 
a = tubo shiCt, d = height of flaw above film, b - image 
shift, t = film-focus distance.

P F  -ruótí.
JVsrttw» 

V ,  o r  -ruftg

i

T

bt
a+F

Fig. 8* Tube-shift Method.
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7.2.2. Graphical method,

(Fig. 10)

(a) Place a marke* (see Fig. 9) on the upper and 
lower surfaces of the defective layer. Measure the 
height above the film of the upper and lower markers. 
(If the lower surface of the layer is in contacta 
with the film, height of lower marker can be taken
as zero) .

(b) Make two exposures on one film as in 7.2.1., i.e., 
with known tube shift be,tween exposures, half exposure 
time in each instance.

(c) Measure image shift for upper marker, lower marker, 
and flaw. (If the lower marker and film were in con- 
tact, image shift for lower marker will be zero).

(d) Join with a straight line on the graph those 
points corresponding to "height above film" and 
"image shift" for each marker. (See Fig. 10).

(e) Read off "height above film" corresponding to 
measured "image shiít" of flaw.
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PART 5.

RADIOGRAPHIC QUALITY.

1. The Naturc of Radiographic Quality.

1.1. Given that a suitable aspect is employed (see Part 4,
4.1. to 4.2.6.4.), the standárd of radiographic quality 
achieved is controlled by the combined effects of two 
main factors :

(a) image sharpness, and
(b) image contrast.

1.2. Definition of image sharpness and image contrast; quant- 
ification of image sharpness and image contrast.

1.3. Verification of radiographic quality. by the use of an 
image quality indicator (IQI); definition of radiographic 
sensitiv^ty; types of IQI and their incluence on seri- 
sitivity valúes achieved; relationship between achieved 
sensitivity and minimum detectable size of defect.

2. Factors Influencing Image Sharpness.

2.1. Geometric factors: the formation of penumbra in shadow 
projection; 0.25 mm. as an acceptable standard of pen- 
umbral width; geomet^ical relationship between source 
dimensions, source-object distance, oaject-film distance; 
practical implications of object-film distance in rela- 
tion to specimen thickness and hollow objects examined
by the "double-wall, double-image" method; advantages of 
projection techniques with inicro-focus equipment.

2.2. Unsharpness duc to movemcnt: avoidance of relative move- 
mcnt of source, film, and specimen during exposure.

2.3. Sources of movement: unstable mounting of radiation 
source, vibration transmitted from adjacent heávy plant; 
wind-induced movement of light structures, e.g. aircraft, 
during site radiography.

2.4. Inhcrent unsharpness due to film characteristics: e m u l ­
sión graininess; influence of radiation energy on grain- 
incss; influence of parallax effect (doiible-coated films) 
on appn^ont sharpness in oblique aspects.
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PARALLAX IiPFnCT.

The radiograph appears unsharp when viewed in 
the normal manner, i.e., from position B, due 
to.tlie separation of the individual image de- 
tails. If viewed along the heam axis, the 
separate images super-impose themselves to 
give a sharp image. This effect is particu- 
larly noticeable on fine discrete image details.

Effcct of fluorcscent salt screens on image sharpness.

Ihe measurement of inherent unsliarpness by the use of a 
sharp edge; Klasen's method from Philips Research Reports 
Yol. 1 N 4 241-249.



2.7. The combined effects of múltiple sources of unsharpness; 

UT ** + U. whcre U » geometric unsharpness, * 

inherent unsharpress, and UT « unsharpness, (TOTAL).

Factors Influencing Image Contrast.

3.1. The place of high contrast and low contrast radiographs 
in industrial radiography.

3.2. The influence of image density on image contrast; the 
influence of devclopmcnt conditions on image contrast; 
the influence of the duration of development on image 
contrast; the influence of film agitation during devel­
opment on image contrast. (See Part 1, 3.1).

3.3. The influence of scattercd radiation on image contrast: 
principies, practico, and effect of the use of lead back- 
ing, tube diaphragms, filtration at tube and between 
specimen and film. Effect of filter composition and 
thickness; composite filters. Principies, practice, 
and effect of the use of lead intensitying screens; 
effect of lead screon thickness ; general use of lead 
screens for exposure at 120 kV or higher energy.

3.4. The effect of radiation energy on image contrast. 
(See also Part 5, 5.1.1.).



THE INTERPRETATION OF RADIOGRAPHIC E V I D E N C E .

The Scopc  o f  I n t e r p r e t a t i o n .

1.1. The functions of the interpreter: correlation of speci­
men identity with radiographs; verification of correct 
application of technique; checking adequacy of r a d i o ­
graphic quality; identification of defect type and 
degree of severity; identification of evidence of super 
ficial irre^ularities and film faults; correlation of 
radiographic évidence with prescribed acceptance stand- 
a r d s ; preparation of radiographic report.

1.2. Essential background knowledge: familiarity with the 
principies and practico of radiography; familiarity 
with the metallurgy of castings and/or welding; f a m ­
iliarity with appropriate engineering processes and 
procedures.

Hquipmcnt and linv i ro nmen t .

2.1. Viewing lunterns: brightncss, uniformity of illumina- 
tion, "higli-1 iglit" vicwcr, masking of illuminated area.

2.2. Ancillary cquipment: stereoscopes, introscopes, densi- 
tometers.

2.3. Film viewing environment: room or cubi.de capable of 
being darkened, frecdom from interruption.

I:i 1 in Viewing iMcthods and Reporting.

3.1. Systematic scanning of radiographs; need to anticipate 
the unexpected indication; marking radiographs to ident 
fy indications; double scrutiny; the preparation of 
routine and investigatory reports; correlation of 
radiographic evidence with the results of other tests; 
the preparation and application of acceptance standards; 
ASTM standards.

The Interpretation of Radiographic Evidence.

4.1. The identification of metallurgical defects: character- 
istic appearance of void-typc flaws arising from gas 
and/or shrinkage in castings and welds; flaws arising
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from localised changes in compositión (segregation, in- 
clusions in castings and welds); laminar-type defects, 
influence of flaw orientation on appearance and detect- 
ability of laminar-typc flaws.

4.2. The Identification of flaws in non-metals: voids, cracks, 
inclusions in plastics; metal inserís in plástic mould- 
ings.

4.3. The identification of flaws in aircraft structures: 
recognition of structural details, rivets, spot welds, 
lightening holes, paint and adhesive layers, corrosion, 
"staggered" cracks, paint-filled cracks.

4.4. The recognition of film artefacts: developer and hypo 
splashes, developer Mflow line¿", static, pressuré marks 
prior to and after exposure, screen defects, surface dirt 
and cóntamination; the inspection of the film emulsión 
by refletted light.

t
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P,xpcri incnt N ° 1 .

P u r p o s e : to determine the shape and size oí the focal spot of 
an x-ray tube; to note the x-ray emission intensity 
across the face of the focal spot and target.

Special apparatus requiréd:

1 sheet of lead 100 x 100 x 2 mm. with a central hole 
0.5 mm. in diameter. The sheet must be fíat and the 
hole undistorted. The axis of the hole must be at 90° 
to the surface of the sheet.

M e t h o d : place the lead sheet and the film in separate parallel 
planes. Centre the cone of x-rays on the hole in the 
sheet of lead so that the central ray is aligned with 
the axis of the hole.

The method is based on the principies of the "pin-hole" 
cañera. Select a kilovoltage that will not penetrate 
the lead sheet, i.e., about 60 kV to 80 kV. A short ex- 
posure (about 30 secs. to 60 secs., depending upon film 
type, tube current, etc.) will produce an image of the 
focal spot and, if the exposure is not excessive, the 
x-ray intensit/ distribution across, the face of the focal 
spot. If distances A and B (see sketch) are equal the 
image will be natural size. If B is increased with 
respect to A, an enlargement factor of B/A is obtained.
A prolonged exposure, while over-exposing the image of 
the focal spot, will reveal an image of the complete 
tube target due to x-rays excited by bombardment of 
the target face by secondary clectrons.



Purpose: to demónstrate the increase in image-unsharpness with 
increasing object-film distance. '

Special apparatus roquired:

a piece of fine wire gauze (iron or copper) about 
100 x 100 mm.

Method: by means of a simple prop, set the gauze at an angle of 
about 40° to the film. Using a relatively low kilo- 
voltage (about 60-80 kV) obtain a low density radiograph 
(about 1.0) of the gauze. Use a film-focus distance of 
50 cms.

Experiment N°2.

' ’

Note the increasing unsharpness of the images of the wire 
strands as the distance between the film and the specimen 
(the gauze) ircreases.

The experiment mny be repeated with an identieal film- 
focus ti is t inco using an x-ray tube having a smaller (or 
a larger) focal spot to demónstrate the effect of focal 
spot size on image sharpness; similarly, using one x-ray 
tube only repeat the experiment at different film-focal 
spot distances.
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Hxperiment N°3.

Pur p o s e : to demónstrate the existence of scattered radiation in an 
industrial radiograph.

Special equipment rcquired:

(1) a lead block 10 min. tthick and 100 mm. square. The 
block contains two holes, 25mm. in diameter and 5 mm. in 
diameter as shown in thc sketch.

A

too

.------------n

(2) 25 aluminium alloy sheets 2 x 100 x 100 mm.

Principies involvcd:

When a beam of x-rays passes through a layer of material 
in radiography, the radiation reaching the film is com- 
prised of (a) primary radiatión that has passed undeviated 
through the layer to form the radiographic image and (Id) 
scattered radiation that is random in direction and which 
fogs the true image. In this experiment the larger hole 
transmits both typcs of radiation while the smaller hole 
transmits only thosc rays parallel to its a x i s t i.e., the 
primary radiation.*

M e t h o d :

Place the lead block on a film and centre the x-ray 
tube so that the central ray of the beam of x-rays is 
aligned with the axis of the smaller hole. Place a 
given number of aluminium alloy sheets on top of the 
lead block.
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Mcasurc the ir.iage density formed by the larger diameter 
hole and the smaller diameter hole. Convert the density 
valúes to relative exposure valúes by means of the charac- 
teristic curve of the film. The density (or exposure) 
for the larger hole is due tov primary and scattered 
radiation. The density (or exposure) for the smaller 
hole is due almost entirely* to primary radiation.
The difference in exposure gives the amount of exposure 
due to scattered radiation. From the figures obtained 
find the rntio of primary to scattered radiation. Keep- 
ing the kilovoltage constant radiograph increasing thick- 
nesses of píate, taking care to produce approximately 
the same density of image for the small hole. Plot the 
ratio of primary to scattered radiation against píate 
thickness, and comment on the result achieved.

* This statcment is not completely accürate, but is adequate for 
the purposes of th:'s experiment.
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P u r p o s c : 

Sjicc i a 1

M e t h o d :

nxpcriment N°4»

to demónstrate the effect of an increase in radiation 
energy on the contrast of a radiograph.

npparatus ro(Hiircd:

a stepped wedge made in aluminium alloy and ranging in 
thickness from 5 mm. to 40 mm. by increments of 5 mm.
Use an x-ray set with a working range that does not 
exc.ccd 160 kV.

produce two separate radiographs of the wedge using the 
same type of film and identical processing conditions 
in each case, and the following exposure conditions:

Radiograph N°1 : 40 kV, 1 m. film-focus distance.
N°2 : 110 kV, "

Use an exposure time in each case that produces a film 
density of 1.5 on the 20 mm. step of the wedge.

Plot a curve of density versus thickness for each radio­
graph, and observe the slopes of the curves. If _the 
minimum discetnible density difference in a radiograph 
is 0.01, calcúlate the minimum detectable thickness 
chance that this represents in the two radiographs.

>
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li xpcr i mcnt  N ° 5 .

Purpose.: to produce a characteristic curve of a radiographic film. 

Spccial apparatus required: N o n o .

M e t h o d : (1) take a sheet of the film to be tested and cut from it 
a strip 20 mm. wide. Retain this strip in the darkroom 
in a location where it will be free from exposure to 
light, x-rays, and gamma-rays.

(2) UsLng a second piece of film (not that remaining 
after the removal of the 20 mm. wide strip) find by ex- 
perimént the exposure time required to produce a density 
of 4.0 at 80 kV and 1 m. film-focus distance.

(3) using the rémainder of the first sheet, expose the 
filii: in a series of bands that will yield densities from 
about 0.4 to 4.0. It is desirable that the majority of 
the exposures be concentrated over the first quarter of 
the exposure time scale.

(4) process the film and the strip cut from it simul- 
taneously in the same tank of developer. (The strip
will be used for measuring the density for zero exposure).

(5) express the exposure (time x mA) as log relative 
exposure valúes and plot these valúes against measured 
density. This will give the characteristic curve of the
f i l m .

(6) measure the slope of the characteristic curve at
a nurnber of density valúes between 0.5 and 4.0 and plot 
a second curve of slope versus density.



Experiment N°6.

Purpose: to demónstrate the principies of radiographic coverage 
in certain common configurations encountered in engin- 
eering components.

Spccial apparatus required:

2 cylinders and 1 angled píate as shown in the sketches 
below, made in aluminium alloy.

19 heles 2 mm. diam. 
at 10°invervals

Main cylindcr

Insert cylinder
10 mm. 
i i 

»» !■*— 10 mm,

60 80 
mm . mm.
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Method: (1) place the main cylinder on a radiographic film so 
that the 19 drilled holes are positioned in the seg- 
ment of the wall remóte from the film as shown below:

Make an exposure at 80 kV, 1 m. film-focus distance.
Count the number of holes that are clearly revealed 
within the correctly exposed area of the radiograph. 
Identify those holes that are not clearly revealed.
Turn the cylinder through 90° about its longitudinal 
axis and repeat the exposure on a second film, and note 
that the holes not previously revealed are now clearly 
shown in the second radiograph.

(2) Place the "insert" cylinder inside the main cylin­
der. Using 110 kV and 1 m. film-focus distance, prepare 
two radiographs as in (1) above. Determine whether 
overlap of coverage occurs between these two radiographs. 
If oveilap does not occur use the formulae given in 
Part 4, 4.2.6.2. to calcúlate the number of exposures 
required to give complete coverage

(3) Using 80 kV and 1 m. film-focus distance, obtain 
three radiographs in the ihanher shown iñ the following 
sketch:
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Comment on the coverage obtained in each radiograph. 
Discuss the suitability of exposure N°3 as a general 
view of the entire specimen* notifig in particular the 
degree of image sharpness obtained over the uppermost 
parts of the vertical píate.

************* ( I

ADPITIONAL EXERCISES.

The students should be given a number of castings and weld- 
ments to radiograph. These specincns should be manufactüred in 
light metáis and dense metáis, and should contain a variety of 
configurations and a range of thickncsses that will enable the 
principies given in Pait 4 to be applied.

The instructor in charge of these exercises should allow the 
candidatos to work on their own initiative with the minimum of 
guidance. The candldates* final techniques.should be critically 
assessed, and guidance given where necessary to enable them to 
be reduced to econonical working methods without sacrifice of 
coverage. In addition to exercises involving practical radiography, 
the students should be required to learn the use of radiation 
monitoring cquipment. This can be done by allowing them to survey 
an existing x-ray laboratory, and to verify the adequacy of the 
safety system cmploycd in a sitc-radiography situation.

JCR/ENB


