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This report included the following contents; radiographic contrast,
radiographic conditions and image quality of radiograph, determination of
exposure conditions, viewing conditions and image quality of radiograph,
improvement of image quality of radiograph and conversion of penetrameter

sensitivity.

Moreover, the contents from practical field such as characteric curves,
method of preparing exposure chart of obtaining absorptien ceoefficient and
ccattered radiation to direct radiation ratio had been shown in Appendices

of the report.

Kevwords: Radiographic Contrast, Image Quality, Exposure Conditioms,
Penetrameter Sensitivity, Characteristic Curves, Exposure Chart,
Scattered X-Rays, Absorption Coefficient, Scattered Radiation

to Direct, Radiation Ratio.

This report has been compiled as a lecture notes, which was presented
to the 2nd Singapore training course for "Regional training of advanced

non-destructive testing"
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Preface

This report has been compiled-as a lecture notes, which was presented
to the 2nd Singapore training course for "Regional training of advanced
non—-destructive testing'' organized and financially supported by International

Atomic Energy Agency /RCA and implemented by the Expert Advisory Group.

This report included the following contents; radiographic contrast,
radiographic conditions and image quality of radiograph, determination of
exposure conditions, viewing conditions and image quality of radiograph and

conversion of penetrameter sensitivity.

Moreover, the contents from practical field such as characteristic
curves, method of preparing exposure chart and of obtaining absorption
coefficient and scattered radiation to direct radiation had been shown in

Appendices of the report.

Whether a defect can be identified on a radiograph. or not is determined
by the relationship between the density difference shown by defect image,
namely, the radiographic contrast corresponding to the defect and the
minimum density difference that allows the defect to be identified, namely,

the minimum perceptible density difference.

To discuss the perceptibility of a defect quantitatively, it is nece-
ssary to obtain the value of the minimum perceptible density difference
which is related to the image size and radiographic density, brightrness of
£i1m illuminator and observation conditions of film. This report may pro-—
vide for the useful examination techniques in order to detect the internal

défects.

(it



JAERI-M 85-180

Contents

Page
1. Radiographic COMETASE .ewecenreersrermsrrrenr oo fnnnnnnns 1
1.1 Film contrast Y .........................; .................... 1
1.2 Absorption coefficient Lp ..ceevaernererrvnmreermrmrrrinstnny 1
1.3 Correction coefficient © ..................................;... 2
1.4 Scattered radiation to direct radiation
intensity ratio ........ e ee e R 2
9. TRadiographic Conditioms and Image Quality of Radiograph ........ 5
2.1 Radiation quality and influence of scattered radiation ......- 5
9. 7 1Influence of photographic density <..... e asa e 7
2.3 Influence of gebmetrical CONGitionNs +evennsoanessveanssanarres 8
2 &4 Influence of combination of radiographic screen
B = £ H R 12
3. Determination of Exposure CORAitioNs +eveorennronromsosnesaescsy 15
3.1 How to determine exposure CONAitiONS +eesnnmaccrreesssmemaanny 15
4. Viewing Conditions and Image Quality of Radiograph ..........--- 18
4.1 Apparent radiographic €ORELASL woeveennarenmmnmrmrmrrrrrrtenry 18
4.2 TInfluence of the brightness of Film 111luminatoT ..veenecnveens 18
4.3 Influence of room DTightneSs ..eevesnsvervrrnnmrrmmsrsnsrss 19
5. Improvement of Image Quality of Radiograph . «....eererervrreerses 21
5.1 Detection of defect ...iesevenerervenr et itnTnne 21
5 o Minimum perceptible COREYASL ....eeverrcrreeraeerermmernnonnnns 21
5.3 Method of improving the image quality of radiograph .........- 22
5.4 Method of improving the image quality by enhancing the
radiographic CORMETASE .oeeeenrnvnrnrenrrrnree rrrsrsfn i nnns 23
5.4.1 TImprovement of image quality by reduction of
scattered direct radiation intensity Tatlo ...oeveeenrvrnren 23
5.4.2 Improvement of image quality by gselection of
optimum X-ray quality ...eevevveercernrrremr it 29
5.5 Methods of improving the image quality by lowering
minimum perceptible CONETASE veeesereeserrrnenrmsrrrssrs st 31
5.5.1 Improvement of image quality by selection of proper
radiographic SCTEEMS ...snvoarsvsnnorerrrrrrorerrinins 31
5.5.2 Enlarging radiography .....c.ecerecerurnerermrenrrsnnnts 32
6. Conversion of Penetrameter SenSLLiVIEY cevvenvrronsneasunenneens 34
6.1 Conversion of the sensitivity of penetrameters differing
I8 MATETIAL wvvrenressreneasersannsensanserecssesres oot 34
6.2 Conversion of penetrameter sensitivity when the |
penetrameter profile differs ..coeeevnseerinienronnrerrrennres 38

(V)



JAERI- M, 85-180

Page,

Acknowledgements
References
Appendix A Characteristic CUTVES ...uoesevanessrecenmamererrses 42
Appendix B Method of preparing exposure chart when the

amount of scattered ¥-rays is negligibly small ....... 42
Appendix C Method of preparing exposure chart when there

are scattered X—TAYS ceceasrsrerrenerernres s 45
Appendix D Method of obtaining absorption coefficient and

scattered direct radiation intensity ratio ..........- 47

(v



JAERI-M 85-180

g s
1. BRI D Y R J A b e 1
L] T aT b TR R F s 1
Lo TG pp e T UOT U RP [T U PISPPPPTRPR P 1
L8 RRIEMGEL @ eeeeeeeeeeeoeioe e -9
LA BUELEE  m eereeeeeeesmeeeesesie s 9
2‘ _ﬁ%%ﬁ%{ﬁ: &EI‘@EE G)@E .............................................................................. 5
01 EE SIS OBE TR T T U TP ST UV U VPSP PPRPR PP PP 5
22 Eﬁ{%ﬁ@gﬁ}z Prevesseerssese s R R L LR R R RETRRSE 7
0 7 BEEISEEIERER DR e s e 8
04 XET 4 vbEERAEOAG RICE BRAE e 12
3 EEHSLEDERE TR T OO PO O P PP P PP PR EERPRSTPT T TTDRRRITELLE 15
31 EHEEORHIT e TP PP PR PRSP PP PP PSP 15
L EAEHOBESEHEGE oo LTSRS 8
A1 NGO b 5 A R oo 18
49 7 AEEREO BE QB e ' .18
43 EPEOERDE DS e 19
5 EBEEOREORE e SUTUUT U USSP OO UOPRPPT PR PPPSIPRTPE 21
5.1 IRBEMARHL  oreeeseesemsormssts e 21
59 EPIERD Y R AR e TR e et r e 21
6.8 MREEBE DA TE  rovereeeemr s 29
c 4 ABMEBEOI VA FERNSETREEEETLLIE oo 23
541 HEHEARELIERTE 1k HRERE DTG oo 23
c 40 REXEOHEAERT D ECESGRERBOFEE oo 29
5.5 HARKDS YR PEETEETREERES e oo 31
55 1 MEEOEIRT ST EICEBQPEEEQHIE e 31
650 FBELBLODILA oo 32
6 EBEEIVERRIEL DELEL  ceoveroee e 34
6.1 *;jgﬁ;i_-f; 5&5‘3%@%%\; ........................................................................... 34
69 FBEIH OGN HPEOME oo 38
T
LXK
FFERA BEHEIER  oveeeiors e e e 42
B E&E‘Lﬁ’é}’é‘i B OFE BRI D FEREFEE oo 49
FEEC  BEEASUIEAOBMERIOMERAE oo 45
ED  TULFE & BELHLDIRIST vt &7

(vid



JAERI-M B85-180

1. Radiographic Contrast

Radiographic contrast AD correspoending to a wire of diameter d of a pene-
trameter placed on a plate whose thickness is T can be obtained from the
fellowing formula,

AD = -0.434yupod/{14+n) .......... (1.1)
where

Y Gradient of the tangential line at density D of X-ray
film characteristic curve

ue X-ray quality when the sensitivity coefficient of the
¥~ray film is considered

a Correction coefficients by focal spot size and geometrical
conditions of irradiation

n Quotient obtained by the dose rate of the scattered

radiation that reaches the X-ray film uniformly
muitiplied by its sensitivity coefficient divided
by the dose rate of the penetrated radiation multi-

~plied by its sensitivity coefficient

Therefore, once basic data on each factor is obtained, AD corresponding
to the radiographic conditicns can be obtained by calculation.

1.1 Film contrast 7y :
Fig. 1.1 shows a characteristic curve

of the no-screen type .X-ray film as 4.0
an example. Assuming that Yy is the
gradient of a straiglit line that con-
nects two points corresponding to 3.0k
D+ 0.1 and D -~ 0.1, the relationship
between density D and Y is as shown L
in Fig. 1.2.

Wnen the screen type X-ray film is 2.0
combined with a fluorescent inten-—
sifying screen, the characteristic
curve will be as shown in Fig. 1.3, 1.0
and the relationship between the

density and Y will be as shown in -

Fig. 1.4, 0 ' |

' 0.001 ¢. 01 0.1 1.0

1.2 Absorption coefficient lp R

Absorption coefficients u
decrease with increase in the
thickness of an absorber to be Fig. 1.1 Dose characteristic
radiographed even when the tube curve of no-screen
voltage of an X-ray unit is type X-ray film
constant, but the "absorption {film SAKURA R, mno
coefficient can be regarded as intensifying screen,
nearly constant when the thick- Konidel X 20°C, 5-min
ness becomes greater than a tank)

certain value.
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50
13t
3.0+
o 2.5}
; 2.0t
coLsf
1.0t
Lol 0.5}
0051 01520253005
log relative exposure
2o}
Fig. 1.3 Characteristic curve of
fluorescent intensifying
10 screen type X-ray film
(#400, KZ-S5, Rendol,
20°C, 5-min pan)
, s "
0 1.0 2.0 3.0

Fig. 1.2 Relationship between . 2.0 //,z”"‘“ag\\
density and Y

1.

3

(obtained from Fig. 1.1) o
55 Lo 1.5 2.0 2.5 3.0
D
Fig. 1.4 Relationship between
density and Yy {obtained

from Fig. 1.3)

When the dose rate is 1 mRE/min mA at a distance of 1 m -- which is a
practical exposure condition —— after X-rays generated by a tube voltage
of the X-ray unit have penetrated a steel plate of proper thickness, the
quality of the penetrating radiation is expressed by U (Fe), and the
relationship between the tube voltage and U (Fe) is shown in Fig. 1.5

as an example.

When | is constant, up can be 600 0.42 cmml

regarded as being equal to U even 13704 0.58 e

if the absorber thickness increases,
with the result that Up is even-
tually the same as U (Fe).

1827y .67 cm

L2 R
7T T

Correction coefficient G

When radiography is made with the
arrangement shown in Fig. 1.6,
the apparent focal spot size . ir
d' at the position of a wire of ) , i
a penetrameter can be obtained wo 200 300
from the following formula. KW

i {Fe)em™!

Fig. 1.5 Relationship between

1

tube voltage and (Fe)

{(X-ray unit MACROTARK

HI
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A" = ER/L eeenieniannenns s (1.2)

where, % is the distance from the center of the wire to the film, and
I is the focus-film distance.
Fig. 1.7 shows the relationship between d'/d and o.

t-—f—:j Focus
!
a; b: b,
a | b_
| & ! d”
1.
o
| 1
L ¢, i d,
; NEi
1 Z DY*' penetrameter
Eﬁ/gay/ ?fa?/ Test piece
e 7 // Fig. 1.7 Relationship between
l \ d'/d and ¢ (wire)
P ¥ray film

Fig. 1.6 Absorption of X-rays by wire
of penetrameter

Focal spot size .

Focus—£film distance (F.F.D)

: Wire diameter

Penetrameter-film distance

= o

1.4 Scattered radiation to direct radiation intensity ratio

Scattered direct radiation intensity ratioc n can be obtained from the
fellowing formula.

= (kg Ig)/(ka Ta) evvvreeeeoananes (1.3)

where,
kg: Sensitivity coefficient of X-ray film as against
quality of scattered radiation

Ig: Scattered dose rate

ka: Sensitivity coefficient of X-ray film as against
quality of penetrating radiation

I5: Penetrating dose rate

Fig. 1.8 shows the scattered direct radiation intensity ratio of SUS304
stainless steel measured by using X-ray film.
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WELTES 260D

RR+Pb 0.03

F-F.D.60 cm

Diaphragm Lead 75 mm dia.
Radiation field 350 mm dia.
Cassette and sample are

in intimate contact,

Fig. 1.8

10 20 30
Test piece thickness T(SUS27)

40

(o}

Scattered direct radiation
intensity ratio when sensi-
tivity coefficient of X-ray
film is considered
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2. Radiographic Conditions and Image Quality of Radiogréph
2.1 Radiation quality and influence of scattered radiation

In formula (1.1) which represents radiographic contrast AD, U
represents the radiation quality. It shows that the greater U and
the smaller n, the greater the radiographic contrast. In radiography,
therefore, the image quality is affected by how the radiation qualicy
is selected and how the scattered radiation is eliminated.

(1) Quality of X-rays and dose rate

In practical applications of normal radiographic examination,

the tube voltage and tube current are used as a guide to

express the radiation quaiity and dose rate, where the difference
in the radiation quality is expressed by the difference in

the tube voltage and the difference in the dose rate is expressed
by the difference in the tube current. However, the difference
in the tube voltage represents not only the radiation quality

but alsoc the difference in the dose rate.

Comparison of the dose rates
per 1 mA of tube current at
different tube voltages at

a distance of 1 m ysing 11
types of X-rays units from
A through K shows that the
dose rate differs widely

ar the same tube voltage

and tube current if the X-
ray unit differs as shown

in Fig. 2.1. It has also
been revealed by measuring
the half value layer (HVL)
that the radiation quality
algo differs from one X-ray
unit to another. To select
a right type of X-ray unit,
rough judgement can be made
by preparing a correct ] Fig. 2.1
exposure chart and checking

the penetrameter sensitivity.

—
L2
4

at 1m

R/minXmA
=
T

0.5

0 20 50 B0 100120140 60180200 220240 260
kVp
Comparison between
varicus tube voltages
and radiation dose
(2) Change in radiographic cen- rates
trast by radiation quality

Radiographic contrast AD for a -small defect whose thickness is AT
is as shown in formula (1.1). To detect very small defects whose
thickness is AT, it is necessary to increase AD. To do so, it is
necessary tc increase v, ki, and ¢ and decrease n, as shown in for-
mula (1.1). Of these factors, p and n change greatly depending on
the type of the source used for ‘radiographic inspection, that is,
the radiation quality.
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Regarding X-rays, it is

obvious that the absorp-

tion coefficient of X- 3t FFD 1000 mm
rays is greater than these Radiation

of 60Co, 1370 and !'?%1r field 500 mm
sources as shown in Fig. 1.5. = 2F dia.
when absorption coefficient Steel plate

U (Fe) is considered as the ,///’—\\\‘x thickness 40 mm
radiation quality corres- i \\\\\‘w”

ponding to the tube voltage. ' X-ray unlt ™ 10w

Fig. 2.2 shows the " cizskyg)ff?ll! TUG

relationship between the 100 200 560 1006 2000

effective energy and the . kVeff

§catte§ed dirgct ?adiation Fig. 2.2 Relationship between

intensity ratio with respect effective energy and

zi.aksteel pi?tehOf c?nstant scattered direct radia-
LCANESS. there is no tion intensity ratio

change in the type of the
X-ray film, density of the
radicgraph, and
photographic arrangement,
the radiographic contrast
of a very small defect
whose thickness is AT is

Table 2.1 Relationship between Type
of source and uU/{1 + 1)
(Test piece 20-mm—thick
steel plate)

proportional to u/(1 + n), Source H(Fe) Iyves/| n EE—(Cmdl
and this can be calculated. (cm™") +n
Table 2.1 shows the result ?I%?Ykgnlt 2.9 12011.9 0.76
of u/{l + n) calculated for P)
an'X~ra¥anit ands%amma ray 192¢, 0.67 45012.1 0.22
units ("7°Ir and " "Co) -
Table 2.1 shows that u/ Co 0.42 |[1,25011.2 0.19
(1 + n), that is, radio-
graphic contrast AD is ;
greater with the X-ray unit 20, 000} Soft X-ray unit MGL50
(tube wvoltage 175 kVp) and 10, 000 o Normal X-ray unit
decreases in order of !'*?Ir W 7,000 MACROTANK H
and ®%Co sources. @ g 50
The solid lines in Fig. 2.3 L T

- © 2. 000 150kV
represent the absorption _ " W T~ T 100kV
curves for a soft X-ray unit. g L%S\\ ];E}\
The broken lines represent B SWR - v
the absorption curves for = g%: T~
portable X-ray units which - ! \\i?*V
are commonly used for steels. 5-5 ?g_ - \\\

: o B ~
To obtain the same dose rate g - ~a 5okV
. . U £~

of penetration for an aluminum V= 3? S
plate of the same thickness, ? 25KV @*5:~
it is necessary for the X-ray 17 345678910
unit to imcrease the tube material thickness (A2)mm

voltage of Normal X ray unit
for steel inspection, thus
resulting in low radiographic
contrast.

Fig. 2.3 Compariscn of absorption
curves by two types of
X-ray units
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(3) Change in radiographic contrast due to scattered radiation

Factors that affect the scattered direct radiation intensity ratio
include the profile of the test cbject, besides the radiation
quality. TFor example, when the reinforcement of a weld is high,
X-rays that penetrate the base metal are much more intense than
the X-rays that penetrate the weld and the scattered radiation
emitted by X~rays that irradiate the base metal are much more
intense than those emitted by X-rays that irradiate the weld, so
that the scattered radiation from the base metal adjacent to the
weld join the X-rays that have penetrated the weld and the
scattered direct radiation intensity ratio at the center of the
weld increases as shown in.Fig. 2.4, resulting in low gquality of
the radiographic image.

2.0

0.50

radiation intensity n

~Scattered radiation to direct

a L . L

Height of

Width of reinforcement 20 mm
Profile of reinforcement cross section

Part of arc

reinforcement 4 mmo Solid line

Measured Calculated
Height of value value
reinforcement 2 mmh Broken line

|

0 3 i0 15

Distance from end of reinforcement

20 25’ 30

Fig. 2.4 Scattered radiation to

direct radiation
intensity ratio at
different peositicns
of weld

100 kv eff

Focus-film distance 800 mm
Film-test piece distance 2 mm
Field of radiation: 200 mm dia.
Thickness of test piece: 12 mm
Test piece: Steel

If X-rays are generated with the radiation port fully opened with no
diaphragm and no mask, the scattered radiation is enitted from
portions other than the necessary area of the test piece, resulting

in an unsharp image.

2.2 Influence of photographic density

Radiographic contrast AD when the density of a radicgraph has changed
is proportional only to film contrast Y.

As shown in Fig. 1.2, with no-screen X-ray film (low sensitivity,
ultra~fine grain film), Yy increases almost linearly with increase in
density. This means that AD increases with increase in density.
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The relationship between the density and minimum perceptible con-
trast ADmin of the wire image is as shown in Fig. 2.5. Here, as
long as AD corresponding to wire diameter d is above ADmin corres-
ponding to wire diametexr d, a wire with a diameter of d is percep-
tible. That is, in the low density range where Y is small, radio-
graphic contrast AD is smaller than ADmin. Thus the wire 1is not
perceptible. On the other hand, in the high density range where
increase in ADmin due to demsity is greater than increase in AD,
the wire is not perceptible.

It is normal that the reinforcement height of a weld is not uniform
and the density of the radicgraph corresponding to the base metal
differs from that corresponding to the weld.

Not }
Perceptible]

Density range in
which wire diameter]Not perceptible
d is perceptible o

AZ/////

log &AD

ADmin corresponding to
wire diameter 4

~__

AD correspeonding to wire
diameter d

D ‘
Fig. 2.5 Relationship between
density, AD and ADmin

2.3 Influence of geometrical conditions

Since various factors such as exposure time, photographic density,
influence on the penetrameter sensitivity are related to each other
in radiography, the geometrical arrangement of radiography cannot

be determined in general term. Geometrical facctors to be consider-
ed include the following.

(1) Dimenmsions of focus and source

In actual radiography with X-rays, the effective focus size dif-
fers depending on the direction of the heam even in the same
radiation field, as can be seen from Fig. 2.6, making it necessary
to identify the size of the effective focus size in each direction
of the beams when rigorous inspection is required.

Regarding the size of the gamma ray source, the dimensions are
known from the source manufacturer and its indication is used as
it is.
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X-ray tube axis

Cathode —-————:Z
—_ =
—_— ~ . E

___::EZJ o Filament
(: NN S
X-ray axis _hﬁﬁq__‘:_it ; \\:<¢%?> | :;zgaiiﬁzcal
| Fx \(F-"

l :
fx,
I:%? Effective focal

fy, Spot 5ize

Fig. 2.6 Focal spot size
of X-ray tube

(2) Radiographic unsharpness and enlarged image due to foecal spot
size and geometrical arrangement
One of the influences by geometrical conditions is the radio-
graphic unsharpness due to the focal spot size of the X-ray unit

or the size of the gamma ray source.
Given that the focal spot size is f, the distance between the
focus and defect is L;, the distance between the defect and X-ray
film is L , and the size of the defect is d, the relationship
between the radiographic image and geometrical arrangement is as

shown in Fig. 2.7.

f
L
—d
La
——tt e Wy
|—-W
7

(s

(a) (b)
Enlargement of the image Enlargement of the image
when the focal spot size - when the focal spot size

can be ignored against is taken into consideration

the defect size

Fig. 2.7 Influence of geometrical arrangement
on radiographic image
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In (a), in which the focus size is very small and is assumed to
be a peint, there is mo penumbra of the image.
In (b), in which the focus has a size of f, a penumbra is produced
on the outer periphery of the image, creating geometrical unsharp-
ness of the image.
The size of this unsharpness varies with focal spot size f and
the distances between focus, defect and film. Given the size of
the unsharpness is u,;, it can be obtained from the following
formula.
Ly

u; = f Ll . (2.1)
As can be seen from Fig. 2.7, the size of defect image w is magni-
fied more thar the size of defect d.
Fig. 2.7 (a) is a case in which f is regarded as a point. Given the
magnifying factor at that time is mg, 1t can be obtained from the
following formula.

_‘W.L1+Lp_ (2.2)
mo—d-—. LI

When the focal spot size is £ as in Fig. 2.7 (b), defect image W
is u1 + u,. Here, u, can be obtained from the following formula.
LlXLZ

T, (2.3

uz = d x

Therefore,

L; + Lz)
Ly

Here, given the magnifying factor at this time is mf, the follow-

ing formula derive.

W= (f L2 d
= X Ll) + (d x

W _f L Li+le
TETd T4 1. i
mg = mocg + 1) - g' (2.4)

However, the magnifying factor in this case involves the geometri-
cal unsharpness of the image, and the greater the magnifying factor
of the image mf, the less perceptible the image.

Fig. 2.8 shows the magnifying factor mg with respect to different
values of f/d, using magnifying factor mp as a parameter when the
focal spot size is such a small point as can be ignored.

Therefore, the smaller the size of defect d, the more the image
tends to be magnified even with the same geometrical arrangement.

(3) Focal spot size and radicgraphic contrast

As the focal spot size f increases as against the defect size d,
the image magnifying factor mf tends to increase, but at the same
time radiographic contrast of the defect is affected.



(4)

JAERI-M 85-180

Generally, the minimum per-
ceptible contrast decreases
with increase in the image
width, and the image becomes
more easily perceptible.
However, 1f the image is
magnified when the focal
spot size is large in com-
parison with the defect
size, the value of d' in
Fig. 1.6 increases, result-
ing in large value of d'/d,
so that the correcticn '
factor ¢ tends to decreases
abruptly, as is evident

from Fig. 1.7, while radio-
graphic contrast AD decreases
and, consequently, the per-
ceptibility decreases.
Therefore, the gecmetrical
requirement is such that the
correction factor O becomes
nearly equal to 1.

Influences of focal spot
size in the exposure area
and magnifying factor

Because of the X-ray tube

‘design, the focal spot size

and X-ray intensity distribu-
tion of an industrial X-ray
unit within a radiation

field are not uniform.

The focal spot size on the
anode side and that on the
cathode side differ in the
axial direction of the X-

ray tube, as shown in Fig.
2.9.

Assuming that radiography is
made at a distance of 60 cm
from the focus, with the weld
line arranged in the axial
direction of the X-ray tube,
the magnifying factor on the
radiograph differs for the
same size of defect because
of the difference between the
focus size on the anode side

Wy
B o
B0
3 o
g 10.0f
8 9,0
8.0t
&0 7.0
£ saf
B 5. 0f
s 4.0
g 3.0
2.0t
E 1.oF
i A 1 " L i
01 0.5 1.0 5.0 10.0
Jid
Fig. 2.8 Magnifying factor
Mf when focal
spot size is taken
into consideration
X-ray tube
Cathode Anode .
':6 3013201970 Angle
0730320107770, . o
F 28I EBRE Intensity (%)
! -— 1
Ve e
Y
T R
Cathode . e e Ancde side
side DI
Fig. 2.9 An example of

intensity distribution
and change in focal
spot size and in focus
shape 1n the radiatiom
field
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and that on the cathode side. TFor example, if the ratio of the
focal spot size between the anode side and the cathode side is

1 : 4, the magnifying factor differs 20% to 40% between the anode
side and the cathode side. Furthermore, the X-ray intensity
distribution in the radiation field being not uniform, the density
of the radiograph taken is ununiform and the required perceptibility
may not be obtained on the radiograph.

To take a radicgraph with a uniform magnifying factor and within

a uniform intensity distribution, it is recommended to use only
the center portion of X-rays and to take a radiograph in the
direction that intersects the X-ray tube axis at right angles.

2.4 Influence of combination. of radiographic screen and X-ray film

If there is no change in the thickness of a test piece, tube voltage
and radiographic arrangement, up, < and n in formula (1.1) are con=-
stant irrespective of the combination of the X-ray film and intensi-
fying screen. Therefore, radiographic contrast AD when the combina-
tion of the X-ray film and intensifying screen has changed is pro-
portional only to £ilm contrast Y.

Fig. 2.10 shows the relationship between the density and y for
combinations of different types of X-ray films and intensifying
screens. With the no-screen type X-ray film (#50, #80, and #100)
used in combination with a lead foil or metal fluorescent Intensi-
fying screen, Y increases linearly with increase in density. The
vaiue of Y of the screen type X-ray film (#400) used in combination
with a fiuorescent intensifying screen or metal fluorescent intensi-
fying screen increases with

increase in density in the low 250

density range, and it becomes + P03
maximum in the neighborhood of £80
1.5 to 2.0 density but decreases 5 e
thereafter. 7L T hu0-08
To detect very small defects, +SMP308
it is necessary to increase 6| ‘ £ 100

. : +5MP108
radiographic contrast AD for
very small defects. To do so, 5
combination of an X-ray film >l
of large Y at the same density 4
and intensifying screen should 3
be selected.
Fig. 2.11 shows the relation- 2
ship between the width of the =400
wire image and minimum percep- 1 ;g&—SF
tible contrast ADmin for . 1 ’ . +SMP308
different combinations of X-ray 1 15 20 25 30 &5
films and intensifying screens.
ADmin at the same width is
maximum when the screen type Fig. 2.10 Relatiomship between
X~ray film (#400 + KZ-SF) is density and film contrast
combined with a fluorescent for different combinations
intensifying screen, and de- of X-ray films and intensi-

creases with improvement in _ fving screens
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the graininess of the no-screen type X~ray film combined with a
lead intensifying screen.

Density 2.5

Development Hirendol 20°C, 5 min (tank)

usy
400+ kZz-5F Front back
FIAeT R
a2k =400+ SMP08 Front back
£100+ sMP308s Frent back
0.1F 100+ SMPIB Front back
= + 100+ .
,5_ 0, 05 |7 100+ P60.03
a 80+ P50.03
Front ba
0.02 - 250+ P5).03
Frent bac
g0l |
0. 005 [
1 1 L 1 1 H A

0.0r 0.02 005 0! 0.2 0.5 L0 2.0
W (mm)

Fig. 2.11 PRelationship between wire image
width and ADmin for different
combinations of X-ray films and
intensifying screens

Table 2.2 shows a comparison of the number of cracks that can be
detected when the combination of the X-ray film and intensifying
screen 1s changed. To make the exposure time equal, it is necessary
to increase the tube voltage with ultra-fine grain X-ray films
(#30), and the difference in the number of cracks that can be
detected is obvious, particularly in contrast to the combination of
#400 film and KZ - SF. The hetter the graininess is, the higher the
perceptibility is. It is alsc to be noted that there is a great
difference in the number of cracks that can be detected though

there is not much difference in the penetrameter sensitivity.
Therefore, in selecting a radiographic screen it 1s necessary to
select an X-ray film and intensifying screen suited to the purpose,

J— 13 J—
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3. Determination of exposure ccunditions
3.1 How to determine exposure conditions

The exposure conditions can be determined conveniently by using an
exposure chart.

The following paragraphs concern the method of determining the
exposure conditicns using an exposure chart and method of correcting
the radicgraphic density.

(1) Method of determlnlng the exposure conditions {using exposure
chart)

Let us assume that a 15.0 mm thick steel plate is radiographed.
Given that the focus-film distance is 60 cm when X-ray film #100
and intensifying screen 0.03 F & B are used, the following exposure
conditions can be cbtained from the expousure chart in Fig. 3.I1:

% 3[mAxmin] at 200 kVp, @ 6[mAxmin] at 175 kVp, and

18[mAxmin] at 150 kVp

This means that the radiographic density of the 15.0 mm thick steel
plate is 1.50 in any case if radiography is carried out at the
above-mentioned tube voltage and tube current. Since the tube
current {mA) is normally 4 to 5 mA, the exposure conditicns when
the tube voltage is 175 kVp is 1.5 min, and 4.5 nmin when it is
150 kVp if the tube current is 4 mA.
If radiography to be conducted at 150 kVp and 4.5 min takes too
long a time, the exposure time can be reduced by making the focus-
film distance sheorter than 60 ¢m. In that case, the exposure
factor is uvtilized. For example, when the focus-film distance is
40 cm, the following relation holds.

18[mA-min] _ x[mA-min] iz

= o

60%2{cm]? 40%{cem?) EW;:}; yam R V.

. O = e

ox = 18mA-min x 0.44 Ezo—n?/—;a—\ [k

c:,“
x = 7.92 = 8mA-min = 7/‘, s
i .'I Ii i
And the exposure time can be - sf A I LT LT
2 min at a tube current of ggr 7 ranre
4 mA. _ é]
(2) Correction of radiographic

density (utilization of .
characteristic curve) 0 3*-1Thlcﬁge§% g% g% o1
In actual radiographic opera- plate mm
tion, ;t 12 often difEIEUlt X-ray film: Fuji #100
to wor g?t?r exact ﬁ t ih Intensifying screen: lead foil
same con hlots as when Z (front, back 0.03 mm)
exposure chart was prepared. X-ray unit: EX250-5A

Thus it sometimes happen
that a radiograph with the
intended density cannot be
obtained by making radio-
graphy under the conditions
determined from the exposure Fig. 3.1 Exposure chart

chart because of the differ- (tube voltage is a parameter)

Focus-film distance: 60 cm

Density: 1.5

Development: Fuji Hirendol, 20°C,
5 min (tank)
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ent condition, such as scattered radiation. This makes it necessary
to take another radiograph after correcting the radiographic condi-
tiens. This correction of the radiographic conditions is usually
done by judgement based on experience. The following comncerns

the methed of correcting the radiographic density by utilizing

the characteristic curve of the X-ray f£ilm.

For example, correction of density 1.00 to density 1.50 is done in
the following manner.

Fig. 3.2 shows the characteristic curve of X-ray film. From this
figure, the exposure time correspending to demsity 1.00 is 35
seconds and the exposure time corresponding to den51t§ 1.50 is 58
seconds. That is, the exposure for density 1.50 is Or approx-—
imately 1.66 times the exposure for demsity 1.00. This means that
given the exposure when a radiograph with a density of 1.0 is

taken is E;, the density of the radiograph will be 1.50 if a radio-
graph is taken with an exposure of E; x 1.66. Thus the magnifying
factor of exposure for correcting denmsity D1 to D; can be obtained
by utilizing the characteristic curve shown in Fig. 3.3 when the
type of the ¥-ray film differs.

B Film #100
Intensifying screen Pb 0.03 front,
back 5 min tank

3.0
Development: Hirendol 20°C
X-ray unit: MAKROTANK H

S Tube voltage 200 kVp

Tube current: 4 mA

Test plece: Steel plate 16 mm
Focus—~film distance 600 mm

1.5

1.0

82
0.51 105
///;s

1]
SO Pl i % 2 AL

510 20 50 100 T00 —500100C

Fig. 3.2 Characteristic curve of
X-ray film
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(-3
S T
it
P il

R SRR i
T T |
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4. Viewing Conditions and Image Quality of Radiograph

4.1 Apparent radiographic contrast

4,

2

If the viewing room is well lighted, the light coming into the eyes
includes the penetrating light of intensity L from the radicgraph

and the light of Ls;. Also, if a fixed mask adjusted to the film

size is not used, the light of Ls, around the edge of the radicgraph
ig further added. Given (Ls) + Ls2)/L = n', the apparent radiographic
contrast AD, can be obtained from the fellowing formula.

AD
ADg = T o7 rrreeeerenes ceen e (4.1)
Addition of Ls; and Ls, to L reduces the apparent radiographic
contrast, ADg,to 1 _of AD.

The symbol n' in Zqﬁagion (4.1) is the ratio of the intensity Lg (the
sum of Lgs and Lg2) other than the penetrating light to the intensity
L of the penetrating light. Therefore, if Lg is constant, n' becomes
larger as the density increases. Namely, the viewing of a high-
density radiograph 1s influenced by the brightness of the room

and the fixed mask of the illumination. Thus, in order to prevent
the apparent contrast ADa of the radiograph from decreasing, it is
necessary to minimize light intensity Lg other than the penetrating
light.

Influence of the brightness of film illuminator

The relationship between AD and ADmin corresponding to wire diameter
d when a film illuminator of a fixed brightness L', is used is shown
by the solid lines in Fig. 4.1

Density range Perceptible density
in which wire —range increased by
diameter d is £ilm illuminator
perceptible at brightness LY,

film illumi-

nator bright-

ness L',

’}ﬁ:;’,#«log (%4) shifted in parallel
; 0

log AD

________ ﬂxhﬁﬁ““‘ﬁDmin at film illuminator bright-—
ness L

AD corresponding
to wire dia- ADmin at film illuminator bright-

meter d ness L[‘)
L”G >L10

D

Fig. 4.1 Relafionship between density and penetrameter
sensitivity (influence of £ilm illuminator
brightness)
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Next, suppose we cbserve a radiograph, using a film illuminator of
brightness L"; (L"¢>L's). When a radiograph of density D: is
observed with a film illuminator of brightness L'o and when a
radiograph of density D2 1s observed with a film illuminator of
brightness L"g, the following relationship holds between radiograph
densities Di and D: which make equal the intensities of the beams
of the penetrating light:

LH
Dz - D1 = log (Gvg SR (4.2)

If both beams of the penetrating light have the same intensity when
the minimum perceptible contrast ADp;, is the same, ADpin with the

film illuminator of brightness Lj as calculated from equation (4.2)
will be as shown by the brcken line in Fig. 4. l' which can be obtained

by shifting the solid curve for ADpin by log ( ) in parallel side-

ways. If L'"g is four times as bright as L'y, ADmln corresponding to
L"; is obtained by shifting the curve in parallel to the right by
leg 4 = 0.6 1n density.

Influence of room brightness

The relationship between AD and ADyin corresponding to wire diameter
d in dark room observation is shown by a solid line in Fig. 4.Z2.

Now suppose that besides the penetrating light, light of a constant
intensity Lg, comes into the eyes during observation in & room. At
low den31ty, n' is small because of the high intensity of the
penetrating light and, as is clear from equation (4.1), AD does not
decrease appreciably. At high demsity, however, n' is large because
of the low intensity of the penetrating light and apparently AD
decreases considerably. The above relationship is shown by the
broken line in Fig. 4.2.

Density range of
perceptibility in
dark room

Apparent radiographic
contrast ADg

ADpin

log AD

AD Density range of

perceptibility in
an ordinary room

D

Fig. 4.2 Relationship between density, D and
ADmin (influence of room brightness)
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Therefore, when cbservation is made in an ordinary room, the density
range in which wire diameter d is perceptible is narrow as compared
with that in a dark room, as shown by Fig. 4.2, This indicates

that when viewing a radiograph, it is necessary to exerclse care
that no light other than the penetrating light comes into the

observer's eyes.
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5. Improvement of Image Quality cf Radiograph
5.1 Detection of defect

Whether a defect can be identified on a radiograph or not is deter-
mined by the relationship between the density difference shown by
the defect image, namely, the radicgraphic contrast AD corresponding
to the defect and the minimum density difference that allows the
defect to be identified, namely, the minimum perceptible density
difference ADgip.

JAD 2 |ADmin]  eeeeeeeriereaens (5.1)
|AD] < [ADgi g e eepaeaieneeaas (5.2)

The density difference is perceptible in the case of equation (5.1},
and not perceptible in the case of equation (5.2).

Radiographic contrast, 4D, is related to the material of the object
to be radiographed, absolute value of its thickness and the differ-
ence in thickness, quality of the penetrating radiation, dose of
scattering radiation which depends on the geometrical arrangement

of irradiation, source size and intensity distribution, quality of
X-ray film (including intensifying screen), and dose characteristics.
Minimum perceptible density difference ADmin is related to the image
size and density distribution, graininess of X-ray film (intensifying
screen, quality of radiation), density of the radiograph, viewing
conditions for the radiograph (brightness of the film illuminator,
brightness of the observation room, use Or non-use of the mask, and
obsevvation distance), and human factors.

To discuss the perceptibility of a defect quantitatively, therefore,
it is necessary to obtain the values of AD and ADgip quantitatively.

5.2 Minimum perceptible contrast

Minimum perceptible contrast ADpin 1s related to various factors
such as those mentioned above.

Fig. 5.1 shows the relationship between the density of a radiograph
observed in a dark room using a KS-3 type film illuminator and

minimum perceptible contrast ADpjip.

X-ray film
m=:1‘;+ PbD.ﬂé Lwtr}g?m]
o1k d=90 - Lg:g; |
: 9.064
& 0.0 — Effjjzié&? -
===
—_— - g
0.02 EEEE;EE:EEEEEEE,//’g? -
— T T Sos
¢.o1 “—.—’;ﬁ//
U
0. 005

0.5 1.0 1.5 2.0 2.5 30 15§
Radiographic density D

Fig. 5.1 Relationship between radiocgraphic
density and minimum perceptible contrast
(viewing conditions: dark room, KS5-3 type
film illuminator)

J— 21 p——
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As shown in Fig. 5.1,Dmin of the wire image increases with
increase in density, and the smaller the width of the wire image,
the more remarkable the rate of increase. Fig. 5.2 shows the
relationship between the width of the wire image and ADpin as
obtained from Fig. 5.1.

T T ]
005-\\\§~rayfilmAR+ﬂm03 Focus
' \<: D=3.0
_iit\\\\// 13 )
0.02 QSN~%§;;?5 b
N
0.01
0. 005 Film
0.65 010 020 05 10 0

3

Width of wire image
Width of wire image W

Fig. 5.3 Width of wire image

the width of wire image
and minimum perceptible
contrast (obtained from
Fig. 2.9)

Here the image width W of a wire of diameter d as shown by Fig. 5.3
is given by the following formula.

Wem(d+d") ceveeneninenanns (5.3)
where m : Magnifying factor
d' : Apparent focal spot size at the position of a

penetrametey wire.

The value m is given by the following formula.
L, + L

e (5.4)
L1
where L1 : Focus-penetrameter distance
L, : Penetrameter-film distance

So long as the width of the wire image is large, ADmin 1s constant,
but when the width of the wire image is small it increases with
Jecrease in width. The rate of this increase varies with the

density, and the higher the density, the higher the rate of increase.

Method of improving the image quality of radiograph

Fig. 5.4 shows the relationship between the radiographic density and

minimum perceptible contrast.
Point A in the figure is not perceptible because it is in a range
below ADpip. However, the defect can be detected if the density
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difference at Point A is in- A Domin
creased to Point B or C. c

Point D shows the density
difference of the defect
image in a high-density
radiograph, which is in

an undetectable range.

It can be made perceptible,

—_—

log &6 D

however, by lowering the o

density of the radiocgraph

to Point B, while keeping

the density difference at

Point D unchanged.

Fig. 5.5 shows the relatiomship

Fig. 5.4 Method of improving the
image quality (by in-
creasing the density
difference and decreas-
ing the density)

between the width of the
image and ADpip. In the

figure, Point E is not per-
ceptible because it is in a
range below ADpsn (solid
line). If the image is en—
larged, however, Point E
shifts to Point F, which is
perceptible. Also, if a
combination of X-ray film

logn D

ADpin smaller
than that in-
dicated by the

of a small ADpipn value and colid line
an intensifying screen is logW - i
used, Point E becomes

perceptible because it Fig. 5.5 Method of improving the

shifts to a range above
ADpipn (broken line), as

image quality (by en-
larging the image and

shown in the figure. reducing ADpip)

Methods of improving the image quality by enhancing the radiographic
contrast )

(L)

.4.1 Improvement of image quality by reduction of scattered direct

radiation intensity ratio
Removal of reinforcement of weld

The intensity of the scattered radiation generated by X-rays
passing through the base material is much higher than that of the
scattered radlation generated by X-rays passing through the weld.
Therefore, scattered X-rtays from the base material in the vicin-
ity of the weld are added to the X-rays that have penetrated the
weld, thus increasing the scattered direct radiation intensity
ratio in the center of the weld as shown in Fig. 2.4 and lower-
ing the image quality of the radiograph.

Some experimental results are given below. In order to measure
the image quality at different positions on a reinforcement of
weld, penetrameters, each consisting of wires of the same dia-
meter, are arranged as shown by Fig. 5.6 (a) (hereinafter
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referred to as stripe penetrameters), and radiographs are taken
using them with the photographic arrangement such as shown by
Fig. 5.6 (b). The reinforcement of weld has a height of 4 mm
and a width of 20 mm, with a semicircular cross section, and is
of the same material as the base material. Also, a penetra-
meter (F02) which has been in wide use is used simultaneously
for comparison. If a wire image can be clearly distinguished by
an observer, it is given two marks, and if the image can be
distinguished though vaguely, it is given omne mark. If the total
marks given by five observers are seven marks or more, the image
is classified as perceptible, and if the total number of marks

is two or less, the image is classified as imperceptible. The
viewing conditions for the radiographs are as follows: Place

of observation, dark room; film illuminator, K5-3 with the high-
est brightness; viewing distance, 20 cm. Fig. 5.7 shows the
results. With strip penetrameters, a wire with a diameter of
0.16 mm is perceptible at the base material, but only a ¢.25~mm-
dia. wire is perceptible at the center portion of the reinforce-
ment of weld, indicating the deterioration of the image quality.
With the F02 penetrameter, the same wire diameter as that per-
ceived on the strip penetrameter is perceptible at the base
material, but at the center portion of the reinfercement of weld,
wires of smaller diameter down to 0.20 mm are perceptible as
compared with the strip penetrameter. ‘

From the above, it is expected that the removal of the reinforce-
ment of weld allows the scattered direct radiation intensity
ratio at the weld te be reduced down to that at the base material,
making it possible to improve the image quality of radiographs

of welds to the same level as that of the base material.

Test piece: Steel plate
12 mm thick

@ﬁjk“‘Reinforcement of weld
!
204

J
&

L{qq:[ ™ ':uﬁ_—]

Mount: Film base

' {triacetate) Stripe penetrameter
Wire diameter (mm)

0.10, 0.125, 0.16

0.20, 0.25, 0.32

0.40

(a) Strip penetrameter

(b) Photographic arrangement

Fig. 5.6 Strip penetrameters and photographic
arrangement
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Strip penetrameter F0O2

540t o: Perceptible .

x: Not perceptiblé} stripe pemetrameter
o.aef s: Perceptible } 02

#¥: Not perceptible

Width of reinforcement 20 mm
Beight of reinforcement 4 mm
Fixed mask '
(Film size)

/A L 0
0 10 20 k] 0

Perceptible wire diameter (mmé)

Distance from end of reinforcement

X-ray unit: Weltes 1508
Tube voltage: 120 kvp
Exposure: 40 mA-min-

Focus-film distance: 800 mm
Film-test piece distance: 2 mm

Radiation field: 300 wmm dia.

Test pilece: 12-mm-thick steel plate
Film: Fuji #1060

Intensifying screen: Pb 0.03FB

Developing: Hirendol 20°C, 5 min.

Fig. 5.7 Penetrameter sensitivity at different
position on reinforcement of weld

(2) Utilization of thickness compensating mask

After placing an absorber (hereinafter referred to as a thickness
compensating mask or simply as a mask) on the base metal, the
relationship between the mask thickness and the scattered direct
radiation intensity ratio at the center portion of a weld was
obtained where the cross section profile of the reinforcement a
rectangle or isosceles triangle. The measurement results are
given in Fig. 5.8.

— 25 —
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100 kveff

FFD = 800 mm

Thickness of base metal : 20 mm Fe
Test piece-film distance: 2 mm

Radiation field : 200 x 200 mm
R Il . )
A B Reinforcement : Source side
7 A D Height of reinforcement : 4 mm
4 %%%% %Eﬁﬁ :
= Width of reinforcement : 5 mm
3NN Cross section profile Mask : Source side Fe
. \\\of reinforcement: Triangle
(A7 e mo- -z -o----Flat plate from
wiich reinforcement
% has been removed

] ;': Ib ll5 éﬂ 25
-7 NQRectangle

Thickness of compensating mask (mm)

Fig. 5.8 Relationship between the thickness

of compensating mask and scattered
direct radiation intensity ratio n

In any case, the scattered
direct radiation intensity ;
ratio sharply decreases with J
increase in the mask thick- J
ness. Also, when a suffi- ;
ciently thick mask is used, f
the scattered direct radia-
tion intensity ratic is

T ——TFocus
¥

Thickness compensa-
ting mask

v
v
1
1
H kY
)
\
il
. v

V7~

Test piece

smaller than when a rein- Film

forcement is removed. This L

is because the mask acts as Fig. 5.9 How to use thickness
a shielding mask, markedly compensating mask

reducing the dose rate of

the scattered radiation

reaching the measuring point on the film from the base metal
located under the mask. _
Consequently, if a thickness compensating mask such as shown

in Fig. 5.9 is used on a butt weld of plates having a reinforce-~
ment, the dose of the base metal and that of the weld are equal-
ized, as a matter of course, and radicgraphs that satisfy the
density range requirement can be taken more easily. Moreover,
contrast of such radiographic contrast is markedly enhanced over
the radiographs taken without using the thickness compensating
mask, resulting in improved image quality of the radiograph.

(3) Utilizatiom of shielding mask

Only the scattered direct radiation intensity ratio is
influenced by the size of the radiation field; other factors
are unrelated te the size of the radiation field so long as
the photographic arrangement and the density remain the same.
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In radiography, the film is usually placed close to the test
piece. Fig. 5.10 shows the relationship between the width of
the radiation field (the distance from the center of the weld

x 2) and the scattered direct radiation intensity ratio in such
a photographic arrangement. Fig. 5.10 also shows the relation~
ship between the width of the radiation field and the scattered
direct radiation intensity ratie for a test pilece film-distance
larger than ncrmal. Fig. 5.11 illustrates the relationship
between the film-test piece distance and the intensity ration of
the scattered direct radiations from the weld and the base metal.

=

Q

.- 35 —

=

Mo 600 & =3.10 Film to test pilece distance

. 40.9 n=2095

I 200 a=2.00

n 2.0 n=2.74
8 gzs

i
coO
8 Ea Energy _ :. 180 kVeff
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Fig. 5.10 BRelationship between the width

of radiation field and scattered
direct radiatiom intemnsity ratio

When the film is placed close to the test plece, the scattered
direct radiation intensity ratio increases sharply with increase
in the width of the radiation field. 1In other words, so long

as the width of the radiation field agrees with that of the
reinforcement of weld, the scattered direct radiation intemsity
ratio does not much differ from that from a sufficiently wide
radiation field, and the intensity ratio of the scattered

direct radiations from the base metal does not increase so much
even if the radiation field becomes wider. In normal photo-
graphy, therefore, decrease in the scattered direct radiatiom
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intensity ratio cannot be expected even when a diaphragm is used,
unless the size of the radiation field is made equalized to or
smaller than the width of the reinforcement. .
However, as is clear from Fig. 5.11, the scattered direct radia-
tion intensity ratio from the weld {shaded portion)} decreases
sharply with increase in the film-test piece distance.

In additiom to the conventional radicgraphic method of irradiat-
ing a large field, another method is known, as shown in Fig. 5.12,
whereby a radiograph is taken of a small area by irradiating only
an area of interest, keeping the film properly away from the test
piece and using an adequate shielding material. This method is
calied narrow radiation field method.

When the same type of X~ray film, the same demsity and the same
X-ray quality are selected from equation (1.1), radiographic
contrast, AD, is proportional to /(1 + n). Now, in the narrow
radiation area method, increasing the film-test plece distance
reduces not only the scattered direct radiation intensity ratio,
but also 0. -Fig. 5.13 shows plotting of o/(1 + n) by calcula-
tion when the film—test piece distance is varied in different
ways, with a shielding mask placed on the radiation source side.
The figure reveals that there exists an optimum photographic
arrangement where o/(1 + n) or the radiographic contrast is maximum.
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5.4.2 Improvement of image quality by selection of optimum

X-ray quality

Fig. 5.14 shows, by solid lines, the variation of the scattered

direct radiation intensity
metal thickness (Tz) of 15

ratio n; for a weld with a base
mm and a reinforcement width of

20 mm, at different reinforcement heights.

radiation intensity ratio at weld

50 100 120 T[40 60 T80 200
X-ray energy

Steel weld

Thickness of base metal: 15 mm
Width of reinforcement: 20 mm
Film-test piece distance: 2 mm

10 Height of reinforcement (mm)

-~ plate specimen

Influence of reinforcement height and

X-ray energy on scattered direct radiation

intensity ratio
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As is clear from the figure, the scattered direct radiation
intensity ratio increases with decrease of the effective energy.
This tendency is more remarkable as the height of the reinforce-
ment increases. The broken lines in the figure indicate, for
reference, the scattered direct radiation intensity ratios for

a plate specimen having the same thickness as the material thick-
ness (the sum of the base metal thickness and reinforcement
height) at different reinfdrcement heights. They show a ten-
dency that the scattered direct radiation intensity ratio of the
reinforced test piece approaches these values with increase in
effective energy.

On the other hand, Fig. 5.15 shows the optimum densities and
minimum perceptible wire diameters for various X-ray energies
used in radiography of a reinforced weld. As is clear from the
figure, the optimum density of the base metal increases and

that of the weld decreases with decrease in X-ray energy. The
minimum perceptible wire diameter decreases until the X-ray
energy falls to a certain level, but after that point the dia-
meter increases even if the X-ray energy continues to fall.

This indicates that there exists an optimum X-ray quality in

a reinforced test piece.

0.21

Test piece: Steel

Thickness of base metal: 15 mm
Height of reinforcement: 4 mm
Width of reinforcement : 20 mm

Opéimuh density -1
(4.71)/ (1.46) (1.04) (em )
(2.86) (2.37)140 (1.15) :

KeV
. Quality of X-rays

Fig. 5.15 Relationship between X-ray

quality and minimum perceptible
wire diameter
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Fig. 5.16 shows the relationship between the X-ray quality,
optimum density and minimum perceptible wire diameter, obtained
by using the reinforcement height as a parameter as in Fig. 5.15.

Height of reinforcement {mm)

Height of reinforcement
-

-

Base - ) (ml'l])
I meEg} """""""""""" 22 Height of reinforcement
Weld ‘ § H-
BN 8 (rum)
Test piece: Steel

Thickness of base metal: 15 mm
Height of reinforcement: 20 mm
d'" =0 m=1
(2.86) {(2.37) (l.15) : -1
(4.71) (1.46) (1.04) (ecm )

0 B0 1207160200240  KeV
X-ray quality

Fig. 5.i6 Relationship between

reinfeorcement height
and optimum X-ray
quality

5.5 Methods of improving the image quality by lowering minimum

perceptible contrast

5.5.1 Improvement of image quality by selection of proper

radiographic screens

Minimum perceptible contrast of the penetrameter, AD44, varies
with the type of photosensitive materials used. Fig. 5.17 shows
the measurement results of ADpin, which indicate that a com-
bination of X-ray film of good graininess and intensifying
screen gives a smaller ADyjin value than a combination of those
having poor graininess, for wire images of the same width,

This means that the image quality can be improved by properly
selecting the type of radiographic screens.
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Fig. 5.17 Relationship between the width of wire
image and ADpip for varicus combinations
of film and intensifying screen
(density 2.5, developing Hirendol 20°C,
5 min. (tank)) s

5.5.2 Enlarging radiography

Improvement of the image quality of radiographs can be expected
if the defect image can be enlarged by placing the test piece
away from the film, using a microfocus X-ray unit, without
lowering the radiographic contrast.

Fig. 5.18 shows the relationship between the film-test piece
distance and |AD| and |ADmin| when the focus size (£f) is 2.5 mm
and 0.05 mm., When f = 2.5 mm, |ADmin1 decreases with the
increase in the film-test piece distance, However, since |AD|
decreases more than |ADminIdoes, ]AD| is smaller than |ADmin|,
making it impossible to perceive a wire of 0.05 mm diameter.
When f is 0.05 mm, on the other hand, |ADmin| decreases with
increase in the film-test piece distance, but as |AD| decreases
slightly, }AD| is equal to, or greater tham, |&Dpin| at a film-
test piece distance of more than 240 mm, making it possible

to perceive a 0.05 mm wire. From the above results, it can be
seen that it is necessary to use a small focus in enlarging
radiography. Namely, it is necessary to select a focal spot
size that allows minimizing decrease in the ¢ value in en-
larging radiography, keeping in mind that ¢ is one of the
factors that determine the radiographic contrast.

Fig. 5.19 shows the relationship between the film-test pilece
distance and the minimum perceptible wire diameter for ‘
different focus sizes. :

The figure indicates that when a microfocus (f = 0.05 mm) is
used, enlarging radiography, in which the film-test piete dis-
tance is made larger than in ordinary radiography {contact radio-
graphy), is more effective for the improvement of the image
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- gquality. On the other hand, the effectiveness of enlarging
radiography is not so high if a large focal spot size (f = 2.5
mm, £ = 0.4 mm) is used because the geometrical correction factor
0 sharply decreases with increase in the film-test piece dis-
tance due to the influence of the focal spot size.

—— 33 —
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6. Conversion of Penetrameter Sensitivity

6.1 Conversion of the sensitivity of penetrameters differing
in material

The penetrameter sensitivity is widely utilized as a criterion to
indicate the image quality cf the radiograph. It is generally
considered necessary to use a penetrameter made of the same material
as the test piece or having a similar X-ray absorption to that of
the test piece. It is, however, difficult to satisfy these condi-~
tions in all radiographic tests of welds of various types of metals,
alloys and castings. Thus it is desirable that radiographic tests
be conducted using a penetrameter counsisting of a few types of
materials.

(1) Conversion of penetrameter sensitivity

when two wires of different types of materials (differeat absorp-
tion coefficients) placed on a test plece are simultaneously
radiographed as shown in Fig. 6.1, the following relationsnip
holds simultaneously from equatioms (1.1) and (5.1), given the
penetrameter wire diameters which are the perceptible limits on
the radiograph are d) and d: respectively.

0.434Yug01d1

ADy = (ADmin)1 = - 1+n
....... 6.1)
0.434YH 20282 (
8Dz = (ADmin)2 = - =

where AD;, AD» = Density differences for d; and da
(ADgin) 1, (ADpin), = Minimum perceptible contrast for d; and d,
L1, U 2 = Absorption coefficients of X-rays for individual
materials (when sensitivity cofficients are taken
into consideration)
01, C2 = Correction factors for d, and d;, which depend on
the focal spot size and the geometrical conditions

of radiography

L
he)
|>—1-
0
I 1]
~L®
ke
B
aF
®
.
®
b T —

Circled number denote the type of wire material.
I.: Focus-~film distance
L: Penetrameter—-film distance

Fig. 6.1 Radiographic arrangement
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The minimum perceptible contrast is related to the radiographic
density, image size, combination of X-ray film and intensifying
screen, and the viewing conditions in radiography. The relation-
ship between the width of the wire image and the minimum percep-
tible contrast shown by using logarithmic section paper is given
by the diagram in TFig. 6.2,

og dDmin A

Nog (ADmin) 2 B

log { 3Mnia)

teg W, |, log W2 tan "'

log W

Fig. 6.2 Relationship between the width of
wire image W and minimum perceptible
contrast ADpip (when the radiographic
density is constant and the influence
of focus size is negligible)

For simplicity, let us consider a case where the influence of the
focal spot size is megligible, then OU; and 0; in equation (6.1)
are 1, and the following relationship holds between d; and d»:

d ADmd
di o Dmin)y Bor L (6.2)
d;  (ADmin)2 HP2
In Fig. 6.2, the gradient A of the line connecting Peint A and

Point B corresponding to di and d», respectively, can be obtained
from the following equation:

_ log(8Dmin)1 - log(ADmin) 2

e T Ter s cer (6.3)

Therefore, the following equation can be obtained:

(ADmin) 2 d2 .
From equations (6.2) and (6.4) the following equation derives:

~1/(1-4)

di oy i eaieaeae (6.5)
dz Hpz

As is clear from equation {(6.5), to convert the diameter of wires
of different types of materials, it is necessary to measure the
ratio of the absorption coefficients for each wire material,
Upi/¥pz, and gradient A in Fig. 6.2.

So long as the test piece thickness is large, YD may be considered
almost equal to Mp. Within such a large~thickness ramnge, the
ratio 4 /Y 2 in equation (6.5) is expressed approximately as
follows.

—— 35 _
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Up; HTy

WPz BTz (6-6)
On the other hand, the relationship between effective energy and
Ur:/UT2 is given by Fig. 6.3. Therefore, the value of ﬂTl/ﬁTz can
be known from the effective energy kVeff of X-rays which have
penetrated the test piece.
Thus, from Fig. 6.2, ¥Fig. 6.3,
the effective energy of the
X-ravs used, and equation
(6.5), the diameter of wires
of differing materials can
be converted.

|

]
1
!
|

i [Ti) /@ (Al)

f-ray quality meter 10 20 0 Ti00 200 560

. kv,
When the material of the o

penetrameter wire is Fig. 6.3 Relationship between
different from that of the . effective energy and
test piece, measurement of the ratic of absorp-
the quality of X-rays 1is tion coefficients
needed for conversion of

the penetrameter sensitivity.

The quality of X-rays can be known by measuring the half-value
layer from the absorption curve as an absorption coefficient or
effective energy. Here, even if the same tube voltage and tube
current are used, the quality of X-rays varies with the type of
X-ray unit used. It is, therefore, necessary to know the absorp-
tion curve for each X-ray unit. This has posed a problem in
converting the penetrameter semsitivity in practical use. To
solve this problem, the X-ray quality meter has recently developed
as a means of measuring the quality of X-rays directly from a
radiograph. As a result, a new X-ray quality meter has come to
be used in practical application, which combines a penetrameter
of material different from the test price and X-ray quality
meter. .

As shown by Fig. 6.4, two sheets of different types of material
put on a test piece are radiographed simultaneously. Here, the
combination of the two thin plates differing in the type of
material is called an X-ray quality meter. Incidentally, the
material of the X-ray quality meter should be different from those
of the test piece and penetrameter. The radiocgraphic contrasts
AD; and AD, for the two thicknesses t3 and t, are given from
equation (1.1) as follows (0 = 1):

0.43éyu93t3

ADy = - TR et (6.7)
Ap, = - 2:43%VUouEs (6.8)
1 +n

Therefore, if the densities of the portions corresponding to tg
and ty are equal, the following equation is obtained from equations
(6.7) and (6.8) as a condition for AD3 = AD,.



JAERI-M 85-180

Hos _ Ly (6.9)

o e AR R ERREET LY
Here, 1if the thickness of the test piece is within a wide range,
equation (6.9) is approximately given below.

ty _ HTa

= ST, et (6.10)
Namely, if we measure the density of the radiograph of the X-ray
quality meter taken in that test piece thickness range for the
two types of materials to obtain the thickness ratio tai/ts that
makes both densities equal, the ratic of absorption coefficients,
[
WTy 2
In applying the conversion of the penetrameter sensitivity, we
can consider, for simplicity, an X-ray quality meter one of which
materials is the same material as that of the test piece and the
other is of the same as that of the penetrameter.
In this case, suffix 3 in equation (6.9) is 1 and suffix 4 is 2,
and the following equation can be obtained from equations (6.5)
and (6.9)

for various radiographic conditions can be cbtained.

dy _ b1/ (21-4)
P (tg) Creveas eree. (6.11)
Given that &1 and t: are the diameter of a wire of the same
material as the test piece and the thickness of a sheet of that
material, respectively and that dz and ts are the diameter of a
wire of a material different from the test piece and the thick-
ness of a sheet of that material, respectively. By knowing the
thickness ratio t;/t, that gives the same radiographic density

and the gradient A of wire diameter in Fig. 6.2, we can obtain
minimum sensitivity d; from the value of d;, using equation {(6.11).
That is, the penetrameter sensitivity obtained by using a penetra-
meter of the same type of material as that of the test piece can
be obtained by using a penetrameter of a material different from
that of the test piece.

) @

@
(a)\_ ; i% 1_1: @ (a)} Test piece
' ; / {(b) ZX-ray quality meter

A S Film

Cassette

Circled number indicate
the type of material

_—l!‘lk_

e —]

Fig. 6.4 Radiography using
¥-ray quality meter
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6.2 Conversion of penetrameter sensitivity when the penetrameter
profile differs

For example, penetrameter sensitivity is converted between & wire
type penetrameter and a hole type penetrameter.

In order that the penetrameter wires can be perceived om a radio-
graph in a radiographic test, it is necessary that the relationship
represented by eguation (5.1) be satisfied.

On the other hand, minimum perceptible contrast ADmin is given in
Fig. 5.2 and expressed approximately by the following equations:

ADmin = C W_A

where W is the width or diameter of an image, and C and A are con-
stants determined by the demnsity.

when the influence of the focus size can be ignored, namely, when
the apparent focal spot sizes at penetrameter position are a''=0
and = 1, the penetrameter minimum size which determines the

minimum perceptibility is determined from the values of density D
and pp/l + n from equations (1-1) and (6.12) because C and A can be
known if the density is determined.

Fig. 6.5 shows the relationship between the radiographic density and
the minimum perceptible wire diameter, which was obtained for a wire
type penetrameter, where kp/(1 + n) is a parameter. Fig. 6.6 shows
the relationship between Lp/(l + n) and dpin, where density D is

& parameter. '

As is clear from this figure, the wire diameter which is perceptible
at a density of approximately 2.5 is the minimum diameter. This
density is called the optimum density. Here, it shouldé be noted
that the optimum demsity is not reiated to the material of the

test piece. :

Fig. 6.7 shows the relationship between the density and the minimum
perceptible thickness with a hole type penetrameter. Fig. 6.8 shows
the relationship between up/ {1l + n) and the minimum perceptible
thickness of the penetrameter. The hole diameter of the plate is
one timé the plate thickness (1T-Hole)}. The above-mentioned relation-
ship is also obtained with hole diameters which are twice {(2T-Hole)
and four times (4T-Hole) the plate thickness. Fig. 6.9 shows the
relationship between up/(1l + n), minimum perceptible wire diameter
dmin, and minimum perceptible thickness Tmin when D is 2.5. Now,

in Fig. 6.9, the minimum perceptible wire diameter dgin and the
minimum perceptible thickness Tpip under the radiographic conditions
of W/ [l + n] = k are d; and Ti1, Tz and T3, respectively. This
relationship is shown in Fig. 6.10 as a penetrameter sensitivity
conversion diagram for the two types of penetrameters.
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Appendix A Characteristic Curves

Fig. A-1 shows the characteristic curves of X-ray films used for 16.0-mm
and 23.0-mm thick test pieces, respectively. As is clear from the figure,
the exposure for a density of 0.50 is 14 seconds on the broken line and

42 seconds on the solid line. Namely, if the test piece thickness is
increased from 16.0 mm to 23.0 mm, it requires 3.0 times the exposure
required for the former type of test piece to take a radiograph with a
density of 0.50. Likewise, for a density of 1.50, the thicker test piece
requires an exposure 3.0 times as much. Consequently, if the exposures
for each point on the broken line are multiplied threefold and shifted in
parallel sideways, the broken line overlaps the solid line. This indi-
cates that the ratio between the exposure for a density of 0.50 and that
for a density of 1.5, for example, is constant irrespective of the test
piece thickness. Also, it is proved experimentally that in the practical
exposure range, the exposure ratio is constant irrespective of the type

of the X-ray unit, tube voltage (type of the line source), material of the
test piece, and the distance between the focus and film.

From the characteristic curves for various X-ray films used in combination
with the intensifying screen (shown in Fig. 3.3), it can be seen that the
exposure time required to take a radiograph with a density of 1.50 1is 38
seconds with #100+Pb0.03, and 150 seconds with #804Pb0.03. In other words,
when the type of X-ray film is changed from #100 to #80, taking a radio-
graph with a density of 1.50 requires 150/58 times the exposure required
by the former type of X-ray film. When the sensitivity of #100+Pb0.03

is set at 1.00, the relative sensitivity of #80+P50.03 is 58/150 = 0.39.

3.5 : 1)

' Film: #100
3.0 i (1) Intensifying screen: Pb 0.03 F&B
; 2Imm Development: Hirendol 20°C 5-min tank
2.5 ; X-ray unit: MACROTANK H
i Tube voltage: 200 kvVp
=0 : Tube current: 4 mA
f{Z) Source-film distance: 600 mm
1.5 ; Test piece: Steel plate

{1) Test piece thickness
{2) Three times

1.0

53

0 14 }42 - L 175
5 10 20 50 100 280 500 1000
E sec

Fig. A-1 Characteristic curves
of X-ray films
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Appendix B Method of preparing exposure chart when the amount of
scattered X-rays is negligibly small

As shown by Fig. B-1, radiography is performed using a small diaphragm
and with an absorber in intimate contact with the irradiation port,

to make the amount of scattered X-rays negligibly small. Prior to
radiography, absorbers differing in thickness {for example, 2, 4, 6,
8, 10, 14, 18, 22, 26 mm) should be provided and different tube
voltages (for example, 120 and 140 kVp) be selected. Using absorbers
of different thicknesses for each tube voltage, obtain characteristic
curves for X-ray films by plotting the exposure {sec. or min.) on the
abscissa and the density on the ordinate, as shown by Fig. B-2. VNext,
obrain characteristic curves by changing the tube voltage.

In preparing characteristic curves for the X-ray film, what is neces-
sary is to obtain only an exposure that gives D ='1.50 if an exposure
chart for D = 1.50 is needed. However, as the exposure charts for
D=1.0 toD = 3.5 can be obtained by knowing the characteristics up
to the dotted line region, it is recommended to obtain characteristic
curves covering the dotted-line regions.

Focus
b Tube voltage
Diaphragm Tube Arkth
lsm di . 2.5k T, T, " Thl u curren
(Tomn dia-) 11 C mA
2 30 f / /
~Absorber £3 a5t ] / /
[#7]
ank > | I /
et~ B /o /
w o /
1.
§ E ’ /, /
aR=IR N S 4 e
. Film 05
t tq tn
0 Exposure (sec)
(Logarithmic scale)
Fig. B-1l Radiographic Fig. B-2 Characteristic curves
arrangement for X-ray film
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Now, let us obtain exposures e; and e; from the points where a
horizontal straight line showing a constant density (in this case,
D = 1.50) intersects the curves in Fig. B-2Z. Then an exposure
chart for the absorber thickness and exposure can be obtained

by plotting the points of the absorber thickness {mm) on the
abscissa (linear scale) and the exposure (mA min) on the ordinate
(logarithmic scale) to connect these points, as shown in Fig. BR-3.
By repeating the above procedure for different tube voltages, an
exposure chart can be obtained where the amount of scattered X-
rays is negligibly small, as shown by Fig. B-4,

AkVP
©n
D=1.5
=
B
” Equipment: G301 (Pnilips)
g . Film: #80 + 0.03 Pb
. D= 1.5
H L = 800 mm
2 ey
4]
o
&
e
=]
T1T2 Ty
Materials _

thickness (mm}

Fig. B-3  Typical exposure chart
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160V p180kVp 220kVp 260k Vp
-
) A///////
A//////

////

&
A :
,/////;est piece material:
A .
Stainless steel
SR ,/// X-ray unit: Philips G301
A

Film & intensifying screen:
/// a Fuji #80 +0.03Pb F&B
L g D=1.5

L I ; ! " ]

H 10 i5 20 23 30

Material thickness {aom)

Fig. B-4 An example of exposure chart
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Appendix C Method of Preparing Exposure Chart When
There are Scattered X-Rays ‘ :

When an X-ray film is exposed for ti min to X-rays of A kVp, C1 mA at a
distance of Ly after penetrating a test piece having thickness Ti, the
X-ray dose is Ilcltl/Lz(where I, is the dose rate of X-rays that have
penetrated T;). Given the sensitivity coefficient of the film for the
quality of X-rays is k,, the condition for the density of the X-ray film
becoming Dy is expressed by the following equation:

t
%51——2 - U (2)
where R; is the dose for the density D, on the X-ray film dose character-
istic curve, and k. is the sensitivity coefficient of the film for the
quality of X-rays with which the dose characteristic curve of the film
was obtained.
On the other hand, if there exist scattered X-rays of I;' for test piece
thickness T,, equation (2) for obtaining the density D, can be represented
by equation (3). ' : '

(k1I1 + ky'I1") Ci'ey!

L = KGRy eeen .. (3)
L

where k,' is the sensitivity factor of X-ray film against the quality of
scattered X-rays. '

Therefore, the relationship between a case with a negligibly small amount
of scattering X-rays and a case with scattering X-rays is represented by

the following equation:

e o ikl .
Ci t1 k1L1+k1'L' et era e venanse {4)
If we put C t; = ey, Cy'ty' = e’ and k;'I;'/kI; = n, the above equation
can be expressed as follows.
el
Vo= trsteenn st e 5
e1 T (5)

Regarding the scattered direct radiation intensity ratio n, it has been
verified by experiments and calculations that n can be known from the
relationship shown in Fig. C-1 for different thickness T and that it is
almost proportional to the varying thickness T of the absorber within the
practical range.2), 3)

An exposure chart for a case of a negligibly small amount of scattered
X-rays is shown by Fig. C-2. An exposure chart for a case of scattered
X-rays which has been obtained from Fig. C-1 against Fig. C-2 is shown
by Fig. C-3. '
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e (mA min)

I L L T 1T|.
0,15 20 3 0.5 L 2 5 1020 S0
T {SUS27) fmn) T (SUS2T [um)

Fig. C-1 Measurement result of the Fig. C-2 An exposure chart obtained
scattered direct radiation by a new preparation
intensity ratic obtained methed. (160 kVp, X-ray
by taking the sensitivity unit Weltes 260 D, X-ray
factor of X-rvay film into film RR, intensifying
consideration. (X-ray screen Pb 0.03 front
unit Weltes 260 D, XZ-ray pack, Konidol X 20°C 5
film RR, intensifying min. {tank), film-focus
screen Pb ©.03 front pack, distance 60 cm, D = 1.5)

film-focus distance 60 cm,
diaphragm 75 mm dia.,
radiation field 350 mm,
cassette and test plece
in intimate comntact)

100} 160V 3
L 100kV
50 OV | agonvp
~ 200
®
z o10f
< sk
E
» 2
1-
0.5F
0.2t

6.5 1 2 5 10 20 50100
T (8US27) [mwm)

Fig. C-3 An exposure chart for a case
where scattered X-rays are
present. (X-ray unit Weltes
260 D, X-ray £ilm RR,
‘Intensifying screen Pb 0.03
front pack, Konidol X 20°C
5 min., film-focus distance
60 em, D = 1.5)
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Appendix D Method of Obtaining Absorption Coefficient and
Scattered radiation to Direct Radiation Intensity Ratio

(1) Method of cbtaining absorption coefficient using exposure
chart 4)

Absorption coefficient u; for material thickness T: can be obtained

by using the expcsure chart for a negligibly small amount of scattered
X-rays (see Fig. B-4). In this case, T: is obtained from e; which is
twice as large as exposure ei1 for T; by using the follewing equation,
as shown by Fig. D-1.

To = T3 = hy  ceeeeeninnrcnanranrsnes (6)

The relationship between the absorption coefficient and the test
piece thickness which has been obtained from the exposure chart and
equation (7}, is shown in Fig. D-2.

AkVp
82:26

! CmA
=t e
Ul
E
Lo
=
-
[
bl
=
o
<
%
=] T, T,

L~

Test piece thickness (mm) T

Fig. D-1 Exposure chart
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Test piece material: Stainless steel

X-ray unit: Philips 43C1

FFD: ' 800 mm

Film intensifying screen: Fuji #80 + 0.03 Ph
Lo Solid lines show fip obtained from absorption
' tip (E) obtained from exposure chart

180kVp
220KVp
260kVp

_l)

Absorption coefficient p (em

0.2f

0.1p

0.05 I 1 I ) ;
0 § ’ 10 15 20 B

Material thickness{mm}

Fig. D-2 Relationship between material
thickness and absorption
coefficient

(2) Measurement of scattered direct radiation intensity ratio with
" X-ray film

{(a) Measurement by characteristic curves

Fig. D-3 shows the ordinary radiographic arrangement used in
conducting a radiographic test (exposure cof a large radiation
field). The density of a radiograph taken with the radiographic
arrangements shown by Fig. B-1 is denoted by D1 and that of a radio—
graph taken with the radiographic arrangement shown by Fig. D-4 is
denoted by D2, both under the same conditions. Then R; and R»
against respective densities can be obtained from the X-ray dose
characteristic curve shown by Fig. D-4. (R; and Rz can be relative
exposures.) The scattered direct radiation intensity ratio n can
be obtained from R; and Rz by using the following equation.

Rz

n=R—l-—l ....................... (8)

Fig. D-5 shows a scatterad direct radiation intensity ratio curve.

(b) Measurement by exposure chart

Radiographs are taken with the radiographic arrangements shown by
Fig. B-1 and Fig. D-3, and then an exposure chart such as shown by
Fig. D-6 is prepared. If the exposure for a narrow radiation field

749_.
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where the amount of scattered X-rays is negligibly small is denoted
by e;’' and that for a wide radiation field by e, the scattered
direct radiation intensity ratio n can be obtained from the follow-

ing equation:

e?
n = B (9)

¥ i Focus
160
Lead diaphragm
(30 mm dia.)
D.
800 -
D\
Absorber
—Film R, R,
R —

Fig. D-4 X-ray film dose

Fig. D-3 Radiographic
characteristic curve

arrangement

X-ray unit : Philips G301
Film : Fuji #80+0.03Pb F&B

FFD: 800 mm e
20f piaphragm size : Pb 15mm dia., 30 mn dia.
Development : Fuji Rendol 20°C/5 min tank

Absorber : SUS

When obtained from the X-ray film
characteristic curve

180 kVp

220 kVp

260 kVp

When obtained by comparison of
exposure charts
180 kvp, 220 kvp, 260 kvp

radiation intensity

Scattered direct

5 20 25 30
Absorber thickness (mm)

Fig. D-5 Relation between scattered direct radiation
intensity and absorber thickness
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Exposure of
narrow radia-
tion field

Ve
/

7
s Exposure

4 of wide

radiation
field

T,

Fig. D-6 Exposure chart
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