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INTRODUCTION

Although radiography is one of the oldest nondestructive testing methods,
it is still very much a necessary part of current technology. Some of the
more common applications are assembly evaluation, dimensional gaging, and
flaw detection in eastings, weldments, and other fabricated shapes. In short,
radiography is applied to a host of inspection problems in which an internal
evaluation is desired on an optically opaque material. A very large number
of papers and books have been written on the subject, both from practical

and theoretical viewpoints. The material contained in the Nondestructive

Testing Handbook (1) as well as the bibliography compiled by Isenburger (2)

provides a thorough coverage of industrial radiographic practice.

There are several major factors in a radiographic technique which affec£
the attainment of optimum results. These include the radiation source,
specimen, film-screep combination, fiim processing, and their mutual
relationships. Changes in each of these can have a significant effect on
the radiographic contrast and resolution of the film used as the detector.
This discussion is 1ntended as a general review of radiographic practice

i e

with emphasis on the effect of variations in the principal factors at energies

-

®This paper 1s one of a series of three requested to serve as an integrated
survey of industrial radiography.
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This report was prepared as an account of Government sponsored work. Neither the United
States, nor the Commission, nor Any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with respect W the aceu-
racy, completeness, or usefulness of the information contained in this report, or that the use
of any tnformation, apparatus, method, or process disclosed in this report may not infringe
privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from the
use of any information, apparatus, method, or process disclosed in this report.

As used in the above, “‘person acting on behalf of the Commission*’ includes any em-
Pployee or contractor of the Commission, or employee of such contractor, to the extent that
such or of the C , or of such contractor prepares,

disseminates, or provides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor,
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. proportion of transmitted energy for higher x-ray energies, lower atomic

with the relationship . I - N

* " number materials, lower densities, and thinner sections. Figure 1l relates o

below 400 kvp. Obviously it will not be possible to cover every facet or
give complete detalls of the procedure. The cited publications can be used

as reference material for those wishing more detailed information.
BASIC PRINCIPLES t , -

As x-rays pass through a specimen, they will be attenuated in accordance

I-= Ioe'up*
ihere ;
I = transmitted x-ray intensity{ B
I° = initial x-ray intensity,

u = mass attenuation coefficient, l :
" p = density, ﬁnd | :5
x = thickness. , ' / vi i :J?
S

The value of the mass attenuation coefficient, u, (which in general .
decreases with decreasing atomic number) is dependent upon the energy
(kilovoltage) of the x-ray being used; that is, the lower the energy the TR

larger Qhe coefficient. From this it 1is evident that there will be a greatefﬂ aff1;;

this to radlographic practice. The specimen is placed so;that X-rays of a

given energy range may impinge ;pon it. A film containing a radiation-

sensitive emulsion is placed behind the specimen so that those rays passing ”i;‘v
through the specimen may be'detectéd; Variations in the intensity of x-r&ys ‘vl'A

‘ . e

passing through the spgcimén will cause a corresponding change in the amount

A ..

of photochemical reaction in the emulsion, For instance, the discontinuity

C ¢
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shown in Fig. 1 represents an effective decrease in specimen fhickness,
allowing an increased x-ray intensity at that point with subseqnent increased .
f£11m reaction. In general, the attainment of a useful radiograph depends unon
the selection of the proper conditions of x-ray energy, exposure, and film to
produce visible variations in film reaction for small, localized changes in
section thickness. Since each of ‘the factors necessary to produce a :rsdio- o
.graph has an effect on the completed film, an understanding of each is necessaz'j.» L

SINGIE FACTORS
Source
X-rays are generated in an. x-ray tube by the focusing of an electron beams?tb,a*“*'

upon a mefal target'after acceleration through a high voltage potential. Some,-"',-A:.ﬁ::"”'A~
of the electron energy is converted by the target to x-ra&s'with energles -
.varying in energy downward from that of the accelerating voltage. One of tne‘ib"”
L most common x-ray tube target materials is tungsten, although other materiais'A“
are occasionslly used. The x-ray tube 1s generally housed in a contalner

designed and shielded in such a way to allow a usable portion of the x-ray to
be emitted only 1n selected directions. The maximum intensity of the electron,fﬁf
_beam (and subsequently rhe x-rays) per unit area of.the target 1s limited by - R

" the ability to remove the heat (anotner‘by-product of the electron-beam
bombardment). From this very brief description, it 1s evident that an x—ra& nffVﬁ;it:
source has several characteristics.wnich significantly affecf'the radiographicx ;"';
. procedure. | » o o | B
1. As the acceleratiﬁg voltage of the electron 1s changed, there will

‘- be a corresponding change " in the range of x-ray energies and the transmission v

po . [
: b . - N . . . “

or penetrsting capdbility.'

;:.v:..:ﬁ-c'*'au':‘n.‘.'
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‘ ~ accelerating voltage and beam~current intensity.

o g;ff,occasion, with no understanding of.the "why." These being so frequently the

';{¢5jbeing obtained of vafiations in thickness in the specimen asthey'effect x-rav_
' i: transmission. Since voids or othef‘such flaws reduce the amount of‘material:;ﬁ
" {:,jthrough which the x-rays must pass,‘these constitute an effective thickness~“
‘“L‘change. Three-dimensional flaws such as porosity, - ges holes, etc., are best

v'?'.suited for radiographic detection since there vill be somewhat equivalent

4
2.~ The focusiﬂg of the electrons into a certain size focal spot on the
target material limits the maximum x-ray intensity and fixes the size of the
x-ray source itself. The former‘can'be directly related to the required amount,tf~??ﬁk
of exposure time to achieve the desired amount of ﬁhotochemical reaction or |

"blackening" of the detector film; the latter is a factor in the degree of

sharpness in the projected "shadow" of the specimen. More will be said about
. each of these factors. In general, for a given x-ray tube, the target material ?;

and focal spot size (or sizes) are fixed;.there being control only on'.

Specimen '

Unlike most of the other factors to be discu;sed,,there is generally very-‘ii
little that can be done about the Belection‘of the specimen. It is generally o
\“_thrust upon the radiograpﬁer with the crypticlfeqnest, "X-ray.it!" and, en‘

”';‘circumstances,'it is in order to take a quick look at the specimen and to .

"' remember "what it is that we're a-doin!" As noted earlier, a film record is :

o response regardless of the.orientation~of the x-ray beam (other things being' E
. equal). - '

Thig is reflected in the‘very .widespread usage and excellent results of

B radiographic inspection of welds, castings, and other such items in which such
" flaws may be found. However, "two—dimenaional" flaws such as cracks, “lami-~

nations, etc., are qnite orientation—aensitive being, in general, nondetectable 1

‘ - N
[
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i the condition of X-ray exposure. to obtain the best results on contrast and .

when the x-ray beam is perpendicular to the plane of the flaw, detectable i ;JE T:
when the beam is parallel to the flaw, and having varying degrees of detecta-_'
‘bility at other angles between the extremes according to the "thickness" of o B

the discontinuity in the direction parallel with the x-rays. These factors .~ Lo :

indicate the necessity of knowing sor‘nethin.g e.boht the fahrication history of..u'_:
the specimen and the suspected flaw fypes and orientation. .'I'his would allow .. ‘ '
the optimum specimen orientation to be chosen and, in some instances, might :
indicate that radiography would be an unprofitable exercise.' For some con- -
. figurations having a designed variation in thickness, it may be necessary to ‘ Iy

make more than one radiographie exposure varying the specimen orientation and ,.‘.

defect resolution according to the section thickness.

Film

The most common mode of detecting and subsequently displaying the variation.'v:-_:
" in trensmitted x-rsy intenmsity is the use of £ilm with an unsteble emulsion ,
‘. ; which is sensitive to electromagnetic radiation such as x-rays. The PhOto_ T e
- Sens.iti\r§ emulsion, usua.lJy silver halide-bearing, undergoes a cha.nge in

‘<physical structure when it receives the radiation. Subsequent chemical

.processixig (developihg) produces a reaction which allows lthe gradation of

- reaction zone to be viewed.
| In general, radiographic film can be classified according to two factors -t‘ o s

speed and quality. ;I'he film speed, as its name implies, is indicative of_the'

'relative' amount of radiaticn exposure necessary to produce a certain amount B

of f£ilm blackening. Quality, .a. more 'complex fa.ctor, includes. £film graininess

" and the contrast which can be achieved for &8 given change in specimen thickness.

| In general, for faster speed, the q;ua.lity wi].'L be lower (less contra.st and more ..

.';

. graininess). e T e e T



. wetting agent to improve the drying characteristics, and £inally film drying. -

The film is, of course, quite sensitive to visible light and, because of.u'
this, must be protected throughout its handling until the.final chemical
.processing has removed its capability to undergo change under the effects of
radiation. In most common procedures, all film handling 1s in derkrooms

~except for the time immediately preceding, dpriﬁg, and after the x-ray

"exposure. During this period it is encased in a holder (cassette) which is
;d‘opaqne to visible light but relatively transpdarent po X-rays.

Film Processing

After the radiographic film has been exposed to the x-rays, chemical
. processing is employed to allow viewing of the latent image produced by the
" “variation in impinging x-ray intensities., The common steps include the use
. of a developer solution which reduces the exposed silver halide crystals to
metallic silver, rinsing in an acid bath to stop the developing action, and B

then a "fixing" operation to remove the unreacted photosensitive crystals.

- Subsequent operations include washing to remove residual chemicals, perhaps aﬂ‘

. The degree of'deveIOping by a standard-strength solution on the reacted”:iid
q.cnystals is a function of both time of development and temperature of the
solution:: For congistent results both time and temperature should be stand- ?
ardized. The most commonly recommended values are 68 F with a 5-min developingi,;tl

time. Decreased time or temperature will result in less development of the

image. Increased development, due either to slight increases in solution idikyjiff{'iﬁ

- temperature or developing time, can afford increased £1ilm contrast but, in j>”

general, at the sacrifice of resolution because of 1ncreased graininess in ‘-lf‘“‘ﬁ{ ffgf

. ¢ . . v ' T

the processed film,




COMBINED FACTORS
Source-Specimen
The specimen is the principal fs.ctor in the selection of source-operation

conditions. As mentioned in the basic principles, for reasonable exposure ..
‘times , the higher the atomic number end the greater the thickness of thel .
specimen the higher wiil be the required energy of the x-rsy beam. For
example, Fig. 2 relates the required x-rsy energy for varying thicknesses of
type 316 stainless steel with all other factors of exposure time, £ilm, |
achieved film density, etc., remaining constant. Figure 3 shows the change‘ in
exposure time to achieve constsnt £11m density as the energy is varying on' ; | !
several thicknesses of the 'same steel. As a first approximstion, it is - ‘

desirable to use the lowest x-ray energy consistent with achievement of

"~ adequate 'film density in a reasona,ble exposure time, The loéer energy allows .

greater contrast or discrimination for small thickness changes associated with . e

. '_ defects. Of course, there may be times when a slightly higher energy may be

- . msy produce so much contrast tha.t all areas cannot be viewed on a single film

“optimm. For instance, with specimens of varying thickness, the lowest energ"

:‘. " However, if adequate sensitivity can be achieved, it msy be possible to in-~ P

" crease the energy such that a slightly reduced contrast ‘and greater la.titude o

‘_'will allow the entire specimen to be interpreted.
Source-Specimen-Film -
Figure 4 will assist the description of effects due to variation of the . .

- relative spacing between source, specimen, and £ilm, The image of an object ~

(discontinuity) can be considered ds the: shadow caused by the impinging x-rays. o " L

As the ob.ject moves closer to the source and away froxn the £1Im (decreasing

J‘.‘

_the -:'— ra,tio) ’ its image will be msgnified. Also, since the x-ray source has K




a finite area and each point on the source casts its own shadow, the over-

lapping of images at the edge produces a band (denoted "P") in which the image

is poorly defined. The width of the band of unsharpnesq_decreaseé with
decreasing source size and with increasing % ratio (as shown in Fig. 4b).

This latter consideration demonstrates the need for a large % ratio which is

achieved by placing the specimen as near the f£ilm as possible and using large

source-to-film distances. This is limited, of course, by practical consider-

ations of exposure time since the divergent x-ray beam obeys the inverse

square law; that is, the x-ray intensity per unit area varies inversely as

the square of the distance. -Therefore, to achieve compareble x-ray film

densities, the exposure times will vary as the square of the distance. For
: exémpie, if the distance is doubled, thetéxposﬁre reqﬁi:ements'aré 22 or

':‘ four'timeslthe original.

Source-Film

Aé,mentioned previously, with more intense x-ray beams or with longer

exposure times, more f£ilm blackening will occur. ' This can be readily expressedff*f?i”

. by the characteristic curve shown in Fig. 5 which relates the logarithm of

x-ray exposure to the film density. The slope of. the curve provides an indi- -

_cation of the contrast which can be obtained for unit change in exposure

intensity on the film (as might be caused by small thickness changes or the ?ﬂ.':'

presence of voids within a specimen). As seen in this curve, there will be

.less contrast at the lower and highef densities with best contfast occurring ¢

at intermediate densities. Characteristic curves for other film may show

that the. best contrast will e obtained at the highest denaities compatible 2 1'”'

;with radiographic viewing.i ~:‘i5“7”

I'
{-.
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”4'vthe £ilm and the fact that the photoelectrons which are produced by the

A less well-recognized effect is that of the relative response of the
x-ray film as a function of the relative energy of the x-ray beam. Figure 6 - ;
(taken from the Nondestructive Testing Handbook, p. 16.23) illustrates this

" for a screen-type film by indicating the relative amount of radiation to pro-

duce a film density of 1 as the energy changes. This correction generally -;;f ;5fTv
has been made in the preparation of exposure charts. : -jgﬁ?fmfff
‘ The factors mentioned thus far relate x-ray intensity and energy to the |
achieved density. Another necessary consideration is the effect of the x-ray‘f
energy on the "graininess" of the film. "Grain" is the result of a clumping |
~of the silver particles released during the exbosure to radiation. Coﬁ-

fributing.factors to the clumping or graininess include radiation scatter in

~ interaction between the x-rays and the atoms in the film emﬁlsion diffuse or f:}

| spread in the emulsion — the higher the x-ray energy the greéter the range
of electron diffusion. What does this mean on & radiograph? Simply, that
*; the x-rays passing through a specimen and impinging on a single point on the’
£1lm wi#l, by scatter and electron diffusion, affect a small area around that L
point, thereby producing a diffuse image. Therefore, as the energy increasediﬂjgfl

)

this facfor of unsharpness will likewise increase. If the inherent unshaer';':;ff:

ness is the largest factor (and is controlling), the resolution will become )

-poorer; that is, the minimum detectable discontinuity will be larger. This

exposes a potential pitfall into which the unwary may step. In aﬁ attempt

D

to‘gain'better resolution, é change may be made from fine grain to very fine

. grain f;im-f a logical step. Howéfef,'to avold paying the penalty of increased v,;f
. exposure time at the same energy, the energy may be increased sufficiently to s L
achieve the desired film density witﬂoqt increased expdsure‘time.' Because of

4
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the subsequént increase in grainineés, the gain in resolution 1s decreased.
The results of a simple test will illustrate the problem., -A plate containing'
a number of holes of varying depth and diameteér was radiographed on a fine- |
grain £ilm to a density of approximately 2.0. A 5-min exposure was required :
énd the shallowest hole detectable vas 0.016-in. diam x 0.006 in. deep and
thé smallest diameter was 0.008 in. x 0.019-in. deep. .The same plate was
radiographed on a very fine-grained film; a 20-min exposure was required to
.achieVe a comparable density (other factors held constant); and the compérdble  ¢%;’1”
) detectdble hole sizes were 0,012-in. diam x 0.005 in. deep and 0.006-1in. diam.x )
0.019 in, deep. However, when the x-ray energy was increased to allow a 5-miu
' - exposure on tHe very fine-grained £ilm, the hole sizes increased to 0.013-ip.u¥fh; _
 diam X 0.006 in. deep and 0.0bé-in..diam x'0.0l9 in. deep. Figurel7 proiidésv:r:':':
more defailed_information'of the intérmediate sizes which were detectable.f:f%%f;“5t7w5
Film-Screens . | "' j
It is quite cdmmon to.use‘lead screens in the film holder in close - G
ﬂ'fi Proximi§Y-to the:film. This éan se?ve gseveral functions. One such ﬁse 184;*é:‘ﬂ‘2%
.. to serve &as an 1ntensifier for the x-ray action. - It has been noted that the L
‘response of film to x-rayg 1s affected by the relative energy of the rays.g 75/"
A partial explanation utilizea the relation noted earlier. | .
I= Ioe wpx |
As the enefgy of the x-rays increases, more are transmittea through the film

" with ro interaction. Thisfinefficiency'can be somewhat offset b&'the use of

1héawy métal‘screens. - These act ag efficient absorbers for the X-rays, emitting

- photoelectrons and softer (lower energy) scattered secondany radiation which

" are more easily dbsdrbed.by the film. If the metal (usually lead) screen is :

PR
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-« can require the same and even longer exposure times. Figure 8 indicates the’

11

in intimate contact with the £ilm, both primary and secondary radiation impinge
upon the same areas and no image blurring is produced. However, if intimate o
contact is not maintained, image quality can be severely degraded; The

| gecondary radiation can produce a significant increase in the film response _

at higher-energies allowing shorter exposure time. The improvement decreases

with decreasing energy until (at approximately 110 kvp) the use of lead screens

crossover observed in a series of radiographs on 1/4 in. of 300 series steel -
made at.varying energles both with and without 0.005-in.-thick lead screens.. .

A fine-grained film and a constant potential x-ray unit were used. Near the

. crossover point there mey be a .s‘light decrease in contrast with lead screens

" because of preferential- s'bsorption of the softer beam components. '

SCATTER

It should not be concluded from the foregoing that the use of lead screens " ,{‘
cs.n serve .no usef‘ul purpose at the'lower ener’gies.’ Although not beneficial as

| intensifying screens , they can still be Very profitable as filters for scattered

, | radiation. When an x-ray beam strikes a material, some of its energy is trans-
v'mitted tiirough the specimen and a portion is converted to lower energy radiationff:g:.f‘
<0 ‘which is "scattered" in all directions as shown in Fig. 9. This "scattered" .
radiation will produce film blsckening, and‘ since it can quite easily be more’ E

than that from the primary image-forming beam, s‘catterf; can 'seriously shadow,

undercut, or otherwise degrade the image of interest. The use of lead screens
'. " .(on both -sides of the film) will preferentially .absorb a greater portion of
" the scattered x-rays and can significantly improve the desired imsge. Severa.l'

precautions need to be recognized before a decision is ma.de to use lead screens




. scatter, particularly on irregular shapes or parts with rapidly changing

 the softer components of the broad spectrum of x-ray energies present in thef}ﬂlj

specimens with large thickness differences (subject contrast), this may be ’hf'wi

’_.exposure time and diminished scatter At lower energies, screens should be. S
. used sparingly because of the increased exposure time but may be employed to i;i
M'reduce severe scattering problems, if adequate image contrast can.still.be
- ;maintained. A practice formed by.many is the use of a lead screen behind
.:ai.the film, In this position, it has no effect on the primary'beam striking'i‘f

‘the £ilm but can be effective against scatter from other materials behind the}

* cross section. This involves the use of masking material on or around the
: specimen to act as an attenuator or thickness supplement. Figure lO illustrates'f;

" - the use of .a snug-fitting mask used to improve radiographic quality in the f;jffflf

12 AR

as "filters" at the lower energies. In addition to their effect on the
scattered radiation, the screens will also attenuate the primary radiation,~i;ii3 157

increasing the required exposure time and preferentially absorbing more of Lﬁ*'"u

beam. The latter will, of course, reduce the attainable contrast. On -

acceptable and, on occasion, perhaps desirable.
In summary, lead intensifying screens are generally desirable at x-ray fflm:

energies greater than spproximately 110-120 kvp because of the reduced

[

et

specimen and film,

Another approach is frequently used to reduce the harmful effects of - o

radiographic examination of closure welds on nuclear reactor fuel rods.- ek

SPECTAL TECENIQUES FOR LOVEST ENERGIES

The previous discussions have be_en concerned with the zost common forms

- of radiography at energies below 400 hvp.lEOnfthe;extreme,lower'endvof the




'V.Qf detail much less then 0.001 in. in thin sections.’
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spectrum, some_of the practices are inadequate for optimum results. For
instance, at energles below approximately 50 kvp more consideration should

be given to the filtering effect of the film holder on the X-T8y energy.

At energies below about 25 kvp, the air atmosphere.can become an effective
attenuator and filter for the x-rays — changing the energy spectrum and
inereasing the exﬁoeure time. Steps which have been taken at these energles

" to achieve better radiographic qpelity have included the use of thin

beryllium windows in the i-ray tube,‘interposition of a helium chamber to
displace the air atmosphere, and the use of bare-film, darkroom exposure
teehniqnes_(B). These techniques are of particular value in the radiography
of such light materisals as beryllium, graphite, and thin sections of aluminum.
These modifications coupled with the use of very high;resoiution photqgraph;c'li'gjﬁlﬂz

emulsions and optical magnification for viewing can permit the observation f,”Vl'%ﬂ .

SUMMARY AND CONCLUSIONS

The,varieus facets of’radiography at energies below 400 kvp have been
reviewed.eingly and in combination. In each case, -the variations in the
B several }actorS'have been noted as they affect the attained radiographic .

| °333595t\33§\5335123¥i£y‘ The generalized conclusions are summarized below-iiefljj

Radiographic Contrast

'.‘Inereased Contrast “; Decreased Contrast

- Lower x-ray energies J”‘Higher x-ray energles -

Mbre thickness variatiou }~ *“i;fless thickness'Variationz‘»

Finer grain f£ilm . ”j“doarser.grain film;“&

B I NP

Decreased scatter - R ' ‘;} ?i"Mbre scatter

R ’ ’ o . T ooy [ IR ‘151\
Longer processing ' Shorter‘prOcessing :
Less 1ilu1ation oY beam wpre fﬁ%ﬁraﬁron
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Radiographic Sharpness or Resolution

Increased : © " Decreased
larger % ratios L ' Smaller~% ratios )
Smaller focal spots . : f . ) Larger focal spots ’%f

Finer grained film Coarser grain film .

Iower x-ray energles Higher x-ray energles

Better film-screen contact i T Poor film-screen contact
Decreased scatter ’ ,‘ .' . Increased scatter

Shorter £ilm developing Long f£ilm developing i;
Thinner specimens Thicker specimens ?f
Higher contrast - ) Lower contrast R

Radiographic contrast denotes those factors which will affect the difference
:, in film blackening across a radiograph. Radlographic sharpness or resolution o
.‘vdenotes those factors which affect the ability to detect discontinuities as BT
& function of their absolute size, not as a percent of specimen thickness.
Both summaries in&icate trends, some of which have very real limits beyond
which furthervimprovement of the quality cannot be obtained.‘ Mbst.experienceq3a%:?U”'J
'radiographers can immediately cite cases or areas in which these general- b
“"izations.are not valid, but it is felt that they can be useful for most
-.operatiohs.

The factors noted for improved resolution or image sharéness are not
:simply additive, Previous studies in photography, fluoroscopy, and radiography

indicate that the total unsharpness varies as the cube- root of the ‘sum of the :"

K

-, cubes of the various unsharpness factors. - Some experimentalists use square

)

~roots and squares for the factors.< In most practical applications, the dif- -

ference between the two approaches is only a few'percent.’.In either case,’
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it indicates that the largest unsharpness factor will control, with the-.
remaining factors'contributing very little to the overoll rédiographic ‘:i. “,‘u“f;ii
resolution. Thus, on the basis of resolution alone, if a single factor RS
(such as film or x-ray energy) is the principal cause of tte degree of
'unsharpness,Aimp;ovements.in'the other factors (such as % ratio) will.havej
little effect on resolution. However, care must be taken in decisions to
change factors for improved resolution because of the associated changes in'yf
such criteria as radiographic contrast, image distortion, beam coverage, orj
exposure time. It may be observed that meny of the factors leading toward
- better contrast arnd sharpness also require longer exposure times. Optimum fi;k

' radiography, then, must be a compromise between economic considerations . ' -

:(freqpently including the availability of equipment) and the radiographic j:§?~lii

quality essential to the successful evaluation. Despite the advances of

"’;: other physical phenomens. 'for nondestructive testing,through proper’ selection}'?fA

. of the optimum conditions. radiography has been and will continue to be a

. work horse in inspection technology.
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FIGURE CAPTIONS

Figure

No.
1 (.OR.NL"DWG 63-5429). Relative Arrangement of Factors for Radiography. &i
2 (ORNL-DWG 63-5428). X-Rey Energy Requirements as Steel Thickness Changes."“ ) J{ f
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