
EXAMINATION OF MATERIALS BY X-RAYS, 

A brief description of the principles of examination of nlaterials 
by X-rays was given on page 75 of No. 6 of this series of Papers, 
written in 1924. Appreciable progress has taken place in the inter- 
vening years and some interesting practical applications .of this 
method of inspection ha.ve been made in important engineering work 
for the Service. It may therefore, be of interest to give a short 
account of the present position in regard to this process, together 
with a few notes on the difficulties which have to be overcome before 
such methods can become in any sense a general nzeans of inspecting 
structural materials. 

I t  may be well to recall that the process relies at source upon tile 
fact that the penetration of X-rays through any body clepends upon 
the nature of the material of which it is constructeti, varying almost 
directly with the atomic weight of the substance. Thus lead is com- 
paratively opaque, while air, steel and brass are less so, their order 
of penetrability being that in which they are here mentioned. When 
a steel object with an internal cavity is exposed to the action oi 
X-rays more of these will penetrate in tlie region of the cavity than 
elsewhere. It is evident therefore, that if any means exists of indicat- 
ing the quantity of X-rays that penetrate the specimen, then the 
location and shape of the fault may thereby be detected ; even 
changes in the density of the material can be seen if these are of 
appreciable moment . 

I t  was early discovered that certain materials had the property 
of fluorescence or glowing under the action of X-rays, the brightliess 
of the illumination depending upon the intensity of the impinging 
ray. A screen made of such materials can evidently be used to 
indicate any difference. in the opacity to X-rays of the various parts 
of a body placed between the screen and a source of such rays. Photo- 
graphic plates are also affected by X-rays and are generally used for 
the foregoing purposes. 

mth 0s Pmetration. 
The thickness of material that can be penetrated by the rtty 

clepends upon the intensity of the latter ancl also upon the nature 
of tlie material itself. The intensity ccf the ray varies almost directly 
with the voltage applied to the X-ray tube, and thus ic would appear 
that this factor is the main consideration in determining the scope 
of the method. 

It is ulifortunate that o111y n a very slllall pall ol tlkc i~icitl(.nt 
ray actually penetrates the material under examination, by far the 
greater proportion being " scattered " in all directions by the crystal 
facets of the material. Now this " scatter " not only passes out 



of the surface at  which it entered, but also nray travcl froin the 
aides of tlie specimcn to the photographic plate, which may thereby 
be badly fogged. It  Ilas been shosvn for illstance when radiographing 
a block of steel 3 in. thick, that only one part in 2,500 of the incident 
ray actually reaches the film direct, the remainder being scattered. 
It is now usual to cover the sides of tIlc ipecirnen and the back of the 
film ~ i t h  leacl in order to cultail the effects of scatter, but even so 
about 1 per cent. oi the scatter redcllcs the iilni. Evide~itly then this 
small fraction of general scattered radiation exceeds the direct 
image-forming radiation some twenty-five times, but fortunately 
even :nuncler such poor conditions there is sufficient plzotograpllic 
contrast to yield useful results. 

I t  l~as  been discovered that although the t o t J  scatter is so large, 
thc actual quantity reaching the film froin any one given directloll is 
very snrall. This led to the use of leacl grids or diaphrag~ns of suitdble 
depth bring interposed between the specimen and the iilnl, i l l ~ a .  
cutting off the scatter fro111 all directions save that of the direct ray. 
I t  has becn found that an enonnolrs improvement in pliotographic 
contrast is obtained by the use of such cliapllragms, which now 
constitute an essential part ol the technique of radiographirlg thick 
materials. The sketch, Fig. 2, shows the typc of grid used, which 
consists of lead strips closely and evenly spaced wit11 gelatine or 
celluloid between the strip\. -4rrange1nents for moving the grid to 
and fro are ~lecessai-y in order to avoid shadows of the bars appearing 
on tlxc film or alternatively the grid may be lotated. It  may bc 
of illte~cst to note that there is every reason to expect conditions 
to be better when it becornes possible to pcnetratc even greater 
thickness of metal than are at prcsent dcalt with. 

The masi~llurn thickness of steel that has been successfully 
penetratecl is nbont 4f in., requiring a voltage of nbont 300,000 or1 the 
X-ray tube. Incidcntally in 1917 the limit of penetration was only 
 bout l in. of stecl. The ester~sion of tlie present limit is lriaixlly 
tlependent upon the production of S-ray tubes c,~p,xble of with- 
standing the enormously high voltages required, ancl thcre does not 
appear to be any immediate hope of an appreciable advance in 
this direction. I t  is, of course, evident that the problems involved 
in the safe use of apparatus working at pressures in the order of 
hall a ~nillion or more volts are not easy of solution, and in practice 
the necessary safegunrds add appre~i~~bly  to the c~znibersomencss 
uf thr plant and detract grcntly froril the qpecd of operation. 

Location of Flaws. 
The photograpllic process is capable of disclosing c1,~cks of width 

equal to about 3 per cmt. of the thickness of the material under 
examination, whatever that Inay be, up to the cxisting limit of about 
4$ in. A flaw smaller than (say), 1 /l00 in. wicle, coulcl not, therefore, 
be detected with certainty in 3 in. materi:tl, and this points to one 
of the limitations of the process, as such cracks might well be ol 
conside~ablc practical iniportance. Against this rrlusi bt: put the 



fact that very few discontinuities of any real significance would be 
less than 11100 in. wide ? i t  all dzrections, and thus, although they 
nzight be invisible wlieri photographed from one direction would in 
general be clearly distinguished under observation fro111 another 
angle. I t  is tlms essential to explore any suspected section from at 
lcast two different planes of " v~sion." 

The visual exanlination ol inatcrials up to a limiting thicknes~ 
of about 3 in. for line cracks, etc., is possible and p~-actic~l~le, ant1 
there is some prospect that this limit may shortly reach the iibwrc 
of 1 in. I t  is, of course, obvious that there must be a limit to tlie 
thickness through xshich such visiinl methods c m  be employed, for 
in order to use the fluorescent screen the action of the rays must be 
i~istxntnlieous ; with the pl~otographic film a prolonged cuposure 
can bc given and the action then beconles cumnlative. 

It may be of interest to note that it has been found possible to 
desensitise the photographic films so that they are entirely unaffected 
by ordinary light, wide retaining their sensitivity to X-rays. This 
means that the necessity for a photographic dark room can be 
avoided. 

The interpretation of tllc " shadow " photographs obtained from 
the X-ray examination is a matter that rcquircs some experience, 
xvhic11 is, however, readily '~cquired-in particnlar, it is necessary to 
diitinglish between marlii~igs due to pllotographic technique, e.g., 
hair marks, faulty developing, etc., and those which indicate faults 
in thc part. The unfamiliar types of picture obtninecl, coupled with 
the necessity for a certain amount of skill in order to understand 
tlrein, is responsible for hesitation on the part of manufacturers to 
adopt the process-- this prcjudicc and snspicion is rnpidIy dispelled 
when csplor~tory sectioning of a faulty part has been demonstratetl 
coriclusivcly to iulfil the indications atlorded by the X-rdys. 

Tlic exact size, shape and depth below the surface of deep seatccl 
blow lloles ~rvay be located by stereoscopic X-ray photographs, CL 

method ~vllich is lrequently employed. 

Exposure. 
The length of exposure cleternlines to some extent the rapidity 

of tlic whole process of examination, but, except in tile case of very 
thick specimens, it is by no means the most iniportant factor in 
this connection, as the setting up of the specimen, the arranging of 
lead screens to prevent sidescatter, etc. all require time. In the 
early days the time of exposure was extremely long, amounting often 
to an hour or more. Advantage is, however noxv taken of the fact 
that if a fluorescent scree11 is placecl in closc,contnct with the filni, 
tllc timc of exposure is reduccil 30 or 40 times. With. proper equip- 
ment :! or 3 niinutes is sufficient in the case of steel 2 in. thick and, 
alth.ougl1 th.is figure is exceeded. for very thick specimens, it rnay be 
taken that the normal exposure for practical work is anything up to 
5 minutes and very rarely any more. 



Applications. 
I t  is fortunate t l ~ a t  the existing limit of per let ratio^^ is adeqate 

to cover the large rnajority of comrilercial needs, although thc field. 
of usefulness vioulcl be considerably estended if thicknesses of 8 in. 
to 10 in. could be dealt with. The research work wllicl-l has beell 
carried out at the Koyal Arsenal Xool\vicll, during the past 10 p u s  
has, hos~~ever, enabled the use of S-Rays for the examinntion of 
InetalLic structures to pass ont of the laboratory stage into the dock- 
yards and Pactorics of the Services. A 200,000 volt set of a semi- 
portal~le and compact natme has bee11 prol~ided 'it Yortsliiouth 
Yard, principally with the object of testing welds : this set is  
cntirely self-protecting, that is thc s,lfety of the worker is assul-ecl. 
I t  may be usecl for direct visual exarllination for thic1;ness up to 

in., above which photographic means are employed. The dimcn- 
sions ol this set are shown in the accompanying sketch, wllilc its 
weight is about 12 tons. An apparatus oi this nature ii ailmirably 
adapted for the ex~mination oi  castings in pal ticular cases., but the 
speed of the process is not yct snfiicie~itly great to warrant its usc as 
a matter of routine, desirable as this uridoubtedly is. 

The principal difficulty m the productioil of sound castings, 
especially of steel, lies in ensuring that the proper technique is 
eiqloyed in each individual case. Wlletllcr this is ill fact achieved ilr 
practice can only be ascerta~z~ed if the internal corldition of the cast - 
ing is definitely known, a qucstion -\trllich cannot be answered with 
certainty on the result of external examination or by the testing of 
tesl pieces plovidetl on the caating. It dppears poss~l~le that X-Ray 
ex,lmination of trial casts of import,tnt ca~tings Lvill enahle the best 
~netllod of producing sound articlcs of anv pal tirular sbapc to be 
determined--oncc the propcr tcehniqr~e has been evolved in a given 
case it should be niezely a question of application to ensure t h ~ t  
repeat castings are of the desired quality. 

This is the most probable immediate application of X-Rays to 
engineering uor-k, 1)ut the number of instances \$here the cost ancl 
tirne of inspection by these Illearls are justified bj. the importnrlcc 
of the particular part will no doubt multiylv with somc rapidlty 
wllen the possibilities of the rnethod are more generally understootl. 

Tlle yrescnt trend of research is in the chreciion OS inlproving 
bot l~ the rapidity of the process and the mobility ol the apparatus, 
while it is of course desirable that the cost (even now by no nleans 
excessive) slrould be cut dowx .is f,lr 3s possible. I t  15 rzyori the 
degree of snccess attendrng these investigations that the future 
employment of welcling in important engineering structures may 
very largely depcncl. ?. 

llie llie ot wrlcling f o l  ~n,~cI~incl y ~)rirpo,c>s oitel-S; consi(Lel.nt)lc 
;~ttractions ill t l~c.  tlirc.clion of rctlricing ~ v t i g l ~ t  ,111(1 rest, w1111 
atterltlailt si~ilylliicatioll ol clcs~gii. It 15, l~owevcv, urlsdr to ctcpentl 
upon the stre~igth oi a weld, 'tnd, dltliough much rime and ihoilgllt 
has been expended both in this country and elsewhere in thc attempt 
to enlsurc the sou~rdness of such a method of cor~nection, it is only 
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by t11e development of some means of " seeing " the internal struc- 
turtl of the joint that the essenti'il degree of certainty can be obtained. 
X-Rays are even now capable of performing this service, but it will 
be cviclei~t from what has been said already, thnt the existing 
apparatus is not adequate to render rq i t l  examination of welds 
a routine process. 

Other uses of X-Rays. 
A very modern a1)plication of X-R,lys is thnt termed " crystal 

analysis," ~vlvhlcll bitli f,*~r to J ieltl much information l egardir~g the 
an-angement of the crystal? in a matelial, thus enabling the state of 
strain to be ascertained, and also provrdmg fundamental data for 
many types of i~lvcstigation. This process 1s based u1>011 a similar 
principle to that enibodied in the spectroscope. J11st as a prism is 
capable of splitting up a ray of 11ght into its component wavclengths, 
so also a. fine clystalli~lc structure canhas dispersion of d bean1 of 
X-Rays. 'The ~onfigur~~tion of -the irnage fornled on a fluorescent 
screen by the clispersed beam has been foi~nd to vary wit11 t l ~ e  
arrangement of the crystal u n ~ t s  in the material, so that the crystal 
stincture rnay non- be ~ccognised iron1 the " pictulcs " taken in this 
wxy. 

Now it has long been suspected, and the suspicion has m recent 
years been confirmed, that the cr yst~lline str~zctme of any material 
IS apprecidbly flfIectecl by strain. ~~per imci i tn l  work now in 
progress aims at interpreting a ch,mge of ciyst;~l arrangement (in 
known materials) iu teirns of the accompnnjing strain-this 111 turn 
may cunceiv,~bly he t ra i~s l~~ied into s t ~  ess. If such proposals as these 
fn~ctify and pass from the Liboratory to the workshop, it may be 
possiblc to a~tual ly  measure the stresws 111 niacluncry parts or in 
structures, tlms checking design calculations. S n  equally important 
application would be to sec whether castings and the like wele 
properly annealed or wlletlier undesirably heavy irlterrial slrcsscs 
exist in any part. 

The effects of a given heat -Ire~tmerit can also be studied by means 
of crystal-analysis, and the conlpleteness to which such a process 
has been carried out should thus be deterrnirzable : an ~rnport~ini 
point in some c,t.;es 

Anotl-ter use for X-liays lies m the insl~ectlon of comphcatetl 
nlechanicdl device:, aftel asztnibly-this pait~cularly applies to 
snl;lU 'trticles such AS f11zes ancl the rnethod has been of great ser\ ice 
in this special field. 

In the case of forged air bottles and sirn~ldr products it is Prc- 
quently lrnposslble to ascertain the tllickness of certain parts of the 
l~liished n~ticle, e.g., in the fillet joining the body 01 the bottle a ~ i d  
tile end. This type of inspectional work is idcd for X-Rays ,1n(1 
tllere can be httlc doubt that further uses for thc process \v111 
suggest tlxemse1.i-es to an ever-uideniug degree ns engineers become 
gr:~d~~ally iamiliar with its possibihtles. 
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