
THE TESTING OF ENGINEERING MATERIALS. 

Modern advance and competition, continue to exercise greater 
demands for economy, qeed and high duty, together with the 
p ~ t e s t  lightnew of construction, on all engineering productions, 
with the inevitable result that the possibility of " over design '" 
creeping in ia more lilcely. 

The importance of a study of t-he method employed in 
testing all material which are used in comtruoti~e work o a d  
well be exaggerated, such study being of vital interest to  all 
having to do with the design, manufacture or inspeation of 
machinery. 

The term " testing," of course, by i h l f  means littJe or 
nothing and q u i r e s  to be defined by the special quality or 
auxlities which it is desirable t o  a~~rec ia te .  Materials have 
& .1 

many qualities, and tests may be applied to  arrive at EL measure 
of one or any quality. The term testing materia.Is, however, 
has come into common uae to expresa the testing of materiab 
for the special quality of physical strength, or in a wider sense, 
their special quality of resisting external forces, and their 
behaviour when subjected to such forces. 

In the practicc of testing materGils two general types  of 
tests are recognised. In the one, an article comprising the 
material or sample of a material iis submitted to a specified proof 
test, of which there b e  many kinds, and should its behaviour 
under the test meet specified requirements, the materials or 
sample are said to have paseed the test. This is a simple and 
practical type of test which has much use commercially, and 
gives amurance that the material is suitable to perform the 
task for which it is intended, but stopping at the point where the 
particular standard has been athined, it does not indicate how 
much more resietant the material may be. 

In anobher general type of tmt, an endeavour is made to 
measure the actual strength of a sample of the material under 
test, and its quality of resistance to  various definite stresses is 
ascertained in detail. The first type of test has little scientific 
interest, but is eminently practical and of very much use in 
daily commercial p~aotice. The second type of test is of con- 
siderable PcientSc interest, and calls for the application of 
mathematical and, mechanical principles, and provides a means 
of obtaining information of a nature which l~aa been and is very 
essential to the engineer, designer, metallurgist, chemist, as well 
as t o  scientific investigators in many linw. 

In addition the mechanical tests, further assurance is 
sometimes degirable that the material comprising the finished 
article is at all points in agreement both in structure and. 
homogeneity with the sample which has been subjected to the 
detailed physical tests. This particularly arises in articles which 



have during mmufactm been aubjeot to heavy and pmsibly 
irregular forgjng or in complicated wtkgs or indeed in any 
article, possibIy small, which is exposed to high duty and which 
by its failure may lead to grave consequential damage to the 
complete nracbine or structure of which it f o m s  a part. 

X particular example is a high-speed turbine wheel. Here 
the t e s t   piece.^, if taken on completion of the forging operation, 
may not be representative of the wheel, Ths over-speed test 
will, however, indicate within limits thc suitability of the wheel 
to resist forces somewhat beyond those expected to arise in 
n m a l  running. Rut over and above this, in view of the serious 
consequences of failure of the wheel on eervice and the nature of 
the procesea carried out during manufacture, possibly too on ct 

high st,rengkh material with atcompanying peculiar .or leswr 
explored char~teristies, the designer fmb that he is entitled to 
a furt,her den~o~~stmt ion  of the soundness of the material before 
it is put on service. 

Similar considerations apply with m m  or less thc: same force 
to many other parts : oil engine cylinder head cmtings, important 
bolts, bull bearings, may be mentioned and other examples will 
ocouc to the reader. , 

Mechanical testing as practised to-day, and from which a 
vast amount of useful, indeed essential, information haa bmn and 
is daily being obtained, is, from a truly scientific point of view, 
at best a somewhat crude performance. But, fortunately, 
experience shews t h a t  only a very moderate degree of mcuracy 
ie necesaqy; and since rnechanicd testing h useful, primarily 
because it enables rnahrirtls to  be compared, i t  does not necessarily 
entd the employment of expensive and tedious appliances 
which are essential when a degree of accuracy which can be 
qualif~ed as "high " is required: 

That WC can get along so satisfactorily in the engineering 
world on such a system of approximation as we do is perhaps 
rather surprishg to realize, and the human element of permnd 
judgment as to  tolerance or degrees of accuracy which must be 
observed is a factor of no ~ r n ~ l l  importance. 

Mechacal tea% in its simplest aspect is the memufement 
of the changes of shape or condition which a piece under test 
sufferer when acted on by known farces. The masons why 
different materials act in different manners under similar con- 
ditions we largely unknown. Our knowledge of what has been 
described m tthe ultimate structure of material af any kind is 
very limited. Although much advance has lately been made in 
the search for a conception of the ultimabe particle, very little 
so far has been discovered which explains why certain substances 
have c e i n  charwteristics. What, in fact, enables a material 
to  exhibit such physical qualities m elasticity, hardness, strength, 
we do not know. 

The commonest and possibly the most useful of all testa 
in the general run of testing is the tension test: in which the 
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behadour of a material is noted when it is subjected to a, simple 
pull or, as i$ i s  called, is ~uhjected to GensionaI stress. 

Tensile testing machines, after long yem of use, have been 
bmght  to a considerable degree of excellence, for although it 
wouId appear to be a ~simpIe mechanical. feat to  design and build 
a machino which will give a straight and variable puII, and at the 
aame time indicate the mount of the pull with sufficient accuracy, 
a cIoee examinatiofi of all the requirements necessary to  be 
filled will make it clew that the problem is not easy. At the 
present day, however, there are many types of such machines on 
the market which are. capable of giving results quite sufficiently 
accurate for engineering purposes. 

The redtez of a tensile test,  for example, on a, specimen of steel 
intended for use in nome mechanical structure are in the vast 
majority of cases reported in a way which must be somewhat 
confusing to an unexperienced observer who may be interested. 
An engineer, in designing some special machine wishea, of course, 
to know the strength of the steel which he intends to use. He 
therefore aaks for the elaatic limit, the ultimate strength, and the 
percentage of elongation and contraction of area of a specimen 
of that steel, aa determined by an ordinary tensile test. The 
test is made but thc results are not what they axe reported to be ; 
it is possible that there are many engineers who do not truly 
appreciate that the results of a tensile test are reported con- 
ventionally in a sort of technical jargon, of crude and inaccurate 
etatehnts. 

The terns elastic limit, proportional limit, and yield pint, 
lmve ontirely different meanings, and &hough it is true that in 
a materid Liks steel these points may be very close together, it 
is unfortunate that there is so general a looseness'in their use. 
The elastic limit and bhc proportional are extremely difficult 
to ascertain with more than a very moderate degree of accuracy, 
even with the best of instruments in the hands of careful. soiontific 
observers. In the case of the yield poinii, indeed, there has been 
much disc-ion aa to what *ally constitutes the phenomenon. 

The reault whioh ~ reported to the designiq engineer as 
" the elastic M t  " or " yield point " should be recognised m a 
e p l e  numerical e~pproximation of a phenomenon exhibited by 
a material nnder stress whcn it iis pawing from the elastic to the 
plastic phase. 

Again, it is not alway~l appreciated that the reported ultimate 
or tensile strength, is ody a conventional figure. This result is 
practically alwap reported in pouncis per square inch of the 
original cross-section of the tested specimen, whereaa the specimen 
has become reduced in cross-sectional area before the ultimate 
load is reached. and often doea not break until this cm=-sectional . . 

area is very much reduced. 
It will be thus men that the engineer obtaina a series of 

approxim8tions on which he bases his calculations, and after a11 
haa been done, a factor of safety is introduced, auch factor being 



the reservp which, it b hoped, will cover the unknown or 
unexpected. 

It is nut to be inferred from the foregoing that the value nf 
ordinary knsiIc t~stitlg is any the less, and that mechanical 
testing is simply a series of guesws. The exptanation of this  
apparent cnrelewness lies, not in the failure to  obtain test multa 
which arc of a very considerable degree of accuracy, but in the 
charackr of most of the materials which me available for 
~tructural purposm. Commercial material, which is homogenous. 
and consistently of similar nature throughout, does not exist. 

Two test specimens of exactly simiIar dimensions, and made 
from material actually continuous in an original mass of steel, 
wi1X not give exactly similar results when teskd under the same 
conditions. The results may be very nearly alike, but they will 
not be the same. This is not surprising when the physical 
composition and structure of the steel is considered. Microscopic 
examination of steel shews it to consist of Bn agglornerrttion of 
crystals of diflerent materials, of different sizes and differently 
orientated, and joined together by a matrix of non-crystalline 
material possibly diffemnt again in composition from khs 
crystalline matter. The stresses to which the test piece is 
subjected a* borne by these crystals and the amorphou~ matriff. 
What we therefore measure is the combined resistance of the 
crystals and the cementing matkr which causes them to adhere 
together, and since the component particles differ, their individual 
resistancm are different. The combined d t a n c e  of the 
particles in a unit cross-section area is very similar though not 
identical wikh the combined resistance of the particles in any 
other unit cross-section Rrea of the same material. 

It is also to bc observed that it i~ impossible to  make two 
heats of steel exactly alike in composition, a consideration which 
is very evident when a very eumoxy survey is made of the 
processes neceasary in making steel, from Ghe blast furnace h the 
steel conversion furnace, and if the changes which that steel may 
undergo in the various types of heat treatrnenb adopted are also 
taken into account, it will be clear that. two pieces of steel derived 
from different heats will be similar in general character rather 
than identical in every respect, however great care k taken to 
duplicate operations in every way possible. 

Even wider variations may ba noted in the case of non-ferrous 
materials as a result of sm Jl changes in the process of ppreparing 
the material. h the of Admiralty gunmetal, for example, 
tes t  samples from the same pot of metal can be cast with tensile 
strengkhs ranging from 8 to 14 tom per aq. inch, at the will of 
the maltex, according to the temperature at which he chooses 
to pour. 

For any parkicular brand of material when made in r e s p t  
to composition and treatment with those precautions which are 
practically poasible with commercial products, the t e s t  resulk 
may therefore vary somewhat widely. But if continuous tests 
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are mnde of $he p~:oductions from day to day, it is fomld thtit 
the majority of samples will give whlrIts falling wit,hin fairly 
narrow limits. The range in dtimate strength, for ~xa~npIe, 
given in specifications, represents the limits within which pnr- 
ductions made on a commercial S C R ~ U  might be expected to fnll, 
and is the necessary co~icession to the variations which C R ~ ~ O L  
be avoided in practicd work, rather t hnn to any dt~ircd variation 
from the user's point of view. 

Apad from differences in composition and structnre clne to 
manl~facturing conditions, a further factor to be kept in view 
is the human element in the teuting operations as carried out in 
the shops. A so-called " expert " in testing call attain fairly 
wide variations in the observed data by altering the speed at 
which the test brtr is loaded. 

The futility of super-refinemenh in recoding the observations 
made in routine tenpile tests is therefore evident, but it will be 
equally clear that it is unsafe to take the recorded results of a 
test  on one sample of a s k l  as a measure of that steel. This 
point is demonstr&d in the specifications for parcel t e s k ,  h 
ao far as a further mmple is permitted to be tested if the first 
fails. It is more satisfactory to form R judgment from the rault 
of three or more samples, taking the average of three or more if 
the figures are near, but discarding any one which diverga 
greatly from the others. 

These conditions, of c o w ,  apply in exactly the same; way 
in other tests which are commonly made in routine laboratorim, 
such as bending, torsion and shkar teats, and it is m o p i d  
that the resulk reporkd from the laboratory are indications 
more of the order of, magnitude of physical resistance of the 
tmted material than absolute determinations of actual strength. 

There me certain tests f be rresulb of which aan only be used 
h a comparative sense, in that, such tests only determine the 
Merencea of reaiatanoe to certain types of atresses between one 
material and others. This is well exempl5d by the impact 
test  and certain types of endurance d fatigue tm8. Such t m t s  
are somewhat complicated by the introduction of factors which 
are up to the present largely unknown, and the reIiability of such 
tests  depend to  a certain. extent on the reasonable supposition 
that %lhe~e unknown factors can be maintained ae constanM h m  
test to  k s b .  

Much aasistaace has been gi~m and much b been done to 
advance the usefuhess of general h a t i n g ,  perhaps better e x p m d  
as the usefulness of laboratory test results, by the standardisation 
of t es8  and testing methods. It is evident that a satigfactory 
series of standards w2E darjfy and simplify such data whioh 
emanate from various h a t i n g  eetablishments. The difEculty, 
of course, lies in the selection of the proper standards .to dope, 
and there is also an added danger that a standard, once adopted 
ta any great extent, may act aa a brake on further progress. 

As regards the ~ w i o u s  mechanical ht~, it only propod 
to refer again, in any detail, to the questions of f a w e  and 



hardness tests which have been, and in the latter case continued 
to be, the subject of much investigation and controversy. 

Modern rmarch  has shown t,hat. the value of a material 
~ i111not  be clcte~minetl by the tensil~ test alone, and various 
other checks of the nature of impact or shock and fatigue tests 
have been devised. As already mentioned, such testa are 
co~nparative rather than absolute, and there has been much 
controversy, as might perhaps be expected, in regard to their 
value. Far a great many purpm,  therefore, the tensile test 
retains its place as the practical criterion. 

There,is, however, one property of stmctural materials which 
in moat applications ought to receive con~ideration in assessing 
their suitability, and that is their power to sustain alternating 
stresses or fatigue. This has no doubt been realised for a con- 
siderable t -he ,  but it was formerly thought that the fatigue 
range was much &he same as the " elastic range:" and that 
provided the working stress was not allowed t o  pass beyond 
this limit, the material would be quite satidactory. The difficulty 
of observing the stress at which the material passes beyond the 
eIastic range has been mentioned, and in any case the point was 
susceptible of mcd5cation by prior treatment of the sample, so 
that thia observation was a difficult one to obtain and possibly 
of uncertain value when attained. In lieu, there was ~ubstituted 
in some cases a proof load, that is, a, stress was ldd down at 
which the mthria1 should not show more than a certain very 
small permanent set. Re~earch has, however, shown that the 
s~lpposcd connection between elastic !hit  and t.he fatigue limit 
cannot. be sustained. Actually, of all the data obtainable from 
a tensile tea$, it would seem that the ultimate strength is the best 
guide to an estimate of the resistance to fatigue. The fatigue 
range, i.e., the range of stress over which the material can endure 
an indefinite number of reversals without fracture, is found for 
most metals to lie in the neighbourhood of one half the ultimata 
strength. In isolated cases the value ranges from aa low aa 
30 per cent. to  as high as 68 per cent., but, even so, the relation 
between the fatigue range and the elastic limit is liable to vary 
to  a much greater extent. ~ u c h  metals as pure copper and 
Armco iron-rr near approach tm pure iron-show a fatigue range 
wry considerably p a t e r  than their elastic h i t .  

Machines are now available, however, which permit of the 
rapid deteranination of the fatigue range by means of a test on 
a single test piece, no more difficult to carry out than a tensile 
test. There is, therefore, no weasion to rely on wess WO*, 
rmnd while the tensile k t  will continue to yield the fundamental 
data, the additional information which the fatigue h t  affords 
can hardly fail ta give addd asamace of the suitcbbility of the 
material ta stand up fo conditiom which may arise on service. 

A conaiderable amount of work has3 been carried out in recent 
years in the a t b p t s  to sbndardise and assess on a true corn- 
patative basits the quality known as the " hardness '%£ a, materid, 
without much success or even affording clt~es tha t  would lead 



to  a truly rational understanding of thh elusive characterist.ic. 
Recent inveptiption has, however, thrown further light on 
some of the unsolved, fundamental problems connected with the 
hardness of mehls. 

The Brine11 machine and t;he Scleroscope, which have been 
in general use for a number of yeara, have done very little towards 
a solution of the fundamental problm. There is, of course, a 
I age  amount of exact knowledge regarding such mattem m the 
effect on the mdb af the m m e r  of carrying out the tests bp 
these instxuments, such, for example, a.? the  precise effect of 
varying the size of the ball and the magnitude of the loud in the 
Brinell test, but this is only of U# in obtaining comparable 
results in proceeding from one test to another. 

So little, however, have the results obtained taught us, that 
it is still not possible to comelate, other thm by empica1 relations, 
the figure derived by one method with that obtained by the other. 

A; alhrnative -means of wting hardness now available is 
afforded by what is known as the Kerbert '>enddum '%tester. 
It consists essentially of a loaded rocking device with a ball of 
ruby or s t e l  on its underside making contact &h t he  material 
to be tested, and a spirit level and scale on its upper side. 
h'ormdly, the centre of gravity of the whole instrument is 
adjusted mtil it is very slightly below the centre of the ball. 
When testing, the device is set in oscillation through a very mall 
angle, and the  periodic time of oscillation is measured. This 
time is recorded as the "pendulum time hardnws number." 
Alternatively the device may be tilted to any angle and then 
re1-d. The angle reached at the end of the immediately 
ensuing half ~lwing k measured and recorded aa the "scale 
hardness number ." 

The instrument c a n  be used, therefore, in two d i d h c t  ways, 
hub seeing that the results obtdned by these two methods on 
a series of makrids do not in general show proportionate 
agreement, and indeed, in some cases, run contrary to  the 
ascending order of hardness by the ordinarily accephd standards, 
it might be supposed that the instrument would prove even more 
arbitrary than %he instrumenf!! hitherto empIoyed. It is found, 
however, that the ratio between the " wale " and " time " test 
figures h= every indieation of itself being an important prwtical 
m e w m  of hardness. T.he experimental figurea dxong1.y suggest 
that there are at least two factore influencing the figures obtained 
for the " time" test, and these have been cded plastic and 
elastic indentation hardnw . These terms cannot be regarded as 
final, as it seems possible that the question of elmtic gy~teresis 
may also enter, but they can perhaps he accepted for a, comiderrt 
tion of the reasons for the discordance in the results being obtained 
in the case of the Brimell and Scleroscope methods. In the 
Brinell test it is evident that the indentation which is memured 
after the ball has been removed is not the total indentation m 4 0  
by the load, but only the permanent indentation--in other 



words, this test yields a rneasurc of the plastic indentation 
hardness. The Scleroscope, on the other hand, would seem to 
give a. measure of the elastic indentation hardness, since the 
rebound becomes less and less as the ~pecimen under test 
becomes of a more plastic nature. There seems little doubt 
tha t  in the Herhrt pendulum " t h e "  test the period of the 
swing ie affected both by the permanent plastic deformation and 
the temporary elaatic indentation caused hy the loaded ball. 

In the same manner it has been argued by the inventor of 
this instrument that the ' k a l e  " t e s t  f i p e  is also influenced by 
two factors, viz., by the combined indentation hardness and by 
a property of the metal which he has called the " flow hadnesa," 
but which by analogy with liquids could be defined by the term 
" sdid viscositv." 

The case ;jf manganese steel affords an example of the 
inadequacy of the existing methods to co-ordinate and standardise 
t.he property of hardness. Tested in the Brine11 machine, and 
also for that matter by the pendulum " time " test, this material 
showe a hardness not very different from cast iron, notwithstand- 
ing the utterly difiexent characteristics which these materials 
show in practical work ; for instance, in resisting machining. 
When tested by the pendulum " scale " test, however, the 
manganese steel shows the cxceptional~y high " Aow " hardness, 
conforming to  i 9  known p r ~ p e ~ i e ~ .  

It wiII be evident from them remarks and a consideration 
of the complicated mechanisms by which the readings in the 
pendulum machine may be influenced, that a greak deal of work 
and investigation will have t o  be done before this machine can 
take ib place in commercial work. But it seems likely that its 
coming into uee would lead to  a more rational assessing of this 
property of hardness than has hitherto been practised. 

Turning now to the available known methods of ascertaining 
with any degree of assurance the entire suitability, in respect to 
~oundness and homogeneity, of a completed item such as a 
forging or cmting after i t  ha9 passed the proof and material test&, 
it is Go be firat observed that such methds, or at any rate &heir 
extended commercial expIoitat.ion, are in their infancy. Methods 
are, howe~er, available and can no doubt be developed to meet 
the mq~~irnrnentd, buk the p k a t  diffic11lf,y w0111rl appear to 
rest, not so much in the developing of the means, as in the 
interpreting of the resulks so obtained. 

Exuminutim X-Ray.--In regard to the examination of 
hidden details of structure of complebd a,t.ticIes or materials, 
the X-ray mehhod wouId appem to ofEer great promiw when the 
technique ia s&iciently developed. Until recent years the 
development of radiographic technique was largeIy in the handa 
of the rnet5ca.I profwsion, but during the war attention was 
given to ib pchgsibizitim as a means of &king materials. It has 
been wed for Imting structural defech in mropIanes with 



eonmderable s u m ,  and t o  a Iimited extent for castings, welds 
and smaIZ metallic fittings, including the accuracy of assably  o£ 
small complicated fittings such M fuses, where it affords the only 
practicable meam of checking this feature. Abroad, it h= bee11 
employed to a, somewhat limited extent, although in at least one 
cam the results are applied djrectly GD control foundry practice. 

In applying it to  metallic bodies, the scope of the application 
is limited by the penetration tha t  c m  be attained by the existing 
ap$imces, ancl while there is no doubt thah advances will be 
made in this mpect,, it may be noted t ha t  the difficulties in 
producing apparatus of increased power are by no means light. 

'She radiographic method is essentially a photographic process. 
The metd to be examined is dkposd between the target of a 
Coolidge X-ray bulb and bhe photographio plate, which is mounted 
bkween two sheets of Auorescsnt material known as inteadying 
screens. These acreens glow under the auence  of X-rays, and 
the photographin action recorded is the sum of *hat due h the 
direct action of the X-mys on the photograpliic plate, plus thah 
of the fluorescence of the screen. 

With Ghe appliances now developed but not yet available 
commerciatly, a thickness of 3 inches of &eel can be pene%r&d 
to give a photograph for an axpmum of 2 minutes, and material 
up t o  +ineh in Ghicknesa wilI yicld a visnal field. By thia procew, 
any discont-inuity of etruoture in a particular sample, such aq a 
crack, firnure, ox blow-hole is revealed M a lighter ;spot, due to 
the lesser resistmoe to penetration there, and in a, composite 
shcGwre *he componen& of different metal am shown in a 
somewhat di&rent shade, thereby dowing the wembl y to be 
v e d d ,  if this h the particular object in view. 

To enable a better appreciation to be formed of the pmsibilities 
of this method of detecting faults in suoh items as castings rtnd 
f orghgs, it may ke helpful to refer bridy t o  the aigdoance of 
the image ahown on the pichum in dabion to the cavity or other 
irregularits giving rise to ih. It ia to be noted that the X-rays 
p x e e d  from a small area which appoximah to a, point and 
radiate from them in all dired;ions. IQ passing through a 
spherical cavity, for indance, a conical pencil of rays would be 
intercepted by $he cross section of the cavity, and the intersection 
of of cone with t.he phobgraphio pkab would del% the image- 
So t,he mm- of the image will depend, not only on the b e  of the 
ca~-35y itself, but aho npon the respective distances of t he  cavity 
and photographic plate from the aoume of tbo mp .  

If the ~avity is not qherioal and is inclined to the axis of the 
ham, then the image will be the projection of the sectiond area 
of the fault subtended by the rays. 

In general, it would not be kaown, of cuucge, how any savitiee 
lie with reference te the plate, ao .that it  is not ordhady possible 
to meaaure the mtional ama of the fault, even when ddnite 
bags are obtained, T k a  infomtion cm, howevm, be ob&ed 
by a rrhmmwopic examhation when the h a g e  i~ d c i e n t l y  
dehed. In c u e s  where cavitiea are small, aa compared with 



the area of the focal spot on the X-ray target and remote from 
the plate, it in frrund that the oavity acts like the aperture in a 
pinhole cnmern. and the image becomes a blurred image of the 
focal spot rnther than an image of the Aaw. The certain 
detection of very mall  carities is therefore not possible, 
Experience sl~owa also that  where cavities of sensibly spherical 
shape occur in thick metd. the inage appeItm dense in the centre 
and shades off at Lthe edges, so that a dchite outline cannot be 
obtained, even though the pinhole e h t  does not enter. 

Snficient has been said to indicaM the difficulties in 
interpreting with any degree of precisian the extent of such faults, 
bat probably the type of subjects for which this method offers 
the greatest utility me those in which it i s  necessary to detect 
flaws of anv dmeription, irrespective of their size or precke 
axiai Iocation. In this connection, as representing what can be 
done in skilled md experienced ha&, it has been reported by 
Borne investigmtors that where the linear dimensions of the flaw, 
that is the dimension parallel ta the axis of the X-ray be~m, 
is approximately equal to not less than 2 per wt. of the tohd 
thickness of metal in the +on adjacent t.0 the flaw, the image 
may be distinguished-that is ta say, a cavity -05 inches in 
depth could be detected in metal 2- li incha thick. 

Up to the present a difficulty has arisen in the application of 
$h& method to artides of irregular +bickness, owing t o  the fa& 
that the positi~ns of the fluoresoent screen or photog~~bphic phik 
corresponding to the thinnest part af the material are over- 
iiluminated when the ~umination for the thickest and Ze& 
transparent parts ia correct. Essential details are consequently 
obscured. A ncw method of mounting the specimens has now 
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been developed that m&es possible the examination of sac11 
objech. In this method, the specimens are surrounded by a 
medium of slightly difirent trtbnspsparencr to  X-mys in rt container 
with opaque walls and the parallel transpmncy of the entire 
field is made of approximately the same order af magnit~ide. 
The arrangement is shown in the  fig^^. Various subs.tances 
have been U S P . ~ ,  but ih appear8 that the best substance is a Jiguirl, 
The ohoice of liquids i~ restrictd to compomcis of high density 
conthing a, constituent of high atomic weight so &hat the X-ray 
absorption may be high, in agreement with that of the metal 
that i b  may be desired to examine, Methylene iodide has proved 
satisfactory, and, mixed with benzine, suitable dilutions can 
be made to suit the various alloys generally met with in 
engineering practice. 

It d be erident from thege r e m k s  that the process offers 
great possibditi~ fox inspection work, and thak if, has indeed 
answered, $0 far as concerns the application to  small and 
relatively thin fittings, where a ceda.in assurance of their absolute 
soundness Ss of sufficient importance h warrant the examination 
by theae means. For the thinner articles of unifom thickness 
indeed, the process may almost be said to  have reach4 $he 
workshop A g e ,  in so far  as a visual picture can be obtained 
with Ghe Cwlidge tubes, etc., that are already available. For 
their application on a workshop scale to the examination of 
thicker articles and of extensive surface, it appeam necessary 
$0 await the development on s commeroial scale of more powerful 
appliances. 

Mqnetic AnaZy&.-The possibility of utilizing mngnetio 
tests on steel, for the estimation of i t3  mechanical propertiee, is 
based upon the fact that *he same factoss which determine $he 
mechanical properties also determin~ the magnetic properties. 
Any influence which operates to alter the mechanical properties 
produces a, corresponding change in the magnetic properties. 
The change, however, is not directly pproportjonal, and therein 
liea thehe difficuIty in the way of the practical application of the 
method. 

The degree of magnetization of ~teel E4 8 complex function 
of the strength of the magnetizing force whioh has so far nob 
been found weoeptible of mathematical expression. As the 
magnetizing force is pregxessivdy increased, the magnetic 
induction increases, first slowly, hhen more rapidly, and dterward~l  
at a slower rate. If at any point the magnetizing force is then 
decreased, the magnekization does not follow the same path by 
which it increased; when the magnetizing force is reduced to 
zero a. certain amount of residual induction remains, to  remove 
whioh then requires a certain amount of magnetizing force in the 
opposite m s e ,  known as %he coercive force. 

It will be evident, therefore, $hat there rare a number of 
combinatione of data observed in the determination of magnetic 



properties which may conceivably be used in the estimation of 
the physiod properties. 

A considerabI~ amount of work has already been done towads 
the accmuIation of data necessary for detmminhg the relation- 
ships that u n d o u b ~ l y  exist. 

Perhaps the most direct application of this principle is in 
the detection of flaws in material. An early apparatus of this 
type consists of an electro-magnet between the poles of which 
the  spechen under examination was magnetized. By means of 
floating test coils surrounding the specimen and a ballistic 
galvanometer, it was possible to explore the whole Iengbh of ,a 

bar, for example, and measure the Imkage of lines of force at 
differed pclsitiom ovex i t s  whole length. A flaw in the material 
would cause an apparent change in the magnetic propertic& and 
consequently s disturbance of the normal distribution of flux, 
m d  this would be indicated by the variation in the galvanometer 
reading. This method has been applied for the examination of 
rifle barrels. 

A subsequent development of this method consisted of 
magnetizing *he specimen by means of rt solenoid which surrounds 
it and moving this solenoid ak s c o d a n t  speed aIong the length 
of *the specimen. Tes* coils mounted on the game carriage as 
the solenoid, and arranged d i n  it, pro~jddled the means of 
mwuring $he variation in magnetic flux of the specimen under 
test. Jf the bar is magnetidy uniform dong its length its 
pemeability is combant for a given magnet.izing force, and the 
rnagnetie flux ak ewh point M the aolenoid is moving along is 
constant. In this case there will be no eleotro-motive force 
induced in the test coil as the solenoid travels Jong the length 
of &he q h e m .  .If, on the other hand, the permeability is no6 
constant, the flux wiJI vary and a corre8ponding electro-motive 
force will be induced in the Wt coil which, if the coils are moved 
at a constant speed along the specimen, is proporbional to the 
change in flux. The use of two k s h  coils connected in series 
opposition yields a, msuH %hat is una&cted by any possible 
variation in the magneti~ing c m a t  during a hi;. 

The greateat difficulty in this 3jne of invegtigation lies in the 
interpretation of the results. Thia is due to the faet bhat there 
are many cams  which may produce magnetic inhomogeneity 
and it k diffioult to  differentiate between them. 

Clemly, the method desoribed is impplieable to the 
examination of sampIe8 of other forms than bar or wire. Alterna- 
tive f o m  m, however, available, and, in particular, apparatus 
has been devised for h t h g  the homogeneity of .Gurbine wheels. 
Thia method of exsmina.tion is in regular use in one of the most 
important twbhe manufwtories of the U.S.A., md is said to 
have proved kvaluable there. It js understood dso that;, in 
addition to diructural inhomogeneitg the apparatus &a reveale 
tmhe comedmess or othe& of $he heat tPe~tment of the makrid 
comprising the wheels. 



Precise details of this method are no6 a~xiInble. As described, 
however, the method consists in revolving tlw t.urbine wheel 
be*ween two powerful solenoids. Any variation in the mngnet,ic 
field, owing to differences in structure of the metal at t l ~ e   nom men' 
between the solenoids, show tl~ernsel~es on a ~ensit.ive ga1va110- 
meter. A continuous photogxtlpkic mold of the gnlvano~neter 
readings ~ obtained, the whole exten* of the i<-l~eel being expIored. 

As in the other methods described, flle mrl diffic~llty rests 
in the interpretation of the results. But $help appears no doubt 
that., with the experience gained a d  data acem~u~ilated, this 
method l~nds to the certajn diagnoses of those defects j l ~  S ~ ~ T I ' U C ~ U F ~  

to  which the materinls are particularly liable and thereby to an 
increased assurance ae to  the suitability of t . h e ~  important 
elements in high-duty turbines. 

Whether the same certainty in ascerbining the correctmess 
of the heat treatment can be obtained appears aomea-hat doubthl, 
but as jn the case 02 defective structure, the ink~pretation 
depends upon the amount of data collected, and, as especienoe is 
gained, it should tend to become lnom definite. 
a final example of the possibilities of magnetic analysis is 

afforded by kves'tigations now being pu~sued in reapect to 
cutting toob. Such tools am, of course, mbjected to  a heat 
treatment which i~leIudes both a quench and a draw. A physioal 
test, such as s h d n e s ~  measurement, may  how t . h ~ t  the desired 
standard in that respect has been attained, but it does not giva 
certttin assurance that the heat treatment has hen correct. It 
is, however, a characteristio of magnetic data Ghat intermediate 
processes in thermal treatment Ieave a definih stamp on the 
material ; in okher wards, gubequent treatment does not entimly 
efface the efiect~ of an earlier step. lt the heheat %reatmen% 
more than any other procees in the mmnf&ure of material for 
this purpose that settles whether or not the finished arbicIe 
will stand up satisfactorily to the conditions for rphich it is 
intended. 

Briefly, the method followed is to amage the sampb to  be 
tested within a ~olenoid which i~ energhed by a murce of variable 
electzo-motive f orco through variable inductances and msistmma. 
This t e s t  solenoid forms one arm of a bridge cimuit, the other 
arms being re&ances. Bridging t h e e  circuih is the moving 
coil of a galvanometer who= field coil winding .is energised 
from the same mwce as the solenoid, through a variable induct- 
anee and variable resistance. In series with the galvanomebr 
moving coiI is a condenser, which may be c u t  out by a, switch. 
By adjustment of the resistmces and by running the oimuit 
with the condeer  and short-circuited respectively, two gal~ano- 
meter redhp are obtained which are hdicahive d different 
combinations of two different magnetic properties of the specimen 
under teat. The condenser operates to cause a variation in 
phase iehtion between the current in the moving coil circuit and 
that in the galvanometer oxciting field, and so allows the desired 
diicrimination loefwen two different magnetia properties. 



This type of rnagnetb test  :t, a commercially practicable onlc 
for small art.icles, and rt con~padson of t hc* magnetic propefies 
appeais likely to  aff orcl a11 indicnkion E ~ S  to whether the indivirhml 
steps comriprisiilg k.lie he&$ trontment wifl lead to the di+;ilvtL 
1-esnlts in the caso of those features which cannot he testccl 
otherwise than by n, destructive test  or by continued rjenviee. 

8urface JI~€?LMI~.-A close sallace examination of higlily 
stressed turbine discs after finish machining is now hcomil~g 
general practice. The whoh surface is examined inch by inch 
by ol trained inrtn for slag inclusions and other imgu1aritie.s. 
Any doubtful spots are polished, etched and examined mic1.0- 
scopically. SmaU isolated slag inclusions are scraped on* and 
surface defects are removed to form shallow d e p ~ ~ i o n s ,  thereby 
removing a possible sowce of inihtion of a fatigue fractum. 
Bponginces, blown steel, dirty s tee l  or elrtensipe slag inclusions 
which are r e ~ e d e d  by this examimbion, generally lead to 
rejection. 

The surface of the bore of large hgh-duty shafts and %urbo- 
e n ~ r a b r  r h r s  is sidarly o l o ~ l y  examined rtnd doubtfd 
parh polished and ekhed. Any crack8 or surface defects are 
mckined oat by incremhg the bore. Whem the shaft or rotor 
can be bored by the hpanning prrxless, $he close examimtim 
of i&e core affoxds a g o d  check as xegwde the homogeneity and 
continuity of the interior surfam, and the qudiky of the material 
cm be further mmrtained by mechanioal tests of the core material. 
Sulphur prints are dsa taken in the oase of hrge gemrator rotors, 
which are to be slotted with a Piew to  arranging if possible ior 
the removal of the most marked segwgahn d h g  the furbher 
mwhining operations; very large forghgp are particuIady 
liable t o  %MS feature. 
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