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orig,in or uaterial and Object or Inveaticationt 

On November 1st, 1940• the office or the n.c.1.A.(G), 

Department of National Def'ence. 479 Bank Street, Ottawa, 

Ontario, sent in a cracked univeraal joint part that b.ad failed 

when in service in a military vehlcle. It waa stated tha.t 

many other parts of tliis sarne des1Ln had been subject to 

exactly similar failuras. An examination of the part waa 
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requested in order to detcrmlnc., if possible., the reason 

for tllese failures. 

rnacro-..::::Xamination: 

Photot;raphs of the cracked part are shown at 

about four-tenths size in Fleure 1 and to aiza in Fibure 2. 

The crack may be seen at I\.. A small piece or the steel has 

also chip!Jed off at this point. The pin shmn1 at B llolds a 

spacir,g ball in place. This ball serves to keep apart two 

largcr balls wh.:ch work O.[_,ainst the shiny surfaces C and D. 

The pin is at the centre of a crater-like depression., the 

crack apparently sta.rtint.;; at the odce of the "cro.ter 11
o 

1.'ii th the exception of the surfaces C and D and the splined 

portion of the part., the surface is in the "as forced" condi­

tion. Tllere aro., hovrnver., no major surface imperfections 

at the point wllere railure occurred. 

Chemical Analysis: 

The part was found to have the following composi­

tion., the caso beinc removed by grindl1,c prior to samplinc: 

c., f.1n., 
..L_ of, 

Si, 
% 

s., 
% 

Cr, 
1 

0.21 Oo57 0.20 Üo0l4 0.014 lo81 0.2? 

Hardneas Tests: 

Hardnesa tests were made at various points on the 

surface shown in PiGure 2. In addition., hardness tests were 

also ma.de across the section of the part. The Rockwell 

r:1ethod was used for the first test work and the Vickers 

1r..0thod for the second. The part \'Jas found to have been 

case-hardonod, vr1 th tho case havin1__; an averace Rockwell 

"C" hardness or 60 (627 nrinell) and the core a Vickera 
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(Hardnesa Tests., cont'd) -

hardness of 205 (285 Brinell). 

Tensile Test: 

A standard Oo564-1n. dlameter tensile test 

bar was machined from the core of the splined portion of 

the part and t!·1en broken in an Amsler Universal testinL 

machine. The followlnc reaul ts were obtained: 

Tenslle Yield Eloncation Reduction in 
strength, point., ln 2 in., areo.., 

PoSoie p.s.i. 4 er cent per cent 

102,400 01,200 l6o0 67.4 

r,:icrosco2_ic illearnlnation: 

A sa.mple eut from the part so as to include the 

crack was polished on a section at r1c;ht anclea to the 

surface and examined under the microscope. The steel was 

found to be quite clean., only a very few inclusions beln5 

located. The sample wus then etched in a 2 por cent solu­

tion of ni tric acid ln alcohol. The etch revealed clea1'l-Y 

the core and case materlal. The case depth as measured 

under the microscope was found to 0e 0.063 inch. FlL,ure 3, 

a photomicro~:,raph at XlOOO macniflcution, sho\·1s the struc­

ture of the creater part of th.e case. A crack 1 ·!ay be 

seen runninc throu01 the centre of the field. This crack 

parallels the main cracko It ma;y- b0 seen that the materlal 

surroundinc; this crack has the sanie structure as the remain­

der of tho case. The same is trùe for tho material around 

the main cracko Ficure 4, a pllotor.ücrot;raph at XlOOO 

magnification., shows the structure of the core o '11he dark 
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(r.iicroscopic }~xamlns.tion, cont 'd) -

etci1inc matorial 1s a low-carbon pseudo-martensite; the 

whlte etchine material is ferrite, the iron constituent. 

In order to check on the mothod of hoat trcatment a por­

tion of the part i as quonchod in oil J.·rom 1500° F. This 

specimen was found to be identicnl in structure and hardness 

wi th the "as received II mateI•io.l. All or the case dld nc.,t 

have the structnrc shown in Fi 0ure 3, as tho e.xtrome outer 

ed6 es \lere h~j1er in co.rbon. Fit,"Ure 5 ahons the structure 

of thi s outer ?,one at XlOOU maGniflcation, the print shovm 

beine; over-doveloped ln order to brin('._. out riorc clearly 

the vllite carbide partlcles. It rJay be scen tho.t t,1ese 

carbide strln~ers are practically continuous in places. 

Tho bacl<Lround arca if developed less fully v1ould shovr a 

structure similur but so ,ev,hot darkcr than tlla.t shown in 

Fit.:ure 3o 

DISCUf;~'.ION • 

Hacro-.~xamination -

The materlal in wl ioh the CI'acl< startod would 

undoubtedly bo hi,'-,h in carbon, bocause i ts wod1;.,e shape 

allows for a co.rbur.i.zlng from tt·10 s:1.dos. As a rosnl t oi' 

tLis, there wo•ild probably bo li ttlo coro 1:io.terial to sup­

port the case on the wedL:,e. 'l'ho crack appears to have beon 

formed by the action of o.lternatin_ stresses. It 1s not 

surprising thut a fatlgue ~allure Tiould occur at such a vlo.ce, 

for hardened higi1 ca.rbon materia.l is 11abl J to such fnilures 

in the absence of perfection in surface finisho ~ven if 

the surface wero perfoctly finlshod, the shape of the part 
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{ scus to1, cont 1d) -

WOl 1lo p ob2.bly allm, fer .._ uf i'icii::,nt stress concentra­

tion to causo faili.1re. 

Ch01,1ica.!._J~nalysls_ -

Tl0 e co:>1positio of the stee is wltllin the 

lir1its s~Jocified f0r :-'o 1\. , • 4620 s t 0el as listed in t:1e 

follo l.J..!1 tQOlv: 

c, 
1i 

Si, P, S, 
<Jf c-f d 

_ __e__ __ _./. .... "--- _...-.;.,10_ 

0 04 Oo04 lo65 
maxo maxo - 2oÜÜ 

----- -------------
TLis i s n first-class ccrùurlzin1~ - :;rade steel o 

Tne low sulphur ami phospllorus co1itents indlcate tlmt the 

steel vms pr'oporly ,11aJE1 s 

Ha.rdness 'i'ests ~~ 

Tl.e case harcness is such t1--w.t the part s:10tùd 

h·.vo cood we·tr re ... istinL propertioso 'I'he co:re :iardncss 

is hl~l~r tlari vo 1 ld 0o ex ectod in a conventionally 

double or sinL,le ~quenched steel of the ana.lysls., as in 

ordinar pruct:i cc the steel ls usua.11~, i'inn.lly quenchcè. 

from ar ... u11d J.42b 0 : • FovJCver, w 1en al dit~ono.l stron0th 

of core -~ G r~q,ür E-ù to res~st 0rinclllnt a.ctio1:., the part 

.i. s usur.1 1y f inally quen cL.c d .1'rc.n 1500° 1" o I t is c~vider.t 

tl ·1t -1;:1L~ Jc.rt ht...s baen so treateu. 

sa.~isfactory. 

( Co11ti nueu. on next pa ,e) 
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(Discussion, cont'd) -

.Microscopie Exwnination -

The low inclusion content of tha raetal sho!'Is 

that the steel r.10ltin6 operations were carefully conducted. 

'l'hc case is qui te ti1ick 1 out no do-o.bt the desiGDers con­

sidered such thickness nocessury for the service . The crack 

shown on F1it;;ure 3 is probably of the fatigue type. The 

similarity in the structures of the case material surrounding 

the crack and the remainder of tl~ case indicates that the 

cracks were formed in service rather than ln the manu­

facturing operation, althouch if heat treo.tlnc operations 

were carried out under perfect atmosph re control a case 

cracked in manufacture would have a similar appearance. The 

amount of ferrite present in tho core and te result of the 

heat treatment expcriment definitely shov, that the final 

heat treatment t~i ven thl s steel was an oil quench fror,1 

around 1500° F. This is a recomrnended heat treatment for 

thi s steel wh.en hi[jl core strenc;th is desired. Apart fror-1 

the extreme outer edge the case structure is satiafactory. 

The material at the cdge, however, is too biL,h in carbon, 

as material wllich has carbide present in practlcally conti­

nuous envelopes is very liable to crack. The presence oi' 

such a large arnount of free carbide indicates that too 

active a carburizing r.iodium was used, althoue,h it is diffi .. 

cul t to avoid the presence of some froe ca.1"bide when such 

a thick case 1s applied. 
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Summary and Conclusions: 

The crack., ap1;arently of the fatigue type., 

started at the edce of the spacinc ball cavity. The po.rt 

was case-hardened so as to give cood resistance to wear 

and good resistance to a br1nelline action of the ball 

parts., the case beint, qui te thick and hard and the core 

hardness relatively hi[)l. The core was round to have a 

satisfactory structure and sood physical properties. 

The case structure., apart from the vory nigh carbon outer 

edge ln v1hicl1 free carbides were present ln practically 

continuous envelopea., was satisfactory. It was pointed 

out that high carbon material., such as was prosent at 

the outer surfaces., cracks easily and that the condition 

probably could be remedied if a less active carburizinG 

modium were employed or if the case tlückness were reducado 

Apart, then, from the lligh carbon areas ln the 

case, the partis in 000d condition. ~ven if the case were 

free fror.1 excess carbicïe, ':._owever, the part would oe 11kely 

to fail as the case is supporte<] by very llttle core 

material a.t the point where the crack occurred. The sbape of 

the part would also allow for a certain stress concentration 

at this poJnt. Under thcse conditions it would be much 

bet ter if this portion of the i.)art ,1ere not case-hardened., 

· • as the softer core material., beins more subject to plastic 

flow and consequently lesa notch-sensitive., would be much 

less li able to cracko Certainly, if the s'b:i ue on the part 

i s any indication, onl y th8 are as rnllJ:>°ked C and D on 

Fisures 1 and 2 need a wear-resistant case-hardened sur­

face. It is thought., than, that iJ.' trie part had been 
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(Summary and Conclusions, cont'd) -

selectively carburized by cop~er plating before car­

burizine llll areas but thoae rcquiring wear reaistance, 

it would probably have given satlsfactory service. 
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_Fi cure 1 . 

Four-tenths size~ 

Cra.Ck$d Part • 

Full size. 

Cracked Part. 



A 

Fi 1 -r>e 3 • 

.. 

XlOOv. 
Case structure, Showing Cracko 

ti'i<Ture 4 

XlOOO. 
Core Structure. 

• l 

XlOOO. 
Hic;h Carbon Area at outer Ed0e of Case. 

NOT.C:: All apecimens etched in 2 percent Nital. 
===--== 
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