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On F'ebr' ë.llY 14th, 1942, :,:njor ti. Vo Jolc.in6 of 

t he Inspe c tio-'1 Boa'"'c.3 of the United 1' .. ~:16don:. and :anada.. 58 1,yon 

3treet, fJtt.av:a, nttrio. sub11.1.tted i::. 1---lentine tank t I'ack pin 

for exa,1ina.tion. 11his Jin lie.,i ·been p ... "oa.uc.,ù ln Jnsls.r.d and 

had been bent to destruction ;:œlcr to r;his investi~>ation. 



I,racroscopic Examinat:ion: 

Pigure 1 D.l us tra tes the _pin as re cei ved. I t will 

be noted that the pin failod on the bend test after first 

cracking at a nu..~ber of points. 

Examination of the fracture revealed the presence 

of a. crystalline ccre. A fresh fractured surface was obtained 

by striking a part of the pin with a heavy ha.mrner until it 

broke. Pigure 2 shows the crystalline appes.rance of this 

fresh fracture f:;J.s compared to the silky fractures obtained 

by bending a pack=carburized (C.P.R 0 ) and a Tocco pin to 

- destruction. 

FifJ'ure 1. 
_;,Q.: ··-

PIN AS R_i;C1~~. 

(Continu.ed on next puge) 
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{Macroscoplc Exaninationi c011t'e1) ~ 

t.':.cure 2. 

C.P.H. 
Pack-Carburlzea 

Pin. 

irit,;lish 
Pin. 

Chemical Analysis: 

Hardness Tests: 

Carbon 
Fanrranese 
Sil:.con 
Phosphor1,,.s 
&ulphur 
Nickel 
Chr.)mlt:m 
Lol;ybuen-.m. 
fanadlU"l'l 

O.lf! 
0.4~) 
Oo2<'. 
0.0"'19 
v.Of 5 
1. e.: 
Tré..ce 
0 0 0~18 

Tocco
Hardened 

Pin 0 

Not detected. 

hardnesses were t&.Œn of the etched microscopie specimen at 

varyini; c.is l,a ces rori the surface. 'l.lhe depth-to-harc.r.ess 

rel a tionsL.ips ar"' shcwm 1"1 :'abli:, :. and -r.,ieure 3. 

':
1 ble I. 

Distance fro--: -
the surface. 

r!.t t',e $ilrft...C 

o. 01'"' inch 
Oo02v fi 

o.045 " 
0.06-.J 11 

O.JGO 
,, 

0 0 41,.. 

t 

Hardnuss. 

E1•17 
752 
41.7 



• 

A samplE of the l.):'.:.11 v:as pol.ished. anci. etclleù G.nd the 

depth of case was n.easu.red .ndc:::•oscopica.ll;J to an accuracy of 

thousandths of 0.1:. in:-;h. '.T.'ho cas(! de1:)th v,as talccn from · the 

• 

• .• . 

• 

• 
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~,icrosco_eic Exam:î.na t.ton: 

All photomicrog :-aphs v1ere · aken a t XlOOO maun:lfi.~a tion. 

Fisure 4 is the core structure of the pin as r0ceived. 

Note the la:i:-6 e amount of ferrl -ce \1.l th the faint shcwing of tl:.e 

carbide prie.se. 

lï'igure 5 s:1.ows ~ho ir.or0 unif orm and touc;h core 

structure th&t: it ls possJ.ûJe to obtain by heatlnc tl:e pin 

to 16500 /. for : ::o J.r, q_ an.:;rünc :tr. wa te..."' 1 and dravring to 

the desired hard1ess. 

Fig!lI'e 6 r3veals th0 stl'ucture of th0 cese. note 

- the presence of f'r•ce carbides ( wh.1. te spots). 

J~ i 0 ure 7 is a photon.lcrot,;raph of the C8.$ e after i t 

ha.s been subjected t:) a diffu~i(m treatinent, namely, held at 

1600° Fo for whree hour~ in a leau ba~h, cooled to 145v° F. 

in th·3 be tn, and t.ie 7. quencheC::.. ':111e carb h .. e s h· ve now b een 

absorbed. 

( NO'l';~: T11e jt10 ,01ric ·ot_;ra1Jhs ( J.<'igures 4 , 
(-=:_ to_ 7 2. arc 2.!~~.9-_e.t end of th.i.s report.) 

Dis eus si.en o~ _.-{csul t$ · ---·--------- - - -
.l:"iQJ.!'e l s 0r1c a <>er.1.es of ora0l,:.:., in the ~Jin. 

'l'hese •·1ere crea t<.3cl by the contlnu..,d ap1-- ll ca tlon cf "r:10 

load 01 thP uend test. 

In these la1"'o::.ator.:.E,s i~ is the 91~act.ice t"i 

ar,peai'.atn_~ of a c .. ·e cts and then t .w- a.sure the bend 

where Ue first ~~• ck or. l.. J..,'l of a tar4k ;,1 j ot :n ,ill 
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{Discussion of fe"'ults, c01•.:;:rJ.) •· 

A cr;/', ta.lJ 1r o 3-ii n R :1.~1., c tu.re is unde sira1:.'1e, as 

it indi~atos pin brittle "S • Ccyst3.ll.:.ne struct·"Te can 

be removed by ::_:.rope,;., h rn+- treatme.ot. 

Ths cle i)al ar1·ù1s:.s of the coreshows that the 

steel C)nforms to ~)~vif"cttinr P.C.$. (British Standard 

Speci.ication) b0ü5/102. T1'1·c 5s, hov7ever 1 0.098 por cent 

molybder:iur<1 pret,eni,. Tl is i~ :)r•obubly rosicl.ua.l. 

T:ie C'.ll'Ve in r1
:.._, •·-.c ;: nhows :;hc depth-to-hardnei:::s 

- relatioriship o P c 1. -r>ve fol:. .. o,v • :-i[ tllc broken line indica ced 

by th·) ::1.rrow w l .;ive ~-:iu'-}:1er c~1:.1rac tor~.stic s. 

'11he c, pL1 of case -~ G sati sfactor:r. ··;e feel that 

eny e;r-ea.ter dep .h o: ruc·1 ''L l u. e. case wcmld :::.,reatly reduce 

The rd c .. o:, tr t,c .-:ura a1.;. earar-ce of the . coro show,3 

iic/1 .... r tumperb..-1:,ure was fi:rst employed 

it is difficult to -Ey 

This 3 nveatigat::.on shows tr.nt )2. 1uench frcr-1 1650° r. o.nd a 

es.se harclness 0 i vos satl..· -~--
factory rosults. 

JJ.i~d, ~~ tLc prcse~ce of free carbides 

f 1 t-..• ... 

t: ... e Jûh~ Î'1, Ji C • l i)" . 

11'";..S s~ro .1 ' ... 3 J L, < ... 

vhC _'[ t L 
) U"' r:i:. Y' ·.c 1 L 1s t> on l i von 'it 11..:., ·11 

uarbo: ru (' ~ L f 1 li.. 
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(Discussion of J s1lt5., coPt'd) -

pin tougher o 

The n:ac·1anism of failure he.s not e.s yet baen 

defini tely establ'.i.shed. lml._rovement in impact sî:rength 

by the diffusion tre&tm---.nt. ::; 1en., rnay vc1°y well be at 

le2.st as important as ir.i.pro rer,,ler.t. in tllo fatigue prop"rtieso 

Conclusio~: 

J. o A bo:~.d tG.3 t .;r:ould l::o considered as 

completed \Ü th the fir s v up.· .1arance of a crack. 

::'actory trad"3 of bar .t0ck af' b00n omp.oyedo u. S. Ao 

practi ce., : o ·mver, s' ow.., ~:_1° v the .. le e of some dn·omiu."ll 

me.y cl:1 in pin f9.b!'icat::..cri j as the cbromlum-conudnine; 

pin ne.y be oil-q··enchcd. 

3o 1 e 0.E'_./..,h of ce.:::e :s satisfactOF.fo 

'± c t-enchiuc; fr o 1 a h:uh<~r t0mperature gi ves 

the best comb·~natL ~ of ~trGnL,th 8..1,C tougimE ss in the 

core. 

G 1. d.:..f fusio.1 t1 eai.,mcnt to elfrllna te free 

car bides v:o, ld i -::r'"'ase tbe fat:i.cle strenr;th of tho pin o 

A chan::.,e i 1 5p .ci.~icc.1.tion t:> - .... urf-:..ce 'J.ardness of 500 to 

550 ·1. P. ;T. l.i.as e.:., _ 0..a:1 '.),.,en '"'( cormr.e,nder:l by tne Track . 'in 

Comm:ttce. 

O•)OCOOOCOO 

00000 
0 
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Figure 4. 

XlOOO, nital etch. 

CORE STRUCTURE OF PIN AS R2CEIVED. 

Note large amount of ferrite. 

Figure 6. 

XlOOO, nital etch. 

STRUCTURE OF' CASE AS REC •~l VED. 

Note presence of free car
bides (white spots). 

--------------------------------------
SLG:GHB. 

Figure 5. 

XlOOO, nital etcho 

AFTER REAT TREATMENT. 

Note more uniform 
structure. 

Fie;t?:re 7 • 

XlOOO, nital etch. 

AFTER DIFFUSION TREA TIL~NT o 

Carbides have been 
absorbedo 

0 
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