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On i in of Ilaterial and CoDle ,7:t  of InvestJaton 

Cm  July 23rd, 1943,  at the  requesL of  ptain 

V. J.  Shark:ey of the Inspection  loard  of  the United. Kingdom 

and Canada,  Detroit, Michi i;an, the  Canpbe1i  ayant ana  Cannon 

Foundry Copany,  Muskegon, Michiùan, submitted forty-eight 

SAE  3115 Universal  Carrier pins for examination, The  pins 

were received in four burales, tagged  as follows: 

12  pins. 	Hieh chromium, not heat-treated. 
12  pins. 	Low chromium, not heat-treated. 
12 pins. High chromium, heat-treated. 

• 12  pins. .Low chromium, heat-treated. 

It was reported by Captain Sharkey, after a  visit 

to the  plant, that there were cracks  in the pin  heads which 

indicated seams for the length of the  pins.  It wOEs further 

reported that  the scans penetrated below the  (-lase or the pins 

and in many  intances right into the  core  of the  pins. It  va s 

requested that  the  pins  be  subjected to a thorough examinatiorl 

to determine whet:1er or not  they are  serviceable. 
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Manganese 
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Chromium 

- 0,13 

- 0.51 	0.13 

- 0.24 	0.20 

- 0L020 	0.011 

- 0.031 	0,022 

- 1.01 	1.29 

- 0.24 	0.46 
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Macro-Examination: 

Examination of the pins showed cracks in the heads 

soma  of which were of the nature of chisel marks. Seam 

extended from the cracks over the whole length of the  pinsG 

On sectioning some of the pins transversely, these seams were 

seen to penetrate into the case of  the pins  and  in  some cases 

right through the case and well fait() the core. Figure  1  shows 

these seams on the surface of three pins. The pins have been 

magnafluxed to show thon  up more clearly. 

Earif  1,  

GUAFLUSD  P7JM,  SqUUING  SEAMS. 

A chemical analysis was made on drillings taken 

from the cure of one of the pins. The  recuits  found and the 

specification limits appear below: 

AS  F0UND — — 
Low 	High 

Chromium Chromium 	•ild 	 '  Modified 
c  ont   

0.10-0.20 	O.10-0 0 20 

0.30-0.60 	0.30-0.60 

0.15 min. 	0.15  min. 

0.040 max. 0.040  na,  

0,050 max.  0.050  max, 

1.00-1.50 	1.00-1 050 

0.45-0.75 	0.30  max. 

S:pte?ification SAE 3115 
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Physical Properties:

Tensile bars, 0.252 inch in diameter, machined fron

the cores of pins not heat-treated and pins heat-treated, were

tested. The results follow:

Test Bar Ultimate 0.2% ,roof Elongation, Reducti on Iâxrtinvsa,
strength, stress, % for 1-in. Of area, Rocxw=ral].

1^_a , i. ]2 . S. i. gauge J.er.gth . U er cent. "J3r` __

,

Higa Uhromium,
not heat-
treated.

84,400 68,000 22 .60 .6.inF3f.

Eigh Chromiusi,
heat-treated.

Low Chromium)
not heat-
treated.

Low Chromium,
heat-treated.

126,000 81,000 22 56 98- :^E

91"600 87,000 15 58. 87 -

1090200 57,500 21 52 88-9G.

Case Depth:

The case depth was measured on e.ighb pins ' oi' •ds,c-h of

the 2ow-chromiucn and high-chromIum types, by cutting a

transverse section from the pin, etching it in nital, and

measuring, with the Brinell microscope, the case depth from

the surface to the first point of colour change. The depth of

case on the low-chromium pins was from 0.017 to 0,019 inch ar.^

on the high=chromium pins, from 0.015 to "_1,019 inch,

Depth-Hardness Relationship:

Hardness readings were taken across the faces of

polished transverse sections, using the Vickers hardness

machine and the 10"kilogram load. Table I lists'the,results

obtained at various distances from the surface.

(Table I follows on Page 4)
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Tabla  I. 

	VICKERS   4he...111ââ_1 MgâPR5_IULIULP-Mee...4.4-ght.1.) 

PIN :At_dej12._ààp ches  from the  surfack.  
NO. 	: 
	 : At  Surface-  0.005 :0.01:0.02  :0.04:  0.06:  0.0:_Q.10  0.20  

	

Low Cr  : 	824 	807  792 
No.  ] 

	

Lc, a  Cr : 	824 	745  657 	490 	255 241 	245 	250 	255 
1:o. 3 : 

	

141e Cr: 	824 	B05 782 610 270  252 	262 267  2e9 
4 : 

	

high Cr: 	803 	815 824  550  285 288  282 21() 266 
No, 7  : 

Core Hardness After  an Oil 4112nch  from 1580° F.: 

Two  pins of  each  of the high-chromium 

and low-chromium types  were  heated in a  Vapocarb furnace ln a. 

neutral atmosphere at 1580°  F. for  30  minutes and Quenched in 

oil at 110° F. to 120° F. A transverse section was cut from 

each 'pin and the core hardness found, using the Vickers machine 

and  the 10-kilogram load.  The  results appear below. 

Pin. 	 V.P.N, 

540 	265 	235 	23:2; 	235 	237 

Low Chromium 

(a) 
(b) 

2.59 
219 

High Chromium 

309 
299 

Grain Size: 

The McQuaid-Ehn  grain site or both types  of steel 

was found to be  5-1. 

Bend  Tests: 

Bend tests  were  carried out on heat-treated pins of 

each  type, using the  standard bend test  machine,  .the  pin 

oà/ 
(b) 
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J 
(Bend Test', contdi - 

restin on 0-1.1c cf,eitres,  and  usine a 12-inch-radius block, 

The deflection at.  the  firsc cracic  in the case was noted. 

Table 11  laclues  the  results of  the  bond tests, also the 

surface and core hr-dnesses  and  the case deptiul, 

Table II, 

PIN NO. 

	

:urface  . 	Core 	Case 	Deflection at 

	

Ilardness, 	Hardness, Depth, 	First Crack, 

	

Rcckwell 'Ae 	V.P.N. inches 	inches   

Low Chromi - im 

1 	 e2,5-84 	247 	0.017 	 0.31 
2 	 23.5-84 	241 	0.019 	0.21 
3 	 83-84 	255 	0.019 	0.24 
4 	 2,3-84.5 	2 10 	0.017 	0.36 

High Chromium 

1 	 81-83 
2 	 32.32.5  
3 	 81-34 
4 	 83-34 

263 	0.019 	0.51 
251 	0.015 	0.31 
201 	0.017 	0.32 
›-c. -u., 	0.019 	0.46 

• 	 • Drop Impact;  Tests:  

Drop ir,yùaot  tests wer• carried out  on pins of each 

type.  All pins Fassed the tes,  being subjected to an impact 

of 45  foot-pounds.  Tablo  III rDcords the surfEce and core 

hardnenses and the cased  apthe  cf•  the pins tested. 

Table III. 

PIN NO. 	 ;:olrface Hardness, Core Hardness,  Case Depth, 
Rockwell   	V.P.N 	 inches  

Low Chromilim 

1 	 81-84 	 222 	 0.017 
2 	 83-84 	 230 	 0.019 
3 	 81-84 	 235 	 0.019 
4 	 83-84 	 216 	 0.019 

Chromlum 

1 	 01.5-C3 	 265 	 0.017 
2 	 82-83 	 283 	 0.017 
3 	 82-8,:) 	 266 	 0.015 
4 	 82-83 	 271 	 0.019 
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Micro-2,x81:11.nation: 

Transverse sections were cut from pins of each type„ 

poli shed, Eltched in rital, and examined under the microscope. 

Lnd 3 show typical 

pins respectively. FiGure 4 

Piepre  2. 

cores of the low- and hie-chrolcilum 

shows a #ypical case struct - are. 

Fiere 3. 

Figures 2 

X500, nital etch. 	 X500, nital etch. 

TYPICAL CUFU;  OF LO:J-C 111-fflZ. -2IN0  TYPICAL CORE OF HIGH-CIIROMIUM PINS,  
Note  massive ferrite. 
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'1'ne choc,.-ical aria.lysis of the low chromiuin bar stock:

conformg to SAE 37::5 r:iodi.ficd as required by O'pecif: crtior:

^. ^. 214, a _id that of the hï,^h- _? ,romiura bar stock cnnforms to

the old 3115 s : ecif.3.cation. Chromium content in the hiürier

ra.n^e of the lir.it:a, of course, ensures a higher harder.ability

and a cons : uent hi`;her rocc ^^:zrûness.

Satisfactory û-io:; depth has been a`otalned

The cor^ hsrdnf3sa obtai.ned. on the 1.cw=crlrc}mi uri pins

is be].cw tllat rec•t.,; red bs, -',pE3CificL3tior_ l,'.:i. 21-4.1h That of

t.he ..ins 15 satisfactory. This was a:..so f ound on

pins oa' -çuer.che(; L ro::, 1,NBtt° F. In these Laboratorif3s,

-:datisfactor^T surisce ',arcir.ess :aas been obtained.

fryo of t, P ^ o:r^chzor^i^r pins failed to take the

specifipd doiï'lrctïon fore the case ., rac' A, 11.

he hi^h-cl^r•o:ciu., ;,)_4r^ fi,^.̂ ok ve^.rl, satisfactory 3Qflec•.-.;.on9

before c1 ;r,l ^ nÛ,

-7, ri- -,crited • )assE:cct the iuipact tesLY

The eo.ra 3 of the 1ow-c'mo.2ium pins, conta.ined nore

:riass:tve fex^rite !:i,.ose of ;ls^• hitrhechromdam pwn 3,, as shown

in Fij;urEs ', a:.iî This i:j also sho:rn in the core l:ardnesses,

i;hc hiulln^^om.iu i:An-^^ havinj^.; ^^^arder cores ti-1an the 1o•jv-

cr.roraium oïies,

The so;l:r : ^:_c. on t'<,.fa pins und-sx examination would

not be expect;FS1 to ei'i'^ct: on the properties deter,^ined

in the t es". ^,rork dc:_r, •â.bF^c' .i.bovF^^ Very possibl;.•y h..wever, they

miL;ht serio-^i.3iy 10:^4 the .fatigt:F, st?°enc;th. Field tests

indicate tii::t faiï-ure is al_ ^ost invariably ;roducsd by the

action of uïterr,c_t;.i.;, st:ces::•, so a lowering of fatigue strength

1tilJul.d

be r c. ,:9ŸTE 1°9 t^t^+t^;. ► Lab,^rato.r:.t,s =. ^°e riot at the 7 >•resent t.icc.

v'ore ha:'.','_ri.eû2 i.llit'S '•;:$, 24®i)2 PC:c'_CwelI. Ili' (`c.'J7m4.^.7 `i Y P J1 Y ,

c1) n4r.3- -G ) , ,Alona-_- in U. ISY 1,
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(1) -:.scssior,  contgd) 

equipped  to  test track  pins  under alternating stresses; there-

fore,it was not :Possible to determine what effect the seams 

rould have on fatiLue life  and  (throut;h inference) service 

behaviour. 

CoUCLUSIOhS:  

1. Th:) chemical  analyses correspond to the old and 

specifisation limits for  SAE 3115 steel. 

2. Tho  low-chromium pins  had marginal bend-test 

properties, whilo  the high chromium pins  all passed the bend 

test requirewnt” 

3. The pins  all passed  the impact test requirements. 

4. The  case depth obtained was satisfactory in 

all  cases. 

5. The core hardness  of .the  16w-chromium pins was 

below that required by Specification 0.a. 214 e  while that of 

the hiiih-chromium pin  'va  s satisfactory. 

6. All pins  had satisfactory  surface hardness. 

7. The p:hts are  substandard,  due to the presence of 

longitudinal seams LY-1 the surface. The effect of these seams 

on  the service life  of the pins  cannot be ddtenained wit:lout 

carrying out some eGrt of fati;ue test but it is considered 

that the effect may well de serious. 

'‘C 	ENDa TI ON : 

It is recommended that the pins be subjected to 

fatigue tests to determine their service life. 
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