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Examination of Kark III Track Pins. 

Oric;42f_li,aterial_andS)bject of_Investigation: 

on  Priday e  May 15th, 1942 »  six mark III track pins 

were received from the Campbell, Wyant and Cannon Foundry 

Company, iiluskegon, Michigan. The steel used in fabricating 

these pins was made by the Republic Steel Corporation and 

was reported to be a modified NE 8817 steel. These pins were 

treated  in a liicarb furnace and given the saine  treatment as 

the regular  production  nark  III  pins made out of modified 

SAE 3115 steel. Mro 	J. PerGuson, of the British Purchasing 

Commission »  V,ashinGton„ D.C., requested that a complete 
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(Oriin of „iaterial and Object of Investigetien, cntud.) - 

metallurgical 	mat on  be carried out, since SAE 3115 steel 

zas being withdrawn from tr:'...-xck pin use in the U, S, A o  and a 

• uitable substitute has to be found. 

Chemical ,nalysis: 

A8 Reported by 
P,e0ublto 3teeî  , orn?h, 

- Per cent - 
As Fo  und  

Carbon 	 0.195 	 0.18 ' 
Liangenese 	 0,B0 	 0.80 
Phosphorus ' 	 0.01 21 	 0 0 008 
Sulphur 	 0.015 	 0.015 
Silicon 	 0,23 	 0.27 
Nickel 	 0.43 	 0,44 
Chromium 	 0.52 	 0.52 
folybdenum 	 0.22 	 0.24 

Physical l'rehertieg. 

A tensile test specimone f 0.282 in, diameter and 

1-inch .;Elui.;e lenC,h, was cut  frein  the core of a pin which had 

been subjected to a bend test (since no other pin was available). 

Whe bend was net very great and the specimen was taken from  the  

411 
 

end  of the pin- ï,evertheless it is felt that the following 

results should be treated with some reservation: 

Tensile 	- 	134,800 p.s01. -, 
Yield 	- 	92,000 (dividers method) 
nongation - 	12% 
Reduction 
of aree 	- 	19;,; 	 , 

Depth-Uardness: 

Hardness readings were taken on the Vickers 

machineo us:l.ng a 10- 1cilogram weInt. Table I lists the depth- 

hardness relationships, Ti-le curves are shown in ?ii",;ures 1 

end 2. 

(Continued on next page) 
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(Depth-Hardness, conttd)  - 

TABLE  T. . 	 VICY,-= liAliDnSS MIMbERS  - 10-ki1ocrard wei ezht   

	

'  	 

	

PIN  :  	At depths in Inches from the surface  	 

	

: 	At 	: 	. . 	. . 	 : 	. . 	 . 

:Surface  :0.005:0.010:0.015:0.020:0.030:0,040:0050  - 
1. 564 	645 750 687 	620 490 355 350 	322 	310 

2. 578 	705 678 650 590 475 	355 338 	310 	285 

3. 631 	665 595 523 450 31C 	298  285 	255 	238 

4. 583 	715 745 772 668 470 360 352 	312 	295 

5. 579 	640 710 640 570 487 	415 338 	31, 	278 

• 6* 	
536 	655 618 572 520 420 325 325 	30d 	280 

Figure  1. 

; 0.10   ;  0.20 

• 

(Continued on next paGe) 
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Firrure 2. 

.06 	.05 	 2.0 	.50 

Depth çrorn SrÇ,ce  in  inch eE, 

‘ 1114 

Depth of  Case: 

Measurements of the depth of case were taken on 

microspecimens of the pin, etched in nital. The Brinell 

microscope was used. The average of three readings per pin 

is shown below: 

Pin No. 	 Inches 

1. 	 0.029 ) 
0.028 ) L...  

3. 0.023 ) Range,0.023 to 0.029 in, 
4. o.)23 ) 
b. 	 0.023 ) 
o. 0.326 ) 

- Bend Tests: 

Bend tests were carried out on an Amsler Universal 

testing machine using a 12-inch radius and &-inch centres. 

:;harts of incremont vs, load were plotted. The elastic 

limit and the break point were then determined from these 
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charts. 	:1-lethod used nas been illustrated in  a.  previous 

Investiation  No  1197 (hpri). 2nd, .14.1 2) carried cut in 

tnese Laboratories.  Table  II records the  results obtaiued. 

TÂLh  II. 

WL  8517  No.  4 ;  NE  5817 No. 1: (:)77-75=r 
•••••-• 	 • 	 e- 

• • 	 e 	 . 

An 	
, i.31e 	 Lioud 	ùiie  Loud  : 	Load 
(11, )  • . 	 (lb.)  

	

. 	• 	 . 

• 
• • • 

Taken froin Investiation. No. 1197. 

Taken from investiation  No  1154. 

,,)roo Impact '1.'estz,: 

Drop impact tests  were carried out to deterine the 

reaction  of the pins  to  sudden  shock, both at room  tenperatures 

and  et  -50° F,  A  73-pound weie,lat  was dropped from  suesessIval:i 

411 	increasin heints. This was continued  until  the pin  failed. 

,l'or the low-tenerature tests the  pins were  kept  in a bath  of 

acetone and  dry  ice for  hour  at -30° P  prior to  testing, 

• The results  obe'lnod 	o  shown ir Teblc,  III. 

'1V-iBli  •.;  Ill. 
,i73-Pound 	,., , 
hei.2:ht 	- , 
of drop,  : 	 3amp1e  Identification 

2 	 3 cm, 	: 	 - 	5   , 

-  re  of  Bend  - id. 
' 	Tr'm'-eruture ; .iinus  50°  F. 

---.•—•—•—•••—•••••••-•.-•••-* 

IIARDI 	- 
Core 	 235 	 275 	 236 	 :Der) 

, Case 	 715 	715 	 665 	 655 
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Microscopic Examination 

Photomicrographs wore taken of a typical core and 

case at X500 magnincation and X1000 magnification respectively 

(see Figures 3 and el). Tho core (Figure 3) is pearlitic e  the 

presence of ferrite being Indicated. The case shows a reten-

tion of austenite in the heat treatment. 

(Fi , mres 3, 4 and 5 are 
at ena of report'Y 

Discussion of Results    _ _ _ . „ . _ „ _ _ , 

The physical test results e  although taken from a 

specimen which migh have had some lateral strain, indicate 

brittleness in the core. A check on these physical tests will 

be undertaken as soon as more pins are available. 

The del,th-hardness relationship curves shown in 

Figures 1 and 2 indicate the existence of a soft outer skin 

in all of the pins. A photoilicrograph (Figure 5) was taken 

at X500 magnification. Clear white particles can be observed 

near the surface. These are free carbides, as was shown by 

etching with a sodium hydroxide e  potassium ferricyanide 

solution. In the presence of free carbides auetenitic 

retention at the surface can be expected to be e;reater 

and this would resu:_t in a soft skin. A diffusion treatment to 

eliminate the carbides should be carried out, since the 

strength of the case is lowered by their presence. 

The depth of case obtained for ail  of the pins conform 

to the llmits sot br the spec:lineation :, namely e  0.020-0,035 in. 

The bend iests show that the pins when s-Ubjected to 

a continuous pressure are slightly more brittle than SAE 2115 

(waterqueno hed 	F.) or SAE 3115 (Taylor-Wharton), all 

pins having approximatelj the same surface hardness. 

The  rosi stance  to sudden shock at room temperature 
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(Discussion of Results, cont»d) 

of these pins is hiLher than that  of the  SA.2 2115 type. At 

-50 °  F. the drop-impact tests show that the NE 8817 pins 

are the equivalent of SAE 2115 (water-quenched) but not as 

good as the SAE 2115 (oil-quenched). - 

The core structure Obtained is not uniform. A more 

uniform structure can be obtained by quenching from a 11:4>er 

temperature. Austen:U:1c retention is considered to be a 

valuable factor in producing a totk,her case. Too much 

austenito, however, would lower the wear properties of the 

pin. 

CONCLUSIONS 

1. The physical results indicate brittleness in 

the core. These results, however, should be checked. 

2. Free carbides are present.' A diffusion treat-

ment should be adopted to elirdnate them. 

3 0 The depth of case obtained is satisfactory. 

411 	4. Ilend tests show thnt tbe pins are ri.ero brittle 

than SAE 2115 cyanided and water-quenched i'rom 1400° F. or 

than SKE 3115 cyanided. 

The drop-impact tests at room temperatures 

show that the pins have a grater  resistance to shock than 

E3IU 2115. At -50' F. the NE 8317„ like most cased pins„ are 

quite brittle. 

6. A more uniform core structure is desirable. 

Recommendations _ . _  _ _ _ „  

1. The physical tests on a 24nch cauge length 

specimen should be carried out. 

2. A diffusion treatment to eliminate free carbides 

should be adopted. 

(Continued on next page) 

o  
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(Recommendations, contid) 

3. In order to obtain a  iore uniform core structure, 

quenching should be carried  out  from a higher temperature. 

00000000000 
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eigure 3. Figure  ,4. 

TYPICAL CASE 

X1000„ nital etch. 

TYPICAL CORE 

- 500, nital etch. 
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wireure 5. 

Photomicrograph showing 
soft outer'skin. 

X500 1  rital etca. 

SLG:G1-113. 


