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An IDzaminatIon of Tank Tra2k Pins. 

OrL-in of Mater'lal and 0..bly:t of 7imvestigation 

On Januarry 17th, 1942, under Requisition  No 

 0.T0 26, mr. 	S3u1t of th. Inspectj.on Boaed of United 

:Kingdom and Canada, 36 Lon etreet, Ottawa, Ontario, 

3ubmitte three traci  .  pins for examination, These were 

taken from a batch produeed by t1e Taylorarten Iron 

and Steel Company, hish Bridge, New Jersey. 
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D1mensiona1 J2xaminalon 

Us  ing mlcrometers, the dimensions of the th.ree pins 

(which will henceforth be designated as a, b, and c) were  

Checked. with the specification drawing. 

recorded. in Table I are In incb!Ds. 

All .Jueasurements 

Table "1 

Part of Fin 	 Specification 	a 

Head 
Diameter 
Outer diameter of 
cocIntersunk part 

Diameter at the end 
of pïr 

Length of end of 
Height of hoad 
Body length of pin 
Total length of pin 
Flat part on ce 
the head of pj.‘71  

1.125 
0.872 

0„500 

- 

0.400 
0.30 

11.21 
11.82 

0.175 

1.132 	1.050 
0 0 882 	0,875 

0.435 	O 525  

Egg -shaped 0.518 
Long diam„ 

0.622 
Short diam., 

0.600. 

	

0.415 	0.400 

	

0.29 	0.30 

	

11.185 	11.18 

	

11.75 	11.79 

0.20 	. 0.175 

il]_ the fillots were found to be satisfactory 
and free from flash. Tho countersunk part of the bins 
wero al8c found to be satisfactory. 

Chemical Anal:sis 

Carbon 
sp,ani„janeso 
Silicon 
SulT.)hur 
Phosphorus 
Wickel 
Chromium 
ii,olybdenum 

Per cent  

0.34 

0,019 
0.029 
1.16 
0,64 
Trace. 

Drillings were taken 71-.):,om the core of the Din. 

Maï.maflux Tests:-; 

The p4 r2 were magraflud, both circularly and 

l e 500 longitudinajly, usin: the res1dmal powder method. 

amperes was used for circular and 1,000 amperes for longl- 
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(Masnaf1 -...ix Tests contdi 

tudinal magnetization. 

Si o cracks (.) -n strains wore revealed Am. any ef t:he pins„ 

p;zsrica-l_Tests: 

A tensile test specimen of 0.505 inch diameter was 

prepared from the core of j.'in "a" by machinine; off the case 

under the action of a coolant. The followlne, results were 

obtaîned 

Tensile strenth 

Reduction :in arr,, a 

Uonation 

and Tests 

Bend tests were carried out on 7?ins b and e in an. 

Amsler universal  te tin. machine, using 12-inch radii and 

b-inch centre 

Table 1.7,- 

in 	0 . 	Bend of bFja.7..."7-  - -7  - - --Fi'.74.Ï.1,...11% load., 
in der,rees. 	.., 	in pounds :-. ,-;,..-2 ,,,,,...,.:=:-..=.:=,,,,_=...-=-..-....f,..utt. ,............ , ...,.,..,...,...-.7,:,.z. ,.....,.....-....-....-;-.=.=-.....:-.„0„,...„..0.7„-..._c...-,-..7.g-:-...-.';'...:1,-.,.......;,7....,::,..=_rg„,;,, 

3 :i.o 6 e  8 a 0 
A 	 675O 

£Z;r-;%.?..C..-!:.f.!::1" ;7" ,■.;7,,:=,,,,e,r,vale 	
.......................................... 

Hardness Tests 

Usint; the Vicners raothod and a 107kilorayl. load, 

bardnesses were taken of the etched samples at varyin 

distances from bhe surfae n  The depth-to-hardness  relation

hips are shown in Table III. The hardnesses at uniform 

distances from the surface for both pins were obtained from 

curves b and c in vigure 1. 

(Continued on net page) 



UiLt.dness Tots, c3ntrd)  - 

Ta'Dlo  III 
. 	• 

: 	 Viwrs  ITardness Nuzbers 
Pin 	• . 	 At daoths 1.n ir.cheb  2:rom the surface. 

At  surface: 3.005 :  0.01J) :  C.0 :0.030 :U.040  :0,050: D, 0 35 

b 	: 	b13 	:  705 :  7:20  :  733  ;  579  ;  336  : 302  7  277 
C 	 ; 	770 :  724  : 655 :  572  1 43G  :  33e  :  275  :  272 

• 	 • 	„ 

'1-qA211  .7„,H0WING  112PTU-hARDUESS  R22,LATIOWATIPS. 



the outside edge to the middle of the traasition zorm. 

Pln 
Pin c 

0.030 inch 
0.026 u 

- Page 5 

Depth of Oase 

Samples were polished and etched and the depth 

of case was measured microscopically to'an accuracy of 

one-thousandths of an inch. The case depth was taken from 

microscopic Examination; 

All the photomicrographs were taken at X1000 

magnification. 

Figure 2 shows the case structure of Pin b and 

rel;eals free carbides present. 

Figure 3 shows the acicular  case • structure of 

Pin c. 

Figure 4 shows the microstructure of the core of 

the pins (similar in both) 0  A  1ar2;e amount of free ferrite 

is evident 

Pin b was treated to 16000  F. for hour, then 

quenched and drawn at 10000 	for one hour (to its original 

hardness), The structure of the core, as revealed In Figure 

5, shows tbe elimination of a great deal of free ferrite 

formerly present, resulti 	in t.7. y.lore uniform structure, 

Discussion of Resul.ts; 

The cle.mical analysis obtained shows that the bar 

stock used conforms 1;o th liMts set for S.A.E. 3120 steel, 

The magnaflUx examination revealed no cracks or 

strains, showing that In  the  manufacturing process no 

immediately evident sources of possible failure in the pin -.1 

exist. 

Since an ultImate stresa of 131,500 pounds has been 

obtained. It should be possible to obtain, by proper heat-

treatment, a reduction in. area up to approximately 04 per cent. 

The importance of a greater reuction In area can be shown by 



Rupture strengn. 
at present 133. „500 

iOC - 
2,120 pounds„ 

Possible rupture 
strenGth - 131,500  

100 	64 
3,650 pounds, 

C  - 

(Discussion of Results, contid) - 

the followini2, equation 

Rupture streath 

The increase in rupture strength that would  recuit; 

 from g more adequate heat-treatmfflt can now be calculated by 

substituting, in the gbove equation 

Ultimate stress 
100  Rduotln  in  area 

Uith a hiGher rupture Strength the pin  cati  absorb 

more eneruj before failure° 

The formation of a cicser core structure by quenching 

from a higher temperature, as shown by Figure 5, is desirable 

since it will result in a m.c ..)re uniform and touïs4er pin. 

The di .j:ference in the structures of the cases for ?ins b and 

is probably due to the fact that  the ce  represent two 

extremes wM;hin which the structure variàs„ 

(-',ez-2.ults of the bond tests show that the pins do 

not meat the specification requirements° 

In a 2D2evious Lnvestigation (No ° 1153, December, • 

1941), carried out lu these laboratories, It was uhown that 

pins with surface hardnesse of 500 -600 V,› PoNo gave the most 

satisfactory bond i:ests and v“puld be less likely to crack 

under a concentrated strain than the harder-surfaced pins 

The depth of case is satisfactory in both pins. 

It is believed  the t: for LAORATORY comparison of the depth 

of case a more accurate and scientific method can be 
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(Discussion of Results, contld) 

evolved than Is presently being r, ,finployed. 

Depth of case can be derived from a graph such as 

Figure 1° An arbitrary Vickers hardness number 500 (Indicated 

by the arrow) is chosen and the distance from the surface is 

taken for each pin at this hardness °  '.6y 1.7;his method 

Pin b = 0.034 Inch 
Pin  e= 0„025 

The pocrescopic measurenent of depth of case always 

involves the factor of personal  errer „ It is however, net 

recoumended that this method be euployed In a foundry as it 

is time-consuming. 

<.,onc—us_; .1 	ons • -I 

1° The bar stock usea for these pins is S.A.E. 

3120 steel„ 

Mai.paflux tests show  that the . pins have not 

been cracked in the:) process of manufacture. 

S. . A. satisfactory depth of case has been obtained_ 

Band tests give results that are below speci- 

fication ituit of e'-‘0 

2.  

The reduction in area obtained  for steel which 

has an ultimete stress cf 13D„:''.00 p.s a l, is low° 

b. A more uniform core structure is desirable. 

Reconmendations 

1. Although the specification in the present form 

does not allow it, a surface berdness of 500-550 V,P.W. is 

preferred so that any stress concentration at a certain area 

would be less likely to result in pin breakage. 

n,uenching from a higher temperature would give rj 
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(Recommendations 9  cDntld) - 

a more uniform core structuro and consequently a tougher 

pin with an Lmproved rupture strength„ 
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