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Examination of a cracked Campbell  Wyant 
and Cannon Mark III Track Pin. 

OrigLa cf Material and Cibjet of InvestietJ 

On June 3rd 0  1942, Dr. (Jo ';;„ Drury 0.-.)eïrdent of 

* 	Munitions and. Supply, Ottawa), et a meeting of the  'ac?  Mu 

Committee held in Ottawa  9  preaented a trac :  in which had 

been taken from a Mark III 'Ï.2,.nk after It had. run 1, 26  mile

Cracks in the case wore visb:Lo and a routine metallurgical 

JnveatIgation waa request, t ,;" determlne 9  If possibi%tbe 

reason for failure of the ou-J„ 
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Macroscazic Examination: -------- -------------- 

The pin was maL;eafluxed to illustrate the cracks 

more clearly and to :,eo if any sub-surface cracks were 

present. FiLwre I shows the pin aftsr the magnetic test, 

Six cracks wore observed.  The  distances frua the head of 

the pin were measured. 

1111 

Distance from the head 
of  the_21n.  in Inches. 

2-1/8 
5-3/8 
5-3/4 
6 
9-3/4 

10  ' 

The diameter of  the pin was 0.869  inch, which is 

an average  of  ten (10) readlngs. 

F:...s2,Ure 1. 

Magnafluxed  Pin, Showing Cracks. 



Cne;Illoal Analysis:  

As_fould 	Specification SAE 3115 

Carbon 	- 	::, .16 	 (:)10 - 0.20 
Manganese 	_ 	,D.52 	 • 	0,3û  
Silicon 	- 	•2.29 	 .D.15 min. 
Phosphorus 	- 	0.021 	OOÇ  max. 
Sulphur 	- 	C.017 	 0.050 max. 
Nickel 	- 	1 0 23 	 1.00 - 1.50 
Chromium 	- 	0.57 	 0.45 - 0.':5 

Case  Dun and crack Penetration: 

The depth of  th case was measured,unin3  the Brinell 

microscope. It  WE 0.029 inch° 

In  order tr.D see the depth Of penctraion of the 

cracks,  a  specimen containing the last two cracks (Nos.  5 

and 6) was cut from the pin and a longitudinal section tsken. 

The  depth was found to bez 

5th crack 
6th crac 

00051 incà 
0.034 IP 

Depth Hartiness: 

Hardness readins were Zaken, usinc the Vickers 

hardness r_achine and the IO-Idlogram weight  T1u depth-

hardness relntidnship is ; -,hown beicw: 

• 	Distance from the mrlface, 
in Inces 	 V.P.A. 

0.29 	 - 	202 
0.025 	 - 	202 
0 0 068 	 - 	

. 

	202 
0,05 	 - 	252. 
0,011 	 - 	698 
Surface 	 - ni„). ;,.....1 . 

Grain SIZE: 

The grain size  As  the ptn as received was  3-7, 

The Mc3eaid-En grain size, pack-carburiIed for 

8  hours at 17003  F., was 6-7 0 
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Figure 2. Figure 
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X500„ nital etched. 

CORE OF THE PIN. 

-  Page  4  - 

Microsco•ic Examination 

A polished specimen of the pin was examined under 

the microscope, both in the nital etched and the unetched 

condition. In the unetched state the steel was found to be 

quite clean. Figures 2 and 3 illustrate the structures of 

the core and the case, taken at X500 and X1000 magnification 

respectively. Figure 2 shows that the core structure is mainly 

ferrite. Figure 3 indicates the presence of free  carbides in 

the case. 

X1000, nital etched °  

CASE OF PIN. 

Note presence  of  free carbides 
(white constituent). 

Discussion: 

The chemical analysis shows that the  steel conforms 

to the specification limits of SAE 3115 steel. 

The cracks were distributed over the entire length 
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(Discussion, cont?d) 

of the pin and not concentrated at one point. Measurement of 

the depth of penetration of two of the cracks shows that they 

hava already started to propagate through the cor »  since Vat') 

case depth was 0,029 inch whereas the dept) of the cracks were 

0 0 051 and 0 ° 034 inch. It is felt that since the cracks have 

started to propagate through the core tho pin will fall in a 

short time. 

A reasonably fine-grained steel was employed for t7ffl 

production of this pin e  since the McQuaid-Ehn grain size was 6-?, 

Cracking of the case is characteristic of all hard-

cased pins° The presence of free car,bides (white constituent, 

Figure 3) would.  cause greater brittleness and the pin would 

break at a lower load than would a normal-cased pin. 

Free carbides should be eliminatedn It was not re-

ported whether this pin was oarbo-nitrided or cyanided. If It 

was carbo-nitrided the heat treatment cycle slmuld be ended off 

at a practically neutral atmoophere (only slightly carburizing) 

to allow for diffusion of the carbides. If the pin received a 

cyanide treatment »  a less concentrated bath should be employed 

as tnla would allow for greater diffusion cf the  carbides °  

Conclusions 

1 0  The chemical analysis shows that the steel conform 

to the specification limits of SAE 3115 stool. 

2 0  The cracks have started to propagate through the 

core; thus it could be expected that the pin would fall in a 

short time  

5. A reasonably fine-grained steel was employed n  

4,, Free carbides are present in the case This weakens 

it considerably and would cause earlTcracking n  

(Continued on next page) 
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(Oonclusions, contç'd) 

5 0  A diffusion (.,reatmenb to eliminate  the carbidca 

should be carried  out  

Recomend.ations 

If the pin is of the carbo-nitrided. type s  the 

heat treatment cycle should be ended in a practically neutral 

atmosphere (only slightly carburizing) to allow for dif2usion 

of the cal,bides, 

If the pin Is of the cyanided type s  a less concentra-

ted bath should be employed as this would allow for greater 

diffusion of the carbides °  

A diffusion treatment can be carried out after 

carburizing is completed. 
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