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illustrates  the link-znd-pin assembly. Figure 2 shows the 
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Macro•Examinationt 

The  dimensions of the link and pin  are  given in 

I.B.U.Y.  & C. Drawing No.  .1 . 0 1). Tada.(M)20. Figure 1 

contact face  of the &hoe. 

Fiçure 1. 

LINK AND PIN ASSEMBLY. 
(Approximately,esize). 

Flour°  2. 

CONTACT FACE  OF  SHOE. 
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The weight of the link 
The weight of the pin. 
The weight of the lInk and pin 

TRACK LINK, 

Chemical A.nglyeJic- 

Carbon 
Manganeso* 
Silicon 
Phpspherus 
Sulphur 
Chromium 

As 
Found 

1,10 
12 0 61 
0„69 
0„061 
0 0 010 
0 0 71 

Recommended 
Specification 

cent 	 -- 

- 1 0 40 
- 14 0,00 
- 1,,00 

MX. 

71.00 
10,,00 
0,,30 
0 0 10 
0 ° 05 

Hardness; 

The Brinell hardness of the link wus 200„ 

This is within the usual ra.nEe (160-220) 

heat-treated high-manganese  steel g  

obtained for 

X-Ray Examination; 

A o  irriser 0 .Y.  the Untional esearch Council, 

Ottawa, carried out an X-ray ef:.uination of  the  

Figure 3 Is a positive taken &oril the reldieph, The 

White shadows indicate the prsenc ,:: of a number 

cavîties The centre eye-hole of the three-eyo side of 

the link was cut open to reve ,A1 tiàü eavitles (Figure 

shown in this section by the X-ro.y. 

(Continued on nf.Ixt two pa&Ds) 

of 



0 (X-Ray Examination, conttd) ( bli2L4) 

Fiure 3. 

X-PaY POSITIVE  OF  Ut( . 
White snadeiss indicate presence cf cavities. 
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(X-Ray Examination, contld) - - 

,  Firure 4. 

SHRINKAGE CAVITIES IN CMTRE EYE-HOLE SECTION. 

Micro-Examination: 

Specimens were cut from the link and examined 

under the microscope. The unetched specimens showed that 

the steel was quite clean. The nital-etched specimen 

showed the structure illustrated in Figure 5 (taken at 

X100 magnification). 

5. 

X100, nital etch. 

STRUCTURE OF LINK. 
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CneMISILAULT.Alt: 

Drilliro  were taken troll  te  core  of  the pin 

o limA chemisa,1:44,14els. 

Id 
1 0.1: 

• r 

À , 

oid 
Carbon 
Mangune$e 

Phosphorue 
ibeu3ulphur 

Nickel 
eChromium 
Molybdenum 

1  	 • 	 -  

As Found 	all44/te., 1010 
Per14%.4t-- .  

-1 	• 
0.05 - 0.15 
0.30 - 0.60 
0.15 min. 
0.045 max. 
0.065 msx. 

• IP 

0.12 
0.33 

• .0.1r; 
. 	 •  0,017 	• 

0.042 
• Not detected 
▪ Not deteeted 
• Not detected, 

Method of Headinpi : 

X-ray diffraction  tests, usine the beck-

refIeetion method, Indicate that the pin has been 

..hOtiebeaded, 

rh7elee1  Tests:  

A  0,252-inch-diameter specimen was ota. 	from 

the core of the pin mnd a 2-inch cauge length was used. 

The results 14re: .  

Ultime:e strength 
.1% proof stress 
Elongation 
Reduction of area 

- 94,700 p.s.i. 
- 	634 200 p.s.i. 
- 16 per cent. 
- 53 	u  

Bend Test: 

,  A bend test was  carried out on an Amsler 

Universal tenting machine using a 12-inch radius and 

8-inch centres. The increment vs. load was plotted. 

Elastic limit, permanent bend, and case break point were 

then determined from the ci -)art and the angles were calcu-

lated ceometrical1y.  The wathod used was illustrated In 

the report of a previous investie,ation„ No. 1197 (April 

2nd, 1942), carried out in these laboratories. The results 
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eariE£110 
Load 
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(Bent Test, cont , d) 
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, 

0101  ;14C1astic liiit 
Perhelment'bend 
Case break point 
8C 

Cate  Depths,: . 0 

Pb.  depth  of casE,  of 

usine  the  Brinellmicm,scope, 

	

610 	1!  Of 
1,010  

	

1,150 	601 20 1  
noettC 

esennaL4 

elnedcier)r1 
tha  pin vas  measered, 

It was  fond to b•  0.047 

Ludt (this is taken on the eteted aamee  -1pom_the  surface 

:WALVAL1c)  

Depth-Hardnots  Re1ation81112:nlltb 

A transverse  section of h. 	 n,  

hardness readings were taken acrGss the facet . t48  êtecsicr, 

to the point of  colour  change). 

using the Vickers hardness 

Fleur() 6 is a depth-hardnass 

results obtained, It  can  be 

machine and. a  10•ilkogzan  load. 
, Jater riele7ff, 

chart  plottel frem  the  hardness 

seen that  the smrface  hardness 
••••"•• ■■•..••■•••••-•••• ••■• 

is 615 V,P,N, and the core  hardness  15  V,?,N, 

(Figure 6  follows on next page)  

v 

13tten 

• This was taken  on a second M'is Il pin  submitted by 

AD(T,& M,T,),  Detroit,  of the Irapectlion Board 
of United  Kingdom and  Canada. 

r1 toJ 

Itme) - e'i 
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(Depth-Hardness Relationship, contld) 

La 

Dea:orm "West ..57.44FACE //vAWeer 

M19..Z.21£2219.—EILIEln21122: 

A transverse  section was cut from the pin and 

then polished. The  unetched  specimen indicated that the 

bar stock used was quite clean.  Figures 7 and 8 are taken 

from the nital-etched  specimen, at X500 and X1000 0  of the 

core and case respectively. 

(Continued en next page)  . 
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(Microscopic Examination, conted) 

X500, nital etch. 

CORC OF PIN, 

Ncte the presence of 
ferrite - white constituent. 

X1000, nital etch, 

CASE OF PIN. 

Note the coarsely acicular 
mortonsitic structure, 

DISCUSSION: 

Tracl Link  - 

The chemical. analysi i of the link ihows that a 

hiEh-manganese steel was used, 

The compositicn cf the steel, with the exception 

of chromium, is within the limits specified by the A.S.T.Y.,, 

for austenitic steels. Chromium is not usually added to 

austenitic man,:anese steels, 7t is claimed that thé addi-

tion of about 1 to 3 per cent of chromium reduces the amount 

of cold work required to properly harden .  this type of steel 

If the eye-holes of the track links can be work-hardened 

more rapidly by addition of chromium, it would appear that 

the life mileace of the high-mancanese steel links would be 

increased, A test would have to be carried out to determine 

whetter  the  difference, if eny  Is sufficiently great to 
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(Dlaeïusion, contId; 

tho uddtton of chromlun, Chromium also helps 

for-etation oP frao carbido, , , 
Tho cgstIng has a number oV shrinkau.e 

Tho Unh would naturally bo ntrongor, fu thoso had been , 

onm5:£.mbod °  A cb. ,.nge In the castinv, teChnique oould 
• 

.i3rodueo a bettor Mult.ç. 

The microstructure showa a normal austenitic 

grain 'Size., which indicates that tho pouring tomPorature 

was aatisfactery, The 110k alao rocolved the proper heat 

troatment for a high-milngenese 	fL o c oe  water-quonched 

rApidly aftor holding at 1850-194CP V, 

0 

Track Pin - 

The  chemical enalysis indicates that the stool 

,o 	usoâ for the tracl. 	.corresponds to Se 10,10 stool, 

Tho bend test causod the case of the pin ta ' 

crack at a low - load e  signifying fnat it 49.a in a brittle 

condition °  The coarsely acicular martensltic structure 

shown by the photomlcrograph corroborates .U.his fact o 

 This r3trueture e  and also that of the core (coarse grain 

olze an4PorrIte) indicates that the pin was pack-carburiad 

at a È.olutivoly high temperature., 1700-1750' F o  It was thon 

c.00lod 5.n the box. to a poiut below  the uppor critIcal of  th:) 

corr.;-; end then quenchd o  

The case dopthe  0 ° 047 inah A, Is considered to be 

too thick, A largo nunbee,  of p:Ins haiing apprœgimately 

thiri dopth and hardnoss (800 V c:P o N,) failed in a field boat 

e.arried out on the Valentine tank at the stàrt  of  production 

In Oanada i, 

The thickaess of the cc.ce suggests that  pack

cnrburizIng was the method uscd'to produce, this'case, 


