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OTTAIA 	Mar ch 20, 1945. 

REPORT 

or the 

ORE DRES;3ING AND iTALIZRGI  GAL Le1-30:1ATORIeS. 

Investigation No. 1015. 

Investigation a: T-16  Carrier Traek Pins 
from Somerville Testing Grounds. 

....71. 3.L.01 -laandt  of  Invostleelge: 

On February 13, 1945, Capt.  V. J. Sharkey of the 

Inspection Board of United Kinelom and  Canada, 409 Ford 

Building, Dstroit,  Michigan, eubmitted a nuzber of broken 

T-16 Carrier track pins for  examination. An accompanying 

latter (File  No 50028) atated  that during the course ot 

.two vehicles tested at Somerville,  ore eupplied with tracks 

containing W.D. 8650  pins and the othmr r,A2 3115 pins, the 

track with the hnmogeneous pins lasted only 1,100 miles 

during which 43 pins broke. The first break  occurred at 

550  miles and the  remainder between 1,000  and 1,110 miles. 

A  new method at retaining the pin by crimping the 

washer was being tested.  AU  breakages occurred about 

inchee from the crimped collar end. In  the case of  pins made 

froM See 3115 steel, about 37  pins  broke uring 2,500 miles 

of running with breakages occurring throughout the life of 

the teat. These pins  were produced suppouedly  in  accordance 

with Specification 0.A. 214, A  complete metallurgical exam-

ination was requested. 
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General: 

In anewer to enquiries, it was stated by teletype 

that 

(1) The  Wei. 8650 pine were centraleso ground and 

auetempered by Commercial Heat Treating Co.,  Detroit,  Michigan. 

(2) No previous experience of pin failures of this type 

had been observed when the collars were we/ded. 

(3) No Change in heat treatment was mado for thie 

particular batch of pins. 

(•) No /aboratory tests had  been made on theue pins 

prior to field test. 

(b) 16,000  to 20 4,000 po nds  hydraulic pressure was.used 

in crimping the collars. 

W.D. 8650 

Maoro-h:xamination:  

The fractured surfaces of the pins were examined. 

Some of the se showed the duplex structure typical of fatigue 

failure° Others appear to have broken shertly atter the first 

crack since no area of the fractured surface has been amoothed 

off by rubbing. 

Chsmical  

Two pins were analysea: 

Pin 	Pin 	Specification 
W.D° 8650 

Carbon 	- 	0,56 	0.56 	0.48-0°53 
Manganese 	. 	0.95 	0.1)i; 	0.73-1.00 
Sulphur 	- 	0.026 0.026 	0.050 max. 
Phosphorus 	- 	0.050 0.028 	0.050 max. 
Nickel 	- 	0.52 	0.52 	0.40-0.70  
Chromium 	- 	0.48 	0.48 	0.40-0.60 
Molybdenum 	- 	0.1P 	0.18 	0.15-0.25 
Silicon 	. 	0. 2t 	0.24 	0.20-0.35 

•••■••■•••■••■■■■•••••■■•••••••■•■•• 	 •■■••■••••••••••■■••••■••■•••■••••••••• •••••••■••••■■•••••.•■■■•• 
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Hardness :oats: 

Transverse mierospecimens were  out  from the pins  and 

hardness tests were made on  the core, using the Rcckwell  me,chine 

The results are shown below: 

liardnese, 
Rockwell tGt 

1 	- 54 
2 	- 	52 
3 	- 	53 
4 	- 	54 
.5 	. 	54 e 	_ 	54 

vonamol•••■••••■■•■••••■..mreormenme.....e•■•■•••■•■■••■■•••■••■ 

Lequeld•Ehn  Test: 

The McQuaid-7.hn grain size wae 

Picrosmpla_Imamination; 

Transverse microspocil:.ens and lorgitudinal specimens 

were  out frmu the pins and examinen  under  the  mIcroscope. In 

the unetched condition, the steel was  Sound  to be fairly clean. 

The specimens were etched in 2 per cent rital and re-examined. 

The longitudinal specinensgave no evidence of banding. Figure 1 

(X1000) illustrates the acicular structure obtained in all 

specitens. Figure 2 (X1000) taken frcxa a previous report 

(Investigation No. 1655, Juno 1, 1944) Illustrates the 21ner 

more densely packed martensitic structure of a  previously 

examined 0.46 carbon W.D• 6650 steel supposedly treated  the same 

way as the pins here examined. ::,,une carbide 'nodules are  also 

pro sent  in  the structure shown in Figure  2. 

rin 

(Continued on next page) 
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• 	 CASE HARDENED  SAE 3115 UNIVEliSAL CARRIER TRACK PINS. 

Macre-Examination: 

Failure of the cased universal carrier track pinn 

occurred in one of three ways, as shown in Figure 3. Of the 

ten pins submitted, one broke close to the welded end, one 

pin was removed because the welded washer broke off and the 

remaining eight broke at approximately the centre of the pin. 

Figure 3. 

ÎliiiMini=i13.4 

(A) One pin broke close to  the 
riveted end. 

(B) One pin failed when the riveted 
washer came off. 

(C) Eight broke at approximately the 
centre of the pin. 

The fracture surfaces at the points of failure on 

all pins were characteristic in appearance of fractures 

resulting from fatigue type failuree. Four such typical 

fractures are shown in Figure 4. 

(Continued on next page) 
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(Macro-a;:xamination, contld) 

•  Figure  4. 

FRACTURE SURFACES TYPICAL OF FATIGUIe FAILURES. 
*OM 

Metification: 

The location on the  track and the mileage record 

of only six of the ten pins submitted could be identified 

tram the tags. Consequently, only these pins were used for 

the balance of the investigation. The six pins are identi-

fied as follows: 

No. 

1. Eull #7666, replaced at 500 miles, welded 
end snapped off. 

2. Hull e666, left track, replaoed at 1,207 
miles; broke near welded end. 

3. Mull #7666, left track, replaced at 1,590 
miles; broke at centre. 

4. Hull #7666, right track, operated 450 miles, 

5. UUll #7666, right track, operated 525 miles. 

6, HUM #7666, right track, operated 553 miles. 

Chemical  MALL.. st.t: 

TABLe I. 

No. 	Carbon lananese  Silicon Nickel ahroeluia  
- Per Cent - 

1 	. 	0.16 	0.50 	0.23 	1.33 	0,29 
2 	. 	0.17 	0.55 	0.24 	1.23 	0.28 
3 	- 	0.18 	0.56 	0.24 	1.33 	0.30 
4 	. 	0.21 	0.54 	0.24 	1.33 	0,30 
5 	- 	0.17 	0.50 	0.22 	1.28 	0026 
6 	. 	0.20 	0.56 	0.24 	1.28 	0.30 

•••••••••••••■-.  .1t  •■• 



Pin 
NO  0 

1 
2 
3 
4 
5 
6 

Flrure q. 

• ?a,:.c 7 - 

• • 

The coro hardn333 of thuo plus le shown in Table  II. 

Surface hardness and case depth values ware also determind  and 

recorded but should not be considered representative of these 

pins before service. 

Core 
Hardness., 

Rockwell 1 0/ 

18-19 
18-20 
22.24 
21-23 
16-18 

TABLL II. 
Surface 
Hardness, 
qeokwell /0 1   

78.79 
75.76 

75-76 
79-79 

Case Depth, 
inches 
	 kaxium 

0.009  -  0.012 
0.003 -  0.016 
Nil -  0.016 
0.007 - 0 3014 
0.005 - 

•••■••■•■ffl 

21-23 	 75-76 	0.007 » 0.016 

• , eecifications  require I.:  coro  hardness  of 24 to 32 
Rockwell /Cf. 

ekeeneall£eelle.12a: 
Miecoecopic  examination  of transverse  specimens cut 

front  each pin showed the nicrostructure of all  pins  to be similar. 

As  shown in Figure 5,  the core structure consisted of 

ferrite and low carbon martensite. The higher carbon case was 

largely worn away in same spots  (Table II) but the remaining 

portions had a fine martensltic  microstructure (see Figure 6). 

X500,  etched in  2 
per  cent  rital. 

PIN  NO. 5. 
Core structure of ferrite 
and low carbon mertensite. 

X250, etched in  2 
per cent  rital, 
FIN NO. 5. 

Case structure of 
Une martensite. 
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Discusaion: 

liD. (3659 ;P.0

Thin report  should be read 'le conjunction with  one 

Report or Investigation  NO. 1655„ issued June 1,  144. 

The  carbon content of these pins is over  the  maximum 

of 0.53 per  cent which is specified. In  a salt-quenching 

treatment such as these pins received, the additional carbon 

should not be too serioua. It may be interesting to present 

several possibilities, however. It could be expected that 

the :a point will be lowered zomewhst by the higher carbcn 

content. If the heat treatment ramaine constant for various 

carbon content steels a high retained austenite content would 

result from the - higher carbon nteele. This retained austeeite 

transforms to martensite on cooling  in air frem the salt  bath 

temperaturewithen  accompanying  change ln  volume. This change 

front austenite  to martsnsita also occurs when the pin  is 

 stressed in service. Internal stress is eat up which  raay 

result in somewhat inferior service  in the field. 

Failure by fatigue  Is indicated by some  of the  pins. 

These pins  are at the upper specification range of the harineac 

It would then be expected that the fatigue  strength  of the plt 

is at a  maximum, provided the surface is notch-free. Lowering 

the hardness would only aggravate the condition. It is  fcit 

that these pine, in all probability, failed  due  to a localzed 

stress  concentration caused  by: 

(1) The pin  being jammed in  the link,  eoesibly  due to 
the crimping operation, and/or 

(2) Some difference in  the set-up of  the  vehicle, 
tracke a  sueponsion, etc., as run in  this. field. 
test, 

(3) Under the above conditions a  notch could be formd  ci 
the  surface which would make the  hieeer  hardneee 
pins more  prone to fatigue. 

The microstructure showe a coarsaracicular stee' 

tlian w are obtained in the tests carried  out in these  lazreed  eei 
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(Discussion, conttd) 

on heat-treated pins, supplied by :;emrlercial eTeat Treating Co. 

in June 1 944.  This would indicate that  a  higher quench  tenper- 

ature  vas employed.  This ie alzo suguAstod by  the almost complete 

abeenee  of spheroidal carbides (provi)ed that s;heroidized  nteel 

is atill being ueed). These are present in Figure 2. It would 

be interestiné; to check the etructure of the  bar stock to see 

whether  the mille are consistently supplying a ephereidized 

• material. 

Case  liardened SA  E  3113 Universal Carrier Track 2Ins. 

Tho appearance  of the  fractura surfacer at the points 

of fai1ure indicates that failure was due to fatigue. 

The cherice_l  composition Is sirlieer  for  Si! pins and 

typical of SA 3 3115 ete)el  previously  nsee in the production cf pins. 

Low core hardneas is•a likely cause of earlier failure, 

since It has boon fairly well osttibliehoe that fatigue failure 

on the cased pin starts in the transition zone° Microscopic 

examination has pubstantiated this low core hardness in indica-

ting that the pin structure  13  ccmpoeed cf a non-uniform ferrite-

martensite ageesegate. 

Low ocre hardnees  should not be censidered the only 

likely cause of fai/ure, It is believed tilat the cased pin 

is overstressed in the T-16 carrier and that breakages may be 

expected if any anormal condition, sucS ue fuulty assembly of 

the track, causes an inc2ease in the operating etresse 

CCECLUSIONS: 

W.D. 6650  Pins --------------- 

1. A high carbon content Seat  of  steel  ha  s been 

used for these pins. For a salt quench treatment, this sheeld 

not be too serioue a factor. 

2. Sevrai  pins indicate failure due to fatigue°  Uigher 
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(Conclusions, contid) a 

streets concentration than normal could have been caused by  the 

method  of  pin retention, or by irregularities of the vehicle 

used for teet. 

3. The microstructure shows coarse aolcular marten-

site.  Fine  previously eiamellere wore finer grain. A  higher 

quenching temperature appeare to have been used for these pins 

especially if a spheroidal bar stock wee heat treated. 

4. The McQuaid-Ehn grain size was 4-5 which is 

slightly coareer than specified. 

Ca3e Hardened SAE 3115  Universal Carrier Track Pins. 

1. Macroscopic examination has shown that failure 

was of the fatigue type. 

2. There are two likely reasons for early failure: 

(a)Law core hardnese, Which afforde poor 
resistance to fatigue. 

(b)Some mechanical fault in the assembly 
of the track which produced alternating 
stresses greater than the endurance 
limit of the pins. 

Recommendatione: 

1. Laboratory tests should bo carried out on pine 

prior to any field test. It would thon be possible to determine 

whether pine used ara representative of the normal type preduced. 

2 0  If breakages had been reported from  the  field 

having had the normal welded pin retention process  thon recon-

sieeration of the gpecification would have been advisable. 
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