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Investigation Yo. 1634. 

Metallurgical -O:xamination of Universal Carrier 
Track Pins made from NU 6620 Steel 

011uala_n£2equeet  and ObAect  of InveltietioL:  

Ten Universal Carrier track pins made  front  NE 8620 

eteel were submitted to these Laboratories by the Detroit, 

Michigan, office of the Inepection Board of the United Kingdom 

and Canada on April 17th 5  1944, It was requested that the 

routine physical teste te made on these pine to determine 

whether or not they would conform to Specification 0.A. 214. 

In a covering letter (dated April 15th, 1944 0  File 

No. 10/C/1), Captain V, Jo Sharkey, for Director, Tanks end 

M.T.  Division, Inspection noard of United Kingdom and Canada, 

Detroit, Michigan, stated that the cores of the pi  ne submitted 

had hardnesses of around 10 Rockwell t0f and aboveo 

These pins were made for the Auto Specialties Manufac-

turirg Company, Sto Joseph »  Yichigan, for assembly in their trick 

It was thought that for purposesof comparison it 

would be useful to test some pins mede from SAE 3115 oteel. 

The pins of this type that were tested had been treated by the 

Commercial Steel Treating Corporation, Detroit, Michigan, and 

were repreeentative of their production in December, 1942. 

It should be noted that these pins were produced before 

Specification 0.A.  214 wap Issunex. 
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nummtpic  Examination: 

A longitudinal section of one of the pins made from 

Ni; 8620 steel,  won deep etched for  15 minutes in  boiling  50 per 

cent  hydrochloric acid, failed to show  any sign  of laminations. 

Chemical  Analmil: 

The chemical analyeis of the pins, together with 

their respective epecificationa, are  shown below: 

Pins  from Specificationo  Pins  from Specification 
SAE 3115 	for 	 NE 6620 	for 
steel 	&2U5  steel 	steel 	NE 8320 steel 

Per Cent  

Carbon 	- 	0 013 	0.13-0.18 	0.22 	0.13-0.23 
Manganeee 	- 	0.48 	0.30-0.60 	0.84 	0070-0,95 
Silicon 	- 	0.29 	 --- 	 0.29 	0.20-0.35 
Nickel 	- 	1.22 	1.0  -  1 05 	0.71 	0.40-0.60 
Chromium 	- 	0.40 	0.25-0.45 	0.52 	0.40-0.60 
Molybdenum - 	- 	 --- 	 0.20 	0.15-0.25 

1.•■■•■•■••■••••■•••••■•■••■ 

phzlisAl_properties: 

.The case  depth, surface  and oore hardness values fc.r 

the pins  made from NE 8620  stool are  given in Table  Ie Similer 

values  for the pins  made  from  SA -3  3115 ateel are listed  in 

Table 

Impact tests were  rade on the pins, using a 50-pound 

weight having a  13M-inch-radius block as a  plunger. This 

weight was dropped from various heights giving impact values 

ranging from 45 to 60 foot-pounds,  edhe pIns were freely  nup-

ported at 8-inch centres and all ems tested (10  pins made frem 

NE 8620  steel and 15  pins  made  from SAE 3115 steel)  were sub-

jected to impact blowa until they either broe  or were so badly 

bent that they would not rest on the  supports. The results of 

the feepact  tests are shown In Tables I and II 

The  thickness of the case for both  types of steels 

was measured on  all  pins exneened.  Tbe values  obtained  are  alse 

shown in Tables I  and  II. 

TCîraérl: and II follow, on Page 730) 
( 	Text continues on_1'aee_4.  

Specification, as at oresent proposed, for purchasee of thie 
type of steel. 
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Pin No. 
_ 	 . 	_ 

Surface hardness, Rockwell IA' 
Core hardness, Rockwell =CI 
Case thickness, inches 
leM21-12211: 

B own, foot-pounds 
No 0  of blows to break 

TABLe I« - PINS MeE  Friam NE 8620 STEeL. 
Î241Q J24l1t24120 2413  12414 !#2415*  2416 24i!  iz42 	2422  

:80-81: 82 :79-81: 80 :81-82:82-84 :82-85 :82-84 : 80-81: 81-83 
:47-48:40-43:40-41:40-41:39-41:48-49 : 42 :39-41 : 45-47: 45-47 
:00012:0.010:0.010:0.009:0.014:00010 :00008 ;0,012 : 0.008: 0.010 
' ' 	

• 	0 	• 	• 	• 	• 	 • 
. 	 - 	. 	. 	. 	. 	- 	. 	. 	: 
: 50 : 45 : 45 : 45 : 50 :45 	: 60 	: 45 	: 60 : 	45 
: 2 	: 2 	: 5 	: 3 	: 2 	1 	: 	1 

• 

• • 	• • a 	 • 	 • 	• • • 	• 	• 	 C 	 • 	• 	• 	 • 	• 

TAB= II, - PINS MADe PROM SA2 3115 ST3F.L. 
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2 t 3 t 	4  :  5 : 6w  : 7 1_ 	: 9 t 10  r 11 t 	_Lae  

Surface hardness, 
Rockwell 'A' 

Core hardness, 
Rockwell 'CI 

Case thickness, inches 
jmpact 	Tostm; 

fet-pounds 	: 45 : 45 : 45 : 45 : 45 : 45 : 50 : 50 : 60 : 50 : 55 : 55 : 55 : 60 :  60 
No of blows, to break: 2 	:4 	:1 	:5 	:2 	:5 	:2 	:5 	:3 	:4 	3 	:3 	:3. 	:3 	1 

• • • • • 	• 	 • 	 • 	 • 	 • 	• • • 	• 	• 	 • • 	 • 	• 	• 	• 	• 	• 	 • • 

194e2n1; 
a  Pin unbroken in impact test 0  
e Pin sectioned for microscopic examination. 
Ø  Pin broken on impact machine using 11,2 pound weight. 

Pin N .. 	.- 
....-..........-.....-  	 ---.- .--,-..... 

. 
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• • 	• 	 • 	 • • • 	• 	• 	• 	• 	 a 	 • 	• 	 ; 	• 	• 	• 

• • 	• 	• 	• 	• 	• 	•• 	• 	4. 	• 	• 	• 	 : 	• 	• • • 	 It 	 • • • 	 • 	• 	• 	• 	• 	• 

:79-80: 76 :81-82: 76 :78 ,79:79-81:81-82:78-79: 80 : 78 :76-78: 79 :81-84:76-79:  82 
• • 	•■ 	 • 	• 	• 	 • 	 • 	• 	• • • 	 • 	• • • • 	• 	• 	• 	• 	• 	 • • • 	 • • 

:28-31:24-27:28-30:10-20:28-30:16-18: 31 :16-19:15-18:16-18:15-16:17-18:26-28: 15 :  29 
:00008:00012:0,012:0.012:0,010:0.003:0.008:00012:00012:0.014:0.000:0.010:0.008:0.011:0.010 
• • 	• 	• 	• 	• 	• 	• 	• 	• 	 • 	• 	• • • 	• 	• 	 • 	• 	• 	• 	• 	• 	• 	• 	• 	• 

hi 

0 



85 
79 
61.6 

o 

0 84 
76 
79 

o 

o 

; 31 
lb 
22,3 

49 
39 
43,3 

Maximum case thickness, inches 
Minimum 	" 	It  

Average n 

0,014 
0.006  
0.010 

0.014 
0.008 
0.010 

• 

0 

- Page 4 - 

(Physica).  Properties, contfd) 

TABLE III. - ÏSUMMARY OF TABLES I AND  II 
: P Eirinrerir-rpr-nrirare- 

Test 	 : 	from 	. from 
: NE 8620 steel :SAE 3115 eteul 
• 

Maximum  surface hardness, Rockwell  
Minimum f i 	 fi 	 ll : 
Average 	 lAt : 

Maximum core hardness, Rockwell ICe 

Minimum 	" 	 9c! 

Average 	" 	 tc7 

••■••••■■•■■•■••■■■••■••••••■■•■■■•••moblulnammeemmee 

MME2M2212_1M1211.AIL212: 

Transverse sections wore out from representative  pins  

made  from both steels. These sections were mounted, hand polish-

ed, etched, and microscopically examined. 

The core of the pins made from NE 6600 steel was 

martensitic throughout. Figure 1, at a magnification of 500 

diameters, is a representative field shoring thie atructure 

The case on these pins was martenete with poseibly aomo 

retained auetenite (see Fliure 2, at a magnification of 500 

diameters). 

The core of the pins mado from SAE 3115 steel was 

low-carbon martensite and ferrite .  Figure 3 s  at a magnification 

of  500 dismeters,  is  a  representative  field showing this struc-

ture .  The case on  thsse pins was  martensite (see Figure 4 e  at 

a  magnification  of 500 diameters). 

Discussion of Results: 

The chemical analyais of the pine made  from NE  8620 

steel showed slightly more nickel than wise required by  the 

specifications. This is not considered Important.  The analysie 
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(Discuseion of Results, cont , d) 

showed that the pins made from SAZ, 3115 steel agreed with the 

purchasing specification. 

Both the core and case struetures of the  NU 8620 

pine appear satisfactory. The ME 311 pins have considerable 

ferrite in the coree This would indieate that these  pins had 

been quenched from pelow the upper critical temperature  of 

the  core. These pine could be improved by heating to above 

the critical temperature of the eerie and then quenching in a 

well-agitated oil bath. If this wore done, the  amount of 

ferrite  would be lessened considerably. Since fatigue  in pins 

may start at the transition zone, a properly quenched core 

structure containing the minimum amount  of  ferrite  ahould be 

achieved, The traneition zone would then be of  a  structure 

more resistant to fatigue. 

The core structure and resultant higher hardness of 

the  NE 8620  pins is more desirable fram  the point of  view of 

fatigue resistance. It must be pointed cut,  however, that 

resistance to impact  is  a factor in pin performance,  Previous 

experience indicates tbat thick-eased pins fail in service, 

If  failure were due to fatigue only, the pins  in service should 

not have failed at much earlier mileages than the lighter cased 

pins, It may be aseumed that the ehiek-caaed pins failed mainly 

due to impact, despite the fact that the fracture  may be  of  the 

ueual  duplex "fatigue" type, Ulle impact  stresses  may crack the 

case, which in titre bringe about rapid progressive failure. 

Specifluation 0 0A. 214 was drawn up to  balance the various 

factors, 

Most  of the NE 8820 mina, although of high core hard-

noos e  pass the 45 foot-pound specified drop impact. These  pins, 

 however, were of  the  thin-cased variety,  0,008  to 0 e014  inch 

Should the specified case depth. (00012-0.020)  be  met  at  the 
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(Discussion  of  Results, cont , d) 

high  aide, e.g. 0.017 to 0.020 0  It would be extremely doubtful 

whether the pine would pas  the Impact requirement (see Report 

of Investigation No 1631, April 27the  1944). 

The present-production SAE 3115 pins have the speci-

fied core hardness of 24 to  $2 Rockwell 1 0' and they pass the 

*Impact requirement for the whole rana  of .case 	Should 

it be demonstrated that the Ne.: 6620 pins can pass the epecified 

impact, notwithstandlag  the core hardness, for the whole ranee  

of case depth,  then, it is felt, ar ex111-;nt caeca  pin  rill 

have been produced. If, however, a thin case will have to be 

resorted to, in order to meet all  the  specified requiremente„ 

it can be expected that the pin will wear through the case at 

a lower mileage. 

It may be said that the thin-cased 0  high-core-hardnees 

pin is approaching the homogeneous pin. It haa the following 

disadvantaeos„ however: 

1. It contains much more reeidual stress than the 
hamogeneoue type of pin. 

2.  The hard case is subject to notch sensitivity. 

3, After the case has worn away a ecfter and leee 
wear-resistant surface is exposed than in the 
homogeneous pin. 

4, The possibility always exista  that the pin  may 
bend past the case break point in service. 

10111•111••••■•••■• 

C0NCIMI0115:  

1. The chemical compositions of the Ni  8620 and the 

SAE 3115 steel  pins agree approelmately with their respective 

specifications 

2, No laminations were found on  examination  of a 

longitudinal aectfon of  one of the pins made from NU 6620 steeL 

3 .  The case (surface) hardness ranvp  of the Ni 8620 
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(Conclusions, contvd) 

steel pins was 79-85 Rockwell 'At; that of the aAE 3115 steel 

pins  was 76.84 Rockwell IAI. 

4. The core hardness range of the NE 8620 steel pins 

was 39-49 Rockwell let and that of the SAE 3115 steel  pins  was 

15-31 Rockwell tet. 

5. The range of the case depth on the NE 8620  steel 

pins was 0.008-0,014 inch. An exactly similar range was found 

on the  SAE  3115 steel pins, 

6. Seven  out of 10 pine made from NE 8620 steel 

passed the  45-foot-pound blow impact requirement. Two of the 

pins  were tested and broke under a  blow of 60 foot-pounds; 

they might  or might not have broken under  a  45-foot-pound  blow. 

Twelve of the 15  pins  made from SAE 3115 steel passed this 

requirement* One of the pins  broke on a 55- and one on a 

60-foot-pound  blow *  Nothing can be said as  to whether these 

two pins would have passed a blow  of  45  foot-pounds* 

7. The core and case structures  of the NE 8620 

pins are satisfactory. 

8,  The NE 8620  pins  should have better fatigue 

resistance than the SAE 3115  pins, due to the hard core* 

9.  Thick-cased (0.017-0 0020 inch) NE 8620  pine 

having high core hardness ebould be teeted for  impact. 

10*  The SAE 3115 pins examined have not been properly 

heat-treated, as a relatively large amount of ferrite is present. 

This  constituent may have a deleterious effect on the  fatigue 

life  of the important transition zone* 

11. The SAE 3115 . pins should be quenched from above 

the critical point of the core into a well-agitated oil  bath. 
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Recommendation: 

In order to ensure passing the various requirements 

of Specification 0.A 0 214, NE 8620 pinu, due to high harden-

ability, will have to be produced with a case depth toward the 

minimum, 0.012 inch, called for by the specification. It is 

felt that case depths of 0•017 to  0.020 inch  will produce 

brittle pins, au was shown in Investigation No. 1631, April 

27t11, 1944. 

00000000000 

00000 

o 

ELC:SLffln. 

a 



. I 

Figure L Fl-ure 

(L) ) 

PINS  MADE FROM NE  8620 STEEL. 

X500, nital etch. 

CORE STRUCTURE. 

Low-carbon- martensite. 

X500, nital etch. 

CASE  STRUCTURE. 

Structure s,  martensitic. 

.0.10 

Note:  Outarde  wall at left0 
r3l7e structure is probably 
retained austenite. 

41.1.• 

PINS MADE FROM 8A_E 3115 STEEL 

FIgP,r!!! A 

X500, nital etch. 

CORE STRUCTURE. 
Low-carbon martonsite 

and ferrite 

Figure 4 . 

X500, rital etch. 

CASE STRUCTURE. 
Structure, martensitic. 

Note: Outside  wall  at left. 
«Me 
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