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Abstract. ======= 

This report discusses the propertIss of 

SAE 3115 and SAE 2115 cased pins and hoiroeneous 

SAE 9255 pins, quenched.an-drawn and austempered. 

These pins are at present underoin::, field tests 

at Windsor, Ontario 	Impac t .  tests mierc nade at 

-500  F o  to compare the quality of the v4,r1ous 

types of pins at sub.zero temperaturos. 

======== 
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Investigation No, 1502. 

Examination of Universal  Carrier Track Pins 
at  àoom Temperature  and -50°  F. 

Ori ,rin  of Materi_ and Ob;lect of Investization: 

In cor.:::liance with Requisitions Nos. 467, 704 

and 705,  dated  re2ective1y  1:ay  26th, August 26th, and 

August 27th, 194:3, !,ssued by Dr, C o  W,  Drury, Director of 

Metallurgy, Army 2ngineerin "Jesizn Branch, -)cpartment of 

Munitions and  z-u.4:ply,  Toronto, Cntario, eovering A.E.D.B, 

Lots Nos,  611, 612,  313, 614 and 648, an investigation. was 

carried out on 48  universal carrier track  pins  which 

had been submittuu to these LaUratories et various times 

since January  of this year, to determine whether these 

pins  comply witb :;pecification  0 3 A 0  214, Tests were also 

made at .50° F, to  see  if  low temperatures bad any effect 

on'the  pin properties. 

Four  tr!ss of pin were received  tIlese are 
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(Origin of 1;:atorial  and Object  o  Investigation, conted) 

representative of  the Dins  rit,  present undergoing field  tests 

at Windsor, Ontario;, nulely; 

(a) TWelve iL17; 9255 austen?ered pins, neceived on 
January 18tn, 1943, Heat-treated at 0 0 71.m.t. 

(b) Twelve  '3t 9255 quenchadaielnd-drawn tha, heceived 
or  January  18th, 1943, Heat-treated at 0.D.M,L, 

(c) Twelve  SAE  3115 cased pins. Received  on  January  18th, 
1943,  Heat-treted  at  Chapman Valve Company. 

(d) Twelve  SAE 2115 cased pine, Received on Sept,  3rd, 
Hcat-treated at Canadian Acme Screw and 

Gear  Coreany, 

Chemical  Analy3ir,1 

Drillincs  were taknn  from  e-le  centre of  the  pin 

for chemical  analysis.  The same neat of  SAL  9255 stein was 

used for bc,th  the  quenced-and-drawn and  the austemPered 

homo2eneous  pins, 

Auatempered end (1.-and-D, Pins, 0.D.1.L.  - 

As Found 	Specification, 
SA2 9255 3tee1 D  

Per cee:-  
Carbon 	- 	0.52 	 0.50-0,60 
ranzanese  - 	C.76 	 0,60-0,90 
Silicon 	- 	2,02 	 1,80-2,20 

• • 

Chapman  Valve  Pin,  - 

Pound 	pecification, 
JAb 3115  Oteel 

-  Per  cent - 
Carbon 	- 	0 0 1Ç,' 	 0.13-0,18 
Mancanoss - 	0,56 	 0.40-0.60 
Phosphorus  - 0,009 	0,040 max, 
Chroalitam 	- 	0,72 	 0„55-0,75 

ckel 	1,24 	 1,10-1,40  

Canfv:ian Acme Fin, - 

As Pound 	Specification, 
SA  'S  2115 Steel  

-  Per cent  - 
Carbon 	- 	0.13 	 0.10-0,20 
Mancs.nose - 	0,41 	 0.30-0,60 
Chromi ,m 	- 	0 0 0ç) 	 - 
Nickel 	- 	1,60 	 102&-1D75 
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MAT rnATMENT: ======mmem 

• WYOGZNUUS  PINS  - 

(a) ,..tienched and Drawn 0  

fine were heated in a Vapoparb furnace at  1625° F. 

for 45 minutes, then quenched In  oil  (110.120° F.). They 

were then drawn to 45.1 Rockwell 'CI hardness. 

(b) Austempered.  

The pins were heated in the Vapocarb for 45 minutes 

at 1625° F„ then plunged into 47 per cent  aNO2 and 53 per 

cent.KNO3,  in  which they were held at  500°  F, for 45 minutes. 

C.£3i-M  PINS  - 

Canadian Acne Pins. 

Those pins  are  cyanided, using.Houghton's "Pearlitonl, 

for two houre  at 1600-1625°  F., then water-quenched individually 

in a quenehinc press, 

nuen Valve Pins. 

The l.heeelenizing prceoss is used for case hardening. 

Anhydrous aumonia  is dissociated, then forced into a fused 

cyanide bath,  The pins are  left in this activated cyanide bath 

for 2i.  hours at  1600° . e,  and  oi: quenched, 

Bond Tests: 

Bend tests •ere carried out, using  the standard bend 

test machine for  the cased pins and  the Amsler Universal testing 

machine for  the homc3eneous type,  All conditions are the same 

In both  types of machine except  for the steady application of 

load in the  latter type, 

(.Jontinued on next  page) 



Core 
Hardness 

Surface 
Herness 

Load, 	Bond 
in 	Defiection, 

Ilounds 	in inches Steel.. Tres tment 

2500 
2575 
2450 
2900 

e 

-• 	 - 

(Bend  'bests, con'.; 1 d) 

▪ 1, - EEND  TEST RESULTS. 

SAE 9255 •‹,uenched 
and drawn  46-49 R.'' 

47-50 
47.5 
49 
55 
54 

e 

• e 

2 0 00(unbroken). 
2 0 00(unbroken). 
0 0 E50(broken), 
1,109(broken) 0 

 0,325(ca3e  crackeM o  
0 0 31(caso .  cracked), 
0 0 23(case  cracked). 
0,23(ca3e  cracked). 

i.ustemperod 53 • 55 

3AE  3115 Chapmanized  é7,-64 	 32.5 R o 'C' 
H 	 II 	03-34 RolA 	400 5 R o 'CI 	- 

SAE 2115 Cyanided 	03-34 R.IA' 	24 
•4 0 5-85 0 5 U.IA ,  24 R o 'CY 

Tents 

Impact  tes'cs were carried out  at  room  tenperatura  aru7, 

at -50° F cl,  iir»  the standard impact machine ,.  The  low-temperature .  

tests  wer •  mads on  pins  which  were held in a  soltion of  acetone 

and dry  ice  at  -50° F. 	ze)  for  1  hour prior  to testing,  Pine 

! -,ave to withstand  a 45-footpound  blov without  fai11n3, 

TABLii; IMPACT  RI2,BULTS, 

Steel 	Troatment 
Surface 
Hardness 

Casa 
Hardness 

Tempera- 
tur: Remarks 

51  R O 'C' 
51-52  R O 'C' 
49-50 "R o 'C' 
50-51  P.... 4 C' 

49 
J7-48 
40-50 
45-7 
53-54 
53-54 
53-54  - 
55-54 
54-5t; 
53-55  R2C 1 

 52-54  R.  'C 1  
53-54  R.Ice 

Chapmanized  83-84 R o lAg 
33-84  R.IA ,  
84  R o tAl 
84  T'A'  
81-82 
33-86 
83-64 
83-84 
83 

585, 5 

S4 0 5 

SAE 9255 (1.  and  D, 
0 

f* 

ti  

Austempered 

SAE 3115 

9 

9 

SAE.2115  Cyanlded 

1 1 

11 
_9 

1;  ell 

0  el, 

48 R o ICI 
47 
46 
47 
52-53 

:j1-52 
51-52 
54 
56 R,'C' 
55 
53 
279  V.P.N.  ' 
307  V.P.N. 
330 V.P.W. 
371  V.P.N. 
250  V.P 0 N Q  
511  V.P.N. 
356'V.P.N. 
274  V..P.M. 
258  V.P.N. 
247 V,P.N. 
235 V.P0N. 
264:  . 

-50°  F o 	Passed °  
• F o 	Fassed o  
‘ .-50° F. 	.Fassed. 
-50° F o 	Passed, 
âoom 	Passed. 
Room 	• Passed, 
Room 	Passed. 
Room 	Fassed r, 
-50°  F o 	Passel. 
-50°  F o 	Passed. 
-50°  F o 	Passed. 
-50°  P. 	Fe.sed. 
Room. 	Passed °  
Room 	Passe
Room 	Passed, 
Room 	Fassed o  
-50°  F. 	?tile& 
-50'  F o  
-50°  F. 	'Pa;P;1 0  
-50° 1.% 	Failed, 
Room 	rassj1 0  
ROOM 	FaSsed, 
Room. 	Passed. 
-500  v o 	Passed. 
-50°  F, 	Passed, 
-50° F o 	Passed, 

	

50' F. 	Passe& 
Room 	Pased. 
Room 	Passed. 
Room 	 FasseU 

tt  

tt  

0 

fr! 

fi 

I 
te 



T&;t E - - 

4: el se  2.2.2I1 

The e:a30 depths  • f the '.;hapmaà Vrive pins ranged 

from 0.012-0,021 îneh (6 pins tested). 

The c');.7c depths of t'ne Cm-Indian  Ae  pins ranged 

fron  0.012-0,2 inch (4 pins tested). 

Durn-hardness 

depth-hardness survey wa. .rlade en the face of a 

transverae sectior .  cut fron each type of pin. Table 111 

lists - the resulls obtained. 

TA3Li,; III. - MIT -A MARDU.=  RESLMI.S. 

Vici:7-ers ...5,rjness  Numbers; 102Ellram  
Type : 	 -t 	in-inehasne  surrFar 

- 

of 
Preatmeni:,  Ifi.;'e..),CJ5:0,010:0,015:0.020:0 0 030:0.040:0 0 0b0:0,1():0 0 . 

0 	 a 	• 	 • 
a 	 0 • • 	 • 	• 	 • 	• 

SAE  92&5  . ,..Zaenched 	: 	 . 
. 	

. .. 
. 	

. 

. 	
. 
. 	 . 	: 	. . 	: 

1  and  drawn : 535  :  ,)24 : 513 : 511 : 510 : 506 	.500 : 494 :483  :477 
SA.1 92.!--  :Austampered:007 : 307 : 606 : 606 : 506 : 605  '  605 :  605  :592  :575 
$AS  .7,11,5 :ChapmanizeduF15  :  730 : 612 :  57')  :  528  : 443 	36$  :  3E, 5 ;369  :35 3  
SAL  2113   :Cyanided 	er.57  : 771 : 690 r .585  :  480  :  270  :  247  :  234 :24 7  : 262 

Urain 

Th)  c.idEhn grn.17 sizeeof the pf_r.s wePeT 

(1) SA:_; 311L Chapman Valv,• 4-5; 
(2) SAil; 211b 03nadian Acm i  4;  and 
(3) SAC.  ÇY-.55 Austempared 	enched-and.Drawn e - 4-5. 

(tr!3in 	zc0determinion c>  the  3AE 9255 pin  wns 

carried out Is .  reualLr Kc 'uitid-2hn treatment at  1700°  F o  for 

2 hours  Ln n earburizin mediur. How ,s.ver,  it  was  cooled  from 

700e to  100c for  •  period. of  8  lloura, Grant  size  wu  

Jetermined  by  the ri, : , zinitatioa of  ferrite at the austenitie 

boundàries. It was found  to be  4 tp 5. 

• • 	• 
•

a • • 	 a 	• 	 a 	 • 
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',Icrosccric .Jit2niïrnt 1 on 

a3ctiona were cut from one pin of :met type 

;Ind exarinéd unjer the microscope,. The etchIng reagent waa 2 per 

cent nital ‹, Pigurea 1 and 2 $  at X1000  Imonification, are of the 

quenched-and-drawn and austenporJd SAE 9255 pins respeotive1y, 

The cora  and case structures  cf the SAE 3115 and SAE ;2115  pins are 

shown  in  Figures  3  to  6p all talçen at X500 magnIfIcatf.on. 

X1000, nital  etch. 
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Note  fine d. 	icn  
of ferri're.  

Figure 6 

X5000 .nita1  etch. 

SAE  2115 CA3E 5, 

.11• 

etch. 
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Discussion: 

The chemical analyses of the three steels conform 

to their respective epecified limits except the carbon in the 

UAE 5115 steel, which is 0.01 per cent hie,her, It should be 

pointed cut, however, that manufacturers of track pine are 

endeavouring to è,,et  a  modified SAE 3115 steel of 0.25-0.45 

per cent chromium  and 0 3 15-0.20 carbon, 

The bend  tests indicated that the homogeneous  type 

of pin has more ductility than the cased pin t 	th  a past, 

experience has shown that cased pins will only take loads up 

to 1,500 pounds before they break completely. The homogeneous 

pins, both the euenched-and-drawn and austempared„ take loads 

well over 2,000 pounds prior to failirr,:;. The specification 

tor cased pins required a bend of 0.25  inch  eithout cracklne 

the case. The  Sn;  3115 pin passed this but the SAE 2115  * 

failed by a small amount,  CO2 inch,  It is possible that the 

harder core in  the  3115  pins gave better  support to the case s  

with resultant better bends. 

No low-temperature bond teste  were carried out, 

due to previous findings (0.D.L.:. Invectigation No, 1197, 

April 2nd, 1942)  which showed that at -50°  F. little, if any, 

change occurred in cased pins of both  SAI:,e  3115  and SAE 2115 

type's. 

It is  a well-known fact that the  impact  strength 

of a steel is the property most aensitive to  temperature change. 

Ail types cf.  pins passed tha room temperqture impact, At low 

temperatures, three out  of four  Chapman Velve pins failed. 

These latter pins  differed  from  the  cased. SAE 2115 pins in the 

heat treatment  employed and also  in the chromium content. 

Very recently it  has been  reported  (not  published) that  cil. 

quenching ateels  do not have  as eood  impact values at low 
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(leiscusslon, centld) 

temeeraturea ne have the nare stee ls Which have been water-

gezonched. It i9 not known,  ae the present tine,  whether 

chromium of itself has eny deleterieus effect on  low-temperature 

Impact strength. 

Tho erain  eize required by specification is 6-8 

(5 is permissible), Both the eAL 2115 and  SA E  3115 pins 

were zomewhat  coarser, 

The microscoeic  exaelination showed  tempered  marten-

site for the oil-hardened  See:  9255  homogeneous  pen, The 

austempered pin  ries  the bainite structure  usuelly associatee 

with an ieotherieal  transeormation  of  this type. 

The eAS 2115  end 3115  pins  both have  tempered 

martensite cases. The structure  of  the SAS  3115  pen appeere 

to be  finer  then that of the 2115 pin. 	Photomicrographa  of 

tee  cores illuetrate tea difference 'between the  structures 

produced by  oie quenching and by water quenching.  The latter 

cives  the eorc refined structure end a better dispersion of 

ferrite. It would be interesting to determine whether a 

double  oil quench would give  low-temeerature  impacts  superio• 

te  those from  a  single oil  quench.  ?he double  quench shoull 

give  e  much finer core structure as compared with  that  of  tee 

weter-quenched  pin. 

F ine Call mainly in fatigue. In  the  absence of a 

suitable  eatigeLe rachine, impact and bend tests are  used  to 

indicate euality.  It has been shown by field test  reaults 

that there 'appears to be a correlation between these  tests  . 

and actual eervice. A  pin having good band and  impace  pro-

pertes cives  good results  in the field. 

O  
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CONCLUSION .3:  

• 1,  The eteels conform  to  the epecified analynis 

exzeot  for ■,',01  -)er cent carbon above-  the Ireper limit  for the 

SP...;  3115 pins, This le, however e  within  the ranee  in  which 

manufacturers  &re endaavourine to purchase  the  steel s  namely, 

0,1-0,23 1:er cunt carbon. 

2. The heeozeneous pins have  better  ductility  than 

the  case. pin.  . It tai:ee well  over 2,000 bounds  to  break  them e  

rs compared te  L e 500 pounds  for the  cased pin. 

3. Tbe Sia: 2115 pins  failed  the 0,25-Inch epecified 

eand test  by  k eldjat  margin e  bending 0,ç'.3 Inch. 

:1.  .11  pire  pessed  the  room tenpeeature impact 

2equirament of 

the SAE 3115  pin  se  three el), of four  pins 

tested failed  Li  m!.nus  30° P e  drop impact test. 

G. 2he core  structure produeed by water  quenchinF, 

ills 	reater  j:sperson of the ferrite than  that produced by 

cil quenchïn:;, ?:eis mic;.'ht explain the poor  low-tampeerature 

impact strent-,h ohtlinod vith tac  latter  type of pin 

7, The  quenched-and-drawn .7AIU 9255  pins  have  a 

tempered marten:,itie structure, 

kustempereJ  pins have a  ba•nite  structure, 

?,  Pite 	 F;rain eize of  the  SA. 3115 pin 

is  K59  that  of tho  7YJj;  2115 pin  13 4 0  and that of  the  SAE 9255 

pin is 4-5, 

• 2h eed  pins have  a proper depth of case, 

2atie::,uc is  the  principal  cause far failure in 

pins, In  field teste, however,  It has  been shown that g'ood 

results are obtainee ite pins that have c,00d bend and impact 

rropertles. 
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