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Abstract«, 

Track cleats made from "SAE 1095 steel" were 
quenched individually and in quantities of four at 
a time into a sodium nitrate-sodium nitrite salt 
bath  e  at temperatures ranging from 400P P, to  600°  • 
F„, for times ranging from fifteen minutes to feur 
hours,. Microscopic examination and hardness testirE 
showed that the rate of transformation of this steel 
was so fast that it was impossible to exceed the 
critical cooling rate, even in a 4000  F, salt quench, 
in sections 3/16" x 2", A SAE 1085 steel, in a piece 
I" In diameter, could be austempered by quenching 
into salt at 6000  P o  On chemical analysis, both 
steels were found to be of almost identical composi- 
tion, McQuaid-Ebn grain size tests at 17000  F, showed 
that the "SAE 1095 steel" had a grain size of 6 while 
the SAE 1085 steel tvz,..d a grain size of 2, Thls 
difference in grain size accounted  for the different 
rates of transf , )rmation of the stoel, 
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Mien of Re 	 „Lnd Ob eWL.vestigation: 

On September 9th, 1943, a shipment of snowmobile  _ 

track cleats was received from the Bombardier Snowmobile 

Limited, Valcourt, Quebec, This Whipment was arranged 

for by Prof, J.  U,  MacEwan,,  Consultant to the Director of 

Metallurgy, Army Engineering Design Branch, Department of 

Munitions  and Supply, Ottawa, Ontario, 

In his covering Requisition No, 590 (Report  No  

107, Lot No,  378), dated August 27th, 1943 9  Professor Mac:Clint-a 

had stated that these cleats were of  SAE 1095  steel and. 

requested that their. response to austempering treatments 

50  (Vickers It  c St be determined, a hardness of Rockwell 

hardness number, 515) being desired, 
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PROCLMURE 

Track cleats eede from "SAE 1095 steel" were quenched 

individually and  in quantitiea of  four at  a  time into  a sodium 

nitrateesodium nitrite sal bath, at temperatures ranging frore 

400° F. to 600° ï ° , for tleues  ranging from fifteen minutes to 

four hours. The quenching temperature. was 1475F F.  The volume 

of  the salt bath used was 24 cubic feet c  The track cleats 

were esSentially  steel  strips 2 inchea wide and 3/16  inch 

thick. 

In the  first experiment a  single track cleat was 

quenched into  sait  at  600°  F. and held for half an hour, A 

hardness of 515 Vickers waa developed,  Pour in a group were 

then quenched into the  same salt  bath and held for fifty 

minutes, This treatment produced  a  hardness of 425 Vickers 

The salt bath teelperature vas  then dronped to 500°  F. 

A group of six cleats were quenched into it from a temperature 

of 14750  F o  These were allowed to transform for periods of 

fifteen minutes, thlrty minutes »  one houri  two houre s  three 

hours, and four hours o  The resultant hardneases are given in 

Table I, The  object of this wae to determine the time at which 

transformation was complete at this temperature, and aloe what' 

hardnese could be developed by this treatment °  Any untrans-

formed austenite would transform to niartensite en removal from 

the ealt bath,  thereby indicating incomplete transformation by 

increased hardneas o  

TABLE 

Hardnessee  Developed When Transformed 
at 500e  F o   for Various Periods of Time 
Time in minutes 	Vickers hardness 

	

15 	 457 

	

30 	 441 

	

60 	 451 

	

120 	 445 

	

360 	 451 

	

480 	 416 

(Continued on next page) 
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(Procedure, cont%d) 

Results obtained erom a variety of heat treatmente 

are summarized in Table II below: 

TABLE II. 
Hardnesses Developed on Quenching 

into Various quenching Baths,. 

rili-U—it—nrriit—rinrat Salt =— 
600° P. 	500° P. 	450° F. 	400° P. 
for 50 	for  15 	for 15 	for  15 	Water 
minutes  minutes  minutes 	minutes 	quenched 

Vickers 
hardness 	425 	450 	450 	732 	781 

At the same time, similar tests  were being conducted 

on a  steel  designated as-"SAE 1085 steel". When a i-inch- 

diameter section of this steel was quenChed into salt at  600° P. 	 . 

and held for sixty minutes a hardness of Vickers 560  was obtaine& 

The cooling rate of the track clnat on water  quenohing 

was determined, with  a  view to developing a time-quenching treat-

ment. It was found that the temperature fell to about  350°  P, 

in two seconds. In successful time quenching of thie  steel, the 

temperature fall would have to be arrested before 400° F. was 

reached. Time quenching was therefore concluded to be impielmble, 

Chemical Analyses: 

Samples  of both  the "SAE 1095" steel and the SAE 1085 

steel were obtained for chemical analysis. Tho results are 

given in Table III ,  

TABLE III  ° - 2keinlvILL2e1.111.1. 
"SAE 1095 	SAE 1085 

steel 	steel  
-------:-Yer cent - 

Carbon 	- 	0.88 	 0.88 
Silicon 	- 	0.18 	 0.24 
Manganese 	- 	0.46 	 -  0.57 
Nickel 	-  Not determined. 0.04 
Chromium 	It 	n 	

,  Not detected. 
Vanadium 	-  " 	n 	n 	n 

4,-1••• 
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Microscopie Examlaation: 

3ectione were prepared for the microucopeo The 

structure obtained on quenching into salt at 6000  P, and holding 

for  thirty minutes is shown in Figure l e  at  a  magnification of 

2 9 000  diameters, The  constituent is very  fine pearlite, When 

four  cleats were quenched simultaneously into the same salt  bath 

for  fifty minutes  the  structure Whown  in  Figure  2  (at 2000 

diameters magnification) reeulted,  Note that this differe  :!rom 

Figure 1 in that there  are tiny particles of carbide present, 

indicating  a slower cooling rate, 

The  structure obtained on the  SAE 1085 steel under 

similar conditions is bainite, as is shown  in Figure  3e  at  1,000 

diameters magnification. 

When the  "SA;?. 1095"  tel  track cleats are  quenched 	4 

into aalt  at 450°  F. for fifteen  minutes, the structure shown 

in  Figure 4 (at a magnification of  250 diameters) in  developed, 

Note that most  of the  metal has transformed to very  fine pearlite e  

as  shown in Figures 1 and 2, A small amount of austenite  wu  

left, Which tranaformed  to  martensite after removal from the 

salt  bath, The structure obtained  on quenching the same material 

into salt at  400° F,  for 15 minutes is dhown in Figure 5 at  a 

magnification of 250  diameters  and in Figure 6 at  a  magnification 

of 2 9 000  diameters,  Most of the metal here is martensite, with 

small areas of  pearlite,  The water quench,  as  would be expected, 

preduced  a totally martensitic structure,  as  is shown  in Figure 

7  at a magnification of 250 diameters °  

The McQuaid-Ehn grain  sizes at  1700°  P o  of both the 

SAE 1085 steel and the  "SAE 1095"  steel ere Whown respectively 

in Figures 8  and  9  (et  a magnification  or 100  diameters),  The 

SAE 1085 steel has  a grain eize of 2 9  while  the "SAE 1095"  steel 

has a grain size of 6, 
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Discussion of Reeults 

It is interesting to note that while the "SAE 10.95" 

steel and the SAE 1065 steel have the seine analysis e . their 

transformation rates differ greatly, the cco1ir43 rate produced 

by a qUenclh into salt at  600° F, being sufficient to harden the 

latter material, whereas the former will not harden well even 

after quenching into ealt at 400° F. Th:i.s, of aourse, is due 

to the inherent grain size, 

It hees been pointed . out,under "Froceduree that the 

cooling rate on quenching in water was found to be too fast  to 

consider the de -eelopment of a time-quenching treatment, It 

would be necessary to transfer the cleats to the emit bath 

less than two seconde after they had entered the water quench e  

Since the only difference between the two Steels le 

in the grain size, and therefore the hserdenability, it is 

conceivable that were the track cleats made from a SAE 1085 

or SAE 1090 steel having a grain sire of  2,  they could be 

successfully austempered e  Whether or net  the  material would 

have  satisfactory low-temperature impact properties Is e  of 

course, another eueetion. 

CONCLUSION:  

. The characteristics cq: the steel from whieh the traek 

cleats, AEM Lot No e  4' 76, were produced are such that it is  rot 

 suited to hardening by austem,peinge  Accordingly, the  cleats 

will be water-quenched  and drawn to a hardness of Rockwell "C" 

40 to 450 
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Recommendations: 

Certain ar-,ernative steels for snowmobile track 

cleats were suggested in our P.M. Laboratory Report 

No. 6639 (October 14th„ 1943) 9  a copy of Which appears, as 

an appendix, on  Pages 10 and  11  of this report. 
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Photomicrograph, 
X2000,  picral  etch. 

TRACK CLEAT QUENCHED SINGLY 
FROM 14750  F. INTO SALT AT 
600e P. FOR 30 MINUTES ?  
AIR COOLED, 

Structure consists of very 
fine pearlite. 

•••• 

FIgur  

Photomicrograph, 
X20000  picral et;)n. 

TRACK CLEAT qUENCHED, FOUR 
AT A TIME, FROM 1475° F. 
INTO SALT AT 600e F. FOR 
50 MINUTES, AIR COOLED. 

Note presence of carbides and 
fine pearlitee indieating a 
slower cooling rate than 
Figure 1. 

let %A, 

Photomicrograph, 
X1000, nital etch. 

w-INCH DIAMETER, SAE 1085 
STEEL, QUENCHED FROM 
14750  F o  INTO SALT AT 
6000  P, FOR 50 MINUTES, 

Note that structure is bainite. 

Phctomicrograph, 
X250, pic•al etch, 

TRACK CLEAT QUENCHED PROM 
14760 P. INTO SALT  AT 
450° F. FOR 15 MINUTES, 

Note small amount  of martensito 
formed during air cooling 
from 450° F% 
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Photomicrograph, 

X2000, glove' etch, 
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Figure 5r 

Photomicrograph, 
X250, plural etch. 

nera, e. 

TRACK CLEAT QUENCHED FROM 1475° F. 
INTO SALT AT 4000  F. FOR 15 MINUTES, 

Note small &mount of fine pearlite 
formed at high temoerature but 
most of metal le marteneite formed 
on cooling after removal from salt, 

Elsure  7,  

Photomicrograph, 
X2500  picral etch, 

TRACK  CLEAT QUENCHED FROM 
1475P ?„ INTO WATER. 

Note tbAt  structure Is entirely 
martensitio,, 

Figtre  

Photoml c r °graph, 
X100, alkaline 

sodium picrate etoh, 

SHOWING GRAIN SIZE OP  SAE 
1085 STEEL AT 1700°  F.$ 
GRAIN SIZE,  2, 



El& ur 9. 

PhotomIcrograeL Xl0C e  a1ki  1n  
sodium picrate etch, 

SHOWING GRAIN SIZE OF "SAE 1095" TRACK 
CLEAT STEEL AT 1700° F o ; GRAIN SIZE80 

HVK:GHL, 



To: 

Re: 

APPSNDIX 

(c oPY) 

532 Booth 3tr9et, 
Ottawa, Ontario, 
-October 14 0  1943. 

P, M, Lab,,  Ital2rt 11),  6639, 
se-is mgmarsie 

Dr. C u  W, Drury, 
Direztor of Me;allurre, 
Army Engineering Design B;:lanch, 
Department of Iihwittons and Supply, 
Room 303, No. 4 Bldg„ 
Ottawa, Ontario. 

Impact Propeet5.es of  Son  e Stols for 
Snowmobile Trauk Cleats. 

In complianco with a verbal request raceived from 
Dr. C, W u  Drury on October 14p room-tomperature Impact  propertie3 
for the  following stels, 

SAE 1095. SAE i*140, SAE 4340 9  3AE 4650, an(1 LE,  874'de 

at hardness of Rockwell "C" - 40-50 0  and also co"LC.-temporataro 
impact properties for SAE 1_095, 4145, 4340  'Ind  7,E, W!4£  tn 
the hardnes1 rai re of Rockwell."C 40-50,  wort  c)bt.n•gL 

The room-tempernture Izod impact  properties  are 
given in Table  1 ,  ard  th  o  cold-tomporature•Maarpy  impact 
propertiet in Teble  IL,  

TABLE I. 	 • -- 

Room-Tempt,raturo Izod Impact 
Properties of Seine  Alloy Steels. 

Hardness, 
aockwoll 

fte 

9,5 
10,0  . 
13„5 
2:t, 0 0 
25,0 

: SAE 
: 4140 

50 	 8„5 
48 	: 	8.0 
45 	10.0 
42 	17.0 
40 	24k.0 

: Izot 	foottpaunda 
Stein, 

SAE-  -  
4650 	4340 	8749  . 

10,0 
P00 0 

 24,0 
35,0 

17.1.  0  0 
n-..L o o 
2eco 

(Continued on ne:F.t pa3e) 
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(Appendix, contld) 

TABLE II. 

Cold-Temperature Charpy Impact 
Properties  of  Some Alloy Steels 

Hardness : 
Steel 	-: Rockwell : 	plftrmmu_rlapt-)ounds 

: 	"C" 	: Room Temp. 	  

SAE 1095 	41 
SAE 4145 : 	43 
NE 8749 : 	46 
SAE 4340 : 	44 

4 	4 	 8 

	

15 	13 	 11,5 

	

22 	14.1 	 15.6 

	

21 	2D 	 16 

It is evident, from a study of the above  data i  that 
high impact propertios aro not a requirement  or  the enowmobile 
track cleat, since SAE 1095 steel at a hardneas  of  Rockwell 
"C" 42 has been used satisfactorily, The steel used  had  a 
McQuaid-Ehn grain size  of  6  at  17009 P„ t  fairly  fine-grained 
steel .  It is also  evident that this steel is  no  susceptible 
to temper embrittlemmnt. 

Any  of the  above alloy  steels should  make  a  satis-
factory  track  cleat. A  mucà  higher  hardness should be available 
without dangerous  embrittlement and,  of  course, the low-temperature 
impact properties are  all much superior to  SAE  1095. NE  9255 
steel, which was also considered,  ha,  the  drawbEek  of  being  very 
easily decarburized.  This feature  would  add te,  :11(5  dLUiculty 
of fabricating  from this steel. 

It  is also  worth  noting that  SAE 1095, probaby being 
a  marginal material  at the best e .  and being susoeptible to 
variations  in steel-making practice to probably a greater degree 
than  alloy steels, would not be as reliable a al;cel to use. 

(Signed') H. 	KInson,  

for C.  S.  Parsorep 
HVK:LM, 	 Chief  of  Divisign, 

======= 
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