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Origin of Material and ljbject of_Immligation:  

Field tests carried out in the summer of 1942 at 

Windsor, Ontario, established the fact'that hemegeneously 

hardened pins of SAE 9255  steel were satisfactory for use 

in the Universal Carrier. This  steel consequently was 

approved for production. In the U.S.A., however, diffi-

culties were being encountered in obtaining SAE 9255 bar 

stock and NE 8640  was offered as a substitute material. 

Since field tests  take considerable time,  a long delay 

would ensue from waitin3  for  their results. However, 

inasmuch as laboratory drop and  impact tests have been 

found, in the past, to correlate with field test results, 

it was decided to obtain  a sample length  of NE  8640 steel 

and subject it to  the standard laboratory tests  after heat 

treatment. Six feet of bar  stock, to bo  used in  uch tests, 

was received from the  Republic  Steel Corporation,  Detroit, 

Michigan, on March  19th,  1943: 



The hardness of the bar  stock .  was 25-26 Rockwell t0 
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Bar Stock Received.: • 

The diameter of the bar was 0,760 inch. The 'structure was 

pearlitic and there was no visible decarburization. 

Phisical tests were carried out on,a 0,505-inch-

diameter tensile specimen taken from the bar stock. The 

resulte were  

Tensile strength e .p.s.i, 
0,2 per cent proof stress e  

• Ps.i. . 
Elongation .in 2 inthes,. 

per cent 
Reduction ,  in area 9  per cent 
•Brinell hardness  

133 9 000 

91 9 200 

19 
46' 
269 

Cheml.cal 

C arbon 
Manganese • 
Silic on 
Chr =lima 
Nickel 
Molybdenum 
Sulphur 
Phos.  ph o ru 

As Found 

,0 0 58 -- 
0,87 
0,35 ' 
0.49 

' 	0,47: 
0.20 , 
0,019 

.0.010 

•Uecification NE 8640 cent._ - 

0,38-0.43 
• , 0.75 4 .00 

0.20-0.55 
• 0 0 40-0.60 	. 

- 	0.40-0,70 
0.15-0.25 
0,050 max, 
0,040 max. 

..................reee.seeeee ,eseeve,e,•ev em•vnex ....eoe•e.ereaveee ete,:et ege•eueee**.ex-Mereaw........."..oevesaweOe..nuretreewle e'er.» 

Heat Treatment° _ • 

Two pins (12-inch lengths cut from the bar stock) 
wero quenched  ln water fro/n.1525-1550? F. 	. 

• Roekwell 	 53-56 ., . 
No  2: 53-55. 

(b) Two pins were quenched  In  90° F.oll from 
1525-1550° p o 	 • . 	. 	. 

45) 

Rockwell , C 9 , No. 5: 49. 
• bICI 4: 	50-51 .,  

four pins were drawn to get a har=dyles5• of 48 t 

Pins Nos.' 1 and 2 were dram at 550° F. • The 

909 

3  

hardness Obtained was 46-48, Pins Nos ., à and 4 were drawn 

at 3500  F. The hardness was 49-51. 



- ec 3 - 

1.)re5 aten3113.041.1eirMr..1 tà, tr 	 ire,* 	 maaa.vraaeo.evaraa.maa, a m” 	 sa dawoa a...saw -et...7,nel • ra r-Aaarn. :am garm.rauaatat.ata. tamaracta.a-mar.saaan 	 res. 

the surface, 
inches 

Vickers 
: 0 	 0 	c. 37e CI ) 7'  e  

rand Tezts: 
ammo- 

tool-,s were carried out m. 

machine; 	a 1-inch radius and 	ceritr, P -3;0.. 

lists the result3 obtained with a water-qud end n i1 

quenched pin, The method of obtaining elastic limit, pora- 

anent bend, and case break point is outlined in 0;f4îjj,L. R3p07.-t 

;)f Investigation No. 1197 9  April 2nd, 1942, 

Table I, 

W.ater-quenched Pip 
5EdUctra, na; 

inches 	pounds 

0.g-qunee-UR.„. 
Dehecion, Loau, 

.inches 	pounds 

»stic 
Permanent bond 
Cass bleak point - 

p Rockwan çc  

	

0,160 	6,250 	0.175' 	59 0F0 

	

0„510 	6200, ..‘ ryrir- 	9„,150 
1.3o Unboken at 

13 9 350 lb, 	3,4*-7, 8 	109 ?,00 
Pe:.elq 	 49-.57 

0.175' 
ryr, r- 

Drop im,pact Tests: 

A 50-1b weight was dropped  from 180 cm, on a watee- , 

quenched and on an oil-quenohed pin, Both pins pcsoed this test, 

Harrînec's Surver.  

Transverse sections Were cut from both types of hen;;- 

treated pin. A hardness survey was made across the face, using 

the  \Tlokere m.hino and a 10-ki 1ogram load, 

L.  Water-Quenched Pin 

hordness No. - 	• 4 :550 :542 	‘;519 1.:51S?  5C3 5$;,3 :542 r. 
=renen2=,.eed.r,---eet,  -r.steren-m-ly 

2, 0.11-r‘uenched P111- 
Rs*ColesaKraa2.ca-i.e.r.einaaasetuaa,msa r_anaaa-aa*-..• noaa....asna.uneverà-vra,a -4.-asau... esaaLcx,,,,maarea-,,,,ors, sesau: 

Distnns froin  
t!. -.-e surface, 	 • 

inches -  
V5.ckers 
hardness No, - 433 	599  620 : 572 585 	5g2 820 ‘: 59';?. , 	. 	 Are: 

-ngZteiër.'Z-4e,Z,u-'=''re'''''g''""ér''''"'«=':''=r''ïi::=■';'";f.ir''':r;'"j‘t4t.','.'"fi'''>'''T''::je'...,i;r'''f-''':,r'"jeei-e.'n=T-'e'à:rufgfe'•5it=C:'eraWr.;%-Wt'it':`:; tte 
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Microscuic  Examination: 

Transverse microspecirens were cut from the twe 

types of pinn o  .  Figures  I  and 2, taken  at X1000, illustrate 

the structuces obtained, It  can  be seen that the water-

quenched pin has a fine -..i tenpered martcnsitic structure 

than the.oil-quenChed pin 

Figure 1. 

X1000, nital eten. 

OIL-ZJENCHED PIN, 

Flp.ure 2 

X1000, nital etch. 

WATER-ZUENCHED PIN. 

mommem... 

kUSTEMPERiNG 1.11..XPEIM.ENT6. 

.  Austempering heat treatments were  tried in order 

to determine  Whether it would be possible  to obtain a higher 

nardneas pin and etill retaln the. favourable bend and impact 

properties Time quench  experiments  were carried out, Pieces 

of the pins (about 3  inches  Ln length)  were quenched in water 

ror 5, 6, and 7  seconds,. 'then  transferred  to  a 2elt bath of 

47 per cent sodium nitrite  and 53 per cent p6tassium nitrate 

and held at 400P F% for five hours. 

The purpose  of the time quench experiments is to 
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(Austempering Experiments, cont'd) - 

avoid  th  nose  of the "2," curve by first water-quenching. 

The work  is then transfEJrred to the salt  bath for  isothermal 

transformazion,, 

Heat Treatments. 

No  1 

':iater-quenched  from 1525-1550° F. for  5  seconds,  , 

Transferred to salt bath at 4750  F.,  for 5  hours, then water-

quenched. Hardnasa  obtained  -  26-33 Rockwell 'C'. 

A  transverse section was  cut  and examined  micro

scopically, Figure 3, taken at  X1000 9  illustrates the 

structure obtained with this treatment, Ferrite has not 

been entirely climicatcd. fldicating  that  5 seconds  in  water 

13 not sufficisnt time, 

Fteln2-1 ,  

X1000 9  niteL etoh. 

STRUCTURE OF 5-SECOND uATEH-QUENCHED 
SAMPLE IN 4750  P.  SALT,  

- 

Water-quenched from  1525-1550° F. for  6  seconds, 

Transfer•ed  to sa:,t  et 400° F,  for 5 hours, then  water-

quenched,  Figure 4  (X1000) illustrates the structure obtain 
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(Austeepering Experiments 9  cont'd) 

on microscopic examination o  The ferrite has been eliminated. 

However, a murtensitic structure has been obtained, not bainite o  

The hardness of this piece was 45-52 Rockwell  'C O  The results 

of this examination indicate that it is  impossible  to time-

quench NE 8640  te 'a high enough hardness, 53 t  3 Rockwell 'Cl, 

and obtain  the favourable properties conferred by the bainite 

structure z  The  above treatment »  for  example, produced a pin 

of 46-52 Rockwell  'Cf at 4CC°  F o  and it was in the martensite 

range, It is consequently impossible  ta obtain a harder pin 

without encountering  martensite. 

4 0 

X1000,  mitai  etch, 

STRUCTURE OF  6-SECOND WATER-QUENCHED 
FAME IF 400°  F o  SALT° 

••••■•1111MMIM 

Discussion: 

Under the microscope, the bar stock did not appear 

to be decarburized, It will be noted, in the hardness survey 

of the heat-treated pins, that a considerable drop in hardness 

occurs towards  the  surface. These pins were all heat-treated 

in the Vapocarb furnace, using a neutral atmosphere. It is 
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(Discussion, cont , d) - 

consequently felt tàat lower-carbon material must have boon ' 

present near the surface °  A carburizing atme)sphera will have 

to be employed to eliminate this docarburIzed zone °  An 0 ° 50 

per cent carbon steel is desirable, as it gives batter wear 

resistalco °  Recarburizing to eliminate the decarburization 

will tend to give a higher carbon content at the surface in 

this steel than 0 0 38 °  Care must be taken not to overcarburize° 

The high silicon content in SAE 9255 helps toprent,tUif,, 

but high silicon Is not present in NE 0640 °  

Tho steel conforms chemically to the specification 

limits for NE 8640 °  The physical properties of  the bar stock 

are satisfactory 

The stock can be eithr water- or oil-quenched °  

The latter produces a hardness of 49-51 in the quenched 

condition even though the .carbon is at the lower  limit e  

namely, 0 0 38, it must be remEmibEweR1. 0  however, that a stress- 

" relieve draw should be applied °  The water-quenched pin gave 

• better bend properties but it was of a lower hardness The 

drop impact test indicated that both types were equally satis-

factory ° 	f warpago . can be avoided, water quenching is 

preferable, as it necesslates e higher draw temperature °  

it is not uossiblet to augternar tàîs 5teitl 	The 

2ayb9z2 c.ott_mpurs_to_bo_too_low_foryds type_of 

treatment° 
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CONCLUSIONS 

1 0  The bar stock has satisfactory physical — 

properties and conforms to the chemical limits specified 

for thls steel, 

The steel may be eitbor oil- or watr-cluenchod o  

The latter gives slightly better bend propertie s .  andImprefcrable. 

p. The deosrburizatiOn must be eliminated by a 

carburizing treatment. 

4 Th8 drop Impact tests were satisfactorv„ 

The steel cannot be austempered in 0,,760-inch- 

diameter bars °  

6„• NE 8640 bar stock should make a , satisfactory 

homogeneous pin. 
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