
C T T  A "il  A 	October  lbth, 1245 .  

F.EPOît 

of tt.:1 	 - 

ORE 	 AND PETALLMGICAL LABORg., 

Inveîltigation 

Inveztigation.  of SAE 9255 Aubtemporod 
Steel  Univers  al ,:e.rrfor Track Fins, 

1 

(CoPY  Nooja- 

Iè 



OTTAWA 	October 18th, 1943. 

REPORT 

of the 

ORE DRESSING  AND METALLURGICAL LABORATORIES. 

Investigation No. 1517. 

Investigation of SAE 9255 Austempered 
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Orieln of Material and Object  cf  Investigation:  

On September 21st, 1£.43, the Commercial Steel 

Treating Corporation, Detroit, Michigan, per H. J. Hoensheid, 

President, submitted forty-eight (4::8) SAE 9255 homogeneous 

steel universal carrier pins for examination. On October 6th, 

after having received a favourable report on the expertmental 

pins, the corporation forWarded nineteen (19) pins taken from 

a batch treated on a production scale, It was reported that 

the bar stock was centraless-ground prior to heat treatment, 

in order to remove the decarburization, and that after grinding 

the pins were hardened by carrying out an isothermal trans-

formation in salt. 

This roport discusses the investigation results 

obtained in these Laboratories for both the experimental and 

the pro.Luction pins. 
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Heat  Treatment: 

Four different treatments wore used °  The 

experimental pins were given the firat threa treatments 

and  the 19 production pins the  fourth .  

Loti.  Sixteen pins  were  heated to 1600°  F.  in  neutral 
----- salt, kept at  heat  for  15 minutes,  transferred 

to  a  salt bath (KNO3+NaN0e)  at  a temperature of 
4009  F.  and  held for  30  minutes, then air  cooled. 

Lot  2.  Sixteen were heated  to  1600°  F o  in neutral salt. 
----- No soak, cuenched in  oil 10 seconds to approxi- 

mate  temperature  of  500° F,  Transferred  to 
austempering salt bath, temperature 480° F.  Field  
for  30  minutes, then air  cooled. 

Lot 3. Sixteen pins were heated  to 1600° F.  in  neutral 
-----  salt.  No soak,  kuenched  in  oil for 20 seconds 

tc  approximately  temperature of 250°  rot trans-
ferred to austempering salt bata  at a  temperature 
of  480°  F'0 , held at  this temperature  for  30 
minutes and  than  air  cooled. 

Lot 4 0  Nineteen production  pin:,  It  was reported  that 
-----  these  were in the  austempering  bath for a  semelrhat 

longer time, 

In ail  tables listed  in thls report, the,heat treat-

ment numbers corres_pond   with  lot  numbers shown above, 

Bend  Tests:  

Bend tests  were  carried out, usina both the  standard 

inspection  tend test  machine  and the Amsler Universal testing 

machine.  A 12-inch radius  and  8-inch centres were used on 

both  machines. The Amsler machine applies a controlled 

continuous load. 

Table I  lists the results obtained °  

• 

(Continued an  next  page) 
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(Bona Tests, conttd) 

TABLE I 

Surface 	 Ouca 	La&td. 
Treatment Hardness 9 	Hardness, 	in 	Def1ec'cion 9  

No, 	Hockwally'. 	Rockell 'O ,  LoanCts.  	1...nchee____ 

Lot  1 	51-W rr  
...)...) 	 --' 	 1„ .15.,  unb:rokan, et  • 	52-53 	 55 	 - 	1,15,  unbroken, u 	52 	 55 	20 650 	1,60,  broke, 

Lot 2 	53-54  - 	 55 	- 	14 5,  unbroken, . tt 	53-54 	 55 	 -- 	1,15 /  unbroken, it 	 53 	 54 	2,650 	1,90,  brcke, 
Lot 3 	5:?)-54 	 54 	 - 	1,15,  unbroker, I,  

52   54 	. 	2„70Q 	1,6(:),  b7..Dke 0  
Lot 4 	49-51 	 47,5 	2,260 	1,90,  unbroken, 0 	49-51 	 49 	2„3.2 	2,00,  unbroken, H 	4951 	 5Q 	2 0 270 	2,00 e  unbroken, 

49-51 	 49 	2,260 	1,95,  =broken, n 	49-51 	 49 	2,270 	1,9& /  unbroken, 
n 	'  50-52 	 ', ,f) 	20 400 	1,75,  unarcken, 

■•■••/.0•••••••••■••••■■■■■•••• 

One pin was t;ent on tae  Amsler Universal mac.hine, 

using 6-inch centres and  a 1-1n•b.  radius bloc, An ungio of 

68°  eas .,btalneU  for  this  pin wi. -Ï;hrut breaking, The surface 

hardness eas 52  and  the  core 54  P.a ,.,we11 

illustrates the bent pin, 

Planu... 1 „ 

Figure  3. 

!jENT FIN. 
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Impact  Teats: 

Drop impact tosts were carried out on the pins. 

Only one drop was made on each pin. Table II liats the 

results: 

TABLE  II 

Treatment Impact, 	 Surface 	Core 
foot-pounds.  Remarks Hardness 	Hardness 

 	Rockwell  'Cv nockwell  eC ,  

Passed. 

it 

te 

lb 

fa 

•1 

11 

tt 

VI 

it  

te 

11 

tt 

	

52-53 	 •  53 

	

52-53 	 54 

	

50-53 	 54 

	

51-54 	 55 

	

50-53 	 55 

	

52-54 	 55 

	

52-54 	 58 

	

52-54 	 54 

	

52-53 	 56 

	

53-54 	 56 

	

53-55 	 55 

	

53-55 	 55 

	

53-54 	 56 

	

51-54 	 55 

	

52-54 	 55 

	

48-50 	 52 

	

49-51 	 51 

	

49-51 	 52 

	

47-49 	 52 

	

48-50 	 52 

	

48-50 	48-50 
•••■•••••■■• 	 .111■••■•■• 

• 48  foot-poundespecitied "proof"  drop for one  load. 
Heavier loads applied for information. purposes. 

Depth-Hardness Survey: 

Transverse sections ware cut trom  two  pins taken from 

each heat treatment. Hardness readings were taken across  the 

face  of the  section. 

Table III shows the results obtaine& 

(reTinITIÎTeiré) 



•  • 	• 	• 	 b 	•  • • • • • • 	 • • 	 • 
• • • • • • 

:t1.5 :600 :605 :610 :620 
4632 :635 :639 :639 :639 

:627 :627 :627 :640 :657 
:649 :649 :649 :649 :649 

:618 :620 :625 :627 :627 
:642 :640 :642 :640 :640 

• • 

• • 	 • 	 • • • 	 • 	•  • • 	• 	 • • • • • • 	• • • • •••••••••••••■•••ie••••■•••••••••••••ar• •••■•••• 	  eibmgm,  

nob 

cab 

0.005 
0.010 
0.015 
0.020 
0.02.5 
0.030 

0.53 
0.55 
0.57 
0.57 
0.61 
0.59 

0.49 
0.50 
0.51 
0.52 
0.52 
0.54 

0.44 
0.49 
0.50 
0.53 
0.5$ 

 0.53 
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(Depth-Hardness Survey,  contid)  - 

TABLE III.  -  TRANSVERSE HARDNESS SURVEY. 

(Vickers hardness tenting machine, 10-kg 0  load) 

• 
Treat-:Sur-: ---- erm  the  Surfa 
ment  :face:0 0 01:0 0 02:0.03:0  04:0.05:0.06:0.07  

4•••••••••••• 	 • 
	ZS 	  

1-dri1577§ 
 inches 

771TiTé 7)—Tb:0 15t -d—EU 

• * . 	 • 	• 	 ' 	• 	 . 	° » 	. 	 . 	• 	 • 	. 
ti Le  1:577  :585 ':627 :635 :642 :635 :627 :6 2  

n  :570  :568 :590 :642 :640 :637  :633 :632 12' 
• . • • 	. 	. 	• 	• 	.  . . 	. 	. 	. 	. 

Lot  2:585 :585 :627 :627 :627 :627  :627  :627 
n  :577 :554 :639 :639 :639 :649 :649 :649 

• • 	 • • • 

	

	 • 	 • • • • 	 • 	 • • • 

Lot 3:455  :473 :613 :613 :613 :613 ;613 :613 
n  :571  :568 :652 :649 :647 :645 :642 :642 

Lot  4526  :546 :568 :590 :610 :610 :610 :610 
n  :526 :524 :518 :535 :549 :557 :565 :5,72 

:610 :613 :620 :630 :630 
:580 :584 :584 :584  ;584 

Production. 

Carbon Step-Cut Analysis: 

The transverse hardness survey indicates 

decarburization at the surface, To check this, a pin  was 

taken from each  of  Lots 1, and 3, ana sections 

0,005-Inch thick were ground successively from their surfaces 

and analysed for carbon. The resu/ts were  

Successive 
Increments, 
inches from 
__surface 

Pin No. 1 	Pin No t  2 	Pin  No,  3 
(Treatment 7Trestment 	C1PirEn7i 

.

0.7 
Lace 	No  1) 

=Per  cen - 
No 2 No  1) 

-  Per cen - 
No 2 

Transverse specimens were cut from pins taken from 

each type  of  heat treatment. These samples were polished and 
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(Microscoric i*amination, cont'd) 

etched in  2 per cent nital„ Figures 2 e  3, 4 a:11  50  taken at 

X1000  magnification, illustrate  the  structures obtainod, 

Figure 6 shows the structure obtained  in  these Laboratories 

by quenching from 1625° F. with salt at 500° F, r or  me 

Figure 7 (Xi000) is a photomicrograph of an SAE 9255 -,:dve -csal 

carrier pine  quenched and drawn to 54,5 Rockwell 

Figure  2 0  

X1000 s  nital etch ()  

LOT  LO,  1. 

«Mt 

Y 

(Continued on next page) 
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Figure 5. 
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À1000,  nital etch. 
• TeMPERED MARTEUSITE, 

Oil-quenched and drawn to 54,5 Rockwell 

momemewnneme 

Discussion: 

The  bend and impact results obtained for these  pins 

were excellent. Specification  0.A 0  214 states that  the pins 

must pass 0,5  inch bend deflection  and a  45 ft.-lb, impact, 

These pins went up to 2 inches deflection and  OO  ft.-1b, 

impact without failing.  The  hardness values  of the experïmental 

treatments are, on the  *hole, somewhat higher than  1.ia  rroUllçee„ 

in the first production batch, It is quite possible that the 

temperature of the sait bath rose somewhat when the larger mass 

of metal was introduced. Decarburization is present  at  the 

surface of the pins for approximately 0,005'inch, It may be 
 ' 

• 
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(Discussion, contld) 

that eithar the bar stock has not been ground enough or the 

decarburization occurred in the neutral salt bath at the 

quenching temperature, It must be pointed out that the 

• surface hardness for most of the pins . is  still over the 

present upper limit for the homogeneous type, namely »  51 

Rockwell  CO  However, the main point in austampering the 

pin is to allow for the use of a harder pin without sacrifice 

of  ductility, as the harder pin would be expected•to have-

better resistance tb abrasion and higher fatigue performanee °  

For both wear and fatigue preperties, .  the outer surface material 

is of prime importance. While granting freely that the pint; 

under examination are excellent, it is still telt that every 

effert should be made to reduce decarburization to a mlnimum, 

The microstructures obtained do not show the 

bainite structure usually asseciated with austempering. 

A fine  tempered martensite has been obtained °  In view of 

the excellent strength and ductility obtained, it is felt 

that the  treatment given has been similar to martempering, 

This  type of treatment produces a high strength'material, 

The steel is brought-to the same temperature throuelout and . 

then  martensite is formed, This eliminates the stresses  and 

strains usually produced by quenching from a high temperature 

to form martensite °  A noticeable difference in structure  is 

'observed from  the normal quenched-and-drawn martensitec 

(Figure  7). 

••■••■••• ■•■••••••••■■•••••• 
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CONCLUSIONS:  

1. The core hardnesses of the pins are somewhat 

higher than those of the surface. 

2. A slight decarburization is evident; it is 

approximately 0.005 inch deep. It is felt that every effort 

should be made to hold this to a minimum. 

3 G  The surface hardness of the majority of the 

pins  is over the present specified upper limit. Rockwell , C'  51. 

This  should aid the wear resistance. 

4, The hardnesses of the trial production lot ErE: 

slightly lower 9  possibly due to an increase in the temperature 

of the austempering bath. 

5 0  The bend characteristics of the pins are 

very good. 

6 0  The pins withstood impact blows of 400 foot

pounds without failing. Specification 0;A 0  214 calls for 

only 45 foot-pounds resistance. 
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