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prigin of Mat;eriql and Object of Investiga.tion: 

On  August 5th,  19,  under Requisition No. 832 0  

A.E.D.B.  Lots Nos. 1113 to 1124 inclusive (Report No. 9, 

Section  A e  Test 28), Dr. C. W. Drury, Direutor of Metallurgy, 

Army  Engineering Design Brarch, Department of Munitions and 

Supply, Toronto, Ontario, submitted twelve (12) ,  unhaat-treated 

track  pins to  the se  Laboratciries for examination, On August 

17th,  ten (10) additional pins, Lots Nos. 1129 tc 1138, were 

received. 

It was reported that these pins were taken from a 

heat of  steel having the following composition (in per cent): 

carbon,  0.15-0.17; manganese, 0,48-0,50; chromium, 0.30-0032. 

A request was made that heat-treating condliions should be 
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(Origin of Material and Object of Investigation, cont/d) 

established so ttat the pins would meet Specification 0,A0 214. 

Manufacturers were encountering some difficulty in meeting the 

specified core hardness of Rockwell ICI 24-32. 

At a later date, Lieut. G. Spencer, of Detroit 

Ordnance District, submitted approximately 100 more pins of 

the same heat of steel, for further experiments, 

ItrJAL151—MIALY.Ela: 

Drillings were taken from the core for chemical 

analysis: 
Per Cent 

Carbon 	- 	0 0 18 
Manganese - 	0,48 
Chromium 	- 	0.31 
Nickel 	- 	1.25 
Silicon 	- 	0.23 
Sulphur 	- 	0.016 
Phosphorus - 	0.017 
Molybdenum - 	0,04 

10«••■••■•••••b 

HEAT TREATMENTS: 

Table  i  illustrates  the  heat treatments employed 

and the  resultant pin properties obtained. Quenching was done 

by hand  in a still oil bath (15-inch diameter by 3 feet). 

HoughtonIs  oils rere used in ai).  treatments, A Vapocarb unit 

was  employed for all the gaa carburizing experiments. Case 

depths  were kept at from 0.012 to 0,20 inch, with the exception 

of one lot. Surface hardnelses were over 80 Rockwell  IA'. 

(Table  I falowa, on Pages 3 tTrr) 
( 	Text continues  on Poe 6 	j 
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PIN : 
NO. : 

• 

• :  HARDNESS, : 	TEST, 	:  BEND 
MEDIUM : TEMPERATURE  AND TUE  : TYPE OF OIL, AND UMPERATURE: Rockwell : (45 foot- :  TEST. 

rci 	: pounds) : 

CARBURIZING : 

• 
fige 
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Pins Nos, 5 to 10 were all quenched at the same time. 
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(Continued  on  next page) 
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TABLE I (Continued). 

• • • • 
PIN : CARBURIZING : 
NO. : 	MEDIUM : TEMPERATURE AND TINE 

•  

• 

: TYPE OF  OIL, AND TEMPERATURE  :Rockwell  :  (45.foot. : TEST* 
: 	ICI 	: *pounds) 	: 
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Pin  Nos. 32 to 39 were all quenched  simultaneously. 

(COntinued  on  nextlase).  
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TABLE I(Continued) 

: 	CORE 	: IMPACT 	: 
: HARDNESS,: TEST, 	:  BEND 

• 

PIN : CARBURIZING : 
NO. : 	MEDIUM 	: TEMPERAWURE AND TIME 

• • 

.  • 

: TYPE OF OIL, AND TEMPERATURE : Rockwell : (45 foot- : TEST. 
: 	, 0 1 	. pounds) : 

1700° F. 
1700° F. 
1700° F, 
1700° F. 
dropped 

te 
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dropped 
for *  hr 
1700° Fo 
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for i hr 
1725 °  F. 
dropped 
for  2;  hr 

-- 1 hr. 
--  1 hr. 
-- 1 hr. 
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mmINIIMMIMMIF 

t  Minimum  bend deflection requirement is 0025  inch. 
Pins  Nos. 32  to  39  were  all found  to  have case  depths over 0.030 inch. 

(x) and (7) Drillings of the Cores of Pins  Nos.  32 and 38  were analyseds 
ix)  in No. 32 	p n le °  38 (/) 

Carbon 
Manganese 
Chromium 
Silicon 
Phosphorus 

-  Per Cant  
0,19 	 0.16 
0 042 	0,45 
0,38 	 0.30 

• 0.33 	 0.25 
0,010 	0,010 
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Grain 8±:  Size: 

Mctelaid-Ehn  grain aize determinations were made  at 

1650° F. and 1700° F, The •esults obtained are shown in 

Figures  1  and 2 (X100), 

Figurq_1. Figure  2  
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Microscopic Examination: 

Transverse specimens were cut from  pins  which had 

been  heat-treated at  1300° and  1650° F, These were polished 

and etched in 2 per cent nital. Figures 3 and  4, taken at 

X500  magnification,  illustrate the core structures obtained. 

Figure,  5 (X250) shows a typical case structure obtained on 

gas carburizing. 

(Continued on next  page) 
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Plgure 4 . 

X500 nitel etch. 
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(Microscopic  Exandration e  contld) 

?ig•..kre 5 

X250, nital  etch, 

TEMPERED MARTEWUTE. 

Typical case structure 
produced by gas carburizing. 
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Discussion: 

Houghton's  "G" oil is recommended by  the  company 

for fast oil-quenching. It was found that very little difference 

in hardness was obtained when the  temperature of the oil was 

varied from G5 to 120 °  P. 

Erratic  impact results were obtained with Pine Nos, 

32 to 39. Further investigation showed  case depths of  00030  to 

0,035 inch in  these pins, ehemical  analysis of a low core 

hardness pin (No.  38)  and a high core hardness pin  (No. 32) 

showed a variation  in the carbon, chromium and silicon contents. 

This appears to :_ndicate the presence of  two heats  of steel. 

Due to  the  high core hardness of  only two  pins  (Nos. 32 and 34) 

out of all those tested, it is felt that these two  pins are the 

only  ones  Which have been encountered from  the  higher carbon, 

higher  chromium  heat. 

Heat treatin3 the  pins  from 1650°  F., rather than 

1600° F., and  quenching in Houghten's G Oil, appears to produce 

an increase  in core  hardness.  The rance obtained for  1600° F. 

was 20 to 2$  Rockwell  'C',  while  for  1650°  F.  it was  22 to 26, 

An attempt was made:to get  the McQuaid-Ehn  grain size 

of pins  at 1600 0 , 1650 0  and 1700°  F, It was not possible to 

obtain  a positive test et  1600°  F.  At 1650°  F.,  however, the 

grain  size was 6-7,  and  at 1700°  F.  it was  2-3, Figures  3 and 

4, taken of the  core  of pins after heat treatment at  1600° and 

1650° F.  respectively,  clearly indicate that a  coaraer  core 

structure  has been produced  by  the higher temperature.  The 

increase in core  hardness  obtained  at this temperature is due 

to this slight coarsening which has somewhat increased  the 

hardenability. 

It is of  interest that none  cf.the pins  which had 

been heat-treated at 1650° showed coarse-grained fractures. 

At 1675° F., however, approximately 10 to  15  per  cent of a 
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(Discussion, cont'd) 

fractured surface  was  coarse  grained,  At 1700° F., 80  to  90 

per cent of the fractured surface was coarsely crystalline° 

This would indicate that 1E:50° F. Is  the highest temperature 

at which it would be safe  te  heat-treat these pins. Higher 

temperatures would cause grEin coarsening, with the poÉsibility 

of impact failures resulting. At 1650°  Foy  it could not be 

expected that all pins woule  meet the 24 Rockwell 1 C 1  minimum, 

as can be seen even by  the mall number cf pins tested In this 

investigation° It is felt, however, that pins of hardnesses 

below 20 Rockwell 1 0 1  would be much less likely to result if 

heat treatments were carried out at 1650° F. rather than at 

1600° F. 

CONCLUSIONS:  

10 Pins heat-treated at 1650° F0 and quenched in 

Houghton's G oil at 85 to 120° F0 have hardnesses 2 to 3 

points (Rockwell 'C') higher than these produced at  1600°  F. 

under the same conditions. 

2 .  Slight coarsening of  the  core structure causes 

the increase in hardnees ob 4;a1ned at 1650° F. McQuaid-Ehn 

testa at this temperature show  a grain  size of 6 to 7. 

30 1650° F. is the maximum temperature at which the 

pins can be heat-treated.  The impact  strength is satisfactory 

at this temperature. 

4. Even if 1650°  F, were used  as  the hardening 

temperature, same pins  would still be produced with core hard-

neases below 24  Rockwell  'CO  The  core  hardness'average, 

however »  should be higher t:ean in  pins treated  at  1600°  Pc,  

00 ,2)00000000 

00000 
SLG:GHB. 

The impact  strength is satisfactory at 1650°  141 ,, 


