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2.2u122.2 f. Matarial and Oblat  of Investon 
On  November 15the  1943., two  samples of broken  pins 

were submitted  by  )O1C,  H,  G,  loil-ce e  Director of Inspeotion 

(Mechanzation) e  Inspacton Board  of  United «'?,ingdom and Canada 

Ottawa e  Ontario,  In an ecoompanying  lette (Pile  No 4/10/D/ 

RAM/9) 9  sizned by Major  C. W.  Jones, A 3 D.1 0 (Y) e  these  samples 

were outlined  as follows: 

No, 	Head and -  from  No 3  bathe  Nov,  5,  10%  cyanide e  
foi:  a period  of 19.1- minutes'  nt 1575° F 0 9  then  subject 
to  a  3000  fe,  draw for I hour, 	eported  te have a 
hardness  value of  :iookwell IC.7 48-49, 

Under bend  test Unis  pin broke at  a  0,7" deflection 
an  a load of  8e 1 30 pounds, 

No. 	.1,ot 44 e  No  I Lathe  no  datee  6.7% oyanide e  for a 
paAod  of 20 minutes  at 1575°  F, e  and drawn at 765* 
for hours , ficrorted to  have  a  hardness  value of 
Rockwell , C 1  48-48 0 5 

Und  er bend  teet  thls nin withstood a load of 9 e 600 
pounds with  a 2,4" defleution, 

It was r • quested that  a complete metallurgizal 

examination  of these pins  be  made ln  order  to datermine e  

possibl e  the reason for their dlfferent bend test properties, 



Sample No, 1 
No, 2 

50-51 
50-52 

50-51,5 
51-52 
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Sample 	Sample 
No,  1 	No  02  e 

=Per   cent  

Carbon 
Uanganese 
Silicon 
NIckel 
Chromium 
Molybdenum  - 

	

0,61 	0,57 

	

0,73 	0,87 

	

2,14 	2,04 

	

0,02 	0,07 

	

0.07 	0,01 

	

0,08 	Trace. 

Hardness  Survey: 

Hardness Rockwell  'C ,  
Surfai 	

------- 
Core  

1.■•■•■•■•■•■•■• ■■•■•••■••••5, 

Values as found at  Cockahutt  Plow Co o : 

No,  1 - Rockwell 'C 48-49 
No. 2 	 48-48,5 

Transverse hardness  gradient  e were made, using 

the Vickers «eaKmeee testing machine with a 10.4cilograr lobe 

1.1.1••••■•■• ■■•••■•••••• 11011••••■■ 

VICKI:RS HARDNESS NUMBER 

:face:b701:0  02:0,0Z:0747(5705:C,0-6:0,07:0 0 08:0,09P7TY 

•••■•••■•••■••.•111.0MIMV 

1 530 560 530 530 530 530 
__ Equivalent tg...FAckweli,  

2 540 540 542 542 542 560 
-- Equivalent to Rockwell 

530  530 530 530 530 530  530 530 
'C'  51. —  

530 560 560 542 542 542  560  560 
'C' 52. — 

Grain Size Examination: 

Due to the difficulty of carburizing silicon-manganese 

steel, the grain size could not be determined by the  usual 

McQuaid-Ehn test, Tha following procedure was used: 

Samples were heated in a strong  deearburizing 
atmosphere for 2  houre  at  1700°  F o p then cooled to 
room temperature through  a period  of 3  hours, Backing 
the area of heavy decarburization  there is  a zone of 
mixed ferrite bordering the grains composed of pearlite. 
This made possible  an  easy estimation of the grain size, 

Both pins had a grain size of 6. 
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MieroecoplIc Examinetion: 

Transverse and longitudinal sections were cut from 

each pin, Unetahadp the metal in all sectiens was clean  and 

free from inclusions, 

Figures 1 to 4 are'Photomicrographs, at X1000 magni-

fication e  showing the metal atructurep the  specimens having 

been  etched with 2 per  cent nital, All structures shown. are 

typioally  tempered martonsite„ Thtra was no evidenne  of 

deearburization or casing, 

Dieoussion: 

.hsmicai analysis indicates that the two pins are 

from different heats of metal, Hardness  values found are 

hii;her than thoee found at  Cockshutt  ?low  Companyp and both 

surface and core hardness are  at  the top  unit of  the  present 

specification Cie, 45-51 Rockwell 'Ce). 

TransVerse  hardness gradients show that  the  pins  

are neither decarburized nor cased, This is further substan-

tiated by microscopic examination, '..;'ineness of grain size 

and absenoe of inclusions indicate uniformity  in  the raw 

material, 

The  tempered martensite microstructure is typical 

of quenched-and-drawn  S,A,E, 9255  steel, The absenée of 

deoarburization or carburization at the surface indicates 

good salt bath control, 

Failure to withstand bending stress may be due to 

some effect (such es eebrittlement) at the  surface which 

redues its resistuace to tension, It Is possible that e 

brittle surface layer of high nitrogen content (whieh  would not be 

recognizable under the microscope) may be developed in  the 

cyanide bath during heat treatment °  

This could have been detected by analysis of step  eue 



- rage 4  . 

(Discussion, contld) 

samples from the surfaae,  Unfortunately, there was  not 

sufficient sample supplied  to carry out an  examination for 

nitrogen embrittlement, 

■■•,■•■••••■■■fflemeek 

CONCLUSION:  

In th ..  absence of any definite evidence to account 

for  the difference in physical properties,  it  is  suggested 

that  the superior properties of one  pin may be due to  the 

fact  that a loneer drawing  time was - used  in  its  heat treatment, 
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X100ù9  etched in 
2 per cent nital. 

X1000, etched in 
2 per cent nital, 

NO V, 1 ,  
TRANSVERSE SECTION, 

PIN  NO  19  
LONGITUDINAL S 7-7,CTION. 

•IONIS 

Fim.i.re  3, Figure  4, 
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X1000$  etched in 
2  per cent nital. 

PIN NO. 2, 
TRANSVERSE SECTI:J.N. 

• X1000, etched in 
2 per cent nital. 

PIN NO. 2 9  
LONGITUDINAL SECTION. 
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