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onealn_2s Material: 
On May 24th,  1943, Mr. John A. Hoopla, for Director 

of Inspection (Tanks-Armour),  5-157  General Motors Building, 

Detroit, Michigan, Inspection Board of United Kingdom and 

Cenada (U.S.A.), submitted a piece of 6-mme  homogeneous 

bulletproof armour plate for examination. The accompanying 

request letter (dated May  22nd,  File  No. DA/TP3/15143) supplied 

the following information concerning this material 

The  armour plate is manufactured  by the  Follansbee 

Steel Corporation and heat-treated by the Lational  Armour 

Company. The supplier, at the request of the metallurgist 

of the National Armour  Company, anneals the plate so that 

it is dacarburized to a depth of  0.040-0.060 inch. The plate  

is then teat-treated bY an  undivulged  process. 

•tie  ballistic  tests of  the armour plate, as put out 
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(Origin of Material, cont 9 d) 

by the National Armour Company, consistently give resulto 

amoraging 200 ft0/sce, above the specification requiremontaç 

Other manuÈacturers ere unablo to match those results. - 
, 

The metallurgist of the National Armour Company 

states .that decarburizing the annealed plate prevents or 

reduces back spall and t3.1,at with his particUlar type of . • 

heat treatment ho  was  able to cibtain a very homogeneous 

centre core, 

1 ,.  Hardnaijs tests  were  made on  the plate au received, 

using a Brinell machine and a 5,000-kilogram load, A layer of 

metal 0,060 inch thick was ground off and the hardness again 

checked, The following table gi ires the  results•obtainod 

As Received 	• Coro Hardness 

269 - 	 575 • 
ta 

A chamical anKlysis gave tle›, following results, 

The sample for carbon content was taken after milling 0 0 060 inch 

from the surface of  the  plate, The analysis ,supplied by Mr, 

• • Heople is also shown, 

Analysis Supplied 
- ler oent 

Carbon ' 	- 	0,25 	• 	• 0,26 
- Manganese . - 	1,09 	. 	• 1,10 
Silicon 	' 	- 	0,99 	 • 1,05 • 
Chromium 	- 	0,47 	 0,55 • 
Nickel' 	• • - - 0,20 	' - 	0023 
Molybdenum '-- 	0,28 	 - 0 029 

A transverse section of the plate was Pollehod e  

etchede  and examined under a microscope °  Figure 1 shows the 

structure froM the surface towards the core, Figure 2 - shows 

ip 

Ana3vW4 

the tempered martenSitia structure of  tho core, Figure 3  
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(Procedure„ cont , d) - 

shows the structure 0,020 inch below the surface-tempered 

martenslte, In a mxtrix oe forrite„ 

DISOUSSIONz 

Tho plate, in finihed form, is to have a Brinell 

hardness or frum 360 to 380, The surface is considerably 

below this but the core is well within the range °  The low.  

surface hardness is attributable to the partially docarburizod 

surface areas °  

Tho dhemtcal analysis is ta good agreement with that 

su• plied by Mr °  Hoopla °  

It is reported that after the annealing treatment 

the plate is heated to 1750° le °  for na hour mad quenchod . in 

oil °  Tio extreme outer  layer  is slightly carburized, indica-

ting that the heat treatment was dore în . a neutral atmosphere 

furnace °  A$ a result of this comparatively high temperature 

treatment In. a neutral atmosphere, a carbon diffusion from 

the core to the decarburiZed surface layers has taken place °  

The oil quench and subsequent draw has resulted in a core 

structure of tempered max4;ensite and a subsurface structure 

comprised of approxi.mr 70 per cent drawn martensite in a 

matrix of  ferrite °  

Any projectile mould therefore encounter a gradually 

increasing resistance from the surface to the core, the maximum 

resistance 	the core, and then the gradually reducing resistance 

towards the exit surface, If the surface layer were pure 

docarburized metal Uloy would offer slieht resistance to pene-

tration and the overall effect would be to reduce the effective 

thickness of the plate by the total thickness of the decarburized 

metal °  

It is possible that the gradations of toughness of tha 
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(DiSoussion, contQd) 

plate from surface tosurface woilid account for the superior 

ballist-40 performemce of the plate. 

Tho remainder of  th o pinto will bo eubjocted•to tho 

Ganadian,ballistIc tosts'at the range of Dominion, :Pc-ft.:merles & 

Steel Limited 9  Hamilton »  Ontario° When the.results - of:-ÏâesEi 

testeare.avalloble they,will be reported,. - 

CONCLUSIONS 

- spocifiod Brinell range but the  surface hardness is conslder., 

ablY 74.ower,", 

2 a  After annealing »  the heat treatment to which 

this plate' ii  bnen subjected has resulted in carbon.diftasion 

from tho core into the deoarburized metal. 	- 

.•3, 0  The- sUrfacs layers e  as a result ofrthis heat 	. - 

treatment» are ecmp.).ratively soft and ductile but  Considerably 

tougher than decarburized matal would bo a  This  would probably , 

'reduce ,back 

There'le'some eVidence to the,effoct that the 

final :heat treatment Is Condlicted  in a fUrnace with'à controlled 

atmoSphere, This is, undoubtedly»  to prevent docarburation 

In t-  le  heiP,t treatmont a  
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75X, etàhed in 2 per cent nital. 
STRUCTuUE  )?ROM  SURFACE TOWAUDS CORE, 

5004 etched in 2 per cent nital. 500X, etàhed in 2 per cent nital. 
CORE STRUCTURE  -  TEMPE 	STRUCTURE 0.020 I= FROM SUPPACE 

MARTEUSITE, 	 MARTENSITE IN MATRIX OF FERRITE. 

HJN:GRB. 


