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OTTAWA  • 	July 15th, 1943 

R E P  0  rt T — 
of the 

ORE DRESSING AND  METALLUYIGICAI LABORATOR:ES.  

Investigation No, 1449. 

aiuLaat1on Of Sample of Flame-rardened Armour Plate, 

Orirrin  of Material: 

On June 16th, 1945,  Mi', J. W, 7air1ie, for • 

Director General of Ammunitim. Production 	rtment of 

Munitlons and Supply, C;ttawa, Ontario, submitted  a  piece 

of flame-hardened armour  plate,  dimensions 12 1  x  12" x 

• for  examina •ion. 

an his covering letter Er. Fairlie asked for  a 

comp lete physical and chemical Investigation and  stated 

that  no  history  of the  sample is available u  The  sample 

was received from the Aberdeen Provin Grounds, Aberdeen, 

Maryland U,C.A, 

The purpose In requeni;ing this investigation was 

tr obtain information that migh'; aid  in  the produtior. of 

this flame-hardened armour plate  in Canada, in thcknesses 

from  70 mm0  and up, this beins required for shot proof  of 

the 17-pdr e  A„P.C,i  B,C, hot. • 
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Uroc&iur(i »  contd) - 

(6) Five micro-tensile test specimens were machined 

with their &nos perpendicular 	the plate surface and were  

then pulled In the tonscmetr machine „ In addition »  two 

round Izod test bars were machihed from  the centre of the 

Plate. Throe "e notchea 0,130 inch in depth were machined 

on each bar, The following table gives the averages of the 

tort'result 

lleld, .Ultimata, 	Elongation, Red, of Ar$141, Izod, 
per cent 	per cent 	ft311). 

. 117,9 500 132p400 	12 3 4 25.6 	 50 

P) Sections at riht angles to the flame-hardened 

surface were examlned under the micrlDscope, Figure 3  shows  the 

structure of the flame-hardened zone, Figure 4 EehoWs the 

structure 	the translton zone, Figure 5 al...tows the structure 

of the core of the plate, 

Discussion 

3o th  the magnaflux test and the macro-etched sectiona 

fall to indicate the direction of travel Of the flane-haxYlenY.ng 

mach:1mo,, This  ou .3. Indiote that the entire section was 

fIame-hardened 	pas s, wInce no overlap was detected, 

This would require a flamme-hardening head at loast 12 Inches 

In width or a multiple mounting of heads, To the best of our 

knowledge, flame-hardening heads this wide have not been reported 

in the literature, .It is, houever, posfnble that wl.de heads 

my be a  ecent developnent In tbis field, 

An ewamination. of Piguros 1 and 2 shows a harden 

zone approxmately 0 0 '50 inch in depth  end a vade 

zone, A co.se depth of this magnitude on a plate of this 

thickness would require very slow harden!ing rates, 

The chemical analyes ts unusual for arms.mr plat 



t. rqUI 	---- 

(Discussion »  contd 

for flame harden:Ing e  In  that tho low carbon and manganese  •  and 

high:nickel and tris  abSencs of ohromium and vanadium would 

result in a steel•of low hardenability (Grossman hardenabillty 

factor, 24 inchs), for the high percentage of nickel present 

• oot. not greatly contribute to steel hardenability„ Tie low 

hardenability is confirmed by the presence of precipitated 

. ferrite In the hardened case, The iüw carbon  content would 

r ,3:31.7„1 4,-, 	• a wida.çwitical range, which wQuid account for jcbe 

wïde transition zon,e and the gradual reduction  of  hardnCosin 

the har&loss travbrse„ 

it can bo,rihown that the hardness obtainod on the 

flame-hardened surface (461 Brinell) là ver close to the 

.maximum possible for thi2 steel, It. is customry to aim for 

a surface hardnessof,pproximately 550 3riïxell, thls hwedness 

being desired in order to break up  the  àrmour-plorcingeliot 

, Suoh a  rfane hardness, on  th le  particular steel, could àot 

bo obtelne„ 

, The physcal  prou Les of the plate are  conzisteni;* 

wi;h,  the analysis  and the usual heat ITrea -bqient of arfflue. Lite  

• 0 ONC LUSI ONS 
. 	/ 

1 0  The 5ample submitted has'been •CI:me-hardened .  in 

one pass or b;y multiple mOunted heads °  

2 0  The flame-hardened case haS - a depth of approx -!- 

mately 0 0 50 inch, 

3, The surface hardness obained is the maximum - 

poSsible fpr thds uteel but lower than that usuàlly desired °  

The e„hohiCal analysis ,.1.rJ,unusual and the  

en. 
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(Conclusion 9  cortId) 

hardanability low, 

5, The physical proporties ar consistont with 

the .suellysir3 and ucnal heat troatment of'armour plate 

00000000000 

Q00.00 

o  

JINI 



u9.-ure 1 

Mac.ro-etshed (ammoniuw porsulphate  szaution) 
scctim  of flana-ha:cden.Dd  armour plate, 
shoeing hardened case n;Troximately 0,50 
lau La depth and a wida  transition zrno. 

•.•■•• 

(Figure 2 9  on neu-t pagc, 	a  graph  of) 
(hardness  ya„  distalze from surface.  ) 
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lePre 

X500, etched in 
2 per cent  

LiAàTIZSIMG 3TFUOTURE  OP 
CASE WIT:. SOM:  ?ERRI'M 

(WIIITE *JAS 

X500, etched in 
2  per cent 

TRAMITION ZONE , COARSE 
MARTENSITE AND SOMS MaRITE 

mn' AREAS)ê 

,,are .7 4 

X500»  athed In 
2 per cent nital„ 

URI:: STRUCTURE -  TEMPERED MARTCESITE, 

ILTNIGHÏL 


