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.2Ilà;An_of Ryest and Oblec'i; of Investiation: 

arly in April, 1942, a lookout block (y20958 9  

Valentine tanks) was received from tha inspectorate of Tanks, 

Inspection Board of the United Kingdom and Canadei, 58 Lyon 

Street, Ottawa, Ontario,. for examination. The letter repro-

duced below, which accompanied the original four blocks sent 

to Ottawa from Lontreal, will set forth the purpose of the 

investlgation: 

(Continued on next page) 



(Tanks 	kontreal. 

(Orioin of ïiequest and Object  of Investigation, contfd)  - 

(OPY) 

Pile  - 4/10/14 CeR/3, 

Larch 31st, 1942 , 

1. Tanks  -  Ottawa. 

1. O. (Tanks) - Kontreal. 

Lookout Blocks . 20958 -  Valentine Tanks ,  

Vhen A.J.I. (h)  was last  in this office, 
showed him four of these blocks whidà have been used to 
assist the ballistic test cf our Duplate blocks (jlass) 
at namilton. 

He expresssd a desire to ne.ve them sent to 
Ottawa in view of the somewhat disastrous effect from 
..5(:)  bail ammwiitic.m. 

have, therefore, shipped these four blocks 
to your attention by  e.. freiaht, prepaid. 

For your informetion, these blocks were strictly 
in accordance with  the Specification 5005/502,  and  there-
fore, are quite acceptable. From exhaustive tests we 
fcund that this steel would produce its best ballistic 
qualities against this service ammunition at a brinell 
hardness of  3O , and  you will note that  on  each of these 
blocks the 	 is indizated, within  a reaeonable tol- 
erance of the above figure. 

These blocks are representative of those which 
are accompahyina all tanks destined to Russia, and  Ï  know 
that after examinatien  you will realize how  I  feel about 
the matter. As you have already been adviàed,  future or-
ders for this steel apecify a ilolybdenum moaification up 
ta 0.5,, with inherently fine grained steel; and  these two 
refinements in the specification will improve  the impact 
resistance very  consilerably. 

b.  0. Heron, 
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Nature of Blocks: 

EliklmiP 1 ,  

FRONT VUW OF LOOKOUT BLOCK, 
Sli(MIUG 3ALLISTIC FAILURE. 

(Approximately 1/2 size). 

Figure   2. 

REAR VIEW OF LOOKOUT BLOCK. 

(Approximately 1/2 size). 
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Hardness Tests: 

One end of the block was sectioned and hardness 

readings vere taken from the outside to  te  centre. The 

hardness raned from 322 	349 v.a.m. 

Chemical Analdsis: 
Per cent 

Carbon 	- 	0.29 
Iianuanese 	- 	0.67 
,iilicon 	- 	0.30 
Phosphorus 	- 	0.011 
Sulphur 	- 	0.008 
Nickel 	- 	.22 
Chromium 	- 	1.40 
;(.)1yodenum 	- 	0.14 
Vanadium 	- 	None 

Jriicrostructure: 

JŒAR SLIT. 	 NAH  CENTRE.  
X1000, nital etch. 	 X1000, nital etch. 

The  machine chop reported that standard test 

pieces could not te machined from the lookout block without 

a  drawiu,g operation.  This  would change the properties so 

that physical tests would be  of little value. 

mszadurs
Missing info
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Niscuseion:  

In the absence en any specification information  on 

ballistic performance expected of peep siblits, it Is  assumed 

that the failure shown in Figure  1 does not usually occur,  or 

that better eerformance is required.  -.0heee are  tao  possibilities 

for gettin,..., maximum ballietic resistance, each one of which  will 

be discussed separately: 

(a) Uhange  the analysis of the  steel used,  or 

(b) Ç.ork  out optimun heat-treatment method for steel used. 

,;han  ge .Analzsis  - 

The chemical anilyeis of the  peep siÈ,ht is an  unusual 

one  in that it contains 4.22 per  cent nickel  and lIttU molyb-

denum. 	saving  in  the  strateï;ic alloy nickel could be made  by 

reducinc it considerably  and  substitutind molybdenum. Jones 

stated that a 3.00 nickel 1.C%); molybdenum steel  :as  found to 

be similar to  one  containing 4.50,; -nickel and 0 0 b0,;  molybdenum. 

The phenomenon  cf temper brittleness is ;uite pro-

nounced  in alloys similar to the  beep sit.;ht examined. 1.1ol7b-

denum additions have proven very effective in eliminating this 

condition, lt Is  charecterietic of  niced91 alloys that: 

(a) 111en  tempered  in  a  certain  range  of temperature they 
become quite brittle; 

(b) nhen elowly cocleo after temperin they frequently 
become brittle. 

Thus, at  a Ï.iven hardness  and with no apparent cuanse in micro-

structure,  a  wide range of  impact strengUls may be obtaine d . 

it is generally recommended for this material,  tnerefore, thet 

the vicinity  of  5()0°  G. be avoided  for tempering,  and that  the 

e)  "The Influence of  Lolybdenum  on Medium Carbon Steel 
Containing Nickel  and  Chromium," by  J.  A. Jones, 
MECH. ENG., v.  49,  1927. 
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(Discussion, conttd) - 

parts s'Aould bewater-quenched on coming out Of the draw.  In 

order to avoid this sensitive condition, a molybdenum addition 

to the steel Is widely  used  The following table shows how 

effective this is: 

IZ)D IM2ACT VAUJES  O 	COOLED &,:11  DIFFERENT 
VELOCITIS PROM TLPERING TieER.i4.TURE Al 650(' Co  (12000  P.) 

(Specimens quenched in o • l rrom 2,00° C. (1650° F.)) 
... 

' Composi=, : 	Coolinr,  Rate. ..1._ 

	

Steel : 	,p.er eent 	: In 	: 2e G. 	: 1° C. 	:  0.3°  G. 
. C  :  Ni.  : Cr . no  .  water : iier miner 71in.: per min. 

• -•,-.-   

A 	;0.43:1.96:2.15: -- 	45 	. - 4 	: 	3 	. , 	3 
B :0.42:2.02:1.04:  -- : 	57 	. . cz 	: 	5 	: 	4 
C 	:0.37:1.93:0.C2; -- : 	49 	: 	20 	: 	11 	, . 	7 
D :0.35:3.00:1.49: --  : 43 	: 	4 	- . 	3 	. 	-_, .., 
• :0 9 23;3.72:J.92:  -- ; 	44 	: 	13 	: 	rt. 	. 	6 
K 	:0.28:2.45:0.65:0.43:  53 	. 

	

. 	-- 	: 	-- . 57 
Xi 	:0.25:2.84:0.65:0.48: :7 	. • __ 	• 	-- . 	 . 

- 35 
• • • • • 	 • • • 

OURI.TIMPIWRIMœr  Ye,  Cœrœliœ•MœRœœ'  œrœlœ.œ.I•lœtert. 111==lbœtioœS lœclœrœ. 	......•-epœr=à7œ. 	 -  -zrœlœ  œ .nuœ.œ 	 4411.1,3 1 	 Mnrrnfflana.r.Vigg ■ 

Although  5 per cent nickel  steel can be heat-treated 

so  as to be free from brittleness, there would be some advantage 

to substituting lower nickel steel containing molybdenum. 

0-timum 	'Preatment 

Izod impact is generally assumed to be  E measure  of 

structural homogeneity. It does not necessarily indicate anything 

about ballistic limit, since ballistic impact occurs at much 

greater veloeities and  resistance to impact varies qvith  the speed 

of  the striking body. However, it is generally  asumed  that the 

higher the  impact strencth for u  even hardness, the more homo'' 

eneous is  the  structure. Structural homogeneity Is thought to 

be desirable for high  test  armour plate. 

According to  a  letter 	arch  31t,  1942)  from ;,.r.  '2..  C. 

Leron, the leest ballistic performance of lookout blocks similar 

to  the one examined in th is report  is obtained with a hardress 
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(Discussion, contld) - 

of 3b0 13.H.. It is cltiîte possible to have a great  variation 

in impact values at this hardness value, ';se would sugest 

that sufficient materiel be . obtained  so that experimental heat 

treatments can be carried cut  in  order to determine the  best 

times and temperatures  for the  alloy used. 

Recommendations: 

1. Change alloy to include molybdenum, 0.  to 0,6 

per cent. 

2. Obtain material  fer  experimental heat treatment 
— 

and determine by ballistic  tests the optimum heat-treating 

procedure. 
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