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On October 13't,1.7., :1_943v at the a:r«g,uŸs•k, o^.̂ Capt. Z J.

;'l^.ti^^d, fo.cl the Director of Small Arms and ^VtlaxaF Inspection.

Board of United Kingd om and Canada,, UtWs: a9 Ontario., two s^^iples

; ^ ,, these ^of ^^-^22-m. amour plate ^^f.^a^ 5^.^.brrs:t^:i^ed tc7- ^L.T,,^^bo.r.^^^.^:a:1.3.FS,

for ex am:E. rzat? on, bj- li /Lt, D. Reynolds v A cting Super interaderrt;,

S oAaEoand P a I~'. .y I. B. U o K. and C.g P. 0. Box 20t7 9 Qi.l.ebe c9

Qtaebeo. These p:l.atos;, wxLi:c;h had been used at the Valrarts.er

proVinL, grouxad to pPovq 0.55 A/r ^.^mu:nit:I_onp were ide17i;Wed

as fol:l.own.-

.l':-Late No. 274 pracl:ucec'r by Dominion Foundries and. Steel
Witoc7 Hmilton, Ontario, and

Plate No. 25E3 produced by Bearcb:•core,, :Cnglra.nd.

WL'u o Reyno1.c7.as letter accoRz,r»xayi.nr; the san:f,es 4 dated
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October 10th, File  Jo0 SAV/P-1SAV/P-52, stated that the 

Plate No 274 had shown superior resistance to penetration. 

It was requested that these plates be'examined to find  any 

significant difference that would explain this behaviour. 

This report bas been . delayed. by the necesSity of 

attend.ing to work of more pressing nature, 

• Chemical Ana3vsin 

The chemical analyses of these plates are given 

in Table  I  It should be noted that the Steels of these 

plates are of entirely 'different composition.' 

Table 

Plate No0 258 	plate No. 274 . 	. 	. 

.-(Per  cent)- .  

Carbon 
Manganese 
Silicon 
Phosphorus 
Sulphur , 
Molybdenum 
Chrohlum 
Nickel 
Vanadium 
Aluminium 
Tin 

0.26 
0 . .43 
0.09 
001Y 
0.014 
0.57 
1.72 
$.45 
0.17 

Not .detocted. 
0.010 

0.30 
0,65 
0.14 
0.011 
0.011 
0.53 
2.07 
0.63 

Not  detected. 
h 

0.009 

• 

Mechanical Testine- 

The mechanical properties of the steel in'theso 

plates were determined. 

Owing to the hardness of the stee1 0 .1t was not 

practical'to madhins out standard round tensile bars. Bars 

having a square section were cut out and ground. Owing to 

the condition of the plate it was not possible, te obtain: à 

bar with a gauge length lenger Udan 2 inches. TWo bars.were 

out  from each  plate 9  one bar. parallel to the direction of 

rolling (longitudinal) and the  other bar'across the direction 

of rolling (transverse). The results of elese tests are 

• I 



.3 2.?,7 e .Ti0  229,600 265,000 241,500 

171;3.00  154,800 182,100 185,500 

	

16,3 	11 

	

30„5 	18.1 

	

0„6_;15 	0,6538 
4'75 
444 

33 	10,5 
29 	19.5 

0,5486 	0.561 

495 

e.t. the  grain 	 . the steel fk1.1  PILte•No_ 
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U+€ochanical Testing e  conttd) 

given in Table 

Teble II,  -  Mechanical Properties, 

Fia ' - b No, 258 	Plate rio, 274 
reir.1 ,,; re ,' ngrtu- 

IirtI 	verse 	dinal 	verse 

Ultimate tensile strength, 
P.301, 

0,1 per cent proof strsss, 
P02.10 

M.ongation in  2  inches, 
per cent. 

Reduction in area, par  cent  - 
Cross-sectional  ara,  sq. , In, 
Vickers hardne38 numbe 	- 
Brinell 	ft 	 ti  

Microscanaminatio:11 

Specimens were prer.ared  x 	microscopc 

Figure 1 ts a photomicrograph, s'.c. 1 	diameters,from Plate 

No, 258 in the "es polished' conditiçn, (2.ompare this with 

Figure 2 which is a ph:tomstcr(Jgrlph rlso  at 10.) Icu.ctcifnm 

Plate No 274  In  the 	polishee •;ondition, Note ',:ho  eln- 

gated inclusions  in  Pll.te  No, 25:2,, 

Figures 3 anJ 4  0.:7e  photomIcroirraphs at 2,000 

,lameters ebyerin3 tho strucare -)f 	oteel in Plates rcl 

and 274, cespectivalj,  as re'!ealed by a picral etch 

ât etould appear from Pgure 7 thi-tt hsre were some carbief 

Eardenabi1it2: 

The UeQuaid- -„7,hn grain  size of both of these ete , e - s 

at 17000  F,  was found to bo  7, '.73:7te  1)ardenability. calculp.ted 

from the chemical anal:sis fordl.n. to data  published b.ç 

Uarcus A, Grossman in '2echnfal ?ubcaticn  No 1457. It31 , 

is  4.ven  in  Table TM, Ty.s value 	expressed as ths 



Ideal  bar  diameter »  inches Es 41 	 6,61 

I  r` '1' 	 • 

-  Pace 4  - 

(Hardenability, cont'd) 

of s round bar that will just harden at the centre when quoncP 

unc.er  ideal conditions., 

Table  III, -  Hardenabliitalculated from 
-;hemlen A .aalysis, 

Plato '„ire, 258 Plate  No, 

Decarburizatlon: 

Decarburization ws meamired by means or 8 hardness 

survey Results are civen in Table 3V, 

Table  IV. 	Depth  of Decarbur1zation. 

Plato No, 258 Plate No,  

0,03 

Discussion  of Results: 

There  have been early peints of difference found 

bet:ween these twe plates, 

Plate  No:, 274 Is ruch 'larder tnaLn Plate No.  258, 

.,7.1 be accepted  tIC the roason why  Plate  No 

274  resisted  penetration batter  under  ccelditionsof  test,  

However,  it is  a fact that  when armotr 	becomes  too  bar.  

lt  has  h  tendenci  to  spall  P, _ nd  crack whcn rittacked vith 

heavier ammuniticn;  that  i,  lta 	esistance may  be 

lower. Neither cf these  plates  7i,as subitted to a dhock test 

so their behaviour under tiese conditiens is not known. 

It will to noted  froc  Table  fl that there  is  9. 

Depth of decarburizi - tIor, 
irches 
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(Discussion of Results e  con.Ud) 

' greater spread between the 0 ° 1 per cent proof stress and 

the ultimate tensile. stress for Plate NO, 274 than for Plate 

No °  21i8 whon taken in the longitudinal direction °  There is 

evidence that when two plates have the same hardness the 

plate having  the  wider spread betwen the proportional limit 

and the ultimate . tensile strength may be expected to possess 

the better ballistic properties °  

The other main point of difference is in the type 

and emount of inclusions °  The steel in Plate No v. 258  ha s a 

fairly large number of very long stringers e  composed mainly 

of sulphides °  The steel in Plate  No,  274 is much cleaner 

and there aro no long stringers present, Those long stringers 

in Plate No °  258 would have the tendency to cause the plate 

to span More readily °  This difference in inclusion type 

and frequency.  may also explain the low reduction in area 

obtained on the longitudinal tensile test of Plate No v  258 °  

• From Figure 3 it would appear that there is a 

slight suspicion of carbides at the grain boundarîos of the 

steel in Plate No, 258 °  It is Interesting to  note s,  in this 

connection, that the . steel in Plate No °  258 contains 0,17 

per cent Vanadium °  Vanadium carbides are very difficult to 

put into solution unless special precautions are taken in 

heat treatfflnt °  The presence of segregated carbides will be 

injurious to the ballistic properties, 

It  ha  s been Éhown in our Report of Investigation 

No °  1319 (October e  19e2) that there is a certain optimum 

range for Grossman hardenability values and that as this 

value increases beyond that range the ballistic properties 

suffer, The optimum range has not been determined for'this 

thickness of plate but the possibility exists that the 
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()iscussion of Ussults 9  conted) - 

hardenability of Plate No. 258 exceeds the optimum value. 

:Before too much significance is attached to the 

above-mentioned factors »  the following points should  bø 

brought to' mInK3 

_ 1. The ballistic limits . of thoso - plates are not• 

- known. .it is moroly known that Plate No '274 defeats 0.5 

calibre A/P shot at 2 9 820feet per second and Plate No, 258 

(loos "not 0  it is not known whether or not Plate No. 274 

would have satisfactory shock-resisting properties, . 

6 When two plates vary widely 4 ballistleproper-

ties it is often quite poSsible to find some,explanation'for 

' taie  variation in tha presence of ferrite »  messive.carbido 9  

inclusion segregation, etc 09 -  or some other self-evident 

indication of faulty manufacturing practice. But when the 

variations In quality of products of processes reasonably 

.well'under control are being studied and correlated it is 

necessary to have available a large nueber.of samples and 

'the narrower the range of variation the largeeis the number 

of samples required. 

Bearing these, two facts in nand, »  the recuite  of 

this :Investigation may be analysed as follows? 

The higher hardness of Plate No. 274 9  combined with 

the'wlder spread between'tho proportional limit and - ultimate 

tensile strength e ,  lack of grossly elongated 4clusions, 

cleanliness of steel »  and lack of evidence of segregated , 

carbides 0  au  indleate that ells plate should  ho  expected to 

possess higher resistance to penetration. 'kT light-calibre 

ammunition. (0. Calibre -) than - does Plato No'. 256, 

It is Interesting to note that the steel in , this 

. plate, first of all contains no vanadium ead.secondly 9  is 

^ 
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(Discubsion of Results e  contîd) - 

a chromium-molybdelTum stool, Is this combination of high 

hardness o  low proportional limit e  and high ultimate tensile 

strength a characteristic of this steél or is it merely a 

characteristic of this heat-treatment process? This question 

shOuld be answered. If it is possible to produee a duplicat 

of Plate  No. 274 for i3ompicto ballistic md ewok• testing, 

this should be considored, It would certainly be a worthwhile 

development if an arwour plate of the hardnas.:i; of this  Plate  

Wo. 274 and possessing good shock-resisting properties could 

• be produced, 

CONCLUSION5 

1. The steel in Plate No. 274 is harder and 

possesses mechanical properties superior te those of the 

sstsol in Plate No a  258 0  

The steel in. Plate No, 258 contains many 

elongated inclusions, This will lower the resistanee of 

this plate to spoiling ° , 

$. The steel in Plate No. 258 contains vanadium. 

Vanadium form a very stable carbide that is vary difficult 

to put Into solution on heat treatment °  Carbldo segregations 

were noted In this steel. 

Recommendationt 

It is considered that  the  results of tbdo investi-

gation warrant a more complote investigation into the ballistic 

properties or plates simllar to Plate No 2740 
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Clueljj, 

Fle2E1_1, 

Xl0C e  as polls:tad, 

PI= NO, 253, 

qote inclusions and 
compare with Figure 2. 

AC 

Elare 2,  

X10,  an poliste& 
PLYP.7.1 NO, 274. 

Nc.t5 f_nclusio -as  and 
compare with F1,3-ure 1, 

0 0 
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(Lui2_9  ) 
Fieure.,  

X2000 e  electrr, polish, picral 
PLATE NO, 258. 

Little payticlas that miIt be carbides appcar 
along one  D).'  the cm&tn bc,luarles in this picture 

0 0 

X2000, electro polish e  picral etch, 
PLATE  NO, -74. 


