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Examination of Two 28-mm. Armour Plates
Usad to Prove AP Shot.

gource of Habterial and Objsct of Tavestigation:

O October 13th, 1943, at the requést off Capb. M. Je

Wardy for the Diréator of Smell Arms and Ammunition, Inspectlon
Board of United Kingdom and Canada, Qttaway Ontario, two samples
of 22-mm. armour plate were submitied to these Laboratories,
for examination, by'F/LtOIDo Reynolds, Acting Superintendent,
SefA.Boe and Py JTeo Be o Ko and oy Fo 0. Box 280, Quebsc,
Quebec., These plates, which had been used alt the Valcsriier
proving ground to prove 0O.55 A/P amnunition, were idéntified
ag Lfollowa:

Plate No. 274 - producsd by Dominion Foundries and Steel

Limited, Hewiliton, Ontario, and
Plate No., 268 « produced by Beardmore, Lngland.

PTG Reynolds 't lebtter accompanying the samples, dated
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October 10th, Pile No. SAV/P-1:SAV/P-62, stated that the
Plate No. 274 ned shown superior reslsbance to penstration,

Tt was requested that these plates be examined to find any

significant difference that would explain this behaviour, )
This report has heen- delﬂvod by the neceasity of .
attonding to work of more pr@sglng‘nauure«
Chemical Analysiss
The chemicel analyses of these plates are given.
in Table T. It should be noted that the steels of these
plates are of entirely different composition.
N Table T. ' o
Plate Ho. 258 Plate No, 274
«(prer cent)- "
Carbon - 0426 0,30 o
Manganese oo Q048 0,65
Silicom v 0.09 014
Phosphorus = 0,017 0,011
Sulphur e 0,014 0,011
Molybdenum L 0.5%7 0.53
Chyomlum = .72 2,07
Mickel e 3ot 0,63
Vanadium o 0.7 Not_detect66°
Alvminiuam . Not debected, "
Tin : = 0,010 0,009

Py R

Mechanical Testing:

.Th@ mechanical prdpertiés of The gteel in‘thﬁsé
plates were determihedo |
| OWingvto'thé hardness of the steel, 1t was mot S
prac*ﬂo&i t0o machine oub gtandard round tansjje o&w&o Bévs
hmving'a sqQuare section wore cut out and ground° Owing to
the cendition of the olate it was nob posaibie tQ'Qbﬁaig’a

'
i

bar with a gauge length longer than 2 inches, Two bars were
cut from each plate, one bar. parallel to the direction of
rolling (longitudinel) and the other bar across the direction

[ . . . v
of rolling (transverse), The results of these tesbs are
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(Discussion of Results, conbid) -

TS
I

greater gproad beltween the 0,3 per cent proof streag and

the ulbimate tenaile streas for Flabte Wo, 274 than for Plate

No, 2858 whon taken in the longlvudinel drection, There is

avidence that when two plates have thes zssme hardness the
plate having the wider spread bebwen the propovtional limit
and the nlbtimate tensile asbrengbh may be expected te possess
the betber bLallistlic proporties,

The other wmain point of difference ia in the type
and anmownt of dncliusionz, The steel in P“ats No,. 208 has &
f@iv1y Large nuaabse of very loang striugers, composed melnly

of avlonides, Ths gtsel in Plate No, 274 is much cleanesy

and there are ne long stringers present, These long stringers

In Plate No, 258 would have the tendency tn cmise the plave
to apall moTe readily, This diffsersnce in Incluslion type
and froguency may also explain ths low reduction in ares
obtained on the longitudinal tensile test of Plate Vo, 288,

From Pigure & 1% would app@&r‘that there is &
glight suspilclon of carvbldaes &bt the grein boundaries of the
steel in Plate No, HSSO It is inbteresting to nots, In thls
comeactlon, that the steel in Flate No, 258 sonbeing 0,17
per ocent vansadiwm, Venadlum cavbides sre very Aifficulds o
put inteo solution wndess special precantlons are teken in
heat treatmens, The presence of segregabed carbides will be
Injurlous o the balllsatic properiies,

It hos boen showa in owr Report of Investlgation
No, 1319 (October, 1948) that there ls a captain optinus

Y

values and Lhat ag this

0

rangs for Grogssmen hardensbilis
valne increeases beyond that range the ballistic propertles
suffer, The optimum range has not besen determined foe this

thickness of plate but the pogsibility exists that the
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hard@n&bility of Plate No., 258 exceeds the optimunm valus,
Bafor@'?ﬂh much slanificance is attached Lo the
abovnmmpntjunoc faccmf the fGAmeing pointa should be 5

brought Ho miads . \

1 The ballistlc limits of thea@-plaﬁéa ars neb
Ckmown, - £t la werely kown that Flate No, 294 defeats 0.5
enlibre A/P shobt alt 2,820 fest per second and FPlate No, 268
does mot, It is not known vhether or not Plate No, B74

would have satlafactory shockeresisting propertles,

aﬁ When two plates vary widely in balllstlc proper-
tles 1t 18 often quite poas sible GO Eind smme,explan&timm'fur
fhis variation in ths presence of ferrlie, masalve ol rbld0&
incluslon segregebion, oehn,, or aome other &@lfm@vidan%‘
indical lon of foulby manufactuvAnp practlice, Bubt when the
varlationg in guslity of nroduesa of procaasos reasonably
~well under conurol are b@uﬂ” budxed and ﬂorpejatea it is
uncequapy to have mvai1ab§m 2 large number of samples and
‘the napryrower %h@ range of wvarviation the larger is the:number

of sanples reguired,

Bearing these bwo facts in nind, the resulits of
9

this luvestlgation wey be analysed as follows:

The higher hardness of Plate Wo, B74, combined wlth -

the wider spread between the proporbional 1imlit end uvlitimate

-,

D

smeile atrength, lack of gresaly elongeted lveluaions, '

cleanliness of steel, evnd lack of eovidence of segregated

carbides, alm indicete that thls plebe ghould be expscted Lo
‘pOB%O&J higher rosglgtance o penetration by light- .alibre
sormand tion (0.5 0 alidvre) then does Plate N@o MEB |

% is iﬁter@sting t0 note thes the steel in this

Cplate, first of all, containg no venadlum, end gecondly, 1ia

b
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a oshrvoniumenolyodemsn ateel, L8 ﬁhis comblinstion 0f high
hardngss, low propovtional 1imit, ond high ultimate tensile
gtrenglh a charsctervistic of thisg steel or s 1t merely a
ob‘r&euov stiec of this hest~-treatment procesa’? This question
should be answered, IF 1t ls possible to produce o dupllcabs
af Plate No, 274 for complete balllistic and shock testings
thig should be ceonsidored, Tt would c@rtéinly be o worthwhile

development 1f en srmeur plate of the hardnesz of this Flate

Wo, 274 and posgsessing good shock-resisting properties could
ba prodiuced,
CONCLUSTONS ¢

1. The stweel in Flate No, 874 ig hardspr and

wAra
'

Dosssesas mechanical proporties ﬁnpevlom te thoge of the
-gtesl dn Pleate No, 258,

2o Tho sgteel 1n Plave No, 2EE containg many
slongated lnmcluaio Thig will lowsr the veslstance of
thig plate to spalling, .

Sa The stesl in Plate No. 258 consains venadium,
Vananinm Porms & very ghable carbida vhat is very difdisult
to s Iato solution on hest *peatmcnbo Carbids segregations

weorse noted In this atsel,

Recommendati on:

1t Ls considered that ihe results of this investie
gatlon warrant a wmors complete iunvestigstlion lunto the ballistle

properties of plates similar to Plate No, 274,

[slelolslelagolelsleTelole]
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