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JTutrvoduction.

At the request of IMr. M. L. Batten, T.0. DY, for
Inspector General, Inspactlion Board of Unilted Ringdom and
Canads, "0 Lyon Streev,; Ottawa, Ontario, we have undevtaken
to review some of the recent literature on armour and to
abstract information which we consider to be of practical
value .
The result is not a treatise on physics of armouw

but, rather, an avtempt to describe in simple terms whab
actually aappens when projectiles streike armour. Like all
other phenomena in nature, 1t iz probable that armour ponse
- tration behaves accoeding to exacht laws, The true laws
goeverning penetration have been approximated, bubt they are
go modified by the varyiny properities of the materiais used
that exact prediction of periormance is not yet pessible,
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Prossure Regulrved to Conbinuously Penebrabes

The pressure ot whiclhi o loaded puneh will
continuously penetrste a blfmi{ of duca“c.ilca motal lag known
a8 the iaz:’m gsure of {lul d‘Hﬁf;‘ﬁ

Proggure of fluidity = & x Brinell hardness nurber
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Brimnell hardnsss = 200,
Punch = I wine & 1 nwa,

Progsure required to sink puneh = P

o . L
Pox Imm™ w2 x B.RLY,
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P 400 Kg.

This simpls equation shows how incressing hardnessy

glves Increasing reslabonce to slow p@m.sf:";‘.zfaatiunc

EemTy,

Zonc*@” hag stated that in slow punchling an

egullibrium of Torces iz established in the plate, In
high speed penetratlion there 1z not time for sn sguilibelan
to be set up, nd hence pressure of Fluldity lews are uoet

applicable,
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T conditions of atteck are such that the snergy
of the shob can be all shsorbed elasti aally s then the dhot
will mbqu‘nd‘o The hardér pil.ats. ls made the greater the

amount of ensrgy that can be dissiveted elaaticelly,
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OBSERVATIONS ON THE &’%,S SURE OF RLUIDITY OF AMNEALEDR
MEVALS, 0'Weill & Graenwood, J,1,M, No, 1, 1932,
BB .

Private c..omrmnu*?mum



= Paos 4 o
Go Pang!
The observed oh 1BTIE. B gdciahu with pPenetrabion
' I

of armnouy el

2Nl
shatibering,

Pata

RIS

In

K

this case

of plate,

edge of the

sho

out of the

e

considersd Lo he

L..‘ihfi"

RLXTCIEv

pﬁojce 410 Gratoyadey

thae plabe,
NS ayo
Ly piug,

peta 0¥

voloolity of

PREDY

&3

e

s
g
e

pro e

pluge ’};Y{, s Bpallin

L 9o ﬂ ag:  peballing, &, or
La the p’bf“PPGd Lype of penebratlion,

ahol 28

o
o ‘.:- ()

nmew {: i b}“OUh Jl

deing pleces

The wwvd‘beta&?rexafa b0 Bhe appesrence of the
Geola,
RoOurs When a slup of mebal iz sheared

'ef a disc of

Spalling la genorelly

gteons effects nm parsﬁwweg

riog of armapou h\g generally occurs whesn the

ig Far in oxcess ﬁf‘thmtfnamd@d.tm defaal

v

o show thatl ammg plate

8 ovidencs Lhe will
spall, depending wpon angle, aadihire -and

LIJNF R““Ule JFH§1MOUQM£2,A?K

Thoves

ghol o

offect of
on‘platm ol
aguation wors

‘ &@ﬁ&ﬂﬁﬁ oy olaﬁ

-d@ﬁ@lﬁp@d YL BOw

~and bhiawn; 38 of

bean modifled

agsune that

FRIyEng

8783

the

A X
bt

hn Ve been ma 137,.9.13’&4@1’(1}9‘&53, t;f:’; o Logm Lber' ,}16

£ different oabeuqh ﬂud ALfTe vowp VOJOClLlOH
ing bLhiclness inbto one edavtinuﬂ

the raﬁultﬂ of

Lleble, then &nprrajecﬁilﬁ

pooould be predlotsd, Jdoecoh Pe Merre, in 1836,

?a

=y

ztiam &1voiv£wh mass O ghéb, vglcmityﬁ galibreg

&rmmura Tals dlm Isi@ﬂuimnyp@‘équau o e

oin., 1 Lo B f} , &}’mpm c.-'-zf.;;,u.t.é.‘i;:l. o
sPelliing enersy whioh d@f@aﬁs'th@ plats is




[RN IMEERE L 0D

gquatioc s e

NERA ety ooty

: 1 . =
Ordnavce Board (Eng,) WV = ¢ qpU.718p0.76%
- by
De Marrs Way = Cn;:)é.r s /ﬁﬂ 5
Keupp WEY g Ve 867 pe s
'y . s ;) s .
, 2

folsson WEY o r{’“ BETYH0, 853
G’ofj‘

Thompson a peted Lypy ‘*ND

jd

o~
N
a

Stookdale . WY = O 5D *@“ 5
. “ ‘&

Thompson s P valuae Yoo (".L‘;‘T‘ )"‘2

(W /D™ ?5

W= Mags of projes Lllss in pounds,
¥ o= Strlking vcﬂuc’i*&v in Yeet peyr sec, .

o ‘I’h},fﬁi’nom; of plabte penetrated, in mn,
D = Diametey 03’:‘ shot, 1‘1 inches,

Tom, g o, mf,.,q £ magtants.,

R R T e

& = (m.bla 05.‘ atback,

)
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CONDITIONS WHICH NMODIFY PENETRATION PHENOMENA,
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Variance of Ballistic Limits:
érom the foregoing equations one would be lcd to

' | believe that with a glven shot and plate and angle of attack
ballistic limits would be constant, Proving ground results
show that ballistic 1limit is variable, Figure 1 shows how
the test results were distriosuted for seventy-three ballistic

limit tests on 60-mm, armour using a two-pdr, shot,
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The exlsting bellistic formulae do not take into
account the varlations in the properties of shot and plate,
For this reason one should not rely too greatly on the

De liarre type of equation, A limit of accuracy should be
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wrocegits, sorblie, and peariite therefore diffeor mainly in
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18 low in lmpect strength, Rolling tends to break up the
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W = Mass of. mvm;m tile, In pounds,

D o= Dismeter of projectile, in ndhmwo
o= Thickness of platve p@m@twauadg o,
KQ = Gonavant . .
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Part 2, = How to calculate aeffect of velosity on
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v = a(®b), shot dimensions conatan
¥ = Velociby, in Tho /800
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a ond b = Constanta,
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a and b must be Jdetermined from bvests et different velocltles,
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1500 = a{ &th} = 8a + ab
200 = 2a
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b= A700-1000 . ¢
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the effect of a shot ls a function of mass x veloolty
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Ag long as the snoergy of the shot is unﬁl?zad in plastle
dafﬁrm&tien of the piate the Brinell=iype formuls applisg,
Whan th@.plate la plugged o petalled the De Marre Uype
pquation holds approximately, For pinhols fallure the
Krupp squation applies more accurately,.

& notsworthy ex anylo of the failure of these
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It was diascovered that some plate satisfactory on the 37-mm.
tost would shatter or crack when struck obllquely with heavler
projectiles at s low veloclity, It was necsssery to develop

a3 "ghock btest" to supplement the 37-mm, test, The empirical
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the effect of heavier projsctiles,
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prejectiles,
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converted into sound, Two types of weve mobions muast bo

visuslized, the plastic wave snd the olastle wave, Tuning

forks and bslls are evidence of elashic waves in wetal
a

gince there 18 no permanent displecement, Practical evidsnce

of the existence of plastic waves is obbtalned from tenslon

Jmpact tests, In this test a tenslon specinen ls pulled

apart by engaging with g highespsad device, Conslderable

b Nogmanm e
W SURERL

evidence hesg lndicated that the lmphc . remaing at the

same level as Impact spesad ia inocveased up to a certalin point.
At this Teritlcal veloelty” the energy required to break the
apéeimem'draps bo & Low value and with incrsasing velooltlen
There 18 then a cerbtain veloce

it remains ab this low lavael,

ity where the nature of the impact load iz chavnged, Wea wmay
o L )

agsuma thet since spead ls the varleble, energy waves are tho

Interfeoring phoucmenn, Qther evidence that plastic‘wavea
axist Is given by marking tenalon impact %ﬁaaimeng uniformly
and raeacording the elongation of each zechlon,

St131 further svidence of plasbtic waves Is glven
by the appearence of the hoels when a plate s plerced slowly

and abt high velocily,

v w';..h,m\\

Ay

N

Plevrced

Plorcod at

el
¥
o

i PRECI .

L~

glowly,

Mararaset

IPVEE VI

high veloclty,

Note that the metai 1s plled up on the gsids the

shot enters,

initiated by the zhob, the plabe would be shattered,

LMo

I enerpy waves of high enough intensity could be

due Ho

ity Tlexibllity cen e

Body

aslly dissipate energy
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wnves, therefore 1t can be mede gqulbe heprd provided, of

coweae, thebt At |has felr plastic deformation properties,

- Ay aprmour becomes hoavier and'péﬁsam&as nore rigldliy end

inertlia, 1lts capocity bo dissipate wave motliong doos nob

4

'

iﬁcw@aée prapowﬁienataiy,with its mess, This iz the reason
that heavy avmour must be seoft,  The low yleld allbwalmf"
piaaﬁia'd@farma%imn bafére atregses are bullb W,

| The energy of the shot ié veanslormed iﬁt@_plaati@
work and @l@ﬁtig'mmvamént in the plate, One esbimate phacasy
lﬁh@'fractﬂan'of SReDEY diﬁsipatéd‘él&atia&lly‘&t,éO por cant
_whén near the b&llisbicllimit gad plate ié one - ¢alibre thiaka
'Wiﬁh thiak@?-piateg the alastic mba@rptﬁ@mlof @nérgy dacronsod
markedly, ) " :
From the Fresaure of Fiuidity law, th@‘f@rgﬁ

veaquired to sink 2 punch (Kg/ﬁmd} = bwice Brinell hardnesgs

E

muwber, Reslsta ce to punching, that i3, vesigbance Lo
plastic #low therefore iuncresgesz with herdaess, Under shatlo
loading this is 8 stralght line relationship., Under bellliastilc

3'aonditiﬁnﬂ it can be vi&ualiz@dvth&t.at 10% hardnesses vory
Little snergy 1a| absorbed 9lastiéatlytby the plete, 'En@rgy
i&vabﬂoﬁﬁed-by pia$t1c~f10w'uat11 the pl&ﬁ@’iﬁ parforated,
Ag plat@ b@gmmaa'hardwrb.mér@ énd mors energy Ls fbacrbed
elaatic&lly uﬁti; 0§@ntéally o %Pittle wype of fallure
f@sultso Tha éu@tiie ﬁypé of failurd aan:b3 @xﬁi&in@d by.‘
@mpiriqél @éaationsg Bringll, Da Mmfrmg/énd'Praﬂaura o
Fluidlby law, FBivatic behaviowr of brittle faliures Le

antributed by Zenor to energy waves in the plabe,

oo
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Types of Shot and Plate:

The nose of an armour-plercing shot is subhject o
terviftc comprosslon impact, It nas been found that under
certaln condltionsg a solt abteel cap wllil greabtly Increase the
shot's offectivennsg, A supporilng ring of =zoflt wmetal can bhe
visualized ag holding the nose of the shot together ag it
penetretes the plate, Face-hardened plate is used to break
up the shot, This type of plate ls successfully attacked
Withlhardmnmm@ shot, The application of any furmula to
armour penstratlon ph@nbmena ig comsbructing a mathematical
model of reality which, &hile 1% may be accurate over a sasll
renge, cannot he used for wids interpolation, For ihe practical
student of ballistics 1t would be of more valus to study azctual

b

firing test regults of a wide rangs of plate thickness,
projectile size, and vaiocityo Having orn hand tavulations of
actual ballistic results one may then make 2 bebter estimate
of the results of attack,

It is obvious that equatlons for armour performance
are modiflad by the type of plate, Face-hardened, homo=
h&rdenedﬂ and homo-machinsable armour arﬁlcompay@d in other
gsectlons of this report, Copped and uncapped shot and cased

£

b behave differently also, Ths dlgcussion of

s

and uncased she
the equetions of armour performance ls therefore of & general

navure only,
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