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i'ihen tlevi~int anti tcat.ine light .·,·uii:;ht. arcor ~t1·uctun:~, for defen:.;c 
ag6.inst small ca.Uber J1P !ml.lets, it is .l;;1poru.nt to kno;,· to ilh~l oegree l\ 
structure's effcc!.ivenef>s depends upon t.Lc :.peci~ penetr~tir.g chtart.cteristlctl 
of the projectile~. Specfol char~cteri~tics t.re presenteci by smw.l cr.liber 
JJ> bullet penetr1. tlonn due to the importc.nt effects of the copper c..1107 jt.cket 
upon pcnetri;.tion. i, stuo.7 ht.:.s been ni:ille of thln fi.ctor by c~poring iwi:;octs 
or cv.liber JO AP bullets upon test plLtc:. of mild s t eel end STS &roor t1itr. 
impacts upon the :.ame ph.tes of the J.P core of the r.bove bullet minus the 
jacket. Reoul ts obtr.ined show tl:nt the js.ckot does p~t of U1e \:lork of pene­
trc.tion tnd r:.ssists penetrc.tion by increasio6 amount::. &s the velocity incret.sc:.. 
This effect, honcver, iu neeative (requireu incre~sed bullet velociUe~ for 
penetr1.tion compt.red rslt.r. the velocity NGuired for penoti•c,.tion by un J.P core 
without the Jc..cket) belo\T & cru..rt.cte:d;;Uc velocity which incr e&ses wiU: the 
hardness or the armor pl6te. Hard fftced armor, therefore, hos un obvious 
cdvnnthge vgainst these sl!Wll. caliber AP bullets. 

Tr..e above results furnish ~n e1ph.ti1ttion for t r.e difference in penetrr..tion 
cho.r&cteristics or smill coliber ~ bullets and lorEe projectiles ~g&in~t ST$ 
oraor plate. In fuct, curves of F(e/u,8) vc. e/d plottec: for impacts of 
caliber 30 ,\P core:. (lrdnus the Jacket) tsBEdnst ST$ arcor plE-itc ::;hoii close 
siJnil61'it:, to these curves as obtf..ined ror ii:r.pl'.ict~ of uw.jor ct.1libe1· projectiles 
on STS bl'QOr pls.te 1n spite of the e~treme scole ~6tio. 
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AUTOOIUZATION OF PROBµJI 

e l. Thin proble11 was authorized by Bureau of Ordnance letter 
slJ-1(4/l?J) Q8 of 13 December l9J4. 

INTR~DUCTION 

2. Sae.ll caliber armor-piercing bullets hllve relbtively a very 
special construction. Genernl understonding of the fllnctioning of the type 
or projectile light arQOr JRUBt frequently defeat rc~uires incre~sed knowledgo 
of the effect of the copper alloy jacket upon the penetrf.tion of AP bulleto. 
In order to obtain the desired elemen~ry facts with the le&st confusion of 
conditions, the test pl6tes were confined to two stand&rd materiw, mlld 
steel (anne&.led boiler pl.ate) and STS armor plate. 

3. Caliber .30 AP bullet penetr6.tions or materiw.s like STS armor, 
cold-rolled steel, 11.ild steel, etc. show o. Jacket crot.Esr. The Jo.ck.et penetrlites 
various distances into the metal e.nd at extreme velocities the jacket completely 
penetr&tes the plate. At oblique angles aga.ins.t STS plt.te and at all e.n&les 
against ruce-hi.rdened an:ior plate the jacket supports and tends to prevent 
breakage ot the steel core during earl.Jr stages or impact. 

4. It is not at preoent poaible to malce a complete study of the 
latter effect. As a result or the development at the Navul Research Laboratory 
ot a technique for producing ond controlling impacts of bare AP cores against 
pl.ates, it has been possible to study the action of the jacket in cases in 
which the core does not break. 

5. Various thicknesses or mild steel (annosled boiler plate) were 
penetrated at a wide range of velocities. The residU8l JIIOlllePth were recorded 
by a ballistic pendulum and residual velocities deduced. In order to atu:ljr 
illpacts by the AP core without the Jacket, subject pllttes were fired ut 
through a thickness of mild steel sufficient to strip off the Jacket. The 
Jacket stripping plflte wna ple.ced normol to the bullet trajectory and one to 
1-1/2 inchea in front of the test plate. · Estimates indicated toot the very 
saall cbangeo in trCAJectory direction impnrte<i by the first plate did not 
appreciably affect the penetrations in the second pl~te. There r.as evidence, 
however, of o.ngula.r velocity about a trmisverse axis which v:ould amotmt to 
n considerable deflection of the core• oxis at larger distanc~s behind the 
llli.ld steel stripper plate. For inst.a.nee, the extent of the devh.tion V&ried 
from a few degree~ to the order of 400 ~t 20 inches from the mild steel pl~tc. 
As a further method of estimating. the omounts of uiG.l. devh.tlon pre::;ent c.t 
impact, the orientution 0£ the perforations in the second pl~te were ct:.refully 
eXl.111.ined. Premunebly these orientations riill shou 6. li.reer devi&.tion t.hnn 
will the bullet uin at normal impact. At the sepo.rr.tions used (1- 1/4"), 
the devi&tions shown by the bullet holes were not larger than four degrees 
except in r&re instances. These cases y.,ere rejected rrom the finnl data. 

6 . As much as two degrees of yav:, on the nvernge, may have be~n 
present when the AP core strnck the second pl&te. The effect of this 
.deviation of the projectile axis, which increases the sectional G.ren p•mched, 
is not well knorm quantitatively. A four percent incret.se in F(e/c:\e) is 
perh&ps a reasonable estimo.te for the normc.l impacts of the liP core. No 
Eittempt was made, however, to adjust the dE.ta for the effect of this nngul.6.r 
deflection. The conclusions drawn are not affected in nny imporwnt lllllDller 
by a moderute incret.1se in pkte abaorpUon of energy resulting froa the 
increased section of the plate punching. lt waa ~s~w:aed, therefore, that, 
&.t the small pla~e sepnratione uaed, the cores "ere trr.veling esoentielly 
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true v1ith the originv.1 flie;ht direction 1..nd witli veloci tie:,; which could be 
determined fr0111 the bt.llistic pendulu111 dt.ta. 

7. The energy absorbed frcm the incident ~p core w&s obtLlned ~~ ~ 
function of the core energy at impuct; fir.ut, with f ull bullets, t hen r.i th 
stripped AP cores, striking the s£iJDe plE.te. This procedure r.·L.s curried out 
for various thicknesses and &t two obliquitles for mild steel, STS aroor pl~te 
and STS armor pl~te reheut-treate<l to grehter liLrtlnoss. 

8. The gtm, bullets, nnd ballistic pendulum used for this stud7 &re 
the same as those described in Naval Research LCJ.bor1..tory Report 0-1429 of 
aauch 1938. 

9. The plates used to remove the jacket from the AP core wero of 
thicknesses from 1/4n to l/2n annealed boiler pl~te and will be referred to as 
stripper plates. Data on the residual momenta of cores after penetri.ting 
various thicknesses of stripper plete were used to detercdne the residu6l 
velocity curves shown on Plate l;. By use of this chart and severul stripper 
plntes, impacts of the stripped AP corec at n desired series of velocities 
coulcl be obtE:..incd. Individunl differences between stripper plei.tes r.ere suffi­
cient, however, to justify the use of indlddual calihrnlion curves for the 
stripper pl~tes in the final reduction of d~ta to estilllhte the velocity of 
the stripped ~p core &t impact. 

10. The AP cores averaged 87.5 grains in weight c.nd 0.255 inches in 
ditJDeter. It hau recently been found possible to fire these AP cores ground 
to a dhmeter of o.;-45 inches, tinned and finished to a diruneter of 0.257 
inches, in the cdH,er .25 rifle previously used for photoclt.stic study of 
impucts. The low reuic.unl velocities of stripped AP cores obtr.ined :.i.t pene­
trntionn of stripper pl[._te near the lilll:it velocity ,,ere not accur£.tcly knorm. 
Therefore, limit~ for the stripped AP core on very thin STS pl.Ltes ~ere deter­
mined with the cc,liber 25 gun us well as on the 100 yard range rdth the caliber 
30 gun. 

DATA OBTAM:!fill 

ll. Tv,o Aberdeen chronograph screens pl&ced 16 feet bJ):irt {second 
screen nt ~bout 90 yards from the gun) were u~ed to measure the velocity of 
the full bullet e.t impact. A small correction was upplied for lo~3 in 
velocity between the screens and the p1ute r&ck. 

12. The pendulum was calibrated by firing full bullets of known weight 
into it at velocities up to 1500 ft/sec. Since the deflection is only of the 
order of 2 inches at most, while the pendttllllD suspension is 72 inches long, the 
mensured momentuo vms ticcurt. tely a lineLr function of the pendulUL1 disple.ce­
ment. Theoretical deduction of the calibrL.tion curve, based on the pendulUDI 
weight and the 72-inch leneth from the point cf i;uspension to the level of the 
lndlc~tor, gbve essenti~lly the so.me c~librntlon curve as was deter.ained 
experlment&lly. Vihen the weight of the pendulum (o:::-iginn.lly 65 lbs., no\"1 
about 120 lbs.) wus chuneed from time to title, the cnlibrstion curve was 
easily redeterraine<l by firir:e a few bul.let.s of met.sured velocity directly into 
the pendulum. Con:;i~;tcncy of the dnts. indicated probuble errors of ..;.bout 10 
rt/sec. in velocity <leteruunntions with the Aberdeen chronogruph or with the 
ballistic pendulum. 
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lJ. Penetrations .ti.t about lOQ ft/sec. interval~ from net.r tho liml t 
velocity to the point where the Jacket begcm to penetrr.te the plE-te riere used 
to callbrE.te the stripper platell. Assuming tbe averllge core weights to be 
8?. 5 grains, the incident core energy wc.s computed from 

rt. lbs. 

where V was the bullet velocity measured by the Aberdeen chronogrc,ph. The 
pendulUIII reading was transferred into residual velocity by menns of the 
above f'oraul&. using residual velocity !or V. The difference between the inci­
dent and the residual core energiea, which is the absorbed core energy, WGS 

plotted c.s a function of incident core energy. These data lead to curves or 
the nature shown by full lines on Plate 2. 

14. It was desired to compare absorbed core energies when full bullets 
were incident with tbooe when only the bare AP cores were incident for the 
s8118 group of pl&tes. To do this a stripper plate va3 fixed 1 to 1-1/2 inches 
in front of the plate to be teated. Knowing the velocity of the incident full 
bullet, the residutl energy of the core Gfter passing through the stripper plate 
could be found from curves such as those on plate 2. The residual energy of 
the core after penetration of the pl.6.te under test was .found as outlined. above 
by meliOS of the pendulum readings. 'l'hua, curves such us thooe shown by dashed 
lines on Pl~te 2 were determined. 

15. Whens single thickness of mile steel stripper pl~te in front of 
tho pendulw.1 wns penetr&ted at high ve1ocity tho weight of muterial striking 
the penduluu wus uncerthln. Debri~ consisting of lebd from the nose of the 
AP bullet, sms.11 fragments of the pl.o.te material, and (ut the highest velocities) 
fraements of the jacket struck the pendul.Ulll. The totw. neic:ht of sucl: me.ter'-cl 
~s determined 01 pc,.rti~l recovery from the pendulum ft.ce wd ~elghing ~~s of 
the order of 5 gr~in~ for~ 2200 ft/sec. penetr~tion of 3/8" mild ~teel. Smnll 
adjustments for thiz error of the hit;h velocity pu-ts of tbe curve~ on Plr..te ;.; 
were made nnd uppeured to improve the consistency of t:ie dc.tt,. ucing diff·erent 
stripper pl&te thicknessen. 

16. Havir-g determned the curves shewn on Pl;te ~, the core energy cb--
sorption curves for full bullets zmd for :;tripped core~ 1·1ere cJ.ctermined on STS 
plEte~ and on a 1/4" thlckneos of STS h~rdened to Brinell 375. This procedure 
wa3 also carried out on sll three materials with the prc.jectilo:.; incit!ent at 
thirty degreeo on the test plo.tes. '.J:·he results are shov.n on Plates 3 und 4• 

17. Other data of interest in connection with thlu study bud been ob-
tained during the early part of 19J7. Detailed meam1rcment~ were mnde on a 
lE..rgc number of partial and complete penetrutions into 1/2", l" and 1-1/4" 
thicknesses of mild steel with AP caliber JO bullets. The me~.:rurement believed 
to be of significance viith re3pect to thi::: :!tudy wa~ the determination of the 
position of the bottor:i of the j&.cket cruter with respect to the flo.t plE.te 
mirf1:1ce n8llr the penetr&tion. Accurr.c-.r beyond 0.01 inche~ wc.s not uttem.pted 
in the mensureinent of these depths o.nd the effect of irregulCJ"itie~ in impuc:t 
conditions wan severul times O.Ol inches. Figure l of Plate 5 shown the <lepth 
of the crnter IIM:..<le by the bullet jacket in mild st.eel for vo.ric,us incident 
core energies. 

18. As an orbi trE,ry me6.sure of the aid to penetrt. tlon given by the 
Jacket one may subtract the absorbed core energy when the full bullet wos 
incident, from tr.e ~bsorhed core energy when the stripped AP core r.~s incident 
on the plate at the sruDe velocity. Such da t~ we~ o bti,.inec. from the curve:; 
on Pl~te 2 and bc.ve been plott~d in Figure 2 of Pl&te 5. 
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19. By extending ballistic llait dal4,.Qn STS pl~t~ to very thin 
sections, it was possible to determine F = r/"-y c2s 6/el/2d for Ii r ange of 
e/d values from 0.47 to 1.47 at Q = O. For O = JOU, only two good value~ of 
F, nt e/d eqU&l to 0.98 and to 1.47 were available. 'l'be values of Fas a 
function ot e/d tor the two values of 8 used are shown in Ph. te 7. For the 
purpose ot comparison curves of F values tor major caliber projectiles &s 
measured at the Naval Proving Ground are also shown on PlLte ?. 

CONCLUSIONS 

20. Two methods or obtaining illlpacta nt controlled velocity with JP 
cores have been developed and applied to the stud;Y or general charbeterisUcs 
of the caliber JO AP bullet. One method consists in firing at norJIID.l. incidence 
through a mild steel plate (annealed boiler plate) which may be 1/4 to l./2 
inches thick. The plates to be tested are subjected to impacts of the AP 
cores at about 1-1/4" behind the mild steel plate used to NJllOVe the jacket. 
For oblique impacts some parts ot the test pl&te are too f61' or t oo close to 
the stripper plate and the shots 11USt be placed in that region where the 
plate separation is of the order of 1-1/4 inches. The second met hod consists 
of firing AP cores (from the caliber 30 bullet) ground to nbout 0.245 inches 
diuieter, tinned, and finished to o.~57 inches diameter, in f.. caliber 25 
rifie. This firing is done at a short inside range in the Lt.tboratory. 
Comparison ot plE.te resictance to penetration for the AP cores and tor the 
full-Jacketed bullets tor various thicknesses and vel.ociUes furnishes doto 
on the effect of the copper lilloy Jacket upon penetrntion. Due t o SOiie 

turning of the core and to inequnlities in stripper plnte material, the method 
using the stripper plate should not be used where n high order of &ccurncy is 
desired. 

21. Data obtained by the nbove method3 shor. toot the AP core penetrlites 
mild steel with smoller energy loss without than wit h the jacket up to about 
1700 ft/sec. velocity. At higher velocitie~ the jacket was an aici to penotrc.­
tion, the effect incrensing rapidly ~s the velocity incr~sed. For~ harder 
materi&l, STS Mrmor plate, the AP core penetrlited nith less energy uboorptlon 
with the j6cket removed up to velocities of 2000 ft/sec. For successively 
higher velocities the jacket seemed &ghin to be an incr6using uid to penetra­
tion with increasing velocity. The experiment was tri ed on u still harder 
mnteri~l, STS armor plate reheot-treated to a hardness of 375 Brinell. Owing 
to breaking of the bullet, AP cores were used bgainat only one thickness. ks 
fttr RS the experiment was &pplicable to ph.te of this degree of hhrclness, the 
jacket appeared to become an aid to penetrc.tion at about 1900 ft/sec . These 
experill'lents indicate that against materiels softer than ubout Brinell 300 and 
at velocities increusing above a certain velocity cha.ruct.eristic of euch 
materiu, the jacket of the AP cal. JO bullet functions as an increasing aid 
to plate penetration. These characteristic velocities m°'7' be & regular in­
creasing function of the h&.rdness, or perhaps of the t ensile strength, of the 
materials. Within the accuracy of the experiment the charlicteristic velocities 
mentioned above do not vary with thickness of mnteriw.. 

22. COlllparison of the jacket effect upon penetrations in milo steel 
with measurements of tr.e depth of the jacket crater (discussed above in porn­
graph 19) indicate a clooo relationship between the tho. Plcte 5, Figure~ 
shows that! when one t&kes the differences~ E~ - Er in obsorbed core energies 
with and w tbout the jacket as a measure or the jacket• n aid to penetr&tion, 
the effect of tho Jeacket appear t1 to reach uero at an incident core energy of 
575 ft.lbs. Figure l on the same plate shows t hat at this incident core 
energy, with the full bullet striking the plli.te, the bottom of the jacket 
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era ter i.::; at the same level a::; the undisturbed ourf&ce of the plu tc neer the 
bullet hole. Furthermore, tho depth of the jacket crater &nd Ee - Er increc.:;c 
in soocr;hnt the swne :nanner with incren::;ing velocl ty • 

.23 . In view of the above result:;, the effect of the j&ckct upon bullet 
penetrations such th&t the core does not. break appears to be to decretaLJC the 
core ener~ required for penetration by Wl umcunt roughly proportioncl to depth 
or the jacket crater. The effect is neec.tivc (requires incrcr,:.;ed core energy 
for penetration) at low velocities. Thiu DIP.ans that c.g~in~t coiiber ;0 hP 
bullets, thin plate (low limit velocitie:.;) will have hi~her bc.llistic coef­
ficients and thick ph. te (high limit vcloci tie:.;) tlill h&ve lo.;cr b(tllif- tic 
coefficients than L solid projectile woulci show, due to the jacket effect. 
This effect, therefore, is in agreement wit.h tho difference ln F(e/d,C) curvc::.i 
for 16.rte projectile:.i o.nd for 31Doll cllliber AP bullets strikine ST~~ t:rJOOr 
plate. 

24, Some trend::; of importance to qu~lit&tive undcrnti...nding of the 
celiber JO AP bullet penetrations ure illustrated by the ~bsorbe<l core energy 
curves of Plates 2, 3 nnd 4. The ru.opes of the~e curves :.;how that, for the 
mild steel and soft armor plate studied, the ebsortied energy tends to increase 
with velocity for the solid projectile whereas the slope of the 4bsorption 
curve is either smnll or negative for tho jhcketed projectile. The solid AP 
core curves show that enereY uboorption tends to increvce more rapl~ with 
incident energy for greater thicknesses and greater obliquities. However, 
the slopes of the curves ore not very uccuro.te due to the scatter of the dnt£.. 
It iz quite possible that obliquity and thickness :..re of less importl:.nce in 
determining the sho.pes cf these curves thun the velocity range over ,:hich the 
meeisurements extended. The fact that the AP core curves definitely show c.n 
incret:ase in absorbed enere:, ttith increo.:.ine velocity indicate::. a siltllarity 
to pkte penetrations by major caliber projectiles. (U~I Proceedings, lil{iy 
1930, page 413, "Bf..llistlc Engineering Prot>lem511 , L. Thocpson.) Other 
similarities are noted in the following pn.rngrnph. 

~5. A cor.1purison of F(e/d,G} versus e/d curve{; for t hin S'!'S plate 
c,,liber JO ii.P bullet und the solid AP core has been mude to tho=:e obtained 
on ~T~ plate ,11th major caliber projectiles. The ref:ults plotted in Plr.te 
6 ::;hov; thut curves for the caliber 30 AP core :ire much more like t hose for 
major culiber projectiles th&.n like those for the caliber 30 AP bullet. In 
fuct, when sooe smoll aversge ynw of t he AP cores, and differences in 
projectile design ~re t.6.ken into consideration, the F v~lues for AP cores and 
for mnjor caliber bullets ure in Guite fuir quantit&tive ugreement. 

26. . These indications th&t penetr&tions by solid burdened steel cores 
present similtr characteriutics to those by major culiber projectiles sug­
gest that vc.luable information applicsble not oniy to he::.v-✓ .:.r.n:)r 1Jb':.-~ but 
to the design of projectiles r.ri.ght be obtained fr~JU s.m.~11 sc1tle studies. 
Recent development b-J this di•rision ':)f rm inntrument !'thich photogrsphs li 

displacement-ti:De curve of tic projectile throuehout the ?rocess of penctrh­
tion, thu~ ?ermitting deteroinatlon of the force on the projectile at every 
stage of penetration, adds gres.tly to the ntt.ractivenm;s of such u program. 
A description of uses of this device in the study of light armor structures 
will be given in a sepurate report. 
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27. f/hen devi !dog and to:. ting light-weight nruK>r structures 
primarily for defense ag&.inst. saao.l.l cs.liber AP bullots, 1 t. 1~ iiar>ort&ot t.o 
ioow to J1hat det;ree :i atructurc' a ef.fecti venesa depond:; upon bullet •ie:.ilgn. 
Current lll0dol3 of the c1lliber JO AP bullet. h:ive about 40% to 50% of the 
bullet we16ht inn copper ulloy jacket not expected to pe.vs through ar110r 
pluta bnt posse::isinl sufficiont inertia to huvo er~at effect upon the pone­
trstion of the bullet core. Test:i h&.ve therE:1fore been llllide for tile purpose 
of deter~11ln6 cerbin gene.t·a.1. effect.~ of the Jucket upon r>Onet::ition of 
c~li~er JO AP bullnt8. 

28. The experlaents were perforilled at low obllquitios uainz te:.t 
?lates which do not break the ateel corea. Results obtulned indicate Uust 
t~e ja.cket is an increasinb nid to penetr~ti1>n as th~ velocity inCJ'f3ases. 
The at.an.Jard of comparison used fins penetration b-/ an AP core with tho jacket 
remvad. The otrect is Nughly proporti::»1al. to the dept!l of the crntor foraod 
b"/ the jacket anund t:1c entrcnce point of the bullet. At low velocltle:. 
(les~ tbon 2000 ft/sec . for STS armor plate), the AP coro without t?le jucket 
shous greater penetr~ting powor than the full- jacketed bullet at equal 
velocities. 

29. The voloci :,y at which the jacket appeurcd to aid possnge of t:Je 
jJ> core t?1rough teat plute was 300 ft/sec. grentdr for STS ar;.QOr (!3rinell 
275) t:mn for n soft.er 111ttterlnl, mild st.eel (Brinell 130). It is probable 
th.'lt & lt1rgo p:.;.rt of t::ie dlfrerence in penet..-ntion coefficient of face­
hardened bullet-proof plnte and STS plate i3 duo to the decreased effective­
ness of t:le jucket ,,gninst the ho.rdor plate .'Illit.P.,rltls. Experillent s with the 
caliber JO i.P core .:.~t..1nat hard plates usuc...l.l;r shovt break~e of the core. 
Experiment~ to be reported on spaced plutas shon sono of the ~dv&11tuges to 
be gained b;, !AlJdng une •~f the jacket eff'ect and t."1c vulner.-::.blli t .1 of AP 
core:; 1.1~t.i n:;;t h&r<i plll-te:1. 

JO. ikti.s-;ire..ient;; of the penetrt.tion propertio:; of the strl.i)ped AP 
cuiber 30 core ah::iv,ed Cl!rt.aln sillll.t.t•i tieo to penetr:lt ion pr:lperties of 
lar6e proj ectile.$. As 'llitn larle pr,:,joctilas t! .. e enoriJ' ab:iorbed ubove the 
limit of tnc phte vm:. found to be an increusing i'unctl on of tho i.Japact 
veloci~y. TJ-.o cl,,se corre:1ponden~ of the F(e/d,O) versus e/rJ curve.; of the 
AP cores (i.e. ■it.bout j,sct•ta) . n,b these curv•a &a detenained for 118.Jor 
caliber projectiles sqggests that aore caret'ul uperi•nta witb tbe AP oores 
which eliainate difterence:1 in projectile shape as well as the poaalbility 
of ya'tl might show F.i compli:ite o.greemont ln s,>lte of t.hc e>;treii.e ,➔c•.le r:iUo. 
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