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To eyalt*te- the ballistic~ reiostgipce, of -C bntjoa Of bhde .y on

with 24S-T aluminum alloy an- ihHdIl-a~gns te,w6
attacke,d wi4th varius type's of. fragment- simulating Mro elsfo
006 to-:800'-qbliquiti-ep.

Thi woit msperformed by S. Sahagian in the Research Labora-
tories of the Victory Plas#Ics Company, under the. su pervision qf

F.E, Uooneyt_ Di*rector.

-CpmbiqA#iA.q f b40hded nylon fabrig vith 24S-T alupainum alloy and
with- Hadfig1drman9kn9ge -gteel *ere evaluated ballistically "wth
caliber, 022 T437 -(17 grain) frogmentvsiMulating projectilds at
0, 3.00, 450 and 6obltItida, and withrcaliber 0,~15 (5.85 grain)knd

calibedii 0.'30Y (44,grin*) fra&m,ent-sImulatIg projectiles at 00 obliqutty
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BAtLLITIC MWS PANELS

EXPERMhENT-A AND STANDARD
SPIERSOM49t ARMOR MATXRIA34S

To. e-valu4te the ballistic resistance ot cothbiniations of bonded. iiylon.
with A4B-T aluminum alloy and with Bidtield"manga0~e 'st sel, *hgen

...take with. various.-types. )~f f4gQt~ igW9tlS~- -

'Op- to 600 obliquittik,.

ABSTRACT

Combinations of bonded nylon fabric -with 24S-T aliuninum. alloy and

Witb Hadfield-manganese steel were evaluatdd. balltstically with
calii?e;- 0.22 T-37 '(17 grain) fragxnent-MiMUlatihS projecties at
0., 300, 450 -and 600 ob1iqi4#tes,. and Wit cal.1ber 0.. Jp.)"pni4an

caliber 0.30 (44 grain) fragment-simulatn projectiles..at OYpobliqutty

These- tests indicate that
'(1) At- 0 PW300 obliquity, Hadfleld-manganese ste.l plus

*bonded nylon is bei;t, but at higher obliquities, ZUTT1 aluminumi
alloy plus bonded nylon is best.

'(2) With 24S-T aluminuma alloy and bonded nylQn,
(a-)- Pot, -the 'T-3'7* projectile,, at obl-iu#les fnom DO to.

400 the' best combination 14 approimately -50, percent
.1487 JUminum alloy., and .50. porEiAtn .

obliquities above 40~ thd best 0-0minaftY ligt -0kp -
_r4ately 7-. pLercent 24S-T alufiWimn all6y iind'-25 percent
bonded nylon (by weight). -.-

(b) For all -three projectiles at 00 6bliquityp better
ballistic pr6tection is offered when th6 glUmindim/nylon
weightf-atio is approximlately 21 rather than the combti-
nation in which the aluminu1mpnylQti rat9i4 is3.-

Page I
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(3) With Hi 0461d'mingtii6ee steel and bonded nyloh,,
(W, the com0binatiOn Of hUkd, heavy stbei glte4 plus

ltg& bonded. nylon ts 116st jtgAjin§ the -Itbst-weight.
(5.85.graIn) -projec#ile, at '00 oblquity.

(66Th hibifitiM.if 6!t-- fit te gf te p
h0avier bonded nylon is best against the other ptojectiles jq.;-at 00 obli4uty-

(9). At 'higher obliquitied, the above two combinations
hkve similar billiktic.0rotection C.aractejtftcs

(4)Y Ony- the T-37 ofle had be etda 0 ~~9 b
liq(uities to ,datej Theref ofe, ho- donclusion can yet be- -drawn
regrig the. ofer-all- sgopirity of any one comibi - tion of

etalZ d bonded nyo aInt, all. three projectile Wj!Uj*#. a#t
oblquiiesfroii 00,ito A00.

INTRODIVCTION -

- -- Tis inerim eportsi~m~Anwhes the *dtiv_qs ufide;1aken durii
11id 0~efIod--Mafch-:20,. 193 uit.31, 1953, -under Pot4Mc 'No.
IDA-_1-0-.!t6-2 2: *130it test Pgwils Of gbsnjlAro3Matekfils, Issued'by thepntdSttso Americ thoug theJ At n.
drdhaice -District to* Victory, Plastics -Cobmpany-.

uring the interimi, "Task Order ~I.1 -Of thd'subj@ct contract, comn-
ptl_ed -of. -the f ollow6gitems, was. completed:

(1) :Ballistic tests on -the X01owing Oindr coidbinatiobs -at
00t,300,450 .and 60O-bliquities, withicaliber .22 -7(7~a

-- frag~e~t0.2u.Ti-37,(17jecgrain)
'(4) 3-0ly bonded fiYoo..
(b) 5-ply bonded- hyldn. .--

(c) R-ply bonded nylon.
(d) 0.012 in. 24&-T alumium. alloyan -%pjyr-bond64

nytdn.
(e)on S07 in.28- jauminumn Alloy land. 9-ply-bonded

(0) '0. 102 -in., -24- alumkinum, -ally 'and. 3- rply bonded
nylon.,

-(g), Q,,-j2* In. -24- olmnu lldy afid-pl bonded

(h)_ ...02 in Wldil ~gn steel-* -and- 3-ply
bonded'.nylon-

.() 70.'44$ -in. 'Racif We'd;_-Jang-Anesb, steel wid- -.§ply
-bonded -ot6n.

-j) 9.045. in.. Hadfileld -manganese 6tee an 43ply
bonded nylon;

Page 2
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(2)3alliptic- tests oh the. affhor combiniations listed in (1), with
cali)ex Q15' (5~.5 ~ag&OfAbet-iiht"taing projectileis at

0zbobliqUityi
(. kallistic Peifts. on theiarmor,covabinAtiofis listed ija1 wt

c9lib er .'R), w~''iuat rjc i t

0 (4W~uty grain) fragihett91hua-jAsoou

]MAT9RIALS AND. TEST PROCADURE

The- hylonvad, 2x 2 bkOkcet'wdave nylon-diickj weighing, 14.0 oi./js-d
with, p threfid count of 46 x40" ihreads- per qicl, -n~~rd ydh

T_t edr'NcJi oi, New York, N.., n il~~b the Hell-
wig Dy-ifig CorOj P4ilidelphfap -N., The panels of 3 15**Mid9'plies,
werlihdukntd lor1 mutes. at..S469 'F. and 350 psi.. The, layv;-s of

- g& nAted WithPercedl f1.09O -phno -orn.aIdeh yd6-pal"i-Ayl -Wf5iratc-t '~modiditing: tedt).- as the bohdibg meum. '-The
c6mppoted' Pahlels donfisfted- of apV6odmately 9 perce#t fesin. (based:

AlUminumi Alloy- -Components.

!The aluminugm @Iloy components consistgad of flat panels Of 24S;-.T'
alukMinuim alloy,,.;pprgtdiVkIey 12,in, x 15 in., With thicknesses of
0.0721in. and 0.102Ai.

-%qeI,Components.

The st.eel components.consisted.of- -flat-panels 01 -Hadfield-m4uganese
sAL,. inanufactiired ' Y the ShaTon Steel Corporation, Sharon, N.I.
apprbximatdly ,2Ain. k -15 in., with thicknesses of 0.029 In. * Q.002 .it.
tagd.0.45 In. 0.02; Inm The I*rdnesis -of the 0.029 in. thick ateel
paqels *,a& aop.6xim:tely -Rockwell, N-B';'15, ad of .the 0.045 in. thick
steI paesapr-oximntely Rockwell 4C"* 46.

Test Iprcedure..

The test pjknels, Wete rigidjy pupported in an adjustAble lfIxtutt~
vlft coUld bp'moved~ and, dd.,Om, from. side to side, and..tilted-.from.
16 he - -eWa~o c ondgtp 6i uty tests.

-'When pylirifiet I c6mbinationd were -fired, -a I An. spac was4 main--
tairied. b0tweeft the metal and nylon components, with the metallic

Ka-piopefit -always f Acing't1he muzzle. Pf the gun.'
BliUistic tests Wpeo -qdnducted by firing i sufficient numiber ot

roUhids of the. fgmefit-Jirila ng proj ectiles .(heatArbated .1o a hard-
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,ness range, of R'ockwell- AVI 2943i) ait each targetj,to -determine the
-ballistic liihfts of the components. Protection. ballistic limItsa (V50)
Were- callaIted' from the results of the firing tests. A -conmplete
penetrati -nk under the protection bAlftstic limIt -ttiterion is defined as

ned In, which. thd .1)roiet~tile -or at fragment of the armor p0rforates a
-witness Jprate consising oi A shetd 61*10-T%alumlnum alloy 0.00~ in.-
thick, placed 6- in.o U~lgnd the armnor. A V50 ballistic limit corre-
,kPonds6to t-hd -Velocity level at which there is a 60b percent probability
that comPlete penetratiow will occur.

All velocities were measured by mdIfif; df A 18eL ~ P(5ttgt
countei.-chroni6graph interval timer, triggermd -by the interruptions of
the-'circdits;-As; the. projectiles pass over the -photoelectric cells. 'The

- unto target distance -was kept -constant at 9-ft.. 8 -in. !The distance.
from. gun. to- first iseeof was 2 ft. 8& in., first. screen -t(?second screen
-dsane Was 5 ft. -0, it.., -and second screen -to target -distance was

f t 0. in' The velocities. -thus. p 0asuirod are referred to as Iinstru-
mefit -yelocitie.sm- And correspond to the velocity of the -proj6ctile
-midwAy between --thd, tWO isqreeQia and:-at a difstance of U~ ft' from the
target. How?ever, in: this, repprt all velocities have been -corrected: to
striking, -velocities, ;(velodity -at point of. i.mpadt), in- aecordance -with
Watertown. Arfsefal,]Report WAL 760/3.25.

Theveoctydrp A~a epiressibns for the -thrwe fr.dkientr
simUlating,pr9jectiles. used: in detpr-mining the striking Ve0locilles are
q-s 'follows:

CALIBtR PROJECTI LE
- .. WEIGHT

O~3O44 0045 ~Uj x Z

where, Au q Velocity 4rop,
kU I nst-ruMent velocity,

ahd Z Base line 4.5 ft.
Pr 4ctofi (Vio. ballistic 1ftftits-,wer-e calculateduiini th" if-

lowing. equatioh:.

Sv + ( Np. Nc) K
BALLISTIe 'LIMAtf; - -

UP+Nc.

Page 4
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Where alfi Te sum; ofiall velocities betin velociti6s
f6r highest partial and4lowest complete
,R_qRqtrk~tion, -

7 Number lt-b.i4d iiMltn ptalpenQ-
trattonq..-biqtWeeni. tb@ highest partial

- - -ped4tfritibil knod the lowest :complete

N-C= Number of tpun Is restilting; in corapleto
-penotrgti6fi bet.weft tjie loWest com~pleste

peetration and. the highest oartiAl pene-

aind -K- A conistAnti introdUded to -com.penisate for
the diffezences. bet.Ween% -the number of
partiii and numbqr of!'.)mp16tq 01rvka-!
tions...A VaNge of K equals. oe.hailf .6f.
'the diffdf%fte between. the -highestoartial
penetrationhand the lowe6t cqmpqte p6iq-
tration.

DA'ir4.A-Mb1SGUftC)N......- -

A fsummisry -of the- ballistic results showing the. V56 ptotocAon. bal-
listic limitA and -kinetic enOrgtes absorbed.by the- various armor
combinations at -00-66figity, with- raliber0.5.2 A03fage-

slmlatn~projetles ard shown in Tabl .Fgrs1t~~~~5so

graphically some -of the Miore pertinent,data presented 14,1'Table 1.
kicut(3 f shows_,t4o V56 ballistic limits.-of''the; fladflold4hmapganese

steel-abd, -nyloh combihattions whena aaked-..by c#liber-.0.15, 0.221nrd
0-i30 projectlies *at :0Q*.ubU4qVity- -I c4ft -be seen,that t 18.9 oq.ft.
steel and nylon. cpmbihnqf1ons follow stil6,rcurvfs*, P.gi,. thO 18.9

- - ot./sq.ft.,steel. and 8.3 o&./sq.ft. nylon give higher V50. ballistic l1its
-than the- 18.9 oz./sqift. steel and 5.0 oz./sq.f.t. nylon- for aft albr
projectile. 'This Is to be e pcted,.since they are of simil4r cofistfte-
tion oicepot that the latter has -two less layers. of nylon. ]Rowbivor, the
29*4 -oz./aq.ft. bteel and 5.0 oLZ-./sq_..nyln -combination shos quite
a deviatioini -from- th e -other t*6 'steel-ny,16n eombiWattons. It can. bg
seen that for the 5.85 grain projectile,. bppio4miltoly 400 ft./6e;. -

-more protection is offdked't.han 'by.- the Qther comibinatlo0s, -but with
- the 4 i7qin projecieterDetO 6frd rptQapittoi

thin-_the 189.o.sqt -btlk _Pjt g 8-.3. oz./ft sM oft-cpbMlh
althoughi the total weight of the former is A~pprq?dzpAteVy,J.5 oi,/sq.ft.
more-.

Figure 2 shows the V50 protection, ballistic limnits of .tbe a*Umfoum-
4ypn -combinations when attacked by 5.86, 17 and 44 grain fr@1gigt!-

_Vagge.5
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simulatin projectiles at 00 obliquity. It can be seen from. these
curves that the 16.A oz./sq.ft. aluminum and 15.3 oz./sq.ft. nylon
(total weight: 31.7 oz./sq.ft.) combination offers appr.oimately
80 ft./sec. more protection. than the 23.7 oz./sq.ft. glu minum and
8.3 oz./sqJt. hiylon -combination (total. weight: 32.-0 oz./sq.-ft.),'al1ffhough
both. combiniations 'have affir.0ximately the, -same totUL weight, V.ur,

thelb±e,the 6.0 ./sqft. lu n, tn~ 8.'6o6/sq.ft. nylon (total
weight: 24.9 oz./sq.ft.) offers ;kpproximately -the- 'same protirction'as
the 23,5 oz./sq.ft.' aluminum and 5.0 oz./sq.ft. nylon combination
(tot&I weight: 29.5oA./s9q4t.) although the former weighs appro)imately

Z3.5 oz./s4.Iess than'thqe1 ir..'
A comparison is ind e-i thIigure. 3- between iduraumnyffioii and'

st6el-hylon -combinations'ha4ing approimately the same totalweights.
The 18.9 o#./st.ft. -steel. .nfd',8.3 oz./sqjft. Ayldtk- 'combinationr,'(ttal
weight: 27A. oz./6q.Jt.)- gave V50 protection ballistic lMitto Approxi-r
mately 150 t./sec. igher than the 2&65 oz./sq.t ulnMinum, and L.0
oz./j$qift., nylon combination (total weight:, 28.5 oz./sq,ftj for all
.three -weights bf projectilesi'.The- comibination of' .18.9 oc/sqf. Iteel
with. 5.0 oz./sq. ft. nylon .(total weight:' 2-3,9 oz.)/sq.t.-) gave. V60 pro-
tectiont ballistic limits approximately '75 ft./sec. 'higher than the
co6ibiNitid n -of -1 .0-z./A-.1t7A alun iii Wit '011 64-Oz./sq.tnyo
(totai 'weight: 24.9. oz./sq.ft.y with the 5.8T and .44 gkain projectiles,
but offered comparable protection- with the 17 gVain pk6jectile,

'In ]Figuire 4 ;a comparison is made betweeh stdel-hyloTA and alu-
minum- nylon combinations haviAg total weights of appr9)ftate1y
32-35, oz./sq.ft. It fth-,ba seen that With the 5.85 grtba -projectile, the
combination -of-29.4 oz./i4.ft. steel with 5.0Q 9;,/sq.ft. nylon offers
soperior protection. However, with-,the 44- graiAW,Iryjectilj,~ the co-OM
Vbnain c41. z/ft. alutunim with 15.3 ot./jsq.ft.*.nylo'n offerts
the 'best protepction. -the c~ombinktio__& 3.7 oz.-/sq.1t. alium wt
8.3 oz./sq.ft. nylon is: Inferior fof al three weights -of"projectiles.

'i-i order to obtain g! better comparisofi -of- the armor combinati'ons,.
the kinetic energy absoxbed per unit --weight 6f .the armok gq;#ka~Q
versus the weight oXfprojectile ispjltted in Figure-5. By emnployingtis
miethod, differences in Weights of the panels are elimjnAtedjAnd direct
compa-tiion of the mekrits of each arM cobntion. iyb ae
it should _b e n6iod.-af tliF ji-oi-t that the kinetic enedrgy absorbed 'per
unit panel weight tends to Increase as- the panel Weight 4pproacheqp
zero' therefore A dirett coitpArison cannot be fairly rnc1 botwoon-
lighter weight and heavier weight panels. goiover, for -the *Vtobt
range.of1.20- to '40.;or;/sqJt., tests toa. Identic-1 Ic6ngtructio .but dli-
ferent w6tghts..have sfhown that direct dompartsbnis 'of the r9lotive
meifts qaine mad'a. it is tnt the w-ei0t r-gd,b@o.w IQ0 to. 15kz./sq.ft.
that corfpqrisons be.tween 0iffiere weoights.ave d6otful bedause the
kinetic *n6ry ab!Sorbed- pqr unit pad weight t6ildbA tIncrease as tWe
weight decireases.- A,A shown ift Fi&ftfl5 'or the caliber ,6. (S*,05
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grain) fragrient-siipulatinig projectiles, the combinatibn of 29.4
oz./sqjf-, steel with-*5..O oz./q.t nylon116 superior; for the -caliber
0.22. T14 3*(11 grain),-anO.cxlibqfr Q,30. (44:grAljA) fragr4qpt- simulating
projectiles, the 18,.9 -oz./sq.ft.. -steel With. 8.3 oz./sq.fi. nylon comiia'
iOn bffdrs. sup:erior--protection. -

A -summary of thle ballistic results showing the V50 protection
ballistic limits, -highest, velocities redUlting. in partial penetrations,
and lowest velocities. resulting,,in com~plete VenetrIations of the various
armnor combinations with. caliber -0.15 (5.85 gvain), and caliber 0.30
.(44grain) ffAgmeit-.imulatiM., projectiles At 00 obliquit, and caliber
0.22-.(I7 grain).ra gnient-simulpting. ptojictUes at 00, 90U 450-1fid"600-
obliquities. a3re .preentedA-n Tables 2, 3- ondAj. refspectively.

Figures 6 through '12 show. tin graphical form some of the more
pertinent data listed, ift Table 4.

Figure '6' shows the V50 protedtion b9llistid limits of 3, 5 and 9 ply-
bondd ayion tObt panels at various .6bliquttie$.,

Figuire 7 shows the V50 :protedtion baflitii limits- of ak-few comibina-
tions of steel-nyloh and aluminuffi-nyloii test.panels. it- can be seen
from these curves that- 18.3.opz./s ".ft. steel wit5. oz./sqj.t. nylon
total weight: .23.3 -oz./sq.fti) when -compared. to 18i. 6o.qf. illu-.
minum with 8.2 Ozilsq.ft. nylon (total weight:! 24.8,0 s~.t~ gave
comparable results at 00 obliclutty., but markedly inferior results at
higher obliquities. The 166 oz../sqAf. alo*inu WiO. 8.2't)z;/s4qift.
nylon- (total weight:. 24.8 ok./sq.ftj) When dbtfpared.to683o..q t
steel with .8.4 oz./'.q.ft. nylon :(total weight: '26-.1 ozi/sq.ftj) showed
t!ftArabld results at 300, 450 aiidi 660 obliquitios,.-but iWerior re-

fults 'at 00 obliquity.--
Figure 8 shows eomhbinations..of 2334 oz./sq.ft. alumin -with- 4.

oz./iq.ft. -nylon (total weight: 28.3 oi./sqift.) ahd 18.3 c5z./$q.*ft. steel
- - With. 8.4 oz./sq.ft. nylon (total weigt 26.7 oz./sqt) at various ob-r

'liquitAes. From 00 to approximately 200 obiliqility, the steel plus
-bonded nylon is better than aluminum. alloy plis,'bonded nylon, -bU.t
above 90 obliquity the aluminum alloy plus~ bonded nylon. is. markedly
superior.

Figure 9. shows A compartilop Qf. alimninumTnylon and steel-nylon
panels having a w,11gbt range of app)roximately 32-35 o;./sq.(t. at
various obliquitids with -caliber 0.22 (11 graini)- fragmient-911*ulating
projectiles. -It can be seen that -the cozp1inat1i pf '29.4 oz,/sq.ft.
steel, With 5;0 oz./sq.ft. nylon. 1toggl. weight: 34. oi./s .ft.)- Offe-red
superi6t bailiMtic ,i):ota'ctt Oi at -00, 3100- .lid- 45, bblftuiti-f, but at:600'-
obliquity,the Oombigotion- of 93;6..oz./bqii,. alum'iiuivi.-with-8.4 pt./sq.ft;
nylon4pttal Weight:S 32.oz;sq,10')offered th etbalfistic protedtiont.

Figure& 1.0 and 11 bhow the V50' PrOte4ticift.alisbtic iits'versus
obliquities of -a1gyriAgnln-nylon and steel-nylon pabiels, fospectively.
It can be seen 'for the aluminum-nylon co mbinatioils, that in the -ob-
liquity range from 00 to approximatel*,' 400., the tombination 16.5

Page'7
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oz./s-q.ft. aluftiffitm With J15M ozs./sq.ft. nylon (total weight: 319
oz./sq.ft.) offers superior balistit~ protection. At obliquitle.8 4boveapproximately 400, the combination *of- 23-.6 0z./sq*ft. aluminum with
8.4:o o/sq;ft. nylon (tt- wit 3.b/sIt) fei ~ 1b0te 'bfi
protection. For the pteel-nylon panels the domb1n atton 2,,-4z/dq..ft.
steel with 5.0 6w./sq..t. Aylon offere4 stoipior ballistic 2protddtion
from 00 to 600 obliquity.

It should be noted that these armor cobinfations do, -not Pavot thesame total weights. in order to -obtaift a better cIfta4~n o
-merits of all armor combinat on at vaffious obliq 46i,. -the- m~erit
factor E (SL ~V_0

2

PAMEL 'WEIGHT (oiJi-lq. ft.)J

w#s plotted versus the obliquity. 'Herd again it shnuld: bean6ted ak in.the case- -bf theb kinetic energies, th4t -dir6ct- tomp4ri'gon of-thd merit
fa-ctors zhay be made for the weight rangeg of .20'to 40 o4t/sq.ft. Below
the, weig.ft. r1anige -of 10 to '15..oz./s_qJft. -the -coqa0arisofis- are doubtfui'because -thel mefit factor tends to incrO4sq as -the weight decreases.
As shown In Figure 12, the cozabiffatiob -of. 23.4 oz./Sq.ft. .1u30'ift'i
with 4.9:oz./sq.ft. nylon offers superio r .04-1-0dr protection Vt 459 And-
.600' obliqUitiosi but ird6rior protect16i) at 00 4xkd 300 .6bliquittit., At:00 oblquity, Hajdfield-manp~nesd: st6el, Weighb;.W !8.d~/s.t.ieofnblgto *Ith. bonded nylon. obffered- st4J#r1Gk -baliUt pr6tedfi-on;
-however-,.at higher obliquities Ii$erior Prdtecftion is; ofed.

(ONCLUAPO

(1). Ballstid tests at. .00 :dblfq1fftjAov1d not b~ -used asthe -solq-basis for ovalugat or seloddtia &6 personnel armor mater-fale% in,some casbes, Oo%binittionsi of armor .materiild which at6 best bal-listically at 00- obliquity are- markedly inferior ot higher ovIJAUitAes,
Against thd dAlibeir;(0.22-T-3-7(17-graiin).projec'tile, Figute 8-inidicitesthat steel plus bonded nylon Is begter than alumium alloy -plus boniAed'
-nylon in. -the obliquity range- of 0 to appf6xim4ntely 200', ihi. the. .alu-minum alloy plus- bonded nyl6h combination. i,s donsiderably,sulperior
at higher obliquities.

(2)~iiV ilraoge ~ta ffdm .0 t appro)Ximtly 4  superipp,
Performance results When thle aluminum allo .and bbnded. Ayloq, each.-Compfisifig- 50 percent by weight of the total armor is attacked- by thecalber 0.22 T-37 (17 grain) projectile. At. obliquities above approxi-
miatoly 4 00, better performance is obtained when the weight is divided75- percent iinn alloy and 25 percent. bonded nylon (see the uppercurves of Figure 10). 'On, an over-all basis, there is little to be gained
from one choicep over the other.

page8.
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O3 Against missiles of v4rlous weights at 00 obliquit, aluminum
;Moy comprising .zer 75 percent by weight .ant veryllght bon4d'nylon-
weigibnb less than 25 percipnt of thtot pv*l offers balitc pro-
tection WeriQr to a idyn"Ar co4struction in which the W f U
distri#utect Apfft9k1atelt W!1 Verceg aluminum, A*o Ande
bonded 4*4on. The lower q tuzv" in lgpre I Alw Aiearty 4qtK

lAstic ptotection offef6d by to uch constructionk; howev&r, the
combinAtort of .6tperient aluminum alby aid 33 percent bonde nylon
weighs apprbimately 1%5 o./dqdt. Zone. than the coibiaft9oh of 75
percentvuminut4 alloy ad 25 #o6fi6t bqhed "0n.

(4) A concrusiod reg arig sdWbektY of a gvOn panel combinatiott
.shovlO pti be based hna limi number .o test conditiou (Protlb
caliber, obliquity or arm9r); Y1gures Lto 4 fllustmte that at 00 oh-
lhfilty,.Okaqy personnel arior combiMiTi. thkt 're sup64r -againstsmAllgssiles e 581 ra., :may pr6Ve inferior a*ant
healer .(44 grain) mislle .
(5) Whe e arm6r coMiAtons 6t Radfleld-wa oguese OtW and

bonded tWim are involved, the b4aVier Hadfteld-maAgnese steel
..(i),ta.. ,e'bAhude-vry lptm (nd.0 ny./qU ($) qWv/s.

tot woIgit of 34.4 oz./sqtt., offers iuperior bal:llot protection
against lIght-weight (0.85 grp1I) misidles, but iferior totectlon-
against tek*ler (44 graln) mlhalei at 0 " ob5). (sq. 7 5).
The HOW HAd4eld-4nganeft tl (1.b rq/u(7.ft.); plus ba*W
nylon. ( .3 -LAvt.) * hving a .totd w&l 6'IT -o 's./Aq.ttL jef
-ejWollent- .6ver-afl ballise4a &~otd&Uon against A4 11 Nd~ 44 i
Missilek a$t 00'.oblWqlty (see Figure 5) bft -~*rkoft if14MW4
W3qteCUIo %'au"v 46 1310 'lMMi 1M k b AP#W6 Ot high*1, .ob-
UJT4Mvvw_jkqfL,4Att**dbyza:Uber 0.12 T-31 7ii rnl* s (400

Page 9
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L ',-COMPA%RATnVEk-B1ALSTtc RE;SISTANCE OF-VAHRIOUS COdM- -

BINATIONS. OF -HADFliILP-MANGANESE STEEL AND
EONDI~ ff, NiL -WE ATTACKED Bt.AGMENT-

STIULATING PROXECTILES AT00 dlUQikT.Y.

1800*

- 29.4. OZ./M- STVEL+ 5.0 OVI/D IVLON
T(JTAL -WEIGHT 34.4 QzM.

TOTAL WEGI-Ifa2,7..2 OZ14

xj 1400;- - 8.,9 QZ. 10 StEEL + 5.0 OZ ir.m~YLON

S12 OT"
'0

;000

5.85 1744-
66 0 ~ -~~

0 10 20 50 -40 - 50,

FgAGMENT-SIMULATING PROIECTILE WEIGHT (grains)

FIGURE 1.
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1800

COMPARATIVE iDAWIfC REASIrANCK OYVARIOUS
- OgmlTok 8 Of fA&"T -ALUMINUM AtLOM A;ND

BrONDE-D ZwHEN AtTACKEDEBY WAWMENTz6"-
1100 SIMULATING PROlECtlLi5S ATr oo oBuQuity.

- -. - - 16.40Z M11 4+35-07AVOYLON

aU-T.OTAL-WEIGHT -12.0-OZ/-M

-TOTALAAll-."~T c-24;woz m/3

___ A-3.5-OZYM AL+ 5:O6OZ-O NYLON
______ TOTALWAR T 22&5 OZI.

00

40 50

010 . .20 30 '40

FRAG!AENT-SIMULATING PROTECTILE WEIGHT (grains)

FIGURE 2
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-~ -- .COM-PAIRAMVE BALLIM.TI H~STANCA.10F VARIPM - -

dOMBINATIbN- OF HADYIEEIMANGANESE STEEL

170 WITH- bObIDEDi ftYLON: AlD ki8-t AIAJMUM ALL?y'
WiTH BONDEJDr NYLtON WREN ATTACKED BY FRI+G-
MENT-SW?4ULATING '4oAEt.LkS Air 00 oBlIQwY.

18.OZ /M-StEEL+8.3 OZ /W NYDN-

0-TOTAL WEIGHT b27.?O7I-M

18.9 oz /tb 5TEtL+S5.6.,OZ MWNYLON

* TOTAL WEt 32 aZI

o140L

TOTAL WEIGHT!t-24 .9 OZ/M

025.50Z /MAL + -50 OZ,/.M NYLON

1qoo .....-.. TOTAL-WEIGHT i:5~ZA

0 i0 20 30 40 so

FRAGMENT-STIULATING PROJECTIL.E WEIGHT (graftc)

FIGURE 3.
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COM-PARATWEYi-BA-LLIS TIC-RESS'PANOE *F VARIOUS - -
COB1Aftb OF HADFIELD-IdANGANPE-§4E
WITH BONDED NYLON AND'248-T ALUMINUM ALLOY
WITH BONPEDP.-NYLON WHEN ATTACKED BY FRAG-
XENT-SIMULATING PROAECTILES AT-00 OBLIQUITY.

2000
0.-

-4Z /!6lVStEL+ 5.0 OZ/q NYLON

1800 TOTAL WEGT -4.4 OZ /10_________

16.4 -OZ/M- AL.+ 15.3 -OZ/M NYLON

-g 1600 0 'TOTAL- WEIGHT - 31.7?OZ/--M

-2?OZ/[Q-AL.+'S.3'0Z,/0 NYLON.
t ~1400 110TAL-WEIGHiT 32.0 OZ/.(

-*00

-. 5ol . 44
60 L

0 10 20 30 40 50

!rRAGMENT-SIMULATING PROJECTILE WEIGHT (grains)

FIGURE 4.
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NI -. roti4* q*w
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FIGULRE 5.
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VJROTEttIdN BALLISTIC PMhITS O?F _VARIOUJS WEIGHTS OF
- --,-30NDED-.21-9 2 i3ASkET-W"-Yp.NYlN AT VARIOU~S

OBLIQUITI'ES WiTH CALIBER .22- TTfllff76RAMW
FRAGMENT -SIM~ULATING PROXECTILES..

1401,

0

WIS

lo___

PLY_ WEGH

400-

- ~ObLIQUiTir (degrees) ..-

00 jbo: 459

1.0' 1.2 1.4 .16 .. 3to

OBIIQUITY cosea

FIGURE 6.
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-18OO

CO*PARISON OF PROTECTION -BALLISTIC LIMITS OFp Com-

IN AltIONS:OV HAFEDMA NS STEEL WITH BONDED

N.YLON. AND- 248-4 ALumiNum- ALLoy WITH BONDjCf) NfYLON

ATi'vARiOV@-oDtiQa;Ti*s- WITH- eA-LIBE.2 ir223T7.'(1! GRAIN).
100, RACUENT - SIM ULATING IOR01CTILE S.

STo.fALW.T,

208 OZ/m

00

pwt~ - z A--i?-

TOTA WT.* ~ *oo1TA WOT.O

04LIQUIirY (degrees)

00 300) 450 , S0

1.0 1.2 1.4 f.6 2 O

OBLIQUITY- Cos

FIGURE '7.
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.COM-PARkjSON Q F PROTECTI45N ULISTIC LIMITS OF COMM.It
iATIQNS OF HADFIELD-MANdkiES]i STEEL WITH 4C)NDED-
NYLOR A!6 24fg-T AL-AIft"N A16LOY WITH, B6NDED-fNtL01

AT VARIOUS OfMiQl9i'E4 USING dALIB91R .9iT3
-1900 (17 GRAMR) P~RA(fvEXt--MMULATiN4G PROSiECIE

A.

I TOTAL WT.
looo 28.3 OZ/U

1'100-

-tQTAL WT.

00

00- 300 5 600

11 - A -J.2 14A 148 1.8 2.0

FIGURE -8.
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CMPARISON Of PROTECTION PALLkSTIC LIMITS OF
C*Bi*NA.tIlbNS OF HADiFiELD-MANOAMESR STEEL WtTH -

BONED kYLO .;N W5- 4ii1MALLOY WITH
-BONDED 9V'~t. AT VAIOUS OBUIQUITIJES WITH

1900 CALIBER .22 T-37 UTJGRAIN) PROTECTILE.

-~T TAL W.T.

31.10 OZehI

1700-

a - . TOTAL W.T.

1600-q 4 34.4 OVE0

U1500to6V

00

VTOTAL WT,

1 -GBLJ4MITY (degrees)
- -- - * 0 30-.....450. -T

IFIGURE 9.
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00 com-PANISOM OF Vi~ouTTow MLM77Tc, IASTS4OF
COMBINAMONS Olt US-T ALUMINIUM ALLOlt WT13

BONDED-NYLON AT VARIOUS OSLIU==ESWiTH
-. j C?A'LIR ., 22-T-;37 -(irG'RAiN)PROICTILi2; -. .

19NOD-
TOTAL WT.
32.0 &/M

TOTAL in.

160 - -

TbTAL *

C 1600.-

.0

vt9

44,

1200 -. .

TOTAL WT. OBUIHUTY (degrees)

Lo0 1.2- 1.4 1.6 18

OBLaQUty -
Cos

FIGURE 10.
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COMPARISON OFPRI)OUCTION BALLISMI LIMIT8b OF
RAbtFIEWAN0ANEWE STEEL A;M BOPPL)~ XYLON

COMBINATIONS At-V'AAIOUS OBVQWTnES MITH'
CALIBER .22 T-37 (IT-ORAIN) PROIECTILE.

170 90 14 .4 ;0%o 1 - *f

15C

o1400

ISO(

1100

OBLIQMITY -(degrees)
-- ~-.6-----s~d-- -- 450* 6

i.O 1.2 1.4 1.6 1.8 2.0

OBLIQUITY.

FIGURE 11.
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TABLEZ 1..

COMPARISON OF THE BALLISTIC AESISTANCES OF VARIOU4 COMBINATIONS OF 1jAD0ItLP MANdANESi STEEL WITH 11ONWED NYLON AND 24S-T ALUMINUM

ALLOY WITH BONDED NYLON WHEN ATTACKE6 BY CALIBER 0.15, 0.22. -AND O.Scr FROMENT681MULATING PRODECTILES AT Of OBLIQUITY.,

AVRGkPNEJTOTAL PROTIOVIOi $ALLiStic LIMITi KINETIC E14ROY
............... &VRG PNLPANEL WEIGH-1f coulo0 V(f.ss. O 'Ot POURDS0

METALLIC 0oVaft ____k o__a________FOR_
ETALLICN PLIES OF PAEL lutqt I .. TA PA. IWIH . . , .t.

METALLI- PNME, NES Iz/ EGT CkL'.1'6 CiA .2 CAL .A0

A&___ ____ EAL NiOk~ MtTAL NYLoN (02.184.) 0.05-RAIN IT '91AIN .44 GoAw CAL .15 , CAL .22 CfAL .

* 544 9,5 b 510 86091
14b .008 4; 1 50 4.320

* ,* 3 1599 ~ 015.0- 5~0 .1o836
5- 1545 0.112. 8.3 113 . 1065 461.70- 33'

'NONE . 1440 -04113 8 3 ct 0 .37~

~~'.11 0.8 ii3 87514 .6

9 550197 114 1 le. 1353 1.565
144r, ~ 961 I-15

9.; 9 0Ie 19AR *6;- 150 950 5.87*

'8 E147 0-073 0.112' 1686 8.3 1140 1481 .9

S 103 012 011 is :i 24.9 1170 .20, 4 .1 0b 113 1 . ? . 91.4

.q. 1548 '01072 01917 1666 182 S. ll. 1.210 32

243-7. 1513 0.011 0.19 16.4 t6.3 3. ~13
.ALUIU 9 ll :604 :0il 03191- 16.4 18.0 31.4 1106 .p7

.3 ISS' 0102l 0.081 23.5 1.0 26.5 .14586 . 0.965
OLLOT 3- 146 0:100 0.0817 23.1 6.0 28.1 14. 1.10

-A#60 0A63: .0.06 2;.7 &50 28.7, 43i 2.9-7

1585se 0.103 0.112 237- 683 32.0' 1519 - L062
-5. 1VAI10 T01 2317 114 32J. 1254 1.650

5 160 0162 12 235 3 318'10215 3.23

3 1689 029, 0;06718.9O 5.0.' 21A Hi6 1.245

HAFI3I. -101 029 006 1896 slt0l 4t got989. 106Lo

1590ILD 5'D~ 0d112 18,9. 63 21.2 .'1596 1.212

M N A S 5 1182 0 0 6 0 f11; 16 t3 8 4 ' 6112 7502

- .1586 0.0415 410067. #4 29 -5;9 X3434 '1o4u 1.410I
15i256 '045 0;067 29.4. 51 3q 1385 21

0.046 34 btt 3.12
3 1609 -0:0 '00671 294. 1.0. 3.'. o

.Se. 0AGg'@ 6.PARAGRAPH 4.
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TABLE 2.

BALLISTIC RESISTANCE 00 VARIOUS COMBINATION$ OF I4AOFIELO-MANOANESk 6TEIEL WITH iOi61D-NYLONd AF4. 245,T ALOMINUM ALLOY
*ITH:'3ONOED.MVYLON WHEN 'ATTACkEb. BY -CLBE 0.55 GRAIN) FRAGMENT-61MULATING, -PR6JECTiLEB, AT 0*OOLIQUITY.

AV6461[ PANEL' TOiAL pf7~il ?i,aim~aNSLIGI
NUMBER -60%~ 9 PANEL WEGH PRTETiN,VIOCf.009OLiN -I

METALLIC PAN EL fTHlCKNIltESOMINO .SLItc."IH8 ATA 1,0 TC"PAT
COMPONENT PISOFN UMBER 110I.j WEdqft) CMIGED '.LL SI k INiTRPATiAL LPESET~ONPE

'METAL~ .. YLom METAL. JON WI84%ft.),~PNERAIO

15'0.067 6.0 5.0 eo0 1829
XONE .5 1545 0 112 8.3 3.3. 1085 IWO , idn

9 410, .0.19. 15~4-.4 1163. . .1414 . 1359

28T 5 11547' 0q072L 0i112 16.6. 11.3. 4.::454 1470 14028-TWM 9 14 02 00 10.6- 15 .2 S-.1727 A8312
L3 1550 0.102 0,067 23;5 5.0 2'15 14560 1459 1428

ALLOTY B 1585 '03103 0112 3 3.7 -8 . 32.6 .6916

HADF1ELD- 3 15119 :0-020 0.067 18.6 5.0. 23;q 1. ) 15ioss - 14V7
MANGANESE A 4590 0 020 01 a2 18.9 8.3 27.2 t596 1834, -4565

STEEL; pe1d8l 045- 01 '01 94 5. 34-. 1974 2000 IS180

NOTES,:

1. Fabric - 2 x-baa6tiWeiF4Wl6Ii 14.0 as./aq.yd,. 46 x 40 threads/In., S. Spacing of In. -bek*eenA.ipetIIce mid nylon cbmnponenth with metallic
'manufactured by St. George"IteitIles.an9d.iinl-is.Iie llwig. C0lnP0"eftt-%Iw0Y8 facinld%unale. of glan.

2. iResin--. Bermacel -1500 ;(a peno1 '6rmaldd -polyinyl .butr rresn). 7-. 'Hardness-of 0.0t",ains4lld,nnngpnea.tei;tfock*vl.'-B* 75.
ResinG doniint - eperCent,;'*? 4 A.,cn wight of.fabric. 6 iiiI t008I.Hull-una.i.,Rcwi C 8

4 ~~io-xle-1d. 4l'lI*-drIed-fori.Wn iiWuii at 2200 F. prjor 'to .9. All thic4pessaninsmrments-pre avaragiw.ot I0 t"ding4-
latiiiatbn .10. Caliber 0.16 (5.811 graIn)-fri$msentT*vht6,g protesctiles. used. Pro-

5- ?tylqn pxnes;arhIinaied. 15 minutes ai 40*XF, 356,PsJ. Je"t014 h0tik*'x.te aQ 1rsurnqq SJel''2-1

TABLE 3.

BALLISTIC RESISTANCk 6F VARIOUSt ZOMBINATIONS OF HADFIELD -MA"qANESE STEEL WiTkH BO4DED -,YLOk: ANO -t4*-i ArtMIM ALLOY
WITH BONDED NYLON WHEN ATTACKED BY -.ALIS kR 0-40 jW* GRAIN)- FRAtE" T SIeUATI o *eRpJ Lip AT 99 OBLIQUITY.

NU8 O* AVERAGE PANEL PANEL WEIGHT T .AL oof71IN. Sta.iviii VRLOC!TiS -finULTI4 IN
-METALLIC. PLE POAME, HCNES .j~i*t UNCD4ALSTC HI644ST PARTIAL LOWEST COMPLETE

:.COMPONENT PE - 'q NUMdEW I) WEIGHT LIMIT- -(V46 ) Pb4ZTfjATOjf . PENETRATION
NY .. METAL: -NYLON METAL NYLON (oz./4q.tI (ft./ see.) (fifise.), .-Oh/064.1

3 1599: 0.067 6.0 5.0 - 655 717 146:
NONE. 5 - 1598 0113 813 .8.3 754 777 728

-9 -1507 -0197 15.0 15.0- -950 . 979 2 06:

- 5 1603 -0;072 -'0.112 1. 8. 249911, 921 - 906-24S-T 9 16 04-- 0; 71 097 16.4 15.0 31.4 1106 ills log09
-ALL*111M 3 . 1 0 10 3 1067 23.7 6.0 28.7 936 974 . 87

-ALY1606. 0A02 '.1 Z5i .. 8. 318s 1025 13 8

1HAD1ff1)-:, 3 6'' 0.029- 4067I 18.9 6.0 239 .969 1016 936
MANGANESE 5 108 0 029 0.112 18;9  q.3 272 1016 lose 1043,

STEEL. 3- 160 :1 045 0.0.57 .29.! 53.4 1050 if 108,l2

NOTES,
1. Fabric -2.x 2 Basket*Weave Idylon, 14.0 oz./sq.yd. 46 x 40.threade/in., 6. skft -o1 * In. between metallic and.ylqVjcqfPontwthetlI

manuct "idt,y St. Geoige Textiles and finished by Hellwig. pipietawy aigmzl fpt
2. Resin - Per.n acel-I500 (a pbenoilformaildehyde polyviny I butyral resin). 7.. Hrdness oftO.lO2:n.iacdflti,6mzAean,.gsnessteel.-Rockwell 164.75.
3. !!esin Content -49 perccnt,-basedmn- percent- by weight of fabric. 8. Hseq o0.04r- in. Hadfieid-manisnese-steei, Rockwell 'C" 46. --

4. All,'layers of coated' nylon -dried- for 10 aInutes at 2200 F. prior to 9. GlOWckssmensuremns Are averapes of 10 readhtsa.
lamination. 10. Calibpr 0.30 (4f grain) frigroont.stanulating projectAles. usd. j)ro-

5. Nylon panels laibinated15 nilnutes at 3400.7., 350- psi. Jetile; hekt-tIeatedto a hardness range of Rockwell 'C' 29- 31.
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TABLE 4.

BALLSTI RESsT OFI1.6-AOAESESTEEL 'WITH- BONDED NYLON AND:?4S-f ALUMINUM ALLOY Wil -evroo", 'JvLt,
!ALISTC RSISANCE OF VARIOUIS COMBINATIONS Of HAOIL.A0NEE

WHENATTCKE BYCAL~ERO'2 ~ FRAOMENT4INULAtING PROJECTIL99 AT VARIOUS 'OBLIQUITIES.

X OTAL PR .OTECTION STRIKING. VE9441iiE RESIULTING -1k MSPIT FACTOR;

* . AVERAGE PANKLI
METALLIC .UE. F9IUT iAsI THCNS 1AE OBND IALLrS' fi.bHGNEST PARTIAL LOWST CMPLE1T LtV1)

LISOGLQT Win HICNEI.) WG10me LIMI
CPPNN LS OF yrs /UIE In.).e ..-UIT A PENETRATION 'PENkffiATION, F TAL. PANEL WT

NYN (Mges NUME A go' EA ___ 1 i~e~~.(t/e; fAeJ UJe. o g$

8 1480 0.6 4 . 750. 7110 750 . 11,4,00

3 0. 1442 007. 4.9 4.9 721 708 724 1590
45 45 005 .. 4. 7 1. ?M732.1560

3 5 14501 !0.068 ~ . 97 ' "0 ?0 io92o

a 1440. 3 907904

5 to 14 012* 8.3 6.3 871 $B 47 9140O'.
NON9 1443 0 .112 -C, 83 . 913 . 932 $99 1o000

8. 8.1 9448' 96;3%3 182O

- ~ 4 5 0 148010.1.1 .1.1 1050" 1074 21084 10
9 14411 -0.198 -00 50101 . 13 .05 ,g

9 1 0 1 4 4 5 . 9 1 .1 .1 5 .1 1 -2 4 1 1 6 1 0 23 . 7 3j , 0 0~
45 . 44 '0.197 1130 i ae 162il5i

3 0. 1445 0.197 46. Ip.0 181770

8.2 34 1.1 1170 1181. M11601*OP
131 72,177 010

6 Go 30 1445 0..7 0.113 .197 3~ 14 32

5' W ,5 . 15 .072 0.113. 16.8 .' -47 . 13 . 66 58i,,q

515 '. 1 .13 1,, .3 2 117 8'6 .29 1217.6,0
.5 60 .1456 0.072 0.134116. 132.373% 6

9 '0 123 .. A?I .011% 16 1. ' 24.7 .144 46 423 , 134 03 .9 . 1. 20 . '54 le. 1Iq26 i :q18i00,

60 1436 0.072 0.1913 '16.6- 853 3.1- 14165 1119b4860

20 -49 I0 0 5s. - ss ~ i.4 31.149017 .1,46 413 7,0

53b . 3 5 0 .01 0.102 01 1 6. 1.22 312.8. 2. .1411 .if"800137

All20 158 0P102; :013 24.5- 1. 3659Is 19 18093- 6,00

40 1510* 0T03 0.1 . 2.' 1 11415850
0AL M 151 0.02 0.s6 1 83 2. 1122 115 1059

3. 44 8-11 00J. 07 ,, L0Asolos - 24 2 16 1602700
ALO 44A1 .2 .07: 1~ . 2832' . 121 046 43 1259 7410
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