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Resistange of Varigus Samovlee of Flastic Haterials

P by ¥ ' Projee
\1.% a Thase of the Drogram of developnent of improved body armer

eonponents, Fequesied— by -the-Offies,—Chief of-OrdnancelyDallistic tests WOVC
s~ NEVE-been- conducted cu several samples of Plastic materlals (presumably
- glass laminate) frcmished Wy the Quartermaster Corp, 7(?‘3 PS5

2. resistancs of these materials to verforation by
caliber U5 Zntulpjmht od) dall projectiles is the highest of all
materials tested in this veight range (eguivalent to .OUO" to .050°
of steel) at this arsenal, Their resistance $o sration by the
ealider .30 fragnent-eimulating projectile, G-1.8°, is roughly
equivalent to that of Hadfield manganese stesl, vhich is the dest metal
tested here., Thair resistance to perforation dy the calider ,22
fraguent-simulator, G2/, is however, consideradly inferior to that
of Hadfield manganese steel, Lov temperature (-60°F) 44d not dole-
teriously affect the resistance of these materials to perforation dy
the ealiber .45 projestile, However, Prolonged (17 hours) immersion in
watear of a sample selegted at random lowered its rer” .tance slightly.

3. Samples of sash material were rigidly mounted om wooden
ballistic frames allowing an arsa §"x5° to remain wnsupportsd froam
the rear. Into the fm of these arsas there were then dirested
impacts of calider .45 (stecl-jJaciketed) Drojectiles and of the varioas
fragaent-simulating rrojestiles dcveloped here. Nallistic limite wore

1, 0.0, 12,3/T106) = Yz K70, 5/ Tok3(o) dated 2% Sopteaber 1903,

2, VAL Memorsndum Beport Wo, 762/247(c) "Developesvat of Projectiles to
Be Used in Testing Body Armor to Simlate Flak snd 20 ma, E.X,
Pragmeat® - 17 Decembar 1943,

3. VAL Memorandus Report Ko, 762/253%(c) "Development of a Projectile,

%0 Be Uned in fnth‘)mklor. to o"rmh of a 20 mm,
BB, Projectile® -7Jmm19ih R,
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dsternined by averaging the atriking velocity at vhich a material
resisted Derforation and that at vhioh 1t was perforated, provided
these values were within 50 fest-per-segond of eadh other and further
proviied that the perforation velocity sxceeded the velocity of
resistance to perforation.

4, Low temnerature characteristics of theae materials vere
dstermined by subjecting them to atteck vith caliver .45 (st eel-jacketed)
projectiles while they wvere at a temperature of ~600F, Samples were
Placed in a sheet-metal pocket which was slmost totally {zmerssd in a
pixture of dry ice and acetone. Thermocouples were inserted into the
Yody of the material and the temperature read at ths report of the shot.
Thess temperaturess averaged =602 3.30"

5., A sanpls (B-lOUG) was selscted at random and immsrsed in a
pedl of water for 17 hours. It was thasn mounted on a wooden ballistio
frame and tested with caliber 5 (steel-jacketed) projectiles.

6. The results of all ballistic tests appear in Table 1, In
Tigare 1 there has been plotted the ipdividual results of tests at room
temperature with the caliber 45 projectile and wvith fragaent-simlators
7-1-8 and (=2, The avirage resiotance of Hadfleld manganese stesl
eurrently procursble under Specification AX8.1176 has been estimated
and aryears as a solid line.

7. Under impaot of caliber .45 (steel-Jasiceted) projestiles there
appears to be a slight increase in resistance %o perforation with
increasing equivalence in wsigit which roughly parallsls that of the
Hedfield manganese steel and 4, considsrably higher than it 1s in the
range .ONO" to ,OUT" of steel. Under impact of the celibder .30 fraguent-
simlating projectile 0u1=S, there 1s still evident an increase 1n
resistance with incisasing velght, btut the sloPe is mach less steep than
that of Hadfield stesl snd vhersas at 040" of stesl, the resistancs of
the plastic is equivalent to thet of Hadfield, at higher ghicknesses
i1t 1s irferior. Undsr imruct of the.caliber .22 fragasnt-simlator 0-2,
soreover, there avpears Lo be no improvement with weight and the resistance
of all plastic materials tested is arpreciadbly {nferior to that of the
Hadfield stesl.

g, Tius thers is a definite transition from suceri.rity in
resistance t¢ a heavy dlunt projectils through relativy ocuivalence in
resistance to a sapller, sharper projectile at the saxs velooity to
dscided inferiority in resistance to & §¢431 smallur chisel-nosed
projeotile at a considerably higher vslocity. &

g, The superior resictance t¢ perforation by the calider N5
projectile is doudtless attributable to the adility of these matorials
to dlstract mach of the easrgy of the projectile into dsforaing itself
and delaminating the rlastic donding. Its sudstantial equivalence under
impact of projestile 0-1-3 1s naintained becauss 1ts greater thicknass
allovs a mors gradual abserption of snergy during the cyols of perforation.
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At uigher velocities however, the shortsr time of perforation cuss
down the amount of dsformatiom and enerszy absorption Pessible prior
to Derforation and the inherent resistance of the material itself
begins to assume a greater importance. Thue as velocity incrsases the
steel assumes superiority,

L/—.-lbmn the inferiority of ihis matsrial under impact of the

fragnent-simlator, =2, discsurages ite reconmendation as a vody
armor component, its superiority under imnast of the caliber R
Projectile does encourage 1ts recommendation as a protector against
blunt projectilessj)and 1if protection is sought against euch rrojectiles
such promise i3 seT 25 %3 mes of thasa materisls.

g Y Lol

3. ¥, SULLIVAX
Asst. Engineer
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APPROYEDS

Major, Ordnance Dept,
Chief, Armor Seaticn
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Tgble 1
Summary of Ballistic Tests Conducted st Watertown Arganal
Varioug * M b [

Bpllistic Limite (¥/S)
Caliber ,hs5L

Martarmaster Equivalent Room After —-Bﬂﬁ!Lzﬂﬂnﬁiﬁﬁﬂl!—E
: G-1-53 =2

IGentification Steel Oayge  lemn, -60°F ILmersicp Sol-A® GoloSd
R-141 .029* g895 - - 0 7600 1162
R.4old .oko® T1081 - - 475 901 1380
A0l § .ou" 1037 -~ 1006 4135 906 1460
E.158 om" -— - — 508 910 -
R-148 .cln® 1105  — -— 95 1009 1478
R-166 .oue* L. S— — (1T 973 1283
R-150 .ou2* (- — 513 1043 1370
E . E .Qu2* 106G o= - 475 1030 =
l B117 043" 1104 — — 483  10% -— '
B-153 ouy* 11058 -~ -~ 53 955 -
R-116 .olLs? 1152 -- - 498 1065 1293
R.124 ous* 1117 1124 - 540 75 1k43
R-123 .ous" 1098 1123 -~ 532 955 1430
R-120 Lolo" 1162 1173 -— 468 1165 —
2113 047" 1108 1118 - b5 998 135 '
Yor Comogrison:
03" 0%  — -— — £15 1215
Hadfleld .Ouo® 00 - - -— - 900 1600
Mangrnese Steel Loux* 950 - - ~— 1050 1675

1ca1gber U5 (3tesl-jacketed) hall “rojectile - 230 graina
2Ca11bor .30 fragnent-simlating projeciile - 150 grains
30alider .30 fraguent-simulating rrojectile - 34 grains
hCulihox .22 frazment-simlating vrojectilo - 17 grains
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ABSTRACT:

The resistance of various samples of plastic materials (presumably glass laminates) to perforation
by fragment -simuiating projectiles was investigated. The resistance of these materials to perfora-
tion of .45 cal. steel-jacketed baii projectiles is the highest of all materiais tested in this weight
range (equivalent to .040” to .050" of steel). Their resistance to perforation by the .30 cal.
fragment-simulating projectile, G-1-S, is roughly equivalent to that of Hadfield Mn steel, which

is the best metai tested, Their resistance to perforation to .22 cal, fragment-simuiator, G-2, 1s
inferior to that of the Hadfleld Mn steel. Low temperatures did not deletericusly affect the resis-
tance of these materials to perforation by the .45 cal. projectile, However, prolonged (17 hra)
immerslon in water lowered its resistance slightly.
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