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WATERT OV ARSENAL LABURATCRY

MFMORANDUM RSEPURT NO, WAL 710/65%

Second Partial Report on -roblem B-&,9
10 June 1944

Resistance of Various Samples of "Fiberglas™ to Perforation by

/ Fragment-Similating Projectiles

1. ~As part of a “rogram of develo ment of imrroyed body armor
conmonents, requested by the 0ffice, Chief of Ordnance*, and in
res nnse o a snecific directive from his nfficez. sevaral tyres of
Fiberslas, furnished by the Owens-Corning Fib reglas Corvoratlon and
. varving in wenve, weloht and texture, have been tested ballistically
[ at this arsenal.

2, Tre resistance of trese samples to verfcoration by cal. .-%
(steel-jacketed) ball nrojectiles end by cal, .02 fragtest-simulatine
Drojectllesx geems to reflect ine characteristics of the yarn and the
cloreness of their texture, since those showlng greatest resistance
K‘ were closely woven and —nde of fine~fibrod, milti-stranded, hiph-twist
3 yarn whille thogse affordi-- low et resistance were less clcsely woven
and nade of yarn with coarser fibres nand a lower number of strands,

. The resistance of the besi saz le to - ~rforation by eel, .45 ball
rojrctiles commares favorably with that of an eoulvelant wel ht of

l?% onunce nylon duck, whichh has exhibited the greatest resistance of any
[ fabric tested here, but ‘.ader 1o pct of tlhe cal, .22 frasment-simulating
nrojectile, G-2, 1t was ¢ nsiderably inferior., However, the resistznce
of Hadfleld mangenese steel of squal welght s muc greater than elther
of these fabrics,

e,

3.  The welshts of the veriius samples were determined at this
arsenal and on the basls of these figures (which varied s.mewhat from
those revorted by the su "lirr) sufficlient nuabers of :lies 12"x1"
were aneenbled to revroduce tie wel it £ a steel sam le -f nacual area,
but .OLL" thick, These acsembl d leces were then sewed to:ether with
a rov of stitching about an inch from the edses ~f the asrcemodly,

- 1, 0.0, 422,3/71(c) - Wtn 470.5/7443(c), dated 23 Sedtember 1943,
2, 0.0, 400,112/6902(r) - ‘ita 400,112/3097(r), “ated 29 A-ril 19k,
T

. YAL Memcranduz Report Yo, 762/253, Develorment of a -ro actile, to
Ba Used in Tenting Body Arncr, to Simulate Fragrents of a 20 am,
H,B, Projectile, dnted 7 January 19ul,
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T1ese assenbliss ware then drewn taut acrose the face of wooden ballistic
frames and clamped risidly thereto. These ballistic frames are so
constructed as to allow an area 8"x€" to remain uneupvorted from the
rear, Into the faces of these areas there were then directed imbacts

of cal. 45 (steel-jacketed) orojectiles and of cal, ,22 fragment-
simulating projectiles., The results of these firings are summarized in
Tadble I,

4, Under imvact of the cal, .45 Ball projectile the resistance
of the two baest samples of this material (732 feot-por-gecond and 738
feet-Der-cecond) compares favorably with tnat of an equal weight of
173 ounce nylon duck (750 feet-per-second)™, but both are consideradly

inferior to that of an equal welght of Hadfield manganese tteel (940
feat-ver-second).

5. Under impact of the cal, .22 fragment-gimlator, G-2, however,
the resistance of even the best of these samples (1188 feet-per-second)
is much infarior to that of the nylon duck (1360 teet-per-second) which
in turn falle far short of that of Hadfield manganese ateel (1660 feet-
ner-second),

f. Tadble II recites the vhysical characteristics of the samples
as determined by the supplier, Some slight variance between the welghts
detcrmined by the sud-lier and those determined at this arsenal exists,
but in no case was there a serious discrepancy.

7. In Table III the correlation between the resistance of the
[‘I various samvles and their yarn and texture characteristics is shown.
The various samnlas have b:.en listed in ascending order of their resistance

to nerforation by each type projectile. The mumber of ends per inch is
a measure of the closeness of texture, higler values being indicativse
of closer weaves, The first number in the recital of yarn characteristics
1s a measure of the fineness of the basic fidre, hicher values indicating
[ii fiaer fibres. (The number used is the number of 100 yards lengths of

2 fibre ser pound,) The serond, dual number indicates the manner in which
the varn is stranded. Its exact interrretation is somewhat comnlex and
has no 11,-1timate “lrce in this revort, dbut suffice it to g2ay that the
lar~ar both of these numbers are the sreater number of sirends are
contained in the final varn, The third numbar followed by the letters
T. P, I, indicates the numdber of twists ver inch of yarn.

Ty

e §

8. The most strikin: asiect of this table is te general inferiority
of those sanvles naving coarser fibres (#225)., Next, where the fireness
3 of the fibres is identical, an increase in resistance seams to accompany
L an increase in the nuzber of strands em~loved. Finally, w'ere both these
PY . attritutes are conetant an increass in the "roximity of weaving, as

indicated by tlie numder of endas “Jar inch, seems to increase resistance,

( These are of course excertions tn this general trend, but in view of the
g many variables iavolvad, some of which are not determinable, these general
q observations are considered reossonable and valid,

L. WAL Memorandum Revort Ko, 710/€l€(c). Hesistance of Various Layers of
17; Cunce Nylon to Several Types of Small Aras Projectiles, 21 A;r1 194k
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9, While the imferiority of this material to nylon duck, in
resistance to verforation by the cal. .22 nrojectile, .15 not encouragine,
there may nevertheless be sone feasibility in further develorment work
in view of the vossible use of all-fabric arcor sultinc, If such develop- =
ment work 1s undertaken the trends ayrnarent in this study snould be ’

given serious conelderation,

J. F, SULLIVAN -
Asst, Englneer
APPROYZD:

ﬁﬂ?7x7%40g;ukg
N, A, MATTHEWS .
¥ '

ajJor, Ordnance Dept,

Chiaf, Armor Sectlion
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Sumnary of Ballistic Tests Conducted at Watertown Arsenal on
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Tgble I

Various Samnles of "Piberzlas® Submitted by

Owene-Corning Fiberglas Corporation

Equivalent
Steel
Sample No, of "1es Gauge
AC~112 107 Loly”
£CC-113 % .oLL”
ECC-115 9l .oLk"
ECC-116 75 LoLut
£CC-117 79 Nelty
20C-127 38 Loly®
ICC~128 L3 LOlLL®
ICC-1138 3R ©,0Ly®
ECC-138a 32 ouu"
PCC-161 18 LOLL"
ECC-162 19 LouLr
1549 LU .olL™
X-1581 39 .OLL"
¥Yor Comrarieon:
o e
Halfteld
nan-ancee steel LoLLu"

(average)

i

‘Cal.

°Cal.

.2 fragment—simulating

L5 (stasl-jacketod) tall

Ballistic Limit (P/S)

Cal, ,usl
698

623
588
£98
671
6L7
593
69k
738
732
618
h%9
549

750

940

‘r:jectile - 230 rral.g,

rofectile - 17 ¢rain-.

Q;EE
1035
1101
1010
1062

974
10¢ 2
10%)
117 4
113
1123

o)

10¢

1

1650
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"nble Y11

Corralation Batween Reglatnsce to ‘erforation of Fiher-l-q Snvrles

and Thelr Yarn and Texture Characteriatics

Knde
Por
Balliertic Limit (F/S) Sannle Inch Yarn

Cal, 45 (steel-jacketed) Bgll Prolectiles:

549 X-1581 39 225 - 1/3 -5 T, P,
5¢8 XC-115 48 225 - 1/0 - 13 T, P,
533 ECC~128% 42 225 = 1/3 - 5 T, P,
618 XCC~162 28 225 - 2/5 -5 T, P,
647 ECC-127 L2 50 - 3/2 -5 T, P,
g X.1549 21 25 - L/ .5 17, P,
& ECC-117 64 C25 - 1/0 - 13 T, P,
698 ECC-112 Lo 50 - 1/2 - 5 T, P,
598 EC0.116 60 450 - 1/2 -5 T, P,
732 ECC-161 28 bS50 - /5 -5 T, P,
738 20C-118 6Y 40 - 2/2 -5 T, P
Cal, ,22 Frasuont-Simulating Irojectile:
956 ECC-162 28 25 - 2/5-5%5 T, P,
974 0117 64 225 - 1/0 - 15 T, 2,
988 X-15581 19 225 - 1/3 -5 T, P,
! 1022 X-15kg 21 225 - L4 o5 T, P,
I 1030 ECC-115 48 225 - 1/0 - 1} 1. P,
lﬂ 1036 20212 Lo bs0 - 1/2 -5 1, P,
: 1062 ECC-116 60 50 - 1/2 -5 T, F,
§ 1082 EOC-127 42 450 - 3f2 - 5 . P,
s 1090 ECC-178 42 285 = 1/3 =~ 5 % 2.
. 1108 3CC-138 ol 450 - 2f2 = 5 ©
1183 SFeEL i1 28 beg o Lfe o ox =

A 6 0 - S0 PR SR
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TITLE: Reeistance of Various Samplee of " Fiberglas” to Perforation by Fragment- P
Simulating Projectiles ™( None)
AUTHOR(S): sullivan, J. F. Cara, AGENCY KO,
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PUBLISHED BY: (Same) PUSLISHING AGE™Y #O.
LANGUAGE
I Eng.

(Same)
pAT DOC. CLASS. COUNTRY
June ' 44 Eestf I u.s.
ABSTRACT:
Samples of fiber-glase varying in weave, texture and weight were tested for resistance to perforation
by cal 0.22 fragment-simulating, and 0.45 cal steel -jacketed ball projectiles. The resistance of these
samples to perforation seems to reflect the characteristics of the yarn and the closeness of their texture,
since those showing greatest reeistance were closely woven and made of fine-fibred,Multi-stranded,
high-twist yarn while those affording loweet resistance were less closely woven and made of yarns with
coarser fibres and lower number of strands. The best sample to perforation resistance by cal.-0.45
bullets compares favorably with that of an equivalent weight of 17} oz nylon duck, but under impact of the
0.22 cal projectile it was considerably inferior, however, the resistance ¢f Hadfield manganese eteei of
equal weight is much greater than either of these fabrics.

l PAGES | tuusTRARIOND
B tables

DISTRIBUTION: Copies of this report obtal

ble from Air Documents Divieion; Attn: MCIDXD

DIVISION: Ordnance and Armament (22)
SECTION: Armor (5)

ATl SHEET NO.:R-22-5-24

SUBJECT HEADINGS: Ay mor plate - Penetration (11503);
Fibrous materials - Bullet resistance (35828)

Alr Decumonts Division, Intclligones Dopartmont
1 Alr Matorics Command

Al TECHRNICAL IRDIR
Ohlo

WrightPattorron Alr Porco Baso
RESTRICTED e 4

nreemaes




