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A OBJECT: __ _ .. 2
To evaluate the ballistic resistance of .combinations 5f bonded nylon : 3
with 248-T aluminum alloy and with Hadfield-manganese steel, whén:
attacked with various types of fragment-simulating projectiles from =
00 to-600 obliquities T
_ o
AUTHORS OF REPORT: x
This work was performed by 8. Sahagian in the Research Labora- i
tories of the Victory Plastics Company, under the supervision of o
F.E. . Mooney;,: Director. ¥
SUMMARY: 3
Combinations of bﬁhded nylon fabric ‘with 248-'1‘ -aluminum alloy and 2
with Hadﬁeld-manganese steél: wére eévaluated ballistically with
caliber 022 T-37 (I7 grain) fragment-simulating projectilés at o
09, 309, 45° and 600 obliquitiés, and with caliber 0.15 (5.85 grain)and Cw
caliber: 0. 30 (44 grain) fragment-simulating projectiles at 0° obliquity Fo
. only. : j
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BALLISTIC TEST PANELS -
OF . .
EXPERIMENTAL AND STANDARD
PERSONNEL ARMOR MATERIALS

OBJECT

To. evaluate the ballistic resistance of combinations -of bonded fiylon.

with 24S-T aluminum alloy and with Hadfield-manganese steel, when

__attacked with. various types 7f fragment-simulating proj ectiles from
09-to 600 obliquities, :

ABSTRACT

Combinations of bonded nylon fabric ‘with 24S-T aluminum alloy and

with Hadfield-manganese steel were evaluated ballistically with

caliber 0.22 T-37 (17 grain) fragment-simulating projectiles at

09, 300, 45° and 60° obliquities, and with caliber 0,15 (5.85 grain) and -

caliber 0.30 (44 grain) fragment-simulating projectiles.at 0! “obliquity
only. -
These tésts indicate that: , . . . ‘
{1) At 0° tp 200 obliquity, Hadfield-manganese steel plus

bonded nylon is best, but at higher obliquities, 24S-T aluminum

alloy plus bonded nylon is best. ,
(2) With 24S-T aluminum alloy and bonded nylon, _
(a) For the T-37 projectile, at obliquities from 0% to
400 the best combination is approximately 50 percent

- 24S-T aluminum alloy and 50 percent bonded nylon. At-

obliquities above 400 thé best comibination is approxi-
_mately 75 percent 243-T aluminum alloy and 25 percent
‘bonded nylon (by weight), - iy ule

(b) For all three projectiles at 0° obliquity, better
ballistic protection is offered when thé aluminim/nylon
weight fatio is approximiately 2; rather than the combi=
nation in which the aluminumy/nylon ratiois 3.
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CONFIDENTIAL

(8) With Hadfield-manganése stéel and bonded nylon,

(a) The .combination of hard, heavy steel plates plus
light bondéd nylon is best against the Iightest-weight
(5.85 grain) projectile, at 0° obliquity.

6) Thé combination of soft, light steel plates plus
heavier bonded nyion isbest against the other projectiles
at 0° obliquity.

(c) At higher obliguities, the above two combinations
have similar ballistic protection characteristics,

(4) Only the T-37 projectile has been tested at 0% to 60 ob-=
liquities to .date. Therefore, ho ¢onclusion can yet be drawn

regarding the. over-all superiority of any onée combination of '

metal and bonded nylon agaiiist all three projectile weishts at
obliquities from 00ito 809,

' IN"rRoDi;fc'noN

This interim report summarizes the activities undertaken during

the period: March 20, 1953 to ‘August 31, 1953, under Contzsict No.,
DA-19-020-ORD-2422: *Ballistic Test Panels oi Personnél Armor
Materials,® issued by the UnitedStates of America. through the Boston
Ordnance District to Victory Plastics Company
During the interim, Task Order No. 1 .of thé subject contract, com-
prised of the following items, was completed:
’ (1) ‘Ballistic tests on the following armor combinations at
00,'300, 45 and 600 obliquities, with caliber 0.22 T-37 (17 grain)
. fragment-xsimu!ating projectiles: ,
(@) 3-ply bonded nyloh..
(b) 5-ply bonded nylon, - .

(c) 9-ply bonded nylon. . N S
(d) 0.072 in. 24S-T aluminum alloy and 5-ply-bonded
ny(l:;)n’o 072 in. 745-T aluminum alloy and 9-ply bonded
| .nY(lf(;n.o 102 in. - 248-T aluiinum: alloy -and 3-ply bonded
" ny(;é)n'ﬂ 102 in, -248-T aluminum alloy and 5-ply bonded
nylon. : ' » . :

(h) 0.028 in., Hadfield=manganese steel and 3:ply
bonded niylon: 8 2 "

(1) 0,028 in, Hadfie‘i‘dﬁa.:manga‘nese steel and 5-ply
‘bonded nylon. ‘

{j) 0,045 in.. Hadfield - manganese steel and 3aply e

~ ‘bonded nylo_n.
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2) Ballistic tests onthe armor combinations listed in (1) with
caliber 0,15 (585 grain) i'ragment-simulating ‘projectiles at
09, obliquity.

(3)- Ballistic -tests onthe armor .combinatiofis listed in (1) with

caliber 0,30 (44 grain) fragment-simtﬂating projectiles at
0° obliquity. )

MATERI-A’LS AND TEST PROGCEDURE

The nylon was 2x2 basketweave nylon-duck; weighing 14.0 0z./sq.yd.
with a thréad count of 46 x40 threads per inch, manuia_ctured by the
St George Textile Corp., New York N. Y., anci finished by the Hell-
" wig Dyeiiig Corp.; Philadelphia, Pa. The panels of 3,5 and 9 plies,
were laminatéd for 15 minutes 2t.3400 F. and 350 psi. The layers of

nylon duck weieé laminated with Permacél 1500 (a phenol formaldehyde-
polyvinyl ‘butyrate thermosetting resin) as the bonding medium. ‘The
completed parnels .¢onsisted: of approximately 9 percent Tesin. (based:

_ —..on percent by weight of fabric); -

Al-uminum Alloy .Components.

The aluminum alloy components consisted of flat panels of 24S-T

aluminum. alloy, approximately 12 in, x 15 in,, with thicknesses of
0.072 in. and 0.102 in.

'Ste'el JC-omEonents;

The steél-components. consisted. of flat panels 6f Hadfield-ma'lganese
steel,_ manufactured by the Sharon Steel Corporation, Sharon, Pa.,
approximately 12 in, X 15 in,, with thicknesses of 0.029 in. # 0.002 in.
and 0.045 in. % 0.002 in. The hardness -of the 0.029 in. thick steel
panels was approximately Rockwell “B* 15, and of the 0.045 in, thick
steel panels .approximately Rockwell “C” 46,

Test Procedure.

~ The test p_anels weke rigid_ly supported in an adjustdble fixture
‘witich could be -moved up and down,. from side to side, and. tilted from.
the vertical;. to accominodate obliquity tests.

‘When nylon-metal combinations were fired, a ; in, space was main- .

tained bétween thé metal and nylon components, with the metallic
componeit always facing the muzzle of the gun,
Ballistic tests weré conducted by firing a sufficient number of

rounds of the fragment-simulating projectiles (heat-tréated to a hard-

Page 3
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ness range of Rockwell “C” 29 31) at each target, to determine the
_ballistic Iimits of the components, Protection. ballistic limits (Vsg)
were :calculdted from the results of the firing tests., A -complete
:penetration under the proétection ballistic limit eriterion is defined as
one in: which: thé projectile or a fragment of the armor perforates a
witness plate: -consisting of a sheeét of 24S-T aluminum alloy 0,020 in.
thick, placed 6 in, béhind the armor. A Vg ballistic limit corre-
sponds to. thé Velocity level at which there is a 50 percent probability
that :complete penetration. will occur. ’

All velocitiés were measured by means of 4 1.6-megacycle Potter
_counter chronograph interval timer, triggered by the interruptions of
the circuitsias the projectiles pass over the photoelectric cells. The
gun to: target distance was kept -constant at 9-ft. 8 in, The distance
from gun to first screen was 2 ft. 8 in., first scréen to second screen
distance was 5 ft, O in,, and second screen to target distance was
2 ft. 0 in. The velocities thus measured are referred to as “instru-
ment velocities” and correspond to the veloecity of the~ projectile
‘midway between the two screeiis andat a distance of 4. 5 ft, from the
target. However, in this report all velocities have been corrected to
striking velocities (velogity at point of impaét) in aecordance with
Watertown Arsenal Report WAL 760/325.

_ The velocity-drop ( Au ) expressions for the three !ragment-'
simulating projectiles used in determining the striking velocities are
as follows: .

L e |
w LAk 'o‘"zz R ;’.'.'E;Jéis‘zo"i uj {'z'.
) _o_:;s_‘q[ o es 1 00455 X upx Z

‘Where-Au = Velocity drop,
u;. = Instrument velocity,
‘and Z = : Base line = 4.5 ftf.

Protection (v_.,o) ‘ballistic limits were calculated. using thel foi-
lowmg equation '

, 52 ‘ ~.- _ 3.v+ (NpA—A Nc) K_
BALLISTIC EIMIT ‘vb'b" 2 I
= ’ N'p + 'Nc,
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where S, = The sum ofall vélocitiés betweén velocities
= for highest partial and lowest complete
penetration,
= Number of rounds reésilting in partial pene-
trations .. between . the  highest partial
penetration and the Ilowest complete
- penetration; . ~ -~ - 77 T
N, = Number of rournis resulting in coraplete
‘penetrations between the lowest complete
_ penetration and the highest partial pene-
=T T * tration,
and K = A constant, introdiiced to compernsate for
the differences. between. the number of
partial and number of ¢omplete pénetra~
_tions. A value of K equals .one=half .of
the difféeréeiice between the highest:partial
penetration and the lowest complete pene-
vtration :

DATAAND BISGUSSIQN e vy pmge—  uE o

A summary of the ballistic results showing the Vep pxotection bal-
listic limits and kinetic énérgies absorbed by the various armor
combinations at 0°obliquity; with ¢ caliber 0.15,:0,22 and0,30fragment-

simulating projectiles areé shownin Table 1. Figures 1 through 5 show

graphically some of the rore pertinent data presented ini- Table 1.
Figure T shows. the Vg ballistic limits of the: Hadfield-manganese
steel and nylon combinations when attacked: by caliber 0,15, 0.22 and
0.30 projectiies at 09" obliquity: It-can be seen that the 18.9 oz./sq. ft.
steel and nylon .combinations follow similar curves, e. g:, the 18.9
0z, /sq.ft steel and 8.3 o0z./sq.ft. nylon give higher Vso. ballistic lirhits
than the 18.9 oz./sq.ft. steel and 5.0 oz./sq.ft, nylon for each calibér
projectile. This is to be expected, since they are of similar coiistrue-
tion excépt that the latter has two less layers. of nylon. However, the
29.4 0z./3q.ft. steel and 5.0 oz./sq.ft. nylon comibination shows quite
a deviation from the other two steel-nylon combinations. It can be
seen that for the 5.85 grain projectile, approximately 400 1t /sec

_ more protection is offéred than by the other combinatiens, but with
_ the 44 grain projectile the protection offered drops to a point lower

than the 18.9 oz. ./sq.it. _steel and 8.3 oz./sq.ft. nyloi combindtion,
although the total weight of the foi'mer is approximately 'Z 5 0z /sq ft.

Figure 2 shows the Vgo protection ballistic limits of the aluminum-
nylon .combinations when attacked by 5. 85, 17 and 44 grain fragnient-

- _Page 5. .
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simulating projectiles at¢ 0° obliquity. It can be seen from these
curves that the 16.4 oz./sq.ft. aluminum and 15.3 oz./sq.ft. nylon
(total weight: 31.7 oz./sq.ft.) combination offers approximately
80 ft./sec. more protection than the 23.7 oz./sq.ft. aluminum and
8.3 oz./sq.ft. nylon combination (total weight: 32.0 o0z./sq.ft.), although
both combinations have approximately the .same total weight, Fur-
thermore, the 16.6 oz./sq.ft. aluminum and 8,3-0z.:/sq.ft. nylon (total
weight: 24.9 oz./sq.ft.) offers approximately the same protéction as
the 23.5 oz./sq.ft. aluminum and 5.0 oz./sq.ft. nylon comibination
{total weight: 28,5-0z./sq.ft.) although the former weighs-approximately
3.5 oz./sq.ft. less than the latter. ; .

A comparison is made ih Figure 3 between aluminum-nylon and
steel-nylon combinations having approximately the same total weights.
. The 18.9 0z./sq.ft. steel and 8.3 oz./sq.ft. nylon: combination (total
" weight: 27.2 oz./sq.ft.) gave Vg, protection ballistic limits approxi-

mately 150 ft./sec. higher than the 23.5 oz./sq.ft. aluminum and 5.0
0z./8q.ft. nylon combination (total weight: 28.5 oz./sq.t.) for all
three weights of projectiles: ‘The combination of 18.9 0z./sq.ft. steel
with 5.0 oz./sq.ft. nylon (total weight: 23.9 oz./sq.ft.) gave Vg, pro-
tection ballistic limits approximately 75 ft./sec. higher than the
~ combination of 16.6 0z./8q.ft. aluminum with 8.3 o0z./s5q.ft. nylon
(total weight: 24.9 0z./sq.ft.) with the 5.85 and 44 grain projectiles,
but offered comparable protection with the 17 grain projectile.

In Figure 4 @ comparison is made between steel-nylon and alu-
minum-nylon combinations having total weights of approximately
32-35 oz./sq.ft. It can be Seen that with the 5.85 grain projectile, the
combination of 29.4 oz./sq.ft. steel with 5.0 oz./sq.ft. nylon offers
superior protection. However, with-the 44 grain projectile, the com-
_ bination of 16.4 o0z./sq.ft. aluminum with 15.3 oz./sq.ft. nylon offexrs
the best protection. The combination of 23.7 0z./sq.ft. aluminum with
8.3 oz./sq.ft. nylon is inferior for all three weights of projéctiles.

In order to obtain a: better comparison of the armor combinations,
the kinetic energy absorbed per unit weight 6f thé armor c¢ombination
versus the weight of projectile is plotted in Figure 5. By employing this
method, difféerences in weights of the panels are eliminated, and direct
comparison of the merits of each armor combination thay be made.
1t should be noted at this point that the kinetic enérgy absorbed per
unit panel weight tends to increase as the panel weight approaches
zero; therefore a direct comparison éannot be fairly madé be*ween.
lighter weight and heavier weight panels. However, for the weight
range. of 20 to 40. 0%:/sqsft. ;- tests on: identical constructions:but dif-
ferent weights have shown that direct comparisons of the relative
merits ¢anbe mads. It is in the weight range below 10 to 15 0z./sq.ft.
that comparisons between different weights are doubtful because the
kinetic enérgy absorbed per unit panél weight tends to increase as thé’
weight decreases. A& shown ii Figure 5 for the caliber 0.15. (5,85

| Page 6 |
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grain) fragment-simulating projectiles, the combination of 29.4
oz./sq.ft, steel with 5,0 oz./sq.ft, nylon is superior; for the caliber
0.22. T-37 (17 grain).and.caliber 0,30 (44 grain) fragment-simulating
projectiles, the 18.9 0z./sq.ft. steel with 8.3 oz./sq.it. nylon combina-

tion offérs superior-protection. ; | S
A suinmary of the ballistic results showing the Vso protection

‘ballistic limits, highest velocities resulting in partial penetrations,

and lowest velocities resulting in complete penetfations of the various
armor combinations with caliber 0,15 (5.85 grain) and caliber 0.30
(44 grain) fragment-simulating projectiles at 0° obliquity, and caliber
0.22 (17 grain)fragment-simulating projectiles at02, 30°, 459 and 60°
obliquities-are présented-in Tablés 2, 3 and: 4, respectively.

Figures 6 through 12 show. in graphical form some of the more
pértinent data listed: in Table 4. ¢

Figure ¢ shows the Vg, protection ballistic limits of 3, 5 and 3 ply
bonded nylon tést panels at various obliquities.

Figiire 7 shows the Vo protection ballistic limits of afew ¢ombina-
tions of steel-nylon and aluminumi-nylon test panels. It can be seen

_from these curves that 18.3.0z./sq.ft. steel with 5.0 oz./sq.it, nylon

{total weight: 23.3 0z./sq.ft:) when compared. to 16.6 oz./sq.ft: alu-
minum with 8.2 oz./sq.t. nylon (total weight: 24.8 oz,/sq.ft.) gave

. comparable results at 0° obliguity, but markedly inferior results at

higher obliquities. The 16.6 oz./sq.ft. aluminum With 8.2 0z:/sq.ft.
nylon (total weight: 24.8 oz./sq.ft.) when ¢ompared. to 18.3 oz./sq. ft.
stéel with 8.4 oz./sq.ft. nylon {total weight: 26.7 0z./8q.it.) showed
comparablé Tesults at 300, 450 and 60° obliquities, but inferior re-
Silts at 0° obliquity.-- _ e .

Figure 8 shows combinations of 23.4 0z./sq.ft. aluminum with 4.9
0z./sq.ft. nylon (total weight: 28.3 oz./sq.it.) and 18.3 oz./sq.ft. steel

_with 8.4 0z./sq.ft. nylon (total weight: 26.7 oz./sd.{t.) at various ob-

liquities. From 0° to approximately 20° obliquity the steel plus
‘bonded nylon is better than aluminum alloy plus ‘bonded nylon, bt
above 20° obliquity the aluminum alloy plus bonded nylon is. markedly
superior, _ . :

Figure 9 shows a comparison of aluminum-nylon and steel-nylon
panels having a wnight range of approximately 32-35 oz./sq.ft. at
various obliquitiés with -caliber 0,22 (17 graifi) fragment-sinjulating
projectiles. It can be seén that the combination of 29.4 0z./sq.ft.
steel with 5.0 o0z./sq.ft. nylon {total. weight: 34.4 oz./sq.ft,)- offered |
superior ballistic protection at 00; 300-and 45 obliquitiés, but at 60°'
obliquity the combination of 23.6.0z./5q.ft. aluminum with8.4 oz./sq.ft:
nylon-(total weight: 82.0:0z./sq.ft.) offered the best ballistic protection.

Figures 10 and 11 show the Vso protectiofi ballistic limits versus
obliquities of -aluminhum-nylon and steel-nylon panels, respectively.
It can bé seen for the aluminum-nylon combinations, that in the ob-
liquity range from 0° to approximately: 40°, the combination 16.5

Page T
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oz./sq.ft. aluihificin Wwith 15.4 o0z./sq.ft. nylon (total weight: 31.9
oz./sq.ft.) offers superior ballistic protection. At obliquities above
approximately 40°, the combination of 23.6 0z./sq.ft. aluminum with

8.4 0z./sq.ft. nylon (total weight; 32.0z,/sq.1t.) offers better ballistic

protection. For the steel-nylon panels theé combination 29.4 0z./8q.ft.

steel with 5.0 oz./sq.ft. nylon offéréd . superior ballistic proteéction

from 0° to 60° obliquity. : R
It should be noted that these armor combinations do: not have the

same total weights. In order to obtain a better 'comgar;i’m‘m- of the

merits of all armor combinations at various obliquitié

factor b AR ' : -

v Y |
LN Y |
1 PANEL ‘WE!GHT (0z.75q.f1.) |

- was' plotted versus the _obliqui{ir: Here again it shnuld be noted as in

the case -of the kinetic energies, that ‘direct comparison of thé merit
factors maybe made for the weight ranges$ of 20 to 40 0z./sq.ft. Below
the weight rarge of 10 to 15 oz./sq.ft. the comparisons are doubtful
because the merit factor tends to increase as the weight decreases.
As shown in Figure 12, the combination of 23.4 oz./sq.ft. aluminuny
with 4.9°0z./sq.1t. nylon offers superior ballistie protection at 45° and
600 obliquities; but inferior protection at 0° and 30° obliguities. At
00 obliquity, Hadfieid-manganese stéel weighing 18.3 o0z, /sq.ft: in
combination with bonded nylon offered superior ‘ballisti¢ ‘protection;
however,. at higher obliquities inférior protection is -offered,. .

CONCLUSIONS e T ok

(1). Ballisti¢ tests at .0° .obliquity “sheuld ot ‘be used as the sole
basis for evaluation or selection of pérsonnel armor materials, In
some cases, conibinations of armor materials which aré best bal-
listically at 0% obliquity are markedly inferior at higher ouliquities,
Against the ¢aliber .22 T-37 (17 grain) projectilé, Figure 8 indicates
that steel plus bonded nylon is better than aluminum alloy plus bonued
nylon in the obliquity range of 0° to approximately 20°, and the alu-
minum alloy plus bonded nylon combination. is considerably superior
- at higher obliquities. e e - I L
"~ (2) 1n the obliquity range ffom 00 ‘to approximately 40°, superior

performance results when the aluminum alloy and bondeéd: nylon, each
‘comprising 50 percent by weight of the total armor is attacked by the
caliber 0.22 ‘T-37 (17 grain) projectile. At obliquities above approxi-
mately 400, better performance is obtained when the weight is divided

75 percent aluminum alioy and 25 percent. bonded nylon (see the upper
curves of Figure 10). On an over-all basis, there is little to be gained
. from one choice over the other.

,Eagg 8. .
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{3) Against missiles of various weiglits at 0° obliquity, aluminum
aloy comprising over 75 percent by weight and very light bonded nyion
weighing less than 25 percent of the total panel offers ballistic pro-
tection inferior o a similar construction in which the weights are
distrilnited approximately 67 percent aluminum alioy and 33 percent
bonded aylon: The lower two curves in Figure 2. show nearly equal
ballistic protection offered by two such constructions; however, the
combinition of 67.percent aluminum alloy and 33 percent bonded nylon

. weighs approximately 3.5 oz./gq.t. less than the combination of 76

|

percent aluminuim alloy and 26 percént bonded nylen.

{4) A conclusiorn regarding suge,rsztty of a given panel combination
.should not be based on a limited number of test conditions (projectile
caliber, obliquity or armor). Figures 1.to 4 illustrate that at 0° ob-
liquity, many personnel arinor combinations.that are supérior against
small missiles weighing 5,85 grains, may prove inferior against
heavier (44 grain) missiles, ]

(5) Where armor combinations of Hadfield-manganese steel and
bonded nylon are involved, the héavier Hadfield-maiiganese steel
{29.4-0z, <) plus. very light bonded nylon (5.0 0z./sq.ft.) having a_
total weight of 34.4 oz./sq.ft., offers superior ballistic protection
-against light-weight (5.85 grain) missiles, but inferior protection
against heavier (44 grain) missiles at 0% pbltm?ty" (see Figure 5).
The lighter Hadfield-nidnganese steel (18.9 oz./sq.ft.) plus bonded
nylon (8.3 oz./sq.t.) having a total weight of 27.2 oz./sq.ft offers
-excellent «over-all ballistic protéction against 5.85, 17 and 44 grain
missiles at 0° obliquity (see Figure 5), but shows rirkedly inferior
protection 1.ative £o the alumimim=nhyloncombinations at highes ob-
liquities when. attacked. by caliber 0.22 T-37 ({7 grain) projectilés (see

Pigure 12
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"PROTEGTION BALLISTIC LIMIT Vg, (it./sec.)

CONFIDENTIAL :

o -comp.qmnvz-:-smnmsnc RESISTANCE OF-VARIOUS'COM-
BINATIONS. ‘OF HADFIELD-MANGANESE STEEL AND
| BONDED NYLON WHEN.ATTACKED BY FRAGMENT-  _
SIMULATING PROJECTILES AT 00 OBUIQUITY.

2000 = -~
i [0}

1800} o
L 129.4.0Z./M STEEL+5.0 02/ NYLON

1600 b—pe-

. / TOTAL WEIGHT =34.4 0Z /'m.

18.9-0Z /:STEEL + 6:3-0Z/DNYLON|

- /' TOTAL WEIGHT =27.2 0z /0
d 1 I- 4
1400 — /18:9 QZ./@ STEEL + 5.0.0Z / T'NYLON ___
. ‘TOTAL WEIGHT = 23.9. 0Z/@

1200 fsi E oad o
r - p
o

1000} 3
k )

800} iz £
[ 5.85 :1;'1 *
eool__..1| o PR R T ] 1
0 10 20 ST T a0 . s

FRAGMENT-SIMULATING PROJECTILE WEIGHT (grains)

FIGURE 1.
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1700

- 1800}

1500k

- T

-COMPARATIVE BALLISTIC REﬁS’l‘ANCE OF VARIOUS

_ COMBINATIONS OF 248-T ALUMINUM ALLOY AND -
BONDED NYLON WHEN ATTACKED ‘BY FRAGMENT: "~
SIMULATING PROJ'ECTIIJ.S AT 0° OBLIQUITY. T

N16.40Z /@ AL+153-02/1 NYLON
TOTAL WEIGHT 231, 7.0Z/I11 :

5 23702 /o AL+83OZIIB NYLON
. TOTAL WEIGHT. = 32.0--0Z/0
. % A

1300f:

1400}

23.5°02/0 AL+ 50 0Z#@ NYLON

1200 »

_ [ TOTAL_ WEIGHT = 28.5-0Z /@

1 Jleeoz 7th AL+8302/(11NYLON‘ Eppr— |
.f TOTALWEIGHT 249°0Z /70 ~ | ©— — 77

1100}:

]

1000 |

800

=505 ..

}l

)
L
i3

FRAGMENT-SIMULATING PROJECTILE WEIGHT (grains)

10 20 30 T 40 T80

FIGURE 2.
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BROTECTION: BALUISTIC LIMIT Vg (ft./sec.)
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I e ey

COMPARATIVE BALLISTIC RESISTANCE OF VARIOUS
: COMBINATIONS. CF HADFIELD:MANGANESE STEEL
troob—  WITH BONDED NYLON AND 248-T ALUMINUM ALLOY

WITH BONDED NYLON WHEN. ATTACKED BY FRAG-
MENT-SIMULATING PROJECTILES AT 0° OBLIQUITY.

189 0z/DSTEEL+83 0Z/mNYLN. |
TOTAL WEIGHT £27,2:0Z 70 ' | i i

1500 -} ] }

18.9 OZ /D STEEL+ 5:0: 0z /m: NYLON A
TOTALWEIGHT =23:$:0Z /8- ¥

1400}

‘ I ¥

1300} I\ 16.6 0Z/T AL+8:30Z/T.NYLON |
1 W % ToTAL wEIGHT =24 .9 0Z/T
: \ ,23.502/0 AL+ 50 02/ NYEON

1100:

\\\\
1000f— : - o

5.85 1 |
2 All~ . [ | o~ |

O,
i

-—800

10 20 30 40 50

FRAGMENT-SIMULATING PROJECTILE WEIGHT (graing)

FIGURE 3.
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PROTECTION BALLISTIC LIMIT V,, (it./sec.)
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coMm: PARA'I'!VE—BALLIS’I'IG~RESISTANCE ‘QF VARIOUS =
= COMBINATIONS OF HADFIELD-MANGANESE STEEL
{1 _  WITH BONDED NYLON AND 24S-T ALUMINUM ALLOY
; WITH BONDED NYLON WHEN ATTACKED BY FRAG-
MENT-SIMULATING PROJECTILES AT 00 OBLIQUITY.

| 2s.4:07 /w 5TEEL + 5.0 0Z /@ NYLON

TOTAL WEIGHT=34.4 0Z /m -

\—16.4.02/0 AL.+153 0Z/m NYLON
X TOTAE WEIGHT =31.7'QZ/4M =z

--23.7 0Z/m-.AL.+8.3°0Z./M NYLON.

sank \ TOTAL WEIGHT ¢ 32.0 o2/t ___{ . .
. ’ I |
1200 f—s —— -~
.k _ 3 k ; 4 '\o
1000 e — R .
800 - £ e
| 8
' '5:85 (A 44
800 : = i l ! R s 1. : Lt 1
0 10 20 - 30 40 50

FRAGMENT-SIMULATING PROJ EGTK:LE WEIGHT (grains)

FIGURE 4.
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BONDED NYLON WHEN

i

ATTACKED.BY FRAGMENT-SIMULATING PROJECTILES AT

HADFIELD-MANGANESE STEEL WITH

by

‘BONDED NYLON AND 24§-T ALUMINUM ALLOY WITH

KINETIC ENERGY ABSORBED BY COMBINATIONS OF

0% OBLIQUITY.

CONFIDENTIAL

‘Farbe/ 20 e » 2uOIAM TVLOL

‘NO'TAN *i)'bs/'20 0'g +
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1

“U:be/'20 6'y2 « LHOEM TVIOL
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WARIRNTY *)'be/ 20 g9t

*NOTAN *3°'bs/'20 1'§1-

‘NO'TAN “)'b8/*20 ¢'g

‘NOTAN “1'bs/*20 0'§
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583 IT- 44 585 IT 44.

585 I7 44

FRAGMENT-SIMULATING PROJECTILE WEIGHT (grains)
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FIGURE 5.
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" PROTECTION BALLISTIC LIMITS OF VARIOUS WEIGHTS OF
oo .. .. ._ | _ _PONDED.2 % 2 BASKET:WEAVE NYLON AT VARIOUS
OBLIQUITIES WITH CALIBER .22 T-37 (17 GRAIN)
FRAGMENT - SIMULATING PROJECTILES.

10 =]

.‘ /
! 4
600}—=— I SRR SR
: b
b 8

400f———+ — N T

= OBLIQUITY (degrees).
. ; 90 3007 45° l i
, —"-I.: : i ¥ e | PR R j T
1.0t 1.2 1.4 T1,8 T8 20
OBLIQUITY = ——s :
cos 8

FIGURE 6.
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‘PROTECTION BALLILTIC' LIMIT Vg, (t/sec.)

CONFIDENTIAL

‘1800 —— i

| comPpARISON OF PROTECTION BALLISTIC LIMITS OF COM-
| BINATIONS:OF HADFIELD-MANGANESE STEEL WITH BONDED
NYLON. AND 248-T ALUMINUM ALLOY WITH BONDED NYLON |
| AT VARIOUS'OBLIQUITIES WITH CALIBER :22 T-37 (17 GRAIN). .
vioof ‘FRAGMENT - SMULATING PROJECTILES.

TOTALWT.
248 02/0/Op

1600 f—==1—=

1500~

14001

| TOTAL WT, .
1300p== 267 02 /0 _

-0

TOTAL WT.
2330z/7m

_ 1200}-

OTY I SIS -SRI — : o R

1000*;' o - = " = 3 - ik -

= OBLIQUITY (degrees) 7
0° 300 : 450 L. & 1| L e
IR Y (e (5 [ AR | A B | R (I (|

1.0 O e i il e

OBLIQUITY = -—ies
) cos @

FIGURE 7.
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] COMPARISON OF PROTECTION BALLISTIC LIMITS OF COMBI»-"
NAT!ONS OI" HADFIELD-MANGANESE STEEL WITH BONDED
- NYLON AND 248-T ALUMXNUM ALLOY WITH BONDED NYLON
I AT VARIOUS OBLIQUI'I‘IES USING CALIBER .22 T=-37
1800f a1 GRAIN) FRAGMENT-SIMULATING PROJECTILES,
[
_. Y
T | TOTAL WT. /
1800 1 1 M - : 283 01’7 i,
1700
§ 1
:»S 1600 [
) 2 : |
§ _. ToTALWT. |
5 267 02/m. |
B 1500 —
1
< 15
ﬂj |
8
E 1400 —
0
'll’l'—
§' .
o : 2 g
laoo WS N N &5 ..‘ —
L/
sogf e } /L o
‘y;- o/ ‘ i|' OBLIQUITY: (degrees) i
=i o B ) g | 600
1100 Lo J' =l Lo L .il. o L. - | -
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o cos 8
FIGURE 8.

. CONFIDENTIAL



CONFIDENTIAL

COM PARISON OF PROTECTION BALLISTIC LIMITS OF
COMBXNATIONS OF HADPIELD-MANGANESE STEEL WITH
BONDED NYLON AND 248-T ALUMINUM ALLOY WITH _

3 ‘BONDED NYLON AT VARIOUS OBLIQUITIES WITH |
1800f~——— CALIBER .22 T-37 (17 GRAIN) PROJECTILE.

CONFIDENTIAL:

18001 e e -
b TOTAL WX |
= 319 oz/m
o 'mo_ ‘f-’#’
: | TOTAL WT.
= K = "
o 18001 34.4 0Z/D
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Q- 1400}
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FIGURE 9.
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COMPARISON OF P‘RCYPECTION BALUST!C LIMITS' 01"
COMBINATIONS OF 248-7 ALUMINUM ALLOY WITH
® BONDED NYLON AT VARIOUS OBLIQUITIES WITH i
1 * CALIBER .22 T-37 (17GRAIN) PROJECTILE.  —
1900 = ; — Y 4 i
1 ¥ ; TOTAL WT.
5 32.0 oz/m _
1800 - —
= F § TOTAL WT.
= 31.9 0z/uf
1700
S »
W TOTAL WT
2} L 248 oz/m'r.
(é 1600} :
ﬁ 3 s
p | b
<
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Z 1400f
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.§-’ i :
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1300 =
1200 | ;
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' . q " | 1 1 o
1100 el ; et
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FIGURE 10.
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COMPARISON OF ﬁRG‘l‘EC'I‘ION BALLISTIC LIMITS OF
KADFIELD- MANGANESE STEEL AND BONDED NYLON
COMBINATIONS AT VARIOUS OBLIQUITIES WITH
CALIBER .22 T-37 (17-GRAIN) PROJECTILE.

1700 - —t_ LoV
$ B°“°"°“/$
1 : (y ToraL wh, |
: : o° 344 0Z/0

»1600” - é}’ o

1500 ——— 1L 267 oz/w |

1400

B : “ e N

1 Qe s — :0° | ’ Tl ot l'/ TOT.A'!'WI

“F . 1 oof 233 0z/m
o4 “q. i . é

41200 e ;t—-._. e _— 4 . l“ o s : N

ALLISTIC LIMIT V,q (it./sec.)

g - - ; OBLXQUITY (degrees) [ .
5| (e ,0-6‘ = ,._.soo'. o 450“_,_.. s Al.ﬁ = i s R _‘.‘qo. S -

1.0 Ay 1.7”" 1.6 18 Y
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cos @

FIGURE 11.
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TABLE 1.

COMPARISON OF THE ‘BALLISTIC RESISTANCES OF VARIOUS COMBINATIONS OF nAorn'gg;p.-uANbA}ﬁs‘se STEEL WITH BONDED NYLON AND 24S-T ALUMINUM
ALLOY WITH BONDED NYLON WHEN ATTACKED BY CALIBER 0,18, 0.22, AND 0.30 FRAGMENT-SIMULATING PROUECTILES AT O OBLIQUITY.

= s |AvERAGE PANEL] .| ToraL | PROTECTION BALLISTIC LimiTS | KINETIC ENERGY
wETaLuc [NUMBER OF o g 1 mickiess | P4 LT (eoNBNED |, Vpgf/esiFOR | ro0t pouibs
| coniponent| "= OF | numper{ - (in.) ' . WEIGHT | "GAL 10, | CAL .22 [ CAL 30 |1OTAL PANEL WEIGHT {oz/ea.1.)
: e : METAL | NYLON | METAL | NYLON | (0z./6q.%) | .85 GRAIN .17 'GRAIN | 44 GRAIN | CAL .15 | CAL .22 | CAL .50 |
I 85 1544 4 0087 ¢ . 50 600 | - 860 1 1912+ .
3 43 | 1 o089 | - 49 @0 | ) | 10 | L oad2e
3 | 07087 5.0 | 500 | 1 e | ) 8:36 ¢
o * 5 0.112. |- © 8.3 g3 | 1085 | Ca— : 1770+ -
‘NONE 5 g 0,118 ° 4 88 8s I i 907 B 1 8.73
; s F 0.113 1 83 | 83 4 w4 ) . 8.68°*
: ;. A | P 154 | 164 | 1383 pze I | 1568 |
i ] ] Sl oasd. T 15 i 1050 A % I
9 : H 150 150 d 950 5.87 *
K 4 3] o "
i k] i 16.6. 8.3 | 249 | 1481 - : 1,095
5. 5 ; : g © 249 1 17 = VI 2,07
§- i 8.3 249 f : i | 3.25
) w 15.2 31 | 1122 .21 i
- ger | ;:‘ 15;: ;:Z - 1338 s | 1 218
ALU ; 16, 8 : . i : 1. 37
| = 50 | 25 | s | : 0.965 |
S 3 50 | 281 1148 = A 1.770
, ; § ¥ 5,0 287, . : S - | i . .| | 297
5 f 88 | s20° | 1819 | . 1.082
. <8: B8:4 321 [ 1254 T | 1sso i} .
5 8.3 318 i 10 | . 3.25
3 5.0 | 239 isie | 1.245
E D49 | 282 ) - 1188 © R | 2.3, = .
| | e 3 6.0 23,9t ! . ..e89° .| 1 1 399
HADFIELD- § 83 I 272 | 188 | ¢ : TS L ;
" |MANGANESE ] g4 | 287 o 1 2.29
‘STEEL. 5 ! 8.8 | 212 ) | 1o ) 417
- 3. i 50 | 344 f 1974 I 1470
i -3 i [ 54 345 ~ 1385 I 8100
P 3 - . ., 50 | 344 | - 1050 3.12
% 'SEE. PAGE 6 PARAGRAPH 4. ' s d )

CONFIDENTIAL



CONFIDENTIAL

TABLE 2,
BALLISTIC RESISTANCE OF VARIOUS COMBINATIONS OF HADFIELO-MANGANESE STEEL WITH BONDED-NYLON AND 248-T ALUNMINUM ALLOY
WITH. BONDED..NYLON WHEN /ATTACKED. BY. CALIBER 0.15 (5,85 GRAIN) FRAGMENT ~SIMULATING. PROVECTILES: AT 0°:0BLIQUITY .,

il e |averace: paner| on7 | TOTAL | PROTECTION [STRIKING VELOCITIES. RESULTING -
' NUMBER OF ... L FuickNESS  PANEL WEIGHT ot STR! K',"QTV‘ELOC”-'E_S .ﬂE.sULTl”q. IN
-mETALLIC |To el 2 PANEL | THIC \ (oz./igdr) |[COMBINED| BALLISTIC |HIGHEST PARTIAL|LOWEST COMPLETE|
COMPONENT| "L "L | NUMBER | Alr.), ] WEIBHT |LIMIT (vgo) | PENETRATION PENETRATION
|l - |"METAL.|.NYLON | METAL [“NYLON.|{oz./sqt)| (ft.7sec.) {17806 (11./8¢6:)
S §3- | s | 0087 80 [ s0 880, a0 829
NONE 8. ; 10112 8.3 | 3.3 1085 1108 +F 1035
] 9 : ¢ 0,197 154 | 154 1383. 1414 1359
i 5 : ko2 | 186 8.3 24, 1451 1479 1402
M8-T | 9 4 T 0197 T 186 ¢ 152 | 318 1727 mla 1882
-“AL‘ML‘g;’?‘ 3 | 0087 || 235 50 | 265 1458 1489 1428
ALLOE | 5 o3 | 012 237 | 83 32:0 1619 - 1897 1565
maDFIELD-| 3 |- o [ ooer | 180 | so | 239 1516 1839 1407 i
MANGANESE|.  § 020 | 'o:_xéz 18.9 8.3 21.2 1508 1634, 1565
STEEL | s A | 0.087 | 204 5.0 | 344 1974 2000 18683
= P ] -\ . o P s = a@
& B NOTES:
1. Fabric - 2 »-% Basket:Weave Nyion; 14: 0z./sq.yd:, 46 x 40 threads/in.,. 6. Spacing of & in. between. metallic and 4 boits: with metalll
“manufactured by St, George Tex;l‘;oa,agd-(m!_-gg‘gl-’lsyﬂ_lpllwlg. ; component-always (lclﬁ’iﬁu':;l:o:%\m,:mn A
2. iResin-~ Parmacel-1500-:(a-phenol<idrmaldehyde- polyvinyl:butyral -resin). 7. ‘Hardness- ol 0.029.in, Had(iéld-manganese-stocl; Rockwell, “B™ 75,
3. Resin Content - 9 ;based on:percent'by welght of fabric. 8. Hardness of 0.045 in, Hadfleld-manganese:stéel, Rockwell “C* 48,
4. All‘loyers of coated. hylon- -dried-for 10 minytes at'220° F. prior to 9. All thickness:measurements are averages-of 10 feadings..
lamination. L = 10. Caliber 0.15 (5,85 grain)-fragment-simulating projectiles. used, Pro-
-5, Nylon panels laminated. 15 minutes at 340°F., 350 psl. Jectiles hedt:tréated xo a hardness range-of RoGKWelL “C” 29-31,
TABLE 3.

BALLISTIC RES!STANCE OF VARIOUS: SOMBINATIONS OF HADFIELO-MANGANESE STEEL WiTH: BONDED NYLON: AND 24S8-T ALUMINUM -ALLOY.

WITH BONDED NYLON WHEN ATTACKED B8

Y CALIBER 0:30 {44 GRAIN)' FRAGMENT- SIMULATING £ROJECTILES AT 0° OBLIQUITY.

I 4 - L 3 < o = -, - s -3 -
: R AVERAGE PANEL : T roraL ‘-c.#iib’i’ééhbu-}s?milﬁé VELOCITIES ‘RESULTING 0 |
| {wusiaen ort .. o 2| PANEL wEIGHT | At e u > -2
- METALLIC, ,_'“:ﬁzzf‘. :F | Panet, THICKNESS {of.isqfr) |COMBINED | BALLISTIC. [HIGHEST PARTIAL|LOWEST COMPLETE|
| COMPONENT| *'L0) on "NUMBER | ,'“"')'.. - WEIGHT | LIMIT- (vyq) || PENETRATION | RENETRATION
i 5 ] kel ‘METAL | "'NY.LON METAL | NYLON | (0z./3q.1t,) | (t./80c) - (":_/“-o;), ;{ﬂ-:héo:)
3 1590: - 0.067 5.0 5.0 6565 mr 645
NONE. 5 1598 0.113 83 8.3 754 M1 728
ey 1597 J. 0,197 15.0 15.0- 950 976 908
- "5 1603 | 0or2 fo62 | 16 8.3 24.9 911 921 908
248-T 9 1604 | 0:071 | 0. 16.4 15.0 31.4 1108 118 - 1090
| ALUMINUM: | 3 1605 | 0:103 |- 23.7 5.0 28.7 936 974 897
. - ALLOY 5 1608. I 0:102 -+ 28.5 8:3 31.8 1025 1039 984
‘| HADFIELD- . 3 1607 [ -0,029- <[ 0. 18.9 5.0 23:9 989 - 1016 936
MANGANESE 5 1608 | 0.020 | 0112 | 189 8.3 21.2 1078 . - oss 1043
'STEEL. 3 1600 3| 0,045 [ 0.067 204 | 50 | 344 1050 1088. 1020
’ - - ~—— g = — = ‘,'._ — —
. NOTES:
: 1. Fabric - 2.x 2 Basket'Weave Nylon, 14.0 oz./sq.yd., 48 x 40.threads/in., 6

manufactared:by St. George Textilés and {inished by Hellwig.
. Resin - Permnacel 1500 (a phenol formaldehyde-polyviny! butyral resin).
. Resin Content -9 pérccnt, based.on-percéiit by weight of fabric,
. All layers of coated' nylon -dried-for 10 minutes at 220° F. prior to
] _ lamination,
. Nylon panels latninated 15 minutes at 340° F.,, 350 psi.

-t

o

e S gmeoe s s . . = . oe

. Spacing of ¥ in. between metallic and nylon,.components with metallic
..compohent always facing muzzle of gun,

.. Hardness of 0,029:in..Hadf{éld g steel, Rockwell “B* 75,
Hardness of 0.045 in, Hadf{eld-manganese-steel, Rockwell “C* 46,

+ Al thcknes: I s are averages of 10 readings,
Caliber 0,30 (44 grain) {ragment et projectiles. used.

jectiles heat-treated'to a nardness range of Rockwell *c® 29.31.

Pro-
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TABLE

BALLISTIC RESISTANCE OF VARIOUS COMBINATIONS OF HADFIELD-NANGANESE STE

WHEN ATTACKED BY CALIGER 0:22 T-37{i7:qmaiN) FRAGNE

: 4.

NT-S\MULATING- PROJECTILES AT VARIOUS ‘OBLIQUITIES.

o ) . e g B
EL ‘WITH- BONDED NYLON AND :24S-T ALUMINUM ALLOY Wit . ‘BONDER ) (AN

Nyloh panels:laniipsited:15 minutes at 3409 F.; 350 psi.

Projectiles heat-treated fo a ‘hafdness range of Rockwell !

g CONFIDENTIAL

i e L —— .
4 8

——— s o 4 4 2 7. et

'

G 29431,

. : AVE? SANEL. ; T Totac | PROTECTION|STRIKING VELOCITIES RESULTING 1R:| WERIT PACTOR
; NU p : AVERAGE PANEL.|... - WAL Vo e a o b a e raeni P e e 5 o,
| mevaLuic '"};’3'“ OF LoaLiguiTy| paigy | THICKNESS | ANEL '“'fm COMBINED| BALLISTIC [HIGHEST PARTIAL|LOWEST COMPLETEI[ 8L tvgol®
COMPONENT| ' S OF | ) rrees) | NUMBER o (ot | wgigHT fLMIT (vgg)| PENETRATION | PENETRATION: || OTAL PANEL WY
. 1 Tomm TrsconTmear TANON [(ofi/sadty | (fhrgecd | (fh/see) At /nec) (o2, /3a4t)
3 . i i 49 | 49 750. 750 750 114,800 ¥
3 . g o B 49 | 49 21 708 - 734 105;900:*
3 45 1450 1 :oces 49 4.8 1 768 732 115,000 ¢
3 60 1451 Goas 4.9 49 g b 780- 716 | 123800
5 0 1440 . 013 . 8.3 83 907 928 ¢ 504 ‘ 99;200 %
NONE 5 30 1443 |, 0112 | 8.3 8.3 871 890, 847
5 S 1443 | 6118 8:3: ¢ 83 | 913 932 - 899 4
1 s 80 1448 o140 | 8.1 | 81 919; 984 874 :
9 0 1441 0,198 15,1 '15:1 1050- 1074 1033 H
9 30. 1445 e | 15:0 15.0 1081 1130 11055
9 45 | a7 ) 0,197 15.1 16.1 1241 1158 1135, ;
9 80 © 1449 | ¢ 0.197 15.2 15.2 1264 1265 1262 i
i ’ - 4 1
5 o - se. | -6 8.3 24.9 1170 1181 I 1165. i 53,000
5 s AR Luel el ma] ue 1252 1250, , 1246 L e
L8 s o . e | mzp e 1343 1362. 1817 12,700
. 80 e 8.1 | 247 1834 1638 1628 108,400
9 o | s | a4 1338: 1362 1317 : §8,600°
9 30 %3] 184 31,8, 1449 1486, 1413 : :
e 9 48 16:6 15.4 32.0 1514 1872 ) 1413 ; :
L) 9 8 e 4 ws 32.1 1859 1893 1808 3 '
-ALUMINUM 3 % oo 5.0 8.1 1148 1165 ! 1119 i :
ALLOY s 0 31 48 | 283 1304 1338 1259 :
s & -y 49 28.4 1450- 1473 . 1413 1
3 s 0 5.1 284 1872 1905 1851 i
5. D e 8.4 32,1 1254 1252 1255: 1 ;
5 - 30 235 8.5 320 | ot 1425 1377 1 :
] 5 T 1 a3 8.4 387 1553 1599 1509: & ;
T 5 60. 237 8.5 32.2 1908: . 1961 « 1857 {
3 0 i a9 | 282 1166 n§T 1149: ;
i 3 20 1o 5.0 23:3 1123 1156° 1059 :
‘3 35 1873 \ 5.0 23,3 1205 1224. 1167 .
- ; . w3 | 34 | e 1275 s sy -‘
- o 5 o8 Bs 28,7 A 283" o ! & :
A NANESEl 8 % oA Y 26.7 1211 1298 1237 3 :
STEEL | 5 45 18.3 8.3 | 26.6 1367 1393. 1342, i X
i S 5 ‘80 83 8.3 2668 | 1624 1659- 11599 i i
3. 0 by 5.1 345 | 388 1425 1338 { ;
3 a0 - 5.0 344 | 1dad 1486 1400 , :
3 5 o 5.0 34.4 1612 1688 147, i
X 3. -80° 20.4 5.0 344 1696 1744 1666: i
¢+ ‘SEE PAGE'9: PARAGRAPH 2. ;
NOTES: L5 .
1. Fabric - 2 x 2 Basket Weav Nylon, 14,0 0z,/5q,ds, 46 x 40 threadS/ins 6. -Spacing of § in. betieén metallic and. nyldn ¢ ¥ hemetalite f
_-manufacturéd by"St. Grorge Textiles and.(inished'by Hellwig, componient always f2 ing mizzle of-gun. : ” !
. st R imacel 1590 i Laonot ormsatichee solyglni butgra 1080: 7. Hardness.of 0,028 in. Haciléid-manginese steel, Rockwell 7% | 15. :
3. Resin:Content --3-percent, based-un percent by weight of-fabric. ‘8, Hardnéss of 0.045-in. Hadfield-mianganese stee), Rockwell (" 46. ;
4. All layers of coatéd nylon dried for 10° minutes at 2200°F. pstor ¥© 8. Allth surementé-dre averages of 10 réadings. - f
lamination, s : 10. Caliber 0,22 T-37 (17 grain) fragment-simulating projec;les used..
5. ¥ 1
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