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ABSTRACT 

A new self-sealing fuel cell construction was developed utilizing a poly¬ 
ether urethane elastomer which exhibited excellent resistance to cracking 
and "chunking out" at a gunfire test temperature of -40 F. Efforts made 
to develop a silicone sealant material with good building tack for use in 
the development of high temperature resistant self-sealing fuel cells are 
discussed. A limited amount of effort was devoted to investigating the 
use of non-sealing fuel line jackets as a means of controlling fuel spray¬ 
ing from ruptured fuel lines. Several commercial foams and thermoplastic 
sheet materials were evaluated as backing boards for the protection of 
self-sealing fuel cells. Some of the effort was expended in establish¬ 
ing a reliable method of striking fuel lines with tumbled projectiles. 
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SECTION I 

INTRODUCTION 

Many of the aircraft lost in combat situations are the victims of penetration 
by shrapnel or small arms fire. Penetration of the aircraft fuel system and 
subsequent fires and explosions figure in a large number of these cases. 
The development of protective systems by industry and government agencies is 
an effort to reduce the loss of lives and equipment that result from fuel 
system ruptures. 

The objective of this contract was the development of self-sealing fuel sys¬ 
tems, composed of elastomeric materials, which will exhibit improved perform¬ 
ance characteristics while imposing minimum weight and volume penalties for 
a particular level of performance. Effort was continued to develop a poly¬ 
urethane construction which has better gunfire performance at -40° F than the 
CN-2 construction outlined in Technical Report AFML-TR-68-356, Part I. 

The research and development was conducted in three phases: 

Phase I - Literature Search and Review of Past Work 

Phase II - Exoerimental Evaluation 

Phase III - Documentation 



SECTION II 

COMPOUNDING SILICONE FOR IMPROVED TACK 

In an attempt to imorove the sealing performance of silicone elastomers, a 
orogram has been undertaken to compound these elastomers for greater tack. 
Table I details the experimental design. 

TABLE I 

EXPERIMENTAL DESIGN - SILICONE COMPOUNDING 

TÄciT Fier phr) 
tHngtack 95 Cumar W 2½ 

Elastomer Curative 
Level 
(PHR) 0 10 20 0 10 20 

Silastic 
437 

Cadox 
TS-50 

1.9 L P 
3.0 ~jr 

Dicup 
40C 

T.Ö' M F 
3.0 J H 

Silastic 
745 

Cadox 
TS-50 

1.9 B 
3.0 G 

Dicup 
40C 

1.9 q C 
3.0 

SE-4360 

Cadox 
TS-50 

1.9 D N 
3.0 R 

Di cup 
40C 

1.9 I K 
3.0 0 E 

The compounds indicated by letters were mixed. All were press cured for 10 
minutes at 300° F except formulations A, B, D, G, L, N, P, R which were cured 
for 5 minutes at 240 F. Compounds B, E, G, N, P and R did not cure. Volume 
swell data is given in Table II. 
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TABLE II 

yQLOLJm_L__AFTEP EXPOSURE TO UPE-lTt FUEL 

Sarro le 

A 
C 
D 
F 
H 
I 
J 
K 
L 
H 
0 
Q 

Z Swell 
1 H>n. 30 Sec. 

23.49 
26.67 
22 94 
32.38 
33.33 
25.57 
24.00 
32 63 
28.09 
32.16 
23.41 
23.49 

33.75 
31.23 
30 95 
34.43 
34.56 
30.92 
29.97 
35.84 
31.79 
41.20 
25.38 
27.13 

2 Hin. 

40.64 
37.27 
32.43 
47.83 
46.20 
38.92 
35 73 
39.85 
45.74 
46.86 
30.34 
35.57 

The method used 
15 of Technical 

sue" “as 
o.iqe 

Cut two strios 2" X 4" 

P?»i„Si'',T1S.,n f"el f°r “» minute 
fon tira mínj’ 0n t0S °f ,he othor w,th fc,ease wue, between 

¡«"It ZtXZT,not ^ 
SîÛcT""" nnd ,ofce t0 separate str)(jS on a tcst 

tack 

a. 
b. 
c. 

d. 

e. 

None of the silicone formulations 
as described above. qave a measurable degree of tack when tested 

'\i : 

UrlüMiu ; -, («xi*. 



SECTION III 

A 
■■ yí 
•V 
—• 
'V- 

■f 

ELASTOMER COMPOUNDING FOR BETTER 
HIGH TEMPERATURE RESISTANCE --■ -———- 

Ttxj fioal of the elastomer comooundinq oroqrfm was improvement in orooertv reten¬ 
tion after exposure to extended heat aqinçj at 350° F. Tms was anoroachcd by 
substitutinq different fillers for the carbon black In a Suitable compound of 
each polymer. 

t 

The elastomers chosen were all considered suitable for use as liner or «.over 
stock$_when proaerly compounded and cured ParacnI B is a medium low aerv- 
lomtrilc content Í1BR with a qood balance between oil and tuel resistance and 
flexibility at low temperatures. Vibrathane S004 is a peroxide-cured millable 
polyurethane elastomer with qcod orocessing characteristics , qood oerforrance 
at.low temperatures, and good resistance to dry heat. Adiprcne CM is a sulrur 
curable polyether urethane rubber which exhibits excellent abrasion resistance, 
low temperature characteristics, and resistance to heat deterioration, weath¬ 
ering, and swelling in oils or solvents. Each of the elastomers is normally 
compounded with carbon black but is compatible with the tynes of fillers shown 
below. 

The exoorimental design that was followed is shown below: 

Candidate Control _ ■ Experimental Fillers__ 
Elastomer_Carbon Black ÄTuminum Flakes Hi f ?32 Miscron Vonor laic 

Paracril B 
Vibrathane 5004 
Adinreno CM 

The formulas snown below were nreoared from the exeerimentai design. 

Nitrile Compounds_ A_B_ç _D 
(ControlJ 

Paracril "B" 100 
Statex B (FF Black) 20 3 
SRF Black 50.5 
MT Black 30.4 
Litharge 5.1 
Ethylac 6.5 
Dibutyl Sebacate 30.4 
Superfine Sulfur 1.5 
Aluminum Flakes 
Hi-Si 1 233 
Mistron Vapor Talc 

100 100 100 

5.1 5.1 5.1 
6.5 6.5 6.5 

30.4 30.4 30.4 
1.5 1.5 1.5 

100 
100 

100 

4 



Peroxide Cured Urethane A 
(Control ) 

B C D 

Vibrathane 5004 
Stearic Acid 
HAF Black 
DiCup 40C 
Aluminum Flakes 
Hi-Sil 233 
Mistron Vapor Talc 

100 
.30 

30 
6.0 

100 
.30 

6.0 

30 

100 
.30 

6.0 

30 

100 
.30 

6.0 
30 

NOTE: "D" was not made because of explosion hazards involved in mixinq 
aluminum flakes with peroxides. 

Sulfur Cured Urethane 

Adi preñe CM 
HAF Black 
Cumar W 2½ 

MBTS 
MBT 
Sulfur 
Caytur 4 
Cadmium Stearate 
Aluminum Flakes 
Hi-Sil 233 
Mistron Vapor Talc 

(Control ) 

100 
30 
15 

4 
1 

.75 

.35 

.5 

100 

15 
4 
1 

.75 

.35 

.5 
30 

100 

15 
4 
1 

.75 

.35 

.5 

30 

These compounds were mixed and cured as shown below: 

D 

100 

15 
4 
1 

.75 

.35 

.5 

30 

Paracril "A" compound was cured for 60 min. at 276° F. 
and "D" were cured for 90 min. at 276° F. 

Compounds "B", "C", 

Adiprene CM compound "A" was cured for 60 min. at 287° F. Comoounds "B" and 
C" were cured for 90 min. at 287° F. 

The test data for these compounds is shown in Table III. 

5 

■MMMI 



T
E
S
T
 
D
A
T
A
 
F
O
R
 
E
L
A
S
T
O
M
E
R
 
C
O
M
P
O
U
N
D
I
N
G
 
E
X
P
E
R
I
M
E
N
T
S
 

■ 

* 

i 

—* 
O 3 
O X3 
n o 

o 
co 
LD 

<E> 

0> 
CL 

iA 

n: 

u> 
cr> 

<u 
+-> 

in O 
c 

0) 
•O -id 

IB ■■ 
3 *-> 
O 
o 

I 
"o is> 
i- CO 
(0 0) 

cr> 
tn 

(B 

o 
CO 
OJ 

tn 

<D 

uo LO CTL 
•-< cn 

O O 

rB 
05 E 
C O 
O -r- 
*— 4J 

O O O 
CO UO CM 
CM CM CM 

tu 
o 

<B 
CO 

"si* CO lT) 
CO CO CO 
o c o 

CO 

O 3 
O -o 
CO o 

o 
c 

cu 
-a -id : 
<— fB 

o 
o 

CO 
cO 
OJ 
c 
-o 
C- 
<B 

CO 
CO 

"O 
03 

o 
r-% 
CM 

co 

0) 

co <—i co 
03 «3* «Í- 
CM CO 

I 
<B 
03 E 
E O 
O -I- 

UJ 

o o o 
rs cm r>. 
CM CM CM 

03 
crj 
3 
ÍB 

CO 

CM CM CO 
CO 00 CO 
o o o 

co 

-O 
E 

o 
Q 

O 

k 
O «C 
<0 
E 
IB 
CM 

LO fM O 
CO 

00 
CO 

LD 
o 

Cm 

CM 

co uo 
cn o. 
CM CM 

o o 
i—* O 

CO o 
Cs 00 
o o 

m cm 
cn. p«» 

co 
uo 

o 
*3- 
00 

o 
o 
*3* 

■-I O 
in to o 
«3* CO «B- 

o o o 
00 CO "3* 
CO 00 00 

•-H CM O 
^ cx 
o o o 

00 

o 
E 

03 
T3 JX 
i— 10 : 
3 +J 
O 
O 

00 
00 

o 
CM 
CM 

«3- 
00 
m 

o 
ui 
CM 

o 
in 

o co 
co vn 
in in in 

*3* 
in 

o 
CM 
co 

00 
vo 
in 

O 00 CM 
in vo *3* 
in m vo 

CM 
03 

I— o 
vo o —i, 
cn co oo oo 
o o o 

VO 

03 

in cm 
PM CO 
00 00 

CM 
03 

O 
•3* 
CO 

in 
cm 

CM 

o 
o 
o 
CM 

in 03 
CM 00 

CM CM 

o 
*3" 
CO 

o o 
"3* Pm 
co co 

03 
vo m 
03 03 
o o 

o o o 
CM O "3* 
co co co 

O CM *3* 
co vo vo 
uo in uo 

03 
in 

o 
oo 
co 

in 
Pm 
VO 

UO 03 03 
Pm ^3- vo 
VO VO Pm 

O O 
- VO O 

CO CO ^3- 

Pm «3- 00 
Pm fM. Pm 
O O O 

O O CM 
03 CM 00 
00 03 03 

CM 
in 

o 
oo 
"3* 

O 
in 
in 

in o '3■ 
CM m *3- 
m in vo 

tn CM CM 
00 03 03 

Pm 

00 

00 

in in in 
•—I CM 

uo in in 

oo 
in 

§ 

in 
Pm 
CO 

00 Pm vo 
>— CM VO 
Pm VO Pm 

o o o 
Pm O 00 

in <3- 

O O 03 
00 00 Pm 
O O O 

"3- CO CM 
VO — VO 
in in *s- 

oo >— /— 
co vo vo 
co co co 

Pm 
VO 

O 
Pm 
*3* 

CM 
VO 
•«S- 
CM 

^3- CM CM 
VO VO 00 
VO «3- CM 
CM CM CM 

O O O 
Pm 03 VO 

^3- <3- 

00 00 00 
Pm Pm Pm 
O O O 

03 
E 
IB 

« o < 
E in 
.a 

o o o 
cm o — 
oo oo oo 

00 in Pm 
PM Pm Pm 
o o o 

tn in in 
PM Pm Pm 
co co vo 

o o o 
Pm O 00 
'S* U3 «3- 

§i 
o o 
00 00 

o o o 

CM 00 00 
Pm CO CO 
CM CM CM 

«3* 
co 

o 
co 
in 

03 
o 
03 

O 03 03 
«3* CM O 
00 03 03 

o o o 
— Pm CO 
•n in in 

O 03 03 
O 03 03 
— o o 

PM CM O VO in Pm 
in •—I CM U3 Pm O0 
Pm Pm Pm <v3* »3* «3* 

Pm 
in 

oo 

VO CM 'S- 
VO CM 03 
CO Pm vo 
CM CM CM 

O O O 
03 p- — 
Pm 00 00 

CM CM 
Pm Pm Pm 
O O O 

03 

Pm 

VO 

o 
CO 
in 

CM 

o 
co 

Pm 
PM 
00 
CM 

Pm 
"3- 

PO 

O 
in 
in uo 

CO 
Pm 

in 
Pm 
O 

UO 
uo 

o 
'S" 
PM 

CM 

PM O 03 
U3 O PM 
m oo i-i 
CM cm CO 

O O O 
'S* 'S" 

Pm Pm Pm 

03 O 00 
Pm 00 Pm 
O O O O 

HI 
E C 
O- 

T3 
< 

03 O 00 
O CM Pm 
CM CM —I 

O 
VO 
CO 

'S- 
co 
CM 

vt m CM O CM VO 
CO CM CM 03 VO CM 
CM CM CM CM CO CO 

CO Pm VO 
vo in in 

vo 
co 

o 
03 
VO 

VO 
CM 
co 

o o o 
VO 'S- r- 
co co 'S- 

'S- 03 o 
03 00 03 
o o o 

CM CO VO 
pH in 

CO CO iM 

in 
n 

in 
CM 
00 

'S- 
CO 
CO 

cm in 
00 00 
CM CO 

o o 
'S- pH 
CO CO 

o o o 
03 03 
UJ VO Pm Pm 

co »s- un 
03 03 03 
o o o 

00 03 CM 
VO 00 VO 
CM CM CM 

Pm 
in 

o 
vo 
PM 

•s- 
CM 

00 O VO VO 
00 PH 00 00 
'S- 'S- CM 
CM CM CM 

00 
Pm. 
O 

OO 

O O O 
vO Pm VO 
PM Pm Pm 

CM CO «3* 
00 00 00 
O O O 

o 

Pm 03 Pm 
CM p-l 

CM 
CO 

Pm 
CM 
VO 

Pm 

VO 
VO 

Pm 
00 
in 

iO 
03 

CM 
03 
o 

O VO VO 
CO 00 

CO CM CM 

CM 
m 

o 
oo 

Pm 
CM 
03 

03 CM 
CM in 

Pm 0303 

OO 
00 00 
Pm Pm 

'S- 'S- 
00 00 00 
O O O 

I, M 
! 



QJ 

O 
00 
lo 

c. 

o> — 
C CU 

•P- 3 
l*- -o +j <4- 
C 113 Ol 

-C QJ •—< 
•—< 

• 1/1 •—! 
I. T3 >— 

“T* C /0 c> 
/0 3 (J CL 

O **- >, 
u_ O >/) I— 

E >i 
O O x: c 
O (J Q. •/— 
in 
cn s; t. . 

o o Ol 
+J >f- w. 
(B CU XI 

C CU 
* CU <— io 

ol 1- JO Ol 
S- Q. (0 
-C -r- -M <— 

"O p- f0 
IO < 3 C 
oi oio 

CU -t- 
o x: cu -M 
+J +J s_ -r- 

<u x> 
-O T3 X "O 

CU C CO 
-P «J Ol 
ü *o c 
CU "O C /0 

"O CU 3 
XI — o s- 
3 XI O. 0) 
oi E E +-> 

3 0«»- 
CU i. U (O 
$- o 
CU »s- -O 
5 *o o c 

C O <0 
oi /o in 
■o u- 
C -O QJ 
3 <U CO 
O Pi <0 o 
o. o x: m §/0 -p co 

Í. CO 
O O i. P 

X3 cO 
«- 

O C0 > • 
o x: oi 
in cu i. 

oi x: xi 
CU -O P 
C C LO 
co 3 >»ai 
x: o >— 
P CL C i- 
co E O 0) 
4- O P 

X3 O «P 
-r- • iU 
z* cau 

<u s 
T3 c— P O 
C V •— 
C0 L. O CU 

O P X3 
se: co oi 
C_> C r- C 

C0 "O 3 
CU Q_ o 
c cu je 
CU CU E (O 
c x: co 
Q.P U Ol 

T- <U 1- 
T3 - XD 
C CU co 

C -o P 
» 3 C CO 

00 Ol C0 "O 
O 

i— Q.-0 P 
/p- x cu oi 
C CU C Ql 
U CU P 
co Ol P 
i- CU 
co X O XI 
a. p oi h— 

CU 
Q 

ol 
C 
X 

IO 
Ol 

o 
in 
co 

© 

io 
oi 

O) 
3 

a* — 
o 3 
o -o 
co o 

I 
"D Ol 
Í- O) 
co 'U 

31 C 

O 
c 

01 
-o Pi 
— /0 
3 P 
O 
o 

in 
in 

a 
c 
o 

LO 

QJ 

I 
CO 
er. c 
E O 
O f 
p- P 

in 
o 
CM 

cu 
a 

o 
in 
co 

co 

LO 
Ol 

co 
co 

Ol 
3 

Je« 
O 3 
O TU 
C0 O 

s: 

Ol 
O) 
cu 
c 

"O 
s- 
10 
X 

er 
c 
o 

c' 
CO 

Ol 

o 
CM 
CM 

CO 

o 

p 
o 
c 

cu 
■O Pi : 
— co 
3 P 
O 
O 

in 

o 
CM 

CU 

I 
C0 
Ol c 
E O 
O 

CD 
Dl 
3 
ca 

CXJ 

o 
Ol 
o 

o 
o 
o 

o 
Ol 

co 
K 
o 

l£> 
CO 
'S- 

io LO CO 
in co in 
cg in 

o o o 
co >-l i— 
r- CM CM 

00 00 Ol 

o o o 

■o 
E 

CU 
E 
CO 

iQ- 
CO O <C 

E E O 
X3 m 

r— 00 <—I 
m oi 

ro 
co 

o 
«Q- 

m 
CM 

*—i 
in in lo 
CM CM CM 

o o o 
CO «o- 00 
^a- Kj- 

O >— Ol 
ex r>r lo 
o o o 

f— ^ 00 
m oi in 
in m in 

io 

o 
CO 
co 

00 
in 

r-r •—i o 
rs 
«i- "st 

LD 
«0- 

o 
00 
co 

LO 
o 
in 

co io in 
en o cm 
*1- in in 

o o o 
oo co ¾• 
co co 

co oi o 
oo 

o o o 

o in lo SOI r-l 
rs. oo 

o 
o 
LO 

Ol — C'* 
o oi 
lo in co 

o o o 
co cm co 
co co co 

oi o <— 
lo 
o o o 

ca 

o 
r—I 

n» 
oo 

r>. lo 
cm 

oo oo oi 

o o o 
i—t lo in 
^ co Kf 

co in 
r> rs. 
o o o 

L 

i 



SECTION IV 

EVALUATION of projectile tumbling methods 

Since the new fuel line specification requires tumbled projectile impacts, a 
new method must be found to tumble projectiles accurately. At present UNI- 
ROYAl uses four plywood sheets inclined at various angles n front of the 
target to tumble the projectile. This system generally tumbles the bullet 
but at the same time produces an uncertainty in the path of the bullet. 
Since a fuel line is a much smaller target than a fuel cell, a more accurate 
system of tumbling was sought 

At the suggestion of Mr. Anspach of Wright-Patterson A. F. B , an extra barrel 
was procured for the .50 cal gun at the UNIROYAL test facility. A .30 cal. 
Model 1903 rifle was also obtained. The barrel from the .30 cal. rifle and 
the extra barrel for the .50 cal. gun were both machined to remove the rifling 
and to cut away the upper half of the barrel for one inch at the muzzle. 

Removing the rifling eliminates the spin on the bullet and thus reduces the 
gyroscopic stability of the bullet. Cutting away part of the barrel at the 
muzzle causes an uneven gas pressure on the bullet as it leaves the barrel, 
thus initiating tumble. The bullet does not strike any solid objects which 
can deflect it and, therefore, in the flight path of less than 75 feet pro¬ 
vided at the UNIROYAL test facility, there is little chance for deviation 
from the theoretical trajectory. 

Both smooth-bore notched gun barrels were test fired. The guns were clamped 
in place and fired first to determine if there would be an excessive amount 
of powder exiting from the muzzle caused by using normal rifle powder in a 
smooth bored gun. Both guns were fired safely with the bullet following the 
desired trajectory and not an erratic path. 

Both guns were fired at a paper target to determine the degree of tumbling. 
The .30 cal. gun was fired at approximately 30 ft. from the target and gave 
full tumbles in all cases. The vertical variation between shots was less 
than one inch and this apparently can be reduced with greater experience in 
sighting. The .50 cal. gun was fired at a distance of approximately 60 ft. 
from the target. Sufficient tumble was imparted to all shots but accuracy 
was low because the gun mount was not secured rigidly enough. 

The notched, smooth barrel has proven to be a method allowing gunfire with 
consistent tumbling and a fair degree of accuracy. We recommend that gun¬ 
fire of fuel lines and other small targets with tumbled projectiles be done 
with a notched, smooth barrel. 



SECTION V 

SPRAY RESTRICTORS FOR FUEL LINES 

The irrmediate spray of fuel over a large area is one of the most dangerous 
results of the puncture of a pressurized fuel line. A portion of the con¬ 
tract was applied to a limited evaluation of methods to mechanically restrict 
heavy spray. Three different types of spray restrictors were fabricated and 

evaluated. 

The ASN 605-1 spray restrictor consisted of a loose urethane/fabric cover oro- 
vided with a small hose to drain the cover ASN 605-2 restrictor was similar 
but was fabricated of nitrile rubber coated fabric. 

The ASN 629 restrictor consisted of reticulated polyurethane foam wrapped 
around a fuel line and coated with a film of urethane. No hose was orovided 

for drainage. 

The three restrictors and an uncovered metal fuel line were gunfired with .30 
cal. AP ammunition while connected to a 30 psi water line. The uncovered line 
sorayed a great deal of water for a long distance. See Photoqrah Number 1 in 

Aopendix III. 

With the ASN 605-1 and -2 spray restrictors, however, leakage through the bul¬ 
let wounds was reduced to a slight dribble with the majority of the leakage 
draining through the drain hose. See Photographs 2 and 4 in Appendix III. 
When the drain hose was plugged, the leakage sprayed out through the wounds as 
in the uncovered lines. See Photographs 3 and 5 in Appendix III. 

The ASN 629 restrictor slowed leakage to a small dribble until the foam layer 
was saturated with water, at which time leakage sprayed out of the wounds 
again. The time to saturate the foam was less than one minute. See Photograph 

Number 6 in Aooendix III. 

While ASN 605-1 and -2 stop spray from a fuel line wound, they do not retain 
the fuel in the fuel system as a conventional self-sealing cover does. The 
soray restrictor is intended to prevent fires by preventing fuel from spray¬ 
ing onto hot engine surfaces. The conventional fuel line cover oerforms this 
function while at the same time preserving the fuel supply of the aircraft. 
Since spray restrictors must add some weight and bulk to the aircraft, conven¬ 
tional self-sealing line covers are the best investment considering the greater 
level of protection they give at a slightly higher weight level and similar 

volume penalties. 
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SECTION VI 

EVALUAT ION OF BACKING BOARDS 

The backing boards were evaluated by installing one 27" x 33" oanel of each in 
a gunfire structure conforming to MIL-T-5578C. A US-182 test cell was installed 
within the assembly and .50 cal. AP-M2 ammunition was fired into the backing 
boards. The backing boards were evaluated for damage and the US-182 test cell 
was evaluated for sealing performance. The data is shown in Table IV. 

1• Evaluation of Thermoplastic Sheets 

Fifty caliber gunfires were oerformed on the following four plastic materials: 

a. Nylafil - A nylon sheet reinforced with chopped glass fibers. 

b. Nylux - A non-reinforced extruded nylon sheet. 

c. A Styrene - Acrylonitrile copolymer reinforced with glass fibers 

(116-1A). 

d. A Styrene - Acrylonitrile cooolymer reinforced with asbestos 

fibers (116-2A). 

When gunfired, all except Nylux shattered. The high degree of reinforce¬ 
ment apparently reduced the flexibility to such an extent that the impact 
of a tumbled round broke the entire sheet into small pieces. 

The Nylux sheet did not shatter but in the area of more severe tumbled 
entrances it did tear radially from the wound. Some evidence was noted 
of melting of the thermoplastic nylon in the vicinity of wounds but this 
does not seem significant in regard to the supporting action of the board. 

2. Conolite Experimental Backing Boards 

Four backing boards were submitted by Conolite for evaluation. These were: 

a. X7Q-29 - A rigid polyurethane foam laminated to a paper backing 

b. X70-48 - A rigid polyurethane foam laminated to a paper backing. 

c. X70-30 - A rigid polyurethane foam laminated to a woven glass roving 

d. X70-23 - A conventional backing board similar to Conolite Type I 

backing board. 

The foam type boards (-29,-30, and -48) showed a tendency to chunk-out. 
That is, large portions of the foam were pulverized and blown away by the 
impact of the bullet. The glass roving of X70-30 reduced this tendency 
but did not eliminate it. When the foam is lost, there is no support for 
the fuel cell wound and conseguently no help in sealing. X7Q-23 gave ap¬ 
proximately the same performance as Type I board by Conolite. See Photo¬ 

graphs 7-10 in Appendix III. 
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TABLE IV 

GUNFIRE PERFORMANCE OF BACKING BOARDS 

Round Identification 

IE 
IX 
2E 
3E 
3X 
4E 
5E 
5X 
6E 
6X 
7E 
7X 
BE 
9E 
9X 
IE 
IX 
2E 
2X 
3E 
4E 
5E 
5X 
6E 
7E 

Nylafil 
Nylux 
Nylafll 
116-1A 
116-2A 
116-1A 
Nylux 
Nylafil 
Nylux 
Nylafil 
Nylux 
Nylafil 
Nylux 
Nylafil 
Nylux 
X70-48 
X70-30 
X70-48 
X70-30 
X70-48 
X70-48 
X70-29 
X70-23 
X70-29 
X70-29 

Type of 
Shot 

Straight 
3/4 Tumble 
Full Tumble 
Straight 
3/4 Tumble 
Full Tumble 
Straight 
Straight 
3/4 Tumble 
3/4 Tumble 
3/4 Tumble 
½ Tumble 
3/4 Tumble 
Straight 
3/4 Tumble 
Straight 
3/4 Tumble 
Straight 
3/4 Tumble 
3/4 Tumble 
Full Tumble 
Straight 
3/4 Tumble 
3/4 Tunv ie 
3/4 Tumble 

Size of 
Wound 

Shattered 

Shattered 
Shattered 
Shattered 
Shattered 

Shattered 

Shattered 

Shattered 

Shattered 

Sealing Performance of US-182 

Seal in 30 sec. 
Seal in 30 sec. 
Seep at 8 min. 
Seal in 30 sec. 
Seal in 
Stream 
Seal in 
Seal 
Mod. 
Seal 
Seal 
Seal 
Stream* 
Seal in 
Seal 
Seal 
Seal 
Seal 
Seal 
Seal 

30 sec. 

30 sec. 
in 30 sec. 
stream at 4 
in 30 sec. 

1 min. 
30 sec. 

min, 

in 
in 

30 sec. 
30 sec. 
30 sec. 
1 min. 
30 sec. 
30 sec 
2 min. 

in 
in 
in 
in 
in 
in 

Stream** 
Seal in 30 sec. 
Seal in 30 sec. 
Slight seep at 4 min. 
Seal in 1 min. 



SECIION VII 

EVALUATION OF POlVURETHANE FILMS 

In Technical Report AFMl-TR-68-356, Part I, it was reported that polyurethane 
enhanced the gunfire performance of self-sealing constructions when it was 
used as an innerliner. It also improved the gunfire performance when used to 
impregnate the outer tire cord. By using polyurethane in a self-sealing con¬ 
struction, it was possible to obtain .50 cal. ambient temperature gunfire 
performance with a construction which is lighter, thinner, and more flexible 
than commercially available 50 cal. constructions, however, the polyurethane 
cracked when gunfired at -400 F with .50 cai AP-M2 ammunition and performance 
was below that required in MIL-T-5578C. 

In Technical Report AFML-TR-68-356, Part II, it was reported that a cell of 
polyurethane was developed which combines excellent 20 mm gunfire performance 
at ambient temperatures with good cell flexibility and light weight. This con¬ 
struction, ASN 522-37, weighed the same as the standard US-173. Early in the 
current contract, another cell of this construction, cell ASN 630, was fabri¬ 
cated and gunfired at -40° F After gunfire, the cell was examined and it was 
found that the innerliner had cracked severely and pulled away from the con¬ 
struction. Effort was then directed toward improving low temperature performance. 

Construction CN-2 was used as a baseline Cell ASN 630 duplicated cell ASN 522- 
37. In cell ASN 654 the curing system and processing techniques were altered. 
Details of the construction and gunfire performance follow. 

1. Test Cell ASN 630 

a. Construction Details 

Cell ASN 630 is of the same construction as 522-37 reported in Tech¬ 
nical Report AFML-TR-69-356, Part II. Fabrication of the cell was by 
hand layup followed by room temperature cure of the polyurethane. The 
construction consists of the following plies: 

0.030" thick V-6007/V-6004 polyurethane innerliner* 
Nylon tire cord with US-3082 and US-3083 sealants 
Nylon tire cord with US-3082 and US-3083 sealants 
Nylon tire cord with US-3082 and US-3083 sealants 
Nylon tire cord with V-6007/V-6004 polyurethane outer cover 

*The liner was made by casting the polyurethane on glass 
plates. The tire cord plies were positioned at 90° to each 
other and at 45° to the base of the cell. Adhesive #6218 
was used to bond the plies together. 

b. Gunfire of Test Cell 

The gunfire results of cell ASN 630 are shown on page 14. 
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c. Conclusions or Remarks 

After gunfire, the cell was examined and it was found that the mner- 
liner had cracked severely and pulled away from the construction The 
low temperature apparently made the liner brittle enough to crack 
under the impact of tumbled rounds. See Figures 12 and 13 in Appendix 
III. 

2. Test Cell ASN 654 

a. Construction Details 

Cell ASN 654 was the same construction as CN-2 reported in Technical 
Report AFML-TR-69-356, Part 1 except the inner and exterior coatings 
were modified by changing the curative and method of mixing in hope 
of overcoming the "chunk-out" problem at -40° F. Methylene dianil me 
was used as the curing agent instead of 4-4' methylene bis (2-chloro- 
aniline). Also, a solution system was used instead of 100% solids. 
The construction consists of the following plies: 

0.030" thick UNIROYAl 41769 polyurethane 
Nylon tire cord with US-3082 and US-3083 sealants 
Nylon tire cord with UNIROYAL 41769 polyurethane 

MOTE: 41769 contains 75% Vibrathane 6007, 25% Vibrathane 6004 
and methylene dianiline 

The tire cord plies were positioned at 90° to each other and 
at 45° to the base of the cell. 

b. Gunfire of Test Cel 1 

The gunfire results of cell ASN 654 are shown on page 15. 

c. Conclusions or Remarks 

After gunfire, the cell was examined. It was found that the inner liner 
had cracked severely The innerhner had pulled away from sides 3 and 
4, the top, and the bottom where adhesive #6218 was used. Adhesive 
#3420, the same adhesive used in the original CN-2 construction, was 
used on sides 1 and 2 and no tendency of innerliner release was noted 
except at the wound. However, there appeared to be no correlation 
between gunfire performance and the adhesive used. See figures 14-17 
in Appendix III. 

After the results of the gunfire testing of these cells were observed, it was 
decided that to obtain candidate innerliner materials with better elasticity 
at low temperatures than the urethane compositions used in the above cell con¬ 
structions, a program of screening candidate materials through a study of 
their films would be carried out. 

13 
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TABLE V 

Fuel Type: 

Fuel Temperature: 

Projectile Type: 

GUNFIRE OF TEST CELL ASN fi.Tn 

Type 1 Projectile Velocity: Standard 

^ ^ Backing Board: Conolite A60SG4W 

.50 Cal. AP 

Round Type of Extent of Angle of 
-w°und Tumble Obliquity 

Entrance None n0 
Exit Js g0 

2 Entrance Full 
Exit 

0° 

Sealing Performance 

Seal in 30 sec. 
Seal in 4¾ min. 

Seal in 3 min. 
No exit 

3 Entrance ½ 
Exit Seal in 45 sec. 

No exit 

4 

5 

6 

Entrance None 
Exit 3/4 Seal in 30 sec. 

Seal in 30 sec. 

Entrance None 
Exit 3/4 Seal in 30 sec. 

Seal in 2 min.* 

Entrance None o° 
Exit 3/4 o° 

*20 mm AP ammunition was used 

Seal in 30 sec.* 
Heavy stream, no seal* 
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TABLE VI 

GUNFIRE OF TEST CELL ASN 654 

Fuel Type: Type I 

Fuel Temperature: -42° F 

Projectile Type: .50 cal. AP 

Projectile Velocity : Standard 

Backing Board: Conolite Type I 

Round 
No. 

1 

Type of 
Mound 

Entrance 

Exit 

Entrance 

Exit 

Entrance 

Exit 

Entrance 

Exit 

Entrance 

Exit 

Extent of 
Tumble 

None 

3/4 

Angle of Const. 
Obliquity No. Sealing Performance 

3/4 

3/4 

3/4 

None 

3/4 

Full 

None 

3/4 

0° 

0° 

0° 

45 

45l 

Slight seep in 2 min. Seal 
in 4 min. 

Slight stream at 2 min. Cor- 
inq noted. Wound plugged. 

Size of 
Mound 

V dia. 
hole 

1-3/4" X 1" 
L tear 

1 Heavy stream at impact & 
after 4 min. Wound olugged. 

3 Slight seep at 30 sec. Seal 
in 1 min. 

IV' X V 
tear 

2" tear 

1 Heavy stream at 1 min. 
Slight stream at 4 min. 

3 No exit through aluminum, 
therefore, sealing perform- 

_anee could not be determined 

1½11 X V 
tear 

1/8" dia. 
hole 

1 Heavy stream at 1 min. Wound 1-3/4" 
plugged. tear 

4 No exit through aluminum, 2½11 tear 
therefore, sealing perform- at corner 

_anee could not be determined,_ 

3 Heavy seep at 30 sec. & after 3/16" dia, 
4 min. hole 

2 Slight stream at 1 min. 1¾1 tear 
Heavy seep at 4 min._ 
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3. Preparation of Films 

Films based on liquid prepolymers were mixed in liquid torm and poured 

ShÎ° C ea?¿ le!e!?J2 unch by 12 lnch glass P|ates’ The millable gums, 
Adiprene CM and Vibrathane 5004, were mixed on a rubber mill and cured 
in a hydraulic press. 

The films may be classified under one of two broad headings: 

a. Modifications of the polyurethane formulation used in the 
CN-2 construction, or 

b. Other polyurethanes which the vendor claimed had good low 
temperature flexibility. 

The UNIROYAL Mathematical Service Group originated a statistical experi¬ 
menta design plan as shown in Table VIL The numbers in the table refer 
to films which were prepared. 

The objective of the plan is to enable us to predict the relative effect 
of the following on low temperature brittleness: 

a. Various blends of Vibrathane 6007 and 6004 

b. Four different curatives 

(1) LD-813 
(2) MDA 
(3) V-3005 
(4) G-400 

(4,4' methylene bis [2-chloramline]) 
(methylene diam line) 
(a polyol) 
(a polyol) 

c. Plasticizer 

(1) TP-90 (dibutoxy ethoxy ethyl formal) 
(2) OOP (dioctyl phthalate) 

d. Type of system 

(1) Low solids 
(2) High solids 

Prior to establishing the experimental design plan in Table Vll, a number 
o trials were conducted to rule out films which were impossiole or im- 
practical to make. It was learned that a film from a high solids system 
using MDA could not be made because the mix gelled almost immediately 

rAOrt the MDA was addedt A low solids system using either V-3005 or 
G-400 was impractical because of the long cure time required - the film 
had not gel ed five days after pouring. Even a high solids system using 
these polyols required heat to cure within a practical time limit. By 
practical time limit, we mean gelling within 4 hours and requiring no 
more than 14 days aging at 72° F to reach optimum cure. Addition of 
excess solvent lengthens the time for cure since the solvent must be 
evaporated before optimum cure can be achieved. 

1 
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In deciding how much solvent to use in either system, low solids or high 
solids, consideration was given to practicality of the system. More spe¬ 
cifically, the low solids system was limited in that too much solvent 
tended to cause "orange peel" or film cracking, "Orange peel" is describ¬ 
ed as a surface roughness similar in appearance to that of the outer skin 
of an orange. It usually results when an excessive amount of solvent is 
present in a film which has already gelled. Rapid evaporation of solvent 
tends to increase orange peeling. The high solids system was limited in 
that a 100¾ solids system with LD-813 or V-3005 failed to spread over the 
plate's surface because of its extremely high viscosity. Also the 100% 
solids LD-813 system gelled in approximately two minutes. Since these 
problems would prohibit the use of such a system in production, enough 
solvent was added to allow the films to be poured. G-400 was the only 
curative with which 100% solid systems were practical. The only curative 
found to be useful in both low and high solid systems was LD-813. 

All of the films, except those cured with MDA, were prepared by mixing 
the components in a single container. Due to the relatively short gel 
time with MDA systems (3-5 minutes with low solidsj, it was necessary 
to dissolve the MDA in a separate solution and to mix the two solutions 
just prior to pouring the film. 

The decision of whether or not to accelerate curing of the films with heat 
was based on what would be practical in a production process. It was found 
that all films could be cured at 72° F in the practical time limit describ¬ 
ed earlier except those using V-3005 or G-400. These were heated in an oven 
for 3 hours at 250° F. All the films were aged at room temperature for 14 
days prior to testing. 

The amount of each formulation poured onto the glass plate was calculated 
so that the film thickness would be 0.040" ± 0.005" thick. In cases where 
films did not fall within this range, films were poured again using more 
or less of the final mix. The actual formulations tor the films in Table 
VII are shown in Appendix II. MEK refers to methyl ethyl ketone. 

4. Testing of Films for Brittleness (low Temperature Impact Resistance) 

Films were tested for brittleness by a modification of ASTM D-746, Brit¬ 
tleness testing was conducted at -65° F, -85° F, and -95° F. It was felt 
that at these temperatures, the brittleness test was not sufficiently 
severe to screen the films to only three or four. With the use of liquid 
nitrogen, the brittleness test was repeated on the films at -115° F. All 
but three of the candidate materials failed. Those which did not crack 
were: 700-4, 700-6 and 700-7. 

5, Gunfire of Films 

The foregoing method of test for screening the low temperature impact 
resistance of new candidate elastomer inner liner materials was aban¬ 
doned in favor of the gunfire test technique as described below: 
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The test apparatus shown in Appendix III, Figure 11 consists of a 
6" X 6" X 20" channel fabricated of aluminum plate. Seventeen wooden 
frames fit into the channel and can be moved along the axis of the 
channel. Sixteen urethane films are held in the channel by sandwich¬ 
ing each between frames spaced along the channel. The complete assembly 
with the films in place is cooled to -40° F for 24 hours or longer. The 
cooled assembly is then placed before a backstop and a single round of 
the desired caliber ammunition is fired down the axis of the channel, 
passing through all the films. The size of the wound in each film is 
recorded. 

While this test cannot simulate the hydraulic ram impact felt in a fuel 
cell, it is more realistic than the formerly used test in terms of impact 
energy. 

Results of .30 cal. gunfire at -40° F are shown in Table VIII. 



TABLE VIII 

RESULTS OF FILM GUNFIRE AT -40° F WITH .30 CAL. AP 

F11m No. 

696-1 
696-3 
696-10 
696-11 
700-1 
700-2 
700-3 
700-4 
700-6 
700-7 
704-1 
704-2 
704-3 
704-4 
704-5 
704-6 
704-7 
704-8 
708-1 
708-2 
708-3 
708-4 
711-1 
711-3 
711- 4 
712- 1 
712-2 
712-3A 
712-38 
712-3C 
712-4 
712-6 
712-7 
715 
716 
721-1 
721-2 
721-3 

721-4 
721-5 
721-6 
721- 7 
722- 1 
722-2 
722-4 

(1) 

8 X 

Size of Wound* 

8 mm 
5 mm 

10 mm 
10 mm 
8 mm 
9 mm 

10 mm 
2 mm 
2 mm 
2 rin 
9 mm 
8 mm 

11 mm 
11 mm 

1 mm 
2 mm 
2 mm 
2 mm 

11 mm 
13 mm 

9 mm 
1 mm 
2 mm 
2 mm 
2 mm 
1 mm 

11 X 

8 X 

11 X 

2 mm 
2 mm 
2 mm 
2 mm 
1 mm 

13 mm 
11 mm 

1 mm 
1 mm 

11 
2 

11 

mm 
mm 
mm 

cif 

2 mm 
11 mm 
33 mm 

5 mm 
2 mm 
9 mm 
2 mm 

'See Appendix II for film compositions. 
*Wounds are circular and refer to diameter of hoi 

When two dimensions are given, an irregular hole 
are the longest axis and the longest dimensions 

**The cracks occurred radially from the hole. 
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Cracking Near Wound** 

None 
One 10 mm, one 20 mm 
Two 10 mm 

None 
Two 15 mm 

None 
None 
None 
None 
None 
None 

Two 10 mm 
One 15 mm 

None 
None 
None 
None 
None 

One 8 mm 
One 6 mm 
Two 7 mm, one 15 mm, one 20 mm 

None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 

One 15 mm, one 5 mm 
One 5 mm 
One 10 mm, two 12 mm, 
three 15 mm, one 20 mm 

None 
None 

One 10 mm, one 15 mm 
None 
None 
None 
None 

e when only one number is given, 
is indicated. The diameters 

perpendicular to it. 



The films listed above which gave wounds 5 mm or less in diameter and no 
cracking near the wound were gunfired at -40° F with .50 cal. AP ammunition. 
The results are given in Table IX. 

TABLE IX 

RESULTS OF FILM GUNFIRE AT -40° F WITH .50 CAL. AP 

Fi1m No. Size of Hound* Cracking Near Wound** 

700-4 
700-6 
700-7 
704-5 
704-6 
704-7 
704-8 
708-4 
711-1 
711-3 
711- 4 
712- 1 
712-2 
712-3A 
712-3B 
712-3C 
712-4 
715 
716 
721-4 
721- 7 
722- 1 
722-4 

3 mm 
4 mm 
4 mm 
4 mm 

13 X 14 mm 
3 mm 
4 mm 
3 mm 
4 mm 
3 mm 
3 mm 
2 mm 
4 mm 
4 mm 
5 mm 
5 mm 
5 mm 
2 mm 
2 mm 
3 mm 
4 mm 
3 mm 
3 mm 

Three 4 mm 
One 4 mm 
Six 3 to 4 mm 

None 
One 15 mm 

None 
None 
None 
None 
None 
None 
None 

One 4 mm 
None 
None 

One 35 mm 
None 
None 
None 
None 
None 
None 

One 20 mm 

* Wounds are circular and refer to diameter of hole when only one number is 
given. When two dimensions are given, an irregular hole is Indicated. 
The dimensions are the longest axis and the longest dimensions perpendicu¬ 
lar to it. 

**The cracks occurred radially from the hole. 

The following conclusions are drawn from the above work: 

1. Films horn low solids systems gave low reproducibi lity. 

2. The addition of plasticizers TP-90 and OOP to the film formulation 
had no effect on gunfire performance. 

3. Films cured with V-3005 gave inconclusive results. 



Ten films were selected for fabrication of 2' x 2½1 x 2½1 test cells. 
The films and the reasons for selecting them are given below: 

1. Selected based on brittleness testing at -115° F 

a. 700-4 (V-B602, low solids, LD-813 curative) 
b. 700-6 (V-B605, low solids, LD-813 curative) 
c. 700-7 (V-B600, low solids, LD-813 curative) 

2. Selected based on excellent .50 cal. gunfire at -40° F 

a. 712-1 (V-60Q4, high solids, LD-813 curative) 
b. 715 (Adiprene CM, millable gum, sulfur curative) 
c. 716 (V-5004, millable gum, peroxide curative) 

3. Selected based on good .50 cal. gunfire and/or recommendations from 
the UNIROYAL Mathematical Group's statistical experimental design 
plan with .30 cal. AP gunfire. 

a. 711-1 (V-6004, high solids, G-400 curative) 
b. 712-3 (50% V-6007, 50% V-6004, high solids, LD-813 curative) 
c. 776 (65% V-6007, 35% V-6004, high solids, LD-813 curative) 

4. Selected because curative V-3005 is not represented in any films 
above. Inconclusive results were obtained in the statistical ex¬ 
perimental design plan with .30 cal. gunfire, and good results 
were obtained with .50 cal. gunfire. 

a. 708-4 (V-6004, high solids, V-3005 curative) 
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SECÏION VIH 

DEVELOPMENT OF A POLYURETHANE FUEL CELL 

Based on the evaluation of the films which was discussed in Section VII, new 
construction composites were outlined and the following six test cells were 
fabricated using the selected candidate elastomers listed on page 22: 

a) ASN 766 
b) ASN 769 
c) ASN 772 
d) ASN 773 
e) ASN 781 
f) ASN 808 

Each test cell contained identical self-sealing constructions as opposite 
sides of the test cube. The other two sides contained a different construc¬ 
tion. The gunfire data of these six cells was used to design constructions 
for seven more test cells: 

a) ASN 805 e) ASN 913-1,2 
b) ASN 831 f) ASN 913-3,4 
c) ASN 854 g) ASN 913-5,6 
d) ASN 862 

1. Test Cell ASN 766 

a. Construction Details 

Cell ASN 766 was two different constructions which are outlined below: 

Construction 700-4 Construction 700-6 

0.030" thick 700-4 fi1m 
Nylon tire cord with US-3082 
and US-3083 sealants 

Nylon tire cord with 700-4 
film coating 

0.030" thick 700-6 film 
Nylon tire cord with US-3082 

and US-3083 sealant 
Nylon tire cord with 700-6 
fi1m coating 

The tire cord plies were positioned at 90° to each other and at 45° 
to base of cell. Adhesive #3420 was used to bond the plies together. 
Fabrication of the cell was by hand layup followed by room temperature 
cure of the polyurethane. 

b. Gunfire of Test Cel 1 

The gunfire results of cell ASN 766 are shown on the next page. 

c. Conclusions or Remarks 

Sealing performance of construction 700-4 was very good. See Table 
X and figures 18-23 in Appendix III. 
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TABLE X 

Round 
No. 

1 

2 

3 

4 

5 

6 

GUNFIRE OF TEST CELL ASN 766 

Fuel Type: Type I 

Fuel Temperature: -40° F 

Projectile Type: .50 cal. AP 

Projectile Velocity: Standard 

Backinq Board: Conolite Type I 

Construc- 
Tyoe of Extent of Angle of tion Size of 

Wound Tumble Obliquity No. Sealing Performance Mound 

Entrance None 0° 700-4 Seal at impact 1/8" dia hole 

Exit_None_0^_700-4 Seal at impact_y1 tear 

Entrance ½ 0° 700-4 Slight seep at 2 min. Seal IV tear 
in 4 min. 

Exit - - 700-4 Exit did not penetrate 2" tear 
metal & could not be eval- 

___uzted for sealing.__ 

Entrance Full 0° 700-4 Heavy stream at impact. 2" tear 
• • Heavy seep in 2 min. 

Seal in 4 min. Hit edge 
of hat section 

Exit_-_-_No exit 

Entrance Full 

Exit 

Entrance None 

Exit Full 

Entrance ½ 

Exit 

0 700-4 Heavy stream at impact. 2-7/8" tear 
Slight seeo at 2 min. Seal 
in 2½ min. 

700-4 Exit did not penetrate metal 2" x y 
& could not be evaluated 

_for sealing._ 

0° 700-6 Seal at impact y dia hole 

0° 700-6 Very heavy stream at impact 5" tear 
which did not reduce at 1 

_min. Mound plugged.__ 

0° 700-6 Very heavy stream at impact iy tear 
which did not reduce at 1 
min. Wound plugged. 

700-6 Exit above fuel level. 1-7/8" 
__tear 
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TABLE X (Cônt'd) 
GUNFIRE OF TEST CELL ASN 766 

Round 
No. 

7 • 

8 

9 

Construc- 
Type of Extent of Angle of tion Size of 
..Wound Tumble Obliquity No. Sealing Performance Wound 

Entrance 3/4 0° 700-6 Heavy stream at impact. 1-7/8" 
Heavy seep at 2 min. Slight tear 
seep at 4 min. 

Exit_- 

Entrance None 

_l_700-6 Exit above fuel level._2" tear 

45° 700-6 Seal at impact. V' dia. hole 

Exit 3/4 

Entrance None 

Exit_3/4 

45° 700-4 Slight seep at impact. 1½11 tear 
_Seal in 1½ min. __ 

45° . 700-4 Seal at impact. V' hole 

Í2_700-6 Exit above fuel level. 1" tear 
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2. Test Cell ASN 769 

r- 

a. Construction Details 

Cell ASN 769 was two different constructions which are outlined below: 

Construction 700-7 Construction 712-1 

0.03Ü" thick 700-7 film 
Nylon tire cord with US-3082 

and US-3083 sealants 
Nylon tire cord with 700-7 
film coating 

0.030" thick 712-1 film 
Nylon tire cord with US-3082 

and US-3083 sealants 
Nylon tire cord with 712-1 
film coating 

The tire cord plies were positioned at 90° to each other and at 45° 
to base of cell. Adhesive #3420 was used to bond the plies together. 
Fabrication of the cell was by hand layup followed by room temperature 
cure of the polyurethane. 

b. Gunfire of Test Cell 

The gunfire results of cell ASN 769 are shown on the next page. 

c. Conclusions or Remarks 

The innerlmer of construction 712-1 cracked extensively as a result 
of projectile impact. See Figures 24-29 in Appendix III. 

3. Test Cell ASN 772 

a. Construction Details 

Cell ASN 772 was two different constructions which are outlined below: 

Construction 712-3 

0.030" thick 712-3 film 
Nylon tire cord with US-3082 

and US-3083 sealants 
Nylon tire cord with 712-3 
film coating 

Construction 776 

0.030" thick 776 film 
Nylon tire cord with US-3082 

and US-3083 sealants 
Nylon tire cord with 776 
film coating 

The tire cord plies were positioned at 90° to each other and at 45° 
to base of cell. Adhesive #3420 was used to bond the plies together. 
Fabrication of the cell was by hand layup followed by room temperature 
cure of the polyurethane. 

b. Gunfire of Test Cell 

The gunfire results of ASN 772 are shown on page 28. 

c. Conclusions or Remarks 

The innerliner of both constructions cracked extensively as a result 
of projectile impact. See Figures 30-35 in Appendix III. 
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TABLE XI 

GUNFIRE OF TEST CELL ASN 769 

Round 
No. 

1 

2 

3 

4 

5 

6 

Fuel Type: Type I 
Fuel Temperature: -40° l: 
Projectile Type: .SOCõl.AP 

Projectile Velocity: Standard 
Backing Board: Conolite Type I 

Construc- 
Type of Extent of Angle of tion Size of 

Wound Tumble Obliquity No. Sealing Performance Wound 

Entrance None 
Exit 3/4 

0° 700-7 Seal at impact. V día. hole 
0°_70Q-7 Exit above fuel level. 211 tear 

Entrance None 

Exit is 

0° 700-7 Slight stream at impact. 
Heavy seep at 2 min. 
Slight seep in 4 min. 

0° 700-7 Moderate seep at impact. 
Slight seep at 1 min. 

_Seal in 2 min._ 

V dia. hole 

2 and 6 
exits ran 
together. 

Entrance None 

Exit H 

0° 712-1 Moderate seep at impact. 
Slight seep in 2 min. 
Seal in 4 min. 

0° 712-1 Moderate seep at impact 
which did not reduce 
after 4 min. Chunked out 

_extensively._ 

V dia. hole 

1" X V 
tear 

Entrance H 

Exit Full 

Entrance Full 

Exit 

Entrance H 

Exit 3/4 

0° 

0° 

0° 

712-1 Heavy seep at impact. IV tear 
Slight seep in 2 min. Seal 
in 4 mm. Chunked out. 

712-1 Heavy stream at impact IV tear 
which did not reduce at 1 

_min. Wound plugged._ 

712-1 Heavy stream at impact 2" x 3/8" 
which did not reduce at tear 
I mm. Wound plugged. 
Chunked out. 

712-1 Exit did not penetrate 2" tear 
metal & could not be 

_evaluated for sealing.__ 

700-7 Heavy stream at impact. 1" tear 
Slight stream in 4 min. 
Chunked out. 

700-7 Exit did not penetrate 2 and 6 
'metal & could not be exits ran 

_evaluated for sealing._together 

The innerliner of construction 712-1 cracked extensively as a result of projectile impact. 
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TABLE XII 

GUNFIRE OF TEST CELL ASN 772 

Round 
No. 

1 

2 

3 

4 

5 

6 

Fuel Type: 
Fuel Temperature: 
Projectile Type: 

Type of Extent of 
Wound Tumble 

Entrance None 

Exit 

Entrance None 

Exit Full 

Entrance ^ 

Exit % 

Entrance % 

Exit Full 

Entrance h 

Exit_Full 
Entrance 3/4 

Exit 

Type I Projectile Velocity: Standard 
-42° F Backing Board: Conolite Tyoe I 
.50 Cal. AP 

Construc- 
Angle of tion Size of 
Obliquity No. Sealing Performance Wound 

0° 712-3 1/8" stream at imoact. V dia. hole 
Slight stream at 4 mm. 

0° 712-3 Very heavy stream at impact 1" dia. hole 
which did not diminish. 

_ _Wound plugged. 
776 MocTT seeo at impact; damp 1/8" dia. 

seal in 3 min. hole 
0° 776 Heavy stream at impact; Large hole 

___wound plugged. _ ‘ 
0° 776 Heavy stream; wound (two) V 

plugged. dia. holes 
0° 776 No sealing evaluation be- 1-3/8" 

__cause no exit through metal, dia. hole 
0°776 Heavy stream at impact; (two) V 

moderate stream at 2 min.; dia. holes 
slight seep at 4 min. 

0° 776 No sealing evaluation be- 2" x 2½11 
__cause no exit through metal. 

(F 712-3 Slight stream at impact; 1'* x V 
moderate seep at 2 min.; 
slight seep at 4 min. 

_Cr 712-3 Exit above fuel level._1" x %" 
0° 712-3 Heavy stream at impact. 1-7/8" x V 

Mod. stream at 4 min. 
712-3 No sealing evaluation be- V dia hole 

cause no exit through metal 
_panel. _ 

The innerliner of both constructions cracked extensively as a result of projectile Impact. 



4- Tfest Cell ASN 773 

a. Construction Details 

Cell ASN 773 was two different constructions which are outlined below: 

Construction 711-1 Construction 708-4 

0.030" thick 711-1 film 
Nylon tire cord with US-3082 

and US-3083 sealants 
Nylon tire cord with 711-1 
film coating 

0.030" thick 708-4 film 
Nylon tire cord with US-3082 

and US-3083 sealants 
Nylon tire cord with 708-4 
film coating 

The tire cord plies were positioned at 90° to each other and at 45° 
to base of cell. Adhesive #3420 was used to bond the plies together. 
Fabrication of the cell was by hand layup followed by room temperature 
cure of 711-1 and oven cure of 708-4. 

t>- Gunfire of Test Cell 

The gunfire results of ASN 773 are shown on the next page, 

d. Conclusions or Remarks 

See Table XIII on the next page and Figures 36-43 in Appendix ill. 

5. Test Cell ASN 781 

a. Construction Details 

Cell ASN 781 was two different constructions which are outlined below: 

Construction 801-1 

0.030" thick 716 film 

Nylon tire cord with US-3082 
and US-3083 sealants 

Nylon tire cord with 716 film 
coating 

Construction 801-2 

2 oz/sq. yd. nylon fabric coated 
with a solution of 716 

Nylon barrier 
Nylon tire cord with US-3082 

and 3083 sealants 
Nylon tire cord with 716 film 
coating 

The tire cord plies were positioned at 90° to each other and 45° to 
base of cell. All 716 materials were pre-cured and applied to the 
cell with #3420 adhesive- 

b. Gunfire of Test Cell 

The gunfire results of ASN 781 are shown on page 31. 

c. Conclusions or Remarks 

The innerliner and exterior coatings cracked on all rounds. See 
Figures 44-49 in Appendix III. 
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TABLE XIII 

GUNFIRE OF TEST CELL ASN 773 

Fuel Type: Type I Projectile Velocity: Standard 
Fuel Temperature: -44° F Backing Board: Cono lite Type I 
Projectile Type: .50 Cal. AP 

Construc- 
Round Type of Extent of Angle of tion 

No. Wound Tumble Obliquity No. Sealing Performance 
Size of 

Wound 

1 Entrance None 

Exit Full 

0° 711-1 Mod. stream at 2 min. Very V' día hole 
heavy seep at 4 min. 

0° 711-1 Mod. stream at 2 min. Heavy 2V x 2V 
seep at 4 min. Hit hat 
section._ 

2 Entrance 3/4 0° 711-1 Heavy stream at impact. 1½11 break 
Plugged at 1½ min. Exten¬ 
sive loss of liner. 

Exit None 0° 711-1 Mod. stream after 2 min. 3/4" dia 
Heavy seep at 4 min. Thru hole 
hat section. No cracking 
of innerliner._ 

3 Entrance Full 0° 711-1 Heavy stream after 2 min. 2-3/8" 
Wound plugged. break 

Exit None 0° 711-1 Above fuel level. No 1-3/4" 
_cracking of innerliner. break 

4 Entrance None 0° 708-4 Slight seep at impact. 
Seal in 1 min. 

Exit Full 0° 708-4 Heavy stream. Wound IV x IV 
plugged. Considerable break 

__coring._ 

5 Entrance None 0° 708-4 Heavy stream after 4 min. 2V break 
Extensive loss of innerliner. 

Exit_Full_0^_708-4 Exit above fuel level._2V break 

6 Entrance None 0° 708-4 Heavy stream at impact. 2" break 
Wound plugged. 

Exit None 0° 708-4 Exit above fuel level. 3/8" dia. 
_it11 dia. coring._hole 
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TABLE XIV 

Round 
No. 

1 

GUNFIRE OF TEST CELL ASN 781 

Fuel Type: 
Fuel Temperature: 
Projectile Type: 

Type I 
-43° F 
.50 Cal. AP 

Projectile Velocity: Standard 
Backinq Board: Conolite Tyoe I 

Type of Extent of 
Wound Tumble 

Entrance None 

Exit Full 

Construc- 
Angle of tion 
Obliquity No. 

0° 801-1 

801-1 

Sealing Performance 

Mod. stream at impact. 
Slight stream at one min. 
Mod. seep at 4 min. 
Slight seep at 5 mm. 
Heavy stream; wound 
plugged._ 

Size of 
Wound 

V dia hole 

4¾11 tear 

Entrance None 

Exit 3/4 

0° 

0° 

801-2 Moderate stream at impact, y dia hole 
Mod. seep at 2 min. 
Slight seep at 4 min. 

801-2 Heavy stream at impact. 
Mod. stream at 2 min. 

_and 4 min. 

Entrance 4 0( 

Exit 3/4 

801-2 Heavy stream at imoact. 
Mod. stream at 2 min. 
Damp seal at 4 min. 

801-2 Heavy stream at imoact 
_and at 4 min. 

4" dia hole 

3/4" dia 
hole 

Entrance 4 

Exit 

0° 801-2 Heavy stream at imoact 
and at 3 min Above fuel 

0 level at 4 min. 
_0_801-2 Exit above fuel level. 

4" dia hole 

1" X 4" 

Entrance 4 

Exit 

0 801-1 Heavy stream after 2 min 
Wound was at fuel level 
after 4 min. 

0 801-1 Exit above fuel level. 
-_No exit through metal. 

14" X 4" 

14" tear 

The inner!iner and exterior coatings cracked on all rounds. 
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6. Test Cell ASN 808 

Construction Details 

Cell ASN 808 was two different constructions which are outlined below: 

Construction 808-1 

0.030" thick 715 film 
Nylon tire cord with US-3082 

and US-3083 sealants 
Nylon tire cord with 715 film 
coating 

Construction 808-2 

2 oz/sq. yd. nylon fabric coated 
with a solution of 716 

Nylon barrier 
Nylon tire cord with US-3082 

and US-3083 sealants 
Nylon tire cord with 716 film 
coating 

The tire cord plies were positioned at 90° to each other and at 45° 

celîawithf#342o’adhès1vè! Pre'CU,e<1 and appl,ed t0 the 

b. Gunfire of Test Cell 

The gunfire results of ASN 808 are shown on the next page. 

c. Conclusions or Remarks 

See comments in Table XV on next page. Also, see Figures 50-53 in 
Appendix III. 

7. Test Cell ASN 805 

a. Construction Details 

Cell ASN 805 is of one construction which is outlined below: 

Construction 700-4 

0.030" thick 700-4 film 
Nylon tire cord with US-3082 and US-3083 sealants 
Nylon tire cord with 700-4 film coating 

The tire cord plies were positioned at 90° to each other and 45° to 
base of cell. Adhesive #3420 was used to bond the plies together. 

of1the Í®11 was by hand ,ayup followed by room temperature 
cure of the polyurethane. 

b. Gunfire of Test Cell 

The gunfire results of cell ASN 805 are shown on page 34. 

c* Conclusions or Remarks 

See Table XVI on page 34 and Figures 54-57 in Appendix III. 

32 

i 



TABLE XV 

Round 
No. 

1 

niINFIRE OF TEST CELL ASN 808 

Fuel Type: Type I 

Fuel Temperature: -44° F 

Projectile Type: .50 Cal. AP 

Projectile Velocity: Standard 
Backing Board: Conolite Type 1 

Type of Extent of 
Wound Tumble 

Construc- 
Angle of tion 
Obliquity No. Sealing Performance 

Size of 
Wound 

Entrance None 0° 808-1 Seal at impact. 3/8" dia hole 

Exit Full 0° 808-1 Catastrophic failure. 
Test terminated 

Too large 
to plug 

On entrance panel 

Some delamination of tire cord on outside. 
Some inner!iner cracking on inside. 

On exit panel 

Extensive cracking of innerliner over entire half of panel. 
Extensive loss of Innerliner due to cracking and délamination. 
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TABLE XVI 

Round 
No. 

1 

GUNFIRE OF TEST CELL ASN 805 

Fuel Type: Type I 
Fuel Temperature: -44° F 
Projectile Type: .50Cal.AP 

_ , Construe- 
Type of Extent of Anqle of tion 

Wound T umb1e Obiiquitv No. 

Projectile Velocity: Standard 
Backinq Board: Conolite Type I 

Entrance None 

Exit 

Entrance 

Exit 

Exit 
Entrance 

Exit 

TÜTT 

Entrance 3/4 

None 

3/4 

5 Entrance Ñoñi" 

Exit Full 

0° 700-4 

Sealing Performance 

Slight seep at impact. 
Seal in 2 min. 

700-4 Exit above fuel level 

TOO-4heavy stream at Impact 
& continued after 6 mm. 
Wound plugged. 

700-4 No exit through metal. 

-w 

700-4 Heavy stream at impact. 
Wound plugged. 

700-4 No exit. 
700-4 Seal at impact. 

700-4 Heavy seep at impact. 
Mod. seep at 2 min. 
SI. seep at 4 min. 

0° 

700-4Mod. seen at imoact. 
Seal in 1½ min. 

700-4 Heavy stream at impact. 
Plugged at 3 min. 

Size of 
Wound 

is" dia. 
hole with 
1/8" dia. 
Chunked out. 
2" tear Ext. 
ply only 
1/8" dia. 
Chunked out. 
3/8" X 
2-1/3" 

2" break No 
loss of 
innerliner. 
V1 X 2" 
with 1/8" 
dia. Chunk¬ 
ed out. 

V dia. 
wound. 1/16" 
dia. chunk 
out. 
1-7/8" 
break. No 
loss of 
innerliner. 

1/16" dia. " 
No chunk out 
8" X 6" 
wound. Tire 
cord tore in 
both direc- 



8. Test Cell ASN 831 

Construction Details 

One construction was used on this cell 

Construction 831-1 

It is outlined below: 

0.050" thick sealant 
5361 tire cord 
1 ct 3420 adhesive 
Nylon tire cord coated with 
700-4 urethane compound 

2 oz, nylon fabric coated with 700-4 
urethane compound 

1 ct.* 3420 adhesive 
3 cts. 3331 nylon barrier 
1 ct. 3420 adhesive 
0.025" thick 3083 sealant 
*Coat 
The tire cord plies were positioned at 90° to each other and at 45° 
to base of cell. Fabrication of the cell was by hand layup followed 
by room temperature cure of the polyurethane. 

b. Gunfire of Test Cell 

c. 

The gunfire results of cell ASN 831 are shown on the next page 

Conclusions or Remarks 

9. 

See Table XVII on next page and Figures 58-65 in Appendix 111 

Test Cell ASN 854 

a. Construction Details 

854-1 Construction 

2 oz. nylon fabric with 700-4 
urethane compound 

1 ct. 3420 adhesive 
3 cts. 3331 nylon 
1 ct. 3420 adhesive 
5361 tire cord 
1 ct. 3420 adhesive 
Nylon tire cord coated 
with 700-4 compound 

854-2 Construction 

0.040" i 0.005" of 700-4 film 
1 ct. 3420 adhesive 
3 cts. 3331 nylon 
1 çt. 3420 adhesive 
53èl tire cord 
1 ct. 3420 adhesive 
Nylon tire cord coated with 

700-4 compound 

The tire cord plies were positioned at 90° to each other and at 45° 
to base of cell. Fabrication of the cell was by hand layup. 

b. Gunfire of Test Cell 

The gunfire results of cell ASN 854 are shown on page 37. 

c. Conclusions or Remarks 

See Table XVIII on page 37 and. Figures 66-73 in Appendix III. 
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TABLE XVII 

GUNFIRE OF TEST CELL ASN 831 

Fuel Type: Type I 
Fuel Temperature: -40° F 
Projectile Type: .50 Cal. AP 

Projectile Velocity: Standard 
Backing Board: Conolite Type I 

Round 
NO;_ 

1 

Type of Extent of 
Wound Tumble 

Entrance 

Exit 

None 

Full 

Construc- 
Angle of tion 
Obliguity No. 

831-1 

831-1 

Sealing Performance 
Size of 

Wound 

Seal in 3 min. Dry seal in 1/8" x 3/8" 
4 min. break 
Heavy stream at impact. 4" semi- 
Wound plugged._circle 

2 

3 

Entrance 
Exit_ 

None 
None 

0° 831-1 Seal at impact. 
0° 831-1 Seal at impact. 

1/8" dia. 
pin hole 

Entrance 
Exit 

None 
Full 

0° 831-1 Seal at impact. 
0° 831-1 Excessive damage. 

1/8" x V 
2" break 

Entrance Full 

Exit 

831-1 Heavy stream at impact, 
Mod. seep at 4 min. 
Seal in 6 min. 

831-1 No exit._ 

1-5/8" break 

Entrance Full 

Exit 

831-1 Heavy stream at 3 min. 
Mod. stream in 6 min. 
Slight seep in 8 min. 

831-1 No exit._ 

1/8" x 1-7/8' 
break 

1" break 

Entrance 

Exit 

None 831-1 Heavy stream at 1 min. 
Wound plugged. 

831-1 At fuel level._ 

1/8" hole 
1" x 1-7/8" 
break 

Entrance 
Exit 

None 
Full 

45° 
45° 

831-1 
831-1 

Seal in 2 min. l/8 dia 
Extremely great loss of fuel. 
Large hole in cell._Extensive 
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TABLE XVIII 

GUNFIRE OF TEST CELL ASN 854 

Fuel Type: 
Fuel Temperature: 
Projectile Type: 

Type I 
-45°F 
.50 Cal. AP 

Projectile Velocity: Standard 
Backing Board: Cono lite Type I 

Construc- 
Round Type of Extent of Angle of tion Size of 

No. Wound Tumble Obliquity No. Sealing Performance Wound 

1 Entrance None 0° 854-1 Fabric Dry seal at impact 3/16" hole 

Exit 3/4 0° 854-1 Fabric Moderate stream 1-3/4" 
_ Plugged at 2 min._tear_ 

2 Entrance None 0° 854-1 Fabric Dry seal at impact 3/16" hole 
Could not be 

Exit_determined 0°_854-1 Fabric Large hole; plugged_4"x4" tear 

3 Entrance None 0° 854-2 Film Dry seal at impact 1/8" hole 

Exit Cannot be 0° 854-2 Film Large hole, test 
determined _terminated_ 

5"x5-3/4" 
tear 

Remarks: Considerable tearing of tire cord on exits. Small amount of 
innerllner cracking. Some loss of film innerliner but not of 
fabric liner. 

37 

l 



10. Test Cell ASN 862 

a. Construction Details 

Construction 862-1 Construction 862-2 

2 oz. nylon fabric painted with 
700-4 urethane compound 

1 ct 3420 adhesive 
3 cts. 3331 nylon 
1 ct. 3420 adhesive 
5361 nylon tire cord 
1 ct. 3420 adhesive 
Nylon tire cord coated with 

700-4 compound 
Nylon tire cord coated with 

700-4 compound 

0,040" ± 0.005" of 700-4 film 
1 ct. 3420 adhesive 
3 cts, 3331 nylon 
1 ct. 3420 adhesive 
5361 nylon tire cord 
1 ct. 3420 adhesive 
Nylon tire cord coated with 
700-4 compound 

Nylon tire cord coated with 
700-4 compound 

The exterior plies of tire cord were positioned 90° to each other 
and 45° to the inner tire cord ply. Fabrication of the cell was by 
hand layup. Cell was allowed to age for 7 days at room temperature 
and cured in an autoclave for 3 hrs. at 252° F. A water cool down 
was used. 

b. Gunfire of Test Cell 

The gunfire results of Cell ASN 862 are shown on the next page. 

c. Conclusions or Remarks 

See Table XIX on next page and Figures 74-81 in Appendix III 

11. Test Cells ASN 913-1 & 2, 3 & 4, 5 & 6 

After the gunfire of test cell 862, it was observed that considerable 
tearing of tire cord had taken place and that the sealant had "chunked 
out". It was therefore decided that square woven fabrics, light weight 
and heavy weight, would be used and the cure would be lengthened to in¬ 
sure complete vulcanization of the natural rubber components such as 
sealants and adhesives. These features are embodied in the sides of the 
ASN 913 cells. 
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TABLE XIX 

GUNFIRE OF TEST CELL ASN 862 

Fuel Type: 
Fuel Temperature: 
Projectile Type: 

Type I 
-46° F 
.50 Cal AP 

Projectile Velocity: Standard 
Backing Board: Conolite Type I 

Construc- 
Round Type of Extent of Angle of tion Si2e 

No. Wound Tumble Obliquity Nn. Sealing Performance Wound 

1 Entrance None 0° 862-2 Film Damp seal in 4 min. V break 
Exit 2" o° 862-2 Film Hvy. seep 2 min. 1-7/8" 
_misaligned_break 

2 Entrance None 0° 862-2 Film Dry seal at impact V break 
Exit_2-1/8"__862-2 Film_Mod, seep - 4 min._2¾11 break 

3 Entrance 1½11 0° 862-2 Film Hvy. stream - 2 min. 2¾11 break 
Exit 1½11 0° 862-2 Film No exit thru metal IV x V 

_ _Could not determine_tear 

4 Entrance 2" 

Exit 1½11 

0° 862-1 Fabric 

0° 862-1 Fabric 

Heavy stream 

Could not determine 
No exit thru metal 

1" x 5/8" 
tear 
1-3/4" 
break 

5 

6 

7 

Entrance None 0° 862-1 Fabric Dry seal at impact V hole 
Exit_None_0°_862-1 Fabric Damp seal in 1 min._V1 hole 

Entrance None 0° 862-1 Fabric Dry seal at impact V hole 
Exit 2-3/4" qO 862-1 Fabric Heavy stream 2-1/16" 

tear 

Entrance None 45° 862-2 Film Heavy stream did V cored 
not subside out hole 

Exit Could not 450 862-2 Fabric Heavy stream did 9" tear 
determine not subside_ 

Remarks: All tumbled shots caused considerable delamination and tearing 
of tire cord. 



11. Test Cells ASN 913-1 & 2, 3 & 4, 5 & 6 (Cont'd.) 

a. Construction Details 

Construction 913-1 Construction 913-2 

2 oz. nylon fabric coated with 
711-1 urethane compound 

1 ct. 3420 adhesive 
3 cts. 3331 nylon solution 
1 ct. 3224 adhesive 
1 ct. 3203-7 adhesive 
8 oz. nylon fabric coated with 
natural rubber -► 

0.030" 3082 sealant 
8 oz. nylon fabric coated with/* 
natural rubber 

0.025" 3083 sealant 
1 ct. 3420 adhesive 
8 oz. nylon fabric coated witn\^ 

711-1 urethane compound 

2 oz, nylon fabric coated with 
700-4 urethane compound 

1 ct. 3420 adhesive 
3 cts. 3331 nylon solution 
1 ct. 3224 adhesive 
1 ct, 3203-7 adhesive 
8 oz. nylop fabric coated with 
natural rubber 

0.030" 3082 sealant 
8 oz- nylon fabric coated with 
natural rubber 

0.025" 3083 sealant 
1 ct. 3420 adhesive 
8 oz. nylon fabric coated with 

700-4 urethane compound \ 
Construction 913-3 Construction 913-4 

2 oz. nylon fabric coated with 
711-1 urethane compound 

1 ct. 3420 adhesive 
3 cts. 3331 nylon solution 
1 ct. 3224 adhesive 
1 ct. 3203-7 adhesive 
0.030" 3082 sealant 
8 oz. nylon fabric coated with 
natural rubber -► 

0.025" 3083 sealant 
1 ct. 3420 adhesive 
27.75 oz. nylon USFlex fabric 
coated with 711-1 urethane 
compound - 

2 oz. nylon fabric coated with 
700-4 urethane compound 

1 ct. 3420 adhesive 
3 cts. 3331 nylon solution 
1 ct. 3224 adhesive 
1 ct. 3203-7 adhesive 
0.030" 3082 sealant 
8 oz nylon fabric coated with 
natural rubber -► 

0,025" 3083 sealant 
1 ct- 3420 adhesive 
27.75 oz, nylon USFlex fabric 
coated with 700-4 urethane 
compound -► 
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11. Test Cells ASN 913-1 & 2, 3 & 4, 5 & 6 (Cont'd.) 

a. Construction Details (Ccnt'd.) 

Construction 913-5 Construction 913-6 

2 oz. nylon fabric coated with 
711-1 urethane compound 

1 ct. 3420 adhesive 
3 cts. 3331 nylon solution 
1 ct. 3224 adhesive 
1 ct. 3203-7 adhesive 
8 oz. nylon fabric coated with 
natural rubber  ► 

0.050" 3083 sealant * 
8 oz. nylon fabric coated with/ 
natural rubber 

1 ct. 3420 adhesive 
8 oz. nylon fabric coated with>v 

711-1 urethane compound * 

2 oz. nylon fabric coated with 
700-4 urethane compound 

1 ct. 3420 adhesive 
3 cts. 3331 nylon solution 
1 ct. 3224 adhesive 
1 ct. 3203-7 adhesive 
8 oz. nylon fabric coated with 
natural rubber 

0.050" 3083 sealant 
8 oz. nylon fabric coated with 
natural rubber 

1 ct. 3420 adhesive 
8 oz. nylon fabric coated with 

700-4 urethane compound 

Arrows indicate direction of fabric warp. 

Fabrication of cells was by hand layup. Sides coated with 700-4 were 
air cured overnight. Sides coated with 711-1 were cured by hanging 
in an air oven for 3 hours at 250° F. Cells were allowed to air cure 
for 7 days after which they were cured in a pressure autoclave for 6 
hours at 270° F. A water cool down was used. 

b. Gunfire of Test Cell 

The gunfire results of Cell ASN 913-1 through 6 are shown on pages 
42, 43 and 44. 

c. Conclusions or Remarks 

See Tables XX, XXI and XXII, pages 42, 43 and 44, and Figures 82-105 
in Appendix III. 
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TABLE XX 

GUNFIRE OF TEST CELL ASN 913-1,2 

Projectile Velocity: Standard 
Backing Board: US-664 

Fuel Type: Type I 
Fuel Temperature: -40° 
Projectile Type: .50 Cal. AP 
Primary feature of cell - 2 oz. nylon liner; 8 oz. nylon reinforcement, both 

polyurethane coated 

Round Type of Extent of 
No. Wound Tumble 

1 Entrance None 

Exit None 

Construc- 
Angle of tion 
Qbliquity No. 

913-1 

913-1 

Sealing Performance 

Dry seal impact 

Hvy. seep at 4 mm 

Size of 
Wound 

V hole 

4" tear 

Entrance 1-3/4" 

Exit 1-3/4" 

913-1 

913-1 

Hvy. seep at 4 min. 

Could not determine 
No exit thru metal 

1-7/8" tear 

1- 5/8" X 
2- 1/8" tear 

Entrance 1-15/16" 

Exit Ils" 

913-1 

913-1 

SI. seep in 4 min. 

Could not determine 
No exit thru metal 

2" tear 

1½11 X 3/8" 
tear 

Entrance None 

Exit 1-3/4" 

Entrance 1-7/8" 

Exit 1-3/4" 

0° 

0° 

0° 

0° 

913-2 

913-J¡_ 

913-2 

913-2 

Dry seal at impact 

SI. Strm at 2 min. 

No seal 

Could not be observed. 
Bottom fabric failed 

V opening 

2" break 

5/8" break 

V X 2" 
break 

Remarks: Very little cracking of innerliner occurred. 711-1 coated innerlmer 
showed considerable lack of adhesion Adhesion of 700-4 coated liner 
was good. Considerable tearing of 8 oz. reinforcement fabric occurred. 

NOTE: This cell was inadvertently fabricated undersize. Because of this, it 
was supported.Inadequately in the gunfire structure and the ram caused 
the bottom fabric to fail. 



TABLE XXI 

GUNFIRE OF TEST CELL ASN 913-3,4 

Fuel Type: Type I 
Fuel Temperature: -42° F 
Projectile Type: .50 Cal. AP 
Primary feature of cell: 2 oz. nylon Uner 1 

Projectile Velocity: Standard 
Backing Board: US-664 

ply 27.75 oz nylon USFlex 
reinforcement, both polyurethane coated 

Round Type of Extent of 
No. Wound Jumble 

Construc- 
Angle of tion 
Obliquity No. Sealing Performance 

Size of 
Wound 

1 Entrance None 0° 913-3 Damp seal at impact 
Exit 1-3/4" 0° 913-3 Shot hit stringer. 

Severe damage due to 
_ misalignment._ 

2 Entrance None 0° 913-3 Damp seal at impact Pinhole 
Exit 1-7/8"_0°_913-3 Mod, stream at 4 min._2" break 

Pinholes 
2" C- 
shaped 

3 Entrance 1-3/4" 0° 913-3 Hvy. stream; misaligned 1-3/8" brk. 
Exit 1½11 0° 913-3 Cou4d not determine. 1-3/4" C- 
_No exit thru metal._shaped 

4 Entrance 1-3/4" 0° 913-3 Very hvy. seep at 6 min. 1*5" break 
Exit_No exit_913-3 No exit_ 

5 Entrance None 0° 913-4 Damp seal at impact V break 
Exit 1½0 0° 913-4 Dry' seal at impact 4V "Y" 

tear 

6 Entrance 1" 0° 913-4 Damp seal at impact 1" break 
Exit_1-1/8"_0^_913-4 Damp seal at impact_1½11 break 

7 Entrance 1-3/4" 0° 913-4 Damp seal at impact 1-3/4" brk. 
Exit No exit_913-4 No exit_ 

Remarks: In most cases when tumbled bullet entered or exited, there was some "chunking 
out" of sealant. There were also radial and circumferential cracks in 
inner!iner. 

r 
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TABLE XXII 

GUNFIRE OF TEST CELL ASN 913-5,6 

pim1 juno. Tvn? I Projectile Velocity: Standard 
to! Temperature: l Backing Board. US-664 

Primary^ features of'cel!*’'2^. nylon liner, 3 plies 8 oz. nylon reinforcement, 
all polyurethane coated 

lound 
No. 

Type of 
Wound 

Entrance 
Exit 

Extent of 
Tumble 

None 
1-7/8" 

Entrance 
Exit 

Entrance 

Exit 

Entrance 

Exit 

Entrance 
Exit 

Entrance 
Exit 

Angle of 
Obliquity 

0° 
0° 

Construc¬ 
tion 
No. Sealing Performance 

913-5 Dry seal in 1 minute 
913-5 Hvy. stream 4 min, 
_Misaligned_ 

IV 
(1) 

1-T3/16" 

IV 

1-5/8" 

V 

None 
None 

None 
None 

0° 

no 

0° 
0° 

913-5 Dry seal at 2 mins. 
No exit on metal. 

913-5 Hvy. seep at 4". Sealed 
in 10 mins. 
No exit in metal__ 

913-5 Damp seal at impact. 
Dry seal in l minute. 

913-5 No exit in metal 

qC 913-6 Damp seal at impact 
0° 913-6 Damp seal at impact 

913-6 Damp seal at impact 
913-6 Slight seep at 2 min. 

Size of 
Wound 

<l/8" hole 
5-5/8" "H" 
hole 

IV break 

3¾11 "S" 
shaped 
2¼11 break 

01 » !*i II L 
break 
2-3/8" "L" 
break 

•:y hole 
1" x IV 
"X" tear 

‘V hole 
1-5/8" x 1" 
"X" break 

Entrance 
Exit 

None 
None 

0° 913-6 Damp seal at impact 
0° 913-6 Tear developed in bottom 

near radius _. 

‘V hole 
2" break 

(1) Exited cell on radius 
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SECTION IX 

LITERATURE REVIEW 

a. 

b. 

A search of recent reports, articles and vendor information was made to uncover 

new materials and orocesses applicable to fuel syst®m 
the more interesting and useful facts are summarized below. A list of refer 

enees is given in Appendix IV. 

Isoorene - acrylonitrile copolymers and polystyrene-polybutadiene- 
Dolystyrene block cooolymers give high tensile strengths in the 
absence of reinforcing fillers. The orocess of self-reinforcement 
in these oolymers is attributed to the alignment of a large number 
of polymer chains in the stretching direction. 

Of the available high temoerature resistant elastomers, only Viton 
fluorocarbon elastomer and selected silicone and fluorosihcone 
elastomers seem worthy of further evaluation and compounding. Other 
available materials fail to orovide the oroperties reguired in most 
self-sealing fuel system applications. 

The use of additives to oromote tack in silicone compounds is not 
reoorted in the available literature. Suopliers of siHcone rubber 
were unable to provide information concerning the compatibility of 
silicones with common tackifying resins. 

The choice of the prooer peroxide curative is essential if a 51 
is to be hot air vulcanized, comoounded with black fillers, or stored 
uncured for long periods of time before use. Dicumyl peroxide and 
2,4-dichlorobenzoyl peroxide are two good candidates and were used 
in the silicone compounding program. 

c. 



SECTION X 

CONCLUSIONS 

The mnerllner shattering proble™ encountered «1 th the relatlveJ^ngMwe-ght 

SSnrmÂ 
meric coating material. 

Sill cone rubber Is an excellent candidate material for use as a sealant ,n 

^!ld4r^r;í ílie^íd^r^lls^nrUlr^rírrltroHt eillted temper, 

src^Ä^Ä*rÄn?Ä 
various resins were unsuccessful. 

The commercially available foams and thermoplastic sheet materiais evaluated 
were n* as effective as the backing board material composites developed tor 
the protection of self-sealing fuel cells under a previous contract wit 

UNIROYAL. 

Non-sealing loosely fitted fuel line jackets were found to be elective for 
r-rvntrniHnn the flow oath of fuel spurting from ruptured fuel lines 

punctured by small arms projectiles. 

ST ir?ÄVSS!Ä..’.-!.-, 
with projectiles in a tumbled manner. 



SECTION XI 

RECOMMENDATIONS 

1. Search the literature for other candidates to improve the tack of sili¬ 
cone rubber. If none are revealed, investigate other elastomers as high 
temperature sealant candidates which may be compounded for tack. 

2. Continue with efforts to find an elastomer which will withstand exposure 
to air at 350° F, will perform acceptably under gunfire (.50 cal. or .30 
cal.), and is less expensive than the fluorocarbon elastomers evaluated 
in previous contracts. 

3. Gunfire fuel lines and other small targets with tumbled projectiles using 
a notched, smooth bore barrel. Effort should be made to improve the 
accuracy. 

4. Select conventional fuel line covers over spray restrictors. 

5. Consider the new conventional style backing board as well as standard com¬ 
mercial boards. 

6. Continue development efforts on a fuel cell made of polyurethane coated 
high tear-strength fabrics on a subsequent development contract. 
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APPENDIX I 

TEST DATA ON FILMS 
USED IN CELLS 

WEIGHT AND THICKNESS 
OF CELL CONSTRUCTIONS 
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TABLE XXIV 

TEST DATA ON FILMS AFTER 72 HRS. IN OZONE 
(50 Parts Ozone/100 Million Air) 

300% 

Tensile Strength (ps1) 

Film No. VaiueTMedian 

Ultimate Elongation (%) 
Values Median 

Modulus 
(psi) 



TABLE XXV 

TEST DATA ON FILMS AFTER 1 MEEK IN HUMIDITY CHAMBER 
(100° F, 100¾ R.H. ) 

300% 
Tensile Strength (psl) Ultimate Elongation (%) Modulus 

Film No. Values Median Values Median (fisi) 

1667 
3010 1611 1611 
_1600_ 

4483 
700-4 5217 4850 

350 
330 
320 
480 
510 

330 

495 

5000 
700-6 6000 5000 

4896 
-Ï273- 
700-7 1030 1111 
_mi_ 

3Õ8Õ 
708-4 3366 3223 

480 
470 470 
460 
67Õ- 
620 650 
650_ 
690 
700 695 

711-1 
2700 580 
2217 2459 540 560 

35ÖÖ 
712-1 2976 3400 
_3400_ 

6666 
712-3 6500 6666 

7317_ 
3833 
4000 3833 
3676_ 
5333 
5641 5333 
5026 
5667- 

776 5778 5778 
6121 

715 

716 

590 
580 580 
580_ 
490 
500 500 
520_ 
510 
530 510 
500_ 
480 
510 480 
460_ 
540 
550 540 
540 _ 

1478 
1578 
1531 
443 
455 
365 
857 
900 
897 
209 
170 
179 
632 
556 
573 

~2ÏÏ 

260 
278 
550 
488 
470 
933 
937 
780 

1611 
1670 
1718 
2615 
2769 
2718 
611 
555 
727 
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TABLE XXVI 

TEST DATA ON FILMS AFTER 300 HRS. IN WEATHEROMETER 

Fi1m No. 

3010 

Tensi)e Strength (psi) 
Values Median 

1813 
1871 1842 

Ultimate Elongation (%) 
Value Median 

270 
260 
W 
480 

265 

300% 
Modul us 

(psi) 

Broke before 
300% elong. 

700-4 
1667 
1120 1394 480 

250 
288 
180 

700-6 
1030 
688 859 

380 
320 350 

727 
638 
571 

700-7 
750“ 
750 
828 

708-4 
1633 
1808 
1720 

750 

1720 

W 
490 
510 

490 

640 
700 
630 

77Õ" 
520 

640 

320 
287 
289 
555 
538 
560 

711-1 
1897- 
1455 1676 545 

236 
273 
293 

712-1 
2146 
1900 
2146 

2146 
510 
510 
530 

510 
527 
500 
498 

712-3 
l86ê" 
3667 
3318 

3667 
W 
460 
470 

460 
933 
893 
927 

1500 
1816 
1874 
3243 
2773 
2884 

715 
-mz 
4000 
4229 

4229 
m 
490 
500 

500 

716 
T9Ç5- 
4545 
4558 

4558 
450 
440 
440 

440 

776 
3000 
3272 
3086 

3086 
W 
460 
480 

480 
647 
630 
663 
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TABLE XXVII 

TEST DATA ON FILMS AFTER 30 DAYS IN SOIL BURIAL 

Film No. 

3010 

700-4 

700-6 

700-7 

708-4 

711-1 

712-1 

712-3 

715 

716 

776 

Ii 

Tensile Strength (psi) 
Values Median 

2242 
2121 
2125 

2125 

4696 
4000 
5000 

4696 

4643 
4857 
5185 

4857 

1143 
1143 1143 

300 
233 267 
m 
558 523 

1220 
2668 1944 
ITT 
414 393 
4000 
4211 
4235 

4211 

TW 
333 825 

3895 
3842 3869 

Ultimate Elongation (¾) 
Values Median 

350 
340 
370 

350 

510 
510 
500 

510 

460 
490 
480 

480 

630 
610 620 

110 
90 
450 

100 

460 
490 
570 
W 

_455_ 

530 

180 180 
530 
550 
540 

540 

300 
;40 
510 

220 

510 510 

54 

1 

300% 
Modulus 

2036 
2024 
1837 
435 
345 
433 
914 
928 
919 
200 
170 
157 

Samples broke be- 
fore 300% eionq. 

263 
223 
380 
438 

Samples broke be¬ 
fore 300% eionq, 
1526 
1663 
1705_ 

Samples broke be- 
fore 300% eionq. 

516 
526 

! 
» 

kiiSj 
L > i 



TABLE XXVIII 

TEST DATA ON FILMS AFTER EXPOSURE TO MATER AT 158° F 

Film 
No. 

3010 

_ _7 Pays _ 
Tensile Strength Ultm. Elong. 

(psi)_(%) 
Value Median Value Medían 

700-4 

1513 
1722 1618 

300 
300 300 

3ÕÕT" 
Modulus 

(psjL 

1513 
1722 

_14 Pays_ 
Tensile Strength Ultm. Elonq.300% 

Value 

1222 
1444 

(Pill (%) Modulus 
Median Value Median (psi) 

1333 

2722 
3375 3049 

530 
540 535 

267 
253 
275 
7ÏT 

2083 
2312 
2222 

1785" 

280 
270 
560 

275 

2222 560 
550 
500 

560 
200 
213 
281 
657 

700-6 

700-7 

708-4 

711-1 

TTõs 
4286 
4387 

4387 
W 
500 
500 

500 

689 
882 786 

680 
710 

709 
722 

152" 

4571 4178 550 525 

695 153 
152 

7Ï86" 
2085 
2435 

2186 
W 
820 
870 

850 

1561 
1535 1548 

530 
570 550 

W 
442 
443 

154- 
214 
227 
316 

828 
897 
727 

1381 

828 
750 
750 
750 
890 

750 

1660 1523 1110 1050 

1531 
1231 1382 

560 
550 555 

725 
757 
139 
133 
133 
369 
377 
374 
256 
249 
222 
267 

712-1 
"2558" 
1767 2163 

620 
600 610 233 

307 
187" 

"2561 
2375 
2744 

1278" 

2564 
w 
690 
700 
600 

690 287 
288 
420 

712-3 

715 

W 
4800 
4428 
1^7" 
3889 
3789 

4800 

3789 

W 
550 
570 
W 
560 
570 

550 457 
476 

4950 4614 620 610 

560 
2606 
2544 
2453 

1051 
4095 4073 

490 
510 500 

467 
410 

1969 
1819 
1524 
1836 

716 
4341 
4976 4659 

480 
500 490 

2731 
2500 
2975 

4000 
3773 
3814 

3814 
500 
500 
490 
660 

500 1791 
1805 

336 

776 
3743 
3589 
3621 

3621 
600 
580 
590 

590 
338 
287 
346 

4316 
4000 
4242 

4242 650 
670 

660 300 
291 
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TABLE XXIX 

TEST DATA ON FILMS AFTER EXPOSURE TO TYPE III FUEL AT 158° F 

Film 
No. 

3010 

___ 7 Days _ 
Tensile Strength Ultm. Elong. 

(psi )_ (%) 
Value Median Value Median 

1471 

1371 1421 

280 

290 

300¾ 
Modulus 

(psjj. 
Broke be¬ 
fore 300% 

14 Days 
Tensile Strength Ultm Elonq. 300% 

(psi) (%) Modulus 
Value Median Value Median (psi ) 

285 

969 

1000 
1030 

1000 

310 

350 
360 

350 

700-4 
2882 
2788 2835 

500 
490 495 

352 
412 
412 

2666 
2800 
2882 

2800 
520 
560 
510 

520 

700-6 
3212 
2727 2969 

470 
450 460 

788 
897 
909 

4581 
3548 4065 

520 
490 505 

700-7 
1053 
955 1004 

660 
650 655 

232 
218 
225 

1297 
1500 1399 

680 
700 690 

708-4 
2082 
1855 
1957 

1957 
790 
780 
760 

780 
506 
509 
470 

1959 
1786 
2085 

1959 
850 
840 
860 
480 

850 

897 

775 
361 
300 
307 
305 
941 
851 
727 
287 
335 
300 
588 
507 
596 

711-1 
1045 
1128 1087 

490 
550 520 

273 
174 
224 

1167 
1000 1084 490 485 

712-1 
182T 
3529 
3657 

3657 
590 
580 
590 

590 
459 
435 
434 

2927 
3285 
3128 

3128 
640 
650 
620 

640 

712-3 
3706 
4049 
3958 

3950 
510 
510 
510 

510 

715 
3091 
2579 
2684 

2684 
430 
450 
450 

706" 
615 
630 

5027 
4250 
4842 

4842 
560 
540 
540 

540 

450 
1909 
1516 
1621 

716 
3122 
3143 3132 

350 
370 365 

776 
TW 
3056 
3514 

3100 
W 
550 
560 

560 

-242T 
2343 
2302 
"W 

378 
378 

3568 
3588 
3657 

3588 
490 
510 
510 

510 

3130 
4195 3663 

390 
450 420 

3900 
3538 
3400 

3538 
570 
570 
560 

570 

56 

258 
250 
112 
468 
457 
451 
670 
650 
663 

1556 
1600 
1566 
2336 
2295 
2273 

480 
482 
450 



* 

TABLE XXX 

WEIGHT AND THICKNESS OF CELL CONSTRUCTIONS 

Cell Number 

ASN 630 

Construction Number(s) 

522-37^ (film) 

Weight 
(lbs/sq ft. 

1.23 

Thickness 
(inch) 

0.235 

ASN 654 654 (film) 0.87 0 165 

ASN 766 700-4 (film) 
700-6 (film) 

0.78 
0.71 

ASN 769 700-7 (film) 
712-1 (film) 

0.73 
0.85 

0 153 
0.139 

0.138 
0.154 

ASN 772 712-3 
776 

(film) 
(fi1m) 

0.77 
0.76 

0.152 
0-154 

ASN 773 711-1 
708-4 

(fi1m) 
(fi1m) 

0.91 
0-86 

0.162 
0.155 

ASN 781 801-1 (film) 
801-2 (fabric; 

0-85 
0.60 

0.144 
0.111 

ASN 805 700-4 (film) 0.74 0-145 

ASN 808 808-1 
808-2 

jfilm) 
fabric) 

0.78 
0.56 

0.150 
0.111 

ASN 831 831 (fabric) 0.88 0 175 

ASN 854 854-1 (fabric) 
854-2 (film) 

0.55 
0-75 

0.106 
0.139 

ASN 862 

(l)See Technical Report AFML-TR-69-356-Part IÍ 

862-1 (fabric) 
862-2 (film) 

.-Tft-f 

0./2 
0.94 

0 140 
0.182 

Panel No. 

913-la 
c 

913-2b 

Wt,, lb/ft¿ 

0.90 
0.86 

Thickness, Inches 

0.165 
0 162 

"9T3^3a 
_c_ 
913-4b 

0.82 
0.81 

c 
9l3-6b 

0.87 
0.99 
TJT 
0.94 

0152 
0.152 
XT6T 
0.182 

“05' 
0.81 
“06- 
0.79 

0-168 
0.170 

“037“ 

0,150 
TUT 
0.150 

57 
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APPENDIX II 

DESCRIPTION OF FILMS 



696-1 

grams 

MEK 
V-600 
LD-813 

696-3 

MEK 
V-6004 
LD-813 

696-10 

MEK 
V-6007 
V-6004 
LD-813 

100 
23 

Poured 180 grams 
on glass plate 

696-11 

grams 

MEK 167 
V-6007 100 
V-6004 100 
DOP Plasticizer 10 
LD-813 23 

700-1 

Part A 

Degassed and poured 180 grams of the mix onto a 
level glass plate. Covered the plate and cured 
the film at 72° F. We intended to evaluate both 
plasticizers at a level of 10 parts plasticizer 
per 100 parts of prepolymer. Since this film 
was made before the inconsistency was noted, we 
decided to test it. We did not then make a film 
of this formulation using 10 parts of plasticizer 
because the one with 5 parts revealed that the 
DOP was incompatible - the DOP separated from the 
solution and the surface became very oily. 

Part B 

Vi brathane A-731 
MEK 

grams 

100 MEK 
75 LD-813 

700-2 

grams 

50 
17 

Mixed A and B together 
and poured 180 grams 
in glass plate. 

grams 

Vibrathane V-6005 200 
MEK 177 
LD-813 18 

Poured 180 grams on glass plate. 

59 



700-3 

Part A 

Vibrathane A-744 
MEK 

700-4 

Vibrathane VB-602 
MEK 
LD-813 

700-6 

Part A 

Vibrathane VB-605 
MEK 

700*7 

Vibrathane VB-600 
MEK 
LD-813 

704-1 

MEK 
V-6007 
V-6004 
LD-813 

704-2 

MEK 
V-6007 
V-6004 
LD-813 

grams 

100 
75 

grams 

200 
177 

17 

grams 

100 
75 

grams 

100 
23 

Part B 

MEK 
LD-813 

grams 

50 
17 

Mixed A and B together 
and poured 180 grams 
on glass plate. 

Poured 180 grams on glass plate. 

Part B 

MEK 
LD-813 

grams 

58.5 
8.5 

Mixed A and B together 
and poured 180 grams 
on glass plate. 

60 

1 
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704-3 

grams 

MEK 
V-6007 
V-6004 
TP-90 plasticizer 
LD-813 

704-4 

MEK 
V-6007 
V-6004 
LD-813 

704-5 

MEK 
V-6007 
V-6004 
LD-813 

704-6 

MEK 
V-6007 
V-6004 
LD-813 

704-7 

MEK 
V-6004 
TP-90 plasticizer 
LD-813 

704-8 

MEK 
V-6004 
DOP plasticizer 
LD-813 

20 
23 

61 



708-1 

grams 

MEK 
V-6007 
V-6004 
V-3005 

708-2 

MEK 
V-6007 
V-6004 
TP-90 plasticizer 
V-3005 

708-3 

MEK 
V-6007 
V-6004 
OOP plasticizer 
V-3005 

708-4 

MEK 
V-6004 
V-3005 

711-1 

grams 

V-6004 200 
G-400 28 

711-3 

Poured 145 
located 1n 
and heated 
250° F. 

grams on glass plate 
an oven. Covered plate 
mixture for 3 hours at 

grams 

V-6004 100 
V-6007 100 
TP-90 plasticizer 20 
G-400 28 

Poured 145 grams on glass plate 
located in an oven. Covered plate 
and heated mixture for 3 hours at 
250° F. 



711-4 
grams 

V-6004 100 
V-6007 100 
OOP plasticizer 20 
6-400 28 

712-1 
grams 

Poured 145 grams on glass plate 
located In an oven. Covered plate 
and heated mixture for 3 hours at 
250° F. 

LD-813 23 

I 
63 



715 

parts 

Adi preñe CM 
HAF Carbon Black 
Cunar W 2½ 
MBTS 
MBT 
Sulfur 
Caytur 4 
Cadmium stearate 

100 
30 Mixed on a laboratory rubber mill and 
15 cured in a press for 60 min. at 287° F. 

4 
1 
0.75 
0.35 
0.50 

716 

parts 

Vibrathane 5004 
Stearic acid 
HAF Carbon Black 
Di Cup 40C 

100 
0.25 Mixed on a laboratory rubber mill and 

20 cured in a press for 30 min. at 320 F. 
4 

721-1 

Part A Part B 

grams grams 

V-6007 50 MDA 
V-6004 50 MEK 
MEK 100 

Part A 

721-2 

Part B 

grams 

V-6007 50 
V-6004 50 
TP-90 plasticizer 10 
MEK 100 

MDA 
MEK 

721-3 

Part A Part B 

grams 

V-6007 
V-6004 
D0P plasticizer 
MEK 

50 MDA 
50 MEK 
10 

100 

64 



Part A 

721-4 

Part B 

grams 

V-6004 100 
MEK 100 

grams 

MDA 18 
MEK 82 

Poured 308 grams of Part C 
on glass plate. 

Part C ratio 

Part A 4 
Part B 1 

721-5 

grams 

V-6004 100 
V-6007 100 
OOP plasticizer 20 
MEK 50 
LD-813 23 

Poured 155 grams on 
glass plate. 

721-6 

Part A Part B 

Mixed A and B together 
and poured 183 grams 
on glass plate. 

grams grams 

Vlbrathane VB-621 
MEK 

100 
75 

MEK 
LD-813 

49.5 
17.5 

721-7 

V-6004 
G-40Q 

grams 
Poured 125 grams on glass plate located 

200 1n an oven. Covered the plate and heated 
28 mixture for 3 hours at 250° F. 

i 

65 
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722-1 

grams 

V-60Q4 
V-6QQ7 
MEK 
LD-813 

722-2 

V-6004 
V-6007 
MEK 
Celluflex FR-2 
LD-813 

722-4 

V-6004 
V-6007 
MEK 
Trlcresyl Phosphate 
LD-813 

170 
20 
23 

776 

grams 

V-6004 
V-6007 
MEK 
LD-813 

70 
130 Poured 155 grams on 

75 glass plate. 
23 

66 



APPENDIX III 

ILLUSTRATIONS 
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