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procurement operation, the United States Government thereby incurs no 
responsibility nor any obligation whatsoever; ana the tact that the Gov¬ 
ernment may have formulated, furnished, or in any way supplied the said 
drawings, specification, or other data, is not to be regarded by impli¬ 
cation or otherwise as in any manner licensing the holder or any other 
person or corporation, or conveying any rights or permission to manufac¬ 
ture, use, or sell any patented invention that may in any way be related 
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Copies of this report should not be returned unless return 1s required by 
security considerations, contractual obligations, or notice on a specific 
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ABSTRACT 

Self-sealing fuel cell constructions were developed with improved 

capability for sealing wounds inflicted by .50 caliber and 14.5 nun. 

armour piercing incendiary projectiles but at an increase^in weight 

penalty. All attempts to develop a high temperature (350°F) stable, 

reliable self-sealing elastomeric fuel cell materials composite were 

thwarted because of poor adhesion at elevated temperature. Although 

preliminary screening tests on small specimens pinpointed effective 

adhesives for bonding candidate high temperature sealants to the fabric 

reinforced fluoroelastomer cell components, the large test panel 

composites prepared developed flaws in adhesion on exposure to high 

temperature and performed unsatisfactorily when gunfire tested for 

self-sealing reliability at room temperature. After an extensive 

materials investigation, the effort to develop a lightweight non¬ 

flowering self-sealing fuel line resulted in the development of a high 

density polyethylene tube shielded with a conventional self-sealing 

fuel line cover materials composite. Gunfire evaluations of this 
lightweight fuel line materials construction showed it to be effective 

in sealing wounds inflicted fcy .50 caliber armour piercing projectiles. 
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SECTION I 

INTRODUCTION 

In a combat situation aircraft are often struck by shrapnel or small arms 
fire. In many instances projectiles will penetrate the fuel system caus¬ 
ing loss of fuel and possible fire hazards. 

Self-sealing fuel containers of rubber and fabric have been available for 
over thirty years. Several manufacturers supply these containers and 
have steadily improved their sealing ability while at the same time re¬ 
ducing their weight and thickness. In more recent years self-sealing 
covers have been developed for fuel lines and other pressurized components 
of the fuel system. 

While both fuel containers and fuel line covers have been developed to 
a high state, several problem areas remain. These include: 

1 Aircraft are flying at speeds where aerodynamic heating is 
significant. This heat will often cause the premature aging 
and deterioration of the. elastomers and fabrics of fuel 
containers. 

2. Current fuel container and fuel line cover constructions are 
qualified for protection against 0.50 caliber AP ammunition. 
The Air Force is interested in constructions which will seal 
wounds caused by the Russian 14.5 mm API round which causes 
much more extensive damage due both to its high energy and 
to its incendiary action. 

3. Fuel line covers have to withstand both the pressure of the 
fuel and the damage caused by distortion of the metal fuel 
line Induced by the passage of the bullet. Fuel pressure 
effects are reduced by the use of a high strength outer ply 
on the cover and metal "flowering" is overcome by the use of 
elastomeric sealant plies of sufficient thickness to extend 
beyond the area of distortion. More efficient covers which 
would not require as much sealant to overcome petals 
and would use lighter weight outer ply materials could re¬ 
duce the weight and volume penalties to aircraft which employ 
them. 

The object of this contract was the study of various proposed solutions 
to these problems. Efforts were made to develop fuel container construc¬ 
tions resistant to deterioration at temperatures of 350 r and to develop 
constructions which would seal wounds caused by incendiary projectiles. 
Other efforts were aimed toward improving the sealing performance of 
fuel covers both through damage reducing plies added to standard construc¬ 
tions and through development of plastic or elastomeric fuel lines which 
do not contain metal to distort into sharp petals upon gunfire. 

1 



The research and development were conducted in three phases 

Phase I - Literature Search and Review of Past Work 

Phase II - Experimental Evaluation 

Phase III - Documentation 

2 



SECTION II 

INCENDIARY RESISTANT CONSTRUCTIONS 

In order to gain familiarity with incendiary gunfire and establish a suit¬ 
able procedure for experimental tests, a program of gunfire on conventional 
fuel cell constructions was first undertaken. 

The initial incendiary gunfire trial was performed under these conditions: 

1. 0.50 caliber gun positioned 75 feet from gunfire structure. 

2. 7075 T6 aluminum plate 0.25 inches thick positioned 6 inches in 
front of gunfire structure. 

3. US-664 backing board and US-173 self-sealing construction panels 
in gunfire structure filled with water. 

4. 0.50 caliber armor piercing incendiary ammunition supplied by 
Air Force. 

Five 0.50 caliuer API rounds were fired into the gunfire structure. Acti¬ 
vation of Incendiary material occurred just beyond the striker plate but 
before entering the structure as shown by burned edges on backing board 
wounds. Entrance wounds in the US-173 self-sealing panels and US-664 back¬ 
ing board were as follows: 

Round 
Number 

Wound Size In Inches 
UrT73-US^ST 

1 
2 
3 
4 
5 

0.7 X 1.2 
0.7 X 1.2 
0.5 X 1.0 
0.5 X 1.5 
0.5 X 0.6 

1.1 X 1.5 
0.7 X 1.4 
0.6 X 1.2 
0.7 X 1.5 
1.0 X 1.0 

Figures 1 and 2 illustrate the severe damage to the self-sealing panel 
and the backing board caused by incendiary gunfire. Such damage is be¬ 
yond the capability of known self-sealing constructions for sealing 
action. 

When the backing board and self-sealing panels were examined closely, they 
were found to have many sharp fragments of the aluminum striker plate em¬ 
bedded in them. It was félt that much of the damage to the backing board 
and self-sealing panel was caused by this shrapnel. Based on a published 
report of the Northrop Corporation, 1t was determined that a 0.125 Inch 
thick 7075 T6 aluminum plate supported 5 feet from the structure would 
activate the Incendiary material without producing a large amount of 
shrapnel. In this way, 1t was hoped, damage caused by the activated 
Incendiary projectile could be studied without additional damage from 
striker plate shrapnel Interfering. 

3 
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A second incendiary gunfire was therefore carried out identically to the 
first except for the use of a 0.125 inch thick 7075 T-6 aluminum plate 
positioned 5 feet in front of the gunfire structure as a striker plate. 
Tests with cardboard panels had shown that this arrangement caused activa¬ 
tion of the incendiary mixture approximately 2.5 feet in front of the 
target structure. US-664 backing board and US-173 self-sealing panels 
gunfired with this arrangement showed no aluminum fragments embedded in 
them after gunfire. Damage to the backing board and self-sealing panel 
was assumed to have been caused solely by the bullets. 

In discussion with AFML personnel it was decided that the damage to fuel 
cell panels from 0.50 caliber API projectiles is too severe for satisfac¬ 
tory self-sealing action. Therefore, 0.30 caliber API ammunition was 
ordered and further gunfire of self-sealing panels was performs- with this 
ammunition. 

Twenty-four self-sealing panels were fabricated for evaluation of incendiary 
gunfire resistance. Variables studied were: 

1. Number of reinforcement plies 

a) three 
b) four 
c) five 

2. Type of reinforcement 

a) Nylon tire cord (UNIROYAL code numbers 314-76-999 and 314-76-904) 

b) Unituff nylon fabric, 3 harness, 17 oz/yd2 (D-70-527-60) 

c) Unituff nylon fabric, 7 harness, 25 oz/yd2 (D-70-528-58) 

d) Square woven nylon fabric, 30 oz/yd , (D-69-531) 

Twelve combinations of the two variables were considered: 

3 plies 
4 plies 
5 plies 

Nylon Tire Cord 

806-1 
806-5 
806-9 

Unituff Fabric 
15 oz/yd2 

806-2 
806-6 
806-10 

Unituff Fabric 
25 oz/yd2 

806-3 
806-7 
806-11 

Sq. Woven Nylon 
30 oz/yd2 

806-4 
806-8 
806-12 

Each of the fabrics was calendered with an equal amount of elastomer, and 
these coated fabrics were assembled with identical amounts of sealant rubber, 
elastomeric innerliner, and cements to make 36" x 36" fuel cell panels. Two 
of each of the possible constructions were fabricated. Appendix I, page 
gives details of the composition of each construction. 
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These panels were gunftred with 0.30 caliber API ammunition An aluminum 
striker plate was positioned 4½ feet in front of the test panel. Activa¬ 
tion of the incendiary material occurred immediately beyo. the striker 
plate and projectiles were burning when they entered the teat panels. 

The test structures were filled with water. None of the projectiles exited 
from the structure 

Wounds on the test panels varied in severity from large open holes to small 
slits. Because the test structures were filled with water rather than fuel, 
sealing performance could not be evaluated. Panels were rated on their re¬ 
sistance to mechanical damage. This rating was subjective and based on both 
the size of wounds on each panel and the ability of the panel to hold back 
the shrapnel from the metal jacket of the API project!le- 

The constructions with the highest rating were ASN 806-4 and ASN 806-12. 
More of the 30 oz/yd2 square woven fabric which was used in these construc¬ 
tions was ordered This fabric was calendered with nitrile rubber and used 
to fabricate standard 2½1 x 2½1 x 2½1 test "cubes" of constructions ASN 806-4 
and ASN 806-12. 

These cubes were placed in standard test structures with US-664 backing board 
and aluminum ribbed panels. Because of the aluminum ribbed panels, it was 
not felt that a striker plate would be needed for gunfire. Firing into the 
ribbed panel (which is designed to simulate the normal aircraft structure 
surrounding a fuel cell) was felt to more closely simulate the gunfire ex¬ 
perience of actual aircraft than the use of a striker plate several feet 
removed from the fuel cell cube. 

The test cubes were filled with Type I test fluid and gunfired with 0.50 
caliber API ammunition. Cube ASN 1028-1 (same construction as panel 
ASN 806-4) was gunfired first. Two rounds were fired straight into the 
cube. Both produced entrance wounds which sealed Immediately and no exit 
wounds. Two more rounds were fired through an aluminum striker plate 4½ 
feet in front of the cube to produce tumbled rounds. The first of these 
rounds produced an entrance wound which sealed immediately and no exit 
wound. The second tumbled round entered the cube after passing through 
one of the ribs of the aluminum panel. The entrance wound did not seal 
completely but seeped fuel slightly; there was no exit wound. 

The cube ASN 1028-2 (same construction as panel ASN 806-12) was gunfired 
next. The first round was a straight shot which produced an entrance 
wound that sealed immediately and no exit wound. The second round was 
fired into the cell at a 45° angle to the surface. This produced an 
entrance wound which leaked heavily and an exit wound which seeped fuel. 
Gunfire was terminated at this time because of the fire hazard caused by 
the heavy fuel loss from the entrance wound. 

The two cubes were dried out and cleaned md the gunfire wounds patched. 
The patched cubes were placed in gunfire structures with US-664 backing 
board and aluminum ribbed panels and filled again with Type I test fluid. 
Gunfire was then carried out using Russian 14.5 mm API B-32 ammunition 
supplied by the Air Force. Cube ASN 1028-1 was fired first with four 
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rounds,, kound number one was a straight shot which produced an entrance 
wound that sealed immediately and an exit wound that seeped 
number two was a straight shot which gave an entrance wound that sealed 
immediately and an exit wound that seeped slightly. Round number three 
was a straight shot which produced an entrance wound that sealed immedi¬ 
ately and an exit wound that seeped slightly. Round number Jour was a 
straight shot which produced an entrance wound that seeped slightly and 
an exit wound that also seeped slightly. 

Cube ASN 1028-2 was gunfired next. The first round was a straight shot 
which produced an entrance wound that sealed immediately and an exit wound 
that sealed immediately. The second round was also a straight shot produc 
ing entrance and exit wounds that sealed immediately. Round number three 
was fired into the cube at an angle of 45° to the front surface. This 
round produced an entrance wound that sealed immediately and an exit wound 
that started as a small stream of fuel but slowed to a seep in one minute. 

The gunfire performance of these cubes leads to the conclusion that prac¬ 
tical 0.50 caliber and 14.5 mm API resistant fuel cell constructions can 
be developed along the lines of constructions ASN 806-4 and -12. 
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SECTION III 

HIGH TEMPERATURE RESISTANT FUEL CELLS 

The objective of this section of the contract was the development of a 
self-sealing fuel cell construction which retains its sealing ability 
after exposure to 350° F temperature. At the same time this construction 
must have adequate flexibility and sealing ability at temperatures down 
to -40° F and have sufficient fabric to rubber adhesion to be a practical 
fuel container. 

In order to determine a basis for comparison, the useful life of a conven¬ 
tional fuel cell construction at 350° F was determined. The first tests 
were performed on conventional, natural rubber sealants. Samples of UNI- 
ROYAL 3083 and 3082 sealants were wrapped in aluminum foil and exposed to 
350° F in an oven for various lengths of time. After heat aging, the ten¬ 
sile strength, percent elongation at break, and volume swell in Type III 
test fluid were determined. Table I gives the results of these tests. It 
can be seen that even one hour exposure to 350° F causes a drastic reduction 
in the strength of natural rubber sealants. 

To determine the effect of 350° F aging on an actual fuel cell construction, 
a panel of US-173 material was sandwiched between two aluminum plates and 
heated in a 350° F oven. A thermocouple was placed on the surface of the 
panel to determine the actual temperature reached. Figure 2 shows that the 
panel surface did not reach the temperature of the oven until it had been 
exposed for approximately one hour. The panel was then held at this tem¬ 
perature for one more hour. After cooling, the panel was found to be 
severely blistered and delaminated as can be seen from Figure 4. 

A second panel was placed in the over for one hour with the panel surface 
just reaching 350° F at the end of the hour. After cooling, the panel was 
found to be blistered and delaminated but to a lesser extent than the first 
panel. 

A third panel was placed in the 350° F oven for thirty minutes. The panel 
surface reached a temperature of 325° F at the end of the thirty minutes. 
After cooling, the panel was found to have a few small blisters on its 
surface but no extensive delamination between plies. 

The three US-173 panels that were aged at 350° F and one unaged US-173 panel 
were gunfired with 0 50 caliber AP ammunition to determine the effect of 
high temperature aging on sealing performance. 

Table II gives results of this gunfire test. It is apparent that 350° F 
aging has a deleterious effect on sealing performance. The effect is most 
noticeable in the severe tumbled entrance wounds. While the unaged panel 
sealed such a wound in two minutes, the panel heated for *5 hour required 
three minutes to seal, that exposed for one hour took 5.5 minutes, and that 
exposed for two hours required 8 minutes to seal a similar wound. 
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From these results, it was concluded that the useful life of US-Î73 in a 
350° F environment is less than one hour. Therefore, all high temperature 
aging tests required for this contract were performed using one hour heating 
in an oven at 350° F as a base line exposure. 

Previous work on contract No. F33615-67-C-1720 had shown that the following 
materials have potential for use in high temperature fuel cell constructions: 

a) Viton B as a fuel resistant coating in place of Acrylonitrile- 
butadiene elastomers used in conventional cells, 

b) Nomex tire cord as a substitute for nylon tire cord reinforcements. 

c) Silastic 11251) silicone elastomer as a substitute for material 
rubber sealants. 

In previous work great difficulty had been encountered in attempts to adhere 
the three components to each other. Work was initiated in searching for 
suitable adhesives. A UNIROYAL proprietary system was evaluated for bond¬ 
ing Viton B to the Nomex reinforcing fibers. The system, using UNIROYAL 
3267 adhesive, produced rubber to fabric peel adhesion strengths in excess 
of 50 Ibs/in. Appendix II gives a description of the materials used and 
the methods by which adhesion samples were fabricated and tested. Because 
of the excellent adhesion obtained with this system, it was chosen for use 
in all further development work. 

The problem of obtaining good adhesion between silicone rubber sealant and 
Viton was expected to be much greater. It was decided to evaluate other 
elastomers as possible high temperature sealants in hope that one might 
be found which would combine good sealing performance after high tempera¬ 
ture aging with satisfactory adhesion to Viton. Materials were chosen 
from elastomer types known to have better heat aging resistance than 
natural rubber. Formulas were written using a low concentration of curing 
agents to give a cured rubber with a high degree of swell in fuel with 
sufficient cross-linking to prevent the rubber from dissolving. 

The elastomers which were evaluated as sealants were: 

1. Butyl HT 1066 (chlorobutyl rubber) 
2. Butyl GRI 365 (butyl rubber) 
3. Neoprene W (polychloroprene rubber) 
4. Royal ene 301 (EPDM rubber) 
5. Royal ene 512 (EPDM rubber) 
6. Silastic 1125U (silicone rubber) 

Appendix II gives the formula of each elastomer. Table III shows the results 
of swell determinations in Type III test fluid for each elastomer. The con¬ 
dition of each compound after exposure to 350° F for 24 hours wrapped in 
aluminum foil is also given. 
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Exairmûtion of the swell and heat aging data showed that the most promising 
sealant were: 

D - Butyl GRI 365 
H - Royal ene 301 
I - Roya lene 301 
J - Roya lene 301 
K - Royal ene 301 
L - Silastic 1125U 

In addition, standard 3CB3 natural rubber sealant was compounded with the 
addition of 0.5 parts per hundred of rubber of TUEX (tetramethyl thiuram 
disulfide) as a high temperature stabilizer. When a specimen of this com¬ 
pound was exposed to the 24 hour heat aging test, the rubber deteriorated 
beyond evaluation. This compound was eliminated from further evaluation. 

The remaining candidate elastomers were next evaluated for adhesion to Viton 
coated Nomex, The adhesives evaluated were: 

1. UNIROYAL Viton Adhesion 101143 
2. Organoceram Viton Adhesive 6-1023 
3. Fairprene 5149 
4. Chemlok 607 
5. Chemlok 607 plus Fairprene 5149 

Table IV gives the results of the adhesion tests. 

Based on the adhesion test data, the best sealant/adhesive combinations were 
determined to be: 

1. Butyl HT 1066 + Fairprene 5149 
2. Butyl GRI 365 + Chemlok-Falrprene 
3. Royal ene 301 + Fairprene 5149 
4. Royal ene 512 + Fairprene 5149 
5. Silastic 1125U + Chemlok-Fairprene 

Each of these sealant-adhesive combinations was evaluated further by being 
bonded to Viton coated Nomex, wrapping the composite in aluminum foil, and 
placing in a 350° F oven for 24 hours. Results of this test are given in 
Table V, All of the composites were found to have adequate adhesion after 
heat aging. 

Two 36" X 36" panels were fabricated of each sealant-adhesive combination 
by bonding a Viton coated Nomex tire cord to one side and a Viton coated 
square woven fabric to the other. Each panel was cured and post-cured in 
a vacuum blanket- 

Several of the panels showed puffed-up areas after post-cure. It is be¬ 
lieved that these were caused by gasses formed in the sealant during post- 
cure which were unable to escape through the cured Viton coatings on both 
sides of the sealant 

After post-cure the panels were trimmed to size and bolted onto a gunfire 
structure. The structure was filled with fuel and 0.30 caliber AP projectiles 
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were fired into the panels. Results of the gunfire test are given in Table 
VI. None of the panels appeared to have adequate gunfire resistance for 
practical fuel cell constructions. 

Post-gunfire evaluations showed that those constructions that were "puffy" 
deteriorated upon contact with fuel and in some cases delaminated. In all 
panels it was found that the Viton coated tire cord material developed 
large holes at gunfire wounds and thus failed to adequately support the 
sealant for self-sealing action. 

Because of the lack of success with Viton coated constructions, it was agreed 
in discussions with the Project Engineer that experiments should be done on 
fluoros^lico^.e elastomers because of their reported resistance to hydrocarbon 
fuels and elevated temperatures. After study of the literature, Dow Corning 
Silastic LS-2249U was selected for evaluation. 

The elastomer was compounded with the proper curative and calendered onto 
Nomex tire cord. It was found that this elastomer was extremely difficult 
to handle in mixing and calendering. The tire cord could be calendered on 
one side only as any attempt to coat the second side would cause the rubber 
on the first side to peel off. 

Eventually a few small pieces of coated tire cord were produced. These were 
laminated to Silastic 1125U coated tire cord and the composites cured in a 
hot air oven, a vacuum bag, or a press. Each of the composites was then 
post-cured in a hot air oven. At the end of post-cure the flurosilicone 
elastomer was found to be very soft and low in strength. Adhesion values 
are given in Table VII. It can be seen that the flurosilicone-silleone 
system requires much more development if it is to be practical for fuel 
cell use. 

Because of the lack of suitable processing methods and the high price of 
the elastomer, ft was decided that further work on high temperature resis¬ 
tant fuel cell constructions would be beyond the scope of this contract. 
We believe that a high temperature elastomer with better processing charac¬ 
teristics than fluorosilicone and greater ballistic Impact resistance than 
Viton is needed. 
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TABLE I 

HIGH TEMPERATURE AGING 
OF CONVENTIONAL SEALANTS 

3082 Sealant 
_Time at 350u F in Hours __ 
0 Í " 2 4 8 24 

Tensile Strength, 415 250 187 121 120 52 
psi 

Elongation at 700 915 775 735 815 590 
B^eak, % 

Volume Swell in 
Type III Test 
Fluid, %: 

1 mm, 24,1 19,2 11.4 16 2 10-3 13, 
2 min, 31.0 23.2 12.0 16,7 11,8 18, 
5 mm. 48.6 38.5 16.5 26.3 20,1 28, 

3083 Sealant 

Tensile Strength, 223 65 50 48 81 25. 
psi 

Elongation at 620 695 780 680 825 
Break, X 

Swell, % 
1 min, 26.6 26.7 15.5 19.0 23.8 15. 
2 min. 31.6 26.5 17.3 24.3 27.7 16. 
5 min. 49,2 45.7 27.6 31.3 30,2 24. 

---- . . .. . ... ... 



TABLE II 

EFFECT OF HIGH TEMPERATURE AGING 
ON SELF-SEALING PERFORMANCE OF 

US-173 CONSTRUCTION PANELS 

The panels were gunfired with 0.50 caliber AP ammunition in a standard gun¬ 
fire structure filled with JP-4 fuel at ambient temperature (approximately 
35° F). US-664 backing board panels were used to support the fuel cell 

panels. 

Entrance 
Panel or Exit 

ASN 811-2 Entrance 
(2 hrs. 
heat aging) Entrance 

Entrance 

Entrance 

_Entrance 

ASN 811-1 Entrance 
(one hr. 
heat aging) Entrance 

Exit 

Entrance 

__Entrance 

ASN 811-3 Exit 
(one hr. 
heat aging) Exit 

Exit 

__Entrance 

ASN 811-4 Exit 
(No heat 
aging) Entrance 

Exit 

Entrance 

Type of Wound Time to Seal, Minutes 

Small hole 0.5 

Small hole 2.0 

Small hole 2.0 

1" long from tumble 3.0 

2" long from tumble_8^0_ 

Small hole 0.5 

Small hole 0.5 

Small hole >4.0 

1.6" long from >4.0 
tumble 

2" long from tumble_5J_ 

1.6" long from tumble 0.5 

1.8" long from tumble 0.5 

0.9" long from tumble 0.5 

2.1" long from tumble_3J1_ 

Small hole 0.5 

Small hole 2.0 

1.9" long from tumble 0.5 

2.1" long from tumble 2.0 

14 
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TABLE III 

Specimen 

\ 

B 

C 

D 

E 

F 

G 

H 

I 

O 

K 

L 

HIGH TEMPERATURE SEALANT EVALUATION 

Type of 
Elastomer 

Butyl HT 
1066 

M 

üi 

Volume Swell In Type III Test Fluid, %_ 
-Original After ¿4 hrs at 35(FT 
1 Min. 2 Mtn. 5 Min. 1 Min. 2 Min. 5 Min» 

16.6 17.8 30.0 15.3 19.6 29.5 

Butyl HT 16.4 18.2 33.2 16.6 19.6 28.3 

1066 

Butyl GRI 20.3 23.2 38.1 
365 

Butyl GRI 23.8 24.5 34.0 23.1 29,5 39-8 

365 

Neoprene 12.8 15.1 19.8 4.9 6.4 8.0 

W 

Neoprene 10.2 15.4 15.7 6.7 7.2 10.0 

Neoprene 8.7 10.8 13.8 3.3 5.8 6.5 

Royal ene 26.5 
301 

Royal ene 26.4 
301 

Royalene 23.5 
512 

33.7 

32.0 

27.7 

42.6 

41.5 

38.9 

15.7 18.0 23.9 

15.1 19.6 31.3 

11.4 17.4 23.7 

Royalene 26.0 31.3 39.0 13.5 17.2 25.1 

512 

Silastic 18.8 25.1 39.2 17.1 22.4 32.5 

1125U 

15 

Appearance 
After 24 hrs. 
at 350° E 

Very tacky, 
dark brown, 
smooth suf- 
face 
Very tacky, 
mottled brn, 
color, sur¬ 
face uneven 

Badly 
deteriorated 

Some tack, 
tan color, 
rough sur¬ 
face with 
pinholes 

o tack, 
color varies, 
surface rough 
No tack, 
dark brown, 
surface 
smooth 
No tack, 
dark brown, 
surface 
smooth 
No tack, 
dark brown 
surface rough 
No tack, 
dark brown, 
surface rough 
No tack, 
dark brown, 
surface 
smooth 
No tack, 
dark brown, 
surface flight 
ly rough 
No tack, 
color unchang¬ 
ed (translu¬ 
cent white), 
surface smooth 

^ . __ ,-, ^ -,. -ItlA.,. 
—i.-.---—rf.... 
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TABLE IV 

BOND STRENGTH RATINGS FOR VARIOUS HIGH 
TEMPERATURE MATERIAL ADHESIVES 

Was Vacuum 
Sealant Adhesive Blanket Used? 

ASN 850-A 
(Butyl HT1066) 101143 (UNIROYAL) No 

101143 Yes 
6-1023 (Organoceram) No 
Fairprene 5149 Yes 

_ Chemlok_Yes 

ASN 850-D 
(Butyl GRI 101143 No 
365) 101143 Yes 

6-1023 No 
Fairprene 5149 Yes 
Chemlok 607 Yes 
Chemlok 607 + 

__Fairprene 5149_Yes 

ASN 850-1 
(Royalene 301) 101143 No 

101143 Yes 
6-1023 No 
Fairprene 5149 Yes 

_ Chemlok 607_Yes 

ASN 850-K 
(Royalene 512) 101143 No 

101143 Yes 
6-1023 No 
Fairprene 5149 Yes 

_ Chemlok 607_ Yes 

ASN 850-L 
(Silastic 101143 No 
1125U) 6-1023 No 

Fairprene 5149 Yes 
Chemlok 607 Yes 
Chemlok 607 + 

_ Fairprene 5149_Yes 

Bond Strength Rating 

Fair 
Fair 
FMr 
Good 
Good 

Good 
Good 
None 
Fair 
Good 

Good 

None 
None 
None 
Good 
Good 

None 
Poor 
None 
Good 
Good 

Poor 
None 
None 
Good 

Good 
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TABLE V 

BOND STRENGTH AFTER HEAT AGING 

Sealant 

ASN 805-A 
(Butyl HT-1066) 

ASN 850-D 
(Butyl GRI-365) 

ASN 850-1 
(Royalene 301) 

ASN 850-K 
(Royalene 512) 

ASN 850-L 
(Silastic 

112511) 

Adhesive 

Fairprene 5149 

Chemlok 607 + 
Fairprene 5149 

Fairprene 5149 

Fairprene 5149 

Chemlok 607 + 
Fairprene 5149 

Bond Strength Rating After 
_24 Hours at 350° F_ 
Exposed to~ÃTr Wrapped in Foil 

Good 

Good 

Good 

Good 

Good 

Fair 

Good 

Good 

Good 

Good 
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TABLE VI 

RESULTS OF HIGH TEMPERATURE 
PANEL GUNFIRES 

The self-sealing test panels were bolted to a standard gunfire structure 
with a sheet of UNIROYAL US-667 backing board to provide support. The 
structure was filled with Type I test fluid at ambient temperature (ap¬ 
proximately 45° F). Gunfire was carried out using 0.30 caliber AP ammuni¬ 
tion except where noted otherwise. 

Panel 
Entrance 
or Exit 

Type of 
Wound 

ASN 9141-1 Entrance 1" long from 
tumble 

Entrance 1" long from 
tumble 

Entrance ,25" round 
hole from 
.50 cal, AP 
round_ 
1-3/4" long ASN 9141-2 Exit 

from tumble 

ASN 914K-1 Entrance 1" long 

from tumble 

Entrance IV long 
from tumble 

ASN 914D-1 Ëntrance .25" round 
hole from 
untumbled 
bullet 

Entrance 1" long 
from tumble 

AShl 914A-1 Entrance P Tõng 

from tumble 

Entrance 1" long 
from tumble 

Sealing Performance Comment 

Stream leak had slowed Sealant cored out 
by 10 min. but had not extensively, 
sealed. 

Stream leak running for 
over six minutes. 

Heavy seeping leak which 
slowed and ultimately 
sealed at 4½ minutes. 

Heavy seep which had 
not sealed in 8 mins. 

Stream leak which 
showed no signs of 
sealing or slowing 
at 8 minutes. 

Stream leak with no 
signs of sealing or 
slowing leakage. 
Stream leak which slowed 
slightly but still was a 
stream at 8 minutes. 

Sealant cored out 
extensively. 

No coring of 
sealant. 

Little apparent 
damage to panel. 
No coring. 
Sealant cored out 
extensively. 

Sealant cored out 
extensively. 

Sealant cored out 
slightly. 

Stream leak which slowed Sealant cored out 
slightly but was still a slightly. 
stream at 8 minutes. 
Small stream which slowed Coring out of 
to a heavy seep at 2 mins, sealant. Panel 
Still a heavy seep at 10 delaminated, 
minutes. 

Heavy stream leak. Still Coring out of 
a stream at 8 minutes. sealant. Panel 

.._delaminated. 
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TABLE VII 

ADHESION OF FLUOROSILICONE COATED NOMEX TIRE CORD 
TO METHYLSILICONE COATED MOMEX TIRE CORD 

Method of Cure 

Oven Cure 

400° F for 4 hrs. 

Vacuum Blanket Cure 
+ 2 Hrs. Post-Cure 
at 400° F. 

Press Cure 
+4 hrs0 Post-Cure 
at 400 F. 

Peel Strength at Z'Vminute, lbs, 
Maximum" Minimum 

per inch 

Average 

1.9 
1.0 
2.0 

2.5 2.2 
2.0 1.5 
2J_2,3 

315 4.0 
2.0 2.4 
AJO_4.0 

3,8 

2.2 
3.5 

3.0 3.6 
3.5 4.0 

LO_3.5 

3.3 
3,8 
3.3 
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SECTION IV 

SELF-SEALING FUEL LINE DEVELOPMENT 

A. Damage Control Materials 

When metallic fuel lines are gunflred, the exit wound Is surrounded by 
sharp “petals" of metal which protrude Into the self-sealing cover and 
hold the sealant away from the wound. In order to seal the wound, the 
cover Is made very thick so that the sealant will extend beyond the 
"petals". This results in self-sealing fuel lines which produce a con¬ 
siderable weight and volume penalty. 

One approach to a solution of this problem is the application of a coat¬ 
ing to the metal line which will reduce the "flowering" of the "petals". 
Such coatings could be of a very resilient material which would push the 
"petals" back into the wound as they form or a very high modulus material 
which would not allow the "petals" to form. 

Six 2 inch diameter aluminum (6061-T6) fuel lines were covered with the 
following materials which are 0.060" thick: 

1. Butadiene-acrylonitrile rubber (ASN 814-2) Figures 9 and 10 
2. Butyl Rubber (ASN 814-3) Figures 11, 12, 13 and 14 
3. Steel fiber reinforced styrene/butadiene rubber (ASN 814-4) 

Figures 15 and 16 
4. Silicone rubber (ASN 814-5) Figures 17 and 18 
5- Polyurethane impregnated USFlex nylon fabric (ASN 814-6) 

Figures 19, 20, 21 and 22 
6. Epoxy resin impregnated fiberglass woven rovings (ASN 814-7) 

Figures 23, 24, 25 and 26 

These six lines and two uncovered lines, ASN 814-1, Figures 5, 6, 7 ahd 8, 
were gunfired with 0.30 caliber AP ammunition while pressurized to 35 psi 
with JP-4 fuel. Both straight and tumbled rounds were fired through the lines. 

Results of gunfire are given in Table VIII. Prom these results it was 
concluded that a single ply of polyurethane impregnated 27.75 oz/yd2 
USFlex nylon fabric was the best damage control cover. 

An attempt was made to further optimize the polyurethane-fabric damage 
control cover. Four aluminum fuel lines were covered with the following 

materials: 

1. One ply of 43.25 oz/yd2 USFlex nylon fabric impregnated with 
101,053 polyurethane resin (ASN 853-1) Figures 27, 28, 29 and 30 

2. One ply of 43.25 oz/yd2 USFlex nylon fabric impregnated with 
700-4 polyurethane resin (ASN 853-2) Figures 31 and 32 

3. Two plies of 27.75 oz/yd2 USFlex nylon fabric Impregnated with 
101,053 polyurethane resin (ASN 853-3) Figures 33 and 34 

4. Two plies of 27.75 oz/yd2 USFlex nylon fabric impregnated with 
700-4 polyurethane resin. Figures 35 and 36 

23 
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A. Damage Control Materials (Cont'd.) 

Resin 101,053 is a high hardness resin used in US-664 backing boards 
while 700-4 is a flexible resin developed for good low temperature 
flexibility in contract F33615-70-C-1205. 

The covered lines were gunfired with 0,50 caliber AP straight rounds 
and 0.30 caliber AP tumbled rounds. Table IX gives results of this 
gunfire. 

Based on these gunfire results, two plies of 27.75 oz/yd2 USFlex nylon 
fabric impregnated with 700-4 polyurethane resin was chosen as the best 
damage control material. Five 2" aluminum tubes were covered with this 
damage control material which was then covered with self-sealing covers. 
The following constructions were fabricated: 

1. ASN 861-1A 
a) Damage control material - 2 plies 27.75 oz/yd2 USFlex 

nylon fabric impregnated with 700-4 polyurethane resin. 
Warps of the two plies were parallel to the axis of the 
tubes, 

b) Sealant - 4 plies of 0.063" thick 3083 natural rubber 
sealant. 

c) Reinforcement - 2 plies of nylon tire cord, NBR coated. 

2. ASN 861-1B 
Same as l.a) except that one of the two damage control plies 
was applied with the warps perpendicular to the tube axis. 

3. ASN 861-2A 
Same as l.a) except for the substitution of one ply of 
27.75 oz/yd2 USFlex nylon fabric for the two tire cord 
plies of the reinforcement. 

4. ASN 861-2B 
Same as l.b) except for the substitution of one ply of 27.75 
oz/yd¿ USFlex nylon fabric for the two tire cord plies of the 
reinforcement. 

5. ASN 861-3 
Same as l.b) except for the substitution of two wraps of uni- 
glass style 56-38 woven glass roving impregnated with UNIROYAL 
41031 epoxy resin for the two tire cord plies of the reinforcement. 

The fuel lines were subjected to gunfire by both 0.50 cal. AP and 0.30 
cal. AP ammunition. Performance data is given in Table X. The accu¬ 
racy of the tumbled 0,30 caliber shots was very low producing many 
wounds which could not be evaluated. 
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A. Damage Control Materials (Cont'd.) 

On the basis of those shots which could be evaluated, construction ASN 
861-3 was eliminated from further consideration. Tumbled rounds caused 
such extensive damage to the glass fiber reinforcement that sealing 
action was totally prevented. 

Three possible methods for increasing the accuracy of the 0 30 caliber 
tumbled rounds are: 

1. More rigid mounting of the rifle. 
2. Placement of the rifle closer to the target. 
3. Increasing the diameter of the target tubes. 

Covers similar to 861-1A, 1-B, -2A and -28 were fabricated on four 3" 
diameter aluminum tubes. Two of these covers were gunfired using both 
0,50 caliber AP and 0.30 caliber AP ammunition. Performance data for 
the lines is given in Table XI. Accuracy of 0.30 caliber tumbled shots 
was not good enough for evaluation of wounds even when using 3" diameter 
tubes. 

It was concluded that a more rigid mount for the rifle is needed before 
0,30 caliber tumbled shots can be fired with reasonable accuracy. 

From the 0.50 caliber gunfire data, it can be concluded that damage 
control materials consisting of heavy nylon fabric impregnated with 
polyurethane resin help to reduce the damage caused by "flowering" of 
metal fuel lines when impacted by AP projectiles. This reduction in 
damage causes an Improvement in the sealing performance of rubber and 
fabric self-sealing fuel line covers. 

25 
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TABLE X 

GUNFIRE OF FUEL LINE 861-1A 

Fuel Type: 

Fuel Temperature: 

Fuel Pressure: 

Damage Control : 

JP-4 Projectile Type: As Noted 

Ambient Projectile Velocity: Standard 

35 psi Reinforcement: 2 plies nylon tire cord 

2 
2 plies 27.75 oz/yd USFlex nylcn with warp parallel to 
long axis of line. 

Round 
No. 

1 

2 

Type of Type of Angle of Degree of 
Ammo Wound Obiiqulty Tumble Results 

.50 Entrance 0° 
Cal 
AP 

Exit 0° 

0 4 ft. stream closing to damp 
seal in 15 secs. 

0 Dry seal at impact 

.50 Entrance 0° 
Cal 
AP 

Exit 0° 

0 Dry seal at impact 

0 Dry seal at impact 

3 .30 Entrance 0° 
Cal 
AP Exit 0° 0) 

Slicing shot, no seal 

4 .30 Entrance 0° 
Cal 
AP Exit 0° 0) 

Slicing shot, no line damage 

5 .30 Entrance 0° 
Cal 
AP 

Exit 0° 

30 

T 30 sec. - small spray 
1 min. - heavy seep 
Pressure dropped to 24 psi 
1/16" stream when pressure 
was boosted to 35 psi 

T Very hard leak - not evaluated 
further. 

.. 
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TABLE X (Cont'd) 

GUNFIRE OF FUEL LINE 861-1B 

Fuel Type: 

Fuel Temperature: 

Fuel Pressura: 

Damage Control. 

JP-4 

Ambient 

35 psi 

Projectile "type: As noted 

Projectile Velocity: Standard 

Reinforcement: 2 plies nylon tire cord 

2 plies 27.75 oz/yd2 USFlex nylon wi*h warp perpendicular 
to long axis of line 

Round 
No. 

1 

Type of 
Ammo 

.50 
Cal 
AP 

.50 
Cal 
AP 

.30 
Cal 
AP 

Type of Angle of 
Wound Obliquity 

.30 
Cal 
AP 

Entrance 

Exit 

Entrance 

Exit 

Entrance 

Exit 

Entrance 

Exit 

0° 

0° 

0° 

0° 

0° 

0° 

Degree of 
Tumble 

0 

0 

0 

0 

T 

T) 

Results 

Dry seal at impact 

Glancing. Bad leakage. 
Plugged.. 

Dry seal at impact- 

Dry seal at impact. 

V stream at Impact, 2 min. 
and 3 min. Pressured dropped 
to about 15 psi. 

V' stream at Impact. Not 
evaluated further. 

Bad damage. 

Bad leakage. 



TABLE X (Cont'd.) 

GUNFIRE OF FUEL LINE 861-2A 

Fuel Type: 

Fuel Temperature: 

Fuel Pressure: 

Damage Control : 

JP-4 Projectile Type: As noted 

Ambient Projectile Velocity: Standard 

35 psl Reinforcement: 1 ply - 27,75 oz/yd2 
„ 9 USFlex nylon fabric 
2 plies 27.75 oz/yd¿ USFlex n''lon fabric with warp parallel 
to long axis of line. 

Round Type of 
No. Ammo 

1 .50 
Cal 
AP 

2 .50 
Cal 
AP 

3 .30 
Cal 
AP 

4 .30 
Cal 
AP 

5 .30 
Cal 
AP 

6 .30 
Cal 
AP 

Type of Angle of 
Wound Obliquity 

Entrance 0° 

Exit 0° 

Entrance 0° 

Exit 0° 

Entrance 0° 

Exit 0° 

Entrance 0° 

Exit 0° 

Entrance 0° 

Exit 0° 

Entrance 0° 

Exit QO 

Degree of 
Tumble 

0 

0 

0 

0 

T 

T) 

T 

T) 

0 

0 

T 

T 

Results 

Seep at impact. Damp seal at 2 min 

Seep at impact. Damp seal at 2 min 

Damp seal at impact. 

Dry seal at impact. 

Slicing shot. Bad damage. 
Patch placed over hole. 

Slicing shot. No damage 
to line 

Bad leakage. Patched. 

Dry seal at impact. 

Dry seal at impact. 

Fuel sprayed out. No 
further evaluation. 

32 



TABLE X (.Cont'd.) 

Fuel Type: 

Fuel Temperature: 

Fuel Pressure: 

Damage Control : 

Round Type of 
No. Ammo 

1 .50 
Cal 
AP 

2 .50 
Cal 
AP 

3 .30 
Cal 
AP 

4 .30 
Cal 
AP 

5 .30 
Cal 
AP 

GUNFIRE OF FUEL LINE 861-2B 

JP-4 Projectile Type: As noted 

Ambient Projectile Veiocity: Standard 

2 
35 psi Reinforcement: 1 Ply - 27 75 oz/yd 

USFlex nylon fabric 
2 plies 27,75 oz/yd2 USFiex nylon fabric with warp perpendicular 
to long axis of line 

Type of Angle of Degree of 
Wound Obiiquity Tumble Results 

Entrance 0° 0 Slight seep at impact. Damp 
sea' at 1½ min. 

Exit 0° 0 Dry sea! at Impact. 

Entrance 0° 0 

Exit 0° 0 

Entrance 0° T) 

Exit 0° T) 

Entrance 0° V. Sl.T 

Dry seal at impact. 

Dry seal at impact. 

High slicing shot - large 
stream. Patched. 

Hard V stream at Impact. Patched, 

Exit 0° T Very large leak. Patched. 
No further evaluation. 

Entrance 0° T Large stream. No further evaluation 

Exit Large stream. No further evaluation 0° T 



TABLE X (Cont'd.) 

GUNFIRE OF FUEL LINE 861-3 

Fuel Type: 

Fuel Temperature: 

Fuel Pressure: 

Damage Control : 

JP-4 Projectile Type: As noted 

Ambient Projectile Velocity: Standard 

35 psi Reinforcement: Uniglas Style 56-38 woven 
glass rovings - 2 plies 

2 plies 27.75 02/yd2 USFlex nylon fabric with warp perpendicular 
to long axis of line. 

Round Type of Type of Angle of Degree of 
No. Ammo Wound Obiiquity Tumble Results 

1 -50 Entrance 0° 
Cal 
AP Exit 0° 

2 

3 

,50 Entrance 0° 
Cal 
AP Exit 0° 

,30 Entrance 0° 
Cal 
AP Exit 0° 

0 Damp seal at impact. 

0 1/32" stream at impact, si, 
seep at 1 min., damp seal 
at 2½ min, 

0 Dry seal at impact, 

0 Dry seal at Impact. 

Tl Catastrophic damage from 
) entrance to exit, 

T) Damage patched. 

4 ,30 Entrance 0° 
Cal 
AP Exit 0° 

T 

T 

Catastrophic damage at 
entrance and exit. 
Testing stopped. 



TABLE XI 

Fuel Type: 

Fuel Temperature: 

Fuel Pressure: 

Damage Control : 

Round Type of 
No. Ammo 

1 .50 
Cal 
AP 

2 .50 
Cal 
AP 

3 .30 
Cal 
AP 

4 .30 
Cal 
AP 

GUNFIRE OF FUEL LINE 891-1A 

jp-4 Projectile Type: As noted 

Ambient Projectile Velocity: Standard 

35 psi Reinforcement: 1 ply 27.75 oz. USFlex 

2 plies 27.75 oz/yd2 USFlex nylon with warp parallel to long 

axis of line. 

Type of Angle of 
Wound Obliquity 

Entrance 0° 

Exit 0° 

Entrance 0° 

Exit 0° 

Entrance 0° 

Exit 0° 

Entrance 0° 

Exit 0° 

Results 

Damp seal at 15 secs. 

Damp seal at 15 secs. 

Dry seal at impact 

Dry seal at impact 

Dry seal at impact 

Extremely bad leak; 
sprayed out. No seal. 

Dry seal at impact 

Bad spray type leak. 
No seal. 

Degree of 
Tumble 

0 

0 

0 

0 

1" 

1" 

h" 



TABLE XI (Cont'd.) 

GUNFIRE OF FUEL LINE 891-2A 

Fuel Type: JP-4 

Fuel Temperature: Ambient 

Fuel Pressure: 35 psi 

Damage Control: 2 plies 27.75 02/yd 
axis of tube. 

Projectile Type: As noted 

Projectile Velocity: Standard 

Reinforcement: 2 plies tire cord 

USFlex nylon with warp parallel to long 

Round Type of 
No. Ammo 

Type of Angle of Degree of 
Wound Obliquity Tumble Results 

1 .30 Entrance 0° 
Cal 
AP Exit 0° 

V Dry seal at Impact, 

V Sprayed badly. No seal. 

2 ,30 Entrance 0° 
Cal 
AP Exit 0° 

Cannot Glancing shot, too high, 
be opened large hole, 

measured 

3 .30 Entrance 0° 
Cal 
AP Exit 0° 

5/8" Reduced to heavy seep 
at one minute. 

5/8" No seal, large spray. 

36 
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Integral Self-Sealing Fuel Lines 

A second approach to the "flowering" problem is the elimination of the 
metallic fuel line. The concept of .in integral self-sealing fuel line 
consists of a fuel resistant rubber or rubberized fabric liner surround¬ 
ed by a conventional type fuel line cover. The fuel line and self-seal¬ 
ing cover are manufactured as one integral unit. 

As a first step, two fuel lines were fabricated without sealant plies 
to determine the tear and impact resistance of integral type construc¬ 
tions. The liner was a 0.060" thick ply of nitrile rubber coated with 
a nylon resin to prevent migration of fuel. Over the liner six plies 
of nitrile rubber impregnated fabric were applied. In ASN 947 this 
fabric was 27.75 oz/yd^ USFlex nylon, in ASN 948 it was a 13 oz/yd2 
square woven nylon fabric made of tire cord type yarns. Both lines 
were fabricated over removable mandrels and given conventional fuel 
line autoclave cures. 

After cure and removal of mandrels, the lines were gunfired while pres¬ 
surized at 35 psi with Type I test fluid. Since no sealant was pro¬ 
vided in the constructions, sealing performance could not be rated. 
Instead, the lines were evaluated for their resistance to tearing and 
delamination caused by gunfire impacts and their resistance to delami¬ 
nation caused by fuel leakage. The lines were gunfired with 0.30 cali¬ 
ber AP tumbled rounds, 0.30 caliber Ball straight and tumbled rounds, 
and 0.50 caliber AP straight rounds. In each case, the wounds pro¬ 
duced were'small with no tearing observed. There was no sign of delami¬ 
nation either from gunfire impact or fuel leakage through open wounds. 

Based on this experience, two more integral lines were fabricated. ASN 
961-1 contained the same fabric plies as ASN 947 and ASN 961-2 the same 
as ASN 948. However, each also contained 0.172" of 3083 natural rubber 
sealant between plies 3 and 4. Table XII gives the results of gunfire 
of ASN 961-1 and -2. It was noted that while damage to the lipes was 
slight, self-sealing performance was poor. This was attributed to the 
large amount of fabric in relation to sealant which may have caused 
fibers to be driven through wounds allowing fuel to be carried along 
the fibers as wicks. 

ASN 970 was a urethane integral fuel line consisting of a polyurethane 
film liner, two plies of polyurethane impregnated 27.75 oz/yd2 USFlex 
nylon, 0.173" of 3083 natural rubber sealant, and two plies of polyure¬ 
thane impregnated 27.75 oz/yd2 USFlex nylon. Table XIII gives details 
of its gunfire performance. This construction exhibited better sealing 
performance than ASN 961-1 and -2 but, similar to them, it did not re¬ 
liably seal wounds even though the wounds were held to small holes by 
the fabric reinforcements. 

ASN 984 was fabricated from 27.75 oz/yd^ USFlex fabric identical to 
ASN 961-1 except for the use of 0.252" of 3083 sealant rather than 
0.173". Gunfire performance results are tabulated in Table XIV. As 
in the other integral fuel lines, ASN 984 was unable to reliably seal 
all wounds. Observation at the time of gunfire suggested that distortion 
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B. Integral Self-Sealing Fuel Lines (Cont'd.) 

of the tube by the pressure of fuel prevented complete closure of the 
wound by sealants. 

Experience has shown that experimental integral fuel lines did not per¬ 
form their self-sealing functions as efficiently as standard fuel line 
covers on metal lines. Reasons suggested for this lack of performance 
are the large amount of fabric relative to sealant rubber and the dis¬ 
tortion of the flexible tube by fuel pressure. 



TABLE XII 

GUNFIRE RESULTS FOR INITIAL 
INTEGRAL FUEL LINE EXPERIMENT 

Fuel Type: 
Fuel Temperature: Ambient 
Fuel Pressure: 35 psi 

Fuel Line ASN 9S1-1 

Type I test fluid Projectile Type: 0.50 cal AP except as noted 
Projectile Velocity: Standard 
Construction of Cover: Integral. Fabricated 
from 6 plies of USFlex nylon & 0.172" 3083 
sealant 

Round No. Type of Wound 

Entrance 

Exit 
Entrance 

Exit 

Sealing Performance 

Small stream slowing some but 
remaining a stream. 

Seeping leak that did not seal 
Heavy seep that did not seal. 

Comments 

_Slight seep that did not seal. 
Entrance Small stream that did not seal 

Exit_Heavy seep that did not seal. 

Wounds were high in 
tube. 

0.5Õ cal M3T 
Ball ammunition 

Entrance 

Exit_ 

Small stream. 

Large stream. 

Fuel Line ASN 961-2 

Fuel Type: 
Fuel Temperature: Ambient 
Fuel Pressure: 35 psi 

Type I test fluid Projectile Type: 0.50 cal AP except as noted 
' ‘ ' Projectile Velocity: Standard 

Construction of Cover: Integral. Fabricated 
from 6 nlies of 20 02/vd^ couare woven 

Round No. Type of Wound 

1 Entrance 

Exit 

2 Entrance 

from 6 plies of 20 oz/yd2 square woven 
nylon and 0.172" 3083 sealant. 

Sealing Performance 

Fine spray of fuel slowly opening 
to a large spray. 

Large stream of fuel slowling slightly 
but still a large stream at 2 min. 
Small stream opening to a large ~ 
stream at 2 min- 

Comments 

Exit 
0.30 call AP'tumbled 

Large stream with no signs of slowing 

Entrance Large gushing stream. 

Exit_Large gushing stream. 
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TABLE XIII 

GUNFIRE RESULTS FOR URETHANE 
INTEGRAL FUEL LINE 

Fuel Line ASN 970 

Fuel Type: Type i test fl;îa Projectile Type: 0.50 cal AP 

Fuel Temperature: Ambien; 

Fuel Pressure: 35 psi 

Projectile Velocity: Standard 

Construction of Cover: Integral. Fabricated 
from 4 piles of urethane impregnated US- 
Flex nylor, and 0.173" 3083 sealant. 

Round No, Type of Wound 

1 Entrance 

Sealing Performance Comments 

Exit 

Entrance 

Exit 

T 

T Entrance 

Exit 

Heavy seep of fuel slowing to a 
damp seal at 2 min. 

Moderate seep of fuel slowing 
to a damp seal'at 3½ min. to a damp sea rat 3½ min. 
Small spray of fuel slowing 
to a heavy seep at 2 min 

Large spray of fuel with no 
signs of slowing at 4 min. 

Very slight seep slowing 

Sliced cover. Did 
not penetrate liner. 

to a seal at 1 min. 

Heavy seep of fuel with 
no signs of slowing at 
5 min. 
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TABLE XIV 

GUNFIRE RESULTS FOR INTEGRAL FUEL LINE 
WITH INCREASED SEALANT 

Fuel Line ASN 984 

Fuel Type: Type I test fluid 

Fuel Temperature: Ambient 

Projectile Type: 0.50 cal AP except as noted 

Projectile Velocity: Standard 

Fuel Pressure: 35 psi Construction of Cover: Integral. Fabricated 
from 6 plies of USFlex nylon and 0.25" 
of 3083 sealant. 

Round No. Type of Wound 

1 Entrance 

Sealing Performance Comments 

Slight seep of fuel increasing 
to a heavy seep at 1 min. 

Wounds are high 1n 
tube. 

Exit 

Entrance 

Heavy seep with no sign of 
slowing at 4 min. 
Slight seep remaining-a slight 
seep at 4 minutes. 

Exit 

Entrance 

Slight seep remaining a slight 
seep at 4 min. 

Slight seep slowing to a damp 
seal at 1 min. 

Exit wound is on an 
exterior seam of the 
cover. 

Exit Dry seal. 
Entrance 

Try __ 
Slight seep which remained 
a slight seep at 4 min. 

Exit 
0.30 cal. AP 

Dry seal, 

tumbled round 
Entrance 

Exit 

Small stream. 

Large gushing stream. 
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C. Nonmetallic Fuel Lines 

An alternative approach to the avoidance of "flowering" of metal fuel 
lines is the use of plastic fuel lines- The properties of various 
plastic materials were studied and three were chosen for evaluation. 
These were Delrin (polyacetal plastic), nylon, and high density poly¬ 
ethylene. All of these resins combine high strength and modulus with 
a resistance to the solvent effects of hydrocarbon fuels. 

Two inch O.D. tubes of each of these plastics were ordered t>om commer¬ 
cial suppliers. ' Three foot lengths of each tube were pressurized to 
30 psi with water and gunfired with 0.50 caliber AP ammunition. 

The Delrin tube shattered extensively cutting the line in half and 
scattering shards of plastic over the gunfire area. 

The nylon tube exhibited a small entrance wound, but the exit wound was 
much larger than the bullet cross section. The exit wall was shattered 
radially from the wound and some pieces of plastic had been expelled- 

The high density polyethylene tube exhibited two small round holes for 
entrance and exit wounds. There was no evidence of shattering of the 
plastic in any portion of the tube. 

Because of its excellent resistance to gunfire, high density polyethy¬ 
lene (HOPE) was chosen as the material to be evaluated for nonmetal lie 
fuel lines. The first experiment involved the application of a conven¬ 
tional US-191 fuel line cover to an HOPE tube. The outer surface of 
the tube was etched with a chromic acid solution to provide a better 
adhesion surface. After rinsing and drying the tube, a rubber to metal 
type adhesive was applied and the cover fabricated in the same way as 
on a metal tube. The completed cover was vulcanized in place on the 
tube. 

This covered tube, ASN 1021, was gunfired and the results of this gun¬ 
fire test are given in Table XV. Sealing performance was quite good. 

Since the nonmetallic fuel lire is expected to reduce or eliminate 
"flowering" as a source of mechanical damage to the self-sealing cover, 
a second fuel line was fabricated featuring a cover without a rubber 
liner. In this line, ASN 1031, the rubber sealant rests directly upon 
the HOPE tube. When this line was cured, it was found that wrinkles 
had developed in the outer reinforcement ply. This was attributed to 
the ability of the cover to move during cure due to the lack of adhe¬ 
sion between the sealant rubber and the plastic tube. 

Gunfire results for ASN 1031 are given in Table XVI. It can be seen 
that the first round produced some leakage on the entrance and that 
there was leakage out of an end closure. The end closure leakage was 
probably due to the small adhesion area of the end closure on the tube 
compared to a conventional cover where a large liner area is adhered 
to the tube preventing the full pressure of fluid inside the cover 
after a gunfire wound from reaching the end closure adhesion area. 
When the end closure leakage was halted by application of an external 
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C. NonmetaHic Fuel Lines (Cont'd.) 

clamp, the cover filled with fuel and grew in diameter o,y pulling all 
of the wrinkles taut. Three subsequent rounds produced seals on both 
entrance and exit wounds, while a fourth produced a seal on tne ex’t 
wound and a very slight seep on the entrance. 

It would appear that nonmetai'iic fuel lines can be protected oy much 
lighter and thinner covers than those used on metal lines. 

In the development work on new sealants and reinforcements (discussed 
below), it was determined that a h,:gh resilience ply of 'ubber has the 
effect of closing wounds from gunfire. Neoprene rubber was found to be 
the most effective for this purpose An HOPE tube was covered with a 
self-sealing construction consisting of a nitrile rubber liner, sealant 
rubber, a ply of neoprene rubber, a ply of tire cord coated with a neo¬ 
prene cement, and a final ply of neoprene rubber. 

The gunfire results for this fuel line, ASN 1032, are given in Table 
XVII. With standard 0.50 caliber AP rounds, the cover gave excellent 
results. The wounds sealed immediately and had been clcsea by the 
neoprene plies so that they were of pinhole si*e. In the case of the 
more destructive tumbled and M33 Ball rounds, damage was so extensive 
that the neoprene was of little help in the sealing process. 

In the final experiment with nonmetallic fuel lines, the position of 
neoprene plies was varied. This was done to determine If the neoprene 
ply would be most efficient in aiding sealing performance as a liner 
to reduce damage to the fuel line or as am outer ply to close wounds. 
ASN 1044-1 consisted of a nitrile rubber liner, sealant rubber, a ply 
of neoprene rubber, and conventional rubber coated tire cord outer re¬ 
inforcement as used in US-191. ASN 1044-2 consisted of a neoprene 
rubber Uner, sealant rubber, and the rubber coated tire cord outer 
reinforcement. 

Gunfire data for 1044-1 and -2 is given in Table XVIII. Examination 
of the results suggests that both approaches work quite well on HOPE 
tubes. ASN 1044-2 did receive one wound, Exit #4, which did not seal 
and, In fact, opened up slightly as time passed. This might suggest 
that the design of -1 is superior because the neoprene ply gives sup¬ 
port to the sealant ply and thus reduces its tendency to elongate and 
permit leakage to increase. 

In conclusion, it appears that nonmetallic fuel lines based on high 
density polyethylene show promise as the basis for self-sealing sys¬ 
tems. The absence of "flowering" allows the cover to act much more 
efficiently in sealing gunfire wounds. 
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TABLE XV 

GUNFIRE RESULTS FOR US-1 PI COVER 
ON HIGH DENSITY POLYETHYLENE TUBE 

Fuel Line ASN 1021 

Fuel Type: Type I test fluid Projectile Type: 0.50 cal AP except where noted 

Fuel Temperature: Ambient Projectile Velocity: Standard 

Fuel Pressure: 35 psi Construction of Cover: US-191 

Round No. Type of Hound 

Entrance 

Exit 

Sealing Performance 

Damp seal immediately. 

Damp seal immediately. 

Comments 

Dry seal immediately. 

Dry seal immediately. 

High shot did not pene- 
trate fu»1 carrying tube. 

0.50 cal. M33 
Ball ammunition 

4 Entrance 

Exit 

Dry seal immediately. 

Large gushing stream. Extensive damage to 
cover and tube. 
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TABLE XVí 

GUNFIRE RESULTS FOR US-191 WITHOUT 
LINER ON HIGH DENSITY POLYETHYLENE TUBE 

Fuel Line ASN 1031 

Fuel Type: 

Fuel Temperature: 

Fuel Pressure: 

Type I test fluid 

Ambient 

30 psi 

Projectile Type: 0 50 cal AP 

Projectile Velocity: Standard 

Construction of Cover: US-191 with nitrile 
liner omitted. 

Round No. Type of Wound Sealing Performance Comments 

1 Entrance Heavy spray of fuel, When pres¬ 
sure was reapplied after repair 
of end closure, leakage was a 
slight seep. Still a slight 
seep at 4 min. 

End closure opened at 
1 min. Pressure was 
removed and end clo¬ 
sure repaired. 

_Exit_Damp seal Immediately. 

2 Entrance Slight seep slowing to damp 
seal at 1½ min. 

_Exit_Dry seal immediately._ 

3 Entrance Slight seep slowing to damp 
seal at 1 min. 

_Exit 

4 Entrance 

_Exit 

5 Entrance 

Exit_ 

Dry seal immediately._ 

Dry seal immediately. 

Dry seal immediately._ 

Slight seep slowing but not 
sealing in 4 min. 

Dry seal Immediately._ 
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TABLE XVII 

GUNFIRE RESULTS FOR HIGH RESILIENCE NEOPRENE 
TYPE COVER IN HIGH DENSITY POLYETHYLENE TUBE 

Fuel Line ASN ’i032 

Fuel Type: 

Fuel Temperature: 

Fuel Pressure: 

Type I test fluid 

Ambient 

30 ps1 

Projectile Type: 0=50 cal except where noted 

Projectile Velocity: Standard 

Construction of Cover: Liner and sealants 
identical to US-191 outer reinforcement 
0.2" of high resilience neoprene with 
one ply of tire cord. 

Round No Type of Mound 

1 Entrance 

Exit 

Sealing Performance 

Dry seal immediately. 

Dry seal immediately. 

Comments 

Damage to cover almost 
invisibly small on both 
rounds 1 and ?_ 

2 Entrance Dry seal immediately. 

_Extt _Dry seal immediately. 

0,30 cal. AP 
tumbled round 

3 Entrance High pressure spray. 

_ Exit _Slight seep._ 

0,50 Cal. M33 
Ball ammunition 

4 Entrance Slight seep. 

_Exit_Large gushing stream. 
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TABLE XVIII 

EFFECT OF VARYING POSITION OF NEOPRENE 
PLIES OF SEALING PERFORMANCE 

Fuel Type: 

Fuel Temperature: 

Fuel Pressure: 

Fuel Line ASN 1044-1 

Type I test fluid Projectile Type: 

Ambient 

0,50 cal AP except where 
noted 

Projectile Velocity: Standard 

Construction of Cover: nitrile liner, 3083 
sealant, neoprene ply, rubber coated tire 
cord 

Round No, Type of Mound Sealing Performance 

1 Entrance Slight dripping of fuel slowed 
to damp seal at 1 min. 

Exit Slight dripping of fuel slowed 
__ to damp seal at 1 min._ 

2 Entrance Cry seal immediately. 

_Exit_Dry seal ^mediately._ 

3 Entrance Dry seal Immediately. 

_Exit_Dry seal immediately_ 

0.50 cal. M33 
Ball ammunition 

4 Entrance Slight seep. 

Exit Heavy gushing leak. 

Comments 

Wound low on lube. 

Extensive damage to 
cover and tube. 
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TABLE XVIII (Cont'd.) 

Fuel Une ASN 1044-2 

Fuel Type: Type I test fluid 

Fuel Temperature: Ambient 

Projectile Type: 0.50 Cal AP except 
where noted 

Fuel Pressure: 30 psi 
Projectile Velocity: Standard 

Construction of Cover: neoprene liner, 3083 
sealant, rubber coated t’re cord 

Round No Type of Wound 

Entrance 

Exit 

Sealing Performance 

Dry seal immediately. 

Comments 

Slight drip of fuel slowing to 
damp seal at 1 min._ 

Wounds slightly low 
on tube. 

Entrance 

Exit 

Dry seal immediately. 

Dry seal Immediately. 

wounds slightly low 
on tube. 

Entrance 

Exit 

Dry seal Immediately. 

Dry seal Immediately. 

Entrance 

Exit 

Dry seal immediately. 

Fine stream of fuel opening 
to a larger stream at 2 min 

0.50 cal. M33 
Ball ammunition 

Entrance 

Exit 

Slight drip of fuel. 

Large gushing leak. Extensive damage to 
cover and tube. 
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D. New Sealants and Reinforcements 

Efforts were made to evaluate new materials for the sealant and reinforce¬ 
ment plies of self-sealing fuel lines. Current commercial constructions 
employ a sealant of partially cured natural rubber and a reinforcing ply 
over this composed of a rubber coatea tire cord .unilateral) fabric. 

Experience with fuel lines has shown that an immediate seal is generally 
needed because in contrast to self-sealing fuel cells, a wound which is 
leaking to any extent will rarely slow down and ultimacely seal. It was 
decided that resilient materials are needed to provide a "snap" to close 
the wound mechanically so the sealant's natural tack can provide a com¬ 
plete seal. A standard natural rubber sealant formula was modified to 
include a higher level of sulfur curative and a rubber cure accelerator 
so that a more complete cross-linking and, therefore, a more resilient 
sealant material could develop in a normal fuel line cure cycle. This 
sealant material was incorporated into a US-191 fuel line cover holding 
all other factors constant. 

Gunfire performance data is given for ASN 981 in Table XIX. Sealing 
performance was not as good as that shown by standard US-191 covered 
lines under the same conditions. This may be due to the reduced tack 
and swell of the mere highly cured rubber of ASN 981 or to insufficient 
increase in resilience over standard sealant coupled with the reduction 
in tack and swelling. 

Another approach to the mechanical closure of wounds is to increase the 
swell rate of the sealant. Literature search failed to reveal any elas¬ 
tomer which combined a fast swell in hydrocarbon fuels with the adhe¬ 
sive tack of natural rubber. However, it was noted that foamed elasto¬ 
mers can be saturated with natural rubber cements and compressed. When 
a hydrocarbon fuel contacts the natural rubber cement, the cement softens 
and the foam springs back to its normal dimensions. Experiments showed 
that this action is quite rapid and large increases in volume can be 
expected. 

The fuel line ASN 979 was fabricated with a standard nitrile rubber 
liner, a one inch thick sheet of polyurethane foam compressed to one 
quarter of its normal thickness, .025" of 3083 sealant rubber, and 
che standard tire cord reinforcement used in US-191. After cure, 
the cover was found to have some wrinkles on the outer ply but other¬ 
wise was satisfactory. 

Gunfire results for this line are given in Table XX. The sealing per¬ 
formance of the cover was poor. There did not seem to be any contri¬ 
bution from the precompressed foam. This may be due to an inability 
of the foam to expand fully when exposed to the full pressure of fuel 
in a confined area. The porous nature of the foam also detracted 
from sealing action. 

Silicone elastomers had been shown in earlier work on the high temperature 
fuel cell section of this contract to be a promising sealant candidate. 
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D. New Sealants and Reinforcements (Cont'd.) 

A fuel line cover, ASN 988, was fabricated substituting an equal thick¬ 
ness of Silastic 1125U elastomer for 3083 sealant In a US-191 construc¬ 
tion The silicone rubber was protected from contaminatio'. by the 
nitrile rubber of the liner and tire cord plies by enclosing it in an 
envelope of paper The completed cover was cured and after cu^e was 
found to have the appearance of a normal fuel line cover. 

Results of the gunfire of ASN 988 are given in Table XXI. Sealing per¬ 
formance of the cover was poor,. This may be due to the very low tack 
of silicone elastomers. 

In work on improved reinforcement plies for fuel line covers (described 
below), it was discovered that a high resilience neoprene ply would pro¬ 
vide the "snap" to mechanically close a gunfire wound. In the case of 
straight entrance and exit wounds, the wound would be closed to a pin¬ 
hole size so as to be barely noticeable. This led to the hypothesis 
that a very thick layer of this neoprene compound might close a buliet 
wound to such an extent as to seal off fuel leakage Two fuel lines 
v/ere designed upon this premise- ASN 989-1 was a 2 inch 0 D. aluminum 
tube covered with a nitrile rubber liner and a ½ inch thick ply of high 
resilience neoprene. ASN 989-2 was a tube of high resilience neoprene 
with walls one inch thick applied over a nitrile rubber liner with no 
metal tube 

Gunfire results for these lines are given in Table XXII. While both 
covers received wounds that were barely visible, these wounds leaked 
a fine spray of fuel. The pressure on the fuel apparently was suffi¬ 
cient to force fuel through the very fine channels against the resis¬ 
tance of the neoprene. It appears that the tack of natural rubber 
sealant is quite important in preventing fuel leakage through a wound. 

In the field of improved reinforcements, development was aimed at eval¬ 
uation of elastomers and elastoplastics which show high resilience- 
If the outer reinforcement springs back over the wound, it will give 
more support to the sealant and thus force any swelling of the sealant 
in a direction which closes the wound. 

The first approach to this concept was the application of a jacket of 
neoprene rubber over a standard fuel line cover. In ASN 976-1 a 0,1 
inch thick ply of a high resilience neoprene compound was applied over 
the outer tire cord reinforcement of a US-191 fuel line cover. The 
cover was cured with the neoprene in place. 

Gunfire results for ASN 976-1 are given in Table XXIII, Sealing per¬ 
formance of the construction was excellent on 0.50 caliber AP wounds. 
Damage to the cover was very slight with the neoprene ply having a 
tendency to close over the wounds leaving only a pinhole visible on 
the outer surface of the cover. 

In ASN 976-2 the standard tire cord reinforcement plies were omitted 
and the :.joprene ply applied directly over the sealant. Gunfire results 
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D. New Sealants and Reinforcements (Cont'd.) 

given in Table XXIII show that this construction had poor sealing per¬ 
formance. When wounded, fuel from the metal tube tended to accumulate 
under the neoprene ply and stretch it. This distortion of the cover 
allowed leakage to occur. 

To overcome the stretching tendency of the neoprene, ASN 1006 was fab¬ 
ricated with a 0.1 inch thick neoprene ply on the sealant, one ply of 
neoprene cement coated tire cord over this ply, and an outer 0.1" thick 
ply of neoprene. The results of gunfire are given in Table XXIV. 
Sealing performance was excellent In wounds caused by straight 0.50 
caliber AP rounds. There was no tendency for the neoprene plies to 
stretch under fuel oressure. 

The high resilience neoprene compounds were based on general purpose 
neoprene GN. A special grade of neoprene with a very high crystal¬ 
linity and many of the properties of balata rubber is occasionally 
used for golf ball covers and similar applications. This neoprene HC 
can be compounded similarly to neoprene GN in some cases. A neoprene 
GN formulation was prepared on the laboratory mill and found to be too 
hard to be fabricated into sheets for wrapping around fuel lines- A 
new formula was then written replacing a portion of the neoprene GN in 
the previously used high resilience formula with neoprene HC. This 
compound was softer and could be used to fabricate fuel line covers. 

The cover fabricated as ASN 1022 was identical to ASN 1006 except for 
the substitution of the HC/GN blend for the all GN neoprene plies. 
Gunfire results in Table XXV show that sealing performance on wounds 
caused by 0.50 caliber AP rounds was excellent. As in the case of 
ASN 1006, damage to the cover was slight with wounds being barely 
detectable. Little difference could be detected between the gunfire 
resistance of ASN 1022 and ASN 1006. 

Certain elastoplastic materials exhibit a resilience and elongation 
characteristic of elastomers combined with the high tensile strength 
and modulus of plastics. Jt was proposed that reinforcement plies of 
these materials be applied to fuel line covers. 

In order to establish a basis for comparison, a true elastomer, nitrile- 
butadiene rubber was first evaluated. In construction ASN 994-4 a US- 
191 type fuel line cover was fabricated with a 0.25 inch thick ply of 
3010 nitrile rubber compound (the same rubber used in the liner of US- 
191 construction) substituted for the tire cord reinforcement plies. 
Table XXVI details the gunfire performance of this line. As was the 
case with unsupported neoprene plies, the rubber reinforcement could 
be stretched by the fuel pressure in the cover and thus did not hold 
the sealant in place. 

In ASN 982 Surlyn plastic film was substituted for the tire cord rein¬ 
forcement plies of US-191. Surlyn is an ionomer resin with the sharp 
melting point of an ionic compound combined with the flexibility and 
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D. New Sealants and Reinforcements (Cont'd.) 

tensile elongation properties of a polymer. 

In Table XXVII the gunfire performance of ASN 982 is indicated. It was 
found that under the high velocity impact of gunfire, Surlyn exhibits 
brittleness. This is characteristic of many plastics which have a 
critical rate of extension beyond which they behave in a glassy manner; 
shattering rather than deforming. 

In ASN 1012 Roylar E-9 sheet of 0.1 inch thickness was substituted for 
the tire cord reinforcements of US-191. Roylar E-9 is a polyurethane 
elastoplastic with an extremely high tensile strength and modulus com¬ 
bined with a great resistance to hydrocarbon fuels. 

The gunfire test data in Table XXVIII shows that the Roblar covered line 
exhibited the same weakness as neoprene and nitrile covered lines; the 
reinforcement ply stretched under fuel pressure providing little rein¬ 
forcement to the sealant. 

In conclusion, then, it will be noted that a fuel line cover incorporat¬ 
ing a tire cord reinforced neoprene outer ply produces the best sealing 
performance of all fuel line candidates gunfired. Tumbled'rounds and 
0.SO caliber M33 Ball rounds produce damage beyond the sealing ability 
of any known fuel line cover. 
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TABLE XIX 

GUNFIRE RESULTS FOR US-191 COVER 
WITH MORE HIGHLY CURED SEALANT 

Fuel Line ASN 981 

Fuel Type: 

Fuel Temperature: 

Fuel Pressure: 

Type I test fluid 

Ambient 

35 psi 

Projectile Type: (J.50 cal AP 
except where noted 

Projectile Velocity: Standard 

Construction of Cover: US-191, with modified 
sealant containing extra sulfur and 
accelerators. 

Round No. Type of Wound Sealing Performance 

1 Entrance Damp seal immediately. 

Comments 

Exit Small stream slowing to heavy 
seep, still heavy seep at 
4 min._ 

2 Entrance Dry seal immediately. 

Exit Small stream slowing to heavy 
seep.____ 

0.30 cal AP 
tumbled round 

3 Entrance 

Exit 

Large gushing stream. 

Large gushing stream. 

High shot slicing 
top of cover. 
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TABLE XX 

GUNFIRE RESULTS FOR FUEL LINES 
COVER INCORPORATING PRECOMPRESSED FOAM 

Fuel Line ASN 979 

Fuel Type: Type I test fluid 

Fuel Temperature: Ambient 

Fuel Pressure: 35 psi 

Projectile Type: 0.50 Cal AP 

Projectile Velocity: Standard 

Construction of Cover: Nitrile rubber liner, 
urethane foam saturated with natural rubber 
cement and compressed, 0.025" sealant, 
rubber coated tire cord. 

Round No. Type of Wound 

1 Entrance 

Exit 

Sealing Performance 

Large stream, no reduction in 
4½ min. 

Large stream, no reduction in 
4½ min._ 

Comments 

Leakage also through 
seams and wrinkles 
on cover. 

Entrance 

Exit 

Slight seep with no signs of 
sealing In 4 minutes. 

Slight seep with no signs of 
sealing 1n 4 minutes._ 



TABLE XXI 

GUNFIRE RESULTS FOR FUEL LINE 
COVER WITH SILICONE SEALANT 

Fuel Line ASN 988 

Fuel Type: Type I test fluid Projectile Type: 0,50 Cal AP 

Fuel Temperature: Ambient Projectile Velocity : Standard 

Fuel Pressure: 35 psi Construction of Cover: US-191 with Silastic 
1125U substituted for natural rubber sealant. 

Round No. Type of Wound Sealing Performance Comments 

1 Entrance Small stream slowing to heavy seep 
at 4 minutes. 

Exit Large stream slowing to small spray. 
_Sttll spray at 7 min._ 

2 Entrance Heavy seep. 

_Exit_Large spray.__ 
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TABLE XXII 

GUNFIRE RESULTS FOR FUEL LINES COVERED 
WITH NEOPRENE PLIES FOR MECHANICAL SEALING 

Fuel Line 989-1 

Fuel Type: Type I test fluid Projectile Type: 0,50 cal AP 

Fuel Temperature: Ambient Projectile Velocity: Standard 

Fuel Pressure: 35 psi Construction of Cover: nitrile rubber llne<, 
0,5" neoprene ply 

Round No. Type of Wound 

1 Entrance 

Exit 

Sealing Performance 

Large spray of fuel. 

Large spray of fuel._ 

Comments 

Wounds almost invisibly 
small but fuel forces 
through them to give 
a high pressure spray, 

Fuel Line ASN 989-2 

Fuel Type: Type I test fluid 

Fuel Temperature: Ambient 

Fuel Pressure: 35 psi 

Projectile Type: 0.50 cal AP 

Projectile Velocity: Standard 

Construction of Cover: Integral type with 
center hose of nitrile rubber surrounded 

by l" of neoprene 

Round Nb Typo of Wound 

1 Entrance 

Exit 

Sealing Performance 

Fine, high pressure spray. 

Fine, high pressure spray. 

Comments 

Wounds are almost invis¬ 
ibly small but pressure 
forces fuel through. 
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TABLE XXIII 

GUNFIRE RESULTS FOR INITIAL EXPERIMENT 
WITH HIGH. RESILIENCE NEOPRENE PLIES 

Fuel Line ASN 976-1 

Fuel Type: Type I test fluid 

Fuel Temperature: Ambient 

Fuel Pressure: 35 psi 

Projectile Type: 0,50 ca) AP 
except where noted 

Projectile Velocity: Standard 
Construction of Cover: US-191 with addi¬ 
tional ply of 0.1" neoprene over obiter 
reinforcement. 

Round No. Type of Wound Sealing Performance Comment_s_ 

1 Entrance Dry seal immediately. Very little damage 

_Exit_Dry seal immediately._visible on cover except 

Entrance 

Exit 

Dry seal Immediately. 

Dry seal immediately. 

for last round which was 

a high slicing shot- 

0.5Û caT M2- 
Ball ammunition 

Entrancè 

Exit 
-OTmTmT 

Dry seal Immediately. 

Dry seal immediately 

Ball ammunition 
Entrance 
Exit 

Dry seal immediately. 
Large stream._ Slicing type high shot, 

Fuel Lines ASN 976-2 

Fuel Type: Type I test fluid 

Fuel Temperature: Ambient 

Fuel Pressure: 35 psi 

Projectile Type: 0,50 cal. AP except 
where noted 

Projectile Velocity: Standard 
Construction of Cover: Liner & sealant of 

US-191 covered with ply of neoprene gum in 
place of rubber coated tire cord. 

Round No. Type of Wound Sealing Performance Comments 

1 Entrance Large stream. Cover puffed-up ful! or 

Exit _Large stream_fuel. No support for 

0.30 cal AP 
tumbled round 

Entrance 

Exit 

Large gushing stream. 

Large gushing stream. 

sealant from cover 
outer ply. 
Second round was high 
slicing shot._ 
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TABLE XXIV 

GUNFIRE RESULTS FOR FUEL LINE COVER 
HAVING AN OUTER PLY OF REINFORCED NEOPRENE 

Fuel Type: 

Fuel Temperature: Ambient 

Fuel Pressure: 30 psi 

Fuel Line ASN 1006 

Type I test fluid Projectile Type: 0.50 cal AP 
except where noted 

Projectile Velocity: Standard 

Construction of Cover: Liner & sealant of 
US-191 with an outer ply of neoprene re¬ 
inforced by one ply of tire cord. 

Round No, Type of Mound 

1 Entrance 

Exit 

Sealing Performance 

Dry seal immediately. 

Dry seal immediately._ 

Comments 

Entrance 

Exit 

Dry seal immediately. 

Dry seal immediately. 

Dry seal immediately. 

Dry seal immediately. 

0.50 cal. M33 
Ball ammunition 

4 Entrance 

Exit 

Heavy gushing stream. 

Heavy gushing stream. 

Extensive damage to 
cover. Especially 
the exit wound. 

0.30 cal. AP 
tumbled round 

Entrance 

Exit 

Gushing spray. 

Gushing spray. 

High, slicing shot. 
Did extensive damage 
to cover and tube. 



TABLE XXV 

GUNFIRE RESULTS FOR FUEL LINE COVER 
WITH REINFORCED NEOPRENE GN/HC PLY 

Fuel Line ASN 1022 

Fuel Type: Type I test fluid 

Fuel Temperature: Ambient 

Fuel Pressure: 30 psi 

Round No. Type of Wound 

Entrance 

Exit 

Projectile Type: 0.50 Cal AP 
except where noted 

Projectile Velocity: Standard 

Construction of Cover: Liner & sealant of 
US-191 with outer plj of tire cord 
reinforced neoprene GN/HC blend. 

Sealing Performance 

Dry seal immediately. 

Dry seal immediately._ 

Comments 

Entrance Dry seal immediately. 

_Exit_Dry seal immediately._ 

0.30 cal AP 
tumbled round 

3 Entrance Dry seal immediately. Severe damage to 
cover and tube at 

_Exit_Heavy spray of fuel._exit wound._ 

0.50 cal. M33 
Ball ammunition 

4 Entrance Damp seal immediately. 

Exit Heavy gushing leak. Severe damage to 
cover and tube at 
exit wounds_ 
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TABLE XXVI 

GUNFIRE RESULTS FOR FUEL LINE 
COVER HAVING OUTER PLY OF NITRILE RUBBER 

Fuel une ASN 994-4 

Fuel Type: Type I test fluid 

Fuel Temperature: Ambient 

Fuel Pressure: 30 psi 

Round No, T^oe of Wound 

1 

Projectile Type: 0.50 Cal. AP 

Projectile Velocity: Standard 

Construction of Cover: Liner & sealant ot 
US-191 with outer ply of 3010 nitrile 
rubber gum. 

Sealing Performance 

Large stream. 

Large stream. 

Large spray. 

Small stream. 

Comments 

High ¿hot Did not 
break fuel line. 

Cover puffed-up from 
fuel pressure, no 
cnppnrt for sealant- 

if 
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TABLE XXVII 

GUNFIRE RESULTS FOR FUEL LINE COVER 
HAVING OUTER PLY OF SURLYN IQNPMER 

Fuel Line ASN 982 

Fuel Type: Type I test Fluid Projectile Type: 0.50 Cal. AP 
except where noted 

Fuel Temperature: Ambient Projectile Velocity: Standard 

Fuel Pressure: 35 psi Construction of Cover: Liner & sealant of 
US-191 with outer ply of Surlyn sheet 

Round No. Type of Wound 

1 Entrance 

Exit 

2 Entrance 

Exit_ 

Sealing Performance Comments 

Dry seal immediately. 

Slight seep opening to a spray Surlyn was cracked 
at 1-3/4 min._ around wound. 

Dry seal immediately. 

Small spray slowly increasing._ 

0.30 cal. AP 
tumbled round , . ,,, , 

3 Entrance Large gushing leak. High, slicing shot 
cutting cover away 

Exit Indistinguishable from from tube. Surlyn 
entrance because of slicing torn m area of 
wound._wound._ 
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TABLE XXVIII 

GUNFIRE RESULTS FOR FUEL LINE COVER HAVING 
OUTER PLY OF ROYLAR THERMOPLASTIC URETHANE 

Fuel Line ASN 1072 

Fuel Type: Type I test fluid Projectile Type: 0.50 Cal. AP 

Fuel Temperature: Ambient Projectile ''elocity: Standard 

Fuel Pressure: 30 psi Construction of Cover: Liner & sealant of 
US-191 with outer ply of Roylar E-9 
elastoplastic urethane sheet. 

Round No. Type of Wound Sealing Performance Comments 

1 Entrance Small spray of fuel Cover puffed-up from 
fuel pressure. Outer 

Exit Dry seal immediately. ply did not support 
sealant._ 

2 Entrance High, slicing shot 
opened cover and 
released fuel from 
it. 
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E. Fuel Loss Measurement During Gunfire of Se¡t-Sealina_t•ue, nHSi 

Proposed specifications for self-sealing fuel lines incluce various gun¬ 
fire tests with measurement of tue) loss- A fue> loss measurement ap 
paratus was designed by the UNlROrAl Product Engineering Depa-ur.ent ana 
assembled for use in this contract 

The apparatus consists of a Foxooro Moue) 13A1 pneumatic ditierential 
pressure flow transmitter (d/P cell), a Foxboro Mode. -4A pneumatic 
flow integrator, a Skinner chuck type electric solenoid .aive, a Mercoid 
Model APR-41-153L pressure switch, an air operated on-u^f raWe, and a 
filter-regulator set to provide instrument qual'ty compressed au 
isee Fiaure ). The differential pressure flow vaniirtter w i i-"0- 
duce a variation in air pressure proportional to the square of the change 
in fluid flow through it. The flow integrator con.ets this a ' pressure 
into an indication of flow rate and then integrates the T>ow rate over « 
Period of time to produce an indication of tota! volume of fiuid flow 
The integ.Uor is also equipped with a limit devise which transmits a 
pneumatic signal when a preset volune of fluid has been sensed 
signal activates the Mercoid switch which control a bypass «"ound the 

d/P cell. 

In operation the apparatus was calibrated to indicate now -n terms of 
cubic centimeters. The d/P cell was set to give no s»gna! ac the f-ow 
rate established through an undamaged fuel line It was assumed tnat 
any increase in fuel flow would be due to leakage of fuel thrown wcunds 
caused by gunfire. The d/P cell would produce a signal Pfoportiona. to 
the square of this increase in flow ‘"ate, and the flow rate .ntegrator 
would convert this signal to an indication of total increase in fuel 
flow caused by the rounds. In other words, this would be an indication 
of actual leakage. The limit control on the integrator was set at 2000 
cc, which was the maximum leakage allowed in the proposed specification. 
If this value was exceeded, the limit signal from the nteg'ato' would 
activate a bypass around the d/P cell and indicate failure or tne fuel 
line in gunfire testing. 

In actual gunfire testing several weaknesses of the apparatus were noted, 
most of them traceable to the high sensitivity tne d, P cen , *t was 
found that movement of the hoses connecting the pump, loss measurement 
apparatus, and fuel line to the source of fuel caused a pressure change 
in the system sufficient to registe-" as a flow on the integrator. Tne 
impact of a man's foot on a hose would also register on the integrator 
In addition, it was found that the flow rate of a practical fuel pump 
varied sufficiently during the period of a gun* re teit to cause »eakage 
indications. 

It was found that many fuel line wounds indicated .osses or over 2000 cc 
in a short period of time. Other wounds gave no indications of -oss. we 
concluded that the apparatus, as designed, was too sensitive tor use m a 
practical gunfire situation and, therefore, gave erroneous results as a 
result of interference signals. A simple collection pan tor coilecttng 
leaking fuel is probably sufficient for most fuel Une gunfire tests. 
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SECTION V 

LITERATURE REVIEW 

A search of recent reports, articles, and vendor information was made to un¬ 
cover new materials and processes aoplicable to fuel system protection and 
data on incendiary gunfire of fuel filled systems. Some of the more inter¬ 
esting conclusions are: 

Neoprene, butyl, chlorobutyl, and EPDM rubbers exhibit greater 
resistance to elevated temperatures than natural rubber and have 
a significant degree of swell in hydrocarbon fuels. 

Fairprene adhesive has shown some utility ip adhering silicone 
elastomers to other materials. 

Urethane resins which combine high strength with resistance to 
impact can be formulated. 

d) API ammunition can be activated by firing through an aluminum 
plate. Activation occurs a few feet beyond the aluminum plate. 

A Bibliography of literature surveyed is given in Appendix IV, page 139. 

imjl j II I (Pill III 111111111:,11 . L 
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SECTION VI 

CONCLUSIONS 

1. Activated 0.50 caliber API rounds cause damage to fuel cell paneis too 
great for evaluation. It was agreed to use 0.30 caliber APi ammunition 
to evaluate panels. 

2. Damage to test panels from API rounds is largely due to sh/apnel from 
the activating striker plate or the metal jacket of the bullet 

3. Self-sealing constructions fabricated from tnree to five plies of 30 
oz/yd2 nylon square woven fabric seem capaoie of sealing wounds t'om 
both 0.50 caliber and Russian 14.5 mm B32 API ammunition. 

4. The maximum useable life of a conventional self-sealing fue' cel* con¬ 
struction (US-173) at 350° F is less than one hour, 

5. Chlorobutyl rubber, butyl rubber, EPDM rubber, and silicone rubber were 
found to have suitable swell rates in hydrocarbon fuel for use as fuel 
cell sealants. They also exhibited resistance to degradation in 24 
hours exposure to 350° F, 

6. Fairprene 5149 and a combination of Fairprene 5149 and Chemlok 607 were 
found to be good adhesives for bonding high temperature sealants to Nomex. 

>. Evaluation of gasses by sealants during post-cure heating was found to 
cause bubble formation and loss of adhesion in high temperature resis¬ 
tant panels. 

8. Gunfire resistance of Viton coated Nomex tire cord is low. The coated 
fabric showed a tendency to tear when Impacted by 0,30 caliber AP bullets, 

9. Fluorosilicone elastomers arc difficult to process using conventional 
rubber handling techniques. 

10. The accuracy of smooth bore, notched muzzle rifles used to produce tumbled 
rounds is too low to give consistent results in fuel line gunfires More 
rigid mountings for the guns may improve accuracy, 

11. Two plies of a 27.75 oz. USFlex weave nylon fabric impregnated with poly¬ 
urethane resin and wrapped around an aluminum tube produce a reduction 
in "flowering" of the tube in gunfire, This reduction in "flowering" 
allows self-sealing covers to produce sealed wounds more easily, 

12. Integral fuel lines which combine the fuel carrying line with the self- 
sealing materials in one construction appear to produce low sealing 
efficiency due to the large amount of fabric in relation to the sealant 
rubber. 

13. High density polyethylene tubes when gunfired with 1,50 caliber AP 
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ammunition receive only small hole wounds. They do not "flower" as in 
metal lines, and they do not shatter as more brittle plastic lines do. 

14. High density polyethylene tubes covered with self-sealing fuel line 
covers seal 0.50 caliber AP wounds quickly. 

15. Neoprene rubber plies in a fuel line cover tend to close gunfire wounds. 
This contributes to greatly improved sealing ability. 

16. While neoprene plies close gunfire wounds to pinhole size, they are not 
sufficient by themselves to cause sealing. 

17. The fuel line fluid loss measurement apparatus as designed is too sensi¬ 
tive for practical gunfire use. Very slight variations in flow caused 
by shocks to the flexible hoses or by pump speed variation indicate a 
fuel loss. 
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SECTION Vil 

RECOMMENDATIONS 

1. Build many more API resistant fuel cell test cubes- Gunfire these cubes 
with both 0.50 caliber and 14.5 mm API rounds to gain know-ecge of the 

requirements of API gunfire. 

2. Attempt to develop suitable processing methods tor fiuoros’1icone rubbers- 

3. Investigate newer high temperature fuel resistant meter ia»a for tnefr 

suitablility as fuel cell materials. 

4. Fabricate more fuel lines with urethane-fabnc damage contro- pi!es and 
determine if an improved fuel line construction can be developed in this 

manner. 

5 Fabricate fuel lines with neoprene plies- Detem-ne if the improvement 
in wound sealing ability is sufficient to justify the weignt of neoprene 

added. 

6. Evaluate commercial possibilities of high density poiyethyiene fuel 

lines for aircraft- 

7 In fuel line gunfires requiring the measurement of fuel loss, an en¬ 
closure should be fabricated to trap all leakage and channel it to a 
collector where the volume of leakage can be directly measured, 
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APPENDIX I 

CONSTRUCTION OF INCENDIARY RESISTANT 
FUEL CELL TEST PANELS AND TEST CUBES 

The four fabrics chosen for evaluation were all processed identically Each 
was coated with a rubber cement and a thin layer of rubber was applied bv 
a calender. The inner plies were coated with natural rubber on both sides 
while the outer plies were calendered on one side with natural rubber and 
on the other side with an acrylonitrile-butadiene rubber 

Two 36" X 36" panels were fabricated of each construction 
evaluation, a 5*'' 
of ASN 806-12. 

After gunfire 
2V X 2½1 X 2½1 test cube was fabricated of ASN 806-4 and one 

The constructions were: 

Material 

1. ASN 806-1 1,15 lb /ft 2 

Orientation of Warps 
of Fabric plies 

2. 

UNIROYAL 3010 Nitrile Rubber Liner (0.030") 
UNIROYAL 3082 Natural Rubber Sealant (0,040") 
UNIROYAL 5231 (Nylch Tire Cord Coated with Sealant) 
UNIROYAL 3083 Sealant (0.50) 
UMIROYAL 5231 (Nylor. Tire Cord Coated with Sealant) 
UNI ROYAL 5232 (Nylon Tire Cord Coated on one side with 

sealant, on other side with Nitrile) 
ASN 806-2 1,29 lb,/ft. 

UNIROYAL 3010 Liner (0-030") 
UNIROYAL 3082 Sealant 0 040") , 
Coated D70-527 Unituff fabric (D-602) 
UNIROYAL 3083 Sealant (0,050°) 
Coated D70-527 Unituff fabric (D-602)] 
Coated D70-527 Unituff fabric (D-601) 

3. ASN 806-3 1,47 lb./ft-2 

UNIROYAL 3010 Liner (0.030") 
UNIROYAL 3082 Sealant (0-040") 0 
Coated D70-528 Unituff fabric (D-604)¿ 
UNIROYAL 3083 Sealant (0.050") 
Coated D70-528 Unituff Fabric (D-604)? 
Coated D70-528 Unituff Fabric (0-603)2 

4. ASN 806-4 1.63 lb./ft-2 

UNIROYAL 3010 Liner (0,030") 
UNIROYAL 3082 Sealant (0-040") 
Coated D-69-531 Square Woven Fabric (D-606) J 
UNIROYAL ' 3083 Sealant (0,050") 
Coated D69-531 Square Woven Fabric (0-606¾ 
Coated D69-531 Square Woven Fabric (D-605r 
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Material 

Orientation of Warps 
of Fabric Plies 

5. ASN 806-5 

UNI ROYAL 
UNIROYAL 
UNIROYAL 
UNIROYAL 
UNIROYAL 
UNIROYAL 
UNIROYAL 

6. ASN 806r6 

UNIROYAL 
UNIROYAL 
UNIROYAL 
UNIROYAL 
UNIROYAL 
UNIROYAL 
UNIROYAL 

7. ASN 806-7 

UNIROYAL 
UNIROYAL 
UNIROYAL 
UNIROYAL 
UNIROYAL 
UNIROYAL 
UNIROYAL 

8. ASN 806-8 

UNIROYAL 
UNIROYAL 
UNIROYAL 
UNIROYAL 
UNIROYAL 
UNIROYAL 
UNIROYAL 

9. ASN 806-9 

UNIROYAL 
UNIROYAL 
UNIROYAL 
UNIROYAL 
UNIROYAL 
UNIROYAL 
UNIROYAL 
UNIROYAL 

1.29 lb./ft,2 

3010 Liner (0.030") 
3082 Sealant (0.040") 
5231 Tire Cord 
3083 Sealant (0.050") 
5231 Tire Cord 
5231 Tire Cord 
5232 Tire Cord 

1.45 lb./ft.2 

3010 Liner (0.030") 
3082 Sealant (0.040") . 
D-602 Coated Uni tuff Fabric1 
3083 Sealant (0.050") , 
D-602 Coated Uni tuff Fabric-! 
D-602 Coated Unituff Fabric. 
D-601 Coated Unituff Fabric1 

1.72 lb./ft.2 

3010 Liner (0.030") 
3082 Sealant (0.040") ? 
D-604 Coated Uni tuff Fabric*- 
3083 Sealant (0.050") 
D-604 Coated Uni tuff Fabric^ 
D-604 Coated Uni tuff Fabric^ 
D-603 Coated Uhituff Fabric2 

2.09 lb./ft,.2 

3010 Liner (0.030") 
3082 Sealant (0..040") . 
D-606 Coated Square Woven Fabric5 
3083 Sealant (0.050") 
D-606 Coated Square Woven Fabric^ 
D-606 Coated Square Woven Fabric^ 
D-605 Coated Square Woven Fabric-5 

1.43 lb./ft.2 

3010 Liner (0.030") 
3082 Sealant (0.040") 
5231 Tire Cord 
3083 Sealant (0.050") 
5231 Tire Cord 
5231 Tire Cord 
5231 Tire Cord 
5232 Tire Cord 
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Material 

Orientation of War pi 
of Fabric Plies 

10. ASN 806-10 1.64 lb./ft.2 

UNIROYAL 3010 Liner (0.030") 
UNIROYAL 3082 Sealant (0,04011) 
UNIROYAL D-602 Coated Unituff Fabric1 
UNIROYAL 3083 Sealant (0.050") , 
UNIROYAL D-602 Coated Unituff Fabric 
UNIROYAL D-602 Coated Unituff Fabric* 
UNIROYAL D-602 Coated Unituff Fabric* 
UNIROYAL D-601 Coated Unituff Fabric* 

11. Asn 806-11 2 32 lb,/ft.2 

UNIROYAL 3010 Liner (0.030") 
UNIROYAL 3082 Sealant (0-040") 
UNIROYAL D-604 Coated Unituff Fabric* 
UNIROYAL 3083 Sealant (0,050") 
UNIROYAL D-604 Coated Unituff Fabric* 
UNIROYAL D-604 Coated Unituff Fabrics 
UNIROYAL D-604 Coated Unituff Fabric 
UNIROYAL D-603 Coated Unituff Fabric^ 

12. ASN 806-12 2.42 lb,/ft.2 

UNIROYAL 3010 Liner (0.030") 
UNIROYAL 3082 Sealant (0.040") 
UNIROYAL D-606 Coated Square Woven Fabric-* 
UNIROYAL 3083 Sealant (0.050") 
UNIROYAL D-606 Coated Square Woven Fabric;* 
UNIROYAL D-606 Coated Square Woven Fabric;* 
UNIROYAL D-606 Coated Square Woven Fabric^ 
UNIROYAL D-605 Coated Square Woven Fabric-* 

Characteristics of the fabrics used 1n these constructions are: 

Style: 
Yarn: 
Weave: 
Finish: - , 
Weight: 15 oz/yd¿ 
Gauge: 0.034" 
Construction: 32 x 31 
Grab Tensile Strength: Warp 

Fill 

D70-527 
840/2 Filament Nylon, Warp and Fill 
3 Harness Unituff (UNIROYAL Patent) 
Scoured and Heat Set 

1200 lbs. 
nnn ihc. 

2. Style. D70-528 
Yarn: 840/3 Filament Nylon, Warp and Fill 
Weave: 7 Harness Unituff (UNIROYAL Patent) 
Finish: Scoured and Heat Set 
Weight: 25.0 oz/yd2 
Gauge: 0.070" 
Construction: 35 x 34 
Grab Tensile Strength: Warp 2250 lbs. 

Fill 1750 lbs- 
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D69-531 
840/4 Filament Nylon, Warp and Fil! 
2x2 Basketweave 
Scoured and Heat Set 
30,0 oz/yd2 
0,058" 
31 X 27 

1" Ravel Strip Tensile Strength: 

Grab Tensile Strength: 

Warp 
Fin 
Warp 
Fill 

1200 lbs. 
1000 lbs. 
1800 lbs. 
1900 lbs. 
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B. The Nomex tire cord had the following characteristics: 

1, Warp 

a) 1200 denier duPont Nomex 
b) 600 filament twisted 60 TPI "Z" 
c) 2 ply twisted 3.0 TPI "S" 
d) 25 ends per inch 
e) 29 lb. single end tensile strength 
f) 2.6% single end elongation at 10 lbs 
g) 32.5% single end ultimate elongation 

Filling 

a; 20/1 cotton 
b) 4 ends per inch 

3. Weave: Plain 

4. Width: 36 inches 

5. Weight: 8.5 oz/yd^ 

C. Viton to Nomex adhesion samples were prepared by the following process: 

1. Nomex tire cord was pretreated with UNIROYAL proprietary adhesion 
system. 

2 0.010 inch of 101,076 Viton compound was calendered onto each side 
of tire cord. 

3. The coated tire cord plies were bonded together with UNIROYAL 3267 
cement. 

4. Specimens were vulcanized in a standard fuel cell cure cycle. 
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5. 2 inch wide peel specimens were cut and the Viton gum cut to the tire 
cord at the beginning of the peel area. 

6. The plies were peeled apart at 2 inches/minute on a standard tensile 
test apparatus. 

D. The candidate high temperature sealant elastomers were compounded accord¬ 
ing to the formulas given in the table below: 

HIGH TEMPERATURE SEALANT EVALUATION 

ASN 850 

Formulation Cparts by weight) 

Ingredient 

Butyl HT 1066 

Butyl GRI 365 

Neoprene W 

Royal ene 301 

Royalene 512 

Silastic 1125U 

Kadox 72 

Zinc Stearate 

Hypalon 40 

Stearic Acid 

ST-137 Resin 

Neozone A 

Maglite D 

NA 22 Accelerator 

MBTS 

Spider Brand Sulfur 

Cadox TS-50 

B 1—B-Ê-F-G H I 3 IT 

500 500 

500 500 

500 500 500 

500 500 

500 500 

500 

7.5 15.0 25.0 25.0 25.0 25.0 25.0 

7.5 15.0 

20.0 

25.0 25.0 2.5 2.5 2.5 

25.0 25.0 

10.0 10.0 10.0 

20.0 20.0 20.0 

0.5 1.0 

2.5 2.5 

2.5 2.5 2.5 2.5 

5.0 
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E. Construction of High Temperature Resistant Self-Sealing Panels 

The high temperature resistant panesl which were fabricated for gunfire 
tests had the following constructions: 

ASN 914A 1.39 lb/ft2 

Liner - 2 oz/yd^ Nomex square woven fabric coated with UNIROYAL 
Vtton compound 101,076 

Sealant - 0.040" of UNIROYAL chlorobutyl compound ASN 850A 
Nomex tire cord Vi ton coated with warps at 45° to bottom 
Sealant - 0.050" of UNIROYAL chlorobutyl compound ASN 850A 
Nomex tire cord, Viton coated with warps vertical 
Nomex tire cord, coated with Viton 101,076 with warps horizontal 

ASN 9140 1.50 lb/ft2 

Liner - 2 oz/yd2 Viton coated Nomex fabric 
Sealant - 0040" of UNIROYAL butyl compound ASN 850D 
Nomex tire cord, Viton coated with warps 45° to bottom 
Sealant - 0,050" of UNIROYAL butyl compound ASN 850D 
Nomex tire cord, Viton coated with warps vertical 
Nomex tire cord, Viton coated with warps horizontal 

ASN 9141 1-07 lb/ft2 

Liner - Viton coated 2 oz. Nomex fabric 
Sealant - 0.040" of UNIROYAL EPDM compound ASN 8501 
Nomex tire cord, Viton coated with warps 45° to bottom 
Sealant - 0.050" of UNIROYAL EPDM compound ASN 8501 
Nomex tire cord, Viton coated with warps vertical 
Nomex tire cord, Viton coated with warps horizontal 

ASN 914K 0.97 lb/ft2 

Liner - Viton coated 2 oz. Nomex fabric 
Sealant - 0.040" of UNIROYAL EPDM compound ASN 850K 
Nomex tire cord, Viton coated with warps 45° to bottom 
Sealant - 0.050" of UNIROYAL EPDM compound ASN 850K 
Nomex tire cord, Viton coated with warps vertical 
Nomex tire cord, Viton coated with warps horizontal 

ASN 914L 1.35 lb/ft2 

Liner - Viton coated 2 oz. Nomex fabric 
Sealant - 0.040" of UNIROYAL silicone compound ASN 850L 
Nomex tire cord, Viton coated with warps 46° to bottom 
Sealant - 0,050" of UNIROYAL silicone compound ASN 850L 
Nomex tire cord, Viton coated with warps vertical 
Nomex tire cord, Viton coated with warps horizontal 

F. FIuorosllleone Elastomer 

The fluorosilicone elastomer evaluated was Dow-Corning Silastic LS-2249U, 
In order to vulcanize the elastomer 1.2 parts of Cadox TS-50 peroxide was 
added per 100 parts of elastomer. This is the amount recommended in Dow- 
Corning literature for obtaining maximum resistance to high temperatures. 

I 
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APPENDIX III 

DETAILS OF CONSTRUCTION OF EXPERIMENIAl 
FUEL LINES AND FUEl LINE COVERS 

Integral Self-Sealtnq Fuel Ltnes 

ASN 947 1.92 1b/ft2. 

Lmer - 0 040" 3010 nitrile rubber 
Fue' barrier - painted nylon resin 
Reinforcement - six plies of 27 75 oz/yd2 USFlex weave nylon fabH 

saturated with a nitrile rubber cement 
Outer ply - 008" 3061 nitrile rubber 

ASN_948 1,38 lb/ft2 

L’ner - 0 040" 30^0 nitrile rubber 
Fuel barrier - painted nylon resin 
Renforcement - six plies of 13 oz/yd2 square woven nylon rabric 

saturated with nitrile rubber cement 
Outer ply - 0OO8" 3061 nitrile rubber 

ASN 961-1 2.90 lb/ft2 

Line- - 0.040" 3010 nitrile rubber 
Fuel barrier - painted nylon resin 
Reinforcement - three plies 27.75 c¿/yd2 USFlex weave nylon fabric 

saturated with nitrile rubber cement 
Sealant - 0.173" 3083 natural rubber 
Reinforcement - three plies 27.75 oz/yd2 USFlex weave nylon fabric 

saturated with nitrile rubber cement 
Outer ply - 0 008" 3061 nitrile rubber 

ASN 961-2 2.36 lb/ft2 

Line- - 0 040" 3010 nitrile rubber 
Fuel ba-rler - painted nylon resin 
Reinforcement - three plies 13 oz/yd2 square woven nylon fabric 

saturated with nitrile rubber cement 
Sealant - 0.173" 3083 natural rubber 
Reinforcement - three plies 13 oz/yd2 square woven nylon fabric 

saturated with nitrile rubber cement 
Oute- ply - 0 008" 3061 nitrile rubber 

ASN 97Q 2.78 lb/ft2 

Liner - 41,794-1 polyurethane film 
Reinforcement - two plies 27.75 oz/yd2 USFlex 

saturated with 700-4 urethane 
Sealant - 0 173" 3083 natural rubber 
Reinforcement - two plies 27.75 oz/yd2 USFlex 

saturated with 700-4 urethane 

nylon fabric 
resin solution 

nylon fabric 
resin solution 
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ASN 984 3,23 Ib/ft2 

Liner - C.04Q" 3010 nitrile rubber 
Fuel barrier - painted nylon resin 
Reinfrocetnent - three plies 27.75 oz/yd2 USFlex weave nylon fabric 

saturated with a nitrile rubber cement 
Sealant - 0252" 3083 natural rubber 
Reinforcement - three plies 27J5 oz/yd2 USFlex weave nylon fabric 

saturated with a nitrile rubber cement 
Outer ply ^ Q.QQ8" 3061 nitrile rubber 

B. Nonmetallic Fuel Lines 

These fuel lines were high density polyethylene tubes 2" OD, 1½11 ID. 
Each tube was etched with a chromic acid solution. The liner (if used) 
and end closures were cemented to the tube with UNIROYAl 3288 cement. 

ASN 1021 (US-191 construction) K89 lb/ft2 

Liner - 0 040" 3010 nitrile rubber 
Sealant - 0250" 3083 natural rubber 
Outer ply - UNIROYAL 5231/5232 rubber coated nylon tire co^d 

ASN 1031 1.66 lb/ft2 

Liner - None 
Sealant - 0.250" 3083 natural rubber 
Outer ply - UNIROYAL 5231/5232 rubber coated nylon tire cord 

ASN 1032 3.21 lb/ft2 

Liner - Q,Q4Q" 3010 nitrile rubber 
Sealant - 0,250" 3083 natural rubber 
Outer Ply - UNIROYAL 5231/5232 rubber coated nylon tire cord 
Resilient ply - 0.100" 101.059A high resilience neoprene compound 

ASN 1044-1 3.21 lb/ft2 

Liner - 0,040" 3010 nitrile rubber 
Sealant - 0,250" 3083 natural rubber 
Resilient ply - 0 100" 101.059A high resilience neoprene compound 
Outer ply - UNIROYAL 5231/5232 rubber coated nylon tire cord 

ASN 1044-2 2,85 lb/ft2 

Liner - 0.100" 101.059A high resilience neoprene compound 
Sealant - 0,250" 3083 natural rubber sealant 
Outer ply - UNIROYAL 5231/5232 rubber coated tire cord 
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New Sealdfns and Re nforcements 

Except where noted, the covers were fabricó ted over 2" OD aluminum tubes 

ASN 976-1 5,3.-( lb, ft2 

tine' - û 06Q" 3010 nitrile rubber 
Sealant - 0 250“ 3083 natural rubber 
Re'nrorcement - UNIROfAl 5231/5232 rubber coated nylon tire cord 
Outer ply - 0 250" 101.059A high resilience neoprene compound 
1 , 
ASN 976-2 5 00 lb/ft¿ 

Liner - 0 060'' 3010 nitrile ruDber 
Sealant - 0 250'' 3083 natural ruooer 
Re'ntorcement - none 
Outer ply - 0 250" 1Q1,059A nigh resilience neoprene compound 

ASN 979 1 79 1 D/ft2 

liner - 0 060" 30)0 nitrile rubber 
Precompressed foam - 1" thick polyurethane open cell foam saturated 

with natural rubber cement and compressed to 
0,250" thickness 

Sealant - 0 250" 3083 natural rubber 
Oute- ply - UNIROYAc 5231/5232 rubber coated nylon tire cord 

ASN 981 2-02 lb/ft2 

Liner - 0 060" 3010 nitrile rubber 
Sealant - 0 250" natural rubber compounded with 3 parts sulfur per 

hundred of rubber and Captax accelerator, Zinc oxide, 
stearic acid, and resins were added to improve cure. 

Oute*' ply - UNIROYAi 5231/5232 rubber coated nylon tire cord 

ASN 982 1,99 lb/ft2 

Liner - 0 060" 3010 nitrile rubber 
Sealant - 0 250" 3083 natural rubber 
Oute- ply - 0 050" Surlyn polyionomer film 

ASN 988 2,27 lb/ft2 

liner - 0 060" 3QIQ mtrüe rubber 
Sealant - 0 250" Silastic 1125U 
O’vte' ply - UN1R0YAL 5231/5232 rubber coated nylon tire cord 

ASN 989-1 6 98 ib/ft2 

Liner - 0 060" 3010 nitrile rubber 
Sealant - None 
Outer ply - ObOO" 101,059A high resilience neoprene compound 
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density polyethylene tube shielded with a conventional self-sealing 
fuel line cover materials composite. Gunfire evaluations of this 
lightweight fuel line materials construction showed it to be effective 
in sealing wounds inflicted by .50 caliber armour piercing projectiles. 
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