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strength of these encouraging preliminary ballistic test results,
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FOREWORD

This report covers work performed under a joint materials evaluation
by the Elastomers and Coatings Branch, Nonmetallic Materials Division,
Air Force Materials Laboratory, and the Fuel and Hazards Branch, Power
Division, Directorate of Propulsion and Power Engineering, Aeronautical
Systems Division, Air Force Systems Command, Wright-Patterson Air Force
Base, Ohio.

The research was supported by the Air Force Materials Laboratory
Director's Funds and equipment furnished by the Aeronautical Systems
Division.

The program was directed by Messrs. T. L. Graham (AFML/MBE) and
J. K. Klein (ASD/ENJPF) under Project No. 7340, "Nonmetallic and Composite
Materials," Task No. 734005, "Elastomeric and Compliant Materials."
This evaluation was conducted during the period December 1972 to June 1973.

The authors are indebted to Mr. J. 0. Crouch for technical assistance
during the gunfire evaluation and report preparation, to Mr. J. Conner
and Mr. W. Polley for their support in preparation of the test articles
and support during the gunfire testing, and to the Air Force Flight
Dynamics Laboratory range personnel for their fine assistance in conducting
the tests.

The items tested were experimental items that were not developed or
manufactured to meet Government specifications. The items were procured
on a "best effort" basis for evaluation. Any failure to meet the technical
goals of the study is no reflection on the manufacturer.
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SECTION I
INTRODUCTION

A novel concept for self-sealing fuel cells has been advanced by
Dynamic Science Division of Ultrasystems, Inc., which offers a possible
superior materials approach for protecting aircraft fuel tanks from
destruction by small arms projectiles. The claimed theoretical advantage
(United States Patent No. 3,664,904, dated 23 May 1972) of this novei
materials concept is its potential capability to seal cored-out and
misaligned wounds inflicted by activated incendiary and high explosive
projectiles. Such a capability would be significantly beyond the
capability of the mechanical and chemical material systems exploited
in the past (References 1 - 4). The concept is based on a pre-activated
sealant which is in a pressurized state so that it will flow and fill
a cored-out material wound puncture inflicted by activated incendiary
projectiles or jagged fragment emitted by explosive projectiles.

Two approaches were used in fabricating self-sealing material
composites where the sealant is in an activated (pressurized) state.
In one case, plies of structural fabric impregnated with a fuel impermeable
rubber are sewn to form a continuous channel quilted pattern. A fluid
sealant rubber material is then injected into the quilted channel structural
pattern, pressurized when completely filled and subsequently, cured to the
desired consistency. The other approach involves sewing a partially cured
layer of natural rubber between plies of fuel permeable fabric. After
this material sandwich composite is sewn into a square-patch quilted
pattern, additional plies of fabric impregnated with a fuel impermeable
elastomer are added for reinforcement. When exposed to fuel the pockets
of sealant swell and are held in a pressurized state by the restraining
forces exerted by the confining layers of fabric until punctured.

The standard type of self-sealing fuel cell material composite is
similar in construction. It utilizes a layer or layers of partially
cured natural rubber sealant in an unpressurized state. Although it
has proven to be very effective for sealing slit type wounds, repeated
ballistic tests have shown this general type of materials composite to
be ineffective for sealing cored-out material wounds.
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Considering the ultimate unique potential benefits of the concept,
AFML Director's Funds were requested and provided to purchase test panels

for conducting preliminary gunfire tests to assess the merits of this
new self-sealing materials concept.

The nature of the self-sealing materials composite panels procured,
their performance under gunfire, and the recommendations made regarding
future work in this materials area are discussed in detail in this
report.
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SECTION II
DISCUSSION

1. DESCRIPTION OF TEST PANEL MATERIALS AND METHODS OF FABRICATION

As previously stated, there are two approaches for preparing
pressurized sealant elastomeric self-sealing materials constructions.
In either case, the sealant constituent is restrained (held in a
pressurized state) by plies of resilient layers of fabric sewn together
in a quilted pattern. The mechanically pressurized sealant fabrication
technique was used in the preparation of the test panels procured for
this preliminary feasibility self-sealing performance evaluation.

The basic construction consisted of four plies of square woven
(basket weave) nylon structural fabric with a 42 by 42 thread count
which weighs 11.9 ounces per square yard. The two inner plies were
connected by parallel, linear rows of stitching spaced 3/16 of an inch
apart with five stitches to the inch. Single strand Dacron thread
rated at 25 pounds strength was used to minimize creep. Spacing (7/64
of an inch or less) was provided between the inner plies for subsequent
injection of the sealant. The two stitched plies and one additional
ply on each side were impregnated with a solvent solution of Adiprene
L-100 (a polyether-based urethane) and cured at elevated temperature
to drive off the solvent.

The sealant employed was a low viscosity, room temperature curing
dimethyl silicone polymer commercially sold by General Electric as RTV
615. It is a two-component system which utilizes chloroplatinic acid
as the curing catalyst. The concentration of catalyst was adjusted to
produce a cured gummy sealant material which flows under pressure but
is immobile in the unpressurized state at the temperature extremes

encountered by subsonic aircraft. In this case, 0.35 parts chloroplatinic

acid per 100 parts polymer appeared to produce a cured sealant with
the desired rheological characteristics.
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In preparation of the test panels the fluid sealant was injected
through a small copper tube (about 3/32 of an inch in 0.D.) into the
quilted construction which was evacuated to eliminate air pockets.

When filling is completed, the sealant is placed under the desired
static pressure. The sealant in eight of the ten panels procured

for this preliminary investigation was pressurized to a gauge pressure
of 120 psi. The sealant in the remaining panels was pressurized to a
gauge pressure of 150 psi. After sealing the fill tube to hold the
sealant under pressure, each of the panels were heated in an oven to
210 to 250°F for 24 hours to cure the encased pressurized sealant.

A few years ago, Dynamic Science developed and gunfire tested panels
prepared using the fuel swelling sealant activation approach with the aid
of U.S. Army Aviation Laboratory. Although the results of these ballistic
tests (Reference 5) were favorable, it was felt that the above type of
sealant and fabrication technique offered certain advantages over the
partially cured natural rubber fuel activated sealant approach. The
advantages cited (Reference 6) in favor of the sealant injection-pressuri-
zation technique utilizing the fluid RTV silicone polymer as the sealant
were:

1. The interstitial pressure and rheology characteristic of the
silicone sealant are controlled independently.

a. The interstitial pressure is controlled by adjusting the
pressure applied to the seaiant after injection is completed.

b. The rheological nature of the silicone polymer sealant
can be regulated over a wide range by varying the type and concentration
of the compounding ingredients.

2. Like the natural rubber sealant, the candidate silicone sealant
is inherently tacky and readily swells in contact with jet fuel to aid
the seal forming process.

3. In contrast to the natural rubber based sealant, the silicone
type cealant is functional over a broader temperature range.

a. The estimated functional temperature range of the natural
rubber sealant is -40 to 250°F.

A I Y
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b. Silicone polymers, in general, exhibit elastic characteristics
at temperatures as low as -65°F and are oxidatively stable at temperatures
in excess ¢f 400°F.

The self-sealing pressurized sealant materials composite, as determined
on a section cut from one of the test panels, weighs roughly 1.3 1bs/sq ft
and is about 1/4-inch thick. This construction is somewhat heavier and
thicker than the improved .50 caliber standard self-sealing fuel cell
materials construction which weighs about 0.86 1bs/sq ft and has a
thickness gauge of about 0.18 inches. i

Like the standard type self-sealing fuel cell, the pre-activated
sealant self-sealing fuel cell construction regquires the support and
protection of a backing board material. The backing board material
used in this investigation was Goodyear's ARM-018 (4 ply) composite board
which weighs approximately 0.49 1bs/sq ft and is about 0.097 inches in

1
|
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{
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thickness.

2.  GUNFIRE TESTING

a. Test Setup and Procedures.

The test panels were mounted on the front and back of a reinforced
steel cube structure (approximately 37 inches x 32 inches x 33 inches),
so that an entrance and exit wound evaluation could be made for each

| ; shot. Several different test configurations were employed as shown in ?/
i schematic form in Figures 1 - 4. The test tank was filled with red, ’
_ { 25 pores per inch (ppi) reticulated polyurethane foam manufactured by I

| é the Scott Paper Company to prevent explosion of the test article. JP-4

L jet fuel was used for all testing and an analysis of this fuel is provided

E in the appendix. The aromatic content of the fuel was 12.2%. The testing

E was performed at the Ballistic Impact Test Facility of the Air Force

: F1ight Dynamics Laboratory, Wricht-Patterson Air Force Base, Ohio. The

test tank was placed on the horizontal gunfire range with a carbon dioxide

fire extinguishing system located above the test article to provide

protection against any fire which might develop by ignition of the fuel
from activation of incendiary rounds. Figure 5 is a picture of the

g ————re -
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test setup on the range. A1l testing was conducted at a distance of 38
feet from gun to test article such that the path of the bullet was
perpendicular to the test panel. Fuel temperatures varied from 39 to
49°F and the test article was fueled at the start of each day's testing
to 3/4 full (30 inches).

b. Gunfire Shot Descriptions and Results

Four sets of test panels were evaluated. The test setups, types of
projectiles involved, and the results obtained are discussed in detail
below: A

(1) Test Series 1: Low Pressure Sealant Panels, .50 Caliber

APM2 Projectile Threats, Shots 1 and 2.

The configuration of the test setup is shown in Figure 1.
A set of panels with the sealant under 120 psig pressure was used. The
two shots fired into this test cell were .50 caliber armor piercing

AP M2 projectiles. These shots (Figures 6 and 7) struck the panels at
4 inches and 6.5 inches below the fuel surface and there were no fires.
The wounds inflicted by the first shot did not seal within the two-
minute time period designated by MIL-T-5578. However, the entrance
wound exhibited some sealant flow and looked as if it was trying to
seal. Figure 8 shows the fuel continuing to seep (note fuel stain) from
this small cored hole wound. The second shot sealed at the entrance but
not at the exit where there was a large two-inch tear.

(2) Test Series 2: High Pressure Sealant Panels, .50 Caliber

APIM8 (Functioned and Non-functioned) and .50 Caliber Ball

M2 Projectile Threats, Shots 3 - 7.

The sealing capability of panels with the sealant
pressurized to 150 psig was tested by Shots 3 - 7. Shots 3 and 4 were
.50 caliber armor piercing incendiary API M8 nonfunctioned projectiles.
The test setup configuration is shown in Figure 2. An aluminum 2024-T3
sheet, .063 inches thick, was used to simulate aircraft skin in this
test cell assembly. Shot 3 sealed at both entrance and exit while
Shot 4 sealed at entrance only. The shots struck the panel at 5 inches
and 6 inches, respectively, below the fuel surface and there were no

fires. Shots 5 and 6 were .50 caliber armor piercing AP M2 and .50 caliber

ball M2 projectiles. Shot 5 sealed at the entrance but neither entrance
nor exit sealed at Shot 6. An aluminum 2024-T3 sheet, .090 inches thick,

6
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was placed in front of the test article for Shot 7 as a striker plate to
function the projectile and yellow, 15 ppi reticulated polyurethane foam
(Scott Paper Company) was placed in the gap between the aluminum sheets
to simulate an aircraft cavity foam installation, (Figure 3). This shot
was a .50 caliber armor piercing incendiary API M8 projectile. There was
no fire and there were no seals during the first two-minute observation
period. However, it was noticed that both entrance and exit wounds had
sealed after about 15 minutes. Figure 9 shows the entrance and exit panel
wounds for Shots 3 - 7 while Figure 10 shows the damage done to exit
backing board material and aluminum sheet by these shots.

(3) Test Series 3: Low Pressure Sealant Panels, .50 Caliber

APM2, .50 Caliber APIM8 (Functioned) and .60 Caliber Ball

Projectile Threats, Shots 8 - 10.

Test panels with the sealant under 120 psi pressure were
used for test Shots 8 through 10. Figures 11 and 12 show the entrance
and exit panel wounds for Shots 8 - 10. Shot 8 (.50 caliber APM2 projectile)
was conducted with the setup shown in Figure 2. The bullet struck the
test panel at approximately five inches below the fuel surface, and no
seals occurred during the observation period. The test cell setup was
modified as shown in Figure 4 for Shot 9. This round was .50 caliber
APIM8 (functioned) projectile and despite the lack of cavity foam there
was no fire. The bullet struck at six inches below the fuel surface and
a seal at the exit was observed. Figure 13 shows the fuel leaking from
the entrance wounds inflicted by Shots 8 and 9 while Figure 14 shows
the damage to the exit cell wall before the tenth shot was fired. Shot 10
(.60 caliber ball) was fired into the setup shown in Figure 2. The shot
hit the test panel at approximately ten inches below the fuel surface.
There was very severe leakage and the energy transfer was such that
the steel chain retaining the test cell broke. Figure 15 shows the
tremendous damage caused by Shot 10, the .60 caliber shot. Figure 16
shows the exit panel for the .60 caliber shot wound with the material
pulled back to reveal the quilt stitching pattern.

(4) Test Series 4: Low Pressure Sealant Panels, .50 Caliber

Ball M2, .50 Caliber APIM8 (Functioned), and 20 mm TP

Projectile Threats, Shots 11 - 13.

A third set of test panels with the sealant under 120 psig
pressure were tested. The test configuration for Shots 11 and 13 is shown

7
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‘ in Figure 2, while Figure 4 shows the test configuration for Shot 12.
Shot 11 was a .50 caliber ball M2 projectile, Shot 12 was a .50 Caliber
APIM8 projectile, functioned, and Shot 13 was a 20 millimeter target
practice round. The bullets struck the test article at approximately
7.5 inches, 7 inches, and 12.5 inches respectively below the fuel
surface. There were no fires. Only the entrance wounds for Shots 11
and 12 sealed. The entrance panel and backing board wounds caused by
Shots 11 - 13 are shown in Figure 17. Figure 18 shows the damage to
exit test panel and backing board for these shots. Shot 12 exited in
the vicinity of the exit wound inflicted by the previous shot, producing
a single large tear wound in both the test panel and the backing board.
The 20mm round (Shot 13) caused severe damage. Figure 19 shows the
heavy stream of fuel leaking from the entrance wound inflicted by this
projectile.

3.  ANALYSIS OF GUNFIRE TEST RESULTS

The test panels were closely examined after removal from the test
cube assemblies. Table 1 provides a description of the damage. Exit
wall test panels suffered more damage than entrance wall test specimens.
Entrance wounds inflict d by the .50 caliber projectiles (Table 2) generally
sealed or the fuel leak was not more than a seep. Although the self-
sealing reliability of this system was not good for the cored wounds and
the misaligned slit wounds, fuel leakage in many instances was limited
to a seepage type leak (Table 3). The panels containing sealant
pressurized to 150 psig proved to be slightly more effective in sealing
wounds inflicted by .50 caliber projectiles (Shots 3-7) than the
test panels wherein the sealant was under a pressure of 120 psig. The
damayge inflicted by the .60 caliber and 20mm ball projectiles was
catastrophic (Figure 15 and 19).

For the most part, the backing board appeared to provide good
support. Due to the inadequafe support provided by the tank stiffeners,
there were instances, as indicated above, where the backing board
suffered tear damage and did not provide the support needed to keep the
slit wound in alignment. The quilted pattern construction fabricated
to confine the pressurized sealant exhibited good tear resistance in spite
of the lack of support.

8
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The sealant was responsive and flowed into the wound area. It was
not, however, adequate for sealing gap wounds. Table 4 presents the
overall sealing performance of the materials. While not every shot
sealed, the feasibility of the material to provide sealing action was
confirmed. Several days after the test panels had been gunfired, it was
noted that the sealant was draining out of the panels through the wounds.
The viscosity of the sealunt draining from the panels was much lower
than the sample of the cured sealant provided in closed containers.
Suspecting that the sealant may have reverted because of poor hydrolytic
stability, a sample of sealant provided in the closed container was
exposed to a 95% relative humidity at 200°F. After a couple of weeks
exposure under these accelerated conditions, the sealant showed no sign

of reversion which ruled out hydrolytic instability. The effect of fuel
on the sealant was also investigated. Its only effect was to swell the
sealant. It is conjectured that the mechanical shock of the impacting ‘
projectile may have caused this slightly crosslinked semisolid sealant ;
to revert to a more fluid consistency.
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SECTION III
CONCLUSIONS AND RECOMMENDATIONS

1. Results of preliminary ballistic tests demonstrated that the quilted
self-sealing materials composite is capable of sealing cored wound
punctures inflicted by small arms projectiles. The need for further
improvement in the performance of the materials involved was also
evidenced by the gunfire results. Specifically, the proper balance
between sealant flow and viscosity must be established. Overall the
results have been sufficiently encouraging to warrant further examination
in a "scaled-up" program.

2. Of the two approaches investigated (since 1970% the fuel activation
technique for pressurizing the sealant is preferred. More assurance is
needed that the sealant in the area surrounding the wound is in a compressed
state for adequate sealant flow without washout. On the basis of this
observation, it is recommended that future development efforts con-

centrate on the fuel swelling approach for providing self-sealing of
multiple cored-out and misaligned material wounds inflicted by small

arms projectiles and high explosive missile fragments.

3. The technique wherein a fluid sealant is injected into the

interstices of a preformed quilted fibrous reinforced construction,
mechanically pressurized, and subsequently cured to the desired consistency
is viewed as an alternative approach for achieving the technical

objective. However, this approach is considered to be a greater
development challenge with regard to the injection process, material
fabrication, and multiple impact capability.

4. The ballistic tests indicated that the silicone polymers could be
used successfully as a sealant with the quilted fibrous composite
materials. With the inherent temperature advantages of the silicone

materials, it is concluded that an optimized silicone sealant could be
used successfully to meet the technical goals.
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Shot No.
(.50 CAL AP)

(.50 CAL AP)
(.50 CAL API)
(.50 CAL API)
(.50 CAL AP)
(.50 CAL BALL)
(.50 CAL API)
(.50 CAL AP)

(.50 CAL API)

10 (.60 CAL BALL)

11 (.50 CAL BALL)

12 (.50 CAL API)

13 (20 mm TP)

TABLE 1
DAMAGE DESCRIPTION

Entrance

.50 inch hole-very
slight coring

.50 inch hole - no
coring

.50 inch hole - no
coring

.50 inch hole - no
coring

.50 inch hole - no
coring

.50 inch hole - no
coring

.50 inch hole - no
coring

.50 inch hole - no
coring

.50 inch hole cored
.60 inch hole cored

.50 inch hole - no
coring

.50 inch hole - part
of jacket lodged in
wound

.75 inch hole - badly
cored

Exit

2-1/16" long slit -
some chunking, no
coring

2" long slit - no
coring

2" long cored wound

1-1/2" long cored
wound

2" long wound - no
coring

1-3/8" long cored
wound

1-3/8" long cored
wound

2" Tong - wound
misaligned

1-1/8" long wound -
no coring

approx 4" long
wound - misaligned

2" long - no coring

1-1/4" long - wound
misaligned

badly cored




AFML-TR-75-22

weax3s AAE3H wnLpap
weasls AAeay
weasls AAedH
weauls AAeaH AU\
Leas dweq

daas AAvay WNLp3apn
doas AAeaH wnLp3an
Weas3S wnipap
daag Aaeay uinLpay
daas AAeay

[eas dueq

dasas Aaeay wnLpay
d39S AARdH wnLpay

11X3

weas3s AARdH AUdA
[eas dweqg

Leas dueq

weasls wntpap
doas AaeaH A49A
doas wnipap

doag AAeaH wnLpay
daas AaesH wnipdj
Leas A4d

Leas dueq

Leas A4q

Leas duweq

daas ybLLS Auap

JONVYHINT

NOILdI¥JS3a IDWIVIT 1S3IL JUILNAD

2 31avl

1v8 WWOZ
«IdV VI 0§°
Tiva v) 0S°
T1ve8 v 09°
»IdV V) 09°
dv 1Y) 06°
»IdY VI 0§°
11va 1Y) 0§°
dvy v3 0§°
Idv ) 0§°
Idv 1Y) 0§°
dv ) 0§°
dv v) 06°
1V3¥HL

pauoi3oungy

£l
el
LL

L

0
6
8
L
9
S
v
€

"ON 1OHS




AFML-TR-75-22

TABLE 3
PERFORMANCE AGAINST CORING/CHUNKING

.Shot 1 Entrance .50 AP Very Slight Seep

Shot 3 Exit .50 API NF Damp Seal

Shot 4 Exit .50 API NF Heavy Running Seep
Shot 6 Exit .50 BALL Medium Stream

Shot 8 Entrance .50 AP Medium Seep

Shot 9 Entrance .50 API F Very Heavy Seep

Shot 10 Entrance .60 BALL Medium Stream

Shot 13 Entrance 20mm BALL Heavy Stream (Gusher)
Shot 13 Exit 20mm BALL Medium Heavy Stream
Shot 1 Exit .50 CAL AP Medium Heavy Seep

PERFORMANCE AGAINST MISALIGNMENT

Shot 8 Exit .50 CAL AP Medium Heavy Seep
Shot 10 Exit .60 CAL BALL Heavy Stream (Gusher)
Shot 11 Exit .50 CAL BALL Heavy Stream

Shot 12 Exit .50 CAL APIF Heavy Stream

APINF - Armor Piercing Incendiary Nonfunctioned
APIF - Armor Piercing Incendiary Functioned
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TABLE 4

SEALING PERFORMANCE BY THREAT

.50 CAL API Functioned 3 shots

.50 CAL API Non-functioned 2 shots
.50 CAL BALL 2 shots

.50 CAL AP 4 shots

.60 CAL BALL 1 shot

20mm BALL 1 shot

ENTRANCE

1 Seal
2 Seals
1 Seal
2 Seals
0 Seal
0 Seal
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Figure 5.
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Setup on Range




AFML-TR-75-22

(3

|l OYMAMIC
WS Cre e

\. 4 drmn

Entrance Tést Panel, Shots 1 and 2

Figure 6.




AFML-TR-75-22

SOC——

Figure 7. Exit Test Panel, Shots 1 and 2 *,




(ZNdY *1®) 0G°) doueaju3 | J0ys ‘g 3unbiy
N_
N

AFML-TR-75-22

A A AR AR SN R G TN 1 iR

RS A e R AN 0 RS o ‘ . . 4\:&‘\»:-,
o il i bl i H .o i

il 0 Sl AN i




AFML-TR-75-22

bt Sl e T o Rl AV i TE T RN TR - ¥
; m TIPS oS i el RTINS e

[ - € SI0yS ‘s|aueq 3S3] 3LX3 pue aduedjul ‘6 a4nbi4

"y

Y

o G2, AR 15
) ~ LR DTS SR X
oty 9 Mvgrr v

{5 : ’ i smp,

Wons e i s

23




g

e

|
|

- e,

AFML-TR-75-22

L - € S30yYS

‘s|aueq Le3aK 333yS pue pueog Bupyoeg 31x3

l P RN ST

LT P

i LB .. k
LA o Misaa i

‘0L 34nbiy

24

‘
|
|




Chas at S

s

g e N

I
E

T

[

AFML-TR-75-22

PRLY AN

OL - 8 SI0yS ‘[aued 3sS3] dduUEUIUI

*LL danbL4

25




OL - 8 sjoys “|aued 3sa] 3LX3 °Z| a4nbL4

(Yol
N
n& i
i ig My
. A
> 4N LN
J i .,‘114480574
1 = ¢
. =
b )
3 -
E =
A L.
o < .
y
- Peremp— — ——— B A SR e =
- ; e R x?dli\
J as r s 2 i S MPEIW il = i i =




(I1dv "1®d 0§°
‘paAoway 33e|d 4IYL4IS) dduedjul 6 04yS €l aunbL4

S R

AFML-TR-75-22




AFML-TR-75-22

e e RN A

(I1dv 122 0G°) 3X3 6 30US

"yl 3unbLy

R sV B s AN WA S

Pacasan

—

-




(LLeg *L1®D 09°) 31X3 OL 20US °GL 34nbyy

o~
-
[Ye)
i
-2
T
]
al
=
e
<

e e - e e

i i i e




N
N
)
wn
w
o
-
'
£
<t

A AN 4 R GO

il i e

0Ys *(e) 09° ‘laued 3s3L 31x3

L R 0 S s o

A it A NSl bt T % o

9l a4nbi4

TG s




ek Lt L T T A e Gl e S ik b

€L - LL s3oys
‘s|aueq pdeog bujpyoeg pue 3s3) aduedjul /| 3unbi4

A s 0 o B B i b

s

31

.7 ) stk “...qo.,

AFML-TR-75-22

:
¥
:
i
i
|

G e

-




AFML-TR-75-22

e A b e

&

:\.\ L .,\.
¥ hving

¥ m

...
L TR T iy
WA tasa i

AL AN

€L - LL SI0yS “s|aueq paeog Bujyoeg pue 353 31X3

‘gl a4nbL4

e .SV N SRS

32




e

(Lleg "umpz) sdues3u3 €1 30us 61 d4nbiy

33

e 600060t " T

e

9 8 9 0

AFML-TR-75-22

©
= i it asiaticais ki
—— = el i




%
|
|

g —— e

—

PRRpu—

AFML-TR-75-22

APPENDIX A
FUEL ANALYSIS REPORT

SUBMITTED B8Y

TEST LABORATORY AND LOCATION

ASD/ENJPF AEROSPACE FUELS LABORATORY
T.0. REED SFQLA WPAFB OH
LABORATORY TEST NUMBER 13;2 |
DATE RECEIVED IN LAB une
SPECIFICATION NUMBER
GRADE NUMBER JP=l,
CONTRACT NUMBER
QUANTITY REPRESENTED (GALS)
TYPE CONTAINER AND NUMBER
SAMPLE NUMBER
REMARKS (PERTAINING TO SAMPLE AS RECEIVED)
GUNFIRE
TESTS
LABORATORY DATA
GRAVITY *AP.I 55,8
WSIM
APPEARANCE
COLOR
ODOR
WATER REACTION
FREEZING POINT °F
CORROSION
EXISTENT GUM, MG/100 ML 9,0
POTENTIAL GUM, MG /100 ML
OXIDATION PPT. MG /100 ML
DOCTOR TEST
MERCAPTAN SULFUR, % WT.
TOTAL SULFUR, X WT.
VAPOR PRESSURE, P.S.I. @ 100° F 2.3
ANILINE POINT °F
ANILINE GRAVITY CONSTANT OR B.T.U.
SMOKE POINT MM (OR SMOKE VOL INDEX)
AROMATICS, % 12,2
[OlEFINS. 3 2.0
| sowooouaoooaox. Neut. No. .007
FLASH POINT, °F
KNOCK RATING LEAN RICH
TOTAL SOUIDS, MG/GAL
FIBROUS MATERIAL PER/OT
\SIBLE FREE WATER ML/GAL
NONCOMBUSTIBLE SOLIDS MG /GAL
TOTAL WATER, PPM BY VOL. BY KARL FISCHER
THERMAL STABILITY, TUBE DEPOSIT CODE NO.
THERMAL STABILITY, PRESSURE O!FF (N HGI
1127686 ICING INHIBIIOR, & BY VOL 0,057
DISTILLATION BP°F q29 167°F
REMARKS (PERTAINING TO USABILITY AND 0% 215 221
DISPOSITION OF MATERIAL
20% 275 I
RN
5|
mgsnm REPRESENTED BY SAMPLE —:z: MEEO: :Lg ZKJ)—.%
(1S) (IS NOT) SATISFACTORY FOR USE T0% 50% 270
No Remarks. £ Pl LB2 REC 0
Ress 1,0 0ss1,0

lOIlGIN OR CONIRACTOR

AFTO [0 68

SUPERSEDES SEP 63 EDITION W

APPROVED BY: (NAME AND SIGNATURE OF LAB SUPV)
Thoma.e J. 0'Shaughncssy

ATy v

elrt.abmturr———
of. AF Aerospaca Euela
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APPENDIX B

TEST SHEET
SHGT NUMBER 1 (one) cafe 3 April 1973 ‘ |
E
FUEL TEMPERATURE 4EOF 0aT h8% i |
THRREAT 50 Cal APM2 (Straight-in) /|
P
CONFICURATION _ Backboard/120# self-seal ent and exit/no foam{gg metal i #3
sheet | lg
GUN LCCATION 38 feet , :

26" up - 20.5" across --- approx 4" below fuel

KIT LOCATION - ENTRENCE st Pace
5 g

HIT LUCLTION - EXIT 2341/2" up - 15.5'" across --- 3pprox 6.5" below
= fuel surface

EXTERNAL FIRE AKX (13)
EWTRANCE SEAL AT iMPACY X583 (NQ)
£34T SEAL AT IMPACT X&X (19)

ENTRANGE SEAL AT 2 MIN XXXXX (%0)

YT SEAL AT 2 MINUTES  XXXXX (ne)

RERULTS: Large Tear (see below) on exit - exit leak described at
medium heavy runni:g seep. Entrance was exhibiting some bubbling and 1ooked
as if it was trying to seal. Upon teardown, a very small pin hole was ob-
served in entrance wound and exit wound had both chunked out and sealant
washout. The exit wound was deformed slightly outward on the panel.

i

e .
z .
- 2"
T -
-q '% * cell wall
Backboard

COPY AVAILABLE TO DOG BOES }'{;{H
BEQRIT FULLY LECIELE PRODLGEGA

37
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APPENDIX B (continued)

TEST SHEET
SuET NUMBER 2 (two) pave __ 3 April 1973
siEn TEMPERATURE L6°F 0A™ L48°F

THRXEAT 50 Cal APM2 (straight-in)

CCNF [GURATION Backboard/120# self-seal ent and exit/no foam/no metal
sheet

GUN LOCATION 38 feet

PiT LOCAT!GK - ENTRANCE 15" up - 15" across --- approx 12" below fuel
surface

H1T LOCATION - EXIT 12" up - 20.5" across =-=-- approx 15" below fuel
d surface

IATERNAL FIRE X¥E8] (10)

ZNTRANCE SEAL AT 1MPACT X83x xpx  Possible
CX1T 3EAL AT IMPACT X83 (NC)

INTRANCE SEAL AT 2 MinN (VE3) ®8x

XiT SEAL AT 2 MINUTES  xwBEx  (NO)

RESULTS: Large tear (2") on exit - exit may have been slightly better
than first shot despite greater fuel head and no support. Exit leak described
as medium heavy running seep. Upon teardown the exit was measured - 2-1/2"
long and sealant was oozing on both inside and outside of panel.

GOPY AVAILABLE T0 DOC DOES
PERMIT FULLY LEGIZLE Fﬂﬂﬂiiclmr

Ty

A




AFML-TR-75-22

APPENDIX B (continued)
TEST SHEET

sHoT NuMseR 3 (three) DA 5 April 1973

FUEL TEMPERATURE LO°F L19F

THREAT .50 Cal AP! M8 (straight-in/non—functioned)

CONF IGURATION +063, 2024 T3 Alum/backboard/150# self-seal ent and exit

sun Lotaiien 38 feet

HIT LOCATION - ENTRANCE 25.5" up - 18" across --- 5' below fuel surface

HiT LOCATION - EXAT 25.5" up - 14,5" across --- 51 pelow fuel surface

EYTLRNAL FIRE KR (.%0)

4
FNTRANGE SIAL AT iMPACT

IMPACT XXEBX (ND )

TRANCE STAL A ! (YES) xKlx

EXLT SEAL AT 2 MINUIRS (ves) x¥Rx  Damp seal

RITULYS Mo AP| activation noticed, very slight leakage at impact
on ex1t, damp seal at exit at 2 minutes. 3.5" vertical tear on
backing board at exit. No fuel leakage from test specimen (dry
floor). Upon teardown it was noticed that ex1t was cored slightly.

gois WOt
py WALSE D 10 D0 onierion

pERNT UL
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APPENDIX 8 (continued)
TEST SHEET

SHOT NUMBER 4 (four) DATE 5 April 1973

FUEL TEMPERATURE Loor

THREAT .50 Cal AP{ MB (straight-in/non-functioned)

CONF iGURATION Alum sheet/back board/150# ent and exit

GUN LOGCATION 38 feet

HiT LOGATION - ENTRANCE 24.5" up - 14" across --- 6" below fuel surface

HIT LOCATION - EXIT 25" up - 22" across =--- 5.5'" below fuel surface

EXTERNAL FIRE  x¥ESix (NO)

ENTRANCE SEAL AT IMPACT (YES) MX  Oamp seal

EXIT SEAL AT IMPACT xXE8x (ND)

ENTRANCE SEAL AT 2 MIN (YES) X RHIx X

EXIT SEAL AT 2 MINUTES  x¥ESx (10)

RETULTS: |Impact loosened exit seal of shot #3 so fuel was leaking
profusely, also leakage from bottom of panels. Exit impacted at
crossbar but did not break it. Upon teardown there was not ooozing
from wound. NOTE PIECE OF JACKET FOUND ON INSIDE OF EXIT WOUND,
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APPENDIX B {continued) ‘
TEST SHEET s

; SHAT HUMBER 5 (five) DATE 5 April 1973

Pre

8 T FUEL TEMPERATURE 4o°F 04T 419F

‘ THREAT 50 Cal APM2 (straight-in) g

CONFIGURATION Alum sheet/back board/150# ent and exit

sUn LOcaTIon 38 feet : :

20" up - 21" across --- approx 6'' below fuel

HIT LOCATION - ENTRANCE curface

19.5" up - 9" across --- approx 6.5'" below fuel
so—— surface

i 1T LOCATION - EXIT

EXTERMAL FIRE XE%x (No)

i ENTRANCE SEAL AT IMPACT (YES) W

EXIT SEAL AT IMPACT XX EEx x ( KO)

INTRANCE SEAL AT 2 MIN (ves) X X

EX)IT SEAL AT 2 MINUTES IXESx (n0)

RESULTS: Medium heavy seep. Believed exit may have sealed after
7th shot however upon teardown there was no oozing observed at the
exit wound.
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APPENDIX B (continued)
TEST SHEET

SHOT NUMBER 6(six) 5 April 1973

o o
FUEL TEMPERATURE O g

ThREAT +50 Cal Ball M2 (straight-in)

CONF!GURATION Alum sheet/back board/150# ent and exit

GUN LGCATIGH 38 feet

HIT LOCATION - ZHTRANCE 16" up - 20" across --- approx 9" below fuel
surface

HIT LOCATION  ExiT 14" up - 11" across --- approx 11' below fuel
surface

ATERNAL FIRE XWX (1)

ENTRANCE SCAL AT IMPACT XKEKXX (i49)

EXIT 3EAL AT IMPACT XK (NC)

ENTRANCE SEAL AT 2 MIN Xk X (wo)

EXIT SEAL AT 2 MINUTES XX ( NO)

REIULTS:  Cross-bar snapped at exit medium heavy seep at entrance
and medium stream at exit at 2 minutes., Backing board indicated

+ shape wound and it was theorized that the cell wall had misaligned
at exit. Upon teardown there was no sealant oozing from the wound
and wound was slightly cored.
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APPENDIX B (continued)

TEST SHEET
sHoT numaeR 7 (seven) gate. 5 fer ik 4973
FUEL TEMPERATURE 40°F 04T HI0F

THREAT +50 Cal API M8 (straight-in/functioned)

Tl el

CONF IGURATION Alum sheet/back board/150# self-seal ent and exit
; . 5024-13 alum and 15 pp? Foam Th cavity

GUN LOCATION

§ 38 Feet

i { HiT LOCATION - ENTRANCE 13" up - 12" across --- est 10" below fuel
; surface
? HIT LOCATION - EXIiT 16" up - 21" across --- est 7" below fuel surface

1

H EATERRAL FIRE vexx  ( NO)
B

‘ ENTRANCE SEAL AT IMPACT WEEX (o)

EXIT SEAL AT IMPACT XXX (NO)

ENTRANCE SEAL AT 2 MIN  xxX¥f&x (o)

—_——

EXIT SEAL AT 2 MINUTES XHEKX (no)

Medium heavy seep entrance and exit at 2 minutes. Both
lowing at 6 minutes. At about 15 minutes
d exit sealed. There was some slight
functioning based upon

RESULTS:
entrance and exit were s
after shot both entrance an
oozing upon teardown. There was a poar API

soot in foam.

TR T YT TR DA T
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APPENDIX B (continued)
TEST SHEET
8 (eight) cAte 10 April 1973

FUEL TEMPERATURE 37°F 39°F

THREAT 50 Cal APM2 (straight~in)

A

Alum sheet/backboard/120# self-seal en

t and exit

COGNFIGURATION ==

LOZATION 38 feet

W17 LOCATION - ENTRANGE 24 up - 20' across --- approx 5'' below fuel
. surface

CATION - EXIT 21-1/2" up - 11-1/2" across --- approx 7.5" below
T fuel surface

R NO

IHTRANCE SEAL AT IMPACT KEE X NG

EX1T SEAL AT IMPACT XX

HO

WK NO

WESULTS: L-shaped tear in backing board at exit medium seep
entrance and medium heavy seep at exit at 2 minutes. Entrance

was slowing considerablyjtore cross bar at exit.
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APPENDIX B (continued)
© TEST SHEET
] SHET NUMBER 9 (nine) pATE 10 April 1973
|
; = - - o O
_J FUEL TEMPERATURI ___ 37°F 0AT 39°F

TSREAT .50 Cal API ($traight-in/functioned)

CONFIGURETION .090 Function plate, no foam, same as shot 8

4 GUN LOCAT!ON 38 feet

H'T LOOATION - ENTPANCE 23" up - 13" across --- approx 6" below fuel 3
surface [8

MIT LOUATION —.EstT 23" up - 23-1/2" across --- approx 6'' below fuel )*

surface {
1 EXTVERNAL FIRE X6 NO
w ENTRANCE SEAL AT IMPACT XREX NO
! S/1T SEAL AT IAPACT XIK xugx Possible
' ENTRANCE SzAL AT Z 41N pris 38 NG &
EXIT SEAL AT 2 MINUTES  YES Rxx .A
i
i RESULTS: Thin stream at impact at entrance which slowed to g
very heavy seep and no further slowing of seep occurred. This 3
shot affected the first shot and caused it to leak more.

SN AU i 0 R e
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APPENDIX B (continued)

TEST SHEET
oATE 10 April 1973

5407 NUMBER 10 (ten)

3997

FUCL TEMPERATURE 37°F

THREAT .60 Cal Ball

COMFIGURATION Alum sheet/backboard/lzo# sel f-seal ent and exit

GUN LOCATICON 38 feet

surface

HiT LOCATION - ENTRANCE 17" up - 21" across --- approx 10" below fuel

HIT LOCATION - EXiT 21-1/2" - 12" across --- approx 5.5" below fuel
v ) ' surface

EATERNAL FIRE XRKEx

ERTRANCE SEAL AT [MPACT

EXIT SEAL AT IMPACT

ENTRANCE 3EAL AT 2 MIN XRESX

Cx1T SEAL AT 2 MINUTES XREX NO

RESULTS: Medium stream at entrance - '"gusher' at exit. Exit shot
was at same point as first shot. Very severe tearing of both exit
cell wall and exit backing board. Broke retaining chain and cross

bars front and back.
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APPENDIX B (continued)
TEST SHEET

SHOT NUMAER 11 (eleven) DATE 12 April 1973

(o]
FUEL TEMPERATURE LioF i

ThREAT 50 Cal Ball M2 (/Straight-in)

CONFIGuRaTion Alum/back board/120# self-seal ent and exit

GUN LOCATION ___ 38 feet

HIT LGCATION - SNTrANcE 22" up - 13" across --- approx 7.5'" below fuel
TF i i " surface

AT LOCATION - EXIT _22-1/2" up = 19-1/4" across =-- approx 7.0" below
- fuel surface

CATERMAL FIRE bk x

LNTRANCE 3EAL AT iMPACT

EXIT SEAL AT IMPACT

ENTRANCE SEAL AT 2 MIN YES XAUEX
EXIT SEAL AT 2 MIHUTES ROOEX X NO

REZULTS: Very slight seep at entrance which eventually damp
sealed. Heavy stream at exit and bad tear in backing board at exit.
(see below)

back board tear
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APPENDIX B (continued)
TEST SHEET

SHDT NUMBER 12 _(twelve) DEYE 12 April 1973

[o]
FUEL TEMPERATURE  WI°F L9OF

THREAT 50 Cal API M8 (straight-in/functioned)

CONFIGURATION Alum external sheet front/same as shot 11

GuH L0CATION 38 feet

HiT LGCATION - ENTRANCE 21=1/2" up - 20-3/4" across --- approx 7-1/h
below fuel surface

HIT LOCATION - ExiT 23-1/2"fup = 17" across ---approx 5-1/4" below fuel
’ ’ surface

EXTERNAL FIRE XKF S
ENTRANCE SEAL AT IMPACT

EXIT SEAL AT TMPACT

ENTRANCE SEAL

KT SZAL AT 2 MINUTES XREXX

REZULTS: Exit occurved in close proximity to shot #l1ja heavy
stream resul ted from both shot #11 and Shot #12 exits. Very
slight seep at entrance which eventually damp sealed.

back board tear
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WUMBEK

APPENDIX B (concluded)
TEST SHEET

13 (thirteen) DATE 12 April 1973

TEMPERAIURE ¥ L9OF

THREAT .20

mm TP

CONFIGURATS

GUN LOCATIE

HiT LOCATION

HIT LOLATICH

L]

EXTERNAL FIR

oW Alum/back board/120# self-seal ent and exit

N 38 feet

ENTRANCE 12" up - 23" across --- approx 12.5" below fuel
surface

11-1/4" up - 8" across --- approx 13.25" below fuel
T surface

i xX& XX

ENTRAMCE SEAL AT HMPACT

SEAL AT

ENTRANCE SEA

SEAL AT

{MPACT

LOAT 2 MR ¥ WO

L MINUTES 3.3 NG

Heavy gushing leak at entrance, medium heavy stream
at exit. Approx 1'" diameter hole at entrance - entrance shot

hit cross-bar

and removed portion of cross bar into wound. Exit

hit cavity metal and bent it.
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