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SECTION I

IMPACT FLASH TESTS

1. INTRODUCTION

The purpose of this teat was to determine whether 0. 125 in. Al or 0.250
in. Al produced the largest exit side flash (worse case ignition source) from
" fragment impact. Both material gages represent actual thicknesses of
aluminum that a fragment might penetrate before entering the fuel tank. The
thickness selected would be used as the front and back panels on the follow-
on foam configuration tests.

- a, DESCRIPTION OF TEST ITZEM

Two test panels, one 0.125 in, 2024-T3 and one 0.250 in. 202473 aluminumx
were each backed with a slab of 22-23 ppl red reticulated foam. The foam was
glued to the aluminum panels so as to leave a 10 in. x 10 in. unglued area to
duplicate foam restraints within the test tank. See Figure 1.

3. 'TEST SEIUP AND PROCEDURES

The test panels were mounted in the vertical position with the foam
facing away from the gun. A 500 frame/sec camera was placed to view the foam
from a side view. An opaque sHield was placed around the panel to keep the
camera from viewing the impact flash from the front side of the panel.

The projectiles fired were two simultaneous, sabot-launched, 130 gram
fragments which impact the panel at 0° obliquity with 6~8 in. of separation
between fragment impact points. Aim point was the center of the 10 in. x
10 in. unglued area. The fragment size and velocity were selected to simulate
typical missile warhead fraguents.

L, RESULTS
The flash from the 0.125 in. panel was very large compared with that from
the 0,250 in. panel. The results are shown by the photographs of Figures 6

and 7. The flash from the 0.125 in. aluminum extended 2 1/2 - 3 ft.
Fragment velocity for both shots was above 5000 fps.

5. CONCLUSION

The 0.125 in. panel was selected for use in the foam configuration tests.




SECTION II

FOAM CONFIGURATION GUNFIRE TESTS

1. TINTRODUCTION

In an effort to better optimize the explosion suppression foam in the
F-15's No. 1 fuselage fuel tanks, MCAIR has proposed a higher voiding con=
figuration than that currently specified. The proposed MCAIR configuration

allows for approximately 50.2% volding.: o

The purpose of the foam is to provide protection against fuel vapor
explosion overpressures caused by externsl threats. Trom the F-15 Fuel Sub-
system Design Analysis Report, MDC A0372, Vol 2, it 1u determined that the
structural strength limitation of the No. 1 tank, under low flight loading,
is 15 psig overpressure. A successful foam configuration should ensure that
the maximum peak overpressure resulting from fuel vapor explosions remain less
than 15 psig.

The purpose of the test is to determine whether the 50% voiding foam con-
figuration, proposed by MCAIR for the No. 1 fuselage fuel tank, can suppress
fuel vapor explosions to maximum peak overpreéssures less than 15 psig.

2. DESCRIPTION OF TEST ITEM

. The basic tank was made by clamping together the two AFFDL tank wall
simulator (TWS) tanks. PFront and rear panels were 0.125 in. 2024~T7 aluminum
clamped to the ends of the basic tanks. For the .50 cal API shot an addi-
tional 0.125 in. plate was secured to the impact point to form a total skin
thickness of 0.250 in. to completely strip the incendiary jacket. Rigid
styrcofoam was placed along the four corners where the tank walls Joined to
cover protruding bolts and provide a smooth surface to butt against the foam.
A representative bladder was secured to the rear panel. Thermocouples and
pressure transducer ports were located under the foam next to the tank wall.
Bomb sample ports and fill lines were instelled on top at each end and a
drain/vacuum line on the bottom of the tank. The tank configuration is shown
by Figures 2, 3 and 4. Characteristics of the proposed F~15 No. 1 tank and
of the test fixture are summarized in Table 1.

3., TEST SETUP

Parts of the test setup consisted of the test tenk, gun, charging system
and instrumentation. For the fragment shots, the gun was positioned and
loaded so the two fragments would enter the voids to the left and right of
the aim point. Impact obliquity was T° from the perpendicular. For the .50
cal API the aim point was the center void at 0° obliquity. All shots were in
the horizontal plane. The propane charging system contained a compressed
propane bottle, compressed air bottle, mixing bottle, vacuum pump, necessary
piping and pressure/vacuum gauges. Instrumentation consists of thermocouples
pressure transducers and recorder. The test setup is shown by the photograph
of Figure 8. The test was setup to achieve a worse case situation as follows




a. Two thicknesaes of aluminum were available for fabricating the front
and rear panels. The previous impact flash tests showed that 0.125 in. Al
created a larger exit side flash than 0. 250 Al and therefore was used for
conatructing the panels.

b. Bladcer material was not used on the backside of the entrance panel 1lo
.avoid poasible flash suppression. : :

Void sizes in the test tank were ‘on the average larger than"in the
actual tank. .

, d. Tne aim point was selected so thet fragment shots would penetrate
adjacent voids creating dual explosions.

‘'e. For the fragment shots an impact obliquity of 7° was used 8so that the
fragments would cut across as manj voids as possible.

b, PROCEDURE

The test tank was filled with JP-5 to wet the foam and then drained. A
vacuum of 27 inches Hg was drawn on the test tank and mixing bottle. The
mixing bottle was pressurized with the proper amounts of propene and air to
~achieve & 5% mixture. The test tank was then charged from the mixing bottle
to a slight overpressure and bomb samples taken from both ends of the tank..
Gunfire commenced when both bomb samples were over 70 psig. Pressures,
temperatures and projectiles velocity were recorded.

5. DIBCUSSION OF TEST RESULTS

The pressure and tempersture traces recorded during the tests are plotted
on Figure 5. The peak pressures and temperatures are given in Table 2.

Shot 1

Ingpection of the foum after shot 1 showed evidence of burning in 79 of
the 90 voids. Complete burnthrough occurred only in the 1 3/8" foam next to
the rear panel where the fragments exited the tank. PS5 was hit by a fragment
and therefore showed no trace. Pressure rises remained within the established
criteria. Photographs of shot 1 are shown by Figures 9 through 16.

Shot, 2

Examination of data showed no pressure or temperature rises. Inspection
of the foam showed no evidence of burning. Bomb samples were acceptable from
both ends of the tank. The fragments remained close together and traveled
through the same voids. Cherring occurred where the hot fragments cut through
the foam. The propane~air mixture may not have been close enough to
stociometric to permit ignition by the impact flash. Previous gunfire testing
with fragments by AFAPL tend Lo substantiate the belief that ignition of fuel
vapor by fragment impact flash is extremely sensitive to obtaining the proper
stociometric mixture. This test failed to function properly. Figure 17
is a photograph of the first solid and voided foam blocks.
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Shot 3 r

The .50 cal API projectile caused burning in just the first center void.
Only Tl showed a temperature rise which was 81°F. There were no pressure
rises. Burning was completely constrained to this one void. Figure 18 is
& photograph of the first tier voids. -

6. CONCLUSION

‘ The results from shots 1 and 3 show that the measured pressures did not
exceed the design limits of the No. 1 fuel tank. Extrapolating the 43.53%
véiding in the test tank to the proposed 50.2% in the actual tank leads to an
analytical prediction that the peak pressure recorded (4.86 psig) would have
gone to. 5.1 psig in the 50.2% configuration. It is probable that higher
pressures occurred at other tank wall locations, but these pressures would
not be expected to exceed the 15 psig criteria. Even though the statistical
_base is very low, the results of this testing gives confidence that the.
proposed voiding concept is acceptable for the No. 1 fugl tank.

§ n
E
!




NSRS EEE TS

wsd €T

4

SI9UT]
yuey Tond 3TX¥ 3sursdy £TUO

0006 /OET/syueudeiy

19215 20qeS OAML 3 1dV T®2 0§°
AN

¢-4are

susdoag

3ZTS PIOA
4 6X,,0TX, 0T TSUTHON = a381) 321

. sweyjaanhtod Py
£6°gn/8s-20¢c
Ly 16/98° N1z

Te3 wq°LTY

JYNLXTI LSIL

srsd T°0T = 3 000°0T
vrsd 2°¢T = ("1°S) 9S®D 1SJIOM

1sd ¢ + 9PNITITY 38 3J0SSAd4

s15uT] WUBL ToNJ 3TXd pue Kijug Isuredy

adodoy FUTAITSS®T) PTOAY 03 PII3THO

€€1” - 910°
n—dr

n—dr

GX, 0TX,,0T > s2zTs PTOA #3210 337
susgjaaniiod PaY

os/en-T1ee

06/En" 122

Te8 99 2hh

1 ‘ON ST—d4 GES0d0oud

SNOILYMNDIANOD JNVL TaNd

1 T19VL

aanssaig Wus] TeUIjUI TETITUL

(ssyout) SPIOA
usoAlUq SSOUNITYJ Weod WNHIUTHW
ZoppeTd SYUBL Tond JO UOTIBIOT

Ammm\mnmduw\ - ) T®A qoeduy
/ssel #elj Bay/oCL] y83IY4]

(seqout) 7e3I4l £q pagouduy
Jsup] Yuel TV JO SSOWTWL

weod 319M 03 TN

Jodap BOTISNQEOD

uor18InITIUC) WeoH
weog Jo 2441
(%/T®3) TOA PTIOA
($/7e9) Toa Weod

(TeD) dumioA

DI1STSAIOVHVHD




B e A A AL I R »33;5.!!7*1‘...‘.;

‘ . . a7dmes quwoq P338ITPUT 33
nuwuwuwuoonmvovdemmmuma mnoﬂuwpgﬂmﬁ.ma.wwmmowmkropm mdmﬁmmwm#wwmuuouwvmsmumb m.tmﬁmup.whit

i 1 papaoday - 81sd 0°gg DapPI0d9Y Idv 0
5 doTg =% Suoy 91sd 2718 10N T®D 05°-T € JOHS
PapIoIdY _ PIPIOIIY ftsd G 9i PIPIOIIY squaadeay
JuoR - oUOoH. 81sd £°69 0N aread QET-C 2 JOHS
S
dotic I:u.
: homa lma
; 4058 —od ‘ . _
: .mommwlw.n.w 31sd ¢9°T Mm grsd %9« squamBex]
d 40656 & S1sd 98— d 3rsd n°98 sdy 026¢ uresd 0£T-2 T IOHS
s9sS1y momwn 63T X100 1834,
amgeaadmog, ~ 3anssaig quog a11393f0ag
8 Xvad
S4TNSdY ISAL
¢ THVL

T G A R 1 AR TR T




L
et SR T T L RETHR T 0 e tamet g e Rt e e [ . " PR - Cee s e e e 0 e TR S St i T T 1 M S ot 1 g, ) hﬂ
| . =

MITA IROE4

K w2 —3)

PITIA 3ATIS

E | : :
= 1 {lwr osz- 3 cer-
g | | tdm4e02 SINTOd

JOVANI

1 IOHS 40 EOIIOFNIA

i

WeoJ Pa33uvINITIAI
pax 1dd yg-g2

Sithit? T T O L Y AR F R EA S

ERTTTRIVE 7104
4

9/ TN | dTyiS I
:

TINVd ISHL HSVId LOVIWI

BRI e

T J4NOTA




T e et et S R I oy TIPS

iy e et

. Wr _ LIE ‘ x _
} ,EE\_E»E: .
|||||||| - - N
A T | ™N
: b |
_ ,_P | b !
L% 4 3 b1
i i o i e
+ I mﬁaﬁm S °1 %1
"aq " “ "._.q | <+“.€\Hmm ©
S i 1
WBI/T T T _ i | _ ]
, nlx R _.ln.“u“ulL b
i © oy
“...llll_. nlll.o_llm | 0T T
L 1ol 1 |
| Pl I I |l
_ i 13 I |
b | 1ol r |
AlllllL »lllwoullL _ —___ 4
m - .H.HHh %H<\ gmommp TIINVS 9M0d S\mzﬁmomm : tm&é WNNOVA/TINSSTEd O

MITA INOYA - NOILVHMRDIJANOD JNVI ISAL

g . : 2 UNOIL




" e T R A g

fe—— — WIS 2L —

3E\E<mqj o : l
- P N N R A T O T B
i j b I o P t g “ l o b | “ ”
1 : Fo I { | L 1
. T R N T | _
H . ! i R e '
4 _ L T I e T T T |
W YL [ I S T-H S S S SN N TSN B RN B SURR
4 T T S T ™ T T O T T O R I R
4 3l | b R 1o b v _
, dq 28/t H~ | I [ I O | 1 i t 1o 'y bo,8/€ T
le— i p i v { P vt T ! | P — —
J ! _ { | _dnm | [T [ |I.J _‘IIEN_ 1 11>+ o
[ It L 1 Iy ] ! I ' i [ [ 2 ) A
L 11 EE it X ! Pt h. |} i1 je! d &
S - - ed e o2 L—-d LY o el T T
feog ]
B T e Bt = e _ll..l. d i
1 e L [ [ ! 1 ! 1ot
R et
4 i i .
_ "u" P o g | 4 _‘ 1 _ o b o “ ; 12
poaer g | 1 ! | ! P! - by Iy L "m" | .
A " s P ¢! b ;! Pt by R
FRGCE N S S B TN S IR N I SR N SR S L R SO N WL |
: q , + v I
TIId YIV ) SIADVO MB € q TIId HIV/ENYI0Ud A
/38vd0cud ,8/T T JENSSTUA/WANOVA O TIIWVS TWOR
HAqavid S 9RO4 .

| MATA FAIS - NOILVHNOTANOD JNVLI ISHAL

£ FTUNOTL

i A e B i

.
X
.
.
;
.

B T NS




, e . -, e e m e e e e — o——— R i
: ) } TR ) 1 11 (I 1
! | M I by o (I “ | " I “ | “.H.T”h mH<"
Sy | LI i i {
" ! { b { “ o “ . I ! " ! | JNV0ud | ;
( : - o oy b Iy - 1o
] b ) b | b | b v “
USRS (O SO T UL SN N BN NONRONE IR A ICUUON SN SO
. e e e e e e et e I
e e e e e e N
, (R by i | Pt T
I mzomu ! “ “ | I _ “ 1 I R S i i 1 >°q
S I O | | i ! i1 P U " T | ! | L © =t
B R A T S R I S I T
! ! !
e | I O S S T ST I R N SR N S -
A | e T TR A T T T T T
: 11 [ i [ (I ' |
m , “ ‘ “ “ Vg o { |.SEOV b " “ " _ i “ “
w_‘ ! o P _s“ _mmbmmmmms_ [ " “ Lo C " _ i 1625
ard | b P ) I ! b o 1 |
d : ! | o t ! H 1 ) c
: Joud ! I ! ' p ! i i b +°1
W gt S S S S-S NS SONUUUEY S SONUL N RPN S DU Y SO B S
m HaavIs .
MATA dOL - NOIIVUNOIANOD JNVI ISEL M
| T JENOT4 M
|
1
N b ‘e '
g mide e 20 miae o B i A ‘.,‘Lw.,,,.,,.,..\f\f\,..,fu(f o A L ,.(,Z.,ﬁ,.r,:.a.l.ffnflk




;.
3

r
b
4
;
;1
nvm
<
- :
1
&
!
]

= F == H
=Tk .. o e e e =
1
=
—
ba -~ -
3
—
——
+
:
T
: $ -Il
3
—F - 1
t
1
== “nrm -
I - -
= : o
— 5
:
=
—
e =
oo *
T
2
t
- T
= . - < b 8
0TI = T 1 >
-+ b P e : -+
S4 IVIAIWEL/TINSSEIYd - & TNo1g .
: =t Tt -1 -
s e et e ey PR by Y
‘v "§ "N NI 3GYN BILINITIIN
‘03 N3IBZ4i3i0 3IN3ION3 didvd HAVNT NI82131Q W-NBOFE TN
2 e e o il
b f e . N C ol D - - B
‘. T e i o A A A R G i SIS S 2w -




B T e ey T T £ T T TR YT STy T e o e -

'Figure 6
Flash from 0.125 in. panel




Figure 7
Flash trom 0.250 in. panel
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Figure 8

Test, Setup
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Flgure 13 Shot

Back View of Seventh Solid Foam Block
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Figure 1l Shot 1

Front View of Seventh Voided Foam Block
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Jhot

Tenth Volaed Foam B'oe
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Figure 16 Thot 1

Front View of Eleventh 3olid Foam Block
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