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D PrIerit~o U

STUMD OF IGNITION OF GASOLINE BY STATICALLY

UONATID 5' DAT IA AZU ROMT EADS (U)

TENTH IMPOR? ON PROJECT T13-12243

ARM TEST MPORT AD-1216

PTES OF TSTs 2 December 1954 Through 28 July 1955

To iuweatigate the ignition of gasoline behind various thicknesses of
armr plate bySee. IAT. N2SAIA rooket beads.

1dr utiveoo 5.5' ]KATE NSA2, rocket beads were detonated against gasoline
beAd bthoe different thicknesses of armor plate. The frequenoy of fires for the
two tUer mir plates (5/4 an 3") was 100%s for the third and thicker (9")
84%. One round was det.eted against gasoline to obtain fastax film data.

CONCLUSION

Geoline is readily ignited by the 156 BAT, N1SA2, rocket bead eves when
it is proteted by amtr up to nine inobes thick.

N30O11111MITION

An intensive pregr0u should be Initiated to investigate various nsn Ot
suppressing ful ftires in areored vehieles subjected to BAT attaek.

R3(TADINO DATA CANNOT BE PRRDBTMWIND
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1. This test was devised to ompare the rrequeney or ignition of
diesel fuel eWd of gasoline when each fuel was attacked by 3.5' 128*2 BUT?
r00ket heads, In previous tests the diesel fuel had been attacked under **leaum
0014Muitiua. Accordingly, the gasoline in this test was attacked under 'clean
80enditiftf. A 'clean condition is one in which ther" is no oil soaked dirt,
wobea or other wisk-like material in the vicinity of the target fuel eam. A
wiek-like mterial increases the probability of a fire by increasing the surface
area of the fluid se that it is nore readily ignited.

to Few tes% conditions were initially planned. The variable in
the omiteas was the thickness of armor plate to be fired through. ?be four
test thikesses were 3/4", 2'% 5.1' and 91% charges were detomated agaimist
th thiekest and thinnest plates first. This was done to determine whether or not
the other twe thieknesses need be fired. A very high frequency ot fires for both
the 5/" a" 6' armor plates was assumed to indicate a *till2arlV, high freqveney
of fire for the Intermediate thicknesss

So In addition to the above test conditions, Fastax film of a 3.5'
NUT? rooket head Jet entering and leaving a fuel can were obtained. Representative
filu strips and a discussion will be found in Appendix Do

WMq FMU1

As ter gasoline used in this program wes winter grade of 85-60 oeteam rating,

So The sontainers for the gasoline were discarded propellant as, (t,
Steel, 12# See 16 US Standasd gauge, Dorg. No. 76-4-53). The liquid asiyo
theso oes is approuimately 16 gallons. Each can when attacked was 7T~k full.
A total ef approximately 540 gallons of gasoline was usoe.

C. German Tiger tank Mulls and prototype fuel compartments fabrieatod
lesly (So* fel eemparmnt drawing in Appendix C), were used as fuel target
holders and armar preteeticae

V. Thirty-five, 3.5" NAT, W12., rocket heads, Lot 001-4-95 were detonated.
The hwead were boostored with tetryl pellets and initiated electrically by urans
of Catpe of Ingiasers Speeial Blasting Caps.

N. Cammr-iftaz (10,000 frsume/s*0)

l. For this test, five Germs Tiger Tank bills which were fired ft In
a previous teato bWt still bad enough Laor surface for use in this test were avail-
able for use as targets. the hulls were especially suited for the test in that ns
izberior eampsmts bad been Installed and the Interiors were readily aeseesible
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for the Installation and removal of the fuel containers. The bull* also provided
amor of 25= thickuness at 800 obliquity. This combination provided an effective

thickness of 9.1'0 when the rooket heads were detoniated parallel to the ground.

2. Puel container* used were discarded propellant cans, which were
available in suitable quantity* noe containers were filled to 7/%ths capaoity
and were placed in the hull against the hull side or upper front plate. (se
APO Photographs 35603 through B5605, Appendix g.) The containers were hold in
place b~y a single back-up plate of i/Se armor steel and were braced, with agle
iron# or setioma of pipe.

S. In the 50 phase of this teat# the prototype fuel comartment was
used. The froft plate of the prototype is 31 thick sloped at 20from the vertieale
Par safety reasons, these compartmsents were placed inside the Tiger Tank gulls.
All rocket heads were detonated with the prototypes In this petition, The posi.
tioning and braoing of the target fuel cans was the same as in the 91 armor phase.
A d2%Ijqu of the prototype will be found In Appendix C.

4. Per the 3/41 armor phase of this test, the side armor ef the Tiger
Tank ftlls wasn modified. The modification consisted of a inaagwr hole or
w2dW out In the side armor of the tiger tank hull, and angle Iran brackets
welded at the sides of this window. This mekee It easy to use variousaltios of
aer plate as protection for the fuel cell. So the fuel cell in this phase

was senbwiohed beheeen. a 3/40 face plate and a 3/8' back-up plate. The face plate
was wefted in the angle iron brackets with pieces of pipe and other metal objects.
The fuel eell and the back-up-plate were braced in the usual mnnre

8. 'The rocket heads were mounted on woodez holders, parallel to the
ground, and aimed at the eenter of the target can. Initiation was aooomplished
with tetryl pellet boosters and. Corpwof Engineoe Special Blasting caps.

go 'the fuel temperatures were measured with a mercury In glass hand
thermamtero Ambient temperatures were obtained from meteorological records.
'thsea temperatures along witb a description of can damage record of fires, date
of fire, and arx*= thicknesses In each instance are f~oQ~ in table I. Appendix B.

T. Descriptions of the conditions for fastex film data and of the
results are fond in Appendix Do.

I* The fire frequency Or the 3/4' armor thickness phse was eleven.
fires in elevin t*se Par the 9' armor thickness phase, it was toelve in foer-
th In am ease In which fire did not occur, (through the 9' armor) the jet
iH net 63Mt from the oa and In the ether ease, ice was found in the can after

the 'eoket head Wa been fired. One additional rocket head failed to penetrate
the 90 nmer eapletelyo Wei charge was discounted as a test round.

g. One of the prototype somartmnts was liquid tight, and held the
gasoline Inside after the jet had penetrated and dislodged the target sang All
of the fires in this compartment were confined to the compartment. The flames
still amme threugh the tolp grille, bawevoe.
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3. The other prototype compartment was not liquid tight. Consequently
it was engulfed in flames because of the leaking of the gasoline to the floor of
the tiger hull.

IV CONCLUSIONS

Gasoline is readily ignited by 3.5" HAT M28A2 Rocket Heads under the con-
ditions of this test program, that iss

A. In cold weather.

B. Under clean conditions.

C. When protected by steel armor up to 9 inches thick.

V ICOMNDATION

An intensive program should be initiated to investigate various means of
suppressing fuel fires in armored vehicles subjected to ballistic attack.

-. So BUCZAIL

APR& Ordnance Engineer
APPROVED,

sA stant Director for Chief, Terminal
ineering Testing Ballistics Division

Dev. & Proof Services
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APPENDICES

APPENDIX A - Correspondenoe.

APPENDIX B - Round-By-Round Data - Table I.

APPENDIX C - Drawings Prototype Fuel Compartment.

APPENDIX D - Fastax Film Data and Discussion.

APPENDIX E - Photographs.
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APPENDIX A

Corresponidence

CONFIDENTIAL



C 0 P YAt I

TMi i Chief, Weapon Systems Laboratory G.Boiohlor/ah/24271
Direcbor, Development and Proof Services 16 November 1954

Director, Ballistic Researoh Laboratories

Vulnerability of Gasoline to Vs M1282 3.5 Inch B T Round

1. There exists in the study, of tank vulnerability a necessity to compare
the vulnerability of gasoline (86/86 octane) to diesel fuel. To acoomplish
this a test procedure ocoparablo to that reported in D&PSI forthooming report,
AD 1188, is necessary substituting gasoline in place of diesel fuel. It is
desired that the follwing test be oonducteds

so Attacking Projectile - 3.5 inch 128*2 EKAT projectiles
statically fired.

b. Target - 16 gallon gasoline filled powder can placed
behind the armor of clean German Tiger Tanks
as shown In Figure 1.

e. Conditions - All rounds are to enter the powder cans at
the sans fuel level.

Figure 1

Back Plate
Armor Powder can

3.5 MAT Metal Support Bar
Round

German Tiger Hull

2, Table I lists the proposed firi gs

Table 1

NM~dr Armor Fuel
of Buds Thickness Obliguit Location of ound Level

10 9.1" go Below Fuel Level 7/8 Fl
10 3.10 20 U S U
10 -.0' 0 ' ' ' U
10 3/4" 0 1 • U S U

All rounds will be furnished by the Tank Effectiveness Branch, WSL, BEL*



$VJCTs Yulnerability of Gasoline to the M28A2 5 Inch BU*T Round
16 November 19"

3, Complete phetographic retards of the danago after each round plus
Pautex wring pieqres of a few rounds are dosired. Other data of primary
inter#@ ooaist of the olassification of first, i.e.,

a. So fire
b. gromnd fire
o. all fire

do ordisaxy fire

as olassifiod in AD 1188. It it desired that this data dang with all ethr
pVetinet data on the effeetiveness of individual round@ be forwarded to ...s
Tank Vulutrability Sectie as it is oolloted.

4. Oesiomal usetim, are desired betowen DP eJ6nd BEL ropr esentatives
to A ouse problems that arise during the flria.gs Necessary obangos to hm
flrl" proeedures may be mde with the appreval of both DNS and BIL reprosenta
tivs.

5. This program Is olassified IA and is to be oonducted under Projeot
?3312243, Wbrk Order Niser 962-003-00. All data pertaining to the results
are to be olassifled 'COIIDNTIAL,.

w. B. R3FMRT
her, Ord Corps
Assistant to Director

Ballistic Research Laboratories



CONFIDENTIAL

APPENDIX B

Round-Dy-Round Data -Table I
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APPEN~DIX C

Drawingsz Prototype Fuel Compartment
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APPENDIX D

Fastax Fila Data anid Disussoion
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tTf r
7ASM~fl TJL AND DISCUSSION

3*5' BAT Rocket Head vs Gasoline

The rocket head was aimed parallel to the ground at an unproteoted fuel
container sawe 15 feet away, The fuel container wasn placed an top of a 50 tal.
drum and a 3V piece of armor plate. This arrangement brought the center of the
container just even with the rocket head position* Ten feet behind the fuel
container a white backdrop of oelotex was nailed to stakes in the ground* The
oamera was placed 55 feet from the side opposite the white celotex backdrop.
It was synchronized to start by the same electric impulse that detonated the
rocket bead*

The rocket head was detonated from the inside of a nearby Tiger tank
hull. This was done to protect the camera and other equipment from rocket
head fragments.

APO Photograph B10140 is the positive print of a 3 strip portion of the
Fastax film* The jet of the shaped charge was traveling at approximately
17000 ft/sec. The can with fluid inside slowed the jet to 5000 ft/s... A
large flash on the front of the fuel container resulted when the jet hit the
eontainero This flash continued for quite, a length of time (about .00065 see)
until- masked by the burning gasoline vapors and fluid that exited through the
jet entrance hole. The container began to bulge as the jet exited from the
containoe This bulging ecotinued and reached Its uxdin in about 56
milliseconds. The relaxing of this bulge conincided with a loss of liquid and
vapor through the entrancie and exit holes. Fire resulted on the front of the
can. In the final strip of film (ANG Photo 310140) the fuel oobtainer is
enveloped by fire (flame or flash) from the front kud by smoke fromt the rear*
For a comparison with similar photographs of M.5 MRAT against diesel fuel*
and water, see ANG Report AD-1188, Photographs A92195 and A92192.
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B10140 C0NFIEENTIAL ABERDEEN PROVING GROUND 4May 11955
Project No. TB3-1224B. Rocket Heads,. 3.5", HEAT, versusGslne

Round One. Positive prints of high speed motion picture strips
(10 -frames - 1 millisecond). Container 15' from armor and HEAT
Round. LEFT: Note flash of impacting jet in fourth frame, exit

-of jet along with flash in bottom frame, CENTER: Flashin'g con-
---ti-nues-in-top--two -framen- - ttrget can -beginE --to-buige-n--bottoM
frames * RIGHTs This s trip s hows beginning of fire on front side



CONFIDENTIAL

C TIA

AhtZgphss APG Iumbers B50O3 - BUo (in*.)
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B5603- Co~q'IIENTIAL ~ BRENPROVING GROUND 10 January 1955
IProject No. T133-1224B. Vulnerability of Gasoline to 3.5" HEAT.

Frontar- sl6p-e, No. 3 tiger hull, showing round-in-place on wooden
fram. Tp ofga'line can show~ing through mnachine gU~n port.

Gasoline can behind 9"1 of plate at obliquity used.
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B5604 CONFIDENTIAL ABERDEEN PROVING GROUND10anry95

Project No. TB3-l224B. Vulnerability ofl Gasoline to 3.51! HEAT.
Inside back ofl frontal slope oflNo., 3 tiger' hull;' showing. gasblin e

----a n- h--i'f-i-n-p laoe* -by -ba ck-up - p lat a. 4nd-ppe-brac The, can is
:'used 105 lb'. powder can.
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B5605 CONFIDENTIAL ABE=RDEEFN PROVING GROUND .10,January 1955
Project No. TB3-1224B. Vulnerabil~ity of~ Gasoline to 3.5" HEAT.

Back of left side of No. 2 tiger hull showing gasoline can in place,
-- -b-ehind3/A2 plate. NOTE;. Brackets on endoi of can are us-ed to, hold

-various. sizes of' armor plate*
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Prjc No (-2'B unrblt -fGsln o35 ET
-- iL u~bhw fir inioe3toe ul.--F-e-na ne ul,

- ter~ ~ 'ir str
Photograph~ watknaot 0iAue


