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ABSTRACT

Tests were conducted to establish fast cook-off characteristics
of the following guided weapons: (a) SIDEWINDER (AIM-9), (b) WALL-
EYE (MARK 1 MOD 0), (c) SPARROW III (AIM-7), and (d) SHRIKE (AGM-45A).
The type of reaction that occurred, the time to reaction and time-
temperature data were obtained for each guided weapon when engulfed
in fire from burning JP-5 fuel. These data are applicable to the
design of thermal protection systems and the development of safer

fire fighting procedures.
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INTRODUCTION

The major aircraft carrier fires that occurred in recent years
aboard the USS FORRESTAL and the USS ENTERPRISE exposed a deficiency
in the knowledge of hazards associated with flame envelopment of
navy air launched weapons. Reference (a) tasked the Naval Weapons
Laboratory to investigate these hazards by subjecting fleet used
weapons to ,simulated carrier flight deck fires (fust cook-off
tests). Under this task, two tests were conducted on each of the
following:

a. SIDEWMER (AIM-9)
b. WALLEYE (MARK 1 MOD 0)
c. SPARROW III (AIR-7)
d. SHRIKE (AG4-45A)

PURPOSE

Fast cook-off tests were conducted to obtain the time to
reaction, the type of reaction and time-temperature data for
selected air launched weapons. The data were required for the
design of thermal protection systems and the development of safer
fire fighting procedures.

FAST COOK-OFF TEST FACILITIES

The tests were conducted in %he following facilities:

a. Fast cook-off test retainer cage:

Figure 1 is an overall view of the retainer cage. It was
ussd to prevent missile fly-away in the -&vent of a design mode
reaction. The cage had a 30-foot square base and encaged a 20-foot
square test pit. Figure 2 shows the stand used to restrain the
missiles during tests.

b. Fast cook-off test open pit:

Figure 3 is a view of the open pit. It was used to test the
WALLEYE guided weapons which are not designed to react propulsively.
The walls of the pit were barked to a height of approximately eight
feet, and the pit contained a 30-foot square burning surface.
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PHD-o8O2-4-~73 Figure 2 lit December 1972

Stand used to restrain the -.assiles within the retainer cage.
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TEST CONFIGURATION AND PROCEDURES

Previous tests on air launched weapons, reported by-reference (b)

and (c), were conducted with active rocket motors and igniters and

simulated warheads, boosters and safe and arm devices; or with active
warheads, boosters, and safe and arm devices, and simulated rocket
motors and igniters. For these tests, all propulsive and explosive
components of the weapons were active. The weapons were n.ot equipped
with wing and fin assemblies due to difficulty in obtaining these
components. Guidance and control units were simulated when not
available.

The fuel pits were filled with approximately two inches of water
to provide a level surface on which to float the jet aircraft fuel.
The weapons were placed in a horizontal attitude,.36 inches (at the
weapon centerline) above the water surface..

The necessary amount of jet aircraft fuel (JP-5) to ensure an
explosive reaction was supplied to the fuel pit. To facilitate rapid
fuel ignition, gasoline was poured over the fuel surface and thermite
grenades (one placed in each corner of thefuel pit) were electrically
initiated to ignite the fuel.

The tests were designed to provide: (a) Flame engulfment within
30 seconds (time to 1000'F average flame temperature), and (b) an
average flame temperature of at least 1650 0F.

INSTRUMENTATION

The data acquisition system consistd of iron-constantan thermo-
couples, an elw.tronic temperature reference junction and an oscil-
lograph. The system was used to measure the temperature of the

flame environment about the missiles and the temperature of internal
missile components (when possible).

Documentary high speed movie cameras, a video recorder and a
black and white still camera were used on all tests.

RESULTS

Definitions of reactions used in this report are presented in
Appendix A. A listing of the weapons tested and corresponding reaction
times are provided in Appendix B. The detailed data, including time-
temperature histories and pre-test and post-test photographs are
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presented in Appendix C. Test results for each weapon ,tested

were:

SIDEWINDER (AIM-9)

The shortest time to reaction for the SIDEWINDER missiles was
59 seconds. The most severe reaction was a motor explosion.

a. Test No. GM-I: The motor exploded in the vicinity of the aft
hanger, separating the motor at approximately 18 inches from the aft
end. This initial reaction occurred at one minute seven seconds and
was immediately followed by propulsive burning which would have
allowed the missile to thrash about if it had not been restrained.
At two minutes 58 seconds into the test, the warhead deflagrated
through the forward closure. There was no other explosive reaction.

b. Test No. GM-2: The rocket motor deflagrated at 59 seconds
of flame exposure. This initial reaction was immediately followed
by a chuffing action. The warhead and the Safe and arm device were
thrown off the test stand into the fuel pit. These items did not
react.

WALLEYE (MARK 1 MOD 0)

The most severe reaction observed during the WALLEYE tests ":as
a partial detonation. The shortest reaction time was two minutes 57
seconds.

a. Test No. GM-3: The warhead deflagrated at three minutes 30
seconds. The warhead ruptured at the rear end and burned for two
minutes 49 seconds before partially detonating. The blast from the
detonation caused considerable damage to the test stand. Burning
pieces of explosive were thrown about the test site to a radius of
1200 feet. A number of grass fires were started by the burning
explosive.

b. Test No. GM-4: The warhead deflagrated at two minutes 57
seconds. The booster deflagrated at five minutes 30 seconds.

SPARROW III (AIM-?)

The shortest reaction time of the SPARROW III missiles was one
minute 31 seconds. The most severe reaction was a warhead detonation.

a. Test No. GM-5: The motor deflagrated at two minutes three
seconds and burned violently. The warhead, the safe and arm device



and the booster all deflagrated separately and very mildly at 16
minutes three seconds, 20 minutes 54 seconds and 22 minutes seven
seconds, respectively.

b. Test No. GM-6: The motor deflagrated at one minute 31
seconds after the start of the test. The warhead detonated at 15

* minutes 41 seconds.

SHRIKE (AGM-45A)

Both SHRIKE warheads tested exploded. The shortest time to
reaction was one minute 17 seconds.

a. Test No. GM-7: The motor deflagrated at one minute 44
seconds and the warhead exploded at one minute 57 seconds.

b. Test No. GM-8: The warhead exploded at,, one minute 17
seconds. The motor deflagrated at one minute 29 seconds.

CONCLUSICKS

SIDEWINDER (AIM-9)

a. The missile will deflagrate or explde in a flight deck fire.

b. If unrestrained, the missile will thrash about as a result
of the MARK 36 MOD 0 motor reaction.

c. The motor and warhead will react in less time than the five
minute minimum time requirement of reference (d).

WALLEYE (MARK 1 MOD 0)

When exposed in a flight deck fire, the MARK 1 MOD 0 WALLEYE
guided weapon can be expected to react:

a. In less time than the five minute minimum time requirement
of reference (d).

b. So as to create a major hazard to items in the immediate area.

c. So as to kindle new fires with burning explosive that is
thrown about.

[ 7
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SPARROW III (AI9-7)

When the SPARROW III missile system is subjected to a fast cook-
off environment, it can be expected to:

a. React in less time than the five minute minimum time require-
ment of reference (d).

b. Cause extensive blast and fragment damage.

c. Enhance existing fires.

sai'n (A-45A)

It is concluded that when the SHRIKE AGM-45Amissile system, is
exposed in a flight deck fire environment:

a. [Reaction will :occur in less time than the five minute minimum
time requirement of reference (d).

b, The MARK 68 MOD 0 warhead will explode.

c. Additional fires will be started by scattered fragments and
burning explosive.

RECM4ENDATIONS

It is recommended that a retro-fix program be initiated for all
fleet used air-toi.-air or air.to-ground guided weapons. The objective

4of the program would be to extend the minimum time to reaction to five
minutes without increasing the severity of the reaction. It is recom-
mended that the application of an insulating liner between the
explosive and the weapon's case and the application of an intumescent
heat retardant paint on the external surface of each weapon be in-
vestigated as possible fixes. The external thermal protection system
would have to be extremely smooth, thin and tough to avoid adverse
effects on handling and aerodynamic performance.

It is further recommended that two of each type of these air
launched guided weapons be thermally protected using the techniques

0 described above and subjected to fast cook-off tests. The weapons
should be instrumented prior to being loaded. The data obtained
would be used to verify the adequacy of the thermal protection system.

8
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a. AIRTASK, ,430-303/291-1/W46430-Oq, work request No. WR-l-8093.

b. Rocket Motor Survivability in Fire, :0. P. Hontgas, NWL Technical
:Report !R-2508, November 1970.

c. Rocket and Missile Warhead Survivability in Fir , W. D. Smibh,
NL Technical Report TR-28 0 8, October 1972.

d. Naval Weapons Cook-Off Program Plan, First Revision, September 1969.

7 ~1'

I

I.

9 1!



4 p

I - --

if $1'
I

APPEDHA



DEFINITIONS OF REACTIONS (FOR GUIDED WEAPONS)*

Detonation (cookoff) - Munition performs in design mode. Maximum
possible air shock formed. Essentially all of case broken into small
fragments. Blast and fragment damage is at maximum. Severity of
blast causes maximum ground crater or flight-deck hole capable by the
munition involved.

Partial Detonation (cook-off) - Only part of total explosive load
in.imunition detonates. Strong air shock and small as well as large
case fragments produced. Small fragments are similar to those in-
normal munition detonation. Extensive blast and fragmentation damage
to environment. Amount of damage and extent of breakup of case into
small fragments increases with increasing amount of explosive
detonated. Severity of blast could cause large ground crater, or
large flight-deck hole on carrier if munition is large bomb; hole,
size depends on amount of explosive that detonates.

Eolosion (cook-off)- 4Violent pressure rupture and fragmentation
of munition case with rVslting air shock. Most of metal case breaks
into large pieces which are thrown about with unreacted or burning
explosive. Some blast and fragmentation damage to environment. Fire
and smoke damage as in deflagration. Severity of blast could cause
minor ground crater, or small depression on flight-deck of carrierif munition is large bomb.

Deflagration (cook-off) - Explosive in munition burns. Case
may rupture or end-plates blow out; however, no fragmentation of the
case. No fragments are thrown about. Damage to environment due only
to heat and smoke of fire. No discernible damage due to blast or
fragmentation.

*Definitions from NAVORD OP.5, VOLUME 1 THIRD REVISION

A-1
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SIDEWINDER MISSILE FAST COOK-OFF

Test No. GM-I

Data Sheet

Item Tested: SIDEWINDER AIM-9 Missile

Components :, MARK 48 MOD 4 warhead containing 6 pounds of
PBXN-3 explosive
MARK 13 MOD 0 - Safe and Arm Device
MARK 36 MOD 0 - Rocket Motor
MARK 264 MOD 0 - Motor IgniterSimulated- Guidance and:,Control Sections

Date of Test: 28 August 1972

Weather Conditions: Cloudy, 2-4 knots wind, temperature 750F

Facility: 30' x 30' retainer cage with encaged fuel pit
and test stand, Figure 4

Fuel: 200 gallons of JP-5

Test Fire: Flame temperature exceeded 1000OF at 30 seconds
after fire ignition and averaged 1810OF during
the test.

Flame Duration: Six minutes

Results: A visual and audible reaction of the motor was
observed at one minute seven seconds into the
test. This was followed by a propulsive burning

of the motor. At two minutes 58 seconds into
the test, the warhead deflagrated and burned.

Inspection of the missile, after the test, showed
that the missile had exploded near the aft hanger.
Approximately 18 inches of the motor was missing
as shown in Figure 5. The motor reaction forced
the missile forward into the retainer stand.
Figure 6 shows an indention on the retainer stand
that was caused by this reaction. The center of
the warhead section was bulged as shown in Figure 7.
The safe and arm device burned.

C-1
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SIDEWINDER MISSILE FAST COOK-OFF

Test No. GM-2

Data, Sheet

Item Tested: SIDEWINDER AIM-9 Missile

Components: MARK 48 MOD 4 - Warhead containing 6 pounds of
PBXN-3 explosive
MARK 13 MOD 0 - Safe and Arm Device
MARK 36 MOD 0 - Rocket MotorMARK 264 MOD 0 - Motor Igniter
Simulated - Guidance and Control Sections

Date of Test: 8 September 197M

Weather Conditions: Cloudy, 6 knot wind, temperature 78OF

Facility: 30' x 30' retainer cage with encaged fuel pit
and test stand

Fuel: 200 gallons of JP-5

Test Fire: Flame temperature exceeded 1000OF at 19 seconds

after start of fire and averaged 1720°F during
the test.

Flame Duration: Seven minutes

Results: The rocket motor deflagrated at 59 seconds into
the test. The force of the reaction threw the
warhead and the safe and arm device into the
fuel pit. These items did not react. Figure 8
shows the forward section of the motor that re-
mained in the test stand.

C-6
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WALLEYE GUIDED WEAPON FAST COOK-OFF

Test No, GM-3

Data Sheet

Item Tested: WALLEYE Guided Weapon MARK 1 MOD 0

Components: MARK 58 MOD 0 - Warhead containing 416 pounds-
of Comp-B explosive
MARK 44 MOD 0 - Booster
MkRK 328 MOD 0- Fuze
EX 5 MOD 0. - Control -Unit
MARK 27 MOD 0 - Guidance Unit with, Nose Cover

Date of Test: 27 October 1972

Weather Conditions: Clear, 6-8 knots wind, temperature 550F

Facility: 30' x 30' open pit with test stand, Figuke 9

Fuel: 1000 gallons of JP-5

Test Fire: Flame. temperature exceeded 1000"F at 47 seconds
after start of fire and averaged 1720*F for the
duration of the test.

Flame Duration: 11 minutes

Resul'4s: The warhead reacted by deflagrating at three
minutes 30 seconds into the test. The reaction
ruptured the rear of the warhead. A partial

detonation occurred at two minutes 49 seconds
after the initial reaction. The secondary
reaction was of such severity that burning
explosive was thrown about the test site to a
radius of 1200 feet. A number of grass fires
were started by the burning explosive. Neither
the booster, fuze nor any fragment samples were
recovered.

C-8
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WALLEYE GUIDED WEAPON FAST COOK-OFF

Test No. GM-4

Data Sheet

Item Tested: WALLEYE Guided Weapon MARK 1 MOD 0

Components: MARK 58 MOD 0 - Warhead containing 416. pounds
of 'Comp-B explosive
MARK 44 MOD 0 - Booster
MARK 328 MOD 0 - Fuze
SEX 5- M-D 0 - 'Contrbl Unit
MARK 27 MOD 0 - Guidance Unit without nose cover

Date of Tent: 3 November 1972

Weather Conditions: Clear, 8-10 knots, temperature 800 F

Facility: 30' x 30' open pit with test stand

Fuel: 1000 gallons of JP-5

Test Fire: Flame temperature at the weapon exceeded 10000 F
at 36 seconds after start of test and averaged
1700°F during the test.

Flame Duration: 10 minutes

Results: At two minutes 57 seconds after the fire was
ignited, the warhead deflagrated. Burning
occurred for three minutes 33 seconds, causing
the booster to deflagrate mildly. Figure 10
shows some unburned Comp-B explosive and the
rupture in the warhead case caused by the initial
reaction.

C-lO
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SPARR( III MISSILE FAST, COOK-OFF

Test No. GM-5
Data Sheet

Item Tested: SPARROW III AIM-7 Missile

Components: MARK 38 MOD 0 - Warhead containing 20 ,pounds
of-PBXN-101 explosive-
MARK 35 MOD 0 - Safe and Arm Device
MARK 38 MOD,O - Booster
MARK 38 MOD 0 - Rocket Motor containing MARK 95
_MOD-O propellant
1&RK 265 MOD 0 - Motor IgniterBallast loaded Guidance and Control Sections

Date of Test: 11 December 1972

Weather Conditions: Partly cloudy, 2'knot wind, temperature 55PF

Facility: 30' x 30' retainer cage with encaged fuel pit
:and test stand, Figure 141

Fuel: 200 gallons of JP-5

Test Fire: Flame temperature at the missile exceeded 1000OF
at 29 seconds after the start of the test and
averaged 1800*F during the test.

Flame Duration: Nine minutes 30 seconds

Results: At two minutes 3 seconds after fire ignition,
the motor started to burn violently. The war-
head reacted by burning at 16 minutes three
seconds into the test. At four minutes 51
seconds after the warhead began burning, the
safe and arm device deflagrated mildly. At one
minute 13 seconds after the safe and arm device
reacted, the booster deflagrated. Figures 11-13
show the pre-test configuration and psl,.-test
Views of the weapon remains.

Thermocouple locations are shown in Figure 14 and
the time-temperature data are presented in Figure 15.

C-12
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THE SPARROW f AII-7 MISSILE SYSTEM
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SPARROW III MISSILE FAST COOK-OFF

Test No. G4-6
""ite Sheet

Item Tested: SPARROW AIM-7 Missile

Components: MARK 38 MOD 0 - Warhead containing 20 pounds
of PBXN-1Ol explosive
MARK 35 MOD 0 - Safe and Arm Device
MARK 38 MOD 0 -- Booster
MARK 28"MOD 0 - Rocket Motor containing MARK 75
MOD 0 - Propellant
MARK 265 MOD 0 - Motor Igniter
Ballast loaded Guidance and Control Sections

Dte of Test: 12 December 1972

Weather Conditions: Cloudy, 6-9 knots wind, temperature 58*F

Facility: 30' x 30' retainer cage with encaged test pit

and test stand

Fuel: 200 gallons of JP-5

Test Fire: Flame buildup was rapid, engulfing the missile
at 17 second after start of fire

Flame Duration: 10 minutes

Results: The rocket motor deflagrated at one minute 31
seconds after start of fire. At fourteen minutes

10 seconds after the initial reaction, the war-
head detonated. Figure 16 shows a sample of
the fragments and pieces of the motor recovered
after the test.

C-18
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SMRIKE MISSILE FAST COOK-OFF

Test No. GM-7

Data Sheet

Item Tested: SHRIKE AGM-45A Missile

Components: MARK 68 MOD 0 - Warhead Containing 50 pounds of
PBXN-1OI explosive
MARK 330 MOD 0 - Fuze
MARK 44 MOD 0 - Booster
MARK 39 MOD 3 - Rocket Motor containing MARK 76
MOD 2-propellant,MARK 265 MOD 0 - Motor IgniterSimulated - Guidance llit

Date of Test: 13 December 1972

Weather Conditions: Cloudy, 10 knot wind, temperature 520F
facility: 30' x 30' retainer cage with encaged fuel pit

and test stand

Fuel: 200 gallons of JP,.5

Test Fire: Flame temperature at the missile exceeded 1000 F
at 23 seconds after start of the fire and averaged
17550F during the test.

Flame Duration: Seven minutes 40 seconds

Results: At one minute 44 seconds after fire ignition,
the rocket motor deflagrated. Thbe warhead

4exploded at 13 seconds after the motor reacted,
throwing fragments and burning explosive
about the cage. Figure 17 shows the pre-test
configuration. Figures 18 and 19 show the
motor and warhead remains. The;omocouple
locations are shown in Figure 20 and the time-
temperature data are provided in Figure 21.
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SHRiKE MISSII FAST COOK-OFF

Test No. cm-8.

Data Sheet

Item Tested: SHRIKE AGM-.45A Missile V
Components: MARK 68 MOD 0 - Warhead containing 50 pounds

of PBXN-101 explosive
MARK 330 MOD 0 - Fuize
MARK 44 MOD 0'- Booster

MARK 39 MOD 3 Rocket Motor containing MARK 76
MOD 2 - Propellant
MARK 265 MOD -0- Motor Igniter,
Simulated - Guidance Unit

Date of Test: 14 December 1972

Weather Conditions: Cloudy, 3 knot wind, temperature 530F

Facility: 30' x 30' retainer cage with encaged fuel pit
and test stand

Fuel: 150 gallons of JP-5

Test Fire: Flame temperature exceeded 1000°F at 16 seconds
after start of fire and averaged 1860OF during
the test.

Flame Duration: Five minutes

Results: The warhead exploded at one minute 17 seconds
after the fire was started. The motor deflagrated

at one minute 29 seconds. Fragments from the war-
head were thrown about the test site. Figure 22
shows the warhead fragments that were recovered
from the test. The remains from the motor are
shown in Figure 23. Thermocouple locations and
the time-temperature data are provided in

Figures 24 and 25.
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