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INTRCDUCTION

Catastrophic fires aboard the aircraft carriers USS Forrestal, July 1967 and USS Enterpnse,
January 1969 wividly demonstrated the hazards associated with the exposure of naval air-launche.
weapons to enveloping jet fuel fires. The Naval Missile Center was tasked by Reference 1, as the lead
Naval Field Activity in 1969 for the Weapons Cookoff Improvement Program because of its
engineering cognizant function on in-service wezpons. The work summarized in this report was
accomplished in accordance with Phase | of Reference 2.

The report contains three major sections: introduction, main body, and appendixes. The
introduction delineates the objectives of the SHRIKE/SPARROW baseline cookoff test effort, and
presents the findings. The body of the report describes the test facilities and instrumentation,
summarizes the SHRIKE/SPARROW tests, and presents the retrofit recommendations. The appendixes
(A through D} include compiete descriptions of the SHRIKE (A) and SPARROW (B) mussiles and
detailed description and analysis of the individual tests (C. D).

OBJECTIVES

The objectives of these baseline ccokoff test series were to determine the time to cookoff, type
of reaction, transient-temperature data, cntical heat-paths, and vulnerabilities of SHRIKE and
SPARROW mussiles when exposed to jet-fuel fires. Transent-temperature data were obtamned to
estimate the magmitudes and directions of heat-flux in all vulnerable missile components. These data
were nsed together with zudic/video recordings to determine time to and type of reaction,

The overall cookoff improvement objectives are to obtain a five minute mininum tme to
reaction (cookoff time) of missilc systems when enguifed in jet-fuel fires, reduce the violence of
reactions, and decreasz or eliminate propulsive reactions of motors.

A complete program plan is presented in Section 3.0 of Reference 2.

THE FINDINGS

Time to cookoff reaction. type of reaction, and transient teraperature data for various events
were obtained for SHRIKE and SPARROW missiles wher exposed to JP-5 fuel fires. The data are
given in Tables | and 2, which are found in the cookoff summaries. The results are being used in

Preceding page blank 7
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the design of retrofit thermal protection systems for in-service raissiles. The results are also applicable
to the dssign of thermal protection systems for new missiles.

Analysis of the test data suggests that heating within a jet-fuel fire nstuates exothermic
reactions at vanous interfaces within the missile componeats. It is hypothesized that this apparent
behavior .n turn acceierates reaction of both propellants and explosives, with consequent acceleration
of chemucal reacticn within the affected component, and hence premature igmtior. It is further
hypothesized that if adequate venting is not available to release the pressure of the burmng gases,
then cricking of che explosive/propellant will occur. Buming at these new surfaces causes excess
pressures which expi.de the component.

Vanous rsetrofits are proposed. Among these are venting to reduce the degree of
vver-pressurization. 0 3 pomnt at which the violence of cookoff would be lessened to that of a
defiagration. Cther pioposais deal with chemical modification of he explosive/propellant/liners and
insulation of the explosive/propellant against heat. These are described under the SPARROW and
SHRIKE ccokoff :improvement recommendations.

CRITERIA FOR, AND DEFINITIONS OF COOK-OFF REACTIONS
OF GUIDED MISSILES

[he mo « recent standard of cniena and test procedures for ordnance exposed to an awcraft
fuel fire (MIL-STD-1648 AS of March 1974) defines two coukoff criteriafrequirements which
arr-launched ordnance should meet.

The first recarement involves burming of energetic matenals such as explosives and solid
propebant Durirg burming e ¢iciosure may open up and vent. The nussiie remans in posttion,
although 1t may all due to structure fadure. The burning reaction should present a minimal hazard
to fire-fighting personnel.

The second requirement addresses rapid combustion and rupture of the enclosure (deflagration).
The test item or ™ajor parts tiereof may be thrown u, 'o 50 feet by the reaction. There must be
no damage due to blast effects or fragmentation. The process may endange: or nhibit fire-tighting
personnel because of fire expansion and burning matenal or parts thrown about.

Ordnance 15 judged by the standard to have passed the fuel-fire test if during the first five
minutes of the test, the sevenity of the reaction i not greater than that for a burning reaction (as
descnibed above) Burning reactions are acceptable any time duning the test. After the first five
minutes and untyl the test ordnance returns to ambient temperature, the severity of the reaction shall
not be greater than that for a deflagration reaction (as described above).

The test senes reported herem was completed and most analyses conducted prior to publication
of the above-mentioned MIL-STD-1648 AS. For this .eason Defimtions of Reactions for Guided
Weapors form NAVORD OP S, Volume i. Third Revision as listed below apply to reactions described
in this report.




P

NWC TP 5672

DEFINITIONS OF REACTIONS (FOR GUIDED WEAPONS)

Detonation (cookoff). Munition performs mn design mode. Maximum possible 3ir shock is
formed. Essentially all of case is broken into small fragments. Blast and fragment damage is at
maximum. Severity of blast causes maximum ground crater or flhight-deck holc capable by the
munition involved. ’

Partial Detonation (cookoff). Only part of total explosive load in munition detonates. Strong air
shock and small as well as large case fragments produced. Small fragments are similar to those 1n
normal munition detonation. Extensiv2 blast and fragmentation damage to environment. Amount of
damage and extent of breakup of case into small fragments increascs with increasing amount of
explosive Jetonated. Severity of blast could cause large ground crater, or large flight-deck hole on
cartier if munition is large bomb: hole size depends on amount of explosive that detonaies.

Explosion (cookoff). Violent pressure rupture and fragmentation of munition case with resulting
air shock. Most of metal case breaks into large pieces which arc thrown about with unreacted or
burning explosive. Some blast and fragmentation damage to environment. Fire and smcke damage as
in deflagration. Severity of blast could cause mnor ground crater, or small depression on flight-deck
or carrier if munition is large bomb.

Deflagration (cookoff). Explosive in mumition 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.

FAST-COOKOFF TEST FACILITIES

Two test sites were used for this series of baseline cookoff tests. These were the Safety Test
Facility, CT4 and Skytop Test Factity, Bay 5, both located at the Naval Weapons Center. China
Lake, California.

CT4 employs an open fuel pit 24 ft square or 24 ft octagon shape, located about 50 yds from
an underground bunker containing conditioning and recording equipment with lead wires to the test
item (Figure 1). The transducer leads that protrude from the test item to the ground in the test pit
were insulated with a one-cighth-inch-thick layer of white felt (WPR-X-AQ). Refractory Products, Inc..
which was held in place by glass reinforced tape. Then a one-and-onc-half-inch iayer of EAGLE
PICHER “Super 66" insulative ccment was added.

This pit was filled with 1,000 gallons of JP-5. The test item was supported above the ground
by an A-frame so that the distance from the fuel surface to the horizontal centerline of the test
component was 36 wnches. The bottom of the fuel pit was leveled to provide an even depth of the
fuel, with a polyethylere plastic liner to prevent fuel loss by seepage into the ground. Thirty (30)
gallons of gasoline were poured over the tuel surface to promote rapid fuel igmtion. and thermute
grenades, placed in each corner of the test site, were electrically imtiated to igmite the fuel. A
lightweight wind barrier, approximately 2 feet in height, enclosed the pit (Figure 1).

Skytop was designed as a retention structure. The structure (Figures 2 and 3) incorporates two
side solid steel-plated firewalls with supporting revetments, and two open screened ends and roof
which allow free airflow but restrain missile motors whuch may react propulsively. The structure 1s 63
ft long, 47 ft wide and 31 f1 high.
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The fuel pit, 24 ft square by 1 ft deep, located in the center of ihe earth floor, is provided
with 2 polyethylene plastic liner, and holds 1,000 gallons of JP-5 fuel (1,200 galions where noted).

At the center of the pit is an underground junction box to which test-item transducer leads are
coancsted. Insulation material and procedures to protest these leads from the fire betweer ‘he
junction box and the test item are the same as for the open pit facility. The pit is surrounded by 5-
by 3-ft-high l-inch-thick mcvable steel witness plates.

INSTRUMENTATION

A Datz Acquisition System. consisting of chromel-alumel thermocouples and 4n analog recorder
was used to collect time-temperature data. Thermocouple data were acguired by using a 150°F
electzsic temperature reference junction. Chromel-alumel thermocouples were calibrated to voltage
levels wiuch are related to temperatures in the quasistatic sense by use of standard tables. Each
t:-rmocouple signal was amplified, conditioned, and recorded on analog tape. A computer program
assigned and printed out temperatures at any prescribed time from the digital data obtaned using an
anulog/digital converter. Data from each channel were sampled at intervals as small as 0.002 s2conds,
printed out, and graphed over vanous intervals of interest.

Chromel-alumel thermocouples were used to estimate transient temperatures within the varous
test items and the fuel flames. The details of their size, locations and response are given in
Appendixes C and D.

Documentary color slow-speed and real-time motion picture cameras, videotape with aulio
recorders, still black-and-whute cameras, and color slides were used in each test.

FAST-COOKOFF TEST SUMMARIES

SHR!KE

A series of seven baseline SHRIKE cookoff tests was conducted from 28 June 1973 10 21
November 1973, It consisted of one all-up live and one all-up inert missile, and tests of individual
motors and warheads. A bnef summary of the test item components and test resuits is given 1 Table
1. Anaiyses of all SHRIKE tests and photographs of ezch test stem are contained in Appendix C.

Baseline-test configurations of motors in both the SHRIKE and SPARRODW test series were
sclected which would provide the maximum information on motors with frec.standing grains,
case-bonded grains, different liner-material thicknesses, and different propellants. D:e to the
availability of SHRIKE motors and the great similarity among many of the SHRIKE and SPARROW
motors, most motorcouokoff data were obtained during SHRIKE testing. Data from motor tests are
applicable to both SHRIKE and SPARROW.

Table 1 lists the baseline configurations and critical cookoff events for the SHRIKE tests. Each
test configuration 1s given an SH-senes number followed by the components used to compose the test
item. Modifications and event classification for each component are indicated by the superscripts
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TABLE 1. SHRIKE Baseline Configurations and Critic s Cook-Off Events.

Modular components

Significant events (seconds)

Test .
item 1000°F,
Warhead Fuze Motor Igniter Control | Guidance fame Exothermic | Reactions
SH-1A | Mk 68 Mod 09 | Mk 3307 | Mk 39 Mou 7¢ | Mk 274 Mod 1AP | Mk 1 Mod 2| Mk 37 58 IW) 60 | Liner venting
(M) 80 None
SH-7TA Nore " None |Mk53Mod 1< | Mk274Mod 0 |Mk 1Mod2 ! None i 46 (W)
, f | M) 54 (D) 54
: | . | i
SH-BA | Mk B0 Mod 04 | Mk 330% | Mk 78 Mod 0 , Mk 274 Mod 1AP {Mk1Mod2! Nome | 13 | (W) 166
I ; ! ’ M 2s {01 70
t H { t
SH-12A | Mk 68 Mod 97 1Mk 3307 | M 78 Mod 0¢ | Mk 274 Mod 1A {Mk 1Mod2, Nore | 19 (W) 160
| } ‘ I M 28 D) 57
SH-13A | Mk 68 Mod 0¢ | Mk 330"! Mk 39 Mod 37 | Mk 274 Mod 1A" | Mk 1 Mod2% Nore @ 32 (W) 113 . (EX)128
| i : YY) f
{ H B ’
" % E | | :
SH-NA,MRBOMouO‘ ! None iMk 39 Mod 77 Mk 274 iviod 1A? [ Mk 1 Mod 2 . None I 34 Wi84 | I(EX)109
- ; . i ! l ™M) i
| ! i i l i
{
SH-16A IMkG&Mod 0¢ | Mk 330 | Mk 39 Mod 7¢ | Mk 274 Moa 1At | Mk 1 Mod 2 | Mk 37 9 Wi 108 | (Ex) 169
i i A I l | M 104 b (EX) 122

2 Crystal white stucco sand (230 mz2sh) replaces sol.d propeliant or explosive

b Empty

¢ Signi‘es tive

(W) Signifies warhead
(M) Sigmifies motor

(D1 Signifies deflagration
(EX} Sigrities explosion

14
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explained in the tsble. Three significant events for each test are also summarized in the iable. The
first is the time it takes for all four flame thermocouples (forward, stasboard, aft and pcrt) to reach
or exceed an indicated temperature of 1000°F. The second is the minimum time it takes to observe
a definitely apparent exothermic reaction as indicated by thermocouples in the liner/steel case region
of the rocket motor (M) or the potting material/cavity paint/steel case region of the warheads (W).
The third event is the time to reach deflagration (D) or explosion (EX).

Interpretation of the events occurring during the tests relied upon data obtained from the
instrumentation system used and post-test inspection of the test items and site. Reference was made
to dat« from earlier tests (References 3, 4, 5, 6, 7) and also to Harm, Agile and Condor tests for
assurance of consistency. It is emphasized that the hypothesis presented below needs further
evaluation to identify and quantify many of the uncertain aspects intrinsic to fast-cookoff testing.

Tue SHRIKE warheads tested were the Mk 68 Mod O and the Mk 80 Mod 0. A detailed
description for these warheads is included in Appendix A. They exhibit internal exothermic reactions
in the region between the stecl and the potting material and/or cavity paint area before 165 sec (eg.,
SH-16A, 60 sec; SH-8A, 165 scc; SH-12A, 160 sec; SH-13A, 113 sec; SH-14A, 84 sec; SH-16A, 104
sec). Regions where apparent liner-exothermic reactions occur prior to burning of the explosive are
around the cubes within the steel liner, the foam in the forward cone, and the lower aft regior
where the cavity paint separates the explosive from the steel casing.

The exothermic hesting produced from the potting material and/or cavity paint ignites the
explosive sooner than if only heating by conduction from the firc existed without chemical reactions.
The explosive is shown burning at the aft end in Figure 4a.

The failure of the SHRIKE warhead is hypothesized to be due to over-pressurization within the
steel casing, which causes the crack as shown in Figure 4b. Inadequate venting exists for the SHRIKE
warhead, and it explodes before 169 sec, eg., SH-13A, 128 sec; SH-14A, 109 sec; SH-16A, 169 sec.
If the excess explosive-gas can be vented, then there may be deflagrations instead of ex:ilosions. Both
types of reaction are illustrated in Figures 4c and 4d.

The SHRIKE rockst motors tested were the Mk 53 Mod 1, Mk 78 Mod O 2nd the Mk 39 Mod
7. Descriptions of these motors are included in Appendix A. They exhibited internal exothermic
rezctions in the steel/liner region before 104 sec (e.g., SH-1A, 80 sec; SH-7A, 54 sec; 3H-8A, 27 sec;
SH-12A, 28 sec; SH-16A, 104 sec). The region where apparent exoihermic reactions occur prior to
burning of the propellant is between the lower steel case and liner. The exothermic heating produced
from the liner andf/or other material used to prepare the inside of the steel case for graining ignites
the propellant sooner than if only heating by conduction from the fire existed withcut chemical
reactions. The solid propellant is shown burning at the lower surface in Figure Sa.

The failure of the SHRIKE rocket motor is hypothesized to be due to ovei-pressurization
within the steel casing, which causes solid propellant cracks (Figure 5b). If the excess propellant gas
can be vented (eg., SH-7A, SH-8A, SH-12A) then the reaction will be one of deflagration; otherwise
an explosion may result (eg., SH-16A). Both types of reactions are illustrated in Figures 5¢ and 5d.

The Mk 78 Mod 0 in tesis SP-7A and 12A initiated deflagration at 70 and 57 sec, respectively.
The Mk 53 Mod 1 deflagrated in an abnormal manner (because of internal instrumentation) at 54
sec. The Mk 39 Mod 7 in test SP-16A probably exploded at 122 sec.

SPARROW

A scries of five baseline SPARROW cookoff tests was conducted from 18 July 1973 to 15
January 1974, consisting of tests of one allup live and one all-up inert missile, and tests of an

15
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individual motor and several warheads. Two of these tests incorporated mouified watheads (Table 2).
Anzlyses of all SPARROW tests and photographs of test items are contained in Appendix D.

Bascline test configurations of motcrs in both the SHRIKE and SPARROW test series were
selected which would provide the maximum information on motors with a freestanding grain,
case-bonded grains, different liner materials and thicknesses, and different propellants. Due to the
ava, ability of SHRIKE motors and the similarity between SHRIKE and SPARROW motors, most
motor cookoff data were obtained during the SHRIKE motor testing. During the SPARROW baseline
servs a live SPARROW motor with a standoff grain configuration 25d an inert SPARROW motor
wit', case-bonded grain configuration weie tested. Data from motor testaig of SHRIKE motors are
app icable to SPARROW motors (Table 1)

Table 2 bsts the baseline configurations and critical cookoff events iv. the SPARROW tests.
Each test configuration 1s given an SP-series number followed by the components used to compose
the test item. Modifications and eveni clarifications for each cumpcnent are indicated by the
superscripts and explained in the table Three significant events for each test are aiso summarized:
the time 1t takes for all four thermocouples (forward, starboard, aft and port) to reach or exceed an
indicated temperature of 1000°F; the minimum time it takes to observe a Jefinite apparent
exothermic reaction as indicated by thermocouples between the liner and steel case region of the
motor (M) or in the potung/cavity pant/steel case remon of the warhead (W); and the time to reach
deflagration (D). ejection of the safefarm (E), or explosion (EX).

Interpretation of the events occurring during the tests relied upon data obtained from the
irstrumentation system used and post-test inspection of the test items and site. Reference was made
to data from carher tests (References 3, 4, 5, 6, 7) and also to Harmi, Agile and Condor tests for
assurance of consistency. it is emphasized that the hypothess presented below needs further
+valuation to identify and quantify many of the uncertain aspects intrinsic to fast-cookoff testing.

The SPARROW warhcads tested were the normal and slightly modified Mod 38, Mk 6. A
descripion of these warheads is contained in Appendix B. These warheads exhibit apparent
exothermic reactions in the steel/potting matenal and/or cavity paint interface before 120 sec (eg.,
SP-3A. 120 sec; SP-13B, 96 sec; SP-13A, 100 sec; SP-14A, 84 sec). Regions where apparent
exothermi reactions of potting material and/er cavity paint are in and around the rod-bundle
adjacent to tne explosive and magnesium,

Test SP-7B was conductel on a live, modificd Mk 38 warhead to deternune the effects of
w.reased liner thickness on cookoff time. Due to instrumeptation acquisition difficulties no
hern ocouple daia were obtained. Test SP-13B (SP-7X) was conducted on an inert modified Mk 38
warhead ind fun concurrently with 2 SIDEWINDER motor test. The modification did not provide an
axceptabl: ncrease i the time to reaction, but did provide data on the use of internal heat-path
interruptors.

The exothermuc neating produced from the potting material andfor cavity paint ignites the
explosive soonzt than *f heating only by conduction from the fire existed without chemical reactions.
The explosive 1s shown burning at its ends in Figure 6a.

The reaction of the SPARROW warhead is nypothesized as a deflagration characterized by
venug of gas out the forward end if the safe/arm ejects as shown in Figure 6b. On the other hand,
if (2 with SP-TB) the safefarm does not eject, the booster cventually explodes, due to heating
(Figue 6¢), producing over-pressurization and the potential explosion shown in Figure 6d. For SP-7B
and $P-14A the safe/arm device exploded within the warhead at i200 sec and 495 sec, respectively.
The eason that the safefarm did not eject as 1t did for SP-3A is that the motor either exploded first
or its front bulkhead burned through (because of the warhead busning gas) destroying the
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‘ TABLE 2. SPARROW Baseline Configurations and Critical Cook-Off Evente.

Modular components Significant events (seconds
Test
item Warhead Sate/Arm Moior ignner | Control | Guidance 133:: Exothermic Reac
SP-3A | Mk 38Mod 04 | Mk 35 *od 12| Mk 38 Mod 4¢ | Mk 2652 | Winghub | None 42 tw) 120 | (D) 320"
3 (M) 70 Nc
SP.78 | Mk 38 Mod (7€ | Mk 35 Mo 1€ | Mk 38 Mod 10 | Mk 265% | None None |[Unknown| (Wi... |(D)490, i
e,
SP-13A| Mk 38 Mod 0° Nore Mk 38 Mod 12 | Mk 2650 | Winghub | Nune 51 ' (W) 145 ((»]]
...
!
SP 138 | Mk 38 Mori oa.d Notw Mk 38 Mod 12 | Mk 265% | Non., None 52 {N) 96 (D) 1
) ...
SP-14A | Mk 38 Mod 07 | Mk 35 Mo, 1€ | Mk 38 Mod 07 | Mk 265° : Winghub |  None 1 16 (W) 84 (D) 134,
. M) 30 {EX

9 Woad billet repiaced warhead expiosive.

b Empty caung.

€ Crystal white stucco sand {#30) nesh) replaces sol:d propeliant.
9 Warhead modified 30 33 to add thicker potting materis! between explosive sdges and steel rods.
€ Sign:iies hve.

* Explosion due to detonation ! Safe/Arm unit

** Dua 1w magnesium burning.

W) Swgnities warhead.

(M} Swgnitres motor.

(D} Signifine deflagratior,

(E) Swgnities ejection of Ssfe/Arm,

{EX) Signifies explosion reeciion.
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TABLE 2. SPARROW Saseline Configurations and Critical Cook-Off Events,

, T Modulsr components Significant events (seconds)
' et
| ttem Warhead Sate/Arm Motor igniter | Control | Guidance ! 1lm:" Exothermic Reactiors
SP-3A | Mk 38Mod 09 | Mk 35 Mod 12| Mk 38 Mod 4¢ | Mk 2652 | Winghub | None 42 tw) 120 | (D) 320**, (E) 360
M) 70 None
SP-7B | Mk 38 Mod 09:¢ | Mk 35 Mod 12 | Mk 38 Mod 15 | Mk 2657 | None None  Unknown | (W)... 1{D) 490, (EXi> 1200
M}
SP-13A| Mk 38 Mod 0° None Mk 38 Mod 12 | Mk 2652 | Wing hub | None 51 (W) 145 01220
(M) ...
SP-13B | Mk 38 Mad 0%.d None Mk 38 Mod 12| Mk 265 | None None 52 (W) 96 (D) 196°*
M) ...
1
SP-14A | Mk 38 Mod 0¢ | Mk 35 Mod 1€ | Mk 38 Mod Of | Mk 265¢ | Winghub | None 16 (W) 84 (C) 134, (EX) 495°
{M) 30 (EX) 62

2 Wood biliet repiaced warhead explosive.

b Empty casing.

€ Crystal white stucco sand | #30 mesh! replaces solid propellant.
d Warhead modified o as to add thicker potting materia! between explosive edges and steel rods.
€ Sugnifies live.

¢ Explosion due to detonation of Safe/Arm umit

** Dus 10 magnesium burning.

{W) Signifies warhead,

(M) Signifies motor.

{D) Swgnifies deflagration.

(E) Sgnifies ejection of Safe/Arm.

{EX) Signifies explosion reaction.
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motor-tn-warhead-chamber, so that the piessure needed to eject the safefarm (Figure 6b) never
materislized.

The SPARROW rocket motors tested were the Mk 38 Mod 0, and Mk 38 Mod 4. Description
of these motors is contained in Appendix B. Note that the standoff propellant grain is held by nine
elastomeric pads. The region between the grain and fiber glass case liner is filled with air. This wotor
exhibited internal exotiherniic reactions in the steel-todiner region at 30 se: (SP-14A).

The exothermic heating produced from the liner and/or other material used to prepare the steel
case for graining ignited the propellant sooner than if heating only by conduction from the fire
existed without chemical reactions. The solid propellant is shown buming at the lower surface in
Figure 7a.

The failure of the Mk 38 Mod O SPARROW rocket motor is hypothesized to be due to
over-pressurization within the steel casing, which causes the solid propellant to crack, as shown in
Figure 7b. If the propellant gas can vent, then the reaction may be one of deflagration, as shown in
Figure 7c. Otherwise ar explosion may result, as shown in Figure 7d.

CGOKOFF IMPROVEMENT RECOMMENDATIONS

The events observed during cookoff of the SHRIKE and SPARROW missiles are so similar that
for the purpose of cookoff improvement recommendations they may be discussed together. Based
upon these observations a hypothesis to explain cookofl sequence has been formulated. Schematics of
the events are given in Figures 4, 5 (SHRIKE) and 6, 7 (SPARROW). The proposed retrofit
recommendations are applicable in many cases to both missiles.

THE WARHEADS

The SHRIKE and SPARROW warheads tested react as a result of the chain of events described
in the summary. Three critical events occur: the apparent exothermic response of the potting material
andfor cavity paint, the build-up of pressure because of bumning of th: explosive, and either the
venting of the burning gas leading to deflagration or the r.acturing of the billet leading to explosion.

In the SPARROW warhead the safe/>rm device will explode due tc heating if it is not ejected
by the pressure of the explosive gas vented into the cavity between the warhead and the motor.

Insulation of the entire warhead by super-insulative materials, and/or intumescent or ablative
coatings is recommended and is currently being studied as a possible means to interrupt the heat
paths and so increase the time to reaction.

Inhibition of any oxidizing agents which may be piesent in t::¢ encapsulating compounds and/or
cavity paint is proposed. Such agents may arise by ieason of impure materials used in their
preparation, or due to the manufacturing process, ur by migration from the explosive. Neutralizing
materials (as yet unidentified) should also neutralize any reactive materiuls released by the high
temperatures of cookoff.

In the SHRIKE warhead the conditioning substance could (in principle) be introduced through
the two cavity holes and/or the anticompromise device.

In the SPARROW warhead introduction could be done through the aft end by removing the
spider and end plate.
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Ventilction to relieve and retard pressure build-up is also recommended. Pressure reliefs coula
be machined or cheraically milled into the bulkheads not penetrating into the explosive. These should
then be filled with a resin to provide a smo~th finish. In both missiles the bottam poiiion of the
warhead casing should be weakened in a similar manner, and a smooth-fimshed composite doubler
applied to maintain its ambient strength. The doubler would quickly lose strength in a fire, allowing
the warhead to vent.

In the SHRIKE warhead section such venulation is recommended, particularly for the aft
bulkhead and also in the steel casing itself. Also the forward cone should be uncrimped and
refastened with an adhesive. The aft fuze cavity should be removed by chemically milling the weld
joint, and refastened with a suitable adhesivc. Holes could also be drilled in the fuze booster cup
itself, which should then be relined with a suitable sealant.

In the SPARROW warhead section the sarae procedure 1s recommended. Holes should be made
in the bulkheads and in the weld fillets on the interior periphery of the warheads. Further venting
could be attained by weakening the flange attachment of the safe/arm device by use of plastic
screws. Venting of the center cavily also appears feasible.

THE MOTORS

The SHRIKE and SPARROW motors tested rexct as a result of the chain of events described 1n
the summary. Three critical events occur: the apparent initial exothermuc response in the liner to case
region, the build-up of pressure in this region because of bumning of the propellant, and either the
venting of the burning gas leading to deflagration or the fracturing of the grain leading 1o explosion.

Insulation of the entire motor section by supennsulative matenals, and/or intumescent or
ablative coatings 1s recommended and is being investigated within the Navy.

Ventilation of the bottom portion of the rocket motor case is recommended and can be
realized by machining or chemical milling, which would weaken the casing at high temperatures A
glass/resin doubler with suitable heat diffusion filler would then be applied to maintain s external
configuration and low-temperature strength. This retrofit 1s applicable to both the SHRIKE ML 39
Mod 7 and SPARROW Mk 39 Mod 0 motors.

Surface modification of the propellant grain by chemical means is recommended to reduce the
mechanical modulus near the surface at areas of stress concentration. The fiberglass liner of the
SPARROW Mk 38 Mod C motor 1s functional, and chemical modification does not scem warrar.ted
However, mechanical venting 1s recommended. The existing epoxy liner could be coated with a
chemically inert material with longitudinal grooves to conduct any gases from the epoxy liner aft
through the weather seal.

In the SHRIKE Mk 39 Mod 7 the liner imght be treated to increase exothermic behavior by
introducing exothermic matenals directly into the liner. and thus lead to early propellant 1igmtion.
burn-through, and venting. This could possibly be done either through the propellant or through the
aft and forward liner enclosures. or during motor regrain operation.

The SHRIKE motor Mk 78 Mod O burned and then deflagrated mildly so no retrofit s
recommended as this reaction is acceptable. It is hypothesized that the hner experiences exothermic
behavior very soon (Table 1), igmites the sohd propellant wluch burns through the motor casing, and
thus provides adequate venting (Figure 5c).

It is emphasized that these retrofits are proposed. and vxcept for the ‘nsulative. intumescent,
and ablative coatings, their feasibility has yet to be demonstrated.
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SHRIKE (AGM-45A/B) MISSILE DESCRIPTION

GENERAL

Surface Attack Guided Missiic (SHRIKE) (Figure Ad) is a passive air-toground antiradar missile.
Models AGM 45A/B are assembled from four sections: guidance, warhead, control with wings, and
rocket motor with fins (Table A-1). The AGM45A uses the Mk 5 (Mods O and 1), Mk 68 (Mod 0)
or Mk 86 (Mods O and 1) v arhead. The rocket motor used with the AGM45 4 is 2 Mk 39 (Mod
3-5, 7) or Mk 53 Mod 1. The AGM45B employs the Mk 5 Mod 1 or Mk 86 Mod 1 warhead and
the dual thrust Mk 78 Mod O rocket motor. The guidance and control sections are common to the
assembly of either guided missile.

COMPONENT DESCRIPTION

Warhead Section

Warhead sections Mk 86 (Figure A-2) and Mk 5 (Figure A-3) are made up of a Mk 58 or Mk
80 warhead, Mk 330 fuze, Mk 44 fuze booster, and an armament cable assembly. in the Mk 5
warhead section: cnly a Mk 4 smoke canister containing 5.5 pounds of allotropic red phosphorous fits
forward of the fuze cavity.

The Mk 63 and Mk 80 warheads are eight inches in diameter. They are constructed of a
1/4-inch thick outer fragmenting case which houses 22,000 preformed 1/4-inch cube fragments, and
the main explosive charge of approximately 50 pounds of PBXN-101.

The preformed cube fragments are distributed in varying numbers of layers around the explosive
charge so that the explosive is separated from the outer fragmenting case for nearly the forward
three-quarters of the warhead’s length. The cube fragments are encapsulated in Type D insulating
compound, and separated from the main explosive charge by a 0.035-inch-thick steel liner and
0.020-inch of MIL-P-22332 cavity paint. The cavity paint is applied to all interior surfaces of the
explosive cavity prior to loading. An anticompromise device, installed in the forward closure of the
warhead section, consists of a shapedcharge cone in Mk 86 warhead sections, and a destruct cup in
Mk S5 warhead sections.

The Mk 44 booster and the Mk 330 fuze are located along the warhead centerline in the Mk
68/86 and Mk 5 warhead sections. The fuze, hermetically sealed in an aluminum case, is installed in
the aft end of the warhead sections. The fuze booster contains 170 grams of CH-6 explosive and
attaches to the forward end of the fuze. The armament cable is a molded electncal cable running
through the warhead section.
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TABLE A-1. SHRIKE Guided Missile and Missile Section Physical Characteristics.

ACM-45 A/B GUIDED MISSILE
tength ... .. .
Diameter
Wing span (instatled)

Gross weight

GUIDANCE SECTION
Length
Diameter
Weight

WARHEAD SECTION
Length
L.ometer
Weght
Explosive
Composition
Weight

FUZE
Length {assembled with booster)
Diameter
Forward end
Aft end

FUZE BOOSTER
Length (assembled with fuze)
Diameter
E xplosive

Weight
Composition

CONTROL SECTION
Length
Diameter

ROCKET MOTOR SECTION
Length

Diameter

Weight
igniter expiosive weight

Rocket Motor Section

121 inches (approxsmately)
. . 8 inches
36.25 inches

400 pounds (approximately)

29 inches {approximately)
... Ogwe point 1o 8 inches
43 pounds (approximately}

29 50 inches
8 inches
. 1455 pounds

PBXN01Y
50 pounds {nomnat)

4 95 inches

3 1.inches
3 5 nches

4 95 inches
2 85 inches

170 grams
CH-6

11 15 nches
8 inches

51 8 inches {approximately)
8 inches forward end

6 7 inches aft tapered end
162 1o 173 pounds

117 grams

Rocket motor sections Mk 39 Mods (Figures A4, A-5) consist of a solid-propellant propulsion
unit, a Mk 265 igniter assembly, igniter cable assembly, safe/arm igniter activator, safety clips.
boattail, and forward and aft launch hooks. The rocket motor (8-inch diameter, 51.8-inch long)
consists of a 4130 steel shell case with a 0.056-inch nominal wall thickness. This case or combustion
chamber assembly includes a rocket-exhaust nozzle, a forward head that holds a motor igniter and in
Mods 0, 1, 2, 3 and § a propellant grain of RDSS07, which is cast on an integral grain-support tube
and then inserted nto the motor chamber. This grain assembly is separated from the motor case
glass/phenolic hiner by 12 stnps of 0.15-inch thick rubber ashestos strips (R-154 EPT), and by nune
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: _ supoort legs termunating in plastic feet which are compression-fitted against built-up sections of the
cay-wall insulation. Propellant grains of RDSS07-86 for other mods of the Mk 39 motor are
cax-bonded, 1.e., they are cast in the mo'or case in a five-point star configuration and bonded to a
rubher/asbestos liner (R-154 EPT) of 070—0.130-inch thickness bonded to the steel case.
The Mk 265 Mod 0O igniter (Figure A-6) used with the Mk 39 motor <ection conzists of an
A 3 igntier body, motor assembly, crank, plastic perforated basket, and ignition elements.
The ignition clements are, in the order of function: (1) parallel squib circuit, (2) two primary
cha'ges in intimate contact with squibs, (3) two secondary charges contained in the rotor assembly,
(4) one tertiary charge at the forward end of the plastic basket, and (5) the main igniter chasge
contained in the perforated basket. Current from the delivery aircraft applied to the igniter starts the
sequence which ultimately igrutes the rocket motor grain.
Rocket motor section Mk 53, Mod 1 (Figure A-7) is similar in design to case-bonded Mk 39
motor sections. This alternative section consists of a solid-propellant propulsion unit, 2 Mk 274 Mod
0 sife/arm igniter assembly, wiring harness assembly, safe/arm lock asiembly, safety clip, fin stabthzer
attachment, and forward and aft launch hooks. The composit interna'-burning, case-bonded propellant
gran is cast in a five-point-star configuration. This ANB-3109-1 propellant is separated from and
bonded to the steel motor chamber by an SD 8644 copolymeric liner approximately 0.250 inch
thick. The igniter Mk 274 safe/arm assen.bly (Figure A-8) and wiring hamess assembly are mounted
y @ in ke forward head closure of the combustion chamber, and secured in place by a snap nng and
seal:d with a preformed packing. The igniter assembly consists of an igniterchamber assembly
containing the main pyrotechmic charge, an igmiter-adapter containing a sliding control-piston, a
safe/arm rod, a dualdelay squib initiator, and associated seals and retaining nngs. During normal
operation, a 10-amnpere current from the delivery aircraft applied to the igniter starts the tramn which
ultinately ignites the rocket motor.

Rocket motor section Mk 78 Mod O (Figure A-7), which 1s used primanly tor SHRIKE Missile
AGM45B, cciasts of a sohd-propellant, dual-thrust propulsion umit. a safefarm actuator assembly, Mk
274 Mod 1 igniter assembly. winng harness assembly, arming key assembly. fin-stabilizer attachment.
and forward and aft launch hooks. The nropulsion unit is 8.00 inches in diameter and 51.75 inches
lony;. The chamber is made of 4130 steel with a minimum wall thickness of 0.057 inch. The
soli}-propellant grain 1s a mixture of ammonium perchlorate, alurmnum. and catalytic agents
(Boost—ANP-3146-2, Sustain- ANP-3196-1) which are specifically formulated to provide two levels of
mo'or thrust. The components of the grain are case-bonded to the chamber. A polyurethane nner
maierial (0.053 inch thick) separates the propellant grain from the steel motor chamber. The ignter,
safe/arm assembly and winng hamness assembly are located inside the forward head closure of the
mo or. Their main function 1s to carry the ignition current to the igniter which 1n turn ignites the
m-n propellant grain.

A5

B e e e e e e e e |



E NWC TP 4672

TAIL FIN

E WING ASSEMBLY

3 ASSEMBLY

WARHEAD SECTION

ROCKET MOTOR
SECTION
(TYPICAL)

)

GUIDANCE SECTION
(TYPICAL!

CONTROL
SECTION

FIGURF A-1 SHRIKE Guided Missile AGM 45A/B.

ARMAMENT CABLE ASSEMBLY

MX 330 FUZE

\w< 44 BOOSTER

EXPLOSIVE CHARGE
{PBXN 1015

PREFORMED FRAGMENTS
IENCAPSULATED IN EPOXY RESIN)

SHAPED CHARGE CONE

PIGURE A-2 SHRIKE Mh #8 Mod 0 Warhead




e v e, e sy e
T~ e T30y e v———

NWC TP 5672

MK 330 FUZE

MK 44 BOOSTER

ARMAMENT CABLE ASSY \

,,,,

MK 80 WARHE AD \

RUBBER PAD
¥ MK 4 SMOKE CANISTER
PBXN-101 EXPLOSIVE

RUBBER PAD
PREFORMED FRAGMENTS

DESTRUCT Cup

FIGURE A.3 SHRIKF Mk 5 Mod 0 Warhead

TAIL FIN ASSEMBLY
{4 REQUIRED!

AFT LAUNCH

HOOKS NOZ2ZLE

FORWARD
LAUNCH
HOOK

BOATTAIL

FIGURE A4, SHRIKI Rocket Motor Section Mk 39 Mod 00 3 W/ Tail 1in Aswembly

AT




NWC TP 5672

GeuIdny)
sibiamiaiuno)

DYRP I NTY- |

‘MAA papoldyy S pue € ‘T 7L 0

peneog

Grig Aus Antong GO § e

ITORNFTPR VR ST -]

Bury sdueiay

220N 1sneyr)y

18IS IIYICIM

ur@r) julpddug

SPOJY 6€ AIN UOHDIAG OO 1DPOY “§-V

a3ip BenbIeg e

HYANI

iAd g oG Su g avaQg Fean PiEMmioy 134 ufly

A wassy

dv) Fuy u»on ) ub; Wiy aeS

B sty 9 720N

2 VY by

A Gy

Ry ST ety et

PR R

drp dimnsa g L g @SNy

L

PR

YV Y

.
s\,,v
“
2
Ly

A8




e o 3 bk dhder % Al LR T T e EERTR TR SETPEERTRA TR e - e B

NWC TP 5672

SHORTING
CAP

SASKET

SAIN PYROTECHNIC CHARGE
TERTIARY CHARGE
MNTERNEDIATE CHARGE (N LINE)

PRIBARY CHARGE
FIGLURL A-6 [Igmiter Mh 265 Mod 0. Cutaway

TAIL FIN ASSEMBLY
4 REOUIRED)\
AFT LAUNCH

HOOKS \ \

FORWARD
LAUNCH
HOOK

NOZZLE
FIN STABILIZER
ATTACHMENT

FIGURLE A-7 Rocket Motor Section Mk 53 Mod 1 and Mk 78 Mod 0 With Tail in Assembh

AQ




SRR LA

TR P TR TR T TR AT TR T R e R T e e e e e o

A A -t

NWC TP 5672
RETAINING PRESSURE IGNITER CHAMBER
RING TAP PLUG ASSEMBLY

AN \

SHORTING CAP
PN262364!

P (EFORMED PACKING

Vd

uis INY T
SQ NITIATOR IGNITER ADAPTER

007-8853

-/
SAFE/ARM rRND

MO0 O MG 1

FIGURE A-8. SHRIKE Mk 274 Safe/Arm lIgniter Assembly.

A-10




o, TreyTVE

Appendix B

SPARROW (AIM-TE AND AIM-7E-2)
MISSILE DESCRIPTION




e

NWC TP 5672

LIST OF FIGURES

B-1. SPARROW Missiles AIM-7E and AIM-7E2 (Exploded View) .................. . B-6
B-2. SPARROV' 4k 38 Mod O Warhead ........ e e e e e G B.7
B-3. SPARROW Safe/Arm Device .................c.v0o... T - 2.
B4. Mk 38 Mods 0, | and 2 SPARROW Rockct Motor Secuon e g e .n. B9
B-5. Mk 38 Mods 3 and 4 SPARROW Rocket Motor Section ........... e se.... 210
B-6. Igniter Mk 265 Mod 0, Cutaway e e e e e e e B-10
B-7. Safe/Arm Igniter Assembly Mk 274 Mods . .......... ... . ..c. v . B-11

8-2




W

NWC TP 5672

SPARROW (AIM-7TA AND AIM-7E-2) MISSILE DESCRIPTION

GENERAL

Guided missile medels AIM-7TE and AIM-7E-2 (Figure B-1) are supersonic, air-to-air, boost-glide
missiles, composed of three major functional sections: guidance control, warhead, and rocket motor
(Tabie B-1). The AIM-7E and AIM-7E-2 use the Mk 38 Mod 4 or Mk 52 (Mods ' anc 2) motor.

TABLE B-1 SPARROW Guided Missite and Missile Section Physical Characteristics
AIM 7€ 'E 2 GUIDED MISSILE

Length (AIM7E E ) 145 2 inches
Diameter 8 inches
Wing span l(instatied’ 40 3 inches
Tad fin spar Linstaited! 32 2 inches
Gross weight (AIM 7€ 'E 21 430 pounds (apprcximately:

GUIDANCE & CONTROI. SECTION (AN/DPN 72)

Length 80 4 inches
C-ameter 8 inches
Weight 1£5 pounds (approximately!}

WARHEAD SECTION (MK 38)

Ler )th 13 inches
Diameter 8 inches
Weight 69 4 pounds
E xplosive
Composition PEXN 104
Weight 20 pounds

FUZE (MK 5 35)
Length (assembled wi'h fuze booster) 7 85 inches
Diameter 1 46 inches

FUZE BOOSTER (MK 38)

Length (assembied with fuze) 0 75 inch
Diamete” 1 29 inches
E xplosive
Weight 26 3 gra'ns
Composition CH6

ROCKET MOTOR SECTION (MK 38, 52)

Length 51 & nches
D:ameter 6 38 inches aft 1apered end
Weight Mk 38, 52) 155 5 pounds
igriter Mk 265, 274)

E xplosive weight 116 2 gran.s
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COMPONENT DESCRIPTION

Warhead

The Mk 38 warhead (Figure B-2) located betwesn the control section and the rocket motor is
cylindrical in shape and forms part of the missile structure. It is of the insulated continuous-rod
type, using 20 pounds of PBXN 104 explosive initiated by a Mk 5 Mod 2 or Mod O safe/arm device
{Figure B-3) and is approximately 8 inches in diameter and 14 inches long. The case is constructed
of a continuous rod bundle 0.375 max. inch thick, 7.25 inches in diameter and 11.7 inches long.
The outside of the bundle is protected by a 0.024-inch thick steel skin. Two halves of the PBXN
104 billet are assembled into a magnesium liner and this assembly is then inserted into the
rod-bundle assembly. Poiting resin fills the voids between the lined explosive billet and the rod
bundle. Forward and aft gaskets, 0.125 inch thick, insulate the billet ‘rom the warhead end closures.

The safe/arm device is mounted in the central axis of the warhead. Its functions are to
maintain the warhead in an unarmed condition until the missile has traveled a safe distance from the
launchung aircraft, and then to arm the warhead. The length of each safe/arm dsvice 1s approximately
8 inches with the Mk 38 booster attached.

Rocket Motor Section

Rocket motor sections Mk 38 Mods (Figures B4 and B-S) consist of a sold propellant
propulsion unit, a Mk 265 igniter assembly, igniter cable assembly, safe/arm igater actwvator, safety
chips, boattail, and forward and aft launch hooks. The rocket motor (eight inches in diameter and
51.8 inches long) consists of a 4130 steel case with a 0.056 rominal wa;! thickness. This case or
combustion chamber assembly includes a rocket-exhaust nozzle, a forwasrd head that holds 2 motor
igmter, and a propellant grain. The Mk 38 Mods 0, ! and 2 motor contain a free-standing propellant
grain of RD> 507, cast on an integral grain-support tube and then inserted into the motor chamber.
The grain assembly 1s separated from the motor case by a 0.10- to 0.38-ach hica 2lass phenolic
liner and by nine support legs terminating in plastic feet which are compression-fitted aganst butlt-up
sections of the cas.-wall insulation. Propellant grains of RDS 507-86 for Mk 38 Mods 3 and 4 motor
are case-bonded, t.e., they are cast in the motor case in a five-point-star configuration and bonded to
a rubber/asbeswos Liner (R-154 EPT) of 0.056 to 0.074 nomiral-anch thickness which 1s bonded to the
steel case.

The Mk 265 Mod O igniter (Figure B-6), which is used wiih the Mk 38 motor section, consists
of an igniter-bcdy motor assembly, crank, plactic perforat 1 basket, and ignition elements.

The ignition elements are, in the order of ignition: (1) paraliel squib circutt, (2) two primary
charges 1n intimate contact witi. squibs, (3) two sccondary charges contained in the rotor assembly,
(4) one tertiary charge at the forward e..d of the plastic basket, and} (5) the man igniter charge
contained in the perforated basket. Current from the delivery aircraft apglied to the igniter starts the
train which ultimately ignites the roc! et motor gran.

Rocket motor section Mk 52 Mcd 1 and 2 is similar in design to case-bonded Mk 38 motor
sections and SHRIKE Mk S3 motor sections. ", “is alternate rocket motor section, which 1s 8.0 inches
in diameter and 5!.8 inches long, consists of a chamber and grain assembly, a safe/arm igniter
assembly. a nozzle assembly and a fin-stabilizer attachment. The composite, internal-burning
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case-bonded propellant grain 1s cast in a five-point-star configuration. The propellant, ANB-3109-1, is
separated frora and bonded to the 4335 stee! motor chamber by an approximately 0.050-inch
thickness of SD 864-4 copolymer liner.

The igniter, Mk 274 safefarm assembly (Figure B-7) and wiring harness assembly are mounted
i the forward head closure of the combustion chamber. The igniter and safe/arm assembly are
secured in place by a snap ring and sealed with preformed packing.

The i1gmter assembly consists of an igniter chamber assembly containing a sliding control piston,
a safefarm rod, a dualCelay squib initiator, and associated seals and retaining rings. During normal
operation a 10-ampere current from the delivery aircraft, when applied to the imter starts the train,
which ultimately 1gnites the rocket motor.
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SHRIKE MISSILE
DETAILED TEST DESCRIPTION

Each of the seven SHRIKE baseline cookoff tests is described ieparately. The format for all
reports is the same. General Results, Dotailed Descrniption of the Test item, Thermocouple Locations.
Charactenzation of the Fire, and Ciaphs of Uncorrecied Transient Thenmocouple Data. The
components used to configure the various test items have alrcady been listed in Table ! of the body
of the report. Although an attempt was made to us¢ complete production hardv-are (Appendix A)
wherever feasible, 1n many instances secondary hardware was esther sin:ulated or not used at all. The
meteorological conditions vanied from test to test, and are shown in Table Cl. The test <et-ups are
shown in Figures C-1, C-12, C-21, C-32, C43, £-50 and C-58, which also show the hravily insulatea
lead-wires and flame-thermocouples.

The pnmary hardware, 1.e., motors and warheads, were modified in that thermocouples were
embedded dunng test-item assembly. Thermocouples (24-28 gauge) were used to mimmaze b.eakage
dunng handling and processing. Care was taker to smmunumuze intrinsic thermocouple installation erross.
Unfortunately the size of the thermocouples precluded quantitative analysis because of the well
known uncertainties ass.ciated with transient-temperature and lead errors which are large because of
the gnod thermal insulative properties of propellants, explosives and Dners. Therefore the
miterpretation of the thermocouple data obtained in these tests was only guahtate.

The data from each test are given as received by the recorder. ft s important to note that the
recorded temperature 35 that of the thermocoupie bead, which can conzewvably move duning the test.
Heat entering the leads trom 2 different area and other circumstances can also warm the bead A
discontinuity can occur anywhere along the leads as a result of mechamical .racturc or of
burn-through caused bv explosive/propeliant burning. Electncal arcing across the frayed leads can aiso
lead to spunous EMF readings.

TABLE C 1 SHRIKF Test Meteorology

Test no ' Yerp F § H-:-Rm;:h.ty \ine
—— ",.. - - A' -
SH 1A | 95 | "vear O Caim, shght aurs
t H ' :
TA I: 45 l Near C : 13 kno's S'SW
8A ll 70 E Near 0 2 knots, SW
; i
124 i 28 i 30 ! 1 knct SE
13A E 100 Near 0 l. { knot, [
144 ! 84 . Near C ; 6 B knots NW
Near O Catm Qccasional

>
b
~
o

gusts to 3 knots

K2
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No attempt was made to separate data as valid or invalid. Such a judgment would be purely
subjictive. Fur example, it was observed vy separate test that fractured thermocouple leads will arc
in a fire, and give an EMF which could erroneously be attributed to some other bead located
elsewhere. Another example is the appasrent exothermic behavior observed at steel caseforganic liner
interfaces. If the liner is properly cured it could be argued that endothermic behavior should first
occur there. On the other hand, excthermic liner behavior could certainly eaplain the apparently
promature ignition of explosive/propellants. Thermocoupie data (if quantitatively correct) taken
between liner and explosive/propellant suggest that auio-igmtion temperatu.>s are genesally rot
reached prior to deflagration or explosion. Therefore, until future laboratory tests examine such
phenomenz, abnormaliy high heating of a thermocouple bead is called * pparent exothermic
behavior™ in these test descriptions.

Other pertinent data are times to unusually loud sounds, and ligist flashes recorded on
audioc/video tape. Post-test observations are also given. Noise intensity cannot be directly currelated to
Guantitative hacard or explosion analysis. Also, post-test observations by different investigators were
gensrally not in exact agreement. Hence only those observations made n cominon are histed. Some
informatiorn was losi in that it was difficult to reconstruct fiom only post-test photographs possible
alternative events which conceivably could explain some of tihe responses indicated by the
transducers

SUMMARY OF SH-1A TEST

Results

All three flame thermaocouples reached an indicated flame temperature of 1000°F by 58 sec.
Apparent 2xothermic reaction was .ndicated in the warhead/steel hner region by 80 sec. The potting
matcrial vented into the sand through the lower aft end of the warhead stecl hiner by 60 sec.
The moccuples located between the motor case and hner indicated that apparent exothermic reactions
nccurred by 80 sec. Many thermocouples were lost between 198 and 216 sec. Significant structural
yielding of the motor casing was attributed .c the weight of the sand.

Test ltem Description

The item consisted of an inert motor, a control section, an wnert warhead. and a guidance
section (Figure C-1).

The motor casing, with a case-bonded liner. was filled with crystal-white stucco sand (%30
mesh). Ten 24gauge chromel-atumel thermocsuples (TC 1-10) were located withia the motor casing
(Figure C-2). The leads were routed through the sand. the aft nozale seal, and out to the support
A-frame (Figure C-1)

The 1ner; warhzad (a Mk 68 Mod 0 casing) was (lled with uystal-whate stucco sand (30 mesh).
Fifteen 24gauge clivomel-alumel thermocouples {TC 12-26) were lccated as shown i Figure C-3. The
internal thernnocouple leads were routed aft through the upper aft bulkhead. The forward exterior
thermocouple leads were routed aft through the longitudinal armament tunnel. All thermocouple leads

Co6
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exited through the control-section umbilical hole to the A-frame.
One thenmoccuple, TC 11. was a‘tached to the outer surface of the inert motor igniter (Figure
C-2). Another thermocouple, TC 27, was mounted on the fuze base (Figure C-3)

SH-1A Fire

Thermocouple: werte placed at the centerline plane, about six inches from the test i‘em at the
forward (TC 28), starboard (TC 29). and aft (TC 30) regions. The uncorrected output of the flan:e
thermocouples is shown 1n Figures C4a, b, and c. The fire was abornosmaily coul ai the forward end
between 86 and 92 sec.

Post-Fire Commentary

The test stem 1s shown after the test in Figure C-5. The guidance section had falien into the
pit. A noticeable amount of structural bending was evident, suggesting that the weight of the sand 1
the umt was sufficient to distort the stecl at fuel-flame temperatures.

The outputs of TC 1, 2, and 11, lucated in the forward end of *he motor, are shown in Figure
C-6. Apparent exothermic behavior at the head end, between the steel and liner 1s evidenced by TC
1 and 2 before 80 sec. By companson, TC 11, which i1s on the outside of the igniter, suggests
normal (non-exothermic) heat-transfer behavior up to about 260 sec, when excess heating became
apparent.

The outputs of TC 3-10 in the motor are shown in Figure C-7. Apparent exothermic behavior
of TC 3 and 4 (located between the steel and hiner) similar to that of TC 1 and 2 1s observed. TC
5-10 1indicated normal heat-transter behavior for the first 80 sec. Then apparent violent exotherms:
reaction or thermocoupie falure 1 indicated for 1L > at 419°F and 190 sec, for TC 8 1t 341°F =nd
212 sec. for TC 9 at 184°F and 212 sec, TC 10 at 412°F and 210 sec, TC 7 at 487°F and 214 sec,
and TC 6 at 445°F and 216 sec

The outputs of TC 12-15, located on the outside of the wartihead. facing the Luidance section.
are shown n Figure C-%. The erratic output between 120 and 240 sec 5 attributed to venting of the
potting matenal through two forward fill holes. After 274 sec 1 1s possible that the guidance section
was beginming to fall off the warhead, thus causing the sigmficant nse of TC 1214

The responses ¢f TC 16-22 are showr in Figure 9. A general charactenistic ot TC 16-19 s
therr double-S mode The expected thermocouple response, i the absence of exothermic-endothermic
phenomena 1s a single-S mode In view of the responses shown in Figure C- 1t 1 suspected that
potting material and/or cavity pant decomposition s the cause of the apparent exothermic response.
This possibility 1s reached by noting that TC 16-19 show pronounced exothermi, behavior, while TC
20 and 21, which are not on the steei liner, exhibit only the single-S shape The behavior of TC 22
1s not readily explained. Sometime after 60 sec the hine- weld-jomnt vented, as contirmed by post-test
mspection of the warkead intenor. The thermal response of the aft end of the warhcad (Figure C-3}
1is shown by TC 23.26 in Figure C-10. TC 24-26 are weli-behaved, and suggest that explosive
auto-igmtion temperatures are not reached at the aft warhead bulkhead during the first tive minutes.
However, TC 23 does not warm as fast as TC 19 or 21, whuch again suggests that exothermic
reactions are occurnng within the warhead liner. TC 23 indicates that cvents occurred at 198 sec,
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and again at 358 sec. The response of TC 27, located on the wall of the aft fuze well is shown in
Figure C-11. An apparent event occurred around 290 sec.

SUMMARY OF SH-7A TEST

Results

All four flame thermocouples reached or exceeded an indicated temperature of 1000°F vy 46
sec. The motor became propulsive at 54 sec, and all data after this time were lost. Data prior to this
ume were unusval, and all pethaps invalid. The manner in which the instrumentation was installed
caused motor-case venting at five locations. Ignition of the grain port occurred, which is unusual in
fast-cookoff tests. No pressure was evident in the port prior to ignition. The motor igniter was
ecjected.

Test Item Description

The item consisted of a live motor Mk 53 Mod 4 rocket (Figure C-12). Five 28-gauge
chromel-alume] thermocouples (1-5) were located as shown in Figure C-13. Four of the thermocouple
leads were routed through tunnels in the propeliant, the port, the nozzle seal, and out to the
A-frame (Figure C-12). Copper tubes were used to channzl any possible gas generation from the liner
region 10 a pressure transducer. A second pressure transducer was cxposed to the grain port at the
forward end of the motor through a motor-igiuter attachment screw-hole (Figure C-14,

SH-7A Fire

Thermocouples were placed at the centerline plane, six tnches from the test item at the forward
{TC 6), starboard (TC 7). aft (TC 8}, and port (TC 9) regions. The uncorrected thermocouple output
of flame temperatures 1s shown in Figures (-152, b, ¢, and 4.

Post-Fire Commentary

The motor became propulsive and moved the A-frame 8 ft from the center of the pit (Figure
C-16). The forward legs were buried v dirt, and the aft tie rod of the A-frame legs was bent over
the grouid juncrion. This suggests that the A-frame was awrbome, pivoted about its front legs, and
fell back on top of the ground junction.

Holes were burned through the motor casing at the poin! where the internal radial
instrumentation was embedded (Figures C-17 and -18).

In Figure C-i9 thc motor igmter is seen. It was cjected with the pressure transducers, and lat
the steel windscreen.

All the thermocouple data are shown in Figure C-20. Only TC | and 4, which were attached to

CH
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the steel case, responded pnor to failure of all the thermocoupies m 54 sec The pressure-transducer
data showed no increase in pressure until the last second, when the motor became propulsive.

Audio-visual observations supgested that the motos ignited at 54 sec. and continued to burn
untyd 70 se.. Flames visible 1t the aft end indicated burrung through the nozzle. The ejection of the
igriter (some 15 t) helped reduce the forward thrust. A rouna fragmen: was observed n the port
side of the wontrol seciion, as 1f it had been penetrated from the outside by a 30 cal builet or
simstar object.

SUMMARY OF S#-8A TEST

Results

All tour flame thermocouples reached or exceeded an indicated temperature of 1000°F by 13
sec Apparent cxothermic reactions were indicated at the moturcase/liner region by 25 sec. A report
heard at 70 sec may have been the motor venting. Propellant bum-out through s casing vent hole 1s
behieved to have been imiated at 70 sec. The deflagration reaction of the Mk 78 Mod O rocket was
mild

Test Item Description

The 1iem consisted of a bve Mk 78 Mod 0 rocket, a control section, and an inert warhead
(Figure C-21) Smteen 28-gauge chromel-alumei thermocouples (TC 1-196) were located as shown n
tigure C-22 The thermocouple leads were routed through the iner, the nocsze ¢ al, and out to the
A-frame

The nert warhead was a Mk 30 Mod 0 casing filled with crystal-white stucco sand (30 mesin
Fitteen 24-gauge chromel-alumel thermovouples (17-31) were located as shown in Figure C-23 The
leads ot TC 21-27 were routed thrcugh 4 hole 11 the upper afi bulkhead Leads of TC 17-20 were
routed aft through the armament tunnel

SH-8A Fire

Thermocouples were placed at the centerline plane six inches from the test ttem a1 the forwar.
(1C 32). <tarboard (TC 33), aft (TC 34). and port (TC 35) regiors. The uncorrected thermocouple
outputs of flame temperatures arc shown in Figures C-24a, b, ¢ and ¢ The Jorward flame
thermocouple was sbnormaly cool between 130 and 140 se:. TC 32 and 33 faded at 155 sec

Post-Fire Commentary

The hottom of the rocket motor was consumed. as shown in Figures T-25 and -26 In Figure
C-26 the poazle section of the motor, sull contaimung its seal, 1s shown lying on the ground The
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warhead section is shewn, held by the A-frame at one end, and lying on the 4round at the other.
Figure C-25 shows the extent to which the motor casing was consumed.

The responses of the thermocouples in the motor and at the boundary are shown ir Figures
C-27 and -28. Apparent exothermic reaction after some 25 sec is indicated by TC 3 ard 4. The
double-S response, TC 2 and S, suggested exothermic behavior. These thcimocouples had beer welded
to the motor case adjacent to the liner. This apparent eaothermic behavior is not observed for TC 6
to 9. All the boundary thermocouples, which were between tie liner and the propellant, failed by
100 sec.

Internal thermocoupies 10-16 (Figure C-28), located in the motor port region, extubited a smali
response after 60 sec. All failed by 155 sec. The output of TC 1, attached to the suter motor
bulkhead, is shown in Figure C-27. its heating rate is less than that of TC 2-5.

The double-S mode exhibited by TC 21 and 23-27 aie not attributed to exothermic reaction in
the liner, although this could have occurred. because the interse heating was primarily generated by
the defiagration of the motor. Noie that the heating rates of the thermocouples are much greater
than those of their counterparts in the SP-3A tests.

Outputs from warhead thermocouples 17-20 are shown in Figure C-29. Apparent exothermic
responses from TC 17 and 18 may be attributed to gases from potting material decomposition,
venting through the two cube loading holes adjacent to the warhead cup. These thermocouples failed
by 270 sec (Figure C-30). The outputs of the warhead thermocouples 28-31 which faded at 235 sec,
are given 1n Figure C-31.

A sound was heard at 70 sec, which may have been the motor venting. A burning sound was
also heard betwesn 150 and 155 sec.

SUMMARY OF SH-12A TEST

Resuits

All four flame thermccouples reached or exceeded an indicated temperature of 1000°F by 19
sec. Apparent exothermic reactions were indicated at the motorcase/hner interface by 28 sec. A
report heard at 57 sec may have been the motor venting. No significant gran-bore pressuse buitd-up
was recorded. Transient local heat-flux measurements reached an un-orrected value or 4 BTU/ft2sec.
and were in phase with a temperature nse-rate of the flame thenmocouple. By 9C sec the propellant
was burning. Apparent exothermic reaction in the nert warhead liner region was indicated before 120
sec. The deflagration reaction of the Mk 78 Mod 0 motor was mild.

Test Item Description

The test item (Figure C-32) was made up of a live motor (Mk 78, Mod 0). a control section,
and an mert warhead. Sixteen 28-gauge chromel-alumel thermocouples (1-16) were located, as shown
in Figure C-22 of test SH8A The leads were routed through the hner, the nozzle seal, and out to
the A-frame. A pressure transducer was attached !u the igniter to sense bore pressure. A heat-flux
transducer was attached to the side of the motor case.

The inert warhead was a Mk 68 Mod O casing filled with crystal-white stucco sand (30-mesh).
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Fifteen 24-gauge chromel-alumel thermocouples (TC 17-31) were locates as shown in Figure C-23 of
test SH-8A. Leads of TC 17-20 were routed aft t.irough the armament tunnel. The ieads of TC 21-27
were routed through a hole in the upper aft bulkhead. All the ieads were routed out the umbilical
hole to the A-frame.

SH-12A Fire

Thermocouples were placed at the centerline plane six inches from the test item at the forward
(TC 32), starboard (TC 33), aft (TC 34), and port (TC 35) regions. The uncorrected outputs of
flame temperatures are shown in Figures C-33a, b, ¢ and d. The forward thermocoupie was
abnormally coo' between 48 and 58 sec, and again between 74 and 86 sec. The starboard
thermoce ple was lost at 138 sec. The aft thermocouple was abnormally cool at 36 sec, agan
between S8 and 74 sec. and again between 138 and 166 sec. The port thermocouple was fost at 108
sec.

Post-Fire Commentary

The bottom of the rocket motor (propellant and case) wes consumed (Figures C-34 and C-35).
The warhead section is shown held by the A-frame at oae end, and lying on the ground at the
other.

The responses of the thermocouples in the motor are given in Figures C-36 and C-37. Apparent
exothermic reaction is indicated by TC 2 and 4 which were welded to the motor case adjacent to
the liner. Falure of TC 29 occurred before 104 sec, and was probably due to lead-wire
burn-through. IC 8 was the first to fail, and did so a: 66 sec.

Thermoccuples 10-16 (Figure C-37) located in the moto: port region showed a smali response
at 56 sec, but after 128 sec began to fadl.

Outputs from TC 17-20, located 3t the forward bulkhead of the warkead, are shown in Figure
C-38. The response of TC 18 1s unusual, and 1s not understood, uriless the warkead cup had caused 4
mechanical interference. The responses of TC 21-27 (Figure C-39) are similar to those in Figure C-30
in *est SH-8A. Outputs from warheads TC 28-31 are given in Figure C40.

The output of the port pressure iransducer ¢ shawn in Figure C41. The response at 57 sec
corresponds to a loud report heard at that time. The second response was at 130 sec. The motor was
audibly burning between 90 and 127 sec. Chuffing and visible motor burning occurred between 137
and 150 sec. At [87 sec a loud metal-striking-metal sound was heard. There was no significant
pressure in the grain bore during the time to burn-through.

The output of the miniature heat-flux transducer is shown in Figures (42a. b. and ¢ k
became detached from the motor case at 5/ sec, suggesting that venting occurred. This corresnonds
tu the pressure transducer, and the sound heard at 57 sec.

cn
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SUMMARY OF SH-13A TEST

Results

All four flame thermocoupics reached or exceeded ar .ndicated temperature of 1000°F by 32
sec. By 113 sec apparent exothermic reaction was initiated at the warhead explosive/liner region. Al}
data were lost after 128 sec, when a loud explosion was heard. The reaction of the Mk 68 Mod ¢
warhead was considered to be an explosion.

Test Item Description

The item consisted of an empty motor case, an incomplete control section, and a live Mk 68
Mod O warhead (Figure C43). Fifteen 24-gauge chromel-alumel thermocouples 1-15 were located as
shown in Figure C44. The leads for TC 14 weie routed aft through the armament tunnet. The leads
for TC 5-11 through the upper aft bulkhead. A thermocouple TC 16 was placed on the outer face of
the fucze on the threads of the fuze cavity. TC 17 was on the forward end of the igmiter. All the
thermocouple leads were led out of the control section to the A-frame.

SH-13A Fire

Thermocouples were placed at the centerline plane six inches from the test item, at the forward
{TC 18), port (1C 19), aft (TC 20) and starboard (TC 21) of the warhead. The uncorrected outputs
are shown in Figures 453, b, ¢ and d The fire was abnormally cool uni 128 sec, when the
thermocouples faied.

Post-Fire Commentary

The warhead evploded at 128 sec. Figure C46 showed the cloth windscreens blown down, with
the empty moto: case lying on the left The penctration of shrapnel through the windscreen is shown
in Figure C47, and a sample collection of the larger shrapnel in Figure (48. The data for TC 1-13
are shown in Figure C49. Apparent e¢.othermic behavior 1s observed for TC 2, 6, 7. and 13,
beginning at 113°. All thermocouples were lost at 128 sec.

The heating of TC 2 mav be attributed to the venting of potting matenial ¢2composition gases
through the two holes in ihe forward bulkhead. The accelerated hcatiug of TC 6 and 7 is also
attributed to exothermic potting matenial decompositicn Note that TC B is iiotter than either TC 4
or TC-12. Only exothermic reaction of the potting matenal/cavity paint can account for ths.

All the mussile componentis separated. The control section was n large 1ragments, but the motu
case was fairly :atact. One large (fulldength quarter circumfereace) warnsad case fragnient was found
30 ft to port, and a small section under the A-frame. The warhead inner hiner was scattered about.
Some explosive fragments viere strewn to purt and forward. The guidarce section wae found 60 fi in
iront of the A-frame.
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SUMMARY OF SH-14A TEST

Results

All four flame thermocouples reached or exceeded an indicated temperature of 1000°F by 34
sec. By 84 sec an apparent exothermi reaction was initiated in the warhead/lmer regon. Ail data
were Jost after 109 sec when a loud novie was heard. The reaction of the Mk 80 Mod O warhead
wa considered to be an explosion.

Test Item Description

The item, shown ir Figure C-50, consisted of an empty motor case, an incomplete control
section, and a live Mk 80 Moa O warhead. Sixteen 24-gauge chromel-alumel thermocouples (1-16)
weie located as shown in Figure C-51. The leads for TC 14 were routed through the armament
turnei and ther chrough the umbilical hcle to the A-frame.

SH-14A Fire

Thermocouples were placed at the cen.erline plane, some eight inches from the test stem at the
forvard (TC 7). starboard (TC 18), afi (TC 19}, and port (TC 20) sides < i warhead. The
uncorrected thermoconple outputs are sho'vn 1n Figures C-52a. b, c. and d. Because of the prevailing
wind the fire was abnormally cool to the tume of the explosicn. The top of the A-frame was in view
during the whole penod.

Post-Fire Commentary

The warhead eaploded at 109 sec, and blew away the windscreens with the wd of the
pre-athng wind (Figure C-53). The empty motor casing s seen 40 ft from the A-frame on the night,
A <ample of shrapnel scatter 1s viewed on the ground in Figure C-54, and a coilection of the larger
shrernel 1s shown in Figure C-55 The data for TC 14, shown in Figure C-56, are well-behaved.
Drffering from the other tests, TC 2 sh:ws no response to possible venting of potting matenal
through the two manufactuning holes. It 1s not “nown if TC | and TC 2 were insulated when they
wer: attached to the destruct<cup (cone). The thermocouple data for TC 59. 11 are shown in Figure
€.57. TC 10 gave no data. Apparent exothermic behavior of TC 8 and TC 11 began at 84 sec. All
thermocouples were lost at 109 sec. coinciding with the wvisible explosion occurnng at that time The
respenses of TC 12-16 are shown i Figure C-58 The heating rates of TC 8 and TC 11 are much
gieater than that of TC 12, suggesting exothermic behavior by the potting matenal and/or cavity
pant

All che missile components separated The motor case, with part of the control section
attached, was thrown directly aft, about 40 ft from the A-frame. The partial gumidance section. and
the remains of the control section were in the pit forward of the A frame. Many large fragments.
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approximating one-half of the warhead body, were found. The forwad bulkhead was found
(crumpled) 1n one piece Also found were the armament tunnel and the camster fuze well. The floor
of the pit wos littered with individual frag cubes, and two clusters of cubes about 1.5-inch square
were also found. All the cxplosive had been consumed The A-frame showed no frag cuve damage,
but the asbestos cloth around the pit showed numerous impacts.

SUMMARY OF SH-16A

Results

All four flame thermocouples reached or exceeded an ind:cated flame temperature by 96 secc.
By 104 sec apparent exothermic reaction '3 the motor-case/liner region was evident At about the
same tume 1t appeared that exothermic reaction had begun at the warhead steel ILner/potting
matenal/cavity paint interface regions. A loud explosion occurred at 122 sec. when all data were jost.
It 1s probable that tkis explosion occurred in the rocket motor. The chain of events that might have
taken place 1, speculative. However, 1t is probable that the Mk 39 Mcd 7 rocket motor 1g .ted at
104 sec, and at 122 sec exploded w .. sufficient thrust to move the A-frame and break all the
thermocouples leading to the recording facibity. At 169 sec the Mk 68 Mod O warhead may have
exploded. At 316 sec another explosion occurred, which may have beca the Mk 330 fuze.

Test Item Description

The item (Figure C-59) consisted of a guidance section, a live warhead. a control section, and a
hive motor (a grain case-bonded Mk 39 Mod 7). Sixtecn 24-gauge chromel-alumel thermocouples (1-11
and 28-32y were located as shown i Figure C60. The leads were routed through the lmer, the
nozzle seal, and out to the A-‘rame

The live warhead was a4 Mk 68 Mod 0. Fifteen 24-gauge chromei-alumel thermocouples (12-26)
are located as shown n Figure C-9 The internal thermocouple leads were routed through the upper
aft portion of the bulkhead. The forward extenor thermocouple leads were souted aft through the
longitudinal armament tunnel All thermocouple leads exited through the umbibcal hole to the
A-frame.

A thermocouple (TC 27) was mounted on the fuze-face threads.

SH-16A Fire

Thermocouples were placed at the centerline plane about six inches from the test item. at the
forward (TC 32), starboard (TC 33), aft (TC 34), and pert (TC 35) regions. The uncorrected
thermocouple output of flame temperatures 1s shown in Figures C-6la, b, «. and d. It took 96 sec
for all the thermocouples to reach or exceed an indicated temperature of 1000°F, denmoting a
relatively slow and cool heating period.
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Post-Fice Commentary

The test item exploded vinlently (Figures C-62—C-67). The A-frame is secn overtumed in Figure
C-62. Heavy steel windscreens were turned over, and the test chamber littered with debris. The
guidance section was ejected forward and entwined in the submarine 1.etting (Figure C-63). An
external view of damage to the test cell is seen in Figure C-64. The control section was found 1n a
comer of the pit (Figure C-65). The aft end of the motor was ejected, and intercepted by the stezl
windscreens (Figure C-65). Chunks of explosive and warkiead parts are shown gathered in Figure C-6/.

Apparent exothermic reaction in the motor steal casefliner region (before loss of all
thermocouples at 122 sec) is evidenced by TC 2 and TC 3 in Figure C-68. TC ! shows thermocouple
failure at 104 sec, which may indicate that the propellant had auto-ignited before that time,
producing the heat necessary to cause the thermocouple leads to fail. None of the thermocouples
between the liner and propellant (TC 5-8) indicated liner degradation or significant heating to suggest
propellant auto-ignition.

The only other thermocouple in the motor tc respond prior to thermocouple failure at 122 sec
was TC 29 (Figure C-03;, =,~wing an apparent exotherm.

Data from thermocouples in the warhead are shown in Figuies C-70 and C-71. Significan*
exothenmic behavior is not obvious. Again it is observed hat a thermocouple between the explosive
and steel case, i.e.. TC 20, is significantly warmer than thermocouples attached directly to the stecl
case, 1e., TC 15 and TC 23, All the thermocouples weie well-behaved, rising monotonically with time
untd all the thermocouples faiied at 122 sec.

Visual and audio recordings registered a very loud explosion at 122 sec. A smaller but still loud
explosion registered at 169 sec, a small noise at 245 sec, ana a sharp explosion with light emission at
316 sec.

Large warhead fragments (long strips) totalling about one-half of the warhead case, were
scattered at the north end of the bay. One fragment was embedded in the north windscreen. About
12 pounds of explosive (Figure C-67) were recovered at the north end ~f the bay.

The guidance sectiun, Figure C-63, exhibited little fire damage. The aft two-thirds of the motor
case was at the northwest edge of the pit, while the contrnl section with the forward eight incres of
motor case, was lying at the southwest corner.
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SPARROW MISSILE
DETAILED TEST DESCRIPTION

Each of the five SPARROW baseline cookoff tests is deecrived s'rarately “he format for all
reports is the same: General Results, Detailed Description of the Test Item, Thenmccoupie Locations,
Characterization of the Fire, and Graphs of Unccrrected Transient Thermocouple Data. The
components used to configure the various test items have alieady been listed in Tabie 2 of the body
of the rep~:. Although an attempt was made to use complete production hardware (Appendix B)
wherever feasible, in many instances secondary hardware was either simulated or not used at all. The
meteorological conditions varied from test to test, and are shown in Table D-1. The test set-ups are
shown in Figures D-1, D-12, D-14, D-20, and D-27, which also show the heavily insulated lead-wires
and flame thermocouples. Test SP-14A was done in the 24-ft-square caged pit at Skytop. The others
were done in the 24-ft octagonal pit at CT 4,

The primary hardware, i.c., motors and warheads, was modified in that thermocouples were
embedded during test item assembly. Thermocouples (24-28 gauge) were used to munimize breakage
during handling and processing. Care was taken to minimize intrinsic thermocouple installation errors.
Unfortunately the size of the thermocouples precluded quantitative analysis because of the well
known uncertainties associated with transient-temperature and lead errors which are large because of
the good thermal insulative propertiess of propellants, explosives and lLners. Therefore the
interpretation of the thermocouple data obtained in these tests was only qualitative.

The data from each test are given here as received by the recorder. Daia acgnisition was
terminated if the tempeiatures exceeded the scale (usually 1000°F), or if obvious discontinuities
vccurred. it is important to note that the recorded temperature is that of the thermocouple bead,
which can conceivably move during the test. Heat entering the leads from a different area and other
circumstances can also warm the bead. A discontinuity can occur anywhere along the leads as a
result of mechanical fracture or of burn-through caused by explosive/propellant burning. Electrical
arcing across the frayed leads can also lead to spurious EMF readiugs.

TABLE D-1, SPARROW Test Meteorology.
T

Test no Temp. °F Ht:g:?;‘ty Wind
SP.312 70 Near 0 Calm, slug?from w
SP-78 9 Near 0 2-3 knots S
SP-13A 86 Near 0 2 knots W
SP.138 53 None Shght, from SW
SP-14A 100 None S knots W

Db
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No attempt was made to separate data as valid or invalid. Such a judgment would be purely
subjective. For example, it was observed by separate test that fractured thermocouple lezds will arc
in a fire, and give an EMF which could crroneously be attributed to some cther bead located
elsewher.. Another example is the apparent exotheimic behavior observed at steel case/organic liner
interfaces. If the liner is properly cured it could be argued that endothermic behavior should first
occur there. On tiz other hand, exothern liner behavior could certainly explain the apparently
premature ignition of explosive/propellants. Thermocouple data (if gquantitatively correct) taken
between liner and explosive/propellant suggest that auto-ignition temperatures are generally not
reached prior to deflagration or explosion. Therefore, until future laboratory tests examine such
phenomena, abnormally high heating of a thermocouple bead is called ‘*‘apparent exothermic
behavior™ in thase test descriptions.

Othe: pertinent data are times to unusually loud sounds, and light flashes recorded on
audio/video tape. Post-test observations are also given. Noise intensity cannot be directly vorrelated to
quantitative hazard or explosion ana ssis. Also, poust-test obseivations by differunt invesugators were
generally not in exact agreement. Hence only those observations which are in agreement are listed.
Some wmformation was lost in that it was difficult to reconstruct from only post-test photographs
possible alternative events which conceivably could explain some of the responses indicated by the
transducers.

SUMMARY OF SP-3A TEST

Resuits

AW four flame thermocouples reached or exceeded an indicated temperature of 1000°F by 42
sec. By 70 sec the motor-case/liner region exhibited apparent exothermic behavior. Similarly by 120
sec matenals in the region between the warhead rods and the potting matenal also showed apparent
exothermic reaction. Hot gas produced in the warhead vented out the aft seal at 130 sec and escaped
through the umbilical hole at the aft hangar, weakening 1t. By 180 sec venting througsh the
thermocouple holes drilled 1n the forward warhead bulkhead was evident. At 216 sec the .it hangar
gave way, and the motor end of the o-dnance dropped into the pit. By 220 sec the magnesium in
the forward portion of the warhead was burning. The warhead safe/arm device was cjected at 360
sec, suggesting that the nagnesium liner was also burning 1n the aft section of th? warhead The Mk
38 Mod O warhead deflagrated.

Test Item Description

The item (Figure D-1) consists of an inert motor {Mk 38 Mod 4) with case-tonded liner. an
inert warhead, and an incomplete control sectior . Th2 motor chamber was filled with crystal-white
stucco sand (30 mesh) Ten 24-gauge chromel-all nel thermocouples (1-10) were located as shown in
Figure D-2. The leads were routed through the sand, the nozzle seal, and out to the A-frame

The mnert warhead was * Mk 38 Mod O casing, with an empty Mk 35 Mod i safe/arm housing
beited in place, and a woodea billet in ihe explosive cavity. Thirteen 24-gauge chromel-alumel
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thermocouples (11-23) were located as shown in Figure D-3. The leads were routed forward along
grooves longitudinally machined in the magnesium liner, and out through holes drilled in the casing
fill~t, and exited through the control section to the A-frame.

SP-3A Fire

A thermocouple was placed at the centerline plane six inches fiom the test item at the forward
(TC 24), starboard (TC 25), aft (TC 26), and port (TC 27) regions. The uncorrected thermocouple
outputs of flame temperatures are seen in Figures D4a, b, ¢, and d. The fire was abnormally cool
between 180 and 210 sec, narticularly on the port and starboard sides.

Post-Fire Commentary

The control section was consumed except for the steel ball joint. The test item dropped from
the aft hangar into the pit at 216 sec, as indicated by the breaking of the thermocoupies in the
motor intsrior at that time. The underside of the test iten seen in Figure D-S, shows a gap between
the warhead fairing and the forward bulkhead. The safe/arm device was also ejected.

Thermocouples 11, 13, 16, 19, and 21 were located on the warhead rods. Both TC i1 and 16
malfunctioned. The responses of TC 13, 19 and 21 are shown in Figure D-6. As expected, TC 19
was hotter than either TC 13 or TC 21. By 493 sec it was apparent from thermocouple failuie and
video-tape record, that the magnesium liner was burrung. Magnesium melts at about 1200°F, bois
near 2000°F, and hence probably ignites near that temperature. TC 19, which is not at the hottest
location, indicated a maximum temperature before failure of some 1500°F. It 1s probable that the
fuel-flame heat, together with exothermic heat, created by decomposition products of the potting
material, ignited the magnesium liner by 493 sec. Evidence that the potting matenal and/or other
materials such as cavity paint, are producing exothermic reaction is given by TC 12, 14, 20 and 22,
as shown in Figures D-7 and D-8. TC 12 and TC 20, located at the inner bottom of the magnesium
liner, both exhibit apparent exotherruic behavior before 120 sec. Simularly, at a later time. TC 14
and 22 exhibit the same response. Their indicated rates of heating are greater than those of the
thermocouples bonded to the steel rods (Figure D-6). The indicated temperatures seem to be too low
for auto-ignition of the magnesium.

Warhead venting can be inferred from the outputs of TC 15, 17, 18, and 23 (Figure D9). TC
23 suggests that venting out the aft potting material seal occurs by 130 sec, and that the magnesium
flames vent by 493 sec. TC 18 suggests that the warhead safe/arm device had ejected before 360 sec
TC 15 and 17 indicate that venting through the forward bulkhead thermocouple holes was well
established by 180 sec. It appears likely that the magnestum was burning in the forward portion of
the liner by 320 sec, since TC i5 exhibited extraordinarily high temperatures.

It would appear that the warhead vents through the rear seal into the motor safe/arm cawvity
and out the lower keyhole and/or umbilical hole under the rear launch hangar. If the warhead
safe/arm device were expelled then venting wculd also occur through the warhead cavity into the
control section. Another possible vent source was at the point where the thermocouples exit out the
front end of the warhead at the weld bead. Finally if the edge welds had failed. then venting would
have occurred between the rods and the outc: steel-fairing
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Rocket motor thermocouples 1-4 were welded to the inner side of the case (Figure D-10) and
showed high initial heating rates up to about 70 sec. Then a significant temy “rature reversal occurred
which may be attributed to liner degradation at temperatures above 700°F. This behavior 1s ascribed
to apparent exothermic reaction in the steel-casefliner region. Further evidence of exothermic reaction
i this area before 70 sec s indicated by some of the thermocouples placed on the sand side of the
liner (Figure D-11). Thermocouples 6-8 responses indicate apparent exothermic behavior at
temperatures above 400°F, beginning at about 160 sec. The motor thermocouple data are
discontinuous after 216 sec, indicating that the motor dropped into the fire at that time.

SUMMARY OF SP-7B TEST

Results

All data were lost, including the first 30 sec of video-tape. At 490 sec a continuous jettng
sound was attnbuted to venting of the magnesum and explosive gases through the aft warhead seal.
The wiolent jetting at 845 sec, with burming particies being thrown about, was believed to be the
warhead steel fairing bemng removed. The wviolent fireball reaction at 1200 sec was apparently the
result of an over-pressunization caused by explosion of the safefarm device The Mk 38 Mod O
warhead deflagrated.

Test Item Description

The item (Figure D-12) conusted of a modified hive Mk 28 Mod ¢ warhead with a Mk 35 Mod
0 safe/arm dewice. and a Mk 38 Mod 1 booster, attached 10 an empty inotor case. A cyhindrical
thick-walled fixture was attached to the warhead for addsitona! support.

SP-7B Fire

All data were lost

Post-Fire Commentary

The test stem was still suspended frem the A-frame at the end of the test (Figure D-13) It was
apparent hat the burming explosive and magnestum vented through the forward end of the warhead,
and was also apparent at the aft seal of the warhead, since the forward motor enclosure had burned
almost completely away. The warhead rods, as a result of explosion of the safe/arm device,
expanded. Audio-visual recording showed a sound at 357 sec. At 490 sec a continuous jetting sound
began Companng this with the second event of test SP-3A. it 1s probable that the explosive had
ignited. The jetting sound was attnbuted to the magnesium and explosive gases venting through the
ait warhead seal inte the empty motor chamber. At 845 sec burming particles were noticed in the
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fuel fire, which could well have been from the thin steel warhead fairing being ejected. At 1200 sec
a loud violent reaction occurred with a large fireball. This event would account for the expanded rod
configuration shown in Figure D-13 and was probably caused by explosion of the safefarm device,
which possibly did not eject, because there was adequ: : venting through the empty motor case. It
was obvious that the burning explosive and magnesium ventcd through the aft end of the warhead
seal, since the forward motor enclosure had bumed almost completely away.

SUMMARY OF SP-13A TEST

Results

All four thermocouples reached or exceeded an indicated flame temperature of 1000°F by 51
sec. Apparent exothermic reactions were indicated by 145 sec for the thermocouples attached to the
warhead rods, and particularly the thermocouple (coated with potting matenal) attached to the
magnesium liner. Venting through the aft warhead seal began at 100 sec. Venting through the
warhead safefarm cavity was indicated by 220 sec, by both thermocouple response and a rcaring
sound. The Mk 38 Mod O warhead deflagrated. The fire was puor because of tie relatively high wind
velocity with the A-frame visible from time to time.

Test Item Description

The item consisted of a live warhead, an emply motor casing, and an incomplete control
section (Figure D-14). The warhead did not contain a safefarm device. Thirteen 24-gauge
chromel-alumel thermocouples (11-23) were iucated as shown in Figure D-3. The thermocouple leads
were routed as described in SP-3A, and through the umbilical hole ! the control section to the
A-frame.

SP-13A Fire

Thermocouples were placed at the centerline plane, six inches from the test item at the forward
(TC 24), starboard (TC 25), aft (TC 26), and port (TC 27) regions. The uncorrected thermocouple
output of flame temperatures shown in Figures D-15a, b, ¢, and d, together with that from the wideo
tape, reflected occasional wind gusts. At 295 sec the forward section of the item dropped into the
pit (Figure D-16) fractuning the flame temperature thermocouple leads. The fire was abnormally cool
between 175 and 193 sec, particularly on the forward and port sides. A similar occurrence was
reported for SP-3A.

Post-Fire Commentary

As with SP-3A, the control section was consumed except for the steel ball jont. A loud repon
was heard at 220 sec. The test item dropped from the forward shing into the pit at 295 sec, as
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indicated by the breaking of most of th. thermocouples.

Thermocouples 11, 13, 16, 19 and 21 were located on the warhead rods (Figure D-3). Their
responses are shown in Figure D-17. All became inoperative afier 295 scc, when the forward section
of the test item fell into the pit. Thermocouples 13 and 16 exhibited peculiar behavior from about
190 sec, and failure of thesc mav have oceurred prior to the loud report heard at 220 sec. Again, as
expected, TC 19 and TC 11 wete botter shan TC 13 and TC 21. The loss of all thermocouples at
295 sec precluded further comparison with SP-3A. 7

Apparent exothermic reaction i+ given by TC 12, 14, 20 and 22 (Figure D-18). The reactions
are not so spectacular as those ior 7t T4 Thee difterence may be tentutively attzibored ¢ the use of
a wood billet in SP-3A 45 opposed to 2n explosive in SP-13A. Hence the reverse spikes may be
ascnbed to exothermic reactior.. The + thermocouples also were fractured ut 298 sec.

The outputs of TC 15, 17, 12 end 23 are given in Figure D-19. TC 23 does not give a strong
indication of venting out th: aft po:tu.g, mnaterial seal, although it was non-inearly increasing in
magnitude up to 295 sec. On the other hand, TC 18 shows that venting thrcugh the safe/arm tube
began at zbout 220 sec, which may account [or the loud report at that time.

SUMMARY OF SP-13B TEST

Results

All four flame thermocouples reached or exceeded an indicated flame temperature of 1000°F
by 52 sec. Apparent exothermic behavior in the warhead was evidenced by 96 sec. Venting of
product gas through the aft warhead seal was probable by 102 sec. The magnesium spool was ignited
and vented through both the forward and aft ends of the warhead by 195 sec.

Test Item Descripticn

The item. Figure 1-20. consisted of an inert warhezd, atwcherd to an empty motor casing. A
live SIDEWINDER motor was located tour feet away. ,

The inert warthead was a Mk 3% Mod O casing without the safe/arm fcusing, and with 3
wooden billet in the explocive cavity. The forward and aft circumferential ends were trimmed back a
half-inch so that there was + one-cighth-inch spacing between the wood and e rods. which was
filled with additional potting material.

Thirteen 24-gauge chromel-alumel thermocouples (11-23) were located as showrn in Figure D-3.
The leads were routed forward ulong the longiiudinally machined mugnesitin liner  grooves, out
through hcies drilled in the casiny filet, and exited through ihe conirol section to the A-frame.

SP-13B Fire

Chromel-alumel thermocouples were placed at the centerline plane six tnches from the test item
at the forward (TC 24), starboard (TC 25), and port (TC 20) regions. The uncorrected thermocouple
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outputs of flame temperatures are shown in Figures D-21a, b, and c. The fire was abnormally cool at
the starboard and port sides, between 82 and 95 sec.

Post-Fire Commentary

The test item 1s shown in Figures D-22 and [M23. Venting of gases between the motor warhead
and motor casing from the magnesium liner is evident in both these figures. Venting of these gases
through the upper circumference of the control section can also be seen.

The outputs of the thermocouples attached to the steel rods are given in Figure D-24. There
are apparent exotherms for TC 13 at 96 sec, for TC 19 and TC 11 at 152 sec, and TC 16 at 465
sec. TC 19 failed at 535 sec.

The outputs oi thermocouples 12, 14, 20 and 22 are shown in Figure D-25. These were
attached to the 1mner cone of the magnesium liner. Pronounced apparent exothermic behavior 1s
evnident at 163 sec, 275 sec, and also at about 540 sec.

Outputs of TC 15, 18, and 23 are given 1n Figure D-26. Venting at the aft of the warhead 15
suggested by the exotherm at 102 sec for TC 23. Venting through the forward thermocouple fillet
holes is indicated at 150 sec by TC 15. Venting through the safefarm cawvity 1s suggested by TC 18
to have occurred by 195 sec, and then agan at a higher rate at 490 sec. The inagnesium was
completely consumed dunng the test. Further evidence of internal burning with gases exiting through
the simulated guidance section and the motor/warhead interface was the deposit of a very fine white
ash around the exit regions.

SUMMARY OF SP-14A TEST

Results

All four flame thermocouples reached or exceeded an indicated flame temperature of 1000°F
by 16 sec. By 30 sec the motor fiberglass hiner and/or standoff legs reacted exothermucally to
produce nternal heat in addiion to that produced vy the external fuel fire. By 134 sec the warhead
also exhibited apparent exothermic behavior to produce internal hcat The Mk 38 Mod O rocket
motor exploded at 62 sec, followed by continuous propellant burning to 100 sec. The Mk 38 Mod 0
warhead deflagrated and vented through the aft seal by 84 sec. At 482 sec a noise was heard At
495 sec a loud noise with light flash was ascribed to sxplosion of the safe/arm dewnce.

Test Item Description

The item (Figure D-27) consisted of an incomplete control section, a live warhead, and a live
motor. The inotor was a Mk 38 Mod 0 with a sohd-propellant grain of a standoff design.
Twenty-three 29-gauge chromel-alumel thermocouples (1-10 and 24-36) weie located as shown in
Figure D-28. The thermocouple leads were routed through the noszle to the A-frame

The live warhead was a Mk 38 Mod O, containing a Mk 35 Mod 1 safe/arm device Thirteen
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24gauge chromel-alumel thermocouples (11-23) were located as shown in Figure D-29. The leads
exited through the umbilical hole in the control section to the A-frame.

SP-14A Fire

Thermocouples were placed at the centerline plane some six inches from the test item, at the
forward (TC 37), starboard (TC 38), aft (TC 39), and port (TC 40) regions. The uncorrected outputs

of flame temperatures are shown in Figures D-30a, b, c, and d. The fire was abnormally cool on the
aft and port sides, between 62 and 70 sec.

Post-Fire Commentary

liems remamng after the test are shown m Figures D-31-D-34. Thc warhead casing was still
attached to the A-frame (Figure D-31). On the ground in front of the warhead ‘s the spherical
control mechanism, and to the right the fiberglass grain-support tuce.

In the lower righthand corner of Figure D-32 is seen the boattail section with nozzle attached
to a piece of motor casing. To the right of the A-frame is a piece of the motor casing. Figurz D-33
shows the safefarm device lying in front of the spherical control component. There is a sigrificant
bulge on the steel warhead fairing. Figure D-34 shows a crease on the outer periphery of the nozzle.
possibly caused by impact with the heavy steel windscreens shown in the background of Figure D-32.
Screens were both forward and aft of the test item. The A-frame leg 1s partially buried under dirt,
indicating that shrust had moved 1t. Motor fragments were Jocated as follows: boattail 12 ft at 5.30
o'clock, a piece of the casing 25 ft at 8 o'clock, a piece of casing 10 ft at 2.30 o’clock, and
forward dome 10 ft at 7.30 o'clock. These items may have ncocheted to their resting places.

Audio-visual monitoring revealed a small flash and a noise at 61 sec, a large fireball and
explosion at 62 sec, followed by continuous propellant burning until 100 sec, a slight noise at 482
sec, and a loud noise with light flash at 49S sec.

Output from thermocouples 1-10 and 24-36 located in the motor are shown n Figures
D-35-D-38. All of these dat ended at 62 sec, suggesting that the motor exploded. TC 32-34 (Figure
D-38) indicate that the grain bore had not yet ignited at the time the thermocouples were fractured.
The same car be said for TC 36 at the igmter (Figure D-37). On the other hand, the airspace Yehind
the nozzle seal began heating at 34 sec. The thermocouple responses from the bottom of the grain
are shown 1n Figure D-35. Thermocouples 1, 7, and 26 are typical of thermocouples in the steel case
to glass hiner, between the glass liner and air, and between air and propellant respectively. Apparent
exothermic behavior of the interface thermocouples 1, 2, 9, 26, 28, and 30 1s shown at times
between 20 and 60 sec. Thermocouple responses from the side of the grain are shown in F.gure
D-36. These data are similar tu those in Figure D-35. except that apparent exothernuc behavior 1s
observed only for the interface thermocouples 10, 12, 27, 29 and 31

Outputs from thermocouples 11-23, located in the warhead, are shown in Figures D-39, 40,
and 41. Thermocouple 21 was inoperative. The outputs of TC 12, 14, 20, and 22, located on the
magnesium liner, are shown in Figure D-39. Again apparent exothermic behavior 1s observed for all
thermocouples. It 1s possible that both the .aagnesium liner and cxplosive were ignited by 152 sec,
since TC 14 was fractured at that time. Ti»2 data for TC 11, 13, 16, and 19 located on the steel
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rod/potting material interfaces, are found in Figure D-40. Again apparent exothermic reactions
occurred between 134 and 240 sec. The temperatures recorded in this time domain surely would
ignite the warhead explosive which in turn would have ignited the magnesium. Significant aft venting
of the warhead had already started at 84 sec, as suggested by TC 23 shown in Figure D41. Evidence
that explosive/magnesium gas venting had occurred by 130 sec is given by TC 15, 17 and 18 in
Figure D42, It is possible that the safe/arm device exploded at 495 sec.
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