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Project BC wes designed to determine directly the
effects of a high-sltitude, Ligh-yield nuclcar detonstion
cr en operetionsl reentry vehicle's (R/V) heat shield, sub-

struciure, ani gelected internsl components, Two modified

-vebicles vere toﬁarrud aboerd a Thor boosier,
separatec from the Thor, ani exposed t_

The vehicle design included an attitude control sysier

2,
L /;;

trst orientei the wvehicles side-on t5 the burst and a
psrechute-flotation syetem for recovery. Instruments
ecntained on or within the vehicle vere to meesure tctsl
mdm@ntu—vuious response mauer of the
vericle, the orientation of the vehicle with respect to
the tursi, ani th- rediation enviromment, Adreraft ani

ground ststione were set uc to opticelly track the wvehicles
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The experiment was not completed because after spproxi-
mately 1 minute of flight the missile blew up. —
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GHAPTER 1

INTRCDUCTION
1.1 OBJECTIVES

The primery objectives of Project 8C were: ¢o =

to detaruin <20 (Y - o s
altitude nuclear cxplosion on s —

The secondary objective of the project was to measure

selected structursl and materisl response modes resulting

from the effects of the \napon—

1.2 BACKGROUND AND THEORY

— |
-
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Gaseocus or 80l1id explosives have been applied directly to

full-scals vebicles to simulate strustursl responses {{JJJj
These phencmens have been
exsmplified by analyais and ladoretory tests on projects
supported by the AFSWC,

Material responses are not as readily simulated or
correlated with the real case as structural responses. -

Thus, during the past 3 years, & large-scale theoret-
dcsl and experimental simulstion program hes been carried

out to determine the exact nature ot—

-111 redil on opontioml




Three nuclear tests were conducted to verify theory and
simulation techniques. Shot Marshmallow was an anderground

it g -1 s Y
— This event was fired in June 1963 and proved

to be s highly succeasful experiment. The Star Fish and King
Fish events of the Fish Bowl series were high-yield weapons

— e

cnd to obteln the maxisum amount of scientific

1ntomtion.
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Figure 1.2 Final configuration of cylinders with stiff outer
layer after explosive test (AVCO Wilmington 6658).
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CPATTEP 2
PRCCEDUFE
2,1 SHCT PANTICIFATICN
Trie project perticipsted during Snot Ster Fieh at

Jehnston Islend, Ir 4hie test a Thor bocster wes prograrced

t5 caz y‘ur\nad on a trajlectory thet positioned

The Tror esr-ied twc R/V's arni one inetrumented pod

(Froject 8B), These were to bc reiessed during secent so

es tc positicn the vehicle-—

The sctivities at the test site consisted of the fcllcwing:

disassembly; final checkout of instrumentation and components,
ané resssenbly preparetory to meting to the Thor boostier;
perticipation in the countdown to monitor telemetry end
lockoul switches, and to sssure the controller that the

project wea reedy to go; preparntiom to coordinate the

recovery plen with other ogeneiea,

19




Pigures 2,1 and 2,2 illustrate the reentry wvehicle used
during this test operction, These vehicles were operationzl
-ehicles modified to incorporate an attitude control
syster, 8 vehicle recovery syster,, and the rejuired instru-

mentation (Appendix B). The reentry vehicles were designated

as 1, 2, and 3, RNV l—was used as the backup
- woscte, wion 5/v%s R e

designated as the prime flight vehicles, R/V 2 was attached
to the 'l‘hor- and it was planned to separate this vehicle

tron the Toor v (.
3 was attached to Thor{JJJJiraen s«

U i 2.

As previously mentioned, several design factores were

incorporated into the R/Vts, These were:

1

ould tids criterion be achieved,




eyet

S - e+ incorporsted in

vhe vensel++ (R
_ This informaticn wes tc have. besn obtained

from ana)ysis ot_and range trackine redar data

(Appeniix A).

aany
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The R/V's vere carried on the Thor booat.cr—

— Separstion from the Thor was acoomplished

a8 supplied b; the Thor's guid-

snce computer,
2,2 INSTRUMENTATION
2,2,1

This instrument cconsisted of a plastic plug loaded with
fine metal perticles., 7Two steel rings were inserted circum-
ferentielly, and s steel plste was attached to its bue.-

2.2.2 Arsenic Attitude Sensor. Capsules of arsenic were
placed in }}-inch-diameter holes drilled in a polyethylene half
cylinder, 1 inch in height and 1.75 inches in radius (see Figure




2.5). A strip of gold foil was placed over the curved portion of
the block. Bix such sensors were regularly spaced around the
outside of the recovery package tunnel in the flare area. Radio-
assay of the various arsenic capsules and gold foils would indicate

the attitude of the vehicle with respect to the burst.

2,2,2 Wﬂm&m 75 sets of
neutron-sensitive foils were spaced over the surface of
a 6-inch-dismeter tungsten bell. Radicessay of the folls
was to indicate the direction of the high-energy component

of the tncttent. 1o
2,2,4 Eallistie Spall Gageg. Total momentum wes to
be measured by introducing s nmuzmber of indentsr ssges.

2,2,5 Displacewent Indentometar. A rigid foea
(Gtyrofoam) ccllsr was bonled directly to the alumimum

backup structure in the nose-cylinder interface region,

In eddition, en inmdicetion of the ralative dis-

placement betueen the inner and outer structures can be obtained
| IR %




by axaminetion of izvressions in the ocollar,

2,2,6 jcoalerametera. Accelerometers were mounted on
the aruing enl fusing (ASF) shelf apd along the recovery
peckage daployment tunnel o record the acoslerations under-
gone by the structure as a result of the weapon effects and
the trsjectory environment (Appendix C).

2,2,7 Pammanent.Straln Gage. In order to determine
permanent structural deformetion, instrumentstion consisting
of Berry gese marks snd resistance strain geges was locsted

on the :mner surface of thdJ I sstructure (Appendix C).

2,2,9 Capma Noaineter Packegq. This dosimeter packege

contained picces of cobslt gless, glass needle dosimeters,

nd o r11a betre (Y

— The totsl camme Adose incident on the packese
wvas to be determincd by post test snslysis.

24




2,2,10 lmpack Deatectors. Four sisndard arming end

fuaing impact detectors were installed —

— These instruments cperste on the plezo-electric
orinciple, (Durin: ground impect, the shock csuses the
erystsl in the impact detector to emit sb electric signsl
vhich detonstes the werhesd.) 7or this experiment, the
capecitance and electrical cutput of the pleso-electric

orystal wes messured under a known shock —

2,21 Aminc and Puaine Comaonente. Sever (D
arning and fusing ccmponents were to be monitored during

the flight of the vehicle. These components were: the
frangible grid, the safety and arming device, ani the
dnertial timer switch. These would have provided electric
signals at variocus times; therefore, the comtinuity of tbt.u

companents could have been ascertained. —

——
L]

2,2,12 QOptiea) Tracking Instruments, Two aireraft,
a C=54 and a KC=135, were positioned west of the launch pad,
approximately 55 and 75 nautical miles, respectively,
Camsra equipment was placed sboard these aireraft sad st &

oot oot QN
GRS cocrse tbecrd i atreren

o (D




were K-2,'s, 70-am Hulcber, 35-am Mitchell motion picture,
ballistic plate, cine-telsseope, spestremster, beoresight,
U/, dmage orthicon, rapid-scan memechromster, high-epeed
Millilda, and radicmeter,

Ground-based equipment included K-24 and high-epeed
Milldiin motiem-picture cameras plcced em top of—
d ballistic cameras locited 1 km apart u—

g — Gratings were placed on the K-24 o-m-

2,2,1? geparation Signels. The time of seperstion
froz the Thor wes monitored by including two meparstion
swvitches in tue spscer assexbly. One sepsration sicnsl
vwes transmiticd vie Thor T/M. The other signil wsa trsns-

mitted by sn FN/FF. one-channel TA? unit contalned within

th- sdapter throush e stub sntenns _

- o
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Figure 2.5 Arsenic attitude sensor.




CHAPTCSR 3
RESULTS

The Thor booster ea-rying tuo Project 8¢ RA's and onc
Project 83 pod 1lifted off at 0546:16.8Z, 20 Juns 1962,
Aoproximetely 1 minute later, after rcaching an altitude

of about 30,000 feet, the missile blew up. The cause was determined
to be recirculation of hot turbine exhaust gases up the side of the
missile, destroying the integrity of the missile structure support-
ing the main engine. The telemetry equipment associated

wath the scparation switchos continued transitiing until, it

is beclicwsd, the vchiclcs impectecs, —
| — RA 3, wiich was atieched to

s‘:.oppc,. raciating et 0349323.72. This R

was not recovered. R/ (2, vhich wes attaciod to Thor
- stopped radieting at aprra:imately 0S49:312. RA 12
was found on Johnston Islend, on the taxiway ebout 150 foet

duz north of 3uilding 327. The vchiclo was crusicd, tuisiod,

[ ————

No data was obtained by t.h; project because of this
failure,

e
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Uncertainty spheroids.

Figure A.1
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The attitudc control system containod in the test

piteh-spin syston. [ ENEEND

vchicle was

Recovery of tho tost vehicles following oxposure to the
nucloar detonation was to be provided by a vahicie-containod
recovery system. Tho system consisted of a ribbon traks
chute for initial docoleration of the vehicle, a 24-foot
main chute which was doployed first in s reefed condition
and later disresfed, s flotation bag to buoy up the vehicle
following entry into the wator, and location aids including




& &ARAH beacon, flashing light, and eea dyemarker.

B ATTITUDE CONTROL SYSTEM

The attitude oontrol system for the test (IR
W == designed to assure neximm sido-on vehicle
presentation to the nuclear detonation, thus precluding
an aft-end presentation and assuring a reentry attitude of
sppraximately 90 degrees. The attitude control system
selocted for the test (NN o> sintlar to the
control aystem designed for the Minutenan (i whioh
conaia;aofapatahuﬂ spin system utilizing solid-
propellant rocket motors to rotate and stabilise the wehicle
in its proper orientatiog.

The pitch and spjn system for orienting the vehicle
was an open-loop system,which operates in the following
manners

1. An acceleration switch sensing 2 g during launch
closes and connects the initisting squid of a squib switeh
to a dry-oell battery, thereby initiating the squidb switch.
Closure of the squib switch oonnects the output of the
attitude control thermal batteries to tho attitude control
timer switches, thus u-nd.nq the attitude control system, -

2. At physical separation of the vehiclo from the
booster, a separation switch closos, connecting tho dry-cell

battery output to another sst of squib switches end thus
operating the squib switches, Closure of the squib switches

connects the thermal baﬁtory, initiating squibs to the output
3

- -




of the dry-cell battery, and results in activation of the
thermal battery.

3, The thermal batteries rise to full output voltage
in spproxinetely 0.8 sscend end, in so doing, initisto tho

. timar switchos.

4e Ome and ono-half seconds after imdtiation of tho
timer switch, the timer switch pitch contacts closc and
elsctrically initiate a solid-propollant rockot to impose a
pitch rate on the wehicle,

5. One and one-half scconds after the closuro of the
pitch contacts, tho retro-pitch contacts closo and initiate
a second solid-propollant rocket opposing tho pitch rockot
and offectivoly cancelling the pitch rate.

6. The wohicle is now oriented in tho propor attitude

- and the spin contacts of tho timer cJaso, initiating two
solid-propellant rockots mountod as a couplc sbout tho
wchicle spin axis. Tho solid-propcllent rockets accolerate
the vechiclo about its spin axis to & spin ratc of eppraximately
40 rpm, thereby stabilizing tho wehiclo spatial attituco.

5.2 QN
]
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A

was copposed of subcomponents wvhich vere chosen for their

ability to withstand the flight environment, The cowponents

vere arrenged so as t0 safeguard egainst prematurcs causing

* complete system failure. OCoaponsnts that were in i'.bis

. system included squid svitches, dry-cell batterirs, thermsl
batteries, inertisl sccelerstion switches, and separaetion
avitches,

& 42 deftof
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APPENDIX C
INSTRUMENTATION
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C.li ACCELEROMETERS
Three types of acceleromcters were mounted on the arming
and fuzing (A and 7) shelf and along the recovery package



C

P

deployrent tunnel to record accelerations undergone by the

structure as a result of the nuclear blast and the flight environment.

The tarec types of accelerometers were (1) a peak reading ‘
accelerometer, (2) a tuned-reed accelerometer, and (3) a
povered accelerometer. .

-cceleroneter prlovided
a nmeasurement of thc pecak acceleration along the vehicle
axis. Acceleration was measured by a spring anvil contained
in the unit cruzhing a bead of clay-like plastic against a
calibrated scale.

The powered acceleromete




‘lao utilised tuned reeds; howsver, in this case, ™
. attempt was msde at spcctrum analysis, and heuce, mo pulse

shape information coulc bec obtained.




The Berry gage marks were two small punchmarks placed
in tr structure with a special tool. The distance betwcen
these marks was accurately determined by use of a Berry gage.
At the conclusion of testing, the distance between the marks
would again be measured, and the change in this distanoe would have
been the permanent deformation that ooocurred in the structure in the
direction of a line between the two points. The final
dimension between points must be measured with the same gage
as the initial readings, or if a different gage is used, it
aust be calibrated to the imitial gage. The punchmarks must
also be thoroughly anc carefully cleaned before taking a
measur:ment to ensure propcr seating of th: gage. For this

particular gage and setup, —

—. These arc paper-backed gages, applied

with Duco cement, and can survive te:nperatures—
_ initial rcadings of these gages were

made using a particular dumy gage anc strain-indicating

device. The éifference between this initiasl reading anc a
final reading, taken after the test using the identical dummy
gage, and preferably (although it should not be absolutely
necessary) the identical strain indicator, would represent the
permanent set in the direction of the strain element in




v univs of pin/in. When making the final strain gage reading,
the length and sise of lead wire to the active and dummy gage
should be the same as used for the initial readings. -

C.6 PASSIVE ARMING AND FUZING COMPONENTS
C.6.1 Inertial Primer Initiator. The inertial primer
initiator was used to activate the [Jiibernal vatteries. They

L3

C.6.2 Trigcer Circuit. The trigger circuit acted as an

:
i
5
®
&
d
i

C.6.3 Blocking Circult. The blocking circuitacted as

; a voltage-sensing device

Pl

post=flight electrical checkout was to determine whether this
component was affected by the flight enviromment.
C.6.li Passive Electrical Test Kit. A variety of electrouic

components (transistors, diodes, resistors, capacitors) precs-

C




- ently used in th—progrm vere tested.as

passive experiments. Each component was checked prior to flight and

was to have been  chocked after flight to determine effects

of the muclear enviromment. |

. C.6.5 Magnetic decording Tape. Three types of magnetic
recording tape used in the flight-recording system

QIR 3-coxos sils s placed oo o

magnetic tape to determine degradation of the recarded infotr-

mation from the nuclear enviroments. Post-flight analysis of
the tape was to  dctermine the effects of the nuclear enviro-
nent.
C.7 PASSIVELY MONITORLD G AND FUZING COMPONENTS.
Critical-a.rning and fuzing components vers elec-
trically monitored at specific times during the flight to
. determine whether the nuclear environment aftected proper
' operation of the components. The passive instrumentation
system consisted of a number of squibs which were monitored
before and after the flight. The electrical circuits were

energized at specific times during flight, and if contimuity
existed, a squib was fired. The time and sequence during which the
component was actuated was to be determined from post-flight

tasoraery tests.




¢. It nonitored the frangiblc gric at critical tincs
. ¢uring the flight.
3. 1t monitorcc the safety; an¢ arming device during
rce=cntry.
L. It monitorec thc incrtial tine‘r switch.
The passive instrumentation system was powered by (%x"y-cell
batteries, which activated a safing squib when the acceleration

switch was closed during powered flight. —

~
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broken. In this experiment a passive circuit monitors the
frangible grid at separation, tac start of re-entry, emnd the by LN S
end of rc-cntry to determine whether grid breakage occurrcd.

C.7.2 Inertial Timer Switch. The inertial timer ewitch

uuodmtln-yluqmmdonh-

structure. This inertial switch was activated by a deceleration history
and, when activated, it, in turn, activated the timer circuits.

The switch was electrically monitored to
getemine vwhether it was affected by the flight enviromment.

G7.3 Safoty and Arming (S end A) Device. The safety

and arming device is an A and F component, which iz used in

ssysdng -
"“‘— fages 51 =1 deleTed
n uﬁ‘mﬁy




