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Project SC was designed to determine directly tho

effects of a hirh-eatitudes hieh-yield nuclear detonation

cn an oDeretional reentry vehicle's (RAV) he^t shield, sub-

structure, ani selected internal components. Two modified

vehicles were to arried aboerd a Thor booster,

separated from the Thor, and exposel t;--•ji

The vehcle design included an attitude control syetyer

t.st orientei tk.c vehicles side-on to the b•rst ani a

verec'.uto-flotatior, syrtem for recovery, Instruments

containcd on or witthin the vehicl, were to mes•ure tUtal

momant.irious response mocieu of the

vehic2., the orientation of tho vehicle with respect to

the burst, ani t. radiation environment. Aircraft *n.i

grouni stations wert- set uL to optioal.y track the vehiclos

(
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p. __ __ __ __ _ __ __ __ _

The eprlmt was not ompleted because ater qpproi-

mataly I mlit of ntibt Uthe ,1,ae1 blew up.
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IflDDCTISN

* ~1.1 ODJECflYES
The primery objectives of Project€ SC weres to

to determinm theý.ifrects of a i-

altitude nuclear explosion on a

The secondary objective of the project was to measure

selected structural and material response modes resulting

from the effects of the weapon

S1• 1.2 BACKGROUND AND THEOR

I0
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Gaseous or solid explouives bave been applied d ctly to

full-scale vebioles to simulate structural responses=

ib e peno s have been

.mWlified by analysis and 2&brtow7 tests *a projects

suporedby tUs am,1

Material respomnes are not as readily alailated or

correlated with the real case as structural responses.

Thus, during the past 3 years# a large-scale theoret-

losl and ezperiasntal simlation program e" been carried

out to determine the ezact nature of

inw nf radii on operational M



°7

Three Maclear tests were condmoted to verit, tho"ry and

spmulatica techniques. aet KMrehmailow was an underound

tt siof a low-y!ld device
-This event w8s fired in Jaun 196 nd proved

to be a highly successful ezperizmet. The Star Iish and King

Fish events of the Fish Bowl series were high-,yield weapons

detona te inaltitude respectmsvy.

This experlment wee de@

fa nd to obtean the maimm mount. of solentific

mnteormtlon.
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(b)

Figure 1.2 Final configuration of cylinders with stiff outer

layer after explosive test (AVCO Wilmington 6653).
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COf•ATP.r 2

PROC!.DUFE

2.1 AMOT P.•Z:CIFAT7.CAI

T'-i project pirticipatei during Shot Star Fith at

Johnston Island. In tkis test a Thor booster was prograrned

tto cIrry h arh-Rd on a tra.oactory thet positioned

Ute weopon

The Thcr cor.ied two R/V's arA one in-trumantod pod

(Froject 8B). These were to bc released during ascent so

as to position tho vehiclh!a

The activities at the test site consisted of the fellcwIne:

disassembly; final checkout of instrumentation and components,

a•d reassembly preparetory to astina to the Thor booster;

participntion in the countdown to monitor telemetry sn4

lockout switches, and to *ssure the controller that the

project was reudy to !o; preparations to coordi•ate the

recovery plua with other seencies;

(
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Figures 2.1 and 2.2 illustrate the reentry vehicle used

during this test operation. These vehicles wore operational- ehicles modified to incorporate an attitude control

system1 a vehicle recovery syster., and the required Instru-

mentation (Appendix B). The reentry vehicles were designated

as I, 2., and 3. R/V wae used as the backup

(. vehicle, with R/V's aand

designated as the prime flight vehicles. R/V 2 was attached

to the ThorM and it was planned to separate this vehicle

from the Thor so R/V

3 was attached to Thorm vth its

(Figure 2.3).

As previously mentioned, several design factors were

incorporated Into the R/VIe. These wmre:

m ould t~ts criterion be achieved.

22w
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ion van lncorporatd-r In

thp vehicleol

This inf'nrusticn was Uo Vbet. been obtained

from asnhtj 731 afnnd imnnee trackiur ivider data

(4pperAII A).



The R/V'I were carried on the Thor booster

___Separation from the Thor vas acoomplished

by

maa supplied by the Thor's euid-

once computer.

2.2 INSTXMJNTATION

2.2.1

This inatrument cznsisteJ of a plastic plu£ loaded with

fine meta3 particles. Two steel rings werc inserted oircum-

ferentlelly, and a steel plate was atteihe-i to Its bese W

II

2.2.2 Arsenic Attitude Sensor. Capsules of arsenic were

placed in %-inch-daameter holes drilled in a polyethylene half

cylinder, I inch in height and 1.75 inches In radius (see Figure

22



2.5). A strip of gold foll 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.

2.2.3 ?ngatan B&, A"1ldeS. go . 75 sets of

neutrcn-eensitive fols were spaced over the surface of

a 6-mnob-diameter tungsten bel. adicsasy of the foils

was to Indicate the direction of the high-energy component

of the Incident

2.2.4 BA&fLstWA l aUm-. Total mmentam we to

be measured by introducing a number of indevter Eeoae.

2.2.5 0 gglX&Af-_- ILtam,-ela... A rkdd fom

(3tyrofomu) collar was bonmkd directly to the alumiem

beckup structure In the nose-cylinder Interface Pegion,

In eddition, an Jn5%ctlon of the raletive dis-

plaoemant between the Inner and outer structures can be obtained

J



by emainmtion of inareasiona in the collar.
2..7.6 &fqle~qftAr. Aooeelramsters vare tauted on

the araing oDi fazsivl (AN) shelf awl along the reoovery

peoksg depljopnt tunnel to reoorA the aooeletiios under-

gone by the etnatumr one rewilt ot the veepon effeta &nd

the trajectory envirorment (APPeaft C).

2.2.7 . In order to determine

permanent etruetural ftformatlon# Instrumentation sonxiating

of Berry Cae marks and resistano strain gapse ws loated

on the -imesr awfece of tWb e(Appedix C).

2.2.9 Q l.QS$.t tCJqs.q. This dosimeter peckaee

contsined pieces of cobalt !lqssa glass needle dosimeters.

and a film badge

The total emme 4ose incident on the peckase

van to be deterained by post test analysis.

24



2.2.10 ZjAlt a9pt.A-E•.. fou rStndrd r•.ige and

funinu Imaact detectors were installed

The.e instrumant opera te on the cipso-e)lectric

urincipla. (Du•iKn ground 1mect., the shock couses the

dryJstal In the. ispact detector to emit. on eloctric signal

which detonates the werhesd.) 7or this ezperlent, the

capacitance and eoletrlc&a output of the pieso-olootlic

crystal wee mesured under a known shook

2.2. 11 h.j st~g.gaun~.Severs

ormiEn and ftsine coponents were to be monitored during

the flight of the vehicle. These components worsr the

frangible grid, the safety mad arming devices and the

Inertial tmesr switch. Those would have provided electric

simls at various tnses; therefrose the continuity of these

cmpm ents could have been amertsaned.

2.2.12 ODau trackin .dgh Two afreraft

a C-54 •d a W-235% were positiomed wet of the lwamn padp

appamuat3~55 and 75 sautisal miles, r~epeetiveV.

Cmrs equipment ws placed abord thne lferafst md St a
-pam stiatln

_Comms aboard tl eireeft

25
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wre -24sp 70-M Rubeber, 35-m MitcellU mtim pitue

ballistic platej, S -los-*20pso spool.tiinst bor.sights

IU/V# lowg orthicom, rapid-scan amecbromi rp bigh-spood

MilliklA, and radiemiter,

Oramimbaedquipment lacluded 1-21. and hig-se" ed

MI21Ukda mitimm-pioturs eamras p~ased -a top of

M nd ballistic oamsras located I ko apart a

Gratings vers placed.s the 1-2kU smmsras

2.2.13 &SR~miAZIM igxg1901. The t5im~e of separation

froz th~e Thor was monitcoed by inc1i4ine two, sepuirstion

( switches in tlio spacer assemb3yv. One separation sirnal.

C ve& traneuittod via Thor TA'.. The ot~her sienal was trans-

mitted by an 'FlZ/FJ, one-channe) TAC unit contained within

t aimpter throueb a stub antenzw

26



\--ARSENIC GOLD FOIL

Figure 2.5 Arsenic attitude sensor.

Figure 2.6 ]Ballstic ale
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CHICAZR 3

RESULS

The Thor booster sawryin; tuo Project 8C R/T's and onc

Project SB pod lifted off at OS46s16.SZO 20 Jww 1962.

Approximately I minute later, after roachinZ 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

with the separation swittcios continued tran-ittins until, it

is bclievod, the vchicl:s imn•atcc•.

W; 3, wVich was attached to

Thori n stopped raiatinZ at O-49s23.7Z. 7his IAT

was not recovered. R/A 12, uhich was attschod to Thor

M stopped radiating at a:,prr=inatoly 0S49:31Z. R/i v2

was foerd on Johnston Islands on tho tcciwar about 150 foot

due north of •ailding 327. The vohiclo was crushod, twistods,

and ruptured upon Impacti
6

(

I

No data was obtained by the project because of this

failure.
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Figure A.1 Uncertainty spheroids.
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*APPZD B

The" attitudo control m7stem contaenod in the test

vchicle wasthtchImapithsin system,

Recovery of the toot vehiolos following oxposwe to the

nuclear dotonation was to be provided by a vehicle-contuined

recovory systsm. Tho system consisted of a ribbon treks

cWmte for initial docoleration of the vehicle, a 24-foot

main chute which was deployed first in a reefed condition

and later diureefed, a flotation bag to buoy up the vehicle

following entry into the water, and location aids Including

35



a WAR! beao% flashing Light, and sea dymarker.

B.1 ATT•rU CTROL S!'DSUM

The attitude control syste for the testý

Swas designed to aswe mr.m side-on v.hiols

presentation to the nulear detomationp thus precluadi•g

an aft-end pro entation and aswing a reentry attitude of

sppracImate2y 90 degrees, Tbe attitude control system

selected for the test was similar to the

oonro. ysem deuiped for the Mnut~Ma %ohi

consists of a pitch and spiAn system utilfting solid-

propellant rocket motors to rotate mnd stabilizs the VOicle

in its proper orientatiot.

The pitch and vp4n system for orienting the vehicle

vas an open-loop uystembvhtih operates in the followirg

maniner I

1. An acceleration switch sensing 2 g during laImch

* I closes and connects the initiating squib of a squib witch

* ito a dry-cell battery, thereby initiating the squib witch.
Oloatne of the squib witch oonneots the output of the

attitude control thermal batteries to the attitude control

timr snwtches, thus a-"n the attitude control system.

2. At physical separation of the vehicle from the

boosters a separation switch closos, connecting the dry-cell

battery output to another set of squib witches and thus

operating the squib switches. Clomwe of the squib witches

connects the thermal battery# intiating squibs to the output

36



of the dry-cel battery,, and results In activation of the

thermal battery.

3. The thermal batteries rise to full output voltage

in lapatoey 0.8 isecAM and, in so doing, initiate the

tizer sidtchos.

4. One and oe-bai seconds after Initiation of tho

tivr switch, the tior oitch pitch contacts clos and

clectri.oa•ly initiate a solid-propo3lant roekot to i:pose a

pitch rate on the vehicle.

5. One an ono-ha&f seconds after the olosuro of the

pitch oontacts, the retro-pitch contacts closo and initiate

a second solid-propollant rocket opposing tho pitch rockot

and effect:iLvly cancelling the pitch rate.

6. The vehiole is now oriented in the propor attitude

and the spin contacts of tho timor ale 00 initiating two

solid-propoflant rockots mounted as a oouple about the

vehicle spin axis. The so1lid-propollmnt rockets accelerate

the vehiclo about its spin axis to a spin rate of approcimtely

40 rpm, thereby stabIlizing tho vehiclo spatial attituioo

37
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was emposed of moboimponents whioh were ohosen for th-ir

ability to withstand the flight ezviromment. The components

were arranged so as to oafeV3&rd evaint pemmturcs causing

a oaplete system failure. ompomnevt tbet were In tbis

system Included squib switaces, dry-efl batterips, therma

batteries, Inertial sooelerstion mitedias, and sev~ratiou

switches.

1
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APPENDIX C

DIMTUIMENTATWIO
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C4ACCELIIMTERS

Three types of accelerometers were mounted on the wang

and fusing (A and F) shelf and along the recovery package

49



deploynnt tunnel to record accelerations undergone by the

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

The three types of accelerometers were (1) a peak reading

accelerometers (2) a tuned-reed accelerometers and (3) a

( powered accelerometer.

I( • ecceeroneter pxovided

a measurement of the peak acceleration along the vehicle

axis. Acceleration was measured by a sprin anvil contained

in the unit cruZhinS a bead of clay-like plastic against a

calibrated scale.

The powered accslelomrtem wet

49



sao utiusd turad Zeods; homvw la this ease# so

*atteopt vas mad* at opcetno analyWsis md howep no pa

salps information oucmU bc obtained.
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* The Berry gage marks were two owail punchmarks placed

in tJ structure with a special tool. The distance betrwen

these marks was accurately determined by use of a Berry gage.

At the conclusion of testing, the distance betwmen the marks

would nuiz be mearmed nd S oheh e In thd" dgM~ ee weld hbae

been the permmant dfoa1 om that occurred in the abuoftre 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

Smist be calibrated to the initial gage. The punmharks nst

also be tharoughly and carefWlly cleaned beflore toad a

measur.cient to ensure proper seating of th- gage. For this

particular gage and setup,

9

These are paper-backed gages, applied

with Duco cements and can survive temperatures

- initial readings of these gages were

j made using a particular dummy gage am strain-indicating

device. The difference between this initial reading and a

final reading, taken after the test using the identical dwuny

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

S1



"9 uho otpn1/il. When making the W otrals pg. reading,

the length and slse of lead wire to the active and dumv gage

should be the sawn as used for the initial readings.

c.6 PA V ARFING AND FUZING O CKONDITS

C.6.1 Inetial Primer Initiator. The Isertial primer

initiator ws used to activate the batteries. They

f

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

energy-storing device

C.6.3 Blocking Circuit. The blocking circuitacted as

a voltage-seasing device

A

post-flight electrical checkout was to determine whether this

component was affected by the flight enviroient.

C.6.4 Passive Electrical Test Kit. A variety of electronic

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

52



e ently used in goa ms were te"."

U ~passive experim~ents. Each component was checked pr'ior to fLight and

was to have been chocked after flight to determine effects

of the nuclear enviroment.

C.6.5• agnetic Ascording Tape. Three types of magnetic

recording tape used in the fliht-recording sYSUt

Recording signals w placed on the

magnetic tape to determine degadation of the recorded infort

aation from the nuclear enviro•nuts. Post-flight analyuis of

.the te was to determine the effects of the nuc"er enviro-

ment.

C.7 PASSIVELY M1NITORLD ( AND FUZING COUONB'MS

Critica arming and fusing components were elke-

trloaly muantored at specific times during the flight to

determine whether the nuclear environment a8ected proper

operation of the components. The passive instrumentation

system consisted of a number of squibs which wore monitored

before and after the flight. The electrical circuits were

energized at specific times during flight# and if continuity

eisted, a squib w•a fired. The time and sequence during which the

component was actuated vw to be determined from pout-f t

laboratory tests.

*5



" 2. It monitored the frangible grid at critical tincs

" curix the flight.

5. It mnonitored the safety an6 armins device during

rc-cntry.

•4. It monitorcd thc incrtial tiner switch.

The passive instrumentation system was powered by dry-cell

batteries, which activated a safing squib when the acceleration

C s'1itch was closed during powered flight.

In

IM



s broken. In this experiment a passive circuit monitors %hc

"frangible grid at separation, the start of re-entrys and the

end of rc-entryj to determine hethoer rid brceakae occurred.
a

C.7.2 Inertial rimer S-Atch. The inertial timer switch

W uned in th1Tom was monad o onas

sr u. T I r"o Wh wa iUwvaid by a doeleratim history

and, when acvaed:, it, In turn. at= ivatd tbe tdmo r clrouits.

-The snitch ws elect.-ically monitored to

dete4mine whether it us affected by the flight envirornt.

C.7.3 Safety and Arvinz (S and A1) Levc@. The safety

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

the sse.

I.
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