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Section

1. Inuroduction
1. Conclucions

111+ Discussion of Faclors Consldered
Attactmoenty

Lo Rellebility Anclysls
b}

2. BRelerences ¢, ¢, &
3. Discussion providsd by the 55580
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SECTION 1
LTGRO0

i+ duleronoe
6. Memorsndum for General Bartin Crom De. Fhax, 30 April Lude, wusjects
Daplementation ol HEXAGDH Duvelopment Progrum.

or gx

B. Beport of He-Entey Vehlele Study for the HEGMGOL Syoteam, v June

g, The forwmrding letter o edl. by Geheral Mertin w o Op, Flox, lo
June LA,

de WG Mae 5000 Prom . Plax W General Bartlng Suslect Hoxoeon,
SL Guet Lo,

@, CHARGE Mag #500 from Hexeson 000 wo WAllia, 1 Panruney 207,

. WAHOU Mag 5309 Uram Col Hownesd to Oob oo LEnary b s,
Je  The ausbeor of dg-entey Yehicles lov the e o UGN TS ARNPE: TAP
pptapiihed an got,  del b coversd Lhe i i . Coahonnd BLpRe L
aval loble at that SUime portalnlag vo b aptiame : b E T, Sowever,
no eecomrendation was mnde.  This vepart updates o0 o Looitedaes
taformation Qrom the bldders responses 0 e Hoxpion v -oon oV preguest

tor proposal aad recently completed analysis relatling to Sensor Subsysies

perforpmnce, cost and schedule, Yor the 2 va & BY coullgurstion.
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Le There wre oporotionsd Coneldersilone wWhioh cegnrey Fegeere s 30

G, Phose are o technicsl considersiions which ruse LUl Lha -

configuration.

[
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GEovray 11X

IocUDoIon oF FACTORD oOhoIDeiin

5

The el fecn of Y slze op design ponslderations, of Lhe rocovary Dopoe

&

and on BY handling wos fpvestigeted. iIn sddlitlon the elfect of BY nusbers
on W aystos operabionsl effesliveness, on the 40 design, sad on Dyaten
réLianilily whe ankiyzed.

Pt owma Cosasd thad the d@ifference in BV slse bolween & © sod & & BV
conliguration 2 ot A significant festur. The differences lo syslen
eebiabillity betwesn the o conflgaraiions 18 tao spell o nliuvence the
decialon s numbers of 0.

T only fackors on which a deslsios can b based. sre oparstional
sonsidecations.  These conslderetions roguire four BV'a.

Foo feesniyy Veliele Deslon Senslderstions

Tha 8V RFT peguested proposads for BV cagedle of returniag from orbl
20 pounda of PMlip in either two or fowr V. Teblas 1 and 2 are based
o the bidders responsy o the HFF.  loaluded in Tebie 1 are all the

pomponents that do not depend on BV side and would be desticsl for sitber

wizw WY,
ThinE I
ivE Wi

Beotrical Powsr & Bistribution Systew b5

Tracking, Telewetry and Prograsser p

Fecuwery Alds 20

Migesllansoun Hardwrs £
F Total Jomemon Tiews w9
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Toble P contalos those ftems which are 8 function of VYehicele sing

aod will be discusesd belov.

rat Ejz 3: ‘?
ITE WY OPER HY - LED
B OBV LV P RV Y
R Eag S AhE Wk
Fropuleion A Fro
Spla Stabllizatlion 30 b3
Hest Shield [ and
Poarschute Gubsystom b PR
Total Wi Jependent on Bize iy Y
Poyload Wi# : 9h%

Total Frem Tobde 1 s axy
Total HY Wi por BV A F
Totsl HY Wi oper 5Y Ll & L

#hie weight ipeiwdes the Pils sed Light welght teee up recis.  The
desigs tonoept uveed for these weightes bna il son-orblt Josds transierved
frop the Tile directly %W ithe BV canplstser and suppori strutiure, %With
this concopt the reel CTlaapes sre ueed prisarily gs il guides and are
poi reguired to corey large losds. Corrent velght estinmstes fron b
B8P0 are baned on 8 design in vhich the resl {losges cerry all {ilm
iosds. This resulits in Laks upa fhhic:h weigh 327 pounds wore Tor the
L BY and 130 pounds more for the o RY configurations. he totsl BY
wi por 5V woudd thoen be 5190 pounds for tbe & BV's end 8800 pounds
for the & BV's., The 510 feels thet after e BY ooolrsctor s
solected, the Pinished desighs will be close o the welights glven in

Boble 2, cmenguently these wolghts were usod o sospare ithe 2 and & BY

! B —
E S
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sondigurations in the stady.

deructure - The structural design and testing requlremenis between
the twe conligurations are csscntlally the ssas. The primary structure
for elthar oonliguralion willi be Tteniwe end Auminws. The beal shield
substruoture will b & Dlberglass pharnlic booeyotsb sendwich. Theoe
saterisls heve been weed 1n miy epece applicetions snd 3t is w0t eoticgle
Patad et elther eualigwetion will present wlowe or €17750uls denlgn,
Wating or produstion probless.

Propulsion - The propulsion subsystenm for elsher coafiguration will
o » zingle slidegropelilent rouket wlor. Tils motar will bave a
spharioal case, & polyvutadiens propellent, aad gyregen igniters, OIF
mmmwmmamumm“mnwmm
Siem; Bowever, elither wotor would be & scaled versice of esisting Tiight
Proven Botere, BelSer weligwreiion sbould pressnt wansel Jeobless.
dospla systes. This cencupt s presemtly weed ou 006 and Wbe differcace
is aite bevtueen Obd sad wither of Wbe sonfigwrations 08s act presest

gid ~ the heed shdeld Tor either ssafiguretion will be EG.
Siedler sstevinie hewe bwen wied ou Gesind eed Spelie. e Svalgs,
developannt, tweting, ed suefecturing problem wre et sensideved

i g
"Mi:: ‘ }"' e kaf!h

o e pirlY e
- STV ATy
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Farachute Subsysten « the welght of bolh coafigurations 1s ulffie
slently different from exleting sysiae WYt & nev poarachute will huwve
to be developod. The Yype of porachute wsed, the dovelopaent progres
reguired and the sescclated risk will be the sese Tur eliber configus~

is sumsary, thers are ne technical aress of BY deslyn sod develops
BEnt thiet svgiest cos oandigurstion i betiter, or bes less rick, than

mw’m BY anls. Tals spvetseient ie best considering Fils peth
but causes the BY camter of grevity o shift off of the BY sxis when

Goe reel hee sore flle oo 4% then e other. The wffest of useven BY
isedisg oa the BV Gremics wpd dlapervicos W Incinded in e bidders
Fesponse %6 the RFP. It wa found what with one reel Null end the olbher
apty the resultisg C.0. sffeet 4id mot couse BV inetablilty end dlis-
persious were vithis tie allowsbie bex for either the 2 or & KV coufig-
wration.

% wns savad Uit U vewwesy Tovow svelleble in the Yise pericd
in which Nemmgse will b episetiseal will beve cegebilities et lesst se

P
o Lidme o
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e & June 1966 Heport contalss o detailed discusaion of the present
copabilities of the resovery furce sdroralt. The conclusion roached

He
F

&% that tise was that sither BV slze could bo hondled in & routine
mamner. Sothing has heppuned since then W chonge this eontlusion.

he relative size of the ¥ BY and & BV configurations is given in
Pigars 1. The size and wight of either vebicle is such that they caa
not be Bandled sod tvaneported without the ald of bandliag gear sed
hodsts. Alvhough & ssadler BY L0 easier to hapdle, the difference
between & 1161 1b and & 2086 1b RV are not considered too slgpificant.

3. S¥ Conulderations

The only siguificant effest om the 584 dosign between 4 2 W aad a

& BV configuwration 1 thas the & RV cond
15¢ pounds sore, Also, & & RV configuraticn will incresse the B8 welght,
exoluding teke upw, by 160 pounds. These weights added to the Total BV
W for b #V's wakes the BV welgh T90 pounds more.

@

e

TR 3

I¥ MILLIoNs
Mou Recurring Costs #ait Coat/RY Winit Coste/EV
2 RV/sv¥ Ph0% 78 1.56
& RV/aV ‘ #i.33 &9 1.96
*he unit costs glven Bers are sverage cost for 30 iauaches.

S,

i
[T P EETEI |
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RV PHYSICAL DATA

Cfi?—

c

R¥ =ik

. RY-L
% RV CONFIGURATION 2 RY CONFIGURATION

BY b

Frorsal deen (FJ? 14
Hoat | Wetied Area (Frd) | 372
Shisld L vatenial {7t3)

Weighi {Lb)

bhape Mediliod Discoverer

¥igune 1
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EPECIAL pransmn o

PEOL 1M
T- Operstional Considerations
ALl of our exporience since the first succesofyl CORONA recovery

g,

demonatrates that in time of f:ria;a/ﬁu intelligence community wonts to
collect information {or the declslon makers by wmeans of satellite photoe
graphy. At such » time 1ittle thought 1s gilven to vhether or not the
satelilite syeton wes deslgned for thet particuler mlosion. The only
quastion 18, "Can m*“&@im be sceomplished?” Thus wo heave hod
requests for CORONA and GAMBIT nmissions in 62 and since to cover Cuba, in
6h sad 65 to cower South China, and in 65 and 66 w0 cover lop For., Many
times these missions vere reguscted on & cresh basis because the informa~
tion was urgently needed for special studies or beceuse the information
vas believed to be perishable. It seems vessopable to expect thet the
HELACON Search wod Swrveillspce systen will sled be enployed on special
slssions that sre not presently conceived as part of the HINAGON mission.
Besmples of the types of special sissions which might e axpmw are
included in the Clexibllity discusaion below,

Binoe the REANON fGyetem is %o be both & Bearch and o Survelllance
systen there sre twe basio reguiressnts which muet be consldered when
svalusting the nerlte of & 2 or 8 b BV configurstion. The Uirst, Flagie
Bility, ocomes primerily from the survelllasee nisslon) the second,
Brficient Plls Use, 18 & requirement of botl Search and Durvelllance.
These two requirements will nov be dlscussed in detell,

#

R A —~— R —
Y
Fdew %3 CORE0 Borta gty moeii}t
(YT e it v SR L |
BEEDIAL MANDLING gg;;g;«i@g :’* -

Approved for Biataesifienhs c05116338



C05116338

ot

el W e mm;,...u;

SHPUCAL, AL
Flexibility « A survelllence system requires the abllity %0 obiain timely
informetion relative te changes that ocowr in & given terget ares in &
showrt puried of time, Thie inforsstion nizht ibclude the messing of troops
8% & partioulaer polnt, the mwvenent of men spd eguipeent Inte & ziven aree,
the launch of & sstellite or space probe, the detomation of & muclenr

dovice, the confirmation of o disaster (sen made or natural), or the

axtent of civil Qisoprders such s riots and civil wor.

An exsaple of masaing of woops andfor the mowement of men and egulp-
went night be the meseling of & Toree in & staging aves in Giine e
Borth Vietoes prier o ithe (himsse dzrectlv entering the Vietons confliiot.
Another exangple 8ight be the sovement of troops %o and slong the Thinese-
Bussisn burder wihich night indicete & stert of bostilities belwess then.
Apother 8libt e 3 build wp of men and eguipeent in Besters Burepe which
Blght indicnte sn attack alung the lron curtelisn boundery. The 05 alrorelt
will glve the capebility during the Hexagon life spen %o alrlift forces
quickly to say piace on the globe; consequently, timely inforwation on the
nesd for toop deploveent ls veguived. Timely bnovwiedpe of & futwre Swoop
build uwp et soms particuler polat, followed by the reapid deployment ol &
coumter fores might prevent the initieation of & militery ection by some
boetile govermast o &t lesst the wutoess of such avtion sight be pooe
vamiad. .

< fn the saas of & one-time-event such e B ebsce probe, the detonetion
of & sucleer device or the cccurrence of & dlsaster, it is impartant %o

shtais o limited mmount of photogrephy, return the exposed film, end then

R N e 1
i g

o - o
LDeh e ot i s
G Eay, MARDLING

g
pan
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Frocest ¥ilh 8 normal smission with the resaining Ullm, Obviowsly, the

Himely return of this opes-tine-vvent bolorsetlon, with sindmen porterbation

e the nermed olsslon, regrires the wse of coveral HVis. For essople;

Ve might Lo enpected $hat during the anlasion o Liportant ovent 1ls 16 take

place; bul the exact tiee of the event is wnknown. The plosion would

proceed pormally wntil U evend gooureed and then rooover bmsedledely.

1f this happenad shen an BY wae ondy pervially filled, thore would be

an amcunt of rida repfestnted by the wnlilied portion wWhich wiuld b

whated.  In shilis oteg, e shoaller the BV wnd the sore Dreguest she planned

peturs, e legs file Lo wasted. IF 14 wos decided set to wosie thiz

filem, oo raburn of the BV would bave o walt untill 4% was full, in which

snse o amall BY wnld persit more timely return of the fila. & sonewhat

sinlisr slweation plght be presepied L & dlsneter sudh as e accldenial

datonntion of a suslear warhead or tesi device should socur within Whe Sing-

Govlel Blovix. 1% iz concelveble Shet rapid information on the oxact place

mpd Samege opusad by sudh 8 catastrophe might b wory leportant. Five 30

diny ilsalone o yewr weens thab there fs o B34 probeblility thar there will

b s vehicle lo orbiy ab tm; lastant on wexpacied one-time-oply evest

aeeurs. 10 the typlesd misslon le lowger, this probebllity fe even greater,
For sowe ewents, sush na o Buaslen smoon launch, sa sppronimnte dete

af the event alght be avaliable et o cloger estimete desired. This

wonilid sntall M’twm.saé tha fils belfory the event ook plece. The slesion

mlght then B contipied in & novthd waostr wWitid the evant agtually

gosurred . e fllm wuld then be recovered sad, LT thers werg fllm and

e wesdlable, the sovenl sission continued.

[ | O g, Jro TR T e vy i
T o] :
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In the cose of o erisis 1t Lo lzgorient w0 obtaln delly Inlormation
on such Ltoin 0o masslng of troops, sivil diserder, or an inberoationsl
confrontetion 0 thol any sotion taken by our goverresont Con be besed oo
relisple information of the preasont slotus of an opposing foree. This
clearly requires ag pony BY'e as possible. The Cubeon Mlooile Lrisic i &
representative case In which conptant photopaphic recomnulishnse was

b

required. Foriunately, is the Cubon Crisis the pholggrephy copid be obtalova
by sireralt, tut 1t ls cerialnly possible to viswalize o sltustion in wilab,
either by deliberate acticn or locotlon, 1t would be lupossisie to obioln

the rogulired photography by alrcralt. Aleo ln the cope of guch & eris.s

it might be a regulrement to have fregquoent returs of nformatics on o
swrategic posture of the Sino-Sovwiet Block snd eny chenge in thet sturs
which mlght indlente an esondation of the ¢rilsis.

The recent eivil digorder in Chlng reprosepts 6 silualion Lo waie
fraquent return of fils might bove proved extremoly usseful.  I7 those
rigts bad procecded o the oivil war slege, coplinuous and timely ; %o~
graphie survelllence of China would heve provided information on which 1o
base U.8. sotiorns. The hina - seie rift is potentisily snother siius-
tion in which frequent return of film may be required.

It e diffioult %o codalom todsy all the posaible uses of the Hexagon
system. Cortainly, s the vorld siwetion chenges, the regulraments which
the Bexagon systes will bave to satisfy will change. Ao oosdostion of
alreralt mesiong of the present snd recent puet Jilustrates this, L.e.

the B-52 dropolng conventional bowbs, the BWT performing lov aliitude

| s

N
=
¥

—
[P S

—

1 e i s 5
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TWona Manba s, 0F e OweT performiag al sLlock miooiun.

A BHGapde O e wespeciad reguirencnt for the duxacon syotesr ol
se uwhe acarch for the wwndisg sren ol an Apollo or MWOL veisdcle wiich woas
forceed down n an LoDlated op wnirlundly ores Dodauue 0 Loime wunriensy .«
Adreralt, of course, wuld de dispatched o search for the vebhlole, but
shis alght tose considerable time sl alropndt Learoh is b adwny.

SRECEEE Dia, PAP VLU ALY 0 Pountaladus s G, Mot ol e o b
aysten might se thié gquickeat wuy W lodute uhe dowsed vehldem, periloderiy
L uhe Hoxseon systen wore awrosdy o oreit, 10 the velilode wandl gawn 1n
an unfriondly ares such as Chlon, the Hexoegon syuwtenm michi be the only
meang available to deternine the status of the downed vehicle rad 16

SreV.

Flaures 2 and 3 lilustrote the amount of Jlbm recovered as o Punetion
of days on orblit for oither o 2 or 8 & RV conlligubation with canstank
£iim wes, Plegures & oand % cover o more officlent film use and include
the abillity of rotwraling the 3.5, flim in the last AV, Tables b apd 9
give a comparison of the age of the oldest recovered exposed Cllm for each
BY. The average sge af exposed Clls for the o 4V conligwration s one
nalf the aversge sge for the 2 8V configurntion. These {logures are JOr a
30 day nlssion. For o 4% doy misslon the tlpes would incresse proporiions

ately., It la evident thas 1f tipely retwrn of exposed flla lo imporiant,

& RVo wre vetter than 2.

s b it st
g <3 Y e ’
A ; ; L
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the Syates g Dlaxible as posalble a0 thas thess tnepested reguirssents
cem e satisfied without undue pertarbetion. PFour BV's provide thic
Slexibidivy better than 2 slpge the Tila ¢on be returssd on ¢ more Vimely
basis.

Pour OV's also provide the capability to off load ln smoller loorements.
Hflerent nleslon requirements such e wmewal orblts sad/er the neod
W Ty cestaseh or swrvivasdiivy payilonds eouwld requlrs the noepal
syotam e ofC lotded W priwlde We sectseary welght csoability.

I Tlhe MILltaery Plasmerts Coallerge:  Heconalllng Techoolosy wiih
Poalioy® by the Honorable Herold Frows, Aty Poree sad Opecs Digest, Harch
1967, the Unoretary polnts out e uicertalnty sesoviased wlih the prodise

tion of futwre regulvesents ded the lgpodtace of inoorporatlng flexibliity

into oue wenpon aysiote. ALthowgh Hemegon aoy sol o on wsaPon o@slom
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The Dockup Heoowery Attitude Control system (EBRAD) is an entirely

Ledepondent atilitwde contred syston whial s widd W poslslon the 3Y for

3

pacovery in the event of 8V aiiitude coatrol systus failure. HAC is
nog-operatiooal wetil seedod s oy Lo suries with e reat of the
Y3 vonseuuently, Lis use modes thoe sysien effectlvencss esnonblially

irdependent of the nugber of BY's.

9. Sensor Smbevaten Considerations

The Bengor Subsysion conteactor has been procooding on the assswption
that Hexogos will have o 2 BV configuration. fonpogquently, ooy chonge
from 8 2 BY confllguwrniion would regilre re-dirgovion. The 35000 states
AL redirestion Lo a4 BY condigaretion would incrosse non-rocwrriog
coats Iy WHT0,000 sad indresse the oost por dsungh by S200,000,

he S0EFO bas stated thet whe 50 rellability differencs belween 4
2 Bl s b BY conflgurasion s ineligpificaat.

Avtachmoat 3 1s s discusslon Dwradshed by the CBEVG on the probobility
of the effect of wealber op & Hexsgon nlaaian.

W Sywlen Welpht Couslderations

Table 5 glves the systom wolght and the Titas ITID, 5 eegmont booster
enpabilliy for & 59 dey nlsslon with sn 82 naal. porlges and s bk namt.
apogen. Table & glwes sipllar inforsstion for s 9.9 n.at. perigee.
Thege welghia mes for e 4 BY souflguration, thus 3t 1o evidant the

Hewagot misslon requivenants 450 be pet with & & RV conflguration.

A SR e DRp——
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The results of & reliabliity svady ave belng transmitted

with this cover leiter for your nformation. The study (EYS-043)
stnmariges the reauits of sovaral rellability annlyses and ealeulates

sifsctiveness foe the syilers.
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Copy 3 of 1
FROM: J. E. Parr 9 Pages
SUBJECT: System Reliabilisy and 10 March 1967
Effectiveness
INTRODUCTION:

» A brief investigation of Aerospace Vehicle {AV] reliability
has beon made. The goal was w {1} determine the effect of each major
item of the AV ou overall AY reliability and effectiveness, {2} insure
that the rellability predictions and specifications were consistent with
systewm requirements, and {3} verily the rellability budget,

DISCUSSION:

Rellability for three of the proposed Satellite Basic Assembly
{8BA) desipgns has been prodicied by an independent rellability snalysis. It
was found that, regardless of which contractor is chosen, a reliability of
&, 98 should be achlevable for initial operstion. For 30-day opuration the
independent evalustion predicted rellabilities belween 0. 915 snd 0,972 fov
thees of the BDA contenders, This is based on the use of high rellability
parts and a good rellability pregram, With MIL-8TD failure rates sssumed,
the reliability is predicted to be between 0, 514 and 0, 874 depending on the

contracior. Thus, it apfears that the originally specified pumber of 0. 90

reliability can be achieved if attention ie paid 10 reliability,

The independent reliability analysis has also considered the
Back-up Reentry Attitude Control {BRAC) mode of 5BA eperatisn. Bince the
back-up eguiprment ie in standby untll needed, it exhibits very low failure
rates. For the three proposers, the BRAC mode is predicted to bave o
refiability of ot least 0, 98 for standing-by for 30 days and then opeeating.

The Sensor Bystem {88} contractor proposal states that the
uncaging of the 88 will have a. S996L veliability: but, nothing is stated ax
to probability of Initial operation. Since the single day reliability of the 88
is stated 1o be O, 99TL6, it appenvs that the reliability of initinl operation M;

the 58 should be assumed to be near 0. 997 rather than the 0, 999962 stated. ;x

- ;

i Ay

* Py °w B : ‘;}\
e £ e aeeet .
3 - \

.f) !; ) wd A Em ¥ ’\
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The {ailure rate stated by the 88 Contractor gives a 30.-day
reliabllity of 0. 1153 4 6. 397 is assumed for the Inltial oporation reliability.
This is slightly better than the 0. 90 reliability which was specified in the
AFP,. Thue, for this lnvestigation, & 3-day rellability of 0, 90 will be
used,

Reliability numbers for the 58 and SBA are plotted in Figure
i as & linear function of time, The independent svaluation indicated that
this s a ciose approximation for the 3BA; and, the 58 proposal equations
ghva simdlar resulis,

The reliability of the new 51 designs is predicted by one
proposer 1o be 0. 9868 {or the maday misainn, However, this sumber bs
based on operation for only five or six hours. The other proposer predicted
& reliability of 0. 9988 for a 30-day misslon., This number is based on oper=
ation for 20 bours, a somewhal consgivative operating tione, with so allow«
ance for non-operating time, Thus, the previously specified rvellability of
8. 97 will ba used untll & comprehennive raliability analysis can be made,

Resntey Vehicla {RV) rellability prodicted by the proposers
ranged from 0, 9883 to, 0, 985, The one contractor who pressnted an exten-
sive and sound analysis predicted 0. 9883, Thus a budgeted reliability of
4. 98 appears ressonsble,

The rellability of the T-111-D is expected 1o be at least 0. 95.
This includes placing the 8V inte the desired orbit within the tolerances
specified in the Booster Requirements Document.

%

ANALYSIS

The HEXAGON mission can be broken into two parts, a search
and sgurveillance mission and 3 manping misslon. Sucoesy of these missions
is dependent on the probability of the }am‘:ka‘t;&iimatw t a glven mission
requirement being loaded with information and successfully recovered,

Search and Surveillance Mission

Satisfactory performance of the search and surveillance
ission requires that the T-HI plave the 8V in oobit properly, the 88 and 384
function satisfactorily, and the RV careying each bucket retarns to earth safely,
!* (’*: '*‘ V{":*w mur—‘
e A S ] *{1

f RS o
g’ v sudie ¥ w3 R0 e dhad AbdRio I

&

i

e
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In addition, SBA and 88 failures ocourring prios 1o the planped lime of
return of & buckel are assumod to terminate the mission, bul the data
may be recoverable. I the failure is of the 85 it is assumed that the dala
acguired can be recowvered; or, i the BBA {ails and the BRAL mode
sperates the data ¢an be recoversd.

femt IQ be the expectod poreent of the total infermation (Hilm progeriy
exposed] returned aside Irowm that which s revoverable under s fosled
condition. Then

¥ n *E
1o = Rom Rav E‘ { Repa (1) Rggltid {z g - “‘@«1}}}
fm

wihepel
mrm i# the reilability of the THID

Rsa A {ti} is the reliability of the SBA evaiuated at & time ¢

R%{ti} is the r'almhiiity of the 55 evaluvated at & time ti

RE{V is the reliability of sach AV

I{ti} je the indormation gethered up to Hme N

t, is the time of return of the ith BY

H
t, is the time of injection on-orbit

# is the number of RV’'s

foet Ii be the expecied pey cent of the total indormation returned under &
failed condition during the interval prior to return of the th RV, Then

t . .
i A R, it # \
) - BBA B BE
X b
L & Ry Roy Reg (80 Rgp ) (80) "‘sﬁm““‘wﬁ i ¢ e | @1
S5BA BS BBA BB 4
. L. .
B & s e i o
- i @ * mxu-'“«- L
“ St
# {AE G g NE A g - PR L T .

: RN
T 5 R hrnd b d ke maw e hABa RS
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A8,

where it bas been assumed that 353353 a“’ s Rs”s { 0) ”RSB Alt a){i -&a:},

In other words, the Search and Burveillance system reliability is
sepresenied by & reliability of initial eperation sa~orbit {Rsaita}ﬁw A{t a;

and & constant failure rate iksj therveafter. Also:
‘&aa A i g failore vate of the SBA

laa is the fsilure rate of the 58
Rﬁm is the reliability of the BRAC Mode

The information function I{t) has been found to be an exponsntial
fsmetion:
e » K (Lee" = 1107 (1= 07HY

where t is in days and K'has been normalised to give 1{30) s |,

Ry(th is nese unity and thus does little to cause loss of information.
- Therefors, it will he aseumed that Rﬂ {a) nat:w; » .98 te nimpufy tiw
integral,

Thus the total ﬁttmdmmﬁmmﬁhhM%
mm Mﬂ;s&kﬁ*ymﬁaumrhmm“t
#o

“r' D ’2’% . "'uri

i*i
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L sBA’ "ss sBA " “ss J

t,
i=l

Here search and surveillance mission effectiveness iﬁ:sﬁs} is

equated 1o the per cent of the total film load which is properly cxposed
and returned ﬁ,r}.

Mapping Mission

Mapping information and effoctivences is derived in & manner
shrailar te the above. Theve are slight difforences in thet the 81 will be
using only one RV (the last) and the information function is linear rather
than exponential. This leads to an supression

By * Ropy RavRepalty) Rglty) 132 T 1AT) +

Aspa R Asi H
‘opa st Psea s T
]

e fe
iu e the (atlure rate of the mapping system

(“sm“* Rygith = Rgp p(tg) Regity) {‘ - "u‘]) ’
T ie the tiene the mission ends {L.e. T = 30 dave)
kﬁ iu the feilure rate ol the Bl

Eyg 45 the elfastivensos of the mupping wmiseion,
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Effectivancaes his beon valoulated for fou? scarch and survelllance

Canes and DWo mapping Cos0s.
sonsist of & fouy or a bwo RY configuration with snd without the BRAC

misde,  Thus the above ofiective eguations were evaluated with n = £ and 4
whils Ra # , 58 and Rn # G, For the soarch and surveillance case the
timing of AV returns were assumed to be as shown in Tabile 1,

#

The HEXAGONM Systern was assumed to

. TABLE |
i
Can i 4 3 4
’
‘ av“ :l = "L 3’3 tg " 0* é‘a x; ® ﬁj “?5 I‘ & ic 3
b, @ 4 daye ty 210 days ty ©20 days; t, =30 days
wilp o
xd RVia] [, »0.60 5,10
t =10 days ty =30 days
i e i ;‘

The following y%‘im #re obtained when the reliablility numbers previcusly
discussed ave vaed in the effectivensss equations derived above.

m
Four
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CONCLUSIONS

e } The current philosophy of planniog fve flights & year o
achieve at least the effectivencss of four {lights with ne fajlures, reguires
that the individual flights be at Jeast 0, BO effective. This is achieved if
the miiam}itiea are mainlained at or above the levels used in this analysis.

1 course, it is desirable o maintain the effectiveness above the 4, B0 ievel
fo insure that vehicles will be available for crises situations., Therelove,
the numbers used in this analysis are needed and should be malntained,
Thus, the system reliablility budget is ps shown in Table 2.

There s & slight gain in elfectiveness for the four Y
case over the two RV case and a slight gain in the BRAC case over the
nun-BHRAC case, However, the gains are not significent. In fact, the
four and twe RV cases with BRAC give the same effectiveness. .
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oF TVESE 40 TD REDEST THAY TIE MECDSTARY STUDHS BE oMDIRTANCN
HIHO BELAY,
L BE REQUIRED BLT 1098 SRT DESERIBED BELOWe
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HEXAGON

Yo REF o« D15CUSSIONG BETHEEN W% LT COL AMDERSOH AT
HERALON PROCRAM OFFICE O8 1 LUARY ,

2, DURING THE PAST NING WONTHS THE HEXAGON PROGRAM OFF ICE HAS
COMOUCTED ANALYSES UN THE HUMBER OF RV®S FOR THE HEXAGON SYSTEM,
RELEASILITY AND PROBAB ILITY OF 7 ILM RECOVERY STUDIES SHOR THAT THE
CIFFERENCES BETHEEN A THO RV AND A FOLR #V CONFIGURATION ARE

INS 1G4 IF 1CANT, .

S T CHOICE OF A_2 OR % RV CONFIGURATION THEN DEPENDS LARGELY ON
OPERATIONAL CONSIDERAT IONS SUCH AS CRISIS MANAGEMENT, PROCESSOR LOADING,
MO TIVEL INESS OF RETURN OF PHOTOGRAPHY,

%, REQUEST YOU REEXAMIE TIE OPERATIONAL REQUIREMENTS OF

THE HLXAGON SYSTEM AND PROVIDE US YOUR RECOMMENDATIONS ON RV

CONF 1GIRAT 10N, | ,

5 IMMEDIATE ACTION 1S REQUIRED 1N QADER THAT RECOMMENOATION CAN
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1o THE BVAILAFILITY OF £0%0 LIFD €50 » 8% Me¥Sy PHATRORAMNC
YT orepdard PAT  YTTHAN M MOWInYT Tl SRTILL L
SPEGATIOVS POMTER (SO0 RAPID ACPLARTE PWORTRTION OF
VESEANY ROrrenp pLaT TS B MeRTR IO st st T ALLOsARLE
Pypraman £ Pyt g v anyte gt T el Ry
MAPEMATS 10 SATISFY T BEMUIEDENTS UiTH & e
SPES OF PSRIONS, THE AT OARM YSIS OF TW apdualions

LoRyRAT ST LT A0S T THT CONPLOSION THAT U DESIRE RETURM OF

SPLORETER SR TATAL ACTESS VO THD mbr OF (MTUHCST. WEATIER
PR, AANFIRYTA Y CRMRIEMED TRTAMW ISHED BOYEY COVRLLTE
RERRCE MR USEIM S ¢ SOTIARCUMT . THD BYSTIM
PAPRRTLLTY NEsre ot Y T SO0 0¥ TR GRS SIS
TMAT 2oy v OF /YTS 2T ISTARLISHE.
MRS PBITEN 18 10 PROVINE T RUBILTS OF THE
FIRST By FOR pAntRavItt N THE THIRD RV MM TH
RS TS NOF THE OSTOOND BV PN T MIOCRRRUNG OF TH
FImTH BY. THIS THIM RISULTE I% FOUL AYTS 38 TH
VI WUURER HICH FILL SRTESFY OuR SEQUmMETRNTS,

7. THE ABOVE WUPBIR OF RV'S 15 BRSLD ON T3
ASEUPTION THAT RECOVERICE 9iLl B NODARLY TOURLLY
SPRCCH 1N Tevd AND THAT EASH BV wRLL CONTAMY APPROVIMATELY
B EouAL SURMTITY OF FILY, ALED THAT PROCUDGRES ¥ML B
YT LOMD FOR RAPID ROTURY OF THC RECOVERED F LM 70 THE
OESICAL MOCESS0R, RAPID CVALUATION BY TH USER TO
BIIERMING THE AUDINT OF SATISFACTORY PHOTOGRAPHY, 3ND
TR THC UTILIZATION OF THIS DATA 8Y THD SOC TO SATISFY

13

HISE 108 RECUIRTLnT5.
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F0: tol. Fu B, Buzard, 5?*7

mon [ Juane

BUBIECT: Forwarding 2 ws 4 WV Conliguration infermation

I Attachments (1) end {2} are foprwarded herewith for dnformation
and retention, )
2. Avtochmest {1} .Kupﬁrﬁﬁéﬁﬂ ARP-2719 dated I8 Mareh 1967 wihich was

transferred to L/IC B, Anderson on 31 Harch 1967. It is ioteanded as an
attachment to the 2 vs & BY report to be transmilied to ERO.

3. Os 31 Mereh L/C Andevson made s dralt copy of sections 7, B, snd
% gvailable to me. 1f the systom <an meet the S0 desipgn reguivesments of
B2 L 144 wm and 45 daye, it is regquested thet the top pavagraph of sttachseny

{2} be added to section 7 of the report,
hs I plan to discuse the draft with L/C Anderson teday.

Altscheontat
(1) ABF 2713, Operotional Capebilivy -
2 we & B/Y Conflgurstion, 1 &pr 67,

HE T8, 11 papes, copy 3

{2} Atrachwment (237873, | page, W T8, copy }

Marribution
B, W, Patterson, 0, without nttlmu

BETE, without atterhsents
B8C without attethpents
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ERCLIAL HANDLING

Tot Pile 1 April 1967
Fronu
Subject: Operational Capability - 2 va 4 R/V

Gonliguration

Referense: ABRP-1ITL. "Request {pr Propossl, Sonsor Subsysterm
for Genarsl Search and Sweveillance System, ' dated
19 May 1966

1.4 Imtroduction

This memo presents the resulls of an ;mxycia of the aperational
sapability of the Hx System, for the search and surveillance mission,
with twa or fowr re-euiry vehicles. The messure of System Capability
whieh bs waed hareln bs the peeosntage of targets (avea) photographed
with less than 0% slowd cover and the sapected vesolution value (ses
reference) of & target. '

2.0 Background and Assumplions

The film losd Tor the Hx System is based on attempting v to twe
photographs pee target for the high priority, 90 day interval taegete
{Cat. I targets) amd one photograph per target for the 180 or 360 day
interval targere (Cat, 7 ow Bl In sdditios, 1L was sssumed that inthe
interval between launches the {ilm would be evaluated and the rewsults of
tils evaluation would be whilized in plenndag snd targeting subsequent
miasione. Thue, the ablllty to evaluate photography during & misslon

would affect only that portion of the film load devoted to the Cat, 4 targels

{appronimately 30%).
It be susurned that
& Dusign Ule (N} = 45 days
& On-orbit failure vate () = 0.013/day

Approved for Biraiassifieths c05116338
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® Time interval from R/V recovery to data contained in
that R/V being delivered, processed and intorpreted
sulficiently to determine clovd fres areas photographed
(D) = 4 days

» Recovery probability (P} = 4.98 [primary and back-up}
o Each R/V contains egual quantity of film

& Rellability of cloud cover predictive (Pc c) v 0,80 (based
en SO0 stodies) :

® There are no sources of data concerning cloud cover at
the time of photography other than the Hx photography
and the predictions.

# Film utilization schedule as par Figure (£} based on
simulation resulls

@ Bince this is & cunparative study 15 1e sssumed that the
probabllity of sucessslully schisving orbit is unity.

3.0 Discussion "

The number of R/V's in the recovery system have only a secondary
infiuence on the performance capability of the He Svetem. The primary
factors infivencing the ssarch and surveillance mri&rmme are wealher
statistice, geometrical coverage {orbital parameters) and the time on
orbit.

Figure 1 is & plot of the expected return® as a function of design life
and number of B/V's for the search targets, These results are based on
detailed simulations utilizing typical target distributions and four years
sttual cloud cover date. In 45 days approximsately 90% of the surveilisnce
targets will be photographed; however, because of imperfect cloud cover
predictions only 80% of the photographs will be successful. The ability to
determine, during s mission, that a photograph was nol succeesful is the

*Fraction of targete successiully scquired in a mission period. Hee
suciovurs A for applicable eguations.

Approved for Biaiassifienhs c05116338
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vehicle whereby additional R/V's can enhance the Hx mission capability,
Thus, we have the poténtial {or improving she capability againat some
1% of the thrgets.

Based on the film wilisation schedule shown in Figure 2, assoss~
ment opportunities ocour on the 6th, 13th, 24th and 45th day for the 4
R/V configuration and on the 13th and 45th day for the 2 R/V configura-
thom. These mes assuwne 5 fail fres system. For & system which had
& non-noro fatlure veate, the recovery times would be as given in

Figure 2 or on the day of failuse, whichever otoureed firat,
i migitonued
f‘o;i & {ail free syatem,out of the 8% unacceptable photos {based on

abugle taks attempt) in 3 mission, 10.7% of the target population would be
succusafully re-photographed with a 4 R/V configuration compared to 7, 8%
with & 2 R/V configuration. Thess estimatss assume & 4 day assssament
time after the vecovery of each R/YV., If the asasssment tims ware 10 days,
the percantage of sutcessfully re~photographing would by reduced 1o 9.5%
and 7,0% for 4 and 2 R/V's respectively,

‘The suctess of retaking & targst will decroass with shorter minslon
Iife. Thue in as operstionsl enviromment, the perfeormance difference of
the twe configurstions will decrense dus o latlure, By accounting for all
failures which can shorten the useful life, the sxpecied performance
gained from the sesessment process can he computed and compared.
The resuite ave tabulated in Table I for both the serv failure sad a non«
sure fatluve eyetem with & fatlure vate of 013 pey day,

Table 1

' Pertormantes (aln with Assssdinent of the
Returned Fllm During & Mission

?ifg&u alamiﬁauim Burvelliance Searoh
Na. of R/V's ;‘}“‘E i ) r
e
Inerernendal Return
Leavy Bailure vain . 7% 5.8% T.8% 169.7%
Fallure rate = 0,013/ dsy || 3. 2% 3. 7% 3.5% 3.5%

% ’ ': ;tr 3 — % ,‘ §
|, EUTmAL HARDLING

o R
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{ther studies have indicated that the use of sither Z or 4 B/V's
poses no serious design probiems on the Hx Systewm. Therslore, for a
Systemn which is not payload limited, the onfy Fémaining guestion is the
monttary snd schedule costs sssociated with an increase of 0, 5% to 2%
in the expected returi. ‘

Howewer, i the System is weight Hmited, the porformance
degradation due to the weight difference in the two configurations must
be factored into the trade study, Current studies indicate that the use
of & 4 R/V configuration will impose about a 600 1b penalty compared to
that of a 2 R/V configuration.

Based on the [llm uwiiiizetion strategies currently ander tonsideras
tion for the Hx System, the guantity of filin expended in cither sonfigurs-
thon will be sssentially the seme. Thus 4t is not anticipated that film
saving of & 4 R/V configuration will offset the 500 Ib loss., Fusiber,
sincs the maximum average weather forecast error allowsnce has been
#dded in the fim load snalysis, the Hx Olm capacity, as currentiy
specified, is adeguate for either a 2 R/V or a 4 R/V design.

Assuring we are welight linited, a 600 1b loss 8t the BOR
sporified desigs urbit (82 » 144 nmy) can mesn only & reduction of
expandables, It is imporiant to recognize that the weight deficit in
terms of axpendables would produce a performance loss exceeding
the 3% gain obtelmable with s § R/V configuration. A 660 Ib reduction
in filen load corrsaponds to 33% decrease in returned imagery. i the
gholce {8 made to olf-losd orbit adjust and malntenance propellants the
orbit life capability and hence the missioh capability will be redured.
Figure 4 is a plot of the loss in expecied return &s a function of propeliant
e day reguirsrment.

A possible alternative to reconcile the 600 1b loss is to operate Hx
&t 8 higher design altitude., I has been estimuted that & 45 day lide can
e smatniaiwed with the corrent welght distribution &t ?2 noem. Howsver,
at this altituds the resclution will be degraded by about 12% across the
entize format, At the extreme scan limit and nominai 30° susn angie,

P = 35 40

BOPOAL ARG

gk
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the 6.5 foot resclution will increase to 7.5 ft at 92 mm altitude. From

&% survey of the ntelligence community on resclution value, Refersnce
{1}, the 13% degradation in resolution would result in & 4% loss in the
wvalue of the returned photographe. Thus we would be srading o 9.5 10
&% locvease in the number of clowd free photographs for a 4% degrada~
thon tn the value of all photographs., It should be rovognized that this
foas in value is solatively lnsensitive 1o the initial sltitude, that le,
appromimately the séme loss would scour i we were discussing & change
feoen 92 to 102 nen.  (See Flguee 3.

In sumimary, the increass in officiency achievable from a 4 R/V
configuration dus @ lnorsased froguency of assessment of the sxposed
fils ie & modicum. Moveover, whan the use of this configuration pre-
cludes operation st the design altitude for 45 dayse, this benefit bacomes
a labilisy to Hx operational capability. A ¢ R/V configuration appears
o be an unjuesifiable gbolve,

Approved for Biaiassifienhs c05116338
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Enclosure A

Equations for Expecied Mission Beturn

1.8 Cat, 7, 8 Targets

&) # roturs function, i.e., probability that & target will
be photographed on or before time 1

= 1« exp (~Pat)

ﬂ? ® Cat. 7, 8 access rate {geometric and predicied cloud
free}

Fit} ® probability that System will fail’on day ¢
= Aexp («At)

Y = recovery time for ith R/V
0O = 1-0)
6  Ey(R} ® expacted return for 2 R/V configuration

{4
H w
-« P, ?r{j; RFat+ Rir)) {1 ra:l +
Fa7hy ®
[‘?’ P R “x‘] P, P, Fit) {‘L RF dt+ Risy-t,) {z”‘x?ﬂ} +

’(a"“' ﬂ'n e

" atax}r:‘F@crczz.gi.b; {‘g RFdreRic,-t,-D) {z"x"”mt}

L

4

T I SRl g

Bortn Ty

ok
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E Rl % oupecied rotura for 4 R/V configuration

X! E
= P, ?,[{ R¥ at+ m;ﬂ{ i‘ds]«
.

t,et
[’Fr«v P, Ktzﬁ]?m?,m:l;@z 1&?’&& ﬁ{tz-zxi { . F&t}
_ Y
z"tz"n
PP__Fi D[ FdteR D Fa
R PLT Ty t} REdteR(sy~c;- 1.3;4 -0

e 2
*RUHP, ?’(P%? L K{!ti}&; R Faelin *tzi{ St }4

4 ; "‘1'9 =
e ’3&%}?“ o Peo Tl m;{g R PdueR(sy-t,-Dj 3“:"‘"“}

terty '
’, ,ral;[r ru;a,wp&]& RF & oRin 1) j; " ]«r

tyety-D
P, Ph i PRy P, [ \Q RF @ oRit ~ty-D) ,{ oty a}

1.0 Cat. I Tasgets

The equations for the Cat. 2 targets are similar to thoss for the
Cat. 7. 8 targets encept for the return function. For the Cat. 7, 8 targets
the probability of obtaiaing & clowd {ree phatograph (w/fail free system) on !
ov bolove tme ¢ is ) : i

#

A P
L SERYTEL i
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Pee {‘ - exp By ")}

R Bt i

However, because of the "two take" strategy for the Cat, 2 targets
# this betomes

Peclexp (-8,6 - exp -y + 1 - "F’g;]{‘ - exp (-8, 1))
Wuﬁﬁf‘

i eup {-ﬁa t} i» the probability of obtaining a1 least | photograph and

1« aup {»5; t) is the probability of cblaining exaciiy 2 photographs

#

mﬁ{«p will A.‘? pedy
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Actachment (I3 4-73
copy 1

BEPCLAL, HANDLING

Attachment two is an analysls of the percentage of largels suCcess-
fully photographed with the 2 and 4 B/V conligurations. This analyais
considers oaly the normal Search and Burvelllance midsslon, Foo this
mission, the 4 R/Y configuration will be more affective than the & RV
configuration only if the Syatem le not welght Hmited, d.e., i it can
sperats in the design orbit (B2 8 144 mn) for 45 daye. Under these con~
ditions the 4 R/V configuration will provids less than 3% increase in
the supected return per mission,

This paragraph should be added to Su:iwz if and only if the
Systern can in {3t meet the design reqguirements (B2 x 44 am, 45 dayl.
Celerwise it should be expsnded to reflect trade-offs for actual System
cepability - see Figures I-4 of Attachment twa,

¢

P

Approved for BiraiassiBieths c05116338




