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We believe that a requirement exigts for an orbital
photographic reconnaissance system which will economically
provide high quality data to the wuser in less thaun 24 hours
We also believe that such a
gystem van be readily acguived and operated because of the
availability of existing teclhinology for recovery and reuse,
the availability of economical lsunch wvehicles, and the

availability of well developed camera techunology.

The following repovt Summarizes the studies we have
conducted to establish the characteristics of such a8 systenm,
the engineering that establiishes the feasibility, the cost
studies to establish a budgetary estimate of the funding

vegquirements, and the schedule studies to estimate program

The result of these studies is a system which we call
FABTHACK,

We believe FASTBACK offers an attractive option

regquirement.,

:7{

for economically fulfilling the fast response intelligence

Lavnfnce J, Adams

Viece President
Special Projects
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1. INTRODUCTION

FASTRACK is designed to give the U. S. intelligence community
a Flexible satellite reconnaissance capability that meets the
following needs:

Rapid Response - It can be targeted against a target or an area

of concern and return high quality imagery to the Washington area
in less than 24 hours after the need for imagery is recognized.

On the basgis of an analysis of the various factors involved,
the system should have the imapery processed and in the hands of
the intelligence community in a nominal average of eighteen hours.

By design of the launch complex, & daily launch rate can be
maintained for at leasst four days.

Access ~ In ome day it can provide overflight of a considerable
portion of the globe. Depending upon launch azimuth selection,
selected targets can be covered more than once in rthe same £light.
Launch azimuth selection also allows the direction of overflight
to fit the major dimension of the primary target complex or area.

Image Quality - The sensor that we have designed into FASTBACK

will provide sterec imagery with 3.3 feet ground resoclution at
nadir, adequate to provide high assurance of getting a large volume
of information on ground order-of~battle problems.

The capability of the camera system is, of course, a trade-
off of the use of availlable weight and volume in the spacecraft
between the optics, stereo gvstem, and the film load.

Qur trade studies show that by using 2 higher energy orbit
injection motor an alternate sensor system which will provide a
ground resolution of approzimately 2.5 feet of monographic
imagery can be used.

Target Coverage - For the stereo system the maximum film load

will allow a total of 10,000 miles along track and the camera
dynamics create a swath width of 130 nm. The launch azimuth

will determine the number of orbits during which targets will be

HANDLE via BYEMAN
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overflown. Of the four to nine revolutions per mission, targets
can be overflown on three to seven revolutions., Within these
constraints, there is extreme flexibility of camera operation.

If the camera is activated in the region of maximun de~
clination, then the coverage will be primarily along an east-
west axis and will allow double coverage of 10 to 15 target
gL OUDS,

1f the camersa is activated in the regions of minimum de-
clination, single pass coverage largely in a northesouth
direction is obtained,

Combinations of targets and areas located in regions of low
and high declination are to be expected and a large degree of
flexibility is inherent in the system's ability to launch essen~
tially unrestricted in azimuth and with a wide variation in launch
time,

Thus, the film usage, coverage shape, and area to be
covered is umder the control of the system tasker to a very
large degree,

Weather Avoidance « The coverage pattern and timing of

FASTRACK can be adjusted to take advantage of the best weather
opportunity available over the target areas of interest. Since
coverage can be concentrated in a reasondbly compact area,
maximum advantage can be taken of the good weather patterns
associated with high pressure areas., On the other hand, if it
is essential to obtain coverage in bad weather, the stereo
coverage plus double access capability can provide four separate
looks through the cloud pattern during & single day, thus
increasing the probability of obtaining useful coverage in spite
of the bad weather.

Low Cost -~ Based on & maximum use of already proven technology,
recovery and re-use of the payload, and a low cost booster,
every effort has been made to reduce cost as a factor affecting

the decision for a given launch.
_SECRET- HANDLE ViA  BYEMAN
CONTROL SYSTEM ONLY
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Low Vulnerability « Since each FASTBACK mission would have its

unigque orbit and there would normally be only four or five re-
volutions over Soviet tervitory, it would be much more difficult
to attack this system than it would be to attack a satellite on
polar orbit - especially if the polar system stayed on orbit
longer than one day., Of course, some FASTBACK nmissions would
not cross Soviet territory at all,

It is contemplated that FASTBACK'S flexible capabilities
would make it an important source of intelligence information in
problems like the following:

Soviet Bloc Militarv Posture Durine Political Tension -

for example - a Berlinm or Czechoslovakian crisis,

Soviet Involvement In Militarvy Activity Outside Of The

Bloc = e.g. Introduction of S5AMs into Nerth Vietnam,
introduction of sophisticated weapons into Egypt, Soviet
Naval activity in the Mediterrvanean,

Development Of Critical Militarv Technology And Doctrine -

For example - FASTBACK could provide broad coverage of

both Kapustin Yar and Sary Shagan on the same day to help
assess a new ABM exercise. Coverage of a large portion of
the ICBM belt could also be obtained in one day to help
assess deployment trends, The Chinese Missile Test Range
and nuclear test area could both be covered on the same day.

Tactical Situations Of Great Interest To The U8, = At

various times 1n the past we might well have made use of
FASTBACK over Suez, Yemen, the Sino-Indian Border, the
India-Pakistan area, the Taiwan Straits, Czechoslovakia,

and Berlin.

Support Of U5, Tactical Operations = FASTBACK could acquire

high resolution coverage of large areas over enemy lines or
at sea in a timely manner at no risk to U.8, lives and air-
craft, If a U,8, field commander could depend on getting

basic coverage of a 130 wmile swath over enemy territory

_SEERET— HANDLE viA BYEMAN
CONTROL SYSTEM ONLY
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every good-weather day, he could employ his other recon-
naissance assets with much greater efficlency.

Supplement Other U.S5, Reconnaissance ~ On many occcasions

other U,S, reconnaissance assets cannot provide all of the
coverage needed to satisfy an intelligence problem because
of schedule and orbital constraints, weather, or competition
with other intelligence problems of higher priovity.
FASTRACK would provide a low cost means of acquiring addie
tional coverage over areas where insufficient imagery had
been acquired by other means,

To Bupport U.S, Military Contingency Preparations -~ In

many situations U,8, strategic forces must be postured to
support U,B. policy, To achieve maximum effectiveness,
these forces often need up-to~date information on the forces
and target svystems of a possible opponent, vet these forces
and target systems might be far removed Ffrom the area on
which U.84 intelligence attention was fogused., For example,
at the time of the Cuba Missile crisis, the posture of
Soviet strategic forces was of great importance, In such

a situation, FASTBACK could be used to get current in-
formation for U.S5. contingency forces without interfering
with other intelligence problems .

Other Needs = Fyrom time to time situations arise in

which reconnaissance can contribute to the solution of
important problems, even though these are not typiecal
erisis situations, For example, coverage of the Alaskas

and Peru earthguakes might well have been obtained by a
FASTBACK capability even though these did not involve any
hostile action, Buch uses would not necessarily preclude
the system from decquiring useful imagery of intelligence

targets on the same migsion.
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SYSTEM DESCRIPTION

Taunch 8ite - A launch from the Pacific is desirable in order
to obtaln broad coverdge of detiied territery and to wminlmize
system response Uime, Of the several islands considered
{Jarvis, Hawaii, Howland, Baker, ¥wajalein aad Johnston),
Johnston looks the most promising because facllivies
already located on Johnston are adequate to meet the demands
of this program.

In the event that Johnston Island for some reason should
not be avalldble te thie progrdm, facilitles at FTR and WIR
could be used., A small degradation in multiple coverage
areas will result.

Bonster Selection ~ The Minuteman I wes selechted as the

booster for FASTBACK primarilyv because of the large ouber
(368%% of surplus ICBM vehicles thet are available a8t minimal
cost (875 K per booster).,® In addivion to economic advane
tages, the selected booster £8 relatively simple in design,
has a guick response time and has sufficient paylosad
capability to meet the requirements of the program.

Spagecraft Description - An fsometric cut-sway of the space-

craft configuration is shown on Flgure I-L, The spacecraft,
including kick motor, is 16 feet long and weighs approximately
2600 pounds. Its base dismeter 18 37-1/2 dnches to be come
patible with the third stage of the Minuteéman booster,
Subsystem selections were based on the use of existing
spage gualified hardware, whenever possible, bo minimize
development time and program costs, This led to the following

subsysbems ¢

#ihis information was obtained from the USAF Minuteman Booster 0ffice
and ineliudes the cost of shipment to port of embarkation plus

refurbishment,

HANDLE VIA BYERAN
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The solid rocket motor that is used to inject the
900 pound on=orbit spacecraft into the 65 by 300 nm. orbit
is the Thiokol TE-M-364<2 motor,

A hydrazine mono-propellant attitude control system (ACS)
is used to maintain vehicle stabilization during the kick
motor burn and for orbit adjust. The system is pressurized
by gaseous nityvogen which is contained in the small sphere,
In addition to the high thrust level hydrazine system, there
is a low thrust level nityogen system that also uses gases
from the nitrogen pressuvant system, The nitrogen system
is used to provide 3-axis stabilization during orbit oper-
ations. This technology is well developed and compouents
developed for other programs will be used in FASTBACK,

A gpmall solid rocket nmotor, the Thiokel TE-236, is used
for de~orbiting the spacecraft,

The parachute recovery system is packaged in a toroidal
configuration arcund the de-orbit motor, This recovery
aystem contains both the drogue-ballute and main parachute
used for air recovery. The recovery system developed for
the Martin Marietta Corporation PRIME vehicle will be adapted
to this use.

A single guidance system is used for both boost and orbital
operations, It consists of The Hamilton Standard DIGS
inertial strapdown system and the Teledyne 8K, 24 bit word
computer located in the forward portion of the spacecrafr,
The guidance system requires no command link or update,

The reéemaining equipment in the forward section of the
spacecraft includes a 230 ampere~hour silver zinc battery,
an R¥ beacon, ordnance firing circuits and subsystem support
equipment.,

Temperature gontrol of the subsystems and payload is
provided by a semi-passive thermal control unit using paints

with selective thermal characteristics, insulation, and

—SECRE- HANDLE viA BYEMAN
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evaporative coolers, The external menocoque structure is
covered with ablative materials to maintain the skin within
temperature limits during boost and re-entry, The Martin
Marietta Corporation has successfully used a very similar
semi~passive thermal control unit and ablative materials on

the PRIME lifting re-entry body program.

BEALON

INTERFACE ADAPTER

INERTIAL MEAS, UNIT
BATTERY

PANGRAMIC CAMERA

ACS NZ SPHERE

FILM REELS
DEORBIT 5RM

RECOVERY PACKAGE

ACS THRUSTERS ALS HYDRAZINE SPHERE

SEPARATION
FLANES

FIGURE I=-1 SPACECRAFT CONFIGURATION

~SEGREL HANDLE ViA BYEMAN
CONTROL SYSTEM ONLY

Approved for Release: 2022/04/18 C05137584




Approved for Release: 2022/04/18 C05137584

BIF-179W-235-70
Page 16 of 86

Pavioad (Ooticsl System) = A pancramic optical bar camera is

proposed, The front portion of the camera rotates about its
longitudinal axis at & rate of 45 rpm and has a scan angle of

= 45 degrees., This scan angle equates to a ground swath of

130 nm, Stereo coverage is obtained by tilting the camers in
plteh %= 10 degrees. The optical package has been sized to
provide & ground resolution of 3.3 feet at nadir.

Three cdmerd manufacturers heve been contacted in regard to
optical systems for this installation. Their vesults show

that no new "state-ofethe-art’ sssemblies or techniques are
reguired for thelr designes, One of the manufacturers (ITEX)
has built and flown an aircraft camers which ds very similar o
the upit propesed for this spacécraft dnstallation. This cawmera
will require slight modification te meet the space environs
ment and & lens change to obtain ivcreased ground resolution.

Recovery Considerations - The gystem has been designed for

gn dir recovery off the east codast of the Undted SteEtes
Begovery is accomplished by using emistipg C-130 air reecovery
atrerafs, It is antleipated that sufficient aiveraft are
available in the current program to support this assignment.
Reusability - The complete orbital spacecraft is recovered
and the majority of the subsystems are vefurbished and reused,
Refurbishing and veusing the space vehicle reduces the rew
curring launch costs by abeut a fFactor of three,

Higher Launch Rates - Capability could be provided for

gignificantly higher lauvnch rates and longer sustained
launeh capability by adding additional spacecraft and support

equipnent to the program.

HanpLe via BYERAN
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MISSION QPERATION SEQUENCE

Figure I~2 shows the dverall flow of the major program
components, indicating the geographical locations involved and
the operations performed at each location.

The Minuteman boosters will be refurbished and modified at
Hill AFB to interface with the spacecraft at a point immediately
forward of Stage 11T (Guidance Section removed}, They will be
transported by rail and ship in their environmentally controlled
transport vans to Johunston Island.

The spacecraft will be fabricated, assembled and tested at
Martin Denver and mated with the payload. Following environmental
and combined systems testing, the assembled spacecraft (loaded with
film essentially ready for launch) will be airlifted in its environ-
mentally controlled shipping container to Johnston Island,

The booster and spacecraft will be mated and checked out
in a horizontal position on & transporter erector similar to
that employved in the Thor Program. Activities at Johoston Island
will be limited to spacecraft - booster combined systems tests,
igniter installation, ovdnance connection and propellant loading.

The assembled and checked out vehicle will be held in a
horizontal protective epclosure on the launch pad, permitiing
rapid response to launch command., When erected for launch, a
guidance system update will be supplied from ground equipment
and the "go" status of the complete vehicle verified,

Following burnout of Stage IIT of MM-1, the spacecraft will
coast approximately 180 seconds prior to firing the kick motor.
The kick motor will be jettisoned upon completion of its burn,
Tracking of the vehicle will be accomplished on the first and
next~to~last orbits to refine the prediction of the point of
recovery for positioning of recovery forces.

The retro motor will be jettisoned following firing and the
recovery package deployved. The complete vehicle will be re=-

covered by air and returned to an East Coast facility suitably

—SECRET- HANDLE viA BYEMAN
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equipped to enable removal of the film package. The film will
be processed and supplied to the user on the East Coast, The
spacecraft with the camera system will be returned to Martin =

Denver for refurbishment, test, reassembly and reuse,

HILL AFB Jo b LAUNCH SITE & LAUNCH PAD
REFURE, B RECEIVE g ASSEME i LAUNCH - READY sl FRECTION =l BOOST
& INSPECT SIC & HORIZ, STORAGE FINAL CIO
MO, & BOOSTER %
STORE & LAUNCH
Cia
MO MMe
DEMVER DENVER
FARRICATE e MATE WITH e RECEIVE
0R PIOBTEST INSPECT
REFURRBISH &
& STORE
TEST
4
U, S, EAST COAST
FLIGHT DEORBIT —————

RECOVERY AREA  DATA REMOVAL FACILITY
ORBIT T ORBIT i TR’ACKWGT CHUTE DEPLOY == REMOVAL OF DATA PACKAGE

INJECT OPERATION & &
DEORBIT AIR SNATCH
MM KICK MOTOR RETRO MOTOR SIC & PIL DATA PACKAGE
PROCESSING
USER

—-———

FIGURE 1I-2 MISSION OPERATION FLOW
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MISSION CAPABILITY

FASTBACK can be emploved with great flexibility. Esch mission
i3 sffected by many factors including location of the primary target,
the coversge mode desired, the pattern of secondsry targets and the
speed of recovery desired. Fortunately, these factors can be manipu-
lated by the mission planners to place the coverage and shspe the
coverage pattern to maximize the likelihood of obtaining useful
intelligence.

The ground trace for s mission launched on an inclination of
55° with an elliptical orbit (65 x 300 nm.) is shown in Pigure I1I-1,

o3

‘;égﬁﬂy;;‘,i’(f =

TEPICAL MIESI0N \
w 5 % 300 KM,
; §owm R0

L

FIGURE 1II-1 MISSION GROUND TRACE
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1t shows that the spacecraft was launched from Johnston Tsland
in the Pacific and recovered off the east coasst of the United States
after six revolutions, FASTBACK is cepable of providing stereoscopice
photography of a swath 130 onm., wide for a2 distance 10,000 nm, along
track., Flgure II-2 shows that a concentration of this coversge
could have been obtained in the vicinity of maximum declination

where the ground traces of successive revolutions cross,

i

I

i

s 18T

i

VIGURE I1-2 AREA COVERAGE CAPABILITY

On four occasions, successive revolutions crossed st one and one-
talf hour intervels; on three cccasions, slternate resolutions
crossed at three hour intervals: on two occasions, revolutions
erossed at four and one-hslf hour intervels and on one oceasion,
revolutions crossed with an interval of six hours. Fach crossing
provided the opportunity to get double coverage of an ares 130 %

130 nm, or spproximetely 1700 sq. nm., each,
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The Figure also shows that in addition to the area of con-
centrated coverage, the ground traces provide the opportunity for
single coverage of long portions of each revolution., The length of
useful coverage on each revolution would be limited to that portion
oceurring in suitable davlight,

The selection of specific cemers on and off points would depend
on the disposition of the reconnalssance targets falling within
access swath along each ground frace,

To cover problems invelwing differing target asrravs, the area
of concentrated coverage and the location and direction of individual
ground traces can be changed from mission to mission by selecting an
appropriate inclination of the orbit, The area of concentrated
coverage can be placed anywhere in either northern or southern
hemisphere between 17° and 70° and west of the ground trace of the

first revolution out of Johnston Island, as shown in Figure II-3.
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The area of concentrated coverage can be extended to the west of
the first revolution for as meny active revolutions s can be used
prior to recovery., Orbits at high inclinations (approaching 70%)
use only four revolutions before they return to the recovery area.
Those st inclinations approaching 17° use nine. Between 17°N and
17°S the system can have access to any polnt for which coverage is
degired but coverage will be limited to the single access swath of
individual revolutions. Between 17° and 70° double coverage at
one and one-half hour intervals can be obtained for nearly all
locations, Double coverage st longer intervals is confined to a
north-south zone depending on the inclination of the orbit where
alternate (or more widely separated) revelutions cross., The
coverage capability actually emplovyed against specific intelligence
problems would be the choice of those opersting the system,

With the coverage capabllity described above the FASTBACK system
might have been emploved in the recent Jordanien situstion according
to the following scenario:

The President has decided that the hijacking of the four
planes with subsequent international blackmail by the Palestine
Commandos and the increased threat to King Hussein's Regime,
may place upon the U,5. an obligation to act to rescue the
hostages being held in Jordan., In advance of a decision to
act, cvertain up-to-date intelligence about the area was
required.

Specific targets in Jordan included the following:

Drop zone or landing sites at Zevrqs as close as
possible to the hostsge planes, Area selected to be

large enough for an airborne company drop or helicopter

landed company operation,

Drop zone or landing site at or near Amman sdequate
for company size operation.
Photographs of other airfields or landing zones within

50 miles of Amman which could support company size

operations.
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At or near frontlers of Jorden loecation, identiflcation,
strength and where possible,state of readiness of Jordanian,
Syrian, Tragl and Isrsel units,

Tdentification and strength of gueryilla units in
Jordan ey Svrias paving particulay attentlion to Trbid and
Mafvag (alse Tradis) in Jovdan zod Dera in Sywia,

Tank headquarters in Qatana alrfields at Mezze and
Dumayr and any deployment southward and status of PT (0SA
Class) Boats in Latakia or Banias in Syria,

In the UAR, cover the Suer deploywent plus any major
undts, with fdentification, deploved towsrd Jordsn or Tsrsel
and status of all wilitary airfields, and naval bases st
Alexandris and Port Saild,

Thotography of the Coast of Isvael and Lebanon and
inferior reoad nét 1s required to permit selecticén of land
ing beaches snd reutes of communication te the objective
area. Bufficlent detell to provide terrsin shalysis is
desived,

This scenario would have smploved one launch for divect
coverage of the ares of erisls te provide intelligence for
the planning stages of the interventlon. Figure TI-4 shows
the coverage and planning that would heve satisfied this
requirement,

Tf the decision had been made to Intervene, then from
inception of the actusl operstion gdditlional In-area coverage
raquited would have been furnished by conventional reconnslssance
agsets, FASTBACK would have been ghifted to monitoring the
responge of the Soviet Unifon in marshalling snd staging areas
and in the discernabls veadiness condition of strategic forces,
& posgible toversge patisrn 1s showan dn Flgure IX1-3, This
coverage might have been reguired for more than one day, dew
pending on developments in the Jordan-Israeli-Syrian area.

TE the declsion to Intervere had not been implemented,

HaNDLE via BYEMAN
CONTROL SYSTEM ONLY

Approved for Release: 2022/04/18 C05137584



Approved for Release: 2022/04/18 C05137584

~SECREF- BIF-179W-235-70

Page 24 of 86
UNION OF sovier {T
SOCIALIST REPUBLICS
<5
el CASPIAN
S8 LD
5
PRIMARY TARGET COVERAGE
4750 MM, IN-THACK 12 HOON
5
4 ipm
’ 1RAN
i ol
IORDAN 2P
SAUDI ARABIA
230 AW
LAUNCH o NTTED RECQS{ER;}’E "

AZIMUTH 120, ARAB REPUBLIC ' LATHTH ol
INCLINATION 34 & LONGITUDE 95
LOCAL TIHE 415 P8, 3P LOCAL TIME 130 A, M

%%' iy \:\ . 5

FIGURE 11-4 JORDAN~ISRAEL-SYRIA COVERAGE

- Py g
C LNION OF SOVIET 2 3 g
' FPUBLICS
POLAND SoCHAUST R W A
3 AN
1
4
- SULGARIA - oEA /.
74, . .
Sl e GREFCE 5 et
ALGERy4 3 N S TURKEY
: g . .

PRIMARY TARGET COVERAGE s

8500 NM, IN-TRACK i : i RN

MEDITERRANEAN
s JSRAEL
o J0R DA
Ligya : . g
6AM
m;}; ggggmm AUDt ARABIA [ prcnurny 5

LAUNCH LATITUDE 340N
AZIMUTH i40° LONGITUDE 3%
INCLINATION 507 LOCAL TIME 645
{OCAL THME 3.08 P.M,

FIGURE 11-5 SOUTHWESTERN RUSSIA COVERAGE
uanpiE via  BYEMAN
_S.Ee_RE:F_ CONTROL SYSTEM ONLY

Approved for Release: 2022/04/18 C05137584



Approved for Release: 2022/04/18 C05137584

BIF-179W-235-70
~SEGRET- Page 25 of 86

then FASTBACK could have been used to continue coverage over the

confrontation ares., The same mission could sample the readiness

posture of the Soviet Union and maintain surveillance of the
confrontation areas, Figure IT1-6 illustrates a possible coverage
pattern to accomplish this,

Examples of FASTBACK coverage of three other Intelligence problems
are shown in Figures 1I-7, 8 and 9. Figure TI-7 shows the coverage
pattern that might have been emploved during the Czech crisis, Double
coverage was placed over Czechoslovakia with large amounts of film
left for coverage of targets in other areas,

Figure [FBshows the coverage that might have been emploved
against the Arab-Israelil War of 1967, Again, double coverage was
emploved.

The final example shows how coverage might have been emploved
over the SBino-BSoviet border dispute. Only single coverage of the
area of primary interest is possible becsuse the location is east of
the ground trace of the first revolution, Furthermore, coverasge is
limited to 1300 hours or later local time because of the need to have
daylight in the recovery ares., Un the other hand, much useful supple-

mernital coverage could be placed west of the area of primary interest,
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ITI, GSYSTEM RESPONSE

The response of the FASTBACK system is a function of the number
of spacecraft in the system, the number of boosters at the launch
complex, the launch c¢rew size, the number of launch pads, the re-
eyele time of the spacecraft from recovery to return to the launch
complex, and the required refurbishing of the launch pads after a
number of launches,

Bormally, boosters mated to the spacecraft and checked out will
be located on both launch pads, These vehicles will be complete
except for attitude control system propellant loading, ordnance ig-
niter installation and target insertion. Additional spacecraft and
boosters, when available, are mated, checked out and stored in the
Missile Assembly Building,

The minimum time to launch from this status is four and one-
half hours, Final target selection can be delaved until three hours
before launch.

The tarvgets to be covered will be selected by the user. By
using a previously prepared set of indexed coverage maps each repre-
senting one degree of inclination, rapid determination of the desired
inclination can be made., Each map will show single and double
coverage areas, local times along track, retro sequence {imes,
tracking times, and recovery areas and times,

After the user has selected the map that best gatisfies his
coverage requirements, he will dnform the FASTBACK mission control of
his selection with specific targets and times, Mission control will
then interpolate from the selected coverage map fo the exact orbit
using precomputed guidapce constants for launeh and rvecovery opera-
tions to select all constants, sequences and operation requirements,

These mission reguirements will then be transmitted to the
launch operations at the launch site, to the recovery force and to
the tracking organigstion for immediate mission planning and

execution,
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With the receipt of the guidance constants and mission timing
from mizssion control, lsunch operations will select the appropriate
tape for the flight computer from the library of tapes that corre-
spond to the 50 coverage maps. A new tape, to vernier the main tape
using the interpolated values received, will be punched and veri-
fied, Both tapes will be loaded and verified (See Figure III-1}.

The actual launch time is a funciion of the target geographv,
time~over-target and recovery time desired, However, in general,
these Ffactors will ordain g late afternoon launch from Johnston
Teland, Therefore, for an 1800 hour launch, a launch warning from
Washington would be required by 1930 hours Washington, D, €, time,
and the target selection by 2100 hours.

The recovery would take place on the Atlantic coast in daylight
nine hours (six revolutions) after launch or 0900 in Washington.

The film would then be available for wviewing by the user five hours
later or 18 hours from original launch alert, Figure III«1 portrays
this sequence,

In the 48 hours following launch, the launch pad is inspected,
refurbished and the stored spacecraft and booster is mated to the
erector,

In the meantime the second ready spacecraft and booster are
ready for the next launch decision.

This sequence can be continued for two launches from each pad
when the capability of the system will be essentially depleted.

Then a period of recovery will have to be allowed during which the

spacecraft will be recveled and the launch crew rested,
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SYSTEM DESCRIPTION

The spacecraft consists of three basic elements: the operationsl
gatellite: the kick motor for injection into & nominal 63 x= 300 nm.
orbit: and the denrbit/recovery system, The physical interface with
the booster occurs at the upper end of the third stage where the
guidance bay normally attaches. The overall spacecraft is approxi-
mately 16 feet long with & maximum diameter of 37% in., at the
Minutemsn interface, This size is compatible with previous loads
analyses for possible Minuteman spsce payloads which show a high
launch probability for pavloads in this size and weight class, The
external shape of the spacecrsft (refer to Figure IV-1) was selected
considering the respective design criteria for aerodynamic, static,
and dynamic stability, minimum drag, internal packaging, external
goeometric boundary constraints, and low cost fabricstion., Thig shape
results in a WICDﬁ of about 400 1bfft2.

The system weilghs epproximately 2600 Ibs., at launch and 900 lbs,

initially on-orbit after kick motor ejection,

A, OPERATIONAL SATELLITE

The operational setellite consists of the optical camera pay-
load system end the vehicle which provides a sgtabilized platform
for camera mounting and control of 4ts pointing. In addition,
the vehicle provides electrical power and thermal control for
the paviead, On the first one or two flights, only a partiasl
load of film will be carried so that an instyumentation svsiem
can be included, Each of the subsystems will be discussed in

more detail in the following paragraphs.

1. Structural/Mechanical Subsystem - The operational satellite

load carrying structure will be essentially monocogue cones
and cylinders. Trade-off studies indicate that minimum
weight will result from use of magnesivm alloys, Thicknesses
range from .06 inches to ,12 inches.

An opening is provided in the forward cylindrical section

—SEERET- HANDLE viA BYEMAN
CONTROL SYSTEM ONLY

Approved for Release: 2022/04/18 C05137584



Approved for Release: 2022/04/18 C05137584

—SEERET-

BIF=-179W-235-70
Page 32 of 86
{~RETRO HOTOR
PAYLOAD /
HECOVERY BACK
SUBSYSTEM EQUIPMENT ATTTIUDE CONTROL PROPULSION /
(TYE,) SYSTEM j
i KICK MOTOR
A
) 37,72 DIA.
24 DA, 307 DA, / i
| | ol
- /)
A i " / / st
r“““““ﬂi N N-—"1
I el it Tt § / X {
™ P Py i e, o7 / | |
e o b . 1 D E ; |
Sk i 2 i : i o i 1 i %, )
SR ST s M RS | ‘
N WS- | | Al L]
SRR | R— -L I Elae . 5 T
b b P U ) / N / -
$i o~
T T b~ o7
e
cuTouT
£ ‘
DOOR AREA 1
FORNARD COKE FORWARD FORWARD INTERMEDIATE AT ’
CYLIRDER FLARE CYLTEDER FLARE AFT CYLINDER
|
STA. STA, SrA, ST, pAvLoAn  STA.STA, SEPARATION sepaRaTTON STAs 0.0
197 164 130 113 ACCESS 58 6L PLAWE PLANE BOOSTER
SPLIOH Y
OR DOOR.

FIGURE 1V~ SPACECRAFT INBOARD PROFILE

~SECREF—

Approved for Release: 2022/04/18 C05

HANDLE viA BYEMAN
CONTROL SYSTEM ONLY

137584



Approved for Release: 2022/04/18 C05137584

BIF-179W-235-70
Page 33 of 86

£o parmit light to enter the camerse sperture. An opening

14 dnches wide by 1&&0 iz requitred., Three permanent SLruks,
approximately 3/8 inech wide will caryy loads ascross the
opening. The opening will be covered by 4 door during
launch and reentyy.

The reentyy heet shield uvtilizes asblsative materisls.
The spherical nose tip reguires s carbon phenoliec matevial.
This materdal hes been used frequently on pther preograms.
The vemainder of the forward cong and the forward flave
conical section utilize a silicsa based waterial (3560 EF).
This maverial wag previously used successfully on the Marvin
Marietta Corporation developed PRIME veenbry test wvehicle.
The reentry stagnation heat input to the PRIME wvehicle was
161,000 ETUXFTQ cpwpared to 75,000 BT%{?TE for the FASTRACK
systen., Thickness is approximately 1 to 1.5 dnches. The
cylindrical sections are protected by another silica based
material (8LA 561). This 18 o low density ablater belng
developed by Martip Marietta Corporation for the Viking Mars
Lander vehlcle. Trs thickness is approximestely one inch,
The aft conical section s protected by 2 thivd silica
baged ablator (ES4A 5500%. This material was also success-
fully demonstrated on the PRIME vehicle.

Aceeds to internally mounted edquipment is provided at
gircomferential splice locations.

Tnterndl arrangement of equlpment places the electri-
cal power and guldance components in the forward cone and
half of the forvward cylindey. The pavliead extends through
the rear half of the forward cylinder, the forwerd flave,
and two-thivds the length of the Ilntermediate cylinder.
That portion of the intermediaste cylinder aft of the access
splice, the aft flair, and the porcion of the e2ft cylinder
forward of the kick mobor separation plarne contain the
recovery system and attitude control/vernier propulsion
system, The reactlion jers and wvernler sngines are
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externally mounted on the aft cylinder just forward of the

kick motor separation plane.

Guidence and Control Subsystem - The Gulidance and Control

Subsystem, shown in Figure IV=-2, will satisfy the following

requirements:

«  Provide for launching at any desired azimuth in the launch
gecltoy.

»  Provide guidance steering and attitude stabilization com-
mand signals during boost.

+  Provide spacecraft attitude control and stabilization
during coast, AV maneuver, orbital operations and deorbit,

«  Provide sequencing discrete signals during boost, camers
operations and deorbit,

G&C hardware consist of a2 Btrapdown Inertisl Measure-
ment Unit (IMU), @ digital Guidance Computer (GC), Input/
Output (I/0) Adapter, and Valve Drive Amplifier (VDA) Unit,
To support and check out this airborne system, associlated
Auﬁiliary Ground Equipment (AGE) and supporting flight and
laboratory software will be provided as descyibed in Section
VIIT,

a, Inertial Measurement Unit - The IMU will smense in~

cremental angular displacements about the vehicle
axes and will sense velocity increments along the
vehicle's orthogonal sxes. These data will be
supplied to the digitsl computer in the form of
digcrete pulse trains which indicaste changes of
angle and/or velocity,

The IMU consists of three gyros, three azccal~
erometars, six pulse torquing servosmplifiers,
frequency countdowvn unit, warmup and fine temper-
gture control amplifiers, crystal oscillator,
Porre prism, power supply and housing assembly,

Thermal control will be passive with the
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IMU mounted on the spacecraft cold plate.
The IMU was developed initially for the
Apollo Lunar Module., Tt is currently being adapted
to the Delta Leaunch vehicle. Qualification Tests
will be completed in June 1971.

be The CGuidance Computer (GC) will be a general pur-
pose, stored program machine designed spacifically
for space and boost vehicle environments. The com~
puter subassemblies consist of a memory assembly,
power support assembly, and logic section assembly.
The computer memory size is 4,096 words (expandable
to 16,384 in inerements of 4,096 words) with a word
length of 24 bits including sign. Current estimates
indicate that FASTBACK will require approximately

8,000 words of memorvy.

Thermal control will be passive with the GC
mounted on the spacecraft cold plate, The GC will
be qualified for the Delta application by April 1971.

¢. Input/Output Adapter - The I1/0 Adapter will accept

the Guidance Computer analog pitch, vaw and roll
thrust vector commands, and process these electri-
cal signals and provide the appropriate commands

to the Minuteman Stage I, Stage II, and Stage IIX
nozzle control units, This adapter will be an
analog unit and will be mounted on Btage III of the
Minuteman vehicle since it will be used only during

the boost phase,

d, Attivude Control Svstem Valve Drive Amplifiers

These units will accept the Guidance Computer one-off
command signals and provide the power amplification to

drive (turn on-turn off) the ACS jet unozzles. This
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Guidance System I1/0 equipment will be mounted in
the spacecraft.

During the boost phase, the G&C will provide
the guidance steering and attitude stabilization
command signals to the Stage I, TI, and IIT Hozzle
Control Units (NCU). The NCU'a respond to pro-
vide the booster thrust wvector control. The G&U
will also provide the sequencing discrete command
gignals during the boost phase.

Attitude control and stabilization of the
spacecraft during coast phase following separation
from the booster and during the AV maneuver {(kick
motor and vernier propulsion operation) will be pro-
vided. Electrical on~off commands to the Attitude
Control System {(ACS) reaction jet nozzles (solenoids)
will provide the pulsed thrust for attitude control.
The AV maneuver will attain the reguired tangential
orbital velocity within + 12.0 ft/sec.

The G&C will also provide electrieal on-off com-
mand signals to the ACS reaction jets to provide
attitude and rate controel of the spacecraft during
the on-orbit operation. In addition, it will issue
discrete electrical signals to provide sequencing
that includes on-off commands to the mission equip-
ment. During the wmission on-time, the spacecraft
attitude will be maintained to within + 0.5°
(20 ) of the reference attitude, and the limit
cycle rates will be limited to less than + 0.1 deg/
sec (207,

The G& will provide spacecraft attitude con-
trol and sequencing discretes for deorbit activities
up to the time of reentry. Barometric signals will

be used for parachute deployment.
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Attitude Control/Vernler Propulsion Subsvstem - The Attitude

Control/Vernier Propulsion Subsystem will provide control
torques for the vehicle prior to orbit insertion through
orientation for reentry. The specific phases of the mission
and control requirements are:

Initial stabilization after release from booster. Low

level thrust in roll, piteh, and vaw to offset tip-off

rates.

Bolid rocketr kick motor firing. Low level thrust for

roll and high level thrust in piteh and vaw to offset

solid rocket motor thrust/C.G. misaligmment. Vernier

velocity for orbit trim. Low level thrust for roll con-

trol, high level thrust for velocity makeup.

On-orbit vehicle asttitude control. Low level thrust in

roll, piteh and vaw to ¢ounteract external disturbances.
. Reorientation for deorbit and entyy. Low level thrust in

roll, pitch and vaw for reorientation for deorbit motor

firing and entry attitude.

Deorbit solid wmotor firing. Low level thrust for roll

control and high level thrust in piteh and yaw to offset

deorbit solid rocket motor thrust/C.¢. misalignment.

A schematic of the proposed system is shown in Figure

IV<3. Low level thrust to satisfy the voll, plitch and vaw

requirements is provided by eight 1 1b,. thrusters using

gaseous nitrogen. Bi-directional rollfaantrol is provided
by two thrusters per direction acting in couples, Pitch
and vaw control is provided by one thruster per direction
per control mode. The thrusters are operated in a pulse
moda with control provided by a direct acting normally
clogsed sclenoid valve for each thruster. Nitrogen is pro-
vided to thrusters at a constant regulated pressure so the

thrust level remains nearly constant throughout the misgsion,

High level thrust is provided by four monopropellant
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hydrazine (NQH&) rocket engine assemblies (REA) eazch de-
livering 150 1bf thrudgs . 4 single REA 18 used for sach
direetion in piteh and vaw. The REA incorporates a valve

for propellant flow control. The REA caun be operated in

pulse mode or contlmuous bumn. Pressure repulated nitrogen
pressutizes the hydrazine tank and a bladder provides positive

axpulsion of N during low-gz wosst conditions.

My
Thermal Coptrol Subsysten ~ The Thermal Control Subsystem

magt matntain all on-board equipment within acceptable
tempetratures. Althovugh specific temperature limlits have
aot been established for all equipment st this point, it
is expacted that control of most equipment between § to
100°F will be required. Specific ltems, such as the
battery, rocket motors and the parachute way have more de-
finitive reguirvements. The pavlioad optice will have exe-
tremely restrictive requirenments., A+ 5°F tange about
nominal mean must be maintained. In addition, the tempev-
ature gradievt scross the pavicad optical elements must be
limited to 2° max.

The relatively large quantities of internal heat disgi-
patiom redquire e semi-active sSystem. An evaporabive cooler
systen was selected on the basis of simplicity, weight
savings, c¢ost, and demonstrated wellabllity. Individual
coovlers ave placed on the guldance computer gnd reference
unit, guidance sdepter electronics, the battery, the power
supply, and the payicoad. Water, contained in the cooler
packages, 18 vaporized under heat loads, thus wvery effective~
ly vemoving hest ensrgy from the egulpment packapes. The
avaporators arve manifolded topether, dumping through a
commen exilt at the afr end of the velilele. An orifice atb
the exit will control back pressure in the system to about

0.5 psl. This corresponds to a saturstion temperabtire of
807F.
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fach evaporative cooler will be similar in designo,
although some size variations are expected in ovder to
accommodate the several equipment items. A cooler will con-
sist of a lightwelght styructural shell containing a porous
wick material. The wick holds the water under zero gravity
conditions and will pump the water to the heated surface to
replenish that water vaporized during operation.

The cooler performance will Be enhanced by the use of
insulation on the vehicle inner skin. This material will
minimize the scak-back and electromagnetic heat loads. The
cooled equipment will be mounted with low conductance hard-
ware to minimize conduction from the heated structure.

In addition to the cooler, the paviecad will require
local electrical heaters, These items will be controlled by
temperature sensors on or near the optical elements to
achieve the + 5°F tolerance.

Thermal control during ground and pre~flight checkouts
will be achieved by an active purge system. Cool, dry
nitrogen will be injected in the forward end of the vehicle
by a duct system. Resultant flow will be back around the
equipment, carrying dissipated heat aft, where it is dumped
overboard,

During reentry the vehicle surface becomes warm and the
ablator and vehicle inner skin absorb heat. Consequently,
heat soak back into the vehicle could cause equipment over-
heating.

The results of a transient thermal analysis show that
1/2 hour after recovery, the ablator surface temperature is
less than 100°F and the inner skin of the vehicle is less
than 150°F. Heat transfer into the vehicle is inhibited by
the insulation on the inside of the vehicle which provides
a nearly adiabatic surface.

The primary development item in the thermal control
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system is the evaporative cooler. Previous Martin Marietta
Corporation experience with similar units on the PRIME
reentry test vehicle provides a development background

which will be applied to FASTBACK.

Rlectrical Power Subsvstem - The electrical power subsystem,

Figure IV-4, consists of a primary Silver-Zinec battery, an
Ordnance and Electronics Unit (OEU), and a wiring harness
with associsted clamps and connsctors.

The silver~-Zine battery will be fabricated from low
rate, manually activated, primary AgZn sealed cells. Based
on the present load profile for an 864 minute (l4.4 hour)
mission, the battery will be rated 230 AH for operation at
80°F. This provides approximately 13% margin. Under such
aperating conditions the battery terminal voltage will be
29 4+ & vde for the entire mission.

The OBU houses orvdnance firing cilrcuilts, capacitor
banks, and other electronic and switching functions as re-
guired, The OEU is a new design and build item but tech-
nology from previcusly developed designs is applicable.
Eleven ordnance functions have been identified to date, as
shown in Figure IV-4. A capacitor bank is used in conjunc-
tion with an 8CR to fire each orvdnance bridgewire. No
single ordnance event requires more than two pair of bridge~
wires; each capacitor bank can be recharged in less than
three seconds and no two ordnance events are less than
three seconds apart. Consequently, four capacitor banks
are requivred for all ordnance events. The capacitor banks
are charged by a 40-volt square wave signal which is formed

by an invertey in the OEU,

Electronics Subsystem - The following electronic squipment

will be utilized in the booster and the satellite system.
Flight Termination System (Booster)
Tracking Beacon

Instrumentation System (First Two Vehicles Only)
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29 vdc +4v

h 4 @— ATTITUDE
ORDNANCE AND ggggﬁt
ELECTRONICS
UNIT (5 MIN. BOOST = 1 AH

I 9 REVOLUTIONS)

ORDNANCE FUNCTIONS

ISOLATION VALVES fGNZ AND HYDRAZINE)

SPACECRAFT SEPARATION
APOGEE KICK MOTOR IGNITE
APOGEE KICK MOTOR SEPARATION
VIEWPORT COVER (OPEN)
VIEWPORT COVER (CLOSE)

RETRO ROCKET FIRE

RETRO ROCKET EJECT

DROGUE CHUTE RELEASE

MAIN CHUTE RELEASE

CUT REEFING LINES

GROUND

PAYLOAD

(45 MIN, =31 AH)

SPG BUS

SINGLE POINT
GROUND

GROUND RETURN BUS

FIGURE 1V-4 ELECTRICAL POWER SUBSYSTEM
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Booster Flight Termination System - Two separvate and

independent radio command destruct receivers will be pro-
vided. The RF system (consisting of two antennas and a
four port junction), the battery, and the flight termination
ordnance will be common to both receivers. The antenna
system will provide essentially omnidirectional coverage
over 70% of the radiation sphere. The signal from the
command recelvers will go directly to the flight termina-
tion ordnance with no intervening switching device. The
£light termination system will be located in the booster

and will be used solely for range safety purposes.

Tracking Beacon - A tracking beacon, compatible with

ETR downrange tracking radars, will be added to the orbiting
vehicle as an aid in orbital tracking for accurate determina-
tion of the recovery footprint. The beacon, which is & C-
band transponder, will operate through a hemispherical

antenna system.

Instrumentation System -~ An instrumentation svstem will

be carried on the first two flights. Transducers (primarily
temperature and vibration sensors) will collect all necessary
design verification measurements. The transducer outputs,
along with subsystenm monitoring measurements, will be multi-
plexed for relay to the ground by a telemetry transmitter

via an omnidirectional antenna system. The data multi-
plexing system and telemetry transmitter will be selected

to be compatible with existing ground instrumentation

facilities,
KICK MOTOR

A velocity inerement is required after Stage IIT burnout
to place the satellite in the nominal operational orbit. The
regquived 410,000 1bf-sec. total impulse will be provided by

an existing solid rocket motor. The Thiokol Chemical
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Corporation TE-M-364 motor fulfills the total impiise require-
ments as well as those for minimum physical envelope (no greater
than 37.5 inch diameter) and low acceleration (less than 10 g's).

o
Design data for wacuum conditions at 70 F ave:

Total Impulse, lbwaﬁa 418,500
Specific Impulse, 1bfm5@mflbm 290.5
Burn Time Avergge Thrust, i%f $4.00
Burn Time/Action Time, sec 42.6/44.3
Loaded Weight, 1bm 1574
Buraoult Welght, Ibm 126

The motor 1 spherical in shape and features one fixed, sube-
merged nozzle. Modifications to the motor mounts will be re-
gudred. Total fmpulse uncertainty is such that a veloclty
vernier will be required. This will be provided by the AGS
propulsion system described in Sectionh IV.A.3.

Although the motor was originally desigied for Survevor,
it has subsequently been qualified in an uprated version for
the Burner II and Delta uppey stages. The motor is currently
in production and has been fired 88 vimes and £lown 23 times. A
girowth version of this mobtor (total impulse = 650,000 1bfwsec)
is currently belng develobaed by Thivkel for NABA.

DEORBIT/RECOVERY SYSTEM

The maneuver o deorbit the vehicle will require & total
dimpulse of approwimately 7300 ébfwsaa» The existing Thiokel
TE~M~236 motor fulfills this fequirvenent. The Ffollowing
table summarizes the motor design data for vacuum conditions
at 60°F.

Total Tmpulse, lbfwﬁeﬂ 19,500
Specific Impulse, lbivaﬁafibm 262
Burn Time Average Thrust, 1bf 1,250
Burn Time/Action Time, sec 7.5/%.6
Loaded Weight, 1lbm 60.6

Burnout Weight, Ibm ) 20.7
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This motor was developed and gualified for use on the Dis-
coverer Program. There have been 372 production motors de-
livered and nearly all of these have been used in flight
articles.

An aerodynamically stabilized entry of the spacecraft is
proposed, The aeroshell shape and materials selection have
previously been described,

After reentry, deceleration of the spacecraft is accom-
plished by a ballute and parachute deployed in three stages.
Deployment of the fiyst stage ballute will be accomplished
by ejection of the aft thermal cover at minimum q ( & 100,000
ft)., Aerodynamic drag on the aft cover will extract the
ballute pack from the vehicle, The deployed ballute will pro-
vide initial atmospheric deceleration of the wehicle. The
second and third stages of deceleration are accomplished by
a single main parvachute which is reefed during the second
stage of deceleration and fully opened during the third stage.
Deployment of the main chute will be accomplished in a manner
similar to that used for the ballute. Ballute drag forces
will be utilized to extract the main chute pack from the
vehicle at 50,000 ft. After a time interval of approximately
4 sec. the main chute will be unreefed permitting full in-
flation of the chute, The Fully inflated canopy configuration
will provide sufficient stability (2 30) and drag to achieve the
descent rate (30 fps at 10,000 ft.) for air snatch retrieval of
the operational satellite,

The recovery subsystem will include a VHF radio homing
beacon which aids in acquisition and retrieval if the C-Band
beacon 1s not compatible with the recovery A/C. Power to the
recovery beacon will be switched on immediately prior to the
entry sequence. This system will work in conjunction with a
receiver system located in the recovery aircraft to facilitate
a mid-air recovery., Also, alternate gores of the main para-

chute are colored international orange to assist in visual
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tracking duying finel descent,

This type of recovery subsystem has successfully flown
on Ghe PRIME recovery veinicle and other exdsting programs.,
Litele modification is necessary to adapt those syvstems Lo our
proposed SYEtom.

The parachute yecovery svstem 18 packaged in a torroidal
configuration around the deorbit motor. The beacon is located

in the nose of the satellite,
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A panoramic optical bar camera ls required for the FASTBACK

system in order to obtain broad stereoc coverage.

The optical bar

camera should weigh less than 275 pounds and provide a ground

regsolution of three to four feetr at nadir.

Final camera selection

will also be based upon the use of existing space qualified hard~

ware and proven technology.

Three cawera manufacturers were contacted regarding installa-

tions for this spascecraft and they have shown that these objec-

tives can be met. Their results are summarized on Figure V-1,

Note that all three camera manufacturers are basically recommending

the same optical design.

The major difference in the weight of the

Fairchild system resulted from their recommendation that the space-

craft structure be used as a light-tight container and as a re-

action member. This eliminates the need for a 40 pound camera case

and support structure.

The predicted ground vesolution at the 50%

probability level is shown to be 3.5 feet or less for all three

systems. This performance is based upon the use of 2 5. inch wide
S0-349 thin base film.

MANUFACTURER

TYPE

FOCAL LENGTH
RELATIVE APERTURE
WEIGHT

GROUND RESOLUTION (50%)
9 65 NM,

FATRCHILD

PANORAMIC

JCOPTICAL BAR)

27“

F/4.0

HYCON

PANORAMIC
(OPTICAL BAR)

22%"
F/3
250#

3.2 FT

FIGURE V~1 SUMMARY OF OPTICAL SUBSYSTEM
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The three camera manufacturers have stated that no new "state-
of~the~art" assemblies or techniques are rveguired for thelr designs
and they already have directly related experience in the design of
the various elements being proposed. In all cases the single long
lead item is glass. Therefore, this item is included in our
schedule as a long lead item which would be ordered shortly after
program go-ahead.

Optical systems similar te the ones proposed have been built
and flown in reconnaissance aircraft. One option is the ITEK air-
craft camera (KA-BOA) which is wvery similar to the one they are
proposing for this installation. Their system will require slight
modifications to meet the space environmment and 2 lens change to
obtain increased ground resolution. Other optical menufacturers’
options are also currently being considered.

Overall system performance is shown on Figure V-2 for the
three proposed camera systems. The cross hatched area bounds the
predictions of all three manufacturers. These predictions are
based upon 63 nm. at nadir and spacecraft attitude and attitude
rates of .5° and .10/sacond (20 ) respectively. The small focal
length of the FASTBACK system coupled with the low orbit alritude
minimizes the atmospheric effects on imaging, when compared to

larger focal length systems.

~SFERET- HANDLE vIA  BYEMAN
CONTROL SYSTEM ONLY

Approved for Release: 2022/04/18 C05137584



2022/04/18 C05137584

Approved for Release

BIF-179W-235-70
Page 50 of 86

&

BT C
e,
e
o
O O W e,

DO

e e

e e e
R e

R R R

S e e
N D S ol

1007

80%

- PROBABILITY ©0%

OF
OBTAINING

40%

GIVEN
RESOLUTION

3.5

3.0

2.5

GROUND RESOLUTION (FT)

FIGURE V~2 PLIGHT PERFORMANCE PREDICTION

HANDLE via BYEMAN

CONTROL SYSTEM ONLY

2022/04/18 C05137584

Approved for Release



Approved for Release: 2022/04/18 C05137584

SECRET- BIF-179W-235-70
Page 51 of 86

VI. REFURBISH AND REUSE

BASTS FOR SELECTION

The FASTBACK Program is based on maximum recovery, refurbishe
ment and reuse of spacecvaft hardware. Since alr recovery capa-
bility exists for vehicles of the size of the FASTBACK spacecraft,
it is practiecal to recover, refurbish (as required), and reuse the
complete orbiting vehicle.

The incremental testing and refurbisbment labor beyond that re-
quired to test and assemble a new vehicle is not expected to be sig-
nificant because the initial design 1s carried out with reuse in
mind. Refurbishment at the spacecraft level is performed by replace-
ment at the black bow or component level. Refurbishment turn-around
times, costs for refurbishment, and resuse economic cross-over points

e
W

i
!
which have bheen determined for FASTBACK are compatible with results %
of studies performed by others. £

REFURBISHMENT AND REUSE PHILOSOPHY

The recovered vehicle, following film removal, will be flown
to Denver for refurbishing. Upon receiving the spacecraft, activities
will be performed to observe and document obvious degradation due to
mission enviromment. A Go-No-Go test to determine status of recovered
subsystems will be run prior to refurbishment operations. Subsystem
tests will be performed on all functional equipment to establish in-
ternal and interface integrity, parametric performance and/or malfunc-
tions to the black box level. Malfunctioning items will be replaced
from spare stock and bench maintensnce on removed components will be
performed on a noninterference basis with spacecraft recvele opera-
tions.

During the subsvstem checkeout procsss, selected parameters will

be monitored and integrated into existing data that has been compiled

%
Recovery, Refurbishment and Reuse of Spacecraft, SAMSO-TR-67-22

(Morth American Aviation Report SD67-959)
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from previous testing to establish trends, so that the equipment
future operating capacity can be predicted based on quantitative data.
Providing all subsystem performances are within specifications,
including trend limits that have been established, the spacecraft
will pass on to the subsequent testing to establish flight readiness;
i.e., Production Envi§onmenta1 Test (PET}, Combined Systems Test
(CST), alignment (including weight and balance), Hardware Acceptance

Test (HAT), and Pack and Ship activicies.

TEST AND CHECEOUT

Test and checkout operational flow for both initial development/
manufacture and recycle/refurbishment is shown in Figure VI-1. Test
activities at Johnston Island are described in Section IX,

An operational mockup will be used as a test bed to determine
subsystems Interface compatibility of spare cowponents, both new and
recyeled, prior to installation in the operational article. Tests
can be conducted to establish trend data parvasweters and to analyze

those already established.

METHODS OF ESTABLISHING RELIABILITY

Of significant impact on the effective reuse of components is
the flight enviromment in which the equipment is operated and the
levels to which 1t 18 qualified. BReuse requives that sufficient
analysis and testing be conducted to accurately predict the expected
operational envirooment. Once the operational levels are established,
adequate marging will be applied for gqualification testing.

Using the wvehicle flight profile from pre-launch through re-
covery, the dynamic and thermal environments encountered by the vehi-
“¢le have been identified. One set of components and the complete
vehicle will be subjected to the envirvonmental regquirements specified
for qualification. If the basic reliability, provided by the methods
of specifving environmental requirements, is to be maintained, reuse
rvequires that the design be qualified for either an increased test

duration or increased test level. One method is to extend the test
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duration to egual the total f£light duration, including all reuses,
A eriterion for determining the increase in test levels to agcount
for longer duration is shown in Figure VI~Z, which has been
normalized to the original requirement. The curve indicates that
the vequirement of ten (10) £lights would be reflected in a 42%
higher shock and vibration vequirement than if the vehicle were re~
quired to perform a single £light.

Environmental acceptance tests will be performed on all elec-
tronic components to weed out in-process manufacturing defects not
readily detectable by inspection methods. The tests consist of
temperature cyeling at the predicted flight temperature levels and
random vibration at a level less than the specified f£light levels.

Reliability controls and programs will be imposed to maintain
the defined level of reliability to include:

. Hi-rel Pisce Parts Control

Limited Shelf Life Use Time or Cyvele Controls

. Flight Critical Cowponent Program

. Vendor Control Approval and Surveillance

. Fallure Mode and Effects Analysis

. Corrective Action Program

Trend evidence established on & test-to-test basis beginning at
development test and continuing through all tests, flight, and post-
flight combined systems test on a chronological ship-to-ship basis
will establish the predicted limit of constant fallure rates. Based
upon PRIME trend experience, limited f£light envirommental instrumenta-
tion on a minimum of two operational vehlcles provides sufficient
trend data from £light at minimum cost.

Performance trend data from recycle tests correlated with the
predicted life, as determined in qualification tests, will be used
to determine a components retirement from use.

The controls and programs Imposed are the same as those success-
fully developed and used on Gemini and Titan III. The trend analysis
and qualification test levels and duration for reuse are the same as

those developed on the PRIME Program. The retirement from use based
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on predicted life and correlated trend data is similar to techniques

used by commercial airlines and military aircraft.

BASIS OF COST ESTIMATE

Refurbish costs are estimated at ten percent of the initial cost
of the reused hardware. This number compares favorably with the re-
sults of other studies made on refurbishing similar spacecraft,*
particularly if the advantage of design for reuse is factored into
the comparison, PRIME euperience showed that the 21 hardware items
satisfactory for reuse included the major cost items, The eight
items requiring refurbishment included electrical disconnects, en-
vivonmental control valves, cold plates, ACS thrusters, and tempera-
ture and pressure sensors. Replaced hardware, such as SRM's (kick
and decrbit), battery, recovery package and expended ordnance is
priced separately for each flight,

Based upon a launch rate of 12 per year, Live FASTBACK spacecraft
are rvequired, Four of them are reguired to meet the high launch rate
(one per day for four consecutive days) and an additional vehicle is
required for the contingency of a loss of a vehicle during the three
year launch period,

Our reliability analysis indicates an overall system veliability
value of 90%., Half of the failures were assumed to result in a com-
plete loss of the spacecraft and the remaining 5% resulted from a
spacecraft subsystem fallure, allowing the spacecraft to be recovered,
A launch booster fallure would be an example that would result in a
complete loss of the spacecvafl, and the camera is an example of
a subsystem fallure that would allow the spacecraft to be
recovered,

One wehicle is assumed to be sufficient from a reliability view-
point since the probability of requiring the maximum launch rate early

in the program in combination with a complete spacecraft failure is low.

% "Recovery, Refurbishment and Reuse of Spacecraft', SAMSO TR-567-22
{(Horth American Report SDG7-959)

_SEGRET_ HANDLE VIA BYEMAN
CONTROL SYSTEM ONLY



Approved for Release: 2022/04/18 C05137584

—SECREF— BIF-179W-235-70
Page 56 of 86

RELATED EXPERIENCE

Though not exactly comparable, there is considerable related
experience to draw upon for confirmation of the feasibility of the
FASTBACK concept.

The X~15 Program contains parallels to FASTBACK in that repeated
flights have been made of vehicles recovered from near space (having
flown at altitudes of 67 miles at 4000 mph). By 1964, 120 flights
had been made using three vehicles, one of which was damaged for part
of that period. Refurbish and reuse was accomplished on the heavily
instrumented, man~rated X-15, which is considerably more complexw than
the FASTBACK spacecraft, These operations were completed in time spans
compatrable to those projected for this program and with hardware and
technigues that have since advanced significantly in reliability and
gutomation.

The PRIME Program provided a thorough examination and evaluation
of the condition of eguipment comparable to that emploved in FASTBACK
after return from sub-orbital flight. Aside from those components
expected to be non~operative as a result of reentry, the major sub-
systems (electrical, guidance and control, structure, instrumentation,
ACE)Y were found to be Elight-ready,

Commercial and military aiveraft, the latter employing camera
systems similar to those of FASTBACK, fly wany missions comparvable
in length to this program, separated by only routine maintenance.

The severity of the enviromments ewperienced by FASTBACK (which are
predictable, measurable, and can be designed for) is more than off-
set by the fact that alrcraft must be safe for manned f£light,

Gemini and Apollo recovered vehicles, though not vecycled for
manned flight, were capable of reuse with minimal malntenance, The
heat shield qualification program for the MOL Program used a recveled

Geminl vehicle successfully,
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CONCLUSTON

The refurbish-reuse concept is the logical application of exist-
ing techmology and experience to a program designed to satisfy
national requirements in a manner compatible with the current
economic climate. It is a flexible approach which allows repeated
reassessment of risk and confidence factors during the program,
with alternate options available, depending upon conditions pre-

vailing at the time.
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VIL, BOOSTER DESCRIPTION

A, CONFIGURATION

The booster selected for the FASTRACK mission is the surplus
Mihuteman I LOM3OB veéhicle., The use of this vehiele with an orbit
injection motor provides at least & 1000 pound paylioéd capabilicy
into all orbit inclinations desired for the FASTBACK mission,

The LGM30B vehicle propulsion and control systems are to be
used as is, but the guidance wafer and guidance system will not
be used because of weight, power and gimbal limitations. The
boost phase guldance and autopilot funcriong will be provided by
the payload guldance and computer system. A range safety tracking
and preceiver system will be instalied in Stage IIT te provide
tracking and thrust termination capability during the first three
gtages of flight.

The Minuteman I vehicle is 435.2 feet long up to the payload
interface., The Stage I notor provides 12.4 = 1@6 th=sec of
impulse through four gimballed nozzles., Stage T has a diameter
of 5.5 feet and 18 24.9 feet in 1gng£%, The Stage TI wmotor has
four gimballed nozzles and delivers 2.81 = lﬂé lb=gec of impulse,
This motor is 3.69 feet in diameter, The stage II1I motpr has four
gimballed nozzles that can be thrust terminated. Rated impulse is

1.02 %= 13& ib=gee and the motor is 37.6 inches in diameter,

B. PAYLOAD CAPABILITY

The pavload capability of the LGMIOE vehicle with the orbit
injection wotor is shown in Figure VIiie1l for FASTBACK orbit ine
elinations with launch southesst f£rom Johnston Island, A paye
load of 1000 pounds can be injected inte the desired orbits with
inelinations between 17 and 70 degrees with 60 pounds of proe
pellant margin reserved in the Stage III motor.

The pominal PASTBACK orbit with perigee of 65 mm. over the
target and apoges of 300 om. wes selected to maximize photo re~
solution while nindmizing guidance iniection dispersions, ovrbit

Tifetime Limitations and recovery area dispersions,
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A coast phase of approximately 180 seconds between Stage ITII
burnout and injection motor ignition was found to greatly in-
crease payload capability over that of a four-consecutive~burn
sequence. Dynamic pressure (g), dynamic pressure times angle of
attach (qo) and aerodynamic heating indicator (AHI = [ qVdt)
values of 4400 1b/£t%, 17,000 1b deg. and 706 x 10°

ft2
1b/ft, respectively, were used as constraints for trajectory
design.

Injection motor burnout will occur 930 nm. from launch at a

latitude of 3,9 degrees North for a 35 degree inclined mission

orbit,
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RANGE SAFETY

An analysis was performed to determine the extent of the
range safety problem at Johnston Island, A probability study
for the proposed flight plans was performed and casualty
expectancy (kill probabilities) determined. This analysis was
based upon the same reguirements that are used for WIR and ETR
as described in "Range Safety Manual'', AFETRM 127-1., The data
gshows that a Minuteman I launch from Johnston Island does not
present a range safely problem sinee the kill probability for
FASTBACK missions is considerably less than those of other

programs,
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VI¥L. ACGE

A, ELECTRICAL AGE

The electrical AGE will be mounted in & van with provisions
for peripheral equipment storage. The core of the AGE will be &
small computer, its purpose being to automatically control wvehicle
functions and responses in a time ordered fashion. A completely
automated subsystems snd combined systems test approach is pro-
posed in order to comply with the program's quick reaction require-
ments,

Peripherals will include interconnecting cables between the
van and the test article and necessary hand carried test equipment,

The AGE will perform the following functions:

1. Generate stimuli to the vehicle to simulate in-flight

conditions,

2, Recelve, condition, and evsluate responses from the

vehicle systems and format this data on magnetic tape
for trend analvsise

3. Generate the program for the airborne computer, load and

verify that program in the computer and update as reguired,

4, Provide prelaunch vehicle verification.

5. Provide complete lsunch control for the vehicle including

safing and shutdown capability.

Three sets of AGE will be required. One set will be located
at Denver for checkout and acceptance of the vehicle after re-
furbishment is complete., Two sets will be located at the launch
gite, one set to perform merrisge tests and couwpatibility veri~
fication between the space vehicle and the booster and the other
set to perform launch activities. Each launch site set will have
a switch rack to enable use of one set for two checkout lines and
the other set for two launch pads,

The three sets will be designed to be identical to winimize

costs in software snd to provide trend data for each wehicle,
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Flectrical AGE Software ~ The software package that is proposed

for this program will support the following tasks:
1. Guidance and control system tests including airborne computer

loading and verification operations,

*

Vehicle verification and merriage tests,

*

Vehicle acceptance tests,

Migsion integration and control.

LS D~ LT

.  Launch operations including shutdown and safing functions,
The baseline software package will be generated by a general

purpose computer such as the IBM 360-30, and verified by a land-

line interface between the FASTBACK svstem computer and the

general purpose computer.

Modifications to the software will be accomplished with the

computer Interfacing with a teletypewriter.

MECHANTICAL AGE

Mechanical AGE 1is defined as 8ll mechanical and structural
equipment required to handle, transport, ship, assemble, service,
checkout, erect and launch the booster plus satellite, starting
with the satellite final assembly and carrving through refurbish
and recyele operations, but not including airplane peculiar
recovery operations. FEgqulipment required is based on the following
ground rules: The satellite will be delivered to the launch site,
checked out and resdy to launch except for ACS and ordnance
servicing. Minutemsn stages will be delivered to the launch site
in the Minuteman Transporter Erector or the Minuteman Shipping
and Storage Container, checked out and ready to launch except for
ACS, hydraulilec and ovdnance servicing, Mechanical AGE requived
for Minuteman fileld serviecing will be furnished G.F.E.

The structursl type equipment is that required to handle the
spacecraft and its components starting at final assembly and
garrying through the various in-plant test operations, the launch
gite assembly and the veturn and refurbish cyele. 1t consists of

a handling dolly and slings, test adapters, pavload and eguipment
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handling toels and a shipping contsiner.

Mechanical equipment is that required to service the space-
craft in-plant and at the launch site. Tt consists of an ordnance
carryving case and installation kit and an ACS propellant servicing
unit,

Launch site equipment ig that required to assemble and service
the spacecraft/booster, to checkout the combination, transport it
to launch pad, erect it and launch, It consists of a vehicle
alignment kit, a launch mount and a transporter erector. The
transporter erector will incorporate necessary launch umbilical
provisions to preserve intaclt necessary launch umbilical con-

nections,
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IX. LAUNCH COMPLEX AND LAUNCH OPERATTONS

A, FACILITIES AT JOHNSTON TSLAND

From a study of the present layout and building complement
of Johnston Island, it appears that sufficient facilities exist
now to handle the FASTBACK program with no additional construction.
(Ref. Holmes and Narver drawings 91-002-C33,21 and C 32,20,

dated September 1969, and related "as~built" drawings) (Figure IX-1)

ISLAND SIZE IS v
~~ 10,000 X 3000 FT, MISSILE PROGRAM
d/ ASSEIBLY OFFICE

LAUICH
OPERATIONS | PAD 2

PERSCHNEL QUARTERS
AND SUPPORT

PAD 1 R 7
& 9 ® < a"g ()
m
[7/ J R | A\ ]}J
ETONE=) ul \ |

ADDITIONAL BOOSTER - SATELLITE\
STORAGE ASSEMBLY & AIRCR%{:T —
CHECKOUT AREA PARKI

FIGURE IX~1 JOANSTON ISLAND LAUNCH COMPLEX
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It is planned that the FASTBACK program would take over the
existing 437 program launch complemss, launch operations building,
missile assembly building,and some other peripheral support
facilities, Modifications will be needed in the MAB and LOB,

More precise definition of facility needs are identified
below and for clarification are identified as (1) Operational
Facilities ‘and (2) Base Support.

1. Operational Facilities = These resources are needed:

» The airstrip with its asccompanying control tower and
the wharf with its capability to unload from sea-going
barges or small ships.

. Buildings meeting quantity ~ distance griteria and
with provisions for a) environmental controls,

b) electrical explosion proofing, ¢) overhead crane

operation, and d) security protection to:

Receive, store and checkout a maximum of six
bopsters.

Receive, store and checkout a maximum of five
satellites,

Assemble, checkout and ready the vehicle for pad
installation.,

. Bunkers for ordnance storage and checkout.

. An area for hydrazine propellant storage.

« The launch complex consisting of two launch pads and
the launch operations building to accept, erect,
checkout and launch the wehicle.

« The range safety network to provide flight termination
capability for errvatic flight, unknown position or vio-
lation of established impact limits.

. A shop dedicated to the maintenance and calibration of
FASTBACK oriented hardware,

2. Base Support - These facilities are required:

. An administrative building, living gquarters and
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messing facilities for about 85 personnel.

. Warehouses, vehicle shops, maintenance shops,
laundry facilities and other related support
functions.

. The range of utilities necessary to support operation-
al and living requirements,

» Weather and communication support.

FLOW OF SATELLITE AND BOOSTER

The launch crew on Johnston Island will bave the capability of
handling all operational setivities in support of the receipt to
launch schedule,

Upon receipt of the booster (or the satellite) at Johnston
Island it will be moved to a storage area where a receiving inspec~
tion will be performed. As-~received tests will be made to verify
that no in traunsit problems were incurred,

A booster and a satellite will be moved to the assembly and
checkout building where they will be mated and marriage compati-
bility tests performed, At this time the computer will be base
line programmed, ordnance mechanically installed and safe arm plugs
installed. The vehiecle will then be transported to and installed
in the erector shelter on the launch pad,

Prelaunch operations consisting of battery trickle charging,
ordnance verification and launch enable checks will be made, Upon
command the vehicle will be erected, ACS propellant loaded, 2 final
program read into the computer, the platform aligned, ordnance
armed and the vehicle launched,

Post launch activities consist of refurbishing the launch pad.
A readied standby vehicle will be available in the Assembly and
Checkout building for each launch pad. Immediately following a
launch the capability will exist to move a vehicle out to the pad

and ready it for flight such that four launches can be accomplished

in four days,
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TAUNCH OPERATIONS FLOW

BOOSTER
Receipt
Storage
Recelving Inspection

Test

SPACECRAFT
Receipt
Storage
Receiving Tuspection
Health Checks

SPACECRAFT/BOOSTER VEHICLE
Assembly
Ordnance Installation
Movement to Launch Pad Shelter
Prelaunch Operations
Erection
Propellant Loading
Computer Final Progranm
Platform Alignment
Ordnance Armed
Lauach
Refurbish Pad
It is obvious that we have assumed that Program 437 will be
discontinued, but that the island will continue to be operated,
at least in a standby status. If this assumption is not support-
ed by pending Government decisions, alternative courses of action
are possible.
1o If 437 is Placed On Standby - FASTBACK could use the 437

facilities with provislion made in the necessary modifications,

so that joint use could be possible,
HANDLE via BYEMAN
SEGRET— CONTROL SYSTEM ONLY

Approved for Release: 2022/04/18 C05137584



Approved for Release: 2022/04/18 C05137584

BIF-179W-235-70
~SEGRET Page 68 of 86

ALl The Present Activities Will Be BRemoved From The

Island - The FASTRACK programs would operate the island,
maintaining only those program facilities and base support
functions necessary for FASTBACK. This would mean
opening the airfield and port for just FASTBACK traffic
and with little or mno general island maintenance.

By proper persoumnel rotational policies and employing
technicians with & range of skills, numbers can still

be kept in the region of 100 pecple and thus the cost of
operating on Johnston Island still kept down.

HANDLE via BYEMAN
—SECRET— CONTROL SYSTEM ONLY

Approved for Releas




Approved for Release: 2022/04/18 C05137584

BIF-179W-235-70
Page 69 of 86

SEQUENCE OF EVENTS

The following sequence describes the meijor events from Liftoff st

the lounch pad of Johnston Island to the retitrn of that spacecrafl to

Jehnston Laland for reuse,

A,

LIFTOFE TO OHRBITAL TRIECTION

After the booster has been erscted gnd the spacecraft computer
raprogramed for 8 specific mission, the laumch 1 initleted at
that time which will gilve optimum lighting over the targel area(s)
of interest. The vehicle is¢ launched along 8 southeast szimuth
to give an orblt inclinstion that will provide the optimun terget
coverage.

After the burn and sepsration of the MMI third stage, a coast
phage of approwimately 180 sec. is bagun, Thisz coast phasze allows
the wvehicle o attein the desired orbit altitude while using the
earth's grevity to turn the velocity vector until it is parallel
to the desired orbit, The orbit injtection motor L5 then fired to
attain #n orbit with nearly sufficient energyv to provide the
nominal mission orbit (65 nm, perigee and 300 nm. apogee) with
perigee location over the target sves. The orbit injeetion motor
is then jettisoned and a finel velorlty incrvement is added by the
ACS thruster to adiust the orbit, This delta velocity also aids
the separation of the spent injection mobor Ffrom the spacecraft,

The uvee of the 1B0 sec. coast phase greatly incrvesses the
payload capability of the launch system over that which can be

atteined with four consecutive burns.

ORBITAL TNIECTICN TO DEORBIT

After the spsceoraft achieves ibts operating orbit, the data
collection phase begins., The viewing port is opened, the space~
craft goes into 8 belly down, forward-pointing attitude, and the
optical sensor is seguenced for exposures over the target sres.
During this period, the sttitude control system pitches the spsce-

craft at a vate which cawses the Spacecrsft bto maintsin e belly
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down ettirude. ALl signals for spacecraff operation are con-
trolled by the guidsnce computer,

Since the deorbit sequence of events is preprogrammed, in~
jection erroyrs can result in sppreciable impdct dispersions.
Therefote, the C-Band beacon is used during the £lvst half of the
first ascending eorbit pass to permit orbif determination with FP3-16
tpackers ofi Ascension Island,

This orbit defermination then permlis the recovery aircraft
to be deploved to the initial predicted recovery point. The bescon
is used & gpecond time during the last ascending paes te permilb
final recovery point prediotion by tracking from Antigus,

Frior to the deorbit moter flring, the spacecrafit is re~
oriented from ire forwsrd pelnting sttitude te the attitude re-
guired for the deorbit motor thrusting. This setion is controlled
by & programwmed command to the attitude controel system, Thrusters

provide the force required and gyros sense the sttitude chenges,

DEORBTT TGO RECOVERY

After the deorbit wmotor has been Fived, the spacecraft is
reoriented to & forward-pointing attitude and the deorbit motor is
jettisoned., Spin-up rockets then Impert § to 10 reveolutions per
minute Lo the spececraft sbout the lengitudinal axis. After the
maximum reentry deceleration has been sensed, a recovery package
sequence will be initfated. Approximately 15 minutes after deorbit
mator firing the beacoen will be turned on to eid in the location
of the spacecrsft as It descends, The recovery package begins its
operation by sepearating ¢ thermal shleld (cover) and deploving o
drogue ballube for braking. The drogue bellute 1s veleased at
100,000 feet and it deploys the main chute in 8 reefed configuration.
After further deceleration, this chute is unreefed (30,000 feet)
and the spacecraft descends at its slowest sink rate, The main
chute employs s large protruding bag which is located at the top
of the main chute, 4s the parschute desdends, this protruding part

is engaged by the boom and cable recovery aspparstus on the
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retrieval aircraft, After intercept of the spacecraft, the

apparatus is retracted and the spacecraft lMoisted sboard.

RECOVERY TO REUSE

After the spacecraft hes been recovered, the recovery air-
craft is then taken to 8 light-tight facility for disessembling
the spacecraft and unlosding the film. The film is then delivered
to a photo processing agency and the spacecraft is placed in & con-
tainer for sir shipment te the Denver facility for refurbishment,
At Denver, circuits are tested, camera action is checked, ablative
surfaces replaced and the film is reloaded. Upon completion of
the refurbishment and system checkout, the spacecraft is packed
and shipped to Johnston Island, At Johnston, the spacecraft is
unpacked, inspected for damage from shipment and then mated with
a tested Minuteman booster, The combined vehicle is then tested
and placed in ready storage at the sssembly building or launch pad,
These vehicles ave ready for launch except for reprogramming of the

computer, erection of the booster and various arming functions,
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X1 SYSTEM ERROR ANALYSIS

A. ORBIT DISPERSIONS

The 3-sigma orbit injection errors associated with the proposed
Hamilton Standard guidance system are shown in Table XI-1. The
significant effects of these injection errors on the orbit elements
are to change the orbit period by eight seconds and the perigee/
apogee altitudes by 2.2 and 4.6 nm. respectively. The resulting
errors in orbit inclination and vehicle flight path angle are less
than 0.03°.

TABLE XI-1 3-SIGMA ORBIT INJECTION ERRORS

Tangential Veloelty Error + 12.0 fps
Radial Velocity Exryvor + 9.2 fps
Normal Velocity Ervor 4+ 11.9 fps
Tangential Position Error + 1524 ft
Radial Position Errvor iy 2 ft
Hormal Position Error T o781 fu

Without tracking, the accuracy with which the vehicle's posi-
tion in orbit can be predicted is principally a function of in-
jection accuracy, atmospheric density prediction accuracy and time
in orbit. PFigure ¥XI-1 shows the expected 3-sigma downrange ervor
resulting from the injection errors from Table XI-1 and a 16%
error in atmospheric density, as g function of wmission lifetime.
An ervor in Iinjection veloecity contributes to error in predicted
wehicle position by both a constant rate due to initial period
difference and a rate that increases with time which results from
perigee altitude errvor. Because of the expected arvor in pre-
dicting position in orbit, the optical svstem must be operating
before and after the nominal overflight peried to ensure complete
coverage. Flgure XI-1 shows that the downrauge error increased
approximately + 50 nm, per revolution which is equal to 1% of the

total coverage capability of 10,000 mm. Therefore, for example,
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on the seventh revolution, 7% of the film on board nust be used

to compensate for the error in orbit positiom.

B. IMPACT DISPERSIONS

The uncertainty in the reentrvy Impact location is greater
prior to launch because of the dominant effect of expected in-
jection errors. Topactuncertsainty can be significantly reduced
by tracking the wvehicle. The feasibilivy of fivst revolution
tracking has been established via trajectory simulation. These
data show that wehicles launched from Johnston Island with orhit
inclinations between 17° and TBG can be acquired during the firvst
revolution by the Ascension Island Tracking Station (Ref. Figure
XT-2%. A ten minute station pass utilizing & C-band tracker is
gxpacted to reduce orbit period uncertainty to less than 5.4
seconds {3-sigma) and reduce perigee zltitude uncertainty to less
than 400 feet (3-sigma). This permits the downrange impact up~

certainty to be reduced as shown in Table XI~Z,

TABLE ¥I-2 IMPACT DISPERSION {3-85I6MA)

Reentry Downrange Uncertainty - Nautical Miles
Revolution
No Tracking First Rev. Tracking Final Rev. Tracking
3 + 140 + 100 + 62
4 ok e

5 239 143 62

6 T o296 T 166 o

7 + 358 T 198 82

8 T4 T o223 T 62

This table also shows the impact dispersion if a tracking
station pass is obtained one revolution before reentry. Figure
Z1~2 shows that when the Antigus Tracking Station is urilized,
tracking just prior to reentry is feasible for most wmissions
originating from Johnston Island. The winimum impact dispersion

value of + 62 om. vesults primarily from the deorbit mansuver
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errors as discussed in the following paragraph. Reducing the
orbit prediction error to zero will only reduce the impact dis-
persion from + 62 nm. to * 60 nm.

Impact dispersion originating in the flight phase from retro
thrust maneuver to impact results principally from errors in
retro velocity magnitude, alignment and timing. Atmospheric
variations and ballistic parameter errors are secondary sources
of impact error. The reentry vehicle has a one degree angle of
attack uncertainty due to c.g. offset which would result in an
impact uncertainty of over 200 mm. if the spacecraft is not spun
during reentry. A seven revolution/minute spin rate is thus
used to reduce this dispersion. This rate is not large enough
to require a despin maneuver before parachute deployment. Table
X1~3 presents the 3-sigma error for sach parameter associlated
with the reentyy flight phase and shows an RS8 combined value of
62 . In addition, this table presents the sensitivity of range
from retro~thrust to impact for the significant parameters,
assuming a retro-veloclty of 300 feet per second is applied at
apogee. By increasing the size of the retro motor, the 62 nm.

dispersion could be veduced.

TABLE XI-3 DOWHRANGE IMPACT DISPERSION
(TRACKING ONE REVOLUTION BEFORE REENTRY)

Parameter 3-8igma Error Range Range
Sensitivity Error

Retro Magnitude T 5 fps 10 nm./fps + 50 nm.
Thrust Alignment + 2 deg 13 nm./deg + 26
Retre Altitude + .02 mm. 48 . /om. o1
Retro Timing + 5.4 sec 4.2 nm./sec + 23
Ballistic Parametert 40 ibfftz 0.2 nm./(ib/ftz) + 8
Atmos . Density T 8% 2
Winds {250 knots) + 3
Angle of Attack (7 rpm roll rate) T2

RS8S TOTAL 4 62 nm,
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It is evident from Table XI-2 that when tracking Sccurs one
revolution before reentry the principle sourece of impact dis-
peysion is deorbit velocity ervor. In oxder to further reduce
the expdcted impact dispersion by a significant amount it would
be mnecessary to reduce elther the error megnitude or the range
sensitivity to weloelty ervor. The 5 fps error used in the
analysis was obtained by combining the following components:

1) dmpulse srrov, 3.0 fps; 2) vehicle wiight srror due to non-
nominal use of sttitude control gas, 3.3 Ffps; and 3) tracking
velogity érror, 2.2 fps. Any significant reduction in veloeity
error would require each of the tontributing sources to bs re-
duced since theéy ave approximetely equal. However, increasing
retro=velocity magnitude to 900fps reduces the rasnge error
gsensitivity to 5 mm./fps and reduces the toral range error to

A 44 nw. provided the currvent error budget can be maintained.
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SYSTEM ALTERNATIVES

The system design approach that was used to satisfy the major
program objectives of FASTBACK is sufficiently flexible to allow for
alternative approaches in several areas., Some of the more periginent
alternatives that are available are presented in this section of the

report

A,  ALTERNATE LAUNCH SITES

If, for any reason, Johnston Island could not be made avail-
able for the FASTBACK program, the use of AFETR and AFWTR was
investigated,

From ETR launch azimuths of 38° to 90° (inclinations of 28°
to 550) can be used, This results in coverage as shown in
Figure XIT-l. The higher inclinations would require some widening
of the present launch restrictions imposed by range safety

authorities,
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From AFWIR launch azimuths of 149° to 180° {Inclinations
above 65Q} can be used. This results in coverage as shown in
Figurée ¥II-2, Again, some widening of nmormal launch azimuth
restrictions would be reguired bub not beyond that which have been
granted in the past for other programs.

The combined coverage from both sites 1s shown in Flgure XLI-3.
The loss of ability teo launch dnto the §§0 o] éﬁo inclination
results in the inability to have double coverage in what wight
beoome & very lmportanst target avea,

Launch from AFETR would not allow the meebing of a 24 howy
rasponse bime, On-orbit time must be 24 hours and recovery and
processing time would necessarily have to be added., 8o response
time could extend to nearly 30 hours.

The néarly douwbled orbit Life will result In e significant
increase in gecunmulated system ervors, Because the camera oper-
ation on a mission launched from AFETR will take place generally
in the later revolubions, these errors will cause prester cross
track and along track ervors as well ag recovery uncertainties,
These errovs way forece an addition to the system to update the
operating program in the command and guidance package. Although
the addirion of a command veeelver and gome electronics does
compliicate the spacecraft, 1t is not viewed as & major problem
either in engloeering or cogt, The increased miseion 1ife time
wondd also have an fwmpact on spacecrafs heating, electrical power
and attitude control propellant which would have to be investigated.

The support facilities and pérsonnel avaeilable at Kennedy
and Vandenberg and the above ground launch eguipment in storage
at Kennedy would make activation of these two sites g velatively

minor pask,

B. ALTERNATIVE CAMERA APPROACH

The illustrative camera that has been designed into FASTBACK
and deseribed earlier In this report was selected as a primary

agpproach on the premise that stereo with 3.5 foot resolution was
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preferred over mono with & better ground resolution, We have
discussed with the camera nmanufacturers the possibility of a
monographlic system, For an increase in weight of approximately
100 pounds and a slight increase in spacecraft dimensions, a
camera with a 36 inch focal length and an £/3 relative aperture
to obtain a ground resolution of 2-1/2 feet at nadir can be
furnished. By rveducing the film load as a result of not having
stereo and emploving a larger orbit inject motor, this camera

could be accommodated,

C. ALTERNATE RECOVERY AREA

1£, for any reason, an east coast recovery was disallowed,
recovery over Hawalian waters could be made at the cost of about
15 hours in response time, This added time results from the
three additional revolutions to reach Hawaii and the flying time
from Hawaii back to Washington, D.C.

It would have the advantage of keeping the fleet of re-
covery ailrcraft at the same base but would force the maintenance
of courier aircraft in a similar alert status as the recovery

aireraft.
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PROGRAM SCHEDULE

The program wilestone summary schedule, Figure ¥ITI-1, displavs
an energetic approsch which we feel is echievable for s first launch
fifreen months from go-zhead of the development program. Our approach
agsumes a svstenm waing off-the-ghelf hardwave where possible and
menimum utilization of existing technolegy., We plan three sets of
van~mounted Grovd Support Eguipvent, one of which will be used in
Denver for test and scceptance of the spacecraft and spacecraft re-
furbishmerits, The eother two will be supplied to the Johnston Island
lsunch site., Spacecraft to leunch vehicle interface checks will be
performed using similators at the Contractor and O0AMA facilities.

An dtem critiecal to this schedule is the svailability of military it~
1ift for mevement of the spsceoraft between Denver, Johuston Islend,
the recovery site and back to Denver; in addition, the first two
Minutemsn arve scheduled for alrlifl to Johnston Island., The balance
of Minutemen will be stock piled a2t 2 port of embarkation for ses
transport to the island in lots of from six to nine. The refurbish
and Leunch programs agsume sn sverage 12 by yésr vatée over the three

year launch preogram for estimeting purposes,
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X1V, PROGRAM COSTS

A

GROUND RULES AND ASSUMPTTIONS

L.

Minuteman I missilez will be available in desired quantities
in early 1972 at an spproximate cost te the Customer of
$127,000.,00 each, These dollars include the acquisition cost
af the vehicle, modification of the vehicle, booster spares,
and transportation to the launch site,

Ageume the use of Johnston Island as the operational launch

gite, and:

g} The island will be made available to begin asctivation
activitcies in time to accemplish the first lauwnch
objective 1n mid 1972,

b} Facllities presently on the island are largely useable
and reguire minimom medification,

¢} Base support reguirements for activation and operation,
i.e., roads, island port, alrfield, amd other support
nprmally available at a Governmant installation, will
be supplied 8t po charge to the program.

Agssume that rvecovery alreraft capability is existing for othey

vges and only specific recovery mission operdting costs will

be charged to this program..

Assume that the film development and distribution will be

handled at facilities and by perseonnel presently in the

Washington, D, €., area and would not be charged to this program.,

Assume that no majol medifications toe an exilsting Bast Coast

recovery base will be vequired.

Assume That on~orbit tracking of the satellite.

will be furnished by exdieting tvrscking stations,

BASIS FOR PRICING

L.

Price ingcludes thirty-sight (38) operational lesunches, with
the first two having s development instrumentation package

iostalled,
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Data from previous estimates for similar type spacecraflt,
pavloads, launch facilities and overall operating costs was
utilized to arrive at the estimated program cost,

Where uge of off~-the-shelf equipment and components has been
identified, vendor estimates have been used.

Recurring spacecraft and pavload costs are based on a launch
rate of twelve (12} per vear for a three (3} vear period,
Five (5) spacecraft and payloads will support the twelve per
year launch rate and will provide capability for quick suc-
cegsive launches of one (1) per day for four (4) days.

The spacecraft and pavload will be reuseable and the refur-
bish cost will average 10% of the total spacecraft/payload
recurring cost, less gpares and lesgs nonreuseable items,
Hardware required for necessary modifications to the Minute-
man missile will be designed and supplied by the Contractor
and installed by the Air Force (0DAMA) using Contractor
gupplied spacecraft simulator for checkout, Contractor
supplied missile modification costs are included in the
structure subsgvstem cost,

Operational spares are estimated at 25% of the total space-
craft subsystem and pavload recurring costs,

Parachutes required for the recovery gystem will be used for
a minimum of three {(3) launches; therefore, the estimated
cost for the recovery system iz based on twelve (12) para~
chutes,

Two (2) existing Thor pads and erectors are available and
gan be modified to accommodate the FASTBACK system,

A launch crew of eighty-five (83) Contractor personnel will
be permanently stationed at Johnston Island for duration of
the program,

Existing Minuteman technical data will be used and wminimum
update will be required,

Recovery operations were calculated using $3,000 per hour

of airplane operation. HANDLE ViA BYEMAN
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€, COST SUMMARY (IN MILLIONS OF DOLLARS)

NONRECURRING COST

e Spacecvaft and Payload
Development 17.04

® Activation and AGE, GSE

Fabrication 13,25
Total Nonrecurring Cost 30.29

RECURRING COST .

e Five Spacecraft and Payloads 13,60
e Spares A 2.40
e Refurbish and Replacement 13,22

e Launch Operations 8.28

Total Recurring Cost 37.50

Total Cost 67,79

Profit @ 10% 6,78

TOTAL PRICE 74,57

OTHER CUSTOMER COSTS

® Missile Acquisition 4,83

e Recovery Operations 3.42

TOTAL PROGRAM PRICE 82.82
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ESTIMATED FUNDING REQUIREMENTS

Funding reguirements will be ddentified at the start of the
development program. However, the requirement for any one fiscal

year 1s not éspected Lo exceed $25,000,000,

ADDITIONAL LAUNCH COSTS

The average vecurring launth cost for the progran described
ig §1.3 million per launch. Using the same hardware, additional
launches could be made at an increase in cost of approximately
600,000 per launch,
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