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PREFACE

This is the final report on a study of the comparative program
costs assoclated with use of various standardized spacecraft for Air
Force Space Test Program missions to be flown on the space shuttle
during the 1980-1990 time period. The first phase of the study con-
gidered a variety of procurement mixes composed of existing or pro-
grammed NASA standard spacecraft designs and a new Air Force standard
spacecraft design. The results were briefed to a joint NASA/Air Force
audience on July 11, 1976. The second phase considered additional
procurement optioms using an upgraded version of an existing NASA de-
sign. The results of both phases are included in this report. An
executive summary of the study, R-2099/1-NASA, Standard Spacecraft
Beonomic Analysis, Vol. 1: Executive Summary, is available from The
Rand Corporation as a companion report.

The results of the study should be useful to NASA and Air Force
space program offices involved in operational or experimental missions.
They should alsc be of interest to those concerned with the determina-
tigﬁ-of the shuttle tariff réte structure or with shuttle operatioms,
because the impact of a variety of tariff rates is examined.

Although the sﬁudy examines procurement options that affect both
NASA and Air Force programs, the results should not be interpreted as

representing official views or policies of NASA or the Air Force.
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I. INTRODUCTION

The purpose of this study was to examine the relative costs of
using one or more of several possible standard spacecraft for Air Force
Space Test Program missions during the initial 10-year operationmal
period of the space shuttle. During the first phase of our study we
considered the Space Test Program Standard Satellite (STPSS)-——a design
proposed by the Space Test Program Office of the Air Force Space and
Missile Systems Organization (SAMSO), and two NASA candidates--the
Applications Explorer Mission spacecraft (AEM) and the Multimission

- Modular Spacecraft (MMS). After the initial study phase was completed
a fourth candidate was introduced--a larger and more capable AEM (L-AEM)
configured by the Boeing Company under NASA spounsorship to meet spec-
ifications jointly agreed upon by NASA and the Air Force. The evalua-
tion of that spacecraft is also included in the results of this study
and procurement options derived using all four spacecraft are compared
for the Space Test Program missions. The study was funded by NASA and
conducted with the full cooperation of both NASA and the Air Force.

In the past the Space Test Program Office has procured spacecraft
as required for specific missions. Generally, that has meant that a
new spacecraft was designed and developed for each new mission. The
Space Test Program Office has tried to reduce the cost of these space-
craft by requiring that: (1) the contractor usé flight-proven compo-
nents whenever possible; (2) a minimum.amount of demonstration testing
be done; (3) high technelogy solutions be avoided; and (4) the insti-
tutional aspects of the program, e.g., program office size, be minimized.
To date the Standard Test Program Office has been very successful in
developing spacecraft atra cast substantiaily lower than the experience
of v.ore traditional programs would lead one to expect.

Recognizing that a standard spacecraft produced in accord with these
principles could generate substantial savings, the Space Test Program Of- -

(1)

fice contracted for a spacecraft configuration studv by TRW, which was

used as the baseline configur&tion for this study. Associated studies of
(2-4)

" “other aspects ‘'of the STPSS operation and design were also available.

Concurrent with the Air Force activity, NASA has for the past six
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years been working on another standard spacecraft econfiguration, the
MMS.(s)' Many of the low-cost aspects of the Space Test Program concept
are a part of the MMS design and operational philosophy as well. The
principal distinction is an emphasis by NASA on spacecraft retrieval

and on-orbit servicing that would be possible with a space shuttle.

BRI SLE-F0 SO - LU B

That has resulted in a spacecraft design with capabilities exceeding
those necessary for the Air Force Space Test Program missions. The
MMS program is ahead of the STPSS chronologically--some of its compo-
nents have been developed, the design is firm, and contractor bids have
been received. Thus the MMS will be developed at no cost to the Air

Force, and it is reasonable to ask whether both the MMS and STPSS are
needed.

S LAl L0 e
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The availability of the AEM further complicates the issue. The
AFM is the furthest along in the development cycle. Boeing is under
contract to NASA to develop and build AFM spacecraft for the Heat
Capacity Mapping Mission (HCMM) and the Stratospheric Aerosol Gaseous

Experiment (SAGE) and again, NASA is emphasizing low cost in the space-

)

craft design. Although the AEM is designed specifically for two mis—

e

sions, it has a modular design that makes it suitable as a standard
spacécraft.

An additional complication is that the AEM can be upgraded to per-
form some or all projected Space Test Program missions, depending on
the kind of attitude control subsystem used. The question, then, of
which spacecraft would enable the Sﬁace Test Program Office to meet

its mission responsibilities at the lowest cost requires a comparative

analysis of program costs. This report describes such an analysis.
Section II presents study objectives and guidelines. Section IIT de- %
scribes the spacecraft configurations along with necessary modifica-- %
tions for use by the Air Force for Space Test Program missions, and

Sec. IV discusses the Space Test Program mission model. The results

of the cost analysis are summarized in Sec. V, where estimates of space-

eraft nohrecurring and recurring costs and the costs of the various

launch options are presented. Section VI summarizes the program costs

and the results of the sensitivity analyses conducted, and the conclu-

sions of the study are presented in Sec. VII. Separate appendixes briefly

~ cover the spacecraft and program cost analysis and the technical assess-

menté df-fhe.felative state of the art of the major spacecraft: subsystems :
in the AEM, STPSS, and MMS. | | o
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I1. OBJECTIVES AND GUIDELINES

The two objectives of this study were to develop internally con-
sistent cost estimates for the AEM, L-AEM, STPSS, and MMS spacecraft
and, using these estimates, to determine the variation in program cost
for a variety of spacecraft procurement options capable of performing
the Space Test Program missions during 1980-1990. The emphasis is on
relative, not absolute, accuracy in the estimates developed. The
conclusions that are drawn concerning the various procurement options,
although discussed in terms of total program costs, are dependent
upon the relative costs of the various spaceeraft. They are not
affected if the magnitude of the total program costs is under- or
overestimated.

The study guidelines are summarized below:

1. Spacecraft configuratidns are based on descriptions provided

by Goddard Space Flight Center (GSFC) for the MMS, by TRW
B for the STPSS, and by Boeing for the AEM and L~AEM.

2. Space Test Program payloads described in Current STP Payloads
(the so-called "Bluebook“)(ﬁ) are considered representative
of those that would be flown during the period 1980-1990.

‘3, All spacecraft are compatible with the use of solid rockets
for orbit translation, which usually requires spin stabili-

- zation. The AEM and STPSS are designed with that in mind.
The MMS normally uses a hydrazine propulsion module or the
Interim Upper Stage (IUS) fbr orbit translation in a three-
axis stabilized attitude, but according to GSFC it can also
be spin stabilized for orbit tramslation.

4. Space Test Program missions are intended to be flown as éec~
ondary‘payloads, which implies that Space Test Program pay-
ioads would rely on solid rocket kick stages* for translation

from the nominal shuttle parking orbit to the desired mission

Although the IUS uses solld rockets, its use by the Space Test
Frogram is considered a special case because of the high cost of that
design. ) : : '




by

orbit rather It:han on changing the shuttle orbit altitude

and ipclination to- meet the payload requirements.

Nominally, two Space Test Program flights per year are sched-
uled; the minimum is one.

All payloads ara launched using the space shuttle.

Servicing of payloads in orbit or retrieval of spacecraft

for reuse is not considered.

e B ...




ITI. SPACECRAFT CONFIGURATIONS

SPACECRAFT REQUIREMENTS

The nominai spacecraft requirements isr the AEM, L-AEM, STPSS,
and MMS, categorized by mission, communication, el;ctrical,power,
stabilization and control, and feactiou control system and propulsion,
are shown in Table 1. Of the four spaéecraft, the AEM is the smallest
and has the least capébility. It is about 3 £t in diameter, weighs
- about'ZlDle, has a 150 1b payload capability, and is limited to oper-
ating altitudes less than 1000 n mi. '

- The L-ABYM design is a derivative of the AEM. ) The AEM basic
structure provides the core of the L—AEM; additional stfucture in-
creases the diameter to 5 ft. Three different configurations of the
1-AEM are available: the baseline option (L-AEM-BL), the spin stabil-
ized option (L-AEM-S), and the precision option (L~AEM-P)}. ALl have
a minimum life of one year and a payload capability of 1000 1b. Both
the L-ARM-S and L-AEM-P options can operate from low earth prbit'ﬁo
geosynchronous altitude; the L-AEM-BL option is restricted to altitudes
iess thaa 1000 n mi. The L~AEM-BL weighs about 670 1b,

The STPSS has a nominal payload’ eapability of about 1000 1b, can
be .operated at altitudes up to geosynchronous, and weighs about 860 1b.
It can be procured in three different configurations--a spiﬁning-ver—
sion (STPSS-5), a low-cost three-axis stabilized version {STPSS-LC),
‘and a three—axis stabilized precision version (STPSS-F). _

The MMS is the most sophisticated of the standard spacecraft con—
sidered in this study; it is designed for on-orbit servicing and reuse.
Tt has a'bayioad capability of “about 4000 1b- and can also be operated
up to geosynchronous altitude. The MMS weighs about 1400 1b without
the solar grray or space propulsion system. . _

AFM and MMS‘spacecraft have communication syétéms that ére com—
patible with the Space_Tracking and Data Acquisition Network (STDN),
while the TL-AFM and STPSS are compatible with the Space Crovnd Limk
System (SGLS). This difference in the communication system needs to

be corrected before the AEM and MMS can be used for Air Force wmissions.
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- Table 1

NOMINAL SPACECRAFT REQUIREMENTS

Reguirement Category : : AEM STPSS - A MMS L-AEM

Mission .. _ _ 4 ' ' _

‘Operating modé . | Expendable Expendable = On-orbit service ‘Expendable

‘Mission duration; yr 1 ? : , 1-2 - ' 1

Design payload weight, 1b | 80 - 1000 4000 1000

Max, payload weight, s {150 1500 . 4000 >1000

Orbit range . - LEO® (<1000 n mi) LEO-Geosynch., - 'LEO-Geosynch. LEO-Geosynch.
Communicatiqns B o : ' d. .

Link _ _ VHF and STDN 8GLS™ STDN and TDRSS SGLS

Data bit rate, kbps | 8 1 128 and 256 | 64 128 and 256

Data storage, bits 4.5 x 108 ] 1 % 108 g x 108 9 x 108
Electrical .Power ' , ' :

Bug . voltage, V o] 28 =4 ] 28 +5 28 %7 28 x4

. Battery capacity, Ah | 10 160 20 teo 150 40

Peak array, W : o 238 380-1200 As required (<3600){ 318-1000

‘Housekeeping, W | 28 - | 100-200 350 104-132

Battery charging ': _— Individual charge Parallel charge Individual charge
Stabilization and Control : :

Pointing accuracy, deg %], pitch, roll; #2, yaw| £1-x0.1, all axes <0, Ol all axes +1-%0.05, all axes

Pointing stability; deg/sec| £,01 . +,01~.003 | +1076 ~ .01

OrientatiOn 3-axis _ Spinning and 3-axia| 3-axis Spinning and 3-axis -
. t . ’.' . = ) .
Reaction.Control System
" .and Propulsion : _ ) ' '
Impulse, klb-sec ' 2.3 1.7-2000 12-230 2,8-1065
Type. Bydrazine ° : | Cold gas, solids Hydrazine Hydrazine, solids

Low earth orbit.. !

Space Tracking and Data Acquisition Network.
Space Ground Link System.

éTracking1and Data Re%gy,Satellite System.

' ;gu
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(The modifications‘neceseaty to make thils correction are discussed
later.) Another difference is in the data rate capability of the com-
munication systems. Both the AEM and MMS5 have data rates considerably
less than that of the L-AEM and STPSS, i.e., 8 and 64 kbps, respectively,
as compared with 128 to 256 kbps. A
A1l of the spacecraft use 28 V systems. The basic differences are

in the solar array designs and battery CHarging systeﬁs. ‘The AEM has
a fixed solar array capable of providing about 40 to 50 W for experi-
mental use. The other designs. treat trhe solar array as a mission-
specific item. The peak array power for the L-AEM is 1000 W, almost
as much as the 1200 W of the STPSS output; the MMS power system can
handle arrays having a peak output of up to 3600 W. The battery-
charging system of the MMS is different from those of the L-AEM and
STPSS. All three provide for more than one battery, but an individual
charging system is‘used by the L-AEM and STPSS, whereas a parallel
charging system is used for the MMS.

. In stabilization and control capability, thée MMS is again superior
to the other spacecraft with a pointing accuracy of #0.0l deg and a
pointlng stability of %10 B deg/sec. The L-AEM design provides essen-
tially the same varlety of options for stability and control of the

spacecraft as the STPSS. The spin stabilized options are identical in

" capability, while the capability of the précision option exceeds that

of the STPSS P but is less than that of the MMS. The L;AEM-BL option
is more accurate than the STPSS5~LC optiom in the piteh and roll axes
and identical in the yaw axis.

V Both the AEM and MMS have hydra21ne attltude control systems' the
STPSS uses a cold gas system in combination with solid rockeis for

orbit translation. The MMS hydra21ne propulsion modules (SPS-I and

'SPS—II) provide a choice of module configurations that can be selected

dependlng upon the delta velocity required The reaction control system
used in the L-ARM is a derlvative of the hydra21ne system of the SAGE

version of the AEM. The magor difference is that the L-AEM-P: configur-

~ation has a reaction control system sized to provide three-axis sta-

bility during the solid rocket powered orbital translation phase.

ER _ : AT
Space propulsion system {SES).
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; Consequently, it includes nozzles oith relatively large thrust levels
(65 and 155 1b) in addition to the normal thrusters. There seems to
be no reason why the L-AEM-P configuration cannot be spin stabilized
during orbit translation, therefore we have assumed it has this capa-
bility, especially for the geosynchronous-missions where larger size
SDlld motors are requ1red than those discussed in Ref. 7. In Ref. 7
the overall length of the L-ARM, payload, 'and SOlld rocket kick steges
was restricted to less than the diameter of the shuttle. This allowed
placement of the spacecraft. perpendicular to the shuttle longitudinal ~a
axis and hence minimized the 1ength of the shuttle bay used for the - -

_flight. We have not restricted our application of the L-AEM in this
manner . V ' |
The individual spacecraft configurations and the modifications
considered necessary to allow their use by the Air Force in carrylng _
out the Space Test Program missions are described below. 1
As mentioned earlier, there are two basic AEM configurations—-— i
HCMM and SAGE--which consist of the same base module with different

m1551on—spec1f1c equlpmentL The HCMM configuration uses a hydrazine

orbit—-adjust module, while the SAGE configuration includes a second
momentum wheel aad a-taﬁe recorder. .

For Air Force use we selected the SAGE configuration as being
most approprlate. The only modlficatlons that were con51dered relate
to the conversmon of the comminication system to make it SGLS»compatlble.'
These changes are itemized below and discussed in detail in- Appendix C.
‘Basieally, - the changes involve replacing some of the AEM communication

equipment with the appropriate STPSS communication equipment.

io';Rgﬁiace»Sﬁoahdufraheﬁitter withuSTPssis-bend3GSGL§) traﬁsmittetf-
e Replace S-band ‘' transponder with STPSS S-band. {SGLS) transponder.
. Replace command demodulator with STP3S. dual 31gnal conditioner.
. Modlfy pulse code modulation (?CM) encoder for dual baseband.

e Modify command decoder/processor.




no changes were made in this system for Air Force use.

redundant design of the AEM was unaltered.

Although the power system of the AEM is very limited (~ 50 W),

Also, the non-

In addition, the current

AEM desipgn does not allow for the use of cncryption equipment--this

was not changed because it is not a requirement for all Air Force

missions considered in this study.

STPSS
Each of the three available STPSS configurations (summarized in

Table 2) consists of a core and an orientation module {or & spin con-

trol module in the STPSS-S case).
specific equipment is available for each configuration.

module is the same in all cases.

In addition, a variety of mission-

The core

The orientation or spin module de-

termines the attitude stability and pointing accuracy of the spacecraft.

_YTable.Z

STPSS CONFIGURATTIONS

STRSS~P

STPSS-LC

STPSS-5

Coré‘Mbdule

a

Orientation Module

.
s

(solids or IUS)
Antenna

Core Module
Coefe
brientation'Module ‘
e 3-axis

e. Low cost (£l deg)

e 1 deg freedom
solar dr.

- e Cold gas RCS

.
Mission-Specific
Equipment
- Same choices as
for STPSS-P.

® 3-axis
e Precision (%0.1 deg)
o 1 deg freedom solar
- dr.
e Cold gas RCS
i ,
~ Mission-Specific
Equipment
e Solar panels (max.
1200 w
®  Extra 10° tape
v recorder
¢ Encryption unit (GFE)"
® Orbit transfer module

Core Module

-
Spin Control Module
¢ Spin

e« Low cost (1 der)
e Cold gas RCS

+

- Mission-Specific

Equipment
Same choices as for
- STPSS-P, exccp:
¢ Solar panels
(max. 380 W)

Ay s e mn SR p Ay e
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The configurations used in thils study are those identified by TR in

their study.(l) No changes were made except, by direction of the Air

Force, the hydrazine reaction control system designed by TRW for the
STPSS was not considered in this analysis because of its relatively
high cost compared with the cold gas reaction control system/solid

rocket option.

MMS

The basic MMS, summarized in Table 3, comnsists of three primary
modﬁles, plus a variety of mission-specific equipment, all of which
are attached to a structural»subsystem. For Air Force use, we have:
(1) retained the attitude control module without modification; (2)
added one 20 Ah battery to the power module so that it would have the

Table 3

MMS CONFIGURATIONS

MMS _ R MMS-AF
Attitude Control Module Attitude Control Module
+ 4+
Power Module _ Power Module
e Two 20 Al batteries e Three 20 Ah batteries
- +
C&DH Module C&DH Module
e TDRSS~ and STDN-compatible e SGLS—compatible a
+ e [Data rate 128-256 kbps]
Mission~Specific Equipment +
o Antenna Mission-Specific Equipment
e Solar panels (as required) Same as above, except
e Space propulsion (SPS-I, " e Solid rockets for orbit
SPS-II, IUS) translation

e Solar drive

e Extra tape recorders

' (8 x 102 bits)

o Extra batteries (one 20 Ah
or three 50 Ah)

-

'aAdﬂifional'optioh.'
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same energy storage capacity as the STPSS and (3) changed the com-
munication system to be compatlble with SGLS.

Listed below are the detail modifications to the MMS communica-—
tion module needed to achieve this compatibility., Again, these mod-
ifications consist mainly of.replacing MMS communication equipment with
STPSS equipmenﬁ that performs a similar function.* We have also iden-
tified the necessary changes to indreasé the data rate to 128-256 kbps

but have not considered them as requirements.

SGLS Compatibility

e Replace S-band transponder with STPSS S-band SGLS
transmitter and receiver.

e Replace or modify command decoder with STPSS decoder.

e Replace premod processor with STPSS dual baseband unit.

Increase Data Rate

.. Replace data bus controller with STPSS bus

e Replace clock and format gemerator » controller (data
# Replace standard computer interface formatter).

¢ Replace remote interface unit with STPSS data inter-
face unit. :

Although the parallel battery-charging design used in the MMS
power module has been of some concern to the Air Force, we do not con-

sider it necessary to change it (see Appeadix B), since we assume that

‘the power regulation unit will have adequate redundancy to meet Air

Force raqulrements and that the MMS power system.w1ll be a flight-

proven de51gn prlor to the missions considered in this study.

= ' .
It should be noted that if the Air Force Solar Infrared Experiment
(SIRE) is flown on the MMS, these changes in the communication module

. will have already been made prior to any of the missions considered

in this study. As noted below (Sec. V) we have based our MMS cost
estimates on this assumption, hence the nonrecurring cost associated

. with these changes is not included in the study.
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1V, SPACE TEST PROGRAM MISSION MODEL

In accordance with the directions provided by the Work Statement

(63

1980-1990 time period are divided into three payioad groups (Table 4).

for this study, Space Test Program missions to be flown during the

-The principal distinguishing feature of each group is the spacecraft

requirements. For example, payloads. in groups I and IIT all require
a spacecraft with nominal capability and either three-axis or spin

stablllzatlon We have taken thlS to mean that these missions could

mbe flown on the AFM, STPSS—S STPSS—LC L—AEM—S, or L-AEM-BL space—

craft. Those payloads in group I1 require a spacecraft with a high
capability and three-axis Stablllty. This requireﬁent can only‘be met
by the STPSS—P, L-AEM-P, or MMS. | |

Of the estimated twenty Elights to be flown during the 10 years
between 1980 and 1990, the Work Statement indicated that aboit 75 per-—
cent (15 flights) would be in payload group I, 10 percent (2 flights)
in payload group III, and 15 percent (3 flights) in payload group II.
Using the estimated division between large (over 150 1b) and small
payloads given in the Work Statement for each of the payload groups,
we can presume a total of 114 payloads for the nominal case or about
6 payloads per spacecraft. _

As mentioned in Sec. II, Ref. 5.provided a listing of only 52
Space Test Program payloads that were to be considered as representa—
tive of those that would be flown between 1980 and 1990. We analyzed
these payloads in terms'of their spacecraft requirements for accuracy,
stabilization, and weight. The results of that analy51s are shown on
the right-haﬁd side of Table 4 to allow direct comparison with the
guidance given in the Work Statement for this study.

We found that the overall division of payloads beétween group IL
and groups I and III was a little dJifferent from that suggested by
the Work Statement, i.e., only 11 percent, rather than 15 percent, of
the payloads fell into payload group II. We also found ‘that. the

For this reason, group II is distinguished from groups I and
III in the discussion that follows.
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percentage of small payloads in groups I and III was larger, i.,e., 90

percent, rather than 85 percent.

Appropriate adjustments for these

relatively minor mismatches caused an increase in the total number of

Space Test Program payloads from 114 to 151, which is equivalent to

about 7.5 payloads per spacecraft.

In addition to thils, the prelimi-

natﬁ status of the mission model suggested that the number of payioads

in the program and the number of payloads per spacecraft should be

ineluded in the sensitivity analysis.

As iﬁdicated on Table 5, we have also divided the Space Test Pro-

- gram missions

(5)

into eight different qrb_ii:é that distinguish between

‘orbit altitude, inclination, and spacecraft orientation. The first

orbit (1-§ and 1-E) is a low earth orbit with an altitude of about

250-300 n mi.

We have divided the missions of this orbit into those

that are sun-oriented and those that are earth-oriented. As you may

see, 45 percent of the Space Test Program payloads would fly in this

-~

Table 5

SPACE TEST PROGRAM MISSION CATEGORIES

Orbit

Inclination

: Launch | Percentage No. of
Number Type (n mi) (deg} Range of Payloads| Payloads
1-S | Sun-synchronous, [ 250-300 98.4 ‘Western | 17 - 20
" sun-oiiented circular ' ' :
i-E SUn~synchronoué, - 250~300 98.4 ﬁestern 28 32
earth-oriented eircular
2 “Elliptical 7000 x 200 Polar Western 28 32
3 ‘Gebéynchrdnaus, -19,372 Low Eastern -8 9
sun-oriented circular {28.5)
4 - 10,000 Low Eastern 4 5
- eircular (28.5)
5 |1zhe 21,000 x 900|  63.4 Eastern 7 7
6 Geosynchrunnﬁé, 19,372 . ‘ Low Eastern | 2 3
earth-oriented circular 2 '
7 . - 3200.%.150 - .30 .. -} Eastern | 2. 3
8 - 180 civcular| Polar | Western 2 3

[i

PRy et e
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orbit._ The second orbit is a highly elliptical one (7000 X 20 n mi)
hav1ng an additional 28 percent of the Space Test Program payloads.
The mi351o 1s in both of these orbits are launched from the Western
Test Range (WIR). The missions flown on the WIR (orbits 1, 2, and 8)
rebfesent about 75 percent of the Space Test'Program payloads. The
payloads flown out of the Eastern Test Range (ETR) all require large
orbit translat:.ons' 8.8., up Lo geosynchronous. ‘The last*column in
Table 5 indicates the number of Space Test Program payloads in the
nominal case that are flown in each of the orbits during the 1980-1990
time period, Thevtotcl number of Space Test Program payloads in the

nominal cose is 114.

In Flg. 1 these orbits are related to the perigee and apogee alti- -

tude ranges of individual payloads. The payloads are identified by

(5

generally has a wide range of acceptable operating altitudes; which

page number in the bluebook at the top of the figure. Each payload
“has made it reasonably easy to collapse the Space Test Program payloads
1nto 21ght orblts.*

In addition to ordering the Space Test Program payloads according
- to orbit pcramcters,-they were also matched with each of the spacecraft
being considered in this study. .In making these aséignments, we have
considered: payload weight, maximum altitude, orientation, power avail-
ability, data rate, pointiné accuracy, . and stability., The resulting
match between individual Space Test Program payleoads and the various
spacecraft is illustrated in Table 6. Space Test Program payloads are
identified'by.bluebook.page number. Of the 52 payloads in the bluebdok,
6 were mot jncluded in the mission model for various reasons (see foot-

' notes to Table.6). Of the remaining 46 payloads, the AEM with its 150 1b

payload capability and 1000 o mi altitude limitation can accommodate only

10 (22 perrent) The splnnmng verszons of the L-AEM (L~AEM-S) and STPSS

o(STPSS—S) car both handle 26 percent of the total payloads. The baseline .

version of the L-AEM is Ilimited to orbital altitudes of less thon 1000

c o omi andato_earthforiented'missions.and:thereﬁore:can only accommodate,

%

‘It is recognlzed that whenrthese- payloads are actually flown, =
larger number of orbits may be used depending upon the capabilities of
the spacecraft and payload requirements; this should niot affect the
results of this study.

,
ﬁ'.
4
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Table 6
SPACECRAFT MISSIGN CAPABILITY

Spacecraft

Space Test Program |  AEM
Payloads (Bluebook | (150 1b,
Page Number) <1000 n mi)|{ L-AEM-5( L-AEM-BL | L-AEM-P{ STPSS-S| STPSS-LC | STPSS-P| MMS-AF
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Toral payloads | 10 | ‘12 | 13 TR I MR M

S
o

®Paylonds 4 and 5 eliminated--excessive. altitude (69,000 n mi) and already Elown.
bPayload 9 eliminated——excessive,alticude:(69;000 i),
#Asspmes>tha;AqnlyAaﬁporc;on.of.tha payload is spun.

Payload 42 eliminated--inconsistent data. '

Payloaﬁbﬁs eliminatedé—SIRé.mission—exceede& TRW STPSS design power. level.
Payload 47 e;iminated—-insufficiént data.
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28 percent of the payloads. The low-cost STPSS (STPSS-LC) spacecraft
can handle 89 percent of the payloads, whereas all three precision con-
figurations (L-AEM-P, STPSS-P, and MMS) can handle all of the payloads.
Cénsistent with the Work Statement guidelines, we have assumed that
those payloads that require spinn:ng can be accomplished on a three-axis
stabilized spacecraft by allowing portions of the payload to spin. We
have also éssumed that the total payload integration costs for the
mission model will not vary substantially as a function of the procure-
ment option. A further assumption that we have made is that those pay-
loads having accuracy requirements in excess of the capability of the
ﬁ;AEM%P, STPSS-P, and MMS really have attitude determination reQuirements'
rather than pointing accuracy requirements.
In the analysis of program cost that follows (Sec. VI), we have
considered only those spacecraft and combinaticns of spacecraft that
can accommodate the entire Space Test Program mission model. We will
be evaluating the various procurement options on a constant performance
basis.* To expand the mission model up to 114 payloads of the nominal
case, we have linearly extrapolated the characteristies of the 46 payload

model given in the bluebook.

*It is clear that some procurement options, such as the pure MMS
option, will have excess capability. However, we have not attempted
to determine the value of this excess capacity for the Space Tes
Program. :
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V. SPACECRAFT AND LAUNCH COSTS

o e s B

SPACECRAFT
Estimating the costs of the AEM, L-AEM, STPSS, and MMS presented

an interesting problem, because each was at a different stage of develop-

e e e
P TTT

ment. The AEM was well along in the development process, and the con-

tractor, Boeing, was confident that the ceiling price would not be:

::g exceeded, Should the L-AEM be developed, Boeing would have AEM experi-
‘ ence to build on, The three STPSS configurations were the result of a

short study by TRW, and they lacked the specificity of the AEM and MMS.

Since preliminary designs generally change, and changes generally in-
lE crease cost, one needs to question whether an estimate of current STPSS
‘fif " designs would be ;epresentative of final cost. The EMS was somewhere
between the AEM and STPSS; some hardware had been developed, design was
i complete, and NASA had gone out to industry for bids. Thus the situa-
o tion was one.in which some costs were known, some were partly known,

and others were unknown. We needed to devélop estimates that would

_'§ reflect velative differences in the size, complexity, and capability

!
5

of the spacecraft as currently specified.

_Recurring Costs

An examination of existing parametric cost-estimating models showed
that they had been developed from data on conventional spacecraft, i.e.,

spacecraft for which low cost was not a dominant consideration. Thus

a procedure was required that would provide comparable estimates of the
various spacecraft but estimates in keeping with current experience.
The method adopted was to develop a model calibrated to reflect AEM

experience, in essence saying that AEM costs are known and those of the

_ other spacecraft can be extrapolated from that base using conventional
scaling techniques. Estimates of Unit 1 cost for each spacecraft are
shown in Table 7. These éstimétes'includé'allbwances for modifications
of the AFM and MMS to meet Air Force requirements.

- By using the same model for all estimates it can be argued that

they $hbu1d be comparable. ‘The.point hdas been made, however, that such

— T T T T Ry et o s
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Table 7

ESTIMATED UNIT 1 COST

{In millions of
1976 dollars)

ABM L eveeiensvosnannnns cees 2.3 :
L-AEM 3
5pin ...ieiiecenneanses.s 3.9 *
Baseline ...eeveece. . 4.8 :
Precision .veeveseciiaees 5.7 ~
STPSS .
SPin cececennsas seesssees 4.6
Low—cOoSt cevecranas PR T |
: Precision ......ecvvven.. 6.9
B - I _ _ _ ]
BaSIC svieceessnncnssanns 8.9
SPS~T eevecvioesnaes eesea 2.4

a procedure ignores an important element of spacecraft cost. The AEM
and L—AEM are not comparable to the STPSS and MMS, because they consist
of a single module produced by a single contractor. With twe, three,
or even four contractors involved in production, integration, and test
of the different modules, additional costs could be incurred. Whether

_—

that would produce a significant cost difference is a matter of some

disagreement, but the assumption made here is that it would not. While
that assumption méy favor the STPSS somewhat and the MMS even more, if
it had any effect at all it would be to strengthen the conclusions of ‘;
the study. ) '
As é check on tﬁe spacecraft estimates, they were plotted against
Weightq(Fig. 2) and compared with a regression line from the S4MSO Un~ ,
manned Spacecraft Cost Model (third edition);(g) All are within the o ?
standard ercor of estimate (the dashed lines) of the regression line. {
The AEM has a higher relative cost than the other spacecraft because of
a lower percentage by welght of structure. All'other.spacecraft”have

costs lower than would be predicted by the SAMSO model, and that seems

appropriate because the medel was dérived'froﬁ data on conventional

spacecraft.
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Cost-quantity effects in spacecraft depend more on the size of
each individual procurement than on the cumulative quantity procured.
A“Block'buy of six may reduce total cost by 20 percent, but a buy of .
six spacecréft one at a time may produce no cost reduction. Since the
manner of procurement could not be specified in this study, cost reduc-
tion was related to annual production rate according to the following

empirically derived schedule:

s

Annual : '
Production Cost (%)
1 100
2 90
3 87
4 85.

..

In estimating spacecraft costs it was further assumed that:

1. Procurement of the AEM by the Space Test _Pz;ograﬁ Of-fit_:e -
begins at Unit 9.. The first eight units will be procured .
by WASA prior to 1980. .

- = mat
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2, Procurement of the MMS by'the Space Test Program Office begins
at Unit 5. The first four units will be procured by other
agencies prior tc 1980. ' _

3. ©NASA procures two MMS per year during the decade considered.
The Air Force buy is incremental to NASA procurement.

4, USAF procures MMS for SIRE, whicﬁ means that an Air Force-
compatible communication and data-handling subsystem would
be developed for MMS and would be available to the Space Test.
Program Office for the missions discussed in this study at no

additional cost.

Nonrecurring Costs

Nonrecurring costs were estimated for the STPSé and L-AEM only;
for the other spacecraft those costs would not be borne by USAF and
would be irrelevant in comparisons of USAF outlays. The SAMSO Unmanned
Spaceeraft Cost Model provided the basic estimating equations, which
were derived from a sample of up to 28* space programs over the period
1959-1972. Some spacecraft had been deleted from the sample because
they were developed "under tigﬁt monetagy constraints and under a phi-
Tosophy that required the use of proven technology." STPSS is precisely
such a program, so the gutput of the SAMSO model was modified to fit
the Space Test Program_Offlce philosophy.

An initial assumption was that the first spauecraft manufactured
and tested would be a f£iight model, i.e., there would be no qualifica-
tion test-model. It was later decided that a qualification test model
would be desirable, and the estimates were modified to reflect that
decision. The higher estimate is the one included in the final program
costs. ' ' ' '

For the L-AEM nonrecurring costs the basic estimate provided by
Boeing'Waé scaled up to include a test model, but as shown in Table 8
the difference between L-AEM and STPSS nonrecurring costs is striking.
When L-AEM costs are estimated in the same manner as those for the

STPSS, the differences are far less. It is possible to construct a

%
- Sample size varied for each spacecraft subsystem. -
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Table 8

SPACECRAFT NONRECURRING COSTS
(In millions of 1976 dollars) ‘

Estimates Based | Estimates Based
on SAMSO Model | on Boeing Study
Spacecraft STPSS | L—-AEM L-AEM
Spin 15.9 | -- -
Low-cost (baseline) 20.7 18.0 : 8.6
Precision _ 23.4 19.6 9.1
Spin + lDW-C.DSt : 25 .'3 — -
Spin + precision 28.1 23.0 11.3
Low—-cost + precision 26,1 25.3 11.9
Spin + low-cost -+ precision 30.9 28.7 14.5

rationale for some degreévof difference, e.g., L~AEM would be a follow-
on to AFM, and there would be some transfer of learning. Also, STPSS
consists of modules that are developed separately, then integrated,
and each module is essentially a separate spacecraft. Configuration
changes in L-AEM are handled on the basis of different kits rather
than different modules. WNevertheless, the discrepancy between the
-estimates based on the SAMSO ﬁodel and those based on Boeing figures
1s too great to be ignored., In the discussion of program.costs in

Sec. VI the impact of that discrepancy'on,the issué of spacecraft

selection will be examined.

LAUNCH COSTS

The other major category of cost in the l0-year program considered
is the cost to iaunch S§acecraft and piace them in drhit'at'tﬁe'speci~
fied altitude and inclination. The basic launch vehicle is the space
shuttle, but at'preSent.neithEr the cost nor the guldelines for allo-
cating cost among users has beén determined. Estimates of cost raﬁge
- from $15 million to $30 million, of which the users may pay all or
nothing. The intent of the study was not to estimaté launch costs buf
~ to examine whether those costs could influence the choice of spacecraft.

"ﬂonsequéﬂﬁiy,.lannch-coSts‘werefassigngdth'each payload based on a -
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range of assumptions:

Space shuttle launch cost was $15.4 million or
'$30 million.

Costs are allocated on a basis of weight or according
to either of two NASA~proposed tariff schedules, or are not allocated
at ali, i.e., only a service charge is incurred.

In the initial phase of this study z NASA formula suggested as a

basis for prorating launch cost considered weight, length, inclination,
and altitude as independent variagbles, i.e.:

SRU = ,00215 length + .0238 lengt-h2 + .000203 weight

~ 00000000169 weight> ~ .000122 inclination

+ 00442 inclination2 4+ ,00109 altitude + .000232 altitude2

where SRU = Service Rendered Units which may not exceed 100.

It repre-
sents a percent of total launch cost.

Length is in feet, weight in
poundsg, inclinzstion in degrees, and altitude in nautical miles, I£

the SRU exceeds 100 ft it is assumed to be truncated at 100.
%
A formula proposed since the earlier phase consists of prorating

the dedicated shuttle cost on the basis of whichever of the load-factor
ratios below is larger:

1 payload length (in feet)*
* 60

¥

*

payload weight (in pounds) :
shuttle orbital capacity (in pounds) to the
desired inclination and altitude

In this study, we have assumed a direct relationship between load

factor, as determined abave, and the cost factor for prorating the

* . ' :
Private conversation with Mr, Edwin G. Dupnick at the Johason

SpaceVCenter of NASA, October 1976.

Payload length is the sum of the lengths of the Space Test Pro-
gram payload, spacecraft, and solid kick stages.
*

For this study we have used a nominal shuttle capacity of 65,000
1b for ETR launches and 39,000 1b for WER launches. A nominal altitude
of 150 n mi has been used. Solid rocket kick stages are used to trans-
late the spacecraft to higher orbits. Payload weight is the sum of the
weights of the Space Test Program payload, spacecraft, and kick stages.
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dedicated shuttle cost. In some formulations of this tariff rate, the
load factor is multiplied by as much as a 1.4 cost factor; we have not
used this in our study. Because the launch cost is very sensitive to
payload length when using this NASA tariff, an attempt was made to
minimize launch cost by plaecing payloads laterally rather than longi-
tudinally in the shuttle bay whenever the payload length was less than
13 ft. Launch costs estimated using the above method are identified
as the modified NASA tariff.

The other cost-allocation schemes considered were: a full ailo-

cation by weight, i.e.,

~ pavload weight .
shuttle orbital capacity . -+ mitlion .,

plus a service charge of $1 million; an allocation of only half the

shuttle cost plus a service charge; and, a service charge only.

KICK STAGES

A variety of solid propellant kick stages were required, and to
simplify the task of assigﬁing a cost to each kick stage a simple
cost—estimating relationship was derived from the cost of several
existing stages:

c = 2900 W%

where C = stage cost in 1976 dollars, and

W = stage weight (1b).

It

Where the IUS was used, a cost of $4.3 million was charged.

| e e as e
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VI. PROGR  COST

In this section, we discuss the tctal program costs for a variety
of procurement options, each of which is capable of performing all of
the Air Force Space Test Program missions. For this constant-performance
comparison, program cost is used as the principal measure for distin-
guishing among procurement options. The analysis described in this

section was accomplished in two phases. In the first phase, procurement

options using the AEM, STPSS, and MMS spaceecraft were compared. In the

second phase, additional procurement options using the L-AEM spacecraft
were derived and evaluated. The configuration of the L-AEM spacecraft

was defined partly as a result of the outcome of the first phase of this
analysis; for that reason the sequential nature of the analysis is pre-

served in the discussion that follows.

NOMINAL CASE

We defined a nominal case as a baseline for estimating the cost

to earry out the Space Test Program missions during the 1980-1990

. period, and a number of excursions from that baseline were made to test

the sensitivity of the results to assumptions about the number of pay-
loads, payloads per spacecraft, ete. The nominal case includes all three
versions of the STPSS. The nominal program size is 114 payloads with a
maximm of 6 payloads per spacecraft.* In keeping with the Air Force
Space Test Program position that its payloads always have a secondary

status, they are always taken to an altitude of 150 n mi by the shuttle;

As mentioned in Sec. IV, the Work Statement for this study indi-
cated that the number of payloads (defined as the set of experiments
combined on one page of the bluebook)cﬁ) to be flown per spacecraft
could vary from a combination of one large payload plus four small pay-
loads to as many as twelve small payloads. In Sec. IV we found that
for the nominal size program (114 payloads), the average number of pay-
loads per spacecraft would be about 6 but that it might increase to 7
or 8. For this study, we have treated this assumption as a maximum
value rather than as an average value while we dllocated the Space Test
Program payloads to specific spacecraft; this will be discussed later
in this section when we describe the sensitivity excursions.

bt e ettt 4 e g . : RN,
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solid rocket kick stages (not the IUS) are then used for translation
into the proper orbits. Both ETR and WIR launches of the shuttle are
considered. We have assumed that the shuttle cost of $15.4 million
will be prorated by weight and that a service charge of $1 million per
launch will be made. ‘

The number of spacecraft that would need to be procured for edch
of four different procurement options is shcwn'in'TéBle g. The four
ogticns are: all-STPSS, all-MMS, AEM plus STPSS, and AEM plus MMS.

An option consisting of all three types of spacecraft would not be
,chsgreffective in view of the magnitude of the nonrecurring cost asso-
cigted with providing the STPSS-P, given that the program already in-
cludes the MMS.

Table 9

NUMBER OF SPACECRAFT
(Nominal case)

Procurement Options

Spacecraft -

Type STPSS | MMS | AEM/STPSS | AEM/MMS
AEM 0 0 3 4
STPSS-§ 0 0| 0 0
STPSS-LC 19 0 16 0
STPSS-~P 5 0 5 0
MMS - 0 24 0 20

Total | 24| 24 2 | 24

_-It_céh'be seen that the'STPSS—S*configurafion is.ﬁever prbcﬁred
in the nominal case, because there are only a few payloads that can be
spin stabilized, and they are distributgd over the_eight different
drﬁitS'iﬁ such-a way that it is always ﬁore cqéfiy to use an STPSS-§
spacecraft than to load up the STPSS-LC or STPSBQ?’spacecraft. When
we<c0nsider programs with a larger number of payloads, the spin con-
flguratlon.ls included in the procurement mix. -
| The costs associated with these procurement optlons are showm in
Table 10 broken' out by ‘the spacecraft, kick stages, and launch opera—'

tions. The cost of the all-solid kick stages is nearly insignificant
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Table 10

PROCUREMENT COSTS IN NOMINAL CASE
(5 millions)

Procurement Options
Cost Item STPSS | MMS .AEﬁ/STPSS AEM/MMS
Spacecraft 167 | 190 155 172
Kick stages
{solids) 4 6 4 5
Taunch
(100% prorated) S1 67 51 63
Total . 222 | 263 210 240

{about 2 percent of the total). Launch costs represent about 25 per-
cent of the total cost. 7

The lowest—cost procurement option is the ARM/STPSS combination,
but the all-STPSS'option is within 10 percent of the AEM/STPSS cost.
Given the uncertainties of the various spacecrait designs used in this
study, we consider program options having costs within 10 percent of
each other as indistinguishable. Consequently, for the nominal case,
both the AEM/STPSS and all-STPSS cases are preferred alternatives.
The all-MMS case is not a good option for the Space Test Program mis-
sions, because it offers more capability than is needed by most of the

payloads, and that capability must be paid for.

PAYLOAD VARTATIONS

. - Those tesults can be considered valid only if they obtain for con-
ditions other than those established somewhat arbitrarily. To test
‘their sensitivity to the original assumptions, several other cases were
‘examined: (l) the maximui number of péyioads per épacecréft was in~ -
bdfeased»frOm 6 to 13; (2) the number of payloads in the program was
allowedvto range from 92 to 228; (3) the IUS was used as a kick stage

for missions with large payload weights and high altitude requirements;

(4) the percentage of shuttle costs prorated to Space Test Prograﬁ‘?ayg"

loads was varied from 0 to 100 percent; {(5) criteria other than weight

e Ay A ks coraptrae AL
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were used for allocating shuttle cost; (6) shuttle cost was increased
from $15.4 to $30 million; and (7) lower development cost was assumed
for the STPSS to reflect the elimination of the qualification test model.
0f the abeve cases, maximum payloads per spacecraft, payloads in the
Space Test Program, allocation criteria for launch costs, and shuttle
cost were found to be the most important in terms of program costs.

The variation of total program cost with mazimum payloéds per
spacecraft is illustrated in Fig. 3. As the maximum increases, the
redﬁztion in program cost for the all-MMS case is much larger than for

any of the other options. This is partly because of the large payload

30
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Fig. 3—Effect of the maximum number of payloads
per spacecraft (nominal cqse) '

capability of the MMS. The rgsult is that the ability to distinguish

betwzen the procurement options on the basis of cost disappears when

the maximum number of payloads increases above 10. Hbﬁever, the total

program cost is about 30 percent lower than in the nominal case (maxi-
mum number of payloads = 6) when the number of payloads is allowed to
inerease to 13. We have found that to be true across a wide number of

.e¥cursions. .
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It should be noted here that assuming a maximum number of pay-
loads per spacecraft of 13 results in ap average number of payloads
per spacecraft of only 5 to 8, depending on the procurement option.
The largest benefit is from orbits 1 and ? where the majority of Space
Test Program payloads occurs. To illustrate that, Fig. 4 presents a
detailed breakdown of the distribution of the actual maximum number of
payloads per spacecraft by orbit for the all-STPSS procurement option.
For orbit 1-S, for example, if the assumed maximum number of payloads

per spacecraft is allowed to increase from 6 to 13, the actual maximum

aumber of payloads assigned to a spacecraft increases from 5 to 10.

The difference between the actual number of payloads assigned to a space-
craft and the upper limit occurs in all orbits because of the limited
number of payloads in each orbit. In orbit 1~8, for example, the mis~

sion model includes only 20 payloads, which were distributed evenly

. between two spacecraft when the assumed maximum number of payloads per

spacecraft was increased to 10. Consequently, the average number of
payloads per spacecraft for a given procurement option does not increase
substantially ag a result of allowing the assumed maximum number of pay-
loads per spacecraft to increase from 6 to 13.

The main difficulty associated with increasing the number of pay-

loads per spacecraft lies in the payload-integration area. Although

" the specific performance limits of each spacecraft were imposed while

allocating payloads, payload;integratiqn problems and costs were not
explicitly examined. Based on the saving in program costs identified
as a result of increasing the maximum nuﬁbar of payloads per spacecraft,
it appears that a sysﬁeﬁatic study of the payload integration problems
and costs would be useful.

Figure 5 illustrates the variation in program cost as a function
of Space Test Program size. Here program size was doubled to a total
of 228 payloads to see if economies of scale might pfeferentially»bene-

fit the MMS and thereby alter the ordering of the. procurement options.

While 13 payloads are never allocated to a spacecraft in the
example shown in Fig. 4, this is not the case for other procurement
options, especially those 1ncludlng the MMS.
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As shown, no such effect was found. The ordering of the various pro-
curement options remained unchanged, whereas the program cost increased

nearly linearly.

LAUNCH COST VARTATIONS

Table 11 -displays program costs for the nominal case where the
shuttle launch cost is assumed to be $15.4 million prorated among users
on the basis of payload weight. Excursions were performed to test the

sensitivity of the rank ordering of program costs to shuttle launch

cost and the procedure adopted for allocating shuttle costs among users..

The results of the variations considered are also shown im Table 1l:
For ease in reading the table, all costs more than 10 percent above the
lowest cpsﬁ in each row are ep;lésed in parentheses—-all other costs
are considered to be essentizlly the same.

In looking at the other cases it is clear that incrgasingrthe
shuttle cost to $30 wmililion per.ladnéh has no effect on relative re—
sults, although the magmitude of program costs increases about 15 per—
cent. Assuming that Space Test.Pnogram paquads:get a free ride on

the shuttle and pay only a service charge of $1 million per launch

does not change the conclusions either. The STPSS looks slightly worse
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Table 11

EFFECT OF SHUTTLE COST AND TARIFF SCHEDULES?

Neo. of Max. No. Program Cest
Payloads | of Payloads ($ millions)
in per
Case Programs | Spacecraft | STPSS | MMS | AEM/STPSS | AEM/MMS
A 114 13 ~ 160 162 157 156
Shuttle cost = 1i4 6 222 (263) 210 (240)
$15.4 million 228 13 244 247 244 240
228 6 373 (418) 342 {392)
114 13 181 | 189 178 183
Shuttle cost = 114 6 249 i (306) 237 (279)
$30 million 228 13 279 290 279 284
228 6 424 | (489) 391 (461)
114 13 139 | 135 136 129
Service charge 114 6 195 (220) 183 201
of $1 willion only 228 13 209 204 209 196
: 228 : 6 ‘ 322 {347) 293 (323)
114 13 202 204 199 198)
. 114 6 297 | (342) 286 (321
NASA tariff 228 13 | 315 | 316 333 321
228 6 514 1§ (558) 490 538
114 13 161 (181) 156 (173)
Modified 114 6 226 271 210 (258)
NASA tariff 228 ) 13 244 (267) 240 (265)
228 6 (376) | (454) 339 (432)

%For a given row, program costs within 10 percent af the lowest value are
not in parentheses. : -

and the AEM/MMS élightlj better, but the only définite conclusion is
still that the MMS is not aﬁtractive when the maximum number of pay-
loads per spacecraft is 6. ' _
The effect of two different NASA—proposed tariff schedules is also
shown. In the case called NASA tartﬁf, where 1aunch cost is allocated
on a basis of payload length and weight, altltude, and orbital 1nc11na—:
tion, relative costs are unchanged from the first two cases. Adaptation
of a more racent tariff schedule, madified;NASA tqriff,_altered these -
raesults someWhat' both the pure MMS and the AEM/MMS options have reiar

txvely higher program costs because the average length of the spacecraft-

payload comblnatlons for these options is- ‘greater than for the options.
using the STPSS.
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The implications of the foregoing analysis for spacecraft selec-
tion that has included the AEM, STPSS, and MMS, may be summarized as

follows:

1. When the upper limit on the number of payloads that can he
assigned to a spacecraft is 10 or more, program costs are
ésseqtially the same in all cases.

2. When the number of payloads pér spacecraft is limited to 6,
the STPSS and AEM/STPSS offer lowest program costs in vir-
tually all cases.

3. When shuttle charges are determined largely by payload length
as is the case when the modified NASA shuttle tariff is used,
the AEM/STPSS combination has the lowest program cost.

4., Given the stipulated AEM, STPSS, and MMS capabilities, the
uncertainties in the Alr Force Space Test Program mission
model, and the uncertainties in the shuttle tariff schedule,
none of the alternatives corisidered offers a clear-cut ad-
vantage over the others, although those options that include

the STPSS are generally preferred.

UPGRADED ARM

As an additional excursion, the possibility of modifying some

spacecraft designs to give them greater capability was considered.
Specific modifications considered include: increasing‘the STPSS pay-
load capability to 1500 1lb; increasing the AEM payload capability to
300 1b; and changing the AEM capability to allow sun orientation and/or
geosynchronous altitude operation. Of these, only the last promised a
sizable impact on program cost because of the increased number of Space
Test: Program péyloads that could be captured (frdm 22 to 72 percent).
To obtain a firSt—order'apprcximation of the cost of an AEM haviag such
é cépability,'the.cost of the STPSS cold-gas reaction control system
was added to the cost of the basic AEM. Such a iééction control system
~would be needgd fox.the_AEM to operate at geosynchronous altitude.  This

o . - : Lo T 3
configuration is referred to henceforth as the upgraded. AEM.

% o
“We have assumed that the upgraded AEM is limited to a payload of
150 1b, a data rate of 8 kbps, experimental power of 40-50 W and no
‘encryption capability--the same as the basic AEM.

£ .
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Table 12

EFFECT OF THE UPGRADED AEM?

No. of Max. No. Program Cost (S5 millions)
Payloads | .of Payloads : -
in per ! ' : Upgraded- | Upgraded-
Case Program | Spacecraft | STPSS | MMS | AEM/STPSS | AEM/MMS| AEM/STPSS | AEM/MMS
114 13 (160} | (162) (157) (158) (148) 99
Nominal 114 6 (222) | (263) (210) (240) (172) 146
228 i3 (244) | (247) (244) (240) (233) 175
228 6 {373) | (418) (342) (392) 298 294
Increased esti- 114 13 (160) | (162) | (15N (156) (173) 121
mates of 114 [ (222) | {263) {210) (240) (215) 183
upgraded AEM 228 13 244 247 244 240 (281) 231
" gost o 228 6 373 (418) 342 (392) 368 371

ZFor a given fow, program costs within 10 percent of the lowest value are not in parentheses.

Table 12 compares the cost of upgraded AEM/STPSS and upgraded
AEM/MMS combinations with those considered in the previous nominal
case. In that excursion the upgraded AEM/MMS combination appeared to
have program cousts more than 20 percent below those of the other pro-
curement options. The principal reasons for this are: (1) with the
additibnal performance capabilities, the relatively low-cost upgraded
AEM ig a substitute for the more expensive STPSS on nearly all missions,
and (2) when the upgraded AEM is uséd in combination with the MMS, the
nonrecurring cost of the STPSS is not incurred.

To test the sepsitivitj of the above result to the estimated cost
of the upgraded.AEM, nonrecurring cost Was.increased by $10 million
and unit 1 recurring cost was increased from $2.44 million to $4.88
million. - The results, also shown in Table 12, indicate that the up-
graded AEM/MMS combination continues to be the preferred procurement
option.*' Other candidates become competitive only when the program
size is expanded to 228 payloads.

In this last case, an upgraded AEM spacecraft with costs of that

magnitude would probably also have greater paquad,_ppwer;.and-data'_

The use of the modified NASA tariff increases the program cost
~of the MMS and AEM/MMS. options relative to the other options shown in
Table 12, and thereby would not alter this observatiom.
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rate capabilities., PFurthermore, it would probably also be a redundant
design to minimize the single-point failure modes. Because of the
potential value of such a spacecraft it seemed highly desirable that
an upgraded AEM having many of the above charactertsties be designed
and evaluated for use in the Air Force's Space Test Program.

LARGE-DIAMETER SHUTTLE-LAUNCHED AEM (L—-AEM)

Undeér NASA sponsorship the Boeing Company undertock a configura-

tion and cost study for a 5 £t diameter AEM that would be designed for
shuttle launch and would include the capabilities ascribed above to
the vpgraded AEM. Revised Boeing cost estimates (as described in
Appendix A) were used to compute program costs for a variety of pro-
curement options including the L-AEM. Table 13 shows those options
compared with others for the nominal case. Where the L-AEM is used,
all three configurations (baseline, spin, and precision) were con~
sidered; but for the same reasons discussed earlier for the STPSS, the
spin configuration is included 6nly when the mission model includes
228 payloads. -

7 Two procurement options are included that use the MMS but none
that uses the STPSS in combination with the L-AEM. There are two
reasons for this. Firét, the MMS haé been used primarily when its use
would decrease the total number of spacecraft necessary to fly the
designated payloads as a result of its large payload capability (4000
1b): the payload capabilities of the STPSS and L-AFM are identical,

Table 13

EFFECT OF THE L~AEM>-

No. of | Max. Ho. ' Program Cost ($ millfons)

Payloads | of Payloads

in- - per AEH/

Case Program | Spacecraft ) STPSS | MMS -] AEM/STPSS | ARM/MMS | LoAEM | AEM/L-ARM | L=-AEM/MMS | L-AEM/HMS
: 114 13 | 6oy | (62)] cas7y o] (usey |35 | 133 | 139 132
Notinal _ 14 | s |z lesnl (210 (24a0) | 186 181 187 186
228 13 (244) | (247) {244) {240) 198 |. 208 212 195
228 6 (373) ] (418). (342) {392) 306 297 373} 323

{obor fo 114 13 (160) | {i62) 157 156 148 | 146 150- 3
Hiﬁ:::Etnﬁgf“g 114 - el @] 20 | e | 199 f 15 00 | 197
cost - 228 13 (246} [ (2731 (244) {240) | 212 222 223 211
228 6 {373) ] (418) 342 (392) 320 311 {184) 335

For.a given row, program cests within 10 percent of the lowest value are mot in parentheses.

i el




37~

so we always chose the lower-cost L-AEM. Second, consideration of
both the L-AEM and STPSS in a single procurement option would mean
that the nonrecurring cost associated with deﬁelbping both spacecraft
would have to be included in the total program cost.

Table 13 illustrates that all of the procurement options that use
the 1L-AEM are preferred over those made up of the three original space-
craft. In fact, the lowest-cost L-AEM option is about 15-20 percent
less costly than the lowest-cost non-L~AEM option, and that assumes
that the nonrecurring cost of the L-AEM would be paid for by the Air
Force. If the L-AEM is developed by NASA, the L-AEM opticns are even
more attractive.

In Sec. V, the uncertainty surrounding our estimates of the non-
recurring costs of the L-AEM spacecraft configurations was discussed.
The.nominal case in Table 13 inecludes the lower set of estimates, be-—
cause we feel that they more closely reflect the nonrecurring costs of
the L-AFM. However, the effect of higher nonrecurring costs for the
L-AEM on the choice of a procurement option has been examined. The
second set of estimates im Table 13 shows that when L-AEM development
cost is increased, the AEM~8TPSS combination is glsco attractive for

some conditions. As mentioned earlier, however, it is not known whether

‘the L-AFM would be developed (if it is developed) by NASA, the Air Force,

or jointly. The L-AEM would probably be suitable for NASA missions as
well as for the Air Force Space Test Program missions used in this an-
alysis., In the case described here, we assume that the Air Force would
underwrite all the nOnreénrring.costs of the L-AEM. If either of the |
other two development alternatives was followed, the attractiveness of
the L-AEM would be enhanced. Consequently, we can eonclude from these
emcursions that development of the L-AEM would be more appropriate for
the Air Force's Space Test Program than the development of the STPSS
and that the use of the L-AEM in combination with the AEM and/or the
MMS wauza constitute alternative cost-effective procurement options.
In our analy51s of the L-AEM spacecraft for Air Force Space Test

"Program missions, we found that the L—AEM—BL configuration was able to

accommodate only 28 percent of the mlsslons, primarily because of




"not affect the cost of the L—AEMHBL.:
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limitations on its maximum operating altitude and ovientation. Conse-

quently, in the L-AEM pfocurement options we have substituted the more

expensive and more versatile L-AEM-P configuration when the L-AEM-BL

configuration would have been adequate except for those limitationms.

To evaluate the effect of increasing the capability of the L-AEM-BL

configuration to allow geosynchronous altitude and sun-oriented oper-

ations we have increased the cost of the L-AEM-BL to allow for an in-

crease in size of the hydrazine reaction control system.* Options }€ N
containing this configuration are labeled L-AEM-1.

Table 14 compares the four procurement options based on the L-AEM,
with four options based on the L-AEM-1 design. As expected, the pro-
gram costs for the procurement options based on the L-AEM-1 design are
lower than those based on the L-AEM design; but, given the accuracy of
the spacecraft designs and cost-estimating procedures, most of the
options are comparable. This means that giving the L-AEM-BL more capa-
bility ig worthuhile but not essential in deciding on the procurement

option for conducting the Air Force Space Test Program missions.

Table 14

EFFECT OF UPGRADING THE L-AEMZ

(L-AEM-1)
Program Cost (§ millions)
No. of Max. No.
Payloads | of Payload AR/ AEM/
in per . | am/ | L-ARM/| L-ARM/ AEM/1 | L-ABM-1/| L-AEM-~1/
Case Program | Spacecraft | L-AEM} L-AEM| MMS MMS L-AEM-1| L-AEM-1- MMS - MM
114 13 135 133 139 132 130 127 135 12%
Nominal 114 6 185 181 187 186 174 7 177 178
228 13 198 208 | (212) 199 190 200 (211) 194
228 6 ] (306)| 297 | (373) | (323) 292 276 {365) (315)

%For a given row, program costs within 10 percent of the lownst value are not in paraptheses.

Earlier in this section, it was shown that an upgraded AEM in

combination with the MMS provided the lowest total program cost. The

N Ir is assumed that the additional sun sensor required for sun ES
orientation would be part of the payload package and therefore would e
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upgraded AEM differs from the L~AEM in that it has the payload, data
rate, and power limitations of the original AEM; L-AFM capability is
greater in all of these areas. Table 15 displays a comparison of the
program casts for the four procurement options derived from the L-AEM
and the two options using the upgraded AEM. Again, the upgraded AEM/MMS
procurement option is the preferred solution (as indicated by the
parentheses), but by less of a cost margin than before. This result.
occurs for the same reasons as stated earlier (p. 36), except in this

case the L-AEM spacecraft is displaced by the cheaper upgraded AEM

Table 15

COMPARISON OF THE L-AEM AND UPGRADED AEM®

. . Program Cost ($ millions)
No. of Max. No.
Payloads | of Payloads AEM/
in per AEM/ | L-AEM/| L-AEM/ | Upgraded- | Upgraded-
Case Program | Spacecraft | L-AEM | L-AEM | MMS MHS AEM/STPSS | AEM/MMS
114 13 (135) | (333) | (139) | (132) (148) 99
114 6 (185) | (181) | (187) {. (186) (172) 146
Nominal 228 13 (198) | (208) | ¢212) | C139) (233) 175
228 6 3006 297 (373 322 298 294
114 13 (135) | {135) | (139) (134) (167 113
With AEM 114 6 - 185 186 187 (196) (209) 175
redundancy 228 13 198 217 212 217 (275) (224)
228 6 306 318 | (373) 337 (363) (369)

) 'a'For a .given £oW, program costs within 10 percent of the lowest value are 7ot in
parentheses. - :

rather than the STPSS. However, the limited capability of the up-
graded AEM, i.e., 50 W of power and a maximum payload of 150 1b, makes
this conclusion somewhat ténuous in view of the uncertainty associated
with Air Force Space Test Program missions for the 1980 to 1990 period.
Any major growth in payload power or weight requirements would mean
prbcurementAof more MMS and fewer upgraded AEM; that would quicklyAdeF
crease any total program cost advantage that tﬁe option might have.
' To illustrate this, threé‘to fbur'additionalVMMS-in-thé'upgraded AEM/MMS

option would eliminate the difference in program cost between the pure

L-AEM option and the upgraded AEM/MMS option for the nominal case.

-
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In addition, one of the current Air Force requirements of new
spacecraft is to minimize single-point failure modes in the spaceecraft
design. As indicated in Appendix I, that was one of the specifications
for the L-AEM design and has been accounted for in its recurring cost.
To illustrate the effect on program cost of increasing AEM redundancy
so¢ that the L-AEM and the upgraded AFM options will be more comparable,
an excursion was made in which it was assumed that whenever an AEM ox
upgraded AEM is included in an option, two spacecraft would be flown
in the same shuttle.* The results are shown in Table 15. It can be seen
that for the case of 114 payloads and 6 payloads per spacecraft, several
~-L~AEM options are within the lower 10 percent cost categofy; for a mis-

sion model with 228 payloads, the L-AEM options are clearly preferred
over the upgraded AEM/MMS option.

Considering that the program cost advantage indicated for the up-
graded AFM/MMS option over the L-AEM option could be lost in either of
the two ways mentioned above, i.e., by growth in the power and/or weight
requirements of the Air Force Space Test Program mission model, ar by
spacecraft desipgn requirement for minimizing single-point failure modes,
we eonclude that the L-AEM spacecraft, or some very similar design,
would provide a basis for minimizing the Air Force Space Test Program
cogts. The L-AEM could be used individually or in combination with the
AFM and/or the MMS. This coneclusion is reinforced by the analysis of
a variety of procurement options that comnsidered the uncertainties in
. the spacecraft costs and designs, the Air Force Space Test'Prograﬁ
mission wmodel, and the shuttle cost and tariff schedule.

The procurement results for the nominal case that include the
L-AFM are shown in Table 16. A comparison'of these options indicates ’
that the L-AEM-P configuration comprises about 75 percent of the buy,
with the balance being shared by the AEM, L-AEM-BL, and/or MMS; the

L-AFM-S is never used in the nominal program.

%* : . R . -

"This idea was suggested by Boeing as a way of achieving the de-
sired level of redundancy without redesigning the entire spacecraft.
Physically it is possible to have two AEM spacecraft side by side

- within: the envelope of the L-AEM.




VNASA tariff rate is not used.,
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Table 16

PROCUREMENT RESULTS USING L-AEM

(Nominal case)

‘ Number of Spacecraft
Spacecraft :
Type L-AEM | AEM/L-AEM | L—~AEM/MMS | AEM/L~AEM/MMS
AEM-AF e 1 S - 1
3 4
L—-AEM-S L ——- - ) i
L-ARM-BL | 4 3 7 — -
6 3 6
L-ARM-P | -2 132 - 0~ 10
' ' 13 18 18 18
WS _ L & 3 -
— 2
Total 16 _ 16 14. 14_ -~
24 . 24 < 28| 24
13 . v '
HOTE: 6 | maximum number of paquads/spacecraft.

The distribution of the program cost of the pure L-AEM procurement

option is illustrated in Fig. 6. About $134 million is spent procurlng

spacecraft and solid rocket kick stages. The launch costs are shown for
both WIR and ETR. For the ‘EIR launches, the launch costs: are very sim—
ilar for the three allocatlon sdhemes. However, the orlglnal NASA tariff

rate that is a fanctlon of spacecraft payload weight and length altl—

- tude, and orbltal inclination imposes & dlsproportlonally hlgh cost on

WIR launches. For the $15.4 million shuttle case, the WIR launch costs

exceed $100 mllllon. The most 51gn1f1cant factor is the orblt inclina-: .

o tlon.' The use of the modlfled NASA,tarlff rate redresses thlS drastlc

cost imbalance. The variation in shuttle cost con51dered in thlS study

- - does not appear to.greatly. alter: the launch costs, prov1dlng the earller'J='“

-
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COST LAUNCH COSTS .
{Millions of
Dollars 100% PRORATED
- [ wasa TARIFF

L MODIFIED NASA TARIFF

NOMINAL CASE: 114 PAYLOADS
6 MAX. PLISC

w B B 8 B
B

N N

v — . - e o - 2 [e——
- SPACECRAFT 415 4 mitlion $30 Million  $15.4 Million 30 Million

SHUTTLE SHUTTLE, «_SHUTTLE SHUTTLE ,
WESTERN TEST RANGE LAUNCH EASTERN TEST RANGE LAUNCH
COSTS COSTS

Fig. 76—-Disfribuﬁon of program costs
(L~AEM option)
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VII. CONCLUSIONS

Four major conclusions have been drawn from this study. First,
program cost does not provide a basis for choosing among the AEM,
STPSS, and MMS spacecraft given their present designs. Ouly when the
modified NASA tariff schedule was used for allocating the shuttle
launch cost did the STPSS options become preferred; with the uncertainty
in the appropriateness of this tariff schedule, this case does not pro-~
vide sufficient basis for recommending the STPSS development.

Second, the availability of the L-AEM spacecraft, or some very
sitmilar design, would provide a basis for minimizing the cost of the
__Air Force's Space Test Program. The L-AEM could be used individually
or in combination with the AEM and/or MMS as the missions require.

The upgraded AEM options, although having program costs similar to the
L~-ABM options, provide less capability for handling growth in the Space
Test Program mission model,

‘Third, the program costs are very sensiitive to the mamimum wnumber
of payloads flown per spacecraft. An increase from 6 to 13 in the max-
imum number of payloads per spacecraft would result in about a 30 per-
cent’ lower progfam cost; the major portion of this savings occurs by
-increasing the maximum number of payloads to 10. An analysis of this
potential should be undertaken.

Fourth, launch costs, as determived by a varzety of’fbrmulas, gen—
erally did not affect the preférred procurement option, although they
substantially change the total program costs. The modified NASA shuttle
tariff rate structure considered duriug the second phase of the study
.corrects.fhe drastic“cost imbalance that the original'NASA tariff im-

posed on Air Force 1eunches from the Western Test Range. Secondary pay-'

" ‘load status, an underlylng assumption for the Air Force's Space Test Pro-'

gram, is not yet accounted for-in any of the NASA tariff rate structures

. for the shut:tle Incorporation of the concept of a seconda::y payload

could reduce the total program costs presented in. thlS report, but it

probably would not affect the spacecraft procurement declslon.
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Appendix A

ESTIMATES OF COST

Spacecraft traditionally have been very expensive to produce be-
cause of stringent weight and performance requirements, heavy emphasis
on reliability, and small production quantities. Various parametric
cost-estimating models have been developed from experience over the
past 15 or so years, and those wmodels reproduce the cost of the tra-
ditionai spacecraft with acceptable accuracy. Initially, it was
thought that such a model could be used to estimate the costs of the
AFRM, L-AEM, STPSS, and MMS. Such a model would have insured cost~
comparability among them, perhaps at the sacrifice of absolute accuracy
in some instances.

It developed, however, that models based on 15 years of spacecraft
data estimate costs that are higher than those experienced in the Air
Force Space Test Program and those in the AEM contract. The SAMSO cost
model, for example, estimates the nonrecurring and recurring cost of
HCOMM at gbout $14 million, mainly for development; Boeing's ceiling
estimate was approximately $5 million, and at the time of the Rand
study it did not appear that the ceiling would be exceeded. At the
same time, GSFC was estimating a unit cost of under $10 millioa for
MMS compared to the SAMSO.model's estimate of zbout $19 miilion. The
GEFC estimate was based on some hardware development; component costs
were based on vendor quotes and analogy with known costs.

At hoth ends of the spectrum, then, costs were known to a reason-
able degree of accuracy. The problem was to ensure relative accuracy
between the AEM and MMS and to estimate L-AEM and STPSS costs thﬁt
would reflect their relative complexity. The decision was made to
develop.a cost model based on a combination of AEM costs and tradi-
tional scaling curves. That would assume implicitly that if Boeing
Cbuld.ﬁroduce.an-AEM for azbout §2 million, all spacecraft manufacturers

coitld be equally efficient in producing larger spacecraft based on &

~ philosophy of low cost,, use of flight-proven componeunts, etc.

Ny
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Cost-estimating equations for spacecraft subsystems are typically

of the type
b c
Y = aX or Y =a + bX
where Y = cost, and’
X = weight or other subsystem characteristic. .

In the SAMSO model, for examp;e,.the cost of the attitude control
system is given by

ACS cost in thousands of 1974 § = 14.72 (ACS dry weight)*>C

In deﬁeloping'o model for'this study the b-value, 0.90, was used with
. %
an a-value based on AEM. That procedure gave the fnllowmng equations

(all these costs are in thousands of 1976 dollars):

4.8 (we:i.'ght)'74
.84

. Structure, thermal control, interstage

B!

Electrical power system 5. 65 (weight)

It

Altitude control system 14.7 (waight)'

Communications and data handling. 25.4 (waight)'g

“In addltlon, Lhe costs of system test and 1ntegratlon, program
- management, quallty assurance, rellablllty, euc., must be 1nc1uded
and they add about anothetr 50 percent to the total. On top of that -
are the. costs. of spec1al components, such as tape recorders hydra21ne
tanks, and =olar panels not 1ncluded in the basic configuratlon. '

Component costs, even those of exlstlng, fllghi—proven components,
 vary considerably and add. another measure of uncevtalnty to-. the total. '
~ Vendor quotes, for example, can vary by wmore than an order of magnltune.7' :
. As’ shown below, the ‘Tange of blds for a PCM encoder was - from.$21 400

:to $611 000 1n that same case the secondulowest bld Was $414200. Also,f

It may be noted that the ACS: estlmatlng equation is- essentialmy
theé same as the one cited above for the SAMSO model. Apparently in-~
flation effects have been offset by factors such as a low-cost design

. approach and the cost—quantlty effect.“;m” L




there is more a function of production rate tham quantity.
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RANGE OF BIDS

Range

Item {$ thousands)| Ratio

_S-band transmitter 29.1-39.8 1:1.37

Magnetometers 17.7-25.7 1:1.45

Rocket motor assembly 21.2-3%.8 1:1.50

Louvers - ' 9.6-28.1 1:2.93
Command decoder and

remote command processor 62.3-1188.0 | 1.:19.1

PCYM encoder 21.4-611.0 }.1:28.6

!

component price is highly dependent on quantity procured, i.e., the

The

table below shows what may be an extreme case, but it illustrates a

quahtity ordered at one time, not the total quantity over time,

point on which vendors agree-—six S~band transponders bought ome at

‘a time will cost substantially more than six procured in one buy.

INFLUENCE OF SIZE OF BUY ON COST

'} Unit Price | Cost-Reduction
Buy. ($) (%)
1 306,000 c
2 | 294,000 3.9
3 267,000 12.7
4 ) 227,000 25.8

-The same principle obtains at the system level, but the cost -

A mann-

_ facturer may have a flxed, sustalnlng cost -of, say, $1 mllllon per .

‘5year whether he bullds one spacecraft or four.

The hypothatlcal ex—

ample below illustrates the effect of rate in such a situation.

Sustaining Cost

Annual Rate per Spacecraft
1 1,000,000
2 500,000
3 333,333

P T T Co
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The equation used to adjust recurring costs for quantity effects was:

£=.8+1.97 0"

where £ = adjustment factor applied to cost
‘total number of spacecraft procured

1 if o = 10.

B
nn

Kl

Cost—Estimating Equations

Ll M;_;;WAEM“L L;Cqmu1ative cost .2;28-nf(f);

STPSS .
.- Spin. = 2.866 .f q + 1.743-f1 nl'
Low-cost = 2,866 fn 4+ 2.812 f2 o,
= 2.866 £ n + 3.995 £3-n3

~ 7" Precision
where n = number of core modules -

= .pumber of spin queLs

!
1l

B
S
I

number of low-cost modﬁles

It

nunber of precision modules.
MMS _
Regular: Cumulative cost = 8.965'nl'f
ogPS-T .  =9.350n, £

Calculation of £ includes 20 MMS prbcu:ed by
. NASA over 10-year period. . - o

L-AEM -

.Baée}ine; Cumulative cqst:=_4,815 ni-f;_ :
.ﬁéécision" .. = 5,678 né £

Spin - o o _;n3.796;n3_£¢ﬁ__

The remainder of Appendix A consists of tables shdwingIEStimated

procurement options.

‘10-year program costs of spacecraft and shuttle launches for va:ibﬁé,:;3



49~

- Table A-1
SPACECRAFT COSTS——~NOMINAL CASE

($ millions)

1000 n mi
Earth only

Maximum AEM and L-AEM~BL altitude
_AEM and L-AEM~BL orientation

nn

Payloads 114 228

Payloads/spacecraft 13 | 8 13 6.

Spacecraft Type ' Cost

ARM o 2.3 T heB 11,4 16.0
STPSS ' '
Nonreseurring 22.9 22,9 26.9 26.9
Spin —— - 26,2 40.5
‘Low-cost . 1 - 57.1 | 90.7 67.8 110.9
Precision | 35.0 34.3 - 41.8 47.5

Total 117 185 | 174 | 242

AEM o 2 1| 114 20.5
MMS 108 2.5 155.6 251.1
S 1 A ca1r ) oave | 1e7 | 272

STPS3
Nonrecurring 22.9 22.9 26.9 26.9
Spim ' - == | 20:0 | 41,6
Low~cost ' 62.5 | .109.6 | 88.4 150.1
Precision . 34.5 34,2 | 43.6 52.1

Total : 120 167 179 271
ws 0 |11y 190 | 176 | 207

L-ARM _ -
Nonrecurring -~ | 9.8 . . 9.8 1.3 11.3
Spin - S R - 14.3 | . 311
Precision : 86.9 123:9 108.9 168.3

- Total: ©op 97 | 134} 135 211

L-AEM - :
Nonrecurring 11.9 11.9 14.5 14,5
- Baseline . - | .20.4- [.:-29.6 . 19.0 |- 31,4
Spin . : - I 15.20 | 32,4
Precision e 29.5 - - 28.7 |- 33.1 | 36.5 .
STESS L . . |
* Nonrecurring - - 18.4 7| 18.4 | . 1B.4 |- 18,4
Low-cost 41.5 | 73 63.5 | 106.2

Toral 122 | 162 | 164 | 239

S R ekl B T o i et
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Table A-1 (Cont.)
‘Payloads 114 228
Payloads/spacecraft i3 6 13 6
Spécécraft Type Cost
L-AEM
" Nonrecurring . o 11.9 11.9 14.5 14.5
Baseline 18.7 26.8 17.9 '29.8
Spin —— — 14.3 31.0
~ Precision 65.1 93.4 88.2 133.7
“Total 96 132 135 209
AEM 2.3 6.9 11.4 16.0
‘Nonrecurring 11.9 11.9 14.5 14.5
Baseline 14.2 13.6 4.5 4.3
Spin -~ | - 21.5 | 313
Precision 65.8 94,4 88.8 - | .135.3
Total 94 127 141 201
L-AEM . SRR . o
Nonrecurring 9.8 11.9 11.3 11.3
Baseline —_ 26.8 - -
Spin _ — - 3.8 10.8
Précision 58.5 93.4 76.6 104.1
MMS 33.7 _— 58.5 142.5
Total 102 132 150 269
ARM - 2.3. 9.1 11.4 20.5
L-AEM
Nonrecurring 2.8 9.8 31.3 11i.3
Spin — - 3.8 10.8
- Precision - 58:5 | "96.2- | 76.6 104.1.
MM53   ' 25.5 16.5 | -34.3 80.4
~ Total 96 - 132 .; 137 227
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Table A-2

SPACECRAFT COSTS WITH ADDED CAPABILITIES:
UPGRADED AEM AND L-AEM-1

(8 millions)

Maximum AEM and L-ABM-BL altitude = Geosynchronous

ABM- and L-AEM-BL orieatation = Earth and sun .
Payloads - 114 228
Payloads/spacecratt | 13 & 13 6

fSPadecfaft Typé - R Cast '

AEM 17.1 33.0 37.8 | 59.5

STPSS
Nonrecurring. 22.9 | 22,9 26.9 26.9
Spin ) - C— 31.6 27.2
Low-cost 32.3 32.5 25.3 44.7
Precision 38.2 . 3B.4 |- 45.1 53.0

Total . 111 127 167 211
AEM ' 12.2 26.7 46.1 66.6
s 56.1 73.4 65.4 127.6

Tatal 68 - 100 112 194
L-AEM ' .

Ronrecurring .s 11.9 14.5 14,5
Baseline 52.2 85.3 67.6 115.8
Spin . - - 14.3 31.0
Precision C27.3 7 25.9 31.1 34,7
Total 91 123 128 196
AEM 2.3 6.9 11.4 16.0
L-AEM ' _ o - .
Nonrecurring 11.9 11.9 4.5 14.5
Baseline o &7.5 72.7 54.6 91.2 _ :

-'Spin - -_ | - 21.6- 31.3 g
Precision 27.4 26.2 31.3 3i5.l

Total 89 118 133 188

E-ARM : . S .
Nonrecurring 11.8 11.9 14.5 14.5
Baseline: 35.5 85.1 52,2 72.5
Spin - o 3.8 10.8

. Precisiomn . 7.5 . 25.9 2L.0 26.9

MMS - _ 33.7 | . - 58,5 | 142.5

Total | 99 123 150 | 267
AEM | 2.3 9.1 | 1i.4 20.5
L-AEM - 0 o o R N A N

Nonrecurring 11.9 1.9 14.5 |- 14.5
Baseline 35.5 60.3 52.3 72.5
Spin - - 3.8 10.8
. Precision _ 17.5 27.1 16.4 20.8
CMMS 255 [ 163 | - 3430 | BOLA

Total 93 - | 1zs 133 | 220

L-ARM
Nonrecutrring .. - 9.8 | = 8.1 1l.3 A3 e
Spin - g 6.3 | 3L
Precision 86.9 123.9 108.9 168.3
. Total | e 134 135 211




- 5.2_.

Table A-3
LAUNCH COSTS——NOMINAL CASE
($ m:f_lllons)

Maximum AEM and L-AEM-BL altitude.
AEM and L~AEM~BL orientation’

1000 n mi
Farth only

rwnn

Space ‘shuttle cost/launch $15.4 million
Rick stages Solid rockets
- Payloads, - L o 114 . © 228
Payloads/spacecraft 13 & ) 13 6
100% weight attribution _ :
AEM/STPSS | 37 51 |. 65 | 93
AEM/MMS ’ 41 | 63 68 111
STPSS 37 51 60 94
MMS 41 67 65 112
L-AEM o 1 38 50 | 58 § 90
 ARM/T~AEM - : . 36 50 B2 a0 -
1~AEM/MMS 34 51 57 96
ATM/T~AEN/MRIS 33 50 57 89
SGZ weight. attribution : : F R
A¥M/STPSS - 26 S 37 | 48 - BY
AEM/MMS 27 44 46 77
STPSS - 26 38 42 68
MMS 28 46 43 77
L-AEM . 26 37 . 42 1 66
AEM/L-AEM 26 | 37 | 46 67
. L-AEM/MMS 24 37 | 3% 68
APM/L~AEM/MMS 24 . 37 41 66
Service charge - 1 : 1
AEM/STPSS ' ' 16 24 30 44
AEM/MMS 14 24 24 42
STPSS 16 24 25 43
MMS 14 24 22 41
L-ATM: - . 16 24 1 25 ] 43
AFM/L-AEM 16 24 29 44
L-AFM/MNMS 14 24 22 41
ABM/L-AEM/MMS ] 14 24 24 42
MSA tariff : S : . :
AFM/STPSS 79 127 | 157 241
AEM/MMS : 83 | 144 149 258
STPSS 79 126 131 - | 235
s - . - | .83~ 246 | 134 | 252
T~AEM - - ] B85 | 134 T142 - | 247
AEM/L-AEM 85" 133, 167 254
L~AEM/MMS . 78 134 129 252
AEM/L~-ARM/MMS . 77 133 | 341 242
Modiffed NASA tarife® |7 S B o
AEM/STPSS : 35 47 | 61 ! 87
AEM/MMS 60 -90 -} 97 i 158
. STPSS ' 34 ‘46 | 55 «° 84
MMs: o0 0 oo e f 97 b 920 k163
L-AEM o 38 51 | 76 92
- ARM/[T-AEM o4k | 49 |76 ] 99
- L=AEM/MHMS ‘ 42 sy | 7 |92
AB{/L—AEM/}MS . |38 | 53 | 66 | 95 . ..

Assumes that whenever possible, the spacecraft and its
kick stages will be oriented perpendicular to the shuttle
axis.
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Table A-4

- LAUNCH COSTS FOR UPGRADED AEM
($ millions)

Geosynchronous
Earth and sun
$15.4 million
Solid rockets .

Maximum AEM altitude-

AFM orientation

Space shuttle cost/launch
Kick stages

S | T S O

1?ayloads | 114 228

Payloads/spacecraft 13 | 6 | 13 | 6
100% weiglit attribution | o ,

AEM/STPSS ' 34 42 61 81

ARM/WMS 29 | 43 | 59 93
50% weight attribution |

AEM/STPSS 25 33 | 47 | &3

ARMAMS 21 { 3L | &3 | 70
Service charge

AEM/STPSS 17- 24 | 32 | 46
CAEM/MMS . 0 b 120720 28 44
NASA tariff .

AFM/STPSS 86 126 . 168 249

AEM/MMS" _ - : 65 109 | 152 259
Modified KASA(tariffa ‘ | '

AFM/STPSS ‘ 39 | 50 T4 95

ARM/MRMS .45 64 89 | 139

1

'gﬁssumes that whenever possible, the spacecraft and
its kick stapes will be oriented perpendicular. to the -
shuttle axis.

ot
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Table A-5
LAUNCH COSTS FOR THE L—AEM—l
($ millions)

Maximum L-AEM~BL altitude
L-AEM-BL orientation
Space shuttle cost/launch
Kick stages

Geosynchronous
Earth and sun
515.4 million
Solid rockets

[ I |

‘Payloads B s | 228

Payloads/spacecraft 13 6 13 6
"100% -weight attribution
‘L-AFM 36 £9 57 89
ARM/T-ARM 35 | 49 62 .81
 L-AEM/MMS 33 | 50 56 | 91
AEM/L—AEM/MMS- - 33 49 56 88
507% weight attribution R : :
L-ARM 26 37 4L 66
AEM/L~-AEM 26 36 45 62
L—AEM/MMS 23 37 39 66
AEM/T-AEM/MMS : 24 | 37 40 65
- Bervice charge
1~-AEM | 16 24 25 43
ARM/L-AFM. - | 16 246 1 29 | 42
L-AEM/MMS ' 14 24 22 41
AEM/T-ABM/MMS [ 24 | 24 42
NASA tariff N R
L-AFM 85 133 141 247
" ARM/L-AEM . 85 | 133 | 167 | 246
L-AEM/MMS ' 76 133 128 237
AEM/L-AEM/MMS ' 77 133 141 241
Modified NASA tariffb'. S o SR
L-AFM . 38 1 517} 76 | 92
ABM/1~AEM 44 49 76 90
TeAEM/MMS - | & | 51 |} 71 { 92
AEMYL#AEM/MMS [ -39- 1 54 |- 65~'5*"95-?'

Only the L-AFM-BL conflguratlon is modified to give
it gensynchronous and sun orientatlon capabllity.-

bAssumes that Whenever p0551ble, the spacecraft and
its kick stages will be oriented perpendicular to the
_ shuttle axzs. _
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Appendik.B

POWER_SUBSYSTEM: A COMPARISON OF AEM, STPSS, AND MMS

: ”by :
N. E. Feldman and P. A. CoNine

BASIC DESCRIPTION OF THE AEM(l)

- power for up to a few minutes.

The AEM spacecraft comes in two versioms: both have a standard

28 V power bus, a single 10 Ah rechargeable nickel cadmium (NiCd)

battery, and are powered by two fixed arrays (not sun tracking) with
approximately 23 sq ft of solar cells. (For further details, see

Table B-1.) The solar—cell arrays can provide a peak power of 238 W

 end-of-life. (EOL) when the .sun angle is most favorable. Because the

arrays do not sun track, the average power produced during illumination

- is about 130 W. However, to optimize power output in the orbit planned

for SAGE, the two solar arrays are driven to an angle of *50 deg with
respect to the local horizontal. These motors are showm in the power
subsystem diagram of Fig. B-1. ' '

Up to 50 W ean be provided to the experiment module with a voltage
regulation of 28 V %2 percent. Voltage regulation to the experiments
is relaxed for peak pulse loads above 50 W, e. B+ the regulatlon is re~
laxed to 5 ‘percent when the experiments require a peak pulse load of

120 W.( ) This peak pulse load option is used.on the SAGE vehicle,

Where the,speclflcatlon states that this 120 W load must be handled for

a maximim of & sec. Although the 4 sec time perlod is the speecified

value, the spacecraft may be able to handle thlS amount of experlment
The HCMM vehlcle power budget durlng normal orbital operation,
i.g.,_standby, is:.

Experiment 2 W
Telemetry .. : A W
Attitude control and detarmlnatlon 12w
Power clrcultry : 12 ¥
0¥

Total = 5
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TablejB—l

POWER SYSTEM COMPARISONS

SN AT

Characteristic

Ay

stess®

ot (&)

Volrage level

Array '

Average power during
1llumination
Average power over
low aleitede orbit
Haterial
Resistance )
Size of solar cells
Efficiency
.Covér glass thickness
Total dimensions ~
of array

Total area of array
Array pnuetlftz EOL

Total weight of array
and support structure

Spacecraft power con-
sumption, excluding
dxperriments

Power available for

experiments

Kind of battery

. Battery rating

Battery eopfficient,
© ARSI S

Number of batteries

Depth of dischargeE

' Pouer aﬁailablé

during eclipseB

Weight of battety,
power conditioning
and distributicn

Battery charging
method .

Digsipation of
£Xcess power

28 %4 V de at bus
+2% to experiments

133 &

68 ?

N/P silicon

1 to 3 chm=cm
2x2x0.03 cm
11z

6.mils

Each panel consists of
2 strings x 82 cells
in series % 5 in
parallel * & panels on
each of two nonssSun-
tracking paddles

23.2 sq ft

2b
10.3 W/fr

19.6 1b

~ 50 tosowc

40 to 50 W
Nicd

10 Ah

-0.49
1

14% (BOL) ;

| 16.62 (row)®

46 Whr

~51.11b

‘Across both solar
) arrays in parallel .’

“Shunt resistors™

28 %5 V dc at bus
optional 28 Vv 0.5 ¥
to experiments (+1,8%)

1200 W mnxi

" 500-600 W nominall

N/P silicon

2 ohm~cm

2% 4 x0,036 em
~ 102

6 mils -

Each panel consists of
2 strings of 96 céllg

in series by 3 in
parallel (50 W/panel-EOL
max) up to 24 panels

6 sq ft/panel

.B.J_Wlftz

132 Ib

92-197 W

~ 400 ¥ nominall |

1 Nicd

3% 20 an®

0.38
3
25%

420 Whr

253.3 1b

Séparare control. for:.

- ‘each battery

“Shunt modules™”

850 W uax
. Nictd

Cto 3 X 20 Ahor 1l to3

. synchronous orkic

'3 % 50 4h bateeryd

28 %7 ¥ deP

Yo array on base module

1200 W max, bus racingn

S0 W

2 % 20 Ah boseline or up’
%50 AR

.40

Lto3

25% low enrth orbit; sozf

280 Whe for 2 x 20 Ah
battery ot 1050 Whr for

334 189

7 One pp?ét_regula:iﬁg:uQIE
" for all battcries

Peak poéer trn:ker,s excaess
power 1z left . on the array,.

- there 1g'a 2 to 5°C rise in”

array temperature
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NOTES TQO TABLE B-1

From Refs. 1 and 2:

8This is the average power produced by the stationary array during
illumination. At an optimum sun angle, a maximum of 238 W can be pro-
duced. Assuming a low earth orbit illumination interval of approxi-
mately 60 min, the solar array power output is 7952 Wmin corresponding
to 7952/60, or 133 W. Average power available for the orbit is 68 W,
which can be derived in the following way:

7952 W = min - 68 W
59.1 min + 22:3 min
o 0.75 _
where 59.1 min is the period of illumination and 42.9 min is the period
of occultation during low earth orbit. The factor of 0.75 is the
derived overall battery efficiency.

Prased on maximum array output of 238 W.

“Phe HCMM vehicle, excluding experiments, uses 59 W during a data
pass. The SAGE vehicle uses 47 W to 79 W for the portions of the mis-
sion discussed in the text. The remainder of the power produced during
illumination is used for battery charging.

dFlfty watts could be available for an appreciable fraction of the

orbit, but the orbital average pover that could be made available for
experiments and telemetry of the experimental data is no more than 40 W.
This assumes 68 W orbital average available: 12 W for attitude, 12 W
for power subsystems, and 4 W for housekeeping telemetry.

Depth of dlecharge is glven for the low orblt case, which is the
higher stress one because of the high frequency of occultation. Depth
of discharge for synchronous orbit can be as high as 62 percent.

j:Du*i::l.ng prelaunch, launch, and completion of the acquisition phase,
the depth of battery discharge reaches 61.5 percent (Ref. 1, pp. 1-26).
This is a one-time condition. The AEM requires omnly an 8 Ah battery,
but a space-qualified 10 Ah battery was readily available. It proved
to be more practical to incorporate the standard battery rather than
. to redesign the battery and charging circuits. Thus, the lower depth
of discharge values (0.14 or 0.166 rather than 0.25 as on STPSS and MMS)
reflect overdesign, not high risk, on STPSS or MMS designs.

gCalculated.us:.ng depth .of discharge for lUW'earth orbit.

hIn shunt loads based on battery Ah and temperature ‘monitors.

_From Ref, 3:.
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lRefErence 3, p. 6=1, lists a total nominal orbital average system

- power of 500 W to 600 W, with 400 W for experiments. Page 3-5 of the
same’ véport discusses using up to 24 panels, which would pr0v1de 1200 W
in the three-axis stabilized configuration with sumn tracking arrays.

In the spin stabilized configuration, however, the solar arrays are
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mounted to the six faces of the space vehicle; it should be noted that
not all solar cells are exposed to the sum simultaneocusly on this space-
eraft, therefore, about 1200/m of 382 W are available on this design.

JElectrlcal power consumption of the standard STPSS modules, exclud-
ing experiments, is determined by the stabilization system used: spin-
ning spacecraft, 92 W; three-axis earth reference, 136 W; three-—axis
stellar (and wheels), 183 W; three-axis stellar with hydrazine, 197 W,

kTRW does. not recommend using batteries smaller than 20 Ah for
missions redquiring less than 500 W because the nonrecurring costs
associated with designing a smaller capacity battery and with inter-
face redefinition would increase program cost by about $200K to $300K.
Recurring battery cost savings due to using the smaller battery are not
substantial, since, typlcally, cell hardware contributes only 20 percent
to battery total cost, with the other 80 percent due to test and quality
coutrol requirements. :

2Exdess power generated by the STPSS solar array is shunted into
resistive modules on the surface of the spacecraft and radiated into
space.

From Ref. 4:

m?age 22 says, '28 %7 V de negatlve ground."

nThe. power subsystem can support an orbital average load of 1200 W
in any orbit from 500 to 1665 km and at gecosynchronous altitude. This
ineludes being able to accommodate a peak load of 3 kW for 10 min, day
or night. These determine the peak and average power requirements of
the power regulating unit and batteries. :

“The choice of various numbers of batteries and two sizes allows a
large variation in battery capacities to be chosen to suit i - particular
experiment: 20, 40, 50, 60, 100, or 150 W.

- Pone wost recent spec1f1cat10n calls for a 60 pércent depth of dis—'
charge in synchronous orbit instead of 50 percent

9The baseline power module weighs about 254 1lb, including the case,
louvers,_and all module attachment hardware. The heat sink louvetrs,
which prevent thermal runaway of the switching semiconductors, weigh
12 to 13 1b. The weight of the power subsystem frame or box; i.e.,
without electronics, just structure, is about 54 1lbj; and the attachment

_hardware is about 25 1b.. Thus, the 254 1b power system module, exclud=
" ing thermal and structural elements, weighs about 262 1b. Each 20 Ah

battery weighs about 50 to 53 1b; each 50 Ah battery weighs about 100
to 110 1b. Thus, for the baseline case, the weight of the battery and

power conditioning is about 354 1b; and, for .3 X 50 Ah batteries, the
total weight can be as much as 585 1b. Note that these figures include

some structure but do not include the vehicle harness, i. e., power

dlstrlbutlon,
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TWhile all the batteries are connmected to a single power regulator
unit, the unit has lLeen designed to compensate for loss of a single
cell, or sven an entire battery, without jeopardizing the total power
system.”

- ®NASA Goddard's MMS program office has decided to use a peak power
tracker rather than the separate battery charging modules, plus shunt
modules typically used in direct energy transfer systems. The tracker
works by tracking the peak power point of the solar array. When peak
power is not required, the power regulating unit forces the solar array
operating point to a lower level. Therefore, no excess power is pro-
duced which would have to be dissipated, The peak power tracker lends
itself to simpler interfaces than the direct energy transfer system
with shunt module dissipators. ' '
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The duration of the data pass is 10 min duriﬁg’illumination and 15 min
during occultatmon. The HCMM vehicle power budget during data pass is
roughly as follows:’ : .

%
Experiment : _ . ' 2k W
Telemetry _ 35 W
Attitude control and determination ~:12'W

Power circuitry _ 12 W

‘Total 83 W (10 to 15 mn)

The remalnder of the energy produced durlng lllumlnatlnn is used for
battery charglng and this energy is later useéd by the spacecraft during
eclipse. During the ecllpse, 46 Whr of energy are avallable from the
battery; this is about 75 percent of the energy used 1n.charg1ng the
battery. Examination of the power system performance for the HCMM and
SAGE missions indicates that about half the enexgy out of the arrays

is used for‘battéfy charging. | | |

On the SAGE vehicle, there are some high short~duration loads

(less than 4 sec) from the experiﬁent and from the tape recorder.T
The timing for the experiment module is such that the tape recorder
peak demands and experiment peak demands do not occur at the same time;
the power system is not adequate for this. The telemetry subéystem
requires 18 W-to 21 W, except during tape dump (once per day), ‘when
this subsystem uses 51 W of power (500 sec duration). The total SAGE

power demand during tape dump is:

Standby powetr to experlment - 9 W

Telemetry - S BLTW o
Attitude control and determlnation 6 W
Power circuitry 12w

Total = 88 W (500 sec)

x 0 . : : ol o . L
" Tables of subsystem electriec load demands provided by Boeing show
an HOMM payload total power. consumption of 34 W during a data pass..

However, a total of the entries adds only to '24°W. Either there is an_"

error in a table entry, or else'there-is'a.miStake,ln addition.

One such load is the 120 W pulse option (2 to 4 sec duvation) to
‘the experlments. - The: experlment module, which includes the experiment
and’4 tape recorder, requires only 9 W during standby but can draw a
- maximum pulse power of 117 W durlng acqulsltlon (4 sec duratlcn)

— i - - .-
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' The makimum experiment power for durations of more than a few
seconds is-required by the SAGE experiment (during the track interval),
not the HOMM experiment. The power bresdkdown for the SAGE vehicle for

.

the 180 sec'track interval_duriﬁg data taking is as follows:

Experiment; o 43 W
Telemetry ‘ 9%
- Attitude ¢ontrol and determination 16 W.
Power system circuiltry : 12 W

Total 90 W (180 sec)

The power’ 001sumed by experlments plus telemetry can,be high for short

periods of time, e.g., it is 539 W for 10 to 15 min and 62 W for 3 min.

DESCRIPTION OF STPSSCB) AND COMPARTISON WITH AEM

The STPSS spacecraft also has a 28 V bus, but its voltage regula-

tion is not quite as stringent as the AEM (%5 V rather than %4 V, as

shown in Table B—l}. Additional power regulation equipment (il.s_per-

cent regulation) can be added if the experiments require it (optional),

‘but the associated weight and power loss are not mentioned. The STPSS

spacecraft is equipped with three 20 Ah batteries and up to 24 solar

panels may be used in two arrays. These arrays can provide up to 1200 W

maximum {during 111um1natlon) s+ the three—axls stablllzatlon conflgura—

'tion w1th sun tracklng.' Use of the same 24 panels around a splnnlng

%
spacecraft will generate only about 1200/w, or 380 W. Spacecraft sub-

_systems, excluélng experlments,_requlre approxmmately ]00 to 200-W, de- .

pending on which one of four stabilization techniques 15 used. A bluck
diagram of the STPSS power subsystem is shown in Fig. B-2.

' The STPSS spacecraft can.supply substantlally more power for ex- -
periments than the AEM, i.e., 400 W compared to 40 W, Short-term peak
load data comparable to those avallable for the AEM are not avallable

v'. for the STPSS. Other charactexlstlcs,'shown in Table B-1, are rela—

tively standard.

*
The average power avallable for experlments over an orbltal period ’

‘alse depends On the orbit.
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Fig.. B~2—STPSS standard satellite power. subsystem

DESCRIPTION OF MMS (4) AND COMPARISON WITH STPSS
' The MMS is the largest spacecraft of the three. The MMS base

module does wot include an array and the assumption is made that any
array that is adequate for ‘each payload can be e.as:.ly 1ncorporated. .
Thé MMS power regulatlon system has been designed with an emph351s
on simplified interfaces and substantial redundancy. The spacecraft
- ds désighea-tO"be~able'tO'handle orbital average powers up to 1200 W
(this would require a peak power from the array of 2400 W or more in
o a 1ow altltude earth orbit). Power to the spacecraft loads and the
“ ‘batteries is controlled through a switchlng type of. series regulator-—-"'
the PRU, or ‘power ‘regulat:mg unit. The PRU is designed to adapt to
- power array, 1_e.v_els between 600 and- 36‘_00_'W; q?i;ts:-_-gﬁfficiéi;cy ranges from -
about 0.88 to 0.96. The nominal battery configuration is two of 20 Ah
éac’h. However, one to three batteries w:.th e:;.ther 20 or 50 Ah rat:.ngs

can be accommodated.
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When the MMS is shuttle launched, there should not be a large
- cost impact associated with integration and testing for every new array,
-~ since the shuttle imposes less size ceonstraints and lower stresses
(viEration, acoustic) than previous launchers.
All of the MMS batteries and spacecraft loads are controlled by
a single PRU (see 'Fig. B-3). 'In_. ﬁhe event of a single ba’ttery ce.li'.
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Fig. B-3—MMS block diagram--power subsystem madule

-

failure caused by a short circuit, the PRU can change its. (voltage/
temperature) operat:l.ng poltlt to accomodate the Lower battery term:\_na‘l
voltage; while this will underutilize the undamaged ba.tter:.es. by one
- cell out of 22, 'the. tdﬁal_- energy available will 's;till be uio're.'-tﬁan-_-zi-f
the.bai':tery with the failed cell ﬁ.ere plaée’.d off lina._* In the STPSS,

In the three.—battery case, two cells out of 66 are sacr:.flce.d be—
,cause of the one cell fallure, wh:z.le open circuiting a single battery

sacrif:.ces 21 cells. ' _ .
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each battery has its own charge control unit. The latter is frequently

considered a more reliable system in the event of a 51ng1e point fallure

and has been the system considered preferable by the Air Force. Re-
placement of the MMS power system with one similar to that used on the
STPSS would require a substantial amount of redesign.

The PRU, however, has considerable redundancy: twolpeak power
tracking circuits, two bias supply circuits (bias converters with
‘separate fuses), three control logic circuits, and &ix switching regu-—
lators (each rated for 600 W or 18 A maximum). With little additional
cost or time, it is possible to arrange two regulators in parallel to
supply each of three batteries, with separate logic control for each

palr of regulators. The battery outputs would be diode 1solated from

.the load bus. " These modifications would result ia a battery charglng

syetem‘more analogous to that of the STPSS.
" The unregulated,bus voltage (28 +7 V) was selected to permlt ax-
tractlon of the full Ah rating from the battery, even after several

years of aging when the discharge voltage may have decreased to as low

as 21 V. On the high-side'of‘the voltage range, the batteries require

a maximum of 33.4 V at the terminals under worst case charging condi-~

tions (highest current level and a battery temperature of 0°C). Be-

' cause the PRU has a voltage clamp at 35 V, the tolerance was set at

+7 V for symmetry. The %7 V tolerance requires that the experiments
incorporate a preregulator with a larger dynamic range then would be

requlred for the AFM or STPSS (*4 v and 5 V, respectlvely) The PRU .

'locetes the.peak power polnt by hunting around the equlllbrlum.value

at a 70 Hz rate. The resultant 0.5 V peak— o-peak 70 Hz ripple {at.a

-7 A load) .that the PRU imposes on the bus also must be removed by the

preregulator at the input of each experiment (it is not practical to

-

filter out so low a frequency)

The PRU is a series regulatlng element and thus tends to provlde

 lower efficiency than the conventional shunt regulators, e.g., the
'.;direct'energy'transfer systems used on the AEM and STPSS: At syn—

Phrqnous altltudes, this shows up as about a 5 to 10 percent lower

efficiency for the PRU approarh In addltlon, the PRU approach may
“be" as much ae 10 percent heav1er than the direct energy transfer sys— .

‘tems. In low earth orbits, e.g., altitudes around 300 n mi, it has
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been claimed that an pptimized PRU may provide up to 30 percent more
power than the direct energy transfer systems for arrays with long
thermal time constants (t). This is because the‘array is more effi-
cient at lower temperature when it first comes out of eclipse and the
PRU takes full advantage of this; For an array like Skylab, the thermal
constant is about 20 min. Thus, it takes 60 min (37) to get to 90 per-
cent of the f£inal AT, and this is the whole illumination period. For
lightweight arrays such as the Flexible Rnll.UpfSolar Array (FRUSA);'
the thermal time comstant is only a few minutes and the improvement
over a direct energy transfer system in low earth orbit may be mo more

than 5 to 10 percent.

OVERVIEW

Becanse many ma31mum or average power levels can be defined for

each space vehlcle, Table B~2 summarizes some of the more useful values.
. Shorter~term peak power levels available for experiﬁent packages’may be
1imited by a variety of considerations unrelated to the factors that
dominate in Table B-2. The regulated 28 V *2 percemt power supply for
expefiﬁente oﬁ the AEM, for example, i8 limited to 50 W maximum; how-
ever, the regulator can supply 120 W at 28 V %5 percent for up to 4 sec.
Short-term peak power levels may be limitéd'by the excess output of the
solar'erray, bj the battery energy storage capacity, by the surge cur—
rent limit of the battery, or by the peak power handling capability of
somé component in the power conditioning éubSysiem. Short-term power
levels—-that is, those lasting seconds to minutes-—are genera11f4only

a factor of 2 to 10 times the average power level, but only penaltles
such as cost, welght,_or reliasbility inhibit the use of larger factors.
Because the complete power subsystems of the STPSS and MMS are mot. as.
well deflned as for the AEHM, and o power—tlme proflles are available
for each experlment no short-term peak power summary is shown.

There is no doubt that the peak power . tracker de51gn ‘of the MMS '
can squeeze more power out of a given array in a low altitude orbit
than a direct energy transfer system, but the prlmary Justlfleatlon

for its use on the MMS is that the array characteristics aud array in~

) Itegfation into the space,vehlcle need not be optlmlzed-—any handy over-

Tsize&_array is aceeptehle_end can easily be 1ntegrated In this case, o
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Table B-2

POWER SUMMARY

Characteristic AFM STPSS | MMS

Peak array power possible, W 2382 1200 23600b

Average array power available
to space vehicle during

illumination, W 133 1200 | 3600
Average power available over d
a low altitude orbit,® W 68 | 500-600| 1200

_ Average spacecraft housekeep
e~ CiT1E pOwWeY , excluding ex-
periments and associated

telemetry, W 28 | 100-200 350

Continuous or average power
available for experiments
over a low altitude orbit, W} 40 400 850

®Phe 238 W is the peak of the power curve which
roughly resembles a positive half sine wave, since the
array is not sun tracking.

bThe 3600 W is set by the peék power hahdliﬂg capa-

bility of the PRU; actually, there is no maximum since
still higher power arrays would merely be used less
efficiently. The excess electrical power would not be

" drawn from the array, which merely results in a slightly
higher array temperature.

“This assumes that power is supplied at a constant
‘rate to the spacecraft loads over the entire low alti-
tude orbit and that the battery capacity is adequate to
store the energy required over the period the array is
occulted.

' dThe power bus is rated for 1200 W maximum, limiting
the total load which can be supplied.

however, optimizing the array power output is mot likely to prove neces—
sary; Thus, there is a clear dichotomy in emphasizing peak power track-
ing for efficiency in a ‘multipurpose vehicle. .

Some. of the *7 V variation of the MMS bus must be due to series
voltage drop in the PRU. In addition to this slow dc variation, there
is.a'Supéiiﬁpbééd 70 Hz riﬁpleItaused'by'huﬂting'of'tﬁe"ﬁeaﬁ powéf

tracker about the optimum. While this has been measured to be about




0.5 V peak to peak at a 7 A load (it is limited by the lo¥ impedance

of the batteries), it may be as much as 3 V peak to peak around the
maximum 40 A load. Virtually all experiment packages will reqdire their
own preregulators to remove Both variations, i.e., the ¥7 V dec and 3 V
peak~to-peak 70 Hz ripple.- Series type preregulators are simple, light-
weight, and reliable, but excess power must be available, since their
efficiencies over so large a range is poor, i.e., 50 to 60 percent.
Furthermore, thé additional preregulator dissipation at each exﬁériﬁeﬁt

package increases thermal problems. Switching regulators (de-to-dc

converters) are more complex, heavier, and require more filtering to

uadﬁffdluéiéctfomagﬁetic interference but offer efficiencies of 85 to

80 percent or more.

The entire problem can be eliminated by installing one large pre~
regulator (e.g., 28 V %2 percent) for the entire spacecraft. Where
this decision has been made late in a program, it has resulted in space-
craft with unnecessary dupiication--the experiments already contained
preregulators and too much expense and delay was involved in removing
them once they had ?een designed into the experiment packzges. A néw
MMS specification, which provided for only a one year life and less
Aextreme battery and ripple conditions, would place much less burden on

the experiment packages.
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Appendix C

COMMUNICATTONS AND DATA HANDLING SUBSYSTEM:
' A COMPARISON OF AEM, STPSS, AND MMS
by
P. A. CoNine

Table C-1 summarizes the communications and data handling (C&DH).
subsystems for the AEM, the MMS, and the STPSS. It can readily be seen
that the three C&DH systems are substantially different and not com-
patible. Major differences include frequencies, modulation, formats,
data rates, polarlzatlon, and securlty equipment. None of the C&DH
equ1pment on the three spacecraft is beyond or even pushing the state
of the art. Most of the equipment on the AEM and STPSS has been used
on previous spacecraft. While some of the MMS equipment will be new,
it is presenﬁly in the latter stages of development. Because the STPSS
missions are not concerned with cross-linking data to another space-
craft, it is not necessary to pay any further attention to the TDRSS

transponder.

DESCRIPTION OE THE AEM

The AEM’Spaceéfaft is currently being built by Boeing in two ver-
sions: the HCMM and the SAGE. The HCMM has a VHF command and house-
keeping telemetry system and an S-band telemetry unit for experimental
data; the SAGE vehicle has all communications at S-band frequencies.
The command and telemetry formats are compatibie Wlth the NASA-STDN
‘satellite tracklng and telemetry'system. The HCMM spacecraft is the
only one in this'etudy with a VHF coﬁmand receiver and housekeeplng
' transmltter, however, the.communicatlon system has. been designed so
“that it can becomeas-hand-compatible (as on the SAGE) merely by changing "
" the transponder/transm1tter~d1plexer units, No further conelderatlon ”
will be given to the VHF system. ' o R

The AEM telemetry system has a low data rate of 1 or 8 kbps, al-
'though on. the SAGE tape recorder playback can: be as high as 1 Mbps.

' The command rate is a dlow 600 bps. The memory is small and is used
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Table C-1
. C&DH CHARACTERISTICS OF AEM, MMS, AND STPSS
Chavacteristic Aot () ag-eacetD s (2 stess®®?
Telemetry and Command. 1 - - i e .
" Band - : VHF S=hand - S~band S=band. S-band .
Tracking System .
Compatibility STDH STDY STON STDN SG6LS
Uplink Frequency, MHz | 148 20252120 2025=-2120 2025~2120 1750-1850
Uplink Subcarrier L - . - ) . i
Hadulation FCH/FSK/aMIAM n.a, PCM/ESKSAM/PH PSK .| Ternary FSK with a4
Comsand Format 60 bits n.a. &0 bits 96 biest 43 biesd
Command Bit Rate 600 bps n.a. 60 bps 2K, 1K, 125 bps® |2 khps
Downlink Frequency,
~ Mz eeeee oo -113B 2280 -2200-2300 .2200-2300 2200-2300-
Telemetry Format: &)
~Hord length B bits 8 bits '8 bits 8 bics™ 8 bics
Minor frace length | 256 words 128 words 128 words 128 woxds varinble(d?
Hajor frame length 64 winor frames 64 minor frames | 64 minor frames 128 minor frames | Variable(d
Maxioun Bit Rate. 1.024 kbps® 8.192 kbps 1 Mps® | 64 wups 8-128 kbps®
" ‘Power Output /a9 W I W, housekeepisg- | 1.7, 3'3(:.?" ;
2 W, experiment 7.1 9 2 ﬂ"
Commnicacions Securicy|Not available Not available tot available tiot available Available
Aatenna Polarization  |RHGP RHCE RHCE 1 wich RHCP and, | ruce(®)
o - . 1 with Liced®) |
Hewory Size 256 words * 32 bits/uord and 256 words * 32 bits/| 16K bits x 18 8K vords X
256 words * 16 bite/word®  word and 256 words | birsfwordl 32 bitsfword
© = 16 bits/wocd .
Tape Recorder Capacity |None Hone 4.5 % 108 birs Up to 9 x 108 or {108 bies
up to B % 107
birs (optianal)

%Tue versions of the AFM spacecraft are currencly being designed by Boeing: HCMM and SAGE. The HOMM vehicle uses

the VHF band’ for cosmands and for housckeeping tclemetry and S-band for downlink experimentsl data.

uvses S-band for commands, telemetry, and daca.

b,

Data rate during the boost phase is 8192 bps.

The SASE oission .

®commands are compa.ed with words in a 256 word, 16 bits/word PROM (Progracmable Read ORly Memory). Delayed commands

Oxide 5qb_:rizt_e._fm:nd'um Access Mewory) semiconductor wemory {pp. 1-134 to 1-136 of Ref. 1).

dMsuned the same as the HOMM vehicle because no change 1s indicated.

e'l'ape. recorder playback rate.

if higher bit ‘rates are

needed.

Real time data rete 15 limited to 1 kbps or 8 kbps.

—.~ape-stored in the remote command processor, which consistsof a 256 word, 32 bits/word CHOS/RAM (Complementary Hete

A nev encoder would be required

ngfe;en_ce_S iists the command formae as fixed at 96 bits (4B bit introduction and 4B bit command word}. Page 34 of
Ref. 2 1ists the command format as 48 birs (Wiich can be assumed to be enly the commond word pertion of the rotal format).

Byith use of the 2000 bps cormand rate, a single 5 win command contact per day is .:m-;uired for loading of covmands in
the on-board compucer.  This command load will allow the computer te operate the spacecraft for perlods of 24 to 72 hr.

hlﬁ.ssion gelectable,

) ’Thc.'l‘ElS-c&DH computer includes storage for actitude contrel informaclon, as well
4s used only for sturing cogmands, and a separaté cemputer handles ‘atticude control.

as copmands,

fercuce 4n the capacities of the two C5DH cobputers is ote of definition mot actual capability.

The STPSS C&DH é&apu:er

Therefore, rhe apparent large dif-

jSGLS ieself tas variable command formats. Page B-3 of Ref. 5.ghows.a 43 bic format as TRW's conceptiocn of what is

required:

’,cBy c‘h;mgins gubcarriers, this can be increased to 256 kbps. This is SGLS's maximum capseity.

!'if appreciabily higher data rates or more services are desired, rthere is 'p'tovis;_'u'n»f'nr, the standard 2 W cransmitter to
be used to derivc a higher pover transmitter (e,g., 20 W) 4in tre payload segmentc. ’ :

uﬂo:d lengeh deduced From data bus supervisocy u‘n:e Eormatd, p. 8-5 of Ref. 5. -
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ch:i.efly for. stor:.ng commands for later processing and for verifying

received commands with those stored 1n WMemory.

DESCRIPTION OF STPSS AND COMPARISON WITH AEM .

The STPSS spacecraft is designed for Air Force missions. It has
an S-band communlcatlon system whlch can handle a maximum command rate
of 2 kbps and telemetry rates of 256 kbps. It is SGLS—compatible and
uses ternary frequency-shift keying (FSK) coding. An on-board computer
‘can handle stored commands, telemetry storage, format conmtrol, and
memory dumps. Data and commands can be encrypted if necessary.
The C&DH for the STPSS spacecraft is far more sophisticated and
has a much greater capacity than that on the AEM (see Table c-1}. It
is doubtful if experiments of the size that would be carried on the AEM
would require as sophisticated a system as presently envisioned for the
STP58. However, currently planned AEM telemetry and control-equipment
probably could not be used because of the ba51c lncompatlblllty of the
' NASA-STDN and AF-SGLS systems
To make the AEM compatible with the SGLS system requires replacing
the S-band transmltter and the S-band transponder,vthe command demodu—
lator, and modifying or replaclng the PCH encoder and the command
decoder/processor. Personnel at Boeing lndlcete that the "black boxes"
can be replaced one-for-one with SGLS-compatible equipment without
causing major spacecraft redesign. It appears that SGLS-compatible
equlpment ex1sts that could be used on the AEM. Encryption and de-
cryptlon units can be added to SGLS equlpment if required but not to
STDN. There is some question whether the AEM can meet the signal isola-
. tiom requirements of encrypted miSSiOns.w However, Boeing personnel -
state that an SGLS- compatlble AEM can have encryption capablllty. Items
such as the sequencer tlmer and remote command processor are one—tlme
' programmable, w1th the programmlng dependent on the spacecraft and
mission, and’ could be used with the proper programming. - The STPSS's
bus. controller, computer, and data interface units are more sophisti-
cated than anythlng currently on the AEM. The functlons that these
would handle on the AEM are done as part of the PCH encoder and the

 command decoder/processor, although those-done on the AFM are simpler.
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Changes required to make the AEM compatible with SGLS are summarized
in Table C-2. o ‘

DESCRIPTINN OF MMS AND COMPARISON WITH STPSS

The MMS is a large NASA mult1m1951on modular spacecraft. Like

the STPSS, the C&DH system is capable of transmittlng high data rates
and has a computer on board for data processing and formatting. How-
ever, as is shown in Table C- 1, the MMS and STPSS C&DH systems differ.
substantially because of the STDNHSGLS 1ncompat1b111t1es The upllnk"
frequency, upllnk subcarrier modulation, antenna polarization, communi-
) ‘cation security protectlon, and command format differencés necessitate
the following changes:
- i; Replace the STDN tréﬁsﬁbﬂﬁéf with an SGLS tf&nsp&ﬁdera
2. Replce the phase-shift keying (PSK) demodulator with an SGLS
signal conditioner (includes PSK demodulator).
3+ Modify the signal conditioner output, modify the command
decoder input, or add a suitable piece of‘eqﬁipméﬁﬁ bétween
the two to make the signal conditioner and the command de-
coder compatible: . ' e '

4, Redesign the MMS omni antenna.

Further details on interchanging STDN/SGLS commdnlcation COﬁpdnenté'
are summarized in Table C-3. While the differences between the two
'C&DH systems are substantial, it is possible:that proper-preliminary .
de91gn of the spacecraft Would enable communication black boxes to be
interchanged with minlmal impact. However, 1f a declsion is made late
in the deslgn cycle, substantial problems will most likely accur.
Available STPSS equipment could be used dlrectly on the MMS. Capabdl-

ities'are similar, so sizes, weights, and power requirements should be

~ also.
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Table C-2

C&DH CHANGES REQUIRED TO RUN STP MISSIONS ON THE AEM

AmM? Equipment

Changes to AEM for
STP Compatibility

STPSS Equipment

.Tape recorder

Antennas

- Hybrid

S-band transmitter )
S-brand transponder S

Command demodulator

Command decoder/processor |

PCH encoder

Sequencer timeri

Remote command processor

Usable

Usgble ‘

REPlaceb }
J

Replace

Add (if necessary)
Modify ox replacee

Medify (if necessary)f
- Add {if necessary)®

Usablel

Modify (if necessary)
Not on AEMI

Modiny K
Not on AEM
Usable®

Antepnna

Hybrid

Receiver

Transmitter

Dual signal conditioner
Decryption unit

Command decoder

Deal basebdnd unit
Encryption unit

Tape recorder

- Bus controller (data

formatter)i -
Computer

Data interface unit
Harness

aOnly AEM S-band equipment as on the SAGE will be considered.

b

The AEY spacecraft uses cone antenna and transmitter for experimental

. coding.

data transmission and another antemna and a transponder for receiving com-
mands and broadeasting housekeeping information. Because of differences in
the upiink frequencies, at least the receiver portion of the transponder must
be repldaced. If the current AEM communication configuration is to be main-
tained, a transponder and a2 transmitter or two transmitters and one receiver,
are required. It may be possible to use STPSS receivers and transmitters om
the AEM., Otherwise, several other SGLS-compatible transmitter/receivers have
flown or will f£ly on FLTSATCOM (Fleet Satellite Communication System),_P72 i,
P72-2, and the §-3.

SThe STDN-compatible AEM command demodulator operates with binary FSK
SGLS uplinks are ternary FSK so this unit must be replaced. The
receiver-demodulator unit on the $3 vehicle may be an appropriate replace-
ment for the recelver and demodulator on the AEM (capacity is 1000 bps).

dAEM requirements do not include a secure uplink. If a secure uplink is

required, then a decrypter must be added between the signal conditioner and
the command decoder and these items modified accordingly.
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NOTES TO TAELE C-2 (Cont.)

®The command decoder processor can be retained for clear uplinks.
However, the Air Force Satellite Control Facility (AFSCF) command for-
mat would have to be compatible with the decoder and new software weculd
be required. This affects the STPSS,

fThe SGLS ground system can process PCM signals, however, some mod-
ification may be necessary because the AEM uses biphase L Manchester
coding and the STP biphase M. However, the current AEM encoder has no
provision for dual baseband, which wmay or may not be necessary for small
STP missions run on the AEM. The STPSS dual baseband unit is not di-
rectly substitutable on the AEM because it does not include encoding
provisions. The P72-1, P72-2, and S$-3 spacecraft have had PCM encoders
with bit rates of 8, 32, and 16 kbps, respectively. These could prob-
ably be used on the AEM if higher data rates are desired.

gBoeing personnel state that encryption is possible of the AEM; there
appears to be some question about signal isolation, however.

'hThe optional AEM tape recorder has a larger capacity than STPSS.

‘Data formatting on the AEM occurs in the PCM encoder. Timing is
provided by the sequencer timer. There is no item as sophisticated as
the bus controller on the AEM; and for small experiments, it is probably
not required. There should be little impact im setting the sequencer
timer for STP missions. The AEM is not capable of transmitting data
rates as high as the STPS85. Therefore, experiments with real time data
rates over 8 kbps camnot be run on the AEM,

JThe AEM remote command processor is not the same as the STPSS com-
puter. The AEM processor is used simply for verifying commands and
storing them for future execution. Modifying the remote control pro-
cessor for SGLS-type cowmands should not be a major undertaking because
commands are unique to a given spacecraft and its mission anyway.

'kExperimenra1 jata on the AEM go directly to the PCM encoder. Data
interface units are not really necessary on the small spacecraft.

gBoeing says that the AEM spacecraft can be modified for SGLS com—
patability merely by replacing black boxes.
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Table C-3

C&DH CHANGES REQUIRED TO RUN STP MISSIONS ON THE MMS

MMS Equipment

Changes to MMS for

STP Compatibility

STPSS Equipment

Diplexer

Transponder
PSK demodulator

Central command decoder®
Premodulation processor

Tape recorder
Data bus controller®

Clock and format generatore

Standard computer interface]|

Computer
Remote unit

Harness and connectors

Signal conditioning and
control unit

Payload module”

Payload module®

REPlaceb

Payload module?

Replace
Add (if necessary)

Modify orx replacef
(software change)

Replaceg
Add (if necessary)

Usablei

UsableJ

Usablek
Usableg

Usable with proper

design™

Unique and necessaryn

to MMS vehicle

( Diplexer

Antenna
Hybrid

Receiver

Transmitter

Switch

Dual signal conditioner
Decryption unit

Command decoder

Dual baseband unit
Eneryption unit

Tape recorder

Bus controller (data
formatter)

Computer
Data interface unit

Harness

8The antemna or antenmas and their components are. considered payload-unique
on the MMS. The requirement for hybrids and switches would depend on the exact

placement and design of the MMS antenna system.

It can be assumed that for

Space Test Program missions that the STPSS antenna can be used on the MMS.

bBecause of differences in uplink frequencies, the STDN trans, ader cannot
be used for SGLS. Reference 5 shows a recelver and transmitter rather than an
integrated tranbponder however, these could be combined into an SGLS transpcnder.

“The modulation differences necessitate repﬁaclng the PSK demodulator with
an SGLS signal conditioner, which includes an FSK demodulator.

d

STPSS system requirements do not include a secure uplink.

However, if a

secure uplink Is to be considered, it is titen necessary to add a decrypter
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NOTES TO TABLE C-3 (Cont.)

between the signal conditiomer (that replaces the MMS PSK demodulator) and
the command decoder. A KIR 23 would be considered appropriate for STPSS
missions. The KIR 23 output and the decoder input would have to be made
compatible by modifying the decoder input or adding a suitable piece of hard-
ware. TFurther, uplink communications security equipment imposes constraints
on the command word format, which in turn influences the decoder. Hence, if
a secure uplink is employed, it would be necessary to modify the MMS decoder
so that it is compatible with the communications security unit.

®These items form the STACC (Standard Telemetry and Command Cumponents)
central unit as shown in Ref, 6.

fTh'e MMS command decoder can be retained for clear uplinks. However, the

AFSCF command format would have to be compatible with the decoder and new

‘software is required. The decoder could alsc be replaced with the STPSS one.

gThe premodulation processor (EMP) generates a 1.024 MHz subcarrier, whith
is modulated by the telemetry data stream. The MMS ranging signal is not com-
bined with the subcarrier in the PMP but is combiuned in the transponder; SGLS
transponders usually do not accomplish the combining in the transponder (unless
the transponder performs the baseband assembly function). The PMP can be re-
tained if the SGLS transponder incorporated inm the MMS departs from normal
practice and combines the ranging signal with the subearrier. If the SGLS
transponder selected performs the baseline assembly function, the PMP will not
be required. The PMP also includes electronics for TDRS compatibility which
would serve no useful purpose on satellites commmnicating with the satellite
control facility. It is desirable that a baseband assewbly unit be substituted
for the PMP,

SGLS has a capability of using two subearriers. The need for two sub-
carriers at wost is infrequent; the penalty for the capability of having two
is also smal}l, While it cannot be demonstrated at this time that two sub-
carriers are necessary, the capability of having two subcarriers available
as an option is desirable.

hMost STP missions do not require secured downlink; thus the basic MMS
configuration for STP application need not have commmnications security
equipment. - However, the communications system design mnst be such that it can
readily accept communications security equipment without costly modifications.
For those missions requiring secured downlink, communications security equip-
ment must be added to the MMS between the telemétry format generator and the
premodulation processor for dowalink protection. A KG-46 is considered to
be appropriate for STP programs and is expected to be available in time for
use on the MMS., The spacecraft must comply with Tempest requirements to pro-
tect the classified data. Proper design practice will provide a high degree
of confidence that Tempest requirements can be satisfied with little or no
modification., There should be 90 dB isolation between the data and the eclock,
the input and output signal leads should be well shielded, and the imput and
outpit sighal leads should be rum in séparate cables and connectors. The
encryption unit would be GFE.

iThe MMS tape recorder has a larger capacity than the ST?SS one and so

should satisfy all Space Test Program mlssions.




NOTES TO TABLE C-3 (Cont.)

IThe MMs telemetry format and data rates offer a great deal of flex-
ibility and can be used by STP; they will probably accommodate a large
percentage of the payloads. However, there may be some penalties in-
volved in accepting the fixed minor frame length (128 words), the fixed
number of subcommutated words (4), and the fixed major frame length (128
minor frames). Supercommutation of the minor frame words and/or of the
subcommutated data is provided in the MMS design and will add the flex-
ibility. A recent change to the MMS clock will permit data rates of 128
and 256 kbps.

kThe MMS computer is larger than that of the STPSS because it handles
attitude control as well as C&DH. However, there 1s adequate room in

the MMS computer for STP datd handling.

' EThe-MMS remote unit is usable for STP missicns assuming that the
data bus controller, clock and format generator, and standard computer
interface used is that of the MMS. Using the STPSS bus controller rather

than these units would require using an STPSS data lnterface unit.

Assumes an 1n1t1ally compatible design.

nInvolved with solar panel deployment on MMS and is required. The
STPSS vehicle has nothing comparable. It can be assumed that the changes
that must be made in the decoder will not jeopardize this function.
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Appendix ﬁ

ATTITUDE CONTROL AND STABILIZATION SUBSYSTEM:
A COMPARISON OF AEM, STPSS, AND MMS

by
T. B. Garber

The function of the attitude control and stabilization system is
to provide the means of orienting the satellite in some specific atti-
tude and then to maintain that orientation with acceptable angle and
angular rate errors. In addition, the stabilization énd.control sSys—
tem should alsc be able to provide the information necessary for after-

-tﬁe~fact attitude determination.

Table D-1 presents the performance sPeclflcatlon and the ghy31cal
characteristics of the attitude control systems that have been.proposed
for three spacecraft, NASA's AEM and MMS, and the Air Force's STPSS.

In the case of the STPSS design, three different attitude control sys-—
tems can be incorporated into the spacecraft depending upon the level -

- of performance required.

Of the three sPécacraft designs, that of the AEM is the most firm.
As can be seen from Table D-1, the performance requirements of the AEM

attitude control system are quite modest. The performance of the AEM

control system should, under normal conditions, exceed the specifica-

tions, with pointing errors roughly one<half those shown.

Basically, the AEM spaﬁacraft is inertially stabilized in r6ll
and yaw by virtue of the angular momentum of a wheel spinning about

the pitch ax1s normal to the orbital plane. Control of the spacecraft

about the pitch axis is achieved by modulating the pitch wheel's angular
rate. Errors in the spacecraft's pitch and roll attitudes are detected
by a horizon scanner.

To remove the small roll and yaw. errors that result from both ex-

ternal and 1nternal dlsturbances, electrcmagnets are used to generate
the necessaty tq;quqs. A three-axis magnetometer proV1des the requlred
knowledge of the earth's magnetic field vector. In addition to damping

- precessional and nutatlonal ‘spaceeraft motion, the electrOmagnets ailso

provi&E‘the'necessary torque to unload the pitch wheel (desaturation)
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Table D-1
ATTITUDE CONTROL AND:STABILIZATIDN SYSTEMS
" STPSS
Characteristics and
Specifications AEM I IT TiT MMS
~ Type of. : _ . _ Precision | Precision
Stabilization Three-Azis Spin Three-Axis| Three-axis | Three-aAxis
Performance: ' '
Attitude control -+1° pitch, i°-2° 1°-2¢ - 0.1° Less than
’ ‘roll spin axls | 411 axes all axes .0.01°
2% yaw all axes
Rate control £0.01°%/sec - 0.01°/sec | 0.003°/sec | Less than
: ~all axes 10-6°/sec
all axes
(long term)
Attitude x0,5° - 0.2°-0.4° | 0.02° -
determination piteh, roll
B ' 1 %2° vaw
" Control Torques:
RCS None Cold gas, | Cold gas, N,j NzHa Hydrazine
N, N, option (optional)
Mometdtum wheels Pitch bias None None 3, re- 4, reaction
wheel, roll action wheels
wheel option
Electromagnsats 3 Hone Option " Option 3, pictch,
‘roll, yaw
Nutation damper None | 1 Nane None ! None
Sensors:
Earth Mounted on ‘L 2, conical| Hone None
piteh wheel | |sean o .
Sun 3 head sun . 1 2 2 Both fine
sensor and coarse
. {solar array)
* Star None Hone None 2_strapdown'-2'strapddwn
trackers trackers
Magnetic 3 axis None Option Option 3 axis
N : - magnetometer ) magnetometer
Gyros ‘Hone | HNone 2 rate 4 rate 3 axis +
' {1 standby) { redundancy
Acceleraometers i None None None None
Miscellaneous:
Computer Minimal None: Yes, dedi-| Yes, dedi- | Yes, shared
S i cated - cated :
Control system weight| 29 1b 95 1b 165 1b . | 289 1b 253 1o (not

1 including Ninb

e N
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The AEM attitude control system does not include reaction jets as
a means of torque generation. Thus there are no limits on operational
lifetimes due to fuel considerations. However, magnetic torques are
relatively weak and as a consequence control time éonstants ﬁend to be
large~—on the order of am orbital period. Also, magnetic torques de-
crease with increasing altitude and for the AEM design, they become
Ineffective for altitude in excess of 1000 n mi.

The simplest of the STPSS designs utilizes spin,stabilization.
Thus, ideally, the spin axis of the vehicle is inertially fixed. ﬂo
prévisions are made for a despun platform.* A mechanical nutation
démpef-is provided to remove unwanted spin axis wobble and cold gas
jets are used to reorient or stabilize the direction of the spin axis.
Sun and earth sensors are used for attitude determination.

The second STPSS design is a low-cost, three—axié'syStem with per-
formance specifications similar to those of the AEM spacecraft (see
Table D-1). The attitude control system of this version of the STPSS
differs from that of the AEM in that a pitch momentum wheel is not
used to provide roll-yaw stabilization and cold gas reaction jets are
the primary means of generating control torques. Two conical scan
earth sensors provide pitch-roll attitude information, while a rate
gyro is used to detect yaw attitude errors.

Since, without a pitch momentum wheel, this version of STPSS does
not have any inherent stability, disturbances from either internal or

external torgques must be countered by the reaction control system.

For low altitude orbits where aezodynamic and gravity gradient dis-

turbance torques ean be large, control system fuel requirements for
a one-year mission might be excessive. This situation could be al-
1eviated by adding electromagnetic torques an&:a magnetometer to the
control system so that almost continuous use of the reaction jets
would not be necessary.

The third version of the STPSS is designed to attain precise
pointing accuracies and rate control. To improve performance relative

to the low-cost three-axis design, two star trackers, two rate gyros,

%
. In essence, the body of the AEM spacecraft is a despun platform
with the pitch wheel inertially’ stablllzed
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and three reaction wheels are added to the stabilization and control
system and the two earth sensors are removed. Also, with the addition

of the star trackers, a star catalog and the spacecraft's ephemeris

must be ground-supplied periodically and thus an on-board computer

bhecomes mandatory. Pointing accuracies of 0.05 deg per axis can he
expected from the precision STPSS design.

Unlike the AEM design, the three reaction wheels of the precision
STPSSIhave no momentum bias and are used only to provide reaction con-

trol torques. The primary function of the cold gas reaction jet system

" is to unload the wheels when they appreoach saturation. As in the case

of the low-cost STPSS design, electromagnetic torques and a magnetometer
could be added as a supplement to the cold gas system if secular dis-
turbance tbrques become a pfoblema |

The final spacecraft design to be considered is MMS. The attitude
control system of this spacecraft is very similar to that of the pre-
cision STPSS. The major difference is that fhe MMS uses electromagnetic
torques to unload the reaction wheels rather than a jet reaction system.
However, a hydrazine jet reaction system can be added as an optiom.

The pointing accuracy specification of the MMS is *0.01 deg per
axis, which is better by a factor of five than that claimed for the
p:ecision STPSS. Since the same model strap-down star tracker assembly
is proposed for both the MMS and the precision STPSS, the superior per-
formance projected for the MMS must result from either a better gyro
re@erénce unit or more frequent stellar updates.

Considering the relatively modest STPSS attitude comtrol perfor-
mance specifications, it is apparent that all five spacecraft designs
of Table D=1 are well within the state of the art. 1in all cases the
major components that have been selected, such ;s earth sensors, re~
action wheels, or star trackers, are develdped items of equipment with
a hiétory of previous spacecraft use. The AEM and the STPSS spin '
stabilized configuration have the least complex attiﬁude control systems,

while the precision STPSS and MMS vehicles have the most complex systems.




-81-

Appendix E
REACTION CONTROL/PROPULSION SUBSYSTEM:
‘A COMPARISON OF AEM, STPSS, AND MMS

by
J. R. Hiland

Comparative techmnical evaluations were made for the reaction
con;rol/propulsioe‘subsystems contained in the three basic spacecraft
designs discussed in this study. There are two versions of the AEM
spacecraft: HCMM and SAGE. The STPSS designs encompass three basic
configurations: (1) spin stabilized, (2) three-axis stabilized (low-
cost), and (3) three-axis stabilized (precision). The MMS spacecraft
is a single three—axis stabilized design that can employ several sub-
system options within this basic categorizationm.

The reaction control/propulsion subsystems discussed herein use
either cold gas (GNZ) or hydrazine (N2H4) as the propellant and per-
form functions such as spacecraft stabilization, reaction wheel un-
loading, orbit adjustment, and orbit trausfer. Solid propellantArocket
motors, which in some cases are also used for stabilization and orbit
transfer, are considered separately and not included in this discussion.*
Cold gas and hydrazine RCSs consist, essentially, of the same basic
components, i.e., tank(s), fill and drain valves, isolation valves,
pressure regulator and/or transducer, filters, thrusters, plumblng,
and, in cases where the RCS is a separate module, some mounting struc-
ture and electrical harness. In this analysis, when the RCS is a
- secondary subsystem to a particular spacecraft module (usually orienta-
tion or attitude control system), the structure and harness is assumed
accountable to the primary subsystem. The primary difference in cold
gas versusnhydfazine'syStem”components is in their relative complexity
and hence cost. Other potential differences in degree of technological

~development within a given propellant type have essentially been nulified

In this study, the stable of solid rocket motors described in
Ref. 1 were used for the kick stages to provide orbit translation and
circularization.
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by the commonly adopted design goal of using flight-proven components
where possible for the RCSs evaluated.

Table E-1 shows component breakdowns of the RCS for tﬁé various
versions of the three spacecraft and is used as a basis for the dis-
cussion that follows. The development status of a component is indi-
cated by either a ? for flight-proven, PM for flight-proven but requiring
some modification for the subject applications, or N if the item repre-
sents new hardware, such as plumbing or structure. For costing purposes

in this exercise, however, new. plumbing or structure can probably be

treated as flight-proven, since the téchnology involved is not new; only

the Egiloriﬁé of these items for each spécific configuration is required.

DESCRIPTION OF THE AEM REACTION CONTROL SYSTEM

Only the HCMM version of the AEM uses a reaction control system
and it is a small hydrazine system packaged as a separate module. This
orbit adjust subsysten prbvides a nominal 262.4 ft/sec velocity correc-
tion capability with the maximum spacecraft weight of 285.5 1b to cir-
cularize the orbit and minimize nodal drift. All components are flight-
qualified and currently in production. The single 0.287 1b thrust
chamber is from the NASA/GSPC IUE program and the propellant flow con-
trol valve (included as part of the total thruster assembly) will consist
of two single-seat Wright ComponEnts;_Inc., valves welded togethér in a
series redundant configuration, each valve seat being controlled by a
separate coil. The dual version valve, while a minor modification, has
been tested by Hamilton Standard and is expected to meet all require;
ments. The hydrazine tank with elastomeric diaphragm is from the TUE
program and needs only very minor modifications to the plumbing and

mounting connections. The rest of the RCS is quite straightforward.

DESCRIPTION OF THE STPSS COLD GAS REACTION CONTROL SYSTEM

AND COMPARISON TO AEM

There are two cold gas RCSs contemplated for the STPSS. The three-

'axis version shown in Table E—l uses twelve 0.1 le thrus;ers in both

the low-cost and precision orientation modules for on-orbit control and

reaction wheel unloading. The spin control module of the spin-stabilized
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Table E-1
RCS SYSTEM COMPONENT BREAKDOWN
Unit | Total | Total
a Welght | Weight | Cost
Item Quantity Size Status (ib) (1b) ($)
AEM~HCMM, Orbit Adjust Module, Hydrazine _ o
Tanks 1 9.6" dia. P 2.7 2.7
} (400 psi) | _ : :
Thrusters 1 0.287 1bF BM 0.8 0.8 e
Valveg : -
Drain and £i11 2 P 0.15 0.3
Isolation : : :
_Hiscellaneous
Press. regul. .
Press. transd. 1 P 0.6 0.6
Fllterxs
Plumbing N 0.7
Structure N 3.8
Total dry weight, 1b 8.9
Propellant weight, 1b 10.6
Total wet. weight, 1b ‘ _ : ~ 19.5
STPSS Z’:-—A:'c:i.s,b Orientation Module, Cold Gas
Tanks 2 13" dia. P 17.0 34.0 30K
(4000 psi)
Thrusters 12 0.1 le P 0.5 6.0 60K
Valves
Drain and £ill 1 P 0.1 0.1
Isolation & P 0.4 1.6
Miscellaneous 60K
Press. regul. 2 P 1.2 2.4
Press. transd. 1 P 0.2 0.2
Filters 1 P 0.3 0.3
Plumbing N 2.0 2.0
Structure ] . o
‘Total dry weight, 1lb 46.6 | 150K
Propellant weight, 1b 18.4
Total wet weight, 1b 65.0
' STPSS 3-Axis and Orbit Transfer, Transfer/Orientation Module, Hydrazine
Tanks 1 36" dia. md | s6.0 | s6.0{ 8ok
Thrusters i2 0.1 le pe 0.5 | 6.0 | 240K
4 4 ibp P 0.6 - 2.4 ] 100K:
S 1 300 le P 50,0 50.0 | 125K
Valves .
Drain and £i11 2 P 0.25 0.25
. Isolation 3 P 0.8 2.4 »
‘Migcellaneous 1 S | - . - . . 100K
Press. regul. '
Press. transd. 1 P 0.4 0.4
Filters 1 P 0.3 0.3
. Plumbing N 6.0 6.0 -
- ‘Btructure - - : : o ¢ -
Tetal dry weight, b 125.0 | 645
Propellant weight, 1b | : ' ' 666.0
Total wet weight, 1lb 1 790.0
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Table E-l--Continued

Unit | Total |Total
a Weight | Weight {Cost
Item Quantity Size Status {1b) (1b) (5)
MMS-5PS-1, Propulsion Module, Hydrazine
Tanks 18 P 10.2 10.2 | 20k
Thrusters 12 0.2 le P 0.6 7.2 | 1448
4 5 le P 1.25 5.0 48%
Valves. : )
Drain and £111 2 P 0.25 0.5 4K
Isolation 4 3 0.7 2.8 20%
Hiscellaneous
Press. regul.
Press. transd. 2 P 0.5 1.0 10K
. —-Filters. L 2. . B . 0.25 0.5 4K
Plumbing, 25 ft N 5.0 5K
Harness N 14.0
Structure N 29,00
Total dry weight, 1b 75.2 .
Praopellant weight, 1b 55.0
Total wet weight, 1b 130.2
MMS-5PS-1I, Propulsion Module, Hydrazine
Tanks 11 36" dia. it | 125.0 | 125.0 | 100K
% 55.5
eylindri-
eal
Thrusters 12 0.2 1bF P 0.6 7.2 | 144K
4 5 le P 1.25 5.0 48K
Valves
Prain and £1131 2 P 0.25 0.5 4K
Isolation 4 P 0.7 2.8 20K
Miscellaneous
Press. regul.
Press. transd. 2 P 0.5 1.0 10K
Filters ’ 2 P 0.25 0.5 4K
‘Plumbing 25 ft "N 5.0 5K
Harness N 14.0
Structure N 1.0t
Total dry weilght, 1lb 242.0
Propellant weight, ib 10s5¢.0
- Total wet weight, 1b | . 1292.0

a4 flight-proven; PM = flight-proven but requires some modification;
¥ = mew hardware.

bSpin wmodule cold gas system is same as three-axis except uses 8 thrusters
of & lbp each, whigh weigh and cost the same (0.5 1b/$5K each). System dry
weight is reduced by 2 1b,

“IRY estimates that $100-150K should be added to this value for integration
and test costs.

_ duses-z_ena forgings from Viking Orbiter tank and existing elastomeric
diaphragm,

®Flight-qualified but have not flown.
fTRW estimates that $200-3UOK should be added to this value for integratian

~and test costs.

g5PS~I can employ 1 2, 3, or 4 tanks providing propellant weights of 55,
110, 165, ‘oz 220 1b and cozrespnnding system dry welghts of 75, 87.2, 99.4, or
111,6 lb.

hIncludes propulsion module structure, drive eleutrnnics. reémote Interfsce. -
unit, GNp and migcellidneois,

iExis..ing flight-qualified tank developed for Viking Orbiter (V0-75) but
will replace surface tenslon expulsion device with an elastomerie {4F-E-332)
bladder. . .
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version of the STPSS uses the same cold gas system, except that the -

twelve 0.1 le thrusters are replaced with eight 4 1b thrusters of

the same basic configuration. The unit weights and czsts_of these
thrusters are estimated to be the same as the three-axis units. A1l
components in both cold gas systems are flight-proven.

While the component development status of both the AEM hydrazine
system and the STPSS cold gas systems appears to be about the same, dif-
ferent costing bases will be required to reflect the relative degrees
of component complexities between them, particularly for tanks and
thrusters. Hydrazine tanks typically use diaphragms or bladders for
propellant expulsion and gaseous nitrogen (GN2) £or pressurization and
require two drain and £il1 valves per tamk. Cold gas tanks simply con-—
tain GNZ under high pressure (in this case, 4000 psia) thus eliminating
the diaphragm/bladder and one drain and fill valve. Hydrazine thruster
assemblies typically consist of propellant flow control valves, injector
thermal standoff and capillary feed tubes, catalytic decomposition
chamber, injector, thrust nozzle, heaters (for thrust, chamber, valves,

and catalyst bed), temperature sensors, and in some cases, filters and

‘cavitating venturis; whereas cold gas thruster assemblies consist

essentially of solenoid valves and a2 thrust nozzle. Hence, a sizable
component cost differential is justifiable between these two types of
RCSs, as well as some anticipated difference in system integration and

test costs. ’ .

DESCRIPTION OF THE STPSS ALTERNATIVE HYDRAZINE REACTION CONTROL SYSTEM

AND COMPARISON TO AEM

An alternative to the STPSS three-axis version spacecraft is to

use a transfer/orientation module in place of the cold gas equipped
orientatiouamndule_and solid rocket propulsion for orbit tramsfer.

This transfer/orientation module contains (in addition to attitude

~control system equipment)} a hylrazime RCS to perform all of the space-

craft functions, such as th.ee-axis stabilization, teaction wheel un-

loading, and orbit transfer and adjustment. Table E-1 shows the com-

ponent breakdown for this system..

The 36-in. diameter spherical tank will be fabricated usihg the
end forgings from the Viking Orbiter tank and incorporating an existing

o - - s ——
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.fiight—proven elastomeric diaphragm. The 0.1 1lb_ thrusters are flight-

proven. The 300 le thruster, as purchased, hasFa very heavy valve and
gimbal mount assembly, which will be removed for this application. The
$125K cost shown in Table E-1 is the estimate after these changes.

In comparison to the AEM hydrazine system, this RCS is larg-r
{employs more components and of larger umit size) but is basical .y the
same teehnologicallyj the required fabrication nmndifications and the
indicated deviations from flight-proven status appear not of significant
magnitude to warrant much, if any, variation in the costing basis

employed.

DESCRIPTION OF THE MMS REACTION CONTROL SYSTEM
AND COMPARTSON TG STPSS

Two hydrazine RCS/propulsion systems have been configured to accom-
modate the various missions being considered for the MMS. The first,
SP$~I, meets the orbit adjust and reaction control requirements for
spacecraft in the 2500 1b class that would be launched by a Delta 2910.
The second, SPS-II, meets the requirements of orbit transfer, orbit
adjust, and reaction control for spacecraft im the 4000 to 10,000 1b
class and would be used 6nly by missions that are shuttle-—launched.
Component breakdowns of each system are shown in Table E-1.

The SPS-I system can use 1, 2, 3, or 4 of the tanks shown to pro-
vide propellant capacities of 55, 110, 165, or 220 1b, depending upon
specific mission requirementé. Two additional fill and drain valves
and a filter and pressure transducer (totaling 2.0 1b) are required
with each additional ta.nk.-;c As indicated, all components in the SP5-1
system are flight-proven or flight-qualified except for plumbing,
harﬁess, and struéture, and for costing purposes these items can prob-
ably be treated as flight-ready per earlier discussions. The total
8PS-I system is estimated to have a nonrecufring cost of $900K and a
recurring cost of $600K.

 The SPS-IL gystem is the same as SPS-I éxcept that it uses a large

single éylindrical taﬁk énd, hence, requires more structure. The tank

%, : : v . : o ,
: 'Efforts are under way to do without thése items as tanks are
added.

i am d——a s
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(36 in. in.diameter by 55.5 in. in length) is an existing flight-
qualified design that was developed for the Viking Orbiter (V0-73)
program. it presently has a surface tension device for propellant
expulsion, which will most likely be replaced with an elastomeric
(AF-E-332) bladder. Such replacement would entail about a 25 percent
modification to the overall tank assembly. As indicated in Table E-1,
the structure weight is increased from 29 1b to 81 1b compared to
5PS5-1. However, it should be noted that these weights include propul-
" sion module structure, drive electronics, remote interface unit, GNZ’
and other miscellaneous items; hence, some care in cost bookkeeping
appears warranted for both the SPS-I and SPS-II systems. The total
8P5-1 system costs are estimated to be $500K nonrecurring and $750K
recurring on the basis that the SPS-I system will be built first.

In comparing these two MMS hydrazine systems with the STPSS cold
gas systems, the same comments apply as presented earlier im the com-
parison of STPSS cold gas systems and the AEM hydrazine system, i.e.,

- a different cost base is required for cold gas hydrazine components.
With respect to the STPSS hydrazine system, the same cost base should
Vapply with perhaps some minor adjustments for the required component
moudifications noted herein. Moreover, the 0.2 le and 5 le thrusters
of the MMS systems are estimated at $12K each compared to $20K and $25K
each for the 0.1 le and 4 le thrusters in the STPSS hydrazine system.
This difference is probably reconeilable on the basis that the MMS
thrusters have single-seat/single-coil propellant flow control valves
versus dual-seal/dual-coil valves in the STPSS thrusters and perhaps
less CQntractﬁr testing and paperwork required, since the MMS thrusters

are standard NASA items. -

REFERENCE TO AFPENDIX E

1. Taber, John E., Space Test Program Standard Satellite Study, TRW
Systems Group 23590-6008-TU-00, October 30, 1975.
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Appendix F

STRUCTURAL SUBSYSTEM: A COMPARISON OF AEM, STPSS, AND MMS

by
M. M. Balaban

ABM STRUGTURAL SUBSYSTEM
The principal elements of the AEM

(1-3) structural subsystem that

are of interest for a shuttle application consist of a base module and
an instrument module. The bese moduie structure contains support sub-
systems for the HCMM and SAGE missions, 1nclud1ng all appendages and
mechanisms to support these subsystems. The differences between these’
missions have no effect on the primary strictural subsystem.

The base module consists of an 18 in. long hexagonal body with
siX’lengerons tied to a 7 in. conical sfructure that mates with a stand-
ard Scout series 25E adapter. Open truss bulkheads rigidize each end
- of the hexagdnal enclosure.  This design provides approximately 7.3
sq £t of usable flat surface for experiment mounting.

The structural elements of the base ﬁ_md_ule are primarily sheet and
stringer'aluﬁinuﬁa Side panels of the hexagon are 0.012 in. thick clad
2024-T3 aluminum sheet riveted to the six corner longerons. Panel edge
members, equipment support stiffeners, and truss—type bulkheads are also
formed from 2024-T3 aluminum sheet. .The longerons are standard Burner
IIA extrusions, 3pec1f1cally shaped for hexagonal structure corners.

 The truss—-type bulkheads at elther end of the hexagonal body pro-
vide structural rigidity, with good accessibility to the interior.
These buylkheads are 2024-T3 formed paf;s attached to the bedyelongEIons.
The forward bulkhead ties to the four longerons*that serve as attach
fittings to the instrument module. The.center dlagonal is easily re-
‘moved: by disconnecting fasteners at each end S0 as to provmde better
access for 1nsta111ng or removing interior components.,‘ _

- The aft bulkhead SUppOTtS the modular orblt—adjust system for
'HC‘*IM mJ.ssz.ons. The orblt-—adjust system, which is fabrlcated tested
and serviced as a separate module, is bolted to the aft bulkhead at

three points. ' Shims are bonded to the aft bulkhead to.provzde pProper -
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lateral and angular alignment once the spacecraft mass propettles have

been determlned

The instrument module contaims the mission instruments and the
supporting electronics, This wmodule is connected by low-heat-conduction,
bolted-in fittings at four of the six longeron forward ends so as to
provide direct load transfer. Fiber glass blocks and thermal blankets
reduce heat conduction to less than 0.2 W/°C, This type of attachment
fitting was used in the Burner IIA and P42-1 units. The four structural

attach points feed acceleration loads directly into the base module

longerons.

The total weight'of the AEM structurel subsystem is 47.7 1b, con~-
slstlng of 27.2 1b of primary structure, 17.5 Ib of secondary structure,

and 3 1b of mechanisms.

MMS STRUCTURAL SUBSYSTEM

The primary structural elements of the MMS(Q’S) for shuttle opera-
tion are the module support structure and the transition adapter. The
POWEL, ettitude control and stabilization, and C&DH module skins ere
sEcondary structural_elemeuts in that they support elements of the

spacecraft subsystems.

. Module Support Structure

nical proposa

‘The module support structure provides sttuctural contlnuity between
the transmtion adapter, subsystem modules, and propu151on module. Its
constructlon 1s basically a three~d1men51onal truss, with the six corners

as the primary load points. (Electrlcal connectors and other insignif-

ieant loads may be hung on the struts themselves ) The Rockwell tech-

18

for fabrication shows the structural elements to be
primarily sheet, angles, and channels. The corner fittings appear to

be 60 deg szheped,channels espe01ally desmgned for triangular corners.

-Transition Adepter e

The tren51t10n edapter is the,lnterface between the module support

structure and the m1551on adapter. During shuttle boost, it is also

the element that connects to the flight support system. The attachment

S X




points are provided by three load pins. The drogue point is the attach—
ment element to the remote manipulator system of the orbiter; used for
initial contact in the retrieval operation. The transition adapter

also supporis operational or mission-uniyue elements such as sglar
arrays (and associated mechanisms), booms, and antennas.

Structurally, the transition adapter is a ring with an I-beam cross
section., It contains chromated machined fittings, formed extrusion, and
sheet metal components. Flanges and webs are formed from annealed ma-
terial then heat treated to the T-6 (temper) condition. Standard mech-
anical fasteners are used for component joining. TFinal machining of
mating surface and drilling of subsystem attach holes take place after

structural assembly. Additional details are available in Ref. 6.

Spacecraft and Sfructural'Wéights

Table F-1 shows the weights budgeted for MMS subsystems in their
baseline configurations. The MMS total weight including-payload will
be defined by GSFC for each mission based upon spacecraft and launch
vehicle conflguratlon

Table F-1

BAQELINE MMS STRUCTURE WEIGHT SUMMARY

Béseline Configﬁration
Weight (1b)
: Structural and
Subsystem Total | Thermal Components
Module support structure 168 150
. Trangition adapter - |- 1is 115
C&DH module 199. 103
Power module 358 107
Attitude control and . o
“-stabilization module 371 - 117
Thermal contral 3. 3
Electrical integration 98 0
Total | 13121 5952

#The thermal weight breakdown is as follows:
louvers =39 1b, blankets = 6 1lb, other = 3 1b.
' Total thermal welght 48 1lb. The net structural
weight is then 595-48 = 547 1b.
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" STPSS STRUCTURAL SUBSYSTEM

' The deseription of the STPSS structure presented here provides

N

only the overall dimensions and configuration. Additional details,
such as individual member materials and thicknesses are not available
because no actual design has yet been undertaken. The STPSS consists

mainly of a core module and an orientation module.

Core Module
The core module has the shape of a thin hexagonal nut. It con-

nects to the shuttle orbiter at two trunnions and a stabilizing fit-

ting. Box beams spread the load from the trunnion to the central ring,
- which is the primary load-carrying member. Honeycomb panels define
:the hexagonal perimeter of the core module. They alsc provide mounting
surfaces for equipment on the interior and thermal radiators on the
~exterior. The panels tramsfer the load to the trunnions and directly

to the central ring via the webs.

Orientation Mbdule

Each orlentatlon module is also hex-nut shaped and mates with the
cnre module at the central ring. The two versions of the three-axis
stabillzed module (i.e., the “orientation version and the transfer/
or:.entatlon version) have 1dent1.f1ed structure except for brackets
that connect the approprlate propulslon unit. . The spin orlentatlon
module is thinner because its equipment does not require as much

- volume.

. Spacecraft Weights

Table F-2 summarizes the spacecraft structural component weights.
The TRW esgtimate of structural weight was deduced from HEAO data. The
HEAO spacecfaft, which carries a 7000 1b payload with a safety factor
of 3 ﬁéig?g aBout-ZO 1b/axia1 length (in'): Taking a 1500 lB payioad,
weight for the STPSS spacecraft, and a safety factor of 2, TRW deduced
a struectural weight of 25 1b/in. ‘

.

_ High Energy Astrcnomical Observatory--a spacecraft that was_
actually des1gned and analyzed by TRW e
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Table F-2

STPSS STRUCTURAL COMPONENT WEIGHT SUMMARY

Structural Component

Item ’ Weight (ib)
COI‘E mOdulE I..-I-.-quou‘;".!..'!‘ll.ll'n‘lv'_ 240
Spin control orientation module ....... 70
Three—axis orientation module +.icievese 150

Precision three~axls module siveveanees 150
Solar array : :
Standard 50 W subpanel -

(39" X 45") iiiiiirritarnaenaaaans 3.0 ea.
"Picture frame" (boom, hinges, _
EtC) AbesErsasaen s rrbaesa a0 2-0-2o6 ea-

SOURCE: Reference 7.

COMPARISON OF STRUCTURAL SUBSYSTEMS

The AEM is primarily aluminum sheet and stringer construction,
using standard Burner ITA extrusions for longerons. The comical shell

that interfaces between the spacecraft and the Scout F booster is prob-

‘ably the ‘most "exotic' structural element from a structures. standpoint.

However, it too is formed from aluminum sheet, and fabrication appears

to be well within the state of the art and in addltion, will not be

~used on STPSS missions.

The module support structure of the MMS is a simple 3-D truss.
The subsystem modules utilize honeycomb panels that frame into aluminum
stock edges. The transition adaptef is of more compiex construction;
however, the fabrlcation procedures appear to be based on proven
technmques. '

The basic structure of the STPSS appears to use more nonstandard
components, i.e., rings and divexging_box beams. The structural weight
iseeleo a highef percentage'bf fﬁe iﬁetrument payload weight tham it is

in the AEM and MMS. Additionally, alignment may be a more critical

- aspect of STPSS construction because loads have to be transferred be-

tween the imner cylinders of the core module and orientation module

with mlnlmal edge moments. The addltlonal complex1ty of the STPSS

structure will be reflected prlmarlly as a fabrlcatlon cost rather

than as one of development risgk.

gt
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In summary, the AEM and MMS structural subsystems appear to use
!

proven techniques and, for the most part, standard members. The STPSS

certainly is no simpler in construction and probably more costly on

a relative basis.

REFERENCES TO APPENDIX F

Applications Explorer Missions (AEM), Mission Planner's Handbook,

Goddard Space Flight Center, Natlonal Aeronautics and Space
Administration, May 1974,

HCMM Base Module Specifications, Goddard Space Flight Center,

National Aeronautics and Space Administration, S-733-55,
November 1975.

Heat Capacity Mapping Mission Base Module, Part 2--Technical,

Type I and Type II Missions, Boeing Aerospace Company, Seattle,
Washington, March 17, 1975.

Low Cost Modular Spacecrafti Description, Goddard Space Flight
Center, Natiomal Aeronautics and Space Administration, May 1975,

Mechanical System Specification for the Multimission Modular Space-
craft (MMS), Goddard Space Flight Center, National Aeronautics.
and Space Administration, November 1975.

Technieal Proposal for a ‘Multimission Modular Spacecraft Fubﬂtcatzon
Program, Rockwell Internatlonal January 9, 1976.

Taber, John E., Space Test Program Standard Satellite Study, TRW
Systems Group, 23590-6008-TU-00, October 30, 1975.
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Appendix G
THERMAL CONTROL SUBSYSTEM: A COMPARISON OF
"AEM, STPSS, AND MMS

by
W. D. Gosch

COMPARATIVE EVALUATION OF THE THERMAL CONTROL SUBSYSTEM ON
THE STPSS AND AEM SPACECRAFT

There are two major differences between the thermal control sub-
system of the STPSS and that of the AEM (Table G-~1). First, the AEM
design uses 1ouvers, while the STPSS relies on radiators and heaters
for‘cnntrollinQ*spacecraft component and structure temperatures.

Second; the 3TPSS requires high—temperature'insulation around the

Table G~1

THERMAL CONTROL ELEMENTS OF THE AEM, STPSS, AND MMS SPACECRAFT

Spacecraft
AEM i : - STPS8S MMS
3~-Axis 3-Axis
' Element v Type I )Type II | Spin |Low-Cost | Precision S—Axis
Spacecraft weight (1b) 24 | 274 888 | 1043 1167 | 1312
Thermal control weight (1b)| ~3 | 3+2 (b) (b) (b) 39
Thermal control elements: ' '
e - Louvers 1 2 —— —— — 6
® -Radiators X X X X X
e Heaters X X ¥l x X X
¢ Multilayer imsulation X X b4 X X X
'03-Tﬁ3rmal cbatiﬁgg X X X X X X
e High-temp. imsulation x| X 4
. Intarface insulators X X %1 X X X

A second louver and radiator are added for this mission

hSi:ructure and. thermal control welghts combined. core middle = 250 1b, spin
module = 75 1b, orientation (low~cost and precision) = 160 1b. TRW did not de-
terming actudl welghts of the therdal control elements but they indicate it would
be on the order of 10-15 1b.
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'solid rocket kick stage motor. This motor is imbedded inside the hex-

agonal modules and must be thermally isolated during and after firing

to prevent excessive heat transfer to the spacecraft modules.

The louvers specified for the AEM were flight-qualified on the
Mariner '64 and '71, The Boeing STP 72-1 and the S3 programs used
.a'tutal of 17 louver assemblies identical to the ones proposed.for the
AEM spacecraft.

Multilayer insulation blankets for shielding the spacecraft from
the heat penerated by the solid rocket motors during and after firing
are made of materlals that cam withstand the higher temperatures, such
as titanium. ' '

The "low temperature” multilayer insulation blankets are used to
decoﬁple the spacecraft from the external environment. For the AEM
the blankets consist of an outer layer of aluminized 1 mil Kapton, 10
layers 6f doubly aluminized 1/8 mil perforated mylar separated by silk
net spacers; a single layer of Dacron scrim cloth to act as a filter,
and an inner layer of aluminized 1 mil Teflon (Teflon side facing the
base module). The STPSS uses similar insulation blankets on the entire

outer surface of each module with the exception of cutouts for the

‘radiator panels.

On the AEM, heaters are used in the thermal control system solely -

for maintaining the orbit adjust system component (thruster valves and
catalyst bed) temperatures within the design limits during the initial
velocity trim. The heaters are'sﬁbsequently commanded off and remain

inactive for the remainder of the mission. They could be reactivated

at any time by ground command- if required. The total heater power re-
quired during velocity trim is 3 W.

The STPSS uses a heater for the solid rocket motor. It is thermo-
statically detuated to ensure adequate temperatufe-léﬁels at the time
of firing. The STPSS also uses thermostatically controlled component
hgate;sﬁwith syfficient power to maintain component temperatures above

the minimum allowable under the coldest conditioms.

Thermal control coatings used on the AEM and STPSS provide interior

and exterjor radiation control. Interior coatings enhance the internal

radiation heat transfer from bay to bay. Coatings are used on the ex—

ternal surfaces to reduce the temperature effects of direct or reflected
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sunlight. These surfaces include the backside of the solar array, the

- louver radiator surface (AEM), the thermal control trim radiator, the

shunt dissipater panel, solar array and antenna appendages, and the
S-band antenna. .

 Radiators for dissipating heat generaced inside the spacecraft
are used on both the AEM and the STPSS. In the case of the STPSS
(whiéh has no louvers) the control of component temperatures within
the spacecraft is achieved with a combination of radiators, second
surface mirrors, and thermostatically controlled heaters. On the AEM,
conponent temperature control is achieved with louvers and thermal-
control trim radiators. The baseline design radiator for the AEM
spacecraft radiator is sized to satisfy the HCMM mission requirements
and is painted white. The radiator's properties can be adjusted.by
paint stripes to attain the desired trim.

Since most of the elements of the AEM thermal control subsystem
have been f£iight-proven on previously designed Boeing spacecraft, they
should be considered at least state of the art if not off-the-shelf.
The same holds true for the TRW-proposed STPSS design.

COﬁfARAIIVE EVALUATION OF THE STPSS AND MMS SPACECRAFT

To date,‘contracts have not been awarded for the design, develop-
ment, or production of either the MMS or the STPSS. Consequently, the
informatlon avallable for mdking a comparative evaluation of the MMS
and STPSS is less detailed than for the AEM-STPSS evaluation. However,
based on the information from GSFC, Aerospace Corporation, and IRH,
thermal control subsystem concepts are sufficiently well defined that
a reasonable comparatlve technlcal evaluation can be made.
' The same two differences between the AEM and STPSS are indicated
for the STPSS and MMS (Table G-1). The MMS spacecraft uses two louvers

on each -of th:ee;modulés: power module, ACS module, and the C&DH module.

As previously stated, the STPSS relies on radiators, second surface
mlrrors, and thermostatlcally controlled heaters for maintaining the
spacecraft structure and components within specified temperature limits.-

Louvers are generally considered to be more expensive than heaters. -

-However, personal contact with a thermal contrel system engineer at
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GFSC revealed that their analysis of the spacecraft heat balance, using
louvers rather than heaters and radiators, indicated it is more economical
to use lduv;rsg The propulsion module for the MMS spacecraft (either
SPS-I or SPS-II) is mounted at the base of the spacecraft structure

and is thermally isolated from the structure and modules. A small
quantity of heat is transferred at the interface between the structure
and propulsion module and is accounted for in the thermal control
analysis of the entire spacecraft. As noted previously the STPSS
spacecraft uses a solid propellant rocket motor for propulsion and

must be thermally isolated from the modules with high temperature
multilayer insulation to prevent excessive heat transfer into the.
modules during and after firing. .

The design objectives for both spacecraft, from a thermal control

* point of view, are generally the same, namely, thermally isolate each

individual module from the environment and other parts of the space-
craft. The same basic design philosophy of using low-cost, proven
elements for the thermal control subsystem appears to apply to the

MMS and the STPSS. Thermal control elements for the MMS can be con—

'éidered as at least state of the art if not off-the-shelf.

.

B e
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- &ppendix H

. PROGRAM OPTIONS FOR THE SAMSO SPACE TEST PROGRAM
by
S. H. Dole and L. N. Rowell

Alternative approaches (i.e., different mixes of spacecraft,
orbits, and payloads) to carrying out a ccmplete Space Test Program
during the 1980-1990 period were gemerated so that different sets of
total program costs could be computed and compared. This appendix
includes only a representative sample of the alternative program op-
tions that were examined in this study. First, the STPSS mission
model is discussed and disaggregated into eight categories of orbits,
and then the various standard spacecraft configurations considered in
this study are identified with the payloads in these orbit categories
according to their ability to accommodate the payload requirements.
After this, the procurement options are determined for a variety of

conditions.

ANATYSIS OF PAYLOADS IN THE STPSS "BLUEBOOK"(l)
We adopted the premise that we could consider the payloads given

in Ref. 1 to be "representative" of those that would be ‘orbited, thus
the payloads in the bluebook were analyzed, as follows. Of the 51
payloads listed therein, four were eliminated because they required
special spacecraft, or because they had already been launched into
space (Nos. 4, 5, 9, 45), and one (No. 42) was eliminated because the
orbit was not clearly defined. The remaining 46 payloads were cate-
gorized according to their orbital orientatiom and apogee alritude

and perigee altitude réquirements; The standard orbits that were
selected to provide a means of grouping payloads (and the number of

bluebook payloads captured by each) are:

The numbers are those of the bluebook pages where the payloads
are .deseribed.




00

Orbit

Numbex . - Description

1-s Sun~synchronous (98.4 deg ineclination), 250 to 300 n mi
circular, sun-oriented [8]

1-E Sun-synchronous, 250 to 300 ﬁ’mi circular, earth-oriented 113]

2 Elliptical, 7000 x 200 n mi, polar [13]

3 Geosynchronous (19,372 n mi) eircular, low inclination,
sun~oriented [4]

& 10,000'ﬁ-mi circular, low inclination [2]

5 12 hr orbit, 21,000 % 900 n mi, 63.4 deg inclinmation [3]

6 . Geosynchronous circular, low inclination, earth-oriented [1]

7 3200 % 150 n mi, 30.deg inclination [1]

8 180 n mi circular, polar [1]

The veleoeity increments required to place the spacecraft into the
above standaxrd orblts are given in Table H-1l. These AVs were used for
the selection and sizing of appropriate kick stages.

The payloads were also ordered according to the spaﬁéc%aft capa-
bilities that are needed to accommodate the payload. 1Imn addition to
mission altitude and orientation, we also used payload weight; power,
data rate, stabilization requirements, and pointing accuracy as’ filters
for assigning spacecraft. These assignments afe given in Tables H-2
to H-5 where the letters "x" or "y" indicate a compatibility between
spacecraft capability and payload requirements. The letter "y" in the
AEM.spacecraft row applies when thét spacecraft's maximum altitude
capability is assumed to be geosynchronous rather than its current limit

of 1000 n mi; this was one of the spacecraft design excursions that was

examined in the study.

PROGRAM OPTION DEVELOPMENT
On the basis of information provided by SAMSO, it appeared that

. the Space Tést"Program would be orbiting approximately 114 payload pack-
ages during the 1980-1990 time period. Since there were only 64 repre-

. sentative payloads iﬁ.the sample we had available to wo:k with, it_qu.

Numbers in brackets are the number of the bluebook payloads
. accommodated by the orblt. . .




© Table H-1 _
STANDARD ORBITS, VELOCITY INCREMENTS

, ' - 'AVZ (£t/sec)”
;[AVl (ftjsec)a A

Q?bit’Number [Apogee altitude (n mi)] Total AV (ft/sec) Remarks
o1 174 (1501 | 172 [250] 346 250 a mi circular orbit
©1-E 5;  258  [150] | 255 [300] ' 513 300 n mi circular orbit
| ; 258 (1501 | 0 17 {300} 429 250 x 300 n mi orbit
2 |'s,58  [150] 55 [7,000] - 6,136 200 x 7,000
| 3 |7,98 (1501 | 4,820  [19,372] 12,804 Geosynchronous :
| o . 5
. ' | 6,505. [150] 4,601 (10,0001 11,106 10,000 circular
5 8,136  [150] - 419 [21,000] 8,555 12 hr 900 x 2,000 (AV in plane)
85136 {150] 3,116 [21,000] 11,252 12 hr 900 x 21,000 63.4 deg

(AV changes orbit plane ineli-
nation 35 deg at 21,000 n mi

altitude). ]
6 V'z 7,984  [150] 4,820 [19,372] - 12,804 Same as Program Option 3
7 ' :3,5'36‘- [150] -0~ -0- | 3,536 150 x 3,200 n mi
! 8 | 53  [150] 53 [180] 106 180 n mi circular

'v aAvl is velocity dincrement added at shuttle altitude of 150 n mi to carry spacecraft to apogee altitude.

bbvz;is the velocity increment added at apogee altitude to achileve desired orbit.

G . T,

P, PR

TonTr.

e e e
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Table H-2

orbit 1-S: Sun synchromous, 250-300 n mi circular, sun~oriented

Payload number | 15 |19 20 {27 |33 |37 |48

51

Weight (1b) o 50 | 10 | 76 {250 | 1} 12 [135

Candidate Spacecraft _
ABM ' y ¥

LC-STPSS ) x® x| x x

STPSS or MMS % x| x x x| %1 =

' a’y- applies whep AEM maximum altitude is geosynchronous (19,382 n mi).

' Table H-3

Orbit 1-~E: Sun—synchronous, 250-300 n mi circular, earth-—-oriented

Payload number 118 123 | 26 | 28 _29-_-' 34135 ) 36 38

139

40 |

6| g

Weight (1b) 113 | o |13 |s25 |53 |13 |40 |60 | 6

{331

135 | 25

Candidate Spacecraft

AEM iz |l | |w |l |w |w|w

sTess/s. | 1 x| x| x ®

LC~STPSS X | o= x| x| = | = % x | x

STPSS/Por s | x | = | x - x| x| x| x| .x | x

Table H-4

Orbit 2: Elliptical (7,000 x 200 n mi), polar

31

132

46 50

Weight (1) J17]161 &) sl15| 8 | & {aa] 70

18

5 |110

Candidate Spacecraft |

AERM ylyi{ vi vyl vl vy |y

STPES/S . -

LC-STPSS | x| x| x| x| =x

, . _1_ R ARSI i f:‘.n__..;\..:;_,.: i e T A,Ag e -—~ y st - o S -,,:},- (2 ~, S PR,

s mert ¢ ey s A A Y

it

O L T A L L e

o L
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Table H-5
Orbit 3% b 5¢ 6 | 7° 1 et
Payload mmber 3li6 | 44152 | 2|26 |7 [10] 43| 8 )25 |30
Weight (1b) 12| 3|17 |13 |29 | 2 |25 |19 {475 [30) | 43 |30
Caﬁdi@ate_?pgcgcraft_ _ A - _ _ o
o vy ylylvylvlv vy iy
 STPSS/S ) | = x | x | x ‘
1,C-STPSS xlx] =] x| x| x {x :ﬁz 2 | x
Csmss/pors (x| ®| x| m| x| x |x x| x| =lx|=

a, . :
Geosynchronous (19,372 n mi) cireular, low inclinatiom, sun—-oriented.

b

®19-hour orbit, 21,000 x 900 n mi, 63.4 deg inclination.

10,000 © mi citeular, low inclination.

Geogynchronous circular, low inclination, earth~oriented.

3,200 x 150 @ mi, 30 deg inclinatiom.

?180 n mi ciréular, polar.




necessary to scale this number up by a factor of 2,48 to yield a
closer approximation of the complete-program. Censequently, both the
numbers of payloads and their aggregated welghts taken from Tables H-2
“to H-5 were multlplled by 2. 48 in developlng the Program Optlons.
Other numbers of total payloads in the ten-year period, 92, 138, and
228, were assumed in some of the cases to test the effect on results.
‘As above, appropriate multiplying factors were used.

Groups of payloads (for a given orbit) were a551gned to sPec1f1c

spacecraft with the followang lxmlts being observed:

craft: ARM = 150 1b; STPSS = 1000 1b or 1500 Ib; MMS =
4000 1b. k |

2. Maximum circular orbital altitudes reachable by the_space—
craft: AEM(x) = 1000 n mi; AEM(y) = 19,372 n mi;'STPSS and
MMS = 19 372 n mi.

"‘3; The max1mum number of payloads that can be loaded on a. sxngle'

'spacecraft in separate program optlons was assumed to be 6,

8, 10, or 13. |
4, Maximum experlmeetal power: AEM = 50 W; STPSSmS = 290 W;
.. SIBSS-IC and STPSS-P. = 400 W; MMS = 850 W.._ | |
5. Maxinum data rate: ATM = 8 kbps; STPSS = 128 kbps; MiS
" & 64 Kbps. o

The nunber of'sﬁacecraft flights for Six different cases; four
different program options, and four dlfferent assumed upper. limits on
"the number of payloads that could be placed ona 51ngle.sPacecraft are

. summarized in Table H-6. As may be seen from Table H-6, the total

' ;number of shuttle.fllghts requlred to place a1l of .the STPSS payloads

'into urbit ranged from a.mlnlmum of 12 to a maximum of 26. - The ranges

in.numbers of launches, as a function of the assumed payload llmltar d7"

'dutions, are shown below: =

S : o SRR | S - 1 S
. The power limitation affected only the-payload packages for the - .
~AEM and STPSS=S spacecraft, for all others, different limitations were

more critical.

- Lo Maximum paquadxweights that can be lqadedvon_a_single space—

AU IR




Table H-6

SUMMARY OF TABLES H-7 THROUGH H~23

" .
" - GASES ¢ e R ¢ 11 118 v v vl
~8TPSS MAXIMUM. PAYLOAD . 1500
QT L8y ; 1000 1500 1000 1000 1000 150
HAX, AEH.ALT, {NH) —o 1000 © 1000 1000 1000 19372 19172
" FOTAL_NO. OF. PAYLOANS—a— - 114 114 92 138 114 114
_PROGRAH- ) S . NUMBER OF SPACHCRAFT FLIGHTS : _ .
OPTION | SPACECRAFT (130100 (81 (8) | (LD (I0}BI(E)| (13 (10)(BI(6) | (L3I (103(8Y(E) | (13)(101(BIC6) |_ (33)(10) (B} (6)
; T S T A I 3 - D - £ TF
e AEM 11 2z 3 1 2 14 0o o0 12| 0 o 2 3} 7 7 9ul & 8 1010
Jamiy- | swne 1011 34 16f-20 1t 13-15) 10 11 1215]| 12 15 1618 5 s 78|l 5 5 & 7
5,;;55:' STP/P 5 5 55 3 3 4.5 4 4 &4l & 4 55| 5 5 550 3 3 44
: N S o0 0 ool o o ool o & ool 0 o ool o0 o ool o0 0o 0o
TOTAL NO: ” ' . : [
FLIGHTS —™= | 36 17 2124 14 16 20.26) 34 15 1721} 36 190 2326) 17 17 21 26! 14 16 20 24
' G | 1 T ;
2 AEM 1 2 3 4 SAME 23 4| 2 3 35 7 8.1013° SAME
S | stise 0o 6 o a0l AS 0 0 00 0 00| © 0 0 0; s
; s sre/p 0°0 00 ¢ o o ool o o ool o o 00! 3
WS (13, 1% 17 2y 1 12 1316 13 36 1821 8 3 mwmn.:
TOTAL RO : ' ' - o
| enienrs == | 34 16 20 24 13 14.3620 | 15 19 2126 | 3% 15 20 74
3 B R L u _ N .
.' 3 AEM 0o 0 oo0[0 0 00 o o ool .0 0 60 SAME SAE
S auL\ ) st 1 12 1619 111 13 1619 | 11 12 1418 | 12 15 17 2 AS a8
. \gsress) | sm/p 5°5 5503 3 45 3 3 33 4L 4 55 " L
: . MHS 0 0 00] 0 0o 00 60 0 0 0o
- | toTaL o, ; - :
- | Fureuss == | 16° 17 2124 | 14 16 2026 | 14 15 1721 | 16 19 22 26
S -0 | P L
R A CARM 0 0 0 o0 SAME 0 00 0 00 SAME SAME
- fany |} steiue 0.0 00 AS 0 00 0 0O AS As
: LS gre/p 0 0 00 o 0 0 0 a o 0 00 o a
' S 141620 24 B2 14 1620 | 14 18 21 26
TOTAL NOW - - -
FLIGNTS " =% | 14° 16 20 24 12 16 1620 | 14 18 21 26

~40T=

3 i
|
3
|

-y

B o= P car
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Maximum number of payloads
per single spacecraft 13 io 8 6

Number of launches - 12-17 14-19 16-23 20-26

Each of the cells of the matrix represented by Table H~6 is ex-
panded in Tables H~7 through H-23. In these tables, the total number
of-spacecraft required are dlsaggregated.by orbit so thet ocne can
determlne the appropriate kick stages that would provlde the velocity
_increment necessary to translate the spacecraft from the nominal shuttle
parking orbit (150 nkml) to the mission orbit. Tables H-7 through H-23
also tabulate the maximum number of payloads actually assigned to a -

gpacecraft in a given oxbhit.

INTEGRATION COSTS

The costs of integrating and testing a complete sPaceeraft appear
‘to be predominantly a function of the complexitY'of the individual pay-
loads themselves rather than of the characterictics of the spacecraft
. on which they are mounted or of the number of payloads that have to be
integrated into a single spacecraft. Some information provided by Mr.
W. A. Myers, of Rockwell International, indicates that mission inte-
gration costs might include the costs of about three engineering man~
months per payload at the low-cost end, up to total costs of possibly
51, 000 000 per payload for hlghly complex payloads. A typical mission
integratlon job would require one engineer per payload ‘over a period |
of six to nine months. He indicated that there should be very little
-differenoe:betWeéq'the*STPSS and the%MMS'telative to mission integra- -
tion. The test prooedures might be slightlj more complicated with the

MMS s0 the nonreourrlng costs (of developlng procedures) c0uld be a

'-little higher.

 REFERENGE

'1, Current SITP Bzyloads, Department. of Defense Space Test Program,
January 1, 1976.
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" Table He7

CASE I (&)%

PROGRAM OPTION 1:

USE LEAST EXPENSIVE SPACECRAFT AND MINIMIZE NUMBER
OF FLIGHTS ‘ N

ORBIT

SPACECRAFT

MAXTIMUM NUMBER OF PAYLOADS PER FLIGHT

13

10

5

6

18

i-5
1-E

NI N -

- STPSS/LC
STPSS/P
STPSS/LC
STPSS/LC
STPSS/LC
STPSS/LC
STPSS/P
STPSS/LC
STPSS/LC
STPSS/P .

NUMBER OF FLIGHTS - NUMBER OF PAYLOADS/FLIGHT

- 0
-~ 10
- 3
- 10
- 11

HoROR R R WL ow PN O
I

10

!
W W W s~ o’

P I I R T L~

R

- 10
-. 3
- 10
-9

—

1
W oW w e

—

o |—l<l:u*-‘N<mw;NNH"
{

l4
W ww s WL Lo ow m U

 TOTAL

NUMBER ARM

- OF
SPACECRAFT

STPSS/LC

10

n-

i

1
11
5

2

%

5

HoOH RN DO W W N N

16

FLIGHTS:  STPSS/P

150

17

21

2

e e 1 L o

- JOTAL NUMBER OF FLIGHTS 1g

~ “Roman capitals correspond to those in

Table H-6.

S_— _~,.......'_-.;M.~T.;. b
R

s




CASES I(G) AND II(G)
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Table H-8

PROGRAM OPTION 2: USE AEM AND MMS AND MINIMIZE NUMBER OF FLIGHTS

MAXIMUM NUMBER OF PAYLOADS PER FLIGHT

13

8

6

ORBIT |SPACECRAFT

NUMBER QF

FLIGHTS -~ NUMBER OF PAYLOADS/FLIGHT

1-s MMS
1-E MMS
1-E ABM

Y- T R )
2 E
R R R R MR W NN
I

10

10

13

11
10

B T R R R I i B - I C R X

10

7

0

9
10

W W W o W

ROH O R RN G W N W
' !

W W W 0 U N et e

R RN RN Y B N B
.

O R P T T - N T R

TOTAL NUMBER
OF . AEM= 1
SPACECRAFT

MMs = 13

. _FLIGHTS? 3
TOTAL NUMBER OF FLIGHTS 14

16

20

 24
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Tablé H-9

CASES I(K) AND V(K)

PROGRAM OPTION 3: ALL PAYLOADS ON STPSS AND MINIMIZE NUMBER OF
FLIGHTS BY COMBINING PAYLOADS ON SAME ORBIT

MAXIMUM NUMBER OF PAYLOADS PER FLIGHT
SRR RO .13 10 , 8 6
ORBIT. | SPACECRAFT | NUMBER OF FLIGHTS —- NUMBER OF PAYLOADS/FLIGHT
1-s | STPSS/LC 0o - 00 -0 1 -7)2 -5
1-s | STPSS/P 2 =10 2 =10 2 - 712 -5
1-E | STPSS/LC 4 - 9 | & - 5 - 7| 6 - 6
2 STPSS/LC 3 -11 | 4 - 5 - 7] 6 - 6
3 STPSS/LG 1 -10 | 1 ~10 2 -~ 5| 2 -5
4 STPSS/LC | 1 = 5 | 1 -~ 5 1 -5} 1-25
5 STPSS/P | 2 -~ 4 | 2 - 4 2 - & | 2 - &
6 stess/.¢ | 1 - 3| 1 - 3 1 - 3|1 -3
7 STPSS/LC | 1 - 3 | 1 - 3 i -3(1-3
8 | SIPSS/P 1= 3|1 -"3 1 - 3|1 -3
TOTAL o : . - S
NUMBER sTPSs/LC = 11 12 . 16 19
FLIGHTS: o
FLIGHTS: 16 17 21 24




Table H~10

CASES 1(0), TI(0), V(0), AND VI(O)

PROGRAM OPTION 4: ALL PAYLOADS ON MMS AND MINIMIZE NUMBER OF FLIGHTS

'MAXTMDM NUMBER OF PAYLOADS PER FLIGHT
13 10 | 8 6
- ORBIT | SPACECRAFT| NUMBER OF FLIGHTS -~ NUMBER OF PAYLOADS/FLIGHT
-8 | MMS 2 ~101] 2 -10 3 - 7 & - 5.
1-E | MmMs 3 -11| 4 - 9 5 -7 6 -.6
2 | wms 3 -11 | 4 - 9 5 -7 6 -6
3 MMS 1 -10] 1 ~ 10 2 - 5| 2 - 5
4 MMS 1 - 5] 1 -5 1 = 5] 1 -5
5 MMS 1 - 8] 1 - 8 1 - 8] 2 - &
6 MMS 1 - 3| 1- 3 1 -34{1-3
-7 MMS 1 - 3|1 < 3 1 -« 3|1 -~ 3
8 MMS 1 - 311 -3 i - 3 1 - 3
' TOTAL NUMBER | |
oF _ -
seacrcravr | 165 - 4 16 20 24
_FLIGHTS:
TOTAL NUMBER OF ' : “
FLIGHTS = 14 % 20 2%
IR ] R — S
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Table H-11

CASE II(B)

PROGRAM OPTION 1:

'OF FLIGHTS -

| USE LEAST EXPENSIVE SPACECRAFT AND MINTMIZE NUMBER

MAXTMUM NUMBER OF PAYLOADS PER FLIGHT

ORBIT| SPACECRAFT 7NU§§ER'og”fLIé§Ts’-— gUMBER gﬁ PAX%OADS?FEiCHT'“:
-1-8 .| STPSS/LC i -10 | 1 - 10 1 - 5 2 - 5
1-s | sress/p 1 -10 |} 1 =10 2 - 8| 2 = 5
1~E | AEM 1 - 812 =7 3 - 6| & - 6
1-E | swmss/c | 2 -13 |2 -10 [ 2 - 8|2 - 5
2 stess/Lc | 3 —~11 | 4 - 9 5 - 7 - 6
3 STPSS/LC 1 -10 | 1 -10 2 - 5{2 -5
4| sress/ic | 1 - 5| L - 5 1 -5{1 -5
5 STPSS/P 1 - 8|1 - 8 1 - 8|2 - &
6 STPSS/LC 1 - 34{1 - 3 1 - 3| 1-- 3
7 STPSS/LC 1 - 3|1 -3 1 - 311 -3
8 STPSS/P 1 - 3|1 -3 1 - 3|1 - 3
TOTL NUMBER - pmy = 1 2 3 4
SPACECRAFT STPSS/LC = 10 11 13 15
:uE;IGHTS:.;'STPgsfP L 3 s .5
TOTAL NUMBER OF R | S :
=14 16 20 24

FLIGHTS:
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Table H-12

CASES II(L) AND VI(L)

PROGRAM OPTION 3: ALL PAYLOADS ON STPSS AND MINIMIZE NUMBER OF FLIGHTS
' BY COMBINING PAYLOADS ON SAME ORBIT

MAXTMUM NUMBER OF PAYLOADS PER FLIGHT
B | 1w | s | s
'ORBIT | SPACECRAFT | NUMBER OF FLIGHTS —— NUMBER OF PAYLOADS/FLIGHT
1-s | smess/tc¢ | 1 -0 | 1 -120 | 1 - 7|2 - 5"
. 1-s | STPSS/P 1 -10 | 1 -10 2 - 742 -5
1-E STPSS/LC 3 =11 | 4 - 9 5 - 74( 6 - 6
2 STPSS/LC 3 =111 4 - 9 5 -« 71 6 - 6
3 _STPSS/LC 1 -10 | 1 - 10 2 - 5| 2 -5
4 STPSS/LC | 1 - 5 | 1 - 5. 1 -5)11~=35
5 stPss/P |1 - 8 {1 - 8 1 - 8] 2 - &4
6 STPSS/LC 1 - 311 -3 1 - 3|1 -~ 3
7 STRSS/LC L - 3 {1 - 3 I - 3{ 1 = 3
8 STPSS/P 1 -3 1. - 3 1 - 3] 1 - 3
TOTAL NUMBER S T
o¥ - . S8TPSS/LC = 11 - 13 ) 16 19
SPACECRAFT - _ ,
FLIGHTS: SIPSS/E = 3 3 4 5
TOTAL NUMBER OF = R
FLIGHTS: = = 14 16 20 24




-112~
Table H-13

CASE III(C)

PROGRAM OPTION l: USE LEAST EXPENSIVE SPACECRAFT AND MINIMIZE NUMBER
OF FLIGHTS ' ' ‘

MAXTMUM NUMBER OF PAYLOADS PER FLIGHT

13 | 10 s | s

ORBIT | SPACECRAFT | NUMBER OF FLIGHTS - NUMBER OF PAYLOADS/FLIGHT

1-s |smess/tc | 1 -8 | 1 - 8 | 1 - 8 |2 - 5

=
1
.CO
=
i
(22

1-s |STPSS/p | 1 - 8 | 1L - 8 | |
e |(am | o -0 fo0o- 0|1~ 2 |2 - &4

1-E . "smrss/chv i 3 -9 13- 9

)

3 .
STPSS/LC 2 -13 3 -9 4 - 7 5 - 6
STPSS/LC - {1 - 8 1
1

‘STPSS/LC

'.—l
]
NXTI
=
I
‘W B o

STPSS/P 2 =

[
!

o U B W
N
i

STPSS/LC

7 | STPSS/IC -

o
I
i}
I
i
N
|
b3
-
I
b

8 | sTPsSs/p

%&I,'MA'»H:”O' o 1
oF : ’ -
_SPACECRAFT ~STPSS/LC
'FLIGHTS: - -STPSS/P

10 o 12 15
3.4 R ';'f_&;;f_;_;=-';435

TOTAL, NUMBER OF FLIGHTS 14 15 17 o
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Table H~1l4

CASE III(H)

'PROGRAM OPTION 2: USE AEM AND MMS AND MINIMIZE NUMBER OF FLIGHTS

ORBIT | SPACECRAFT

MﬁklmﬁH'NUMBER OF PAYLOADS

PER FLIGHT

13 .

- 10

8

6

- NUMBER OF FLIGHTS - NIRMBER OF

PAYLOADS /FLIGHT

- 1-s | mMS

1-E | mMs

1-E | AEM

7 M5

8 MMS

T
]

=
]

10

| o

[*)]
S
"1

~ o

&

roTAL
NRMBER AEM
OF MBS
SPACECEAFT

. FLIGHTS:

TOPAL NUMBER OF

HE R R

I
™

FLIGHTS 13

14

16

20
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Table H~15

CASE TII(M)

. PROGRAM OPTION 3: ALL PAELOADS_ON STPSS AND MINTMIZE NUMBER OF FLIGHTS

BY COMBINING PAYL.OADS ON SAME ORBIT

MAXIMUM NUMBER OF PAYLOADS PER FLIGHT

RS U FESR: & S I 10 I I [ 6

ORBIT | SPACECRAFT | NUMBER OF FLIGHTS — NUMBER OF PAYLOADS/FLIGHT

1-s | sTRSS/LC | 1 -~ 8 1 1 - 8. - 8. | 2 - 5

1-8 8TPSS/P i - 8 1 - 8 - 8 1 - 6
- | STPSS/LC | 3 - 9 [ 3 - 9
2 STPSS/ILC { 2 - 13 3 - 9

STPSS/LC

B e

STPSS/LC

e
!

-5 | sress/iLc
5 STPSS/P
6 - | STPSS/IC | .

7 STPSS/LC -

=R O T T N R R T ST SR

i
X

= R S
ha

e | smesr

N s
_ .
3 %)

 TOTAL _
oF STPSS/LC
SPACECRATT  amin fo |
FLIGETS: | SUEoo/P

1 1w 18
3 3 3 .3

—— L Se——— e—— —

e

© TOTAL WUMBER OF FLIGHTS 14 15 17 21
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Table H-16

CASE III(P)

PROGRAM OPTION 4 ALL PAYLOADS ON MMS AND MINIMIZE NUMBER OF FLIGHTS _

MAXIMUM NUMBER OF PAYLOADS PER FLIGHT

ORBIT | SPACECRAFT { NUMBER OF FLIGHTS - NUMBER OF PAYLOADS/FLIGHT

-5 |mms 2 - 8|2 - 8l2- 8 |3 - &
1E fms | 2 - 13|3- 9f4s- 7 |5 - &
2 Mmgs | 2 - 13 | 3 - 9

3 s

=
I
oo
et
I
[0 =]
P T B NS
'
(o]
)
I
B o

6 MMS ' I - 2+ 1 - 2

8 MMS i - 211 - 2 I - 2 11 - 2

" FOTAL

NUMBER . . o _ o
OF MMS = 12 14 16 20
SPACECRAFT C L L
FLIGHTS:

TOTAL NUMBER OF FLICHTS 12 14 16 20
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Table H-17

CASE TV(D)

PROGRAM OPTION 1: USE LEAST EXPENSIVE SPACECRAFT AND MINIMIZE NUMBER OF

| FLIGHTS .

- MAXIMUM NUMBER OF PAYLOADS PER FLIGHT

' ORBIT | SPACECRAFT | NUMBER OF FLIGHTS - NUMBER OF PAYLOADS/FLIGHT

1-8 | STPSS/LC

l .
1-s | STPsS/P 1 - 12 1 - 9 ]z - 8 2 -~ 6
i_; R e LEM S | - 4o
| 4

1-E | STPSS/LC

m.
.

4
2| sTess/Lc 13 |4 - 10 |5 - 8 [ 7 - 6
]  STPSS/IC

4 | sTeSs/ic

R

5 |smssp |2 -5 |2- 5 |2- 5 125
6 |sress/e | 1 - 3

1 1 1
7 {smssme | 1= 3 |1 - 3 [1- 3 | 1- 3
. 3

8 |seress/e | 1 - 3 1

g T s R e e e S D

oF  STPSS/IC = 12 15 6 18

. SPACECRART oo S T
FLIGHTS: ._sTﬁss/E._ B TR .:-_5 R 5

0

I

| TOTAL NUMBER OF FLIGHTS 16 19 23 26
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.- T.a'b-ie. H-—-:LB

CASE IV(I)

'PROGRAM OPTION 2: USE AEM AND MMS AND MINIMIZE NUMBER OF FLIGHTS

MAXIMUM NUMBER OF PAYLOADS PER FLIGHT

13 o g8 ] 6 TR -

ORBIT | SPACECRAFT | NUMBER OF FLIGHTS - NUMBER OF PAYLOADS/FLIGHT

-5 | s 2 - 12 |3 - 8 |3 - 8 |4 - 8

(4]
H
!
e
e
N
I
l
o
3% ]
!
o
o)
i
o

L o)
=
=
(71
(]
!

) ov.
=
i
h
)
!
=)}
|l
1
oy

© TOTAL, R TR T S |
OF. ER. AEM & 2 sl 3 E 3 5
 SPACECRAFT  MM8 = 13 16 .. 18 -~ . 2L . -

TOTAL NUMBER OF FLIGHTS 15 =~ = 19 om 2
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Table H-19

CASE IV(N)

"PROGRAM OPTION. 3:

ALL PAYLOADS ON STPSS AND ﬂIﬁIMIZE NUMBER»OF‘FLIGHTS

BY COMBINING PAYLOADS ON SAMI‘. ORBIT

ORBIT

SPACECRAFT

MAXIMUM NUMBER 01" PAYLOADS PER FLIGHT

13

10

NUMBER OF FLIGHTS

1-8°
l_si -.T

1-E

 STPSS/P
- STPSS/LC

STPSS/LC

SIPSS/LC

STPSS/LC

STPSS/LC

STPSS/P

STPSS/IC
'STPSS/LC

STPSS/P -

12

12

10

12

R

10

10

b3

[ w» r

- NUMBER OF PAYLOADS/FLIGHT

TOTAL
OE

FLIGHTS:

NUMBER .

SPACECRAFT.

STPSS/LC
STPSS/P

12

Ii
N

.'TOTAL NUMBER (,F FLIGHTS 1.6 R

15

17 L 21

T A
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Table H~20

CASE TV(Q)

PROGRAM OIE.'TION 4: ALL PAYLOADS ON MMS AND MINIMIZE NUMBER OF FLIGHTS

" MAXTMUM NUMBER OF PAYLOADS PER FLIGHT

8

6

SPACECRAFT

13

10

NUMBER OF FLIGHTS -~ NUMBER OF PAYLOADS /FLIGHT

1-8 | MMs 2

7 .| wmis iy

iz |

13
13

12

16

N £~ W

B T T

S

10

10

oo ToTAL - o
© NUMBER MM

SPACECRAFT

| FLIGHTS:

TOTAL NUMBER OF FLIGHTS

14

14

18

B

21

21

26

26
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Table H~21

CASE V(E)

' PROGRAM OPTION 1: USE LEAST EXPENSIVE SPACECRAFT AND MINIMIZE NUMBER

OF FLIGHTS

MAXTIMUM NUMBER OF PAYLOADS PER FLIGHT

13 10 8 - 6

ORBIT | SPACECRAFT | NUMBER OF FLIGHTS - NUMBER OF PAYLOADS/FLICHT

[T S

1 1L 1
7 |am ) 1~ 3 1= 3 ]1- 3] 1-
1 1 1

1-§ | STPSS/IC 0 - 0o~ 011 - 5 9 - 5

1-5 STPSS/P 2 - 10 ]2 - 10 |2 - 8| 2 - 5

1 | AmM 1 - 311 - 3|2 -« 5 3 - 5

1-E STPSS/LC | 3 - 10 | 3 - 10 3.~ 8 3 - 6
2 ARM 3~ 713 - 8 la& - 7 5 - 6

2 -|smss/ic | 1 - 13 |1 - 10 |1 - 8| 1~ 5

STPSS/LC | 1 - 10 |1 - 10 |2 -

stess/e. | 2 - 4 |2 -

w &~ tn
ZV]
I

W, ® W
b

W N~ U

6 | AEM

W oW

8 | STBSS/P

- IOTAL - .. -
- NUMBER -
_OF .~ SIPSS/LC =

ARM = 3

SPACECRART grpssip = 5

]
now N
Tt U ~d
U' ~ m '
N l e Bl

,}TOEAL NUMBEE>0F]FLIGHES A I .f,f.i Cp1
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Table H~22

CASES V{(J) AND VI(J)

- 'PROGRAM OPTION 2: USE AEM AWND MMS AND MINIMIZE NUMBER OF FLIGHTS

MAXTMUM NUMBER OF PAYLOADS PER FLIGHT

13 | 10 8 6

~ ORBIT |{ SPACECRAFT | NUMBER OF FLIGHBS- NUMBER OF .PAYLOADS/ELIGHT

——— e -t e — s o

.-‘-J.'."'S _M}I_S_ . 7 - !-0_ 2 i 1_0.——|—37’- l, 8_ - P 5

& | AEM T I I3 TS0 5——8 (-4 - 6

u

+-E | MMS 2 - 102 - 7|2 - 5 2 - 5

7 13- 8|4~ 7| 5- 6
10 |1

bS]
=
1

13

=
1

.

10

-
1

()
1

n

0 ]2 - 5

RO Y. SR & W ¥ S S LY
1
L
L
P
w

1
o

O S B - T
o
o
1
L]

- S =
_ ;o
(4]

TOTAYL,
OF = AFM o~ . 7.0 . 8 . - 1w 13
SPACECRAFT #MS = 8 8 10 11
FLIGHTS: - e —_ —— —_

' ._TOTAL NUMBER OF FLIGHFS' 15 - 16 - 20 - o 2%

~T it

= s x T m
-3 eSS ol A : <
am L A e, i - -
TR e o T e m md e s R . - L

PN . L oL w . e
b eV D0 D e s . -
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Table H-23

CASE VI(F)

PROGRAM OPTION 1: USE LEAST EXPENSIVE SPACECRAFT AND MINIMIZE NUMBER
OF FLIGHTS '

| MAXIMUM NUMBER OF PAYLOADS PER FLIGHT

13 10 8 6

ORBIT | SPACECRAFT | NUMBER OF FLIGHTS - NUMBER OF PAYLOADS/FLIGHT.

1-8 STPSS/LC 1 - 8 1 - 10 i - 5 2 - 5
1-s | STPSS/P - 1 -~ 13} - w0|2- 8 ]2-=:5
-k | AEM 1 - 8l2- 7|3- 6 |4- 6
15 |stess/t¢ | 2 - 13| 2 - 10| 2 - 8 |2 - 5

2 AEM 2 - 10 |3 - 8|4 - 7|5~ 6

2 STPSS/LC 1 - 13 | 1 - 10 |1 - 8 i - 5

3 |smss/e | 1- 10 {1- 10f]2- 5|2~ 5
4 | AEM | 1 - 5 ]1- 5|1

5 STPSS/P [ 1 - 8 [ 1 - 8 i 1 - 8 1 - 5
5| am . 0 - o}o - vii.o_ - 0 41 - 3

6 |am 1~ 3

P

1

]
|

(7}

-
I

w

7 |aw . | 1 - 3

8 STPSS/P 1- 3]1- 3|1~ 3 |1~ 3

L TOTAL . . ...

N R
OF

SPACECRAFT O1PSS/LC =

. -FLIGHTS: . . STPSS/P = .

w1

]

w U o
o
~¢

N

TOTAL NUMBER OF FLIGHTS 14 ' 16 20 | 24
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Appenéix I

L-AEM SPECIFICATIONS

THE FOLLOWING IS THE STATEMENT OF WORK FOR A
SHUTTLE LAUNCHED ADAPTATION OF THE AFM FOR

. LARGE DIAMETER PAYLOADS THAT RESULTED IN

! " THE L~AEM DESIGN.

5.0 CONTRACTOR TASKS

5.1 BASELINE DEFINITION

.f ' The Contracter shall design a baseline adaptation of the AEM base module
i for comparison with other vehicles by the Contractor. The baseline
! design shall be consistent with the following requirements:

i v . . e The payload interface shall be hexagonal 60 in. in magimum
diameter.

o The spacecraft shall be three—axis stabilized with control
N , capability to 0.5 deg in pitch and roll and 1 deg in yaw,
: with capability to be modified to control to 6 arc minutes
E ~ or spin stabilized with control capability to *1 deg.

ik @ Solid propulsion shall be provided to inject the spacecraft
into a eircular orbit at altitudes up to geosynchronous alti-
tude (orbiter altitude 150 n mi).

e A SGLS-compatible telemetry, timing, and control shall be
) provided using Cavrier I with capability to alsc incorporate
; Carrier II for transmitting payload data at high data rates.

e Provision shall be made for payload weights up to 1000 1b.

e The power system array shall be one-axis with setable angle
with 100 sq ft of array area. Two 20 Ahr batteries will be
provided.

e The trhermal system shall use louvers and heaters with a max-
imum power input from a payload of 10 W (insulated).

e No sznglenstrlng failure modes.

5.2 SHUTTLE INTERFACE
5.2.1 The shuttle interface shall be defined 1nclud1ng an adapter
- ..-to support one or more spacecraft with payloads in the shuttle '

over the short or long spacelab tunnel or over Orbltal Maneuverlng
System kit.
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5.2.2 TUS interface shall be defined.
5.2.3 Mixed DoD payloads shall be considered.

L e e e




