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PREFACE

With the emergence of the Shuttle, the space program has begun the transition
from an era of demonstration to one of cost-effective utilization for commercial
and defense applications. Future space missions will include large systems, with
onboard propulsion requirements significantly different and more seévere than those
on présent, relatively dense spacecraft. Thérefore, a two-day workshop was heid at
the NASA Lewis Research Center to define propulsion requirements and identify tech-
nological issues which must be addressed in the design of large space systems.

The workshop provided experts from government and industry an opportunity to
address the critical interactions between large space systems and their propulsion
systems over the total mission 1ife cycle - Shuttle launch to LEO; deployment and
checkout; transfer to final orbit; and orbit maintenance for the remainder of the
mission life. Presentations were made in three workshop panels dealing with the
following major topics: Missions; system requirements and operations; and system
design and integration. Summaries of the workshops were presented at a concluding
plenary session. Workshops were kept informal, and that atmosphere provided the
free and lively exchange of ideas and opinions which made this meeting highly
successful.

This publication is a compilation of the material from the presentations and
the conclusions of the three workshop panels.

Sol H. Gorland
NASA Lewis Research Center

Workshop Chairman
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OVERVIEW OF LARGE SPACE SYSTEMS/PROPULSION INTERACTIONS

RICHARD F, CARLISLE

National Aeronautics and Space Administration
Washington, DC 20546
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o LSS CONFIGURATIONS:

= EXPANDABLE BOX TRUSS

= WRAP RADIAL RIB
- HooP COLUMN

& MAXIMUM PAYLOAD MASS & LENGTH

PROPULSION/LSS INTERACTION
MMC (LOW THRUST CHEMICAL)

¢ STRUCTURE MASS VS. THRUSTAVEIGNT

- CONFIGURATION SENSITIVITY ~> DIAMETER, DENSITY
= RELATIVE CONFIGURATION TRADES

¢ THRUST TRARSIENTS (START-UP)

© DISTRIBUTED THRUSTING .

Average Structural Mass Impact for Start

Transient Etfects

Box Truss Radlal Rib, Hoop/Column,
Tme | Aohesang | taneuane | Aohean
TR Steady Sln?o S?udy S|a?o s?udy State
Step 1.10 1% 1.0
134 1.03 110 1.00
2134 1.00 1.00 1.00
)31y 1.00 1.00 1.00
sy 1.00 1.00 1.00
TrAsnge 0.2t02s 0.5t010s 051088
forNo
Structural
tmpact

Note: Shutdown transients have negligible impact.
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LSS/PROPULSTON 1SSUES .

¢ SYSTEM OPTIMIZATION
- PROPULS1ON/DISCIPLINE TRADES
- CHEMICAL., ELECTRIC. NUCLEAR
o SYSTEM RELIABILITY/COST
- PROPULSI0N SYSTEM TECHNOLOGY DRIVERS
- SYSTEM COST DRIVERS
o SUBSYSTEM INTERACTION
- PROPULS 10N/STRUCTURE /CONTROL
o PROPULSTON/SYSTEM INTEGRATION
- MODULAR GROWTH
- ORBITAL ASSFMBLY OPERATIONS
o SUBSYSTEM COMMO%ALITY
- SINGLE SYSTEM: ORBIT TRANSFER/CONTROL
- CENTRAL VS. DISTRIBUTED ¢CONTROL)
¢ AUTOMATION
- DEGREE WITHIN PROPULSION SUBSVSTEM
- INTERACTION REQUIREMENTS




NASA SPACE SYSTEM TECHNOLOGY MODEL
FUTURE MISSION SYSTEM NEEDS

T. G. Reese

General Research Corporation

NASA SPACE SYSTEMS TECHNOLOCY Mui. il
PURPOSE

PLANNING A0
e PROVIDES A REFERENCE FOR PLANNING TECHNOLOGY PROGRAMS AND OPTIONS
¢ IDENTIFIES CRITICAL TECHNOLOGIES NEEDED FOR FUTURE MISSIONS
e ESTABLISHES CRITERIA FOR EVALLU " .ING ONGOING PROGRAMS

COMMUNICATION TOOL

e DISSEMINATES INFORMATION ON FUTURE CAPABILITIES OF SPACE TECHNOLOGY
TO MISSION PLANNERS
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NASA SHFACE SYSTEMS TECHNOLOGY MODEL

@ A CATALOG OF IN

FORMATION DETAILING PROPOSED FUTURE MISSION AND

INSTRUMENT SYSTEMS ENDORSED BY NASA PROGRAM OFFICES

@ A CHARACTERIZATION OF TRENDS AND FORECASTS OF CAPABILITIES IN THE .
MAJOR DISCIPLINES OF SPACE TECHNCLOGY

® A SET OF REAL AND GENERIC MISSION

S THAT ILLUSTRATE THE POTENTIAL OF

SPACE TECHNOLOGY CURRENTLY BEING DEVELOPED

@ REVISED AND UPDATED VERSION FOR 1981 NOW IN PUBLICATION

onIGIHAL FL0E 18
of POOR QUAL\W

NASA SPACE SYSTEMS TECHNOLOGY MODEL CONTENTS

WITHIN TEN-YEAR HORIZON

DISTANT HORIZON

[voLume 1 ]

siem /Program Dascriptions
nh TecE\‘oio Needs

& Parl A: Mission Systéms,
Oescriptions, and Parainetric
Tabulatlion of Needs

¢ Part B: Instrument Systems,
Descriptions, and Neéds;
OAST Exparlments

L

VOLUME 11 |

$pace Technology Trends
and Forecasls

e Transportation Systems

e Spacecrafi Systems

¢ Information Systéfms

- Cheniical Propulsien

o Electric Propulslon

¢ Aerothermodynamics

¢ Power

o Materials and Structures

¢ Automation, Guidance and
Control

e Sensors

¢ Communications

¢ Data Processing

VOLUME 1! |

Opportusity s¥s|ems {Progiams
and Technologjles

e Part A: Program Office
Opportunity Systems and
Programs

¢ Part B: Opportunity Systeris
Selecied by OAST

e Part C: Opportunity
Technologics
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1981 NAS4. MODEL --LARGE SPACE SYSTEMS

---- MISSION SYSTEMS EXTRACTED FROM THE MODEL ----

PROPOSED FUTURE LARGE SPACE SY& TEMS THAT ARE DRIVERS FOR PROPULSION TECHNOLOGY

PRIMARY PROPULSION: LOW THRUST-TO-WEIGHT RATIO ORBIT TRANSFER
PROPULSION SYSTEM »

SECONDARY PROPULSION: OREIT MAINTENANCE AND MOMENTUM
MANAGEMENT SYSTEMS

PRIMARY PROPULSIOM DRIVER MISSIONS

{
EXPERIMENTAL GEOSTATIONARY PLATFORM 1
PROPOSED START DATE: 1986 ;

\

PROPOSED LAUNCH DATE: 19%

COHERENY OPTICAL SYSTEM CF MODULAR IMAGING
COLLECTORS (COSMIC)

PROPOSED START AND LAUNCH DATES: >199

100 METER THINNED APERTURE TELESCOPE
PROPOSED START AND LAUNCH DATES: >1990

ORBITING DEEP SPACE RELAY STATION (ODSRS)
PROPOSED START AND LAUNCH DATES: 1990




EXPERIMENTAL GEOSTATIONARY PLATFORM

ORIGINAL PACE I8
OF POOR QUALITY

STATUS: PLANNED

LIFETIME: 8 YEARS

LAUNCH AND-TRANSFER
VEHICLES: SHUTTLE/OTV

OPERATIONAL LOCATIONS: = GEU

>

¥

iy TOTAL MASS AT OPERA- '
}! TIONAL LOCATIONS: 6, 800-10, 200 .
i
=

3 AVERAGE OPERATIONAL

= POWER: 25-50 kW

4

o3

?}.‘.,

|

») ‘
} OBJECTIVE: DEMONSTRATE THE TECHNOLOGIES, SYSTEMS, AND POTENTIAL USES OF OPERATIONAL =
5) NARY PLATFORMS. THE EXPERIMENTAL PLATEORM WiLL PROVIDE AN OPPORTUNITY TO

3 TEST NEW COMMUNICATIONS TECHNOLOGIES AND SERVICES AND ALSO PROVIDE A FREE-FLYING, LONG-

Ej LIFE TIME SPACECRAFT ON WHICH TO PERFORM SCIENCE AND APPLICATIONS EXPERIMENTS. .
3 |

pUT

DESCRIPTION: A MATED TRANSFER VEHICLE /PACKAGED PLATFORM WILL BE FLOWN BY THE SHUTTLE
m?ﬁ‘tEW'EKkTH ORBIT. AFTER PARTIAL DEPLOYMENT OF THE PLATFORM AND A PASSIVE DOCKING )
DEMONSTRATION WITH AN ADVANCED TMS, THE PAYLOAD WILL BE TRANSFERRED TO GEO. THE K
PLATFORM WILL BE PERIODICALLY VISITED BY AN ADVANCED TMS TO DEMONSTRATE RENDEZVOUS, .
DOCKING, AND SERVICING AT GEG. THE PLATFORM HAS FIVE DIFFERENT PAYLOADS: COMMUNICATIONS o
ReD PAYLOAD - COMMUNICATIONS TECHNOLOGY DEMONSTRATION, NEW SERVICE DEMONSTRATION; r
EARTH OBLERVATION RiD PAYLOAD - LIGHTING MAPPER, RADIOMETERS; OPERATIONAL ENVIRON- j
MENTAL PAYLOAD - VAS, DATA COLLECTION; SCIENCE PAYLOAD - IMAGING SPECTRO OBSERVATORY, ;
ATMOSPHERIC EMISSION IMAGER; DOD RED PAYLOAD - Ni/Hz BATTERY, PASSIVELY DAMPED STRUCTURE, |
HARDENED OPTICAL COMMUNICATION LINKS, TACTICAL SATCOM.

10




COHERENT OPTICAL SYSTEM OF MODULAR IMAGING
COLLECTORS (COSMIC)

ORIGINAL PAZE IS
OF POOR QUALITY

STATUS: OPPORTUNITY

LIFETIME: 10 YEARS

LAUNCH AND TRANSFER
VEHICLES: SHUTTLE, HLLV'OTV

OPERATIONAL LOCATIONS: INITIALLY 500-km
ALTITUDE AT 28.5Y;
EVENTUALLY CEO-

SYNCHRONOUS
TOTAL MASS AT OPERA-
TIONAL LOCATIONS: APPROX., 67,000 kg
AVERAGE OPERATIONAL
POWER : APPROX. 25 kW

OEJEGTNE: THE OVERALL OBJECTIVE OF THE COHERENT OPTICAL SYSTEM OF MODULAR IMAGING

§ (COSMIC) IS TO INCREASE THE CAPABILITIES OF UV/OPTICAL/IR ASTRONOMY BY

SEVERAL ORDERS OF MAGNITUDE MORE THAN SPACE TELESCOPE. TYPICAL SCIENCE INVESTIGA-
TIONS ARE CALIBRATION OF THE DISTANCE SCALE BEYOND VIRGO OUT TO THE COMA CLUSTER,

HIGH-RESOLUTION STUDIES OF QUASARS, SEARCH FOR PLANETARY SYSTEMS.

DE%CRIP'NO'N: COSMIC COULD BE DEVELOPED BY NASA IN THE 13908 AS A LONG-LIVED INTER-
SERVATORY ANALOGOUS TO SPACE TELESCOPE. A LARGE COHERENT ARRAY OF
OPTICAL COLLECTORS IS DEPLOYED IN ORBIT BY ASSEMBLY OF MODULES CARRIED INTO ORBIT

INSIDE THE SHUTTLE ORBITER BAY. INITIALLY ONLY ONE MODULE CONSISTING OF A 10-m BASE-
LINE ARRAY 1S SUFFICIENT TO PROVE THE CONCEPT AND AT THE SAME TIME SIGNIFICANTLY IN-

CREASE THE ANGULAR RESOLUTION CAPABILITY OVER SPACE TELESCOPE. SEVERAL ARRAY
GEOMETRIES ARE UNDER CONSIDERATION WHICH MINIMIZE THE NUMBER OF ELEMENTS. AN

EVOLUTIONARY DEVELOPMENT STARTING WITH A TWO-FOUR ELEMENT INTERFEROMETER AND EVOLV-
ING TO A TWO-DIMENSIONAL ARRAY IS PROPOSED. THE ULTIMATE LIMIT OF SUCH AN APPROACH
DEPENDS UPON THE ABILITY TO MANAGE THE BUILDUP OF TOLERANCES. THE 130-METER THINNED

APERTURE TELESCOPE IS AN ALTERNATE METHOD FOR PROVIDING SIGNIFICANT ADVANCES FOR
OPTICAL ASTRONOMY.

n
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100 METER THINNED APERTURE TELESCOPE

ORIGIMAL Pﬁi“i‘ﬁ
STATUS: OPPORTUNITY oF POOR "
LIFETIME: 10 YEARS
LAUNCH AND TRANSFER SHUTTLE, HLV,
VEHICLES: ) OTV, IUS

OPERATIONAL LOCATIONS: INITIALLY 500-km
ORBIT AT 28.5°;

EVENTUALLY GEO-

SYNCHRONOUS
TOTAL MASS AT OPERA-_ ’
TIONAL LOCATIONS: APPROX. 85,000 kg
AVERAGE OPERATIONAL
POWER: APPROX. 25 kW

OBJECTIVE: THE 100-METER THINNED APERTURE TELESCOPE (TAT) HAS AS ITS BASIC OBJECTIVES
X106 FOLD INCREASE IN IMAGE RESOLUTION AND A 1000 FOLD INCREASE IN ASTROMETRIC PRE-
CISION OVER THAT AFFORDED BY THE SPACE TELESCOPE. TYPICAL SCIENCE {NVESTIGATIONS ARE
CALIBRATION OF THE DISTANCE SCALE BEYOND VIRGO AND OUT. TO THE COMA CLUSTER OF
GALAXIES, HIGH-RESOLUTION STUDIES OF QUASARS, AND A SEARCH FOR PLANETARY SYSTEMS.

DESCRIPTION: THE TAT COULD BE DEVELOPED BY NASA IN THE 19908 AND MANAGED AS A LONG-
CIVED TNTERNATIONAL OBSERVATORY ANALOGOUS TO SPACE TELESCOPE. THE LARGE APERTURE
TELESCOPE 1S DEPLOYED IN LOW EARTH ORBIT USING ADVANCED ASSEMBLY TECHNIQUES. SEVERAL
SHUTTLE FLIGHTS PROVIDE FOR ASSEMBLY ON THE INITIAL STRUCTURE INCLUDING FABRICATION

OF STRUCTURAL COMPONENTS, ATTACHMENT OF THE EQUIPMENT AND INSTRUMENT SECTIONS AND
THE SOLAR ARRAYS. ADDITION OF THE PRIMARY AND SECONDARY MIRROR SEGMENTS PROCEEDS IN
AN INCREMENTAL FASHION TO PROVIDE AN EARLY 'NITIAL CAPABILITY TO OBTAIN HIGH RESOLUTION
OBSERVATIONS OF BRIGHTER SOURCES. EVENTU.L FILLING IN OF SECTIONS OF ANNULAR MIRRORS
WILL PROVIDE THE FULL CAPABILITY FOR FAINT OBJECT DETECTION.

TAT CONSTRUCTION WiLL REQUIRE THE DEVELOPMENT OF EXTENSIVE ORBITAL CONSTRUCTION AND
ASSEMBLY TECHNIQUES. THE BASIC STRUCTURE CAN € CONSTRUCTED AND THEN INSTRUMENTED
WITH RETRO-REFLECTORS TO IMPROVE €IMENSIONAL STABILITY USING LASER GAGE INTERFEROMETRY.
THE INDIVIDUAL ELEMENTS ARE MOUNTED TO THIS STRUCTURE AND THEN CONTROLLED TO FORM A
COHERENTLY PHASED ARRAY. INTERFEROMETRIC SENSORS IN THE FOCAL PLANE ARE USED TO
DETECT WAVEFRONT ERRORS FOR EACH ELEMENT £OR IMAGE COMPENSATION AND FIGURE CONTROL.

12
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ORBITING DEEP SPACE RELAY STATION (ODSRS)

ORIGINAL PAZE 1S

UALITY
STATUS: OPPORTUNITY OF POOR Q

LIFETIME: 10 YEARS

LAUNCH AND TRANSFER
VEHICLES: . SHUTTLE/OTV

OPERATIONAL LOCATIONS: GEO

TOTAL MASS AT OPERA-
TIONAL.LOCATIONS: 8500 kg

AVERAGE OPERATIONAL . .
POWER: 5.5 kW

OBJECTIVE: TO PROVIDE DEEP SPACE TRACKING AND COMMUNICATIONS SUPPORT OF DEEP SPACE
THE POST 1985 ERA.

DESCRIPTION: THE ODSRS WiiL BE LAUNCHED INTO A LOW-EARTH ORBIT BY THE SFACE SHUTTLE.

AS AN INCLINAT;ON OF ABOUT 28.5°. IT IS ANTICIPATED THAT THREE SHUTTLES
WILL BE REQUIRED TO TRANSPORT ALL OF THE ODSRS HARDWARE INTO ORBIT, INCLUDING ONE
SHUTTLE FOR THE ORBIT TRANSFER PROPULSION SYSTEM. THE ODSRS WILL BE ASSEMBLED,
ALIGNED, AND TESTED IN THE LOW-EARTH OKRBIT (LEO), AND THEN BOOSTED TO A GEOSYNCHRONOUS
ORBIT (GEOJ. FINAL SYSTEM LEVEL PERFORMANCE AND ENVIRONMENTAL TESTS W!i.L BE PERFORMED
(N LEO PRIOR TO A DECISION TO TRANSFER TO GEO.

THE ODSRS CONCEPTUAL DESIGN IS A 18-m. OFFSET FEED, TWO-REFLECTOR CASSEGRAIN ANTENNA,
17 HAS A LIGHTWEIGHT DEPLOYABLE BACKUP STRUCTURE WITH PRECISION SURFACE PANELS
ATTACHED IN LOW-EARTH ORBIT, USING THE SHUTTLE AS A WORK PLATFORM. SUPPORT SUBSYSTEMS
FOR THE ODSRS ARE CONTAINED IN THE BOXLIKE BUS ATTACHED TO THE MAIN ANTENNA BACKUP
STRUCTURE. THE ESTIMATED ODSRS MASS IS 8500 kg, AND ITS STOWED VOLUME IS APPROXIMATELY

2 SHUTTLE CARGO BAYS. ODSRS POWER CONSUMPTION IS ESTIMATED TO BE 5.5 kW, MOST OF WHICH
WILL.BE A CONTINUOUS LOAD FOR REFRIGERATORS FOR THE CRYOGENIC RECEIVERS,

13
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SECONDARY PROPULSION DRIVER MISSIONS

SPACE PLATFORM ALPHA
START DATE: 1984
LAUNCH DATE: 1987

SPACE STATION
START DATE: 1986

LAUNCH DATE: 1990-91

AUTOMATED PLANETARY STA'ION
START AND LAUNCH DATES: >1990

ORIGINAL PAGE IS
oF POOR QUALITY

14




CrRaNAL BAGE 6

SPACE PLATFORM ALPHA O PUCR QUALITY

STATUS: PLANNED

LIFETIME: 5 YEARS WITH ON-
ORBIT MAINTENANCE

LAUNCH AND TRANSFER SHUTTLE DEPLOYED
VEHICLES: AND SERVICED

OPERATIONAL LOCATIONS: LEO

TOTAL MASS AT OPERA-

TIONAL.LOCATIONS : 12,500 kg
AVERAGE OPERATIONAL . 11-12 kW AVAILABLE
POWER : FOR PAYLOADS

OQBJECTIVE: THE SPACE PLATFORM ALPHA IS A SHUTTLE-DEPLOYED AND $HUTTLE-TENDED

LACED IN LOW EARTH ORBIT FOR AN INDEFINITE TIME. 1T WILL PROVIDE STABILITY,
POINTING, COMMUNICATIONS, POWER, AND THERMAL DISSIPATION SERVICES TO A VARIETY OF
TEMPORARILY EMPLACED PAYLOADS. THIS PROGRAM IS INYENDEG TO PROVIDE THE CAPA-
BILITY TO OPERATE THOSE PAYLOADS THAT ARE RESTRICTED BY THE LIMITED TIME AND POWER
AVAILABLE DURING A SHUTTLE SORTIE MISSION. .

DESCRIFTION,: THE PROGRAM IS A SYNTHESIS OF SEVERAL ACTIVITIES WITHIN THE OFFICE OF
; PORTATION. STUDIES OF THE 25 kW POWER SYSTEM, SCIENCE AND APPLICATIONS
SPACE PLATFORM AND THE MATERIALS EXPERIMENT CARRIER FORM A BASE FOR THIS CONCEPT.

THE BASELINE DESIGN FOR THE SPACE PLATFORM IS AN 11-12 kW SYSTEM WITH FACILITIES TO
BERTH WITH AND OPERATE AT LEAST THREE PAYLOAD COMPLEMENTS,

THE OPERATIONAL MODES WILL INCLUDE THE FREE-FLYING PLATFORM MODE (PRIMARY) AND THE
ATTACHED OR SORTIE MODE. THE SHUTTLE-ATTACHED MODE WOULD BE USED TO: (1) EXCHANGE
PAYLOADS; (2) PERFORM PLATFORM MAINTENANCE AND REPAIR; (3) AUGMENT PLATFORM CAPA.
BILITIES; (4) PERMIT EXTENSION OF THE ORBITER ON-ORBIT STAY TIME.

THE PROGRAM IS CURRENTLY IN THE $YSTEM DEFINITION AND PRELIMINARY DESIGN PHASE. TWO
STL':DYPCONTRACTORS (TRW AND MDAC) ARE DEVELOPING COMPETITIVE ALTERNATE SYSTEM
CONCEPTS,
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, ‘ ORIGINAL PAGE IS
SPACE STATION OF POOR QUALITY

STATUS: CANDIDATE
LIFETIME: >10 YEARS

LAUNCI} AND TRANSFER
VEHICLES: SHUTTLE

OPERATIONAL LOCATIONS: LOW EARTH ORBIT

TOTAL MASS AT OPERA- 59,000 kg FOR
TIONAL LOCATIONS: INITIAL SOC

AVERAGE OPERATIONAL
POWER: 50 kW SUNLIT

OE JECTIVE: THE SPACE STATION WILL PROVIDE A MANNED OPERATIONAL BASE IN LOW EARTH
EREORM MISSIONS REQUIRING EXTENDED ORBITAL STAY. TIMES WITH FREQUENT OR
CONTINUOUS CREW INVOLVEMENT.

bEScnl_ﬁi(‘m: THE SPACE $TATION CONCEPT DESCRIBED HERE IS THE SPACE OPERATIONS CENTER

ALYZED BY BOEING. THE SOC 1S SPACE ASSEMBLED FROM MODULES PLACED IN ORBIT
BY MULTIPLE SHUTTLE LAUNCHES. THE INITIAL VERSION INCLUDES ONE HABITAT MODULE, ONE
SERVICE MODULE, ONE LOGISTICS MODULE AND AN AIRLOCK. 1T CAN BE CONTINUOUSLY MANNED.
BY A CREW OF FOUR (30 DAY NORMAL RESUPPLY), CAN PERFORM SATELLITE SERVICING, UPPER-
STAGE TO PAYLOAD MATING, AND CAN ACCOMMODATE A VARIETY OF SCIENCE AND APPLICATIONS
PAYLOADS AND EXPERIMENTS. AN AUGMENTED VERSION, THE OPERATIONAL SOC, INCLUDES AN
ADDITIONAL HABITAT MODULE, LOGISTICS MODULE AND SERVICE MODULE. A DOCKING MODULE
AND FINGER PIERS WOULD ALSO BE ADDED. THE OPERATIONAL $OC PROVIDES FOR S/C DEPLOYMENT
AND ASSEMBLY, LIQUID UPPERSTAGE STORAGE, AND UNASSISTED MATING OF UPPER STAGES TO
SPACECRAFT. THE CREW COMPLEMENT CAN BE INCREASED TO EIGHT. FUTURE VERSIONS OF $OC
ARE CONTEMPLATED. THEY WOULD PERMIT ON-ORBIT PROPELLANT STORAGE, OTV BASING AND
FACILITIES FOR ASSEMBLY OR CONSTRUCTION OF LARGE SPACECRAFT.

16
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AUTOMATED PLANETARY STATION

STATUS: OPPORTUNITY OPERATIONAL LOCATION: LOW EARTH ORBIT
LIFETIME: §-10 YEARS TOTAL MASS AT OPERA-
” A TIONAL LOCATION: 15,000 kg
LAUNCH AND TRANSFER
VEHICLES: SHUTTLE AVERAGE OPERATIONAL
POWER : 25 kW

OBJEETIVE‘: PLANETARY OBSERVATIONS ARE TO BE MADE FROM AN ORBITING PLATFORM. CON-
BSERVATIONS OF DYNAMIC PHENOMENA (e.g., ATMOSPHERES) ARE POSSIBLE. EMPHASIS
WILL BE ON WAVELENGTHS THAT CANNOT BE OBSERVED WITH EARTH-BASED TELESCOPES, ON THE
USE OF INTERFEROMETERS WITH 0.01-ARC SEC ANGULAR RESOLUTIONS THAT CANNOT BE ATTAINED
gHEE ;II:WIENS'THR?‘UGH THE EARTH'S ATMOSPHERE, AND ON NEW MEASUREMENT TECHNIQUES FOR
EEP SPAC SSIONS.

DESCRIPTION: A 25-kW POWER MODULE PROVIDES THE BASIC SUPPORT FUNCTIONS FOR THIS

. E POWER MODULE PROVIDES POWER, ATTITUDE CONTROL, AND COMMUNICATIONS.
INSTRUMENTS ARE PLACED ON PALLETS (SIMILAR TO SPACELAB) AND MAY BE EITHER RELATIVELY
SMALL PRINCIPAL INVESTIGATOR EXPERIMENTS OR LARGER MUL11 USER FACILITIES, SHUTTLE
REVISITS COULD BE UTILIZED FOR REPLENISHING CONSUMABLES (e.g., FILM, CRYDGENIC LIQUIDS),
MAINTENANCE, AND FOR RECOVERY OF THE PALLET AND ITS INSTRUMENTATION., EARLIEST
POSSIBLE LAUNCH DATE 1S 1990. CONSEQUENTLY, LITTLE EFFORT HAS BEEN EXPENDED-STUDYING
THIS OPPORTUNITY.

17




FUTURE LSS/PROPULSION SYSTEM DRIVERS

LEO_TO GEO ORBIT TRANSFER

LOW THRUSYT TO WEIGHT PROPULSION FOR LARGE SPACE STRUCTURES
WITH MASS OF 6800 to 85,000 kg

ATTITUDE AND MOMENTUM CONTROL

LONG LIFE_{>10 YEARS), RELIABLE AUXILIARY PROPULSION SYSTEMS
PROPULSION SYSTEMS FOR VERY LARGE (100 METER) STRUCTURES

PROPULSION SYSTEMS FOR SPACE_PLATFORMS WITH CHANGING MASS
AND INERTIAL PROPERTIES

e e e s i A o o A o b
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- N82 27343
ORIGINAL PA@E 19

POTENTIAL LARGE SPACE
SYSTEMS MISSION OPPORTUNITIES FOR THE
POST 1990s

R. L. CHASE

Analytic Services Inc. (ANSER)
400 Army-Navy Drive
Arlington, Virginia 22202

100 STRATEGIC WARFARE
MISSION DEFINITION
121 BALLISTIC MISBILE OEFENSE
122 STRATEGIC AIR mm
123 SPACE DEFENSE
131 STRATEGIC COMMAND AND CONTROL
132 STRATEGIC SURVEILLANCE AND WARNING
133 STRATEGIC cmmatm

200 rl?rféﬂ'&“fa?m ' MISSILE GEFENSE
SUPPORT

; :a m mim\u'e . THEATER TNW

Y fm"umu»ommmtm SPACE DEFENSE
223 DEFYNSE SUPPRESSION A
234 AR mumt: SUPPORT COMMAND, CONTROL, AND

B e s At COMMUNICATIONS

338 AMPRIOUS WARPARE SURVEILLANCE AND WARNING
B AT T e UPPORT

242 THEATER- WIDE TNW DEFENSE SUPPRESSION

243 DEFENSIVE TNW

244 GEA CONTROL TNW FORCE SUPPORT

261 THEATER COMMARD AND v .

ae% m::;ia ggavmﬁnﬁ Aﬁ%“::génnnssmce FIRE SUPPORT/INTERDICTION
1 RN S e s . :

286 TACTICAL GUAVELANCE AND RECORNAISSANEE MINE WARFARE

268 ELECTRONIC WARPARE m‘ Counten c3 SPACE TRANSPORTATION
204 RIFUELING

300 nt#;uss _WIDE ¢3i ORBITAL SUPPORT

,.,.{:‘:23};.’,‘:&33%;""‘““"“’““”“ ENVIRONMENTAL SUPPORT
318 OTHER INVELLIGENCE PROGRAMS
B e anins
323 OTHER GUPPORT PROGHAMS
3264 COMSEC
400 DEFENSE - WIDE mssuon SUPPORT

414 0 SUPPORT,
(AT oum!i SUPPORT, EPACI




POTENTIAL MISSIONS REQUIRING

LARGE SPACE SYSTEMS
® MISHILE DEFENSE MISSILE DEFENSE
© THEATER TNW
® SPACE DEFENSE SPACE DEFENSE
® COMMAND, CONTROL, AND COMMAND, CONTROL, AND
COMMUNICATIONS COMMUNICATIONS
® SURVEILLANCE AND WARNING SURVEILLAKCE AND WARNING
® DEFENSE SUPPRESSION DEFENSE SUPPRESSION
® FORCE SUPPORT FORCE SUPPORT
o FIRE sumfonmmeamctiow ORBITAL SUBPORT
® MINE WARFARE
® SPACE TRANSPORTATION $PACE TRANSPORTATION

® ORBITAL SUPPORT
© ENVIRONMENTAL SUPPORT

e e A s o a bl -
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MISSILE DEFENSE

LONG-RANGE
$PACE-BASED
LASER

. o SPACE-BASED
PARTICLE BEAM RADAR
WEAPON m
ORIGINAL PAGE Es
SPACE DEFENSE
_ SPACE-B
ey e
WEAPON

21
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COMMAND, CONTROL, AND COMMUNICATIONS “

SPACE COMMAND ‘
AND CONTROL :
FACILITY A

) A

SENSOR
READOUT
SYSTEM

~ PERSONNEL
) |cOMMUNICATIONS

SURVEILLANCE AND WARNING

|

LARGE |
SPACE-BASED

ANTENNA :

SPACE-BASED )
RADAR |

SPACE .

g TELESCOPE ;
i

!
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DEFENSE SUPPRESSION

ORICINAL K. 13
OF POOR QUALITY

MULTIPURPOSE
ORBITAL JAMMER
EORCE SUPPORT
=
PERSONAL
NAVIGATION
SYSTEM
-
GLOBAL LOGISTIC
INFORMATION
. SYSTEM
- BATTLEFIELD
3 ILLUMINATOR
E . )
S
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ORIGINAL FAGE IS SPACE TRANSFORTATION
OF POOR QUALITY

LONG-DURATION \
DEEP-SPACE |
SUPPLY MODULE RAVY-UFT
VEHICLE I
1
,Z
ORBITAL SUPPORT

SPACE POWER

FUEL GENERATOR/
. DEPOT|- TRANSMITTER ]
CONSTRUCTION ‘

FACILITY

SPACE
LAUNCH ;
COMPLEX |
' !
i%wuen MILITARY
MAINTENANCE . _SPACE COMPLEX
AND OVERHAUL
FACILITY

! 24




" N82 27362

ORIGINAL FAGT &3
OF POOR QUALITY

ADVANCED SPACE SYSTEM CONCEPTS AND THEIR
ORBITAL SUPPORT NEEDS (1980-2000)

J. .Eutts

THE AEROSPACE CORPORATION
El Segundo, California. 90245

ELECTRONIC MAIL TRANSMISSION

................

\ 2
‘M& (Iiilm

¢ PURPOSE 200 ¢4 DIA ANTENNA —— REEEREY T
To speed up delivery and lower costs of most mail. Wc'.i:ﬂ'mmgm '
To service thinly populated areas. ® kW &F POWER

® RATIONALE

Delivery of phiysical letters Is siow arid needless iy most
casas when locd.ly reproduced facsimile could do.

¢ CONCEPT DESCRIPTION /

Page veaders and facsimite printers at each post office
fead, \ranismit, recelve, anid reproduce mail.. Satellite

scts as miiltl-channel repeater,
© CHARACTERISTICS
o WEIGNT 20,000 (b
o SIZE 3 200-f dia antenna
. x?n‘ gsyn.?ﬂ €Equat
) 7 . : - © i il
¢ CONSTEHLATION Si12E | o YLt Ra g )
p s* c“ ‘tmv ' (Low %‘“‘a?‘ﬂll' OFFICES
o TIME FRAME 1990 (0500 POST GFHCES TOTAL) Y
o 1OC COST (Spiceonlyy 40M —’ N '"M‘"““f;\
O e Yot ISHo 10 pages 8 172 x 11 per second 3 e b pen N4J08 URBAR Orfice
r post office, Up to 100,000 post clfices serviced in up to RURAL OrFicE ' \ )
Bl olaresof U.5.A.  Yotal service = 100 billion O
paesiyy. | .
© BUILDING BLOCK REQUIREMENTS N
o TRANSPORTATION Shuttle and large tug or SEPS } ;
o ON-ORBIT OPERATIONS Automated or mariual servicing unit; assembly 6 orbit
o SUBSYSTEMS Attitude cantrol; antenna; processor ) _ o
o TECHNOLOGY Large multibear antenna; multi-channel transpoider; LSI processor; multlsdo-uuu
o OTHER None tectinlques

25
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PERSONAL COMMUNICATIONS WRIST RAD10

ORIGINAL PAGE IS
OF POOR QUALITY

@ PURPOSE
To allow citizens to communicate through exchanges
by voice, from anywhere.

® RATIONALE <
Mobile tetaphones are desirable, but should be wrist >
worn. Uses include emergency, recreation, business, g
covenaat/eeais f
() & EPT P
Muﬁmg:hin ﬂ-’lﬁ#i'u?:sw '1“0 and wrist transmitter-
rmlvm connect anywhereé to eich other directly
to telephone natog or vocoded voice used. oy 4D
¢ CHARACTERISTICS
¢ w;oom 16,000 it
¢ SIZE 200 R dia antenna -)
: 33: 1?0"“ %lw‘?h. Equat.
o CONSTELLATIONSIZE | ¢
¢ RISK cavmou 1 iLow
‘ TIME FRAME 1990
* |OC COST (SPACE ONLY) 300M == WRIST NADIO -
o PERFORMANCE Fowtn - & aw
25,000 simultaneous voice channels, éach shared by ::::'guoﬁ':‘
: "t?“l'u:én:rs. 2.5 million peaple communicate by ,,,m,::“ :'3_,,.,.,
nco %ou sOn
® BUILDING BLOCK REQUIREMENTS Ri{tPuCut AdoRtes
¢ TRANSPORTATION Shuttte and targeftandem tug or SEPS
® ON-ORBIT OPERATIONS  Aulormated or manual servicing unit; -ssembly on orbit
: YeCmocoeY e ey anlennd: processor. repeaer o fighe-
¢ OTHER Varss o lbesn anlgr Technology ! repedter: LS| processor. multiple-sccess

26
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VEHI CLE | PACKAGE LOCATOR
ORIGINAL PRQE 1§ Aot
OF POCR QuALITY R A\ _ /4§ L
- N, onsiTe \\'/’ .
] [ [ swstnee
o PURPOSE ‘ Y| ‘
To locate vehiclés or articies in shipment continuously \ .\, ‘
artyahere in U. 5. A.
© RATIONALE ‘ '
o 8d in provention of theftor ljacking, Increass —. IS——
efficleticy, and minimizs ervor In shipments g 5 gﬁ'ﬁﬂ'ﬁ“
. - [ ARGAS
® CONCE R O i hed 1 (or enclosed In esch §8 ‘ )
unit to be tracked. The W datermines its location usm N )
e anterine NAVSAT, and relays the deta to 8 cont 3 S
ceniter via & special Comset when quaried. ~ ‘
¢ CHARACTERISTICS g 8 v._,'
o WEIGHT 20,000 b (Yot : 4
o SIZE 2-mi imterina 5 § ‘ @,
o AAW POWER B Jotary §¢ ) Ol®
¢ ConSTRLATION O 11 tvathum Q> | puIg TaakscavEn
. 13: FRAME l:;) \' * - Uienavion
™ pg.'mmuc‘éw oni " VEHICLE_ OR CONTAINER %
Up % one bililon wehicles or containiers can be located T L £ P—

£ 300 R every hour enywhers in UL S. A, Location
package could cost less than $10, weigh 3 ounces.

@ BUILDING BLOCK REQUIREMENTS
o TRANSPORTATION Shuttle and large/ tandem tuq of SEPS
< ON-ORBIT OPERATIONS  Automated or fiidrined assembly and servicling
nelizer/processar, stetiohkept antenna

:fufcaﬁ'm D ANTENNA
£ACH UNIT RESPONDS 10 URIGUS Guiay CODS

o SUBSYSTEMS Anterina sttitude control, faser adar, chan
o TECHNOLCGY Phase contrel, LS| ssor, multiple access tecnnique, stationkspt sid-units
o OTHER Cheap - LS! - fier - transpondér
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ORIGINAL WAGL \1'@)
OF POOR QUALITY

¢ PURPOSE

Al U.N. teos to monltor truce agreements, particularly
border 75iws, and weapon system dispositions such as

wissie lsurchers.
© 2ATIONA

LE
U.N. wilt have responsibility for truce monitoring, but

will bé denied on-site capability In some cases.
s are fres from focol control or intarference.

@ CONCEPT DESCRIPTIO

One low attitude satellite with visible tight optics for
daytime monitoring énd infrared optics for night-

{ime operation.

@ CHARACTERISTICS
o WEIGHNT 4,000 b
° S x 60 ft
o RAW POWER W
o ORBIY
o CONSTELLATION SIZE 1
o RISX CATEGORY I Qow
o TINME FRAME 1985

o ¥/C COST(Spacaonly)  SOM_
o PER ’

225 nl near-polar .
po sgﬂﬂhub @_ \ 7 _ J

FORMANCE
Ground resolution, <6 R, (Visible) 120-ft 1.R.

U.N. TRUCE OBSERVATION SATELLITE

@ o SAT

aml !
é%cuul\ oreiy \
] [+
cgoogcat PLANE

HAND
ﬁ%‘ uroouv

Location sccuracy, 300 . Truce ares covered
woady. R-IBHY
@ BUILDING BLOCK REQUIREMENTS

o TRANEPORTATION Shutlle = vaucs um

o ON-ORBIT OPERATIONS  Shuttle attached manipulator

o SUBSYSTEMS focal plane ,

o TECHNOLOGY Simitar to weather satellites and ERTS; CCD focal plane

® dliﬁll

8
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P b ettt i g S e S A R A ST TR el R e W e

Soe €70

BORDER SURVEILLANCE

o~ th
ORIGINAL PART 1S
OF POOR QUALITY

¢ PURPGSE e S
Vo detect overt or covert altempts at crossing
& border.

¢ Ql‘apg'l‘%ﬁ aliens and drug traffickers is a major
&'?'&""' Dotection s difticut along long, unpatrolled
rs.

® CONCEPY DESCRIPTION
Very many, very small seismic sensors dre road out

\[)
ganewar §
/ oNt MIlLION SENSORS

- OKE THOUSAND CHANNELS
. N
Joatotn gans s b

& utellité with very f3rge inlonna. Penetration causes
vibrations which are picked up énd correlited at a
central site.

©® CHARACTERISTICS.

o WEIGHT 8000 1b
o S1IZE 9000 1t x 9 t
o RAW POWER 20 kW
* ORBIT Synch. Equat.
o CONSTELLATION SiZE |
© RISK CATEGORY 11 tMedium
© TIME FRAME l%o
¢ 10C COST (Spsceonlyy 1OM
® PERFORMANC,
Vv nm“au mmﬁq olijects dstected. False slarms sorted

Dy correlation between sensors and fences. Sensor lile
m“ 3 dne penetration attempt per sensor per

@ BUILDING BLOCK REQUIREMENTS
& TRANSPORTATION Shultle and tug
o ON-ORBIT OPERATIONS Automated or manual assembly and servicing unit

Gie [1]
NESHOLD
CHDE0

o SUBSYSTEMS Strutture; allilude control; antenna
o TECHNOLOGY Large passive microwave antenna - stationkeeping subsatellites; 1aser master measuring
o OTHER Small, ll'th. tong-lived sensor units which are very and control unit

cheap fn mass production,

29
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ORIGINAL PAGE 18
of POOR QUALITY

¢ PURPOSE
To extend knowledgé of Universe by examination of

most distant objects.

¢ RATIONALE ”
Largest edrth telescapes have insufiicient resolution.

Nwed even more than LST will provide.

¢ W?Fofs'?a‘n?fé‘ M’r’.ﬂ\?ﬂ and 100 »m mirrors is
phase controlled at mirrors or near focal plarnie for

constructive interference. Laser fink to other
Cross-areay.

® CHARACTERISTICS
o WEIGHT 40,000 b
o SIZE 80D K cross
¢ RAW POWER 10 W
o ORBIT 300 ami circular
o CONSTELLATION SIZE  2-100 km apart
o RISK CATEGORY V (High)
¢ TIME FRAME 2000

6 10C COST (Spaceonly) 40 M.

¢ ’Eﬁmﬁﬂ!ﬁmumms 10 6500 light years with
one cross. Resolution o oné cross « 3 x 10°9 radians,
Resolution of 2 crosses « 10-11 radians.

© BUILDING BLOCK REQUIREMENTS
¢ TRANSPORTATION Shuttle

gwunnv 0F 2 - 2o DIA
RAROAS

ASTRONOM| CAL SUPER TELESCOPE

ARM LERGTH = 20w

U

mm?ls
CONTROLLED FOR CONSTR
AV $OCA|

sAlI [+]
ROS S
00 hrn

#
i

L PLANE

LescoPts.
PARATION

o ON-ORBIT OPERATIONS  Automate4 s manual sérvice unit, marined assembly

& SUBSYSTEMS
¢ TECHNOLOGY
e OTHER

30
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]
UCTIVE INTERFERENCE

- en oy o

Mirrors, stationkeeping, structure, atisor, phase control mechanism
Adaptive focal plane, iirfors, stationkeeping sensors

it et it daiid e




HIGH RESOLUTION EARTH MAPPING RADAR

OREGINAL 1™ 1l

OF POCR QUALITY

HERMOSLACTING

o~ - S,
© PURPOSE ‘ e - s i D
Yo pmla uum of Ifu surface with high resolution
through clowd 0 ANVENNAS, ANTENNA
© RATIONALE
.:wutas pollition, crop, water, and olfier dbservations
may bo aided by hlull lmluuon and (requent covetage o

[ ww,"

hetic a7 rmdvmh h powsr providos high
mdullen 2\' bosrd Image pr:ml allows mlm‘

wove dats link for ol mn capability. - * | m—

@ CHARACTERISTICS [ \
o Weior i A A R muss
o \
¢ RAW FOWER Etn : ’ ‘ Q&

o ORBIY il polar
o CONSTELLAYICN SI12¢ 1
¢ KISK CATEGORY It (Medium)
o TIME FRAME 1990
 10C COST (Space oniy oM —
o vs&mmm . ,
nfi ground swath to fess than a few feet . '
resolution once & day. U. S. covered every six days. tovens T p——

© BUILDING OLOCK REQUIREMENTS
¢ TRANSFORTATION Stiuttie
o ON-ORBIT OPERATIONS - Shuttle ménipulator; servicing
¢ SUBSYSTEMS Thermit, nucléar, power generator, radar
. ttcw:nwov u":g': power transmitter; automated image processor, reactor, shielding
¢ OTHE )

3




QAIEIAL b B9
uF POOR QURL\TY

¢ PURPOSE

To increase the elficiency and decrease (e cost
of soiar power delivery from space.

© RATIONALE

Solar powor satellites will be large, heavy, and

oxpensive.
® CO{’&?’T OESCRIPTION

ency and cost ¢f solar-voltal¢ conversian can be
greitly incréased by using mulliple cells, each tallored
to the photon ¢énergy In & restricted spectrum; and by

o cn‘ﬂ'ﬂaﬂm lg&ar flux concentration.

o WEIGHT
e SIZE
o RAW POWER
o ORBIT
o CONSTELLATION 812¢
¢ RISK CATEGORY
o TIME FRAME
¢ 10C COST
® PERFORMANCE

Same power delivered with one fifth the weight in
orbit compared to thé current solar power satellite
concept (CS-1) and probable bul undetermined cost

8,000, 000 tb
$.6x2.3km
gﬂ. 000 MW
ynch. Equat.
1 , CIsPENIVE
1) ‘“igh’ CLEMENT
2000 5
180 DIBCRETE INTENEAENCE s 7
FILTERS. ¥ G MORE

HIGH EFFICIENCY SOLAR ENERGY GENERATION

MICRGWAVE
ANTENNA

IMPRO
bean '®
it
ARRAY

T e e CRIRATION
of e

10 ON MORE SOLAR CELLS
EACH WITH DIFFERENT

8 mi ANTENNA
$AND GAP ENtATY

000 Mw DECIVERED

o BUllBY'bLoCK REQUIREMENTS
o TRANSPORTATION LLV and large tug and large SEPS
« ON.ORBIT OPERAMO%S  Manned servicing unit; assemble In orbit
. ’"'3.‘3? o f‘mm m::nrlo‘:ls'"imum: 2".'3“ .m?m Iccowave antenna: high power tubes
\ 4 arge econommical solar arrays.; ctive owdve (] R H
. ':&m oq Rergznna on ground i farge ﬁg“we?gf\‘ Toncentralor: thermdl design
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ENERGY GENERATION - NUCLEAR!MICROWAVE

ORIGHIAL PAeT 19

OF POOR QUALITY HucLIad Ruacion MHD QENENATON
® PURPOSE _YNCH EOUAY | e e ///“\\\ ——
To genorite and delivér electrical energy witfiout - onait — : et ,
poliution or Hazard. I
® RATIONALE o R e

Powor 13 néeded which requires na radiddctive iaterial
on éarth, pmdum‘no simospheric hedling, and no
tource consumption. .
¢
G T —
transmitter, and microwave antennia are used to beam
ehergy to a ground receiver. Fuel breeding supplies fugl.

© CHARACTERISTICS

o WEIGHT 180

¢ SIZE 3, %—n dia
¢ RAW POWER 10,000 MW

o ORBIY Synch. Equat.
6 CONSTELLANION S1Z¢ |

o RISK CATEGORY IV (High)

¢ TIME FRAME 2000

« 10C COST (Spaceonlyy  T6D
© PERFORMANCE
$,000 Megawatis delivered power continubusly - with
sufficlent fuel breeding for a life of 4t least 1000 years,

. BUILDING 8LOCK REGUIREMENTS )
« TRANSPORTATION LLV and farge tug and large SEFS
o ON-ORBIT OPERATIONS Mannid service unil, aulomated saivicing unit; assambile I orbit

o SUBSVSTEMS Strucluié; attitude coritrol; antenna; réictor; powai unit
& TECHNOLOGY Large active micranave antenna; large reactor; heit radiator; MHD power gerierator;
o OTHER Récterind on grouind, safety . pointing and tracking sensor

33
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Okl atnts Ve &

usd
OF PCOR QUALITY NICHT. ILLUMINATOR ~

— SYNCH. EQUAT. DRBIY
r-—-—"—"-‘_——
- -—'.‘_———
¢ PURPOSE | I
To provide night Ii=hting without earth-based energy, e
poliution, street liyhts, cables, trenches, elc. : FHOM GUN
e —
@ RATIONALE _— 5
Altsrnative energy sources are needed. \/ |
© CONCEPT DESCRIPTION BN spnons. L
Large area reilactars In space reflect the image of the QuAuTY
sun onto the earth. Muitiple sateliites usedto . 700 000 a OIFFRACTION LIMIY
minimize construction difficulties.
® CHARACTERISTICS :
¢ WEIGHY 100, 050 ib 180 arni DIA SPOT. 109 Wemd « 10X P
o SIZE q 12 mirrors e;m 1,000-At dia FULL MOOD LivaL ILUMINATION C
o RAW POWE 1.2kW ‘
é ORBIT Synch. Equat.
o CONSTELLATION SI2¢ 1
¢ RISK CATEGORY i) (Medium)
o TIME FRAME 1990

¢ 10C COST {(Spaceonly)  160M

® PERFORMANCE ,
Ten times full-moon level illumination at night provided
to area 180 nmi dia (no clouds). Full moon level provided

through moderate clouds.
® BUILDING BLOCK REQUIREMENTS g
o TRANSPORTATION Shuttle and (arge tug aridlor SEPS
¢ ON-ORBIT OPERATIONS  Automated or manual servicing unit ;
¢ SUBSYSTEMS Attitude control; mirfors, structure ;
o TECHNOLOGY Large reflector; pointing; stationkeeping master control x

o OTHER None e e e o et et et e oo oo o e enmn .

B
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ORI el vy 0 s . '
OF POCR QUAL“Y POWER RELAY SATELLITE

W0 KIMECTORS. BACNH ¢ 4M-BiA-—

BYNCR "' -
® PURPOSE oRuIT TN,
To grovide for transmission of electrical power from | :
remole regisns, minimizing environmental impact, \
© RATIONALE \
Power should be generates in remole regions.
Sunhy side of Earth can Supply power 16 night side,
¢ CONCEPT DESCRIPTION
Source power Is converted to 8 microwave beaid,
bounced off an orbiting reflector, and recoriverted
to OC at receiving antenna on ground. e AgCTaNA
© CHARACTERISTICS e :":‘."?s';"
o WEIGHT 600,000 Ib usea
o SIZE 0.5-nmi dla
. l}.:z‘mn -s-- o Ceust
[ ]
¢ CONSTEUATION SIZF 10—
¢ RISK CATEGORY ) gulgm
¢ TIME FRAME 199
¢ 10C COST { Space only %8
® PERFORMANCE ¥.000 MW POWESR
5,000 megawatts delivered to each of 100 user areas. sounce
53 percent overall 0C-0C éfticiency attdined. Tolal
enargy Is about 10 percent of U, S. consumption.
@ BUILDING BLOCK REQUIREMENTS
o TRANSPORTATION  LLV and large tug or large SEPS
é ON-ORRIT OPERATIONS  Maniied/automated servicing, assembls in orbil
¢ SUBSVSTEMS Attitude control; Structurds, phase front control
o TECHNOLOGY High efficlency, large, passive steerable phase tront antennia; 1on thrusters
o OTHER Cround-based elemenits
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CRIGINAL PA@A 18 PERSONAL NAVIGATION WRIST SET

OF POOR QUALITY

CADOSS ANTENNA AT X BAND
ARM W1 = FREGUSNCY @Y. 4 I POWER o n
AR #i o FAEUUENCY #i. ¢ W FOWER

°
'?.’."".3‘6« accursle relative posmon tocation with

E ) m‘y Inepensive user equipmenl.

] IATMI.
Navigation system costs are dominated by usér

equipment costs.
. c&ncehosscmpon

o L VA LTS E o

(N-S, E-Wi to llled point.

SYNCH SOUAT ORBIY

FIRED SEACONS
AC I [

¢ CHARACTERISTICS
o WEIGHT 3000 (b
o SIZE 2 aml cross
o -
¢ COSTELLATION size }:':;u?“'ﬁ LA | -
um
¢ TIME FRAME 1 S(‘J&.‘?“.“cé&.‘.’m \! .
e 10C COST (SPACE OMLY) 100M 10 1t
© PERFORMANCE !
-\ ition located to 300 ft every 10 sec relative P
balnﬂbulhn(lmnmluay 3

- User receiver can cost less than 910 In mass
production. , ‘
¢ BUILDING BLOCK REQUIREMENTS

¢ TRANSPORTATION Stuttte and Tug

. ou-@am OPERATIONS  Manned or dulomated assembly and unnclnq unlls

o SUBSYSTE Antenna with | ndenll stationkepl sub

o TECHNOL. OGY ) lhmsler, adaptive HF p sawmrol lmr n'lmer measuring unit

L OTHEII LS| receivers
!
4
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LARGE STRUCTURES WEIGHT ESTIMATION Cibimnenn 1o ‘

9 moe,
IAYA ] ORI AL e
]

| C poog QuaLity

-]
-l
H WEICHTAREA, 10’
H
b
EQUIVALENT DIAM"TFR, FT
MAJOR PARAMETERS OF REPRESENTATIVE CONCEPTS

a !
! POWER !
'~ CENERATION 1
. |
bl LASER POWER :
REAECTOR j
{
il & FILM n?mcwn a 1
& RADAR . RADAR vi
3 RADAR @ o muni OPHICAL |
g ‘ COMMUNICATIONS ossmvmouA © POWER RELAY
io'}- oPNEAL A . ;
OBSERVATION  commuNicanions COMMUNICAIONS ;
a ?
o bcomumcmons e - |
AERECIOR & HIGH ALTITUOE |
A !
_ OPTICAL ';
10 i0? 0’ o' 0 f

ON-ORBIT MAXIMUM CHARACTERISTIC DIMENS ION, 1t
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BMISSIONS " PANEL WORKSHOP SUMMARY

R. L. Chase

Analytic Services Inc. (ANSER:
400 Army-Navy Drive
Arlington, Virginia 22202

The objective of the “Missions" panel was to define a mission set that would
require the potential use of very large, advanced space systems; to rank the mission

on the bases of need from both a civilian and a military perspective; to evaluate
the advanced space systems with respect to propulsion needs, both primary and

secondary; and to summarize as concisely as possible the high-priority mission
forces which require advanced propulsion technology. In addition, the panel was

to provide specific propulsion-téchnology guidance for use by NASA propulsion-
technology planners. To accomplish these objectives, this panel was, made up of a
representative cross section of advanced civilian and military mission planners and
advanced systems planners.

To allow the panel maximum time during the two-day workshop for-deliberation
and formulation of a consensus on each of the stated objectives, the approach out-
lined in figure 1 was followed. On the first day, three presentations summarizing
future mission requirements weré made to the panel. The first presentation was
based on a techriology faission model study b¥ General Research Corporation on the
poténtial need for largé space systems for future civilian missions. The second was
based on an advanced military space architecturé study by Analytical Services on the
potential need for large space systems for future military missions. The third was
based on an advanced space system concepts study by Aerospace Corporation on the
civilian and military needs for large space systéms.

The initial effort by the pariel was to select a set of missions and advanced
systém concepts representative of the broad spectrum of opportunities described in
the presentations. This effort was followed by the establishment of assessment
criteria that enabled the ranking of each mission. After mission ranking, a rep-
reseritative set of propulsion-system evaluation criteria was prepared. The panel
then vanked mission/system propulsion needs with respect to the evaludtion

39

- L ad ) 2 R T T e S R R S L2
- 5 o ol




o o,

criteria. The panel activity was concluded by the formulation of a concisé overall
mission/system propulsion technology guidance statement for use by NASA propulsion
technology planners.

Figure 2 presents a summary of the mission set and the large space systems
associatéd with each mission. The seven missions shown on this figure are not a
unique set but repreésént all the generic large space systems considered by the
panel. The seven missions are a subset of over 50 civilian and military missions.

Having selected a représeéntative subset of missions and systems, the panel
ranked thé mission set on the badis of perceived national need, both civilian and
military. A delphi repetitive voting process was used to achieve a consensus.
Figure 3 presents the results of the voting algorithm used. The missions and
rankings clearly favor military over civilian needs, but they are intended to be
representative of national needs. Also, they acknowledge the growing importance of
communication satellites over a broad spectrum of civilian and military uses.

To assess the propulsion technology needs and risks, the panel established the
following set of evaluation factors:

Propulsion design need factors:

Satellite weight
Satellite orbit
On-orbit maneuvering
Station keeping
Pointing
Acceleration limit
Figure control
Contamination
Fueling/serviting

Technical risk factors:

Technical risk
Time period
Priority

The results of the panel assessment are summarized in figureé 4 and show an emphasis
on largeé-antenna-pointing propulsion téchnology.

. _The panel contluded that the future utilization of large structures will be
mainly for surveéillance, communications, and defense missions. The systems asso-
ciated with these missions are large antennas and platforms. The propulsion needs
associated with thése systems are primdry propulsion for placeément and maneuvering
and secondary propulsion for pointing.. It is also recommenided that future propul-
sion technology include a concern about contamination and provide for orbital
servicing, including refueling.
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FIGURE 4 ',
APPROACH ) P
£
! Advenced Military Missions! : Mission/System Mission Propulsion
= Systems Opportunities  p————aof Correlation and =y Assessment pee———ad Interaction Needs
" : Selection and Assessment and
! \ - Ranking Ranking ¥
| Advanced Civilien : i
: Migsions/Systems | I I ,
Opportunities i
Assessment Assessment 1
Criteria Criteria .
1
)
:
'i
FIGURE 2 ¥
MISSTION/SYSTEM CORRELATION SUMMARY |
’1
MISSIONS SYSTEMS %
9
0 SPACE SCIENCE . LARGE ANTENNA, OPTICAL SYSTEMS, ;
PLANETARY STATION |
0 COMMUNICATIONS LARGE MULTIPLE ANTENNA
0 COMMAND AND CONTROL COMMAND POST
0 SURVEILLANCE RADAR, IR
0 TERRESTRIAL SUPPORT LARGE MULTIPLE ANTENNA |
0 ORBITAL SUPPORT POWER STATION, SPACE STATION®, i
PLATFORM? i
0 DEFENSE LASER (Low POWER), LASER (HIGHM POWER) j
% : ®  SPACE STATION: MANNED, INCLUDING FUEL DEPOT AND MAINTENANCE FACILITIFS |
Bt + PLATFORM: UNMANNED, SENSORS, COMMUNICATIONS, LARGE STRUCTURE
&
)
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FIGURE 3
MISSION RANKING SUMMARY

nIgsIons® PRIORITY+
1- survErLLANnce 1
2- COMMUNICATIONS 1
%. DEFENSE 17
U- COMMAND AND CONTROL ?
S~ ORBITAL SUPPORT 2
B~ TERRESTRIAL SUPPORT 2
7- SPACE SCIENCE 144

®  RESEARCH AND DEVELOPMENT WAS CONSIDERED NECESSARY TO ALL OF THE
MISSIONS RATHER THAN A SPECIFIC MISSION

+  RANKING SYSTEM; 1, 2, ¥ were 1 1S THE HIGMEST

FIGURE 4
ASSESSMENT OF PROPULSION RISKS AND NEEDS

Evatuatisn Focters

Somce Soton | 2 | w2 | 23 hootso} 3 | 3 | 2

Pisttoim' w2 | v |(@)]z000 |13} 3 {2 o@E| 9
Dalense Lisw 1, 2 ? 2

{Low Powm)

Laier 2, v} 3 ) 2 piswsofwa 1Y |2 31| 3

(High Powet)

-~ -~
Missisn System
togeotema | 2 |z |23 J1se0 2 |2 |2 |v2|wm]3 3|3
Sotca Science | OptieatSymems vz | 2 | 2 fosa0 w2 |3 | v | ¢ 22 |y}
PasetayStaion | 1 | 3 | 3 Jasse] 0 |3 o v J3 3]
Communications | Logecigle | 2 | 2 |OOJjz030 |2 | 3 | 2 || |wm |3}
Aitenns
Commardond | CommendPost | 2 |20 [ 23 Jaoso f3 | 3 J 2] 22| 3 3|
Costrol
Suveilance | Reder 2 w3 oo | o |2 |CTJ]m] 23]
" 2|2 o] |3 313 1] 3
Terrsatnal {argeiMuitipte 2 | 2 |00 w2 | s | 2 |30 m| ue 3
Suppoi Antennd
Orbite! PowsrSistion |t |29 | 3 Jrwoe ]t 3 Jmpnzjusi 3 12
Support
!
3

3
2 2
cJ Y

sedoof i3 |(T]} 2 |0} 3 | & |3
(M CJ

*Space siston mannsd. Includes fuel depct énd meintenance fatiity.
Piatform uninanned Large structure for sensorlcommumicdion.

42

,);




' N82 27364

CRYOGENIC ORBIT TRANSFER VEHICLE

W..J. KETCHUM

GENERAL DYNAMICS
Convair Division

P.0. Box 80847, San Diego, Californis 92138

GDC LSS/PROPULSION STUDIES
GDC LOW THRUST VEHICLE STUDIES

1977-78  AF-SAMSO
1979-80 NASA/MSFC
1979-81 .NASA/MSFC
1980-81-....NASA/LeRC
1981-82  AFRPL/RI

—  ON-ORBIT-ASSEMBLY DESIGN STUDY

=  LOW THRUST VEHICLE CONCEPT STUDY

—  GEOSTATIONARY PLATFORM STUDY

- LOW THRUST CHEMICAL PROPULSION SYSTEM
PROPELLANT EXPULSION & THERMAL
CONDITIONING STUDY

- LARGE SPACE SYSTEM CRYOGENIC
DEPLOYMENT 8YSTEM
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LARGE SPACE SYSTEM
(O0A SBR)

A typloal Large Space Systomn showd GDC's concept for & epacé baded radar from our On-Orbit-
Assembly deaign study for the Alr Force, ADC has continued to define the stractures, and trans-

fer vehicles for such syateims.

25 OF 47 LSS MISSIONS PLANNED CAN BE
ACCOMPLISHED WITH SINGLE STS LAUNCHES

0p
n}- [ X RJ4 2] @ SBR 191y 6€o
. MULTIPLE SHUTTLES
LEO-GEO (PL IN ONE, DTV IN OTHER)
PAYLOAD 20 {22 MISSIONS)
11000 LB) ,
SINGLE SHUTYLE (B5K) ® PERS COM (83 * |
PL ¢ OTV) |
125 MISSIONS) |
=== ""‘c’ép'?g‘ﬁ_""’“"; ® 584 (901 GEO
cL2U00}® @GP DEM 197} }
Posan oLtk :
- ” \ SHA(WB) 5B é o | " {
v o 10 20 30 40 50 60
PAYLOAD LENGTH (FT)

* 14,000 LB (3PARTS)
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A SHUTTLE OPTIMIZED DESIGN GREATLY REDUCES
TRANSPORTATION COSTS FOR LSS MISSIONS

aDC studies for NASA MSFC (Qeostationary Platforim) have determined that d shuttlo optimized design
(LS8 & Transfer VeNole in one shuttle flight) groatly reduces transportation costs and mindinizes orbi-
tal operations., Careful attention to dosigh has resulted In efficient payload packaging, A minimum
volume, high-encigy (wz/'bllz) transfor vehicle aliowa maxinium volume for thio payload in the 8T8
orbiter cargo bay, Orbiter eupported deployment and checkout of the spaceeraft fnsuros miodlon suo-
cess. Once functioning, tho apadceraft 1e transforred to its operational orbit by the low thruat vohicle,
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$INGLE SHUTTLE FLIGHT TO MAXIMIZE ECONOMY AND MINIMIZE OHEITAL OPERATIONS
LHg/LO, 0TV TO MAXIMIZE PAYLOAD

WAINIMUM VOLUME 0TV TO MAXIMIZE PACKAGED SPACECRAFT

DROITER SUPPORTED DEPLOYMENT AND CHECKOUT OF SPACECAAFT

LOW ACCELERATION TRANSFER T MINIMIZE LOADS ON DEPLOYED SPACECRAFT

[ 2 BN BN W

LOW THRUST LO2/LH3 TRANSFER VEHICLES
PROVIDE MAXIMUM PERFORMANCE

Candidate high-energy low thrust LD,/LH2 transfer vehicles inclide the Centaur F & G, and a more
optimized desigh using & new lcw thruat englhe and toroldal tanks. Geo payload capability up to 16000 1b
and 40' long (packaged) payloads are-poasible with a single 66K STS,

CENTAUR ¥
i
CENTAUN G CRYOGENIC
DEPLOYMENT
SYSTEM
4
- s - '] Ss. .
PR Sl I ’ .
., ~ \ ’ ' \
L e e e
1
b e <l ...... )
\ | W
S . e
ISR fard
l, Al ‘\
= / S
[ 3
D PAYLOAD, LD 12800° 8800 16000
PAYLOAD LENGTH, +V 30 © PPy
THRUST, LB 3000 3000 800
ap BEC 430 10 463
e 19R5 - -
*G8N 8TS
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AN OPTIMUM PROPULSION SYSTEM IS BEING
DEFINED FOR LSS

o PUMB FEG ( BK) ENGINE

& ENGING SOUNTED/DRIVEN PUMPS
(ND VEHICLE - MOUNTED
60057 PUlPs)

& VI PGIA MIFE INVET PAESSURE
& npi

0, - 199

tH3 - 0.8 P31
& AUTOEENDUD Hy BLEGH

® COMPOU9ITE STRUCTURE
© ALUMINUM TARKE
® PHOPELLANT ACQUIBITION

& PAHTIAL SETTLING
& GCRECHY

© ML) TANK INSULATION (10 LAVERS)
¢ PRESSURIZATION

& HELIUM Al PHESS; 05 AUN
& AUTUGENOUS Hy AU

d a'o?

e OJO O CF;
) m':mg)“ \
"';ll\.a 1152

R TVHEYIYE T

Sy o * ZEROG VENT/MIXER
: ; RN ek L) }, o FILL AND BRAIN
ks .‘;.'ekst.'fﬁwb\;!i[; Tl ® 2§08EC AgORT DM

® Wy ATTITUBE CONTROL
® FUEL CELL POWER (1 Kw)
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SHUTTLE INTERFACES ARE BEING DEFINED FOR
LO2/LH2 VERICLES .
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A NEW LOW THRUST LO2/LH2 ENGINE OFFERS A 40-50 SECOND
Isp INCREASE (2200-2800 LB PAYLOAD)

Although tho RL-10 enginus can sun at low thrust, a new low thrust engine offers a 40-50 830, Igy Inorease
over the RL 10, resulting in an additional payload cspability of 2200-2800 ib, Added savings In engine
weight and vehiole subsybtems fnake this even more attractive, ;

" m&mt g‘oumssgig;llou .
:xmzi)ﬂ'\:‘g‘y%;? o HOCKETDYNE-DATA ‘
= § 4
wl- es 400 \
1
|
460 /
g  if
a ORIGINAL FACE I8 ¥
f OF POOR QUALITY, X
2 w .
g |
Q !
s ‘Y ~ ENGINE CONFIGUARTION -
3 BASIC RLIOA-I-IA
s (€ = 61) MODIFIED FUR PAWOATA
> LOW THAUST OPERATION
A} MR=§ i
¥
d)-
410 1 1 1 ] | i L 1
2600 €000 6000 000 10000 12000 14000 16000 18000
THRUST.(1b)

AN OPTIMUM PROPULSION SYSTEM FOR LSS
REQUIRES TECHNOLOGY DEVELOPMENT

An optimum propulsion system for LSS requires technology development of the engirie, feed systems,
and tankage. A 500 Iby LO,/LH, engine will have to run up to 10 hours, and re-start 10-20 titmes,
Innovations in propelldnt feed systenis at low flow rates and low accelerations are needed for minimizing
welght. The torus 1O, tank allows a very short stage, but requires careful design t minimize welight
and residuals,

A LOW THRUST/HIGH PERFORMANCE ENGINE (> ¢85 tggl ;
— SMALL PUMPS i
- CoouNe
~ LONG BURN TiMES

& LOWACCELERATION CAYOGENIC PROPELLANT FEED

ACauisimon
ggnssumzniion
- #

A TORUS LO, TANK
- DESIGA (SHAPE, SUPPONT, MFG, COMPONENTS INSTL, ASSY)
- SLOSHING (C.G., BAFFLES)
- HESIOUALS (OFFSET C.6., ACGUISITION BYST)
- INSULATION
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SUBSYSTFM ALTERNATIVE TECHNOLOGIES ARE
BEING INVESTIGATED

All of these subsystems are belng investigated in detall in the AFRPL "Large Space System

Cryogenic Deployment System Study. ' Alternatives are being tradsd to maximize performance.
Results of this study will provide directions for technology develapmient of the engine and vehiclé
propulsion subsystems.

Subsystem

Altgrriatives to be Traded

Trade Sludy
Constrainis

Evaluation
Crltedla

h

Engine thrust/iivalting

Pregsurzalién sysiem

Propetiant acquisition
Tank venting
Propgflan)_uthizalion

Propellant gaging

AbGrt dump
Propeliaht anxture ratio
Tank conhigurdlion

Tank msutation

Tank pressure

Busaline thsust tuvel (800 ibf) N
Increased thrust levels
Coristant acceleration vs ¢onstant thrust

Thermal subcodlérs

Aulogenvous pressurization with helium
for stant-up

Aulogenous préssunzation with sub-
codlers for start-up

Helum pressurization

Settle propellanis

Partial capillary acquisition device

Total capillary acquisition devicé

Séttied propelants with conventional
vedling

Zéro-g tharmodynaric venl system

Use PU system

No PU systefn (save atded comiplexity
& cost)

Capacitance

Paont sensors

Nucleonic

RF gaging

Accurate flowmeter

Optnnize sum of greéssuiani plus bné 8

valNe sizés

Oplinize tank weight & length {coosrdinate

witli engine pértormance)

Tiade LH, lank bulkhsad shapes

Trade LO, torus cioss-séction shape

Mullitayer insutiitioh, vary numbér of
layers

Spray-on toam uisulation, vary thickness

-’.
> Shuttle paytoad constraints

, Mq;nmum tank pressure vs skin fhuckness /

Basehne vehicle delintion )

Baseling mission delinilion

Shultle operational constidints

/
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Retiability .

Simphcity
Lile cycle costs

Pertormance

Werght & tength

1

identity beneticial
alternativs.
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ANALYSIS INDICATES THAT NO VENTING WILL OCCUR

Analyais indicatos that no vonting of oithor propeltant tenk mdy bo required for aptimized low
thirust mm.uz tranafor vohiclos,
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-
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1
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VANR PHESSURIZE O WINH LI 7 OR ENUING START AND E NUINE BURN

o LOVANR P Y AND § NG
ANK PAESMIRESL 1 WETE HELIGN D OR ENGING STARY AUTDLGENIS
INFORE
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GDC'S OPT OTV PROGRAM EVALUATES
LSS/PROPULSION INTERACTIONS

dnC has corntinued to dovelop the *OBT OTV" cofiputer program to ovaluate 188 /propulsion inter-
actions. The offect of thrust-to-weight and the nutmbor of ongind burns - obtain the optimum pay-
load I8 shown. Recent A V data from Stanford has boon {ncotporated for moro burns (17).
Rosults of rocent shidies on eigine and vobicio performance “al" and propaollant loases) have also

boen incorporatad,
° PUMP FED ENUINE (CONSTANT £1008T) CENTRAL THRIST
° thg A BoPutain APPLICATRIN
° t’N% K AUUrTLE
° GBETATIONARY MBsION
° SBR FAYIOAD la-min
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OPT OTV COMPUTER PROGRAM
The GBC “OPT OTV" Compiter program conelders all fdctors Involved in LSS fpropulsion optimization,
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FUTURE STUDIES SHULD CONSIDER ALTERNATE
CONSTRUCTION/TRANSPORTATION OPTIONS
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FUTURE REQUIREMENTS FOR
ORBITAL TRANSFER

» VERY HIGH PERFORMANCE

15:30,000 POUND PAYLOADS, SERVICING, AND ROUND IRIP
© LOW ACCELERATION

MAXIMIZE SIZE OF LARGE SPACE STRUCTURLS
o REUSABILITY

REDUCE OPERATING COSTS ANDIOR RETURN PAYLOAUS
10 SHUTTLE

© MANRATING
ORBIY TRANSFER AND SORTIE FOR CREW MODULES
© AEROMANEUVERING

PLANE CHANGES, BRAKING 10 LOWER ORBIT ANDIOR
EMERGENCY REENTRY

© SPACEBASING
FREE FROM SHUTILE CONSTRAIMNIS
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Storable Orbit Transfer Vehicle.

W. E. Pipes

MARTIN MARIETTA AEROSPACE

OENVER DIVISION POST OFFICE BOX 179 DENVER. COLORADO.00201

Future Air Force and NASA spacecraft will be launched by the Space
Transportation System (STS). These missions include communications,
meteorological, intelligence gathering, earth resources, and
serviding. The satellites will be carried to low earth orbit on
Shuttle and will néed a vehicle to transport them to their final
orbit. The presenit transfer vehicles (IUS, SSUS, and MMS) have limited
delivery capability and cannot meet the needs of the future.

Under Air Force contract we recently completed the development of a
mission model for NASA and DOD out to the year 2000. The model
contains over 600 spacécraft deliveries including Large Space Systems
(LSS). To evaluate the Orbit .Transfer Vehic¢les (OTV) against mission
model requirements the model was separatéd into five categories based
on énergy réquired, g-level, spacecraft deploy/return, operational
constraints, mission duration, dand packaging. Propulsion systems
compdtible with each mission category were then selected for

evaluation. A total of 4] carididates were selected which inciudec
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storable propellants, cryogenic propellants, and electric propulsion.
For the LSS mission category a short LozlLuz system with torus

L0, was selected over the storable Ny0,/MMH OTV based on

economicg. The lower Life Cycle Cost (LCC) for cryogenics resulted
from the very high energy requirements of the proposed future

: missions. This resulted in increased Shuttle flights for the lower
. énergy storable OTV.

To present the benefits of a storable OTV and its relation to LSS we
must first look beyond the LSS missions dand assess the high energy
missions being flown today. These¢ missions include all present fliglite

L

to geosynchronous (GEO) and those projected that are 10,000 lbs or less
in weight. For these missions (Category 1I) the storable OTV was the
lowest cost and had substantial economic advantage over a cryogenic OTV

o

or the Inertial Upper Stage (IUS). The primary reason is the —
importance of length. For example, one of the included charts shows &

20 ft long OTV with 12,800 1b delivery to GEO has the same mission
capture capability as a 15 ft long OTV with only 7,700 1b delivery
capability. Storable OTV's that exhibit this capability inc¢lude the

S$TS Transtage with over 8,000 1b delivery to GEO and an advanced

storable with over 12,000 1b delivery to GEO. Figures showing these ....-
= vehicles dre included. The Ttranstage was developed during the 19603

L'}

did

and has a demonstrated reliability of 96 percent in its 26 operational
missions. For the STS Tratnstage only mandatory changés have been
incorporated to meet program requirements as well as NHB 1700.7A,
Safety Policy and Requirements for Payloads Using the STS and
1CD-2-19001, Shuttle Orbitér/Cargo Standard Interfaces.

W

=
3
3.
?.

Comparing the deliver; capability of the storable OTV to the mission
requiremerits show the lower energy LSS missions can be accommodated
very effectively. Thé storable OTV requirements for LSS mission
requirements are presented for both a stowed LSS during transfer and 4

deployed LSS during transfer. Current studies for some of the lower
enérgy LSS missions dre looking very seriuusly at stovwed LSS transfeér

et L
=TT e

e

vith a storable OTV. The most significant difference in propulsion

EEY

requiremérits for stowed vérsus deployed LSS transfer is thrust level,
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number of burms, and gimbal angle. The thrust level
lov g requirement. The number of burns is driven by
multiple perigee burns can reduce the délta velocity
thrust from approximately 16,900 to 14,600 fps. The
higher for deployed LSS transfer because the ¢.g. is
prior to deploysent since the L3§ with less than onme

is driven by the
per formance, where
to GEO for low
gimbal angle is
not vweéll known

g capability can

not be deployed in a one g ground environment..

In conclusion the storable OTV is the mosL cost effective vehicle for
current missions. It can also meet low energy LSS requiiements. The
cryogenic OTV can best méet future high energy missions such as manned
missions at GEO. For large traffic of high energy LSS missions it is
more cost effective than the storable OTV. Electric propulsion has the
potential for economic advantages over the storable or cryogenic OTV
vhen delivery transfer time is not critical and the energy redquirements
are very large.

GiiAL PAGE 1S
OQRE‘E‘QOR QUAL\TY

Mission Spectrum Including Future Generic

200 s
) Mission Category IV =~
o3
” NASA 70
g ? ? o Manned NASA 24
2 10k . v *R
8 5 O rde s DR bob2— Missen
4 ol sston 0002 -
Es 2 Imission pop1qy  Cetemry 1)y 4R
Categoryl1fEneray FNASA 234 ' .
1% foop oa "~ « st ooD k%?%:smf :;mdm
DY - ol
2 jLow-Energy o NASA R Deploy/Retrieve, V Vis

Mission Category | : ‘ Unmmef- Deplgy Only

0o 4 8 12 16 % 2 28 R 36
Impulsive AV, 1000 fps
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Propulsion Concept Seiection Matrix

Mission Category | i 1) v v
Misslon Assessmerit | Low Energy High Energy LSS+ Heavy Singles Deplozmatrleve
- Energy - Deploy/Retrieve| - Deliver lo GEO |- WL 6K-300K Ib - Wt 20K Ib |to GE
- glevel - AV<SEKfps - Wt <10K b - g-level 0,.05-1,0 - AV fps| - AV > 26K fps
- Deploy/Retrleve
- Operations/Dura-
tion 4
- Packaging Single Shuttle Launchies Multishuttie Launches
- Propulsion - Packaging - Periormance |- Performance - Performance|- Performance
- Drivers - Flexibility - Packaging - glevel - Duration - Flexibllity
- Some Packaging - Duration
Electric ﬂiﬁl‘e)tlmllty’ Transter 1 - ] Baseliné Hg lon (Solar Power) - Trans(er Time
- ime (3 - 3 Large Inert Gas (Solar Power) - Flexibility
. - 1 MPD (Nuclear Power)
(5) - All Concepts Considered S/C Power
Solid SNElexibilit 1 Baseline-1US |- el rforniarCe | -~Regtorm
(1980 Technology) - gl - SSUS-PAMA
(2) PAM D
ORIGINAL PAGE‘ﬁ
OF POOR QUAL
Propulsion Concept Selection Matrix (concl)
Mission Category 1 | T 0T WV v T
Mission Assess. - Deploy/Retrieve High Energy LSS Heavy Single Deploy/Retrieve
- Enerdy - AV<Kips - Deliver to GEO - WLEK-300KIb |- WtD>20KIb | toGEO
- g-level - Wt < 10K Ib - g-level 0.05-1.0 |- AV 2 14K fps | - A VDZBK fps
- Deploy/Retrieve
- Operations/Dura-
tior
- Packaging Single Shuttle Launches Multishuttie Lauriches$
Propulsion - Packaging - kérlormance - Performance - Performance | - Performance
Drivers - Flexibility - Packaging - g-level - Duration - Flexibllity
, Some Patkaging - Duration
Storable - 1Baseline MMS | - 1 Baseline - 1 83seline - 1 Propeltant | ~\yet Compet
- NQOAIMM-I - ZﬂtodIMNH - i:ackaglng - 1 Tripropetiant (AAllemaﬂve
. , R - - 1 Propeltant - Approaches
CLF WM, LCLFWBMHy | | geusable on Mission 12)
- triprop (15 - 2 Two Stage
Cryogeéitlc QOrbit iife - 18aseline - 1 Baselivie - 1Bateline = 1 Baseline
- Lo./lﬂz - - 2 Packaging (IMR) | - 1 Packaging - 1Propellant | - 1 Progellant
- EINH - Packa - 2 Propellants - 1 Propellant - 1 Cryo/Storable| (multitank)
A - 2 Reusable - LThrottleadle | on Mission 12
= - 1hH, U8 Engine
;3 Combination - INZOGIMMHISGIId - 1 Biprop/Solid -8 - . o
o - Unu}dISoHd o - 1 S/C Assembiy
*LEO vs GEO Assembly

‘
ol
.
i
3
:

56




LSS Conclusions for Liquid Chemical Vehicles
0] |—
= Low Thrust and High Performance
1 Totel Required
8. 3 ~ LCC of Cryogenic Stages Lower Than
N - Stordble Combinations
1 = ; = LCC of ANl Cryageniic Stages Nearly
Lee é» =Y }lf 3 the Same
summary, 615 £ |2 (3 [
8 =12 & e I | oop = No LCC Advantage for Tripropeliant
12 g. § % Sl of Advariced Propellants
S| 8le = No LCC Advantage for Throttieable
ofn [E|E £ é g Engine e
i - = No LCC Advantage or Penalty for Short
) Stage (Note LSS Mission Definitisnis)
2 NASA - DOD Resuits Unchanged by NASA
0 ™1 ' _ |RDT&E
Concepts
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High-Energy Missions - Conclusions (Category i)

12 Expendable Vehicles
n}- No Advantage for Advanced Propellants
19} ; Lowest LCC s Nzo “IMMH
o Y DOD Resulls Untharrged by NASA
2 oL2, N Total
3 S
g 1 -~ g g
g °~§ ::,‘3 a E | phasa
m L 3
g Sk 2 gl 8 Estimated 1US Transportation Cost
= 4l v 2" tor 12 Missions Not Captured
. - S
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Category Il - Effect of Stage Length and Performance on

DOD Misslor: Capture

100 | I
B Min Performance
.§ 0l Reﬂu"@(’, 7700 ib ‘ o » Storable sm.
: HJ L1 Cmenlc sm
I_'Q_:' 80 ~
: Lt
20T -3
ol -o- Max Usable Pertormance, 12 800 (b
2

50}
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Expendable Stage Length, ft

ORIGINAL PAGE 1S
OF POOR QUALITY

STS TRANSTAGE CONFIGURATION IMPROVED

13’ -9%

14'-6" DIA
PAYLOAD 1/F

L€

o 4 OXIDIZER TANKS (SHORTEHED)

o MIXTURE RAT10 1.65

o INCRERSE STRUCTURE SHELL DIA

o REPLACE HELIUM SPHERES (OMS)

o ADD SGLS TT & C (IUS)

o ADD PROPELLANT UTILIZATION

« ADD ADDITIONAL ABLATIVE LINER——
FOR ENGINES

o REVISE EXISTING 16S-S/W

PERFQRMANCE GPTION
o ADD STAR TRACKER AND ASE « 100:1 ENGINE NOZZLE
o DIRECT RAIL ATTACHMENTS
{(NO CRADLE)
o UTILIZE OMS KIT DUMP PROVISIONS Bhibat PiviIRG

* RMS FOR DEPLOYMENT

aftach
eiftiss

- et -~ 1 LU a®
SATISFIES PLANETARY il — ) 1{? |
MiSSION REQUIREMENTS -
WITHAV -EGA MISSION
DESIGN
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ORIGINAL PAGE 1S

ASDS Minimum Tank Length-Multiengine OF POOR QUALITY.

X N 2 O 4 /MMH Stage for Missions In Category ii

o _ASDS Vehicie Gefinition Configuration Sketch
BA Prouision Syster:_Storabi¢ , Code: 11 L5-C
v F?qwmm:_'!eo:lh‘m __, MR:__2.4
¥ Main Engine:  Thrust__15000 b, 1y 3410 e
Payload Delivery to GEO__ 12159 lbs, ASE__ 3000 ib |
! ttomh Weight, (bs | Remarks :
Avidnics 736 |° ! ‘
| Structures a | |
Thermal 19 | 5
Propulsion 120 |° v ft |
FU Tank 12 AL (2219-T87) |
ox tank 205 SF 1.5, NOF 30% ,3
Propellant Feed 367 —_—
Pressurization 18 “
Eriginie Assy (4 Englnes) | 406
i 8-1b Nozzle Actuator Each {ALRC) with Actuators i
ACPS 359 |
Subitotal 15
Contingency 10% 342 _
Ory Welghit 3151 Notes:
Propellant, Noriusable 42 | * 0.5% Outage Engine: 4 Singles @ 3750 1b, Constant Thrust ;
Burnout Weight 480 €« 4001, P = 1430 psi, 60% Retracted Nozzte, :
Vented Propellant 104 | 2 Burnsid Engines 92. 5% EN. |
Propellant Loaded 24 Misslon: LED-GEO, Burns 2 aV * 14000 fps,
Stage Initial wt 48981 | Max Shuttle Capacity Launch to Burn 1 day, 6 hr trinsfer time.
R T : - e PIL Reserve Performarice 2%, ACPS Propellant -
Propetlant, Usable 4491 | 346 ACS Reserve 10%, Propellant Outage 0. 5% 3
Mass fractiort . 905 | Usablerinitial Regulated Helium, Ambient Storage g
A i ————

* Typical to Tavulated Baseline Storable Stage

Storable OTV LSS Mission Requirements |
Stowed Deployed .

Requlrement Trafister Transter Remarks
Trenster Time {nom) 6 hours 31 hours 8 Perigee Burns (Low Thrist)
Number of Burns (max) ? 9 8 Perlgee Burns (Low Thrust)
Laurich 16 First Burn (max) | 1 Dy 7 Days STS Capabllity (7 Days)
Coait Tifne Outside Orbiter | 1 Day 7 Day$ STS Capsbility (7 Days)
Opergtionai Altitude LEC toHEO | LEO 1o HEO | High Earth Orbit
Burn Duratisn (nom) 20 niln 9 hours 45,000 1b 6 Propeliant
g Level (max} Final 3.0¢ 0.051.09 | Deployed LSS ¢-Range
Thrust (max) Fingl 15, 000 16t 500 1ot 500 It (10,000 S/C + Stage)
Gimbial Angle 46 deg + 10 dég Deployed LSS c§ Unicertainty
Vehiclé Length (max) n Taft | Based oh &2-n SIC
Satety NHE 1700.7 | NHB 1700, 7 | Propeliant Dumip for Large Stages
59
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Conclusions

S torehite OW
- Most Cost Effective Approach for Current Misslons
- Can Meet Low-Energy LSS Requirements

Cryogenic OV
- Bust Approach for Future High-Energy Missions, L.e., Mannid Misslon et GEO

- Cost Effective for Large Quantities of High-Energy LSS Misslons

Electric Propulsion
- Can Be Economicat for Very High Energy Missior Requirements
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ELECTRIC PROPULSION:
SYNERGY OF ORBIT TRANSFER AND MAINTENANCE

S. Zafran

TRW.

OFFENSE 4D SPACE SYSTEMS GROWP

Electric propulsion has the dual capability of transferring large
payload mass from LEO to GEO, and providing accuraté on-orbit station-
keeping with reduced mass compared to chemical auxiliary propulsion.
Integrated propulsion studies have investigated orbit boosting, inclination
change, attitude control, stationkeeping, relocation, disposal, and power
sharing on-orbit with electric propulsion systems. A solar array point-
ing strategy has been developed to minimize the effects of atmospheric
drag at low altitude, enabling electric propulsion to initiate oroit
transfer at Shuttle's maximum cargo carfying altitude. Attitude control
requirements are generally met by gimballing the primary orbit transfer
thrusters, and using electric auxiliary propulsion thrusters on-orbit.
Chemical auxiliary propulsion thrusters only provide a backup function
during the mission. Gravity gradient tordue is used during ascent to
sustain the spacecraft roll maneuvers required for maximum Solar array
f1lumination. Stationkeeping is the most demanding on-orbit propulsion
requirement, At area densities above 0.5 mzlkg. East-Wast stationkeeping
requiremerits from sclar préssure exceed North-South requirements from
gravitational forces.
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Tradeoffs between integrated electric propulsion system mass ratio
and transfer time from LEO to GEO wére conducted parametrically for
varidus thruster efficiency, specific impulse, and other propulsion para-
meters. A computer model was developed for performing orbit transfer
calculations which included the effects of aerodynamic drag, radiation
degradation, and occultation, The electric propulsion system mass included
power source, powsr conditioning and controls, thrusters, gimbals, propellant,
propellant storage and distribition system, thermal control, and structure.
Significant residual on-orbit power (generally greater than 50 pércent) was
found to be availadle for payload utitization, The tradeoff results
showed that thruster technology areas for integrated propulsion should be
directed towards improving primary thruster efficiency in the range from
1500 to 2500 seconds, and be continued towards reducing specific mass.
Comparison. of auxiliary propulsion systems showed large total propellant mass
savings with.integrated electric auxiliary propulsion that results in a
leveraged increase in net spacecraft mass.

SUMMARY

o ELECTRIC PROPULSION ADVANTAGES:
= PUTS LARGE PAYLOAD MASS ON-ORBIT

- PROVIDES ACCURATE STATIONKEEPING ON LONG LIFE SATELLITES
WITH REDUCED MASS

- PROVIDES ON-ORBIT POWER

¢ WITH FEATHERED ARRAYS, ELECTRIC PROPULSION INITIATES ORBIT TRANSFER
AT SHUTTLE'S MAXIMUM PAYLOAD CARRYING ALTITUDE,

¢ ELECTRIC APS AND PRIMARY EPS THRUST VECTORING MEET MOST ATTITUDE
CONTROL REQ'TS. CHEMICAL AUXILTARY THRUSTERS ONLY PROVIDE BACKUP
FUNCTIONS,

¢ E-W STATIONKEEPING AV FHOM SOLAR PRESSURE CAN BE GREATER THAN N-S
4V REQ*D.

o GRAVITY GRADIENT TORQUE IS USED TO SUSTAIN S/C ROLL MANEUVERS FOR
MAXIMUM SOLAR POWER DURING ASCENT.
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- GEO MISSION DEFINITION
) ) "
NO, __,EES, MISSION TIME
3 MpL /v (VEARS)
i 1 1 1
2 2 10
By 3 3 10
3 4 4 10
s ] 2 8

INITIAL ALTITUDE, H, , 280 Km

FINAL OPERATION ALTITUDE, Hy, GEO
INITIAL INCLINATION, |4, 28.5°

EINAL OPERATION INCLINATION, 0°
DISPOSAL ALTITUDE, Hy , 40786 Km

i
1
Ty
3.
4y"
.
;

PROPULSION FUNCTIONS INVESTIGATED

6 ORBIT BOOSTING

o INCLINATION CHANGE

e ATTITUDE CONTROL

¢ STATIONKEEPING

¢ RELOCATION

e DISPOSAL

¢ POWER SHARING ON-ORBIT
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@ ORIGINAL
PAGE IS

e ORBIT-BOOSTING

- SOLVED GRAVITATIONAL EQUATION
ADDED OCCULTATION

ADDED AERODYNAMIC DRAG
ADUDED RADIATION DEGRADATION ‘
DEVELOPED OPTIMUM ARRAY ILLUMINATION STRATEGY A

e__ALL OTHER FUNCTIONS
- IMPLEMENTED ROCKET EQUATION
° Iy FOR AUXIL'ARY PROPULSION SET AT 3000 SEC
o PLANE CHANGE INITIATED ABOVE RADIATION BELT

TRANSEER TIME TRADEOFF

!

(MepsMpy) 7= 20 !

100y o~ ' !
) 3

g i
i
“ |
{

|

. - 'i
"% 7000 300 %000 600 ‘

l'w (8€C) "
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TYPICAL MASS RATIO BREAKDOWN

ORIGINAL PAGE |
PAGE Is
OF POOR QuALITY
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EFFECT OF SPECIFIC MASS ON TRANSFER TIME

(CASE Il n = 45% AT 1750 SEC)
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COMPARISON OF ORBIT TRANSFER AND ON-ORBIT CUMULATIVE FLUENCE

meV ELECTRONS
oml
Mgps ORBIT 10-YEAR SOLAR TOTAL RESIDUAL
Wor /o TRANSFER INCREMENT FLARE AOWER (%)
1.0 3x 10'0 18 % 1014 sx 1ot 3,08 x 10%6 80 ;
20 2.2 x 1076 1.8 x 10'4 3x 10l 2.28 X 1018 &
30 1,65 x 10'0 1.8x 104 3x 4 1.60 X 106 s
40 1.60 X 1018 18X 104 3x to'4 1.66 X 1078 )
CHIGIOAL PRGE IS 1
'F PCOR QUALITY 3
MAJOR AUXILIARY PROPULSION 4V REQUIREMENTS - 1
IN TEN-YEAR MISSION (M/SEC)
]
FUNCTION ELECTRIC APS CHEMICAL APS A
N—S STATION KEEPING w=08) (1 P=0)
LOW VALVE (564) (508) (se)
HIGH VALUE 639 (2 675 12) «“i2 |
E-W STATION KEEPING P=0.3) (Pu0) .
S/ICSIZE d=20M My = 2700 Ky (318) (248) (r2) '
d=60M My =8100Kg 623 (2 a2 102 2
AEPOSITIONING (5 @ 180°%) 257 128 129
DISPOSAL AT END OF MISSION 167 167 -
GEO TO 40, 768 KM ORBIT ALTITUDE !
1
TOTAL 1680 1301 388
(1) P = ASSUMED DUTY CYCLE
(2) THESE VALUES USED IN TOTAL
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EAST-WEST VS NORTH-SOUTH STATION KEEPING REQUIREMENTS

00 / ’,‘
/
/ 1Y)

ORIGINAL PACE IS
OF. POOR QUALITY

STATION KEEPING AV PER YEAR. WSEC
]
1

[ [.1] 1.0 8 1]
AREA.TOMASS RATIO AM (M2/%g

Qcnoss
A seHIES OF ANTENNAD
GANTENNA FARM Grare
22 MAYPOLE ANTENNA
LECTED N

ge
p _Mngwuﬂ ANTENNA CONFId. = o0 cro iy

RESHESENTATIVE A/M RANGES OF 8/C INVESTIGATED 8Y BOEING (REFEAENCE 1)

MODULAR ANTENNA §/C CONFIGURATION

THRUSTER ARRANGEWENY SPACECNAFT ORIENTATION
v, INGAMALLY FOINTIRG NORTH)
van (5

SYNCHAONOUS
ETIATORIAL ORI
r'e

AURILIARY
THRUSTERS
on OUTRIGHEN BOOM
L To U™
@ ELECTRICAL
& chemcaL
DESIONATION
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CONCLUSION

LARGE PAYLOAD TRANSFER FROM LEG TO GEO 1S POSSIBLE WITH DEMONSTRATED THRUSTER
EEFICIENCY

THRUSTER EFFICIENCY STRONGLY AFFECTS TRANSFER TIME

ELECTRIC PROPULSION SPECIFIC MASS (INCLUDING SOLAR ARRAY) STRONGLY AFFECTS
TRANSFER TIME

SUSTANTIAL RESIDUAL POWER IS AVAILABLE FOR ON-ORBIT FUNCTIONS

LARGE TOTAL PROPELLANT MASS SAVINGS VIA INTEGRATED ELECTRIC APS RESULTS IN
LEVERAGED INCREASE IN NET S/C MASS

SOLAR PRESSURE EFFECTS REQUIRE MOST STATIONKEEPING AV FOR A/M > 0.5 H’I.KG.,..
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PRECEDING PAGE BLANK NOT FILMED

STRUCTURES - PROPULSION INTERACTIONS & REQUIREMENTS

C. D, PENGELLEY

GENERAL DYNAMICS
Convair Division

WIDELY DIFFFRENT TYPES OF STRUCTURE

Whén studylng the interaction 6f & strutture with ita propulsion system one must consider

the wide variety of configuration types that may be invoived, While misslon analyses may
provide a good idsa of overall functiorial requirements of the spacecraft to be involved they give
iittle ides of the sctunl shapes. In reviewing projected missions one possible breakdswn into two
genoral categories e suggested -

{1) Platforms
3) . “Christmas Trees"

The term*platform* has been widely used fn the last several years, particularly in connection

with epace based redar and power étations, Such a structure gives the impression of a flat disk —
it may be curved semowhai, liks & saucer, or have a pentagonal outline and be bullt up with struts
asd wiies and hive In-plane arms sticking out, but navertheless it 1s disk Hke = and it will be
thrusted from the centor with a force perpendioular to its plane,

Vu-graphs (1) and (2) ai'e examples of such structures. Thelr loadings will bo cesentially eym-
metrical and dynamio characteristics can be described roughly in torme of beam or plate modes,

However, & whole class of potential strectures exist that cannit be categorized as "platfortis,
One example is shown in Vu-graph (3), which is a proposéd configuration for the Geostationary
Communications Platform, The term "P!ntﬁorm" is mo longer descriptive here, but s a hang-over
from earlier systém concepts studies in which ifttlo consideration had beeh given to actual space
tapoide, Vu-graph (3) 18 charactorized by beams, arme and masts projecting in all thres dimensloris
and cartying anternas or other sclentific devicas. 1t ta certainly flimsy looking and displays little
evidence of symmetry, For want 6f a bettar term, such spadecraft have béen categorized a8 "Chilstman
Troes, "
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ORIGINAL PAQGE IS
OPTIMIZATION OF POOR QUALITY

Whon optimizing a propulsion syatein for trafsportation of a familly of largs dpade structures,

and only general requirémante for the atructures are kiown, one 18 forced to atrmplity and ideallie,

In addition, dne must shooge a paramcter - Or parometirs ~ to be optimized, Potontlal éxamples

éro, sres, ugolul welght, doflactions, transfer time, eto, Qlven canstreints of the £hultle Orbiftor

11& capability and cargo bay atzo it 14 easy to olisode maximum drea do the parameter to be optimized for &
"Platform” type.

Tn the cage of the "Chrictmds Troo" the cholde 18 more diffioult though, Cortalnly arod Ie hardly applicablo,
In tho actual oase of the "Goostationary Comniundoatlonis Platform” studies, the required aumbor of ditonnas
and epdce exporiments fat exceeded the poasibility of a single Shuttle fight, and roduction of the numbor

of flights to & minimumn was 4 major otiterion for optimization, However, folding and packdging of tho
various meo: wnlams to fit within the cargo bay proved to be the driving problomeywhile donsitivity to
transfor loads seemed to be leas provided the thrust to weight ratto was not more than about , 02 ¢ , 08.

It funding wora avallable, it would bo desirable to analyze one s two epecific "Christmas Tree" configu-
rations in gome detail to detormiing their esnsitivity to T/W variations, Because of technlod) comiploxity,
this would be considerably more costly than for similar workon "Platforms" and may not fessibie,

For these reasons it 18 prubeble that optimizing for maximum area of & '"Platform" type of Large Bpace
Structare ie the best possible procedurs for establishing thrust characteristics of a new transfer stege,

DYNAMIC INTERACTIONS

Static Loads

For a conatant thruet to welght ratio (T/W) the Large Space Structure experiences éonstant ac-
celeration londs which result from forces which are equal to this acceleration times the miss of
etich item in the syatem, K T/W varies then we define as 'Static Loada" those loads which dome
from the thitantaneous T/W times the mase of each item,

Thrust Transtent Loads

When TAV varies very slowly the statio loads approxiimate the actual loads; but when it variés
quickly dynamio transient loads are generated wiich miake the total actual loads considerubly
groater than the statie loads, The ratio of the maximuini actual load to the makdmum static load
18 called the "Dynamic Amplification Factos, "

Vu-graph No. 6 1s an example oomputer simulation of actual loads experiénced during the main
éngino etart transiert of 4 Centaur, The maximutn statio acceleration is approximately 700 in/sec?
while the actual load on the engine 18 eeen to be over 800 in/eec®, Other parts of the aystem éxperionce

othér valuea.

Vii-graph No, 6 shows caloulated response of a simple single degree of fréedom system to & trapezoldal
éngine thriust function, The thrust riee time (D) s approximately 1/4 of the natural period of the aystem,
The dynamio amplification tactor i 1.9, 1n the limit, where the rise tifie dgproaches zoro, the factor
for an undamped eliigle degree of freedom systetii approicties 2, Vu-graph No, 7 shows the effect of
iricreasing tho thrust rlaé tie to . 8 times thie natural period; heire the armplification tactor has dropped
to .. 2. Furthoer increase in rise time woild produce furtheér reduction in factor until, in the Uimft,

the facior would beconié 1.

72

I D T N ) - Y

|




Vu-gragh No, 8 40 san example of d.mitiary output from ai aetual dynamic loads snslyats for the OOA

platform, I will be nated that the maxiniufe arm 6y acceleration of , 1118 ts 31/4 times the static TAW,

namely ,094g, Howaver, the heniding mament at the root of arni D fa only 2, 2 times the etétic moment,

For this exatiiple the lowaet structural neturdd Irequeiioy waa , 109 Hz dand the thruaet bulld up tine wad . 1 sae,
Thus the ratio of Husld up time to iiatural period 48 , 02 Mmdiesting en alnioat Inatantenmgii: butld up froth the polis
of view of tho structurs, If bulld up timed 11 the order of a few gebands can he achieved thén real redponars would
be tiore ke tho exemples of Vu-graphia 8 and 7,

Vu-graph No, § illustratos the offoct of dynamic emplification factor (Kt ) upor aros optiviiteation from a
computor Futi, Since the fictor has beon changod 100 - from 1 éo 2 - it thay ecom eurpriing thet ths corrospond-
ing ohango in eizo lo only 8%. Ths (6 ¢xplatned qualttativoly 1 Vu-graph Mo. 10 which doos 8ot repreduco actual
calculations, The "original" curvo §6 the aterting point with, for oxamiple, K¢ = 1. It wo condtdor an oxamiplo
point A, whoro tho orfginal TAV o .8, aiid thon arbitrarily halvo TAW ¢o . 1 whito wo doublo K¢ to 8, wo will niot
clinngo tho loads at all, Thus, if thors werc no chango 1n oaging porformants, tho structurd wouid not chingo at
oll and poin®* A would riiove horizontally to polit A', ad In fact tho ontire curve would simply elido to the loft to
tho podition of tho "dashed” eurvo. Inthis oado, tho optimum valuc of TAW would halve but the sorresponding
aize would not chinge. In practico, howevor, enging porformance will dosrodse as TAV daorcasos, sitd poiat A’
will really drop to & pocition such as A", and the final curve will look lke tho "dotted" curve oit Vu-graph No, 10,
It 15 sledr that the total decreuse 1n optimum size 16 due to losd in engins performance, while the deoroase in
sizo nt a fixed TAW (say &l TAV =, 2) {8 duo to increade in load,

One concdiudes that the optimum slze 18 not very donaitive to dynamic amplification factor, but that the optimum
valuo of TW dt which It oceurs dedraases us amplification factor inoreases, Furtlier, 1a the region of optimum
TAV size {6 rélatively inzensitive to K¢, but for fiughdr values of T /AW the senditivity increasén. For tliese
reanons it seems justifiuble to ansume & fixed value fo# KQ (sdy 2) for optimization analydls which greatly
simplifies the work,

It 16 important to remember that actuul 16ado on a given spceoraft are diréctly proportionsl to k¢ and {n
andlyzing design loads actual vaives of K¢ must bo detormined,

Propellant Accelerations

Vu-graphs 8 drid 7 shiow négative valudse of acceleration but oniy after thrust cut-off. For & dingle
degrée of freedoth systeni this 15 the only time when negative accelaration could occur, For tesl
platforims with many degrees of freedom, ndgative dccelorations are possible during buis, as 1s true for --
all spdce lauuch svstema, This condition 1 unlikely in regions flear large massss duch s the
propellant tanks. The condition will depetid mainly on the detailed dyhamiic charadteristics of the
individual apacecraft rolative to the thrue build up function of the etigiie and will tend to be relatively
ifisenaitive to the actucl thrust, For a glven large epace structure éhd a family of éngines with the
sama thiust bidid up {limee the probability of negative propellant sccelerations is ltkely to decreade
dlightly as thruec decreasea. If, as séems probiabls, the thrust bulld up Hme of low thrust englnes

will bo greater than tites for conventional high thrust engines then the likelihood of negative propsllant
acce'erations appears to be very low.

Ag In all configurations past, present, or future, prepellant acoelerations should be enalyzed on en

individual basle for each éngine/spacecraft combination, but this does not appear to be an important
consideistion in optimilzing the thrust level,

Tolerances
‘The offects of tolerances fall into two mati: categories -

(1) ¢. g offset R
@ rattle In Jolite ORE;
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Poth of thege sffect dynamic t-aasient ioads and bare must be taken to check each spacéoraft
to adsure that It 18 not overstrassed. Their effects, however, are not aensitive to englhe thrust
o thrust butld-up function and therefore they should ot take e aignificant part {n deciolons on

opthimization,

Attitude Control

Early analydes on the OOA fndicated that engino vestoring should bé sdequate to control the dyatem
during orbit transfer, It fe concetvablo that a very flexible platform iype of dosign may be developed
for which this i¢ not poseible. In such a cade it 16 aesumed that the on-orbit control system of the
gpaceoratt itself-could be used to assiet during engine burns,

Distributed Thrust

It 15 understood that J. Clark will bs discuseing this subjéct in detail, Suffize ft to say hare that
distributed thrust can theoretioally greatly alleviate spacectaft loads, but thet randotn differetices
in thrust bulld up functions of two or more efigines may produce intolerable anti-symmetri¢ loading
conditions.

VU -1 STRUCTURES - PROPULSION INVERACTIONS

. WIDELY DIFFERENT TYPES OF STRUCTURE

- PLATFORM
- CHRISTMAS TREE
. OPTIMIZATION

- PARAMETER TO - CONSTRAINTS

BE OPTIMIZED
PACKAGNG

AREA TOTAL WEIGHT
USEFUL WEIGHT MINIMUM GAGE
DEFLECTIONS ETC.
TRANSFER TIME
ETC.

) DYNAMIC INTERACTIONS

- STATIC LOADS

- ENGINE THRUST TRANSIENT

- PROPELLANT ACCELERATION
- TOLERANCES

- CONTROL - OTV V8 §/C ACS

- DISTRIBUTED THRUST

ORICI . el
OF POOR QuALITY
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26 PERCENT OF PAOPELLANTS REMAINING
SPACECHAFT WEIGHT = 31,368 LD

STEADY-STATE ACCELERATION & ¢ 0340

V1L-8 _ Dynamic response due to thrust build-up (beginning
of apogee burn).
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DIAMETER (RELATIVE)

Lol 02 .03 .04 .06 .04 .1 .2 .3 .4 .6 .8 1

TV
NOTES:

(1) HORIZONTAL ARROWS ARE DUE TO STRUCTURAL REQUIREMENTS.
(2) VERTICAL ARROWS ARE DUE TO ENGINE PERFORMANCE LOSSES,

ORIGIMAL PACE 13
OF PCOR QUALITY
> VU - 11 SUGGESTIONS
® LOW TAV IS_.MANDATORY - .02 TO , 10 RANGE - BUT EXACT VALUE NOT VERY SENSITIVE

- SLOW THRUST RISE TIME DESIRABLE BUT NOT MANDATORY,
- ENGINE THIRUST SELECTION NOT VERY SENSITIVE

d ¢ STRUCTURES WILL LIKELY B¢ DESIGNED, ML NOT IMPACTED, BY THIS TAV RANGE.
= ) PROPFLLANT ACCELERATION SHOULD BE INDIVIDUALLY ANALYZED FOR START TRAN-

- SIENT BUT VERY UNLIKELY TO GO NEGATIVE,

¢ "PLATFORMS ' MAY SOMETIMES BE REQUIRED TO USE THEIR OWN ATTITUDE CONTROL,
- SYSTEMS DURING THRUST,
” . TOLERANCES IN 8/C STRUCTURE SHOULD NOT AFFECT CHOICE OF PROPULSION SYSTEM
CONFIGURATION, BUT EFFECT UPCN 1LOADS SHOULD BE EVALUATED ON AN INDIVIDUATL
BASIS,
79
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STRUCTURES=PROPULSION INTERACTIONS AND REQUIREMENTS

JOMN COYNER

MARTIN MARIETTA AEROSPACE

DENVEA DIVISION POST OFFICE BOX 179 DENVER. COLORADO 80201

The availability of the Space Transportation System (STS) in the

1980's will make it feasible to déploy on-orbit Large Space Systems

(LSS). In general terms, large space systems are classified as either
deployable or erecrable, depending upon the process used to place them
into operational configuration. With deployable structures, the entire
manufacturing and assembly takes place on the ground and the assembly

is flown into space in a high density folded form, where it is then ‘
deployed. The concept of erectable structures refers to assembly in

space either by a building crew or by remote manipulation. Propulsien
system thrust levels required to transfer these general types of structures
from LEO to GEO depends upon the load bearing capability of the LSS.

The interaction study determined the effects of low-thrust primary
propulsion system charactéristics on the mass, area, and orbit transfer
characteristics of Large Space Systems (LSS). Three general sttructutral
classes of LSS were considered, each with a broad range of diameters and
nonstructural surface densitites. While transferring the deployed structure
from LEO to GFO, an acceleration range of 0.02 to 0.1 g's was found to
maximize deliverable payload based on structural mass impact. After
propulsion systen parametric analyses considering four propellant com=
binations produced vélues for available payload mass, léngth and volume,
a thrust level range which ws~ ‘mizes deliverable LSS diatieter was deter-
mified corréspording to & structure and propulsion vehicile.

The engine start and/or shutdown thrust transiénts on the last orbit
tranisfer (apogee) buim can inmpose transiént loads which would be greater
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than the steady-state loads at the burnout acceleration. The effect of

the éngine thrust transients on the LSS was determined from the dynamic

models upon which various engine ramps were impoged. The rawp times,

T, were chosun to be a step, 1/2, 2/3, 3/3, and 4/3 of the LSS funda-
ntal period.

Based on a single Shuttie flight with a LEO to GEO orbit gransfer, the
optimum OTV thrust level range to maximize delivered LSS diameter (if
payload mass limited) is between 3100 to 4200N and the maxiium per-
formance tankage configuration delivers the saximum deployed LSS
diameter. This range is relatively independent of the folloving:

1) Propellant Combination;

2) Tankage Configuration;

3) Mixture Ratio;

4) Type of LSS; and

$) Type of LSS Nonstructural Surface.

The curve is also reldtively flat, implying insensitivity to thrust
of a range of thrust.

The results also showed that the trahsient-induced load is not a
significant driver (102 structural mass impact ) in defining
requirements for the primary propulsion system. If no structural

wmass impact is desired, the ramp time must be greater than twe-thirds_of

the LSS fundamental period for all LSS considered.

The following stage characteristics are reemphasized which deliver the
maximum LSS diameter based on the results of this study. The character-
istics are!

1) Lo Im2 propellant ¢ombination

2) Pu%p-fed single engine, and

3) Comstant accelaration, 8 perigee
burn orbit transfer strategy

However, these results differ from other studies that have detérmined
the optimum thrust level. Also, there are six key factors that may
drive the optimum thrust lével and must be evaluated pricc_to _stage
definition. They are:

Minimuin Strength of Structure

Non-geosynchronous Operational Altitude (Large Payloads)
lmpact of Subsystem (Mass and Dynamics)

Larger Capacity Orbiter

Ultra-Gossamer Structures of the Future

Ultra-Large Assembled Structures

Anothét key factor i¢ whether L3S deployment in low earth orbit is
required and whether LSS servicing and repair can be done im LEO. If
LSS designers do not include servicing provisions in their design,
then why impose low thrust requiregients on the stage designer?
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PPILSSI Program Summary

The primary objective of the Primary Propulsion/Large Space
System Interaction Study program Is to detérmine the effects of
fow-thrust primary propulgion System thrust-to-mass ratio,
thrust transients, and performance on the mégs, area, and orbit
transfer charactetisti¢d of large space systems.

LSS Configurations
Structural | Diameter |Surface Pointotfhrust Thrustto
Concept | Range, m | Densities, Kg/m? | Potential Application Mass Ratio, g
Expandable | 30-200 0.05,0.15, Antennae Aéross | Cantet of Structure | 0.02-1.0
Box Truss 0.40, 3.42 Frequency Range, | Normal to Plane

Powet Generation,

_ SotarCells

Wrap Radial| 20-200 0.05,0.15 LowFrequency |Centerofthe Mub |0.02-1.0
Rib Antennae
Hoopand | 30-200 0.15, LowFrequency |AttEndot 0.01-1.0
Column 0.40 Anténnae, Telescoping Maas

Powar Generation

SolarCells

Expandable Box Truss—Unit Mass vs Thrustto Welgh:

¢ 0.1 g Maximum Acéceleration Pro-
— duces Acceptablé Maas impact
<30%)tor 0.05, 0.15, 0.40 kg /m?

~ urface Dénsities 106/0.40 1008
30} * Below0.05g, Minimal Mass ' 0.08
Reduction

K At0.2g and Above, Impacton
26 _ System Mass s Significant (>100%)

Box Truss Structure
- Single-Polint Thiust
Olaméter = 38/71/108/144/152/176/194m
Surlace Mads = 0.05/0.18/0.40/3.42kp/m?

7170.15

22r 8.84.11 Dedp iyss
Minimum Mass = 0.168 kg /mt
» \ 7110.08
19970.05 | 3513.4
| (
suwwm"a 71/3.42 158/0. ls:
Unit Mass,
kgRedd! [ 14110.1
kg Minimum . 176/0.05 /, /
14} ; /
158/0.05, 4)/,//‘
Y = “/ b e
1ol R = :
002 0.05 0.4 0.2 0.4 08

Maximum Accelerdtion, Thrust io Wélght
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Average Structural Mass Impact for Start
Transient Eifects
- . Box Truss Radial Rib, Hoop/Column,
~ Ramp Avérage Average Average
‘ Time kgRegd/kg | kgReaqd/kg | kgRedad/kg
| TR, SteadyState | SteadyState | SteadyState
o Step 1.10 1.10 107
™ 1134 1.03 1.05 1.01
:; | 2131 1.00 1.00 1.00
J) 313k 1.00 1.00 1.00
4134 1.00 1.00 100
TgRange | 0.2to2s 0.516108 03to118
j forNo
> Structural ]
E_‘i impact |
3 ORIGINAL PRCE 18 |
3 OF POOR QUALY .,
1 1
3 i
1 Effect of Thrust Level on Box Truss Diameter for Varlous
Propellant Combinations and Tankage Contigurations *‘
150 1
I ' LO/LH: minimurm |
170
1
£ 185 — —— LO:/LHs maximum |
5 |
[ |
g 100 J
o
a
2 1.0¢/LCHs mttximum
155 |-
:ﬁ LO:/RP-1 maximum j
1LCH« minimurn |
N KO NiMH maximurm |
1501 LO«/RP-1 minimum
NiO«/ MMH minimum 4‘
“5 - 1‘
Surtace Density - 0.05 kg/m" i
140 | \ { { 1 \ ! JB "

) 1 3 4 5
Thrust Level x 10° (N)
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Technlical Issues for LSS-OTV Design

- Do Large Space Systems (LSS) drive the design of OTV?

- Stage Length

LSS Package Density Is 24 t6 48 kg/m®

6820 kg Payload Occuples 17, 22 m at 24 kg/im> and 8. 63 m at 48 ky/m’
9090 kg Payload Occuples 23, 01 m at 24 kdm’ and 11,49 m at 48 kglm3
Orbiter Cargo Bay Length < 18,3 m

Short Dense Stades Are Required If Payload Is To Be Mass Limited and
Not Volume Lintited

= OTV Thrust Level
- WIIL LSS be deployed in low Earth orbit {LEO) before transter?
- What contingency operations can be accomplished in LEO?
= What is the optimum th.ust level if the LSS is 4eployable?

Thrust Level Considerations

- Previous Studies Indicate Two Ditferent Optimum Thrust Ranges
- Less Than 4400 N (Martin Marietta)
- Greater than 4400 N (Genieral Dynamics)

What factors ¢ould affect this optimal thrust tevel?
Minimum Strength of Structure

- Non-geosynchronous Operational Altitude (Large Payloads)
;" - Impact of Subsystem (Mass and Dynainics)
‘ - Larger Capacity Orbiter
5 - Ultra-Gossamer Structures of the Future
- - Ultra-Large Assembled Structures
-
@%
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CENTRALIZED VCRSUS DISTRIBUTED PROPULSION

J. P. CLARK

BOEING AEROSPACE COMPANY
P.0. Box 3999 ‘
Seattle, Washington 68124

SUMMARY

several velated toples e addressed. First, the functions dnd requirements of auxiliary propulsion systems are
raiewed. None of the three major tasks - attitude contiol, stationkeeping and shape control - can be performed by a
collection of thrusters at a single coatral location. The need, in general, for torqués about all three axes requires
that propulsion units be physically s:iperated. 1f & centralized system s defined as a collection of separated clusters,
made up of the alnimum fusber of propiision units, then such a system can provide attitude control and stationkeeping
for wost vehicles. A distributed propulsion system can provide shape control for flat plate type structures and it can
.1so perform attitude control and staticrkesping.

A raview of various proposed Varge spice systems lcads to the conclusion that centralized auxiliary propulsion 1s best
suited to vahicles with a velatively rigid core. These vehicles may carry & number of flexible or movable appendages.
This graup includes mary of the projosed deployable concepts. A second group, consisting of one or more large flexible
flat plates, may need distributéd prapulston for shape control. There 1s a third group, consisting of vehicles butlt up
from mult fple shuttle lauriches, which may be forced 1nto a distributed system Udcause of the need to add additional
propulsion units as the vehiclas grow.

The resuits of a study to examine the effects of distributed propulsion on a beam-ltke structur: sre reportéd. The
deflection of the structure under both translations) and rotationsl thrusts is shown as & function of the number of
equally spaced thrusters. When two thrusters only are used it 15 shown that 1ocation s an important parameter.

The gossibility of using distributed propulsion to achieve ainimum overall system weight 1s also examined. It {is shown
that under certatin conditions the addittonal weight of distributed propulsfen can be more then offset by reduced
structural weight made possible by reducing stiffaess.

Finatly, an exasination of active desping by distributed praopulsion s described.

Aithough flight experience to date has besn exclusivaly with centralized gropulsion systems, distributed propu'sion will
be nesded in the not too distant ruture. A nusber of {ssues should be addressed. These include: an examination of the
optimum nusber and disteibutior of thrusters for active shape control of uniform and non-uniform one and two dimensional
plate itke structures; th= problem oOf control of evolving structures that may experience drastic chinges in
configuration and mase properties; and the sensor placemant, control law developrent, computation and other
considerar.ions needer. to fmplement distributed propulsion systems.
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NASA LARGE SPACE SYSTENS/PROPULSION INTERACTIONS WORKSHOP

ToPICS | .
o AUXILIARY PROPULSION SYSTENS
o FUNCTIONS
o REGUIRENENTS |
o DISTRIBUTED AND CONCENTRATED SYSTENS
o APPLICATIONS
o PERFORNANCE OF DISTRIBUTED SYSTENS
o NUNBER OF THRUSTERS
o LOCATION
o MININUN WEIGHT SYSTEMS

0 ACTIVE DANPING

URIGINAL PAGE 1S
OF POOR QUALITY

AUXILIARY PROPULSION SYSTEM FUNCTIONS

ATTITUDE cowtRrOL
o POINTING

o NANEYVER } ROTATION
o DISTURBANCE CANCELLATION

STATIONKEEPING
: :::;?;:gg'n TRANSLATION

SHAPE CONTROL
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AUXILIARY PROPULSION REQUIREMENTS

ATVITUDE CONTROL - PROVIDE TORQUES
o THRUSTERS AWAY FRON CENTER OF MASS
o PAIRS 10 PROVIDE PURE COUPLE AND AVOID TRANSLAVION

STATIONKEEPING - PROVIDE AV THRUSTS
o CORRECT ORIENTATION
o ATVITUDE CONTROL
o NET THRUST THROUGH CENTER OF MASS

o GINBALLED THRUSTERS
o FINED THRUSTER(S) PLUS TOROUE CAPABILITY

SHAPE CONTAOL - 2ERD NET ROTATION AND TRANSLATION
o DISTRIBUTED THRUSTERS

o MNODULATION
o PRECISE TINING

AUXILIARY PROPULSION SELECTION PROBLEMS

WEIGHT WININIZATION

PLACE UNITS CLOSE TOGETHER PLACE UNITS FAR APARY
0 SHARE ANCILLIARY EQUIPNENY o INCREASE TORQUES
o DECREASE PROPELLANY
REQUIRED

SOLUTION - MOUNT UNITS IN SEPARATED CLUSTERS

REDUCE NUMBER OF THRUSTERS INCREASE WUNBER OF THRUSTERS
o MININIZE TOTAL THRUSTER WEIGHT o DISTRIBUTED THRUSTERS MAY
PERNIT LOVER STRUCTURAL
STIFFNESS AND REDUCE
STRUCTURE WEIGHTY

SOLUTIOE - MININIZE TOTAL STRUCTURE PLUS AUKILEARY PRGPULSION WEIGNT

CONSTRALINTS

STRUCTURE TOO WEAK TO SUPPORT THRUST LOADS
PACKAGING ARD DEPLOYMENT

CONFIGURATION

CONTANINATION

ORIGRIAL E 15
89 OF FOCR QUALITY




CONCENTRATED AUXILIARY PROPULSION

TMELVE FINED THRUSTERS PROVIDE
o FULL ROTATIONAL CAPARILITY
o FULL TRANSLATIONAL CAPARILITY

GE 19
WAL PR
%\:\% OOR QUALTY.

DISTRIBUTED THRUSTERS
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OAF AMERICA

JET PROPULSION LAB,

OR!GINAL PAGE (S

OF POOR QUALITY

McDONNELL-DOUGLAS SCIENCE AND APPLICATIONS SPACE PLATFORM
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GENERAL DYNAMICS MULTIPLE BEAM GEOPLATFORM
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FLAT PLATE STRUCTURES
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SPACE OPERATIONS CENTER

O =1

N

HABITAY
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PROPELLAY VK p—
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EARTH ">
omecrion 1T K

OTV MAINTENANCE

AR DOCKING
HANG | MODULES (3)
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APPLICATIONS OF CENTRALIZED AND DISTRIBUTED PROPULSION

CEHTRALIZED PROPULSION

(-3 -2 -3

HININUN OR HEAR WININUN NUNBER OF THRUSTERS
RIGID VEHICLES

VENICLES WITH RIGID CORE AND FLEKIBLE APPENDAGES
SHAPE CONTROL WOT REQUIRED

SHAPE CONTROL NOT FEASIBLE WITH THRUSTERS

DISTRIBUTED PROPULSION
0 MORE THAN MININUN NUMBER OF THRUSTERS

ORIGINAL PAGE S
OF POOR QUALITY

FLEXIBLE HOMOGENEOUS VEHICLES (FLAT PLATES)

o SHAPE CONTROL DESIRABLE AND POSSIBLE WITH THRUSTERS

VEHICLES ASSEMBLED FROM MULTIPLE SHUTTLE LAUNCHES

MULTIPLE THRUSTER DISTRIBUTIONS

(N-1) CONFIGURATION

Z[m

1 L
| |

zlm ——
zlﬂ ——

!

2|m —

THRUSTERS

(N+1) CONFIGURATfON “ L
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BEAM DEFLECTION DUE TO TRANSLATION

MAXTMUM DEFLECTION
020 ey ——

f ) | |
I R e SNy S T

© BEAM DIVIDED INTO (M - 1) SEGMENTS
A BENS DIVIOED INTO (M ¢ 1) SEGNENTS

: ‘,\ .010 |- « U B l .; “

0 ‘4 8 12 16 20
NUMBER OF THRUSTERS
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LOW ORDER MODES ONLY EXCITED BY DISTRIBUTED THRUSTERS
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RESULTS OF COMBINED ATTITUDE AND SHAPE CONTROL STUDY

ATTITUDE CONTROL
o THO RIGID NODES
o FULL CAHCELLATION OF GRAVITY GRADIENT AND SOLAR
RADIATION TORQUES

FIGURE CONTROL
o THREE TWO-DIMENSIONAL FLEXIBLE MODES
0 HO EXCITATION OF SECOND MODE
o SMALL EXCITATIOE CF FIRST AND THIRD NODES
o GOOD FIRST AND THIRD MODE DANMPING

SENSITIVITY
o SYSTEM STABLE AND INSENSITIVE TO MISPLACEMENT OF
SENSORS

CRIGINAL PAGE (S
OF PH0R OUALITY

ISSUES

o OPTIMUM DISTRIBUTION OF THRUSTERS
o NUMBER
o LOCATION

o THREE DIMENSIONAL SYSTENS
o MINIMUM MEIGHT SYSTENS

o CONTROL SYSTEM MECHANIZATION
o SEHSOR TYPES
SENSOR LOCATION
CONTROL LANWS
REQUIREMENTS AND CONSTRAINTS
SENSITIVITY

e ec

o CONTROL OF VARIABLE CONFIGURATION VEHICLES
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SYSTEM REQUIREMENTS

R. E. AUSTIN

National Aeronautics and Space Administration
George C. Marshall Space Flight Center
Marshall Space Flight Center, AL 35812

Requirements of future space systems, including large space systems, that
operate beyond the space shuttle are discussed in this paper. Typical
functions required of propulsion systems in this operational regime include:
payload placement, retrieval, observation, servicing, space debris control and
support to large space systems. These funictional rejuirements are discussed
in conjunction with two classes of propulsion systems: (1) primary or orbit
transfer vehicles (OTV) and (2) secondary or systems that generally operate
within or rels’ '.~ly near an operational base orbit. Three propulsion system
types are desciibéd in relation to these requirements: Cryogenic OTV,
Teleoperator Maneuvering System (IMS) and a solar electric OTV.

Operations purely in low earth orbit are described in relation to the TMS
since LEO does not lend itself to an effective application of a solar electric
type of system. Both TMS and solar electric systems are candidates in high or
geosynchronous orbits. Payload placements and retrieval, as well as
sub-satellite operations are considered early operational requirements for a
™S. Later operations may include paylcad servicing for both conventional and
large space systems, and space debris control. Servicing operations tange
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from module changeout on amall spacecraft and changeout of experiment pallets
on a space platform in LEO to replenishing expandables and updating
operational capabilities of large space platforms in GEO.

Space debris control can be divided into two major categories: (1) low
and intemmediate orbits, and (2) geosynchronous orbit. Effective space debris
control in low and {ntemmediate orbits poses a very high energy requirement
due to the varying orbital paraieters of every object in this regime. Early
debris control in this region may be accomplished with a TS for objects that
are near co-orbital with the T™MS. GEO debris control is considerably more
manageable since all the objects are near co~otbital. The integrated solution
of this problem tends to favor & high energy propulsion system like a solar
electric OTV although it is within the general capability of a conventional
system like a MS.

large space systems such as advanced communication platforms, science and
application platforms, and space-based radar will pose two primary classes of
requirements on primary propulsion system (OTV): (1) high performance and (2)
possible low thrust acceleration. These systems, as currently envisioned, are
to be deployed in LEO, checked out and then transferred to GEO or other high
orbits. It is this aspect of these systems and their operational modes that
currently infers low thrust acceleration for the OIV. There is need for
considerable debate in this area since the resultant OTV program would of
necessity be required to include the capability for a wide throttle rarge on a
high thrust engine or two sngines - a low thrust and a high thrust engine.
Since thees large space systems also impose high performnance requirmeents on
the OrV, the likely chuice will be to have two separate engines in the
program. The low thrust engine would be single purposed and due to the very
nature of the large space system approach, would be used infrequently. The
cost léverage of this approach requires careful scrutiny by the large space
systems and propulsion system comunities. It should be pointed out that the
structural loads associated with: transport to LEO, deployment and checkout
{n LEO, and/or assembly in LEO may impose a structural capability in the
system to withstand transfers to high Earth orbits with high thrust erngines
with reasonable throttle ranges that imaintain high performance.

In sumnacy, the key interactions between the future large Space systems
ard propulsfon systems are: growth capability in performance, maximizing
length available for payloads in shuttle cargo bay, capability to provide
servicing and debris control, and very importantly transportation economy.
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DISCUSSION TOPICS

© ORBITAL SEAVICES REMOTE TO THE ORBITER

=~ FUNCTIONS
~ RATIONALE

¢ ORBITAL SEAVICES VIA TELEOPERATORS MANEUVERING SYSTEM (TMS)
= TMS DESCRIPTION
- EVOLUTION OF CAPABILITIES

¢ SPACE DEBRIS AT GEOSYNCHRONOUS

¢ POTENTIAL LARGE SPACE SYSTEM APPLICATIONS

© GEOSTATIONARY PLATFORM

— DEPLOYMENT IN LEO
= TRANSFER OPTIONS TO GEO (ORBIT TRANSFER VEHICLE)

© SHUTTLE UPPER STAGE REQUIREMENTS (NASA MISSION MODEL)

© SUMMARY
ORBITAL SERVICES
Tvees FUNCTIONS WHY NEEDED
SATELUITE * DEPLOYMENT ~ REUSEABLE PLACEMENT OF PAYLOADS
SERVICES— UP TO 1600 KM FROM ORBIYER, OR
REAOTE ANYWHERE IN GEOSTATIONARY ORBIT
* RETRIEVAL ~ REUSEABLE REMOTE RETRIEVAL i
AEDUCING INTEGRAL S/C PROPULSION
BURDTN
* OBSERVATION — REMOYE AYID NEAR ODSERVATION FOR
OPS, SAFETY, AND DAMAGE ASSESSMUNY
* SUB-SATELLITE OPS — IN-OHBIT SCIENTIFIC INVESTIGATIONS
* MULTIPLE P/L - PERMITS MANIFESTING FLEXIBILITY AND
DEPLOV/RETRIEVE AEDUCES S/C INTEGRAL PROPULSION
BURDEN
¢ SERVICING ~ MAINTAIN REMOTE ORBITAL SERVICLS ‘

ON-LINE. UPGRADING.
¢ SPACE DEBRIS CONTROL — CLEAR SPACE LANES OFf LARGE DEBRMUS

* LARGE SPACE SYSTEMS -~ SUPPORY ASSEMDLY LOGISTICS,
ORBITAL 1
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SPACE OEBRIS PROBLEM
AT GEOSYNCHRONOUS ORBIT

@ BY 1986 APPROXIMATELY 620 SPACECRAFT AND PIECES OF DEBRIS
WiLL BE (N SYNCHRONOUS ORBIT

@ THE GREATESY DENSITY (8 IN NORYH AMERICAN SECTOR
(~ 240 IN THE 80° ~ *40° W LONGITUDE SEGMENT)

@ PAVILOADS HAVE NO COLLISION ANTICIPATION/AVOIDANCE CAPABILITY

@ ALL SPACECRAFT AND DEBRIS WITHOUT ACTIVE STATION KEEPING WILL
CONSTITUTE A MOVING HAZARD IN SYNCHRONOUS ORBIT

EARTH TRIAXIALITY SUN-MOON PERTURBATION

e 19
ORIGINAL PACE
OF POOR QUALITY
SPACE DEBRIS CONTROL
AT GEOSYNCHRONOUS ORBIT

o0

SINGLE SHUVTLE/
WS LAUNCH
n o
8w
g T
& 00
SPACE DEBRIS CONYROL § 49 -
© CONTROL INCREASING HAZARD OF COLLISION o
AT GEOSYNCHRONOUS OABIT , % %04
— NUMBER OF OBJECTS IN GEOSYNCHRO:.0US «
ORBIT IS INCREASING u
- INACTIVE OBJECTS HAVE DRIFY RATES 20 4
- NORTH AMERICAN SE/:TOR BECOMING
m‘vo':v“a0 ‘:ngfzgwe 0S4ECTS YO HIGHER ORBIY
eMOVE ! : 10 '
(NON INTERFERING) | D CHEMICAL
. o -4 ¥ ¥ T LA ¥ L v
ALTERNAYIVE VEHICLES 200 400 600 800 1,000 1,200 1,400 1,000
OBJECT MASS (Kg)

© LIGUID CHEMICAL (STORABLE) BYSTEM
~ SINGLE SHUTTLE/IUS LAUNCHED SYSTEM LIMITED TO 6 YO 10 OBJECYTS

®SOLAR ELECTRIC N ‘ ,
~ $INGLE SHUTTLE/IUS LAUNCHED S8YSTEM PROVIDES FACTOR OF TEN
INCREASE IN CAPABILITY OVER CHEMICAL SYSTEM
- LONG TERM RESISTANCY: 6 OR MORE YEARS
- ELECTRICAL POWER AND OTHER SERVICES FOR OBSERVATION ECUIPMENT
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POTENTIAL LARGE SPACE SYSTEM APPLICATIONS

/ ORIGINAL PACTE 5
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TFOR
3
‘ % 4
OARITAL TRACKING f
STATION \

3

4

r
]

A nomu SCIENCE/APPLICATIONS |
A0 v PLATFORM |

]

!

X

1"«

EXPERIMENTAL GEOSTATIONARY PLATFORM }

]

|




GEOSTATIONARY PILATFORM DEPLOYMENT SEQUENCE
ORIGH S § o -
OF POOR QUALITY

1. PACKAGED IN CARGO BAY
sular arvny

solacurvey  antenrs feeds

2. ROTATED OUT OF CARGOQ BAY Sélar Aveay Canatater

Pachuged truvs arm flat-pack

na

. mak




GFOSTATIONARY PLATFORM DEPLOYMENT SEQUENCE (CONT'D)

3. PLATFORM DEPLOYMENT ORIGINAL PAGE 19
‘ OF POOR QUAUTY
Weapgud Hib - - -
uring
dugiuymont

IR

£ Zy \? ’%‘\Q‘g |
Dupleyed — NAY
PRTA —— k i

JLf
o \' .
/’/4'%,
ANy
G
AN
Sunflowsr Jdeploying
peclaged PETA

Teuss ann uidergoing
stow, controlled deployinent

4. READY FOR TRANSFER TO GEO

Suler Ar ey
packaged

{or tzansport ~
(LEU 0 GEQ)

Vehigle
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ORIGINAL PAGE 18

OF POOR

R QUALITY GEOSTATIONARY PLATFORM

OTV_PERFORMANCE REQUIREMENTS

e PLATFOIM DELIVERY MISSION
a 0806 kg DELIVERY CAPABILITY, LEO TO GEO
14, 000 FT/8EC AV
40,1 km OF TARGET POSITION
0.07 G T/W MAX

o SERVICING MISSION
A 3267 kg DELIVERY CAPABILITY, LEO TO GEO
14, 000 FT/SEC AV
¢0.1 km OF TARGET POSITION
NO T/W CONSTRAINT

4 832 kg RETURN CAPABILITY, GEO TO LEO
14, 600 FT/SEC AV '
NO T/W CONSTRAINT

GEOSTATIONARY PLATFORM
OTV SUBS YSTEMS SUPPORT REQUIREMENTS

ENVIRONMENTAL CONTROL
NO REQUIREMENT

POWER
100 WATTS DURING PRELAUNCH (GYRO ACTIVATION)

COMMUNICATIONS
1/F BETWEEN PLATFORM AND ORBITER; 8-BAND
92 KBPS UPLINK, 0.4 KBPS8 COMMAND
102 KBPS DOWNLINK, 128 KBPS DATA

PROPULSION
6895 kg CAPABILITY FROM LEO TO GEO, PLATFORM DELIVERY MISSION
14,500 I'T/SEC AV FOR TRANSFER, +416 FT/SEC INTO DEBRIS ORBIT
MAX T/W: 0,07
ELEVEN HURNS MAX
1sp > 416 SEC

2267 kg CAPABILITY FROM LEO TO GEO, SERVICING MISSION
28,600 FT/SEC AV FQit TRANSFER & RETURN

10, 000 TO 20, 600 1.B THRUST

1sp > 460 SEC
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5 ORIGINAL PAGE S
GEOSTATIONARY PLATFORM OF POOR QUALITY

QTV_SUBSYSTEMS SUPPORT REQUIREMENTS
GUIDANCE & NAVIGATION

o PLATFORM DELIVERY MISSION
4 OELIVERY CAPABILITY FROM LEO TO &8 km BEHIND,
16 ki BELOW GEOSYNCHRONOUS TARGEY LOCATION, 28 km (RENDEZVOUA POINT)

A APPROACH TO TARGET LOCATION

£0.4km

< 3 c/SEC RESIDUAL TRANSLATIONAL VELOCITY
20,06%/5EC ROTATIONAL VELOCITY

£10 OF REGUIRED ATTITUDE

o SERVICING MISSION
A DELIVERY CAPABILITY FROM LEO TO 86 km BEHIND,
16 km BELOW GEOSYNCHRONOUS TARGET LOCATION, 28 km (RENDE2VOUS POINT)
A APPROACH TO TARGET LOCATION (CENTER OF CONSTELLATION)

10.1 km
2 mM/GEC RESIDUAL TRAMILATIONAL VELOCITY
£1.09 OF REQUIRED ATTITUDE
A STATIONKEEP
4 RENDEZVOUS AND REDOCK WITH SERVICE MODULE
$£19 SUN ORIENTATION
43 cm/SEC RESIDUAL TRANSLATIONAL VELOCITY
40.059/SEC ROTATION
4 RENDEZVOUS WITH ORBITER
RETURN CAPABILITY FROM GEO TO 86 km FWD,
16 km ASOVE THE ORBITER, 18 kin (RENDEZVOUS POINT)
A APPROACH TO ORDITER (SAME TOLERANCES AS GEO TARGET)
A STATIONKEEP
210 SUN ORIENTATION
43 em/SEC RESIDUAL TRANSLATIONAL VELOCITY
$0.059/SEC ROTATION

A PASSIVE DURING FINAL DOCKING

GEOSTATIONARY PLATFORM
IMS SUBSYSTEMS SUPPORT REQUIREMENTS 1

e AVIONICS COMMAND & CONTROL (VIA GROUND -PLATFORM-TMS RF LINK)
VIDEO (STEREO) — ARTICULATION AND PAN

LIGHTING — WITH VIDEO REQUIREMENT, FOR LOGISTICS
RESUPPLY AND FOR DOCKING ,
RENDEZVOUS RADAR — TM8, ACTIVE; OTV AND PLATFORM,
PASSIVE ]

¢ PROPULSION/RCS 42 FT/SEC AV FOR OTV/PLATFORM TRANSLATION J
ATTITUDE CONTROL FOR TRANSLATION AND ROTATION IN 3 AXES

MINIMUM EXHAUST PRODUCT CONTAMINATION — COLD GAS
PREFERRED

o ENVIRONMENTAL CONTROL NO REQUIREMENT ‘
o STABILIZATION & CONTROL ¢3 cm/SEC TRANSLATIONAL VELOCITY J

42* CENTERLINE ORIENTATION J
¢5° ROLL ORIENTATION
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DESIRED FEATURES
SHUTTLE UPPER STAGE

0  SHUTILE COMPATIBILITY
@ CAPABILITY TO MEET MISSION REQUIREMENTS

§  FLEXIBILITY FOR MISSION OPERATIONS

@ HIGH RELIABILITY

@ CAPABLE OF EVOLUTIONARY GROWTH

LOW COST

GRIGINAL PAGE 1S
OF POOR QUALITY

OTV DESIGN CRITERIA
MISSION REQUIREMENTS

PERFORMANCE AND FUNCTIONAL CAPABILITY WITH MARGINS YO PERFORM
PLANETARY MISSIONS

HIGH PERFORMANCE TO GEO AND OTHER HIGH ENERGY ORBITS

CAPABLE OF SUBSTANTIAL PAYLOAD IN REUSABLE DELIVERY MODE
(POTENTIALLY 36% OF MISSION MODEL)

CAPABILITY TO DELIVER LARGE FLEXIBLE SPACECRAFT WiTH LOW
ACCELERATION (POTENTIALLY 25% OF M1SSI1ON MODEL) - LOW THRUST,
MULTIPLE BURN, LONG DURATION

MINIMUM PRACTICAL STAGE LENGTH WITH FULL PROPELLANT LOADING ANDIOR
ADAPTABLE TO SHORT-LENGTH VERSION - MAXIMUM PAYLOAD LENGTH

TIW AND NUMBER OF ENGINES CONSHSTENT WITH PERFORMANCE AND MISSION
SUCCESS REQUIREMENTS

THERMAL CONTROL CONSISTENT WITH MISSION DURATIONS
ENABLE ROUNDTRIP SORVIE MISSIONS TO HIGH EARTH ORBITS
MUST BE OPERATIONALLY AVAILABLE WHEN NEEDED

PHOVIDE SPACECRAFT 3-AXIS STABILIZATION
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OTV DESIGN CRITERIA
HIGH RELIABILITY

® PROVIDE HIGH RELIABILITY, HICH ACCURACY AUTONOMOUS OPERATIONS
- DUAL STRING AVIONICS WITH COMPUTER CAPABLE
OF HANDLING REDUNDANCY MANAGEMENT, ADVANCED
gmp%r;ca SCHEMES, AND SPACECRAFT INTERFACE
UPPORT

= BODY SHELL (METEOROID PROYECTION)

@  CURRENT STATE OF THE ART ORIGINAL PAGE IS
- AVIONICS OF POOR QUALITY

- RCS
= MAINENGINE

OTV DESIGN CRITERIA
EVOLUTIONARY GROWTH

ADAPTABLE TO SHORT STAGE FOR LONG PAYLOADS
CAPABLE OF INCORPORATING RETROFIT AEROASSIST KIT
CAPABLE OF INCORPORATING AOVANCED ENGINE

CAPABLE OF ACHIEVING HIGHER PERFORMANCE WITH GROWTH \N SHUTTLE
LIFT CAPABILITY

O CAPABLE OF PERFORMING HEAVY DELIVERY AND MANNED MISSIONS TO
HEO E1THER THRU MULTIPLE STAGING ON A 65K STS OR WITH A SINGLE
STAGE ON A 100-110K STS

0  READILY MAN-RATED

@ CAPABLE OF EXTENUED DURATION IN SPACE

17
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MISSION DERIVED REQUIREMENTS
'NOMINAL MISSION MODEL, REVISION 4

N_PAYLOAD . ‘ . N
HARACTER: MASS (1.8S) LENGTH | "G" LIMIT | ON-ORBIT | NUMBER TIMING
ASSIONS _ISTICS AV
SATELLITES. VARIES INVERSELY| 42’ =30 N/A - 12 1987 ~»- 2000
WALENGTH
o | oo | gw | wn | oo | % | e
v 12,500 <28 015-10G| ——o 1 1989
QrEATIONAL 10000-15000 | =30 |005-02G| <es5FPs | 24 1988 — 2000
VERY R )
Myeiraiie 15,000 - 30,000 | <2X60° |005-10 | —~o ) 1990 =+ 2000
UNMANNED 6,000 =g 8,000 up
SLIVICING <25 N/A 600 FPS 20 1991 == 2000
SONTIE 0 —»-2,000 DOWN
MANNED 12000 <20 N/A ns " 1994 = 2000
ORIGINAL PAGE -:3
F POOR QUALI
0 Q OTV DESIGN CRITERIA
MISSION DURATION
, | _ NO. OF
MISSION TYPEIMODE DURATION REQUIRED MISSIONS
PLANETARY 1NJECTION 21R 9
MULTIPLE PAYLOAD DELIVERY W HR 10
EXPENDABLE GEO DELIVERY AR 2
REUSABLE GEQ DELIVERY 62HR 8B
LOW THRUST GEO DELIVERY JOHR 3
UNMANNED SERVICING 194 HR '}
MAANNED SORTIE (7 DAYS) 150 HR 1n
MANNED SERVICING (21 DAYS) 500 HR 0

MULTIPLE LAUNCH (3 LAUNCH) >200HR

l—c

*SAHRS IF STAGE IS DISPOSED OF AT GEO + 2000 NM
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| ORIGINAL PAGE 1S
REUSABLE ORB IT TRANSFER VEHICLE (OTV) OF POOR QUALITY

EVOLUTION

owv-y
STAETCHED TANKS

AERD ASSIST .
SPACE BASED?
NEW ENGINE

orv-2

SASIC VEHICLE
AERD ASSISY
SAME ENGINE

oTv-1
RASIC VEHICLE
AL10-118 ENGINE

€O0TV & PAYLOAD: SAME LAUNCH 90TV & PAYLOAD: SAME LAUNCH @OTV & PAYLOAD: SPLIT LAUNCH Q;&ﬁaleﬂ OSORTIE
©S1ZED FOR 65K STS OS12ED FOR 66K STS ©S12ED FOR AUGMENTED STS ®AUGMENTED STS

ODELIVERY ONLY GAEROBRAKE: DELIVERYONLY  @COULD BE SPACE BASED OSPACE BASED

PAYLOAD POTENTIAL (POUNDS)

OoTV--1 oTv-2 oTv-3 MOTV
DELIVERY 6K 12K 4K -
RETRIEVE - - 16K -
AOUNDTRIP - - K 12K
EXPEND 16K 17K 2K -

REUSABLE CRYOGENIC ORBIT TRANSFER VEHICLE (OTV-1)
22 FEET

TOROIDAL
Lox

LT
ENGINE
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RIGINAL PAGE 13
g? POOR QUALITY

e $NGLE OTV CONFIGUAATION/SIZE
FOR WIDE AANGE OF MISSIONS s

PLANETARY SPACECRAFY
m‘_

OTHEN
GEO/MED
PAYLOADS

(—\/—'

ORBITER TRANSFER VEHICLE (OTV)
Ty M T L

(N

GEQ
PAYLOADS

+J]22 6T

AEROASSISTED ORBITAL TRANSFER VEHICLES

CREW MODULE

sALLUTE
CREWMODULS
' EHICLE
EROPYLSIVE DRAG,
MODULATION >
£0LD OUT
SURFACES

VEHICLE

.
, SNt

REENTRY
SHAPE

e



TRANSPORTATION COST 7O GEO, K S8

TRANSPORTATION COST COMPARISON TO GEOSYNCHRONOUS

EQUATORIAL ORBIT (GEQ)
0
¢ 1900 DOLLARS
0RLTA G N AN T
n- : G PFOOR QUALIY
¢
ATLAS
20- CENTAUN
AMIANE Y
e
w{ anans2d \&
ananes @
b "".“‘“. ARIANE 4
$US-A
ANUsASLE
CAVOGENIC
.8 sTaat
2:.%‘:}.',.; me.i EASID
o CRYO STAGSE AERO ASSISY
° T T T N cnvostact
SPACECRAFT MASS (10C0 LBS)
LARGE SPACE SYSTEMS REQUIREMENTS
ON PROPULSION SYSTEMS
SUNMMARY
© PERFORMANCE

© 1218 &id OF PAYLOAD YO GEO
S THRAUST ACCELERATION 0.1 - 0.159 CAN BE YOLENATED
SAERD ASSISTED AETURN TO LEO MAJOR LEVERAGE ITEM

@ PAVLOAD PACKAQING

SPLATFORM PACKAGING DENSITY IN 6TE LOW
SUPPER STAGE LENGTIH SHOULD BE MINWMIZED

O SERVIGING/DEBRIS CONTROL
STELEOPERATON MANEUVERING SVETEM: LEO AND GEO SEAVICING/DEBNIS CONTAOL
SSOLAR ELECYRIC OTV: DEBRIS CONTROL

S ECONOMY
STRANSPORYATION ECOROMY CAN BE A MAJOR ENABLING FACTOR FOR LARGE
SPACE SYSTEMS ~ PARTICULARLY AT GEO
SREUSABILITY FOR 8T8 UPPER STACES: VITAL

SCAYOGENIC OTV SYSTEM WITH AERD ASSIST FOR AETUAN: ENABLES 05K 618
TOPERFORM EARLY PLATFORM MISSIONS
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PRECEDING PAGE BLANK NOT FILMED

SYSTEMS INTEGRATION

JAMES J. PELOUCH, uR.

National Aeronautics and Space Administration
Lewis Research Center

21000 Brookpark Road

Cleveland, OH 44135

WHAT IS SYSTEHS INTEGRATION?
HOW IS IT TRADITIONALLY ACCOMPLISHED?

HOU DOES ITS CHARACTER CHANGE WITH THE ADVENT OF -

THE STS?
PROPULSION OUT OF THE ORBITER?
Lss?

HHAT DEMANDS, IF_ANY, HILL IT IHPOSE ON TECHNOLOGY?

INTEGRATION AS A TASK

DEFINING, UNDERSTANDING, AND ACCOUNTING FOR INTERACT-

IONS BETHEEN THE HAJUR SYSTEMS OF A SPACE HISSION.

ASSURING THAT THESE INTERACTIONS DO NOT VIOLATE THE
WISSION'S SAFETY, RELIABILITY, PERFORMANCE, SCHEDULE
AND COST STANDARDS,

123
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HISTORICAL _APPROACH TO INTEGRATION

IRENTIFICATION OF INTERFACES

ESTADLISHUENT OF STANDARDS AND INTFRFACE SPECS,
NESIGH REVIEHS

CHARACTERIZATION OF PROTOTYPES

CONFIGURATION CONTROL

GUALIFICATION ANl ACCEPTANCE TESTS

ARALYSIS AND DISPOSITION OF NON-CONFORHANCES
FLIGHT-READINESS AND POST-FLIGHT REVIEWS

2 2 & 93 9 2 o oo

OBSERVATIONS

o HAJOR BURDEN OF CONFORMANCE WIS >
ORVER SURDEN C RHANCE HISTORICALLY PLACED
VEHICLE - A DEVELOPED ENTITY W/CERTAIN OPTIONS
SPACECRAFT - AN EVOLVING ENTITY

o {:NOTSETGRATION IS A HAJOR FRACTION OF TOTAL LIFE-CYCLE

© THE LATER_INTEGRATION BEGINS IN THE LIFE-CYCLE
PROCESS, THE HIGHER THE LIFE-CYCLE COST.

© TECHNOLOGY NOT NORMALLY VIEUED AS A METHOD OF
ENHANCING OR ENABLING THE INTEGRATION TASK.
INSTEAD -
TASK MADE HORE COMPLEX BY IT
SOLUTIONS ARE ENGINEERED
© SYSTEHS INTEGRATION CONTINUALLY INCREASES IN
COMPLEXITY AND COST.
HORE SYSTEMS - MORE INTERFACES THAN BEFORE
SYSTEHS HORE COMPLEX THAN BEFORE
HORE CONFORMANCE CRITERIA THAN BEFORE

® LSS FURTHER AGGREVATES THIS PROHLEM.
© LSS HISSIONS POSSIBLY PREVENTED BY IT.

EXAMPLE - MORE INTERFACES

THEN -~ NOW -

ATLAS/CENTAUR STS/CENTAUR
/[qtununl\

SPACE- GROUND SPACE- "GROUND

CRAFT _OPS. | CRAFT oPs,
\ EAURGH / SHUTILE ‘/

IVEHlC!-!f‘-'_ [shutrLe]
THO_INTERFACES FIVE INTERFACES
124
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EXAMPLE. ~ MORE_CONFORMANCE CRITERIA

THEN - HoH -~
ATLAS/CENTAUR STS/CENTAUR
RELINBILITY RELIABILITY
PERFORHANCE, PERFORHANCE
€osT COST
SCHEDULE GCHEDULE
¢
6 SAFETY

6 CHVIRONMENTAL

L gsFA'EEYRALONE PLACES SIGNIFICANT DEMANDS ON FUTURE

FROM NHB_1700. 1A, *SAFETY POLICY AND REQUIRE-
HENTS FOR PAYLOADS USING THE STS®

HINIHUM OF THO INHIBITS ON THE FOLLOMWING -
PREMATURE ROCKET IGNITION
PREMATURE S/C DEPLOYMENT OR SEPARATION

DEPLOYMENT/EXTENSION PREVENTING PAYLOAD
UOOR CLGSURE

IN THE CASE OF LSS -
ALL OF THE ABOVE CIRCUMSTANCES EXIST

ALONG HITH ADDED THREAT OF ORBIT DECAY/REENTRY
DUE TO ATH. DRAG ON THE DEPLOYED LSS.

e SAFETY AND RELIABILITY OFTEN HAVE OPPOSITE INFERENCE

ON_SYSTEM DESIGN - MUTUAL CONFORMANCE REQUIRES THA
EXTREHE HERSURES BE TAKEN, E REQUIRES THAT

DRIPK
DRIDK
KD

SAFE BUT UNREL. REL. BUT UNSAFE SAFE AND REL.

IN THE CASE OF LSS -

A DISABLING PENALTY HAY EXIST BECAUSE OF THE
NUHBER OF REPETITIVE ELENENTS IN THE SYSTEH.

FG. =~ HANY HINGES, MANY ROCKETS, ETC.
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RNy

o THE UNIQUE, NATURE. OF PROPULSION REGUIRED Y LSS
COULD FURTHER CONPLICATE INTEGRATION, R Vs

PROPULSION FOSSIALY DISTRIRUTE oG

fia lﬁg 5 STRIBUTED THR HOUT
PROPULSION HAY LOOK HORE LIKE AN LSS SUBSYSTE
THAN A SHUTTLE UPPER B AcE - AN LS YSTEN

IF 80, A GROSSLY DIFFERENT SET O INTEGRATION
RULES PERVAIN TO PROPULEION = °F AT

PROPULSION AS PROPULSION AS

AR UPPER STAGE AN LSS SUDSYSTEH
© ENTIRE STS RE-CLRT. ® PRCPULSION IS STS CARGO

o HINIMAL SHUTTLE/UPPER @ PROPULSION INTEGRATION
STAGE INTEGRATION REQUIRED FOR EACH
AFTER THAT HISSIO

HHAT LSC/PROPULSION TECHNOLOGIES WOULD EASE THE
BURDEN OF STS INTEGRATION?

ANSHER - UNKNOWN AT THIS TIME

CRITICAL TO THE SUCCESS OF FUTURE LSS
HISSIONS

COULD GROSSLY INFLUENCE FUTURE COSTS
© HORTHUHILE STEPS NOMW -

DEFINE AN '&.SS HISSION FROM THE STANDPOINT OF
INTEGRATIO!

INVOLVE STS OPERATIONS MANAGEHENT

APPLY CURRENT STS CONSTRAINTS AND EXPLCTED LSS
TECHNOLOGY

IDENTIFY MISSION LIITATIONS BECAUSE OF THE ABOVF.

DETERMINE NEEDED CHANGES TO - STS OPERATIONS
- LSS TECHNOLOGY

CRIGINAL PAGET 18
OF PCOR QUALITY
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ORIGINAL PAGT 1S
OF POOR QUALITY

GROUMND- VERSUS SPACED-BASED
ORBITAL TRANSFER VEHICLE

| N82 27372 ‘

Joe Rehder

sl S sasd Bt o

National Aeronautics and Space Administration
Langley Research Center '
Hampton, VA 23685

A space-based 0TV (SBOTV) is one that Is delivered to orbit empty and
remains there for its operational lifetime. Propellant and payload are
brought up on subsequent launches. Ground-based 0Tv's (GBOTV) are launched
with propellant and payload and are returned to the ground after each 1
missfon. Key issues in the comparison of these systems include debris
protection, space-based OTV maintenance provisions, flight performance,
on-orbit refueling, and launch and return operations.

Debris protection has a severe impact on the SBOTV. The increasingly i
hostile man-made debris environment and the more stringent requirement of
no tank impact require more protection than previous open truss designs
could provide. The penalty for the GBOTV is much less severe, but still
stanificant. A key technology issue is the protection capability of compo-
sfte materials.

On-orbit maintenance is critical for SBOTV. If no maintenance is
performed, the vehicle would have less than a 90-percent chance of success
by the tenth missfon. With full restoration of key components the frequen-
cy of return to Earth for major maintenance is decreased to once every 29
flights. The mass penalty and burden on the space station seem acceptable.

PO RSP L
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The maln problem with refueling a SBOTV {s reduction of losses during
the various transfers. One concept, a compromise between no propellant
recovery and reliquification results in a total loss rate of 12.8 percent.
Zero-g propellant storage and transfer is an important technoloqy area for
SBOTvV.

The configurations and masses of the SBOTV and GHBOTV become very
similar when the penalties are added in, the major difference being the
maintenance provisions. In their most efficlent modes of operation, both
depend heavily on the space station. The GVOTV is used in two sizes and
payloads are mated to the vehicles on-orbit. A reusable shroud must be
developed to return GBOTV's if a Shuttle derivative vehicle is used. The
advantage of space-basing lies in more efficient use of the launch vehi-
cle. Since most of the mass going to LEO is OTV propellant, and the
launches to deliver the SBOTV propellant are generally mass limited,
substantially fewer launches are required to support the SBOTV.

CRIGINAL PAGE IS
OF POOR QUALITY

OTV BASING CONCEPTS
INTEGRATED TRANSPORTATION OPERATIONS

o SB OTV REMAINS ON-ORBIT " GEO

N _ M ;" l':.
o GB OTV RETURNS YO EARTH LA \
AFTER EACH MISSION

¢ OTV FLIGHT

>

OPERATIONS

_'fi’-";* TR —

A

v 3
-
/ ¢ SOC OPERATIONS KEY 1SSUES
'& o IMPACT OF SPACE DEBRIS PROTECTION
P e Launen ano o MAINTENANCE PROVISIONS TO ENSURE
RECOVERY FLIGHT READINESS
{ OPERATIONS o DIFFERENCE IN ELIGHT PERFORMANCE

o MAGNITUDE OF OTV HEFUELING LOSSES

o DIFFEHENCE IN LAUNCH AND RETURN
OPERATIONS
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® SPACE BASH
orv
® FLIGHT LOADY

ONLY
e TRUSS30DY

o GROUND BASED
arv

© LAUNCH LOADS
ONLY

o SHELL BODY

SPACE DEBRIS PROTECTION FACTORS
VENICLE AREA
LONGER EXPOSURE TIME FOR SPACE-BASED OTV

NAN-MADE DEBRIS PROBLEM GETTING WORSE

CRITERIA OF NO TANK IMPACT

CRIGINAL PACE IS
OF POOR QUALITY

DEBRIS PROTECTION (METENROID) IMPACT

STAUCTURAL IMPACT

TANK WALL
T F -
i 1 |
<
o LOADS B
+
DEBRIS
PROTECTION
f
SACKWALL SNEI.L——/
(DESRIS {LOADS AND
PROTECTION) BUMPER)
® te 24 MIL ALUM EQUIV

® TANK WALL DOES NOT
CONTRIDUTE YOT

* FRACTURE MECHANIES CMTA‘I!M DO NOT ALLOW
TANKRS TO CONTRIBUTE TO

* PROTECIION CHA IMCTERISHG OF G/E AND G/E SANDWICH NEEDS
TO BE ESTAULISNED

* HANGCAR NECESSARY FOR S8 OTY PROTECTION DURING
ON-ORBIT STORAGE (T= 18 MIL)
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PREDICYED RELIABILITY FOR INDIVIDUAL MISSION

SPACE BASED OTV
E roy
: pesrone
< COMPON
8
g
8
a
3 AR TORATION
3
§ o
8

"
N N |

T

oEZ

\

--
(]

L] [ 7
MISSION NUMBER

> ASSUMES OTV HAS FUNCTIONED SUCCESSFULLY TO START OF N MISSION

»

1 2 3

ORIGINAL PA'\-:;;;! '}7\)'
- R QUAL
UNSCHEDULED MA INTENANCE OF POOR QUA

SPACE BASED OTV

ISSUES - - - 1S MAINTENANCE NECESSARY?
« .- WHAT'S REQUIRED TO ENSURE THE SAME DEGREE
OF HEADINESS AS POSSIDLE WITH A GB OTV?

FREQUENCY OF YOTAL

i

LEVEL OF SPACE EARTH RETURN MASS IMPACT  MAINT TIME (HRS)
MAINTENANCE {NO. OF MISSIONS) (kg) > pERUNIT) (>
¢ NONE 108
© ACS THRUSTER MODULES am 2 20
 PLUS FUEL CELLS 738 ? .0
© PLUS MAIN ENGINES n? 104 19
® PLUS AVIONICS MODULES  29.07 a 1.
[E>> PLUS BUILT IN TEST EQUIP (84L4) ]
TOYAL MASS IMPACT = 270 kg |
[E>> CREWOF 3 1

KON ORBIT MAINT. IS MOST EFFECTIVE METION TO ASSURE REATINESS
sk ANGAR WOULD BE BENEFICLAL
S NO ALY TECHNOLOGY ISSUES - - . DEMONSTRATION IS NECESSARY
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e

i ORIGINAL PACE 1. |
OTV REFUELING FACTORS OF POOR QUALITY

DELIVERY JRANSFER SYORAGE  _YRANSEER M 5y ON PROPEL LANT
*BOILOFF * S0C CHILLOOWN s DOILOFF * OTV CHILLOOWN YV
* RESIDUALS * PRESSURIZATION * RESIDUALS « PRESSURIZATION o INFLIGHY LOSSES
* RESIDUALS
80C RELATED
NON AECURAING RECURRING
* ELECTRICAL POWER * ORBIT MAINTENANCE
PROP T
* RADIATOR OPELLAN

PRESSURIZATY. .G
+ STORAGE TANKS * AS

* SUPPORT EQUIPMENT
REFRIG, RELIQUIFIER ETC

SELECTED OTV REFUELING CONCEPT
RECOVERED VAPOR PRESSURIZATION

® ISSUE: THE AMOUNT OF LOSSES ASSOCIATED WITH DELIVERY,

STONAGE AND TRANSFER
nta
A1 vew owccwncy vy
\ neuwe
\ K vaLvE
-t )
> = e
Tno
vawrs vawe po— -
1ANKEN B SIONAQE TANK OTVAIOPELLANT (0N SO
1ANK
SOC STONAGE TANK TANK SET UTILIZATION PROP. FLOW (Ky)
FEATURES _ BT DAY TSt 152 TANKER SYORAGE QTV
o QUANTITY (2) - o L ¥ bo0s0 [~ Som0 — §230
® CAPACITY 59000Kq ® T I |
OF LO,/Li, 2 a0 0 ¥ AOSSES . LOsses
* 50 LAYERS OF ML 3 © F wm  msD 0@ v
© FULL SCAEEN « w F 0 SOILOFF 120 160
ACQUISITION CHILLDOWN ©40 1240

o TOTAL LOSSES = 8740 kG
R TOTAL FROPELLANT REQUIREMENT 1S 12 8% GREATER THAN 0TV
FLIGUT REQUIRF MENT

* DEMONSTRATION OF 25RO G PROFELLANY STORAGE AND TRANSIER
IS AEY PRIOR 30 SB O COVMMIITHINY
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o

"7
I

LO2/LH2 OTV CONFIGURATION

NORMAL GROWTH
© GROUND SASED
" T MASS (MT) o 88
e GAY 3 e
© rHOP ne N8
e GROSS N

o WASS osse  0.0038
FRACTION

o PAYLOAD
s AOUND TRIP 7.0/B.OMY
o DELWVERY 127 120
{o.2¢

@ SPACE OASED P—

. AVIONICS COMPONENTS ACS MODULE t4) m%‘sﬁl’mm
0OCKING AVIONICS P8
MODULE AADIATON ,RADIATOR :
0 : g. "‘-3 o*
R u H .
L € A
%-—n— o-n-—;- . : :
i Y
Bl Wy P
TANR | do p
HEY ghem
N HEC N SN0
~ Lot NozzLe , DiscoNnRCY
m——-.
l 10.18m
3 NO MAJOR DIFFERENCE BETWEEN CONFIGURATIONS
3 ¥ REQUILES 3% LESS PROP. FOR FIXED PAVLOAD:
=2 1§ * fc’c’«?r'mg fss.'mmx A noAar"on FIXED PROP. LOAD
GRIGHNL DRSS
OFf pPOOR QUAL!
OTV BASING MODE IMPACT ON SOC
GROUND BASED, SPACE BASED
1MPACY oty (2 S1Z€8) —0ry
© HANGAR @ NONE, URLESS OTV o 4 (ONE FOR EACH OTV)
o DEBRIS PROTECTION STAYS AT BASE MORE THAN o ONLY ONE WITH MAIN-
o RAINTENANCE CAPAB. 3 DAYS (DEBRIS PROTECTION) TeRAHCE CAPARILITY
® MAINTENANCE CAPAB, ® HONE ® SCHEDULED & UNSCHED,
@ CHECKOUT CAPAB, @ oTV/PAYLOAD o otV
® OTV/PAYLOAD
® REFUELING & NONE e (2) 52 MT TANK SETS
AND ALL ASSOCIATED
PLUMBING & CONTROL
SYSTEMS
@ DOCKING PORTS e orv (3) e OTv (4)
e PAYLOADS (3) o TANKER (1)
e PAYLOADS (3)
o HANDLING (MATING) e orv/orv (i1) e orv/orv {11)
PROVISIONS FOR: ® OTV/PAYLOAD (135) e OTV/PAYLOAD (162)
é OTV/RECOVERY VEMICLE (393) ® OTV/RECOV. VEH (6)
® PERSONNEL e 1-2, 10% DUTY CYCLE ® 3 40 DUTY CYCLE
132
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OTV RECOVERY OPERATIONS

ORIGINAL PAGE IS
OF POOR QUALITY

PROBLEN;
A INSUFFICIENT STS (ORBITER) FLIGHTS (OR SPACE WITHIN ORBITER) TO AETURN OTV ELEMENTS
© 72 ORBITER FLIGHTS * 182 GB OTV
100 TANREBS FOR SBOTV

O MOST COSY £FFECTIVE CARGO LAUNCH VEHICLE DOES NOT HAVE
AETURN CARGO CAPABILITY

orTIons SELECTED QPTION
eGB OTV OREUSABLE PAYLOAD SYSTEM (RPS)
1 usmcnren uum:u VEHICLES ENGINE
' (SYS GROWTH) DOORS
2) spv wtm REUSABLE P/L SYS b 23,670
eS8 OTV - = 3 00m .
1) EXPENDABLE TANKER b
2) SDV WITH REUSABLE PAYLOAD L E.T.
SYS (KPS}
© PAYLOAD REDUCED TO 60 MT
A ADDTE &100M ,
2R LARGE SCALE GLO OPERATIONS SUGGEST EXTENSIVE REUSADLE PAYLOAD SYSTEM
k T s - * IS NEW TECHNOLOCY
OTV LAUNCH AND PAYLCOAD OPERATIONS
@ 102 OTV FLIGHTS
$GV LAUNCHES OTV/PAYLOAD MATINGS
>
200 106 INCLUDES 59 200¢
LAUNCHES EACH WITH 180
TIVO SMALL OTV's 3
2
150} e 8 ‘
w 10 138 > g 10 143
& 121 e
2 S
2 «d
3 o %
2 § 100}
2 4
g o
™9
50- ° gl
[o]
43
12
0 -
GB 0TV GBOTY sBory GBOTY GBOTV  SBOTV
{1 SIZE) {2 S12ES) 1V SIZE)  (2512€9)

Sk Gu OTY CONCEPT IMPROVED WHEN USING 1W0 SI26S

* SOC IS USEFUL FOR EITHER BASING MODE
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FINDINGS
SPACE vs GROUND BASED OTV'S

THE FOLLOWING STATEMENTS ARE MADE ASSUMING A GROUND BASED REUSABLE LO2/LH2 OTV WITH AERO
ASSIST CAPABILITY AS THE POINT OF DEPARTURE FOR FUTURE OTV'S

(]

NO CLEAR CUT WINNER — — -~ VERY DEPENDANT ON EXISTING LAUNCH VEHICLE AND SPACE BASE
CONFIGURATION, DESIGN FEATURES AND PERFORMANCE VERY SIMILAR

SB OV DOES PROVINE COST ENEFITS, ADDITIONAL FLEXIBILITY AND MORE RAPID GEO ACCESS FOR AN
ADVANCED SPACE SCENARIO INVOLVING SHUTTLE DERIVATURE VEHICLES AND SOC

OTV ACCELERATED TECHNOLOGY TENDED TO IMPROVE S8 OTV'S MORE THAN GB OTV BUT IN EITHER
CASE IMPROVEMENT WAS SRIALL

ACCELERATED TECHNOLCGY WOULD BE BENEFICIAL FOR SB OTV PROPELLANT STORAGE/TRANSFER
(REDUCE LOSSES FROM 12 TO 4%)

LAUNCH SYSTEM EMPLOYED IS SINGLE MOST DOMINATING FACTOR —~ — ~ ADDITION OF SHUTTLE DERIVATIVE
CARGO LAUNCH VEHICLE {SDCLV) SIGNIFICANTLY REDUCES TRANSPORTATION LCC

® OTV/TANKER RETURN NEEDS ARE KEY CONSIDERATION IN LAVNCH SYSTEM SELECTION
® PMISSION MODEL COULD HAVE 50% REDUCTION OF 100% GROWTH AND NOT ALTER BASING MODE RESUYLTS

BECAUSE LAUNCH VEHICLE SELECTION WOULD REMAIN THE SAME
SPACE BASED OTV IMPACT ON SOC APPEARS ACCEPTABLE - — —CREW OF 2.3, 30% DUTY CYCLE; HANGAR
A SPACE BASE WILL HAVE A VALUABLE NOLE WITH HYBRID GB OR SB oTv's

l\:lqOST SICGNIFICANT NEW TECHNOLOGY ISSUES FOR FUTURE OTV'S INCLUDE:
o SPACE DEBRIS PROTECTION
» REFUELING
:k $B OTV'S CAN PROVIDE REDUCED COST AND IMPROVE OVERALL SPACE TRANSPORTATION
OPERATIONS
;": A SDCLY AS FHE MOST DIPORTANT FACTOR IN REDUCING NEAR YERM SPACE
TRANSPORTATION COST

ORIGINAL PAGE IS
OF POOR QUALITY
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"SYSTEM REQUIREMENTS AND OPERATIONS' PANEL WORKSHOP SUMMARY

Fred R. Schwartzberg

MARTIN MARIETTA AEROSPACE
DENVER DIVISION POST OFFICE BOX 176 OENVER. COLORADO 80201

Emphasis in this panel's deliberations was primarily on (1) issues germane to
the large-area systems, such as deployment, altitude, orbit transfer, and on-orbit
operation; (2) issues strongly propulsion oriented, such as the orbit transfer
vehicle and the auxiliary propulsion systems; and {3) programmatic issues.

The principal discussion associated with-large area systems for the late 1980's
and early 1990's concerned the question of LEO versus GEO deployment. This issue is
a significant driver on propulsion requirements for an orbit transfer vehicle and
is clo:ely associated with concerns for reliability of yet untested systems and
concepts.

It was concluded that early systems would be deployed at LEQ. This deployment
would be near the Shuttle, but sufficiently remote to avcid interaction with the
Shuttle. Hence, the Shuttle Remote Manipulator Sysiem (RMS) would not be involved
in early demonstration activities. The panel noted the pressing need for a Tele-
oper>tor Maneuvering System (TMS) and recognized the potential of the Manned
Maneuvering Unit (MMU). However, it was generally agreed that man's role in the
actual deployment would be minimal. His principal role would be as an observer,
particularly for sequentially deployed systems, and that activity would normally be
observation from the aft flight deck to control and/or provide information to assist
in future designs. Man's role in deployment assistance or repairs would have to be
extremely simple and would have to satisfy complex personnel safety requirements.

In order to proceed into the LSS age, a number of LEO versus GEQ trade studies
would have to be performed. These include a study of load capability during launch,
deployment, orbit transfer, and operation. Recognizably, these capability levels
vary significantly from the very high launch vibration loads to operational forces
developed principally from thermal influences. Although LEO deployment was clearly
the choice for early technology, it was apparent that partial deployment was indeed
likely. Certain spacecraft already utilize deployment at operational altitude of
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subsystems such as solar panels with satisfactory reliability. Trade studies to
determine which appendages could he reliably deployed at altitude should be per-
formed. Another trade study suggested by the panel dealt with anticipated require-
ments for deployment assistance, repair, and checkout.

Following deployment at low Earth orbit, issues associated with orbit transfer
must be addressed. One of the suggested studics deals with the question of central
versus distributed propulsion, which was well paraphrased as "Where do you push on
it?" It was generally agreed that the many advantages of distributed propulsion had
attendant hurdles but that the technology was manageable. In order to subsequently
address the question of the nature of the orbit transfer vehicle, it is essential to
establish acceptable thrust-acceleration levels for various types of payload sys-
tems. The behavior of the system during transfer through the Van Allen belts and
the time-dependent hazards to various subsystems were identified as studies re-
quiring attention. Additionally, the needs to provide control during transfer were
recognized.

During on-orbit operation servicing, resupply and capability to update were
identified as major systems concerns requiring trade studies. Other considerations
requiring study include integration of auxiliary requirements into the structural
system, particularly with respect to volume, weight, center of gravity, and support;
system operational requirements; control-system interactions with the auxiliary
propulsion system; and servicing-vehicle needs.

Discussion of Space Operations Center (SOC) type systems for the 1990's identi-
fied that the needs will be governed by the transition from early deployables to the
ability to erect and ultimately to construct structurées in space. It was agreed
that operational needs have not yet been addressed. ,

Propulsion oriented issues addresséd by the panel were (1) orbit transfer
vehicles, and (2) auxiliary propulsion systems. Discussion of the orbit transfer
vehicle for the late 1980's addressed whether the propulsion system should be cryo-
genic, storable, or possibly electric, as well as the required thrust level and the
question of reusable versus expendable vehicles. The panel agreed that the packaged
length of the stage should be as small as possible and that to satisfy the projected
need date, development should start immediately. It was concluded that there would
be only a single new OTV to serve LSS and other spacecraft requirements.

Auxiliary propulsion system discussion revolved around the question of chemical
versus electric svstems. Considerations of significance were attitude, shape,
station keeping, and desaturation. An important feature of APS was deemed to be
evolutionary capability or the growth of the system as a function of time.

A discussion of programmatic issues concluded that the need exists for a better
understanding of realistic capability and schedule. The overall conclusions of the
panel were that an integrated large space systems/propulsion approach is essential
and that improved dialogue between these two communities is mandatory. They also
concluded that the LSS community needs to establish propulsion development require-
ments as soon as possible.

ORIGINAL PAGE 1S
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CONF1GURATION DEVELOPMENT OF THE
LAND MOBILE SATELLITE SYSTEM (LMSS) SPACECRAFT

C. T. GOLDEH, J. A, LACKEY & E, E. SPEAR

BOEING AEROSPACE COMPANY

P.O. Box 3999 _
Seattle, Washington 98124

LSST/LMSS SYSTEM STUDY OVERVIEW

BOEING WAS SELECTED BY THE JPL LSST ANTENNA ORGANIZATION TO PROVIDE CONFIGURATIONS
D SYSTEM/SUBSYSTEM REQUIREMENTS FOR LARGE DEPLOYABLE ANTENNAS. INITIALLY THE
STUDY WAS TO COMBINE THE NASR FOCUSED MISSIONS AND THE LSST GENERIC LARGE
ANTENNAS TO DEVELOP A SYSTEM DESIGN AND SUBSYSTEM REQUIREMENTS. EARLY IN THE
STUDY 1T BECAME EVIDENT THAT THE FOCUS MISSIONS AND THE GENERIC ANTENNAS WOULD
NOT GENERATE THE DESIRED DATA AT A MEANINGFUL LEVEL OF DETAIL. THE LAND MOBILE
SATELLITE SYSTEM WAS SELECTED AS THE MISSION REQUIREMENTS BASELINE AND THO
ANTENNA SYSTEM DESIGNS (WRAP RIB AND HOOP COLUMN) INITIATED TO SATISFY THE

MISSION REQUIREMENTS.
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® CONTRACT AWARD:  JULY 22, 19A0
"A STUBY OF SUBSYSTEN INTERFACES OF DEPLOYABLE ANTENNAS FOR TUE LARGE
SPACE. SYSTEMS TECHNHOGY (LSST) PROGRAN®

© INTIAL MEETING INTHOMICING LASS SEPTERBER 15, 1980

@ IRITIAL PEETING WITH LOCKUEED ON WRAP RIB LIS FERRUARY 24, 1981

® CONFIGURATION 1 OF WRAP RIS LMSS FARCH 18, 1981

@ IHITIAL, MEETING WETI YHE HARRIS CORP, ON IIDOP COLUMH LMSS MY 16, 1981

® CONTRACT EXTENSION: JUM: 22, 1961

@ YRAP RIB CONFIGURATION 4A & 11OOP COLUNY CONFIGURRTION 2 CONPLETE AUG, 17, 1981

@ PRESENT AT LSST THIRD ANNUAL REVIEW LART HOVEMRER 16, 1981
SYSTEM/SUSYSTEM REQUIREMENTS WRAP RIB LIMSS
CONFIGURATION 3 OR 4 H0OP COLIN LMSS

ORIGINAL PAGE IS
OF POOR QUALITY

LAND MOBILE SATELLITE SYSTEM (LMSS)

LMSS

PROVIDE POINT TO POINT ey

COMMUNICATIONS FOR 250,000 :

SUBSCRIBERS ACROSS THE i

SROUND SIATIORS USTHG A
N

RELAY ANTENNA AT GEO- Y

SYNCHRONOUS ALYITURE.
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LSST/iLMSS STUDY PARTICIPANTS
ORIGINAL pagE 1

OF POOR QuaLiTy

THE LSST ORGAN:ZATION, LMSS ORGANIZATION AND SOME OF THEIR SUBCONTRACTORS ARE
SHOWN. DBOEING'S ROLE IS TO COLLECT THE DATA GENERATED BY THE RESPONSIBLE
DESIGN OR ANALYSIS GROUP TO SYNTHESIZE THE SYSTEM CONFIGURATION. THE MAJOR
WRAP RID CONTRIBUTORS ARE: LOCKHEED FOR THE BOOM, DEPLOYMENT, AND REFLECTOR;
AND JPL FOR THE RF SYSTEM DESIGN, CONTROLS AND STRUCTURE. THESE LATTER THREE
GROUPS CONSIST OF INDIVIDUALS THAT ARE EITHER SUPPORTING THE LSST WORK, LMSS
WORK OR IN SOME CASES BOTH. THE MAJOR HOOP COLUMN CONTRIBUTORS ARE: THE
HARRIS CORPORATION FOR THE STRUCTURE AND REFLECTOR; GENERAL ELECTRIC FOR THE
RF SYSTEM DESIGN; AND JPL FOR THE STRUCTURAL ANALYSIS AND CONTROLS SUBSYSTEM
OEFINITION. THROUGH MEMOS, TELECONS, ACTION ITEMS, AND COORDINATION MEETINGS,
BOEING HAS ORCHESTRATED A SERIES OF ITERATIONS THAT WILL RESULT IN A POINT DESIGN
FOR EACH ANTENNA REFLECTOR CONCEPT TO PERFORM THE LMSS MISSION.

po COORDINATION [ osm
LSST NARRON
PROGRAM GAND LMss
OFFICE PROGRAM
LaRC LeRC L
| 1 | ] ]
MATERIALS | | amALYSIS SPACE ERECTABLE | [ ANTENNAS LNSS
AND & SYSTEM FABRICATION] | CONCEPTS AND __ COORDINATION _ _ | TECHKOLOGY
controLs || ‘stuotes | |[s PLavFomns| | a AssemsLy | | cowtRoLs PROGRAM
LaRe GSFC 35C HSFC L apL
[ |
chun - 'g‘l‘a” nrerFace | | smucwﬂ-- STRUCTURESHH svsTems
ANTENNA e STUDY
WARRTS '
CORP GE T soene | R -| RF TELECON
L contror  |--] controt
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LMSS CONHGURATION STUDY OF POOR QUAL|TY

MISSION REQUIREMENTS

® FREQUENCY -~ 821 -+ 831 & 2650 ~ 2690 Mz UPLINK
866 -+ 876 & 2550 -+ 2590 Miz DOWNLINK

© BEAN TO BEAN ISOLATION -- 25db GOAL

© BEANIDTH -- 0.4 -» 0,5° NOMINALLY

© NUMBER OF USERS -- 250,000 NOMINALLY

@ USER DISTRIBUTION -- POPULATION DENSITY RELATED (WITH VOX)
© COVERAGE -- CONUS

@ POLARIZATION -- CIRCULAR

O POINTING -- (ABSOLUTE 20.10°, STABILITY $0,039)

O ORBET -~ GEOSYNC AT 110° LONG

O LAUNCH YEAR, 19955 VEHICLE, SHUTTLE; LIFETIME, 10 YEARS
© COMPATIBILITY WITH ATT CELLULAR SYSTEM -- YES

® MOBILE G/T -- -20 + -25dB

@BASE STATION 6/T -- 11¢b

THE GOAL OF THE STUDY IS NOT TO COMPARE THE THO CONCEPTS, BUT THE PARTICIPANTS
AGREED THAT THERE SHOULD BE SOME COMMONALITY IN SUBSYSTEM REQUIREMENTS. THE MISSION
REQUIREMENTS COVER MOST OF THESE AND THE ONES CITED BELOW COMPLETE THEM.

ALTHOUGH THE REQUEREMENTS ARE THE SAME, THE DESIGN THAT IMPLEMENTS THEM NEED

NOT BE. DIFFERENCES SUCH AS THE SINGLE APERTURE VS. THE QUAD APERTURE ARE

EXPECTED THROUGHOUT THE SUBSYSTEM DESIGNS.

LMSS CONFIGURATION STUDY
SUBSYSTEM REQUIREMENTS

POVER 10 KW BEGIMNING OF LIFE

ATTITUDE STATION KEEPING PROPULSION 300 ISP
CONTROL

MESH 12 m

CONTOUR

RF FEED POVER AWPLIFIER EFFICIENCY 508
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ORIGINAL PAGE IS
LMSS - WRAP RIB CONFIGURATION OF POOR QUALITY

SHOWN BELOW IS THE EVOLUTION OF THE STUDY AND THE FOUR MAJOR CONFIGURATIONS.
AS SHOWN, THE OVERALL GEGMETRY HAS REMAINED FAIRLY CONSTANT, BUT THE WEIGHT HAS
ESSENTIALLY DOUBLED AND THE OTHER MASS PROPERTIES INCREASED ACCORDINGLY.

LSS WRAP RIB
BOEING STUDY HISTORY

P WL Sy Sa- )

. . 1981 )
FEB | MAR | APR ] MAY 1 JWN | JUL ] AUG ]
2-24 .
AT LMSC ,
VPRELIN BATA
e |
&
CONFIG 1 :
4753 L8 ;
RF |
g CEFINITION
3“8 “-ls .
Argssc % CONFIG 3 AT LaRC ,I
FEED & CONTROL : 8420 L8 v |
CONCEPTS (ADDED HIGHER |
s.1g FEED HEIGHTS) ;
é AT JPL % ;
CONTROLS v . |
DEFINITION SIZING REFINEMENTS
% CCHFIG 4A
% 9027 LB
17
CONFIG 2 ATaBC}ElNG
5660 LB v
(ADDED STATION
KEEPING GAS)
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LAND MOBILE SATELLITE SYSTEM SPACECRAFT ORIGINAL FATT: 13
\ | ‘ OF PCOR QUALITY
55 METER OFFSET WRAP RIB CONCEPT

This 1s & preliminary configuration of an offset wrap rib reflector
spacecraft capable of relaying radio messages to land mobile units
throughout the continental United States. It is intended to service
units such as ambulances, police cars, taxis -- in essence all radio
dispatched vehicles. Its position in geosynchronous orbit avoids
present radio interferences caused by tall bufldings, hi11s, and other
factors. It is one of numerous concepts for extending current space
technology made feasible by the Space Shuttle. The spacecraft is
s‘iieggggr; a8 single Shuttle launch and & 10-year 1ife beginning in the
mda- 3.

The long boom points at the earth’'s center, which 45 up and to the
left. The shorter, vertical boom at the right points up to the north
supporting the antenna refléector. The large panel at the left is
the vitra-high-frequency feed. It and the 55 meter diameter wire
mesh reflector are angled to point at the center of the United
States near Kansas City. Multiple beams emanating from the feed
panel are arranged to cover all contiguous 48 states with a potential
gl the design for communication with Alaska, Hawaif and parts of
nada.

Major contributors to development of this configuration are:

System Design The Boeing Aerespace Co.
Wrap Rib Design tockheed Missile & Space Co.
(UHF Reflector/Booms)

RF Subsystem Jet Propulsion Laboratory

Controls Subsystem Jet Propulsion Laboratory
Structural Dynamics Jet Propulsion Laboratory
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LMSS WRAP RIB ORIGINAL PAGE i3
WEIGHT STATEMENT OF PCOR QUALITY

THE WEIGHT STATEMENT FOR THE LATEST WRAP RIB LMSS CONFIGURATION IS SHOWN
BELOW. 1T SHOULD BE NOTED THAT THE WEIGHTS ARE NOT GROUPED BY SUBSYSTEM,
BUT BY LOCATION. THIS WAS DONE PURPOSELY TO IMPLEMENY MASS PROPERTIES DETER-
MINATION. A SUBSYSTEM BREAKDOWN AND REDISTRIBUTION OF CONVINGENCY WEIGHTS
WILL BE MADE TO REFLECT SUBSYSTEM REQUIREM:- NTS.

1ta NT~L8
1. WHF REFLECTOR & BOON ATTACH 20
2. UHF BOOM-OUTBD & CABLE 90
3. UHF BOOM-INBD & CABLE 210
4. S-BAND BOOM & REFLECTOR 151
5. S-BAND FEED 255
6. WHF FEED 2667 |
7. RF ELECTRONICS IN BUS 490
8. REACTION WHEELS & SENSORS - OUTBD 88 !
9. REACTION WHEELS - INBD ] 61
10. CONTROL EQUIP & SENSORS - BUS
11. TANKAGE, FUEL, & THRUSTERS - OUTBD 449
12. TANKAGE, FUEL, 8 THRUSTERS - INBD 1691 1
13. SOLAR PANELS 367 ]
CONFIGURATION 4A 3 14. SOLAR PANEL MAST & MECH "o
2 15. BATTERIES & PONER COND 268 ,
16. BUS STRUCT, CABLING, T/C, & CAGE 850 ’
<L 9 TOTAL 9027

+Y
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ORICHAL gﬁ’ﬁaﬁ LMSS WRAP RIB SPACECRAFT
OF

THE LMSS SPACECRAFT WILL BE POSITIONED ON ORBIT AT 110° WEST LONGITUDE

WITH THE MAIN BOOM POINTED AT THE EARTH'S CENTER (EQUATOR). THE ANTENNA

BORE SIGHT 1S RAISED 6° ABOVE THE BOOM TO POINT TO THE LATITUDE OF KANSAS
CITY. THE 10 POINTING CORRECTION TO THE EAST (TO POINT TO KANSAS CITY)

IS NOT BEING CONSIDERED AT THIS TIME, BUT WILL BE INCLUDED IN ANY FINAL DESIGN.

, U DORESIGHT
- 10 KMSAS CITY -

270.6'
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LMSS WRAP RIB

ORIGINAL PASE )
VIEW FROM EARTH

3 SO ]

OF PCOR QUALITY

THE WRAP RID LMSS AS VIEWED FROM EARTH IS SHOWN ROTATED 90°. IHE N-S AXIS OF
THE SPACECRAFT RUNS IN THE LONG DIRECTION OF VIEW WITH THE UNF REFLECTOR TO
‘ THE TOP (NORTH). THE CLEARANCES BETWEEN APERTURES (UMF & S-BAND) WITH RESPECT

TO THE UHF FEED AND SOLAR PANELS ARE SHOWN. THE SOLAR PANELS ROTATE ABOUT
THE N-S AXIS.

E

3 S-BAND APERTURE
X ./ '
3 Mok -
» - uHF FeeD| |
Y
- SOLAR PANELS
| UNF APERTURE
7

Al

;

)

e
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LSS WRAP RIB ORIGINAL PAGE 1S
LAUNCH CONFIGURATION OF POOR QUALITY

THE LAUNCH CONFIGURATION IS CONSTRAINED BY THE 180" OIAMETER DVNAMIC ENVELOPE
WITHIN THE SHUTTLE CARGO BAY AND THE LENGTH OF BAY AVAILABLE AFTER INSTALLING
AN APPROPRIATE SIZED ORBIT TRANSFER STAGE. FROM THE WEIGHT STATEMENT A
9,000 LB. CAPABILITY TRANSFLR STAGE IS REQUIRED. THE PRIME CONFIGURATION
DRIVER WITH RESPECT TO STOWING THE SPACECRAFY IN THE SHUTTLE 1S THE UHF FEED.
THE FEED MUST BE FOLDED IN 5 SECTIONS (THUS COMPLICATING THE FEED STRUCTURE
AND RF CIRCUITRY) AND EXTENDS OVER 80% OF THE LENGTH. THIS REQUIRED THAT
THE B0OM CROSSECTION BE REDUCED FROM THE MAXIMUM “PACKAGABLE" SIZE OF 120"
T0 95". AS SHOWN IN THE SIDE VIEW, THE SPACECRAFT BUS (FEED END) IS
ATTACHED YO THE TRANSFER VEHICLE AND THE LMSS CANTILEVERED FROM THE INTER-
FACE. THE SECONDARY ATTITUDE CONTROL SQUiPMENT IS SHOWN MOUNTED IN THE
DEPLOYMENT CAGE ADJACENT TO THE UHF REFLECTOR.

1NSOARD
DEPLOYMENT CASE
CAND BAY :MM“_‘" ': AEFLECTOR ATTITUIE SENSOR gﬁg" e e
e : U FEED REFLECTOR
TAWOGE, FUEL-118D AEACTION WHEELS-OUTBD
0008
o : » TRWAGE, FUEL-OUTED \
(137 h THASTERS -\ ) \
$-IMO - ff 4 - AN \ N\ N\ l‘
EFLECI’OR Ty 13 :l.m O——x3 = ev——
v € DOON e o= 5 Y— %3 - ol e RN
> ll. q H = 4. ¥ ( + w;—\.‘ TN '
! 't ! f" \ - . ) )
SOLAR : ‘o $- m ' - c— + — - e v
%' o f&'ﬁ“ m:f:[:g / ! N %ﬂ—/ / mnuslm_/
RANSFE ’ outed
oty oty SOUM PNEL REACEION WEELS-INDD
INTENEACE ASTROMAST S-BAND REFLECTOR
CANISTER
(1 3. T I X2 X 1Y | !wmcﬁ.
HoLE = tELudS ‘““‘u
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LMSS WRAP RIB ORIGINAL PATT
IN CARGO BAY OF POOR QUALITY

THE OVERALL STOWAGE OF THE WRAP RIB LMSS IS SHOWN. THE STYOWED LENGTH OF
460" FITS EASILY WITHIN THE CARGD BAY. ASSUMING THE 9,000 LB. CAPACITY
TRANSFER VEHICLE REQUIRES 216" THERE IS A 44" CLEARANCE. 1IN ADDITION, THERE
IS A POTENTIAL OF SHORTENING THE WRAP RIB LMSS BY AN ADDITIONAL 40" T0 44"
BY REDUCING THE LARGE DIAMETER (CENTER) OF YHE LONGITUDINAL STRUTS FROM 4
T0 3", THUS A TRANSFER VEHICLE LENGTH OF UP TO 400" CAN BE ACCOMMODATED.

TRANSFER VEWICLE

——

fo———460" (WRAP RIB) ——w~jwe— 216" —o=

6" —poel—

- r20°

°
1302
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LSS WRAP RIB ORIGINAL PAGE IS
REFLECTOR HUB AREA OF POOR QUALITY

THE CONFIGURATION OF THE LMSS ADJACENT TO THE REFLECTOR HUB IS SHOMWN

ON THIS CHART. POLNTING CONTROL OF THE DEPLOYED UMF REFLECTOR IS NOT SHOWN
BUT MAY BE REQUIRED. THE SECONDARY ATTITUDE CONTROL EQUIPMENT IS LOCATED
AS SHOWN.

THRUSTER
VECTOR§
46459 10
HUB €

HUB DEPLOYMENT
MECHANISM

P e
UHF REFLECTOR ) 4 OPPOSITE
. HUB SET

NON-COLLAPSABLE
DEPLOYMENT CAGE

REACTION
WHEEL HOUSING

ELECTRICAL -

CABLING COLLAPSABLE

BOOM

TANKAGE
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LMSS WRAP RIB
APPENDAGE STOWAGE

D

TRANSFER
VEHICLE
INTERFACE
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S-BAND
REFLECYOR

B00M DEPLOYMENT CAGE




LMSS WRAP RIB Gk AL PhGE 15
SOLAR PANEL DEPLOYMENT G POOR QUALITY

SHOWN IS THE PROPOSED SOLAR PANEL DEPLOYMENT. A TIME LINE FOR THIS IN THE
OVERALL OEPLOYMENT SEQUENCE HAS NOT BEEN ESTABLISHED. IT APPEARS TO BE AN
INDEPENUENT EVENT THAT CAN BE SEQUENCED AT THE MOST DESIRABLE TIME. THE
DEPLOYED SOLAR PANELS WILL REQUIRE "UNWINDING" ONCE A DAY TO PRECLUDE

CABLE TWISTING. THIS MAY TAKE UP TO 30 MIN. TO ACCOMPLISH (A TIME EQUIVALENY
TO THE MAXIMUM SHADOWING TO BE EXPERIENCED).

FULLY MAST CANNISTERS CANNISTERS
STONED EXTENDED DEPLOYED ROYATED

(®) ARRAY BLANKETS
EXTENDED

I G- P

(6) ARTICULATED
THROUGHOUT
MISSION
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NON-CONDENSIBLE

LMSS WRAP RIB

THE FACE OF THE FEED VIEWING THE 55 METER REFLECTOR IS SHOWN. THERE ARE 134
INDIVIDUAL. PLANAR ARRAYS (87 TO COVER CONUS AND 47 ARQUND THE PERIPHERY TO
PROVIOE THE REQUIRED RF BEAM ISOLATION). THE FEED IS 6.9 M X 11.4 M X 018 M
AND WEIGHS 1212 KG (2667 LBS). IN ADDITION TO THE PLANAR FEEDS, EACH FEED
SEGMENT HAS A PASSIVE THERMAL RADIATOR ATTACHED TO DISSIPATE HEAT PRODUCER

BY THE HIGH POWER AMPLIFIERS (ABOUT 2000 W TOTAL). THE ACTUAL AREA REQUIRED
IS ONLY THE PLANAR ARRAYS AND RADIATORS. TO FACILITATE THE STRUCTURAL DESIGN
AND MECHANISM IMPLEMENTATION 5 RECTANGULAR SEGMENTS MAY BE USED. WITHIN THE
THICKNESS OF THE FEED ARE THE GROUND PLANES, BEAMFORMING NETWORK, AND ELEC-
TRONICS (DIPLEXER, HIGH POWER AMPLIFIER, LOW NOISE AMPLIFIER, THERMAL CONTROL
HEAT PIPES, ETC.).

ORIGINAL PAGE 13
FEED ASSEMBLY OF POOR QU

ALITY

JoP
— —p=—pn e — -—1
:}aoaﬁ
oW
; t | -o—a———e
) . » - o
I o
.
I PANCL | PANEL 2 PANEL 3 PANEL 5
san (e W) 216 W) 17.09 W) rrow _ /
066 M N
‘Noov : ‘
| _A A N . p AR
t-— Lon cobof 2 — _l TY Lin <

- nea -

GAS RESERVOIR ‘N.) [ | WSEO—— ¥
L VARIABLE
THERMAL CONDUC TANCE
RADIATOR HEAT PIPE
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LMSS WRAP RIB
PROPOSED THRUSTER LOCATIONS

THE PROPOSED THRUSTER LOCATIONS ARE SHOWN ON THIS CHARY. 10 WAVE THE THRUSTERS
I THE USUAL ORIENTATION (ALONG PRIMARY AXES) IS NOT PRACTICAL FOR THIS CONFIG-
URATION. THE RESULT 1S THRUSTER PLUME AND THRUST IMPINGEMENT ON MOST RADIATING
AND SYRUCTURAL MEMBERS. ET WAS DECIOED THAT A 20° NALF CONE SHOULD DESCRIBE
THE PLUME AND WE WOULD USE A 45° CENTERLINE CLEARANCE. RIGID ADHERANCE T0 THIS
RESULTS IN CANTING THE THRUSTERS AT THE SPACECRAFT BUS (FEED AREA) 4° IW THE ¥
PLANE TO CLEAR THE FEED. (THIS MAY BE CHANGED DURING DETAIL DESIGN.) OURING
DEPLOYMENT (STONED PACKAGE CONFIGURATION SEPARATED FRUM THE TRANSFER VEWICLE)
140 SETS OF THRUSTERS ARE OPERABLE: (1) THE +Z SET OF 4 THRUSTERS AS SHOWN; AND
(2) THE SET OF 4 THRUSTERS FROM THE CENTER OF THE 55 M REFLECTOR WHICH WILL OE
POINTED IN THE -Z OIRECTION AT THE -Z END OF THE STOMED PACKAGE. IN THIS
POSITIONING HOLL CONTROL IS QUESTIONABLE, AND ADDITIONAL THRUSTERS MAY BE
REQUIRED FOR THE INITIAL DEPLOVMENT EVENTS.

DIRECTION
OF FLIGHT

N

THRUSTER
: VECTOR (TYP)

+X /L
" zg
YO EARTH - 4
CENTER
(PARALLEL
T0 BOOM) +
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LMSS - HOOP COLUMN CONFIGURATION ORUGINAL PAGE IS

OF POOR QUALITY

THE EVOLUTION OF THE HOOP COLUMN IS SHOWN, TO PATE THE TREND HAS BEEN TO
IMPROVE THE DESIGN, SHORTEN THE STOWED LENGTH AND REDUCE THE WEIGHT WITH

EACH REVISED CONFIGURATION. THE STOMED LENGTH AND WEIGHT ARE NOW WITHIN

THE RANGE OF TME LARGER PROPOSED 1995 TRANSFER VEHICLES.

I
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LMSS HOOP COLUMN
BOEING STUDY HISTORY

193]

[ JUN ] "JUL ] AUG I SEP I ocT ] nov_ ]
§-20
AT RIS CONFIGURATION
PRELIM DATA — y 7 3
r1 STOWED LENGTH (IN) | 463 | 412 | 385
AT BOEING WEIGHT (LB) |11.685 |11,527]11,045
CONFIG. 2
~ WORK LIST
RF DEFINITION -
8-19
AT “v‘F‘"G
HARRIS om-l ” coNTROLS
DEFINITION
10-26 n-16
HARRIS :
HARRLS AT HARRIS AT LaRC
COORDINATION
& HARRIS
GATA |
9 .
CONFIG 1 CONFIG 2 CONFIG 3
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LAND MOBILE SATELLITE SYSTEM SPACECRAFT
120 METER HOOP COLUMN CONCEPT

This is a preliminary concept of & quad anerture reflector spacecraft
capable of relaying radio messages to land mobile unfts throughout
the United States. It 15 {ntended to Service units such as ambul~
ances, police cars, taxis -- {n essence any radio dispatched vehicles.
Its position in geosynchronous orbit avoids present radio inter-
ferences caused vy tall bufldings, hills, and otlier factors. It §s
one of numerous concepts for extending current space technology made
feasible by the Space Shuttle. The spacecraft {s sized for a single
Shuttle launch and & 10-year 11fe beginning in the mid-1990%s.

The central column points at the center of the Unfted States near
Kansas City. Each of the four feed panels at the upper left projects
@ multiple beam pattern onto its assigned quadrant on the large,
molybdenun-mesh reflector. There are uplink and downlink feeds for
both the eastern and western halves of the country. The radio beams
are arranged to cover all contiguous 48 states with a potential

g tge design for communication with Alaska, Hawafi, and parts of
nada.

Major contributors to the development of this configuration are:

System Design The Boeing Aerospace Co.
Hoop Column Design The Harris Corp.
fF Subsystem General Electric

Controls Subsystem Jet Propulsion Laboratory
Structural Dynamfcs  The Harris Corp.




ORIGINAL PAGE IS

LMSS HOOP COLUMN SPACECRAFY
OF POOR QUALITY

THIS SECTIONAL SIOE VIEW THROUGH THE HOOP COLUMN N~S PLANE SHOWS THE
OVERALL SIZE OF THE SPACECRAFT. THE REFLECTOR IS ABOUT 120 METERS IN
DIAMETER, AND THE COLUMN INCLUDING S-BAND FEED AND -~Z BUS IS 97 M,
THE MEIGHT STATEMENT ASSOCIATED WITH THIS CONFIGURATION IS SHOWN ON
THE SECOND CHART.

HOOP MOUNTED § oo EO0GE OF
TMiKAGE 6 THRUSTERS —\ ___ Y "\ WS S
(R LLLLYILXIXY
Y i Ty \ ~° mu
CORICAL ARRAY

S PLACES
1 (]
59.753 M
193.6*
59.00 1

NF REFLECTOR _.~~
PESH SURFACE ‘
, A8 CABLE
TRASFER CORICAL
VEHICLE g ARRAY
INTERFACE \
S-BMD q iU
2168 .
Etn N [' FEED N €6.00 N 4 \
Q2 - IL‘: — O e T T T I Do, oo o o s AR ke l 2
R TELESCOPING \l |3 )
.' » ’ '
(NORTH) LAMCH coLUM e I f
SOAR\\,  RESTRAINT -2 SUAR
P':E:m BULIHEAD PAKEL
REFLECTOR N -2 BUSs
ACS 6AS, TAHKAGE, THRUSTERS
1N +2 BUSs ACS ELECTRONICY, SENSORS

ACS GAS, TAHKAGE, THRUSTERS
ACS ELECTRONICS, SENSORS
REACTION WHEELS

BATIERIES, POWER COND EQUIP
RF ELECTRONICS
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LMSS HOOP COLUMN
WEIGHT STATEMENT

'00P, COLUMY, REFLECTOR STRUCYURE TOTAL
1 oL
2 HOOP
3 MESH & CABLES
INSULATION
WA ML, 42 B
4 ML, -2 EUS
4C ML, HOOP
S-BAND ASSY.
5  S-BAND REFLECTOR & BOON
6  S-BAND FEED, BOOM, COAXES
WF FEEDS, ELECTRONICS
7 FEEDS (INCLUDES STRUCT, TC, CABLING)
8  ELECTRONICS (TELEMETAY) _
ELEC. POVER SUBSYSTEN
GA +Z SOLAR PANELS, BOONS, PECHANISNS
9B -Z SOLAR PRIELS, BOONS, MECHANISMS
10A +2 BATTERIES, POMER COND EQUIP,
108 -Z BATTERIES, PONER COND EQUIP,

CONTROL SUBSYSTEM |
1IA 7 REACTION WHEELS & SENSORS, ELECTROMICS
11B -2 REACTION WHEELS & SENSORS, ELECTRONICS
12A 7 TANKAGE, GAS, THRUSTERS
12B -2 TANKAGE, 6AS, THRUSTERS
12C HOOP MOUNTED TANKAGE, GAS, THRUSTERS

BUS STRICTURE
DA +2 BUS STRUCTURE
13 -2 BUS STRUCTURE
ELEC. CALLING (EXCEPT RF) & MISC.
14 CABLIHG (IN BUSSES & COLUMY)
15  MISC. (INSTRUMENTATION, OPTICAL ALIGNMENT)

TOTAL
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(3z201)

(238)

(385)

(2267)

(891)

(3439)

30

(194)

2067
729
405

35
23
180

130
255

2060
207

378
185
235

3

497
240
1399
953
350

280
150

150
4y

11,045 LB.
(5.009 KG)

|
i
.5
|
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LMSS HOOP COLUMN Yo lh
e LUL ORIGINAL PAQE
QUAD APERTURES OF POOR QUAEI'I"$

A VIEW OF THE QUAD-APERTURE HOOP COLUMN IS SHOWN LOOKING FROM THE EARTH
AT THE UWF REFLECTOR. THE FOUR SLIGHTLY ELLIPTICAL SPOTS ARE THE
ANTENNA APERTURES. THE THO LARGER ONES IN THE N-S PLANE (VERTICAL) ARE
THE DOWN.INK FOR THE EASTERN AND WESTERN HALVES OF THE UNITED STATES.
THE SLIGHTLY SMALLER APERTURES IN THE E-W PLANE (HORIZONTAL) ARE FOR
UPLINK COMUNICATIONS. THE SOLAR PANELS, FEEDS (4), AND S-BAND
ANTENNA ALE CLUSTERED IN THE CENTER. THIS PARTICULAR CONFIGURATION

REQUIRES SOLAR PANEL ARTICULATION ABOUT BOTH AXES. IF THE PATTERN
WERE ROTATED 90°, SINGLE AXIS ARTICULATION OF THE SOLAR PANELS WOULD
BE ADEQUATE. AN ANALYSIS ON THE IMPACT ON RF PERFORMANCE IS BEING
MADE TO SEE IF THIS IS PRACTECAL.

ELLIPSE

44,134 X 50.05M
TYP FOR UPLINK SOLAR PANELS (2)

780 FT2 TOTAL

ELLIPSE
53.38M X 58.75M
TYP FOR DONLIFK

EDGE OF MESH
118.004 DIA
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LMSS HOOP COLUMN )
OF POOR QUALITY

LAUNCH CONFIGURATION

THIS CHART SHOWS AN ISOMETRIC OF THE STOWED HOOP COLUMN. THE ATTACHMENT
T0 THE TRANSFER VEHICLE IS AT THE +2 BUS.

FEED PANEL S-BAND -2 SOLAR
PANELS

ENVELOPE ‘\ FEED

................................................

HOOP SECTIONS -7 BUS

+Z BUS
ENVELOPE

ATTACHMENT TO
TRANSFER VEHICLE
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LMSS HOOP COLUMN
LAUNCH CONFIGURATION ONIGINAL prge
IS
F POOR QuaLiTy

THE STOMED CONFIGURATION IS CONSTRAINED BY THE 180" DIAMETER OF THE CARGO
BAY AND THE LENGTH AVAILABLE AFTER INSTALLING AN APPROPRIATE SIZED
ORBIT TRAMSFER STAGE. FROM THE WEIGHT STATEMENT AN 11,000 L8.
CAPABILITY TRANSFER STAGE IS REQUIRED. THERE ARE THREE CONFIGURATION
DRIVERS WITH RESPECT TO THE HOOP COLUMN LAUNCH CONFIGURATION:

(1) DIAMETER REQUIRED T STOW THE 4 FEED ARRAYS; (2) THE LENGTH REQUIRED
FOR THE HOOP COLUMN MEMBERS PLUS THE +Z AND -2 BUSSES; AND (3) THE
LENGTH REQUIRED FOR THE S-BAND FEED BOOM. AT THIS TIME ALL FIT, BUT

THE MARGIN OR POTENTIAL FOR GROWTH OR REDUCING THE SIZE OF THE LAUNCH
CONFIGURATION IS SLIGHT. ASSUMING THE 12,000 LB. CAPABILITY TRANSFER
STAGE HAS A LENGTH OF 324", THERE IS ONLY 11" CLEARANCE IN THE LENGTH

OF THE SHUTTLE CARGO BAY.

SOAR PRELOAD SECTION
PANEL () BE FEED
e o oo SECTIONS /o0 oumren
CABLE REELS ~A / ,/' TANKAGE
£- .

\ BUS / / / 77 7_;m
‘ : F—f—+ '+~ REFLECIOR
. F T 4 gl :i.' ~ N s:.lzl;;'_ﬁ-
== g ) .
=t SRS |
S ' SOLAR
41N ______L:f_hﬂ PANEL
::ﬁ\—_—- — NN BUS
FEACTION =l § N
VIEELS e = =
- ep— N \| v
aa F RESTRAINT
S-BAND FEED £ED
— BULKHEAD
396° STS CARGO BAY ENVELOPE
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ORIGINAL PAGE 1S

LMSS HOOP COLUMN OF POOR QUALITY

APPENDAGE STOWAGE

THIS CHART SHOWS AN END VIEW OF THE HOOP COLUMN LAUNCH CONFIGURATION
AT THE INTERFACE WITH THE TRANSFER STAGE.

$-8AND REFLECTOR . \ SOLAR PANEL HOUSING
5 DIE <

ATTACHMENT TO _
TRANSFER VEHICLE

o e
FEED BUS ENVELOPE

o S-BAND FEED
S-BAND BOOM SUPPORT

VIEW
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| ORIGINAL PAGE 15
LSS HOOP COLUMN OF POOR QUALITY

IN CARGO BAY

THE HOOP COLUMN LMSS/TRANSFER STAGE VEWICLE COMES WITHIN 11" OF FILLING
THE STS CARGO BAY LENGTH. THE 324" TRANSFER VEWICLE LENGTH IS THE
GREATEST OF ANY PROPOSED, BUT SHORTER TRANSFER VENICLES DO NOT HAVE

THE CAPABILITY TO INSERT AN LMSS OF ABOUT 11,000 LB5. INTO
GEOSYNCHRONOUS ORBIT.

TRANSFER VEHICLE

385" ————

— e END 12000 LBS LMSS

fat——— 324" ——e=

-————— 720" -

X0 1302
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ORIGINAL PROT 1S
» OF POOR QUALIT
LMSS HOOP COLUMN
FEED AREA

THIS CHART SHONS THE DEPLOYED ELEMENTS AT THE FEED END (+Z BUS) OF THE
COLUMN. THE SUBSEQUENT CHARTS IN THIS SERILS SHOW CROSSECTIONS IN THE
N-S AND E-W PLANES OF THE ©'SED AND THEN A VIEW OF THE FEEDS AND OTHER

APPENDAGES LOOKING TOWARD EARTH.
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. ORIGINAL PACE 1S
L¥SS HOOP COLUMN OF! POOR QUALITY
NORTH-SOUTH PLANE

SOLAR

PANEL.
/ S-RAND
/ REFLECTOR

LAUNCH
) /- RESTRAINT
/ it KHEAD

SOLAR

PANEL
/ HOUSING

~+7  T0 EARTH

Pyt e

S-BAND

\6 i

AR RPN P N e

FEED AREA
LMSS HOOP COLUMN
B EAST-HEST PLANE
i
v \ SOLAR $-BAND $-BAND
> PANEL FEED BOOM REFLECTOR
| =
)
[ VE FEED X / \V W FEED
¥ m W7
. .‘. P?
. \ A/
! |
‘ SEZD AREA
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L pnOR QUALITY

Cphs
i

-y

LMSS HOOP COLUMN
FEED AREA - VIEW TOWARD EARTH

-~ DOWNLINK EAST

(E) FEED o 1hk wEST
W) FEED

WLIK EAST
\m FEED

'“. .
JIN . _

smk 159.3%° 159,36

PANEL w05 M 405N \ s
] DONALINK MEST > 9y 27167 T
e — (DW) FEED A - s

TYPICAL 7 PATCH
RADIATING ELEMENT
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LMSS HOGF COLUMN oRlGl(l;l‘(I;\; gﬁﬁ‘ﬁ‘ ;3
PROPOSED THRUSTER LOCATIONS OF P

THE PROPOSED LOCATION FOR ATTITUDE CONTROL THRUSTERS IS SHOWN, THE
HOOP COLUMN CONFIGURATION IS ESSENTIALLY SYMMETRICAL ALONG THE COLUMN
AXIS WITH THE CG DISPLACED SLIGHTLY IN THE 42 DIRECTION. OUE TO ITS
GEOMETRY, THERE ARE FEWER PROBLEMS WITH RESPECT TO PLUME IMPINGEMENT ON
ADJACENT MEMRERS. AN AREA OF CONCERN IS PITCH CONTROL OF THE UKF
REFLECTOR.  THE TENSION TIES TO THE HOOP IN THE FORM OF THE QUARTZ
AND GRAPHITE EPOXY CABLES DO NOT PROVIDE ANY APPRECIABLE TORSIONAL
STIFFNESS. AT THIS TIME THE CONTROLS GROUP (JPL) AND THE HOOP COLUMN
DESIGN"RS (THE HARRIS CORP.) ARE EXAMINING PLACING 8 PAIRS OF THRUSTERS
ON THE PERIPHERY OF THE HOOP TO PROVIDE CONTROL CAPABILITY OF THE

REFLECTOR.
PITCH
THRUSTERS
/ 4 PLACES
/V
DIRECTION
OF FLIGHT
+x
"\ HOOP TORSION
2 PRIMARY & \-smglgmuc
THRUSTERS
T0 KANSAS 57 THRUSTER URUSTER
CITY PLANES

é (¢}
(PITCH AXIS) B0 T0 X &Y

+Y

165




THE DEPLOYED HOOP COVUMN LMSS IS SHOWN RELATIVE TO THE SEATTLE KINGOOME
(SPORTS STADIUM) .  ALTHOUGH THE KINGDOME IS A LARGE STADIUM, WE WOULD

HAVE TO RAISE THE ROOF ~A40 M OR DIG A DEEP HOLE IN THE CENTER OF THE FOOTRALL
FIELD TO BE ABLE TO DEPLOV THE HOOP COLUMN IMSS INSIDE, AS FAR AS WE KNOW,
THERE IS NO FACKHLITY CAPABLE QF OG TESTING OF THESE TYPE AND S12€

STRUCTURES,

ol

ORIGINAL FAGE
BLACK AND WHITE PHOTOGRAPH
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INTEGRATION RESULTS OF POCR QUALITY,

AS A RESULT OF THE WORK CONDUCTED FO DATE THERE ARE SEVERAL AREAS
OF CONCERN. TMESE VARY FROM HAVING A SLIGHT ADVERSE EFFECT
(INCREASED WEIGHT) TO EVENTS THAT CAN SCRUB THESE MISSIONS AS
NOW CONCEIVED (NO TRANSFER VEWICLE WITH COMPATIBLE SIZE AND
PERFORMANCE) . PERIAPS THE MOST SIGNIFICANT OF THESE IS PLANNED
TRANSFER CAPABILITY AND SIZE IN THE 1985 TO 2000 TIMEFRAME.

SOME OEFINITIVE PLAN IS NEEDED.

STOWAGE VOLUME
SPACECRAFT & TRANSFER VERICLE

77
- 396" ————i—— 324" R
S/C LENGTH
12000 LBS
nn
e 504" ——ia— 216" —
S/C LENGTH
9000 LBS
1us
-———————r 516" ————————=ias 204" -
' S$/C LENGTH ]
: 5000 LBS
- 720" -
X0 1302
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OF POOR QUALITY
FEED ASSEMBLY

TECHNOLOGY DEVELOPMENT AREAS

THE PROPOSED FEED FOR THE WRAP RIB LMSS IS SHOWN, BUT THE TECHNOLOGY
DEVELOPMENT REQUIRED APPLIES TO THE HOOP COLUMN FEED AND PARTIALLY TO

THE S-BAND FEEUS FOR BOTH, THERE 1S A NIGH DEGREE OF CONFIDENCE THAT

. THE CONCEPTS PROPOSED AND THE WORK ACCOMPLISHED WILL LEAD TO VIABLE

= DESIGN SOLUTIONS. BUT THE CRITICALITY OF THE FEED SIZE, WEIGHT, NINGING,

! PACKAGING AND PERFORMANCE WITH RESPECT 70 THE TOTAL SYSTEM CANNOT BE

- OVERSTATED. IF THE LMSS IS GOING TO WORK, THE FEED CONCEPTS MUST BE

2 DEVELOPED AND VERIFIED EARLY (ASAP).

-y

'
j RN I
) S e
1 P <,
r .

| ) T @ RF DESIGH

) ® FREQUENCY/POLARIZATION PLAN
) o RADIATING ELEMENTS
\‘ / ® BEAM FORMING NETWORK (BFN)
i
3 | ) @ STRUCTURAL/MECHANICAL DESIGN
;‘ ® DEPLOYMENT

.;" o o HINGE LINES

-\ ® COAXIAL CABLE RUNS

=] PLAVR FEEDS ® BFN

[ 1 GROUND PLANE ® WEIGHT
I r owuxen% ® THERMAL CONTROL
WPA CO LA

BEAM FORMING NETWORK
9" 70 10" THERMAL PLATE

- -—
o 1 I ELECTRONICS?

— —

PARTIAL X SECTION
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ORIGINAL PAGE 3

: OF R
LMSS WRAP RIB & HOOP COLUMN PGOR QUALITY

SOLAR PANEL LOCATIONS

THE SIZE AND PACKAGING CONSTRAINTS OF BOTH LMSS CONCEPTS SEEM TO REQUIRE
PARTICULAR SOLAR PANEL PLACEMENT THAT DOES NOT PROVIDE CONTINUOUS SUN
ILLUMINATION. AT THE EQUINOX THE PANELS WILL BE IN AN ECLIPSE CONDITION
FOR ABOUT 7° (30 MIN.); THUS BATTERIES ARE REING PROVIOED. THESE WILL
ALSO COME INTO PLAY DURING THE DAILY SOLAR PANEL. UNWIND. HE PROGLEM
IS THAT DURING OTHER TIMES IN THE ORBIT, THE ANTENNAS AND STRUCTURAL
MEMBERS WILL CAST SHAOOMS ON THE SOLAR ARRAYS. TO DATE THE SEVERITY

OF THIS HAS NOT BEEN INVESTIGATED. AN ANALYSIS SHOULD BE MADE SOON,
SINCE THIS MAY ADVERSELY AFFECT WEIGHT (SOLAR PANELS AND BATTZRIES) AND
PACKAGING.

@ SOLAR PANELS TO BE LOCATED NEAR PRIME USER

e THESE EARTH POINTING SATELLITES WILL ENCOUNTER SOLAR
PANEL SHADOWING

e BATTERIES REQUIRED OURING ECLIPSE PERIODS

<B— SN RAY

= SHARYHED SHADOWED
8Y BOOM BY FEEDS
=~ SHADOWED

BY REFLECTOR

SHADOWED
8Y REFLECTOR
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ORIGINAL PAGE IS
| OF POOR QUALITY
STRUCTURAL SUBSYSTEM

ALTHOUGH SEVERAL STRUCTURAL MODIFICATIONS WERE MADE ON BOTH CONFIGURATIONS,
NONE OF THESE POSES A SIGNIFICANT PROBLEM. A POTENTIAL STRUCTURAL PROBLEM
MAY WELL BE IN THE INHERENT STIFFNESS OF BOTH CONFIGURATIONS. WITHIN

THE PACKAGING CONSTRAIWTS 1T DCES HOT APPEAR THAT ANY APPRECIABLE

INCREASE IN STIFFNESS IS PGSSIBLE.

@ [EDUCED WRAP RIB BOOM CROSSECTION FROM 120° TO 108° TO 95° 10 ACCOMMODATE
FEED STOWAGE

@ LGCATED TARKAGE AND SOLAR PANELS TO REDUCE GRAVITY GRADIENT TORQUES
@ REVISED COLU'N DESIGN TO SHORTEN STOMED LENGTH

CONTROL SUBSYSTEM

THE ATTITUDE CONTROL SUBSYSTEM FOR BOTH CONFIGURATIONS REQUIRES AN
ADVANCEMENT IN TODAY'S TECHNOLOGY. THE POINTING STABILITY REQUIRENENT
OF 0.03° COMBINED WITH THE COMPARATIVELY LOW STRUCTURAL FREQUENCY AND
LARGE SIZE RESULT IN A NEED TO CONTROL BOTH ENDS OF THE CONFIGUR.<TION.
THE REQUIREMENT FOR ABSOLUTE POINTING OF 0.10° REQUIRES TIGHT IF NOT
IMPRACTICAL STRUCTURAL ALIGNMENT OF FEEDS, BOOMS AND REFLECTORS. THIS
MAY LEAD TO A REQUIREMENT FOR ON ORBIT SPATIAL SENSING AND ADJUSTMENT
CAPABILITY. A CONTROL CONCEPT HAS BEEN PROPOSED AND SUPPORTING
ANALYSIS MUST BE COMPLETED TO VERIFY THE DESIGN SOLUTION.

© IDENTIFIED THE NEED FOR THO POINT CONTROL (SPACECRAFT AND WRAP RIB HUB OR
SPACECRAFT AND OPPOSITE END OF COLUN)

@GROUND TEST NOT PRACTICAL, SO FABRICATION & ASSEMBLY CRITICAL IN OBTAINING
ABSOLUTE POINTING OF <0.10°

@AY NEED TO SENSE AND ADJUST CRITICAL SPATIAL PARAMETERS ON ORBIT

@ MUST CONTROL SPACECRAFT FROM PLACEMENT ON ORBIT THROUGH DEPLOYMENT AND
OPERATIONAL LIFE (GRDERS OF MAGNITUDE CHANGE IN INERTIA PROPERTIES)

® LOCATION AND ORIENTATION OF THRUSTERS CRITICAL WITH RESPECT TO GAS IMPINGEMENT
ON MESH AND STRUCTURAL ELEMENTS
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LSST/LMSS CONFIGURATION STUDY
CONCLUSIONS TO DATE

THE RESULTS OF THE STUDY TO DATE INDICATE THAT FINITE ANSWERS FOR THE
FOUR MAJOR POINTS ON THE CHART ARE NEEDED. THE FIRST THREE ARE
BEING DEVELOPED, AND THE ANALYSIS IDENTIFIED IN THE FOURTH COULD BE
STARTED AT ANY TIME.

@ NEEN A SCHEDULE/CAPABILITY PLAN FOR OTV'S
@ PLANAR ARRAY FEED TECHNOLOGY NEEDS DEVELOPMENT

@ NEED TO DEVELOP A SENSING/ADJUSTMENT CAPABILITY TO ACTIVELY CONTROL SPATIAL
POSITIONING OF POINTS ON LARGE STRUCTURES IN ORBIT

@ SOLAR PANEL SHADOWING IN THIS APPLICATION SHOULD BE ANALYZED

ORIGINAL PAGE 'S
OF POOR QUALITY
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100-meter Radiometer Spacecraft Study

H.F. Zimbelman

MARTIN MARIETTA AEROSPACE

DENVER DIVISION POST OFFICE BOX 179 DENVER. COLORADO 80201

A rigid body analysis of a baseline Large Space System (LSS) which

is to function as a radiometer jis presented. The LSS is placed in
circular orbit about the Earth at an altitude of 650km, subjected

to environmental and vehicle interaction forces and torques, without
an active control system of any type on board. The environment forces
and torques are gravity gradient, solar radiation, and aerodynamic.
Normal operation is in nadir pointing alont the Z-local vertical axis.
Orbital velocity is assigned to the x-axis of the spacecraft. The
analysis is then used to demonstrate the ability or lack of the gravity
gradient torques to stabilize the LSS over one complete orbit. The
results generated by the analysis can then be used to size an active
control system coansisting of thrusters, momentum exchange devices; or

a combindtion of the various active control devices, when used in
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conjunction with gravity gradient torques that would be required for altitude

Y control and stationkeeping.

The baseline LSS which is an Electrostatically Charged Membrane Mirror
(ECMM) radiometer placed in an orbit at am inclinatica angle of 60

| f\ degrees. When this angle is added to the 23 degree angle the Earth's
equatorial plane makes with the ecliptic plame it causes that orbit to
move through # 83 degrees with respect to the sunlire. For the purpose

of the analysis an inclination angle of 67 degrees was chosen thus making

the orbit move through * 90 degrees and makes checking the computer

P e i ol e e 2 T

simulation results much easier. Shown in Figure 1 is the orbit plane
with respect to the inertial reference frame and the sunline for various
beta angles. Figure 2 illustrates the spacecraft for a beta angle of

zero degrees for which there exists an occulated region during the orbit.

ey
s

Using the physical properties of the ECMM spacecraft and aerodynamic

model parameters as shown in Figures 3 and 4 respectively, in the rigid

.
e d o e

body dynamic model as shown in Figure 5, a computer simulation was

performed for one complete orbit for beta angles of 0, 45, and 90
degrees. The results shown in Figures 6 through Figure 17 1llustrate

the various torques and angular momentum as a function of the anomaly

o e "

angle, which then will be used to size an active control system to ]

maintain the altitude and stationkeeping requirements of the spacecraft.

-k

Presented in Figures 18 and 19 is a summary of possible control torque

actuarors that may be used for altitude control amd stationkeeping

requirements.

o
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An analysis of the results concluded that momentum exchange devices
are not practical control actuators to he used on the ECMM. The facts
used to reach such a conclusion are as follows:

(1) The spacecraft would require a minimum of two momentum exchange
devices per axis, with their respective spin vectors aligned
opposite one another. The weight of the system becomes pro-
hibitive.

(2) For the case of 8 = 90, there exists at the énd of the orbit a
residual momentum of 1.6426 x 103n-m-sec (1.2168 x loaft-lb-sec).

(3) There does not exist for any time during the orbit an
occulated region which would be required in order to perform
a desaturation of the momentum control device.

(4) The size of the device was such that when it was attached to
the box ring truss of the ECMM spacecraft, the packaging problems
were such that the voluire requirements of the Space Shuttle
cargo bay were exceedec.

(5) The average life of a momentum exchange device is in the order
of 3 vears, which in the case of the ECMM spacecraft the mission
time is 10 vears, would require either a redundant system of

the devices or an orbital refurbishment every 3 years.

The entire contvol of the spacecraft now depends solely on the .3me

form of thruster system. Presented in Figure 20 and 21 are the candidates for

the microthrusters that were considered for use as the active control
system. The magnitudes cf the environmental forces and torques which
the control system must compensate are summarized in Figures 22 and 23

regspectively.
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Considering only the flight-qualified and high-Isp thrﬁéters. the
Pulse Plasma Thruster (PPT) and Mercury Ion Thruster (Hglon) were
selected as candidates to he used for the comparative analysis. The
basic differences betwecen the PPT and Hglon systems are summarized

in Figure 24.

A comparison of the two thruster systems which are considered for use

as the ECMM spacecraft altitude control system is presented in Figure 25.
Thrusters are to be positioned on the ECMM structure to overcome the
external forces and torques. The maximum restoring torques are created
when the thrusters fire in a direction perpendicular to the longest
moment arm. The maximum force occurs when as many thrusters as possible
fire in the proper direction. Finally, the strength of the structure,
packaging considerationms, and wiring problems also have to be considered

to determine the positions of the thrusters.

Due to these considerations, thrusters are placed on the lower rirg
formed by the ECMM's box trusses, at locations 1 to 8 as shown inm
Figures 26 to 28 Thrusters were put on the feed beam, positionms 9

and 10, to stabilize the vehicle and to create more restoring torque.

The orbit transfer propulsion consists of four hydrazine, blowdown,
monopropellant thrusters. They are throttleable from 4.1 to 0.7 1b.
These thrusters provide the impulse required to transfer from the
deployment altitude of 240km to the operating altitude of 650km. They

are in pairs for reduandancy.
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The suggested propulsion system congists of four space-qualified
MRE-4~A-1 hydrazine thrusters produced by TRW and RCA. These thrusters
have an Iap of about 220-230 3. These thrusters will be hard mounted

on the upper ring formed hy the ECMM's box trusses as shown in Figures

26 to 28.

The expression defined by equation shown on the graph present in

Figure 28 15 used in this form to evaluate the time to decay from one
altitude to another. The accuracy in predicting orbit lifetime is quite
good as long as the altitude increments used are from 25 to 50km.

The total orbit lifetime is obtained by adding the Ats. Shown in

Figure 29 is At as plotted as a functiom of 4h, for the spacecraft

shown in Figure 3. For the purpose of comparison, the membrane
material was replaced with a mesh material. Presented in Figure 30 are
the values that were used to determine At for a 4h equal to 50km

increments.

There will exist times during the mission, in the case of large orbit
inclination angles, for which no occulted region exists. This case
is illustrated in Figure 31. The irclination angle, as a function of

orbit altitude, will produce an occulted region.

Shown in Figure 32 is a plot of orbit inclination as a function of

orbit altitude. Orbits with no occulted region are subjected to
continuous solar radiation pressure force and torque over a long period.
Thiz presents difficult problems in a moméntum management scheme if
momentum exchange devices are cons'-lered for use iu trying to compensate

the torque due to solar radiation pressure.
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Orbit Plane with Respect to the Inertial Reference

Figure 1
Frame and Sun Lines
N 0 deg ORIGINAL PAGE 1S
\\\\ ) fF PONR QUALITY
\ g 1 X
N YT N, \‘ n
\ 2 n v‘ N
Sun Line O e ‘Y\‘l‘: 4 \\‘s
un o/ ] ~ SunLine
=90 ¢ieg i “Z“ ” x"v f=0deg
N
\ == Direction of Flight
N e
Yl \\\ “. x.
L\
N T
1 = Anomaly Angle, Wm
Z
Figure 2 Spacecraft Orbit for § = 0 deg

Sun Line
-

A =0deg

Qetait A
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Mpure 3

ECMM Spacecraft Physical Dimensions and Properties

o, Mambirans
S (Assument to hin a Cvcﬂimln

Box truss ring that supports
the mambrane is omitted.

Moess = 6800 kg
- (] 2
Vex 1.28 x 10" &gm
- 6 pg.m?
'W 1.218 1 107 kg m.

1,, = 0.959 x 10 kgm?

Crois products of inertia are zero.
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Fligure 4

Fipure 5

Aerodynamic Model Data Parameters

Genmelric shape Projected areas | Drag coefficient, | Distance ram €, m, o . p.
o) m2 Cﬂ* of respcc;ive pmi:e;.lml
k areas, (1 me.
X y 4
Cylinder All 1442 coll 2.5 0 0 23,78
Cylinder A2l 1442 | cv2) 2.5 0 0 -23,18
Flat circuter disk | A3] 7850 | CD3) 4.0 0 0 23,78
Flat ate AR 8 | cor 40 0 0 76,82
Flat plate ’2 28 cn22 4.0 0 L] 16,82
Flat plate 32 1.4 | COR 4.0 0 0 16,82

ORIGINAL PAGE IS
OF POOR QUALITY

Block Dlagram Rigid Body Dynamic Model

TINAY

v [
W, x[dw,"

Four-Perameter
generation |t oo

(Typl

Euler Angles Euler Angles

- -
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¥igute 6  Total Torque Components Versus Aniomaly Angle, i =0deg

Compaonerts of Total Torque, Ty.om

6.0025% 1.700¢00 6.000-0%

ORICINAL PAGE 15
OF POOR QUALITY

6.000-0% 1.000400 5.000-01

4.0000% 5.000-1 4.00001 }-

3.c000t 5.00001 3.00001

20001 4.000-01 2.000-0%

1.000-01 2.000-01 1.000-01

R ¥

-1.000-01-2.000-01-1.000 01 |-

]

-2.000-01-4.000-01-2.020-01

1

-2.00/-01-6.000.01.3.000-01 i

4.06! 01-8.000 01-4.000-01 i i | ] i | 1 || i J :
0. 3600101 1.080102 1.800102 2520102 3.240102 360 |

7.200+01 1.4404+02 2.160+02 2.980+02
Anomaly Angle, 11, deg
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Figure 7  Magnitude of Total Torque Versus Anomaly Angle,f§ =0deg
1.200400 -
ORICINAL PGS i
B OF POOR QUALITY
Magnitude of Total
Yorque, Ty, n-m 8.000.01 -
6.000.01
4.000-01
2.000-01
0. [ | | 4
0. 7.200+01 1.440+02 2.160t02 2.880+02 3.60
Anomaly Angle, 7, deg
Figure 8 Momentum Components Versus Anomaly Angle

inInertial Frame, =0deg
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Figure ¢ Magnitude of Momentum Versus Anomaly Angle
ininertial Frame, fi= O0deg
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Figure 10 Total Torque Compenents Versus Anomaly Angle,
p=45deg
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Figure 11 Magnitude of Total Torque Components
Versus Anomaly Angle, [i=45deg
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Figure 12 Momentum Components Versus Anomaly Angle

inInertial Frame, }=45deg
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Figure 13 Magnitude of Momentum Versus Anomaly Angle
in Inertial Frame, 1= 45deg
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Figure 14 Total Torque Components Versus Anomaly Angle,
B =90deg
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Fipure 16 Momentum Components Versus Anomaly Angle

in Inertial Frame, 1= 90deq
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Figure 17
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Figure 18 Control Torque Actuator Summary

Torque Advantage Disadvantage
Acluator
Thrusters No cross coupling with the
vehicle molion to preduce
undesirable torques for
which compensation must
be made.
Electric High specitic impuise, Low-theusl, high- power re-
applicable to missions Quirements
with a long lifetime,

Chemicai High thrust Low specitic iinpulse, not
applicable to missions with a
long lifetime; Tankage and
weight problems

Fipure 19 Control Torque Actuator Summary (concl)
Torque Advantage Disadvantage
Pctuator

Momentum exchange
devices; Reaction wheels
and CMG

Magnetic torquers

Ideal when disturbances are

cyclic with respect to an inertial
reference frame and the secular

component (bias torque) is
small.  Could reduce the size
and number of thruslers re
quired lor the mission,

Used in conjunction with
momentum exchanqge devices
for desaturation or momentum
mandgement purposes.

188

Cross ceupling with the vehicle
motion lo produce undesirable
torques thal require compen-

salion. Requires a desaluration
control law scheme, Number
required could be prohibitive In
terms of size, weiyhl, and power
required,

Magnelic tield of the Earth Is
lime-variont and strongly alli-
tude-dependent, At any in-
stanl, torque can be produced
only along components normal
to the local magnetic field vector,

Practical limitations in power
supply and coil size moke fhe
qeneration of targe torgues un-
teasible,
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Figure 22 Environmental Forces

_'lvl'hl'a o o Salar Aémﬂynaﬁuic
Angle o Nxld o Nkt
deq) X Y 7 X Y 7
Max 13.30 0 ni -5, 86 0 08
0 . -
Mea -13.30 0 -36.8 -8, 82 0 -0, 52
Max 9.38 9.21 52.1 -5, 86 on 0.0
45 -
Min -9.38 -0.21 -42.2 SR -0.60 -0.29
Max 0 -13.0 ¢ -5.86 0.74 0
m - . - .
Min ¢ -13.0 0 -1.9 0 -0.25
Figure 2] Environmental Torques
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Figure 24 Propulsion Systern Comparison

Plasma Prapulsion

Hectromaqnetic forces
Electeically neutral plasma accelerated
No neutratization vequired

Extremely shart puffs of propellaml are
ejected (microseconds of flow time)

tnstantaneous reaction forces are

fan Prapuision

Flectrostatic fercos
Charqed lons accelerated
fons must he neutralized

Steady tlow of propettant Is ejected (hours
of fow time)

Reaction forces inherently (ractions of

typically hundreds of pounds a pound
Figure 25 Mercury lon and PPT Comparison
Mercury lon l pPPY
Packaging Very versatite” Some size restrlcllonb
Number of thrusters necessary 20 24
Total power requirement 4810w 4080 W
Effects on structure Possible det_;rada"onc None
ACS requirements Satistied 1 Satistied

a
Modular compenents make many pakaging schemes possible,

b Off-the-shelf PPTs are cylindrical, about 43, 2 cm In diameter and 25, 4-cm wide.

¢ Sufficient test data has not been acquired,
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Figure 26
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Figure 28 Thruster Location, Front View
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Figure 29

Qrhit Altituds, km

Time to Change Orbit Altitude, Ah = 50 km
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e
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Figure 30 Orbit Decay Parameters
Antenna surface
Parameter Membrane Mesh
CD 2.5 2.3
? .
A, M 1442 rl
ref
Mass, kg 6800 6800
. mis 3 ona18 x 101 1. o x 01
n, mzlkq 0.2%7 0M
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Figure 31 Spacecraft Orbit for Inclination Angle and i # 0 deg
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Figure 32

Orbit Inclination Versus Orbit Altitude
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CAPABILITIES IN LARGE SPACE SYSTEMS CONSTRUCTION

EarLe M. Crum

National Aeronautics and Space Administration
Lyndon B. Johnson Space Center
Houston, TX 77058

¢ SYSTEMS STUDIES OVERVIEW

- ORBITAL CONSTRUCTION DEMONSTRATION ARTICLE
- SPACE CONSTRUCT{ON SYSTEM ANALYSIS

- SOLAR POWER SATELLITE

- SPACE OPZRATIONS CENTER

¢ CAPARILITY DEVELOPMENT

SATELLITE SERVICES
- HOLDING AND POSITIONING AlD
SPACE CONSTRUCTION EXPERIMENT

ORBI FAL_CONSTRUCTION_DEMONSTRATION ARTICLE

@ DEFINED ORBITAL FACILITY MANNED FROM ORBITER IN A SORTIE MODE,
o SIGNIFICANT COST AND TIME TO ESTABLISH FACILITY,

e APPLICATION OF GENERAL CAPABILITY, 1.e., FACTORY FLOOR CONCEPT 10 SPECIFIC
PROJECT CAN BE INEFFICIENT,
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SPACE CONSTRUCTION SYSTEN AnALCYSIS STIDY
o EVALUATED THE ORBITER AS A CONSTRUCTION BASE

e SELECTED CONSTRUCTION PROIECTS

COMMUNTCATION TECHNOLOGY PLATFORM
- SOUAR POWER SATELLLTE TEST ARYICLE

o SYSIEM INSTALLATION DOMINATES CONSTRUCTION ACTIVITIES
.}‘ o LINLAR CONFIGURATION SHOULD PASS WORK STATION
o FIXTI™t COMPLEXLTY ENHANCES PRODUCTION RATHL

e FRLE DRIFT MODE RECOMMENDED (FROM CONSTRUCTION POINT OF VIEW)

o d

-

)
B
. SOLAR POMER SATELLTTE CONSTRUCTION
N
N o DEFINED HIGHLY AUTOMATED CONSTRUCTION FACTLITIES
: o DEVELOPED CONSTRUCTION CONCEPTS
\\' - SPACE STRUCTURES (REAM BUILDER  APPLICATIONS)
: SPACE MEMRRANES (SOLAR CELL BLANKETS)
- MODULE INSTALLATION (RCS, ANTENNA £LEMUNTS)
!
\
\
;
.
?
\ SPACE OPERATIONS CENTER
}
§ o DEFINED CONSTRUCTION FACTUTTY FOR SOC
{
| o SOC OPERATIONS RELAX TIME CONSTRAINIS COMPARED TO ORBITER-

BASEDY CONSTRUCTION

o DIVELOPED PIER CONCERT WETH RECONF TGURATION CAPARILITY - ANALYZED
COMMUNTCATIONS PLATEORM, IR THLESCOPE, DEEP SPACE RELAY ANTENNA,
AND ENGINELRING VERTEICATION TRST ARTECEE.
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OF POOR QUJ\MTY.
SUC CONSTRUCTION PROJECTS SUMMARY

PRAMNECT TIME, PAYS

| 1 i L4, 1 § - |
0 10 20 30 40 60
\4 v v v
EXPERIMENTAL LARGE ORBITING DEEP ROCKWELL
GEOQ COMM AMBIENT (R SPACE RELAY ENGINEERING
PLATFORM ‘TELESCOPE VERIFICATION
TEST ARTICLE

STATION \

]

DEPLOY ASSEMBLE & DEPLOY ASSEMBLE & DEPLOY FABRICATE & DEPLOY
TEST VEST TEST ASSEMBLE
MATE TOOTV MATE TOOTV MATE TO OTV TEST
LAUNCH LAUNCH LAUNCH MATE TO OTV'S
LAUNCH
NO. OF
ORBITER 2 2 2 4
FLTS
S0C
CREW 4 8 3 (]
SIZE
Preliminary Set of Reference Construction Missions
SIALL - MEDIUM  —. &= LARGE

NS
</

LARGE AMBIENT
1A TELESCUPE

ORBITING DEEP SPACE

RELAY STATION TELFSCOPE

o {e})

SPS ENGINEERING
VERIFICATION
TLSY ARTICLE

100 M THINNE D APERTURE

A
A | Covom
00N o1 Iﬂ I
P, s Flﬁ. (1)
//‘/J 4 ('?\) . v
g :g.ra.ﬂ.’ |
(0) = OPPORTUNITY SN2 “&' “ AOCKWELL EVTA
(C) = CANDIDATE N
LARGE OPTICALNUY
TELESCOPE
SIMPLE iV FRY COMPLEX
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SATELLITE SERVICES - NEAR ORRITER

ORJECTIVE:

THE DEVELOPMENT OF PRELIMINARY REQUIREMENTS AND DESIGN CONCEPTS FOR
A SATELLITE SERVICES SYSTEM COVERING THE FOLLOWING CONSIDERATIONS :
SATELLITE USER MARKET

SERVICES NFEDED FOR SATELLITES

SERVICE EQUIPMENT AND SERVICING MODES

RESOURCES, IMPLEMENTATION, AND SCHEDULING OF A
SATELLITE SERVICES PROGRAM

STATUS:
INPLEMENTED STUDY CONTRACTS WITH GAC AND LMSC TO IDENTIFY SATELLITE

SERVICE NEEDS DIRECTLY ASSOCIATED WITH THE ORBITER AND THOSE SERVICES
THAT CAN BE PERFORMED WITHIN A FEW KILOMETERS OF THE ORBITER,

SATELLITE SERVICES ELEMENTS
¢ DEPLOYMENT
o OBSERVATION
o RETRIEVAL
o SUPPORT

¢ EtARTH RETURN

SATELLITE SERVICES SYSTEM PLAN IS EVOLUTIONARY AND INCLUDES FOUR EQUIPMENT CATEGORIES

__NEED DATE 1983 1984 1985 1986 1987 1988

1989

I. INHERENT EQUIPMENT

EQUIPMENT INHERENT
WITH STS SYSTEM

1. GENERIC EQUIPMENT

EQUIPMENT WHICH
INTEGRATES WITH THE
INHERENT EQUIPMERT

AND #AS GROWTH POTENTIAL

I11. UNIQUE_EQUIPMENT

EQUIPMENT UNIQUE TO
SPECIAL MISSION
REQUIREMENTS

IV.  ADVANCED EQUIPMENT
EQUIPMENT POTENTIALLY

NEEDED TO FULFILL FUTURE
MISSION MODEL REQUIREMENTS
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OF #00R QUALITY INHERENT EQUIPMENT
EQUIPMENT INHFRFNT WITH STS SYSTEM

_INHERENT EQUIPMEN]
PAYLOAD RETENTION SYSTEM - PHS
REMOTE MANTPULATOR SYSTEM - fiMS

, SATEVLITE SERVICE FUNCTION
o ORDITER RETENTION AND RELEASE OF PAYLOADS

o DIPLOYMENT AND RETRIEVAL OF SATEELTTES; ALSO FOR
ORSERVATION VIA CCTV AND SUPPORT SERVICES.
EXTRAVEHTCULAR MAREUVERING UNIT - FM o MANNID tVA CAPARTLTTY WITHIN THE CARGO BAY

MANNED MANEUVERING UNIT - M4 @ MANNED PROPULSIVE EVA CAPABILTTY OUTSIOE YHE

CAR™  BAY
ORBITER MANEUYFRING SYSTEM KIT - OMS K11
AFT FLIGHT DECK - CONTROLS AND DESPLAYS

o ORRLIER DELTA V CAPABILITY

¢ CONTROL OF RMS, PRS AND OTHER RiMOTE MECHANISMS
FROM THE ORBITER ABT FLIGHT DECK,

EXTRAVEHICULAR MANEUVERING UNLT - TV o CCTV DURING EVA
MODULAR EQUIPMENT STOWAGE ASSEMBLY - MESA

CLOSED-CIRCULT TELEVISION - CCYV

o LQUIPMENT STOWAGE WITHIN CARGD BAY
e CCTV VIFWING OF CARGO BAY

ORBITER EXTERIOR LIGHTING o L IGHTING OF CARGO BAY

REMOTE MANIPULATOR SYSTEM (RMS)

o PAYLOAD HANDLING CAPABILITY: 65.000LB

¢ POSITIONING ACCURACY: 2 INCHES ¢ 1°
WITHIN REACH ENVELOPE

o PAVLOAD RELEASE: ¢ 57 ATTITUDE
* 0.015%/SEC
HELAYVE

GRAPPLE
FIXTURE

INHERENT

SNARE
END EFFECTOR

RMS DEPLOYMENT

IMustrated in the accompanying figure is the RMS deployment of dual Gravsat-A
satellites. The cradle structure, which serves as the satellite retention system during
Orbiter boost, is deployed from the payload bay, and the sepuration AV is provided
by the cradie structure. The two satellites are separated from the eradle in the same
orbit at a separation distance of 100 to 300 km,
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QRIGINAL. Pz -
OF POOR QUALITY
GENERIC EQUIPMENT
EAUIPMENT WHICH INTEGRATES WITH THE INHERENT EQUIPMENT AND HAS GROWTH POTENT 1AL

T :,_".—__—'":::GEE‘;EEI'E:"!Q—“J!3_'4‘[”?‘—:?:—_:’.“:'_TT_"TE' TeTTeTITTTIS T TITR :TS-UIL}—'—LE'—ETETBZVLC"E:—ZFT‘.'!‘TC.IVl"'L“_,—:_

MAKIPULATOR FOOT RESTRAINT - MFT o STABLE PLATFORM FOR MWANNED ACTIVITY WITHIN
OPERATING RANGE OF RS

WORK RESTRAINT UNIT - Wi o METHOD OF SATELLITE ATTACHMENT AND A STADLE
WORK RESTRAINT DURING M ACTIVITY

WANEUVERABLE TFIEVISION - MV ¢ REMOTE SATELLITE (AND ORRITER) OBSERVATION
CAPABILITY

HOV.DING AND POSITIONING ALD - HPA ¢ TEMPORARY HOLDING AND/OR POSITIONING OF A
SPACE STRUCTURE WHILE WORK 15 PERFORMED

FLUID TRANSFER o CAPABILITY TO TRANSFER FLUIDS BETHEEN THE
ORBITER AND SATELLITES

MANIPULATOR FOOT RESTRAINT (MFR)

POWER TOOLS e CNHANCED MANNED ACTIVITY DURING EVA

RAMS

MECHANISM
HANG UP

GENERIC

MANNED MANEUVERING UNIT /WORK RESTRAINT UNIT (MMU /WRU) ADAPTATIONS

The chert illustrates three variations of an MM /WU adaptation that have been
identified in tnis study. The Level 1 Operstional Depioyment Scenarios call for an
MMU/WRU with a stabilizer to backup a satellite appenduge bangup while in the
process of being deployed by the RMS. This same adaptation alsc appears in other
scenarios to back up mechanical hangap situativnns in the payload bay.

The MMU/WRU end effector adaptation has been shown to be applicable in all
scenar.os wherein the RMS is inoperative. The llustration shows its usage in remov-
ing a satellite from the payload bay in preparation for deployment.

Another MMU/WRU adaptation identified is with the unit adapted for a payload
handiing mode. Again, this coutd apply in an RMS inoperative situation during a

gervicing (revisit) mission.
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ORIQINAL PACT 7

OF POOR QUALITY Open Cherry Plcker OCP

Contret & Digsplay
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Taol hin \\[/it [?; - [ ?}

i.———~ P/L. handling
dovico

halla 2N

Foot restraint
{platform)

Stabilizer

e :‘Scr'vicing Space Telescope
Example

HANDLING AND POSITIONING
AID (HPA) AND OCP/RMS SERVICING

AXAF

INHERENT/GENERI:.
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EQUIPMENT STOWAGE

As ideatified in the Level 1 aperational scenurivy, a need exists for equipment
stowage canniaters to trancport components, replucement modulen, nsteaments, and
ather equipment used in satellite acrvieing support, refurbishment, and reconfigurs-
tion, The necompanying chnrt shows three concepts that have been developed far
panitioning/deplaying the cannintern during their uae,

The side awing coneept utilizen a PIDA mechaniom to position the ennnister out
and away from the paylond bay, thus leaving the aren in and nhove the paylond bay
clear. The clevator concept utilizes a telescoping serew jack to eaise the eannister
to a position direetly above the payload bay. The rotary coneept utilizes an in-place
carbusel for accesaing equipment and modulos,

UNIQUE EQUIPMENT
EQUIPMENT UNIQUE TO SPECIAL MISSION REQUIREMENTS

o UNIQUE, EQUIPMENT

HAND TOOLS o ENHANCES MANNED ACTIVITY QURING EVA

EQUIPMENT STOWAGE ¢ PERMANENT AND TEMPORARY STOWAGE OF EQUIPMENT,

SATELLITES. SPARE PARTS, TOOLS AND DEBRIS,

6 CAPABLILITY TO GRAPPLE AND HANDLL UNATTACHED
PAYLOADS

@ ENNANCES THE CAPABILITY OF THE RMS

PAYLOAD HANDLING DEVICES

RMS END EFFECTOR

TILT TABLE ¢ ORIENTATION OF PAYLOADS FOR DEPLOYFONT, BERTHING
AND/OR SERVICING
SPIN TABLE o CAPABILITY T2 "SPIN.UP"™ SATELLITES PRIOR TO

DEPLOYMENT

® DOFPLOYMENT AND STOWAGE OF LARGE PAY!OADS WITH

PAYLOAD INSTALLATION AND DEPLOYMENT AID
MINIMAL RISK OF DAMAGE TO THE ORBITER AND PAYLOAD

i g gy NS S

ADVANCED_EQUIPMENT
EQUIPMENT POTENTIALLY NEEDED TO FULFILL FUTURE MISSION MODEL REQUIREMENTS

f
}
i
|

ADVANCED EQUIFMENT . ' . _SATFLLITE_SERVICE FUNCTION

o PAYLOAD DELIVERY/RETRIEVAL TO/FROM SATELLITE
OPERATIONAL ORETT WHEN DIFFERENT FROM ORBITER
ORBLT

e SERVICING RCS OF PLUME SENSITIVE SATELLITES

TCLEOPERATOR MANEUVERING SYSTEM

NON-CONTAMINATING ATTITUDE CONTROL SVSTEM

SUN SHIELD ¢ PROTCCTION FOR SUN SENSITIVE PAYLOADS

ORBITAL STORAGE o LNVIRONMENTAL PROTFCTION FOR ON-ORBIT

QUIELSUTENT "STORAGL" OF SATELLITES

¢ MEASURES PAYLOAD BAY DISTORTION RFLATIVE 10 THE
FERTIAL MEASUREMENT UNIT (TUM) PLATFORM, HENCE
TRANSEERRING ATTITUDE REFERENCE TO SATELLITES
MORE. ACCURATELY

OPTICAL ATTITUDE TRANSFER SYSTEM

LIGHTING ENHANCEMENT o FNUANCES N TGHTING CAPABILITY

DEXTEROUS MANIPULATOR O ENHANCES REWOTE * TELEOPERATOR" SERVICING CAPABILITY

e CAPARIETTY T0 DE.ORBIT AND PROPEL ¢ XPENDABLE
SATELLETES T EARTH

DE-ORBIT PROPULSTUN PACKAGE

R it bt T P S S
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NON-CONTAMINATING ATTITUDE CONTROL. SYSTEM ot

* SEAVICING OF CONTAMINATION SENSITIVE SATELLITES

DEPLOVER COLD GAS
THRUSYEAS/Ng PROPELLANY

CONTHOL
MOMENY

HANDLING/
POSITIONING
AID (HPA)

® PRECISION LONG DURATION CONTROL WITH MINIL.UM PLUME
IMPINGEMENY EFFECTS & NO CONTAMINATION

ADVANCED
DEXTEROUS MANIPULATOR
MASTER CONTROL IN AFD
6 ¥ 7L WS
3] 2N DEXTEROUS
s C'E\‘:@/ ~ MANIPULATOR
. ~
\\\ = ™ A 4
"y \4\
. \‘\v N
RMS
>
()

ADVANCED

DEXTEROUS MANIPULATOR - ADAPTATIONS TO HPA AND RMS

The accompanying chart ustrates adaptations of the dexterous manipulator

to the HPA as well es RMS for servicing of large satellites.
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ey POoR GUALITY
HANDI.ING_AND POSITIONING AID (HPA)

FUNCTIONS: o PAYLOAD BERTHING

e MULTI-POSITIONING/ORIENTATION FOR ORBITER-BASED
CONSTRUCTION AND SATELLITE SERVICING

o PROVIDES IMPROVED ACCESS AND OBSERVATION FOR
PAYLOADS WITH COMPLEX GEOMETRIC CONFIGURATIONS

o COMPLEMENTS THE RMS
DEVELOPMENT (PATTERN SIMILAR T0_RMS)
¢ GRUUND 1:ST FUNCTIONAL SYSTCM (DTA)

¢ DEVELOP TECHNOLOGY AND SPECIFICATION FOR OPERATIONAL SYSTEM
e DEVELOP OPERATIONAL SYSTEM

HPA DEVELOPMENT TEST ARTICLE

OUTBOARD ARM 100F
1035m DIAX 280 m LONG) g pow

INBOARD ARM -

i

{0.5m DIA x 2.8 m LONG) § 1
—
- 7 e
- -
T == Nomoveo
o e ARMS

./

2 DOF SHOULDER

2DOF )&R /"/‘— BASE FRAME (REF)

WRIST kg*\\\\{l;_’\ﬂ‘/\ BERTHING FIXTURE (REF)
;(:‘_\»24 ‘? .
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SPACE_CONSTRUCTION EXPERIMENT

o ORBITER-ATTACHED LOW FREQUENCY STRUCTURE REPRESENTATIVE OF LARGE SPACE SYSTEM
STRUCTURE

- DEPLOYABLE

- ANTENNA MAST SIZ€
¢ CONTROL/STRUCTURE INTERACTION

- ORBITER DIGITAL AUTOPILOT LIMITS

- INCREMENTAL DEPLOYMENT, ORBITER-ATTACHED
o CONSTRUCTION OPERATIONS

RMS HANDLING (VISIBILITY, DEPLOYMENT AID)
EVA (INSTALL INSTRUMENTATION)
PROVIDE CORRELATION WITH GROUND SIMULATIONS (TIMELINE COMPARISON)

SPACE_CONSTRUCTION EXPCRIMENT *F
IBJECTIVES: 1

o DEVELOP AND DEMONSTRATE CONSTRUCTION
CAPABILITIES

¢ FVALUATE CAP CONTROL WETH ATTACHED

//

¢ OBTAIN DYNAMICS DATA ON LARGE
DEPLOYABLE STRUCTURE

o EVALUATE ANTENNA FEED MAST TEST ARTICLE

e DEVELOP FLIGHT CONTROL TECHNOLOGY
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’ SIMMARY OF JISC_CONSTRUCTION RELATED STUDIES

e STUDY

)i

o SOLAR POMER SATELLITE SYSTEMS STUDIES
‘ NAS9-15636

o o ORBITAL CONSTRUCTION DEMONSTRATION STUDY
) NAS9-14916

ORBITAL CONSTRUCTION EQUIPMENT DEFINITION
STUDY  NAS9-15120

¢ SPACE STATION SYSTEMS ANALYSIS
NAS9-14958

- - TN
it N I, et - S

¢ SPACE CONSTRUCTION AUTOMATED FABRICATION
EXPERIMENT DEFINITION STUDY NAS9-15310

o SPACE CONSTRUCTION SYSTEM ANALYSIS
STUDY NAS9-15718

e DEPLOYABLE ORBITAL SERVICE PLATFORM CON-
CEPTUAL SYSTEM STUDY NAS9-15532

o SPACE PLATFORM ADVANCED TECHNOLOGY
STUDY  NAS9-16001

9 SATELLITE SERVICES
NAS9-16120 AND NASS-16121

o SPACE OPERATIONS CENTER SYSTEM ANALYSIS
NAS9-16151

9

ACHIEVEABLE FLATNESS IN A LARGE MICRO-
WAVE POWER ANTENNA NAS9-15423

e COMPOSITE GEODETIC STRUCTURE FOR SPACE
CONSTRUCTION NAS9-15678

USRS
®

{

!

"‘ U S e o o o, TR
e e e e o e 4 S S~

RMS - STS FLIGHT TEST
MMU- - IN CUALIFICATION
MIV. - GROUND TEST ARTICLE
PIDA - GROUND TEST ARTICLE
0CP - GROUND TEST ARTICHF

L
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oo PRODUCT

(ONQTRU(IION BASE AND EQUIPMENT CONCEPTS,
CONSTRUCTION OPERATIONS,

FACTORY FLOOR FACILITY SUPPORTED BY
ORBITCR IN SORTIE MODE,

EQUIPMENT CONCEPTS TO PERFORM CONSTRUCTION
FUNCTIONS 1.e., OCP, SPACE CRANE, ETC.

FACILITY AND EQUIPMENT REQUIREMENTS FOR
CONSTRUCTION IN LEO,

BEAM BUILDER AND ASSEMBLY JIG FOR ORBITER
BUILT PLATFORM,

EQUIPMENT REQUIREMENTS AND OPERATIONS FOR
ORBITER BUILT LARGE SYSTEMS. CONSTRUCTION

EXPERTMENTS CONCEPTS. SHUTTLE CONSIDERATION
DOCUHENT,

EQUIPMENT REQUIREMENTS FOR ASSEMBLY OF
SMALL PLATFORM FROM ORBITER,

ASSEMBLY LQUIPMENT DESIGNS, BERTHING LATCH
INTERFACE MLCHANISM ARTICLE.

RLQUIREMENTS FOR EQUIPMENT AND TECHNIQUES
FOR SERVICING SATLLLITES

CONSTRUCTION CONCLPT DESCRIPTIONS AND
FACILITY REQUIRLMENTS, CONSTRUCTION
TECHNOLOGY REQUIRLMENTS,

EFFECT OF STRUCTURAL TOLERANCE VARIATIONS.

DEVELOPMENT OF SPACE FABRICATED BEAM,

CONSTRUCTION SUPPORT {QUIPMENT

® RLQUIREMENTS FOR GENERIC CONSTRUCTION SIPPORT FUNCTIONS HAVE BEEN IDENTIFIED
o DEVELOPMENT PLANNING 1S PROCEEDING ON SOME FQUIPMENT

HPA - GPOUND TEST ARTICIE DESIGN
BERTHING/DOCKING - LATCH MECHANISM TEST ARTICLE

& CONTINUED ANALYSIS OF CONSTRUCTION OPERATIONS MAY RESULT IN RFQUIRFMENTS FOR
GENERIC EQUEPMENT AS WELL AS SPECIA IZED EQUIPMENT FOR SPECIETC MISSIONS




-

CONCLUSIONS

PRODUCTIVITY IS A FUNCTION OF FIXTURE COST AND COMPLEXITY,

FOR CONSTRUCTION FROM THE ORBITER CARGO BAY, LONG, THIN STRUCTURES PASSING
THROUGH THE WORK STATION ARE PREFERRED,

SOME CONSIDERATIONS FOR ORBITER-BASED CONSTRUCTION ARE:

¢ ORBITER ATTITUDE CONTROL - PLUME EFFECTS AND ACCELERATION
o ORBITER STAY TIME - LIMITED
o EVA - COST, SAFETY AND TRAINING TIME

THE EXPECTED EVOLUTION OF CONSTRUCTION REQUIREMENTS I1S:

DEPLOYABLES

DEPLOYABLES PLUS ASSEMBLY
FABRICATION - SORTIE
FABRICATION - SPACE-BASED
¢ FABRICATION - SOC

ADDITIONAL REQUIREMENTS FOR THE SOC MAY INITIATE THIS CAPABILITY EARLIER
THAN CONSTRUCTION REQUIREMENTS DICTATE.
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SOME INTERDISCIPLINARY TRADE-OFFS
IN THE DESIGN OF LARGE SPACE STRUCTURES

John Hedgepeth

Astro Research Corporation

EQUIVALENT LOADING PRESSURE VERSUS ORBITAL ALTITUDE

10-2 - T T ¥ T
- \ ATMOSPHERIC DRAG -
\ ny
-3k FIXED-SITE TRACKING |
10 : . m,r, kg/m 3
[ STATION N
N KEEPING _, ]
mac/e «10
EQUIVALENT L
LOADING 10-4 .
PRESSURE E 3
(N/m2) E ]
- SOLAR .
s PRESSURE
10 e cme — e— —
E GRAVITY
- GRADIENT
m r, kg/m
10-6 ‘lLEp'-l-l ISRl A A ) o | ll‘l (A;LBO
10t 109 10} 108

ORBITAL ALTITUDE (km)
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EQUIVALENT ANGULAR ACCELERATION VERSUS ORBITAL ALTITUDE

-4 ) .
107 T 117 T T 77777 T T T TTITE
-
»
. SOLAR MAX FIXED-SITE TRACKING
107° |-
- SOLARES
=
-6 e = 0.74 (MOLNIYA)
10 =
EQUIVALENT =
ANGULAR - GRAVITY
ACCELERATION B GRADIENT
(1/8ec?) -
1077 =
3 ORBITAL
= ECCENTRICITY
B EARTH'S
-8 OBLATENESS
10°°
=
C I
B ——I LEO |4- GEO ..I
10-2 Ll el (I ERE ] N | 1t
102 103 10? 10°

ORBITAL ALTITUDE (km)

DEFORMATIONS DUE TO LATERAL ACCELERATION

z 2
I‘\D\~|

-3 -3
l‘z s 6.1x10 I‘z = 25.0x10

2

Yrma 7 rz;?

n
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DEFORMATIONS DUE TO ATTITUDE CONTROL OF POOR QUALITY

Tg = 0.95x 1073 Pg = 2.1éx 1073

STIFFNESS REQUIREMENTS

l.. L 1 LEER R LI L ¥ lllll!' T 1 LB L™
- STATION xcsmﬁs. D=100m =
"rms’D = 10~ -
0.1 -
" ATTITUDE couIROL FORCES, N
STRUCTURAL - Ym0 = 1075 7
FREQUENCY, 8 FIXED-SITE TRACKING _
Hz GRAVITY GRADIENT
0.011- ' -
" CONTROL STRUCTURE INTERACTION .
- g = 0.0 -
| 08 = 10-6 rad .
_.I LEO |o— GEO
H | 1 o [N
0.00 1y sl 1 11 4119
100 1000 10,000 100,000

ORBITAL ALTI"UDE, km
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200-METER-DIAMETER DEPLOYABLE ANTENNA

CELL SIZE» 7T m

OEPTH = 7 m

STRUT DIAMETER » 40 mm

REFLECTOR MASS = 6500 kg

VIBRATION FREQUENCY (REFLECTOR ONLY) =1 H2

SURFACE ERROR > 4 mn

Fes4q00m

— D=210m-

ALLOWABLE MEMBER SLENDERNESS

i

- CASE
573.9 Horizontal testing. Gravity sag < kc/J
£ 173
2700 Vertical testing. Tension < 1/10 Eulér load
'.I; Z
1633 Fabrication. &c = 107
an Built-in loads < 1/10 Euler load, o = 1073
Dz
2.8 it Member vibration frequency > ) truss frequency, mp/m2 =2, ke
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PACKAGING
RAT IO

ot PG 1S
L7 0GR QUALIVY
LIBITATIONS ON PACKAGING RATIO

1600 " "T T T TTT] T 1

MEMBER VIBRATION FREQUENCY

TT T

A i1l

1

D/ @ 105, F/0 = W/t = 1

ELEMENT FABRICATION

VERTICAL TESTING

BJILT-IN LOADS

it il

1

GROUND TEST

10 i 1 11l 1 [T

10 30
STRUT LENGTH, m

ACCURACY CONTROL
ACTIVE VERSUS PASSIVE

e Passive accuracy control 1s attractive
and is used almost universally,

e Active control is used only primttively.
* possive control Is limited - and !imiting!
® Many projected missions need active controi.

& We need to understand how best to combine
active with possive control.
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ACTIVE CONTROL TASKS

* Sensing difficulty Is directly dependent on the field
of view ond Inversely dependent on the absolute
accuracy desired.

* Computation becomes more lengthy as the ratio of
lorgest to smallest quontity Increases.

® Actuators cre more complicated gs the stroke incregses
relative to the requlred movement gccuracy.

* Conclusion is thoz the éxpense of active ccntrol
is dependent on its bostc tosk of improving accuracy.

ASSUMED EXPENSE OF PRECISION

Structure:
Effort ~ Required Accuracy

Active Control:
Required Accuracy
Feundation Accuracy

Effort -

ACTIVE ACCURACY CONTROL

5

1 T 1 T T

CONTAS! COST = 100 FOR TENFOLD IMPROVEMENT
'l
0

RELATIVE
cosv
2 TENFOLD
10° = -an s a2 =
'IQ‘ - -
PASSIVE STRUCTURE
| ] 1 !

] 10! e 109 104 105

RELATIVE ACCURACY, 0/8

218

e



CONCILUSTONS

e We should not look ai active versus passive
control, We should determine how passive
accuracy can alleviate the active-control
task,

o Attitude and orbit-keeping control forces
will necessitate stiff structures,

e Sround-testing requirements moy dictate
pockage size.
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ACTIVE LARGE STRUCTURES

Kero SOOSAAR

LARGE SPACE StrucTures Div,
C.S. DraPer Lanonravony, Inc.

BASIC MESSAGE OF THIS PRESENTATION

AMBITIOUS MISSIONS LEAD TO LARGE SPACE STRUCTURES

FOR SENSORS = POINTING AND ALIGNMENT TIGHTEN WITH S12€
STRUCTURAL FLEXIBILITY AND DISTURBANCES INCREASE WITH SIZE
CONTROL BECOMES ONLY MEANS OF OBTAINING PERFORMANCE

CONTROL DANDWIDTHS OVERLAP: TECHNOLOGY AND INTEGRATIUN PROBLENS
MELD TO WORRY ABOUT DEPLOYMENT PROBLEM

THEORY, COMPOMENT TECHNOLOGY, IMTEGRATION TEC/MOLOGY NEEDED
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SCALING OF POINTING AND ALIGNMENT REGUIREMENTS

o CURRENT SPACE TELE..COPE AT 2,4M APERTURE
o REQUIREMENTS CHANGE IF APERTUP™ INCREASED TO 10M

o OTHER LARGER SYSTEMS ALSO CHANGE BUT SCALED BY
NAVELENGTH (A)

B SN B SR Y _-.-.;
[N AR FL PPV O A L

OF POL! QUALITY

ST = 104
L A = WAVELENGTH
I - .
. S
LINE
o e | ST 3% D = DiameTen of opTics
sIGHT ——— /

WHEN DIFFRACTION LIMITED PERFORMANCE I$ ACHIEVED
ANGULAR RESOLUTION = 1‘2%—‘

eLINE OF SIGHT sTABILITY £ 0.2 X (ng—’*) (STREHL RAT10-BASIS)

*MIRROR SURFACE ERRORS £ 4/50

© DEFOCUS TOLERAMCE s 102 (FOR DIFFRACTION-LINITED R=C SYST DESIGNED

AT 9-2.5, A e .ﬁu)
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PEREQRMANCE REQUIREMENTS: LABGE 0PTICS

Efk;euronnanc: CAITERION WASA - ST | vg;r
AEFERENCE WAVELENGTH Moe Gun A -7 v
REFLECTOR DIAMETER 2.5 10w
SURFACE QUALIYTY /50 A/50
ANGULAR RESOLUTION .3 x 1050 .075 x 10°Sar0
POINTING STABIL.TY .06 x 10°6ra0 .015 = 10"5aap
DEFOCUS TOLERANCE AWM 10un
OVER DISTANCE OF 10n LU

DIFFRACTION - LIMITED PERFORIANCE REQUIREMENTS

1073

10°4
nNS
SURP. 1078
ERRORS SURF. QUAL. = .02*
) 10 (INDEPENDENT OF SI12E)

10710

A " 1 " _
10°" 10°* 10°¢ 102 100 L

10 ¢ ’,,,/’ @1

TOLERANCE
-)
) 10
pEF. TOL o 102
1075 _
(INDEPENDENT OF s128)
10"’ A A 1 R s
L ]
10°° 107¢ 0”¢ 1073 10 AW

107 ? 1:%/
108 10-¢ 5 /,

STAB. - /’6’:/('///
tmoy 30 "’,,ff"' g s
DYt 1, IS« SN e
10°* 10°¢ 107" 10?2 10 A (M)
vistpLe -
--W——*CP— [ PO, ......,',4}‘_.“.“..‘_...‘_._‘4..'"“‘ -
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STRUCTURAL AND DYNAMIC EFFECTS

o WITH INCREASED SIZE NATURAL VIBRATION FREQUENCIES DECREASE

o VERY MANY VIBRATIONAL MODES IN DISTURJANCE AND CONTROL
BANDHGDTHS

o RESPOMSE INCREASES RAPIDLY WITH DECREASING FREQUENCY
o ACCURACY OF STRUCTURAL MODELLING TOOLS STRESSED

o DAMPING GENERALLY LOM IN PRECISION STRUCTURES (<0.5%)

CitGwA. F [RCEN"

OF POOR QU.“\L!T‘{

STRUCTURAL _ SCALING FACTORS.

a VvV or(-v) '(m, + My

b
J - 28 [ cpl !
7 % ﬁ— “ j (],

{ Material € bungs modulus
P  Porsson’s ratio
= h /J Density

ult) e L. sin (A26-8)

m - @) T @)

z"eé}n? k o 4%”

(<o)

a(t)

F(') 'fo-r""-n'
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FLEXIBLE STRUCTURE MODELING

SOLAR ARRAY
ST NODAL
SUPPORT MODULE LIGHT TUBE AND SUNSHIELD
0—0—0~ e e O—0
e STICK MODEL
P U TRUSS . ‘ SECONDAR( o 17 NODES
INSTRUMENTS

OETAIL REQUIRED FOR BASIC
STRUCTURE MODELING OF LARGE
OPTICS CONCEPY

o J-DIMENSIONAL MODEL

© 222 NODES

@ 71 MASSES

ORIGINAL ELEE (G
OF POOR QUALITY
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LSS VIBRATION MODES

TYPICAL MODE IDENTIFFICATIONS

MODE DESCRIPTION

? 87 kS SuiG.

(] -4 21 BuDG.

» -43 13 DG,

10 69 Il Sw06.

[ }] .20 2% tons.

12 1.0 19 (OnS.

13 2.48 Xl w06,

1] 3.2¢ x5 toas.

11 3.2% XS roas. moe 10
16 3.2 xS foas. suke /¢
[} 3.26 , 806 O/
T) 3.51 X1 mos. 21 DS, 826 O/P
1) 5.9 13 aaDs. 12 BK06.

] (WY 13 omoe. 22 mig.

il .16 Tl T "os 1P
n (N} il Bad6. wmos I/p
7 20 Xl mC6.

N “n 1l sab6.

» $.0% 12 wcs. 3996. TOMS. A0S O/P
n S. 14 X2 BadF. enps. toas.

» $.23 13 629%. AXIAL AXlAL et ovP
n W1 1l W6, 12 w06, esine o6 (/P
h () Kl 6.

» .13 1l mK. anfaL

n 7.89 22 moe. A2 . AN 1/p
n 1.9 Xl M9, 2 e mos /0
!‘| Qiu ALl mw i
\7e "M
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SPACE TELESCOPE
VIBRATION MODES

i it
.2 SOLAR PamEL

6.2 Lient Tune o
..o SUNSRADL FLER
15.0 PRIRARY/ROCK.
0.0 PRIRART/SHC.
n.0 1ouss

’45.0 PRICRT/BNEG.
55.0 o
CoNCLUS 100

UNLIRE SPACE TELESCOPE
L38 LowERr so0Es (3.26 12)
APPECT OFTICAL QUALITY




FORCE (N)

TORQUE (N}

DISTURBANCE ALSO SCALE WITd SIZE

e
o wpET O
ORI e B e t

o ENVIRONMENTAL -

o On-Boarp -

o MISSION-RELATED -

OF POUR QUAKITY

RADIATION PRESSURE ANT WIND
GRAVITY GRADICNT
ATHOSPRERIC DRAG

THERMAL

Ere.

CRYOCUOLERS

HicH-ENERGY LASER DEVICES
C(FG/REACTION WHEEL IFBALANCES
THRUSTERS

(3 {

RAP1D MANEUVERS TO RETARGET
SCANNING PROCEDURES

DISTURBANCE FACTORS
o
. SOLAR PRESSURE CRYOCOOLER IMBALANCE
0T P FORCES ( 1.4 kW @ 40 k)
GRAVITY / A
GRADIENT O
10’ TORQUES I o @ | __ cuciveaance
1 SUNSHADE MASS Kl‘ FORCES
0 [ smiFT TORQUES | meacrionwreeL
107 & soLan arRay =~ WIJALANCE FORCES
1 DIIVE AND | 1
, SLIP-RING NOISE | , .
wil \ | [ AEACTION WHEEL
g"—' BEARING NOISE
e
] o S o /
1o COOLANT
T COOLANT MASS TUREULENCE
1  .sweTFoORCES [ FORCES
‘VOJ T r - CED NP TN = -— el
o
P €. i
ik
‘o_s - CONT nOL —.{jown%. 1_. HLOLATION, TUNING, SUPPRESSION wmpe
t Al | e} L L | \ T
108 ? 102 10° 10? 10t
FREQUENCY (M)

OTHEF SIGNIFICANT DISTURBANCES:
SUNSHADE THIACK MISALIGNMENT
SUMSHADE DRIVE BEAMNG 1DISE
SHUTTER ACTIVATICN
MOMENTUN DUNPING THRUSTERS
STATIONKEEPING THRUSTEPS
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°F
P L]
i I L4 [ ..o
os | I TP
ERROR  yrl . s . M :;.
fenet 1 T toee
T : . L ] . [ ] :
= | A 3
”.’n=.o-—-ﬁ-—-- -—=--A’--t:’.‘=. ‘a“ m.’& A"-.‘
; o ' . [ . L 4 ."‘ ...o
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FREQUENCY (#12)

TYPES OF CONTROL IN LARGE SATELLITES

o THERMAL ~ SYSTEM NEEDS TO BE KEPT AT
o UNIFORM TEMPERATURE
» BELOW (OR AROVE) SPECIFIC TEMPERATURE

o F1GURE/SURFACE CONTROL - DEFORMATIONS KEPT BELOW REQUIRED LEVEL
o DISTRIBUTED MULTI-DEGREE OF FREEDOM CONTROL

o SCALE OF CONTROL USUALLY ONLY PEKMITS QUASI=STATIC
CORRECTIONS

« STRUCTURAL CONTROL = SUPPRESSION OF VIBRATIONAL RESPONSE THROUGH
CONTROL MEANS:

o DISTRIBUTED DYNAMIC MULTI-DEGREE OF FREEDOM CONVAOL
o VERY PRECISE BUT RELATIVE ALIGNMENT GENERALLY

o ATTITUDE CONTROL - MAINTENANCE OF SATELLITE POINYING DIRECTION
o PRESENCE OF FLIXIDILITY IN CONTRCL BANDWIDTH
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ORIGINAL FACT 13

OF POOR QUALITY
FIGURE/SURFACE CONTROL

o DISTRIBUTED PARANETER
CONTROL FLEXIBLY COUPLED

I o TECHMNOLOGY DEVELCPED I
wRoN roung €arLY 1970's rox statiC
Shn scuion CORRECTION = NASA/DOD

o Hien-prupwiDTH OPTICS
DEVELOPED IN LASER PROGRANS

o Cornecrion For miRioOR
DYNAMICS LARGELY UNEXPLORED

o WIDE-FIELD DYNAMIC SENSORS
STILL IMMATURE

PO

SECONDARY MIRROR ASSEMBLY

ACTUATUA CONFQUAATIONS

TVYP 30 MIRROA SLCanaTS
M:AR08 figuae
CONTIO ACTUATOD TVP

Mivewcg

AN POL TION ACTUATOR TV
e v1iw0-§

SN

2

SICONDARY I AROA Ba?
WAT ~gTavLLY M9

LA IFT LY

Anlun, TIVER ASISUR V. TV

WETIRSS MIRUCTYRG asvont
" oAt o
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VIBRATION CONTROL OF STRUCTURES

o RIGID-0DY EFFECTS SMALL COMPARED TO FLEXISLE JITTER
o FLEXISLE JITTER INCLUDES BOTH APPENDAGES AND PAYLOAD
o ACOSS (Active ConvroL OF Space STRucTuRes) -~ DARPA PROGRAN,

o TO AUGMENT INHERENT STRUCTHUAL DAMPING THROUGH CONTROL MEANS
o To 0BTAIN 5 1O 25% OF CRITICAL DAMPING
o APPROACHES

o VISCOELASTIC ST UCTURAL MATERIAL

o PASSIVE AND ACTIVE SOURCE ISOLATION
o DISTRIBUTED PASSIVE DAMPERS

o HODAL DAMPING - PASSIVE AND ACTIVE
« MODERN CONTROL APPROACHES

o DISTRIBUTED OUTPUT FEEDBACK
« FODERN MODAL €ONTROL
o ADAPTIVE CONTROLLERS

- PR [
e Y ) [ s

) ‘: . 2!
CRIGINGYL. 70w

OF POGR QUALITY

VIBRATION CONTROL OF STRUCTURES: CURRENT APPROACHES

o Consvant Gaiw = Quveut Feepeack

o SIMPLEST CoNTROL APPROACH

o ELIMINATES ON-LINE STATE ESTIMATORS
« MODEL ERROR SENSITIVITY LOW

o STABILITY THEOREMS AVAILABLE FOR VELOCITY QUTPUY FEEDBACK
« Fimyve-Dimensionat ComPENSATORS
« MODERN MODAL CONTROL

« REQUIRE ON-LINE ESTIMATORS

« CONTROL AND OBSERVATION SPILLOVER CAN CAUSE INSTARILITIES
o THEORY FOR CONTROLLING FINITE DIMENSIONAL SYSTENS IMMATURE
« ADAPTIVE CONTROLLERS

o ON-LINE OR OFF-LINE SYSTEM IDENTIFICATION REQUIRED
« TIFE-CEPENDENT CONTROL GAINS
» THEORY IMMATURE
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VIBRATION CONTROL OF STRUCTURES: PRIMARY IMPLEMENTATION ISSUES

LOCATION OF DISCRETE DAMPERS

oFINITE DIMENSIONAL CONYROLLER
#INSTABILITIES ARISING FROM TRUNCAYED OR UNMODTLLED MODES
oSENSITIVITY TO PARAMETER VARIATIONS

oCONTROLLER INTERACYiONS
+ATTITUDE/VIBRATION/FIGURE CONTROL
«EXTERNAL/ON-BOARD DISTURBANCES

*$SENSOR-ACTUATOR REQUIREMENTS
*SUBMICRON RESOLUTION, MIGH DANCWILTH
«SENSOR/ACTUATOR DYNAMICS

oSYSTEN IDENTIFICATION
oFREQUENCIES AND MODESHAPES, TRANSFER FUNCTION

oDINECT DIGITAL DCSIGN
¢SENSOR-ACTUATOR PLACEMENT
oFAULT TOLERANT, RELIABLE FLIGHT MARDWARE

ORICT™EL v o0 7L
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Camae L owtaim

e et Y ATTITUDE/ZSTRUCTURE CONTROL SYSTEM
oF FOOE QLnkily
g:gggﬁzlgﬁ g:vgcmow METERING
ERENCI 3 STRUCTURE  |___ PTICA
RPS [~ G ™1 Taieon T TA
_r-—-—- g HOUNTS u__..;‘;j.m
" J " NEATI M'P fé “&‘“nm~4c..,:m = DAMP NG 1
STAR | REFERENCE ' | S
TRACKERS rfﬁ‘iélgym_. E
Al A T .
REA ‘ e CTUATORS |
N : SYSTEM 1
: T |
ATTITUDE —
coNTROL 0,-0 STRUCTURAL |
SYSTeM Kk 0_uby 3| conroL 3
' A SYSTEN |
4 CONNECTIONS : ATTITUDES: BANDITIDTHS :
——== INFORMATION FLOW  ©) = DESIRED L) 10 Wz ;
4 eeeecee OPTICAL Oy ™ NAVIGATION BRSE atrituoe  0.01 Hz |
~ “FYE- FLEXURAL 0, ® METERING STRUCTURE conTRoL
R R MS At TRIPOD KOUNTS STRUCTURE Sz
= YX7 STIFF STRUCTURE CONTROL
N
D
)
o
B!
R
5 ,
B UNPRECEDENTED INTERACTION BETWEEN CONTROLLERS |
2
i ¢ SENSOR PERFORMANCE UNOBYAINABLE WITHOUT CONTROL
5 @ INTERACTION BETWEEN VARIOUS CONTROL SYSTEMS:
"\ @ THERMAL - FIGURE - VIBRATION = ATTITUDE
)
‘1
’ SYSTEMS PERFORMAMCE NOT MEASULRABLE FROM SUBSYSTEM ANALYSIS

(

SRS S
L J

@ SYSTEM-LEVEL SIMULATION NECESSARY
o ILS‘; = INTEGRATED LARGE SPACE SENSOR SIMULATIGN
® HAS DEEM USEFUL IN SORTING QUT SOME PROBLEMS

® FROVIDES GUIDANCE FOR FUTURE SYSTEMS INTEGRATION PRODLEMS
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DEPLOYFENT DYNANICS, CONTROL AND SIMULATION

@ DIFFICULT MULTI-BUDY FROBLEM DYMAMICALLY

® MODELLING OF DEPLOYMENT

@ LARGE DISPLACEMENT STRUCTURAL BEHAVIOR

@ STABILITY OF MAJOR CONCERN

@ DEPLOYMENT (UN-PACKAGING) WILL BE PART OF MANY LSS SYSTEMS

® HISTORICALLY ONE OF MOST TROUBLESOME AREAS OF 'SATELLITE DESIGN

e °DISCOS® NEEDS 10 BE EXTENDED/SUPPLEMENIED

® DEVELOPHENT OF HINGES,

LATCHES AND FECHANISMS OF GREAT RELIASILITY

@ POSSIBLE PLIGHT CONTROLLER IMPLEMENTATION
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TECHNOLOGY DEVELOPHENT NEEDS, 1 QLG AL PRSS

AL WD

OF PSR CHALITY

STRUCTURES

o IMPROVED AccuRACY OF EIGENVALUE ANALYZERS AT MIGHER MODES

« IMPROVED CHARACTERIZATION OF MATERIAL PROPERTIES ESPECIALLY DAMPING

« Desten mETHOROLOGY TO MINIMIZE &TRUCTURAL RESPONSE (OPTIMIZATION)

« Desion METHODOLOGY TO APPLY DAMPING TO SPECIFIED MODES

o DAMPING METHODOLOGY FOR MiGHLY DAHFED STRUCTURES WITH RCAL MATERIALS
o DEVELOPMENT OF STRUCTURAL SYSTEM IDENTIFICATION TOOLS OF MIGH ORDER

Disrorpances

o IMPROVED CHARACTERIZATION OF NATULAL DISTURDANCES

o IDENTIFICATION OF ON-BOARD SOURCES AND THEIR REDUCTION AT SOURCE

TECHNOLOGY LEVELOPMENT NEEDS: 1l

o Dynamics: RiGip anp FLEXIBLE

o IMPROVEMENT OF MoDELLING APPROACHES #OR MULTIPLE RIGID BODIES

o DeveLorMenT oF CONSISTENT APPRCACHES FOR MULTIPLE RIGID/ELEX mODIES

« IMPROVEMENT oF MCSELLING NON-LINEAR DYNAMICS AND STRUCTURES

o Consistent AnD RELIABLE. TRUNCATION APPROACHES FOR LARGE ORDER SYSTEMS
o CoNTROL DESIGN AND VERIFICATION

o FLIGHT CODE IMPLEMENTATION

« VERIFICATION METHODOLOGY

« IF, STRUCTURES AN BE TESTED In 16 - NEED NEW GENERATION OF FACILITIES

o IF nOT: Musy DEVELGP HIGH-FIDELITY SIMULATION TOOLS
o COUPLED STRUCTURES, DYNAMICS AND CONTROL
( « ConTROL TO INCLUDE FiGURE. VIZRATiuN AND ATTITUDE SYSTEMS
B o SIMULATIONS MUST INTERFACE WITH OPTICS OR RADAR CODES
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TECHNOLOGY DEVELOPMENT NEEDS: 111

o UnFurLIng anp Deprovmeny - Dynamics anp ConTROL
o RELIABLE DYNAMIC MODELLING TGOLS TO PREDICT DEPLOYMENT PROCESSES
o VEVELCOMENT OF CONTROL APPROACHES SUITABLE FOR DEPLOYMENT/SPACE CONSTRLCTION
o DEVELOPMENT OF NINGES, LAYCHES AND MECHANISMS WITH MIGH RELIABILITY
o DESILIE OF SYSTEMS FOR GRACEFUL DEGRADATION (UNMANNED ALTITUDES)
o FLIGHT CONTROLLER IMPLEMENTATION

o StRucturaL Control TeCHNOLOGY
N DESIGN MITHODOLOGY INSENSITIVE TO TRUNCATION AMD PARAMETER VARIATIONS
o INTERACTION WITH ATTITUDE AND FIGURE CONTRILLERS

o SUBMICRON, MACRORADIAN HIGH BANLAIDTH SENSORS AND ACTUATORS THAT MAY
DISTRIBUTED

o DEVELOP/ENT OF SYSTEM IDENTIFICATION MCTHODOLOGIES
o DIRECY DIGITAL DESIGN AND SENSCR=ACTUATOR PLACEMENT
o FAULT TOLERANT FLIGHT HARDWARE

o FLIGHT CCHPUTER IMPLEMENTATION

TECHNOLOGY DEVELOPHENT NEEDS: IV

¢ Arrivvne ControL

o Improvep DynanIC MODELS WITH HIGH ORDER APPENDASE AND PAYLOAD FLEXIBILITY
@ REFERENCE SYSTEM TECHNOLOGY

o Low prRiFY
® LOW SCALE FACTOR ERROR
o Low JITTER

6 WiTh LARGE FLEXIBLE PAYLOADS

@ COORDINATE TRANSFER BETWEEN SENSORS AND PAYLOAD AXES CRITICAL *4ITH FLEXIBILITY
CNG’s anD Rid’S musT MAVE MIGH CONTROL AUTHORITY BUT LOM NOISE

DIsTRIBUTED SENZING/ACTUATION MUST BE CONSIDERED

CONTROLLED JET PROFILES ARE DESIRABLE

Minitum SETTLING TIME APPROACHES FOR AEVARCETING = PROPILED/CONTROLLED SLEW
PALLT TCLEAAST FLIGHT HARDWARE

FLICHT CONPUTER 11iPLEMENTATION
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THRUSTER CONTROL FOR LSS ATTITUDE MAHEUVERS POOR CuaLITY

® NIGH TORQUE REQUIREMENTS - EXCEEDS EXISTING CMG'S AND RW'S
@ LARGER CMG'S MAVE LARGER NOISE PROBLEMS
® MANY DISTRIBUTED SMALL CMG’S ~ WEIGHT PENALTY
® THRUSTERS MAY BE MOST ADVANTAGEOUS
® LINITED NUMBER OF MANEUVERS IN SYSTEM OFERATIONAL LIFETIME
@ PROBLEMS WITH THRUSTERS
@ DISCONTINUTIES IN CONTROL PROFILES - EXCITATION
® EXPENDABLE FUELS ALTER PLANT DESCRIPTION
O SOME RN/CMG ASSIST AT END OF MANUEVER STILL DESIRABLE
@ WORK BY PROF. VAN DER WELDE OF MIT DIRECTLY APPLICABLE

@ NEEDS REFINEMENT AND EXPERIMENTAL VERIFICATION

TECHNOLOGY DEVELOPMENT NEEDS: V

PACE TRANSPORTATION SYSTEM ISSUES

o FLEXIBLE ATTACHED SATELLITE EFFECTS ON SHUTTLE AUTOPILOT:
STABILITY, FUEL CONSUMPTION

o SHUTTLE EFFECTS ON FLEXIBLE PAYLOAD: OVSRSTRESS WHEN JETS COME ON
o TRANSPORT TO MIGHER ORBITS

o UNFURLED CONFIGURATION: LOW "G" TOLERANCE, SLOW THROUGH
Van ALLENS

o STOWED CONFIGURATION: UNMANNED DEPLOVMENT AY HIGH ORBITS :

o TECHNOLOGY VERIFICATION IN SPACE W

o PROBABLY MOST IMPORTANT SINCE THE PERFORMANCE MANY SYSTEMS ARE %
NOT VERIFIABLE IN THE PRESENCE OF GRAVITY AND ATMPOSPHERE t
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ORIGH:N. B ::,
SUPARY OF POOR QUALI y

o OPPOATUNITIES wiTH STS LEAD TO LARGE PAVLOADS

o GEOMETRICAL TOLERANCES TIGHTEN WITH INCREASED 812€

o FLEXIBILITY INCREASES WITH SIZE

o DISTURBANCES INCREASE WiTH SIZE

o OPEN-LOOP PERFORMANCE GREATLY INADEQUATE

o CONTROL WECESSARY TO ACHIEVE AND MAINTAIN PERFORMANCE

o NEW CONTROL THEORIES, SENSORS, ACTUATORS MUST BE DEVELOPED

o UNPRECEDENTED INTERACTION BETWEEN VARIOUS CONTROLLERS

o MUCH WORK NECESSARY IN UNDERSTANDING INTEGRATION ISSUES
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QRGINAL PACT 1S
OF PQOR QUALITY

Power 5ystems Integration

L. W, Brantley

National Aeronautics and Space Administration
George C. Marshall Space Flight Center
Marshall Space Flight Center, AL 35812

POWER SYSTEM INTERACTIONS

ATTITUIE CONTROL/DYNAMICS

ENERGY STORAGE/HEAT REJECTION

SHADHING

SOLAR ARRAY REDUCTION OF THERMAL RADIATCR VIEW FACTOR
VOLYAGE/POKER LEVELS VS, DISTRIBUTION DISTANCES
RASH INTERACTIONS

LAUNCH PACKAGING CONSTRAINTS/ON-ORBIT DEPLOYMENT
MAINTBUNCE, LOWEST REPLACEABLE WNIT SIZEAEIGHT

RCS ALUE IMPINGEMENT

o &6 © ©6 6 6 © 6 ©

b EITINANGES Sa e e s g e
t Dty 0 S RAL R eesd FiLK D)

239

L e . A a—



MAN'S
PRESENCE
IN

SPALS

o Problem

TECHNOLOGY ISSUES
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LARGE FLEXIBLE BODY CONTROL
SOLAR ARRAY IS A TYPICAL EXAMPLE

In past with more rigid body vehicles (Saturn, Skylab, HEAO) control frequencjes were much
lower than vehicle vibrational frequencies; 1.e., (fes fos Fraeeoefy) where foo fo

for current program 1ike Space Telescope (ST), vehicle vibrational frequencies are spaced with
a sufficient control band gap between the fundamental frequency and the higher order modes
(fo» feo Ty «ooo fp) where fo<< fe--"

For future large flexible space structures the overall vehicle configuration will vary {during
construction and buildup) and will have low modal fundamentals (0.1 Hz and lower) and densely
paclﬁd nigher modes; 1.e. (Fgy fas 2 coee Fio Fleaq-oees fq) where fy = f <4 " A v s
small.

0 Solution

Find a satisfactory way to imbed the control frequency within nested modes; f.e. (foo fie oooe
ees ¥n) with on-orbit abi1ity to vary position of fo as configuration and

£, f_, f
v‘brafzonl1‘modes"are shifted,

0 Approaches to Solution

r.velop control theories, ground verify to extent practical, demonstrate in space

Disturbance isolation control (DIC) theory - MSFC {n-house

Multi-lovel control (one of several multi-variable or multiple-loop control techniques) -
Bendix

Other
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veLoeing MopeLing Toous For FLEXIBLE RoDIES
l(’fkwwm.:m?énsm Sgimt‘r Dvamics Awaysts Procram)

PNy
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Vo

FIND VIBRATIONAL CARACTERISTICS OF By

Finp VIBRATION CHARACTERISTICS OF T

THIS MODELING TOOL ALLOWS FOR CONNECTING OF By aD By IN SUCH A WAY TO ASCERTAIN VIBRATIONAL CHARACTERISTICS
T; TOTAL CONFIGURATION, 1T ALLOWS LARGE MOTI AT CTIONS POINTS,

! SO PROVIDE LINK FOR CONTROL MARGIN,
1S co;l:ts:?l\gm EFFICIENT RELATIVE TO AMOUNT OF VIBRATIONAL TWTA NECESSARY TO OBTAIN TOTAL STRUCTURAL

CONTROL TECHNIQUE VERIFICATION

OBJECTIVE: TO DESIGN AND COST A GROUND TEST FACILITY AND AN EXPERIMENT THAT COULD VERIFY CONTROL SYSTEM
CONCEPTS THAT ARE BEING CONSIDERED FOR FUTURE LARGE SPACE STRUCTURE APPLICATIONS. THE
EXPERIMENT SHOULD HAVE SUFFICIENT FIDELITY TO REASONABLY ENSURE SUCCESSFUL ON-ORBIT
OPERATION.

Sansers on This Mass

Ar Seiring Pad
Inertis

Resction Wheels, Yhrusters, and
Sensors on ThLs Hess Bledent - Torquera, Sensers
’ and
‘ (‘ Actuators

From
Soem Butider

! Rotation

N\ r 4

)~
_-rmllnlou

Alr Desring Pad

Reaction Wheoln and

Sensors on Thie Mase
Slensns

OUTLOOK: CONTROL SYNFHESIS TOULS MAVE BEEN DEVELOPED TO CONTROL THE TOTAL CONFIGURATION IN THE FIGURE

FROM EITHER BODY By OR ROWY B% OR FROM BOTH Bi AND By. USING A RECENTLY DEVELOPED DI1STURB-
t

ANCE 1SOLATION CONTROL (01C) THEORY, ONE CAN SOLATE BODY By FROM THE DISTURBANCES AND THE
DYNAMICS OF BOTH By AND B8, BY AN APPROPRIATE TORQUE COMMAND AT PUOINT P}. A PROCUREMENT ACTION
1S CURRENTLY UNDERWAY TO 6\’. Tl

RIEY THE CONTROL SYNTHESIS TOOLS AND THE DI {EORY, THE CONTRACT
SHOULD START BEFORE THE END OF FY-81.
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2ND SEP SOLAR ARRAY FLIGHT EXPERIMENT
FLEXIBLE STRUCTURE DISTURBANCE ISOLATION CONTROL TEST

S T A A

OF POOR QiMLl’i’Y
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Nh Ny i o;
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|y ll‘ o

S~

&
| o
PLATFORM &l oL
2m 28

PARTIAL DEPLOYMENT &
o=
A Y
S (P>
. FULL oem.ovmsm'
IN ORB
FULL ARRAY WING EXTENSION
K 12,6 KW
K g 190 KG (418 L.8)
\\
Nig
BENDIX MODULAR CONTROL
MULTILEVIL CONTROL
(ontroLLER 1 CovtroLLER 2 (om(um N

Lt

\ MasTer (ONTROLLER t///

b s i s ——

SPACECRAFT CONFIGURATION 1S COMPOSED OF MANY LODSELY COURLED PODIES, OVERALL CONTROL SYSTEM

IS DIVIDED INTO A MIERARQHY (F GOAL-SFEKING SIBSYSTEMS OR DECISION PRODLEMS,

242




BATTERY DOMIAATES LIFE-CYCLE WEIGHT

1727 kL8

900 j=-
260 KW EPS SVP/EM
m -
ORIGINAL PAGE 1S
OF POOR QUALITY
200 }-
ON-ORBIT
EPSWEIGHT- 150 |-
KILU POUNDS
100 |-- NICKEL~ MYOROGEN BATTERIES
(20,400 - 107 600 LB)
789
0 """ THERMAL (11,160 - 22,165 L8)
‘ } WP {10,000 L8
SOLAR ARRAY (33,700 LB)
o 1 1 1 A 1
0 3 10 T3 20 % 0
SATELLITE OPERATIONAL LIFE ~ YEARS
BATTERIES DOMINATE LIFE-CYCLE COST
300
250 KW EPS SYSTEM
1880 COLLARS
i
50 0 It
200} /
ON-ORBIT )
EPSCOST - 160 |- :g::n' 1::?&?0“ BATYERIES

THERMAL (18,7 - 49.5 M$)
5 AMPS (11 M$)
SOLAR ARRAY (60.7 M$)
1 | | L 1 ,_J
0 § 10 1 20 ) 0

SATELLITE OPERATIONAL LIFE -- YEARS
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LAUNCH COST KEEPS Ni-Cd COST HIGH

CRAITATY Dol v
OF POOR QUALITY
0}~  100ANCELL
)
000 CELLS
30,000 POUNDS
| 30BATIERIES
. 22,6 M8 TOTAL
T TESTS
ON-ORBIT 24 M8 :
osrar B / FHAMES
i Y
oM 200 AHr CELL
M8 (1980) 24 WHr/#
8} 1500 CELLS
16 DATTERIES.
ceLLS 10.1 MS TOTA..
w0} -—08MS$
) mrvrT ~—03M$
13IMe___|
. LAUNCH (462 8/#)
[.X'] ]
°
WITH
YODAY ————p TECHNGLOGY -5 TOMORROW
INVESTMENT
40 - 50% DOD MINIMIZES BATTERY COST WITH 0°C TEMPERATURE
1200
250 kW PAYLOAD POWER
100 A hr Ni-Cd CELLS
40°C  $3200/CELL MFG COST
N $462/NO. LAUNCH COST
1000 |- FAILURES REPLACED AT NEXT
AVAILABLE RESUPPLY MISSION
30-YEAR COSTS
m -
30°¢
Ni-Cd
BATTERY
COST — M8 (1900} oo |- 20g
d
]
}
400 /°°°
7/
200
INITIAL BATTERY COMPLEMENT €OST
e A, A 1 ry Ve ¥
060 20 20 & 6 60 70 s 8 100

DEPTH OF DISCHARGE — PERCENT
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Speeific mass Mer (kg/id)

VARIAYION OF RADIATOR SPECIFIC MASS WITH INLET TEWPERATURE ORISR (.., |
OF FOOR QUALIT

2 _ ‘
10 ﬁ"' \V? L § ] T T Y -
o \ -l
8 \ ® FLOWN - y
] & Development N }
. \ /Suumt FLUIC LOOP pmed o |
\z £ a——VOught deployadle & Advanced studies j
i A Grumnan hybrid O Prelininary studies 1
N tierues (cvS) AT pive |
' L \ Power module }
‘0 . \ -: {
p= \ 4 ‘ - I
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LIQUID METAL DROPLET CENERATOR

VIRRATOR
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DROPLET COLLECTOR
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LONG TERM TECHNOLOGY GOALS

e LOWER MANUFACTURING COST OF ENERGY STORAGE
@ LIGHTER ENERGY STORAGE

e LONGER LIFE ENERGY STORAGE

® LOW COST SOLAR ARRAY

@ LOW COST POWER PROCESSING FOR PAYLOADS

@ LONGER LIFE COOLANT PUMPS

@ LIGHTWEIGHT, LOW-COST RADIATOR

o LARGER CAPACITY BATTERY CELLS

[P S P . Y
b Pand Yl TY
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ORIGINAL e o
OF POUR QUALITY ,_
HOT SPOT ANALYS1S

NATURR OF PRORLEM: LARGR HRVERSE VOKTAGE BIAS AND PONER DISSIPATION IN
ONR OR MORE SOLAR CELIS ON AN RLRCTRICAL MOOULX,

CAUSKS © BHADOWED CELIS

-

O BROKEN CELLA

0 CBELL MISNATCH

ATFECTS

e
o

CELL SHORTING REDUCING POWER IN A GIVEN CELL
SUBMODULE

© CELL SOLDER MELT CAUSING AN OPEN CIRCUIY IN A
GIVEN CELL SUB MODULE
80LUTXO!0 VARY SOLAR ARRAY CIRCUIT CONFIOUNATION (NOT SUY-
PICIENT IN ALL CASES)

.
[

© INCORPORATE CURRENT BYPASH DIODES 2ii SOLAR
ARRAY DESIGN

COMPLETED TASKS

+ DEVELOPED TEST CIRCUIT PROCEDURES, AND SOFTWARE FOR REVERSE
BIAS TESTING OF SOLAR CELLS.

+ SUBJECTED TEST SAMPLES TO;NUMEROUS REVERSE-FORWARD BIASED CYCAES,

+ DERIVED DIODE CHARACTERISTICS FOR REVERSE BIASED CELLS FROM FORWARD-
REVERSE 1~V CURVES FOR THREE TEMPERATURE CASES,

+ CONSIDERED EFFECTS OF THE REVERSE I-V CURVE DUE TO THE CELL BEING SOX
SHADOWED UNDER ILLUMINATION.

o ATTEMPTED CONTROLLED DEGRADATION OF THME REVERSE BIASED REGION,

+ CONDUCTED ULVIMATE DESTRUCTIVE TESTING OF REVERSE B!AS CELLS TO
DETERMINE FAILURE MODES, EXTENT NE NMAMACT, Aid riax POWER DISSIPATION

+ DATA SUPPORTED THE ANALYSIE OF HOT SPOT EFFECTS DUE TO SHADOMING
OF THE ARRAY,
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POWER DISSIPATION 2X4's

—SINGLE PANCL ANALYSIS RESULTS

NO, CELLS

SHABED PER CROSS 1PONER

SYRING. __ .  STRAPPING LOSS HA?T.S
] NONE a7.4 66,4
1 NONE 78,3 19,2
13 NONE Mm,3 .2
23 NONE 93.9 3.1
33 NONE 97.4 1.2
3 o MNONE .. 874 .7
3 11, 36,1 21.9
1 11 8.8 3.3
13 11 78.8 3.0
23 11 94,1 .4
34 11 97,9 .1
43 11
Y 22 35,4 18.6
1 22 77.2 3.1
13 22 77.2 3.1
23 22 92.9 .4
33 22 96.5 .1
43 22 98,2 .1

BY=-PASS DIODE CONFIGURATION

SOLAR ARRAY PROTECTION OPTIMIZATION

2 X 4 CELL EXAMPLB -

CROSS STRAPPING

DIODES

16 = 32

8- 16
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CONCLUSION FOR S/A CELL SHADOWING € ,

ALL, PANFLS WITH MORE THAN % cRLLS/STHING SHADOWED ARE EFFECTIVELY TURNED
OFF, N0 HEAY/POMER DISSIPATION RESULTS.

ALL PANELS WITH 24 CELLS SUAUOWED OR LESS RESULTS IN HI1GH POMER DaSIPATIGH
MODES, THE BEST CROSS-STRAPPING CONFIGURATION CAN MINIMIZE THESE POMERS
FOR ONLY SPEGIALIZED CASES,

BY PALS DIODES USED YO PROTECY AGAINST HIGH POMER DISSTIPATION ALSO MAXINIZER
POMEA AVAILABILITY AND S0LAR ARRAY RELIABILITY,

1
!
S

ki
3

TRANSMISSION C0STS LOW ABOVE 100 VOLTS
"
{
) ®
A}
' 260 KW TRANSMISSION l
A 300 £T LENGTH
o - OPTIMUM COST CONDUCTOR AREA
; COPPER BUS BARS:
. 135 $/LB MFG COST
A 462 $/LB LAUNCH COST
N
-5 ” L.
Y
)
! 26 - ‘
‘5\ ON-ORBIT ]
; TRANSMISSION '
: CONDUCTOR 20}
; COSTS = \
! S (1980) \
\ 11 S
/ \ 2WIRE
- \ PLUS LOSSES
w0} \ 220420
\
o A H
- s} wth Sy L
N STRUCTURE =~ |
: RETUAN il T S
N 0 P W i N
\ 0 26 60 100 200 300 400
9 TRANSMISSION VOLTAGE - VOLTS
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STO STUNY
INITIAL.  CONCEPT

4

STO STUDY
INITIAL CONCEPT WITH
WISP AHTENNA DEPLOYED

%

S e i e e
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SUAFACE VOLTAGE - VOLTS

OF PQOR ;‘”‘\; FLECTROMAGNETIC COMPATIBILITY
' FOR POWER SYSTEM PLATFORM (PSF)

® TYPICAL SCIENCE PLATFOAM CHARACTERISTICS

© SEPS TECHNOLOGY SOLAR ARKAY

@ 12 KW FOR PAYLOADS

@235 N, M1, 679 INCLINATION

® EXPERIMENTS MOUNTED ON PALLETS

#PALLETS CHANGD OUT AT 6 MONTH INTERVALS

© BASELINE EMC S. ECIFICATIONS

® TAILORED MIL-STD-4R18
® MiL—~B-60e7

® SCIENCE AEQUIREMENTS OUTSIDE OF ABOVE SPECIFICA TIONS

® ELECTROSTATIC DISCHARGE (ESD) CONTROL

© E~FIELD EMISSIONS FROM 300 METER DIPOLE ABOVE 300 V/IM !
© LOW FREQUERNCY SUSCEPTIBILITY TO 1 HZ (300 HZ RCVR) ‘
@ HIGH FREQUENCY SPECIFICATIONS TO 100 gHZ 1
& H-FIELDS FIOM SUPERMAG OF 40 GAUSS AT 10 FT

VOLTAGE BUILDUP FROM ELECTRON EMITTING PSP

BASIS

SPACECRAFT MUST ATTRACT CURRENT FROM
BACKGROUND PLASMA EQUAL TO THE CURRENT
5 BEING EMITTED

TRADITIONAL ANALYSIS

MORE CURRENT EMITTED THAN CAN BE
COLLECTEY

L «» SPACECRAFY VOLTAGE SUILDUP

LATER OBSERVATIONS
PLASMA RETURN CURRENT MUCH GREATER
THAN EXPECTED
-~ GLOW DISCHARGE ?
~ CURRENT ENHANCEMENY ALONG BEAM PATHY

DESIGN IMPLILATIONS

+ {$7% OF PSP SURFACES ARE DIELECTRICS)

THIN CONDUCTIVE SURFACE COATINGS AND
HIGH VOLTAGE SPECIFICATIONS

80% CONDUCTIVE pSp ~1170 59y

[
R () THICKER COATINGS AND MOOENATE VOLTAGE
00 SPECIFICATION

ACCELERATOR CURRENT ~ AMPS
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NEW EMC CONS IDERATIONS FOR PSP

B
i Gl 4TY
LOW PREQUENCY LIMITS
WISP EMISSIONS:
1

£
[ EQUIPMENT SUSCEPTIRILITY
a LEVEL TEST PER MIL=-4810 (RS0)
g "
>

] — — .

1H2 1mHl Nz

140 §
wise
ACVR SUSCEPTIBILITY
104 4
2 094 S — to——
ﬁ N/
L3
. ) \
ALLOWABLE EMISSIONS
«20 4 PER MIL-STD-4618 (REQD)
thz 1hHZ 1mHZ 1§12

HIGH FAEQUENCY LIMITS

1 ALLOWABLE EMISSIONS
PER MIL-5T0-4018 (REOD)

" \/ SAR
oyvos
20 vie \Msu

wHE 0 Mz 4z

a3 puVIniaN2
H

WISP:  WAVES IN SPACE PLASMA

VLBI:  VERY LONG BASELINE INTERFEROMETRY
AMSU: ADVANCED MICROWAVE SOUNDING UINT
SAR:  SYNTHETIC APERTURE RADAR

OWDS: OCEAN WAVE OIRECYIONAL SPECTROMETER

SUPER MAG FIELD PROPAGATION

I T S .

et
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ELECTROMAGNETIC COMPAVIBILITY
FOR POWER SYSTEM PLATFORM

0 Spacecraft £SD Design Considerations

Conductive coatings for solar array backside, thermal blankeis, mirrors, antenies
Protective devices for ESD

Anaiytical tools nceded to select which surfaces require ESD measures

Grounding, nterconnection techniques

0 Spacecraft EMI Design Considerations

ESD characterizaticn and specification

Low frequency near field emission analysis and test

Common sync frequency for power converters

Reduced power source ripple and reduced allowable conducted black box emissfons

Eliminate exposed current carrying conductors, e.g, , solar cel) solder contacts
Increased cquipment and cable shielding

Impact of Supermag is T80

Review magnetic field specifications (emissfons and susceptibility)

0 Technology Reguirements

- ed

Specifications: working group?
Analysis and ground test
Hardware: materfals, protective coatings, interconnect methods
Flight tests:
a) Spacelab investigations with SEPAC and PICPAB
b) Solar array demonstration flight

- Plasma interactions

#
o

= Charging from accelerators
= Thruster interactions
- Electrical discharges at high voltage

- Field measurements to guide specification preparation
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SCIENCE AND APPLICATIONS MANNED SPACE PLATFORM

12.6 KW POWER SYSTEM

@ ELECTRICAL POWER

® WIDE-BAND COMMUNICATIONS
@ ALTITUOE CONTROL,

@ HEAY AEJECTION

@ ONBIT/STATION KEEPING

® RERTHING

NO NECESSARY MODS 1DENTIFIED

PRESSURIZED ADAPTCR

@ NEW iTEM

R4

EVA AIRLOCK AND SUBSYSTEMS

@ EXISTING FROM ORBITER PROGRAM

EXISTING SPACELAB SYSTEM

DESIGN IMPROVEMENTS

CREW EQUIPMENT

@ FCOD MGT ©® WASTE MGT.
@ EXERCISE EQuUIP

©® SLEEP RESTRAINTS

@ SHOWER

® EVASUITS

® STOWAGE LOCKERS

EXISTING FROM ORBITER/
SKYLAB PROGRAMS

@ SYRUCTURE SYSTEM

@ POWER DISTRIBUTION

© THERMAL CONTROL SYSTEM

@ DATA MGY SYSTEMS

@ CONTROLS AND DISPLAYS

@ EXPERIMENY RACKS AND SERVICES
© INSULATION SYSTEM

@ ATMOSPHERE REVITALIZATION

@ ADDITIONA} CYLINDRICAL SECTION
@ SUPPLEMENT YMERAMAL LOOP

@ ADD VOICE INTERCOM

© COMPLEMENT TV SYSTEM

@ ADD BERTHING PROVISIONS

® ADD CO,/CONTAMIN. REMOVAL

® IMPROVE SUBSYSTEM LIFETIME

LOGISTICS UNFRESSURIZEC RACK
@ NEW ITEM
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POWER SYSTEM PLATFORMS | Y
DEGREE OF SYSTEM INTERACTION S il

* N 3 HIGH INTERACTION
. Iy 2 MODERATE
NIV N ToLow
TAAOE S/E/E/S R g - M
ELEMENTS S/ 8/ 8/ e/ 5/ 3 & X  REQUIRED SUBSYS,
L/)8/ &)/ &/ 8/ & /s DISCIPLINE TRADES
S/&/ &/ 88/ 5/ & i}’ & /88 o
& &/ & 3/ &/ & & /&0 SCORE PERCENT
STRUCTURE TYPE x 3 I 3 3 2 2 1 1 2%
CONTROL SUBSYSTEM x 1 1 s | - 1 ) 3 18 66%
POWER SUBSYSTEM x| s 2 2 2 - 3 3 s
THERMAL MGMT. 8.8, x| -1 -]z - 3 ¢ E)
DYNAMICS X 2 3 3 - 10 69%
TAANSPORTABILITY x 3 1 1 12 us
ASSEMBLY X 3 2 1 %
REBOOST X - 12 “u%
AUTOMATION OPTIONS .3 13 48%
PSP COST ESTIMATE SUMMARY
MILLIONS OF 1980 DOLLARS
205 Yo 3
ELEC. POWER 26.4 i
THERMAL CONTROL 8.2
STRUCT. & MECH, 9.6
;j‘ COMMUN, & DA 4 HANDL. 18.1
‘ ATTITUDE CONTROL 2.5 1
REBOOST, 2.6 j
N
' FLIGHT SU~PORT EQUIPT, 1.4 '
LAUNCH & MISSiON SUPPORT 2.5 ‘
GROUND SUPPORT EQUIPT. 5.6
TEST & VERIFICATION 3.2
SYSTEM ENG. & INT, 8.3
. PROGRAM MGT, 5.6
TOTAL 100.0

ne
o
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"SYSTEM DESIGN AND INTEGRATION'' PANEL WORKSHOP SUMMARY

" N82 27479

C. Carl

Jat Propulsion Laboratory
4800 Oak Grove Drive
Pasadena, CA 91103

SYSTEN ZcSIGN AND INTEGRATION PANEL

*  CRITERIA + PROCESS

¢ PRODUCTS

o PRIORITIES IN PROPULSIOR
TECHNOLOGY PROGRAM

e KEY OBSERVATIONS ON SYSTEN.
DESIGN

PRECEDING PAGE BLANK NOT FILRED
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1.

3.

5
6.
7.
8.
9.
10.
11,

PRIORITY CRITERIA

*  SUPPORTS/ENABLES MISSIONS TAAT WILL SELL
* GENERIC RETTER THAN MISSION - SPECIFIC, 00D + HASA USE TOPS!

o NEPR TERM NEED  « 50 YRS) MORE IMPORTANT THAN FAR TERM (10 - 20 YRS)
NEED (CONSISTENT WITH PAYOFF)

* PRODUCES TANGIBLE PRODUCT/PAYOFF
PROCESS SIFT
AL INTEGMIION PROBLEMS
TECHNOLOGY PROBLEMS
GENERIC PROPUTION TECHNOLOGY

PRIORITY

ALL_INTEGRATION PROBLEMS

GENERIC
PROFULSION

TECHNOLOGY

COMPLEX CONTROL OF THRUST IMPULSE VS. THROTTLEABLE PROFILE? *
DISTRIBUTED CONTROL -
MODULAR PROPULSIOR (DISTIBUTED) -
MASS CONSTRAINED DESIGN TO GEO -
DEPLOYMENT RISK OF COMPLEX LSS -
ANTENNA FEED DESIGN/INTEGRATION -
FLEX STRUCT/SMART CONTROL VS. STIFF STRUCT/DUMB CONTROL -
IN-FLIGHT MECHANICAL ALIGNMENT -
PROPULSTON CONTAMINATION
SOLAR ARRAY/FOV/TC SHADOWING -

LED LONG LIFE DESIGN (SOLAR P/YRAG)
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GENERIC
PROPULSION TECHNOLOGY

12, SHUTTLE EVAVNO EVA, RMS, SERVICE - -

13, SHUTTLE RELATCH/SAFING C(REFUL/STON) FOR RETURN - -
4, GROUND PERFORMANCE TESTING - *
15, SHUYTLE PLUME (+) ENVIRONMENT - -
16, STRUCTURE FOR CG = CP - -

17, FAULT TOLERANCE OF ACTIVE CONTROL - *
18, DEPLOYABLE SYSTEM UTILITIES (POWER, TC FWID, ETC.) - ¢
19. ATTITUDE CONTROL DURING RELEASE/DEPLOYMENT - *
20. 0TV BEFORE DEPLOY? - *
21. END OF LIFE: DISPOSAL ¢ ¢

22, BERTHING/DOCKING/MATE - -
23, ASSEMBLY/SERVICING/MAINT, -
24, STANDARD HI VOLT POWER PROCESS. -
25, LSS DAMAGE TOLERANCE -

PROPULSION TECHNOLOGY PRIORITIES

NEAR TERM NEED (<10 YRS)

1. PROPULSION CONTANMINATION

- CHARACTERIZATION, EMC FOR ELECTRIC, ENVIRONMENTAL IMPACT. CHARGE CONTROL,
CLEAN RESUPPLY,

2. LONG LIFE, HIGH DUTY CYCLE, WIGH Igp, AUXILIARY THRUSTERS.
3. DEVELOP LINEAR, WIDE DYNAMIC RANGE THROTTEABLE THRUSTER.

FAR TERM NEED (10 - 20 YRS)

4, EP >lg, > CHEMICAL FOR GEQ TRANSIT
5. FEGAWATT ELECTRIC PROPULSION
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KEY GRSERVATIONS

o KEAR TERW MISSIONS REQUIRE LARGER SHUTTLE COMPATIBLE OTV YO GEG THAN PRESENTLY PLANNED,

® GYSTEM WORK, EMPHASIZING INTEGRATED PROP/STRUCTURE/THERMAL/CONTROLS, MUST RE ONE T0
SET TECHNOLOGY REQUIKEMENTS, EG
o DEPLOYMENT AT LEO
o DEVELOP INTEGRATED STRUCTURE CHARACTERIZATION
o END OF LIFE DISPOSAL
¢ MULTI PURPOSE PROPULSION

ORIGINAL PAGE 1S
OF PCOR QUALITY

2690




