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Summary Results

Agenda

® Introduction

e Time Phased Mission Requirements & Attributes
® Program Evolution

® Space Station Architecture

¢ Key Technologies

® Associated Cost and Benefifs

® Conclusions
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Space Station System Architecture

Earth Observations
Platform

i.= Polar /\ Astronomy Platform
1] E:o(z)?bss t?:g Location | Qty |Element
- A 285deg | 1 Station

ISTO / - s§ 2 |otv

Platform | SS 2 TMS/Servicers
28.5 deg 1 ASTR Platform
Polar 1 EO Platform
57 deg 1 ISTO Platform
28.5 deg 1-2 |MP Platform
Polar 1 ASTO Platform

Space Station

Functional Capabilities:

— Orbital Transfer/Retrieval
— Satellite Servicing

— Assembly

—~ Operational Services

\ N
Materials \

Processing
Platform
i=28.5deg
Co-Orbiting

* 28 4

Q’ ASTO Platform MARTIN MARIETTA
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Space Station Operations Architecture / Infrastructure

Wide Band System

__________ - i
\ F"77vs ; !
/——/ “ s L:
TDRS H
STC/CSOC i\ (East & West) 7} AFSCF J’v
Facility ESMC/WSMC o — .
/ Facility 7 7
- ? S-Band TMS or
TMS/OTV l ‘
, User
ide B
Dom Sat S-Band Wide Band System Access
NASCOM i
Remote User Telecom Ku-Band I/F S-Band (SA, MR)
Access JSC/GSFC  System Ku-Band (SA) Wldf Ban System
&
g TDRSS \ /
- Ground Terminal [
JSC : ) g ')
Grd. Station — White Sands s S-Band Orbiter
Domestic _—
Comm. Sat. NAS(?OM
Facility Terminal
Space Sta, Control & S-Band {SA, MA} Ku-Band (SR)
Support Center
JSC-STS Ops
[ Platforms &
Free Flyer
GSFC GSFC/JSC
Shuttie POCC Interface
_ | Facility (SPIF) ide Band System
] POCC S-Band
Free Flyer Operation Ku Band
& Investigation Mgt. )
Coorbiting Platforms
& Tethered Platforms Q)
g g g_ DOD Mission
Satellites 5
GSFC Grd. Station \ —_—
Domestic Comm. ¥£r8n(.?g}/| Remote User . - A
Sat. Facility Access MARTIN MARIETTA"
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Time Phased Mission Requirements & Attributes

MARTIN MARIETTA
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Affordable Mission Model Development

Consultation with and Validation by Recognized Authorities

< 7N N

Composite Mission Model Analyses & Trade Studies Affordable Mission Model
Number of {Mission Optimization] ‘
Catadori M‘.‘"! er o — User Objectives Coordination SS Platforms IFF
atagories isslons — Sensor Set Optimization
11/82 | 3/83 — Multisensor Data Processing . Number of
Science 138 191 — Sensor Combination/Colocation Catagories Missions
L — Eliminate Duplication -
Applications | 19 28 Cost Validation : Planetary Science 11
Commercial 63 114 - Bt.xdge;c- Pro(j:ec’;i%ns . Earth Observation 14
o - = — Discipline Cost Constraints .
perations | 53 56 — Affordability Evaluation Space Physics . 1
Total 273 389 Astronomy/Astrophysics 20
— Mission Objectives Solar Physics 8
- 88 Evolution ) . . . .
— Cost Constraints Life/Biological/Medical
Bystem Utilization] Sciences 14
— STS ) Materials/Space Processing 20
~ Space Station Communications 64
— Platforms
— Independent Free Flyers Technology Development 23
Total 185

Trade Study Results

— Realistic/Affordable Mission Model — Realize Cost Savings )
— Meets Users Needs - — Decreased Required STS Flights
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NASA Budget Projection — Affordability Analysis

$8r
" \/
Science Missions
6 |-
g
§ ‘5f- Space Station \ STS Upgrade
@ ——— TMS/OTV/ACC ———
g 4}~ L4 el
& sh
u uttle Shuttle Operations
Acquisition
3 e
—
21~ Space R&T
Aeronautics R&T
Space Tracking and Data
1L Construction of Facilities
I I i I 1 L i i 1 ! | 1 t | ] 1

1983 84 85 86 87 88 89 20 91 92 93 94 95 96 97 98

Fiscal Year
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Astronomy Affordability Analysis

$600- N
FUSE XRO FUTURE
GTE ASTRONOMY
5004 HNE MissION
STARLAB 0IST
4004
FY 84$ SIRTF LAMAR |
MILLIONS LDR
300 EOVE OVLBI
GRO
200 o COBE AKAF CRO
X1t
SHUTTLE PAYLOADS DEVELOPMENT
100- ExPLORER DEVELOPMENT
Miss1oN OPERATIONS AND DATA ANALYSIS
SUBORBITAL PROGRAMS
RESEARCH AND ANALYSIS

25 8h 85 86 87 83 80 90 OL 92 93 94 95 95 97 93 99 2000 o
FiscaL YEAR
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User Functional Support Requirements

Planetary

o/T-1

Astronomy

o/T-2 S/SYS -4
R/R-20 C/O-6
OPS - 4 ASSY -7

Solar Astronomy
Oo/T-2 S/SYS -4

R/R-20 C/O-6
oPS -4 ASSY -7

Space Physics
O/T-6 S/SYS-3

R/R-7 C/O-6
OPS-4 ASSY -1

Technology
Development
OPS-23  ¢/0-22
S/SYS-23 ASSY -5

TOTAL SPACE STATION
SUPPORT REQUIREMENTS

Orbit Transfer (O/T) -83
Repair/Resupply (R/R) -95
Operations Control {OPS) -86
Basing/Subsystem Support (S/SYS) -85
Checkout & Verification (C/O) - 86
Assembly & Large Space Structures - 15
(ASSY)

Earth Observations

Materials Processing

R/R-20 S/SYS-19
OPS-20 c/0-20

Communications
0/T-62 S/SYS-2
R/R-13 C/O-4

OPS -1 ASSY -1

Life Sciences

R/R-14 S/SYS-14
OPs-14 C/0-14

O/T-1 S/SYS-13
R/R-14 C/O-14
OPS-13 ASSY-1

MARTIN MARIETTA
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Mission Accommodation Allocation—28.5° Option

Ner oz -

oSt PLATFORMS
CATEGORY TRANSFER/ | Space STATION [EARTH MAT
SUPPORT OBs | ISTO|ASTO{Proc| AsTRONOMY
PLANETARY 11 - - - | - - - 11
EARTH OBS 4 4(T-»P) 6 - - - - 14
SPACE PHysics 6 1 - 2 | 2 - - 11
AsTRONOMY 15 2(T-»P) - - - - 3 20
SoLAR AsTRONOMY 2 - - - | - - 6 8
LiFE SCIENCES - 14 - - - - - 14
MATERIAL PRroC. 6 4 - - - 110 - 20
COMMUNICATIONS 63 1 - -1 -1 - - b4
TecHNoLoGy DEVELOP. - 23 - - | - - - 23
107 49 6 2 | 2 {10 9 185

MARTIN MARIETTA.]
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Operations Concept
“\\[\lo Change to Space Element Infrastructure Interactio
\ SPACE STATION

® Operations Control
— Dnboard Crew Takes More Responsibility

@ Telepresence Control

@ Operations Centers (Master & Backups)
— Plan Onboard Activities and Manning
Requirements.

New Approach to Ground Support

@ Initial Build-up & Activation N PLATFORMS & SATELLITES

— Business As Usual o
e Q! <N
T OB - .
@ Decreasing Levels of Manning during Evolution ‘Lé_”;ﬁ'n ® Coorbiting Platforms (Space Station Control)

— Rely More on Flight Crew S
@ Free Flying Platforms & Satellites (Ground Control)

12

® Final Station Configuration & Operations
— Relay Heavily on Flight Crew
— Critical Parameter Monitoring
— On Call Technical Support



Mission Analysis Trades Summary

Summary

o Launch Site - ELS
o STS Selected Orbit Altitude - 250 NMi
o Recommended SS Orbit incl. - 28.5 deg

Altitude = 250 NMi

280
. W =
p 46 Lh/Day
2 — (90 Days = 4200 Lb)
@ 240
3 r Wp =5 Lb/Day
£ | Min (90 Days = 451 Lb)
<
s
£ 200 A High Solar
& \
8 |\ Low Solar
2 \
&
160 I\ 1 1 1 4
0 100 300 500 700
Propellant Requirement, Lb/Day
Hydrazine

Location = ELS
Q
-1 80 Projected Max Abort
8 Landing Weight Limit (Est)
= 60 100 NMi
g 40; - ~ ~ o0 150
o Direct T~ 250
£ 20 Insertion
(& I I
;.2 0 EILS 1 (] — _l_ Wll-s | ]
“ 20 30 40 50 60 70 80 90 100
Inclination = 28.5 deg
SSMM:STS /-———"
1.00 — ‘

)
P8
iﬂ"o § 0.95
58
§ g 0.90}
z S SSMM/STS/Space Station
£ 2 ossf
-

0.80 L 1 i { i [ |
25 30 35 40 45 50 b5 60
Space Station Orbit Inclination, deg 13
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o1V Characterization Study

240 7
—— Bl FL6HTs .i‘ (19D FLisis —— - —~-~———9>»
2001 !
!
@ | —Space Based
T ) —Aero Braking
% 1601 I —Reuseable
5 |
= |
*—
1201 |
S |
o ]
g |
g 801 |
>
i
|
4o |
|
|
= —] I
0 10 20 30 40 50 . 60 /0 30 90

REQUIRED STAGE.PROPELLANT Wr, 1000 LB
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BiLLions (1984) DoLLARS

Program Option Selection

20

MosT
VIABLE
OPTIONS

787
837% 837
68%
437
A-1 A-2 A-3 B-1 B-3 C-1
28.5°SS1]128.5°SS 57°SS DuaL SS|| DuaL SS || SDV SS || DeLAYED
EARLY LEO 28,5° 90°& 28.5° || MANNED
o1V SUPPORT &90° 28.5° 90° SS ||PRESENCE

CosT

CAPTURE RANKING

MARTIN MARIETTA
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Economic Benefits & STS Support

R, sathvnr L3RR iy : N R

Comparison of A—1 & A-3 Options

$16r 200¢
! LEO OTV/TMS 7
14 SERV 167 - ReFuRB__ |
LM
12¢ LEO 150+ —1” REsuppLY
DELIV w7
CosT 10k CUMULATIVE RESUPPLY
AVOIDANCE LEO STS FLIGHTS oTV
8l SERV 100 — 4+ PrROP.,
FY 84% LEO GEO RESUPPLY
BILLIONS g} DELIV DELIV
GEO
ab DLtV 501 — DR veRy T
2 —
BASING BASING 1 ss Inte- |
GRATION
57° 28,5° 28,5° 57°
INCLINATION
ECONOMIC BENEFITS 17

AND STS FLIGHTS
SHOWN ARE CUMULATIVE
ForR 10 YEARS OF OPERATION




Recommended Evolution Plan

28.5° Space Station

Expanded Operations
Major Implementation Steps

e LSS Assembly & GEO Delivery

e Earth Obs Platform (Polar) @ ASTO Platform (Polar)
e 2nd Matls Process. Platform e OTV Upgrade

e Matls Processing Limited Production Lab ® Hab Module

e Astronomy/Solar Physics Platform e Life Sciences Research Lab
. /[
Platform Operations, . ] I
e Hangar e Materials Processing Platform
. e ISTO/ASO Platform
gTV 8& d e Hab Module e 2nd TMS e Materials Processing Payloads
Oxpan e o Cyro Storage & Transfer e OTV
perations
» ’
Payload , . 4
Support e Earth Obs Payloads o Materials Processing Lab ,
e Astronomy Payloads e Materials Processing Payloads
rs
P4
e Energy Section e Logistics Module e MMU/RMS
o Hab Module e TMS
- 3 ] i 4 1 1 ' 1 1 1 I 1 1 1 i lf
1990 91 92 93 94 95 96 97 98 99 2000
Time (Years)
18-
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User Support Matrix

DISCIPLINE

OMMERCIAL
OMM. SAT

MaTL. Proc.

STRONOMY

DS TRANYFERRED TO
EQ PUATFORM

o,

EARTH
OBSERVATIONS

PACE
HYSICS

S
P
SOLAR
PHYSICS

IFE
CIENCES

19
MARTIN MARIET}

7Aa




Crew Activities & Sizing

A - SS MAaINT./EvoL. & TMS OPER.
} B - PAYLOAD SUPPORT / 717/ /{///
HA N C - OTV OPERATION F .
MOgULE D - DOD OPERiTlgN: /é/'//‘/z/ /J
c - E - LARGE STRUCTURE ASSY : -9
8- D -8
HAB
MODULE
B
i A
)
HAB
MODULE 7 | 5
A -
_ S e
i // / ///// A / AL
ay 95 a8 99

93 96 9/

20
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ArchitecturaI/Configuration Options

PRESS. STS
OPTION VoLUME FLIGHTS ADVANTAGES DISADVANTAGES
; .
MobuLar | 25,700 FT 12 o MopuLe CoMMONALITY e CoMPLEX BuiLp-Up
]
14" Dra. o FAVORABLE Mass PROPERTIES| ® ARRAY SHADOWING
, 3 .
ﬁODULAR 30,500 FT 10 ® UtiLizes AFT CARGO o CompLEX BuiLp-Up
FT
CARGO CarrIER (ACC) VoLuME
CARRIER
3
SHUTTLE | 33,000 FT 8 o Repucep OrBITAL Buitp-Up | @ DEVELOPMENT cOSTS
DErIVED o CREw SAFETY & COMFORT
VEHICLE

| 22
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ACC Launch Configuration

= 3 - : A
Careo VorLume = 10,600 Fr _\\\\~~—~——6WXIBTNA—~-‘*//////

1

il

EXTERNAL TANK_N// ACC VoLume = 13,365 Fr° S -

0 PrRovIDES AN INCREASE IN PAYLOAD DIAMETER
o ProviDEs ApDITIONAL VOLUME
0 Rebpuces CoNSTRAINTS ON PAYLOAD BAY LIMITATIONS

23
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SDV Launch Configuration

PayLoap MobDuLE

OveraLL LeEneTH 162.0 FT
DIAMETER 27.6 FT
PAYLOAD Bay 25 FT p1A x 90 FT Lone
INERT WEIGHT 47,650 LBS

UseaBLE Vorume - 48,000 fr

- HABITABLE AREAS

- ENERGY SECTION

- HangArR (PARTIAL)

- OTHER SPECIAL COMPARTMENTS

24
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Mature Configuration (STS)

ASTRONOMY
PavyLOADS

Modular 14’ Dia. A

HaB MobDuLE

IM & TMS MATERIALS
PROCESSING

/////' PAYLOADS

SoLAR ARRAY:

ENERGY )
INITIAL 6,400 F7

SECTION :
2 MoDULES 4 rone AL
EARTH _~///////// ¥
OBSERVATION '
PAYLOADS LiFE J CRYOGENIC

SCIENCES : - PROPELLAN

LAB v '

HANGAR

1995 _ s/ 25
MARTIN MARIETTA




Early Configuration

Modular 14’ Dia.

ENERGY SECTION

Boom MouNnTED -———//////

T
RCS/0RBIT |
MAINTENANCE Fiieut 1
THRUSTERS (1990) | ///”‘" HaB MobDULE
: TMS

LoGISTICS

MARTIN MARIETTA-



Intermediate Configuration

Modular 14’ Dia.

EXPANDED
SOLAR ARRAY

HABITABILITY MODULE

STS FLiGgHT 7
(1991)

. REPOSITION PAYLOADS Z
TO LOWER PORT PRIOR

_ ) _
TO ENERGY SECTION 5% /~

INSTALLATION

STS FLIGHT 8 27
(1992)

MARTIN MARIETTA-



Mature Configuration (ACC)

Modular ACC Option

HaB MobuLeEs - 3

T 18
N

I~
s

~
-~

i =
» i ( STORAGE T
LN |
\\ Qg'w HANGAR
.]. 9 9 5 ""\'i..';,‘-‘ Ross
- i 0TV

28

MARTIN MARIETTA-



Early Configuration

Modular ACC Option %\ = EARTH

N e samm > mas
UBSERVALIUN

// PayioADS

STS FLiGgHT 4

1992
CB = Carco Bay
ACC = AFT CArRGO CARRIER

Ioc.
STS FrigHT 2
1991

MARTIN MARIETTA"
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Intermediate Configuration

Modular ACC Option

TunNeL (CB)

MovE AIRLOCK AND

PAYLOADS TO ENERGY
SECTION PRIOR TO TUNNEL
INSTALLATION., REINSTALL
PAYLOADS ON TUNNEL MODULE

=

i~ HANGAR SEGMENT (ACC) gy

STS FLIGHT 7

1993

| 30
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Mature SDV Configuration

PALLET PAYLOADS

HABITAT AREA

LIFE SCIENCES
MATERIALS &
PROCESSING lABS

31
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Intermediate 'SDV Configuration

EXPANDED
SOLAR ARRAY

MATERIALS
PROCESSING

(7‘_‘ NS PAYLOADS
R é%f . FARTH
HaX OBSERVATIONS
IS p
DR YLOADS
O‘a S A
L\ i >

STS FLigHT 5 ”

0
E0 PayLoAD (1902)

STS FrieHT 4
(199D 33
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Platform Approach

SINGLE-AXIS
SoLAR ARRAY DRIVE

R Jff\~i8<\x,
SHUTTLE DocKING PORT——\;_:N

2\

)
-
A~ Bopy MounTeED

,&\(’/

7 RADIATOR
i
Al ': /'

(&

MATERIALS PROCESSING
PLATFORM

SUBSYSTEMS EQuUIPMENT/
ENErGY MoDULE

o PLATFORM DESIGN EMPHASIZES
COMMONALITY WITH SPACE
STATION

- ENERGY SECTION
- SOLAR ARRAY
- SUBSYSTEMS

® REDUCES ACQUISITION COSTS
o COMPONENT INTERCHANGEABILITY
SIMPLIFIES SPARE PARTS

-LOGISTICS

o APPLICABLE TO ASTRONOMY
PLATFORM

MARTIN MARIETTA
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Early ETCLS System

o ResuppLY DRINKING WATER
o Use CoNDENSATE FOR HYGIENE WATER
o REGENERABLE C02 ReEmovaAL

ETCLS —

Environmental Thermal Control

| & Life Support
Intermediate ETCLS System

o LimiTED CLOTHES WASHING
® EvALUATE WASTEWATER PROCESSING

Mature ETCLS System

¢ CLosep Loor WATER & OXYGEN
o FuLL HycienNe CAPABILITY
e MINIMAL RESuUPPLY

35
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Power Requirements Growth

STATION POWER

REQUIREMENT
80 +
- 77.5 Kw ;?ze-——---—-
. SECOND GROWTH STEP
60 + 58.2 kw ————— 187 kw BoL
2 163 Kkw Eo&
T FIRST GROWTH STEP 17,000 F74
Bus 11,900 F12
POWER 40 + 33,5 KW
(KwW) ';2/
T INITIALZCAPABILITY
20 + 643Q FT
14,8 Kw
T
1990 " 92 oy g6 98 '
36
YEAR
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Heat Rejection Capability

HEAT LOAD, OR HEAT REJECTION CAPABILITY, K.W.

SDV Configuration

e el o L B e AV d ko

@g?z;gétv HEAT LOAD
0 1 / 500 T2 __
65 + \\\.\/§ 3] BODY MOUNTED RADIATOR CAPABILITY
60 T \
‘;’g + \\\\ DEPLOYED RADIATOR CAPABILITY
T 4280 Fr12
45 1 i/
40 + : HIGH TEMPERATURE
35 ¢+ RABIéTgR
30 4 !
25 1 ®ECLS LOW TEMPERATURE
® HMF RADIATOR
20 + ®OTHER 880 FT2
15 4 ®PAYLOADS 830 F1?
(6)
10 ¢ 0EPS & Lo
5 1 AVIONICS ‘
E [FURNACES B [ :
1990-2000 1991-2000 \1%@0/ %
SHUTTLE DERIVED VEHICLE MATERIALS MATERIALS LIFE
PROCESSING PROCESSING SCIENCE
LABORATORY PAYLOADS 37
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Hydrazine Usage

HYDRAZINE IN K LBM

60
55
50
45
40
35
30
25
20
15
10

LoGgIsTICS
MoDULE
CAPACITY

>SS ORBIT MAINT

>TMS RESuUPPLY

99

100

MARTIN MARIETTA
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ET Scavenging Concept Feasibility

SUMMARY

~ SIGNIFICANT BENEFITS
- TECHNICALLY FEASIBLE
- NASA/MMC STUDIES

BENEFITS

- 9000 LBS PROPELLANT AVAILABLE - MANIFESTING ET PROPELLANT

FOR SCAVENGING - PAYLOAD WITH VOLUME

~ ESTIMATED SAVINGS 2-4 STS LIMITED STS PAYLOADS
FLIGHTS PER YEAR (6-9%) ‘ INCREASES PROPELLANTS
1994-2000 AVAILABLE AT SPACE

REQUIREMENTS

PROPELLANT MASS IN K LBM/YEAR

600}
500¢
4Oo}
300t
200¢
100¢

|

|

MY

AN
ey
MR

x\\\\\\\\\\“!
UMY

]

STATION

RELATED ACTIVITIES

IR&D

- MMC/M1cHOUD-ET. PROPELLANT
UTILIZATION

- MMC/DENVER AEROSPACE-
CRYOGENIC FLUID TECHNOLOGY

92 93 9y 95 96 S7 98
OTV PROPELLANT REQUIREMENT

CONTRACTS
. - MSFC/JSC-PROPELLANT
; SCAVENGING (NEAR-TERM RFP)
TOTAL - JOINTLY COORDINATED AND
0TV FUNDED ET SCAVENGING-
PROPELLANT CARGO BAY AND ACC
~ NEEDED - %ﬁRng$¥O%EEME%UID MANAGEMENT
C
% % ET - DETAILED DESIGN OF FLIGHT
/ / gCAVENGE READY CFMF
é? Zé ROPELLANT - THERMAL/FLUID DYNAMICS-
| /| AvAlLABLE CRYOGENCS IN SPACE 39
99 00 ndklﬁrrvnllMDQIvvg?1j5a4

BY YEAR



Subsystem Concepts

Propulsion

¢ HYDRAZINE USED FOR SS ORBIT MAINTENANCE AND ATTITUDE CONTROL
- Uses 8 BOOM-MOUNTED 30 LB THRUSTERS -

o HYDRAZINE sTORAGE (15000 LBS) IN LOGISTICS MODULE

® INTER-MODULE HYDRAZINE TRANSFER CAPABILITY

e CRYOGEN STORAGE oF 70000 LBS PROVIDED TO RESuUPPLY 0TV

Attitude Control

@ GRAVITY GRADIENT ATTITUDE CONTROL OF PITCH AND ROLL AXES
- PROVIDES COARSE STABILIZATION
® FINE POINTING PROVIDED SEPARATELY FOR PAYLOADS
o EARLY CONFIGURATION MAY AUGMENT RCS wiTH CMGs
® ORBITAL RATE (PITCH AXIS) PROVIDES GYROSCOPIC STABILIZATION
IN YAW AND ROLL AXES

40
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Subsystem Concepts (Cont.)

Data Processing

¢ DISTRIBUTED ARCHITECTURE
o END-TO-END SYSTEM INTERFACING SS DATA BUS WITH GROUND PROCESSORS
® ESTIMATE DATA STORAGE IN THE RANGE OF

1.2 x 1010 10 1.2 X 10ll 1S REQUIRED
® NEED EXISTS FOR SIGNIFICANT DATA REDUCTION OF USER DATA

Communications

o Numerous RF INTERFACES MAY REQUIRE OPERATIONS AT UHF, L, S & Ku
BANDS, AT U40-60 GHz, AND AT LASER WAVELENGTH

@ HiGH USER DATA RATES AND VOLUME DRIVES NEED FOR STORE & DUMP
APPROACH

o DATA DUMPS AS FREQUENT AS EVERY ORBIT MAY BE NECESSARY

o RF LINKS MAINTAINED WITH CO-ORBITING PLATFORMS

41
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Key Technologies

42
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Technology Assessment

KEy CONFIGURATION DECISIONS

SoLAR vs. NUCLEAR
GRAVITY GRADIENT vs. AcTIVE CONTROL
HeEaT P1Pe RaDIATORS vs. FLuID Loor

DisTRIBUTED PROCESSORS VS. CENTRALIZED

MoDuLAR vs. SDV

POTENTIAL
HicH PAYOFF
TECHNOLOGIES

AREAS OF UNCERTAINTY
TrRADE STUDIES

43
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Key Technologies

1990

Space Based/Maintainable
Stacking & Checkout

PLATFORMS
Space Based/
Maintainable

— 10C TECHNOLOGIES
Fluid Management (Storage & Servicing).
Heat Pipe Radiators

Station Crane

Signal Processor (High Data Rate)
Processor Module {High Thruput)

Mass Memory

Rendezvous/Dock Radar

Space Based/Maintained

Cyro Propellants (Supply/Service)
Aerobraking

Stacking & Checkout

44
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Potential High Payoff Technologies

INCREASED EFFIciENcY SoLAR CELLS ,
(GaAs, THIN CerLs, MuLTiBAND, CONCENTRATORS)
FuerL CeLL/ELEcTROLYSIS UNITS

CRYoGeEN FueLep TMS
ET PROPELLANT SCAVENGING
ELECTRIC THRUSTERS

Two PHASE ISoTHERMAL HEAT TRANSFER SYSTEM
ConTACT HEAT EXCHANGERS

TETHER UTILIZATION

45
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Areas Of Uncertainty —Analyses & Trades

\
Operations ‘ Architecture
— Control Authority Allocations — Suhgystem Modularity
— Control Stations — Pressure Levels (STS, Station, EVA)
— Contamination Control — Debris Collision Shielding vs Damage
Control .

Power

Crew

— Silicon vs Gallium Arsenide
— NiHo Batteries vs Regenerative Fuel
Cells :

— Crew Utilization Criteria {Timelines,
Skills, Health, Rotation, Training,)

— ECLS Commodities Reuse

Mechanisms

Communications

— Station Crane Concept
— RF Interfaces Analysis

Propulsion

- Qommon Cryogen Fuel vs Conven-
Data Management tional Fuels .

— Cryogen Resupply (Dedicated,
— Mass Memory Storage Medium ET Scavenge, Topping)
— Data Bus - Fiber Optic vs Coax — Electric vs Chemical Thrusters
— Data Bus User Protocol — Mass Monitoring (Storage & Transfer)

46
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Programmatic Approach
To Low Cost Space Station

TRADITIONAL APPROACH

SPACE STATION APPROACH

AN NUMBER
2 Y B | o )0
» UNITS
QUAL, BACKUP FLIGHT PROTOFLIGHT
S1ZE
SMALL MODULES RESULTING oF STS CAPABILITY PERMITS LARGE
IN HIeH CoST PER POUND MODULES WITH EcONOMY OF SCALE
MODULES
INTENSIVE GROUND MoDE AuToNOMOUS OPERATION
OF ALLOWS SIGNIFICANTLY
SUPPORT :
OPERATION REDUCED GND MissioN Ops
AcQuisIiTioN = $100,000/LB SPACELAB
CosT AcQuisITION = $20,000/LB
35,000/LB SKYLAB ESTIMATING OPERATiON N 37 Aca/YR
OPERATION ~ 107 AcqQ/YR RELATIONSHIPS ="
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NASA Budg

e -

ity Analysis

3t Projection — Affordabil

$8I"
7 fracee
Science Missions
6
3 —
= 5 Space Staticn \ STS Upgrade
m
© ———— TMS/OTV/ACC ——
g 4} 4 i
>
u Shuttle Shuttle Operations
Acquisition
3 -
—_—
2} Space R&T
Aeronautics R&T
Space Tracking and Data
1L Construction of Facilities
i L | i I | | ] I | { { 1 1 l l

1983 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98

Fiscal Year
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Space Station Costs By Phase — Modular Concept

20001
77 Platforms & Experiment
4 Modules
] Basic Space Station
FY 1984 %
Millions 1000
Growth
M
10c ature

: Cum
FY 1986/87 ({88 |89 (90 {91 1[92 |93 |94 (95 |96 (97 198 {99 | 2000{ Total |Total
10C
Space Station 290 [1020{1100] 620] 370| 190 3,690; 3,590
Platforms and
Experiment Modules - 101 80| 170| 95| 225 580, 580
Growth .
Space Station 110 | 470| 620| 480| 800| 565400 {365 3,810/ 7,400
Platforms and
Experiment Modules 35| 200 300 350| 470255 (135 1,745, 2,325
Mature
Space Station 10 {245 1280|215]|215 215 | 1,180| 8,680
Platforms and .
Experiment Modules 401130 210 {325 270{230{ 95 70 | 1,370; 3,695
Total 290 1030|1290 {1295 [1285{1195 |1150 /1075|785 |720 |570 |550| 445|310 285 |12,275|12,275
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Space Station Costs By Phase — SDV Concept

$20007 ' Piatforms and ’
v AW Experiment Modules v
[ Basic Space Station
FY _1984 $
Millions 1000
10C
\
Growth\ Mature
Cum

FY 1986{87 (88 89 (90 91 |92 |93 | 94 |95 (96 |97 |98 [99 |[2000| Total |Total
10C
Space Station 280 1890 | 1175{1150(/1065 | 990 |465 6,015 6,015
Platforms and
Experiment Modules 10 80! 170f 95| 25(220 , 600 600
Growth
Space Station _ 165 | 165|215 545| 6,560
Platforms and
Experiment Modules 45| 2001 280]235 | 450 | 2701135 1,615| 2,215
Mature
Space Station 10245 |280 (2152151215 | 1,180} 7,740
Platforms and ’
Experiment Modules 401 55{165{325 (3702851190 70 | 1,500{ 3,715
Total 280 {900 | 125513651360 {1295 |920 | 655 | 490 |525 |570 |650 (500 {405 |285 | 11,455|11,455
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SDV Space Station Affordability Analysis —
Baseline Science Budget

$8r-
7L
Science Missions
61
E .
£ 5f SDV Space Station
5 N
a , Y TMS/OTV/ACC : —~—
3 4t ’ ——
3-. Shuttie Operations
3 = .
2 - Space R&T
: . Aeronautics R&T
Space Tracking and Data
1= Construction of Facilities
i L | | 1 ] ] I § 1 I ! i 1 [ |

1983 84 85 86 87 88 89 90 91 92 93 94 95 96 97 - 98

Fiscal Year
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SDV Space Station Affordability Analysis —
Constant Science Budget

@

$8
72} SDvV
ol Science Missions
5 SDV Space Station \
= 51 STS Upgrade
a TMS/OTV/ACC —_—
g al- —
&
Shuttle Shuttle Operations
| Acquisition
3
—
2 j—
Space R&T
Aeronautics R&T
1k Space Tracking and Data
Construction of Facilities
i i | ! 1 1 i | | ] A 1 ! § 3

1983 84 85 86 87 88 89 90 21 92 93 94 95 96 97 98

Fiscal Year
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Space Station Cost By Evolution Increment -
Modular Concept

124
3 Cost Includes: — LSS Assy
— DDT&E
1+ — Production
— Launch EXTENDED OPERATIONS
10 + — Operations — Earth Obs Plat (90°) — OTV Upgrade
— 2nd Matls Proc. Platform
g4 — ASTO Platform
8T EXPANDED OPERATIONS
Cost — Astron./Solar Phys Platform — Hab Module
F_YE}4$ 74 — Life Sci. Res. Lab
Billions
6T OTV & PLATFORM OPERATIONS
5 — Hab Module — 2nd TMS - ISTO/ASO — Hangar
T — Cryo Store & Trans - OTV — Mtls Proc. Platform
4.1
/ PAYLOAD SUPPORT ACTIVITIES
3T — Energy Section — Log. Module — MMU/RMS
— Hab Module — TMS
2+ — Mtis Proc. Lab
1+
H 1 ] i el | i | 1 i 1
! ! 1 ¥ L { 1 LA 1) T T
1990 91 92 93 94 95 96 97 o8 99 2000 54
1oc Time (Years)
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Space Station Cost By Evolution Increment —
SDV Concenpt |

Cost Includes:
$ 124 — DDT&E
— Production
11 — Launch
T — Operations — LSS Assy
10 4
EXTENDED OPERATIONS
— Earth Obs Plat (90°) — OTV Upgrade
9+ — 2nd Matls Proc. Plat — ASTO Plat
8T PLATFORM OPERATIONS
Cost — ISTO/ASO — Mtis Proc. Plat
FY84s o | — Astr/Solar Phy Plat. — Life Sci. Lab
Billion .
6T PAYLOAD SUPPORT ACTIVITIES, OTV & EXPANDED OPERATIONS
— Hab Module (Hab Section, Energy Section, Hangar)
5+ — Log. Module
—~ TMS MMU/RMS
4+ — Mtls Proc. Lab
— Cryo Store & Trans.
- 0TV
34
24
14
{ $ { t $ + } } b } $
1990 91 92 93 94 = 95 96 97 98 99 2000 '
o 55
10C Time (Years)
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Space Station Cost Tall Poles

Habitat
Module
$800 + . $800+
700 + 700+
600 T Habitat 600+
Module Energy
500 + 500+ Section
Energy
Section
+ 400+
400 Platform
300 T 300+
Logistics Logistics
200 4 og! 200 + Module
Module  yongar Il\Ellxgimlt Platform 'II\EII);I:]T:Ite
odule
100 + 100 + | Hangar
Development Cost Drivers Unit Production Cost Drivers
FY 1984 $ Millions FY 1984 $ Millions
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Marginal Costs And Economic Benefits
By Ca gahilihl Increment

L 4 1] lj N1 EBENVSE B

[

MARGINAL CosSTs

AND Economic BENEFITS
1 GEO FOR SPACE STATION
\ DELIVERY THrRU THE YEAR 2000
6 &
5+ Economic
FY
19811 - . \Q: BENEFITS
BrLLions MARGINAL
. §S§\ CosT
3+ LEQ Servicine
LEO DeL1very
2-.
“\Q: . <
Lr SSSS N QSSS N GEO SERVICING
\\ N & & e~

MARTIN MARIETTA



Cost/Benefit Breakeven Analysis -
Modular Space Station 28.5°

$17 ¢
. CUMULATIVE
ECONOMIC
h N\
15 _ BENEFITS \
13} \
11} CUMULATIVE COST \
GEO
9t DELIVERY
EY su$
BILLIONS 7-
5t LEO
- SERVICING
3L
- _ LEQ DELIVERY
l- / -M//GEO SERVICING —
1590 92 gl 96 98 2000

TIME (YEARS) 58
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Cost/Benefit Breakeven Analysis —
SDV Space Station 28.5°

$17¢
- CUMULATIVE
15} ECONOMIC | \\\\\\
| BENEFITS
13} \
11t ‘§§§ ‘
- CUMULATIVE CosT ¢§§&
| N 7 k0
h DELIVERY
FY 8us |
BILLIONS
BASING
5 | -
3 (E0 ServiCING—
| LEO DELIVERY
GEQ SERVICING

1990 91 92 93 9 95 o5 97 98 99 2000
TIME (YEARS) 59
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Space Station Benefits Summary

- Economic
IN 10 YEARS OF OPERATION SPACE STATION PROVIDES:

- A SPACE TRANSPORTATION BASE THAT SAVES $8.6B
-~ A SUBSYSTEMS UTILITIES BASE THAT SAVES $3.6B
' - A SPACE SERVICING CENTER THAT SAVES $3.0B

PERFORMANCE

SPACE STATION PROVIDES LONG TERM, UNIQUE CAPABILITY FOR:

OBSERVATION

MATERIALS PROCESSING RESEARCH
L1FE ScieENcE RESEARCH

REPAIR AND SERVICING

LARGE VOLUME STRUCTURAL ASSEMBLY

SociaL

PROMOTES INTERNATIONAL COOPERATION IN SPACE SCIENCE, RESEARCH
AND TECHNOLOGY

MAINTAINS NATIONAL TECHNOLOGY ADVANCEMENT AND SPACE
LEADERSHIP 60

MARTIN MARIETTA




WALIIM TN NILE TN
19

SUOISNOU0)




Summary Conclusions

® SPACE STATION SYSTEM PROVIDES BOTH ECONOMIC AND PERFORMANCE BENEFITS

® SPACE STATION SYSTEM IS AFFORDABLE WITHIN PROJECTED NASA BUDGET
CONSTRAINTS:

- AcquisiTION OF SPACE STATION SYSTEM
- ExPANDED SCIENCE AND APPLICATIONS PROGRAMS

@ STS SUPPORT REQUIRED BY SPACE STATION IS WITHIN CURRENT FLEET CAPABILITIES

® EARLY MANNED PRESENCE IN LEQ STATION IS JUSTIFIED:

- To SATISFY EXISTING USER REQUIREMENTS

- MAXIMIZE PERFORMANCE AND ECONOMIC BENEFITS

- PERFORM COMPLEX AND UNIQUE ASSEMBLY, C/0 AnD
MAINTENANCE OPERATIONS
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Space Station Payoffs

o ] Provides Significant Economis
Equivalent to Two Additional Orbiters Benefit as Launch and Utilities Base

Basing LEO
Delivery

B$

SN W d O N

Extended Time Onorbit

GEO LEO GEO
Delivery Servicer Servicing

SPACE STATION\ —

STS Sortie

Free-Flyer Spacecraft CAP AABILITY Provides Basing Comparable
Space to Dozens of Free-Flying —

N A -, Station _—" \_ MULTIPLIER Spacecraft &
6 5 10V 20 £ ‘a
Time, Years i
A}

Benefits Exceed Cost Within Lifetime of System

Cumulative

Cost —\

Provides Long-Term, Unique Capability for

$ ; — Observation
\ Cumulative — Materials Processing Research
Economic — Life Science Research
Benefits — Repair & Servicing
— Large Volume Structural Assembly
Time, Years 63

MARTIN MARIETTA"



Summary Conclusions (Continued)

® SINGLE Space StaTioN AT 28.5° supporTs 80% OF USER MISSIONS --
A SECOND STATION AT HIGH INCLINATION CAPTURES AN ADDITIONAL
5% OF THE USERS AT A 507 INCREASE IN COST

® EARLY SPACE STATION ARCHITECTURE SHOULD INCLUDE:

REusABLE OTV WITH AEROBRAKING

TMS WITH TELEPRESENCE SERVICER

OTV/TMS REFUELING AND SERVICING CAPABILITY
ATTACHED RESEARCH LABORATORIES

(Lire Sci. & MrLs Proc.)
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