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FOREWORD

This document, SPS Concept Evolution, is Volume III of the
SPS Concept Definition Study (Contract NAS8-32475), Exhibits A
and B, and also incorporates results of NASA/MSFC in-hcouse effort.
Other volumes of the final report that provide additional detail

are listed below.
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SPS Point Design Definition

Transportation and Operations Analysis

SPS Technology ReQuireménts and Verification
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1.0 SPS CONCEPTS

i 1.1 TINTRODUCTION

i This volume presents the results of the various trades and analyses that i
were performed as a basis for the selection of the recommended SPS system :
point designs., The trades conducted included the evaluation of several cand- ‘
didate concepts identified during previous contract efforts (including NASA

and other corporations) as well as several identified as likely approaches

during the initial phases of this study.

} The following sections describe the various candidate concepts considered
! and present the conclusions and recommendations considered in the derivation
[ ~of the point design described in Volume 1IV.

P g

. The major emphasis during this study has been placed upon the definition
of a solar photovoltaic satellite based upon the utilization of a GaAlAs solar
cell. This emphasis is reflected in the depth to which the data have been
evaluated in the following sections. However, to present the complete picture
of the various areas investigated, all major subsystem trade results have been
included in Section 3.0. The areas covered, in addition to the GaAlAs photo-
voltaics include silicon-based photovoltaics, solar thermal power conversion,
microwave energy transmission, power distribution, structures, attitude control
and stationkeeping, thermal, and information management and control.

1.2 INITIAL CONCEPTS

Previous SPS concepts were reviewed to obtain configuration, design, and
performance characteristics and the data obtained were used to establish six
“candidate SPS design concepts. - Existing concepts that had been previously
investigated for SPS are illustrated in Figure 1.2-1, and include NASA/MSFC
and NASA/JSC silicon systems, the Rockwell GaAlAs system, and the Boeing
solar Brayton and thermionic systems. Other (new) concepts that were identi-
fied for further investigation are also shown in the figure, and include the
solar Rankine system, the high concentration (>400) GaAlAs photovoltaic system,
and 2 nuclear Brayton reactor system. A general description of these basic ;

_ concepts is shown in Table 1.2-1. Engineering drawings and/or sketches were ;
generated for the six concepts along with overall SPS system characteristics
such as performance, weight, size, efficiencies, and mission parameters.

.Each concept was evaluated to determine the major design drivers that
effect configuration, weight, cost, and performance. From this evaluation,
a total of 20 additional variations were identified for detailed evaluation;
these.are shown in Table 1.2-2. The five major subsystems that effect SPS
configuration are power comnversion, microwave transmission, power distribu~

‘ tion, structures, and ‘attitude control. Major variables that impact design
are listed in the rationale column. '

R T g
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LT 24, B KM

THERMIONIC

BOEING
BRAYTON CYCLE

\l
SOLAR PHOTO voLTAlC | - SILICON caLLs _ (13.67 M) ™) (e
- GaAlAs CELLS SOLAR THERMAL
NEW CONCEPTS o
\ ARABOLIC REFL
~ 6.8 KM 8.4 KM ' 4 PLACES J f 122 KM -
- 14.23 M) \-«I |

5,41 KM
{3.37M))

RANKINE-CYCLE F'VERY HIGH CONCENTRATION RATIO "BRAYTON CYCLE \/
SOLAR THERMAL GaAlAs  SOLAR PHOTO-VOLTAIC NUCLEAR

Figure 1.2-1, Initial Concepts Matrix

Table 1.2-1. Basic SPS Design Concepts

ATTITUDE
POWER M1 CROWAVE POWER STRUCTURAL| CONTROL | THERMAL RATIONALE
CONCEPT CONVERSION | TRANSMISSION | DISTRIBUTION | CONFIG. | FLT MODE | CONTROL
b s 10 GW AHPLITRONS 20 kv ELLIPTICAL| PERPENDI- | PASSIVE  |SILICON OPTION - ADV
Y
SILICON CELLS| » aurennas PARTIALLY CULAR TO TECANOLOGY STATUS
SOLAR CR = 2 2 RECTENNAS (NTEGRATED Sun ELLIPTICAL SHAPE -
PHOTOVOL- NON= WITH STRUCT AFFECTS OVERALL
TAlC DISTRIBUTED . CONFIGURATION
2. ROCKWELL | 5 W AHPLITRONS 20 KV TRUSS EARTH | PASSIVE [ wyyser e
SOLAR GaAlAs CELLS | 1 RECTENNA INDEPENDENT | KLEH- RIENTE
PHOTOVOL- | CR u 2 1 ANTENNA oF PP
TAIC NON-DISTRIB. STRUCTURE
3. NASA 19 G KLYSTRONS Lo kv TRUSS EARTH PASSIVE  {KLYSTRON - HIGHER E}
Js¢ SILICON CELLS| 2 ANTENNAS LOW- ORIENTED POWER & VOLTAGE DEVIC
proTovoL- | CR = 2 2 RECTENNAS ASPECT LOW_ASPECT RATIO -
* | non-DISTRIB. RATIO AFFECTS OVERALL
TAIC I — CONFIGURATION
4, BOEING 10 oW AMPLITRONS 400 KV SUN Nak/HEAT |wpyELLENT REFERENCE
SOLAR oAYTOn 2 MTENNAS AC ORIENTED PIPE | paTh BASE TOR
* COMPARTSON"
THERMAL T 3890
FACETED
M1 RROR
5. ROCKWELL | 5 GW AMPLITRONS 400 KV SUN CONDENS ING [ "coNTATNS MATOR
SOLAR EQNEI?EOO 1 ANTENNA AC ORI ENTED RADIATOR gf{;m.fﬂ}l SOLAR
THERMAL R ohose 1 RECTENNA
(NFLATABLE
HIRROR
6. ROCKWELL | MUCLEAR AHPLITRONS 400 KV GRAVITY | CONDEWSING|"PERMITS INSIGHT
5 oW Ac GRADIENT | RADIATOR |INTO NEW APBROACH"
NUCLEAR .
THERMAL ORAYTON
T = 1389%
1-2

SD 78-AP-0023-3




ORIGINAL PAG..
OF POOR QUALITY

’l Rockwell International

Space Division

Table 1.2-2. SPS Design Concept Variatious
Config-] Concept Power |Structural
uration |Variation Power Microwave Distri- | Config- |Attitude Control Rationale
No. No. Converslion Transmission bution | uration Flight Mode
1A 5 GW Truss, (Farth orlented | Distributed - Avoids problems
Distribnted modfun {tensioning, non-unifermity of
aspuct solar)
atio
2 1B 5 (iw 2 amplitrons 40kv Larth ortented |Medium Aspect Ratio - Affects
Distrlbuted In series Indepen- overall configuration
dent of
structure
K 2A
4 2B Klystrons 40 kv Canted/momen-} CR = 5; CR = 1 - Major’
tum wheels variables
5 2C CR =5 Integrated,
w/strue- Canted; Balanced Moments of
“”l‘l'“"'v"’ Inertia; Free Oscillation -
retlectors Offer lower resupply
6 2D CR = 400 Balanced mo- requirements
ments of inertia
7 2E CR=1
Polycrystal GaNl As
8 2F CR=2
folycrystal GahlAs
9 2G 10 GW 2 antennas
CR =2 2 antennas
10 2H 10 GW 2 antennas
CR =2 1 rectenna
11 21 'ree oscillation
12 2] 5 GW 2 antennas
2 rectennas
13 4A T = 10400C T = 1040C, - Major Variable
14 48 Inflatable 40 kV Balanced mo-
reflector ments of inertla
15 A 10 GW 2 antennas Balanced mo- T = 1370C; T = 816C - Major
2 rectennas ments of inertlal variables
16 ;] T = 1370°C
17 5C T = 816°C
18 7 0.5 GW' Reflector relays
19 8 5 GW Direct conver- Solid State - Major alternative
sion (solid
state) ~
20 9 5 GW Laser/relay
satellite
1-3
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1.3 PREFERRED CONCEPTS

On the basis of the preliminary assessment, six preferred concepts were
identified. Concepts 1, 2, and 3 being solar photovoltaic energy conversion
with GaAlAs solar cells, provide a basis for selecting an optimum concentration
ratio. The baseline Rockwell concept (CR = 2) was used to develop structural
shapes and designs for CR = 1 and CR = 5 to provide a basis for commonality.
The Boeing Brayton solar thermal concept was used as a reference. A solar
thermal Ratkine concept was also defined to permit the evaluation of major
design options, e¢.g., inflatable collectors, open absorber, and condensing
radiator. A nuclear condept definition was included to gain insight into this
approach. The basic satellite system characteristics studied considered hoth
common and unique features for each concept.

1.3.1 SOLAR PHOTOVOLTAIC (CR = 2)

A photovoltaic system with a concentration ratio of 2 (CR = 2) was taken
as the baseline (Figure 1.3-1). This concept utilized high-efFiciency GaAlAs
solar cells sized to deliver 5 GW at the utility interface on the ground.

This SPS concept was 2.05 km wide, approximately 1.4 km deep, and 26.7 km long.
Reflective mirrors were employed to enhance the solar energy impinging on the
solar cells. The solar cells operate at a temperature of 125°C and have an
efficiency of 17.6 percent. (NOTE: ZEfficiency of the cells at AMO and 28°C

is 20%). Overall efficiency was calculated to be 7.5 percent and an on-orbit
weight, 24.15x10°% kg. Major trade operations that were considered included
aspect ratios, flight modes, and reflector configuration designs.

2.05Km Lo 'Y Lo “BASELINE”
{1.24 M) o * GaAlAs SOLAR CELLS
v CR uz
ROTARY JOINT
2.7 K
(16,59 M) ORIGINAL PAGE 1
e n
OF POOR QUALITY

1.38

® ASPECT RATIO L/W=13
L/D =193
® SOLAR CELL AREA 23.1 X 106 M2

® REFLECTOR SURFACE AREA 50,4 X 106 M¥

Figure 1.3-Ll. Solar Photovoltaic (5 GW), CR = 2

1-4
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1.3.2 S8OLAR PHOTOVOLTAIC (CR = 5)

This concept consisted of a trough configuratilon having a concentration
ratio of 5, and again employed GaAlAs solar cells (Figure 1.3-2). The solar
blankets were 35 m wide and wmounted on triangular truss members. The reflec-
tors consisted of two sides, each having a length of 305 m. This 305-m
reflector was [urther broken down into five flat strips varying from approxi-
mately 56 to 65 m in width. The use of flat strips permits a simpler support
structure and elimination of a three-dimensional Ligure control system. This
system was sized to deliver rated power for misorientation angles . of *l1 degree.
The concept consists of a total of six troughs, with the satellite 3.465 km
wide and 25.7 km long. Trade options included selective bandpass filters,
flight modes, and veflector configuration designs.

POTENTIAL WEIGHT/COST

3,465 KM~T™~ SAVINGS
'\\~
Sy 1211 KM GoAlAs SOLAR CELLS
2 > \ e, CR=5
3 S ~ . ~— ASPECT RATIO: I/W =7.4

" ‘i 25.7 KM (16.0 M1) /o = 106

s y TekM ORI
o - ~ G
G ' \ OF p g(\:r)ﬁL PAGE IN

MW ANTENNA ™~ QUA‘T'TTY
1 KM ACROSS FLATS Ny
; 1783 KM ™ ) :
! S 3
T 577.5M ] - S h \r
XS . ')
i [ 507.5M———| ' "\""’r 0.2435 K
SOLAR g : M
: ):C:ZCELLS” T
- P> 305M.-" 1 176.50
a -
. — HEFLECTo;§i373_ SOLAR CELL AREA = 10.16 KM2
REFLECT! L oors REFLECTOR SURFACE AREA = 88.57 KM2

TFigure 1.3-2. Solax Photovoltaic (5 GW), CR = 5
1.3.3 SOLAR PHOTOVOLTAIC (CR = 1)

The GaAlAs solar cell configuration for a concentration ratio of 1 had an
overall length of 17.3 km and a width of 2.75 km (Figure 1.3-3). The weight
was approximately 29.3x10° kg. This configuration had the simplest design
with the elimination of reflectors. A simpler design also resulted in simpli-~
fied construction, transportation, operations, and maintenance requirements
and support. System mass was competitive with concentrator configurations.
Larger quantities of gallium were required than for the other systems and
therefore high efficiency, thinner cell junction thickness, and cost and
availability of gallium became more important. The trade options included
aspect ratios, flight modes, use of silicon solar cells, varying solar cell
efficiencies and thickness, choice of solar cell substrate materials, and
solar array planforms.

1-5

SD 78-AP-0023-3




’l‘ Rockwell International

Space Divisicn

* SIMPLE CONFIGURATION
* ACCEPTABLE MASS

GuAlAs SOLAR CELLS
CR=1

ASPECT BATIO L/W =6.3; L/D = 19
~ SOLAR CELL AREA = 43,3 KM2

2750 M

—_-Essomtsso-/f:gi(\)jm:]
| ) T\ _: S~

Figure 1.3-3. Solar Photovoltaic Non-Concentrated Concept (5 GW)

1.3.4 SOLAR THERMAL (BOEING/BRAYTON)

This design, shown in Figure 1.3-4, developed by Boeing under NASA/MSFC
contract, was used as a reference concept for comparison with the Rockwell
solar thermal approach. This concept was sized to deliver 10 GW at the utility
interface and used a faceted concentrator, cavity absorber, and 300-MW Brayton
turbo power modules. Ceramic heater tubes and turbine blades were provided to
handle peak cycle temperatures of 1379°C {2500°F). Compressor inlet tempera-
ture was 128°C (261°F), and cycle efficiency was 45.4 percent. Trade options
included lower turbine inlet temperatures.

1.3.5 SOLAR THERMAL (RANKINE)

This design features two 2.5-GW modules, joined by a beam which located
the transmitter at the center of gravity of the satellite (Figure 1.3-5).
This permitted use of the rotary joint for mounting and orienting electrical
thrusters for self-powered transfer from LEQO to GEO. Inflatable concentrators
with focusing control offered a 3:1 reduction in concentrator weight over a
faceted design (including structure). A cesium Rankinz system provided high
cycle efficiency at modest turbine inlet temperatures (1038°C) without requir-
ing ceramic components, and permitted use of lightweight open-disc absorber
(i.e., lowered technology requirements). Trade options included layer power
outputs, two antennas, cascaded bottoming cycle, higher and lower turbine inlet
temperatures, different radiator £luids and heat pipe concepts, varying power
conversion module sizes, momentum storage devices, and varying radiator temper-
atures.
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