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AGENDA

The mid term briefing was conducted with the agenda shown on the facing page. Four subcontractors are working
with us on this study. Of these only Grumman prepared a report for the midterm. General Electric will present
their briefing in August. Arthur D. Little is required to present only at the final briefing and TRW's mission control
integration task did not begin until the midterm briefing. TRW was present at the midterm to participate in splinter

meetings on operations and mission control.
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Agenda

EXECUTIVE SUMMARY - @. WOODCOCK

MICROWAVE POWER TRANSMISSION - E.NALOS
AND SOLID STATE

OPERATIONS ANALYSIS — K. MILLER'

CONSTRUCTION BASE - R. McCAFFREY
(GR’ IMMAN)

RESEARCH AND PROGRAM — G. WOODCOCK

PLANNING

1:00

1:18
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EXECUTIVE SUMMARY TOPICS

The executive summary covers the subjects indicated.
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Executive Summary Topics

' REFERENCE SYSTEM REVIEW

® MPTS/SOLID STATE

® OPERATIONS ANALYSIS

e RESEARCH PLANNING AND PROGRAM PLANNING

e PLANS FOR BALANCE OF STUDY
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CURRENT SOLAR POWER SATELLITE PROGRAM WORK BREAKDOWN STRUCTURE

The current SPS work breakdown structure is shown in the facing tabulation.
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Current Solar Power Satellite Prograr;iWBS
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SOLAR POWER SATELLITE PROGRAM WORK BREAKDOWN STRUCTURE RECOMMENDED CHANC.'S

Certain changes in the WBS are recommended. Under transporation, two new items are needed: earth surface
transportation and warehousing and logistics. A number of the management and integration items shown in the
current work breakdown structure at the program level should be applied at the contract end item level, Further
it is recommended that government regulatory functions (although presently not identified) be added, and that
system engineering and integration and space trafiic control be carried at the program level.
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Solar Power Satellite Program WBS
Recommended Changes
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3,000 MEGAWATT REFERENCE PHOTOVOLTAIC REFERENCB
SYSTEM DESCRIPTION

This figure illustrates the system for the NASA baseline reference case of 5,000 megawatts and silicon solar blanket.

10



D180-25402-1

5000 Megawatt Reference
Photovoltaic System Description
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REFERENCE PHOTOVOLTAIC SYSTEM DESCRIPTION
The solar blanket design has been updated to include shunting diodes requiced to provide shadowing prctection.

The shadowing protection is provided at the blanket panel level. In the event of shadewing or some other tault
within the blanket, each panel can be bypassed by the shunting diodes to prevent reverse breakdown failure,
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Reference Photovoltaic System Description
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SOLAR POWER SATELLITE STRUCTURAL BAY CONFIGURATION

The SPS solar array support structure is arranged io a hexahedral‘truss bay configuration with & total +f 128 bays
making up the entire structure. Each bay is 667.5 meters square. The solar array is tensioned between the type A
beams in trampoline fashion. Thus, these beams are larger than the type B beams in order to carry the adaitional
loads of solar array support tension. The structure includes an upper to lower surface cross diagonal for structural
stability. Characteristics of the beams making up the structure are shown on the following page.
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Solar Power Satellite

Structural Bay Configuration
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SOLAR POWER SATELLITE STRUCTURAL UPDATE BEAM CONFIGURATIONS

This chart summarizes the pertinent characteristics of the two tri-beams used in the solar array support structure,
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Solar Power Satellite Structural
Update Beam Configurations

TIES
LOADING POINTS
CHORD

BATTEN

BATTEN END-CAPS

ITEM TYFE A TYPEC
UPPER SURFACE BEAM USED IN ALL
LONGITUDINAL BEAM OTHER LOCATIONS
SECTION CLOSED OPEN
REF. SIDE LENGTH 38 CM 38CM
MAT‘L THICKNESS 0.86 MM 0.71 MM
Ely 3.39 E8 N/CM2 1.80 £8 N/cM2
BEAM WIDTH 12.7M 7.5M
BATTEN SPACING 15.0M 12.7M
CRITICAL LOAD 17480N (CRIP. CHORD) 7090 N(BUCK BEAM)
MASS/LENGTH 7.48 KG/M 4.11 KG/M
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SOLAR CELL DEGRADATION

The expected degradation of solar cells for SPS's has |.2en a subject of appreciable disagreemant. The problems
that have caused this disagreement are summarized on the facing pagc. The commonly used method is the so-called
dainage ccefficient method reflected in the TRW soiar cell handbook. This method has been adequate for conven-
tional array design but recent spudias have indicated that improved techniques are needed for thin solar cells and

covers.

18
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Solar Cell Degradation

e DAMAGE COEFFICIENT METHOD IS INADEQUATE"
FOR THIN CELLS & COVERS '

e UNDERESTIMATES LOW ENERGY PROTON DAMAGE
e OVERESTIMATES ELECTRON DAMAGE

e DOES NOT CONSIDER DAMAGE GRADIENTS

e INSUFFICIENT TEST DATA EXIST FOR AN
ACCURATE ASSESSMENT

® FURTHER, A RANGE OF ENVIRONMENT MODELS EXISTS

* REFERENCE: CONTRACT NASS-30378
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RADIATION DEGRADATION OF SILICON SOLAR CELLS

The effectiveness of protons in degrading silicon solar cells is dependent on proton energy below 100 MEV. The
left-hand part of the chart shows a Comsat-derived correction factor and a power law factor derived by Wilkinson
and Horne of Boeing employing the PN code. These corrections are used because damage is comnionly plotted

versus |-MLYV electronic equivalent fluences as shown in the upper right.

Recent Boeing test data using protons is shown in the lower right. The way these points plot on the electron equiva-
lent fluenc curve depends on which of the extrapolations are used. It appears that the power law curve is the
better extrapolation but the data scatter for existing data points is sufficiently great that firm conclusions can

not be drawq.
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Radiation Degradation of Si Solar Cells
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SILICON SOLAR CELL ANNEALING

The annealing of radiation damage in silicon solar cells has been known for over 10 years. Rucent experirnents

have concentrated on the thin solar cells currently under technology development, and cn methoeds that may be

adaptable to insitu anneaiing of an SPS solar array in space. Directed energy methods are attractive frcm this

viewpoint. lllustrated on the facing page are recent results obtained with thermal bulk annealing and ovens and

with directed energy laser annealing. It may be noted that the oven recovery is better than the laser recovery.

This appears to be a result of the difference in time. The oven tests allowed 20 minutes for annealing whereas

the laser tests allowed a few up to i0, seconds. Annealing vremperatures were approximately 500°C. Attenipts

to anneal glass covered 50 micron solar cells were not successful because the glass coating techaiques were not
compatible with the annealing temperatures. Improved coating techniques are being studied under Boeing IR&D
with some success, but annealing tests have not yet been conducted with these.
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Silicon Solar Ceil Annealing
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NOTE: THESE WERE ALL BARE CELLS. FURTHER DEVELOPMENT 1S NEEDED IN HIGH-TEMPERATURE-
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MULTIPLE BUS SPS POWER DISTRIBUTION

Failure effects analyses indicared that the previous three-bus configuration could cause very large fault currents
in the event of certain types of arcs. Because of this problem, the bus configuration was changed to reflect the
use of 10 buses independent of one another. Major characteristics of the busing systern are indicated on the facing

page.
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Multiple Bus SPS Power Distribution
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SLIPRING ASSEMBLY FOR MULTIPLE BUS POWER DISTRIBUTION SYSTEM

Selection of 10 independent buses required a redesign of the slipring assembly to provide a total of 20 rings. The
major features of the design are shown on the fac:ng page.
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Slip Ring Assembly for Multiple Bus
Power Distribution System
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TRANSMITTER ANTENNA

The refererca traiismitter is a one kilometer dian.eter phased array operating at 2,450 megahertz. It is comprised
of more than 7,000 subarrays supported by a two tier structure. The size of the subarrays has been selected to allow
their transport to orbit by the heavy lift launch vehicle. [llumination of the aperture employs a 10 dB truncated
gaussian taper with relative phasing across the aperture controlled by the retrodirective phase control system to
focus the beam at the pilot transmitter located at the center of the receiving antenna. The antenna is supported

on a yoke that turns in a rotary joint to allow the antenna to continuously face the earth ground station while the
solar array continuously faces the sun. In addition, the antenna 1s provided with elevation drive of several degrees
excursion in order to allow aiming at the appropriate earth surface latitude as determined by the location of the

receiving site,
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Transmitter Antenna
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POWER TAPER INTEGRATICON

The MPTS baseline uses a squate subarray. The actual integration of bower density rings is illustrated on this view
of one-fourth of the radiating face of the antenna. The integration simulates a gaussian power taper of 9.5 dB using
the quantized power levels available. Note the change in numbers of subarrays and klystron over the Part Il refer-

ence system.
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MPTS Reference Power Taper Integration
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NUMBER
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STEP SUBARRAYS SUBARRAYS KLYSTRONS
1 276 36 9,936
2 832 30 18,960
3 [ 24 16,456
4 628 20 12,560
5 784 16 12,644
8 200 12 10,800
7 664 9 5,976
8 612 8 4,896
9 1,062 6 8,312
—— et —tr— — 10 1,028 4 4,112
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Totals 7,220 101,652
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ANTENNA AND FAR FIELD GROUND DISTRIBUTION PATTERNS

Part (A) of this figure shows the reference 10 step quantized power density shown previously. The far field ground pattern is
shown in figure (B). The first side lobe peak is shown at 24.5 dB below the center-beani power density.

Taking the rectenna radius out to the first null, 6485 meters with an antenna radius of 500 meters, the beam «fficiency is 94.6%.
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MPTS Reference Antenna
And Ground Distribution Functions
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FOUR NODE PHASE DISTRIBUTION SYSTEM LAYOUT

Three sections are shown of the 4 node system selected for reliability analysis by ihe General Elactric Co. This
layout uses 20 triply redundant sections at the first level, 19 doubly redundant paths at the second level, and 19 non-
redundant paths (cable and electronics) at the third level (i.e., 7220 subarrays). The fourth level provides power
dividers down io the klystron module (4:1 at the center and 36:1 at the array edge), to accommodate the quantized

10 db Gaussian power taper indicated in the chart.
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LOCATION OF REFERENCED PHASE REPEATER
STATIONS OF SECTORS AND GROUPS
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SPS MASS PROPERTIES SUMMARY

The facing page presents a tabulation of the mass properties for the current silicon reference design according
to the current NASA SPS work breakdown structure.
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SPS Mass Properties Summary (Values are
in Metric Tons for 5-GW Silicon Baseline)

L
prwpow SORING

SOLAR POWER SATELLITE TOTAL 48473

SOLAR POWER SATELLITE IDENTIFIED MASS 40066

ENERGY CONVERSION 27235
STRUCTURE 3383
SOLAR BLANKET 22553
POWER DISTRIBUTION & SWITCHGEAR 1213
MAINTENANCE 86
POWER TRANSMISSION 12234
STRUCTURE . 370
TRANSMITTER SUBARRAYS 9382
POWER DISTRIBUTION & CONDITIONING 2218
MAINTENANCE 144
ANTENNA MECHANICAL POINTING 128
INFORMATION MANAGEMENT & CONTROL 250

ATTITUDE CONTROL & STATIONKEEPING 184
COMMUNICATIONS 10

ENERGY CONVERSION/POWER TRANSMISSION INTERFACE 147

GROWTH & CONTINGENCY ALLOWANCE 5413
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PHOTOVOLTAIC SPS MASS HISTORY

Shown on the facing page is the history of SPS mass estimates from Boeing IR&D through the JSC Green book (the
latter being an . "tirely independent study), and the several mass statements developed under the Boeing system
definition studies for NASA/JSC. These were all photovoltaic systems, some employed concentrators and sorae did

not.
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Photovoltaic SPS Mass History
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GEO COMSTRUCTION CC NCEPT ELECTRIC ORBIT TRANSFER VEHICLES

The reference system employs construction of the SPS's at geosynchronous orbit. SPS hardware is prefabricated

to the degrece practicable on earth, shipped to low earth orbit by heavy lift launch vehicle, and transferred to a low
earth orbit staging base. At this staging base, cargoes are transferred to the cargo orbit transfer vehicle which is
somewhat arbitrarily sized to carry 10 HLLV payloads to geosynchroncus orbit per trip. This cargo OTV is powered
by a solar electric propulsion system employing argon as propellant. It returns the empty cargo containers to the
staging base on its return trip. Construction and maintenance crews are delivered to low earth orbit by a modified
space shuttle where they transfer to a personnel orbit transfer vehicle powered by oxygen/hydrogen rocket engines.
This vehicle delivers and returns the crews to and from geosynchronous orbit where their nominai duty period is 90

days.

The cargc OTV's have high specific impulse, about 8,000 seconds, but very low thrust. According'y, they require
relatively little propellant to deliver the cargoes but take approximately six months for the uptrip. The personnel
OTV's have high thrust requiring only a day for the trip each way but consume much more propeliant relative to their

transpcrted payload.

The orbit transfer vehicles are based and _erviced at the low earth orbit staging base with the excepticn of solar
array annealing for the electric OTV which is done at geosynchronous orbit because of the availability of more nearly

continuous suniight for electric power to drive the annealers.
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GEO Construction Concept

Electric Orbit T'ransfer Vehicles
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HEAVY LIFT LAUNCH VEHICLE

The accompanying illustration shows the reference heavy lift launch vehicle design. The gross payload is 400

metric tons to low earth orbit with an effective net payload of about 380 metric tons, Both stages are fully reusable.
The iiftoff weight is approximately 11,000 metric tons. The first stage employs liquid oxygen and liquid methane

as propellants; the second stage employs liquid oxygen and liquid hydrogen. The payload bay is 17 meters in diameter
by 23 meters in length. The first stage employs air-breathing engines for fly-back to the taunch site,
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PERSONNEL LAUNCH VEHICLE

Ilustrated here is the assumed modification to the presen: space shuttle for SPS personnel transport. Modifications
include a passenger module for the payload bay and a fly back liquid propellant booster to replace the solid boosters
in the first stage.
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Personnel Launch Vehicle

2

75-PASSENGER TRANSFER MODULE
4

SHUTTLE
ORBITER

REDUCED SIZE EXTERNAL
TANK

379 m

HIGH Pc HLLV
ENGINES

LOo/LCH,

e

FLYBACK BOOSTER

THRUST-9.8x10%N

lsp {SL/VAC) =
363/455 sec
- 585.7m
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LO2/LH2 COMMON STAGE OTV

The personnel orbit transfer vehicle is shown here in additional detail. Payload provisions include a flight control
module for OTV pilots, a passenger module for 160 passengers, and a supply module which delivers sufficient crew
and base maintenance supplies for the 160 people for 90 days. The propulsion sysiem is a two stage vehicle with

the airframes cof the two stages being identical. The first stage is a booster stage that provides most cf the transfer
impulse for the initial transfer to geosynchronous transfer orbit. This b.ooster stage is then recovered in low earth
orbit for the riext mission. The upper stage circularizes at geosynchronous orbit, rendezvous and docks with the
GEO construction base, transfers crew and supplies and then returns to low earth orbit. The mission delta V split

is adjusted so that the propellant capacity of each stage is fully utilized.
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LOX/LH5 Common Stage POTV

SPS 2847

—~i 4m |- ,-— 21m ——
T 7
4Am s 2Ny
e ] ]
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MAIN ENGINE (2)
470 KN (105K LBg)

DOCKING & SERVICE

® SUPPLY MODULE

- 16m

.

PRESS- | UN-
URIZED | Pasgs'F 9.6m

|

" STAGE 2

! INTERFACE

CARGO = 480 MAN MO.

88,000 kg

MODULE = 15,000 kg

_MAIN ENGINE (4)
470 KN (105K LBg)

PAYLOAD INTERFACE \ SECTION
LH, TANK LH, TANK Lo,
2 Xi L0 2 TANK
 c— :. TANK - .._.! « anam—en : - e« -
(4 PLACES) UP 151,000 kg
56m . DOWN 65,000 kg
® STAGE

PROP 230,000 kq
- STAGE 2 STAGE 1/ INERT 30,000 kg
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EOTV CONFIGURATION

The independent electric OTV configuration shown here is updated from earlier mid-term data. Mass and size increases
resulted from incorporation oi bussing losses in the power budget and correction of other analysis approximations

used in the earlier effort. This orbit transfer vehicle is sized to deliver 4,000 metiic tons to geosynchronous orbit

and return with 200 metric tons. The return payload capability provides for return of packaging equipment and other
items from the geosynchronous orbit construction site. Because the electric orbit transfer vehicle is smaller than

the SPS modules discussed or the previous pase, it suffers comparatively little from perforrnance losses induced

by gravity gradients.
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Electric OTV Configuration Update
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CONSTRUCTION BASE END BUILDER DESIGN

The current reference construction base is the four-bay end builder illustrated here, This system builds the 8-by-
16-bay SPS solar array support structure in two passes, deploying solar arrays and other equipment at the same time,
Concurrently, the antenna and yoke are constructed in the facilities shown. When all are completea they are joined
together to form the SPS. This construction base operates in geosynchronous orbit.
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Construction Base End-Builder Design
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CREW MODULE SIZED FOR 100

The crew complement for the base is approx ately 400 construction workers including support personnel. [llustrated
here are inajor features of one of four crew habitat modules that make up part of the base shown on the previcus

figure.
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Crew Module Sized For 100

SPS-2017

1.5m (59.0”) DIA.
HATCH OPENING

_2.0m (78.7") DIA.

16.5m (649.6") DIA.
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17.0m (6589.3°"} DIA.
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(1.0m DIA. HATCH
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N
E

22.0m
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17.8m
{700.8"” - 58.4") [
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(9056” |
-755')

-0.3m (11.8”) FLOOR/CEIL!NG THICKNESS (TV".)
2.2m (86.61"”") FLOOR TO CEILING HGT (TYP.)
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BASE CONSTRUCTION CREW HABITAT / WORK STATION COMPLEX

The assembly of four crew modules that comprise the crew habitat area for the construction base is illustrated.
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Base Construction Crew Habitat/
Work Station Complzx
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RINGS P
- TUNNEL
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J-GIGAWATT RECTENNA CONSTRUCTION CONCEPT

As a part of the current study, General Electric analyzed rectenna construction with the objective of defining a
mechanization and structural concept that could reduce rectenna costs from the earlier estimates. A pictorial sum-
mary wf the conscwraction concept is illustrated here. The basic support structure is steel reinforced concrete. This
support structure s emplaced by construction equipment employing advanced technolngy location systems to allow
precise location of the footings. Support and rectenna panels are manufactured at the site in portable factory build-

ings and moved for installation as illustrated.
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RECTENNA COST DISTRIBUTION

The cost for one rectenna was estimated as slightly in excess of two billion dollars. The cost distribution is shown.
The mechanization developed by General Electric succeeded in eliminating most cost excepting for materials and
for the power processing systems that interfaces the rectenna dc electricity to a power grid. The chart also illus-
trates the breakout of materials, labor and equipment costs according to rectenna elemznts.
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RECTENNA COST DISTRIBUTION
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SPS COST ESTIMATE HISTORY

Shoewn on the facing page is the cost estimate history analogous to the mass estimate history shown earlier. Not
all of the mass reference points were accompanied by a cost statement. The most striking change in cost estimates
has been in the recognition of relatively high costs for the ground receiver and the allocation of interest and growth

allowances in the cost statement, analogous to the growth allowance carried in the mass statement,
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SPS Reccuring Cost Estimate History
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SOLID STATE SPS SUMMARY

The solid state discussion covers the four items tabulated.
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Solid State SPS Summary

SOEFING T————

SPS-2924

¢ MICROWAVE ALTERNATIVES

e WHY SOLID STATE?

e SANDWICH CONFIGURATION

® ANTENNA-MOUNTED SOLID-STATE
CONFIGURATION
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DC RF CONVERTER FEATURES

The three principal DC to RF converter systems that have been considered for SPS application are the klystron,
crossed-field amnplifier and the solid state transistor. Klystrons have received most of the emphasis in past systems
definition studies. Current emphasis is being directed to solid state systems.

64



LEAGELNTIZZ

SPS

D180-25402-1

DC-RF Converter Features

79-200

{

! CROSSED FiELD SOLID STATE
DEVICE '::> KLYSTRON AMPLIFIER TRANSISTUR
PROPERTY INJECTION

AMPLITRON | LOCKED FET
MAGNETRON

&

; POWER (CW)
: VOLTAGE
! EFFICIENCY
MTBF {1985)
I NO. OF OUTPUT DEVICES
{ PER ANTENNA
TEMPERATURE

CATHODE
SATURATION GAIN

50-70 KW

40 Xv
>80%

>10 YEARS
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300-500°C

THERMIONIC_

* 40db

v
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<20 Kv

>85%
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300-500°C
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>109

100-130°C
NONE
10 db
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RF MODULE OPTIONS

The three types of RF converters lead to three types of module options with two variations shown in the solid
state area. The Klystron lends itself well to radiating through a slotted wave-guide array antenna as does the
crossed field amplifer. Since solid-state amplifiers are equal to or less than in power than a single radiating slot,

it is more logical to employ solid state devices driving a dipole billboard or combiner-circuit microstrip cavity

radiators.
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(L S EUNIZ RF Module Options

S

moouLeE =D

KLYSTRON CFA SOLID STATE

TYPE

RF RADIATOR

SLOTTED WAVEGUIDE
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SPS RF DESIGN OPTIONS

Most SPS designs to the present time have employed antenna mounted transmitters as for the reference design.
Other concepts that have been investigated have attempted to solve the power distribution problem for low voltage
solid state systems by either a sandwich approach where the solid state transmitter is integrated with the solar array
or by an RF reflector approach . or which the solid state transmitters are again close to the solar arr>* with power

being distributed by high power waveguides.
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LA LEAT T SPS RF Design Options
SPrPS

—— ]

— ANTENNA SOLAR CELL MOUNTED
RF CONVERTER | - MOUNTED (CONGCENTRATION RATIO = 3)
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[ .4_5 17
KLYSTRON | SoLID
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ADVANCED
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WHY SOLID STATE?

The princiral motivator for the solid state systern is the much greater projected reliability than is expected for vacuum
tube devices. The device mean-time-between-failure may be as much as two orders of magnitude better than vacuum
tube devices. Further, lower mass per unit area is expectzd, and res~arch and development activities may be con-
dorted with small hardware items that can be quickly rnodified, tested, improved and retested,

However, tuere are certain problems associated with the solid state system, They are Jow-temperature, low- voltage,
and jow-power devices. The efficiency is somewhat unceriain, the cost of high performance devices is today high,
and the complexity of the solid state transmitter apnears to be greater.

Presently on-going systern study efforts are attempting to trade off these a2dvantages versus disadvantages to arrive

at practical approaches for emnloying solid state transmitters, and more importantly, to arrive at the most relevant

raesearch objectives ond approaches.
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Why Solid-State?

s RELIABILITY

® LOWER MASS/AREA

@ DEVELOPMENT ON SMALL HARDWARE ITEMS

BUT
o TEMPERATURE LIMITS
e LOWVOLTAGE, LOW POWER
® EFFICIENCY?
e COST??

® COMPLEXITY??
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THE SOLAR CELL SOLID STATE SANDWICH SPS CONCEPT

The sandwich concept has been proposed as a way of solving some of the problems attendant to solid state

application. Advantages and problems are indicated on the facing page.

The basic concept is to use a mechanical joint with a retlector configuration in order to the sun so that the solar
array itself need not face the sun and can be integrated with the transmitter facing the earth. The configuratior

shown achieves a geometric concentration ratio of 3 and an actual achieved conceniration of roughly 2 suns.
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The Solar Cell Solid-State
Sandwich SPS Concept
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PERFORMANCE VERSUS SANDWICIH TEMPERATURE

Integratici of the solar array and the transmitter combines the thermal rejection problem of the solar array with the
thermal rejection problem of the transmitter. The design is basically thermally constrained. Parametrics were
developed to evaluate the configuration based on the assurned operating temperature for the transmitter and the
solar array. It is believed that the maximum feasible operating temperature consistent with long life for the solid
state devices is approximately 400°K. Silicon solar arrays do not perform at all well in this configuration becaus# of

their somewhat lower efficiency and their rapid output degradation with increasing temperature,
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Performance vs Sandwich Temperature
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PERFORMANCE VERSUS SOLAR CELL EFFICIENCY

If the solar cell efficiency could somehow be improved, the thernial constraints would be eased somewhat and the
matchup of solar array area to transmitter area would be improved. Parametric results are shown here. Two
approaches to high solar cell efficiency have been discussed. One would employ mu!tiple band gap solar cells. These
curves are marked "normal concentrator”". A second approach is to use a selective concentrator which reflects to the
solar cells only the portion of the solar spectrum that they can effectively use. This could cause an ordinary gallium
arsenide solar cell to operate at an efficiency approaching 50%. These curves are marked "selective concentrator”.
Because the selective concentrator is very inefficient, a much larger concentrator area is required to achieve an
effective concentration ratio of 3 to 5. The geumetry problem attendant to the large area selective concentrator is
indicated at the right hand part of the figure.
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Performance vs Solar Cell Efficiency
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SPS COST TRENDS

The sandwich configuration appears to trend very similarly 1v the antenna baseline configurations. The sandwich
appears to trend below the baseline only when advanced technologies such as very high efficiency solar celis or
selective reflectors are employed. These kinds of technologies, however, would also improve the cost performance oi
the reference systems,
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SPS Cost Trends
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SANDWICH CONCLUSIONS
The sandwich configuration may prove attractive for very low power SPSs provided that the mechanical complexity
issues can be resolved. The sandwich requires a very large mechanical rotating joint, kilometers in diameter, and its

configuration is typical of those 3 dimensional configurations that have proven difficult to construct in space.

The sandwich does not appear to be a configurational breakthrough leading to low cost. It appears to fall on a cost-

versus-power trend l..-e.
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Sandwich Conclusions

5PS-2835

© MAY BE BETTER LOW-POWER CONFIGURATION
THAN ANTENNA-MOUNTED IF MECHANICAL
COMPLEXITY ISSUES CAN BE RESOLVED

e APPEARS TO FALL ON COST VS POWER TREND LINE;
NO INHERENT COST ADVANTAGE
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MODULE CONCEPT

Most of the Boeing investigation of solid state systems have been aimed at a soli{ state module with the objectives

tabulated on the faci~g page.
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Module Concept

BOEINGD L

¢ ADAPTABLE TO ANTENNA-MOUNTED SYSTEM

® THERMALLY EFFICIENT

-~ GOOD HEAT PATHS

— RADIATE FROM BOTH SIDES

® EFFICIENT COMBINING OF LOW-POWER (~5-WWATT) D':VICES
- ATTAINS ADFQUATE POWER DENSITY

¢ HIGH GAIN, PHASE-STABILIZED
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SOLID STATE COMBINER RADIATOR MODULE

The .. ir features of the combiner radiator module are illustrated on this chart. The antznna circuit itself is capaci-
tively coupled to the rediator patch through a ceramic dielectric. The radiator patch functions as a '.uble slot,
emitting linearly polarized RF radiation, The antenna circuit is driven by a pair of push-puli power amplifiers employ-
ing 5 watt gallium arsenide FET transistors in each of the four {inal outhut stages. DC supply connections are routed
through the center of the antenna along the zero potential line. Qutput from the radiator is compared to the input

RF drive signal by a phase comparator circuit and the phase of the RF drive to the amplifiers is adjusted accordingly
to maintain phase control of rach irdividual raciator. This cornpr=nsates for through phase variations in the power
amplifiers and antenna circuitry. The antenna s cavered by a resonant cavity which provides filtering at the ampli-

fier ourputs. The entire assembly is mounted to an aluminuin baseplate and ground plane,
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LEXL. é’?,j;‘-;/: Solid State Combiner-Radiator Module
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INTEGRATION OF MODULES INTO ANTENNA PAMFL

The rmodules would be integrated into an antenna panel as illustrated here. The dimensions give an idea of the size of
these modules. Each module radiates about 30 watts of linearly polarized RF power. Experiments have indicated
th.t this module design provides a very low loss means of comoining the output of 4 solid state power amplifiers. The
module also includes plase correction feedback te phase stabilize the amplifiers and a fault detection system to

substitute a load resistor for any amn:plifier that open circuits.
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LEAYLELUHTIZZ Integration of Modules into
SIS Antenna Panel

5P 2837
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64 MOI"ULE PANEL LAYOUT

i{lusirated on the facing page is the layout of hasic panel including 64 solid-state combiner modules. A liber optic
phase-feed goes into the center of this panel where a pre-amplifier converts the fiber-optic phase signal to a
microwave signa' which is then distributed by the phase distribution network shown, This network .t this level is
presently conceived as open-lnop. Further analysi: and experi ~ent will be necessary to ascertain to what degree

open loop phase-feed can be employed with olid-state systems.
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SUBARRAY ASSEMBLY

A mechanical subarray includes 324 of the panels illustrated on the previous charts., The subarray will include four
phase control receivers, one for each 5-by-5 meter subsection of the subarray. These phase control receivers will
generate the local phase signal, This signal is distributed to the panel level by fiber-optic distribution links and
within the panels by a microstrip phase-{eed as illustrated on an earlier chart,
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Subarray Assembly
(324 Panels; 20, 736 Modules)
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PRIMARY SOLID STATE SPS ARRAY STRUCTURE IS PENTAHFDRAL

Hiustrated here is the pentahedral truss concept selected for the solid state SPS option. This represents an

alternative to the reference hexahedral truss, providing about 10% mass savings.
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Primary Solid-State SPS Array
Structure is Pentahedral




D180-25402-1

ANTENNA SPS INTERFACE CONCEPT
The larger size of the solid state transmitter antenna has led to consideration of interface concepts that do not employ

a yoke suspension. The concept illustrated here employs a truss tilt mechanism attached to the mechanical turntable
rotary drive. Additional details are shown on the next chart.
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Antenna— SPS Interface Concept
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SLIP RING STRUCTURE WITHIN PRIMARY ROTARY JOINT
The relationships between the electricai slip ring structure and the mechanical rotary joint turntable drive are illus-

trated on this chart. The mechanical rotary joint employs a large bearing with three bogey wheel assemblies, a pyram-
idal truss s* "ucture and an end bearing that is co-located with the electrical rotary joint and slip ring assembly.
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Slip Ring Structure Within Primary Rotary
Joint

ANTENNA h OUTER SLIP RING
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ANTENNA ARRAY ANGULAR ADJUSTMENT CONCEPT

Since large aperture antennas are needed for the solid state option, an investigation of alternative rotary joint
assemblies was conducted. The concept shown here employs linear riotor drives of the telescoping membecrs, with
electronic feedback, to establish the tilt angle for the transmitter necessary to accommocate the range of latitudes
for the power beam. The electrical rotary joint would be similar to that shown on an earlier chart in the reference

system description.
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Antenna Array Angular Adjustment Concept
2.5GW Solid-State SPS
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THE AMTENNA SUBARRAY AND SUPPORT STRUCTURE INTERFACE

The support structure for the subairays is comprised of simple linear truss members supported to the primary struc-
ture at four support points for each bay. This linear truss structure can be fabricated by beam machines or prefabri-
cated and nested for shipment. This structural design approach provides a much simpler secondary structure than

the earlier reference as well as imprcved access for maintenance equipment.
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OPERATIONS

The operations summary includes the subjects indicated. Operations analyses are presented in more detail later in
the briefing.
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Operations
® LAUNCH
® CARGO

® EARTH TO LEO

@ LEO TOGEO

® MAINTENANCE
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LAUNCH AND RECOVERY SITE SYSTEMS AND OPERATIONS

The tabulation facing summarizes the accomplishments of the launch and recovery site operations analysis.
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Launch and Recovery Site
Systems and Operations

SPS-2940

SOEING T

USED KSC AS REFERENCE LOCATION

® IDENTIFIED 14 HLLV AND PLV FACILITIES

REFINED LOCATION OF THESE FACILITIES AT KSC

REFINED THE CONFIGURATIONS FOR THE HLLV ORBITER AND PAYLOAD PROCESSING
FACILITY AND THE HLLV BOOSTER PROCESSING FACILITY

INTEGRATED THE HLLV LAUNCH PAD, HLLV ORBITER PROCESSING, AND HLLV
BOOSTER PROCESSING TIMELINES
® VERIFIED THAT 3 HLLV LAUNCH PADS ARE ADEQUATE
e IDENTIFIED REQUIREMENT FOR 8 HLLV ORBITER AND 7 HLLV BOOSTERS
{REDUCED FROM 10 AND 9 RESPECTIVELY)
DEFINED COMMAND AND CONTROL FUNCTIONS AND INTERFACES

UPDATED MANNING AND COST ESTIMATES
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EARTH TO LEO TRANSPORTATION OPERATIONS ANALYSIS

The chart facing summarizes results of the earth-to-LEO transportation analysis.
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Earth-To-Leo Transportation
Operations Analysis

® DEFINED THE HLLV INTERFACE AT THE LEO BASE

DOCKING SYSTEMS AND OPERATIONS
PALLET HANDLING MACHINE

HLLY CREW TRANSFER SYSTEM
CARGO TRANSPORTERS

® DEFINED THE COMMAND AND CONTROL FUNCTIONS AND INTERFACES
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EARTH TO LEO CARGO TRANSPORTATION COMMAND AND CONTROL

Command and control concepts were developed for all elements of the operations system. These are described in

more detail in the operations analysis section of the briefing.
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Earth-to-LEO Cargo Transportation
Command and Control

SPS-2768
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¥ 7 contRoc \ \ é&’ﬁ&“ AND IV!NDCLE ! l
LAUNCH AND VEHICLE STATUS status |
RECOVERY SITE \ A\ auen | B
\ \ WINDOWS I
A ~ \ , l |v5mcus STATUS
N~
VERICLE MAINT \ \\‘\,;m% ~LAUNCH WiNDOWS N\ | | | l
~
\\\\ e N N\ N
~8 ~ N PACE CONSTRUCTION
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PAYLOAD MANIFERT ~ o> ~~ | 1 /
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SPS ~ CARGO PERSONNELY |¢l TRANSPORT
PROGRAM - z'éﬁ'l"cs& VEHICLE
CONTROL T ae VEHICLE COMMAND AND
\VEHICLE c&C CONTROL
PROGRAM CONSTRAINTS QAYUS
MASTER SCHEDULE N Sp
CREW ASSIGNMENTS VEHICLE ™\ TRAN
i, N vewicie
MAINT
L c&C / )

109



D180-25402-1

CARGO PACKAGING ANALYSIS

The facing chart sum.narizes results of the cargo packaging analysis.
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Cargo Packaging Analysis

BOFING Tr———

@ IDENTIFIED CARGO PALLET FUNCTIONAL REQUIREMENTS
® IDENTIFIED COMPONENT RACK FUNCTIONAL REQUIREMENTS

® IDENTIFIED SHIPPING UNITS AND CONSUMPTION SCHEDULES FOR OVER 60 8¢8
AND EOTV COMPONENTS

® EVALUATED CONSUMPTION RATE SHIPPING SCHEDULE--FOUND TO BE INEFFICIENT

® EVALUATED SMALLER SIZE HLLV-(500,000 LB, 11x11x18M)
¢ REQUIRES 60% MORE FLIGHTS
® MANY OF THE “PRIMARY” COMPONENTS WOULD HAVE TO BE SUBSTANTIALLY
REDESIGNED (SOLAR ARRAY, SUBARRAYS, CREW MOL JLES, THRUSTERS, ETC.)

® MASS-LIMITED PAYLOAD SETS IDENTIFIED
® RECTANGULAR CARGO PALLET A MUST
© 404 FLIGHTS/YEAR REQUIRED (THEORETICAL MINIMUM I8 372 FLIGHTS/YIAR)

® RECOMMEND THAT A COMPUTER GRAPHICS CARGO PACKAGING ANALYTICAL SOFTWARE
BE CREATED
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MAIN BUS MAINTENANCE ACCESS SYSTEM

The 1977 study examined maintenance of the klystrons on the power transmitter and did some comparisons of various
means of flying and operating missions. During that study it was assumed that repair of coinponents of the
geosynchronous base would require the same size crew as the remove/replace operations at the satellites. During the
present study further analysis was conducted on the maintenance systems in order to establish how r.aintenance
access for all system components could be accomplished and to estimate actual crew counts both for remove/replace
operations and for equipment repair operations at the geosynchronous base, lilustrated on this figure is a
representative access concept for gzining access to power buses and switch gear. Additional definition of installation
specifics was required in order to accomplish the maintenance analysis. Illusirated is the muitiple bus power
distribution system and a flying cherrypicker which is a part of the maintenance system.
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Main Bus Maintenance Access System
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SPS ATTITUDE CONTROL SYSTEM

The SPS attitude control propulsion system is illustrated on the facing page, showing maintenance provisions including
the docking platform for a flying cherrypicker.
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SPS Attitude Control System
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MAINTENANCE ANALYSIS SUMMARY
The facing page summarizes the results of the maintenance and indicates the estimated cost of maintenance to be

approximately 0.3 cent per kilowatt hour. This cost is categorized in utility language as operations and maintenance
cost.
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Maintenance Analysis Summary

SOEING """

sPs-2810

® UPDATED EARLIER MAINTENANCE ANALYSIS

-~ UPDATED FAILURE RATES
— IDENTIFIED MAINTENANCE TASKS, DEFINED MAINTENANCE
ACCESS SYSTEMS, TIMELINES, SPARES, CREW RQTS, & SUPPORT RQTS

@ ASSUMED TWO 5,000 -MEGAWATT SPS’S IN GEO

—~ REMOVE/REPLACE CREWS 84
- REPAIR CREW (AT GEO BASE): 350
-~ SPARES ROUGHLY 800 MILLION DOLLARS/YEAR

~ ONE MOBILE MAINTENANCE SYSTEM; ONE MOBILE HABITAT; 4 OTV'S;
8 SPARES PALLETS; ONE FLYING CHERRYPICKER & OTHER EQUIPMENT
—~ 3 ADDITIONAL HABITATES & 2 WORK MODULES AT GEO BASE

® ROM ANNUAL MAINTENANCE OPS COST

ITEM OPERATING SPARES  AMORTIZATION TOTAL
COST COST COST COST
CREW TRAN & OPS  $1220M $1220M
SPARES $800M $ 800M
MAINT. SYS. $ 200M $100M $250M $ 550M
@ COST/KWH = $2570M = 0.32¢ /KWH

5 x 10E KW x 8766 HRS x 0.9 PLANT FACTOR x 20 $PS'S
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CURRENT SYSTEM ISSUES

The systems issues that are accorded principle importance today are those that will generally require experimental
work to provide a sufficient database to develop conclusions or resolutions regarding those issues. Some of the
principle issues are tabulated on the facing page.
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Current Systems Issues

SOEING R

e SOLAR CELL DEGRADATION, ENCAPSULATION, & ANNEALING

® SELECTION OF MICROWAVE TECHNOLOGIES

— EFFICIENCY

-~ NOISE

— POWER SUPPLY

- COSsT

—~ CONFIGURATION ISSUES

e HIGH VOLTAGE, PLASMA, & CHARGING EFFECTS

o INTEGRATED STRUCTURE & CONTROL DYNAMICS
e HLLV SIZE & SHUTTLE/HLLV EVOLUTION
® PROTOTYPE/PILOT PLANT SIZE

e LASER TRANSMISSION
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PLANS FOR BALANCE OF PHASE TWO
Tasks to be completed for the balance of Phase 2 are indicated on the facing page. Emphasis tasks will probably

include additional microwave power transmission effort and improvement in traceability of the mass and cost data
base.
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Plans For Balance of Phase Il

T—— O EING T

® COMPLETE DEFINITION OF SOLID STATE REFERENCE SPS
o DC/AC POWER DISTRIBUTION TRADEOFF
* PHASE CONTROL NETWORK
* MASS AND COST ESTIMATES

® DEVELOP INTEGRATED OPERATION DESCRIPTION
® UPDATE REFERENCE SYSTEM DESCRIPTICN
® EMPHASIS TASKS TO BE DETERM!NED

® DOCUMENTATION
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SPS MICROWAVE POWER TRANSMISSION SYSTEM MID-TERM REVIEW

This section of the briefing presents the report on Phase II work accomplished on microwave power transmission

systems, anaylsis and definition.
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SP$S

MICROWAVE POWER TRA®*ISMISSION SYSTEM

MIDTERM N 2VIEW
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MTPS STUDIES

The briefing is presented in three principal segments: discussion of the solid-state power combiner radiator
module, a section on pattern studies and a section on phase control flight test concepts.
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BOEING SOLID STATE SPACETENNA A REVIEW AND UPDATE

The solid state spacetenna design activity was initiated on IR&D in 1978. A concept for a tranumitting antenna
module deveioped initially for another purpose was mocified and adapted to combine power from several solid
state power amplifers into a single double-slot radiator module. During Phase II of the present study, additional
work has been conducted to embody this design concept into a solid state SPS transmitter design. The review
and update reported here includes IR&D results on the basic design principle of the solid state power combiner.
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MPTS STUDIES

SOLID STATE MODULE

PATTERN STUDIES

PHASE CONTROL FLIGHT TESTS CONCEPTS
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BOEING SOLID-STATE SPACETENNA

A REVIEW & UPDATE
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BOEING SOLID STATE SPACETENNA SUMMARY OF EFFORT

Basically four aspects of solid state spacetenna have been addressed. These are (1)low-loss power-combining
antenna module, (2)the electronics in that module including closed-loop RF ampliters, (3)integration of the module
into a panel useful for further integration into subarrays to make up a solid state spacetenna, and (4)reliabitity
analysis of the modules both by themselves and when in the presently-conceived solid state spacetenna configuration.

On low-loss power combining, a four-way combining antenna has been constructed and demonstrated. An improved
version of this has been proposed featuring reduced cross-polarization loss, wider band width and a physically
smaller antenna to allow higher RF power per unit area across the spacetenna face.

Solid state module electronics design has resulted in a configuration of four five-watt RF amplifiers per module

which would provide a 20-watt RF output from the module, .4 x .7 wavelengths in area. The amplifiers would

have 43 dB nominal gain and would be phase-error-corrected for phase shifts in the amplifier chain. This is to

be done by sampling the module output, and feeding it back to phase shifters which would correct it to be appropriately
in-phase with the input. An electronics design study verified that the module size of .4 x .7 wavelengths was

close to the minimum achievable with our configuration.

64 modules may be integrated in an 8x8 configuration into a panel that is also the smallest line replacable mechanical
unit. A single RF feed per panel is envisioned. The same thing is true for the DC feed, however, the modules
are hooked in a series parallel configuration.

Reliability analysis of the modules concentrated on string reliabilility which was found to be the key factor in
the reliability of this configuration. In addition, electronics to protect against the effects of open-circuited modules
was designed.
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D180-25 BOEING SOLID-STATE SPACETENNA

Summary of Effort

o LOW-1OSS POWER COMBINING ANTENNA

o Demonstrated 4 way combining anterna

) Improved 4 way combining antennx prcposed
* Reduced cross polarization loss
* Width bandwidth

* Smaller antenna for improved power density

o MODULE ELECTRONICS WITH CLOSED LOOP RF AMPLIFIERS

o 20 watts out, 43 db gair with closed loop phase error correction. ( 80 watta/AZ)

o Electronics design study to verify module size (.4A x .7Aminimum)

o INTEGRATION OF MODULE INTO USABLE PANEL

o RF feed (64 element panel)
0  DC feed (series parallel)

o RELIABILITY
o String reliability analysis

o Module open circuit protection
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SOLID STATE ANTENNA EXPLODED DIAGRAM

The basic configuration of the solid state modules in the antenna Is shown. The core of the module is a sheet

of ceramic substrate on which microstrip circuitry is rmetalized. An aluminum carrier underneath the substrate
and an aluminum back cover fully enclose the electronically active circuitry on the substrate. Power amplifier
integrated circuits would be mounted in holes in the substrate directly on the aluminum carrier to provide a good

thermal path for heat rejection.
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Microstrip Slotline Radiator Concept

(active modules, DC & RF feed lines not shown)

M ALUMINUM LID

- ALUMINA PRINTED CIRCUIT SUBSTRATE

ANTENNA CAVITY & CIRCUIT LID

CERAMIC SUBSTRATE

ANTENNA EXCITER
METALIZATION

RADIATOR METALIZATION —/
ALUMINUM CARRIER

/_,./’ 3 "’\,__. :
o o

SUBSTRATE PRINTED PATTERN
(OPPOSITE SIDE)

ALIWINUM CARRIER

131



D180-25402-1

SOLID STATE MODULE ANTENNA PATTERN

The antenna pattern along an E-plane cut of a solid state module excited with a’single feed has been measured.
The on-axis gain was found to be 5dB over isotropic.
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POWER COMBINING ANTENNA BANDWIDTH VERSUS NUMBER OF PORTS
The bandwidth of the solid state anteina module depends on the number of exciters inside the module cavity.

This has been experimentally measured. The bandwidth has been found to go roughly as the inverse square root
of the number of ports with 3% bandwidth at one port.
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SOLID STATE FOWER MODULE BLOCK DIAGRAM (20 WATTS)

A block diagram of the currently-preferred four-exciter solid state module is shown. The input signal to the
module is used as a phase reference for comparison with the probe-coupled module output to provide phase esror
correction for module amglifier through-phase variations. This should greatly enhance the module phase stability

with respect to aging and temperature variations.
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S v rge oV TIICROWAVE,
RN WA T T TR SOLID-STATE POWER MODULE BLOCK DIAGRAM (20 watTs)

b e st n -

GaAs SET POWER MODU_E (G = 3G .dB) ANTENNA EXCITING ELEMENTS

’////F‘RADIATING ELEMENT
88 9dB 10dB 3dB

3dB 10dB 9dB 8dB

e — —_

INPUT
2450 MHz
@1lmw

MONOLITHIC INTEGRATED
CIRCUIT PREAMPLIFIER o

VI
— <—PHASE ERROR CORRECTION/AMPLIFIER

INTEGRATED CIRCUIT, G = 1348
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LOW COST - LOW MASS SOLID STATE SPACETENNA CONCEPY

A 64%-module panel design was developed. The modules consist of 3 basic components. These are the power amplifier
subassembly, of which each module has two, a drive and phase error correction subassembly (one per module),
a caramic substrate {one per module), and a two-piece aluminum frame and back cover assembly.

This concept has a number of special attractive features. First is the abllity to combine microwave power from

a number of amplifiers with low loss. Secondly, it corrects for phase errors in the mocule amplifier chain. Also,
all the electronics are packaged into two snbassemlies. Th's simplifies radiation shielding, (which may be integral),
pretesting, burr-in and should provide a sufficiently high volume of demand for common parts so that getting
muitiple suppliers for them is no problem. The high thermal conductivities o” the ceramic substrates and aluminum
stampings in the waste heat rejection path allow radiation of that heat at the maximum possible temperature.
Series-paralleling the modules allows a single-voltage antenna panel with integral DC conduits. All external
module surfaces are at locai module ground and circuitry protects agalinst open-circuited modules. The modules
have visual indication of failure which cases the workload of fault isolation.
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LOW COST, LOW MASS SOLID-STATE

SPACETENNA CONCEPT

o SIv #LE 5 COMPONENT SOLID-STATE PANEL (64 MODU FS)

Power amplifier subassembly {2 each/module)
Drive and phase error correction subassembly (1 each/module)
Ceramic antenna substrate (1 each/module)

© O © ©

Two piece aluminum frame
o SPECIAL ATTRACTIVE FEATURES
o Low loss power combining antenna

Clesed loop RF module for phase stability
All electronics packaged into two subassemblies

0 integral radiation shielding
o enables pretesting and burned-in
o multiple suppiiers
o High thermal conductivity system to radiate waste heat
o aluminum stampings
0 ceramic substrates
o Single voltage system suitable for series parallel

antenna doubles as a dc conduit
all external surfaces at ground potential

open circuit module protection circuitry

o o O O

fault isolation
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POWER COMBINING MICROSTRIP ANTENNA

An exploded view and field patterns for the currently preferred solid state madule are shown. Note the relatively
small area of the exciter pads in the cavity.
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SOLID STATE POWER MODULE CONCEPT (20 WATTS)
Top view of the layout of the circuitrv in solid state module is shown. Power supply lines may be fed through

the zero field node at the center of the module from one hybri¢ GaAs FET power module to the other to simplity
power supply line routing.
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SOLID STATE POWER MODULE CROSS-SECTION

A cross sectional view of the solid state power module iliustrates the relative locations of the components in

the module. Note the nichrome fault load resistor mounted above the hybrid power modules which will dissipate
the module power in case the power amplifier circuitry opens. Upon failure of the hybrid power module circuitry,
the fault load resistor will be switched in to dissipate the power and will glow rejecting heat at high temperature

and providing a visual indication of failure.
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2.45 GHz POWER AMPLIFIER MODULE

30 DB GAIN, 2-5W OUTPUTS, 180° PHASE DIFFERENCE; DC OPEN CIRCUIT PROTECTED
SINGLE VOLTAGE SUPPLY

MODULE CASE IS INSULATED FROM ALUMINUM FRAME

HYBRID INTEGRATED CIRCUIT

o .010" SAPPHIRE SUBSTRATE WITH PRINTED INDUCTCORS, RESISTORS, AND
CAPACITORS.

o GAAS PREAMP-INVERTER MONOLITHIC INTEGRATED CIRCUIT CHIP
o DISCRETE GAAS FET POWER AMPLIFIER CHIPS

o MODULE BIAS DERIVED BY RECTIFICATION OF OUTPUT RF OR BY SELF
BIAS.

o FAIL-SAFE INTEGRATED CIRCUIT CHIP
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PRELIMINARY 2.54 GHz POWER MODULE LAYOUT

Hybrid technology circuitry for the power amplifier modules has been laid out and is shown. The physical size
is somewhat larger than desired. It may be possible to reduce this.
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MODULE PHASE ERROR CORRECTION
Features of the module phase error correction circuitry are the low parts count, automatic constant phase error

difference between input and output, lack of intervening signal conditionings circuitry and two separate outputs
for driving separate power modules. -

150



D180-25402-1

MODULE PHASE ERROR CORRECTION

SINGLE INTEGRATED CIRCUIT, TWO CHHIP CAPACITORS, ONE PRINTED
CAPACITOR, AND ONE PRINTED INDUCTCR.

AUTOMATICALLY HOLDS A CONSTANT PHASE DIFFERENCE BETWEEN THE RF INPUT AND
THE RADIATED RF POWER.

THE RF INPUT AND THE SAMPLED _-UTPUT PO'WER ARE PHASE COMPARED WITH NO INTERVENING
SIGNAL CONDITIONING WHICH WOULD CONTRIBUTE ERRORS.

PROVIDES TWO OUTPUTS FOR DRIVING SEPARATE POWER MODULES.
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PHASE SHIFTER

The ba < phase shifter circui¢ 1s shown along with phase shifter insertion loss and phase shift as a function of
the log of the varactor capacitance.
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PHASE DETECTOR

Two probes in the cavity pick up the module output signal this is then halfwave rectified by two hot-carrier diodes
to become the phase error DC voltage which is superposed on the one milliwatt RF input to the module.
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MODULE PHASE ERROR CORRECTION

The phase shifters, phase detectors and amplifiers are combined 1o become the complete module phase error
correction circuitry, shown here.
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POWER MODULE FAIL SAFE CIRCUITRY

"OPEN" FAILURE TRIGGERS THE SCR WHICH SUBSTITUTES A METALLIC FAULT RESISTOR
AS A LOAD AND MAINTAINS THE MODULE VOLTAGE.

ANY NUMBER OF MODULES MAY FAIL "OPEN" WITHOUT DISTURBING THE OTHERS.

THE FAULT RESISTOR'S HEAT IS RADIATED INTO SPACE.

"OPEN" FAILURES ARE EASILY RECOGNIZABLE.

A SHORTED POWER MODULE SHOULD BURN "OPEN" (2 AMPS) - ONE SUCH SHORT IN A
CHAIN OF TWELVE MODULES WILL BE ACCOMMODATED.
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POWER MODULE FAIL SAFE CIRCUITRY
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PANEL BUILDUP

This chart shows a small segment of 64 module power amplifier panel and illustrates the construction sequence.
Starting with the radiating face base-plate made of aluminum, the ceramic substrate containing the antenna
circuitry on the backside and the radiator patch on the front is installed. Next, the backing cavities are added
and the amplifier packages are installed. The phase feed and power supply circuitry is hooked up and the panel
is ready for test. '

Alternatively, the amplifier packages and phase feed circuitry could be istalled and a single panel back cover
could be added in one step.
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o4 MODULE PANEL LAYOUT

The complete layout of a panel is shown sans DC power supply feed and the primary phase feed tree. Those two
networks are illustrated on the following two pages.
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64-Modu' . Panel Layout
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STRING RELIABILITY ANALY SIS CONFIGURATION

The string configuration used in the reliability analysis consisted of 96 amplifiers in 12 rows of four modules each
where each module had two output amplifiers. While this isn't exactly a current configuration it provides a good
vehicle for quanitive analysis of the basic solid state transmitting antenna reliability problem. Simply stated

the problem is how to allow some of the amplifiers in a series paralle] configuration to fail without bringing down

the rest as well.

The biggest problem is open circuits since for the solid state amplifiers short circuits will quickly burn out to

become opens. In a series parallel configuratinn the effect of an open circuit is to provide more current to the

elements in parallel with the opencd element. In generai, this means that those elements will have to take a

somewhat higher voltage; i.e., their design mmust be uprated. The goal of the analysis is to determine how much

voltage and current uprating of the amplifier modules is necessary to ensure a given reliability of the final contiguration.
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String Reliability Analysis Configuration
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SOLAR CELL RELIABILITY MODEL
The problem discussed on the last page, while unusual in everyday electronics, is not unlike the solar cell reliability

problem taced on the solar panels of the SPS. In far ', the solar cell rellability problem is somewhat moie difficult
because the strings are much fonger.
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SOLAR CELL RELIABILITY MODEL
NUMBER CELL35 2} BILLION
19,072 STRINGS, EACH 80,000 CELLS OF UNITS OF 14 IN PARALLEL

EACH STRING TAP. LOOSE # OUT OF 14 UNITS BEFORE IT IS CONSIDERED
FAILED (REVERSE BIAS ACROSS CELL)

FOR A CELL MTBF OF 108 HRS. THERE ARE
0.36 STRING FAILURES IN 30 YEARS

ARRAY IS INITIALLY OVERSIZED TO COMPENSATE FOR THESE FAILURES
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SOLID STATE SPS CHAIN RELIABILITY

It was found that with eight amplifier rows and 12-row strings it was necessary to design the amplifiers to be
able to withstand the additional voitage and current causes by having two of the amplifiers in the row fail. Le,,
they must able to operate successfully carrying one third morc current than in a normal no-failure situation.
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SOLID STATE SPS CHAIN RELIABILITY
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PATTERN STUDIES

Antenna pattern studies have been done by numerical integration of patterns of individual subarrays (as in the

case of modmain and tiltmain) and at the less detailed but more analytically tractable level of radial aperture
illumination functions. A recently developed axis-symmetric anntena pattern analysis program has proved useful

in studying the effects of various apterature illumination functions. The sidelobe suppression ring studies illustrated

here are an example.

With these two possible levels of antenna pattern simulation, system simulation support studies may be done with
a minimum of difficulty.
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PATTERN STULIES

SPS MODULE L. VEL SIMULATION

° MODMAIN PROGRAM STATUS
INITIAL COMPARISON WITH TILTMAIN

ILLUMINATION FUNCTION TRADE STUDY

o SPS ANTENNA PROGRAM
SUPPRESSOR RING STUDIES

SYSTEM SIMULATION SUPPORT STUDIES
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COMPUTER PROGRAM FLOW COMPARISON

The basic dif ferences between the tiltmain and modmain calculation procedures are shown. Because modmain
does not store all the subarray excitations, it requires much less computer memory storage space to run.

This means that modmain can model the transmitting array in much more detail than tiltmain. Ar example of
this is shown on the following chart which illustrates how modmain was able to calculate the grating lobes from
the power modules within the subarrays as well as the grating lobes due t¢ the subarrays themselves. Tiltmain

does not have this capability.
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Computer Program Flow Comparison
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MODMAIN IMPLEMENTATION

MODMAIN has a number of features that miake it more flexible and easier to use than previous SPS large transmitting
array analysis prograrns.
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MODMAIN IMPLEMENTATION

INCORPORATED PROGRAMMING LOOP WHICH DECIDES
THE SIZE AND NUMBER OF KLYSTRON MODULES FOR
EACH SUBARRAY.

INCORPORATED GRATING LOBE SEARCH ROUTINE WITH
THE OFTION TO SPECIFY THE LENGTH OF A MODULE ON
WHICH TO BASE THE POSITION OF THE GRATING

LOBES.

ADDED PROGRAMMING TO COUNT THE NUMBER OF SUBARRAYS

IN EACH OF THE 10 QUANTIZED LEVELS SO AS TO HAVE A

CHECK BETWEEN THE SIMULATION PROGRAM AND THE REFERENCE
DESIGN.

DELETED OUTDATED PROGRAMMING OPTIONS IN ORDER TO
INCREASE PROGRAM FLOW CLARITY AND REDUCE RUN TIME.

ASSEMBLED INITIAL DRAFT OF MODMAIN PROGRAM USERS' MANUAL
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EFFECT OF MODULE SIZE ON GRATING LOB:Z LEVEL

o  MODMAIN COMPARISON WITH TILTMAIN: AMPLITUDE ERRORS 1db
10m x 10m. PHASE ERRORS 10°
FAILURES 2%
SUBARRAY TILT (RANDOM) 2 arcmin
SPACETENNA TILT 2 arcmin
(SYSTEMATIC)

o PREDICTED GRATING LOBE POSITIONS WERE VERIFIED BY MODMAIN.
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EFFECT OF MODULE SIZE OM GRATING LOBE LEVEL
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AXISYMMETRIC ARRAY PATTERN STUDIES
The effect of adding rings around a transmitting antenna in order to square up the beam and/or suppress side

lobes was investigated. Although the rings studied today are not economic from an SPS cost of electricity viewpoint,
they have produced interesting patterns which are illustrated in this section.
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AXISYMMETRIC ARRAY PATTERN STUDIES
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UNIFOKMLY EXCITED ARRAY WITH IN.-PHASE SIDE LOBE SUPPRESSOR RING

An aperture 'with the indicated illuminazlon was modeled, it prov.ded the efficiency and power paitern stown on
tt  tollowing chert.
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UNIFORMLY EXCITED ARRAY WITH IN-PHASE
SIDELOBE SUPPRESSOR RING

DOLING Tm—————

PHASE CONTROL
JSTEM S!MULATION

UNIFORM 1LLUMINATION
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SIDE LOBE AND EFFICIENCY OF UNIFORM ARRAY WITH IN-PHASE SIDE LOBE SUPPRESSOR RING

Wher. the side lobe suppressor ring was adjusted to give side lobes as low as those of the 10db taper Gaussian
the beam efficiency was 80%.
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SIDELOBE LEVEL & EFFICIENCY Of UNIFORM ARRAY WITH
IN-PHASE SIDELOBE SUPPRESSOR RING
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EFFICIENCY VS SDE LOBE LEVEL OF UNWFORMLY EXCITED ARRAY WITH IN-PHASE SIDE LOBF: SUPPRESSOR RING
There @ e fairly direct trade-offs of beam efficlency and maximum side lobe level with uniform rings of various

widths and facings. Note that the efficiencles are all worse than that of the unifcrmly excited array with no ring,
which has an 83% efticiency at the -14 dB point.
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EF-ICIENCY VS SIDELOBE LEVEL OF UNIFORMLY EXCITED
~RRAY WITI" IN-PHASE SIDELOBE SUPPRESSOR RING
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IMPROVED IN-PHASE SUPPRESSOR RING: ILLUMINATION FUNCTION

't was found that tapering the central transmitting aperature distribution in three steps and reducing the amplitude
level of the ring improved efficiency greatly. However, it does .ot outperform the base line 10 db Gaussian.
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IMPROVED IN-PHASE SUPPRESSOR RING: ILLUMINATION FUNCTION
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IMPROVED IN-PHASE SUPPRESSOR RING: SIDE LOBE SUPPRESSION

The r:ceive power per unit area pattern of the transmitted pattern shown on the previous page was able to produce
side lobes 24,7dB down from the peak power point.
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IMPROVED IN-PHASE SUPPRESSOR RING:
S/DELOBE SUPPRESSION
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IMOROVED IN-PHASE SUPPRESSOR RING: EFFICIENCY

The efticiency of the improved in-phase suppressor ring pattern was over 90%.
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EFFICIENCY
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REVERSE PHASE RING : ILLUMINATION AMPLITUDE

This pattern was investigated as an alternate to the standard solid state transmitting antenna pattern which has
a 3.3 kilowatt per square meter peax power.
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REVERSE PHASE RING ILLUMINATION AMPLITUDE
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REVERSE PHASE RING: BEAM SHAPE

Adding the ring in the approjtiate fashion allowed the received power pattern to be squared up considerably. However,
the first side lobe also rose.

194



D180-25402-1

REVERSE PHASE RING: BEAM SHAPE
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REVERSE PHASE RING: EFFICIENCY

The efficiency of the reverse phase ring is substantlall'y that of the base line 9.5426 Gaussian.
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REVERSE PHASE RING: EFFICIENCY
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DUAL RiNG: ILLUMINATK. ¥ AMPLITUDE

In order to bring the side lobe down, a second ring was added in a radius of between 1.6 and 2 kilometers from the
transmitting antenna center. This ring only contained 1.9% of the total power while the reverse phase ring contained
3.4% of the total power. Although the ring power itself is srall, the rings allow an increase of about 40% in the
power transfer of an intensity-limited link by suppressing the central leak of the received power pattern. These
rings represent a simple reverse-phase method of increasing link power. If continuous (or nearly continuous) phase
tapers can be empioyed, equivalent results may be obtained with smaller aperture areas and diameters.
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DUAL RING: ILLUMINATION AMPLITUDE
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DUAL RING: POWER PATTERN

The received power pattarn of the dual ring meets side lobe criteria and has a nice square central peak.
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DUAL RING: POWER PATTERN
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DUAL RING: EFFICIENCY

The efficiency of the dual ring pattern is over 98%.
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EFFICIENCY
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LINK POWER VERSUS EFFICIENCY

The achievable SPS link power versus beam efficiency to the -14dB point was plotted for a number o1 patterns and
compared with the base line 9.54dB Gaussian. All the common patterns seen in the SPS literature appear to have
link powers within a factor of 2 of that of the 9.54dB Gaussian.

Very high power (greater than 20 Gw) links, employing large apertures with amplitude and phase taper, and for which
the rectenna is in the near field of the transmitter, are possible but have received relatively little investigation.
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LINK POWER VS EFFICIENCY
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FEASIBILITY OF BEAM SPREADING BY PHASE DEFOCUSING

By adding a quadratic phase .aper to the 10dB Gaussian base line pattern, one can reduce the on-axis power density
and spread the pattern somewhat. However, this degrades the efficiency by several percent.
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FEASIBILITY OF BEAM SPREADING BY PHASE DEFOCUSING
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SPS ARRAY SIMULATION

A number of different reference system and axisymmetric array simulation problems and trades i'¢. nain to Le worked.
These are listed.
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SPS ARRAY SIMULATION

o REFEENCE SYSTEM SIMULATION
o PHASE CONTKOL SIMULATION
MODEL DISTRIBUTION TREE
LEVEL AT WHICH PHASE CONTROL 1S EXERCISED
MODEL DIFFERENT PHASE DISTRIBUTIONS

o IMPACT OF ANTINNA DEFORMATION
INCORPORATE SUBARRAY OFFSET CAPABILITY

o DETAILED SPS DESIGN UTILIZING MODMAIN AND TILTMAIN
EFFECT OF SUBARRAY QUANTIZATION ON SIDELOBE ROLL-OFF
STUDY EDGE EFFECTS USING CIRCULAR QUANTIZATION
COMPARE SOLID STATE AND KLYSTRON SPS DESIGNS
o STUDY EFFECTS OF CONTROLLED BEAM DEFOCUSING
IMPACT ON POWER SIZING AND EFFICIENCY
o AXISYMMETRIC ARRAY SIMULATION
o EVALUATE ALTERNATE ILLUMINATION FUNCTIONS
AMPLITUDE ONLY
AMPLITUDE AND PHASE
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PHASE CONTROL FLIGHT TEST CONCEPTS

Three key elemeiits in the verification of the phase control system are one-way path experiments for ionospheric
model verification, verification of the phase control flight system, and actual SPS demonstration. One-way path
experiments may be done with existing sateilites. However, detailed ionispheric model verification probably requires
a large aperture low power satellite and an inverted transmit array. It is possible that linear & ays may sutfice,
both in space and on the ground for signal pattern verification. Finally, for the SPS demonstrator, the augmentcd
aperture concept, which allows a lower transmitted power to verify SPS power level bearns, should be investigated

because of its possible cost savings.
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PHASE CONTROL FLIGHT TESTS CONCEPTS

o ONE WAY PATH EXPERIMENT
o EXiSTING SATELLITE TESTS

o IONOSPHERIC MODEL YERIFICATION
0 LARGE APERTURE LOW POWER SATELLITE
o RECEIVE DNLY LINE ARRAY
o INVERTED TRANSMIT ARRAY

o SPS DEMONSTRATOR
° AUGMENTED APERTURE CONCEPT
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ONE WAY PILOT BEAM PATH TESTS

EXPERIMENTAL ASPECTS:
o POWER LEVEL £ 100 WATTS
o MULTIPLE FREQUENCIES
2450 + 100 MHz BAND
o DIPOLE TRANSMITTING ANTENNA
[ DUAL POLARIZED RECEIVE ANTENNA

APPLICABILITY OF DATA:
g SPATIAL & TEMPORAL PHASE FLUCTUATIONS
OVER SINGLE RAY PATH ONLY
o ESTIMATE OF IONOSPHERIC COHERENCE
BLOCK SITE
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One Way Pilot Beam Path Test

!
=) = EXISTING SATELLITE

|
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LARGE APERTURE TECHNOLOGY SATELLITE

EXPERIMENTAL ASPECTS:
o POWER LEVEL €100 WATTS PER TRANSMITTER
o ANTENNA
LOW GAIN HORN
° FREQUENCY
DOWNLINK 2.45 GHz
UPLINK: SPREAD SPECTRUM PILOT
o SATELLITE
MULTIARM BEAM 600 METER DIA
SIZED FOR SINGLE SHUTTLE FLIGHT

APPLICABILITY OF DATA:
0 SPATIAL & TEMPARAL FLUCTUATIONS OVER
SPS IONOSPHERIC BLOCK SIZE '
o MODEL MULTILEVEL FULL SCALE PHASE CONTROL
FOR 3 TO 5 TRANSMITTERS
o DETERMINE RANDOM & SYSTEMATIC PHASE ERRORS
DUE TO 5-6 METER ION, SECTIONS
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Large Aperture Technology Satellite

AR RN ’ SRR

A
" 8 YRANSMITTER
\ //l. & PHASE CONTROL
e A EXPERIMENT
" PHASE REFERENCE ® POWER LEVEL < 100 WATTS PER TRANSMITTER
DISTRIBUTION o ANTENNA -
LOW GAIN HORN
® FREQUENCY
o\ DOWNL!NK 2.46 GHz
\ UPLINK: SPREAD SPECTRUM PILOT
® SATELLITE
MULTIARM BEAM ~ 600 METER DIA
SIZED FOR S§INGLE SHUTTLE FLGIHT
\\\\\S\\\\\\\\\\ & DATA
\\)", IONOSPHERE o SPATIAL & TEMPARAL FLUCTUATIONS OVER
SPS IONOSPHERIC BLOCK S12E
SPREAD SPECTRUM ® MODEL MULTILEVEL FULL SCALE PHASE CONTROL
UPLINK FOR 3 TO 5§ TRANSMITTERS
@ . e DETERAMINE RANDOM & SYSTEMATIC PHASE ERRORS
@ DUE TO 5.6 METER ION, SECTIONS.
®f
1 M

MOBILE

Rt recoromg | 2~ S
CENTER 3 S\ N\

A3 C t
TIME DIVISION MULTz)lPSLEX
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INVERTED RECEIVE ONLY ARRAY

PILOT WAVEFRONT

CORRECTED
INCIDENT PHASE

CONJUGATED
PERTURBED PHASE

FEATURES

216

o
o
o

CAN USE EXISTING SATELLITE

PASSIVE—NO SIGNIFICANT POWER

CONTINUOUS PHASE FRONT MAPPING
FINER GRAIN SPATIAL DETAIL
INFINITE NUMBER OF RAYS

POVIDES CHLCK OF NEAR FIELD
SIMULAT!ON OF DISTORTED WAYEFORM

PLANAR RECEIVE ONLY 2 DIM. ARRAY
WOULD PROVIDE 2D PHASE CONTOUR
PPI DISPLAY
OBSERVE LARGE SCALE STRIATION
IN 2D CORRELATE WITH SCALED
HEATING
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Inverted Receive Only Line Array

SOGING ="

- 0 SATELLITE FEATURES

I \
% (\\\ PILOT WAVEFRONT
—~ CORRECTED

— INCIDENT

IONOSPHERE \

CONJUGATED
PERTURBED

W PHASE CONTROL
RECEIVE
ELECTRONICS
g POSITION

PHASE REFERENCE
DISTRIBUTION

TH
DU

TIME VARIANT
PHASE PROFILES i)

217

® CAN USE EXISTING SATELLITE
® PASSIVE — NO SIGN{FICANT POWER

® CONTINUOUS PHASE FRONT MAPPING
FINER GRAIN SPATIAL DETAIL
INFINITE NUMBER OF RAYS
® PROVIDES CHECK OF NEAR FIELD
+ SIMULATION OF DISTORTED WAVEFORM
® PLANAR RECEIVE ONLY 2 DI, ARRAY

\WOULD PROVIODE 20 PHASE CONTOUR
PPt DISPLAY

OBSERVE LARGE SCALE STRIATION IN 20
CORRELATE WITH SCALED HEATING
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INVERTED TRANSMIT ARRAY

o  TOTAL POWER OF 200 MW
UNIFORM ILLUMINATION
o  PROVIDES 23 MW/CM? OVER 1 KM
IE FULL SCALE HEATING AT S-BAND
o  DISPLAYS 2D PLOT OF
HEATED DISTURBED iNOSPHERE
o  SPACEBORNE RECEIVER CAN CHECK
FINE POINTING CAPABILITY
o  CHECK UPLINK-DOWNLINK PATH
DIFFERENCE
o  FULL SCALE GROUND THERMAL TEST
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Inverted Transmit Array

|
- O - SATELLITE

¢ TOTAL POWER OF 200 MW
UNIFORM ILLUMINATION
o PROVIDES 23 MW/CM2 OVER 1 KM
PILOT BEAM IE FULL SCALE HEATING AT S-8BAND

® DISPLAYS 20 PLOT OF
HEATED DISTURBED INOSPHERE

® SPACEBORNE RECEIVER CAN CHECK

——A—AS A FINE POINTING CAPABILITY
REGION OF ® CHECK UPLINK-DOWNLINK PATH
HEATED DIFFERENCE
IONCSPHERE ® FULL SCALE GROUND THERMAL TEST
L o P
TRANSMITTER
MODULES 2D PHASE CONTOUR
DISPLAY
') PHASE CONTROL X ¢
ELECTRONICS _
Y
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TIME DIVISION MULTIPLEX SYSTEM

Time division multiplexing may allow the ionospheric phase shift from a space-Lorme transmitter to be determined
with less ambiguity and greater ease of implementation than would be the case wich an FM CW system. Thus it
should be considered for all the phase control system test elcments previously described.
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Time Division Multiplex System

TOR
PHASE CONJUGA

SPACEBORNE ELEMENT  REFERENCE |

PHASE l

PHASE CONTROL
DETECTOR RECEIVER
TRANSMITTER
TELEMETRY
RECEIVER ISOLATOR
OM-OFF MODULATOR

Wt
A% CHANNEL
\ / g -—A—D

GROUND BASED . -NC‘“ e
RE *g
<N DEMODULATOR
MOBILE RECEIVER

CENTER
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SPS PROGRAM DEMONSTRATOR OPTIONS

It is not yet clear what the SPS demonstrator should be like. Three possible options are shown. Recently, a small
trade study of the augmented aperture concept applied to a 16.7 megawatt R.F transmitting array was performed.
This is the topic of the following section.
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SPS Program Demostrator Options

SPACETENNA':

PREVIOUS APPROACH AUGMEN TED APERTURE ONE TENTH SCALE 8PS

100m DIAMETER 1 KM DIAMETER 2.6 KM DIAMENTER

16.7 KW RF 16.7 MW RF 600 MW RF

= e ———
/
RECTENNA: 3 KW ON 1.7 MW ON 23 mw/icm2
1 KM x 1 KM 1TKM x 1 KM 600 MW ON

1.9 XM DIAMETER
14 MW ON ‘

70 KM DIAMETER
222
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AUGMENTED APERTURE STUDY ASSUMPTIONS

In addition to the rather arbitrary 16.7 megawatt power level, the tollowing assumptions were made for the configuration
and design of augmented aperture SPS demonstrators.
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Augmented Aperture Study Assumptions

® 100 M DIAMETER ACTIVE ARRAY

@® 1KM DIAMETER APERTURE

© LEO CONSTRUCTION

® ELECTRIC THRUSTERS SELF-POWER TO GEO
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APERTURE AUGMENTATION APPROACHES

Aperture augmentation approaches may be divided into two basic classes of concepts, using either retiectors or
lenses to increase the aperture of the given transmitter array. With the reflectors, a further sub-classification

may be made into single and multipie reflector concepts.

Although lenses may be made much more floppy than reflectors and lend themselves to active control, they also
have significant power loss as the beam passes through them. Although this m.ay not be crucial for an SPS demonstrator,
it was felt to be sufficient to exclude the lenses from our present consideration. They should perhaps be reintroduced

later.
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Aperture Augmentation Approaches

BOFING w——————

SPS- 20560

REFLECTOR LENS

\ * -'\\ > /,--—----»
— T~

- »
L
® SURFACE MUST STAY e REQUIRE EITHER LOW
DIMENSION MATLS OR ACTIVE CONTROL
o ALLOVRV M1‘?\-7-10; %?ne FIGURE
s) SINGLE REFLECTOR b) DUAL REFLECTORS DEFO IONTHAN REFLECTORS

® LENDS ITSELF TO ® LOWEST MOMENTS * O DLOCKAGE AT APERTURE
HIGH F~NUMBE BEST FOR ARBITRARY .
SRRV e T POINTING ® LEND THEMSELVES TO ACTIVE
ASSISTED CONFIGURAT!ON [ o SOMEWHAT MORE CONTROL

COMPLEX OPTICS ® EFFICIENCY?
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ACTIVE REFLECTOR CONCYF PTS FOR APERTURE AUGMENTATION

Preliminary study showed that passive reflectors that would hold their figure were unattractive when compared

with simple actively controlled reflectors. Of the types of actively controlled reflectors that might be envisioned

and that were feasible with the current shuttle, the two most attractive ones were the maypole and hoop multiple

flight deployed flexible reflectors and the faceted and modular constructed flexible reflectors. While the maypole

and hoop concept may be the least massive per unit area, the faceted modular concept appears to be the most constructable.
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Active Reflector Concepts For Aperture

Augmentation
BOFING ——
e DEPLOYED RIGID SURFACE REFLECTORS > 1 KG M-2, TOO MASSIVE AND COSTLY
e SINGLE-FLIGHT DEPLOYED FLEXIBLE MAY BE FEASIBLE WITH 126 KLB SHUTTLE
REFLECTORS
® MULTI-FLIGHT DEPLOYED FLEXIBLE FEASIBLE WITH CURRENT SHUTTLE
REFLECTORS
e MAYPOLE AND HOOP <.1KG M2
EASILY SCALED UP
¢ RIBS @ RIB TOLERANCES AND MASSES ARE A PROBLEM
SCALING UP A PROBLEM
e FACETED/MODULAR 8 MORE MASSIVE THAN MAYPOLE AND HOOP
EASILY SCALED UP
& CONSTRUCTED RIGID SURFACE REFLECTORS > 1KG M2
e CONSTRUCTED FLEXIBLE REFLECTORS DIFFICULT TOBUILD  ALIGNMENT SLOW
® MAYPOLE AND HOOP LINE TANGLING PROBLEM POTENTIAL
LEAST CONSTRUCTABLE
o RIBS @ RIBS VERY CONSTRUCTABLE, MESH PROBLEMATIC
® FACETED/MODULAR 3 MOST CONSTRUCTABLE

RELATIVELY MASSIVE
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CASSEGRAIN REFLECTOR AUGMENTED APEM.TURE

A design for cassegrain reflector augmented aperture SPS demonstrator using iwo maypole hoop reflectors was
configured and is as shown. The shape of the entire structure is controlied by adjusting tensions of selected lines
from active actuating rings. These rings are centers for the act of control of the satellite. Basic stiffness of

the masts that position the elements of the satellite and the reflector surfaces is provided by stays under tension.
The reflectors are somewhat analogous to bicycle wheels, while the mast technology was drawn frorn masts on

high performance sailboats which use diamonds and spreaders.
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LERDL(ELPI e
SPIPrS

Cassegrain Reflector Augmented Aperture

100 M

.LENTICULAR

"!00"\

100M

100 M DIAMETER N
TRANSMIT ARRAY

60 M TELESCOPING

R

100 M DIAMETER _

SUBREFLECTOR

MAIN MAST R

311 GR-EPOXY BEAM
ONE OF 12
ACTIVE
ACTUATING

RINGS KEVLAR OR QUARTZ
FIBER STAYS
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ACTIVE ACTUATING RING UNIT
It was found that an active actuating ring unit design may be quite compact; enough so that all twelve rings with

the spreaders that are deployed from them and the mesh from the raain reflector could conceivably fit into the
shuttle for single flight.
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[EATENT T
SIrPrS

Active Actuating Ring Unit

LASER SHAPE CONTROL
SCANNER (OP TIONAL)

l"—'l S M_"'

BEAM END FITTINGS

T Mﬂ&ﬂ-‘“*‘—

(RETRACTED)

12 RIMNGS, WITH SPREADERS,

40M . NET, AND MESH SURROUNDING
: \ STAY CABLE SPOOLS
(MAY OR MAY NOT BE
§ / ACTIVELY CONTROLLED)
\
/ ELECTRICAL/FIBER OPTIC
CONTROL AND POWER
/ LINE CONNECTORS
SPREADER
ATTACH

POINTS
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PRELIMINARY CASSEGRAIN MASS STATEMENT
Using mass properties scaled from existing Lockhee« and Harric maypole hoop reflector designs, it was found

that the additional mass *0 augment the _perture of the 16.7 megawatt SPS demonstrator was a less than 50%
increase.
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Preliminary Cassegrain Mass Staternent

R

ITEM MASS.(MT) COMMENTS
SOLAR AFRAY 76

100 M DIAMETER TRANSMIT ARRAY 130

BASIC DEMONSTRATOR SUBTOTAL 208

3 M BEAM FOR MASTS 144 4 KG/M
ACTIVE RINGS 38 300 KG EACH
60 M TELESCOPING SPREADERS 3.0 1 KGM
STAYS 6

MAIN REFLECTOR HOOP 16

MAIN REFLECTOR MESH 1.1

SHAPING NET 20

SUBREFLECTOR 2.0

5L 10.0

AUGMENTATION SUBTOTAL 37.2

SUM 243.2

20% GROWTH 48.6

TOTAL 201.8
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APERTURE AUGMENTATION CONSTRUC TION SCENARIO

A rather conservative scenario was developed for the construction of the cassegrain type aperture augmented
satellite for SPS demonstration.
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Aperture Augmentation Construction Scenario

e DOLING
OPERATION TIME
® ASSEMBLE TRANSMITTING ARRAY 200 DAYS
@ DEPLOY MAST FROM TRANSMITTING ARRAY (ADDING RINGS PERIODICALLY) 7 OAYS
@ DEPLOY SOLAR ARRAYS 60 DAYS
@ DEPLOY HOOP AND
® FLY MAST THROUGH 2 DAYS
©® CONNECTESTAYS TO SECURE HOOP POSITION ABOUT MAST
® ADD REMAINING MAIN REFLECTOR STAYS 20 DAYS
© UNFOLD REFLECTING MESH § DAYS
® ATTACH SHAPING NET 30 DAYS
® ALIGM AND PERFORM FINAL CHECKXOUT 80 DAYS
® FLY TO GEO, THRUSTING ALONG MAST AXIS 120-180 DAYS
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ALTERNATIVE DEPLOY ABLE TRUSS FACETED REFLECTOR

An alternative aperture augmented satellite design with a somewhat more conservative structural design was
developed. It consists of a rigid reflector structure supporting steerable facets much like those on a thermal SPS
with the exception of the inclusion of a linear actuator to provide in-out positioning of the refiector facet. The
size of the deployable facets was determined by the length of the shuttle bay. The rating lobes that would be
induced by the discontinuities bt _tween the facets were calculated and found not to be excessive,
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Alternative Deployable Truss
Faceted Reflector

ARGON ION THRUSTER

REFLECTOR

STRUCTURE REFLECTOR
EDGE MEMBER

{7, LINGAR
|/ acTuaTOR

427 M
17,640 FACETS —‘1 F-‘

RADIAL
MEMBER

2-AXIS STEERING
ACTUATOR

STRUCTURE

“BACKBONE"~ >
STRUCTURE - STEERABLE FACET
(BACK $1DE VIEW)

SOLAR ARRAY
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TRUSS/FACET CONFIGURATION OFFSET OPTICS

The optics for the alternative deployable truss faceted reflector SPS augmented aperture demonstrator configuration
are shown. The fact that the transmitting subarray is out of the main beam is attractive both from an antenna
pattern and maintenance during operation viewpoint. There is a necessary satellite center of gravity and moment

of inertia asymmetry but it should not result in excessive attitude control system requirements.
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Truss/Facet Configuration Offset Optics

' TEEIEI——— O E NG T
<)
\--- —— — -

\ TO RECTENNA —

S \
. \ ~ ~ /

S0 TS

>K , o TRANSMITTING

. ‘ SUBARRAY
~ 4

241

'1{] ! ]H};[ SOLAR ARRAY




D180-25402-1

TRUSS/FACET CONFIGURATION MASS STATEMENT

A mass statement for the truss facet aperture augmentation SPS demonstrator configuration shows that this
alte “native is much more massive, mostly due to the high mass of the structure in it.
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Truss/Facet Configuration Mass Statement

— — SOCING =
ITEM MASS
(METRIC TONS)
TRANSMITTING ARRAY 130
SOLAR ARRAY 78
REFLECTOR 434
PRIMARY STRUCTURE 66
SECONDARY STRUCTURE 274
STEERABLE FACETS 84
BACKBONE STRUCTURE 40
MISCELLANEOUS 20
SUM 700
20% GROWTH 147

TOTAL 847
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TRUSS/FACET ALTERNATIVE CONSTRUCTION SCENARIO
Due to the greater mass and complexity of the elements to be assembled construction of the truss/facet alternative

satellite takes longer than that of the cassegrain configuration. Again, this construction scenario is probably
somewhat conservative.
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Truss/Facet Alternative Construction Scenario

DOLSING

ASSEMBLE TRANSMITTING ARRAY 200 DAYS
ASSEMBLE BACKBONE 650 DAYS
DEPLOY SOLAR ARRAY 50 DAYS
ASSEMBLE REFLECTOR TRUSS STRUCTURE 200 CAYS
DEPLQY FACETS 20 DAYS

FINAL CRECKOUT 60 DAYS
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PRELIMARY APERTURE AUGMENTATION IMPACT SUMMARY

Facts about the 16 megawatt SPS demonstrato. without aperture auginentation and two aperture augmented
aitornatives are listed. The bottom line of total costs shows that for between 1.4 and 2 times as much money,
one may increase transmitting aperture by a factor of 130 and received power on a demonstration rectenna by
over 500 to the power leve! of a small utilitv '
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Preliminary Aperture Augmentation
Impact Summary

-] . ]
16 MW DEMO 16 MW DEMQ T4/~ O
WITH A WITH A
PARAMETER 16 MW DEMO CASSEGRAIN  CASSEGRAIN DEPLOYABLE TRUSS
MAYPOLE-HOOP TRUSS FACETED FACETED
REFLECTOR REFLECTOR
‘TRANSMITTING APERTURE 7864 m2 777540 m2 x99 785400 m2 x 100
RECEIVED FOWER 3kw 1.73 Mw x676 1.8 Mw x 600
(1 KM x 1 KM RECTENNA)
CONSTRUCTION TIME 310 DAYS 374 DAYS x1.2 580 DAYS x1.9
MASS 250 MT 300 MT x1.2 847 MT x3.4
SHUTTLE FLIGHTS 26 27 x1.36 56 x28
HARDWARE 14 18 x1.3 44 x3.1
CONS BASE 6 9 x1.5 12 x2.0
DDT&E COST $1.67 B $267 B x1.C $2.17 B x1.3
HARDWARE COST $0.16 B $0.26 B x1.6 $0.26 B x1.8
CONSTRUCTION BASE COST $1.70 B $2.56. B x1.6 $3.40 B x2.0
SELF POWER TRANSFER COST $0.30 B $0.40 B x1.3 $1.00 B x3.3
GSO SUPPORT STATION COST $0.50 B $0.50 B NO $0.50 B NO
CHANGE CHANGE
EARTH-LEO TRANSPORT COSTS
FLIGHT $0.40 B $0.54 B x1.36 $1.12 B x2.8
FLEET $0.20 B $0.27 B x1.36 $0.56 B x2.8
CHEMICAL OTV COST $0.20 B $0.20 B NO $0.20 B NO
CHANGE CHANGE
CREW ROTATION COSTS $0.08 B $0.10 B8 x1.2 $0.16 B * x2.0
RECTENNA COST $0.15 B $0.15 B NO $0.15 B NO
CHA! 3E CHANGE
17.5% FOR OPERATIONS $0.94 B $1.358 x1.4 $1.71 B x1.8
TOTAL COSTS $8.998B x1.4 $11.23 8 x1.8

$6.30 3
2
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CTONSTRUCTION SIMIL ARITIES WITH FULL SCALE SPS
Due to its unique design the cassegrain configuration has only partial similarity with a baseline SPS in several

respects. This is not true for the truss/facet configuration which incorporates technology throughout that has
basically fuli similarity with SPS baseline designs as we know them today.
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Construction Similarities
with Full Scale SPS

—_
[ CASSEGRAIN CONFIGURATION TRUSS/FACET CONFIGURATION
ASPECT smﬂ;ﬁ%v smr&# Ity smﬁlﬁti'v ' smf&#nv
AUTOMATYTIC BEAM ASSEMBLY X X
COMPOSITEE MATERIALS X X
REPRESEMNTATIVE SIZFS X X
REPRESEMNNTATIVE TOLERANCES X X
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COMMENTS ON APERTURE AUGMENTATION

The big advantage of aperture a'')gmentation is that it allows the power beam parameters to be scaic~ closer to
full scale and the test rectenna output to be closer to utility scale without the investment in mass and cost that
would be required for a full scale SPS. The cost would essentially be doubled and the additional techno! gy effort
would be partially applicable to a full scale $1°S,

Further trade stucies to be done on aperture augmented SPS demonstrators are listed. Particularly important
is the increase in satellite power which may be done with only marginal cost growth in the demonstrator.
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Comments on Aperture Augmentation

”’w' L 1

® SP3 DEMONSTRATOR APPLICABILITY

ALLOWS POWER BEAM PARAMETERS TO BE CLOSE TO FULL SCALE WITHOUT
BUILDING FULL SCALE SATELLITE

ADDITIONAL TECHNOLOGY EFFORT PARTIALLY APPLICABLE TO FULL SCALE 8PS
1.6 - 2x PRECURSOR COST ALLOWS FULL SCALE 8PS BEAM EFFICIENCIES

UTILITY SCALE POWER OUTPUT

® FURTHER TRADE STUDIES TO DO ON APERTURE AUGMENTATION

INCREASE SATELLITE POWER (MARGINAL COST GROWTH)
REFLECTORS VS LENSES

MULTIPLE ELEMENT OPTICS FOR HIGH POWER (> 20 GW) 8P8
MECHANICAL V8 ELECTROSTATIC ACTUATORS FOR REFLECTORS
MORE DETAILED COSTS AND MASSES
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MPTS TEST PLAN OPTIONS

Aspects of various program options in the microwave power transmission system test plan for SPS are »ivown
in a matrix.

The one way path experiments could be done immediately with existing satellites. They provide limited but perhaps
adequate information about the ionosphere for further SPS development. The LAPATS satellite would provide
more extensive ionospheric information as well as phase control system concept {easibility information. The
inverted arrays supplement this and, if they are planar and transmit power, provide crucial high power beam phase
control system information. With proper design inverted arrays and LAPATS cnuld be used together.

Of the SPS demonstrators, it appears that around 300 megawatts is necessary to adequately demonstrate full

scale SPS technology. To a certain extent this may be reduced by the use of aperture augmentation. Further
study is needed to quanti{y this reduction.
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MPTS Test Plan Options

SOLINS =77
ONE-WAY INVERTE L LEO- GEO-
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& |, O & oA j o A & & &
S QN | S| S|y klov,f S &
SLISE SH|TREFISFEF S Es 18 |8 |4
MICROWAVE POWER AMPLIFIER
LOW POWER e | o
FULL POWER ® . .
THERMAL N o 1 o
SOLID STATE LOW POWER N
HIGH POWER
TRANSMITTING ARRAY ) .
SPACE FABRICATION ° ° .
POWER HANDLING N ® ®
THERMAL EFFECTS
PHASE CONTROL.
IN SPACE ENVIRCNMENT ) ) o ®
IN SPACE & THERMAL ENVIRONMENT 0 ®
PHASE REF. DISTRIBUTION s | e ® o | e e | e e | o
CONJUGATION 0 » N o e | o | o 0 N
TUBE LOOP o | o ° .
IONOSPHERE H
TIME, FREQ. & POLAR. MEAS. ]
SINGLE RAY PATH Py °
MULTIPLE RAY PATH o °
1-D PROFILE < T
HEATING COLD ® ® ® s | o ¥
SCALED 1/2 A °
SPS@  2.45GHZ ° . ° °
RECTENNA ° ° .
HIGH EGFICIENCY POWER TRANSFER ° N °
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Phase II Systems and Operations Studies

DIEING e vamemusndy

5PS-2902
SPS
MAINTENANCE
SYSTEMS
AND
OPERATIONS
(BAC)
GEO BASE
SYSTEMS
PERSONNEL AND (GRUMMAN)
TRANSPORTATION ' OPERATIONS
OPERATIONS LEO-TO-GEO
CARGO
TRANSPORTATION
| OPERATIONS
1.LEO BASE
SYSTEMS (BAC) SPAGE
RECTENNA/ AND VEHICLES
' UTILITY GRID | | openaTIONS — IN-SPACE
SYSTEMS AND EARTH-TO-LEO : MAINTENANCE
OPERATIONS ¥ CARGO {BAC) OPERATIONS
TRANSPORTATION »
LAUNCH AND BAC)
{GE) RECOVERY OPERATIONS
F cﬁgizcs Bac)
A . "
SYSTEMS AND COMMAND
SURFACE OPERATIONS AND
TRANSPORTATION CONTROL
SYSTEMS J (Bac) < FACILITIES,
{ AND x EQUIPMENT,
INDUSTRIAL OFERATIONS _ AND OPERATIONS _
COMPLEX | {aDL) ; CARGO (TRW)
FACILITIES PACKAGING
AND _
QPERATIONS (BAC)
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OVERLAY OF SPS FACILITIES ON KSC MAP

The Kennedy Space Center is the reference location of the SPS Launch and Recovery Site, Other locations have
not been ruled out. This map shows the reference location of the SPS facilities at KSC.
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Overlay of HLLYV Pads on KSC Map
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SPS GROUND SUPPORT FACILITIES

This map shows a close-up view of some of the HLLYV facilities. Two of these facilities will be described in subsequent
charts.
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SPS Ground Support Facilities
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SP5 GROUND SUFPPORT FACILITIES
SHARED 'VITH THE SPACE TRANSPORTATION SYSTEM

This map shows a close-up view of some of the PLV facilities. The PLV is considered to be a Shuttle-Growth vehicle,

so its processing facilities will be those developed for the Shuttle-Growth vehicle. The PLV vehicle processing will
be iritegrated with the processing of other Shuttle-Growth vehicles assigned to other missions.
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SF5 Ground Support Facilities
Shared With the Space
Transportation System
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HLLV LAUNCH PAD OPERATIONS

This figure illustrates the integrated operational timelines for the three HLLV launch pads. This timeline is based

on launching 400 HLLV's per year. A 7-day/week 2-shifts/day schedule is the preferred schedule. Other schedules,
such as 5-days/week 2 shifts and 5-days/week 3 shifts were also considered. The selected schedule provides for

the most efficient use of the launch pads (minimal slack time) while aliowing sufficient time available (the 8-hour/day
shutdown) to make up lost time. This available time could alsc be utilized to support a higher launch rate or to keep
the space construction on schedule if one of the three launch pads become in.perative (for example, because of a

vehicle explosion on the pad).
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HLLV Launch Pad Operations
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HLLVY ORBITER PROCESSING OPERATIONS

This figure shows the integrated processing operations for severs HLLV Orbiters.

1t was found that a 7-day/week, 3-shifts/day schedule was the most efficient schedule as well as leading to a requirement
for fewer orbiters than would be required by other schedules. The selected schedule was based on 400 launches per

year. As this timeline shows, only four of the five bays would be occupied at any time. The additional bay would

be used to perform major overhauls that would recuire the vehicle to be removed from the operational cycle.
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HLLYV Orbiter Processing Operations
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HLLV ORBITER AND PAYLOAD PROCESSING FACILITY
This figure illustrates the configuration of the HLLV Orbiter and Payload Processing Facility.
The HLLV Orbiters are backed into one of the bays. Access platforms are moved into place and the vehicle is connected
to facility power and other services. The cargo bay is opened and the empty caigo pallet removed. The vehicle
is then processed to prepare it for its next launch.
The empty pallet is taken to a processing location where it is then reconfigured for its next payload.
The components are delivered to the facility by truck and/or rail. These components are distributed to the appropriate
bays. The comnonents are moved 0 the pallet loading area where the pallet is filled with the goods called for by

a shipping manifest.

Ore of the bays will always be available for vehicles undergoing major maintenance,
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HI.LV Orbiter and Payload
Processing Facility
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HLLV BOOSTER PROCESSING OPERATIONS

This figure illustrates the integrated operationai timeline for the processing of six HLLV Bcosters. Three of the
vehicles will be on launch pads and three will be in the processing facility at any one time.
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HLLYV Booster Processing Operations
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HLLYV BOOSTER PROCESSING FACILITY

This figure illustrates the configuratior: of the HLLV Booster Processing Facility. Three of the bays will have operational
vehicles in the turnaround cycle. The othe: bay will be available for extended-duration major maintenance.
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HLLYV Booster Processing Facility

ENIN L s

MAINTENANCE SHOPS
' AREA

e e wmar o v o wr o= B e g e e mem e o wm o f e e o me - o e =

-
[ =
+
% 2
8323 B SR
oy R0
e } el i g BN
.
h 3 X
- e >
AR 0y PEReR
&

RAIL cARs o
TRUcks /7 &

e o -—: .

2N



D180-25402-1

$PS-2911

CARGO
PACKAGING

(BAC)

NOUSTRIAL |

coMPLEX
saciLiTies | WY PACRAGING
AND
CPERATIONS fsac)
oL}

272



D180-25402-1

CARGO HANDLING OPERATIONAL FLOW CYCLE
(ON-EARTH)

The on-Earth cargo handling operational flow cyc!e is illustrated in the figure. The components are initially loaded

into component magazines and racks at the various factcries. These magazines and racks are transported to the

Launch and Recovery Site where they are temporarily stored. A shipping nanifest is prepared and the various component
magazines and racks are then taken from storage. The components are integrated into cargo pallets. The cargoe

pallets are then loaded into an HLLYV orbiter,
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Cargo Handling Operational Flow Cycle
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CARGO HANDLING OPERATIONAL FLOW CYCLE
(AT LEO BASE)

At the LEC Base, the cargo pallet is removed from the HLLV and is transported to a cargo handling and storage

area. The EOTV components destined for use at the LEO Base are removed from the pallets. The SPS pallets are
transported to the ZOTV using cargo tugs. Ten to twenty of the pallets are attached to the EOTV cargo platform.
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Cargo Handling Operational Flow Cycle
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CARGO HANDJ ING OPERATIONAL FLOW CYCLE
(AT GEO BASE)

At the { O, the cargo pallets are flown hy cargo tugs fram the EOTV to the 250 Base. Thesc pallet- are then transported
to @ cargo handling and storage area where the pallets are oftloaded. The componenis are Aistributed to the subassembly

tactories, the construction equipment, the maintenance modules, or the mobile SPS maintenance equipment,

So...e of the e.apty racks and magazines are repacked into the now-empty cargo pallets. The pallets are recycled
back to Farth and the empty racks and 1nagazines are recycled back to the factories,
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Cargo Handling Operational Flow Cycle
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CARGO PALLET REQUIREMENTS
Tracing the flow of events through the entire cycle, the pallet and rack handling operations become visible. This

figure illustrates some of the requirements imposed o the H_LV carge pallet and the component racks by the handling

operations.
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Cargo Pallet Requirements
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COMPONENT PACKAGING CONCEPTS

A large sarupling of SPS and EOTV construction components were 2xamined in detail in order to establish representative
packaging concepts. Th.s table is a sample of data derived for about 60 different components. This data is based

upon the Laseline operitional scenario where it is required to construct one 5 gw SPS within 180 days, construct

a fleet of EOTV's at 1"« rate of one per 23 days, and to supply the propellants required by the EOTV's and POTV's

during the 180 day pericd.

The configuration of each of the compone .ts or the material from which the components would be fabricated were
derived from the descriptions given the Preferred Concept Description book (D180-25037-3). In most cases, the

shipping unit (i.e., the number of components packaged together in a single package) was established either by (1)

the total daily consumption ot the cotnponent, or (2) by the magazine size that would be compatible with the construction

equipment.

All of the "primary" components were detailed. These primary components are those that are either the most numerous,
the most massive, and/or the largest. A careful look at the data show that some of the most numerous components,
e.g., batten end caps, do not require much payload volume and so they are classed as "secondary" components. Other
secondary compoients are those that are small and/or few in number.
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SPS Co mponents Consumption Rate,
Packing, and Shipping Data
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SPS PAYLOAD PALLET SETS

The theoretical mass-lim‘ted payload delivery parameters are the following: (1) a total of 74319 MT are to be delivered
to LEO within a six-month time period; (2) this will require 186 mass-limited flights; and (3) the launch rate would
be 1 45 flights/day.

The packaging objective is to combine components into integrated payloads that come as close as possible to achieving

400 MT per pallet. This figure shows SPS payload sets that come within 10% of meeting this objective. A total of
202 flights per 6 months will be required to deliver these and a similar set of EOTV payloads.
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SPS Payload Pallet Sets
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CARGO PACKAGING ANALYSIS RECOMMENDATIONS
The recommendations that have resulted from this analysis are given in the table,

Tne cargo packaging analysis task will have to be updated periodically as the SPS program matures. It is recommended
that in the next contractual study that a task be provided for creating a software package that can perform the packaging
analysis This software would allow many alternatives to be explored that are beyond the capability of the manual
anal,sis. As cargo \.ansportation is the largest cost contributor to the SPS program and this transportation sy’ .em

is sized by the cargo packaging, it is imperative that this software be developed soon.
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Task 45305 Cargo Packaging
Analysis Recommendations

CONFIGURE THE HLLV TO ACCEPT A 17.6X17.6X21 M, 400 MT PAYLOAD PALLET.

SHIP SOME COMPONENTS IN UNITS (RACKS) THAT CAN BE UTILIZED AS DISPENSING
MAGAZINES ON CONSTRUCTION EQUIPMENT.

COMBINE COMPONENTS INTO PAYLOAD SETS THAT CAN COME CLOSE TO
ACHIEVING A 400 MT MASS-LIMIT,

CONFIGURE THE PALLETS TO BE EASILY RE-CONFIGURED TO ACCEPT
MULTIPLE COMBINATIONS OF PRIMARY AND SECONDARY PAYLOADS.

ASSEMBLE CARRIAGES ON-ORBIT RATHER THAN DELIVERING THEM PREASSEMBLED.
REASSESS ON-ORBIT ASSEMBLY OF SUBARRAYS AND ANTENNA SECONDARY STRUCTURE.

USE 202 HLLV FLIGHTS PER 6 MOITHS AS THE MAXIMUM FLIGHT SCHEDULE
TO SIZE THE HLLV FLEET SIZE AND LAUNCH/PECOVERY SITE,

CREATE A CARGO PACKAGING ANALYSIS COMPUTER MODEL.
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HLLV DOCKING SYSTEM ON THE LEO BASE

The cargo packaging analysis defined the requirement for an average of eight HLLV flights per week. The Launch

and Recovery Site operations analysis shows a launch schedule of 2/1/2/1/2 HLLV launches per day each week. Therefore,
it is necessary to provide docking facilities for two HLLV's at the LEO Base at one time. An additional decking facility

is required as a spare bringing the total to three HLLV docking facilities.

The figure illustrates the HLLV Docking Facility concept. This facility is composed of a "window frame" structure
on which is attached a primary docking boom and two secondary docking booms. The figure illustrates how these
docking booms are employed to attach to the HLLYV crbiter and to pull the vehicle into a docked position. These
docking boems are operated from a control cab located at the lower center of each of the docking facilities.

It will be assumed that it will take one hour to pertorm the HLLV docking operations depicted.
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HLLYV Docking Operations
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HLLVY CARGO PALLET OFFLOADING

This illustration shows a close-up view of the HLLV cargo pallet offloading operation.
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CARGO PALLET HANDLING MACHINE

A cargo pallet handling machine, such as shown in the figure, will be located at each of the two HLLV docking facilities.
This machine reaches into the HLLV cargo bay and extracts the cargo pallet. The machine backs up, a cargo transporter
is driven into a loading position, and the machine lowers the pallet onto the transporter. The transporter is driven

to a cargo handling and storage area where the cargo will be processed.
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Cargo Pallet Handling Machine

L (WBS 1.2.2.1.3.1) o

§PS- 21T

ATTACHMENT

' MECHANISM
' (4 PLCS) AN
|| . SN

CARGO PALLET
a r

TOWER

! CONTROL '
\ ] CAB --———/l

CARRIAGE

293



D180-25402-1

LEO BASE HLLV SUPPORT SYSTEMS
AND CREV SIZE SUMMARY

This table summarizes the systems and crew reguired at the LEO Base to accommodate the HLLV docking and cargo
offloading/loading operations.
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LEO Base HLLYV Support Systems
and Crew Size Summary

HLLV SUPPORT SYSTEMS

HLLV DOCKING FACILITIES (WBS 1.2.2.1.8.1)
o FRAME v

o PRIMARY DOCKING BOOM

o SECONDARY DOCKING BOOMS (2 REQ'D)
o CONTROL CAB (1 MAN)

o CARGO PALLET HANDLING MACHINE (WBS 1.2.2.1.3.1)
o CARGO TRANSPORTERS (WBS 1.2.2.1.3.2)
o CREV TRANSFER TUNNEL SYSTEM

CREWSIZE [

o HLLV DOCKING FACILITY OPERATOR

(2 FACILITIES) X (1 PER SHIFT) X (2 SHIFTS) =
o CARGO PALLET MACHINE OPERATOR

{2 MACHINES) X (1 PER SHIFT) X (2 SHIFTS) =
o HLLV FACILITY SUPERVISOR

(1 PER SHIFT) X (2 SHIFTS) =

TOTAL

"’I”‘ L

3REQD [

3REQD (>
3REQD [i>
3REQD [T>

4 OPERATORS

4 OPERATORS

2 SUPERVISORS
10 PEOPLE

(> DOES NOT INCLUDE COMMAND AND CONTROL PERSONNEL

[i=- INCLUDES 1SPARE
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LEO-TO-GEO CARGO TRANSPORTATION SYSTEM OPERATIONS
This figure illustrates the overall LEO-to-GEO cargo transportation systems and operations.

At the LEO Base, an Electric Orbital Transfer Vehicle (EOTV) that has just returned from GEO is placed into a station
keeping position approximately | km away from the base. A cargo tug flies over to the EOTV and picks up an empty
cargo pallet and returns it to the LEO Base. (These empty pallets will eventually be returned to Earth on an HLLV.)
A loaded cargo pallet is picked up at the base and transported to the EOTV by the cargo tug. This shuttling back

and forth with empty and loaded cargo pallets continues until 10-20 cargo pallets are loaded onto the EOTV.

After the cargo pallets are loaded, the cargo tug picks up empty EOTV propellant pallets and returns them to the
base. Two loaded propellant pallets will have been delivered to the LEO Base within HLLYV cargo pallets. These
two loaded propeilant pallets are installed on the EOTV.

While the cargo and propellant resupply operations are underway, a flying cherrypicker transports four thruster refurbishment
machines to the EOTV. These machines are installed onto the EQOTV attitude control system electric thruster yokes,

The machines are used to changeout the thruster accellerator grids. The flying cherrypicker is also used to attend

to miscellaneous maintenance tasks whiic the thrustec refurb machines automatically perform their operations.

After four days, the thruster refurb machines are retrieved and returned to the LEO Base. The defective components

are processed at the maintenance module to recondition them for reuse.

At the GEO BRase, and EOTYV that has just arrived from LEOQ is placed into a station keeping position approximately

1 km from tne base. A cargo tug transfers the loaded cargo pallets to the base and empty cargo pallets to the EOTV
in the same fashion as was done at the LEO Base. While the cargo pallet transfer operations are conducted, the
annealing machines (that are permanently installed on the EOTV) are remotel_y activated. Over a four day period,
the EOTV solar array is annealed.
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LEO-to-GEO Cargo Transportation
Systems and Operations
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EOTV FLIGHT SCHEDULE

This figure shows the integrated EOTV flight schedule. A total of 28 EOTV fiights are required during a one-year
period in order to deliver the satellite components necessary to construct two 5gw satellites per year. This requires
that an EOTYV be launched to GEO every 12 days. A total of 22 vehicles are required to maintain an average of 28
deliveries per year when taking into account EOTV performance due to solar array degradation. One additional vehicle

is added to the fleet as a spare giving a total of 23 vehicles.
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EOTYV Flight Schedule
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EOTV OPERATIONS AT LEO

This timeline shows the sequence of EOTV operations at the LEQ Base during the six-day turnaround time. The thruster
refurbishment operations are the pacing factor,
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EOTYV Operations at LEO
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EOTY CARGO PLATFORM
The refercnce EOTV is shown in this figure. Refer to WBS 1.3.2 for a detailed description of this vehicle.

The cargo platforim that is located on the top of the EOTYV is also showi. This platform has holddown provisions
for up to 20 cargo pallets and two propellant pallets.

Twenty-three ETOV's are required (22 cpera.tional vehicles pius one spare).
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EOTYV Cargo Platfarm
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CARGO TUG FUNCTIONAL REQUIREMENTS

The conceptual configuration of the cargo tug is shown in this figure. The vehicle is used to (1) tra-sport cargo pallets,
and (2) to transport EOTYV propellant paliets. The functional requirements for this vehicle are listed below. Two

cargo tugs are required at each base (one operational plus one spare).

i
2'

q.

Two-man 1light control cabin

Docking fixture on the nose of the crew cabin (mates with the pallet handling fixture, the propellant pallet,
and to a docking port at the bases)

Electrical connector incorporated into the docking fixture that provides an interface with the crew cabin controls
and displays used for these systems:

a.  Cargo pallet handling fixture gimbal

b.  Cargo palle. handling fixture attachment mechanisms

¢.  Laser guidance system

d. EOTY pallet holddown mechanisms ‘

e. Propellant tank fluid coupling mating mechanism

Must be able to back up TBD meters éarrying a full load

Vehicle sizing criteria:

a. 400,000 Kg payload (maximum)

b. 1 Km trips

C. Refuel after 12 round trips

d.  Transit time 5 to 30 minutes

Refueled from a propellant transfer system colocated with the docking port on the LEO and GEOQ bases

a.  Propellants delivered on a pallet carried within a cargo pallet
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Cargo Tug
L c ] ’ﬂl’”‘ MRS
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LEO BASE EOTV OPERATIONS SUPPORT SYSTEM
AND CREV SIZE

This table summarizes the vehicles, systems, equipmen., and crew required at the LEO Base to support the EOTV
cperations.
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LEO Base EOTY Operations
Support Systems and Crew Size

VEHICLES (EXCLUDES MAINTENANCE VEHICLES - SEE TABLE 1)
2 CARGO TUGS (1 OPERATIONAL & 1 SPARE)
20 CARGO PALLET TRANSPORTERS
3PROPELLANT PALLET TRANSPORTERS
VEHICLE DOCKING PROVISIONS
2 CAKGO TUG DOCKING PORTS WITH PROPELLANT TRANSFER SYSYEM
2 FLYING CHERRYPICKER DOCKING PORTS
SUPPORT EQUIPMENT
® 2CARGO PALLET HANDLING FIXTURES
LEO-TO-GEQ CARGO TRANSPORTATION SUPPORT CREWS AT THE LEO BASE

® CARGO TUG OPERATOR 2PERSHIFT =4
® EOTV CONTROLLER 1PERSHIFT~ 2
e TRAFFIC CONTROLLER 1PER SHIFT =2 (SHARED WITH THE HLLYV,

PLV, AND POTV FUNCTIONS)
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EOTV OPERATIONS AT GEO

This figure shows the timeline for the EOTV operations conducted at the GEO Base. The table on the following page
summarizes the support systems and crew.
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EOTYV Operations at GEO
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GEO BASE EOTV OPERATIONS SUPPORT SYSTEMS
AND CREW SIZE

This table summarizes the vehicles, equipment, systems, and crew required at the GEO Base to support the EOTV
:operations.

31



D130-25402-1

GEO Base EOTYV Operations
Support Systems and Crew Size

SOSING “————

VEHICLES

® 2 CARGO TUGS {1 OPERATIONAL & 1 SPARE)
® 20 CARGO PALLET TRANSPORTERS

VEHICLE DOCKING PROVISIONS
@ 2 CARGO TUG DOCKING PORTS WITH PROPELLANT TRANSFER SYSTEM

SUPPORT EQUIPMENT
® 2 CARGO PALLET HANDLING FIXTURES

LEO-TO-GEO CARGO TRANSPORTATION SUPPORT CREW

e CARGO TUG OPERATOR 2PERSHIFT=4
© ANNEALING MACHINE OPERATOR 1PERSHIFT =2
e EOTV CONTROLLER 1PERSHIFT =2
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PERSONNEL TRANSPORTATION SYSTEM
INTEGRATED PERSONNEL TRANSPORTATION SYSTEM OPERATIONS

The figure depicts the overall personnel transportation systems and operations.

At the Leaunch and Recovery Site, the orbital crew members are transported to the Personnei Launch Vehicle (PLYV)
launching pad. Seventy-five crew members are placed within a passenger module in the payload bay of the shuttle
orbiter. This shuttle orbiter is mounted on a flyback booster and expendable external tank. The PLYV is launched,
the booster flies back to the launch site, and the shuttle and external tank continue toward LEQ. The external tank
is jettisoned and the oruiter boosts to LEO.

At the LEO Base, the orbiter is docked to the base and the passengers are offloaded into crgw buses. Some of the
passengers are moved to a transient crew quarters module where they are temporarily housed while awaiting their
turn to be taken to the GEO Base. The crews destined for the LEO Base are taken to crew quarters modules.

The POTYV is refueled from two POTV propeilant pallets which were transferred to the LEO Base by the HLLV. The
pallets were incorporated into the HLLV cargo pallets. These propellant pallets are removed from the cargo pallets
and taken to the POTYV operations area and installed on a docking and fuel transfer system.

The passenger module within the orbiter is reloaded with passengers returning to Earth,

The GEO crews are transported by crew buses to the oTV operations area where up to 160 passengers are loaded
into a passenger module on a POTV. This POTYV also includes a crew supply module and a flight control module,

The latter is where the POTV flight crew operates the vehicle. The POTV is launched, the first stage returns to
the LEO Base, and the second stage and attached modules continue on to GEO.

(Continued)
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At the GEO Base, the POTYV is docked and the passengers offloaded into crew buses. The crew buses transport the
crew to their assigned crew quarters module,

Passengers awaiting return to LEO and then to Earth are temporarily housed in a GEO Base transient crew quarters.
After the POTV has been reconfigured for the return trip, the passengers are loaded. The POTV then returns to
the LEO Base.

Some of the crew transported to GEO will be members of a traveling SPS maintenance team. These people move
into a crew quarters module attached to an OTV which will transport then from satellite to satellite. They will return

to the GEO Base after 90 days.

All of the vehicles and personnel are managed by a cooperative network of groundbased Space Traffic Control, Transport
Vehicle, Launch and Recovery, LEO Base, and GEO Base command and control centers,
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Personnel Transportation System
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PERSONNEL TRANSFORTATION SYSTEM SCHEDULE

The figure shows the integrated personnel transportation schedule. This schedule requires that there be three PLV's
(two operational plus one spare} and two POTV's (on2 operational and one spare). These vehicles muve 826 crew
members each way over a 60-day period of time. It takes six POTV flights and 11 PLV {flights to accomplish this

GEO crew rotation. The 220 LEO-baseu crew members are rotated over a 30-day period and requires four PLV flights.
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Personnel Transportation System Schedule
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SPACE VEHICLES AND IN-SPACE MAINTENANCE LOCATIONS

This figure summarizes the space vehicles that will require in-space maintenance, the number of vehicles in the
fleet, where the vehicles are maintained, and the frequency of maintenance.

320



D180-25402-)
Space Vehicles and In-Space
Maintenance Locations
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SPACE VEHICLE IN-SPACE MAINTENANCE CREV

This table lists the vehicle maintenance crews stationeo at each of the bases, If the muin.enance joks require mare
manpower, raintenance technicians and mechanics can be borrowed from other maintenance ciews at the Yase (e g.,
from the base svsten) maintenance crew). If the problem is very complex, specialists will be sent to the base from

Earth. With tne exception of the ECTY, the vehicle stages could be slipped bark to Earth for major refysflshment
if it becomes unteasible to rcpair it in space,
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Space Vehicles In-Space Mainteitance
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SPS MAINTENANCE ANALYSIS

There were four main subtasks to this satellite maintenance analysis task: (1) definition of the maintenance access
systems that would be used for getting maintenance equipment to all locations on the satellite where maintenance

will be performed; (2) detinition of thv mainteriance planc for some selected components; (3) definition of the maintenance
support facilities, equipment, crew, and operations that would be located at the GEO base; and (4) creation of an

integrated maintenance operations plan.
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‘Space Vehicle In-Space Maintenance Crew

‘NUMBER REQ’D (>”’

JOB TITLE LEQ BASE GEQ BASE
VEHICLE MAINTENANCE SUPERVISOR [T 1 1
VEHICLE MAINTENANCE ENGINEER [i> . "

VEHICLE MAINTENANCE TECHNICIANS [
e PROPULSION AND CRYOGENICS

e ELECTRICAL/ELECTRONIC SYSTEMS
o MECHANICAL/STRUCTURAL SYSTEMS
® ENVIRONMENTAL CONTROL LIFE SUPPORT SYSTEMS

-l - w b

VEHICLE MAINTENANCE MECHANICS [
® ELECTRICAL SYSTEMS
e [ECHANICAL/STRUCTURAL SYSTEMS
® VACUUM/GAS/FLUID/CRYO SYSTEM

INSPECTORS [?

e SAFETY

e QUALITY CONTROL
CHERRVPICKER OPERATOR
THRUSTER REFURBISHMENT MACHINE OPERATOR
COMPONENT REFURBISHMENT "MECHANICS AND TECHNICIANS
ANNEALING MACHINE OPERATOR
OTHER

TOTAL

7y
7

ﬂl-‘- NG - - O U ) JP PN
-b

3 Includes flying cherrypicker operators
i=> Technicians and mechanics perform the refurbishment tasks between the times
when they work at the vehicles
[©= These crew members will be EVA qualified

E Number listed is the number of people required to staff the position over 2 shifts
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INTEGRATED MAINTENANCE MISSION CONCE ™IS

Launch and Recovery Site Maintenance Suvpport Operations

There are 260 maintenance crewmembers that must be rotated every 90 days. These crewmembers will be delivered
to LEO via personnel launch vehicles (PLV's), along with the other SPS spaceworkers,

The replacement components will be delivered to the Launch and Recovery Site where these goods will be integrated
into the HLLV payloads along with construction components. These components will be relatively small (motors,
bearings, switches, pumps, efectrical parts, etc.). It should, therefore, be possibie to include paliets of these components
in construction component payloads. Dedicated HLLV flights for transporting replacement components is not warranted.

LEQ Base Maintenance Support Operations
The maintenance crew will be transferred from the PLV's onto Personnel Orbit Transfer Vehicles (POTV's), The
crew is transferred to GEO on the POTV in a matter of hours.

The pallets of replacement parts will remain integrated with the construction component HLLYV payload pallets.
These pallets will be transferred from the HLLV directly onto the electric orbit transfzr vehicle (EOTV). After 10
HI.LV's have been offloaded onto the EOTY, this vehicle starts a 180 day trip to GEO.

Geo Base Maintenance Support Operations

There are three major maintenance support operational areas at the GEO base; 1) OTV operations area, 2) pallet
loading/cffloading and storage operations area, and 3) refurbishment operations area.
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Integrated Maintenance Mission Concept
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SPS MAINTENANCE TIMELINE

The top-level timeline, shown in the tigure, shows that there are two types of operations: 1) maintenance operations
at the satellite, and 2) refurbishment of defective components at the GEO base.

The at-satellite maintenance occurs over a 90 day period when each satellite is visited by a mobile maintenance
crew and equipment for a 3.5 day staytime. Twenty operational 5 GW SPS's are assumed in the mission model. At"
the end of the 90 day period, the traveling maintenance crews are returned to Earth. They return to orbit after
90 days on Earth and then repeat the maintenance visit routine. Hence, each satellite is visited twice a year 'fqr
maintenance. The refurbishment operations are conducted continuously with a ciew changeout every 90 days,
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SPS Maintenance Timeline
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SPS MAINTENANCE TRANSPORTATION VEHICLE FLEET
This figure shows the vehicles that are used by the Mobile Maintenance Crew during their 90 day tour of the SPS's.
The crew habitat and the Flying Cherrypicker OTV's make the entire 99 day tour before returning to the GEO Base.

The KTM Paliet Vehicles shuttle back anc forth between the satellites and the GEO Base delivering defective and
refurbished Klystroin Tube Modules (KTM's).
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SPS Maintenance Transportation
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SPS FAILURE SUMMARY - 5 GW SPS

Eighteen SPS components were selected for detailed maintenance analysis. The components were selected for one
of thre« reasons: 1) they were a high failure-rate component, 2) failure of the component results in significant power
loss, cr 3) the component was representative of a class of components.

This Table shows the number of failures that are predicted for each SPS, the total for a 20 satellite fleet, and the
monthly refurbishment rate required at the GEO Base.
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SPS Failure Summary-5 GW SPS

$g \ .
wsnn" N ””” [
NO. OP NO. OF
QTY/ |FAILURES FAILURES FAILURES NO. PER MONTH

wBsS NOMENCL.ATURE 8PS |PER YEAR 6 MO. 6 MO./208P8 | TO BE RECRIVED
1.1.1.1.4 [BLAMKET TENSIONING DEVICES 168980 1028 $1.28 > 028 > >
1.1.1.3.2 |BLANKET MECHANICAL ATTACHMENT! 168,860 | 329 [T> 1046 [T~ 3200 (> >
1.1.1.4.5 [CELL STRING BLOCKING DIODES 9,538 38 1.78 s ¥ ]
1.1.2.2.1 |DC/RF CONVERTER MODULE (XTM) 101,682 , 3967 1983.8 20870 0812
1.12.3.2 |SWITCHGEAR 458 485 2.28 48 73
1.1.2.3.3 [DC/DC CONVERTER (POWER

PROCESSORS) 228 12 6 120 20
1.5.2.3.4 DISCONNECT SWITCHES 463 18 78 16 2.7
1.1.2.4.2 |DC/DC CONVERTER THERMAL

CONTROL 228 2 1 20 3.3
1.1.2.5.1 |RECEIVERS 101,784 2 1 20 33
1.1.2.5.2 IDIPLEXERS D 101,784 1 5 10 1.7
1.1.2.5.3 |PHASE TRANSMITTERS 190,204 14.8 7.28 148 24.2
1.1.2.5.4 PHASE RECEIVERS 110,204 2 1 20 3.3
1.1.2.5.5 |CONJUGATORS 101,784 16.5 8.28 168 218
1.1.2.5.6 [CABLING 109,444 12.8 6.26 128 208

(= FAILURES COULD BE TOLERATED~NO MAINTENANCE PLANNED
(i REDESIGN PART TO ELIMINATE FAIL:JRES
? BASED ON DATA FROM PHASE | ANALYSIS

o> A COMPONENT THAT WOULD BE AN INTEGRAL PART OF THE KLYSTRON TUBE MODULE
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WBS 1.1.1.4.5 - CELL STRING BLOCKING DIODES MAINTENANCE ANALYSIS DATA

This chart shows a sample of tiie lev~] of maintenance detail that was developed for each of the selected components.
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moe  WBS 1.1.1.4.5—Cell String Blocking Diodes

Maintenance Analysis Data

FAILURE AATE: 3.6 PER YEAR, 1.76 PER 6 MONTHS

FAI.URE MODES FAILURE EFZECT HOW DETECTED
D{ODE OPEN CIRCUIT NO CURRENT FF.OM STRING FAULT ANNUNCIATOR
| AT STRING CURRENT
MONITOR
DIODE SHORT CIRCUIT  SAME SAME
tAAINTENANCE PR
STEP QPERATION 1Q0L3
1 ATTACH SHORTING CABLE TO FAR END OF STRING SHORTING CABLE
2 UEPLOY SHORTING CABLE TO NEAR THE DEFECTIVE BLOCKING DIODE
3 IF THE DIODE 1S OPEN CIRCUITED ATTACH SHORTINA CABLE TO PIGTA'L
4 DISCONNECT PIGTAIL
5 IF THE DIODE IS SHORT CIRCUITED, ATTACH $SHORTING CABLE TO PIGTAIL COL.LECTOR
6 DISCUNNECT DIODE CANNISTER FRNOM 2UST sUS .
7 INSTALL REPLACEMENT DIODE CANNISTER : rd :
8 ATTACH PIGTAIL CONNECTOR
9 DETACH SHOR', ING CARLE , TYPE A s LAR ARRAY
.~ ELECTRICAL 4 PIGTAIL
'‘R2.CONNECTOR A __7 NCELL STRING
BLOCKING DIODS
3
N1yee 8
ELECTRICAL
CONNECTOR
REMARKS

THE DEXTROUS MANIPULATORS WILL BE OPERATING AROUND A “HOT'' BLANKE'"Y.
INSULATED END EFFECTORS IS THE LEAST AMOUNT OF PROTECTION THAT SHOULD BE

PROVIDED.
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SOLAR COLLECTOR TOP SURFACE MAINTENANCE ACCESS SYSTEM

The tundamental premise in the maintenance access systems an..'ysis was that every SPS component {(except structural
members) must have a maintenznce equipment accese provision (even those components which have a negligible failure
rate). It was deemed prudent to force this requirement so that unexpected failures could be attended to.

it was found that there were 10 general maintenance sccess reyuirements. It turns out that these 10 access requirements
can be satisfied by combinations of built-in tracks, a ilying cherrypicker, a rotary boom, and some gastries,

Solar Array Top Surface Access Systems
The baseline satellite has a requirement for some solar array annealing machines (WBS 1.1.1.6) which would be mounted

on gantries which can traverse over the top surface ot the solar collector. There are fcur of these gantries that
operate on a built-in track netwcrk on the satellite. These gantries and tracks provide a ready-made maintenance
access system for getting to the entire upper surface of the solar collector. It will be necessary to get a maintenance
cherrypicker onto the gantries to perform maintenance on the solar array ccmponents (tensioning devices, catenary
cables, and cell string blocking diodes).

This Figure illustrates the concept. A flying cherrypicker would rendezvous with a gantry to which is attached a
flying cherrypicker carriage. This carriage has ¢ docking interface to which the cherryp.cker would mate. This
carriage would then traverse across the gantry as required. A flying cherrypicke was employed as there are not
enough maintenance tasks to warrant the expense of a permanent cherrypicker instulled on each gantry.
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Solar Collector Top Surface
Maintenance Access Systeni
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THE FLYING CHERRYPICKER

The maintenance access concepts all use a machine that has been dubbed "“the flying cherrypicker." The figur~ illustrates
the concept. The primary reason that this machine concept was created was that the predicted failure rates of the
components to be serviced was much too low to warrant dedicated maintenance cherrypickers. Also, due to the
complexities of the various locations in which cherrynickers would be required, it was not feasible to create an integrated
track network that would allow a track-mounted cherrypicker to get tc all of the locations. Hence, a ¢lying cherrypicker
and a set of track-mounted carriages were created.

The flying cherrypicker carries along a power supply which would be connected to the carriage after docking. The
platform on the flying cherrypicker is used to transport the rplacement components, the components that were
removed from the satellite, and the maintenance tools. A docking port for a free-flyer is also provided on the platform.
This provides a location for transporting the free-flyer on the inter-satellite flights.

Examination of the failure rate data shows that there would be about 12 components to be serviced by the flying
cherrypicker during a bi-annual maintenance visit (2 cell string blocking diodes, 2 to 3 antenna switchgear, a DC-

DC converter, a disconnect switch, and a DC-DC converter thermal control system.) During the 52,5 hours of available
work time there would be sufficient time available for one flying cherrypicker to perform the changeout of these
devices.
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Flying Cherrypicker

70m

min :
YA AP

FLYING CHERRYPICKER
CARRIAGE (ATTACHED
TO SPS BUILT-IN TRACKS)

7> CARRIAGES LOCATED [(2> A FIXED DOCKING

ON ANNEALING PLATFORM LOCATED ~
MACHINE GANTRIES ON EACH ATTITUDE

CONTROL SYSTEM

SUPPORT ARM
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MOBILE MAINTENANCE OPERATIONS

A crew of 83 people, see figure, are lvaded into @ mobile crew habitat at the GEO base and are transported to the
operational SPS's using an OTV.

The crew habitat docks to a docking port on the satellite's antenna. The satellite will have been deactivated from

the ground just prior to the arrival of the crew. The mission control center on the ground will have accumulated

a detailed listing of most of the faulty satellite components. A detailed operating plan will have been concocted

to plot the maintenance crew's activities while at the satellite o that a minimum of wasted motion is incurred.

Upon arrival, a two-man free-flyer vehicle will be dispatched to make a flyover of the satellite to detect non-annunciated

failures, e.g., solar array tensioning device failures.

The replacement component cargo OTV docks to a transporter located on the antenna and drops off a pallet of KTM's.
It will then fly to another antenna-attached transporter to drop off another load of KTM's. There are four places
to do this.

The maintenance crews are taken from their crew habitat to maintenance gantries located on the antenna using
a crew bus that is stationed on the antenna. There are 22 rnaintenance gantries on the antenna. The KTM pallet

transporter is moved about to locations where racks of KTM's can be offloaded onto the maintenance gantries.

The maintenance gantries move to predesignated locations where the cherrypicker then removes defective KTM's
and replaces them with good ones. .
(Continued)
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Meanwhile, the flying cherrypicker is manned, the replacement components loaded onto it, and then it flies to docking
carriages located in various locations in the satellite. The cherrypicker removes defective components and replaces

them with good ones.

These operations continue for two shifts a day for 3 1/2 days. The crew habitat and flying cherrypicker then moves
on to the next satellite where they will be met with an OTV loaded with replacement parts. The defective components

are returned to the GEQ base where they will be refurbished.
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Mobile Maintenance Crew

asarwsssenes LDV SAES Snmmmm——

MAINTENANCE
SUPERINTENDENT TOTAL =83
(1)
STAFF
(4)
54 [ , B 24
MAINTENANCE SUPPORT
OPERATIONS OPERATIONS
MGR MGR
(2) (2)
MPTS FLYING INSPECTORS HABITAT VOICE COMM OP (2)
CHERRYPICKER  CHERRYPICKER 2x1x2=4 UTILITIES | DATA COMM OP (2)
OPERATORS OPERATOR OP (2) VEHICLE TRAFFIC
2x22x2-= =44 2x1x2=4 COURT (2)
> FOOD SERV (4) MED/DENTAL (2)
HOTEL SYSTEMS (2)

> NUMBER IN () INDICATES NO. OF PEOPLE REQ'D TO STAFF THIS JOB OVER 2 SHIFTS

NO. OF
OPERATORS | *
PER SHIFT

/ NO. OF NO. OF
MACHINES ] * | SHIFTS =

343

TOTAL NO. OF PEOPLE
REQ'D TO STAFF THIS
JOB OVER 2 SHIFTS
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KLYSTRON TUBE MODULE REFURBISHMENT OPERATIONS

The refurbishment operations requirements for each of the selected components were examined. The Klystron Tube
Module was by far the driving requirement due to the large quantity of units to be returbished each month and the

complexity of the units.

‘This Figure shows the production line required to process the KTM's. This production line is shown incorporated

into a Maintenance Module at the GEO Base.
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Klystron Tube Module
Refurbishment Operations
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SATELLITE MAINTENANCE CREW AT THE GEO BASE

This Table summarizes the maintenance crew size located at the GEQ Base.
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Satellite Maintenance Crew at the GEO Base

$r8-2760
TOTAL.
KLYSTRON TUBE REFURB PER SHIFT FOR 2 SHIFTS
SUPERVISION ( 8 ( 12)
REFURB OPERATIONS (109) (218)
FAULT ISOLATION TEST 18.
THERMAL CONT 18
BRACKET HANDLING 14
KLYSTION REFURB 8
MISC COMPONENT REFURB 4
SCRAPPING 3
KLYSTRON ACTIVA I 1iON 76
OPERATIONAL TEST )
STORES 1
ISC. COMPONENT REFURD
SUPERVISION ( 1) ( 2
REFURB OPERATIONS { 12) ( 24) [=> DOESNOT INCLUDE' .
DISASS'Y/ASSY 4 SUPPORT PERSONNEL
MECH DEVICES 2 (HOTEL, FOOD SERVICE,
ELECTRICAL DEVICES 2 ETC.). THESE WILL BE
ELECTRONIC DEVICES 2 ACCOUNTED FOR AT
SYSTEM TES™ 2 THE GEO BASE LEVEL
PALLET .OADING/OF FLOADING
AND STORACE
CHERRYPICKER.QOPERATORS { 2 ( 4)
TOTAL 130 260 [
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SATELLITE MAINTENANCE SUPPORT PROVISIONS AT THE GEO BASE

The maintenarce analysis established the requirements for two maintenance modules and their associated support
equipment and crew, To integrate these systems into the GEO base, it is necessary to add the maintenance vehicle
docking anc handling provisions, and the payload handling provisions, and the track cystem .hat intertwir.es the.e
areas into the GEO base track network. In addition, it will be necessary to add three crew habitat modules for housing
the mainteriance crew. The figure shows the various elements that have to be integrated into the GEO base.

Maintenance OTY Docking Systems and Operations
Requirements for four mainienance OTV's has been established. At the GEO base, provisions must be made for docking,

of each vehicle plus provisions for parking the payload.

A total of eight docking ports are required. Every 4 1/2 days, an OTV with KTM pallets will be launched from the

GEO base and another OTV will be incoming from a satellite. Stacking/unstacking the pallets on/uf: the OTV's will
require a 90 m cherrypicker working one shift per day. This cherrypicker would also Ye used for a few days once

every 9G days when the traveling maintenance crew returns to toe base. This maintenance OTY area would be integrated
into the POTV and cargo tug docking area required to support the satellite construction operations.

Pallet Loading,/Unloading ana Storage Area
A dedicated pallet loading/unloading and storage area with some support equipment will have to be provided.

The cargo pallets will be oftloaded from the OTV and transported to the handling area on cargo iransporters. A
pair of 20 m cherrypickers will unload the KTM racks fror the pallet and wili move them to a defective KTM storage
area.

When a load of defective K TM's are required at the KTM refurbishment area, the cherrypickers will load up a trans-
porter with the racks of a defective KTM's, This transporter hauls these units over *to the facility where the KTM's

are individually removed from the racks for processing.

As reconditioned F.TM's emerge from the processing line, they are loaded into the racks thiat were liberated when
defective components were removed, When a complete load of veconditioned KTM's are ready. the transporter moves
back to the Paliet/Loading Offloading « «d Storage Area, Th§4§acks are placed into stotage.
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Satellite Maintenance Support

Provisions at the GEO Base
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SPS SYSTEM DEFINITION STUDY FOR BOEING/ISC

Different methods for constructing the 5000 MW reference satellite in GEO were investigated during Phase 1 by a joint
Boeing/Grumman team. Alternate end builder construction concepts were Joveloped by Grumman for direct conipurison
with a single-deck construction platform concept. These construction options are shown on the facing page.

Ground rules for preliminary analysis of the platform \ype and end builder construction concepts wers to use a common
antenna construction facility, and to constrain SPS findl assembly and checkout te one satellite every six months. All options
were evaluated i terms of cost, performarnce, complexity, risk, stc. The 8 bay tvide end builder exhibited the highest unit
cost and was not able to fully utilize its production capability, The comparison of the multi-pass and builder and the single-
deck platform concepts wat nearly even. The 4 bay end builder was selected, ho'vever, for additional definition work in
Phase 2 because of its greater production rates growth rapability.
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SPS SYSTEM DEFINITION STUDY FOR BOEING/JSC
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GRUMMAN SPS SYSTEM DEFINITION STUDY SCHEDULE

Grumman's Phase 2 effort for Boeing is focused on further defining the operations and systems elements of
the 4 Bay End Builder. The major operations tasks include the analysis and definition of GEQ Base Operations,
SPS Construction Operations and intra-base cargo handling and distribution operations. Analysis of these func-
rional areas will help to establish system feasibility and provido a basis for subsequent design updating. It also
servos as a tool for identifying technology issues which require further study and/or near-term tachnical develop-
men:. Work is currently underway on this Task 3 activity, as shown by the schedule on the facing page. In
addition, the Phase I crew module definition is being updated and the 4 Bay End Builder GEO base configuration
is being .. pdated to include all work support and crew support facilities.

After the mid-term briefing, concepts will be examined for implementing base buildup and the GEO base
operations plan will be prepared. Recommendations on space construction technology development requirements
will also be provided by Task 4. Task 5 will provide the supporting cost data as needed.
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GRUMMAN SPS SYSTEM DEFINITION STUDY — SCHEDULE
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4 BAY END BUILDER BASE FEATURES (PHASE 1)

The maix features of this base are shown on the facing page. The construction system characteristics, major
equipments and their impacts on the satellite are listed.
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4 BAY END BUILDER BASE FEATURES PHASE |

Py
L] It
e
2V <
)

e MIJLTI-PASS CONSTR OF 8 X 16 BAY SPS
e CONSTR SYS

— UNIT COST (19778) = $9.07B
~ SIZELxWxH = 3.68 x 2.96 x .70 kin
—~ MASS
o STRUCTURE = 2,93 x 106 kg
o TOTAL BASE = 6.37 x 106 kg
— CREW TOTAL = 385
e ARRAY MODULE CONSTR. EQUIP,
— BEAM MACHINES =13
— CRANE/CP. = 11
— INDEXERS 7

— BUS DEPLOYERS

e SATELLITE DESIGN
— SOLAR ARRAY ORIENTATION
— LONGITUDINAL BEAMS

1

LONGITUDINAL
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4 BAY END BUILDER CONSTRUCTION BASE

The general arrangement of the SPS GEO construction base is illustrated on the faring page. The 3438 x 913 x 700
meter 4 bay end builder solar collector assembly facility is located at the forward end of the antenna facility.
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4 BAY END BUILDER CONSTRUCTION BASE
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4 BAY END BUILDER CONSTRUCTION OPERATION

Construction of the 5000 MW reference satellite takes place in GEQ. Consequently, the personnel needed to activate
the 4 Bay End Builder Construction Base must travel first by means of the Shuttle to LEO and finally by means of an orbital
transfer vehicle (OTV} which operates from the LEO bage. ‘

The 4 bay end builder assembles the SPS satellite in two successive passes as shown by the construction sequence illus-
trated on the facing page. During the first pass, the GEO construction base builds a 4 bay wide strip by 16 bays long. Cor.-
struction of the satellite antenna i, performed in parallel. When one-half of the sa.ellite energy conversio’; system has been
assembled, the base is indexed to the side and then back along the edge of tha satellite. Th2 base is realigned with the end
frame of the satellite to start the second zzastruction pass. The remaining 4 bay wide strip is attached directly to the assem-
bled satellite systems as the base moves toward the other end. Large electric orbital transfer vehicles (EOTV) will deliver
SPS materials and components throughout the assembly process. GEO base crews will also be rotated as needed. The satellite
antenna is compleiad in parallel with the construction of the 8 ¥ 16 bay energy conversion systein. At the end of the second
pass, the base is indexed sideward to mate the antenna with the centerline of tne energy conversicn system. Following the
satellite final test and checkout, the base will be separated from the satellite and transferrad to the next SPS GEO construc-

tion location.
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SPS GEO BASE OPERATIONS REQUIREMENTS & ISSUES

The SPS GEO zonstruccion base is used to build and commission two 5 GW referonce sat!llites per year for
30 years. The GEO base is also requirad to support the maintanance activities on uperational Solar Power Satellites
ond to service supporting eleniens of the SPS space transportation systen: (i.e., OTVs and EQOTVs). The crew jobs
and organizations for constructing and maintaining the SPS in GEO zre defined jn the Phase | Final Report
Reference System Description (Volume 111, D)80-25037-3) and the Phase II Second Monthly Report (April 1979},
respectively, The GEO construction facility includes many functions related to the operstion of construction
equipment, operation of base systums, and the support of craw operations. As the SPS reference system matures,
all aspects of GEQ base operations must be examined to verify system feasibility and identify areas neading further
development. Several technulogy issues related to GEQ base operations are listed on the facing page. While most
of these issues are beyond the scope of the study, they include further analysis of required base functions, degree
of automation, related crew functions. and type of organization needed. Contral of the diverse base functions is
addressed below but it requires further study to size and cost, preliminary command and control systems. Qther
areas which require further study :nclude: the impact of frequent crew rotation and related training requirements
to main‘ain high productivity ; crew habitability requireinents for zero gravity versus artiricial gravity plus related
health, safety and rescue operational requirements for SPS construction; and operational limitations for IVA and
EVA with required protection from ionizing radiatiun and other GEQ environmental effects. In addition, base
sttitude control and renquired operational interfaces need further study.
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SPS GEC BASE OPERATIONS REQUIREMENTS & ISSUES

e CONSTRUCT TWO SCW SATELLITES PER YEAR FOR 30 YEARS
o SUPFORT OPERATIONAL SATELLITE MAINTENANCE
e SERVICE FLIGHT TRANSPORTATION VEHICLES
® GEO RASE PHASE 1 CREW JOBES & ORGANIZATION (D180-25037-3)
® SPS MAINTENANCE ORGANIZATION (APR '72 MPR NO. 2)
e GEO BASE OPERATIONS ISSUES
~ CREW FUMCTIONS & ORCANIZATION
~ COMMAND & CONTROL CONCEPT
~ CREW ROTATION & TRAINING POLICY
— CREW HABITABILITY & HEALTH
~ CREW SAFETY & RESCUE
—~ RADIATION PROTECTION & OTHER ENVIROMENTAL CONSTRAINTS
— BASKE ATTITUDE CONTROL
—~ OPERATIONAL INTERFACES
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GEOQ BASE QOPERA TIONAL FUNCTIONS

The CED Base parforms three main functions:
e Construct solar power satellites (SPS)

® Sarvice and maintain operational SPS

o Service flight logistic vohicles.

In order to accamplish these functiona a number »f others areé imposed. The base must be capable of docking
transpostation »ehicles, unloading them and then transaporting supplies and pérsnnns!l via a railroad systam to work
areas. Space workers require habitats that function in A manner siinilar to hotels, 2s well as pressurized enclorw es
that consist of chntrol centers, cherry pickers and trunsnartation vehiclos, The construction angd baso equipment must
be maintained and pursonnel health services must be provided. Because SPS construction wili continue for may years,
requirements exist for a continuing supply of “ew space workers. Therefore, training faciliting must bo providad. All
of thiese functiozis are to be integrated into the Command and Cor:wol Organization.
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GEG BASE OPERATIONAL FUNCTIONS

CONSTRUCT SOLAPR. POWER SATELLITES
SUPPORT GPERATIONAL SPS MAINTENANCE
SERVICE FLIGHT TRANSPORTATION VEHICLES
CONTROL EXTERNAL LOGISTIC VEHICLES
DIRECT PASE TRANSPORTATION
MANEUVER BASE
CONTROL BASE SUBSYSTEMS
ASSURE CONSTRUCTION & MAINTENANCE QUALITY
OPERATE HABITATS
ASSURE CREW HHEALTH & SAFETY
MAINTAIN RASE EQUIPMENT
PROVIDE COMMUNICATIONS & DATA
TRAIN CREW
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16790100



D180-25402-1

SPS GEO BASE OPERATIONAL INTERFACES

The illustration shows the GEO Base external operational interfaces. Earth mission control coordinates all aspects
of SPS construction and operation. This includes all the ground and orbital elements. Construction progress, material
and personnel needs are repcrted daily to earth mission control.

The GXQ Base ~sceives construction material via Electric Orbit Transfer Vehicles (EOTV). These vehicles are
loaded at the LEO base, rendezvous with the GEQ Base, and stationkeep while Cargo Tugs transfer material pallets,
EOTV terminal rendezvous is coordinated by the GEQ base Cargo Tugs require docking stations, cargo handling
equipment and distribution/warehouses Service & maintenance crews transfer to the EOTV to perfcrm solar array
annealing operations.

Personnel and life support supplies are also shipped from the LEO Base utilizing Personrel Orbit Transfer
Vehicles (POTV). These vehicles dock to the GEO Base, then crew transportation modules are attached for personnel
unloading. Unloading equipment removes life support supplies and the POTV is serviced for return to LEO Base.

The GEO Base also prepares Orbit Transfer Vehicles (CTV) for the trip tc service operational SPS. The GEO Base
control center directs OTV departures and when the OTV'’s return, terminal control & docking are also coordinated by
the GEO base. Base loading a.:d unloading equipment, plus the necessary transportation/warehousing facilities,
are required.
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SPS GEO BASE OPERATIONAL INTERFACES
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SEO BASE OPERATIONS CONTROL

The Base Central Control is where the Base Director, Construction Manager, Base Opsration Manager and Base
Support Manager are located. They direct and control all related GEO base operations and are supported by staff per-
sonnel who assist in planning, scheduling and monitoring base functions. Certain functions such as orbital control of
the base, control of external and internal traffic, communications, data and base subsystems are handled directly
from the Cuntral Control Center. Other operational functions receive directions from the Central Control Center, but
the interface for these functions (construction, habitat, base maintenance, SPS maintenance and flight transportation
maintenance) could be performed at other locations.

The medical -enter is required for personnel well-being and is available should accidents or sickness occur, It is
shown reporting directly to the Base Central Control and illustrated in broken lines as it is not primary for daily
operations,

Training functions are also not required for day-to-day operations but are necessary for the base long term con-
tinuous operation.
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GEO BASE OPERATIONS CONTROL
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GEO CONSTRUCTION BASE CREW WORK SCHEDULE

Manning of the GEO Construction Base can be compared in some respects to manning an aircraft carrier at
sea. Each system must accommodate several groups of people who are normally assigned to different activity
schedules. The major operational activities include the single shift (on call) base management functions, the 20
hour/day — 6 day/week satellite construction operation, 7 day/week base support operations, and the 24 hour/day
mission safety operations. Satellite and flight transportation vehicle maintenance support operations can also be
included on the GEO Constructicn Base and follow similar activity schedule requirements.

Typical crew work-rest cycles that would satisfy the required activity schedule requiraments are illustrated.
Several shifts and different work-rest cycles are needed to satisfy the requirements for daily base support and
around-the-clock mission safety coverage. For example, a 10 hour shift — 6 days/week with 2 days off allowed
the base suppo- " operation to be carried out with six 15-man teams every day. The mission safety function was
considered to be a less demanding task and hence was planned as a 12 hour shift with four days off. This required
four 3-man teams to be used every day. The optimum crew loading and related work-rast cycles remain as an area
for future study. However based on the foregoing approach, 32 additional crew members were estimated to be
needed for this multi-shift coverage requirement. This increases the 4-Bay End Builder crew estimate to 417
people.
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GEO CONSTRUCTION BASE CREW WORK SCHEDULE
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NUMBER OF BASE PERSONNEL

Personnel requirements established by Boeing for operational SPS maintenance and flight transportation
vehicles maintenance are added to the SPS construction crew established on the previous chart, giving a total
personnel compliment of 827. The maximum number of personnel on one shift has been totaled at 358. There are
times when the personnel on duty cou:d be considerak’ less, i.e., during the construction crew's time off.

373



D180-25402-1

NUMBER OF BASE PERSONNEL

D!SCIPLINE PHASE | | PHASE Il | MIDTERM
TOTA!. | TOTAL | ONE SHIFT
- -Jr
SPS CONSTRUCTION (385) 417)* (199)
BASE MANAGENENT 10 17 17
CONSTRUCTION 108 262 141
BASE SUPPORT & OPERATIONS 108 120 45
OPERATIONS SAFETY 18 6
SPS MAINTENANCE (383) (145)
REPAIR EQUIPMENT 260 130
MOBILE MAINTENANCE 83 NA
CREW SUPPURT 40 15
FLIGHT TRANSPORTA™ION MAINT (27) (14)
EOTV SUPPORT 8 4
OTV 2ERVICING 19 10
L

TOTALS 827 368

*ADDITIONAL PERSONNEL TO SUPPORT SHIFT ARKANGEMENT

QRUAMAN
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BASE/SATELLITE CC NSTRUCTION ATTITUDE REQUIREMENTS

Only two of the iine regquiraments opposite appear to be significant when selecting the most desicz>le orbital attitude
for the GEO Base. These are sun angle and EOTV unloading location. Both are discussed on subsequent charts.

‘The propulsion systein penalty for attitude control in GEQ is small and structural joading due to mass offoet during
construction appears lower than baseline design limits, Since maneuver capability is required for the base, SPS operational
atritude and orbitkeepiny do not affect construction atiitude. Base stability for docking presents no problem since the GEO
orbital rate is low. Lecation of communication antennas does not constrain attitude, as chey can easily be located on the bas
open structure once other attitude requirements are imposed.
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BASE SATELLITE CONSTRUCTION ATTITUDE REQUIREMENTS
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CANDIDATE GEO BASE SPS CONSTRUCTION ATTITUDES

1f the SPS solar arrays are deployed in sunlight, high voitaga is generated as the solar arrays are exposed to sunlight.
Shorting cables cculd be used to terminate the solar array output, however, the method of handling these an/ the safety
issues involved tequire study. Another approach to solving the pravlem is to orient the active side of the solar arrzy from the
sun. This issue also affects maintenance on an operational SPS,

Two basis attitude selections were evaluated: the SPS solar arrays positioned perpendicular to the sun and the solar
arrays paralle! to the sun's rays. Both attitudes minimize light impingement on the solar arreys during deployment, the first
by inertially holding the active side of the arravs away from the sun an. the second by maintaining the SPS edge on to the
sun while the longitudinal axis points to eaith. Other variations of the two attitudes shown opposite did not appear to offer
any advantage,
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CANDIDATE GEO BASE SPS CONSTRUCTION ATTITUDES
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SUN ILLUMINATION ON BASE/SPS

The direction of sun illuminatior affecis crew visibility during <laily operations and placermat of solar aivays on the
Base.

The crew should 1ot face the sun during onnstruction or docking operations. Over-the-shoulder illumiiation is best.
Constructi. 1 operations require 3.6 MW of elecu zal powecr. F ved solar arrays are less complicated than yimbal type.

The lefi-hand illustration cpposite shows the Bare/SPS ineriially reference to sun, simplifying the selected location of
fixed solar arrays, docking approach & censtriction illumination corstraints. The right-hand illustration shows a more
camplex Huminaticr situation as the sunlight direction varieu on the gravity-reference Base/SPS. These fuctors are pertinent
to tae selestion of the GEQ Base coustruction attitude.
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SUN ILLUMINATION ON BASE/SPS
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EOTV CARGO UNLOADING CONSIDERATIONS

The EQTV location as it stationkeeps with the Base affects the flight path of Cargo Tugs (CT) as they unload the EQTV,
the distance the CTs must travel to docking ports, and EOTV stationkeeping propulsion requirements. I the EOTV is not in
the same orbital path as the GCB then propulsion requirements are increased. Ideally, the EOTV should be located alongside
of the dock ports at minimum distance consistent with safety requirements. Attitude requirements of the Base and EOTV
and orbital mechanics may dictate a changing relationship between these two vehicles in GEO orbit and separation distances
greater than 1 km (baseline).

The baseline operational attitude for the SPS is a candidate for construction operations. The illustration opposite shows
this attitude with the EOTV stationkeeping during a 24 hour period. Both spacecraft are in the same orbital path with their
solar arrays perpendicular to the yan, Note that the change in relative attitudes of the two vehicles during an orbit makes it
appear that the EQTV is circling the Base/SPS, If this is the operating condition, then the two vehicles are separated by
appreximately 3 km at times and the CT flight paths are continually changing — an obvious impact on CT propulsion and
control requirements. One solution is to maneuver between the two vehicles only when they are in the most favorable geo-
rnetric location,

If the Base is earth gravity stabilized as shown, then the relative location of the Base and the EOTV remains fixed. The
EOTV, however, rotac.:s 360° every 24 hours with respect to the Base.
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EOTV CARGO UNLOADING CONSIDERATIONS
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QUALITATIVE COMPARISON OF CONSTRUCTION ATTITUDES

Both of the selected construction attitudes minimize illumination on the solar arrays, so other requirements shown in
the table opposite were evaluated for attitude recommendation. The attitude that maintains the solar arrays perpendicular
to the sun was selected. This permits the Base power arrays to be fixed on the structure, thus eliminating the nesd for
rotary joints. This also allcws construction operations to be planned, since the sun direction will always be the same. This
attitude makes cargo tug operations more complicated, however, as the EOTV circles the Base and separation distancs at
times could be 3 km. One solution would be to limit cargo tug fliights to those times when the EQTV is in a favorable
position.

The second attitude svaluated, SPS arrays paralle] to ecliptic, is worse for sun angle, but appears better for cargo tug
flight. [t remains in a fixed location with respect to the Base although it pivots around its own axis at orbital rats.

383



D180-25402-1

QUALITATIVE COMPARISON OF CONSTRUCTION ATTITUDES
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SPS GEO RADIATION SOURCES

This illustration shows the magnetosphere and the radiation sources to which SPS systems and the assembly
and maintenance crew will be subjected.

@ The major sources of raciation at GEO orbit are the geomagnetically trapped electrons and protons, galactic
cosmic rays and solar flare event particles.

® The trapped radiation particles undzrgo large temporal fluctuations (diurnal and during magnetic storm
activity').
o Types of ionizing radiation important to SPS operations:

— Electrons and secondary radiation: bremsstrahlung (with variation of factor of two due to parking
longitude location)

— Protons (flux from solar flare protons dominates) and secondary radiation protons, neutrons
— Heavy ions (HZE), secondary radiation: protons, neutrons and lighter nuclei.
o Other sources
— Orboard nuclear powered payloads and 2quipment
— X-Ray equipment

— Possible nuclear weapon detonations.
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SPS GEO RADIATION SOURCES

GEO ALTITUDE
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RADIATION EXPOSURE LIMITS & CONSTR £114TS (REMS)

This chart lists the current ar vonaat radiation exposure limits as defined by the National Academy of
Science/Radiobic]ogical Advisory Panel/Committee on Space Medicine in 1970. These astronaut radiation
exposure limits are based upon a 5-year career and are presently included in the STS Payload Safety Guidelines
Handbook. These limits are, of course, intended to cover all forms of ionizing radiation (natural and induced).
Comparable radiation exposure limits are also shown for industrial workers, as defined by the Department of Labor
OJSHA regulations. The low OSHA limits are also contrastcd with the maximum radiation limit allowed for each
Apollo mission.

It is interesting to note that the average skin dose exptrienced by the Apollo astronauts ~as very 'ow (about i
rem), since no solar event occurred. Neverthelrss the maximum limit for Apollo was establishec for a program of
national importance that included less than one hundred volunteer astronauts. The OSHA standards, of course,
apply to millions of industrial workers. The SPS construction base is presently estimated to have approximately
800 worke:s on board, which equatec to a 10,000 man work force over a 30-year period. Henc., allowable SPS
radiation limits may have to be established with respect to societal considerations.
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RADIATION EXPOSURE LIMITS & CONSTRAINTS {REMS)

INDUSTRIAL APOLLO
ASTRONAUT® WORKER** MAX LIMIT
SKIN EYES BONE MARROW BFO & EVES BFO & SKIN
(0.1mm) {3mm) {Bem)
1 YR AVG
DAILY RATE 8 3 2
30-DAY 85 & 520°**
MAXIMUM 75 37 25 PER MISSION
QUARTERLY
MAXIMUM 105 52 35 3
VEARLY
CAREER| 1200 (5 yr) 600 400 236 (0 65)

* SFACE TRANSPORTATION SYSTEM PAYLOAD SAFETY GUIDELINES HDBK
NASA/JSC - JSC 11123, JULY 1976

** FEDERAL REGULATIONS - LABOR PART 1810 OSHA - 1 JULY 1978

***APOLLO MISSIONS 7 TO 17 ONLY HAD ~ 1 REM AVG SKIN CREW DOSE-
SINCE NO MAJOR SOLAR PART!CLE EVENTS OCCURRED

10750140
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SHIELDING THICKNESS FOR GEO TRAPPED ELECTRONS PLUS BREMSSTRAHLUNG

The average REMs that a crew member will experience each day in geosynchronous orbit is plotted as a
function of equivalent aluminum cabin wall thickness, as shown on the facing page. In order to reduce the skin
dose to 1.11 REMs per day for the maximum quarterly exposure limit (i.e., 105 REMs less S REMs for OTV
LEO/GEO trar.it) at least 10 mm of aluminum should be provided. Aluminum is not a very effective shield for
this level of radiation due to Bremsstrahlung secondary radiation effects. However, by adding a *hin inner layer
of tantalum, the cabin radiation level can be lowered to provide a margin for other unscheduled radiation
conditions (e.g., x-ray inspection, etc.). The use of compound wall design techniques is an effective way of coping
with Bremsstrahlung which provides increased radiation protection for minimum shield thickness and weight.
Practical shielding designs that can reduce the daily dose rate to OSHA levels require further study and remain as
a technology issue.
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SHIELDING THICKNESS FOR. GEO TRAPPED ELECTRONS
PLUS BREMSSTRAHLUNG (270° EAST LONGlTUDE)
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SOLAR FLARE RADIATION PROTECTION REQUIREMENTS

The GEO base solar flare radiation protection system must be able to provide timely warning of a high enerjy
solar event, so that the crew can safely reach a radiation shelter to ride out the storm. The characteristics of a
typical solar event are shown on the facing page, together with related data on ths severity and duration of prior
solar events. Minimum aluminum shielding thickness requirements are provided.

Once a solar flare is observed, a 20 to 30 minute delay occurs in particle propagation before an increase in the
background energy level is detected. From the onset of increased radiation, the maximum flux level may be
attained within 15 minutes 10 a few hours. The peak intensity, in turn, may last only intermittently or for a few
hours and the subsequent decay period may be over in a matter of hours or days. Data from the 20th solar cycle
shows that the highest anergy avent recorded lasted for five days and that a few lower energy events lasted 10 days.
Hence, the radiation storm shelter must be able to support the crew life support functions for several days.

In the upper right part of the chart, the frequency of solar events is plotted as a function of the severity of
the event (protons/cmz’). Smoothed historical data are shown for the two most recent solar cycles. Cycle 21 is
now underway and resembles cycle 19 rather than cycle 20. The lower righthand part of the firure shows the cabin
wall thickness necessary to protect against this range of event sizes. A typical cabin wall thickness needed for
shielding trapped electrons in GEO is also shown at about 4 gm/cm2 (i.e. 1.2 em of aluminum). A 4 gm/cm2 shield
gives protection for any event up to 1 x 109 p/cm2 flux, however, a mimimum thickness of 10 qm/cm2 is needed for
a major solar event (Aug 1972) provided the crew is also equipped with personal shielding for the eyes and testes
during peak exposure. Developrnent of a real time solar flare alert system with flux forecast is needed. If the alert
system can b triggered at predete;mined energy levels below the nominal wall radiation protection level, then a
built-in margin for error in forecasting accuracy could be achieved.
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SOLAR FLARE RADIATION PROTECTION REQUIREMENTS
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SPS GEO BASE RADIATION DESIGN CONSIDERATIONS

The allowable crew dose for the SPS GEQ construction base remains to be established. Total accumulated
dose limits are required for the entire mission profile, that is, time in LEQ, LEQO/GEO transit and the GEO base.
How much margin should be provided for unscheduled exposure and whether the astronaut allow ed radiation levoh
are applicable to SPS are areas for further study.

Protection against trapped electron flux in geosynchronous orbit must be factored in ali aspects of GEO base
operations and design, which include IVA assignments in remote werk stauons, free fliers, crew bases and crew
habitation modules. We propose a multilayered cabin wall of 4 gm/cm ‘aluminum equivalent for the crew module
as shown in the figure. The other IVA crew stations could be designed with lighter shielding provided that the total
allowable dose is not exceeded. In addition, if EVA operations are needed they should be conducted near loca!
midnight to minimize normal belt radiation exposure. However, EVA should be avoided during large scale fluctua-
tions due to geomagnetic disturbances. The present SPS suit must be upgraded to provide added protection for
GEOQO EVA (i.e., between 1.5 and 4 mm equivalent aluminum.)

Protection against solar flares requires an adequate flare alert warning system that will allow all GEO base
workers on remote IVA or EV A assignments to retreat to the nearest storm shelter. Means for protecting stranded
workers at these remota locations need to be considered together with the systems required to implament their
rescue. The storm shelter is provided with 20 gm/cm2 of multilayered aluminum equivalent thickness. Additional
shielding benefits can be attained by placing internal equipment arrangements against the outer wall.

Protection against high energy heavy ions (HZE) requires further study. Although the dose from these HZE
particles is small it is important because of possible biological effects.
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SPS GEO BASE RADIATION DESIGN CONSIDERATIONS
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SPS PHASE 2 CONSTRUCTION REQUIREMENTS AND ISSUES

The 5000 MW reference solar power satellite is to be constructed entirely in GEO and is to be fully assembled
in 6 months. The reference satellite has a single antenna located at one end of a large photovoltaic eniergy conver-
sion system as shown on the facing page. The 8 x 16 bay energy conversion system features a hexahedral braced
structure, longitudinal solar array blanket installation and multiple power buses. The satellite construction
approach includes the 2 pas. longitudinal buildup of the energy conversion system and the 16 row lateral buildup
of the power transmission antenna as defined in Boeing's Phase ! final report (Volume III, D180-25037-3) The
GEO construction operation is to rely upon normal IVA assembly methods. A broad range of technology issues
(many of which are beyond the scope of this study) must be addressed to cover all aspects of the SPS construction
process. As the reference system matures, the satellite construction approach must be reexamined for the energy
conversion, power transmission and interface systems. In addition the structural assembly methods should be well
understood to the level of beam fabrication, handling and joining. Techniques for installing the major subsystems
(i.e., solar arrays, buses and subarrays) must be further developed and the requirements for construction equip-
ments need further refinement. In addition, the structural dynamic, thermodynamic and control interactions be-
tween the base and the satellite should bz investigated and definad. Other areas to be examined include methods
for berthing or mating of large system elements, techniques for in-process inspection and repair, and concepts for
implementing satellite final test and checkout.
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SPS PHASE 2 CONSTRUCTION REQUIREMENTS & ISSUES
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SATELLITE CONSTRUCTION CPERATIONS AWALYSIS

SPS construction operations are analyzed from the top down, by defining the required steps at sach level of
the construction sequence. As shown in the fucing page, construction of the reference satellite systems includes
parallel assembly of energy conversion, power transmission and interface elements. When these system elements
are fully assembled, they will be mated and integrated to form the complete solar power satellite. The construc-
tion process ends with final test and checkout of SPS systems.

A further breakdown of the assembly operations for the energy conversion systems is shown by the abbrevi-
ated flow in the lower half of the chart. This assembly activity includes the fabrication and assembly of the struc-
ture for the first construction pass (3.1.1) and the parallel installation and inspection of required subsystems (e.g.
solar array blankets, power distribution, etc.). When the first half of the satellite energy conversion system has
been consiructed, the base will be indexed back along the site of the satellite structure to a position adjacent to
the first frame (3.1.7). The second construction pass begins from that point and includes the fabrication and
assembly of the remaining structure together with the parallel installation of other subsystems.
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SATELLITE CONSTRUCTION OPERATIONS ANALYSIS
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END BUILDER STRUCTURAL ASSEMBLY SEQUENCE

The end builder construction systam is tailored to the structural cross section of the satellite and uses ten (10)
dedicated semi-fixed beam machines to automatically favricate continuous longitudinal members. Lateral and
diagona! members of the structural assembly are fabricated by three (3) mobile beam machines. The assembly
sequence as illustrated begins with Step 1, the assembly of the first frame and its attachment to the longitudinal
members, The structural members of the frame are fabricated hy three mobile beam machines that travel from
one position to the next. The upper lateral beam is fabricated and thén positioned for assembly. As this momber
is being joined, the mobile beam machines fabricate the other members of the frame needed to complete the
assembly. Step 2 indexes the frame for one bay length by fabricating the continucus léngitudinal beams from
the dedicated beam machines. In Step 3, the next frame is built as in Step 1. During these three steps, power .
busses and solar array blankets are installed in parallel. The solar array blankets are deployed in the direction of
build, are attached to the upper lateral bearns and are fed out of cannisters as the structure indexes. Longitudtnal
busses are installed “on the fly"’ as the structure is indexed ; lateral busses are installe”! befors a bay it indexed.

In Step 4 the bay structure diagonal beams are fabricated and assembled to complete the bay. This bay is then
indexed, as in Step 2, and the entire sequence repeated until the energy conversion structure is built.
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END BUILDER STRUCTURAL ASSEMBLY SEQUENCE

o REPEAT STEPS2.3, &4 TO
COMPLETE STRUCTURE

FAB & JOIN DIAGONALS TO
COMPLETE BAY STRUCTURE

\

COMPLETE .\NDEX &
BUILD NEXT FRAME

INSTAI.L POWER
INDEX BY LONGL ,BUS & SOLAR
BEAM FAB ARRAY BLANKETS.

IN PARALLEL
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ENERGY CONVERSION STRUCTURE ASSEMBLY EQUIPMENT & SEQUENCE ~ 1ST BAY

" his illustration identifies the assembly equipment and construction saquencs required to assumble the struc-
tural bays of the energy conversion module. The first bay of the four-bay pass is shown reqtiiring the use of longi-
tudinal beam machines (semi-fixed), three {3) mobile beam machines and four (4) cherrypickers. The operating
paths of the mobile beam machine and cherrypickers are also defined along with the fabricatiing sequence of each
of the mobile beam machines. This sequence is then repeated for bays 2, 3 ard 4. .
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ENERGY CONVERSION STRUCTURE - ASSEMBLY
EQUIPMENT & SEQUENCE - 1ST BAY

LONGITUDINAL BEAM
MACHINE 10 REQD

\‘
S \,.?/
CP-1 & CP-2 MOVE c
ALONG THIS PATH §'\ é .

BM-1 & BM-2 MOVE
ALONG THIS PATH

/\

| (3) A
BM-2 MOVES ALONG D
THIS PATH \, e\ -
> -
wt” \
-
i

XD

CP-3 & CP4 MOVE
ALONG THIS PATH

BM = BEAM MACHINE - '
e MACHINE - REPEAT FOR BAYS 2,3, & 4
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COUPLED FRAME ASSEMBLY/SOLAR ARRAY DEPLOYMENT

The installation of solar arrays occurs at the same work station in the base as the assembly of in-plane struc-
tural frame elements, to obtain maximum time-line benefits from paralle] aciivities.

Subsequent to the installation of a 12.7 m solar array support beam, the cherry picker removes an SA box
from the supply crib shown and fastens it to the proximal anchor. The distal-end of the blanket is then connected
to the beam. When the frame has been indexed one bay away, the blankets are fully deployed and the box is re-
moved from its anchor support fittings and fastened to the next 12.7 m support baam to complete the cycle,
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COUPLED FRAME ASSEMBLY/SOLAR ARRAY DEPLOYMENT

CONNECT S/A
DISTAL END

PROXIMAL
o ANCHOR S/A SUPPLY

i}

’ H E
Vi L.' G(.*‘ M
o ASSEMBLE LAT BEAM < > |
e ATTACH S/A DISTAL END Tr -
; BEAM N
bl intatebeddeiaiedeh el ooy Al )5\

@) « DEPLOY S/A < v_ -------- V.

(3) o connECTS/A T
PROXIMAL END T
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SPS ASSEMBLY OPERATIONS

The facing page rendering depicts the construction activities at levels F, G, and H of the energy conversion
construction facility. These levols are utilized in the construction of the upper surface of the energy conversion
module. Shown nestled in the facility structure is the 7.5 m longitudinal beam machine (semi-fixed), and operating
from a horizontally mounted track system are two mobile beam machines. One bsam machine is shown fabricating
the 7.5 m bracing beam and the other the 12.7 m lateral (solar array support) beams. Located overhead on the
facility overhang and operating from a track system, cherrypickers are usad to maneuver and attach the completed
beams. The complex operations of these two cherrypickers in the maneuvering, handing-off and installation of
beam lengths of approximately 600 to 1000 meters requires further study.

Solar array blanket deployment and installation is coupled with the end builder structural asssmbly sequence.
Shown are the blankat installers operating from a track system mounted on the facility overhang. The solar array
blankets are deployed from canisters mounted on the overhang. Replacement canisters are shown being moved
into place and installed at their deployment station by a mobile flatbed cherrypicker.
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ENERGY CONVERSION SYSTEM ASSEMBLY OPERATIONS TIMELINE

The 4 Bay End Builder construction opsrations timeline has been updated to show the initial fabrication of
longitudinal beams required to allow the assembly of the first end frame. The beam fabrication operations shown
on the facing page have also been updated to include the installation of beam end fittings and related space frames

on the continuous longitudinal beams. The impact of this update has only added two days to the original 180.5
day timeline.
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ENERGY CONVERSION SYSTEM ASSEMBLE

OPERATIONS - TIiM ELINE
0 2 4 6 8 10 12 DAYS
PRELIM LONG. BEAM FAB A
FAB & ASSEMBLE END FRAME
ATTACH SOLAR ARRAYS =
FAB LONG., INDEX, DEPLOY S/A (0.5 m/min) ] ]
FAB & ATTACH SEGMENTED BEAMS /777 ? FIRST ROW
ATTACH SOLAR ARRAYS = )
FAB LONG., INDEX, DEPLOY S/A =)
FAB & ATTACH SEGMENTED BEAMS I ———
ATTACH SOLAR ARRAYS = [ ? CYCLE
SUBSYSTEM ASSEMBLY L )
i
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ENERGY CONVERSION STRUCTURE FABRICATION & ASSEMBLY FLOW

A further breakdown of the SPS structure fabrication and assembly operations is shown on the facing page.
This functional flow defines the beam fabrication requirements leading to the assembly of the first 4 bay wide end
frame for the energy conversion structure. It also defines the beam fabrication requirements which permit the
assembly of structural bays (16 rows) for the first construction pass. The major functional blocks, such as 3.1.1.3-
fabricate lateral end beams, are defined to the level of detail illustrated by the flow in the lower half of the chart.
Times are estimated for each of the functions which comprise the fabrication of segmented lateral beam for subse-
quent attachment to the continuous longitudinal beams. The attachment of beam end fittings is defined for both
ends of the beam as it emerges from an automatic beam machine. The need for an indexing beam hnlder is also
identified as a prerequisite to the attachment of the second end fitting.
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ENERGY CONVERSION STRUCTURE
FABRICATION & ASSEMBLY FLOW

—
3.1.1 3.1.1.1 3.1.1.2 3.1.1.4 3.1.1.5 3.1.1.6
FAB & ASSEM |-» PREP INIT LONG ASSEM END FAB CONT ASSEM -
STRUCT CONST EQUIPT BEAM FAB FRAME LONG BEAMS STRUCT BAYS
3.1.1.3 3.1.1.8
FAB LAT FAB SEG
END BEAMS BEAMS
/ (5m/min x L) \
I\
5 min 10 min / N\ 10 min 5 min
]
AIM ATTACH FAB ! INDEX ATTACH
BEAM e  END —={ BEAM FOR e  2NDEND |- HANDOFF
MACHINE FITTINGS SEGMENT FITTING FITTING
» ACT!VATE e ACTIVATE FIX e FABREQD e ACTIVATE FIX e ACTIVATE FIX e ATTACHCP
e GIMBAL a POSITION LENGTH e HOLDBEAM e POSITION e OPEN HOLD FIX
e INSPECT FITTING e MONITOR e FREE BEAM FITTING e REMOVE BEAM
e ADJUST AIM e ATTACH LEGS MACH OP & MACH e ATTACH LEGS
o INSPECT o INDEX BEAM o INSPECT
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STRUCTURAL JOINT CONFIGURATION

The end builder system uses beam machines to automatically fabricate continuous longitudinal beams.
Several types of structural joints (i.e., nodal fitting, butt fitting and space framc) can be adapted to the end
builder construction system. To help in the selection of the joint fitting best suited for fabrication, the energy
conversion structural arrangement wzs reviewed to identify the requirements and complexity of its structural
joints.

The results of the review are shown on the opposite page. The st ucture arrangement consists of 305 major
structural joints. The number of structural members intersecting at three joints varies from 3 to 10 members with
the predominant repeatabie joints being the 8 member intersection on the upper surface and a 10 member inter-
section on the lower surface.
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STRUCTURAL JGINT CCNFIGURATION

7.5m LONGITUDINAL  12.7m LATERAL BEAMS
BEAMS (UPPER SURFACE)

NO. OF NO. OF TIMES
MEMBERS JOINT REPEATED
AT JOINT ON SATELLITE
3 2
4 1
5 11
6 37
-
7 37
8 . 112
10 105

ALL DIAGONALS & VERTICAL 7.5m LATERAL BEAMS
BEAMS 7.5m (LOWER SURFACE)

QRUMMAN
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SATELLITE MAINTENANCE TRACK REQUIREMENT

To satisfy the satellite general mainienance requirements, a solar array top surface maintenance system has
been proposed. This access system consists of a combination of built-in-tracks, a flying cherry picker, a rotary
boom, and some pantries. The built-in-track system, as illustrated on the facing page, adds further requirements
to the energy conversion structural arrangement and beam machines. The upper surface triangular on‘inuous
longitudinal beams are requited to be oriented with a flat side up (as shown) to ¢> ‘ide for the mounting of the
track system Thne tracks are supported by the beam with fittings attached at each beam batten.

This longitudinal beam orientation complicates the use of nodal fittings at the upper surface structural joints,
a8 the vertical and diagonal bracing beams intersect the apex down chord of the beam. Special offset fittings would
be required to bypass the chord meraber,
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STRUCTURAL JOINT DESIGN COMPATIBLE WITH END BUILDINC CONSTRUCTION

A space frame is used in \he assembly of the multi-mernber structural joints of the onergy conversion
structure. As shown the frame replaces one set of battens of the longitudinal be \m and does not interrupt the
continuous chords (caps) of the beam. Pickup points are provided on the peripher, of the frame, enhancing access
required for the attachment of the lateral, vertical and diagonal bracing beams. Thes: pickup points are located
30 that the end load in each attaching beam is aligned with the centroid of the continucus longitudinal beam.
These frames are also compatible with beam machine fabrication and could be space fabr: ‘ated or ground fabri-
cated in segments and space assembled. The frame segments are loaded into beam machine .Lpply canisters and
the frame assembly becomes an integral operation of the bearn machine.

Although the space frame seems attractive at this time, furthsr study is required to deterir.ine the effects of
introducing torsion in the continuous beam which will result from the accentricities or misalignnient of the attach-
ing beams. Additionally, desiyns of hybrid nodal spider-tyne fittings for the joints should be purs.ed.
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STRUCTURAL JOINT DESIGN COMPATIBLE WITH CONTINUOUS
LONGITUDINAL BEAM CONSTRUCTION

8 MEMBER INTERSECTION

[]
a"‘

7.5m LONGITUDINAL BEAM
(CONTINUQUS CAPS) - 12.7m LATERAL
o BEAM

7.6m BEAM TYPICAL
i /}__ , ] —7 | FOR ALL OTHFER MEMBERS
- [ e v = P

SPACE FRAME

— CONTINUOUS BEAM UNINTERRUPTED
FRAME REPLACES ONE ~ BEAMS ATTACH TO PERIPHERY

SET OF BATTERIES — FAB (COMPATIBLE WITH BEAMBUILDER)
OR ASSEMBLED IN SPACE

=
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AUTOMATIC BEAM FABRICATION EQUIPMENT UPDATE

The 7.5 m beam machine is shown equipped with frame-making teatures. Frame segment supply canisters
are mounted at cach beam face at cross member attaching stations. Since current track concepts call for supports -
at eacn cross member, track attachment will occur after the completed cross members emerge from the beam
machine. This requirement dictates the location of the track forming module as shown.

The 7.5 m mobile beam machine is shown with end fitting attachment features. A column mounted end
fitting support fixture with movable gripping fingers can rotate to place fittings on either end of a beam. The
column swings down as required to clear the emerging beam or pick up an end fitting from the supply canister.
The grip is capable of extending to secure and withdraw a fitting from the supply canister. An automatic arm
attaches the end fittings to the beam on either end as required. An accessory platform is equipped with holding
devices which index the completed beam and position it for installation of the end fitting after it has emerged from
the beam machine. The entire platform with beam machine and accessories is capable of 360° swiv 'ling and can
be rotated perpendicular to the carriage to provide any required orientation.
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AUTOMATIC BEAM FABRICATION EQUIPMENT UPDATE

T TRACK FORMING FRAME SEGMENT

\ i/ MODULE SUPPLY CANISTERS

, J (3 PLACES)
SN

7.5 m BEAM/TRACK MACHINE

END FTG. 3 POSITION END FTG.
SUPPORT FIXTURE

BEAM INDEX!NG
D\ HOLD DOWNS

\ END FTG INSTALLER

END FTG SUPPLY ~ 1 )
CANISTER

7.5 m MOBILE BEAM MACHINE

OALMMAN
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ENERGY CONVERSION BEAM BUILDER REQUIREMENTS

Four basic types of beam machines are required for fabrication use. Two types are synchronized for con-
tinuous longitudinal beam fabrication, while the remaining two autonomous types are emplcayed to fabricate
lateral, vertical and bracing mernbers. The 7.5 m synchronized and 12.7 m autonomous types operating at the
solar array level are equipped to provide track. The remaining two types which do not operate at the solar array
level do not have track capability.

421



TYPE
MACHINE

USE

FUNCTIONS

NO
MACHINES

FAB RATE

BEAM MATL
CAPACITY

GIMBAL
CAPACITY

TRAVEL

10790470

ENERGY CONVERSION BEAM BUILDER

D180-25402-1

7.5 m SYNCHRONIZED 12.7 m AUTONOMOUS 7.6 m AUTONOMOUS
W TRACK W/0 TRACK W TRACK W/O TRACK
UPPER (SOLAR ARRAY) | LOWER LONG BEAMS | UPPER {SOLAR ARRAY) | ALL OTHER BEAMS
LONGITUDINALS LATERALS

e FAB75m
CONTINUOUS BEAM
W FRAMES & TRK

e NOMINAL FIXED
e REMOTECTL

5

3.5 m/min
10,800 m

T8D
3.5 m/min

e FAB75m
CONTINUOQUS BEAM
W/FRAMES

e NOMINAL i IXED

¢ REMOTECTL

5
3.5 m/min
10,800 m

T80
3.5 m/min

» FAB 12.7 m BEAM
W/END FITTINGS
& TRACKS

e MOBILE & GIMBALED

¢ ON BD OPER

1
5 m/min
10,700 m

YAW :90°
20 m/min

¢ FAB 7.5 m BEAM
(VARIOUS LENGTHS)
W/END FITTINGS

e MOBILE & GIMBALED

e ON BD OPER

1
5 m/min
10,200 m

YAW £90° PITCH 90°
20 m/min
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GEO BASE
OPERATIONS

SATELLITE
CONSTRUCTION
OPERATIONS
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GEO BASE LOGISTI: SUPPORT REQUIREMENTS

The GEO Base, in addition to building the SPS, must fulfill strenuous logistic support requirements.

Every thirteen days an EOTV will arrive with large Cargo Pallets. A dedicated area must be available at the
GEOQ Base to transfer this material on board in a quick and efficient manner. At the same time, empty pallets
have to be removed from the base. As soon as the Cargo Pallets are landed, they have to be moved to an unloading
area and processed through the subassemnbly factory. To accomplish this, an efficient trangport system must be
available.

The base has to rotate the 827-man crew at planned intervals. All these people have to be housed comfortably
and transported to their assigned work stations each day. Each time a new crew is brought up, resupplies must
also be provided.

The other function of the base i3 to serve as a home base for service of all outlying SPS stations. Defective
material on the SPSs must be replaced, brought back to the base and reconditioned. The refurbished material is
stored until needed as replacement parts on the next visit to the SPS stations.
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GEO BASE LOGISTIC SUPPORT REQUIREMENTS

e EOTV CARGO DELIVERY
~ 400. MT UP & 200 MT DOWN/FLIGHT - EVERY 13 DAYS

— OPERATE & SERVICE 2 CARGO TRANSFER TUGS
— DOCK & UNLOAD 10 TO 20 CARGO PALLETS
— PROVIDE PALLET TRANSPORTERS
e POTV GEO CREW ROTATION
— ROTATE UP TO 160 PEOPLE/FLIGHT @ 70-DAY INTERVALS
— MAINTAIN TRANSIENT CREW QUARTERS
— DOCK 2POTVs & PROVIDE INTRA-BASE CREW BUSES
o SPS OPERATIONAL MAINTENANCE SUPPORT
— LOAD/UNLOAD SPS COMPONENT RACKS @ 4%2-DAY INTERVALS
— MAINTAIN RECONDITIONED & DEFECTIVE COMPONENT STORAGE
— DOCK & SERVICE SPS MAINT FLEET (4 OTVs & 4 PAYLOADS)
— MAINTAIN COMPONENT REFURB FACILITIES & PROVIDE CREW HABITATS

426
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CARGO DOCKING/UNLOADING CENTER

This are- has docking facilities for KTM and Cargo Pallets. Adjacent to this site is the unloading area,
bounded by mainline track No. 1 on one side and mainline track No. 2 on the other. Seven (7) sets of 12.7 m
tracks interconnect the mainline tracks.

Starting at the left, the first connecting track contains two (2) docking (landing) pads, which are rail mounted,
for the docking and launch of KTM Pallets. When these vehicles land, the 3,800 Klystrons in each Pallet are un-
loaded onto waiting flat cars. As each flat car is filled, it moves to the mainline track and then onto one of the
vertical stanchion elevators. The elevator lowers the loaded car down to the appropriate level, then over to the
Antanna Facility.

The 12.7 m beam installed to the right of the first connecting track contains two {2) docking pads and a small
control center. An OTV Cargo Tug is docked to each pad, one of them being a spare unit. The cperational Tug
flies over to the parked EOTV where it will pick up, one at a time, the Cargo Pallets for delivery to the factory. A
long Spacelab module is located between the two parked Tugs. A crew of four (4) has all the contiols and displays
necessary to land the KTM and Cargo Pallets on the four docking pads.

The second connecting track contains two (2) docking pads, also rail mounted, for the Cargo Pallets. The top
pad is used for landing full Cargo Pallets and the bottom one for lifting off empty Cargo Pallets. In this scenario,
the crew in the control center lifts off the parked OTV Tug and flies it toward the EOTV, where it docks to one
of the ten (10) Cargo Pallets. This unit is lifted off the FOTV and flown back to the Factory and landed on the
upper landing pad. The OTV Tug is then lifted off the docked Pallet and flown down a short distance to the
empty Cargo Pallet mounte:! on the lower landing pad. When attached, it will lift off this assembly and fly it back
to the ETOV. The Tug lifts off the returned Pallet and docks to another full Carge Pallet for delivery to the
Factorv.

The full Cargo Pallet which was landed on the Factory is moved on its docking pad/flat car to mainline track
No. 1. From here it moves laterally to either the 4th or 6th connecting track, where it is placed in the Cargo
Storage area. As the Pallet moves forward to the front of the line, it is unloaded by the three (3) MRWS Cranes
located on the 3rd, 5th and 7th connecting tracks. The cargo material is loaded onto waiting flat cars located on
mainline track No. 2. When the cars are full, they are moved onto the vertical stanchion elevators. The cars are
lowered to the appropriate level and either unloaded or stored till empty. As each Cargo Pallet is unloaded, it is
moved back to the launch pad area for liftoff back to EOTV.
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CARGO DOCKING/UNLOADING CENTER

4 - MAN CONTROL CENTER (NOT VISIBLE) CARGU PALLET (ON DOCKING PAD/FLAT CAR RAILROAD)

KTM PALLET EMPTY PALLET CARGO TUGSF CARGO PALLETS IN UNLOADIMG AREA

TUG DOCKING RING

T
i
’ o / MAINLINE TRACK NO. 1
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CARGO DOCKING/UNLOADING CENTER {PLANE VIEW)

KTM PALLET PATH TO ELEVATOR CARGO PALLET PATH
SYSTEM TO ANTENNA CONSTR. LEVEL TO UNLOADING AREA

MAINLINE TRACK NO. 1

CARGO PALLET
{ON DOCKING PAD)

l

. , j_ CARGC PALLETS IN
S T - UNLOADING AREA

TUG 3] = 1~ 1
(ON DOCKING PAD) .~ N [~~ ( %
i/ i/
Lo A N
KTMPALLET ey ko=l =g st wl S} < F
(ON DOCKING PAD) A= | . | Y D, R . i; |
VAR =t RS 1/ BN (1 CARGO PALLETS (2)
LONG SPACELAB Nl>~>" BEING UNLOADED
4 MAN CONTROL—""", T
CENTER '/ |&F Al
: s
EMPTY CARGO PALLET / : ;"
(ON PAD READY FOR— 7' I/ i |\~ ==t 2 _IMRWS CRANE
LAUNCH TO EOTV) ‘ Q/ D N N S i 574 AT (3 SHOWN)
o - N OVERHEAD CRANE
SPARE TUG "/ | ™ (prOBABLY NOT REQ'D

(ON DOCKING PAD)

EMP1Y CARGO PALLET PATH - pee— 12,7m (7 CONNECTING TRACKS TO MAINLINE)
TO LAUNCH PAD AREA
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GEO FACTORY LEVEL IDENTIFICATION

The facing page illustration identifies eleven lavels of the energy conversion and antenna construction
facilities. The levels are identified with letters A through L and their elevations are given in meters. The elevations
are taken from the base level A the factory reference line (FRL).
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GEO FACTORY LEVEL IDENTIFICATION — BASELINE

LEVEL J(800m)

COLLECTOR | ANTENNA
H (800m; FACILITY
- - - : __G (782_'_")'_ —
/- e F (680m) ANTENNA
P S W L foo6m)
L ‘ TN
/ ! i t-é’:: mé‘i'r.ﬂj
s ' E (42091% K (400m)
)2 N
) N C (300m)
N,
~ \ -/- - . /
LEVEL A ‘O’ METERS
(FRL) FACTOR REF LINE
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GEQ BASE INTERLEVEL MATEKIAL TRANSFER REQUIREMENTS

The accompanying chart lists the tntal weight of material that has to be delivered to the GEO Base for con-
struction of an SPS. it can be «een that over half of the material landed on the base has tv bu delivered to Level
“H" for use in assemblir.g the energy conversion assembly and solar blankets. Two levels were considered as
docking areas for delivery of personnel and material. Based on this chart, it is apparent the logistics system is
greatly simplified by uring Level J’ for the docking area.
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GEO BASE INTERLEVEL MATERIAL TRANSFER REQUIREMENTS
H(800m) - ;
G(762m)\-.[__J LEVEL J(900m)

F(680m)
D(338m)/ | Y
C(300m) / LL\
B8(200m) LEVEL A{0.m)
FACTORY CONSTRUCTION TOTAL MAT'L RATE MAT'L INTER LEVEL
LEVEL OPERATION MT USED MASSOEISTANCE
108 & q
ENERGY CONVERSION ASSEMBLY
H — SOLAR BLANKET INSTALLATION 23185 726MT/4DAYS | 139.1 23.18
G — STRUCTURE FAB & ASSY 1731 398MT PLUS 42MT/4 DAYS 9.72 238
F ~ STRUCTURE FAB & 1846 58MT/4 DAYS 8.86 4.06
POWER BUS INSTL |
D —~ STRUCTURE FAB & ASSY 1731 398MT PLUS 42M1/4 DAYS 239 9.72
POWER TRANSMISSION ASSEMBLY ‘
L4 - STRUCT FAB & ASSY & 9953 83IMT/DAY 19.91 69.67
SUBARRAY INSTL
L — STRUCT FAB & ASSY & 25568 21MT/DAY 11.89 24.68
PWR BUS INSTL
TOTAL | 41000MT 19187 [133°9
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INTERLEVEL MATERIAL TRANSFER OPTIONS

Movement of material can be accomplished either on a railed track system or by a Free Flyer. During the con-
struction of the SPS, large quantities of material have to be moved to pre-designated areas at regular time intervals.
This type of operation fairly well dictates a semi-automated transportation system. It appears that the railed system
can meet these requirements more readily than the Free Flyer system.

This illustration shows the mainline railroad system on Level “‘J.” All the material and personne! from earth are
delivered to the Level “’J"” area. The rail system depicted can move the people and material on this lsvel quickly and
efficiently. Once the material is processed through the unloading depot and subassembly factory, it then has to be
moved down to the various construction levels. Three methods have been considered for interlevel transportation.
The first requires a vertical rail system at each vertical stanchion. The material in the horizontal flatcar has to be
transferred into a waiting flatcar on the vertical track. This method is time-consuming and costly by virtue of addi-
tional track and fla:car requirements.

The second method is a horizontal rail system on Level *‘J”’ supplemented with vertical elevatoru at each stan-
chion. In this scheme, the loaded flatcar is moved out to the waiting elevator platiorm. The c¢levator is lowered to the
appropriate sublevel where the flatcar is sither unloaded or side-railed. The third method is to provide a vertical and
horizontal rail system as shown in Scheme 1. The two rail systems are connected by a curved track. In this manner ona
loaded flatcar can travel from point A to B.

The second and third methods show promise for further study.
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INTERLEVEL MATERIAL TRANSFER OPTIONS

e ~ e RAILED TRANSPORTATION -

( \
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o
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/
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HORIZ & VERT TRACKS HORIZ TRACKS & VERT ELEVATOR CURVED TRACK
—~2CARS - 1CAR - 1CAR
e D«FFICULT TRANSFER o SINGLE RAILROAD & CAR e EASY TO OPERATE
e TIME - CONSUMING e SIMPLIFIED ELEVATORS e DIFFICULT TO BUIL.D
e MAN-IN-LOOP REQ'D TO EACH LEVEL e AUTOMATED

¢ AUTOMATED
e FREE FLYERS

e AVOIDS RAIL NETWORK
> o LIMITED PAYLOAD

LRELE XXTTPLSY
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GEO BASE TRANSPORTATION SYSTEM

This illustration depicts a railroad system that encompasses all areas on Level *'J”. It is apparer t that the key to
a successful operation is an efficient transportation systam for material and personnel movement. For construction of
the Solar Collector and Antenna, huge quantities cf material and personnel have to be delivered throughout the Fac-
tory. After the material and personnel have heen landed on the Factory, they must be transported quickly to their
next facility. This constant flow of material dictates that the area selected for this operation be clear of the construc-
tion area. It must also provide a transportation system that can move material in both the horizontal and vertical
planes.

Level **J'" has been chosen as the surface to which materials and personne! will be delivered. A railroad system
surrounding all elements on this level will quickly move material and personnel to their next locaiion in the Factory.
An elevator network is shown at each stanchion for vertical movement of material to the lower levels. In this manner,
the railroad can move on the level “J*’ 12.7 m railroad tracks to the designated vertical stanchior.s of the Factory. The
car will then move onto the elevator lift and proceed down to its designated level. At this point the car can either be
unloadea or moved off the elevator to a storage area; this requires further study.
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GEO BASE PERSONNEL DISTRIBUTION DURING ONE SHIFT

The accompanying sketch illustrates the distribution of personnel during a typical work shift. Approximately
five (5) people are located in cherry pickers at Leve} “D’" working on the Solar Collector. Another eleven (1) people
are located in various assembly devices at Level “‘G,"” working on the collector assembly and energy conversion assem-
blies. Eighteen (18) people are working on the antenna and are far away from the central home base. ‘The remainder
of the people are located throughout Level *J”. Five hundred {500) people are located in the eight (8) Habitats. They
are either off duty or working within these Habitats, Eighty-five (85) people are working in the Control Center; all
facets of the GEO Base and SPS are controlled from this area. The Refurbishment Modules house one hundred forty-
three (143) people.
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GEO BASE PERSONNEL. DISTRIBUTION DURING ONE SHIFT

LEVEL ‘)

LEVEL ‘)’ ACTIVITY

PEOPLE/SHIFT

X HABITATS
B WORK AREAS
M CONTROL CENTER

O REFURPISHMENT
MODULES

LEVEL 'K’ & 'L’ ACTIVITY
e ANTENNA FACILITY

LEVEL ‘G’

LEVEL'D’ LEVEL ‘G’ ACTIVITY
e ENERGY CONVER ASSY

LEVEL ‘D’ ACTIVITY
e COLLECTOR ASSY
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GEO BASE PERSONNEL TRANSFER CONCEPTS

Personnel can move about the GEO Base usirg three different modes of transportation. Quick and
direct movement can be accomplished usirng a MRWS type of free flyer. This vehicle can carry two
people and limited hardware to almost any location on the Base or Satellite. The crew can work at the
site while in shirt sleeve attire inside the MRWS. Some work tasks will require that the crew get into
close areas that are inaccessible by other means. In this mode the crew member will don a GEO EMU
and MMU and traverse short distances to the work site.

For movement of large numbers of people, the railed bus is used. The flatcar Bus Transporter
operates on the 12.7 meter track system, providing movement of people and supplies. The Transporter
shown is sized to accommodate the fo” “wing:

o A 5 m dia x 16 m long module - . .iis module serves as a bus for movement of 102 people

from the OTV landing site to the habitat centers

o A short Spacelab attached to the end of the bus. This module is used to transfer approxi-

mately ten {10) people at a time from the landed POTV to the bus and from the bus to the
interim gquarters module.

o Two iong and one short Spacelab modules. One long module contains all personal belongings

of the fresh crew (102); it wa " nacked on earth prior to launch into space. The other two (2)
are replacement modules for those attached to the four (4) habitats

o A 40 m crane, This device is used to move the transported modules from the bus to the

modules.

The Bus Transporter can reach the berthing ports on all five {S) modules while moving on mainline
tracks No. 1 and No. 2. If another vehicle has to pass by, the Bus Transporter can move off onto the
connecting track. Other scaled-down Bus Transporters can be provided to move small crew sizes to the
various work sites.
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GEO BASE PERSONNEL TRANSFER CONCEPTS

40 m CRANE

(CARRIES 102 PERSONS)

N L ‘7 .' : - '
S Lj k} I
5m DIA X 16 m LONG BUS !/’ IR SN o}

MRWS FREE FLYER SUITED ASTROWORKER
WITH MMU

SHORT SPACELAB (TRANSFER 10 PEOPLE
AT A TIME TO HABITAT)

SHORT SPACELAB (RE-SUPP. Y
MODULE FOR HABITAT)

FLAT BED TRAIN

LONG SPACELAB
(PERSONNEL BELONGINGS
FOR 102 PERSONS)

LONG SPACELAB (RE-SUPPLY
MODULE FOR HABITAT)

ORUMMAN
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INTRODUCTION

GEO BASE
OPERATIONS

SATELLITE
CONSTRUCTION
OPERATIONS

INTRA BASE
LOGISTICS

GEO BASE

DEFINITION
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GEO BASE SYSTEM REQUIREMENTS

Top level requirements that established the design and operations of the SPS are shown opposite. Thesc are
extracted from Phase 1 of the study and guide the definition of all other requirements.
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GEO BASE SYSTEM REQUIREMENTS

CONSTRUCT ONE 5 GW SPS WITHIN 6 MONTHS 5%

ENERGY CONSERVATION & MICROWAVE POWER
CONSTRUCTION FACILITIES CONTIGUOUS

CONSTRUCTION APPROACH:
ENERGY CONVERSION -~ TWO PASS LONGITUDINAL BUILDUP
MICROWAVE POWER — ELEVEN ROW LATERAL BUILDUP
DESIGN LIFE: 30 + YEARS

e DOCKING & OFFLOADING SYSTEM FOR POTV, CARGO TUG & OTV

OPERATIONAL AREAS FOR: COMMAND & CONTROL MODULES, CARGO
WAREHOUSING, SUBASSEMBLY FACTORIES, CREW & WORK MODULES,
BASE MAINTENANCE, OTV MAINTENANCE, EOTV MAINTENANCE,
OPERATIONAL SPS MAINTENANCE & TRAINING

BASE LOGISTIC VEHICLES & TRACK NETWORK
CONSTRUCTION ACCURACY & QUALITY

o BASE ATTITUDE CONTROL, STATIONKEEPING, LONGITUDINAL TRANSFER

10790550

CAPABILITY
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CREW MODULE GENERAL REQUIREMENTS

Some of the more important requirements used to design the crew module are listed here. The first four requirements
establish the size and interfaces of the crew modules’ Interior accommodations obviously must be designed for zero g oper-
ation. However, to prevent crew disorientation, they should all be designed to a common reference. One-g was selected, as
this facilitates ground operations and is satisfactory for space activities. Crew mix was based on the Navy projection for
sunoort ships.
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CREW MODULE GENERAL REQUIREMENTS

e SIZE {(17m DIA X 23m LONG) COMPATIBL.E WITH HLLV e e |

e ACCOMMODATICNS FOR 100 PEOPLE (DECK/ [ 1

e DESIGN LIFE: 30 + YEARS DECK 2

e BERTHING/DOCKING/AIR LOCK COMPATIBLE ! gegﬁ = i b
WITH CREW BUS & LOGISTICS & MODULE PR 2

e STRUCTURAL ATTACHMENT TO BASE SEa(; -,C——‘-—é——}

e DESIGN FOR ZERO G OPERATIONS Norar\ F==

e INTERIOR LAYOUT ONE G S & |

o CREW 75% MALE, 25% FEMALE

e METEOROID & SOLAR STORM RADIATION PROTECTION 17 —o]

CREW MODULE

QRALUMMAN
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CREW MODULE SUBSYSTEM REQUIREMENTS

Each crew module operates almost independently except for primary electrical power and orbital attitude, which is
provided by the base. Emergency power, environmental control, life support and information subsystems are self-contained
within each module. Accommodation requirerents are based on covernment and industry studies. Hatches are sized to
permit transfer of equipment and are generous for IVA. The environmental control subgystem operating prescure is stated as
nominal earth value. However, it could be operated at a lower value (i.e. 10 PSIA, mairtaining O, partial pressure) thereby
possibly reducing structured requirements, and eliminating prebreathing requirements, should emergency EVA be required.
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CREW MODULE SUBSYSTEM REQUIREMENTS

e POWER
- PRIMARY, BASE - SUPPLIED

— EMERGENCY, SELF - CONTAINED
e ACCOMMODATIONS

~ SKYLAB - TYPE SLEFP

COMPARTMENT
- VOLUME
RECREATION
LAUNDRY
STORAGE

MULT! - PURPOSE
ROOM

60 FT3/PERSON
13 FT3/PERSON
13 FT3/PERSON
190 FT3/PERSON

CREW FREE 250 FT3/PERSON
VOLUME
400¢ p.@oe
ORBITER Q250 FT3
200; 1
FREE VOLUME, LM !
FT3/PERSON (2 MEN) |
:
50} o GEMINI |
| (2 MEN) !
!
20 ) . . N .
12 5 0 20 40 60 90 200 40

10730570
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e ENVIROMENTAL CONTROL

~ 2 GAS, 14.7 PSI, SELF-.
CONTAINED

e STRUCTURE

— PRIMARY HATCH 1.6 m DIA,
SECONDARY HATCH 1.0 m DIA

— REDUNDANT PRESSURE
SEAL DOORS

~ REDUNDANT EXITS FROM
CLOSED VOLUMES

e LIFE SUPPORT
— WATER-RECOVERY
-~ WASTE MANAGEMENT
~ PERSONNEL HYGIENE
— DRIED & FROZEN FOOD
s INFORMATION
~ INTERCOMMUNICATIONS
- EXTERNAL COMMUNICATIONS
— DATA PROCESSING
— CONTROLS & DISPLAYS

TRUMMAN
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GEO CONSTRUCTION BASE - 100 MAN HABITAT

This illustration depicts a domed end cylinder housing 100 crew members with dedicated work stations.
The pressure shell diameter is 16.5 m and the external diameter is 17.0 m. A nominal 0.25 m has been tentatively
allotted for thermal insulation, radiation protection and radator wraparound functions. (No work has been done
in these areas to date.) The pressure vessel is 23.0 m long. Seven decks have been provided, each havinga 2.2 m
floor to ceiling height. The structure between each deck is 0.3 m thick, providing volume for installation of wiring,
ducting, lighting, insulation, etc. Decks 2 and 6 have two (2) berthing ports located 90° to each other, while Deck
4 has only one (1) port. These berthing rings are configured to mate with berthing ports on Spacelab-type
modules. The attached Spacelab modules provide the services and re-supplies to keep the modules cperational,
Larger diameter berthing or docking rings are located at each dome end for mating with the base structure, another
mod-ile or the transportation delivery vehicles (HLLV or EDTV). Each deck contains 16 to 18 viewing windows
around its periphery.

One passible arrangement for accommodating the SPS GEO Base 400-man construction crew is shown by the
crew habitat complex on the following pages. Adjacent modulas are interconnected with flexible tunnels mated
to the berth.ra hatches on Decks 2,4 & 6. In this manner, there are at least six ways in and out of each module
(total of 12 tunnels). Deck 2 has a short Spacelab-type module affixed to it for use as a 4-6 man airlock. Another
short Spacelab is provided for use as a transfer vessel from the large volume habitat to the smaller volume closed
cherry picker, bus, free flyer or crane. Deck 4 has une berthing ring for attachment of a long Spacelab module.
This module can provide a 90 day food supply for 100 persons. Deck 6 has two bertking rings for attachment of
two short Spacelabs. One module contains tankage to re-supply the expendables, while the second module is con-
figured to accept waste material which is compacted into 26-inch cubes. The four large berthing rings on the
bottom mate with facilities on the space base. The four largr berthing rings at the top of the dome end can be used
for emergency docking of HLLV, PLV or OTVs, if needed

Decks 1, 3 and 7 have been allotted for the living quarters for 100 crew members, both méle and female.
Deck 1 is configured to house the management-type personnel in 16 various sized one and two men staterooms for
a total of 24 people. A large waste management compartment and personal hygiene compartment are provided to
handle the occupants on this deck. Deck 3 has four staterooms and 18 crew quarters to house 36 persons. It also
contains a W/M and personal hygiene compartment. Deck 7 has 24 crew quarters, a W/M and personal hygiene
compartment to accommodate 40 people. The density factor of e ch deck is varied according to job title on board
the sp..ze base. Providing for more than 100 people in this size module is not recommended.
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GEO CONSTRUCTION BASE - 100 MAN HABITAT

e 17m —— ]
CREW MODULE

CREW QUARTERS

1079-033D

DECK 3
CREW QUARTERS

DECK 7
CREW QUARTERS
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HABIT AREAS:

ONE-PERSON STATEROOM
TWO-PERSON STATEROOM
ONE-PERSON CREW QUARTER
TWO-PERSON CREW QUARTER
WASTE MANAGEMENT
PERSONAL HYGIENE
CENTRAL PASSAGEWAY
TORUS AISLEWAY
THRU-DECK ACCESS
INTERDECK ACCESS

CABIN WINDOWS

VIEW WINDOWS
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GEOC CONSTRUCTION BASE — 100 MAN HABITAT (CONT'D)

Deck 2 contains a control center. A total of 25.44 square meters of displays and controls has been provided
to monitnr space base and module parameters. The controls need not be duplicated in each of the four modules,
but should be overlapped. In the event of a module shuidown, control of the base should still be possible by virtue
of the instrumentation remaining in the other three modules. A large room is provided for all facets of EVA
hardware.

Deck 4 has been arranged to accommodate dining facilities for 60 people at one sitting. The food serving
center contains micro-ovens for heating the food, and is the area where the food is dispensed to the diners,
cafeteria style. The return rack is the area where used dishes and food are placed. Compactors and dishwashers
are located here. Up to 100 people can also be accommodated in Deck 4, when used as a radiation shelter.

Deck 5 is the recreational/physical fitness/services area. The central area is 6 m in diameter and serves as a
lounge area. From this lounge, access can be obtained to the snack bar barber shop, post office, chapel, theatre,
library, gym and recreation area, and sick bay/dentist areas.

Deck 6 contains tanks for storage of expendables and three large rooras for subsystem equipment and hard-
ware. The fourth quadrant contains storage for waste bales and an area for agricultural study.

Each deck is accessible to the adjacent deck via three (3) 1.5 m diameter openings. In gereral, the decks have
a 1.5 m wide central aisle passageway and a torus aisleway 1.0 m wide.
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GEO CONSTRUCTION BASE - 100 MAN HABITAT (CONT'D)

HABIT AREAS:
EMU/EVA PREP ROOM
COMPUTER RACKS
CONTROL CENTER
CONFERENCE ROOM
DINING AREA (60 PERSONS)
FOOD STORAGE
LOUNGE
LAUNDRY/SUPPLIES
RECREATION/GYMN
BARBER SHOP/POST OFFICE
LIBRARY/STUDY
THEATER/CHAPEL
SICK BAY/DENT LT
EXPENDABLES
SUBSYSTEMS
AGRICULTURAL STUDY
COMPACTED WASTE

DECK 2 DECK 4
CONTROL CENTER/SUBSYSTEMS  GALLEY/DINING AREA/STORM SHELTER

BNYN<xs<ccHawndprmozz

Crr s

‘&.'_-_--_u:_-.y—

DECK 5 DECK 6
RECREATION/PHYSICAL EXPENDABLES/SUBSYSTEMS
FITNESS/SERVICES pAUMMAN
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CREW MODULE WEIGHT SUMMARY

This table presents a summary -f the current Grumman weight estimate for the crew module. It shows waights for
crew modules in both earth orbit and geosynchronous orbit.

The structural weight has been estimated based on an aluminum structure of cylindrical shape 16.5 m in diameter and
17.8 m long, capable of supporting 14.7 psl internal pressure. Numerous c.ocks divide the cylinder. Two large access/egress
ports are located on either end. and 12 berthing ports are located around the circumference. Partitions and equipment
mounting weights have also been estimated.

No shielding is required for LEQ. A “‘storm shelter’’ approach has heen used for GEQ. A 7.2 m cylindrical band around
the module protects one deck from solar storms. The storm shelter provides 20 qrams/cm2 shield thickness protection.

Environmental control subsystem weights are based on 100% redundant systems capable of sustaining 100 men,

Consumables for 100 men for 90 days have been estimated. In addition, @ weight growth/contingency factor of 33%
has been maintained. All other subsystem weights remain the same as those listed in Boeings Phase 1 SPS stucy Final Report,
Volume III Reference System Description 17180-25037-3.
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CREW MODULE WEIGHT SUMMARY

SUBSYTEM

STRUCTURE
ENVIRON PROTECTION (20 g/cm?)
ELECTRICAL POWER SUPPLY
ENVIRON CONTROL/LIFE SUPPORT
CREW ACCOMMODATIONS
COMMUNICATIONS/DATA HANDLING
GUIDANCE & CONTROL
PROP/REACTION CONTROL

SPECIAL EQUIPMENT

SUBTOTAL
GROWTH/CONTINGENCY (33%)
TOTAL DRY

CONSUMABLES (90 DAYS)
TOTAL
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WEIGHT , kg X 1073

LEO
69.7
0
5.0
22.8
11.0
6.0

F -
Sl
o W

b
©
o
N

gEo
69.7
68.3
5.0
22.8
11.0
6.0

GRULIMAN



D180-25402-1

BASE HABITAT AREA - 400 PEOPLE

Four (4) habitat modules, 17.0 meters in diameter, are grouped together in a ceometric pattern. Initially each
module is transported to this site by the large crane on the railroad system. Tl.e bottom of each module has a large
berthing ring which mates with one on the previcusly installed mounting platform. Guy wires (not shown) running to
the Facrory structure will p- svide stability to the installed module. The fifth mod ile ncstled between twr: of the
hzbitat modules serves as an interim quarters module for 100 crew members. Waen all five modules are firmly installed,
12 interconnector: are installed, These connectors provide traffic flow betwzen ali thie modules. Each habitat has
five (5) radially located berthing ports to which the following Spacelab-type moduies can be affixed:

o Short Spacelab (1) to serve as a 4-6 man EVA airlock

e Short Spacelab (1) to serve as an interface module for shirt sleeve transfer to anuther
pressurized mudule such as MRWS closed cabin cherry picker & MRWS free flyer

o Loong Spacelab (1) to provide for a 90 day re-svogly of food for 100 peopie

@ Short Spacelab (1) tu provide re-suppl’ of expendables

@ Short Spacelab (1) ‘o provide storage for ail waste which will be returned to earth.

The interim module has three (3) radially located berthirg ports to which Spacelab type modules can be affixed.
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BASE HABITAT AREA — 400 PEOPLE

100 MAN  BUS
HABITAT TRANSPORTER
SHORT & LONG MAINLINE EMERGENCY MODULE
SPACE LAS MOD THACK NO.1 DOCKING RING  INTERCONNESTORS
A
, - 100 MAN INTERIM QTRS
’{ IS A R 1 12.7m
P , L , BUS DELIVERED
AT T T~ 'f « MODULE
/J < . 12, /m- |- ' : D - 40m CRANE
- P! l TR 102 MAN BUS
AYYAANY. 100m T_W_' L I “TRANSPORTER
‘s LA
/"/-..._/‘ L —

N\BERTHING RING

l T - ATTACHMENT

ft————100m—————»]

12.7m BEAMS
—..H
MAINLINE CONNECTING SECTION A-A
TRACK NO. 2 TRACK

ORUMMAN
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GBO BASE LEVEL “J"” ARRANGEMENT

The center of activity is at the Level *'J" surface. The material and men are brought to this level from the LEQ
base and the SPS service crew, with their materials, depart from here. In addition, numerous vertically moving
transportation devices irterface with supplies and personnel here for delivery to the lower levels.

Starting from the left, the following areas of activity are defined:

» Bass 'labitat Center & Transient Quarters — Four (4) Habitat Modules and one (1} Transient
Quarters Module are grouped together here. Four hundred («u0) peaple are quartered here
and one hundred (100) transients can be accommodated

¢ Cargo Docking/Unloading Area -- The KTM modules and Cargo Pallets are landed here and
unloaded onto railroad flatcars for delivery to their next station

o Subassembly Factory — The hadware in the Cargo Pallets is delivered to this area for sub-
assembly work prior to its movement to the lower levels for installation

o GEQO Base Control Center — This module is the same size as a Habitat. A crew of sixty-five (65)
control the operations of the GEQ base from this area

o Reconditioned Component Storage — Those components which have been reconditioned and
repaired in the KTM & Miscellaneous Component Refurbishment Factories are stored nere
until needed

e Defective Component Storage — Those components which have to be reconditioned and repaired are
stored here. When room and scheduling permits, they are transported from here to the
Refurbishment Faciories.

o Miscellaneous Component Refurbishment Factory ~ This module has facilities within it for
refurbish ment of electrical, electronic and mechanical devices. Components are disassembled
and assernbled, as well as tested, in this are:

o KTM Refurbishment Factory ~ All defective klystrons from the outlying SPS stations are
brought into this module for refurbishment

e Maintenance Crew Quarters & Transient Quarters -~ Four {4) Habitat Modules and one (1) Transient
Quarters Module are grouped together here. Four Lundred (400) maintenance people and one hundred
(100) transients are quartered here

o OTV/POTV Docking Area — Sufficient docking pads are located here for the landing of POTVs andOTVs
e Propellant Resupply Area — Quantities of propellant for refueling the OTVs are siored here.
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GEO BASE LEVEL "“J” ARRANGEMENT

AN
&,’ />\
N BASE HABITAT CENTER & Xk
Lo \ TRANSIENT QUARTERS VY
~d | S -~. g o+,
\7\’?( CARGO DOCKING/UNLOADING AREA Tng? 2

SUB-ASSEMBLY FACTORY
GEO BASE CONTROL CENTER

"4 ~ L Y :*f' RE-CONDITIONED COMPONENT STORAGE
[} .
~ T\‘F 7 DEFECTIVE COMPONANT STORAGE
\L i ~
< L ¥ 12.7m RAILROAD SYSTEM
~Q ! MAINTENANCE CREW CENTER
4 & TRANSIENT QUARTERS

MISCELLANEOUS COMPONENT
REFURB!SHMENT FACTORY

KTM REFURBISHMENT FACTORY
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SP3 GEO CONSTRUCTION BASE—MIDTERM FINDINGS

1079-064

® GEO CONSTRUCTION OPERATIONS STILL LOOK FEASIBLE
e BASE CREW MODULES REMAIN AS MAJOR COST/WEIGHT DRIVER

® SPS MAINTENANCE SUPPORT ALMOST DOUBLES GEO BASE
CREW SIZE

® GEO CONSTRUCTION CREWS MIGHT BE REDUCED FURTHER BY CONSIDER'NG
A HIGHLY AUTOMATED BASE

® LARGE GEO BASE WORK FORCE MAY NECESSIATE DESIGNING TO LOWER
RADIATION LIMITS

® GEO BASE CONSTRUCTION ATTITUDE IMPOSES EOTV UNLOADING
CONSTRAINTS
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SPS GEO CONSTRUCTION BASE—MIDTERM
RECOMMENDATIONS

¢ NARROW SCOPE OF REMAINING CONSTRUCTION ANALYSIS

— EMPHASIZE ENERGY CONVERSION SYSTEM & ITS MAJOR SUBSYSTEM
INSTALLATIONS (SOLAR ARRAYS & POWER BUS)

— REEXAMINE ANTENNA CONSTRUCTION CONCEPT WHEN DESIGN
MATURES FURTHER

® REFINE GEO BASE SYSTEM MASS & COST DATA
— INVESTIGATE HIGHLY AUTOMATED BASE
— ESTABLISH CREW ROTATION/TRAINING REQMTS
— COMPLETE HABITAT ECLS CONSUMMABLE ANALYSIS
~ DEFINE MAJOR ELEMENTS OF BASE LOGISTICS
— UPDATE MAJOR CONSTRUCTION EQUIPMENT FUNCTIONS
— DEFINE BASE SYSTEM ELEMENTS & INTERFACES
e DEFINE GEO BASE BUILDUP CONCEPT
e RECOMMEND AREAS FOR FURTHER EFFORT/NEAR-TERM DEVELOPMENT
¢ PREPARE GEO BASE OPERATIONS PLAN

OMUMMAN

461
1079-065



D180-25402-1

PLANNING TOPICS

The program planning analysis will be discussed under the topics indicated.
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Planning Topics

e PROGRAM APPROACH

e RESEARCH PLAN STATUS

. ® RESEARCH COSTS AND SCHEDULING

® DEVELOPMENT ISSUES

¢ PROTOTYPING
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SPS PHASED PROGRAM APPROACH - ACTIVITIES & DECISION CRITERIA

An overall program approach has been developed for SPS to serve as a guide to program planning. The philos-
ophy calls for increasing program committments in measured steps, in response 10 successful fulfillment of deci-
sion criteria. Major resource committments are deferred until high confidence of success is estabiished. Success
is measured in terms of environmental acceptability, social, political and economic acceptability, cost confidence,
and tecanical practicality. This overall program approach is illustrated in Figure 27. This figure shows the major
activities to be conducted in each phase, the criteria to be met, and the key issues to be resolved in each area

of concern. Following the research, development, and evaluation phase, the program would move into an engineer-
ing development and cost verification phase, followed by a phase of prototype construction, and finally a period

of commercialization.

Our planning activity is directed to the cost achievability and technical practicality elements of the program.

The duration of the program phases is thought to be roughiy tiv. years each for the first two. The first of these
would include research, technology and evaluation, and the second covers engineering development and cost veritica-
tion. A demonstration phase lasting roughly ten years would follow. In a prac*ical sense, divisions between the
phases will be somewhat less distinct than indicated by the accompanying figure. It is likely that, to some degree,
decisions will be made incrementally and that certain activities will not fit cleanly into one phase or another.
further, some degree of overlap between the phases is possible. The amount of overlap must be selected based

on a trade-off of risk versus need. Overlap of the phases would allow accomplishment of end results earlier,

but would subject the program to greater expenditure before all criteria from a previous phase are ret.

464



D180-25402-1

SPS PHASED PF.OGRAM APPROACH
ACTIVITIES AND DECISION CRITERIA

AREA OF CCACERN . -.4“991‘.“ PHASE
e REVIMSUES AEBEAACH, DIVELOPMINT & EVALUATION  [INGINIERING DLVELGPMENT & COLT VALIDAYION ;,""l,g",:"!";::.;:%':.’}:.'g,. COMME ACIAL LEAT 108
ENVIAONMENTAL [ REVIEW A FINALIZE o MOWITOR & ASSLIS
ACCEPTABILITY 1437 1CIL001C 0L MICROWAVE ENVIHONMLITAL oRArY ENVINONIENTAL 1P TECTS
rieTs HAPACT STATIMINTS ENVIRON - OF DLVELOPMINT SYSTIMS
* MICROWAVE BIOLOOICAL o FVALUATE POLLUTION BOURCER, :}"“"__"‘-
trrecs LLVELS & KPPECTS Nt trvile OL2INE ENVIRONMINTAL ST ATEIINY ¢ DIVILOPDLSGN S ':‘:"::“":’M
ETANDARDS \ OPLAAYIONAL VIRONMENTAL
o wicHOWAYE o VAT A ANALYIC (i) HATaL] comeLere MOQIF GATIONS 1O SYANOARDS
COMLLNICATIN & (VALUATE OCCLPATIONAL HAZARDS  |sYou0 MoRIY EvSTEM STANUARGS MINMITS ENVINONMENTAL
irricTs BPLCIF ICATIONS ADOPTAD IMPACTS
o PRLFAREPRYLIMINARY ENVINONMENTAL & DUSIGNS AS HIOUIRED
* POLUTON MPALT STATEMLNTY
S0CIAL POLITICAL S !
icc%:d?:-\lg‘u'v o CONDUCT COMPARATIVE ASSESIMENTE SELECT PROTOTYIR SITEIS) . mu.i'nu PROTOTYPE
A HTe
CONDUCT INTEANATIONAL
]
¢ CONDUCT PUSLIC HEARINGY NEGOTIAYIONS ACCErTARLE o MONITON & ANALYRE
o LaND UtAGL o ANALYIL £/51CT30M U3 & WOMLD PINALIZE OREIT 81T IMPLEMEN— TPPLCTS OF O WLLOPMENT ¢ SISULATE 91
o COMPL ViTIvE ECONOMKCS ECONOMIES & SOCIAL STAUCTUAES SELECTION & FAEQUINCY TATION "MIA:I%“&' WNOUSTRES 1O SOCIALLY
* FOAIN CENTRALIZATION ASSICNMINT weiciics & WO ISTABLNNED
* INTERNATIONAL ¢ LVALUATL SysTiM siTing DINTI= BLLECT FINANCIAL MGMT  |[STABLISHE o IMPLIMENT EREATIES STANOARDS
:‘clnuct , ¢ EVALUATE UTILITY ECONOMICS vite APFROAGH > AUt o v
o SDCAML.S POLITIGAL HINAKCIAL & AEGUL,
—voLYCENT © SVALUATE MILITARY WPLICATIONS ("'t:::gvsnuumuv Aoy e
cost
ACHIEVARILITY ® CONOUCT COSTING & UNCERTAIDTY DLVELOS & DIMANSTAATL cost
acart SRETCAERApoce Ry iy
2 COMT PAEDICTION ¢ IVALUATE DUSION APPROACH & v OF DLSICN ™ AN,
u'rm«’nocv APPLICATION COST CONOUCT IN DEPTH COSY & PROCESSES * %&l oL corTsa st * CONTAOAL COSTE S
o COFY UNCEATAINTY trricriventss €31 IMATES S UNCLATAINTY | ESTABLISHED COBMNIIT\ wrnovs §
¢ CONOUCT PROGRAM COST/MISK 10entisieo/  ASSLESMENTS RISKSOLFINEY ¢ UFDATE ENEAGY.ACONOMICE n”ounmaulu'
TRADLOFH STUOIES DE 'NEMISKSS [STABLISH  [CONTAOL Asstimaturs
o RISK MANAGEMINT Rl MANAGEMENT PLAN o
. MInIED
TECHNICAL X
PRACTICALITY © CONOUCT TRCHMOLOOY RESEARCH DIVELOP & DIMONSTAATE . o DESION. DEVELO® Fa0 & . SUE & wes?
o LARGE SCALE POWER & rems JicHmicaLLy CaiTICAL cEIGN TENY $PEPNGTOTYRI & wa;.n'-:nu;:
s aalion o VALUATE TECHNOLODY ATSULYS SUOSYSTIME & PROCLSIIS | pmoact SUPPORTING WPACE SYSTEMS
FOR SVETLM APPLICATION OIVEILOP PAEI IMINARY ANG . IHLLV,CONSTALCTION BASE * INCORPORATE &
¢ 1 1ICINT POWER OESIGN FOR PIOTOTYPE FAOC MPLEMINT DESION
TAANSMISSION . :(Amu‘mmul REIERENCE & SUPPONT SYSTEMS PHOL o MODIFY COMMENCIAL FEATUAES 7O mernovE
¢ 312aCE TRANSPORTATION eh COMPLETT SYSTIM seLe OESIGNS BASLD ON LCONONK
o PACT ASILMBLY ArivA T A AR AANY oesIGN PAOTOTYPE ALEULTS -
Y SIIMLIrE MANAGLMINT PLAM C%(Mc’ ere ENVIRONMENTAL &
L TECHNICAL
PUNFOAMANCE

FIGURE |
465




D180-25402-1

RESEARCH PLANNING

The system definition studies have reached the point where a reasonably comprehensive plan for SPS research
can be defined.

In order to accomplish this it has been necessary to postulate an overall S S program structure including incre-
mental decision criteria, decision objectives and research or development accomplisnments. For purposes of
planning it has been assumed that the first phase of such a program will be research followed by a development
phase. Rather than attempting to develop an SPS, this development phase will develop prototype subsystems

and processes in order to maximize cost confidence and understand the needs of risk management at minimum
expense. Finally, verification of the entire system will require some sort of prototyping or pilot plant sctiviiv.
Each of these phases culminates in an evaluation and decision phase. The program would not proceed unless the
evaluation is favorable in terms of environmental effects, economics, technical practicality and social considera-

tions.

Our present status is that the research plan has been detailed. This plan will be published as a seaparate interim
planning document as a part of the system definition studies. Analyses of the development and prototyping phases
will be conducted in the next 4 months.
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Research Planning Status

SOEING "

$PS-2811

OVERALL SPS PROGRAM STRUCTURE, POSTULATED WITH

INCREMENTAL CRITERIA, DECISIONS, ACCOMPLISHMENTS
— RESEARCH, TO RESOLVE ISSUES AND SELECT TECHNICAL APPROACHES
~ DEVELOPMENT, TO DEVELOP COST CONFIDENCE AND RISK MANAGEMENT APPROACH

~ PROTOTYPING/PILOT PLANT

RESEARCH PLAN DETAILED
— 173 TASKS; 130 GROUND-BASED RESEARCH; 31 SYSTEMS STUDY; 10 FLIGHY RESEARCH;
2 RELATED TO IONOSPHERE HEATING

RESEARCH PLAN ADDRESSES ONLY TECHNOLOGY
RESEARCH & SYSTEMS DEFINITION
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RESEARCH PLANNING PROCESS

The principal steps in developing the research plan are tabulated on the facing page.
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Research Planning Process

¢ IDENTIFY RESEARCH ISSUES & OBJECT!VES

e DEFINE RESEARCH TASKS

e REVIEWWITH JSC

e UPDATE

® DEFINE TASK INTERRELATIONSHIPS

¢ PERFORM NETWORK ANALYSIS

e GENERATE SCHEDULE (NO FUNDING CONSTRAINTS)
e ASSIGN RESOURCES (MANPOWER) BY SKILL

e CONDUCT COST ANALYSIS

e PERFORM COST-CONTROLLED SCHEDULING
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TECHNICAL AREAS

The research plan is divided into the ten technical areas tabulated on the facing page. In addition, the research

plan includes certain systems study and flight resecarch activities.
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‘Yechnical Areas

N

3PS-2813

e SOLAR ARRAYS

¢ THERMAL ENGINES tk SYSTEMS

e POWER TRANSMISSION

® STRUCTURES

e MATERIALS

® FLIGHT & SYSTEM CONTROL

® SPACE CONSTRUCTION

® SPACE TRANSPORTATION

® POWER DISTRIBUTION & PROCESSING

o SPACE ENVIRONMENT EFFECTS
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SPS RESEARCH PLANNING DETAILED WORKSHEET

e researh plan was developed through worksheets employing the fcrrmat indicated, The ob.:ti es of each
¢. thie key questions was to resolve a key issue or to select the best technology in a given area, Tre “implications”
heading indicates the reason for the question, "Applicability' shows wher~ this research itern applies on the SP$
systemn. The remainder of the headings summarize the task data inputs describing the research task hecessary
to an: ser the question. Entries of this 1.ature were prepared for each of the 173 research tasks.
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SPS Research Planning Detziled Worksheet

susrenocaaM | susscT | ivoussTions | meucaTions | arsuicasiuTy | TASRAN . NN T o | TAMAsgo | mesoumces
S0LAR SILICON
ARRAYS SOLAR
SLANKET
TECHNOLOGY
W ¢ pracoses aon Bn | Ensigy conampaen, | Sdisen Anchism, wst %0 $780% 010101008 154 022 4k
vand lor mam pre- oun, ond e meserid) | referenes e viluon Metls, FE100 | 10 31:2 494
outmon? e, e oot Adenket Cqup., 0111010\8 Lt 322
forv produstion asTe 131 342 61
provese. 151 382 420
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(6)

TASK NUMBERING CODE: AA 8% CC DD E

AA designates program phase:
01 = ground-based resesrch;
02 = ressarch flight tests.

B8 designates technical ares,
0.g., solar arrays

CC designates subject; ¢.g.. silicon soler cells

DD  designates task number

E

designates priority, 0-8 with 8 highest
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NETWORK EXAMPLE
The data from the rescearch planning worksheets were input to an automated network analysis. One of the useful

outpr'ts of this analysis was a plot of the event logic network for each research area. A segment of a network
is illustrated here,
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Example Task Network (Solar Arrays)
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SEGMENT OF SCHEDULE

Schedules ::s illustrated were developed for each vf the technical areas.
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Segment of Schedule
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SILICON ARRAYS: LTARY "
10181000 ¥ 1 1 1 1 1 b 1 ¢ 1 1 ¢ i [ {
DIVELOP BASIC CELA DZSISY & PROCESS DOEC 20003032006 29 3C 38 33263 9600 3 00 000 3¢ 3¢ 20 X X 3K K
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CONDUCT RADIATION EFFECTS AND ANNCALING TZSTS 0062 D20 DG 3C 5 203 3N 3096 23X X MK nK XX
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TIST & FYALUATE CELL/BLXT PROOD PROCESSES 3NN 300003000 X DO 000N XN XN NN R
13101058 4 1 1 ¢ ¢ ¢ 4 | { 1 1 ¢ 1 I t
TZ3Y L EVALUATE SANPLE PRODUCTION PANELS
L017106s  { 1 1 1 1 ¢ 1 1 I 1 | ¢ ¢  § t
. GALLIUN ARSENIDE: STARY n
10102009 1 1 1 1 1 1 1 1 H 1 I 1 1 {
TIS$Y CELL FAB & SUBSTRAATI TECHNIQUES 00002030 00000 209 830 36 3¢ 0 20 0C 30 X 30 30 3¢ 230 X0 33X M PX XK K M AN
10102018  § 1 1 1 b ¢ 1 ¢ 1 1 1 1 t 4 t
RADIATION B ANNEAL TESY BAAS CELLS 133332 8828383 tddisqliyyd]
19102020 1 4 1 ¢ I L 4 t t 1 { 1 1 | 4
FIST L EVALUATE ENCAPSULATION TECHNIQUES JOSCD I X0 DN 0200000 MR 0C0 0N Dt 0C 0 X 30K 06 06 X0 08 0% X
17162038 I 1 ) ¢ 1 1 { H 1 1 1 1 1 1 t
RADIATION L ANNEAL TEST SAMPLE PANELS XNXXAXNRK IR X NK XK :
13102044  § I 1 I 1 ¢ 1 1 1 1 { I ¢  {
Y287 ¢ EVALUATE CELL/7BLKY PROD PROCESSES XXX XM MR XN K2R XK K
1210209 I 1 I 1 1 1 I I I 4 1 I 1 I
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SEGMENT OF RESOURCES DATA

Costs for the research program were developed by estimating headcount and durations by skill for each of the

tasks. Shown on the facing page is a segment of resources data. Integer resources such as 1.00 and 3,00 are summaries
of the specific skills underneath each of these integers i.e., 1.00 sums the skills 1.1 through 1.9. These summary
resources were used in presenting resource requirements data and in conducting rescurce constrained scheduling.
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, Segment of Resources Data
S

D - ]
s 2968 DOKING
SORY NODE» PASE 2
O.....--‘.-"..------..-”.--......'-.-"......’..--.-...‘..--...-..-........-.-.-..--.--..’........'.-...‘“
ACTI..TY DESCRIPTION DAILY TOYAL DUR STARY FINISH
400EX0/FE AESOURCE USAGE USAGE
LI R R X 2 1 % 13 i L LI T R L Ly ey i 3223 Py Ly 1Ty ryrtyyyrlrr rrr ety I XY Yy rY Y I YT Y YY) E 3 X T ] - 5 B O ® O o
10430 LARGE CONB ENVIR CHAMBER 0.3 15040 TESTOAYS
.01010%a TEST & EVALUATE CELL/ALKT PROO PROCESSES 730 WUNSL  29MAY SN
1,00 TECHNOLOGY ENGINEERING 1040 7500.0 MAN DAYS
1410 MICHANICAL/ZSTRUCT ENGINEERING 1.0 750.0 MAN DAYS
1.3C ELECTRIC POWER ENGINECRING 1.0 7500 WAN DAYS
*+30 CHEMICAL/PROCESS ENGINEERING 1.0 750.0 NAN DAYS
1,70 MATH & SOFTWARE ENGINEERING 2.0 1500.0 WAN DAYS
3480 INOUST CGESIGN & PLANT ENGA YY) 3000.0 MAN DAYS
1490 Ci.IL & FACILIVIES ENGINEERING 10 750.0 MAN DAYS
J.O0 TECHMNTICAL SUPPORY 8.9 60000 NMAN QAVYS “s
Jetc ENGR ATDESs DRAFTING 2.0 1500.0 MAN DAYS ‘555‘ \)S*‘
3.20 CLERICALs GRAPHICS 2.0 1500.0 MAN DAYS w-
3448 WECHAMICAL LAB TECHS 2.0 1500.0 MAN DAYS ¢.3
3.%0 ELECTRICAL LAR YECHS 2.0 1500.0 NAN OAYS
4.00 WANUFACTUAING 7.0 5250.0 MAN DAYS
4.10 MWICH/STRUCT GEV 3HOP 1.0 750.0 MAN DAYS
4.20 ELFC/ELECTRONIC DEV SHOP 1.0 750.0 MAN DAYS
4,50 SPECIALTY SHOP 1.0 750.0 MAN DAYS
4.80 PAOCESS PLANT SHOP . 40 3000.0 MAN DAYS
10101068 TEST & EVALUATE SAMPLE PRODUCTION PANELS 150 11JANSS 941084
1,00 TICHNOLD:/ ENOINEERING 1.0 150.0 MAN DAYS
-+30 ELECTRIC POWER ENGINECRING 1.0 1500 MAN DAYS
3.00 T:iCANTCAL SUPPUAT 4.0 600.0 MAN 0AYS
2410 ENGR AIDESy DRAFVING lef) 190408 NMAN DAYS
Je20 CLERICALy GRAPHICS 1.0 150.0 NAN DAYS
Jeul CLFCTRICAL LAR TECHS 2.0 300.0 RAN DAYS
1’ 12018 TEST CELL FAB & SUBSTRATE TECHMNIQUES 830  13VANBD 1JUNSY
1ev  TECHNCLOGY ENGINEERING - 6.0 $108.0 MAN DAYS
1.30 ELECTP[C POMER ENGINEERING 3.0 2550.0 MAN OATS
1460 OHYSICS TELHNOLOGY 3.0 25590.8 MAN DAYS
J.00 TCCHNICAL SUPPORY 6.0 $100.0 MAN DAYS
o283 CLERICALy GRAPMICS J.0 25500 MAN DAYS
3,90 ELECTRICAL LAR TECHS 3.0 2550,0 NAN DAYS
4.00  MANL. ACTURING 6.0 %100.0 MAN DAYS
4.20 ELEC/ELECTRONIC DEV SHOP 640 5100.0 MWAN DAYS
10102028 RALIATION & ANNEAL TEST GAAS CELL3 300  240CT80  210CT82
1.00 TZCHNOLOGY ENGINEERING 8.0 2060.0 MAN DAYS

130 ELECTRIC POWER ENGINEERING 479 2.0 1000.0 MAN DAYS
1660 PHYSILS TECHNOLOGY 2,0 1000.0 MAN DAYS
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EXAMPLE RESOURCES RESULTS FACILITIES
The facing page shows requirements jor one of the major facilities considered, a large combined-environinent

chamber. The peak requirement for 70 test days per month would indicate a need for approximately 3 such facilities
for the ground-based program.
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Example Resources Results Facilities
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EXAMPLE RESOURCES RESULTS MANPOWER

Shown on the facing page is the total manpower requirement for the research program including the ground and
flight research phases. The effect of resource-constrained scheduling in the first 3 years is clearly discernable.
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Example Resources Results (Manpower)

5PS-2959

Man Days par Month

adcount

N
)

t

Hz

750 b=

- 250 -

40000,

33000,

30000,

PROJECT GBER GROUL

TECHNOLOGY ENGINEERING
PROJECT ENGINEERING
SUPPORT PERSONNEL
MANUFACTURIRG

FIELD OPS

e

HMHN

0

oM

OMMO
NOMMAN
MMMMMM O 0O
HPMMMMMA H M
MMMMM MMM MM
MMMMM MM MM

M PMMMMM SHSMSMMMOMM
MMMMMS MHMMS SSSSMMMMMM

MMMH SMSMMMMS SSSS SMMMMM

& FLIGHT RESEARCH TOTALS

4]
M
M
Mo

MSMMSSSSSSMSSSSSSMMMMMOMM
MSS5555555555555SSSSMSSMMMM

MSESS555555555SSSSSSMSSMNMMMMO
MES55SSSSSSSPPPPP SSSS S SMMMMMM

SSSSSPSPSSSSPPPPPPSSSSSHSMMMM

—— N

SSPSSPPPPPPSPPPPPPSSSSSMSMMMM
SPFPPPPTPPPPTPTPPPPPSPPSSSMMM o
SPTIPPITTTYPPITTITTPPPSOPSSSSSSMN
PTITTTTITTYTPTITTITIPPPPPSPSSSSMMM

"u"ﬁﬁ‘ﬁ" L

:

ALNVeD
® 3T

- —— . aa. e

MHMMMMMMHEME PTTYYTTITTITITTTITIVITYIIPYYPPPSSSMSHOM
MSSSSSSSSSMMTTTITITITYTITITITYTITTTITTIPRAAPPSSSMMD O

| MMMMMKMH

+
.
-
°
-
L 4
-
.
.
-
+
L
.
.
.
+
.
.
.
. L]
*
-
.
.
.
L 4
.
.
)
.
*
.
.
-
.
&
.
-
.

SSSSSSSSSSSSTIT I T Y YT ISV ITITITTTIYPPPPSPSSSMOMM -
SSPPPPPPPP S TTYTT IV TTY T IR TN Y YTTITITYITTIVTITPPPSSSMSCN
LE3I R M1 A0 ARAARAR R RAAAAAGA AR ARARARRREARRAARRAARAA NN

POrNPSSMO

S S S SSSMPPTTITTIVTITYPPYTTYT TV TYITIYS VT INITTYYTTITI VI OIIVITUTICTIVIVITITITTIVIPSS Q@ .
R ARAR AR AARRERA AR AR AR R AR R SRR ERAARAARARARRARARARARS TYYYYTTYYTTYYTTTTTTTTYTTTYTPSPPPPPO

etecvasveacatecossssertovccnsvactenscsescstiassscvrectissvcsncctacsonctnntiocranssetisnvieone?

13 224 34 b4A2 9

,..‘19‘0...'[...‘96‘.‘..,ll‘lqazil.l’-lglqajl...<

1058

1268
IO.1984I..I/.‘.‘985..‘./‘..iqabl".,CCXOBTO

16480 1687 1896

JEFMAMJ JASOND JF MAMIIASONDIFNAMI JASONDIFMAMJJASONDIFMARYJASONDIFMAR I JASOND JF MAMIJASONDJIF MANI JA

483

PAGE L DF .



D18U-25402-1

GROUND-BASED RES1-ARCH NOMINAL COSTS

The ground-based portion of the research progiar. was estimated to cost a total of 240 million 1979 dcllars. The
scales to the left and right are in dollars per month and should be multiplied by 12 to give dcllars per year.
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Ground-Based Research: Nominal Costs

n——
SPS-29€4 BOEING

PROJECT SBER (414 1  GROUND=BASED RESCARCH eeos TOTAL CONSUNPTION IS 239445720,
OoLLAAS
8000000, » 4 * 803004040,
. e o .
. L .
» LA .
. * o oen .
»J00000. ¢ * eeesn . 7930003,
. e oceen o .
. .? eesssccee ¢ .
. * 9 teecaccas vy .
. e Iy eeacecnses e -
6000000, ¢ _) y’ 2000000000 S0 * 6030008,
. AT seeerened Co0 @ .
. . X R XYY Y ITY T ) .
. - XTI RYYIIYLIY o
o 2 edoensstcensenses .
3000000, ¢ «G? *%) R rrm . 5000000.
. ‘r R00av s NN INREOARNGRARY .
. Sdecnsessenendonvane ¢ .
. 2000000000 0RCRORGODY Cu .
. ®0c0nvsNcas NI  RNGe .
4030000, o SeseNsNNRRIAREERAR RS . 4036000,
. “00cosRsctansntattee .
. s00NRRGNRASRLOIOILIBIOON ®
» *he IS XTI NI I RIS NSRS N YY) *
. O S00e0  tbessNacatsRtLRNERO NGNS .
3800000, « 0000 0000E CsR0ENEICRGROAIRSNCGEINNIEY . 3030000,
. 0000000000 N00RNCRIAESRRIANULIIRIINENS ®
° COBNC0SAEINRVCEGGRRCORIMRIOOIROLRIRIRROSNS »
. 0000000000000 0C0NSOENIOIONRRRGS .
. GRQACEEPERLARINIUNRRBAGEPACRIIRINIINQOES @ .
2000000, ¢ RPRCSCOANCORNRANRPE0IGEANCORREIREARIAOOONIS . 203000¢.
» IR AINGEEPNRARRINRINNONCIARENIONRRIRERAOESRGS .
. . 800000 00P000CATANRARIIVRERRARRIEAIRI00RORGRASY .
. SOC0ORNEE O NINCIENIINIRNRNC IO PENPPIRNGIINIGEEAEANRAEONOS B .
. POEN 000000 RO ENOALINNR0IRREC N IROILEANARLAEINAREIBORNRRS SROS .
10¢004Q0, » RPN N RN NN RPN RN IR RN EeRNeNeIatie i asodnsaNaRbRsttsstRaNY - 1000000,
¢ NOSOR2GOGORES VOO POV VAR PRRR0CRARRARBLINPOCECGEBAIIATRAARERAASOANOOROGDADDOCSEOINOIOERAGRGY °
o CO0RIN0R000 00N ANORCENRCROIEAN I NINNANRALORCEAIRINLRIIEIRNNENRENIGRROlORMRGEROYN .
e P OONBONAUCAN BN RO POERNE ROt licatletRIttetiadisenoiltRisratadsctonacttaetaton .
R I N X Y RIS RN N SRS NI E NANSRN Y B RN A ISEASDROGNVICORNNRQORRNNIRENSNINOIGRNOIBROOISIGNCRAN TSRS .
o0 600000000006 000000000%000000000Pc0100000s%0a000000s%0008000000% 0000000 0% 00000000t ssnranned ?.0

13 226 34 542 849 1058 1268 1487 1607 1896
20001980 0s00lceclFMLascalveelIB200ealeeelFB30vecl0e0)VB8 0000700019 8%000l00el9BbencelesliBle
JERANJJASONDJUP MAMUJASOND L FMAMI JASONOUFRAMY SASONDUF MAMJJASONDJIF RAMJJASONDJIF RARJ JASOND UF N AR JA

INTERVAL I3 1 MONTH(S) PABE Tt OF 1

485



D180-25402-1

SOLAR ARRAYS NOMINAL COST

Cost spreads were developed for each of the technical areas. Solar array technology development was one of
the more costly areas with a total of 65 million dollars.
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Solar Arrays: Nominal Costs
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FLIGHT RESEARCH NOMINAL COST

Certain of the elements of the research program required flight tests to acquire the necessary data. The total
costs for flight program were roughly 190 million 1979 dollars.
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Flight Research: Nominal Costs
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RESEARCH FLIGHT TESTS

These three subjects were juaged to require flight tests in order to accomplish the research objectives, as tabulated
on the facing page.
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Research Flight Tests

® MICROWAVE POWER TRANSMISSION

LARGE APERTURE PHASED ARRAY TECHNOLOGY SATELLITE

@ SPACE CONSTRUCTION
BEAM BUILDER

SOLAR ARRAY DEPLOYMENT
® SPACE PLASMA EFFECTS

PLASMA COLLECTION
ELECTRIC PROPULSION THRUSTER PLASMAS
HIGH VOLTAGE BREAKDOWN
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LARGE APERTURE PHASED ARRAY TECHNOLOGY SATELLITE
The objective of this sateliite experiment is to confirm the adequacy of phase control system technology for

SPS application. Preliminary estimates have indicated that the satellite illustrated can be configured for shuttle/IUS
launch and can be launched to geosynchronous orbit in time to support the research program.
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Large Aperture Phased Array
Technology Satellite

SOLAR ARRAYS

RECEIVER/
/ ] TRANSMITTER
ucn (ZW' zm,

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

PILOT TRANSMITTER
FOR “INVERTED"” IONOSPHERE
MAPPING 100W

RECEIVER/
TRANSMITTER

“B” 20W (2m)

RESEARCH OBJECTIVES

® EVALUATE RETRODIRECTIVE
PHASE CONTROL ERROR
INTRODUCED BY IONOSPHERE
& RESULTING BEAM STABILITY

® ACT AS PILOT FOR IONOSPHERE MAPPING
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BEAM BUILDER AND SOLAR ARRAY DEPLOYMENT SORTIE

The research objectives for this shuttle sortie are indicated. In addition to confirming the successful operation
of beam builder technology it is important to ensure that zero-G deployment mechanics for solar arrays in the
SPS class are adequately understood, to confirm the adequacy of solar array design and packaging and deployment
technology.
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Beam Builder & Solar Array
Deployment Sortie

RESEARCH OBJECTIVES

¢ EXPLORE ZERO-G DYNAMICS ON
FABRICATION DEPLOYMENT

o INVESTIGATE OUTGASSING FROM
BEAM FAB IN SPACE ENVIRONMENT

® ENSURE UNDERSTANDING OF ZERO-G
DEPLOYMENT MECHANICS FOR SPS
LIGHTWEIGHT ARRAYS

TIMING  1984-1985
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PLASMA EFFECTS SORTIE

A preliminary experimental investigation of plasma effects can be conducted in low earth orbit even though the
environment there is significantly different than that at GEO. Further, the effects being investigated are important
to the operation of electric orbit transfer vehicles in low earth orbit,
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Plasma Effects Sorte

MOEING

HY TEST PANEL
AND PROBES

ELECTRIC THRUSTER
AND DRIFT COLLECTION

PROBE
SUBSATELLITE
(IF REQUIRED)

= e B
Wﬁ...
- »

RESEARCH OBJECTIVES

¢ BREAKDOWN, ARC-THRU, &
PLASMA CURRENTS FOR HV
SOLAR ARRAYS IN LEO

¢ HV ARRAY-THRUSTER INTERACTIONS TIMING  1984-1985

e THRUSTER PLASMA EFFECTS ON
IONOSPHERE & MAGNETOSPHERE
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TOTAL RESEARCH PROGRAM NOMINAL COSTS

The nominal (resource-constrained schedule) total program costs are exhibited here, showing completion in 1987
and a total cost over the period slightly less than 440 million dollars.
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Total Research Program: Nominal Costs
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EARLY-START SCHEDULE (.OSTS

Tne early-start schedule begins each task as early as possible under the coastraint of the network interrelationships;
all tasks are finished .s early as possible, This schedule shows the maximum funcing that could be utilized early

in the program. The cost scales are in dollars per month, The research program could employ as much as 60
million dollars in the first year.
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“Early Start”’ Schedule Costs
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LATE START SCHEDULE CO3TS
This schedule finishes at the same time as the early start schedule but defers initiation of each task to as late
as possible. This schedule shows the lowest early-year funding that can be accommodated with completion of

all tasks at the time the critical path sequence of tasks is completed.

Both the early start and late start schedules complete the research program at the eariliest possible date, about
April 1986.
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““Late Start’ Schedule Costs
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ALTERNATE CONSTRAINED SCHEDULE COSTS
An additional constrained schedule was constructed to examine sensitivity of scheduling to early year funding.

This schedule allowed slightly more funding than the previous constrained schedule and finishes in late 1986 rather
than mid-1987.
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Alternate Constrained Schedule Costs
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THREE FUNDING OPTIONS FOR RESEARCH PHASE

The two constrained schedules are compared here to the late-start schedule, Annual costs are also tabulated for

the first three years in the upper left portion of the chart. The constrained No. 2 schedule, at slightly higher funding
in the first two years, allows finishing about six months earlier than constrained No. 1. The late start schedule
finishes about nine months earlier than constrained No. 2 because of the substantially higher funding allowed in

the third year. Increased funding in the third vear allows initiation of research flight projects. In the constrained

schedules these are not initiated until 1983.
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Three Funding Options
For Research Phase

ANNUAL FUNDING, MILLIONS 1979 $

200

100

SOEING ===

--------- LATE START"
48 20.1 57.1 ———  CONSTRAINED NO.
- 85 168 37.0 ~CONSTRAINED NO. 1
1.0 19.2 380 ——-——  CONSTRAINED NO. 2
P
FuiE t RRAS .5
‘ - — 4
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TECHNOLOGY DECISION SCHEDULE COMPARISON
The research program in each technology area culminates with a selection of the preferred technologies to carry

into the development phase. This tabulation compares the date at which these technology decisions are reached
for the late start schedule and for the No. | and No. 2 resource-constrained schedules.
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1984

1985

Technology Decision Schedule Comparison

SOEING
1987

SOLAR
ARRAY

THERMAL
ENGINE

FLUID
SYSTEMS

MPTS

STRUCTURES

MATERIALS

FLT CONTROL

N =

DATA MGMT

SPACE
CONSTRUCTION

N =

SPACE
TRANSPORTATION

POWER DISTR
& PROCESSING

SPACE ENVI-
RONMENT

SELECT MAJOR
FLIGHT PROJ.

1
2
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DEVELOPMENT QUESTIONS

If the research program reaches a successful conclusion, and a continuation of the SPS program beyond the research
phase is elected, the developmental phase will be aimed at selecting design approaches and production processes,
developing speciiications for SPS systems and subsystems, and demonstrating attainability of costs. The next ten
charts provide a preliminary tabulation of questions appropriate to these objectives.
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Development Questions

SOLAR ARRAYS

® WHAT ARRAY COST CAN BE ACHIEVED BY THE PROCESSES SELECTED FOR CELL/ARRAY
PRODUCTION AND ASSEMBLY? WHAT QUALITY AND PERFORMANCE?

©® WHAT ARE THE BEST WAYS TO PACKAGE AND DEPLOY? WHAT PRODUCTIVITY (m2/HO! )
IS ACHIEVED AND HOW MUCH PROBLEM IS THERE WITH DAMAGE?

® WILL THE HIGH-VOLTAGE ARRAYS PERFORM RELIABLY AT GEO? WHAT VOLTAGE CAN
WE GET AWAY WITH; WHAT LOSSES?

WHAT CEGRADATION AND ANNEALING (?) EFFECTS ARE ACTUALLY EXPERIENCED?

WHAT ARE THE HRESULTING SOLAR ARRAY DESIGN CR!TERIA AND PERFORMANCE
DATA?
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Development Questions - Con’t

o

BOFINE =

THERMAL SYSTEMS

@ WHAT DESIGN CRITERIA AND PERFORMANCE DATA SHOULD BE USED FOR 8PS
THERMAL SYSTEMS?

— HEAT REJECTION

— REFLECTIVITY

~ FLUID CONTAINMENT

— SUITABILITY FOR IN-SPACE FABRICATIONS AND REPAIR
— DEGRADATION

NOTE THIS LIST ASSUMES THE NOMINAL PROGRAM, I.E., THAT THERMAL ENGINE
ENERGY CONVERSION IS NOT CARRIED INTO THIS PHASE,
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Development Questions - Con’t

MICROWAVE/LASER POWER TRANSMISSION

® WHAT DESIGN CRITERIA, PERFORMANCE, AND LIFE ARE APPLICABLE TO MICROWAVE
POWER AMPLIFIERS AND LASERS OFERATING AT GEO?

@ IS LABORATORY PHASE CUNTROL EQUIPMENT PERFORMANCE REPRODUCIBLE WITH
PROTOTYPE HARDWARE IN SPACE? WHAT DESIGN AND PERFORMANCE CRITERIA
FOLLOW?

® WHAT WILL THE MICROWAVE AND LASER EQUIPMENT COST iN PRODUCTION? WHAT
IS THE MOST ECONOMICAL TRADEDFF AMONG QC, QA, FAILURE RATES, AND
PERFORMANCE?

@ WHAT SPECIFICATIONS, PROCESSES, AND PROCEDURES SHOULD BE USED?
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Development Questions - Con’t

POEINGG s

STRUCTURES

@® HOW WELL DO THE ANALYTICAL PREDICTIONS, E.G., OF FINITE-ELEMENT MODELS, PREDICT
THE ACTUAL DYNAMICS OF LARGE SPACE STRUCTURES? WHAT DYNAMIPS UNCERTAINTIES
SHOULD BE USED IN CONTROL SYSTEMS DESIGN CRITERIA?

® WHAT WILL THE STRUCTURAL ELEMENTS COST IN PRODUCTIUN? WHAT IS THE MOST
ECONOMICAL. TRADEOFF AMONG QOC, OA, ALLOWABLES, AND STRUCTURAL REDUNDANCY?

MATEPIALS
@ WHAT DOES EXPOSURE TO THE ACTUAL ENVIRONMENTS INDICATE AS TO L'FETIMES AND
DEGRADATION OF CRITICAL MATERIALS? WHAT PROTECTIVE MEANS, MATERIALSE
SELECTION, DESIGN CRITERIA AND ALLOWABLES SHOULD BE APPLIED? '

@ WHAT ARE THE MOST ECONOMICAL MATERIALS PRODUCTION PROCESSES?
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Development Questions - Con’t

DOXINEG r——

FLIGHT CONTROL AND DATA MANAGEMENT

® DO LARGE STRUCTURES AND THEIR CONTROL SYSTEMS BEHAVE ACCORDING TO MODEL
PREDICTIONS? WHAT DESIGN CRITERIA, E.G., GAIN AND PHASE MARGINS, SHOULD BE
USED?

® ARE THERE ANY UNEXPECTED THRUSTER/PLASMA/MAGNETIC INTERACTIONS THAT
INFLUENCE CONTROL SYSTEM DESIGN AND OPZRATION?

® WHAT ARE THE SOFTWARE AND HARDWARE DESIGN CRITERIA FOR DATA MANAGEMENT?
WHAT WILL THIS SYSTEM COST IN PHODUCTION? WHAT IS THE MOST ECONOMIC TRADEOFF
AMONT QC, QA, REDUNDANCY, SOFTWARE/HARDWARE SELF-CORRECTION, AND
MAINTENANCE? '
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Development Questions - Con’t

SPACE CONSTRUCTION -

@ WHAT CREW PRODUCTIVITY IS EXPERIENCED UNDER ACTUAL CONSTRUCTION
OPERATIONS?

® WHAT EQUIPMENT PRODUCTIVITY IS EXPERIENCED?

" @ WHAT CONSTRUCTION PROBLEMS COULD BE AVOIDED BY BETTER 8PS OR
EQUIPMENT DESIGN?

® WHAT CONSTRUCTION SYSTEM AND SPS DESIGN CRITERIA SHOULD BE EMPLOYED?
@ WHAT CONSTRUCTION COSTS ARE SUPPORTED BY ACTUAL EXPFRIENCE?
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Development Questions - Continued

BIGING

SPACE TRANSPORTATION

©® WHAT DOES SHUTTLE/OTV EXPERIENCE INDICATE A8
TO PROJECTED 8PS SPACE TRANSPORTATION COSTS?

©® ARE THERE ANY OPERATING PROBLEMS WITH CLUSTERS
OF LARGE ELECTRIC THRUSTERS? CAN PLASMA DRIFT
CURRENTS BE PREDICTED?

@ WHAT BOOSTER ENGINE COSTS ARE :ADICATED BY
DEVELOPMENT ACTIVITIES?

® WHAT CREW PROVISIONS AND CABIN DESIGNS ARE
APPROPRIATE TO CREW TRANSPORTATION?
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Development Questions - Continued

POWER DISTRIBUTION AND PROCESSING

©® WHAT EFFICIENCY AND MASS CHARACTERISTICS ARE
ACHIEVED BY POWER PROCESSORS? WHAT WILL THEY
COST IN PRODUCTION? WHAT DESIGN CRITERIA ARE
APPROPRIATE TO THESE FIGURES AND TO ADEQUATE
LIFE?

® WHAT PERFORMANCE CAN BE ACHIEVED BY CIRCUIT

BREAKERS/INTERRUPTERS? HOW DOES PERFORMANCE

TRADE WITH MASS AND COST?

® HOW DO SELECTED CABLE INSULATION MATERIALS
STAND UP IN THE SPACE ENVIRONMENT?

©® WHAT PLASMA AND BREAKDOWN DESIGN CRITERIA

APPLY, IN THE LEO AND GEO ENVIRONMENTS, TO
CONDUCTOR, INSULATOR, AND STANDOFF DESIGN?
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Development Questions - Continued

SPACE ENVIRONMENT EFFECTS

® HOW DO ELECTRIC THRUSTER PLASMAS INTERACT
WITH THE MAGNETOSPHERE? ARE RESEARCH
RESULTS AND MODELS CONFIRMED?

© HOW DO SOLAR ARRAYS DEGRADE DURING ORBIT TRANSFER?
WHAT FLUENCES ARE EXPERIENCED? ARE RESEARCH RESULTS
AND MODELS CONFIRMED?

® HOW DO SHUTTLE/OTV BURNS AFFECT THE UPPER
ATMOSPHERE AND IONOSPHERE? ARE RESEARCH
RESULTS AND MODELS CONFIRMED?

@ WHAT SYSTEMS CHOICES AND DESIGN CRITERIA
FOLLOW FROM THESE RESULTS?
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Development Questions, Continued

SPS SYSTEMS ENGINEERING

® WHAT IS THE MOST ECONOMIC SET OF SPS SYSTEMS,
INCLUDING CONSIDERATIONS OF ENVIRONMENTAL
AND FINANCIAL RISK.

® HOW WILL RISK BE MANAGED? .

® WHAT SPS COSTS ARE ESTABLISHED, AND WHAT
IS THE RANGE OF UNCERTAINTY?

@ WHAT 1S NECESSARY IN THE WAY OF A DEMONSTRATION
OR PILOT PLANT IN ORDER TO COMMERCIALIZE SPS?
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INDICATIONS FROM DEVELOPMENT QLUFSTIONS

Review of the development questions enumerated to this point provides the indications tabulated on the facing
page.
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Indications from Development Questions

BOFIN L " T——

& PROTOTYPE SUBSYSTEMS AND PRODUCTION PROCESS PILOT
PLANTS NEEDED TO ESTABLISH CONFIDENCE IN HARDWARE
COST AND PERFORMANCE

® A BROAD SPECTRUM OF SPACE OPERATIONS EXPERIENCE
IS NEEDED. NOT NECESSARY TO “BUILD AN SP8” BUT MUST
OBTAIN EXPERIENCE IN ALL CRITICAL OPERATIONAL
SITUATIONS, SUCH AS:

® SUBSYSTEM OPERATIONS
¢ CREW TASK DESIGN AND PRODUCTIVITY
o ENVIRONMENTS

® PRODUCT IS TECHNICAL AND COST CONFIDENCE;

PRELIMINARY DESIGN AND SPECIFICATIONS FOR
SPS DEMONSTRATION SYSTEM
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DEMONSTRATION ISSUES

The present SPS program concept presumes that the development phace of SPS would be followed by a demonstration
phase with the objective of demonstrating operational suitability of SPS for commercial use. Demonstration concents
for SPS have been studied over the past several years. A number of flight vehicle configurations have been developed.
The facing tabulation ynopsizes some of the principal issues that have surfaced and provides a present judgment

as to the objectives of a demonstration system. »
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Demonstration Issues

® PREVIOUS STUDIES HAVE POSTULATED DEMONSTRATION SPS’'S
FROM 15 TO 10,000 MEGAWATTS '

® THE REQUIREMEMTS ON THE DEMONSTRATION SYSTEM HAVE
NEVER BEEN CLEAR

® SUCCESSFUL COMPLETION OF THE RESEARCH AND DEVELOPMENT
PHASES OF SPS SHOULD PROVIDE UNPRECEDENTED TECHNICAL
AND COST CONFIDENCE

® ¥ AUTNLITY COMPANY ACOUIRFS AN EXPENSIVE POWERPLANT THAT FAILS
AND CANNOT BE READILY RESTORED TO SERVICE, THE FINANCIAL
COMNSEQLIENCES ARE SEVERE.

€ THE DEMONSTRATION SYSTEM SHOULD THEREFORE DEMONSTRATE
" OPERATIONAL SUITABILITY OF SPS: GRID COMPATIBILITY,
AVAILABILITY, AND REPAIRABILITY. ENHANCEMENT OF
COST AND TECHNICAL CONFIDENCE WILL ALSO RESULT,
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PHOTOVALTAIC SPS PILOT PLANT AND CONSTRUCTION CONCEPT

The accompanying illustration shows an early concept for a solar power satellite pilot plant developed by the Johnson
Space Center in about 1975. This pilot plant was to be constructed and operated in low earth orbit, Jutsequent
studies considered the possioility of its delivery to geosynchronous orbit. In low earth orbit, the time over a given
ground receiving station was no more than a few minutes per day. In geosynchronous orbit, the transmitter aperture
was too small to provide beam intensities on the ground that could be utilized by a receiving antenna for electric
power generation. This pilct plant concegt, however, would have dernonstrated construction and operation of large

solar arrays and transmitters in space.
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Photovoltaic SPS Pilot Plant

And Construction Concept

8r3-2072

CHARACTERISTICS

e 15MW

» 340 X 1

BUSBAR

Ogl(d
®S7IMX3IIIM
¢ 100 M ANT,
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COMMERCIAL DEMONSTRATOR

The accompanying illustration shows another SPS deronstration concept, this one developed by Boeing in 1978,

It was, at that time, conceived as roughly the minimum-size system that could tully qualify all SPS components
and sbsysterns for operation and serviceability in the SPS environment. Its transmitter aperture and 'power level,
however, ‘vere also. too small to piovide meaningful power levels at the ground. It could provide all objectives of
a commercial demonstration progrem excepting the demonstration of operability of an SPS with a power grid,

527



D180-25402-1

Commercial Demonstrator
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SPS ENGINEERING PROTOTYPE PHOTOVOLTAIC CONFIGURATION

Hlustrated here is a still larger prototype SPS. This one was characterized by Boeing in 1976. It was capable of
delivering about 500 megawatts to a receiving station on the ground.
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! - SPS Engineering Prototype
~ Photovoltaic Configuration

CHARACTERISTICS
® 1.2 GW, (GEN)

s GEN MASS:
52MKG
{11.5 M LBS)

® ANT. MASS:
26 MKG
{7.9 M LBS)

® AREA:
502,000 SQ M
(5,400,000
SOFT)
. ' i bib B2 3000 M ® CONCENTRA-
= ' RanenE S EEEEES ' : (9842 FT) TION RATIO
: 21

.

Z TRANSMITTING
ANTENNA

3000 M i .
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PAST AND rUTURE ELECTRIC POWER ALTERNATIVES USE PILOT PLANTS

The history of development of new electrical generation technology shows a consistent pattern of gracduating from

test facilities to pilot plants to commercial demonstrators. Several examples are tabulated on the facing page.
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Past and Future Electric Power Alternatives

113 »
Use “Pilot” Plants
A EIN L S
(19768 DATA)
PAST: PROGRESSION TO THE COMMERCIAL LIGHT WATER REACTOR
® EXPERIMENTAL REACTORS,
¢ DEMO REACTOR, SHIPPINGPORT, PA
® PROTOTYPE PLANT, OYSTER CREEK, NJ
FUTURE: GROUND SOLAR POWER (TOWER TOP TYPE)
® TEST FACILITY (5 MW,) ALBUGUERQUE, NM
® PILOT PLANT (10 MW,) BARSTOW, CA
o COMMERCIAL DEMONSTRATOR (100 MW,)
BREEDER REACTOR (LIQUID METAL FAST BREEDER)
o FAST FLUX TEST FACILITY 400 th
¢ CLINCH RIVER BREEDER 300 MW,
e PROTOTYPE COMMERCIAL BREEDER 1,200 MW,

FUSION (MAGNETIC)
o EXPERIMENTAL POWER REACTOR 1 (20-50 MW,)
e EXPERIMENTAL POWER REACTOR 2 (> 100 MW,)
o DEMONSTRATION REACTOR &> 500 MW,)
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DEMONSTRATOR PROVISIONAL REQUIREMENTS

Based on the preceding considerations a set of provisional requirements for an SPS demonstrator have been developed.
First, it must operate at geosynchronous orbit. This is important because the jonizing radiation and plasma environment
in geosynchronous orbit is significantly different from that at low earth orbit. Also, a geosynchronous location is
essential in order to provide continuous operation with a ground receiving station.

Secondly, meaningful power must be provided to a utility grid in order to demonstrate operational suitability for
baseload service.

A conclusive demonstration of reliable control of the power beam and its sidelobes is important to a final demonstra-
tion of environmental acceptability as well as showing suitability for continuous service.

The SPS demonstrator should show the capability of an SPS to deliver a high plant factor in the range of 0.8 to 0.9
or better. Achievement of a high plant factor is critical to the economic acceptability of a high capital cost, low

fuel cost, renewable energy system.

It is clear that reliable and repeatable startup and shutdown is important. In the process of demonstrating this
and the other objectives, SPS hardware and operations can be qualified for commercial service.

Finally, in order to demonstrate the ability of an SPS to provide a high plant factor over a long period of time, main-
\
tainability and repairabiiity of the SPS should be included in the demonstration program.
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Demonstrator Provisional Requirements

OPERATE AT GEO

PROVIDE MEANINGFUL POWER TO A UTILITY GRID
(TENS TO HUNDREDS OF MEGAWATTS)

DEMONSTRATE RELIABLE CONTRQL OF POWER BEAM AND
ITS SIDELOBES

DEMONSTRATE PLANT FACTOR CAPABILITY

DEMONSTRATE RELIABLE, REPEATABLE STARTUP AND SHUTDOWN
QUALIFY SPS HARDWARE AND OPERATIONS

DEMONSTRATE MAINTAINABILITY AND REPAIRABILITY
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DEMONSTRATOR CONSIDERATIONS

The increasing definition of SPS hardware elements by the ongoing system definition studies has ied to the considera-
tions listed on the facing page. Of particular importance is the minimum power density achievable with the reference
system design. It secems appropriate for a demonstrator system to consider a uniform antenna illumination since

the relatively higher sidelobes of the uniform illumination will still be considerably less in intensity than the side

lobes of the operating SPS. It is also clear that a large transmit aperture is needed in order to provide a beam diameter

at the ground commensurate with a reasonable of rectenna size.
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Demonstrator Considerations

@® LARGE ANTENNA APERTURES ARE REQUIRED TO
ACHIEVE REASONABLE BEAM FOOTPRINT

@ WITH REFERENCE SPS KLYSTRONS AND SUBARRAY SIZE
650 W/M< IS MINIMUM POWER DENSITY. (1 KLYSTRON
PER SUBARRAY)

® SOLID-STATE OPTIONS LESS CLEAR, BUT COMPARABL.E

@ DESIRE ~ 1 MW/CM2 TO DRIVE REC /ENNA

® LEADS TO 300-800 MEGAWATTS RF POWER AS
MINIMUM; ROUGHLY SIZE OF REFERENCE EOTV
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RECEIVED POWER 650 WATTS PER SOUARE METER - 800 METER APERTURE

Patterns were computed for the minimum power constant illumination transmitter with an 800-meter aperture,
The central beam strength is approximately 1 milliwatt per square centimeter, sufficient to diive a rectenna, albeit
not at high efficiency. The first side Ic" » slightly exceeds 10 microwatts per square centimeter with the other

side lobes at lower levels.
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Received Power: 650 W/M2, 800-M Aperture
(RF Power = 327 MW)
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RECEIVED POWER 650 WATTS PER METER SQUARED - 800 METER APERTURE

Shown here is the beam efficiency as a functicn of rectenna radius. The right hand scale shows incident power on
the rectenna as a function of radius. With an expected rectenna efficiency of roughly 75% to 80% at these power
levels, 50 to 100 megawatts can be provided with a relatively small rectenna. This system, therefore, would meet
the objectives of the demonstration of SPS in providing sufficient power to a utility grid to demonstrate operational
suitability,

The solar array output power required to drive this system is in the range of expected power levels for the electric
orbit transfer vehicles. Thus, it is conceivable that initial experimental EOTV's could be constructed at low earth
orbit, used to transport SPS hardware to geosynchronous orbit, and then used to drive the deinonstrator system.

At the conclusion of the demonstration program, these EOTV's could then be refurbished and placed back into electric

arbit transfer service.
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Received Power: 650 WM2, 800-M Aperture
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SPS DEVELOPMENT ANALYSIS - WHERE WE STAND

Principal accomplishments o. the development analysis are summarized on the facing page. The development program
concentrates initially on issue resolution through research witih a minimum expenditure commitrm :nt consistent

with accomplishment of the objectives, The program then moves into an engineering development phase aimed

at confidence building and risk identification. The final developmental phase of SPS demonstration concentrates

on minimizing risks to utilities and managing the program financial risk to maximize the likelihood of success.
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SPS Development Analysis —Where We Stand

<ps.2087 HNOEING T

® PROGRAM PHILOSOPHY CLARIFIED

@ RESEARCH PLANNING DATA BASE DEVELOPED

® QUESTIONS (OBJECTIVES ) OF DEVELOPMENT
BEING DEVELOPED

® APPROACH TO PROTOTYPING IDENTIFIED

ISSUE RESOLUTION - CONFIDENCE BUILDING AND RISK IDENTIFICATION - RISK MANAGEMENT

542



