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m FOREWORD

Space Station Freedom, now under development, is a manned low Earth orbit
facility which will become part of the space infrastructure. Starting in the mid
1990s, Freedom will support a wide range of activities, including scientific
research, technology development, commercial ventures and, eventually, serve as
a transportation node for space exploration. While the initial facility will not be
capable of meeting all requirements, the space station will evolve over time as
requirements and on-board activities mature and change. The space station
design, therefore, allows for evolution to:

- expand capability,
- increase efficiency, and
- add new functions.

It is anticipated that many of the evolutionary changes will be accomplished
through on-orbit replacement of systems, subsystems, and components as
technology advances. Therefore, technology development is critical to ensure the
continuing operation and expansion of the facility. '

The Office of Aeronautics, Exploration and Technology (OAET) has sponsored
development of many of the technologies that are now part of Space Station
Freedom' s baseline design. Evolutionary and operational aspects of Freedom
continue to be an important thrust of OAET's Research and Technology (R&T)
efforts.

This workshop has been an important step in our understanding of the space
station's baseline systems, the evolutionary scenarios including the station's role
in space exploration, and the technologies that will be necessary to meet
evolutionary and growth requirements.

It is anticipated that application of the information acquired through the
workshop will lead to further technology development efforts to benefit Freedom
and will lead to continued collaboration between the Space Station Freedom
Program and the technology development community.

Associate/ Administrator for Aeronautics, Exploration and Technology - ...,

'
— e e
.- Lo

N3 -a7503 2
NIB- 2150 F



CLARIFICATION

Since the workshop was conducted in January of 1990, there have been some
organizational changes throughout the agency. The Office of Aeronautics and Space
Technology (OAST) has been reorganized to include the former Office of Exploration
and is now called the Office of Aeronautics, Exploration, and Technology (OAET).
Also, the Human Exploration Initiative (HEI) has been expanded and renamed the
Space Exploration Initiative (SEI). Some of the materials in these proceedings were
prepared after the workshop, and, therefore, references to new organizational entities
and new programs may be found in certain sections.

ii
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INTRODUCTION

NASA's Office of Aeronautics and Space Technology (OAST) conducted a workshop
on technology for space station evolution January 16-19, 1990, in Dallas, Texas. The
purpose of this workshop was to collect and clarify Space Station Freedom technology
requirements for evolution and to describe technologies that can potentially fill those
requirements. OAST will use the output of the workshop as input for planning a
technology program to serve the needs of space station evolution. The main product of
the workshop is a set of program plans and descriptions for individual technology areas.
These plans are the cumulative recommendations of the more than 300 participants,
which included researchers, technologists, and managers from aerospace industries,
universities, and government organizations. ,

The identification of the technology areas to be included, as well as the development of

the program plans, was initiated by assigning NASA chairmen to the eleven technology
disciplines under consideration. The disciplines are as follows:

- Attitude Control and Stabilization (ACS)

- Communications and Tracking (C&T)

- Data Management System (DMS)

- Environmental Control and Life Support Systems (ECLSS)

- Extravehicular Activity/Manned Systems (EVA/MANSYS)

- Fluid Management System (FMS)

- Power System (POWER)

- Propulsion (PROP)

- Robotics (ROBOTICS)

- Structures/Materials (STRUCT)

- Thermal Control System (THERM)
Each chairman worked with a panel of experts involved in research and development in
the particular discipline. The chairmen, with the assistance of their panels, were
responsible for selecting invited presentations, identifying and inviting Space Station
Freedom Level III subsystem managers, and focusing the discussion of the participants.
In each discipline session, presentations describing status of the current programs were
made by the Level III subsystem managers and by OAST dprogram managers. After
invited presentations by leading industry, university, and NASA researchers, the
sessions were devoted to identifying technology requirements and to planning programs
for development of the identified technology areas. Particular attention was given to

the potential requirements of the Human Exploration Initiative (HEI). The combined
inputs of the participants in each session were incorporated into a package including an



overall discipline summary, recommendations and issues, and proposed development
plans for specific technology areas within the discipline. These technology discipline
summary packages were later supplemented by the chairmen and their panels to
include the impact of varied funding levels on the maturity of the selected technologies.
OAST will review the program plans and recommended funding levels based on
available funding and overall NASA priorities and incorporate them into a new OAST
initiative advocacy package for space station evolution technology. \

These proceedings are organized into an Executive Summary and Overview and five
volumes containing the Technology Discipline Presentations.

Volume IV consists of the technology discipline sections for Power, Propulsion, and
Robotics. For each technology discipline in this volume, there is a Level 3 subsystem
description, along with the invited papers for that discipline.



Power System
Level I11

Subsystem Presentation
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Performance

Key EPS Technical Requirements

e 75 kW at AC (100 kW Peak)
e 37.5 kW at PMC (50kW Peak)
e Growth to 175 kW (215 kW Peak)

Mass

e 94,586 Ib (total launch mass)
Assembly sequence

e NSTS compatibility
e MB-1, MB-6, MB-11 assembly sequence
e Active station / evaluate passive options

Reliability

e Fallure tolerance requirements
e System availability requirements

Maintainability

e 30-yr. life through ORU replacement
e EVA & IVA allocations (54 & 100 hr/yr)
® Resupply mass allocation (TBD Ib/yr)

Environment

e Low earth orbit (180-240 miles)
e NSTS launch vehicle environment



| ' ‘ l ! ) | ! } z | ] !

)
FHEEDON

Space Adrinskaion SPACE STATION FREEDOM  ##/-2%
Lewis Research Center R~

Rephasing Impacts

e PMAD distribution changed from AC to DC
+ Lowest initial costs
Heavier system
Channelized system does not grow gracefully
Risk is probably about the same
Switchgear area of concern

+ + + +

e Polar platform hardware/software deleted

e Solar Dynamic “PGS” test eliminated
+ Hooks and scars plus key development tests retained
+ Viable program still in place
+ Growth here is inevitable
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PHASE I EPS DELIVERABLES

Space Station
(75 kW)

Power Management and
Distribution (PMAD) System

Solar Dynamic Definition

® EPS End to End Architecture

Photovoltaic ,
Power Module (4) ® Power Conversion and ® Preliminary Design for
| (18.75 kW) Distribution Equipment Hooks and Scars

® Power System Control

® Supporting Development for
Hardware and Software P

Concentrator & Receiver

® Photovoltaic Power
Generation '
® Electrochemical ® Common swilchgear for
Secondary Distribution

Energy Storage

® Power Conversion and
Control Equipment
® Beta Giinbals

® Thermal Control
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Inboard and Outboard Station PV Module

Integrated Equipment
Assembly-inboard

Transition '
Structures

Structurad
interface

Beta Gimbal
Rol Ring

I

W

Thermal Control
System (TCS)
Depioyable Radiator

Integrated
Hardware

Integrated Equipment
Assembly-Outboard

PV Solar ArTay

FREEDOM
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Photovoltaic Power Module Systems £,
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Ballery ChnrgolDlsEliurno Unit (ORU)

Sequentist |/
Shunt Unit .

integrated
Equipment
Assembly
Radiator Beta Gimbal
Assembly
e EVA Provisions
e Lhility Porls
e Visual Alds
e Cabla Trays
., e Truss Structure
Statlon PV Power Modlule |- BT S
(18.75 kW Per Modlule) |
T A Solar
Array
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Electrical
Junction -~

PV Cable
Set

Integrated —_i
Equipment
Assembly

/
Utility —
Plate (8) (

PV Module

Rockwell internationel
Rocketdyne Division

Fluld —<K
Junction Standard
Box (2) ORU Box (26)
| )
/ Subassembly

Radiator

FIREEOOM
Lor it
N

Beta Gimbal

Assembly (2)
e Drive Motor
e Bearing

¢ Roll Ring

Cam Follower
Set
Deployable

I Mast/Canister (2)

vz
\ PV Blanket/

( Box (4)

Sequential
Shunt Unit (2)
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Solar Power Module Architecture for the PMC Configuration
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Integrated Equipment Asstmbly
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! BAT BAT BAT ‘
X I X PVC
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' | | | )
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SUN PV MODULE SYSTEM

l BLOCK DIAGRAM

SOLAR ARRAY ASSEMBLY

¢ Power Generation and Control

® Blanket T 160 VDC Primary Bus
® Scquential Shunt Unit (SSU)
r——— — — — - p—_——— — — —_—— e — e ——
160 VDC

ENERGY STORAGE
SUBSYSTEM

ELECTRICAL EQUIPMENT
SUBSYSTEM

|
BETA GIMBAL ASSEMDLY l
l

® Solar Array Pointing

. SEE——
® Roll Ring Power/ .

e Controls, Converts, Repgulates Power

Trani o St
Data Transfer I e DC Switch Unit (DCSU) 160 VDC nergy Storage
¢ NiH2 Batteries
| ® DC/MC Converter (DDCU)* P S
¢ Charge/Discharge
| e PV Control Unit (PVCU) Unit (BCDU)
INTEGRATED | Q a
EQUIPMENT _.__.l 120V PV Y
ASSEMBLY Module THERMAL CONTROL SUBSYSTEM
l Powe'.' ¢ Acquisition/Transport of Heat
' ® Temperature Control
I e Utility Plates
| ® Pumps,Valves
*Inboard PV Module only L e Control vt I |
® Radiate heat to Space (PV Radiator)

*o

— e e e —— — — —— — — — — —— — — =)
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BLANKET CONTAINMENT BOX AND BOX
POSITIONING SUBASSEMBLIES

/\\VA\

17.6 FT >

, 19FT o BLANKET COVER AND CONTAINER
/Z>\ LATCHED TOGETHER FORMING

8AFY 138 FT CONTAINMENT BOX FOR

/ai( STOWED EOR RETRACTED BLANKET

L7 FT LAUNCH e BOX STRUCTURALLY SUPPORTS

’ 1eFT BLANKET DURING LAUNCH

e FABRICATED FROM ALUMINUM
AND ALUMINUM HONEYCOMB
MATERIALS

e FOAM PADDING INTERFACES
WITH FOLDED BLANKET
STACK AT BASE AND COVER

e GUIDE WIRES RUN THROUGH
GROMMETS ALONG BACK OF
DURING BLANKET PANELS

e CONTROL BLANKET

M-
LEFTY . NN N
?éS%N N\ _
RIGHT BLANKET EXTENSION AND RETRACTION

POSITIONING DURING
wast 80X onu e BLANKETS ARE RETRACTED FOR
camisTen on =1 NS ORU REPLACEMENT
DURING N
REPLACEMENT

§
e ) (‘/

%
-
m
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SOLAR CELL

COVER © SILICON CELL

® 200 um (0.008 in.) THICK

%Yignlve ® BX8ecmi315X 3.15 in)
s
e (0.0003 in.) SQUARE

®© COVER SLIDE

® CELL (0,008 In] ® 150 vm THICK
) © CERIA DOPED (CMX) GLASS

o DOW CORNING DC93-500

91

CELL MOUNTING -
// TAPE OR CELL ADHESIVE
ADHESIVE © PANEL SUBSTRATE CIRCUIT
: WELDED TO CELL BACKSUR FACE
PREPUNCHED THROUGH OVERLAY PUNCHED
Tomil KAPTON HOLES
® AVERAGE CELL TEMPERATURE

PRI .
o Rg"‘? DURING OPERATION

SUBSTRATE o 50 DEGREESC FOR STATION

\ PHOTO-ETCHED
\ COPPER CIRCUIT

<> 1-mil KAPTON

EXPLODED VIEW OF ARRAY
AND CELL SUBSTRATE
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EXPANDED VIEW OF BYPASS DIODE

BYPASS DIODE ASSEMBLY

0.400

(DIMENSIONS IN INCHES)

WEIGHT:

73.5gm

© THE BYPASS DIODE IS A CIRCUIT
PROTECTION DEVICE THAT:

~ MINIMIZES PERFORMANCE IMPACT OF
FRACTURED OR OPEN CIRCUIT CELLS

~ ELIMINATES POTENTIAL CELL DAMAGE DUE TO
REVERSE BIAS HEATUP DURING SHADOWING

e ONE DIODE IS ELECTRICALLY CONNECTED IN
PARALLEL WITH EVERY EIGHT SOLAR CELL
ASSEMBLIES

e DIODES WILL CONSIST OF ETTHER GERMANIUM,
SILICON SHOTTKY, OR PLANAR SILICON DIES
SANDWICHED IN A HOUSING THAT CONTAINS
LOCATIONS FOR ATTACHMENT TO THE PRINTED
CIRCUIT

e LARGE AREA REQUIRED FOR HEAT DISSIPATION

o THIN DIODE REQUIRED TO PREVENT EXCESSIVE
STACK HEIGHT BUILDUP IN THE STOWED BLANKET
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KAPTON WITH ATOMIC
OXYGEN RESISTANT COATING

DESCRIPTION
¢ 1 mil KAPTON H POLYAMIDE FILM

e 1300 A RF SPUTTERED SIOx COATING ON BOTH SIDES

PROPERTIES COMPATIBLE WITH SOLAR ARRAY FLEXIBLE
CIRCUIT DESIGN

e PROVIDES REQUIRED EMITTANCE AND ABSORPTANCE

¢ PROVIDES GOOD BONDING SURFACE FOR COPPER
INTERCONNECTS

e RESISTS FLEXIBLE C/RCUIT FABRICATION PROCESSING
e PROVIDES SPACE VACUUM STABILITY

e RESISTS ATOMIC OXYGEN DEGRADATION
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SOLAR ARRAY DESIGN BENEFITS

e Minimum weight (fewer STS launches)

e Transparent blanket yields higher array efficiency

o Deployment/retraction concept minimized IVA/EVA time and reduces cost
o Demonstrated with OAST-1 flight experiment (STS 41-D)

e Large areas silicon cells minimize costs and increase reliability
o Reduced number of cells and interconnects

e Reduced array area/weight
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SEQUENTIAL SHUNT UNIT

Y

SEQUENTIAL SHUNT UNIT (55U)

PROVIDES EFFICIENT METHOD FOR

® MATCHING ARRAY POWER TO
LOAD DEMAND

® REGULATING ARRAY QUTPUT
VOLTAGE

® ONE SSU PER WING
¢ MOUNTED TO ARRAY MAST CANISTER

LARGE FACES OF BOX RADIATE SSU
WASTE HEAT OIRECTLY TO SPACE

BOX FACES HAVE REQUIRED THERMAL
MASS TO CONTROL SUN/ECLIPSE
TEMPERATURE EXCURSIONS

AUTOMATICALLY MAINTAINS
VOLTAGE BELOW SAFE MAX OF 200V

® PRECLUDES COLD-ARRAY
OVERVOLTAGE AT ECLIPSE
EMERGENCE

CAN BE COMMANDED BY PV
CONTROLLER (PVC) TO SHUNT ALL
ARRAY POWER FOR ARRAY
MAINTENANCE
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SSU Performance Summary

REQUIREMENTS

SPECIFICATION

Shunt Segments 82
Power Dissipation
All Shunts Open 326 W
All Shunts Closed 386 W
Standby 67 W.
Maximum Power Capacity (38.4) kW.

Arry Voltage Range

140 - 180 Vdc (Adjustable)

Voltage Regulation
About Set Point

+ 3 Vdc.
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Gimbal Assembly

Latch Platform ORU
Subassembly

Drive Motor ORU
Subassembly
\ e Strut set

Accuracy +2 deg

Bearlng/Gear ORU Mass: 420 Ib (statlon)

Roll Ring ORU
Subassembly

e o cod

Features/Characteristics

Station beta common with SD beta
Space proven single wire race bearing

Roll ring power transfer

Subassembly | (50-yr life test at NASA/LeRC)
Power/signal circuits sized for
redundancy & growth)
e Redundant drive motors 20 ft/Ib torque
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ENERGY STORAGE SUBSYSTEM

o Battery ORU provides st
solar eclipse periods

Ni/H2 BATTERY ORU

STATION

e 38 Cells per ORU

Two ORU'’s per battery

Nominal 95V

Six Batteries per PV Module

24 Batteries total at Assembly
Complete

Oru Box

REQUIREMENT

¢ ORU Interface 36x38x17

o Battery ORU Assembly Mass 3201
38 Con Butter, NOMINAIMinimum Battery
comauraton’  Cell Capacity. 81/77 Ah

e Mean Time between

Replacement 5.0 yr

Design Life 6.5yr
Design Cycle Life 36,000 cycles
Storage Life 4yr
Nominal Depth of Discharge  35%

ation power during
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Energy Storage Subsystem Performance

. Station
Performance Parameter | Unit (4 Modules)
Configuration
Total number of batteries - 24
Capacity per battery Ah 81
Cells per battery - 76
ORUs per battery - 2
Electrical
Nominal power rating kW 94.8
Peak power rating kW 135.6
Nominal average discharge voltage \ 95
Average charge voltage \ 120
Nominal DOD % 31.5
Peak orbit % 33.3
Nominal, one battery out, DOD % (39)
Peak, one battery out, DOD % (42)
80% DOD, contingency support kW 45.9
capability - one orbit
Thermal
Operating temperature range °C 0 to +10
Off-nominal temperature range °C 0 to +20

DOD = Depth of Discharge
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BATTERY CHARGE/DISCHARGE UNIT

e DEDICATED BCDU FOR EACH
STATION BATTERY

® EACHBATTERY CHARGED FROM
ASSOCIATED BCDU DURING
SUNLIGHT

e PROVIDES VOLTAGE — REGULATED
BATTERY POWER TO DC SOURCE
BUS DURING ECLIPSE

® BCDU INCLUDES

e CHARGE POWER CONVERTER
(CPC)

e DISCHARGE POWER
CONVERTER (DPC)

® BATTERY FAULT ISOLATOR (F1)

e BATTERY MONITOR AND
INTERFACE MODULE

e CONVERTERS, PROVIDING
HOUSEKEEPING POWER

e LOCAL DATA INTERFACE (LD1),
PROVIDING CONTROL
COMMANDS FROM PVC

12 IN.
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SINGLE PHASE THERMAL CONTROL SUBSYSTEM

Deployable
Radiator

ORUs

¢ Radiator (1)

e Utility Plate (8)
e Pump (2)

¢ Junction Box (2)

Pump
ORU Subsystem Characteristics
® Total Heat Rejection 9 kW
e Battery Cell Temp (normal) 50C 1 50C
Fluid e Batlery Cell Temp (off normal) 50C + 15/-50C
Junction @ Electronics Junction Temp 900C
Box ¢ Temperature Regulation + 10C
: e Ammonia Flow Rate 3000 Ibs/hr
//J e Operating Pressure 120 psia
<", ® Radiator Area . 1000 ft2
~ e Total Mass (auto deployed Rad.) 4513 lbs

UTILITY PLATE
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Gas Yenl Conneclor
Typs 1| —T
- Accumutator
Type lllg Check Valve Pump CP SRRSO,
Typs Il Now Ueler [_(_G i : oo F’(u Screen
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Type !l 14 '___ ‘y . b 6

Pump Temperature Signal

Fromn Haltery Cell Sleeve _j
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Thermal Control Subsystem ORU Characteristics

Nominal

Mass| Dimensions [Parasitic

ORU (Ib) (in.) Power
(W)
Utility plate (Type 1)| 334 | 126 x 38 x 6 0
(Type 2)] 299 | 126 x 38 x 6 0
Pump unit 158 | 28 x 38 x 12 250
Fluid junction box 93| 155 x 10 x 8 0
Radiator 1316 | 140 x 78 x 540 0




1€

National Aeronautics and
Space Administration

Lewis Research Center

| 1 I I | ! ! l
)
FREEDOM

SPACE STATION FREEDOM FErEE
)

Direct Current Switching Unit

e DCSU RBI status monitored &
T 24in. commanded open/close

e By PVC

¢ Through local data
Interface (LDI)

e DCSU contains PV control
element (PVCE)

e Provides error signal

to SSU for array power
regulation
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e RN

NSTS Electrical Interfaces

o EPS start-up terminal
e Ground/fflight check (bit) of electronics

o System power up

e System monitoring
e Orbital interface power unit
e Groundffiight trickle charge

e Groundfilight battery health monitoring

FREEOOM

ZFrEE

g
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Integrated Equipment Assembly (IEA)
e Provide structural support
o Energy Storage
e Electrical Equipment
o Thermal Control Subsystem ORU’s
¢ Interface Structure |
e NSTS Orbiter Cargo Bay

g€

Keel Attach
Point

Longero
Attachm
Point
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IEA Assembly

Standard Orbital

Replacement
Unit
(26 Places)

Deployable
Radiator

Longeron
Bulkhead
Assembly

Utllity Plate

(8 Places) Keel Bulkhead

Assembly

) \
| I ! ! l ! | |
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Load Spreader

EVA/Robellc
* Interface

FREEDOM

/ﬂ-\ y Z 4
SPACE STATION FREEDOM EENEE
\./

Conceptual Packaging Approach

-— ORU Box
(@2 °
g o— Bsee Plate
”".
& Typleal PMAD
Component
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IEA Structural Framework ORU Characteristics
Mass Dimensions
ORU (Ib) (in.)
Structural framework | 2,637 179 x 156 x
' 117
Electrical junction 85 8 x 10 x 95
box |
Transition structure 64 | 5M x 5M x 5M
(on orbit)
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IEA & BGA Transition Structure to Truss Assembly Interface

/s Translition
% Y Struoture
IEATS (RD)

X
\\
I\/ WI\/ Transition
SPM Truss Braocket

Typ. MDSSC)
(Typ. ) ( Typloal Interface
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INTEGRATED EQUIPMENT ASSEMBLY

¥

o r ' Integrated

Equipment Assembly

PV Array/Beta Gimbal

Assembly (2)

emetepro— Gimbal Assembly (2) Attachment, CTCI0

PV Array/Beta Longeron

oSN~ Point | . .
'—_-_L‘Tz-!—' i j::..:.-;..-.___—:;_::l- ‘ rn_..L.._LLg.;._l

N I | - H I

FREEDOM

Photovoltaic (PV)

Hﬁe Array Assembly (2)
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PV CARGO ELEMENT
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FREEDOM

PV Cargo Element

e Beta Gimbal Assembly

e Solar Array Assembly

e [EA Structural Framework

¢ Single Phase Thermal Control System (TCS)
e Energy Storage Subsystem

e Electrical Equipment

e PV Integration Hardware

e FSE

o Transition Structures
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Integration Hardware Characteristics
Mass Dimensions
ORU (Ib) (in.)

Cable trays 135 20in. x 20 in. x 10 m

Truss structure (two bays) 342.4 5mx5mx 10 m (on-aorbit)

EVA translation rails 45.4 | TBD

Truss closeout 82.5 | -

PV cable set 231 -
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Truss, Ceta Rail Boxes, and Utility Trays / PV Module Interfaces

/ Top Transport Box WP-02

By

a

:' ol | ' o; E\

: o —— ||
0 N N ﬁ;

| . 7 /5.--,_--1

5 . =

mn ewm Cun Tw wm e o

(Side View) Bottom Transport Box WP-02

¢ Truss, Ceta Ralls and Utllity Trays WIll Be Packaged In Transport Boxes

» Transport Boxes Will Be Packaged Above and Below PV Module For Access

» Transport Boxes Wlll Be Attached to PV Module Via Latches {Not Shown)

Note: PV Module's Integrated Equipinent Assembly (IEA) Is Not Current Conlflguration



1534

FREEDOM
National Aeronautics and

Space Adminisiration SPACE STATION FREEDOM !f.-g//-;?’
) -

Lewis Research Center

Separate PV Module Launch Package is
Common Across Fiights

PV-1

PV Module
Launch Package

B
PV-2

WP-2 CARGO 4
ELEMENT )

PV Module
Launch Package
=R S
PV-3 & 4 éjﬂ _____ e=Eie |—«====~
bg;':,é' \E‘:‘h PV Module

Launch Package
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PV Module Equipment

Solar Array Assembly

Left PV Blanket & Box (2)
Right PV Blanket & Box (2)
Mast & Canister (2)

SSU (2)

Beta Gimbal Assembly

Bearing Subassembly (2)

Cam Follower Subassembly (2)
Roll Ring subassembly (2)
Drive Motor Subassembly (2)
Drive Motor Controller (2)
Latch Platform (2)

Core Structure (2)

Transition Structure {2)
MSC/RMS Grapple Fixture (2) *

Integrated Equipment Assembly

Structure (1)

Transition Structure (1)
Electrical Junction Box (2)
NSTS Interface Hardware (5) *
MSC/RMS Grapple Fixture (1) *

* GFE

Thermal Control Subsystem
Fluid Junction Box (2)

Auto. Depl. Radiator (1)
Pump ORU (2)

Utility Plates - Type i (2)
Utility Plates - Type i (6)
Ammonia (1)

e & &6 O o o

Electrical Equipment Subsystem
DCSU (2)

PVCU (2)

DDCU (2) - Inboard Modules Only
PV Cable Set

Startup Terminal (1) - PVM #1 Only
Orbiter Interface Power Unit (1)

Energy Storage Subsystem
e Batteries (12)
e BCDU (6)

Integration Hardware

e Truss Bays *

e Truss Closeout *

e Translation Rails & Cable Tray*
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PMAD System Responsibilities

Design end-to-end Power System Architecture
Design, Develop, Produce PMAD Hardwarce for Station

- Hardware responsibilities include:

Q DC/DC Converters

Q PV Controller

o Cabling/Connectors/Switchgear for Primary Distribution

Q Common RPC Modules for Secondary and Tertiary Distribution

- Software responsibilities include:

Q Condition Monitoring and Controls

Q Energy Management

Q Fault Tolerance and Redundancy Management
Q PMAD Modeling and Simulation

End-to-End PMAD System Verification and ORU/Component Verification
EPS Specifications and Standards

Deliver PMAD Hardware to Element Owners and Support Integration
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Key Power Requirements - AC

 Power:

User 75 kW-A/100 kW-P

Habitat Module 25 kW peak

Laboratory Module 25 kW peak

Nodes 12.5 kW peak

ESA 25 kW peak

JEM 25 kW peak

APAE & MSC (TBD) (10 kW)

Pressurized Payload (TBD) (12 kW)

Cables Sized and installed to deliver peak
power

Growth 175 kW-A7215 kW-P

Grounding Single point (designed negative)



Ly

)

| i ! | I l l I I b
' /

[REEOOM

National Aeronautics and SPACE STATION FREEDOM

Space Administration i"’:'//" ‘?’
ol ol d

Lewis Research Center

ELECTRICAL SYSTEMS DIVISION --\/v

Key Features of PMC and AC Architecture

PMC Station:

37.5 kW average 50 kW peak
PMAD is divided into four DC channels each producing 9.4 kW average
DC channel size is limited by the ability of DC switches to break fault current

9.4 kW channels produce 300-400 A fault currents which can be broken with
existing DC switch technology

Small channel size limits user flexibility; loads must be timelined so total is less
than 9.4 kW per channel

AC Station:

75 kW average/100 kW peak
Four DC channels each producing 18.75 kW average

Improved user flexibility
Requires high power (600-800A) DC switch



POWER SYSTEM ARCHITECTURE
PMC CONFIGURATION
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POWER SYSTEM ARCHITECTURE

AC CONFIGURATION
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SIMPLIFIED SYSTEM ARCHITECTURE

FREEDOM

Inboard Power Management |

and Distribution Equipinent
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Rocketdyne

Electrical =
Connectors

Attachment
Pin

Thermal Interfacing
Radlator Fins

SPACE STATION FREEDOM y 24

DDCU & MBSU External Interface

Host Element

Connectors

Attachment
Pin

Mounting Structure
Coldplate (50°F)

eElectrical connectors for power
& data

2 guide pins for mechanicai
attachment

oEVA & rcbotic installation &
replacement

oFin heat exchanger thermal
interface

« Coldplate temperature < 50°F
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Common RPC Moduies for Secondary and Tertiary Distribution

RPC Module Features:
- An RPC is a remote controlled switch
~  An RPC module is an ORU box containing one or more RPC’s

—  Four RPC module types have been identified:

1 x 130 Amp
2 x 50 Amp
4 x 25 Amp
8 x 10 Amp

—  All modules have same outline and mounting
—  All modules have same input connector

—  All modules have same output connector shell; pin configuration unique
to module type
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RPC Module

e Wedge provides the necessary
contact pressure between RPC
base & coldplate to conduct
heat away

6.00 e J1 & J2 are electical inputs.
J3 Is output

® Four RPC Types:
8-channel output, 10 A/channel
4-channel output, 25 A/channel
2-channel output, 50 A/channel
1-channel output, 130 A

Only connector pinout conflguration would dlffer

e Same overall dimenslons for each type RPC.
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Electric Power System Ccontrol Hierarchy (Rephase)

. DMS Bu*;/
PV Modules Distributed PMAD
P(_)wcr
Managment
Alpha PMAD Controller
Gimbal N Control Bus
I ()
PV MBSU
Controller Controller
Interface Interface
DC Switch I:RBI
SSU DOCU
Battery Charge/Discharge
Betal Gimbal Control
RPC
® Power Managemeni Controller ® MBSU Controller

® Primary distribution monitoring and control,

®
DMS/PMAD Iinterface, load management DC-DC converler control

configuration control, system analysis

® Photovoltaic Controller

® Array regulation, battery charge/dischargé
control, beta gimbal control, outboard power
distribution control, PV thermal control
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PMAD Controls Implementation

« Software impiemented

Sensor validation (detection of soft faulits)

Cor:jtirlmgency readiness - reconfiguration/load shed preplanning
mode

Status data to DMS/OMS/crew/ground
Manual override - via DMS command
GN&C data from DMS

Fault detection isolation & recovery/Redundancy management
(FDIR/RM)

Startup-shutdown

Pointing and tracking
Battery charge/discharge
PV module thermal control
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PMAD Controls Implementation

« Hardware implemented
 Basic overload protection (RPC)
* Hard fault (line) protection (RBI)
* Voltage regulation
* Array control
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PMC Control Architecture Design

« Two PMCU's (1 SDP =1 PMCU), one active, one in cold standby

. Two Bus Controllers / Monitor Interfaces (MIL-STD-1553B) in each SDP:
. Meets fault tolerance requirements with reduced hardware

. Two Hot PVCUs on each PV IEA
. Supports failure of 1 PVC with no loss of PV control

« PVCU to MBSU Communication

. Required for two fault tolerance given only two SDPs and no Tier Il
peer-to-peer communication
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PMAD Systems Fault — Tolerant Features

System/ORU/Assembly

Features

PMAD System

MBSU-PMC, MBSU-AC

PMCU, PVCU

Cables/connectors

Dual-source PV power, dc star distribution;
cross-strapped MBSus; multiple power feeds
for each module, node, and pallet; dc backup
control bus; dual-redundant dedicated EPS
Control Data Bus. PVCU system control with
loss of both PMCUs.

Component redundancy; three fault-tolerant
power interfaces at habitable modules; dual
redundant data interfaces.

Dual redundant data interfaces; redundant
ORUs.

Redundant cables and diverse routing.

~——
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EPS Weight Summary
Engineering Design Weight *
December 11, 1989
Item Flight Quantity Item Wt (Ib) Tota! Wt (Ib)
PV _Modul
Solar Array Assembly 8 1,551.3 12,410
Beta Gimbal Assembly 8 462 3,360
Thermal Control Subsystem 4 4,381 17,524
Battery ORU’s 48 320 15,360
Integrated Equipment Assembly 4 2,913 11,484
PV Module Cabling 4 231 924
BCDU 24 168 4,032
DCSuU 8 182 1,456
DDCU (PVM #1&2) 4 167 668
PVCU 8 147 1,176
SSuU 8 37.5 300
Oo/PU : 4 185 740
Start-Up Terminal (PVM #1) 1 225 225
PMAD
DDCU 32 167 5,344
MBSU - PMC 4 183 732
MBSU - AC 4 201 804
PMCU 2 87.5 175
RPC (10A) 205 8 1,640
RPC (25A) 89 9 801
RPC (50A) 76 9 684
RPC (130A) 63 10 630
PMAD Cabling 1 4,410 4,410
* Excludes GSE Total 84,879
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Reliability and Maintainability Allocations

—

MTTR (hr) Deslgn
PV Module ORUs MTTF (yr) EVA | IVA | IVAR Life (yr)
Deployable Mast & Canister 15.0 2.25 30
PV Blanket & Box (L) 15.0 0.75 15
PV Blanket & Box (R) 15.0 0.75 15
SSuU 15.0 1.50 15
Beta Gimbal Cam Follower 30.0 0.50 30
Beta Gimbal Bearing Subass'y 30.0 1.00 30
Beta Gimbal Roll Ring 10.0 0.50 | 30
Beta Gimbal Drive Motor 10.0 1.50 30
Beta Gimbal Assembly/Housing 60.0 3.00 0.50 60
Beta Gimbal Trans Structure 30.0 6.00 30
Battery Subass'y 5.0 1.50 6.5
BCDU 15.0 1.50 h 15
DCSU 15.0 1.50 15
A DDCU (12.5 kW) 10.0 1.50 15
PVC/SPDA 10.0 1.50 15
PV Cable Set 30.0 12.00 30
IEA/Structure 60.0 4.00 0.20 60
IEA Transition Structure 30.0 6.00 30
PV Utility Plate, Type | 30.0 3.00 30
PV Utllity Plate, Type Il 30.0 3.00 30
Pump 15.0 1.50 30
Fluid Junction Box 30.0 2.50 30
Electrical Junction Box 30.0 2.50 30
Radiator Subass'’y 15.0 3.00 30
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Major Design Drivers

® Design requirements
e Power output & quality
e Environment (launch & on-orbit)
e Thermal control
e Loads & dynamics
¢ Electrical isolation & grounding
e Growth capability
e Producibility & testability

® Integration requirements
e System integration (architecture & interfaces)
o NSTS integration
e Flight by flight partitioning (including mass)
e On-orbit assembly
e User accommodation
e Commonality

® Operational requirements
¢ Reliability, avalilability & fallure tolerance
o Maintainability
o Safety
o Operability
e Supportability (including resupply mass & drag)
e Automation & robotics

® Cost (initial & life cycle)

19
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FREEDOM

SPACE STATION FREEDOM

SOLAR DYNAMICS

BRIEFING AGENDA

99

o Prime Contract Activity

e Advanced Development
- Heat receiver
- Concentrator

’i' Rockwell International

Rocketdyne Division
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25-kWe Net CBC Power Module Configuration

Constructible Concentrator Assembly
19 Hex Truss Panels
Eftective Diameter = 47.2 ft
Effective Aperture 1751 fi2

Heat Rejection Assembl N NN R
8 Pur;’ped Coolant Radiant Panels \\\
264 ftx 7.5t Each ‘, A
Radiant Area = 3168 f12 g ’\ ‘\
Total Length = 70.2 f J 2 \

Tolal Width = 27.6 ft

PV Module Interface

Vernier
Pointing

‘§. Y/ Gimbal

Receiver Assembly
LiF-CaF7 Eutectic Salt

Thermal Storage

' Direct Insolation
~ Integral He-Xe Heater
Length = 118in.
Diameter = 85 in.
Integratlon Hardware Assembly (GFE) Electrical
Transverse Boom Truss Bays T 533&"57;'( prE)

Radialor Base Beta Interface Structure Power Conversion Unit Assembly
Structure Gimbal  Assembly Recuperated-Brayton-Cycle
Assembly Hehum/Xenon Working Fluid
(PFE)

4554-11-247(1)

‘l Rockwell International

Rocketdyne Division

L 4 £ 4
r 73 y 72
o
-~ oy y 72
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Completed Canister

’l Rockwell International

Rocketdyne Division

FREEDON

CBC Receiver #

PCM/Working Fluid Tube (82)

Multifoil
Insulation

437 Graphite
/Apemue Shield

Aperlure
late

N Inlet Manifold
prel
< : 3
Working . ‘ P )

Fluid In 1 //
: 7 1780 in
|
XVO';SQ < o .ﬂ Working Fluid
luid Out <5 Tube
N\ \
2 e \\,/<
80i
1780in Tube Support /)\
Baffle
Weld Joint
Outlet Ceramic Fiber
Manifold Paper Spacers
Phase Change }
Material - CaFp/Lif TR _ 1in.
{ Overall Dimensions
. / Diameter - 6 1t
Containment Canister Length - 98 ft
Outer Wall
08751

Braze Between
Canister and Tube
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SOLAR DYNAMICS PRIME CONTRACT ACTIVITY

o Solar Dynamic Power Module preliminary design

- Prepare design to define hardware configuration (sizes and
mass). Conduct trade studies (structural/dynamic analyses,
materials selection, operational procedures). Develop top level
drawings.

« Provide credible knowledge of Solar Dynamic Power Module to
perform "Hooks and Scars" activities

e "Hooks and Scars"

- Define assembly, operational and physical/functional interfaces
imposed by the SD module

- Provide requirements to Non-SD elements/systems to ensure
that SD power can be added

e Solar Dynamic Component Development Tests
- Concentrator (coupons, full-size facets, face up/face down)
« Receiver (canisters, single tube test, full-size element)
- Radiator (Hypervelocity, AO, UV, etc)
- Integration (FP & T and receiver/concentrator interface)

‘l Rockwell International

Rocketdyne Division

J

FREEOOM

&l
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Key Solar Dynamic Power Module
Requirements

LBEEDOR

Lerr

Provide minimum of 28-kWe NET to inboard PV Module throughout any -

orbit at any time of year within prescribed orbit altitude envelope (after
distribution via PMAD, provides 25-kWe at user interface)

Provide peaking power of 32.2-kWe NET to inboard PV Module for up to
7.5 minutes during both sun and shade portions of the orbit (maximum
of 15 minutes total peaking per orbit)

Be capable of automatic startup, shutdown, and continuous operation
throughout load changes, peaking, turndown, and load shedding

Shall not produce dynamic instabilities
Maximize the use of common hardware, software, and standard

- interfaces

Be capable of long term operation by means of ORU replacement

‘l Rockwell International

Rockstdyne Divieion



1L

I ] I

FREEOOM

Solar Dynamic Design & Development Team

Organization

Rocketdyne

Allied-Signal

Harris Corp.

LTV

‘l‘ Rockwell International

Rocketdyne Division

Major Responsibilities

Prime Contractor
Module Integration
Interface Structure Assembly
Electrical Equipment Assembly
Beta Gimbal Assembly (PFE-PV)
Integration Hardware Assembly (GFE-WP02)
Fine Pointing & Tracking
Launch Packaging and On-Orbit
Module Assembly

Receiver Assembly
Power Conversion Unit Assembly

Concentrator Reflective

Surface Subassembly
Concentrator On-Orbit Assembly
Concentrator Launch Packaging

Radiator Subassembly
Deployment Mechanism
Base Plate
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ADVANCED DEVELOPMENT

e Heat Receiver (NAS3-24669) - Boeing

e Concentrator (NAS3-24670) - Harris

.l Rockwell International

Rocketdyne Division

L o ' | )



gL

' ' !
) | J | ) ] ! I ’

FREEDOM

——,
SOLAR DYNAMIC HEAT RECEIVER TECHNOLOGY U

e Purpose
- Address Key Technical Issues Associated With Heat Receiver
« Provide Database to Support Detail Design
« Demonstration Testing

e Background
« NAS3-24669 Awarded to Boeing in October 1985

e Project Objectives

- Identify and Resolve Technical Issues Associated With 25 kWe CBC Heat
Receiver

« Develop and Validate Analytical Methods
- Fabricate, Test and Evaluate 25 kWe CBC Heat Receiver

o Key Design Considerations
« Material Selection
« TES Performance in Micro-Gravity
« TES Compatibility With Containment Materials
« Thermal Expansion
« Fabricability
« SeaLevel Test In Vacuum

o Tasks
« Conceptual Designs and Trade Studies
« Preliminary/Detail Design
- Fabrication, Test and Delivery

‘l' Rockwell International

Rocketdyne Division
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Support straps
(terrestrial testing
only)

’l Rockwell International

Rocketdyne Division

el Nickle feit metal disks

1. Thermal conductivity enhancement
2. Void distribution control

——Gas annulus
Felt metal/PCM composite

Convoluted TES containment tube
(Nots: All tubes are corrugated)

Inlet plenum

Exit plenum

— Insulation

Receiver Shown Without Aperture Assembly

FREEDOM

'

Mounting plates

Front support ring

Cantilevered

Insulation

Lifting lugs

STSE-1
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SOLAR DYNAMIC HEAT RECEIVER TECHNOLOGY

KEY REQUIREMENTS/FEATURES

REQUIREMENTS
e Power 102 kwt (25 kwe CBC)
e Temperature 900°F Inlet; 1300°F Exit
e Inlet Pressure 92 psia
o Working Fluid - Helium - Xenon (MW 40)

FEATURES
e GEOMETRY - Diameter - 70 In.
Length - 80 In.
Aperture Dia. 13 In.
~ o TUBING - Fluid Tube - 2 In. OD + 0.06 In. Wall

TES Tube - 3.94 In. OD, 3.60 In. ID, 0.01 In. Wall
Convolution Pitch - 0.25 In.

o Materials - TES Salt - 21% LiF - 79% CaFi
Fluid Tube & TES Containment - Inconel 617
Felt Metal - Nickel
Other - CRES

‘P Rockwell International

Rocketdyne Division

FREEDONM

VT4
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SOLAR DYNAMIC HEAT RECEIVER TECHNOLOGY

SIGNIFICANT EVENTS

o Felt Metal Concept Demonstrated

« Thermal Conductivity Enhancement

« Symmetrical Salt Distribution

e 2500 Hours Thermal Cycling

« 5000 Hours Materials Compatibility - Inconel 617 & LiF-CaF,
e TES Containment Closure Welds Validated

« Laser Weld of Bellows to End-Cap |

« Electron-Beam Weld of PCM Fill Tube
e Full-Size, 6-Tube Molten Salt Fill Demonstrated
* Receiver Fabrication Complete May 1990
* Thermal Vacuum Testing Complete August 1990

’l‘ Rockwell International

Rocketdyne Divieion

FREEDOM

£l
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SOLAR CONCENTRATOR ADVANCED DEVELOPMENT o s

Purpose

. Address Key Technical Issues Associated With Concentrator
« Detail Design Support

« Demonstration Testing

Background
« NAS3-24670 Awarded to Harris Corp. in November 1988

Project Objectives
- Select Design, Fabricate and Test a Viable Concentrator for SSF

Key Design Considerations

« Material Selection (Environmental Protection)
» Aiming Errors

- Facet Alignment

- Fabricability

« Reflectance

« Structural Repeatability

Tasks

o Conceptual Design & Trade Studies
o Preliminary/Detail Design
« Fabrication, Test & Delivery

‘1‘ Rockwell Intermational

Rocketdyne Division
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SOLAR CONCENTRATOR

KEY REQUIREMENTS/FEATURES

e Requirements

Deliver 188 kw of Thermal Energy to the Receiver
Pointing Accuracy: +0.1° (1 o)

Specular Reflectance: >0.88

Slope Error: + 2.25 mr (half cone angle)

Design Lifetime: 15 years

e Features

19 Hexagonal Panel (456 facets)
Toroidal Facet Curvature
Parabolic Mapping

< 2 Ib. per facet

SiO5 Protected, Silver Reflective Surface on Graphite Epoxy with A1
Honeycomb

’l‘ Rockwell International

* Rocketdyne Division

FREEDOM
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- FREEDOM

SOLAR CONCENTRATOR ADVANCED DEVELOPMENT

SIGNIFICANT EVENTS

e Refined Design With Significant Commonality of Components

e Demonstrated Fabrication and Panel Structural Test Techniques
e Improved Box Beam Construction Technique

e Refined Facet Optical Specifications and Capabilities

e Demonstrated Seven Panel Assembly/Structural Repeatability

o ge\r/feloped Fabrication Methods for Facets Having A Vapor Deposited Reflective
urface |

o Delivered to NASA Three Vapor Deposited Reflective Surface Facets that had
Measured Slope Errors Less Than 1.5 mrad

e Demonstrated Nineteen Panel Assembly/Structural Repeatability

’k‘ Rockwell Intemational

Rocketdyne Division

|
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Accomplishments In SD Development N
o Module Integration

« Initial release for Hooks and Scars document prepared

- Fine pointing and tracking concept prepared for elevation axis

« Four launch package options defined & prioritized

« SD impact on GN&C in terms of aerodynamics, gyroscopic, &
gravity gradient torques found to be minimal

- Initial module assembly procedure defined
e Concentrator

- Latch guide designed, reviewed, and placed in fabrication for
LeRC NBF test (coordinated with JSC Crew & Thermal Sys. Div.)

« NBF hardware fabrication

. Silver-coated, high temperature facet samples produced and met
requirements

« Aluminum coated, high temperature full-size facets produced

« Completed design, fabrication, and testing (optics and
repeatability) of 19-Panel solar concentrator (SCAD)

’l‘ Rockwell International

Roci(otdym Division -

)
: \ l l | I |
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Accomplishments In SD Development ~

(Continued)

Receiver

. Single canister and breadpan tests show no significaht corrosion
between Haynes 188 and Salt (> 14,000 Hrs)

. Single-tube test has verified receiver heat transfer element
performance

Power Conversion Unit
« Engine startup power requirement calculated
. 15kW BRU refurbished and in test at LeRC

Radiator Assembly
. Hypervelocity test conducted at JSC
. Hypervelocity test articles fabricated for future test at JSC

‘L‘ Rockwell Intemational

Rocketdyne Division
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JANUARY 16-19, 1990
BY

JAMES CALOGERAS
NASA LEWIS RESEARCH CENTER
SOLAR DYNAMICS AND THERMAL SYSTEMS BRANCH

Lo

g0 Q&G FE6N
frrr T



¥8

ADVANCED SOLAR DYNAMIC TECHNOLOGY PROGRAM

« MISSIONS AND SYSTEMS ANALYSIS

- DETERMINE SD POWER SYSTEMS REQUIREMENTS
- CRITICAL TECHNOLOGIES WHERE ADVANCEMENT LEADS TO LARGE PAYOFF

+ ADVANCED CONCENTRATORS

- MORE EFFICIENT (HIGHER CONCENTRATOR RATIOS)
- AUTO DEPLOYABLE (WITHOUT ASTRONAUT ASSISTANCE)
- LONGER SERVICE LIFE

 ADVANCED CONCENTRATORS

- LIGHTER WEIGHT
- MORE EFFICIENT
- SMALLER

» MICROGRAVITY EFFECTS

THE LOW G FIELD ON ORBIT HAS A SIGNIFICANT EFFECT ON THE VOIDS THAT
FORM IN THE HEAT STORAGE MATERIAL. RESEARCH IN LOW G ENVIRONMENTS
IS BEING CONDUCTED TO LEARN HOW TO AVOID THE PROBLEMS WITH VOID
FORMATION AND MIGRATION.
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ADVANCED SOLAR DYNAMIC TECHNOLOGY PROGRAM

« SPACECRAFT ENVIRONMENT
VARIOUS ORBITS HAVE ELEMENTS, SUCH AS AO, UV, CHARGED PARTICLES,
ETC., THAT ATTACK VARIOUS MATERIALS, THEREBY SHORTENING THEIR
SERVICE LIFE. AN ONGOING EFFORT IS BEING CONDUCTED TO IDENTIFY
THOSE MATERIALS THAT ARE IMMUNE TO THE ENVIRONMENT OR METHODS
TO PROTECT THOSE MATERIALS THAT ARE.

« POWER CONVERSION SUBSYSTEM
TWO HEAT ENGINE CONCEPTS ARE THE PRIME CANDIDATES FOR CONVERTING
THE FOCUSED SUNLIGHT INTO ELECTRICAL ENERGY:

- STIRLING ENGINE (This engine is under development by another Branch within
the Power Technology Division)

- BRAYTON ENGINE (The technology of this engine is mature)

« RADIATORS

ADVANCED RADIATORS FOR SPACE ARE BEING DEVELOPED FOR CSTI
HIGH CAPACITY POWER.
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ATJ POWER TECHNOLOGY DIVISION NNSA

AEROSPACE TECHNOLOGY DIRECTORATE Lewis Research Center

ADVANCED SOLAR DYNAMIC TECHNOLOGY PROGRAM

. MISSIONS AND SYSTEMS ANALYSIS
« ADVANCED CONCENTRATORS
. ADVANCED HEAT RECEIVERS
— CONCEPTS
— THERMAL ENERGY STORAGE
« MICROGRAVITY EFFECTS
» SPACECRAFT ENVIRONMENT
 POWER CONVERSION SUBSYSTEM
— STIRLING
— BRAYTON

GIWTI SON MNYI9 3Dvg ONIa3934d

L8

» RADIATORS
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ADVANCED SOLAR DYNAMIC TECHNOLOGY PROGRAM

GOALS
SPECIFIC POWER

THE ELECTRIC POWER OUTPUT PER UNIT MASS OF THE TOTAL POWER SYSTEM IS AN IMPORTANT FIGURE OF MERIT THAT

IMPACTS THE LAUNCH WEIGHTS AND COSTS. TO LOWER THESE, BOTH THE MASS AND EFFICIENCY OF THE SD SYSTEM AND THE
COMPONENTS OF THAT SYSTEM NEED TO BE REDUCED. :

REDUCTION OF HEAT RECEIVER MASS

SINCE HR WEIGHT IS THE LARGEST FRACTION OF THE OVERALL SD SYSTEM WEIGHT, ITS REDUCTION IS A PRIME GOAL OF OUR
ACTIVITIES.

REDUCTION OF CONCENTRATOR MASS

WITH PRESENT TECHNOLOGY, THE CONCENTRATOR SPECIFIC MASS (INCLUDING THE SUPPORTING STRUCTURE) IS MORE THAN

DOUBLE THE GOAL SHOWN. RESULTS TO DATE SUGGEST THAT THIS GOAL IS ACHIEVABLE, EVEN FOR AUTO DEPLOYABLE
CONCENTRATORS.

CONCENTRATOR RATIO

THE OVERALL SD SYSTEM EFFICIENCY IS IN LARGE PART AFFECTED BY THE ABILITY OF THE CONCENTRATOR TO REFLECT AS
MUCH OF THE INCOMING SUNLIGHT AS POSSIBLE (HIGH REFLECTIVITY) AND FOCUS IT INTO THE SMALLEST POSSIBLE DIAMETER
(CONCENTRATOR RATIO). TO ACHIEVE A HIGH CONCENTRATOR EFFICIENCY, THE DISHED SURFACE MUST CONFORM VERY
CLOSELY TO A PERFECT PARABOLIC SURFACE (TO WITHIN A SLOPE ERROR LESS THAN 1.0 MILLIRADIAN) AND MUST HAVE A
VERY SMOOTH SURFACE (LESS THAN 50 TO 100 ANGSTROMS) WITH A HIGHLY REFLECTIVE LAYER (SILVER OR ALUMINUM)

REDUCTION OF RADIATOR MASS

THE STIRLING AND BRAYTON ENGINES OPERATE MORE EFFICIENTLY AT HIGH RATIOS OF THE INLET TEMPERATURE TO OUTLET
TEMPERATURE. THE LOWER THE OUTLET TEMPERATURE, THE LARGER IS THE RADIATOR AREA REQUIRED TO REJECT HEAT.

(THE RADIATOR AREA INCREASES AS THE FOURTH POWER OF THE OUTLET TEMPERATURE). LARGE EFFICIENT RADIATORS WILL
REQUIRE THE USE OF HEAT PIPES AND VERY LIGHT WEIGHT DESIGN.
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L{'D POWER TECHNOLOGY DIVISION NNASA

AEROSPACE TECHNOLOGY DIRECTORATE Lewis Resesich Cenier

ADVANCED SOLAR DYNAMIC TECHNOLOGY PROGRAM

GOALS
SPECIFIC POWER 20-25 W/kg
REDUCTION OF HEAT RECEIVER MASS TO 20-33 kg/kWe
REDUCTION OF CONCENTRATOR MASS TO 1-2 kg/M2
CONCENTRATION RATIO 2000-5000
REDUCTION OF RADIATOR MASS TO 4-5 kg/M 2

(HEAT PIPE)
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ADVANCED SOLAR DYNAMIC TECHNOLOGY PROGRAM

TECHNOLOGY APPROACH

ADVANCED CONCENTRATORS

TO MEET THE GOALS OF LIGHT WEIGHT, HIGH EFFICIENCY, LONG SERVICE LIFE,
AND AUTO DEPLOY ABILITY, ACTIVITIES ARE UNDERWAY TO:

DEVELOP METHODS FOR INCREASING THE SURFACE CONTOUR ACCURACY, THE
SURFACE SMOOTHNESS AND REFLECTIVITY.

DEVELOP THE FABRICATION TECHNIQUES REQUIRED FOR EFFICIENT
CONCENTRATORS.

IDENTIFY SPACE COMPATIBLE MATERIAL THAT WILL RESIST THE SPACE
HAZARDS AND RETAIN THE DIMENSIONAL STABILITY NEEDED FOR HIGH
EFFICIENCY AND LONG LIFE.

IDENTIFY CONCENTRATOR CONCEPTS THAT CAN BE PACKAGED INTO A SMALL

. VOLUME FOR LAUNCHING AND THAT ARE AUTO DEPLOYABLE ON ORBIT.
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ADVANCED SOLAR DYNAMIC TECHNOLOGY PROGRAM

o ADVANCED HEAT RECEIVERS

- TES VOID-MICROGRAVITY. ITS UNDERSTANDING IS KEY TO THE SUCCESSFUL
OPERATION OF A SALT TES SYSTEM (CURRENT STATE-OF-THE-ART). EFFORTS
INCLUDE BOTH ANALYTICAL AND EXPERIMENTAL ACTIVITIES TOWARD A
TECHNICAL UNDERSTANDING OF THE PHENOMENON OF VOID BEHAVIOR
UNDER MICROGRAVITY.

o POWER CONVERSION SYSTEMS
- AMAJOR EFFORT IS IN PROGRESS AT NASA-LEWIS TO DEVELOP LIGHT WEIGHT,
HIGH EFFICIENCY STIRLING ENGINE FOR USE IN SD SYSTEMS. NO WORK IS
BEING DONE INSIDE NASA TO IMPROVE THE BRAYTON ENGINE; HOWEVER, DOD
IS SUPPORTING BRAYTONR & D.
o INCREASE CONFIDENCE --------

- TECHNOLOGY VERIFICATION GROUND EXPERIMENTS ARE PLANNED FOR THE
MAJOR COMPONENTS OF AN SD POWER SYSTEM.
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ADVANCED SOLAR DYNAMIC TECHNOLOGY PROGRAM

TECHNOLOGY APPROACH

ADVANCED HEAT RECEIVERS

THE TECHNICAL APPROACH TO ADVANCED RECEIVERS IS THE INCORPORATION OF
DESIGNS AND THE DEVELOPMENT OF MATERIALS DIRECTED AT SMALLER, LIGHT
WEIGHT, AND MORE DURABLE RECEIVERS.

BULK TES VOLUME (AS OPPOSED TO SMALL ELEMENTS) LESSENS THE NEED FOR
STRUCTURAL SUPPORT STRUCTURE AND REDUCES RECEIVER MASS. EFFORTS
ARE BEING DIRECTED TO INCREASE THIS VOLUME WITHOUT SACRIFICING ITS
STORAGE PERFORMANCE OR IMPOSING STRUCTURAL STRESS.

TES WITH HIGH THERMAL CONDUCTIVITY, HEAT OF FUSION AND DENSITY SHRINKS
THE VOLUME OCCUPIED WITH THE STORAGE MATERIAL AND DECREASES THE
TEMPERATURE DIFFERENCE WITHIN THE TES MATERIAL. TES MATERIALS ARE
BEING INVESTIGATED THAT HAVE THESE PROPERTIES WITHOUT DETRIMENTAL
EFFECTS SUCH AS CORROSION.

CAVITY HEAT PIPE DESIGNS IN EFFECT DISTRIBUTE THE INCOMING SOLAR
FLUX THROUGHOUT THE INTERIOR RECEIVER SURFACE AT A CONSTANT
TEMPERATURE. THIS FEATURE WOULD CONTRIBUTE TO EXTENDING LIFE OF
THE RECEIVER STRUCTURE. THE EFFORT IS TO DESIGN SUCH HEAT PIPES
WITHIN THE CONSTRAINTS OF RECEIVER DESIGNS AS DESCRIBED ABOVE.
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L\'D POWER TECHNOLOGY DIVISION NNASN

AEROSPACE TECHNOLOGY DIRECTORATE Lewle Resesrch Center

ADVANCED SOLAR DYNAMIC TECHNOLOGY PROGRAM
TECHNOLOGY APPROACH

® ADVANCED CONCENTRATORS

— HIGH EFFICIENCY/ACCURACY (.5-1.50 MRAD)
— NEW FABRICATION TECHNIQUES

— MATERIALS SPACE COMPATIBILITY

— DEPLOYMENT TECHNIQUES

® ADVANCED HEAT RECEIVERS

— BULK TES VOLUME (AS OPPOSED TO SMALL ELEMENTS)

— TES WITH HIGH THERMAL CONDUCTIVITY & DENSITY

— CAVITY HEAT PIPE DESIGNS

— TES VOID - MICROGRAVITY '

® POWER CONVERSION SYSTEMS
— INCREASED EFFICIENCY THROUGH TECHNOLOGY DEVELOPMENT

1) STIRLING - MAJOR EFFORT CARRIED OUT BY
LeRC STIRLING BRANCH
2) BRAYTON - CARRIED OUT OUTSIDE OF NASA

® INCREASE CONFIDENCE IN RELIABILITY & PERFORMANCE OF
CONCENTRATOR, RECEIVER, PCS, AND RADIATOR

— TECHNOLOGY VERIFICATION/VALIDATION
1) EXPERIMENTS & ANALYSIS
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ADVANCED SPACE CONCENTRATOR DEVELOPMENT

TECHNOLOGY APPROACH

THE APPROACH TO CONCENTRATOR DEVELOPMENT CONSISTS OF TWO PARALLEL

EFFORTS:

- IDENTIFYING SUITABLE CONCENTRATOR FOR CONCEPTS
- IDENTIFYING SUITABLE REFLECTOR CONCEPTS AND MATERIALS FOR THOSE

REFLECTORS.
CONCENTRATOR CONCEPTS DEVELOPMENT
THERE ARE BASICALLY TWO TYPES OF CONCENTRATORS:

- THE REFLECTING PARABOLIC DISH TYPE
- THE PARABOLIC DOME SHAPE FRESNELL LENS TYPE.

THE WORK ON ADVANCED AUTO DEPLOYABLE PARABOLIC DISH CONCENTRATORS
IS CONTINUING.
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ADVANCED SPACE CONCENTRATOR DEVELOPMENT

REFLECTOR CONCEPTS AND MATERIALS

A REFLECTOR CONSISTS OF FIVE DIFFERENT LAYERS:

1.

A SUBSTRATE: IT IS THE PRIMARY MINOR STRUCTURE ONTO WHICH THE REFLECTING
LAYER IS DEPOSITED. CANDIDATES ARE: HONEYCOMB SANDWICH PANELS,

LIGHT WEIGHT FOAM SANDWICH PANELS, THIN METALLIC OR COMPOSITE
MEMBRANES.

A LEVELING LAYER: USUALLY THE SUBSTRATE, FACE ONTO WHICH THE REFLECTING
LAYER IS TO BE DEPOSITED IS NOT SMOOTH ENOUGH TO YIELD A HIGHLY SPECULAR
REFLECTING SURFACE. HENCE, THE SUBSTRATE FACE MUST BE SMOOTHED BY
POLISHING OR APPLYING A THIN (5 MICRONS TO 0.5mm) SMOOTHING LAYER.,
CANDIDATE MATERIALS ARE: VERY LOW VISCOSITY/HIGH SURFACE TENSION
MONOMERS, POLYMERS, AND OTHER SIMILAR MATERIALS.

REFLECTING LAYER: SILVER AND ALUMINUM ARE THE MOST HIGHLY REFLECTIVE
MATERIALS, SILVER BEING MORE REFLECTIVE THAN ALUMINUM. SILVER, ON THE
OTHER HAND, IS EASILY CORRODED BY TERRESTRIAL CONTAINMENTS SUCH AS,
MOISTURE, OXYGEN, AND OTHER GASES, AND BY AO IN LEO. ALUMINUM IS A MUCH
MORE RESISTANT MATERIAL BECAUSE OF THE ALUMINUM OXIDE THAT FORMS ON
THE SURFACE IN THE PRESENCE OF OXYGEN.

THERMAL-PROTECTIVE COATING: USUALLY A TRANSPARENT PROTECTIVE COATING
OF SILICON DIOXIDE, ALUMINUM OXIDE, OR BOTH IS PUT ON THE REFLECTIVE LAYER
TO PROTECT IT AGAINST DAMAGE BY HANDLING BY AIR BORN GASES AND VAPOERS,
AND BY ATOMIC OXYGEN. A TRANSPARENT THERMAL CONTROL COATING MAY BE
NEEDED TO ALLOW THE REFLECTOR TO ACHIEVE THE DESIRED OPERATING
TEMPERATURE (PREFERABLY ABOVE THE CONDENSATION TEMPERATURE OF SPACE
CONTAMINANTS.

THERMAL CONTROL COATING ON BACK FORCE: JUST LIKE THE FRONT FACE, THIS
COATING IS ALSO USED TO MAINTAIN THE OPERATING RANGE IN THE DESIRED
RANGE TO PROTECT THE SUBSTATE FROM ON ORBIT HAZARDS LIKE AO, UV, ETC.
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A]j POWER TECHNOLOGY DIVISION NNGA

AEROSPACE TECHNOLOGY DIRECTORATE Lewls Resesrch Center

ADVANCED SPACE CONCENTRATOR DEVELOPMENT

THERMAL/PROTECTIVE

COATING
REFLECTIVE COATING
/ 9~ LEVELING COAT

\\}\\\\)K \\\\\\\\\\\\\\\
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SUBSTRATE

THERMAL COATING IDENTIFY THE SUITABLE

CONCENTRATOR CONCEPT(S)
. ;XEEAGING AND DEPLOYMENT SCHEME
IDENTIFY THE SUITABLE « RECEIVER ATTACHMENT STRUCTURE
REFLECTOR CONCEPT AND
MATERIALS
+ SUBSTRATE TYPE

+ SURFACE SMOOTHING TECHNIQUES

+ SPACE COMPATIBLE MATERIALS

+ COATINGS FOR PROTECTION &
THERMAL CONTROL
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DISHED ALL METAL HONEYCOMB SANDWICH PANELS
(FOR SPACE SOLAR CONCENTRATORS)

THESE ONE FOOT SQUARE PANELS WERE DEVELOPED BY THE SOLAR KINETICS INC., DALLAS, TEXAS
UNDER A PHASE | SBIR CONTRACT. THE PHASE Il EFFORT IS NOW IN PROGRESS. THESE PANELS ARE
SLIGHTLY DISHED AND HAVE A FOCAL LENGTH OF 20 FT. AS SHOWN BY THE CAPTIONS IN THE FIGURE,
EACH PANEL IS A HONEYCOMB SANDWICH SUBSTRATE WHOSE FACE SHEET WAS POLISHED BUT NOT
OVER COATED WITH A REFLECTIVE LAYER OF ALUMINUM OR SILVER.

THIS PHOTO SHOWS THAT:

(1) THE SURFACE CONTOUR GOAL OF 1 MILLIRAD WAS MET. NOTE THE ABSENCE OF A WARPED
REFLECTION IN ANY OF THE PANELS,

(2) THE WEIGHT GOAL OF 1 TO 2 kg/SQ. METER IS ACHIEVABLE WITH THESE SUBSTRATE PANELS,
(3) AN ADEQUATELY SMOOTH SURFACE MAY BE ACHIEVABLE WITH THE ELECTROPOLISHING
POLISHING METHOD.
OTHER NOTEWORTHY FEATURES:
(1) ALUMINUM & TITANIUM ARE IMMUNE TO ATTACK BY THE SPACE ENVIRONMENT,

(2) THE FOCAL POINT DIAMETER WAS ABOUT 2 INCHES DIAMETER.
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DISHED ALL METAL HONEYCOMB SANDWICH PANELS

MATERIAL:  ALUMINUM ALUMINUM TITANIUM
WEIGHT: 1.1 Kg/m? 1.5 Ky/m? | 1.6 Kg/m?
SLOPE ERROR; 0.8 MRAD | 0.7 MIRAD 0.6 MRAD

FINISH:

HAND POLISHED | ELECTRO POLISHED HAND POLISHED

"0.012710.003°
1/8" HEXCELL
114 SQUARE CELL

IREEFINY |

FABRICATED BY: ’ T b
SOLAR KINETICS, INC. HONEYCOMB MEX
DALLAS, TEXAS 0.625 in. THICK
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(1)

(2)

THIS PHOTO ILLUSTRATES TWO POINTS

ACCURATE SURFACE CONTOUR YIELDS A REFLECTED
IMAGE WITH NO IMAGE DISTORTION (NOTE REFLECTION
IN THE CENTER PANEL).

AN INADEQUATELY SMOOTH SURFACE YIELDS A BLURRED
REFLECTED IMAGE. (COMPARE THE END PANEL
REFLECTION WITH THAT OF THE CENTER PANEL.) THIS
RESULTS IN A FOCAL POINT WITH A LARGE DIAMETER.
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ADVANCED HEAT RECEIVER DEVELOPMENT

o ADVANCED RECEIVER TECHNOLOGY VERIFICATION

Two advanced receiver designs are being investigated; one has application
for the Stirling engine, the other for Brayton. They both incorporate many
common features. e.g. bulk TES storage design, heat pipe operation, with its
common concerns on TES containment and on heat pipe operation throughout the
heating and cooling cycle. But there are important differences also:

-- The Stirling-Sanders Associates design has a closed receiver volume and
the entire cavity surface is covered with wicking. Incoming solar heat
is absorbed and transferred by the "dome" to the interior surfaces --
simultaneously to the Stirling engine head and to TES. During shade,
the heat absorbed by the TES provides the source to continue heating the
engine. The choice of the TES material, LiF/CaF,, was due to the
temperature requirements of the Stirling cycle. The technical areas
unique to the Stirling design that are to be addressed are the dome
design and the wicking system.

== In the Brayton-Sundstrand Corporation design the cavity is not enclosed
by a "dome"”. but rather by an inner cylindrical receiver wall. The
transfer medium is also sodium which transfers heat to the heater tubes.
The TES material in this case if LiF which again has been determined by
temperature requirements of the Brayton cycle for this application. The
critical technical areas for Brayton are the TES container design to
minimize the thermal conductivity effects and whether the design will
accommodate the TES void when freezing.
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SUPPORTING TECHNOLOGY

Advanced TES Materials -- Ge and NiSi

These materials have the highly attractive properties of high density
and high thermal conductivity. Virtually the only drawback is their
corrosivity to most materials that could be used for containment. Both
Oak Ridge and the University of South Florida are investigating
candidate container materials.

TES/Containment Compatibility

Containment compatibility efforts of fluoride salts and their eutectics
are belng undertaken at NASA-Lewis in the Materials Division through
long term exposure experiments.

Thermal Conductivity Enhancement

Another in-house effort. this under the Electro-Physics Branch, is
investigating methods to increase TES thermal conductivity. Corrosion-
resistant graphite fibers constitute one avenue of research.

Analytical Support

The University of South Florida and the Oak Ridge National Laboratory
are both developing analytical codes to describe the effects of TES
materials as they change phase. South Florida's effort is directed
toward evaluating those parametcrs affecting the temperature variation
of the engine working fluid as the TES material changes phase. ORNL
looks at the basic mechanisms governing void behavior under microgravity
and is entitled “NASA Oak Ridge Void Experiment" or NORVEX.

Space Flight Experiment (TEST)

No extended flight data is available for materials undergoing melting
and freezing in microgravity. The TES flight experiment will be the
first attempt to obtain such data. Such data will include thermal data
and visual information on the void and will provide a basis for
verification of the NORVEX code.
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L\-') POWER TECHNOLOGY DIVISION
Lew!s Research Cenler

AEROSPACE TECHNOLOGY DIRECTORATE

ADVANCED HEAT RECEIVER DEVELOPMENT

® ADVANCED RECEIVER TECHNOLOGY VARIFICATION

— STIRLING - SANDERS ASSOCIATES
— BRAYTON - SUNDSTRAND CORPORATION

® SUPPORTING TECHNOLOGY
— ADVANCED TES MATERIALS - Ge-NiSi

» OAK RIDGE NATIONAL LABORATORY
« UNIVERSITY OF SOUTH FLORIDA

— TES/CONTAINMENT COMPATIBILITY
IN-HOUSE - MATERIALS DIVISION

— THERMAL CONDUCTIVITY ENHANCEMENT
IN-HOUSE - ELECTRO-PHYSICS BRANCH

— ANALYTICAL SUPPORT

¢ UNIVERSITY OF SOUTH FLORIDA
* OAK RIDGE NATIONAL LABORATORY (NORVEX)

— SPACE FLIGHT EXPERIMENT (TEST)
VERIFICATION OF NORVEX CODE
VOID LOCATION
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Stirling Cavity Heat Pipe (CHP) Receiver

Sanders Associates, A Lockheed Company - Nashua, NH

The operation of the CHP receiver is such that incident solar flux
impinges on the underside of the evaporator dome. Because the internal surface
of the dome is wicked it serves as the heat pipe evaporator during the sun
portion of the orbital cycle. Also, because of the internal wicking the solar
flux is evenly distributed throughout the dome thus the occurrence of hot
spots is greatly reduced.

The entire cavity is wicked and the heat pipe transport fluid is sodium.
During the sun portion of the orbit the sodium is evaporated off ot the dome
and condenses on the outside surface of the thermal energy storage (TES)
canisters (thus melting the TES material "LiF-CaF," and storing energy to bhe
used during the shade portion of the orbit), and the Stirling engine heater
head tubes.

The TES material LiF-CaF, has a heat of fusion of 753 kJ/kg and its
melting point is 1039 K. During the shade portion of the orbital cycle, heat
is extracted form the TES material, now making the containment canisters the
heat pipe evaporator and providing uninterrupted heat input to the engine for
the entire orbit.

This conceptual heat receiver design is currently in the critical
technology evaluation phase. The critical technology issues identified for the
receiver are:

- thermal ratcheting

- evaporator dome tabrication

- identification of a wick system

- heat pipe operation
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Cavity Heat Pipe Stirling Receiver

WITH PINNED TUBE/SHELL HEATER HEAD

STIRLING
HEATER
NEAD
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Brayton Cavity Heat Receiver
Sundstrand Corp.

With the cavity heat pipe heat receiver all of the solar
energy from the concentrator falls on a cylinder that forms the
inner liner of the cavity and acts as a heat pipe evaporator
during the sun portion of the orbital cycle. The energy is
transferred to the sodium heat pipe working fluid by evaporating
the sodium. The energy is then given up as the sodium vapor
condenses on the Brayton engine working gas tubes. Condensation
also occurs on the thermal energy storage (TES) canisters,
storing energy in the TES material for operation during the shade
portion of the cycle.

During the shade portion of the orbital cycle, the TES
canisters act as the heat pipe evaporator, transferring energy to
the Brayton engine working gas tubes thus, providing
uninterrupted power during the shade portion of the cycle. These
processes take place at very nearly isothermal conditions.

The TES material is lithium fluoride (LiF) which was chosen
because it has a melting point at which the Brayton cycle has
high efficiency, 1122 K and it has a high heat of fusion, 1087
kJ/kg. However, the fluoride salts, such as LiF, have very low
thermal conductivities, resulting in poor heat transfer through
the TES, which in turn, results in high working gas temperature
swings as the system goes from sun to shade and back to sun.
Also, they expand when melting which must be addressed in the
receiver design to prevent canister failure.

Critical technology experiments are underway to determine
designs that minimize the thermal conductivity effects and that
will accommodate the void tormed by the decrease in TES material
volume when freezing.
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THERMAL ENERGY STORAGE TECHNOLOGY (TEST) PROJECT

OBJECTIVES

The two objectives of this project are to fill a need that has. to date, been
lacking in understanding the effects of melting and freezing of TES materials
under microgravity.

o]

Analyses prior to this present effort have been based on simplified,
2-dimensional work. NASA-Lewis contracted with ORNL to develop a code
based on what was regarded as an essential element in receiver
applications -- 3 dimensions. and which would integrate all of the
different thermo-physical aspects involved with melting and freezing.
The code development is to include the condition of microgravity.

The flight program is intended to supply the first experimental data of
TES operation under microgravity. No such information exists. The data
then becomes the reference against which the NORVEX code is compared.
Retrieval of the experiment after flight will provide visual information
as well as thermal data.

ORNL has completed their first effort for both 1-g and microgravity and is in
the process of validating the program (checks for internal consistency and for
agreement with known results).
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THERMAL ENERGY STORAGE TECHNOLOGY
(TEST) PROJECT

OBJECTIVES

* ANALYSIS OF TES MATERIALS BEHAVIOR - NASA/OAK RIDGE
VOID EXPERIMENT, NORVEX (FUNDED BY CODE RP):

ITT

- DEVELOP A COMPUTER PROGRAM TO PREDICT TRANSIENT
BEHAVIOR (CONTINUOUS AND REPETITIVE SOLIDIFICATION/
LIQUIFICATION) OF TES MATERIALS, PARTICULARLY VOID
SHAPE AND LOCATION, UNDER MICROGRAVITY.

* MICROGRAVITY EXPERIMENTS (FUNDED BY CODE RX):

- VERIFY CAPABILITY OF DEVELOPED COMPUTER CODE TO
PREDICT VOID LOCATION AND THERMAL HISTORY OF TES
UNDERGOING PHASE CHANGE IN MICROGRAVITY.
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IN-REACH THERMAL ENERGY STORAGE TECHNOLOGY ("TEST")

Thermal energy storage is conventionally associated as being an integral part
of the solar receiver. located in the focal region of the concentrator. TES
serves to store heat during the sun period and transfer that heat to the
working fluid during the shade period of an orbit. Better understanding of
the operation of TES is required to meet the advanced solar receiver
objectives of lower mass and longer life. A better understanding involves two
thrusts -- analysis that describes all of the thermo-physical phenomena of TES

undergoing phase change under microgravity, and a flight experiment to verify
the analysis.

The schematic is configuration for experiment #1 in which a TES salt, LiF, is
contained in an annular container.
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IN-REACH THERMAL ENERGY STORAGE TECHNOLOGY (““TEST”))
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OBJECTIVES

* DEVELOPMENT OF COMPUTER
PROGRAM TO PREDICT TRANSIENT
BEHAVIOR OF TES MATERIALS

* VERIFY CAPABILITY OF COMPUTER
CODE TO ANALYZE TES IN A
MICROGRAVITY EXPERIMENT
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THERMAL ENERGY STORAGE PROJECT

This chart shows the milestone schedule for the TES flight project. Four
experiments are proposed with the first two paired for a single flight and the
second two likewise.

The project is presently in the Engineering Development phase. Flight date
for experiments 1&2 is March 1993 on the Hitchhiker M. Experiments 3&4 follow
a year later. The phases in between are steps which address technical
problems about the experiment itself, then to the flight structure, and
finally launch. Safety is a concern throughout. Reviews are an important
part of the process. The Flight Experiment Review takes place when the
Engineering Development phase has been completed. All questions about the
experiment -- justification, feasibility, instrumentation —-- must be answered
satisfactorily before the project can proceed to the Flight Development phase.
Three reviews -- Preliminary Design Review, Critical Design Review, and the
Flight Readiness Review -- ensure that the entire support structure and
equipment is sound and ready for flight.
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THERMAL ENERGY STORAGE PROJECT
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FREEOOM

Evolutionary Energy Storage for
Space Station Freedom

System Requirements evolution
Space Station Freedom Timeline
Development of Technology Selection Criteria

Candidate Technologies

Ford Aerospace
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= System Requirements Evolution

. Changes in load power profile

Classification ltem
Low Power, Long Duration Science Instrument
High Power, Short Duration Furnace
? Satellite Servicing

* Space Station Time-phased constraints
- Other EPS Components
-  Thermal Control System
-  Data Management System.....

Requirements Flowdown

Increases energy content
requirement

Increases power (rate)
requirement

?

(S&=z> Ford Aerospace
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FREEDOM

Development of Technology Selection Criteria

Formulate Specific Goals, e.g.

"Identify the most cost-effective energy storage technology
capable of meeting the Space Station requirements projected

for theyear....

"Identify a methodology which will:
Provide objective assessments;
Maintain database for future assessments;

Identify Issues, e.g.

Constraining Characteristics/Life Cycle Costs of Current
Design

Requirements Evolution Definition
Adequacy of Technology Assessment

Obtaining Realistic Figures of Merit for Each Technology

Technical Performance

Technical Risks

Cost (N/R & R)

Life Cycle Cost

Technology Readiness/Timelines/Margins

Potential Impact on EPS Components
Potential Impact on Other Subsystems......

Transform Issues into Objectives

@ Ford Aerospace
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CANDIDATE

ADVANCED Ni-H2

Electrochemical Improvements

Larger Diameter IPV
Common Pressure Vessel
Bipolar

SODIUM SULFUR

LITHIUM SYSTEMS

Inorganic Cathodes
Organic/Polymer Cathodes

REGENERATIVE FUEL CELLS

Hydrogen/Oxygen
Low Temperature (80°C)
High Temperature (1000°C)
Hydrogen/Halogen

KINETIC ENERGY
Flywheel

Candidate Energy Storage Technologies

POTENTIAL TECHNICAL BENEFIT

Longer life, higher efficiency

~10% mass reduction @ 200Ah

~12% mass reduction @ 200Ah
~10% mass reduction; ~50% vol. reduction

Higher Efficiency
~60% mass and 35% vol.reduction:
reduced quantity

~50% mass & volume reduction
~50% mass & volume reduction

On-board oxygen & hydrogen inventory

~50% mass reduction
Higher Eff.; ~65% mass reduction
Higher Efficiency

Extended life

SUBSYSTEMS IMPACTED

Power Source, Thermal Control
Structures

Charge Mgmt; Thermal Control

Charge Mgmt; Thermal Control

Pwr Source, Chg Mgmt, TCS, Struc.

Pwr Source, Chg Mgmt, TCS, Struc.

Pwr Source, Chg Mgmt, TCS, Struc.

Pwr Source, Chg Mgmt, TCS, Struc.

PRINCIPAL COST CONSIDERATION

Replacement cycle

Possibility of reduced number of batteries

Reduced Complexity
Dev/Qual; TCS Interfaces

New Chg Mgmt, TCS; Dev/Qual
(Low cycle life; TCS)

New Chg Mgmt, TCS; Dev/Qual
(Low cycle life; TCS)

New Chg Mgmt, TCS; Dev/Qual
(Low cycle life; TCS; tanks)

Storage Mgmt; Dev/Qual
(Bearings; slow response time)

Ford Aerospace
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Miniaturized Cassegrainian
Solar Array Development

R. Patterson
M. Mills
January 16-19, 1990

Material for Oral Presentation at the NASA Sponsored EVTEK Workshop
Work Performed Under NASA MSFC Contract
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Miniature Cassegrainian Concentrator Concept

i
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® Required cell area reduced by 99%

® Permits cost-effective use of
high-efficiency solar cells

® Provides potential for significant reduction
in array cost and area

® Has low profile (13 mm) which
permits efficient stowage

Incident Light

194074-84

Primary

Reflector

GaAs
Solar Cell

Sécondary

Reflector
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;; at SAriate Folded Box Beam Deployment mpein
é i A of MCC Array Sub-Wing 7

Space
Station\\ _
Structure Deployed Sub-Wing

A — Partially Deployed
Sub-Wing
Stowed Sub-Wing —— Box Beam

‘G ~——— Mast
Stowed Sub-Wing —
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Performance Factor

Q") of “" VS
‘;n ar Am\x
Jar Arravs
olar Arravs

ofar ﬁ??é‘lgi 100-KW MCC Array System Analysis Summary

olar Arrays

e

SS of Worst-Case Errors
Range of
-+——— Nominal Operation —————s /—Predlcted Performance

1.0
[ ]
0.9 '
]
]
0.8 ¢
[ ]
o?llll i L]
0 1.0 2.0
Total Element Pointing Error (Degrees)
Point of Worst Case
/_ Distortion
BOL Power: 100 KW
98 FT ‘
Performance: 160 W/m?
28 Wkg

|" 38 FT "' Reference Point

Pointing Pointing
Error Error
Component | (Degrees)
Thermal
Distortion =02
Manufacturing* +0.8
Control .
Sensing +0.1
Dynamic**
Distortion +0.7
R TR
SuMm 18
RSS 1.1

*Worst-Case Sum

**Worst-Case Crew Motion

(Not Time Phased)
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Cell Development and
Lightweight Optics
Development Will
Enable Significant
System Performance

1993 Technology

® 240 W/m?
® 42 W/kg

1993 Technology

1989 Technology ® 240 W/m?2
® 160 W/m? ® 82 Wkg
® 28Wkg  |Lightweight

Optics 1991 Technology
® 160 W/m?

® 55 Wkg
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High Efficiency Low Cost GaAs/Ge Cell Technology

Frank Ho
Applied Solar Energy Corporation

Technology for Space Station Evolution Workshop
January 16-19, 1990
Dallas, Texas
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Ghin APPLIED SOLAR ENERGY CORPORATION

HIGH EFFICIENCY, LOW COST GaAs/Ge SOLAR CELLS

® Performance Comparison
- Beginning of Life
- End of Life

— Panel Level

@ Cost Comparison

— Solar Cell $/W

- Relative Area/W
® AF MANTECH Status

® Technology Trend
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ADVANTAGES OF Ge

® Ge stronger than GaAs, therefore suited to larger, thinner cells

® Ge wafer 40% cheaper than GaAs

® Higher mechanical yield

® Same high efficiency as GaAs (inactive junction) or potentially
higher efficiency (approaching cascade cell)
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APPLIED SOLAR ENERGY CORPORATION

COMPARISON OF TYPICAL PRODUCTION CELLS FOR SPACE APPLICATIONS

Thick- | BOL, AMO|BOL, AMO EOL, 1 MeV Electron
ness | EFF, 28° |EFF, 60°C EFF, 600 C, (%) AMO
Type Resistivity | (mils) (%) (%) 3x 1014 1x 1015
2 ohm-cm 8 13.4 11.47 9.5 8.37
BSR
Sili 10 ohm-cm
flicon BSR 8 12.5 10.82 9.4 8.38
(2 x 4cm) .
10 ohm-cm 8 * 14.8 12.81 9.5 8.20
BSE/R '
2.5 13.5 11.69 9.8 8.60
GaAs .001 ohm-cm| 3.5 - 18 16.85 14.83 12.8
(2 x4cm)| GaAs/Ge 12

* Space Station type solar cell, BOL EFF 14.2%
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APPLIED SOLAR ENERGY CORPORATION

PANEL LEVEL COMPARISONS

CELL |RADIATION*| EOL EOL
CELL TYPE | BOL EFF| THICKNESS| FACTOR | W/Kg W/m?2
% Mils
Rigid Standard Panel| GaAs/GaAs 18 12 .83 28 181
Rigid Light Panel GaAs/GaAs 18 8 83 g2 181
or GaAs/Ge
Rigid Light Panel GaAs/Ge 18 3 .83 118 181
Flex Array GaAs/Ge 19 3 .83 294 191
APSA Flex Array GaAs/Ge 19 3 -83 304 191
Rigid Light Panel | Si 14 3 -82 103 139
Flex Panel Si 14 8 .76 152 130
(Large Cells) .
APSA Flex Array Si 14 2.2 .82 346 139

* After 3 x 1014 1 MeV electrons/cm 2
No temperature corrections (all 28° C)
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‘ APPLIED SOLAR ENERGY CORPORATION

PRODUCTION HISTORY

1204 Silicon _GaAs
Capacity -
1007
/\/
s
30
30 —~~~ 25 n
g 5
E 20 - ‘bé,;“'
20 2
15 - ©
10 1 10+
0 1 1 1 1 i 0

I 1 | { ! 1

| ~
1984 1985 1986 1987 1988 1989 1984 1985 1986 1987 1988 1989
(Year) (Year)
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i
COMPARISON OF PERFORMANCE AND COST, SILICON vs GaAs CELLS
Relative Cost Operating T and Radiation
' (/ecm?2) 3x 10 14 { MeV Electron
Thick- Relative
Cell ness |Array Oper. Cell * Cost/W Relative
Types [(Size)|Type | eAs/E |Temp| Cell | Stack | Array **| (Cell Stack) | Area /W
Silicon
2 ohm-cm | 8 mil | Rigid |.68/.81| 60 1.0 1.0 0.98 1.0 1.0
BSR (2x4)
Silicon
Space Sta.| 8 mil |Flex [.65/.87| §4 | 1.75| 0.8 —-—- - ——
10 ohm-cm
BSF/R, WT|(8x8)
GaAs/Ge | 8 mil |Rigid |.87/.81| 80 10 2.7 1.42 1.40 0.51
(2x4)
GaAs/Ge 3.5 mil Rigid {.87/.81( 80 12 3.0 - 1.45 0.51
(2x4)

* Cell Stack: solar cell, cover, interconnect and substrate
** TRW'’s data
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AF MANTECH PROGRAM
HIGH EFFICIENCY, RUGGED GaAs/Ge CELLS

OBJECTIVES:

® Develop manufacturing technology for high effviciency (>18% AMO)
lightweight (<0.05 gm/cm?2 ), large area (>4 x4 cm2),
space qualified GaAs/Ge cells.

ACCOMPLISHMENTS

9¢1

@® Dpemonstrated MOCVD growth, cell thinning and processing capable
of meeting all goals above

® 4cmx 4cmcells, <4 mils thick exceeded 19% and 6 cm x 6 cm exceeded 17%

® Major space qualification tests completed

Demonstrating and testing welded or soldered panel technology on
lightweight substrates

® Developing high temperature contact system
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SOLAR CELL TECHNOLOGY TRENDS

] Development of large scale, reliable MOCVD reactors for growth of thin films

® Thin, rugged GaAs/Ge replaced GaAs/GaAs cells

@ High efficiency ( 7> 18%), thin GaAs/Ge cell will provide much
improved specific power performance

@ Manufacturing cost of GaAs/Ge cell will be further reduced as demand increases

L Tight process control, quality management and automation are needed
for advanced production cells

® Solar cells will continue to be “tailor-made® to meet various
environment and mission requirements

) BOL, 1 sun AMO, 28° C efficiency in early 1990’s
= Silicon 7>17%
—Single junction GaAs 7>20%
- Two junction cascade 17>24%

@ For significantly improved manufacturing technology, must have
sustained demand. For few large production runs, return on
‘investment not assured
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GROWING THE SPACE STATION'S
ELECTRICAL POWER PLANT

GALE R. SUNDBERG
NASA LEWIS RESEARCH CENTER
CLEVELAND, OHIO 44135

SUMMARY

For over a decade NASA LeRC has been defining, demonstrating and evaluating power
electronic components and multi-kilowatt, multiply redundant, electrical power systems as
part of our OAST charter. Whether we consider aircraft (commercial transport/military),
Space Station Freedom, Growth Station, launch vehicles, or the new Human Exploration
Initiative our conclusions remain the same: high frequency AC power distribution and control
is superior to all other approaches for achieving a FAST, SMART, SAFE, VERSATILE, and
GROWABLE electrical power system that will meet a wide range of mission options.

To meet the cost and operability goals of future aerospace missions that require significantly
higher electrical power and longer durations, we must learn to integrate multiple technologies
in ways that enhance overall system synergisms. This paper will challenge the way NASA is
doing business in space electric power and propose some approaches for evolvin? large space
vehicles and platforms in well constructed steps to provide safe, ground testable, growable,
smart systems that provide simple, replicative logic structures, which enable hardware and
software verification, validation and implementation.
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TRANSPORTATION COST

L0100 Y DIALCIORAIE

$1,000 B

$100 B -

$10B

$1B -

$100 M

$10 M -

POWER TECHNOLOGY DIVISION NNSAN l
Lewis Research Cenler

COST OF DELIVERING 100 kWe OF USABLE POWER

SOA PV/STORAGE

GEO MOON

ADVANCED SYSTEMS

MARS

$1M

1 M 1

1 10

T
100 1,000
DISTANCE FROM EARTH, 1000's n. m.

1
10,000

1
100,000
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AEROSPACE TECHNOLOGY DIRECTORATE Lewis Research Center

UTILITY POWER FOR THE SPACE FRONTIER

o SPACE INFRASTRUCTURE REQUIRES
COMMONALITY WITH DIVERSITY

o SPACE STATION IS FIRST STEP

e TECHNOLOGY NEEDED NOW TO
SET STANDARDS

iVl

| A] Y P SO W el

SBOTV

20 kHz RESONANT PMAD
e VERSATILE

e LIGHTER WEIGHT

e SUPERIOR CREW SAFETY
e MINIMAL EMI

e LOWER COST

' e GREATER RELIABILITY
SHUTTLE Il e HIGHER EFFICIENCY
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POWER TECHNOLOGY DIVISION NNSA

AUTONOMOUS POWER EXPERT(APEX) FOR SPACE STATION FREEDOM

ELECTRICAL POWER SYSTEM TESTBED APPLICATION

[ropuy

| e |

CIRCUIT

| Sl W) [ £t PO 3] [ ks By )

COMPONENT

GOAL:
DEVELOP REAL-TIME AXI SOFTWARE FOR
PMAD OPERATIONS & CONTROL

APPROACH:
* COOPERATIVE(OAST/0SS) PROGRAM

* INCREASINGLY SOPHISTICATED
KNOWLEDGE-BASED DESIGNS

* PROOF-OF-CONCEPT ON EPS TESTBEDS

SIGNIFICANCE:

* ENHANCED CREW EFFICIENCY THROUGH
FASTER POWER OPERATIONS DECISIONS

* IMPROVED ELECTRICAL ENERGY UTILIZATION
WITH OPTIMIZED LOAD POWER SCHEDULING

* INCREASED SAFETY PROVIDED BY RAPID
ELECTRICAL FAULT DIAGNOSIS/RECOVERY
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A"ID POWER TECHNOLOGY DIVISION

AEROSPACE TECHNOLOGY DIRECTORATE

NASA

Lewils Research Center

FUNDAMENTAL SYSTEM REQUIREMENTS

» MUST MEET MISSION REQUIREMENTS

- RATED POWER, GOOD AVAILABILITY

- ACCOMMODATE VARYING LOAD PROFILES
- USER FRIENDLY LOADS

- CAPABLE OF GROWTH

» MUST BE SAFE

- PROTECT WIRES AND EQUIPMENT
- ELIMINATE FIRE HAZARD
- CREW

- SYSTEM STABILITY - STEADY STATE AND TRANSIENT
- REDUNDANCY FOR LIFE CRITICAL LOADS

» ACCURATE REAL TIME STATUS

- LOAD MANAGEMENT
- DIAGNOSTIC AND CONTROL

+ DESIGN QUALIFIED ON GROUND, ASSEMBLED IN SPACE
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L\‘lj POWER TECHNOLOGY DIVISION NNSN
ROSPACE TECHNOLOGY DI

RECTORATE Lewis Resesich Cenler

LARGE SPACE POWER PLANTS MUST BE

FAST
SMART

SAFE
VERSATILE

GROWABLE
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L\‘lj POWER TECHNOLOGY DIVISION NNSAN

AEROSPACE TECHNOLOGY DIRECTORATE Lewis Resesrch Center

HISTORICALLY: POWER ELECTRONICS EVOLUTION

APPROACHING LIMITS OF

« POWER DENSITY

» WEIGHT

« THERMAL CAPACITY
 RELIABILITY

FURTHER GROWTH REQUIRES

* END-TO-END SYSTEM ENGINEERING CONCEPTS
» PARALLEL OPERATIONS

 FAULT TOLERANCE

« FAULT CONTAINMENT

* DISTRIBUTED SMART SYSTEM
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AEROSPACE TECHNOLOGY DIRECTORATE Lewls Research Cenler

KEY TO AUTONOMOUS, GROWABLE SYSTEMS

SIMPLE - SMART-REPLICATIVE LOGIC STRUCTURES

8VI

« INTELLIGENCE ON A CHIP - COMPONENT LEVEL : BITE

» DISTRIBUTED INTELLIGENCE IN SYSTEMS

. EACH NODE COMMUNICATES VIA COMMON WORK)

« EASY VERIFICATION, VALIDATION, STATUS, MAINTAINABILITY

. FOUNDATIONS FOR ORDERLY TRANSITION TO EXPERT SYSTEMS
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AEROSPACE TECHNOLOGY DIRECTORATE

Lewis Research Center

COMPARISON OF CONTROL APPROACHES

DISTRIBUTED
SMART - REPLICATIVE
LOGIC STRUCTURES

SAVINGS IN -
PEOPLE, TIME,
SW, V&V

N « TEST PIECES ON GROUND - ASSEMBLE IN SPACE

'\ﬁ » TRENDS, FAULT PREDICTION, AUTONOMY COORDINATED

CENTRAL
AUTOMATION

COMPLEX
SW, V&V
COSTLY
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L\'TJ POWER TECHNOLOGY DIVISION NNSAN

AEROSPACE TECHNOLOGY DIRECTORATE Lowis Resessch Center

RECOMMENDATIONS FOR SPACE STATION EVOLUTION

HIGH FREQUENCY AC :j GROWABLE PMAD SYSTEM

SMART COMPONENTS :} GROWABLE, AFFORDABLE SOFTWARE

DISTRIBUTED LOGIC ::j GROWABLE AUTONOMY/FAULT TOLERANCE
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FREEDOA

ADVANCED MODULAR POWER SUPPLIES

FOR
SPACE STATION FREEDOM

S. Krauthamer
M. D. Gangal
R. C. Detwiler

January 17, 1990
Dallas, Texas

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California
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INTRODUCTION

CONCEPT AND CHARACTERISTICS
USER POWER SUPPLY APPLICATIONS
BULK CONVERTER APPLICATION
RECOMMENDATIONS



411

THIS PAGE INTENTIONALLY BLANK



LT =\

SPACE STATION FREEDOM
CONFIGURATION

PREGEDING PAGE BLAN

—m-.ms

s
w.»\..ww.m;
VAR
-,

i
g \\S:\HW"\EI—N T
A

SR

N5

155

K NOT FILMED

/gy
A

A

W77

2

Va:
/

f

oy

POWER DISTRIBUTION REQUIRES

POWER SUPPLIES
(b) 28 BULK CONVERTERS

(a) APPROX. 2000 USER END
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SPACE STATION FREEDOM

ELECTRICAL POWER SYSTEM
TARGET APPLICATIONS

S o -

1)
: PRIMARY ,
A SECONDARY DISTRIBUTIO
POWER GENERATION AND STORAGE  +  DSTRIBUTION | N
] ) ¢ oo - - -~ 4
: ' ¥ POWER DISTRIBUTION
, » 1 ANDCONTROL
; 7777777 '
160 VDC , [ BUKK 1., , 120 VDC DISTRIBUTION BUS
ARRAYS 1 CONVERTERS }——— RBI RPC
| t obcyy 4, ’
W VAP IIIIIVa R, '
; . ' : RPC RPC RPC
SHUNT DISCHARGE | : \/ — RPC
REGULATORS | | CONTROLLERS | | . . : | | |

[ : ' ' ’ [ ] ,
1R Ry
‘ - v /x> @« > @ >
' 28 BULK - ' iR i G2

BATTERIES y P [ ’ = o X =z o XX = o
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MODULAR CONVERTER APPLICATIONS

SIMPLIFIED BLOCK DIAGRAM OF TYPICAL SPACE STATION FREEDOM POWER
DISTRIBUTION SYSTEM SHOWING POSSIBLE APPLICATIONS OF THE PROPOSED TECHNOLOGY
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WHY MODULARITY

¢ VHSIC, ADVANCED VLS| CHIPS DRIVING THE POWER SUPPLY FUNCTION
TO BECOME HIGHLY DISTRIBUTED

® POWER CABLING WITHIN THE RACKS LESS COMPLEX AND LOWER IN MASS

® LESS MASS AND LOSS ESPECIALLY FOR 5V DISTRIBUTION FOR ELECTRONIC
COMPONENTS

® MODULES CAN BE DESIGNED USING HIGH INTERNAL SWITCHING FREQUENCIES;
THE RESULT IS LOWER MASS AND VOLUME AND HIGHER RELIABILITY

¢ MODULAR DESIGN PROVIDES EFFICIENCY ADVANTAGES AT PARTIAL LOADS
¢ MODULARITY ALLOWS GRACEFUL DEGRADATION
© EXTRA REDUNDANCY CAN BE ADDED WITH SMALL INCREASE IN MASS

® MODULARITY WILL PERMIT STANDARDIZATION AND COMMONALITY;
DIVERSIFIED POWER SUPPLY EFFORTS WOULD BE TOO COSTLY
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OVERVIEW

e MODULARITY OPENS THE DOOR TO STANDARDIZATION OF POWER
SUPPLIES, COMMONALITY, AND SUBSTANTIAL COST SAVINGS

e THE DEVELOPMENT OF STANDARDIZED SPACE QUALIFIED POWER
SUPPLY BUILDING BLOCK MODULES CAN BENEFIT THE SPACE
STATION PROGRAM, FUTURE SPACECRAFT, AND THE NEW MOON
AND MARS INITIATIVES

e HYBRIDIZED, HIGH SWITCHING FREQUENCY MODULES CAN
IMPROVE EFFICIENCY, SAVE MASS, INCREASE RELIABILITY AND
REDUCE POWER SUPPLY COSTS SIGNIFICANTLY

e TWO SPECIFIC APPLICATIONS ARE DISCUSSED:

A) USER END DC/DC POWER SUPPLIES
B) BULK CONVERTERS
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TARGET APPLICATIONS

(DISCUSSION OF VIEWGRAPH 6)

Space Station Freedom cost models show that the life cycle cost of a kilowatt of power installed is on
the order of twenty million dollars. At mature operations, the station will use hundreds of power supplies
to feed house keeping and user loads. Proposed standard modular dc power supplies can provide

significant cost, mass, and efficiency savings for the program.

The development of a small number of standard space qualified power supplies with the Space Station as an
initial consumer may have a significant benefit to future spacecraft and the new Moon and Mars initiatives.

To the users of the Station, the new approach will permit the use of "distributed" power supply design with the
user able to specify just what is needed and use it only where needed. The cost of user power supplies
may be $70 to $80 million; R&D to reduce it may be worthwhile.

The modular design approach can also provide benefits to the bulk conversion application. The proposed design
incorporates multiple modular converters in the primary/secondary bus interface that can provide significant
cost, mass, efficiency, and reliability improvements for the program while meeting the design requirements.



POWER SUPPLIES FOR FREEDOM

® USER-END POWER SUPPLIES ON FREEDOM FOR HOUSEKEEPING
AND PAYLOADS

e APPROX. 2000 POWER SUPPLIES OF FLIGHT HARDWARE
e ESTIMATE MORE THAN 5000 UNITS OF NON-FLIGHT HARDWARE FOR
DEVELOPMENT WORK

® ESTIMATED COST IN EXCESS $80 MILLION FOR FLIGHT AND
DEVELOPMENT HARDWARE

§ FOCUS ON DC POWER SUPPLIES

e HALF OF ALL POWER SUPPLIES (APPROX. 1000) FEED DC LOADS
e 5, +15, 28 VOLTS ARE TYPICAL OUTPUT VOLTAGES

® BULK CONVERTER UNITS (DC TO DC CONVERTER UNIT, DDCU)

® 12.5 kW UNITS INTERFACE 160V POWER SUPPLY BUSES TO 120V
DISTRIBUTION BUSES

® 28 UNITS, 350 kW ONLINE CAPACITY AT ASSEMBLY COMPLETE
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MODULARITY CONCEPT

(DISCUSSION OF VIEWGRAPHS 7, 8, AND 9)

Manufacturers of power supplies for space applications have used modular designs before to minimize
the development costs of units of different size. Lbral, for. example, has built half, one, and two kilowatt
units using 250 W modules. The European and Japanese partners of Space Station Freedom have been
considering the use of two to four kW dc/dc converter modules to build larger converters interfacing the

station power distribution. These units are based upon discrete electrical components.

Recently, developments in hybridized power supplies using high switching frequencies in the 100 kHz to 10 MHz
range provide the basis for pushing this modular design approach much further with significant advantages.

Several 20 to 250 W dc/dc converters designs have been developed at MIT, CALTECH, VPI, AT&T and
other places and some are now available via their industrial partners. These designs are very compact
and have been hybridized. None are space qualified yet. If used as building blocks, they offer many
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