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Preface

At the request of the National Aeronautics and Space Administration

(NASA), the Aeronautics and Space Engineering Board (ASEB) undertook a
study of NASA's space station program in 1984. The results of this

study by the ASE3's ad hoc committee on Space Station Engineering and

Technology Development were published in February 1985. NASA found
the study useful and asked the ASEB to continue examination of the

evolving space station program through a series of specific studies on:

• maintainability

• research and technology in space
• solar thermodynamics research and technology
• program performance
• onboard command and control

• research and technology road maps

This report of proceedings documents the Lhird of this series of
studies--solar thermodynamics research and technology. The study
provides NASA with comments on current program activity and future
plans with regard to satisfying potential space station electric power
generation requirements.

The panel consisted of selected members of the committee with

spec'al knowledge and experience in the science, art, and engineering
pertinent to solar thermodynamics research and technology development.

The panel was briefed by experienced NASA and industry representatives.
Following panel discussion of the data, general observations were
developed.

These proceedings contain a brief synopsis of the presentations to
the panel, including panel comments, and a summary of the ,.eel's
observations for NASA's consideration. For completeness, selected

presentation material is appended.

The panel met at the NASA Lewis Research Center on July 31, 1985 to

review the status of the NASA solar thermodynamic electric power
generating technology developmen^ in support of the space station

vii



definition and preliminary design effort. The report of these
proceedings is attached.

The panel found that NASA has acted very responsibly on the findings

of the earlier committee review and commentary on NASA's electric power
generating program. The panel found the current program to be broad
enough and with sufficient depth to allow analyses and choices to be
made on a sound technology base. Program schedules are tight but

manageable. Zt was clear to the panel that the organization, plans,
and implementation are being pursued with a "can do" attitude, so that
there is high confidence that the appropriate work can be accomplished
and appropriate system choices made.

Joseph F. Shea
Chairman, Panel on Solar Thermodynamic

Research and Technology Development
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Introduction

BACKGROUND

In 1984 the ad hoc committee on Space Station Engineering and

Technology Development of the Aeronautics and Space Engineering Board
(ASEB) conducted a review of the National Aeronautics and Space
Administration's (NASA) space station_ program planning. The review
addressed the initial operating configuration (IOC) of the station.
The committee's study was released in Fehruary 1985. NASA factored
the results of the study into its Phase B (concept and preliminary

design) request for proposals issued to industry in September 1984 and
awarded in April 1985.

As a result of this work, NASA asked the ASEB to reconstitute the
ad hoc committee to address:

• onboard maintainability and repair

• in-space research and technology program and facility plans
• solar thermodynamic research and technology development program

planning
• program performance (cost estimating, management, and containment)
• onboard versus ground-based mission control

• technology development road maps from IOC to the growth station

The objective of these new assignments is to provide NASA with advice

on ways and means for improving the content, performance, and/or

effectiveness of these elements of the space station program.

In response, the ASEB reconstituted the ad hoc committee, which

established panels to address each subject. The panel pa-ticipants,
from the committee, industry, and uriversities, bring to each panel

experience in the area of special interest.

In view of NASA's interest in program definition and development,

the decision was made to address the subjects of maintainability,
program performance, and onboard mission control in roundtable forums
focusing on concepts, system design, and organization. The subjects

1
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of research and technology in space, solar thermodynamic research and

technology development, and technology development road maps were to

be addressed in warkshops focused on NASA program activity and plans.

To expedite the documentation and dissemination of the information,

the deliberations of the panels are being reported as proceedings.
The proceedings of the Panel on Maintainability were published in May
1585; the proceedings of the Panel on In-Space Engineering Research

and Technology Development, in August 1985. The proceedings of the
Panel on Solar Thermodynamics Research and Technology Development
(R&T) are presented in this report.

TASK OF THE PANEL ON SOLAR THERMODYNAMICS

RESEARCH AND TECHNOLOGY DEVELOPMENT

The reasons for the interest in solar thermodynamic electric power

generating systems compared with solar photovoltaic systems for elec-
tric power generation lie in the number of potential 'benefits of the
former systems. These benefits, noted here, outweigh assessed
disadvantages:

• Improved system efficiency (some 20-25 percent versus 10 percent)

• Reduced frontal area (about one-third) and weight (about one-half)
• Lower drag, altitude of operation for the station, and simpler

logistics

• Passive energy storage (no batteries) and direct AC power generation
• More growth potential

The task statement for the Panel on Solar Thermodynamics Research
and Technology Development notes:

One of the most challenging elements of the space station

program is the selection of the power generation system. Present
requirements, based on projected levels of utilization, indicate
the need for 75 kW for IOC and growth to 300 kW before the end of
the century. The largest photovoltaic power system utilized in
space to this date has been on Skylab (25 kW design, 10 kW actual).

The photovoltaic technology, however, is inapprupriate, especially
for the large levels of power associated with space station growth
and maintainability requirements associated with long life.

The growth of the photovoltaic arrays is limited by size and
related drag. Therefore, it was decided to pursue the development

of a solar thermodynamic power system to satisfy the larger power
needs. This technology offers the potential for a three to four
fo'd reduction in collector area due to higher system efficiency

and allows easier accommodation of the large power requirement.
For these reasons, NASA has initiated a technology development
program concentrating on selected critical solar thermodynamic
technologies.
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In an earlier meeting, the ASEB Committee on Space Station

Engineering and Technology Development reviewed the state of the
technology related to solar thermodynamics systems and recommended
acceleration of the technology development program. At this
meeting, a status report on program progress and plans will be
presented and the panel will have an opportunity to dialogue with
NASA program managers on the future direction of this work.

NASA will present its advanced development program in solar

thermodynamics: its goals, objectives, and milestones related to
the space station definition and development activity, its
engineering master schedule.

The Phase B contractors for the space station power system
(Work Package 4) will present their rela yed current and planned

activity.

The panel's comments and opinions on the following are desired:

•	 Are all critical technologies covered adequately in the present

program?
•	 Are the milestones realistic and achievable in view of the

overall space station program milestones?

•	 Are the technical approaches and planned analyses likely to
lead to clear-cut decisions within the time constraints?

• Are adequate preparations being made to accommodate a solar
thermodynamic system should such a decision be made?

The proceedings record the panel's meeting held at the NASA Lewis

Research Center on July 31, 1985. The list of panel members and
participants is presented on pages iii-iv. After the panel was briefed
by NASA and industry representatives, it held a general discussion and

developed its findings. These activities and panel comments are
reported here without attributior_.



a
Briefings

Tre briefing material is contained in Appendix B with the exception
of the material used by the space station Phase B contractors, Rocket-
dyne and TRW. The contractor presentations are considered proprietary

and privileged and, when presented, representatives of the other
contractor were not present.

The following paragraphs summarize the briefings and include panel
comments. The contractor briefings are described only in outline form.

Welcome--John Klineberg, NASA Lewis Research Center The space statioc,
electric power gene-ation responsibility is taken very seriously by the
Center, and the technology development program has the full support of
Center. management. This fact should become evident from the briefings
to be presented to the panel. Current budget constraints will have an

impact on the space station program. Its funding i£ being reduced by
some $3U million, leaving about $200 million in the program for next
fiscal year. It is planned to hold the electric power program funding
at the proposed level because of the importance of this work.

Overview of NASA-Lewis Research Center Solar Dynamics Program--Ronald

Thomas, NASA LeRC The LeRC Space Station Systems Directorate has a
staff of 135. There is a plan to increase the staff to 185 next year

in response to program growth. The major program thrust is in support
of the initial operating configuration (IOC) of the space station.
Other groups at LeRC support the longer term research and advanced

technology space power generation and control activity.

Four offices make up the Space Station System Directorate: Power

Systems Contracts, Power Systems Engineering, Advanced Programs and
Planning, and Power Systems Integration. The Contracts Office manages
the two Phase B (concept/preliminary design) Work Package 4, Power

System, contracts. The contractors are Federal Systems of TRW Space
and Technology Group and Rocketdyne of Rockwell International. ?n
addition to the Phase B contracts, LeRC has some 20 additional tech-

5
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Most of the contracts have been awarded; those that have not should be
awarded by late summer 1985.

The Engineering Office, with some 80 people assigned, is responsible
for subsystem technical activity including trade analyses and hardware

and software testing and validation. The staff interfaces with the
program Level B systems engineering and integration office at the NASA
Johnson Space Center (JSC) and the Level C offices at the other NASA

centers.* The Programs and Planning Office is responsible for advanced
technology development related to evolutionary systems (beyond IOC).

This work includes evolutionary analyses, commercialization, project
support, and costing. The Integration Office has primary
responsibility for system interface and requirement definition
activity.

The Directorate is very sensitive to the need for high confidence

in the technology and the associated costs for system development and
for operations. Costs will be an important aspect of the trades

analyses that will be made between solar photovoltaic and solar thermo-
dynamic electric power generating systems for the space station.

A solar photovoltaic electric power generation system is being used
as the reference system for design and analysis. Only limited techno-
logy development work is directed at this system because the technology
is reasonably well in hand. Particular attention is being given to

energy storage cells and photovoltaics for the space station's unmanned
platforms.

The approved program option is solar thermodynamics because of the

potential advantages of such systems (increased power with reduced

area) over photovoltaic systems. The contractors and the Center are
giving these systems (Rankine and Brayton) most of their attention.
The Stirling system is under active study, but is considered more

appropriate for the growth station due to the state of technology
development. Nuclear power is being examined as a longer term option.

At this time, the goal is to design the space station so that it can
accept either photovoltaic or thermodynamic systems. The ability to
accommodate either option means that the electric power distribution
and control system must be appropriately designed. This is being done.
There is a possibility that IOC will use a hybrid electric power
generating system.

Extensive trade studies are both under way and planned. Both

Phase E contractor and in-house activity are involved. Such matters
as performance and costs for initial systems, transport and assembly,

* The Level A office is the overall space station program management

office at NASA Headquarters. The Level B office is the space station
program technical management office at NASA JSC. Level C offices are
space station offices ac various NASA centers responsible for major

engineering contract activity as assigned. Level C reports to Level B
and Level B to Level A.

W$
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and operations and maintenance will be examined. Questions of high
voltage and direct current versus alternating current will be
considered.

Present thinking is that the IOC may go to 100 kW. The original
target for IOC was 75 kW. Much of the demand for electric power is
associated with the use of electricity to generate heat for melting
material. In this regard, some thought has been given to use of
direct solar heating devices (solar energy concentrators). Matters
such as hot fluid transfer, convenience, and control tend to lead to
the use of electricity for this kind of activity. However, the idea

deserves continued examination, particularly for self-contained
experiments.

Particular attention is to be given to growth paths for selected

power generating systems to minimize the time, trouble, and costs
associated with system change. The studies will identify advanced

technology and technology development requirements and provide the
basis for advanced program planning and fundiig.

The present technology program is dedicated to developing the tech-
nology to a point of maturity that permits reasonable quantification
of performance and costs associated with system development and
operation. All appropriate components will bE: built and tested to

validate performance and operations. This a c tion is directed at

reducing design and development risks. On g such effort involves what
is termed the alpha joint (the ring for electric power transfer) that
allows the 360 0 rotation required per orbit between the space
station structure and the power generation system structure.

The development effort can be expected to be costly. All contrac-

tors are directed to pursue their work with the objective of reducing
and holding down design, development, test, and engineering costs.
The Directorate will use performance and costs as two important

factors in the process of final contractor selection.

System development will include testing of solar concentrators,
receivers, and power generators. To the degree possible, this testing
will rake place on the ground. When absolutely necessary, for key
components, Shuttle flight experiments will be conducted to validate
design. There does not appear to be a need for all-up-system ground
or flight tests, at this time.

Because the Shuttle can be expected to have manifest-load problems,
early identification of in-space test needs is dictated.

Although compatible with the space station development schedule,

the electric power generation technology development program will

require careful attention to meet this schedule, and management will
be required to handle the program expeditiously.

Funding for program support is considered marginal but adequate by

the Directorate. NASA's total budget for space station electric power
systems ($11 million in FY 1985 and $15 million in FY 1986) may be
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reduced some 10 percent in FY 1986. The LeRC Space Station Directorate

share ($7.4 million in FY 1985 and $9.8 million in FY 1986) is not ex-
pected to be affected. The major part of the budget at LeRC is devoted

to solar thermodynamics work--53 percent for FY 1986. The next largest
cost item is power management and distribution--39 percent. The
smallest part of the program, related to photovoltaic technology
development, is devoted primarily to regenerative fuel cell.

The Directorate believes that: LeRC is organized and aggressively
pursuing the solar thermodynamic electric power generatio.t option; the
work is in place and will result in a sound technology data base for

selection of the space station electric power generation system; the
necessary data will be available in time to address key issues and

select the option for preliminary design; and design of the space
station itself is being pursued in a manner to allow use of the khoto-
voltaic and/or thermodynamic option. Although the budget is lean, it

is considered sufficient to allow appropriate data development for
in-depth examination of the solar thermodynamic option.

The interim requirements review (IRR) is scheduled for January 1986.
The Directorate has not identified the selection criteria for an

electric power generating system decision. The technology and tradQs
analyses are to be used to identify what are termed "show stoppers,"
risks, and benefits. There is no intention to carry more than one

system option too ,ong. However, since photovoltaics is considered
on-the-shelf technology and does not need a large infusion of

technology, it may be possible to defer a selection decision until the
initiation of Phase C/D (final design/development).

As noted, a photovoltaic system may be the choice for platforms.

Therefore, appropriate photovoltaic effort will be supported. The

option will be maintained also for the space station. It is apparent
that if the advantages of thermodynamics are great enough, some added
risk associated with the application of this system may be worth
accepting.

Status of Program--David Namkoong, NASA LeRC The two solar thermo-
dynamics systems receiving detailed attention, Rankine and Brayton,
have the -,ominal characteristics noted in Table 1. These systems

TABLE 1 Comparison of Rankine and Brayton Systems

Efficiency Working Temperature
System (percent) fluid (max.,	 OF)

Rankine 17-21 Toluene 750
Brayton 22-28 HeXe 1500
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require solar energy concentrators, heat :eceivers and storage

F	 systems, heat engines driving alternators to generate electric power,

and space radiators to reject waste heat.

Concentrator technology, based on ground systems, is reasonably well

known and understood. The application of this technology to zero
gravity and the environments of space are the issue. Few concentrators

have been built for space applications and none have flown. For the
space station, size (in the range of 40 to 45 feet in diameter per
unit) is another issue that must be addressed. At this time, the

technical issues relate to: the accuracy to which the surface can be
made (focus is important to concentrator performance), reflective
coating durability (affects concentrator performance and maintenance

requirements), and system design (for transport, assembly, and
maintainability). Contracts for detailed work in these areas are in

process. The effort is to be directed at analytical and experimental

work as well as trade-off analyses.

Concentrators are to be built and delivered to NASA Le RC for
testing. (This is part of the process of keeping the NASA team

technically strong and actively contributing to the space sta`iun
program.) The collector design is targeted to provide energy for

continuous operation of a 20- to 25 kW e-engine in low-earth orbit.

The Department of Defense (DOD) has had experience with this type of
device. It would be worthwhile to contact DOD and their contractor(s)
to benefit from their experience. (Dr. M. Steinberg of Lockheed is
one contact.)

There is a fair amount of experience and data on receiver design

and operation from ground-based systems, but there is relatively
little experience with thermal energy storage. A valuable feature of
the solar thezmodynamic system is that it allowa elimination of the
electric storage cells required by photovoltaic oystems for dark-side
orbital operations.

The solar energy receiver and thermal storage systems are critical

technology development items. The latter is especially critical and
will be given most of the attention. The more difficult technical
issues for receivers and storage units relate to such matters as

fabrication, thermal cycling and related fatigue, corrosion, and heat
flux matching.

Most of the technology development contracts are in place and a few

remain to be picessed. The plan is to have the contractor(s) provide
hardware compatible with the model solar energy collector for testing
at LeRC.

There is significant ground experience with heat engines that is

transferable to spaceborne systems. Organic Rankine systems have

collectively accumulated some 10 8 hours of terrestrial operations.

A Brayton system, designed for space operations, has been run in

ground tests for some 38,000 hours. This work provides a sound
technology base for space station application of such heat engines. t
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Control of two-phase fluid for Organic Rankine systems (e.g.,
condensing and pumping of toluene) is an issue. Such phenomena need
to be examined in zero gravity. It is possible that high pressure

operation could ease the two-phase problem through elimination of the

phase shift. Plans include the development and testing of a thermal
management device and of a working fluid dynamics stability rig (for
on- and off-design conditions) over long periods of time. This work

should result in useful data for design of controls, operational

procedures and codes, and the definition of performance and power
relationships.

The choice of Rankine or Brayton will come out of trade-off

analyses. At this point, the data base is not adequate to predict
which system is best.

Radiator technology is lacking, although some terrestrial data

exist on a pumped-loop radiator for a Brayton system. Such a system

was tested for some 2,500 hours in simulated low-earth orbit

conditions. However, no moderate temperature (heat rejection
temperatures of 250 OF to 3000F) radiators have been operated in
space. Heat pipes are of interest and have advantages in both
reliability and weight. Heat pipe design issues include adapting heat
pipes to solar thermodynamic systems and construction for space
deployment or erection.

The program plan includes technology development work and analyses
of heat pipe radiator application to solar thermodynamic electric
power generating systems. Also included are design, fabrication, and
test of a full-scale radiator segment.

Because of how these activities are scheduled, the data will be

developed later than desired. However, there is reasonable confidence
that the data for Phase C/D decision making will be timely enough.

The program managers do not believe that additional funding could be
applied effectively to accelerate the program.

The Office of Aeronautics and Space Technology (OAST) is supporting

longer term solar thermodynamic research and advanced technology (some

$3.5 million in FY 1985). Much of this work is directed at the Stir-
ling system. The Stirling work at LeRC is part of the SP-100 space
power unit program, supported jointly by DOD, the Department of Energy,
and NASA. LeRC, which has the major NASA share of this activity, is
keeping the work for the space station closely coupled with that for
the SP-100 program. The OASf program also supports work on advanced

photovoltaic systems that include higher temperature solar energy
conversion systems and associated electric storage cells.

The program philosophy is to use proven technology, but to use
advanced technology where there is high confidence that it can be made
to work on the planned schedule with acceptable cost. The division of
effort for the solar thermodynamic system program for the period of
FY 1985 through 1987 (total funding, $14.1 million) is: concentrator,

36 percent; receiver, 45 percent; radiator, 12 percent; and two-phase
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fluid management, 7 percent. Concentrators and receivers are to get
81 percent of the funding. It was noted that DOD is active in these

► areas and that NASA, if it hasn't, should review this activity, its

technical status, and applicability.

In-house Testing--Richard Puthoff, NASA LeRC In-house activity is

part of the plan to build and maintain a strong interactive technical
program role at LeRC with the contractors, Level B, and the other
Level C space station program offices. The role entails, among other
things, design and analyses, program management of the Phase B

contracts (work package 4), management of advanced (technology)
development contracts (the $14.1 million program), definition and
synthesis of the reference solar thermodynamic electric power

generating system, and conduct of the in-house test program. Included
is maintenance of a reference data book system and its update.

The in-house program will include testing of available system

components as well as advanced system components and will end with

tests of concentrator-receiver assemblies, as was noted. Required
in-space tests are also included. Existing system hardware comes from
1960-1970 programs. The hardware is being brought out of storage and

refurbished. The test program will cover, among other things, alter-

nator, power management and distribution system (PMAD) interactions,
single and double unit operation, AC/DC resonant converters, and
system intergration for photovoltaic and thermodynamic power sources.

The program will also include testing to establish design requirements
for alternator voltage and speed control for a high-frequency (20 kHz)
PMAD system.

A 20-foot diameter concentrator will be used to develop optical

test and evaluation techniques. Surface characteristics, as has been
noted, are important especially for high temperature systems because
efficiency is a function of the trueness and reflectivity of the
surface.

Ground testing of solar energy concentrators will not resolve all

in-space design and performance issues, but will y ield some assessment
of system sensitivity to design and ope;7ating environments. Attention
will have to be given to the issue of in-space testing of the selected
system(s).

The concentrator test program will include examination of the
effects of atomic oxygen on reflectors as well as the compatibility of
receiver materials with the salts used for energy storage.

This work is to be essentially complete by early 1987, prior to

Phase C/D authority to proceed (ATP), with the exception of some

receiver materials' compatibility testing and follow-on generator/PMAD
tests.

Tie hardware for the advanced technology development component

tests will not be available until 1987. This part of the program is to



12

include: radiator (heat pipe) thermal vacuum performance and opera-
tional tests; concentrator segment optics to obtain data on surface

errors and optical properties of a full-size concentrator segment (the
segment design and tests will account for in-space characteristics and
behavior to the degree possible); receiver thermal/vacuum tests to
obtain verification data on the selected receiver/thermal energy
storage system; and concentrator/receiver test for solar heat flux

profile examination. The latter work will Include separate as well as
integrated tests.

Some of the testing will involve simulation of the operating

environments of space, which raises a question about the characteris-

tics of this environment. Though not a serious iosue at this time,
the matter will continue to be examined to help define the test

protocol. For example, there will be a need to know the vibration

levels (g's) of the station, not only for electric power system design
and the effects of power generation system operation on the station,
but also for operational use of the station by commercial, technical,
and scientific clients.

Present planning calls for this work to be completed by mid-1988
with the exception of projected concentrator/receiver tests.

LeRC will be prepared to support Phase C D testing, including
full-size tests of the receiver/engine and f the concentrator if
required. It is anticipated that this testing (design and off-design)
will involve prototype hardware. The test facil4_ty would be a vacuum
chamber capable of simulating the thermal environment, and the system
would operate with the PMAD system. It can be expected that part of
the Phase C/D tests would be directed at evaluating the optical
characteristics of a full-scale, fully deployed concentrator.

Contractor Phase B Activity--Jerry Friefeld, Rocketdyne and James
Hieatt, TRW The contractor briefings included proprietary data and

are considered privileged by the LeRC program managers. Therefore,

these presentations are not included in this report, and the following
summaries are general. Representatives of one contractor left the

meeting when the other contractor's presentation was made.

The Rocketdyne team includes Garrett, Sundstrand, Harris, Ford Aero-

space, Ling Tempco Voight, Life Systems Tnc., and United Technologies.
The TRW team includes General Electric, Grumman Aerospace Corporation,
Life Systems Inc., United Technologies, General Dynamics Corporation,
Mechanical Technolopi_es Inc., and Perkin-Elmer.

During the Rocketdyne presentation, the solar power cycle and

representative integrated power generating systems for the space
station were discussed. The technology issues and their criticality

were reviewed. Some of the specific technology development tasks being
undertaken by the Rocketdyne team and details of design approaches
were also reviewed. Planned subscale tests of integrated systems were

described. NASA contracted and company-funded independent research
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and development activities are being integrated to form an advanced
technology development effort.

The TRW study includes some 20 point-designs of electric power
generating systems (photovoltaic, Rankine, Brayton, Stirling, and

nuclear) for the space station (IOC and growth) and platforms.
Included are hybrids of the power generating systems. The study has
progressed enough to allow comparisons of the point designs and pre-
liminary recommendations and conclusions. A plan being developed for
advanced technology development work encompasses the major subsystems:
collectors, receiver storage, heat engine, and alternator and thermal
control. The key issues and actions to be addressed have been
identified.

Dynamic disturbance r,_-- ce space station due to the rotating power
generating unit was a poi,.t of interest to the panel. It was noted

that the dynamic response question has been examined and is assessed

to be of little significance, but will receive additional attention.
Another point of interest was whether the space station radiators could
be used for electric power system heat rejection. This approach to
thermal control was considered but not pursued due to the problem of
"long-distance" fluid handling and fluid transfer across moving joints.

Representative power modules, system growth paths, and scarfing for

IOC were described. Also described were advanced technology develop-
ment projects that TRW and its subcontractors are pursuing with their

independent research and development funds. The results of this work
will be incorporated in their Phase B effort.

Level B Perspective--Dwayne Wearv, NASA Johnson Space Center Program

Level B management is fully committed to a comprehensive, timely
evaluation of solar thermodynamic electric power generating options
for 10C and the growth station. Power generation, a key issue, has a

designated manager and is integrated into the engineering master
schedule (EMS) for the space station.

The funding for the advanced development program is firm and is

being focused on collectors, receivErs, and thermal storage. The
Level B office is very pleased with the LeRC effort.

At Level B, systems engineering and integration tasks are being
pursued to provide an independent look at electric power generation.
This work, taking place at the Langley Research Center and Johnson
Space Center, addr=saes comparisons of photovoltaic and thermodynamic
systems, change over and scarring, cost effectiven — , and systems
integration with the space station.

The Level B office, itself, has a series of studies under way
addressing near- and long-term benefits, power requirement growth,
quantification of schedule and cost risk, and technology development
requ.rements. In the Frocess, the office is focusing on developing

representative implementation plans covering: thermodynamics for IOC,
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photov '`aic to thermodynamic changeover for growth, and a long-range
growth plan including a nuclear power option. The intent of this

effort is to narrow the electric power options as quickly a3 possible.
The power system decision has significant impa t on other design
features of the station and is important from c)st- and risk-reduction
considerations.

The power choice implications are also being examined in terms of

actions required for each Phase B contractor work package. Activity

to involve the international partners in the space station electric

power generation program has started.

Hardware Examination The panel made a brief laboratory facilities

visit to see and diacusa work on an electric power transfer ring

(3600 of rotation); a model of v reflector to be used for development
of optical measurement techniques, a irayton power generator test

set-up; and a control system simulator for power management.
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Summary Comments

The panel is very pleased with the progress made this past year in
,anizing and initiating work on the electrit- power generating system

'ions for the space station. The attitude and action at LeRC and
ithi.n the Space Station Office, Level B, is appropriate and

commendable. Earlier panel commentary on program issues appears to
have been fully taken into consideration.

There was some concern that the Stirling system was not receiving
adequate technology development attention, in light of its potential

for application in the longer term. At present, this is not a concern
because work is under way (NASA, DOD, DOE) in connection with the
SP-100 system and is proceeding well. The target power level for the
SP-100 Stirling system is 25 W. A test article	 been operated at

3kW and will soon be tested at higher powers.

Discussion of the basis for making the electric power generating

system decision raised a question as to whether selection criteria had
been developed. One view was that it was not too early to begin to
identify these criteria. A corollary gveEtion was the degree of
specificity. The general position taken by the panel was that the

matter needs attention, but that tre criteria should not be overly
specific. Too much specificity could result in overly conservative

decisions.

The feeling was that the Stirling system should be seriously

considered for future growth and that OAST's and related programs
should be examined in some depth in the future.

An additional point of potential concern is the availability ^f the

Shuttle for critical component technology development. The Shuttle

manifest is projected to be full in the period of space sta*_ioti
subsystem development, and early planning for th- • ;se of the Shuttle

for system development tests is mandatory.

15
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The following responses to the questions in the panel's task

statement are based on the panel's discussion:

• Coverage of critical technology?? The program plans identify and
address the major issues and technology development needs

adequately.

• Are the milestones realistic and compatible with those of the space
station? Yes. However, the schedules generally have little slack,

and the work will require careful planning. The program managers
recognize this fact.

• Are the technical approaches and analyses planned likely to lead to
clear decisions in time? This goal is believed to be achievable.

But, it appears desirable 'o begin to address the matter of
selection criteria, which should not be too limiting and result,

therefore, in an overly- conservative choice.

• Are preparations adequate for accommodating a solar thermodynamic
electric power generation system should such a system be selected?

Yes. The program plan is believed to cover this well.

In summary, the panel believes that a sensible program has been
defined; that the program structure is sound; that good progress has
been made; and that there is a good "can do" attitude.
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APPENDIX A

Meeting Agenda

SPACE STATION ENGINEERING AND TECHNOLOGY DEVELOPMENT
Panel on Solar Thermodynamics RAT Meeting

AGENDA

July 31, 1985
NASA Lewis Research Center

Cleveland, Ohio

Welcome

Overview of NASA-Lewis

Solar Dynamic Program

Status of Program

NASA Lewis In-house Testing

Rocketdyne

TRW

Level B Perspective

Solar Dynamic Exhibit

Discussion and Action

J. Klireberg, Deputy
Director, LeRC

R. Thomas, Director

Space Station Systems

D. Namkoong, Technical
Manager, Solar Dynamics

R. Puthoff, Power System

Engineering Division

J. Friefeld, Associate

Program Director of
AdvanCLd Development

J. Hieatt, Deputy Project
Manager

D. Weary, Manager
Energy Systems Office, JSC
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M Z (Ŝ  S Z
f^ 2
11	 S

uj

aa ^ U
UO J^F-

• o • • •



27

c^̂
LA-

<

tL m
N CO

LAJ CO

W

ci

0'
dcz z

dft H co
N H

cc J J

:

>- F—
N W

W

co`
I.-- J

p	
~`

co
Lhi PLI

<
H H

N
 u H

S Nice- W

Q N V LL" W Cn

LL. < T H

O F— W W

N

co

w ON W N Q

CD Yt7 

_

W
:lb

S
w U

im w
U U H	 t^ l W J
W Sn J U Q

rppl, F— W AICZ: HOF-
_J U W >- 4

ON U pNmp WGWL'

i D y d
• ^1
v
t ® • • • • • •i
i LO

i•J



28

Set w

z
N

M y	 hw- M

yJ,^ Ccc
LLJw ^

	 Z J coF-
N	 M

2C LAJ

C,* H

	
t ^ 0 F-y	 W	
d>- J W

Q D w^v
CO col

vs	 FW,. N W J w
1...	 = XJ

	

	
L" W

M ~

` N W M-	 W

m U W r^1	 2
M U ^ 1--!

Y J	 H

V
A
Y

• I 1lt
i



29

W	 ^	 _
..1

W	 O
uj

 `Ò
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APPENDIX C

Electric Power Generation. Technology Development Studies
Procurement .Status as of July 31, 1985

Contract

Title and Contractor Award Date

Solar Dynamic Power System Engineering Analysis

and Design Study--Cleveland State University 05-07-85
Study of a Solar Dynamic Induction Generator--

University of Wisconsin 04-01-85
Two Phase Fluid Management and Fluid Stability
Techniques --

Solar Dynamic Concentrator Technology --
Electric, Operating, and Mechanical Properties of
Composite Materials--Cleveland StatE University 04-02-85

Solar Dynamic Heat Receiver Technology --

High Frequency AC System--General Dynamics 03-21-85

High Power Factor Transformer Technology--
California Institute of Technology 02-19-85

high Frequency AC System--GD/C Inc. 01-04-85

Advanced Topology High Power Converter--TRW 03-29-85
Semiconauctor Packaging --

H:gh Frequ ency Transmission Line -Induction

:general Corporation 11-26-84
AC RPC --
VOLT Solar Cell Modules --
NASCAP LEO Development--S Cubed Corporation 10-31-84

Array Parameter Evaluation --

Array Resp•)nse	 to Arcs--Colby College 11-09-84

Improved	 Silicon Cell	 'Technology --

Regenerative 'rjel Cell 	 Component Technology--

United	 iechnologies Corporation/International

Fuel	 Cells 11-09-84

Electrolysis	 Unit Endurance Test--

Life	 Systems	 Inc. 12-13-84

h
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