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Foreword

The attached material represents the working papers from the
OAST Space Theme Workshop held at the Langley Research Center,
April 26-30, 1976, and contains a quick-look analysis of the
proceedings. The material is unedited and intended for further

use by the participants of the workshop and the planning elements of
NASA concerned with space mission research and technology. It
should be understood that the data do not represent official plans
or positions but are part of the process of evolving such plans and
positions.

Nearly 100 of the Agency's top technologists and scientists joined
with another 35 theme specialists to produce this working document -
a document that provides a technical foundation, including research
and technology base candidates, for each of the six space themes.

The material in this report is considered essential to the development
of Center initiatives in support of these themes. Copies of the report
will be made available to the Center Management Board and the
individuals at the Centers responsible for the FY'78 program planning
cycle. The timing of this planning activity has caused us to distribute
this document in this unedited form. Thus, it possibly contains errors,
hopefully, more of a typographical rather than a technological nature.
Nonetheless, the information contained is of a high professional level,
reflecting the efforts of the workshop participants and will be invaluable
to the planning and successful execution of the Agency's near- and far-
term advanced technology program.

Stanley R. Sadin
OAST Space Theme Workshop
Chairman
NASA Headquarters
Study, Analysis, & Planning Office
Office of Aeronautics and
Space Technology



VOLUME III VI A STATEMENT
MULTIPURPOSE SPACE POWER PLATFORM 7

INDUSTRIALIZATION OF SPACE #8

The requirements identified for Theme 7 (MPPS) & 8 were divided into three
time frames in order to identify and assign priorities to technclogy items.
The first flight time of 1983 dictated that technology be presently in hand
or a low risk development. However, three new initiatives were identified
including an accelerated flight of Sphinx B/C. Flight time of 1988 with its
higher power levels required higher voltage and power components with longer
life and lighter weight. This required four new initiatives to meet the
requirements. The 2000 launch with its multi-megawatt requirements requires
several new initiatives including new concepts in power transmission and
distribution. The use of themes and discussions with the team was helpful
in focusing the future power requirements os that the technology could be
more easily identified.

[T1-VI-A-1



POWER REQUIRE MENTS - MSPP(#7)

i

ot | s | 1988 g
o ORBIT LOCATION | LEQ B, ) s
o POKER - KW 100(P) | 1,000 10,000
; 200(S)
o VOLTS - DC | 120 .1 440
o L0ADS ! OFF-THE-SHELF ' 20 kv LASER " LASER PROP;
| HARDHARE " PROPULSION; " HABITAT,
| ' INDUSTRIAL M'F’6
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o PROPULSION STATION KEEPING SAME o SANE
o POSSIBLE
ORBIT
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POWER REQUIREMENTS - INDUSTRIALIZATION OF SPACE (#8)

[

LAUNCH DATE 1983 1988 2000
POWER - KW 10s 103 10 105
VoLTs - bc 120 120 100
LoADs - - 1000 ouTLETS
ORBIT Leo Leo, GSO Leo, GSO,

UNAR BASE
0 MEN)
LIFE-YRS 5-10 10-15 25-30
AuTonoMOUuS YeS YES YES
MAINTENANCE Yes YES Yes
ProPuLSION STATIONKEEPING SAME SAME
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POWER NEEDS FOR SETI #9

The SETI theme proposes three space-antenna systems with diameters
of 30 meters for 1984, 300 for 1990, and 3000 for 2000. The firsi version
will orbit geosynchronously; the others, at lunar distances in half-time
shadow with a 29.3-day Sycle. The latter two systems will requive once-a-
year reorientation at 17 per day: 29 for the 300-meter antenna and 7° for
the 3000-meter one. Each dish has an RFI shield twice its diameter on its
earth-facing side and antenna feed on its deep-space-facing side. Both the
shield and antenna feed are located half dish radii from the dish surface
on the system axis. Fully supported shield and dish surfaces might have
thicknesses of the order of a milimeter. So these will be very large, very
fragile, very deformable systems that will utilize periodic low-acceleration
propulsion to repoint the dish, shield, and antenna feed as a whole.

The SETI space-system problems are unusual and difficult: For the
geosynchronous orbit, environmental-charaing technology is of prime
importance. Uncontrolled arcing will cause RFI as will conventional controlled-
beam discharges. So Sphinx B/C findings will be extremely valuable. Cost
effectiveness and long lifetimes will make economical, light-weight, radiation-
resistant solar-cell arrays (NI) necessary. And the uncommon aspects of SETI
propulsion, cryogenics, and electrical-storage cycles require regenerative
fuel-cell techology. Because SETI systems must operate essentially
autonomously, they need automatic management, remote control, and advanced
electronic conditioning of power, which are ongoing technological programs.
As backups to a specifically adapted solar-cell, regenerative-fuel-cell power
systems, OASIS (NI) and the nuclear thermionic pwoer module should also be
considered for SETI.

The fragile, extensive geometries; the shadow, propulsion, and storage

cycles; RFI elimination; and economy and lifetime requirements of the SETI
space-antenna systems result in these diverse, demanding power needs.

IT1-VI-A-4
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POWER REQUIREMENTS - SETI (No. 9)

LAUNCH DATE 1984 1990 2000
o Power - KW 2 3-PLus PropuLSION 10
e VoLTts ? ? ?
e SpeciAL LoAps - ORDER OF MEGAWATT -
FOR SHIELD AND DISH
PROPULSION
o ORBIT Leo/GSO 6GS0/LunAR GSO/LunArR
DISTANCE DISTANCE
® UNIQUE ENVIRONMENT 0o S/C CHARGING SAME SAME
0 HALF TIME SAME SAME
SHADOW
o LIFE - YEARS 10 10 30
e AuToNoMOUS Yes YES YEs
o MAINTENANCE YEs Yes Yes
® PROPULSION; ORBIT YES YES YES
TRANSFER AND
POSITIONING
e SpeciaL EMI;RFI;ETc. Yes YEs YES




FACILITY THEME #10

The Solar Exploration Theme (#10) emphasizes the development and
operation of an Outer Planet Study Facility (Space Vehicle) with the
initial one in Earth orbit launched in 1990 followed by the planetary
facility in 1995. Significant drivers are the requirements for:
(1) propulsive power ?hundreds of Kw) and science (tens of Kw); (2) extremelv
long-Tife (10 to 20 years); capability of operating autonomously in the
erbiting facility and supporting craft (free-flyers, landers, probes,
sample-return); (4) providing power to the supporting craft under extremely
severe Jovian environmental conditions (low temperature on surface, high "g"
impact for penetrators, high natural radiation environments using RTG's
and batteries and associated power processing equipment for regulation,
conversion, and control).

These requirements create the need for the following technology support
efforts: (1) Nuclear-thermionic development to supply the high power
requirement and Solar Electric Propulsion for Low-Earth-Orbit to Geo-Synchroncus
Orbit; (2) Automated Power Systems Management Technology, which is essential
because it provides automatic load control, self-test and repair capability,
system health checks, power margin determination to avoid unintentional
overloads, and fault-clearing; ?3) Advances in power processing for planetary
missions in order to raise low voltage thermionic diode power to kilovolt
levels for NEP thruster systems and to work with support craft RTG's
and batteries under the severe environments identified, which are critical
technology drivers; (4) advances in automatic test techniques to checkout
the autonomous power management function, redundant power processing, and
long-life batteries which must be carefully maintained for up to 20 years;
(5) advanced long-1ife, high performance batteries for the orbiters, probes,
penetrators, landers, and rovers. Surface craft will require batteries of
capable of very low temperature operation, being rechargeable, dilivering
high peak powers; (6) an advanced thermoelectric technology that provides
capability of 20 year predictable performance with graceful
degradation, and high "g" impact capability for penetrators; and (7) advanced
solar array technology including improved solar cell capability and solar arrays
for the Solar Electric Propulsion System - which is a precursor to Nuclear
Electric Propulsion. SEP may also be used to raise the Earth Exploration
facility from LEO to GSO.

Two new initiatives are planned: for Nuclear Thermionics and Advanced
Power Systems Technology to achieve improvements in systems, storage, and
power processing.

[TI-VI-A-6
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POWER REQUIREMENTS - EXPLORATION FACILITY (#10)

LAUNCH DATE 1990 1995

o ORBIT LOCATION EARTH OUTER PLANET

o POWER - Kn [PROP + SCIENCE] 200 500

o VOLTS <200, 1000 SAME

o REGULATION [SCIENCE] 17 SAME

o LIFE - YRS <10 20

o AUTONOMOUS YES YES

o MAINTENANCE MAN RESUPPLY, SAMPLE-RETURN
o PROPULSION [ORBITER] SEP OR NEP NEP

o ENVIRONMENTS

- RADIATION
- OTHER PLANETARY

o FACILITY SUPPORT

LEQ TO GEQ, NEP

FREE FLYER

NEP, JUPITER
-1500K, HIGH 6

IMPACT, RFI
FREE FLYERS (RTG)
PROBES (RTG, BATT'Y)
LANDERS (RTG, BATT'Y)
SAMPLE-RETURN (RTG, BATT'Y)

*YEAR 2000 STUDY FACILITY UNDEFINED



GLOBAL SERVICE SYSTEMS #11

The Global Service Systems theme, from a power point of view, drives
orbiting power systems in Low Earth Orbit from 20 Kw in 1983 to 50 Kw in
1988 to 500 Kw by the year 2000. For Geosynchronous Orbit a 20 Kw system
is needed from 1983 on. Progressively longer lives of from 3-5 years to
10-20 years with autonomous operation becoming more important in 1988
and beyond. It is apparent that sensor-instrumentation servicing of at
least one time per year through the 1988 period will be needed. Maintenance
and refurbishment of the power systems may, therefore, be feasible and could
place less stringent demands on system life and reliability.

Technologically, this theme requires evolving solar array, energy
storage, power conditioning and distribution technologies. The priorities
were established on the basis of the relatively near term requirements.

Some technologies that become significant in the long-term such as
autonomous contrel, regenerative HZ/O fuel cell and very high energy
density battery storage systems do no% appear in the negotiated priority
assessment for this theme.

IT1-VI-A-8
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POWER REQUIREMENTS - GLOBAL SYSTEMS (#11)

LAUNCH DATE 1983 1988 2000
o POWER - KW (ORBIT) 20 (LEO) 20 (LEO) 500 (LEO)
50 (GS0) 2J (6SO)
e VOLTS - DC 120, HIGHER FOR SAME SAME
SENSORS
® STORAGE FOR ECLIPSES YES YES YES
e UNIQUE ENVIRONMENT = SPACECRAFT YES
CHARGING
o LIFE - YEARS 3-5 3 -5 LEO 10 LEO
5 - 10 6S0 20 GSO
o AUTONOMOUS NO PARTIAL TOTAL
8 SAIATENACE ONCE/YEAR ONCE/YEAR ONCE IN 3 YEARS
e PROPULSION STATION KEEPING SAME SAME
- ORBIT TRANSFER? | SAME
e EMI, RFI QUIET PREFERRED SAME SAME




ADVANCED SPACE TRANSPORTATION SYSTEMS #12

The Space Transportation Systems (STS) addressed in this theme include
Shuttle, Space!ab, Interim Upper Stage, and an advanced upper stage such as
the Solar Electric Propulsion Systems (SEPS). The principal electrical

power requirements for this theme are associated with the Solar Electric
Propulsion System. Therefore technology requirements addressing the specific
needs of an electric space tug and 0TU were formulated. Key technology
drivers identified were light-weight fuel cell development, unique and
advanced solar array technology for solar alectric propulsion, 1ightweight
fuel cell development and nuclear electric propulsion. 1t was noted

that the MSPP theme 7 has direct applicability to STS.

[11-vI-A-10
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SPACE POWER SYSTEM ELEMENTS
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BASELINE SPACE POWER PROGRAM
1380-85

(LEO)

ON-GOING TECHNOLOGY
SOLAR ARRAYS (67 W/KG)
ISOTOPE BRAYTON ( < 25 KW)
LT.WT. N1-Cp BATTERY (50-60 W HR/KG & 20 Au CELLS)
< 400 V. POWER PROCESSING & 120 V D.C. DISTRIBUTION
AUTOMATED POWER SYSTEM MANAGEMENT
MICROWAVE TRANSMISSION
ENVIRONMENTAL INTERACTIONS

NEW INITIATIVES (FY 78)

0ASIS

SPHINX B/C

N1-Cp BATTERY SCALING (100 A CELLS)
Ac-H. RECHARGEABLE BATTERY (88 W HR/KG)
HIGH VOLTAGE DISTRIBUTION

EXPANDED AUTOMATED POWER SYSTEM MANAGEMENT FOR UNIQUE
THEME LOADS

MICROWAVE TRANSMISSION (SPACE BASED)
HIGH TEMPERATURE SOLAR ARRAY

FIG. 4
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BASELINE SPACE POXER PROGRAM
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FORM NO. |
PAGE10OF __ 2

N B AT ARG O I FPRTEAFTY B e AN Mo 0 P e L £ &

NO. 7,10/P=2 /PC-1 . __

1. TITLE _pHQOTOVOLTAIC CONVERSION

THEME /W.G./ TASK

_HIGH-TEMPERATURE SOLAR ARRAYS
DATE_ 8 /29/.76

2. OBJECTIVE
_Develop a high performance,

_for near_ sun_and the high temperature environments

high temperature solar array

3. NECD AMALYSIS
a) LeveL now [, wite 82 LEVEL [4] UNDER EXISTING PLANS.
b) REOUIR-'D/\D‘/ EMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL 5] FOR GPERATIONAL SYSTEM USE BY DATE 1983 |
N ACHIEVING ADVANCEMENT:
moH ] meowm [y wow []
d) CRITICALITY TO THE ACCOMPLISHMENTS:
ennanciNGg:  migH ] meowm [ row [
e) TASKS NEEDED:  STUDY AnALYSIS [[] rEsEArcH [[]

DIND
GRDTEST [ ] Al CRAFT TEST [[]  SPACE FLIGHT TEST []

A
ANC

"vr

c) il

ENABLING [x] OR

t
o 5600 cycles between +240°

_temperature environment of +2400 C and cycle life of
C and -1000 C. _

-~

. {EDING PAGE BLANK NOT Fizwse

URIGINAL) PAGE I8

OTHER [Speciiy) D‘] Technology Development (U] ek ona or Mo ')
f) I"(T ’\*”(‘, .\!U 7 «.L  FY_26:. __‘596-23_-12J_$0_, NI Candldate FY"IB
' 2. COMPLEM ¢ ADYANGEMSNTS REQUIRED FOR
\
i USE OF Tils | I . .
H
! — S - — - - - e - ——— - e e e . S ——-—. S -
SO S e e ————
(5. SPECIFY [ECIINDLOGY ADVANCEMENT REQUIRED TO
! ACCCMPALISH MEED
‘| _Develop an array using a solar cell appropriate for a high
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Radiation-Resistant Solar Arrays
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To develop thin, lightweight, radiation resistant, low-cost solar cells. _

2 NESD ANALYSIS
a) LEviL now (2

CWILL BE LEVEL [2] UNDER EXISTING PLANS

b) REQUIRED ADVANCEMEMT - SHOULD BE TECHN
AT LEVEL [—] FOR OPERATIONAL SYSTEM USH:

c) RISK IN ACHIEV
HIGH [X]
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[]

OLOGY READY
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wvsis [

Low [}

REsEARCH [X]

[]  spacE FuGHT TEST (K]

Technology deveigpmgp;'"‘
New Initiative candidate FY 78/
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Compared with siiicon solar cells, gallium arsenide cells potentially
may provide higher efficiency and higher radiation resistance while

operating also at
cells.
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High Temperature Solar Arrays

R DATE 4 /28,76
S e—ma

THEME / W.G. / TASK

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

orbit.

~Develop space quallfled qolar cell.

Develop space qualified interconnect system.

(& lw I |
e o Jo !
‘

~_as adhesives, encapsulants, and concentrators.
5. Develoy integrated design

1. Identify spec1 fic requlrt,ments for m15510n such as Mercury

Develop array constituents for high temperature system such

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVIT!ES (RTOP, OTHER)
. 506=-23-12

9. TECHNOLOGY SCHEDULES
FY

SCHEDULE ITEM 76 (77]78|79|80|81|82|83|84|85|86|87|88]83|90]91]92]93|94]95
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2. NEZD ANALYSIS N

a) LEVEL NOw [], witL B2 LEVEL [] UNDER EXISTING PLANS. N/A
b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY N

AT LEVEL [ ] FOR GPERATIONAL SYSTEM USE BY [pate: _{
c) RISK IN ACHIEVING ADVANCEMENT:

HigH []  meoium [[]° wow [] M/
d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [X] OR

ENHANCING:  Hicn ] wmEDm [ Low [
¢) TASKS NEEDED:  STUDY [[]  ANALYSIS [C]  RESEARCH []

GRDTEST [x]  AIRCRAFTTEST []  SPACE FLIGHT TEST [_]

OTHER {Speciiy) n _____ ~ - (Check one or moie)
f) RAT BASE CAMDIDATE  Yes: FY 76 506-23-12 $600 __

- — ey

PAGE: 1 m__z

L. TTLE _ pyoraVOLTAIC CONVERSION . 7bﬁil° 11/8-2 /Pc -5

_SOLAR_CELL CHARACTERIZATION
e DATE_4./2§__ 76 _

THEME /W.G. / TASK

2. OBIECTIVE
_To characterlze ‘the performance of solar cells over the

range of tewperature, 111um1nat10n 1ntens:.ty and 1rrad1atlon

L, COMPLEMENTARY TECHNOLOGY A .)‘.’.’\.Nl..c..h..-,l1.; F,L:Cilh.."_f.' FOR
USE OF THIB TECHNOLCEY

5. SPECIFY TECHNOLOGY ADVANCTMENT REQUIRED TO
ACCCHMPLISH N=E
_The technology exists to perform this task. It is the
_act of characterizing solar cells so that proper cells

__can be selected for specific solar system mlsglons that is

_required.  These characteristics are catalogued for use.
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L ight- keight, Low-Cost Silicon ATass W,/ TASE
i e DATE I28 | r

e ——
6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NE

A wgolteof ‘cloth" Pr rototype machine analysis -

ED

2, Phase 11 desi _,___.,_,,,.,,.A_ﬁ,_ﬂ_— - —
3, Phase IL.@ltvgtaglpm},dmnnsxaanom_,,,, ,,,,, I e
4, Establish feasibility of 200 w/kg array ————— - —
5y Establish prg!]mmny design _,,__,,,__/_,_,_,_.,,,_ =
6. Develap and test prototype — - R

7. ALTERNATIVE APPROACH ES/OPTIONS

em————
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8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

———/—“-./ e

e

B

-

9. TECHNOLOGY SCHEDULES
FY

90

g1]92| 93| 94 95

-
!
1

2
3

g SeePlan t
5

SCHEDULE ITEM 16|77178 79180} 81 82| 83) 84 85] 86|87 88189
TASK ITEM
BRI See Plan v B B B = [0 0 B S S

2 See Plan Y'_« I U T I e ]
See Plan | | V] | | T T U B e

T Lt e
g, SeePlan | | Tl T e
6. see Plan |} - 4 T N O B S o
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ENVIRONMENT IN THE LABORATORY
6 MODEL TESTED IN AIRCRAFT ENVIRONMENT

5 COMPONENT OR BREADBOARD TESTED IN RELEVANT
7 “ODEL TESTEU IN SPACE ENVIRONMENT

2 THEORY FORMULATED TO DESCRIBE PHENOMENA
3 THEORY TESTED BY PHYSICAL EXPERIMENT GR
4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

1 BASIC PHENOMENA OBSERVED AND RCPORTED
MATHEMATICAL MODEL

LEVEL
OF STATE
OF ART

: )
SPACE TECHNOLOGY NEED FORMNO. |

PAGE1OF_2
1. TITLE _PHOTOVOLTAIC CONVERSION T 8r 10,117P-27PC-2
Light-Weight, Low-Cost Si Arrays THEME / W.G./ TASK

DATE_4 /. 26;_76

2. OBJECTIVE
D - -cost solar arrays

3. NEED ANALYSIS
a) LEVEL Now [3], wiLL BE LEVEL [5] UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [3 FOR OPERATIONAL SYSTEM USE BY [DATE: 1985
c) RISK IN ACHIEVING ADVANCEMENT:

HIGH [ ™mepium [x]  wow []

o) CRITICALITY 70 THE ACCCMPLISHMENTS:  ENABLING [] OR
ENHANCING: HIGH[x] Meowum [J  row [

e) TASKS NEEDED: STUDY []  ANALYSIS [J RESEARCH []
GRDTEST [ ] AIRCRAFTTEST []  SPACE FLIGHT TEST []

OTHER (Specify) m Technology Deyelopment {Check one or more)

f) R&T BASE CANDIDATE Yes: FY 76: 506-23-12  $320K

4 COMPLEMENTARY TECHMOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
Design must be refined in order to develop a cell-to-blanket module

assembly machine which will mechanically attach solar cells to a

and apply a radiation protection membrane over the finished-selar——
cell, Present state-of-the-art roljout solar arrays are 66 w/kg.

Studies have confirmed the feasibility of 100 w/kq arrays and indicate _
that 200 w/kg may be feasible, Methods of handling thin cells,
flexible substrates and 1ight-weight structures must be developed,




~
SPACE TECHNOLOGY NEED

PAGE 2 OF

FORM NO. | w

s

TITLE Photovoltaic Conversion

NO.7.8,10/P-2/PC-2

e ———

nght wexght Radlatlon Resxstant Arrays

DATE_4 /za/ 18

"THEME'/ W.G. 7 TASK

area solar cells.

3. Test small prototype array eq

4.
it st
5. Produce prototype array

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
1. Develop ‘ultra- -thin G GaAs crystgl#_t:fagllnq'._qge_ang grrrorwgrh of large

2. Develop 1nterconnect, encapsulatlon, and concentrator technqu

1 Kw

Develop automatlc productlon fac111ty for largé arrays

7. ALTERNATIVE APPROACH ES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

9. TECHNOLOGY SCHEDU LES
FY

SCHEDULE ITEM |76{77 78|79]80] 81]82]83

90| 91|92 93] 9495

TASK ITEM
GaAs cells FA

. Components 12

Prod. facility]
Large protofypg |

1.
2.
3. Small protofjyp¢
4.
5.

MANPOWER (M-Y)
INHOUSF ___ 2| 5{718]8]8]8

CONTRACT

FUNDING (108 8)

INHOUSE .2].45].6].6].616
L CONTRACT 3 5B 010115

1C
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SPACE TECHNOLOGY NZED FORM NO. |
PAGE10OF_2

R SRS T A e S S prad SRR DIV 7t WA TN e TS S 0 o N TR AN ey St

LTITLE _Photovoltaic Conversion Technology for mo.l_,i_]_-lZm/P:Z./EC:Z
SEP and Payload Applications PHEME /Y1.G. 7 TASK

:- ————— e DA'r:z__li_/_z_Q/_@__,___

2. ORIECTVE
e ’-__PES.IQN: FABRICATE, AND DEMONSTRATE LARGE LIGHT

WEIGHT SOLAR ARRAY 25 KWE, 30 waTTS/LB, _5-YEAR LIFE,
RETRACTABLE, 400 V,

2. NEED ANALYSIS
a) LLVEL Now [B], wiLL pE Leve, (6] UNDER EXISTING M1 ANS,
bYREQUIRED ADVANCENMENT - SHOULD BE TECHNOLOGY READY
AT LEVEL [7] rom 0PERATIONAL SYSTEM Ust: gy [baiz: 1979 |
e} RISK i ACHIEVING ADVANCEMENT

HIGH [ ] MEDIUM 7] Lov ]

AV CRITICALITY 1O THE ACCOMPLISHMENTS:  ENASLING [x] ok
ENHANCING:  HIGH[ ] mEpiom [ Low []
[ s s i '
€} TASKS MEEDED:  Siupy {7] ANALYSIS [T pigge Anci ] - i
GEDTEST [ Al CRAFT TEST (X SPACE FLIGHT TesT Ix] l!
OTHER (Specity) [ ] e (Sheck one or moi)
O RLELASE CARDIBATE YES (506-22-32 CURRENT PROGRAM) .$50K =
DA COMPLEGENTALY TTCHMULOGY ADVANGENN] IS REGLNGHLID #OR |
VSR G IHISIESHA0I00Y pOWER DISTRIBUTION, PROCESSING AND
CONTROL.,
5
B SPECTEY TECHNOLG Y ADYANCEMENT UOUIED T0

ACCO 2R H MEED

|
DEMONSTRATION OF MATERIALS AND ALTERNATES., SELECTION AND i
DEMONSTRATION OF INTER CONNEST BONDING, TECHNOLOGY FOR !
NON-DESTRUCTIVE TESTING (NDT FOR POST-ASSEMBLY AN PREFLIGHT
EVALUATION, OF PARTICULAR IMPORTANCE 1S THE SOLAR CELL/SOLAR
CELL INTER CONNECT BOND FOR THE WRAP-AROUND CONTACT CELL,
USING NON-SOLDER METHODS, - DEMONSTRATE TECHNOLQGx BY GROUND-
COMPONENT AND MODULE TEST AND ANALYSIS, ZERO "G AIRCRAFT
DEMONSTRATING DEPLOYMENT AND SHUTTLE FLIGHT EXPERIMENT OF
SOLAR ARRAY, '

ODRIGINAD PAGE, 13
OF POOR QUALITY
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SPACE TECHNOLOGY NEED FORM NO. | 1
PAGE 20F _2 _
1is -
TITLE pPhotovoltaic Conversion NO. e—CBS'IO 11/P-2/
Solar _C:il}_CEi;;acterization THEMc /W G./ TASK

o DpATE__4/2y 76
S

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Cont:nulng program of e"aluatlon of varlous types. of solar

cells to dnvelop catalog of perfcrmance chdracterlgplg_s for:

appllcat1on to any requlred space env1ronment Iincrlrudes

_flight, aircraft, shuttle, or _satellite.

_calibration of standard solar cells in space by,,ba_l,l.ogn, ~

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

9. TECHNOLOGY SCHEDULES
FY

SCHEDULE ITEM |76 {77]7879]80 g1]82]83|84]85]|86]87]|88]83]90 91]92] 93| 94]95
TASK ITEM

MANPOWER (M-Y)

INHOUSE __ |4 1515 |5]5 + 1] ]
FUNDING (108 ) R
INHOUSE ____|-© .6l.6].6.6

CONTRACT 2031.3L3




ENVIRONMENT IN THE LABOR ATORY
& MODEL TESTED IN AIRCRAFT ZNVIRONMENT

5 COMPONENT OR BREADBOARD TESTED IN RELEVANT
7 MODEL TESTED IN SPACE ENVIRONMENT

3 THEORY TESTED BY PHYSICAL EXPERIMENT OR

MATHEMATICAL MGODEL
4 PERVINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

1 BASIC PHENOMENA OBSERVED AND REPORTED
2 THEORY FOAMULATED TO DESCRIBE PHENOMENA

LEVEL
OF STATE
OF ART

rspAce TECHNOLOGY NEED FORM NO. | W
PAGE 1 OF 2

1. TITLE Photovoltaic Conversion NO.1,7,8,9,11,12/P-2/PC-8
Silicon Solar Cell Technology THEME /W.G../ TASK

DATE 4 /26,76

2. OBJECTIVE
Develop technology for low cost ($5/w) salar cells and arrays

with high end of life efficiency (14%)

3. NEED ANALYSIS
a) LEVELNOW [3], wiLL BE LEVEL 5] UNDER EXISTING PLANS.
b) REQUIRFD ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL (7] FOR OPERATIONAL SYSTEM USE BY [DATE: 19g5 |
¢) RISK IN ACHIEVING ADVANCEMENT:
HIGH ]  MEeDIiuM [x]  Low []
d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [_] OR
ENHANCING: HiGH[y]  meoium [ row [J
e) TASKS NEEDED: STUDY []  ANALYSIS [] RESEARCH []
GRD TEST [x] AIRCRAFTTEST [[]  SPACE FLIGHT TEST [X]

OTHER (Specify) m Technology Development (Check one or more)
Yes RTOP 506-23-17 !
f) R&T BASE CANDIDATE vy 217 30008 FY 75
4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY

5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
_Development of cells with improved end of 1ife efficiency. These may
inglpgg_somgﬂ all of epitaxially grown junction, ion implanted junction,
back surface field, heavily dop.d base, wraparound contact and textured
front surface. Definition of basic loss mechanism and radiation damage-
in photovoltaic devices. Investigation of processes—for low cost—————
fabrication; i.e., thick film processes and integration of automatadble —
Processes into fabrication-line.  New concepts for covering/encapsulating
ets.  Newer cell concepts such as the multijunction edge
illuminated silicon cell for use with concentrators.

N _ R




r )
SPACE TECHNOLOGY NEED FORM NO. |
PAGE20F _2 _

TTLE protovoltaic Conversion Technology for NO._1.7-12/p-2/P(7

SEP_and Payload Applications THEME /W.G. / TASK

DATE_ 4 ,28/ 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

This i isti imi i i required
technology has been identified and a representative section of a wing has
been built and s some,kt&irw\psﬁomgi,‘mtmjls_jme_s_tiggnms_are_mdemay-
Amm:deﬂnucnyitesuegmolmx-mgmm is proposed. It is proposed to
dﬁmnn&tmuemmlogy_bx_gmmmemnenLanmmdulLi&demm
zerc “G" aircraft depl oyment_and_Shuttle_Eli.ght_ExpenimenL.hﬁ_ —
7. ALTERNATIVE APPROACHES/OPTIONS There is no real option to this solar

array technology for the 1983 flight of the first MSPP with up to 100 KW
power level.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76(77]|78]79 80181182|83|84|85|86]87(88]s9 90]91]92| 93{ 9495

TASK ITEM |

Materials Demo d I e e e S S
Interconnect

- &1V
0 g.Deve n§ £ !
Ve e
NDT Investigations
FuTT'scaleWing De-| — T N T71
srl]ggt,Fa%.: &Tg:tTin ) AT TV o 150 o S . -
EXuecIsent AOE res nd , § ,

Shuttle 1 testy | [ - o4 I I
Jesmelogy, e "] 0 I

MANPOWER (M-Y) sl
INHOUSE ___ J6.9 9
CONTRACT

FUNDING (106 g)
INHOUSE |
\__CONTRACT 05718919 J

e 11ttt -

10] 5] 5

R RS S op AT o



ENVIRONMENT iN THE LABOR ATORY
% MODEL TESTED IN AIRCRAFT CHVIRONMENT

5 COMPONENT OR BREADBOARD TESTED IN RELEVANT
7 MODEL TESTED IN SPACE ENVIRONMENT

MATHEMATICAL MODEL
4 PERTINENT FUNCTION DR CHARACTERISTIC DEMONSTRATED

1 BASIC PHENOMENA OBSERVED AND REPORTED
2 THEORY FORMULATED TO DESCRIBE PHENOMENA
3 THEORY TESTEJ BY PHYSICAL EXPERIMENT OR

LEVEL
OF STATE
OF ART

rSPACE TECHNOLOGY NEED FORM NO. |T
2

PAGE 1 OF
1. TITLE Energy Storage no.1:7,8,9,10/P-2/ES-1
Technology for Improving Performance THEME /W.G./ TASK

and Life of Alkaline Secondary Batteries DATE_4 26 ;16

—

2. 0BJECTIVE To deyelop single cell Protection devices, pulse charging

techniques and separators to improve performance and 1ife of alkaline __

secondary batteries,

3. NEED ANALYSIS
al LEVELNow [4], wiLL BE LEVEL (5] UNDER EXISTING PLANS.
b REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY
AT LEVEL (5] FOR OPERATIONAL SYSTEM USE BY [pate. 1979 |
c) RISK IN ACHIEVING ADVANCEMENT:
HIGH []  mebium [}  Low ]
dI CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [ ] OR
ENHANCING:  HIGH [x]  meoium (] Low []
¢) TASKS NEEDED:  STUDY [J  ANALYsIS (]  RESEARCH []
GRD TEST AIR CRAFT TEST [[]  SPACE FLIGHT TEST [ ]

OTHER (Specify) [_] RTOP 506-16-12 $Q FY!'76 (Check one or more)
RTOP 506-23-24 $T00K FY'76
fl R&T BASE CANDIDATE  YES RTQP 506-23-23 $150K FY'Z&

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
Single cell protection systems based on microelectronic circuits.
should significantly prolong the 1ife of alkaline storage batteries,
In cases._y_hg_rgu@rrii_albly soluble electrodes are involved, i.e. Cd, Ag,

Zn, pulse changing should help prevent textural changes on cycling
and hence improve life. Inorganic-organic flexible separators have
_sjg;rﬂﬁc_a.n}_goigﬁifa1_._A_Co_ntinuing work on these concepts for broader
application to Fhle_l‘!i/_(;d and Ag/H2 systems are needed,




( A
SPACE TECHNOLOGY NEED FORM NO. |
PAGE20F _2 _
TITLE 1,759,
Photovoltaic Conversion Silicon NO.9,11 ~ P-2 PC8
THEME / W.G./ TASK

Solar Cell Technology

— DATE__ 4 /28/Z6

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Continuing technology program aimed at improving the silicon
Various cell concepts are explored. The basic

solar cell.
theory of radiation damage will define a new cell approach.
_Thinner cells and automated low cost fabrication techniques

for low cost are defined.

7. ALTERNATIVE APPROACHES/OPTIONS None

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
RTOP 506-23-12
RTOP 506-23-17

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76(77]78]79]80] 81

RacI.ASﬁelsTﬂv!c A y

Cell L
High EOL Cell
Module Tech. ¥R
Ready

82| 83|84 |85]|86]87|88] 89|90} 91}92] 93] 9495

Black Cell v

Tech. Ready
Multijunction
Cell

Test
— e S

—
MANPOWER (M-Y) , {
INHOUSE _____ X 313 (_L
CONTRACT i |

FUNDING (1068) | .
INHOUSE -3127.5]-
\_ CONTRACT G 1
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‘78 NEW INITIATIVE
g )
SPACE TECHNOLOGY NEED FORM NO. |
PAGF10OF_ 2

— NO. _]_allgsg_xll[ELZZ.E§_'2
THEME /W.G. / TASK

1.TITLE Energy Storage
“Silver Hydrogen Rechargeable Battery

_ _ Systemss = bATE.& RS LIG
¢ 2. OBJECTIVE 14 provide higher energy density, long 1ife electrochemical
energy storage system for synchronous orbit, 40 watt hr/#, 500 cycles,
2852 10 yr. life. - S
aX@E
S8xa 3. NEED ANALYSIS
sveg a) LEVEL Now [3], wiLL BE LEVEL [4] UNDER EXISTING PLANS.
et b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
cEhE AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY [DATE: 1988 ]
S8o3 ¢) RISK IN ACHIEVING ADVANCEMENT:
53203 HiGH []  mebium [x]  tow []
RS &) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [[] OR
ENHANCING:  HIGH meotuov [ cow [
o) TASKS NEEDED:  STUDY [ ] ANALYsIS []  RESEARCH [x]
GRDTEST [X] AIRCRAFTTEST [[]  SPACE FLIGHT TEST K
¢ OTHER (Specify) [X] __ Technology Development (Check one or more)
& {) R&T BASE CANDIDATE Yes RTOP 506-23-24, 190K FY '76 )
S | 4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR

.0

USE OF THIS TECHNOLOGY Improved inorganic/organic battery separator.
electrolyte reservoir plate.

——
ERISTIC

FUNCT!GN OR CHARACTE

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
A higher energy density electrochemical storage capability is required.

3

S
?' 'u The A /M, system offers possible 40 watt hr/# synchronous orbit, 10 yr. life
18 T & E ~ 500 cycles. Based n a blending of inorganic-organic separator and batter
‘:L; ‘* electrode technology wiin electrolyte reservoir technology and hydrogen elec

trodes from fuel cell technology; this system represents an improvement ——
over lightweight nickel cadmium. B

1.

Ve

EE
OF STATE
OF ART

|

!

|

|

|

|
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rSPACE TECHNOLOGY NEED FORM NO. |

PAGE 20F _ 2 _
TITLE 1,7,8,
No. 9,18 P-2 Es1

Energy Storage
THEME /W.G. / TASK

Technology for Imprcving Performance
and Life of Alkaline Secondary Batteries

DATE 4 /28 / 76
——————

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Electronic single cell protectors using microelectronics to be

tested. Multiplexer concepts to be explored to reduce complex-

ity. Pulse charging techniques to be studied to fOPELP§§l§m£9r
charger system-design/develppgent. Composite inorganic-organic
materials to achieve flexibility, low cost and uniform material.

Production methods will continue to evolve. Aimed at Ni/Cd and
Ag/H2 Systems. ST

7. ALTERNATIVE APFROACHES/OPTIONS None; cell imbalance and life

limiting processes lead to highly conservative operational

use and thus the full capacities are not utilized.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
RTOP 506-23-24

RTOP 506-23-23
RTOP 506-16-12

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76|77]|78|79|80]81]82|83]84]85 86]87188|£9/90]91|92] 93| 94]95
TASK ITEM

Single Cell
fro%ecggr i

Tt by

Multiplexer |

PuIsing B - 17T T
Studies Ch
hg./%ont.
ys. Tech. R -

Separator Dev. —— i
Process Dev,

N1 CTd Seb. Te
Ag Hr Sep. Te

Tae)
joy
o s,

|

MANPOWER (M-Y)
INHOUSE - e qulylyly
CONTRACT

FUNDING (108 $)
INHOUSE |}
\__ CONTRACT

074.07.07.07%
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SPACE TECHNOLOGY NEED FORM NO. |
PAGE 1 OF e

A A 4PN L g PR B S B 1S o 2 AL SRR A A TSR U NS SR TSN« g8 ¢ MABIATL N e ALV SIS 4453 HOAAST o

1. |Ifl - Engrgy Stqragg R MO, 1 7 8 10,]]/ ;&Es_j
ll FM W.G./ TASK

e DATE. AL 126136

2. 040 -.\
De_vé , 'Tong life, lightweight (55 wh/kg) nickel-cadmium battery.

b NEED ANALYSIS
) LEVEL Now [8), WILL i LEVEL 184 UNDER EXISTING PLANS.
b} RECUIRED ADVARCEREMT - SHOULD BE TECHNOLOGY READY
AT LEVEL {5} FOR OPER/ TIONAL SYSTEM USE BY (oAt 1983 ]
¢) RISK IN ACHIEVING ADVANCIMENT:
men [] meois (7] row [X]
0 CRITICALLEY TO THE ACCOMPLISHMENTS:  ENABLING [ ] OR
cnHAnciG: el ] wmrotom K] cow {]
o) TASKS MEEDED:  STubY [] ANALYsis [ ResEArcH | )
aprest [ AMRCRAFTTEST []  SPACE FLIGHT TESY 1]
OTHER (Spcity) [ ]technology deve'|0pment ((,ll.(.!-\__(_n_\:r__(;_r_ljl‘f_?a1-)

506-23-24 - $50K
) 1T BASE CANDIDATE  Yes: FY 76, 506-23-23 = $100K..... oo o

4, COMm J-.é.»[‘l!,‘;., |{u.i.‘“.‘.l\'.‘. Al '.’,\..-.‘Zfl?w.'.i:'.ih"’.-,‘. PR 0N

USE OF THIS TECHIDLOGY

GSPEGIEY TECHMOLOGY ADVANCEMENT RECQUIRED 7O
ACCOMPLISH NEED
Optimization of case, separator,. and plaque design will result in upgrading

the specific energy of Ni Cd cells. . . o .

ORIGINAL PAGE IS
OF POOR QUALITY,




—— — - DATE 4,28/ 76

)
rSPACE TECHNOLOGY NEED FORM NO. |
PAGE 20F _2
TITLE Energy Storage NO.157,8,9,10,11/P2/ES2
Silver Hydrogen Rechargeable Battery_-Sy;tems THEME / W.G. / TASK

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

reservoir plates and el ectrodes, and pressure vessels will be developed

orbit and probe missions will be developed.

fg_r:j_jghtweﬁigpg constructions. An engineering medel system (EMS) will be

Cell components comprising inorganic/organic separators, electrolyte

developed for test and demons tration in space. Systems for synchronous

e,

lightweight form will be twice as heavy. A regenerative

fuel ceil Storage system represents an alternative (See EC 7,8)

7. ALV ERNATIVE APPROACHES/OPTIONS The Ni/Cd battery, which even in its
hydrogen/oxygen

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

New Start was submitted.

RTOP_506-23-24 covers supporting RET work on this battery system. A 1978

9. TECHNOLOGY SCHEDULES

Singlrer Cel 1' Test

FY
SCHEDULE ITEM |76 77]78]79 80)81]82)83|84]85|86]87] 8889 90]91]9293)94]95
TASK ITEM
Component Dev.
Model Dev. AT

Multi Cell Test

Design/Fab EMS Y

Wet Stand Life Tept

-_— 1 1 1Tt 1 ——

ngt_ﬁTran_s‘Fng_tﬂjie,m : yA ‘Mt‘ -1 7*‘ ﬂ‘ 4— 1

Demo in Space d

=

MANPOWER (M.Y)
INHOUSE ___ 1.]12]3]4)5]4](3]2

CONTRACT

FUNDING (106 §)
INHOUSE - 12}.02/.04(.06].06}.04].04]. 03

\—CONTRACT " [.07|.T [&51.8li.a| 5 610
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§OGPANT TECHMOLOGY MEED FORM NO. Y ¢
! PAGE 1 0F.. 2 - ‘
1.7iiLi Energy Storage . O NO. .. 1,7,8,9 11/P -2/ ES 4l
 High Energy Demsity Batteries _ _______ IR /16 [ T5K
e e e e e l)/‘\'l‘l~ 4 /26 /76 B

. ORJECTIVE < . s
PWE 10 provide rechargeable batteries for low earth orblt or

_synchronous orbit with energy densities >100 watt he/#,

LV ESE Fad
-‘.’15 darD

DA

)l'\/rLl\‘ we (3],

b) REQUIRED ADVANCEMFIT
ATI'-VFI I7J FOR u'J"‘.'-;:/\'l'l’)i\','-‘-.l_“ vSTEM USE BY [nATE:

AT
m@n[ ] REDIU [x] Low []

d) CRITICALITY TO THE ACCOMPLISHIIENTS:
caparcing:  men[x] meoium [ wow [

EDED: stupy [x]  AmaLysis (X)) reseancit [X]

AR CRAETTEST | ] SPACE FLIGHT TEST E]

eciiy) [K] _Technology Development _{Gheck ene or imor)

-

Wil L BT LeviL [ 4] unDER EXISTING PLANS.
~ SHOULD BE TECHINOLOGY READY
1990 |

ERABLING [ ] o

C) TASKS M=

Gl LZC-I
Ot

1N
(e

Xes RTQP 506~ 23-24 - 90K FY. 76 .o - oo

f) [T BASE Ca mm"u. L
i X @RI P ,,A_;,r}i,-,,( s -; ,}:"‘."‘L‘; v A ‘/ "‘l ‘....A o n.LI‘\I'.\lD FOR
i U2E 07 VNS TEonn0LesY  Thermal management of 300°C battery systems
in space. . L L
E EoeY TEC 1'."” ASZY ADYVANCEMENT REQURED n
: AL S Godn ARSI 152D
'Rechargeable batteries based on alkali metals with solid electrolyte should

be available from ‘terrestrial programs operatmguSOOOC. These should

Further research. shoulgl___
Sodium as the

be evaluated for large storage needs _in space.
~provide similar energy density capabilities at~ 100°C.

neganve ‘and sulfur ‘either molten or ‘dissolved in organic solution or

'solid intercalation compounds with both ionic ‘and electronic conduction,

‘as _the positives are ‘likely choices.

ORIGINAL PACE W
OF POOR QUALITY|
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SPACE TECHNOLOGY NEED FORM NO. |
PAGE 20F _2

—

‘ TITLE ¢rorgy Storage NO.

Long-Life, Lightweight Ni Cd Battery

THEME / W.G./ TASK

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

_FQum;n_sjmmms_admmm@L.cases,_seus,_
__ani_plaqnes_and_ap_timi_z_mg_sepanator_design

T ————

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76(77]78|79]|80| 81]82]83]|84|85]86]87|88]89]90]91]92]93]94]95
TASK ITEM
Electrode Stud A A4
Plaque Design A V]
Case Design AV
Battery Design \v4

s R o ey T rpm——

R

MANPOWER (M-Y)
INHOUSE ___ _ 111 1111
CONTRACT

FUNDING (106 §)
INHOUSE qb1].a)a].

\__CONTRACT 21b11.3L1).

‘
:
%g
g
{
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V SPACE TECHNOLOGY NEED FORM NO. |
. _PAGE 1 0F _ .2._,-.
1 VITLE _ ENERGY STORAGE. N 10/&2 (g) 5=
__PRIMARY PROBE BATTERIES THEME WG, T TASK
SO — T DATE 4 /25/76_____
2. 0RESFIVE
= v DEVELOP. BATTER!'CS FOR-PROBES WHICH-CAN -DELIVER .- ..
2k HIGH POWER OUTPUT ACTER PROLONGED (7-10 YEARS) STORAGE. _
|3 NEED ANALYSIS
B a) LEVELNOW £, wit i 5E LEVEL [5] UNDER DXISTING PLANS.
i h) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY
v il B o i
B AT LEVEL [B] FOR OPERATIONAL SYSTEM USE BY [pare. 1983 ]
Rt c) BISK IN ACHIEVING ADVANCEMENT:
R HiGH [ 7] mepium [X] Low [7]
v ) CEITICALITY TQ THE ACCOMPLISHMENTS:  ENARLING [ | OR
PRBANCING: et [ mEoium [ Low []
o) TASKS MEEDED: - STUDY ] ANALYSIS [T nesearc [
GrRoTEST ] mRcearr TesT [] SPAGT FLIGHT Tise (7]
it 1 OTHLR (Sowcify) [X] _ TECHNOLOGY DEVELOPMENT  (Check one of mero)
f) T BASE CARDIDATE _ S
TR ,.(o.»,m;:u.-;,.m FECHNOLOGY ADVANGEMENTS 1 QUL o
HaoP USE O THIS TIOHNOLOY ;
i
A
Mo B ._iQ;m-m“nnum.m_"~“_wwm..w T
L 6. SPECIHRY TECHNOLOGY ADVANCSMAENT EEOUD TO
: /.(m,w IS NEED

REMOTELY ACTIVATED BATTERIES HAVING AN ENERGY DENSITY OF

40 WH/LB ARE DESIRED FOR PROBE APPLICATIONS,

DENSITIES OF 8 SH/LB ARE AVAILABLE, ACTIVAT
AND CHEMICAL SYSTEMS OTHER THAN

PRESENT _ENERGY _

ON_DEVICES,
\G ZN WILL BE

SEPARATORS,
EXAMINED, -

e —
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SPACE TECHNOLOGY NEED FORM NO. |
PAGE20F __ 2 _
TITLE 5* 119
Energy Storage NO. 9,1 P-2 ES4

High Energy Density Batteries THEME /W.G. / TASK

DATE__4 28 /76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Ongoing technology programs for terrestrial energy storage is
developing several 300 °C » 100watt hr per # batteries. The most
promising versions will be selected and modified to meet space

requirements and tested. Continued research on systems
operating <« 100 0C will be carried out.

7. ALTERNATIVE APPROACHES/OPTIONS None, except tradeoff depending

on storage capacity requirement against regenerative fuel

cell systems.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
RTOP 506-23-24, and ERDA programs in high energy batteries.

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76(77]78|79|80]81|82|83]84|85]|86]87|88]89]90]91]92] 93]94]95
TASK ITEM

Research
Studies

Soluble S L4

Uther

Positives
:éiis Fiber

000 C
I%ev- Cell 4_ ¥
Test
1000 C Cell
Dev.
Test —Y

MANPOWER (M-Y) ,
INHOUSE 2Ro2943]313|3]211]21
CONTRACT

FUNDING (10 §) .
INHOUSE _ o lod.04.04.04.04.09.04.04.02
ll

\__CONTRACT 0 103.2].2].1].2{.2}.2}

—




(smce TECHNOLOGY NEED FORM NO. |
PAGE1OF_2___

R T T . e L At L e B )

1. TITLE __ Energy Storage NO.7,8__ /_P-2/ES-6
Large Ni Cd Batteries THEME /W.G./ TASK
5 - DATE_4__ 71 76
:E
& 2. OBJECTIVE
g ow Develop a 100 Ah NiCd battery having five year cycle life.
2 R
g0k
S8EE | 3.neED ANALYSIS
Susd a) LEVEL Now [8], wiLL BE LEVEL [5 UNDER EXISTING PLANS.
wEE2 b) REOUIRED ADVANCEMENT -~ SHOULD BE TECHNOLOGY READY
pEbE AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY [pate: 1985 |
aBh5 ¢) RISK IN ACHIEVING ADVANCEMENT:
5286 HIGH [[]  mepwum [J row [X
g .d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [_] OR

ENHANCING: HIGH[]  Meoium [{]  row [J

e) TASKS NEEDED: STUDY [[]  ANALYSIS [] RESEARCH []
GRD TEST [}  AIRCRAFT TEST [[]  SPACE FLIGHT TEST [

g OTHER (Specify) [E Technoloqy development (Check ona or more)
£ f) R&T BASE CANDIDATE 5
3 - -—

Tl

¢, COMPLEMENTA ! Y TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNNLOGY

Se

3

oL
2D SY PHYSICAL EXFCRINIRT O

AVED AN
JCTiDN OR CHARACTERISTIC O

Hofz 5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO

HERE ACCOMPLISH NEED

EERSs _Technology development to flight ready status is required for a large
WErsE (100 Ah) cell and battery for energy storage for the MSPP. The problem

i i’ﬁ” _is one of scale-up, and optimization of performance by using the most
:f::": _appropriate electrode plaques, separators, and cases. Particular attention

“needs to be directed to thermal control problems

LeEVEL
OF STATE
OF ART
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SPACE TECHNOLOGY NEED

TITLE Energy Storage NO. = =
Piinacy Prot% THEME /w.G. / TASK

DATE 4/ a8/ 8
6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

—3—Bechargeanle pg.cg e e ol

\\__ —ar 58

7. ALTERNATIVE APPROACHES/OPT IONS

8. CURRENT/PLANNED RELATED AcCT IVITIES (RTOP, OTHER)

9. TECHNOLOGY SCHEDULES
FY

SCHEDULE ITEM 76(77178{7880] 81 8218384858587 8818990 91]92 8319495
TASK ITEM

1._Ag Zn

2

3. _Ag-Cd V

MANPOWER (M.Y)
INHOUSE ___
CONTRACT

FUNDING (108 g)
INHOUSE «1l.1.1 .X.1 J

\_CONTRArT &




ZAGBCAND TESTED ik RELEVANT

ENVIRCNMENT IN THE LA3ORATCRY
6. MODEL YESTED IN AIRCRAFT ENVIRONMENT

7. MODEL VESTED IN SPACE EXVIRCHMENT

COMPCNENT CRER

s,

R ———

1, BASIC PHENOMENA 0RSERVED AND RTECATED

MATHEMATICAL MODEL
4. PERTINENT FUNCTICN OR CAARACTERISTIC DEXOI{STRATLD

3. THECRY TESTED BY PHYSICAL EXPERIMENT OR

e ——— e —

OF STATE 2. THEORY FORMULATED T0O DESCRICE PHENOMENA

LEVEL
OF ART

rSPA(:E TECHNOLOGY NEED FORM NO. | w

PAGE 1 OF __2 ;
Advanced Regenerative Hydrogen/ THEME / W.G./ TASK

Oxygen Fuel Cell Systems

DATE_4 /26,26

2. OBIEETIE Second Generation Fuel Cell Technology for Regenerative
Hy/02 Energy Storage

3. NEED ANALYSI3
a) LEVEL NOW m, WILL BE LEVEL D UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT ~ SHOULD BE TECHNOLOGY READY
AT LEVEL [5) FOR OPERATIONAL SYSTEM USE BY (nate: 1991 |

c) RISK IN ACHIEVING ADVANCEMENT:
HIGH [] mepium [X] Low []

d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [] OR
ENHANCING: HIGH[Y]  meowm [J  ow [J

e) TASKS NEEDED:  STUDY [X] ANALYSIS [X] RESEARCH [X]
GRDTEST [X] AIRCRAFTTEST [J]  SPACE FLIGHT TEST [

OTHER (Specify) [X] _Technology Development _ (Check one or more)
f) R&T BASE CANDIDATE YES - NEW INITIATIVE _

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY _ Second generation fuel cell development

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED

The regenerative Hy/C, electrolyzer/fuel cell for energy storage can be _
further improved beyond the 1ightweight technology fuel cell by utilizing

the higher efficiency higher power density components. The electrolyzer
will need to be optimized for use with the second gsncrlt'lon fuel cell

and the system integrated for storage _l_pp-licution.

~ORIGINAL PAGE 18
OF POOR QuALITY
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SPACE TECHNOLOGY NEED FORM NO. |
PAGE 20F _2
TITLE NO.
Energy Staorage THEME / W.G. / TASK

Large Ni Cd Batteries

DATE n /28/36

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

1. Establish environmental and perfaormance requirements
——2—Develop speecifications

2 n . 4
I Trocure protypes

—4+—FPest—in ground—enviromment

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

9. TECHNOLOGY SCHEDULES
FY

SCHEDULE ITEM |76(77]78{79|80] 81
TASK ITEM
1. Reqgts.
2. Spec.

3. _Prototype
4, Gud.Qual. | \%4

82]83]84|85]86|87|88]89]30]91]92] 93| 94]95

PRIk

MANPOWER (M-Y)
INHOUSE 112]2
CONTRACT

FUNDING (108 §)
INHOUSE

\_CONTRACT sloslo 3

R
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SPACE TECHNOLOGY N=ZED FORM NO. |

PAGE1OF__2 _

T A L N ALY e e T WA S it

no. 1.,7.8,9,811/P-2/ES

THEME /W.G. / TASK

LR AT A T M B P e e N i e o PRree e 3

1.717LE ENERGY STORAGE
____ ProTtovoLTAIC - ELECTROLYSIS - FueL
_ CeLL Power SySTEM

TESTED IN SPAC

£ WIDCUTESTEIDIN
ToMnnze T
cczl

"

-
-!.‘E(:
L n <

paTc_4 26076
2. OBJECTIVE

... ESTABLISH AN OPERATIONAL BREADBOARD USING AVAILABLE
TECHNOLOGY FOR DISCRETE PORTIONS OF THE SYSTEM,

2. MEED ANALYS!S
a) LEVEL NOW [, wite s LeveL [B) unpER EXISTING PLANS.
b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [B] FOR OPERATIONAL SYSTEM USE BY [pArz: 1980
¢) RISK IN ACHITVING ADVANCEMENT:
HIGH [T meowm [T Low ]
d) CRITICALITY TO THE ACCOMPLISHMENTS:
ENHANCING:  HIGH [ MEDIUM []
¢) TASKS NEEDED:  STUDY ] ANALYSIS [[]  Rreseanch [7]
GRDVEST [} AIRCRAFTTEST [ SPACE FLIGHT TEST []
OTHER (Specify) [ . DEMONSTRATION OF_SYSTEM. ___ (Check one o iore)

'YE'S e Y S e

ENABLING [ ] OR
Low [ ]

f) RET BASE CANDIRATE

A, COMPLENENTARY TECHMOLOGY ADVANCEM=NTS REGUIRED FOR
USE O THISTECHNOLOGY | 1GHT WEIGHT._FUEL CELL HIGH.POWER,. _ .
LIGHT WEIGHT SOLAR ARRAY.

Sp—_ o — e . . et R

S 8PECIEY TECHNOLOGY ADVANCEMENT REQUIRED TH
ACCOMPLISH NEED

THIS CONCEPT_USES_SOME FORM OF PHOTOVOLTAIC. CONVERSION TO _
PROVIDE ELECTRICAL ENERGY DURING THE SUNLIGHT PORTION OF THE
ORBIT .~ EXCESS ENERGY IS STORED-IN-THE FORM OF HYDROGEN AND- -
OXYGEN_GASES GENERATED BY A WATER ELECTROLYSIS UNIT, DURING
THE ORBITAL NIGHT THE HYDROGEN AND OXYGEN ARE CONVERTED TO
-ELECTRICAL- ENERGY AND WATER BY-THE FUEL -CELL, - THIS CONCEPT-—
USES THE PRINCIPLE OF A REGENERATIVE FUEL CELL WITH DEDICATED
ELECTROLYSTS AND FUEL CELL STACKS TO ELIMINATE PROBLEMS AND
ENABLE- ADAPTABHLITY- TO LARGE POWER-SYSTEMS: - — -

T it B 3. <

™
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SPACE TECHNOLOGY NEED FORM NO. |
PAGE 20F 2
TITLE  Energy Storage NO.1.7,8,9,11/P2/ES7

Advanced Regenerative Hydrogen/ THEME /W.G. / TASK

Oxygen Fuel Cell Systems DATE 4 /28 /76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
The second generation fuel cell technology (ECC-2) will be paralleled in an

Electrolysis system and the systems developed for modular application for large
nergy storage applications. Lightweight, high efficiency, high current density

in the alkaline system.

7. ALTERNATIVE APPROACHES/OPTIONS The ion exchange membrane type fuel cell/
electrolysis system and the first generation lightweight alkaline systems.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
RTOP 909444-05-54 on the ion exchange membrane version of the system,

*1%/ RTOP 506-23-24 and New Start on the second generation advanced

fuel cell.

9. TECHNOLOGY SCHEDULES

FY
SCHEDULE ITEM 76|77]78179|80)81|82]|83]84|85|86]87]88]89}90]91]92]93]94]95
TASK ITEM
Enabling Tech.
Single Cell Desigrd/Dev. P\

Electrolysis Section [Dey.
System Definition
System Component Qev.
EMS_Development

Demo/Endurance Teqt
ech Read

-

MANPOWER (M-Y)
INHOUSE 1.51.91.942 R.513]1].5].5

CONTRACT

FUNDING (106 §)  02].02.02].0sl.os, :
INHOUSE 02].02].02}.05}.05}.05} 05.01] 0

\__CONTRACT .2].2].2 2.5R.0p. 5. 0.5 ].5

These have 1/2 the specific power. High energy density batteries may be applicéple.

B
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SPACE TECHNOLOGY NEED FORM NO. |
, 3 =) PAGE1OF_2 ____
1. TITLE F) FCTROCHEMICAL CONVERSION NO.1,7,8,12 / P-2/ECC-1
LIGHT-WEIGHT FUEL CELL THEME / W.G./ TASK
DATE__4 /26776
2. OBJECTIVE
= DMLQ_a_tgL test and demonstrate a light-weight fuel
~"= cell power plant to operate on propellant grade reactants.
3. NEED ANALYSIS

a) LEVEL NOW m , WILL BE LEVEL [}] UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY

NT IN THe LASORATORY

8. MMODCL TESTED IN AIRCRAFT ENV
STED It SFACT ENVIRONY

BhEE AT LEVEL [5] FOR OPERATIONAL SYSTEM USE BY [pate: 1980 ]
855 c) RISK IN ACHIEVING ADVANCEMENT:
Z88 HIGH []  mEowm [ Low [K]
o d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [x] OR
ENHANCING:  HiGH[]  wmeoum (] wow []
e) TASKS NEEDED:  STUDY [[]  ANALYSIS []  RESEARCH []
GRD TEST [x] AIRCRAFTTEST [[]  SPACE FLIGHT TEST []

3 OTHER (Specify) [_] Ca o ____(Check on2 or moie)

& 506-23-24 100K

s f) R&T DASE CANDIDATE Yes _ 910-05-03_ 125K . ..
< @
e | £ COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
oo USE OF Tii!S TECHNOLOGY _ , e
L BN SRR
I E S o o o s e o s

228 | 5.SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
REE ACCCMPLISH NEED
apss This continuing task is directed towards design, fabrication,
wEFZE | testing and demonstration of a light-weight fuel cell power

W plant technology capable of operating from reactants acquired
[ S = ————a

from the vehicle propulsion tanks, which eliminates the need

w for dedicated tankage and reactants. m_‘l’ﬁh»e__ga_sai_;‘_d_e_s_i_gn "”.]__Pi
AEE available in modular sizing from 3 to 24 KW at a 15 1b/kw power
66 density and 5,000 hr. life. The design will'be based on a

single-cell design developed by LeRC.

Any
% Poug g -4
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SPACE TECHNOLOGY NEED FORM NO. | W
- PAGE20F _ 2
TITLE  ENERGY STORAGE NO g
PHOTOVOLTAIC - ELECTROLYSIS THEME/ WG, L 30k
FUEL CELL POWER SYSTEM DATE 4 /28/76

The approach is

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

to utilize existing technology to build an operational

breadboard to evaluate the regenerative fuel cell concept for energy

will be used to

storage using dedicated fuel cells and electralysis units. _Breadboard

to establish system interface requirements.

_establish parametric performance characteristics and

7. ALTERNATIVE APPROACHES/OPTIONS The alternate is to use the Ni/Cd

batteries which become extremely heavy at the high power levels or

develop much higher enerqy density batteries.

RTOP 910-44-05

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

Ion Exchange Membrane Fuel Cell at JSC.

RTOP 910-05-03

Lightweight Fuel Cell at MSFC.

RTOP 506-23-24

Fuel Cell at LeRC

FY

9. TECHNOLOGY SCHEDULES

SCHEDUJLE ITEM

76(77]78179]80) 81]82|83|84|85]86]87]88]89|90]91]92]93{94]95

SK ITEM
Define Power

v

S.
sign and Con-
struct Breadboar

AV

Analysis Data

Estab]ish Inter-
face Parameters

[ and
v

Tech. Read

Operational
FRighLJmuuL

MANPOWER (M-Y)
INHOUSE

CONTRACT

FUNDING (106 §)
INHOUSE

\__CONTRACT

PR L A S

SOt

— e



= ;
SPACE TECHNOLOGY NEED FORM NO. |

PAGE 1 OF _3
1. TITLE Electrochemical Conversion - NO.1.7,8,9,11,12/P-2/ECC2

Second Generation Fuel Cell Technology THEME / W.G. / TASK

. d
(Alkaline Matrix and Ion Exchange Membrane Acid) DATE_ 4 /28,16

2. OBJECTIVE Develop alkaline Hp/0, lightweight second generation fuel cell,
.9 V, > 3000 hes, 250°F and develop an acid IEM fuel cell with 100,000 hr_

life and invariant performance.

3. NEED ANALYSIS
o) LEVEL Now [2], wiLL BE LEVEL [4] UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [5] FOR OPERATIONAL SYSTEM USE BY
¢) RISK IN ACHIEVING ADVANCEMENT:
HIGH[] ™eoium [x]  tow []
4) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING (x] or
ENHANCING: HIGH[]  meowm [ tow [
¢) TASKS NEEDED:  STUDY []  ANALYSIS [X] RESEARCH ]
( GRDTEST [X] AIRCRAFTTEST []  SPACE FLIGHT TEST O
A OTHER (Specify) m Technology Development {Check one or more)

ENVIRONMENT IN THE LABORATORY
6. MODEL TESTED IN AIRCRAFT ENVIRONMENT

7. MODEL TESTED IN SPACE ENVIRONMENT

o e

PR YR T L an, S o e —
5. COMPONENT OR BREADBOARD TESTED IN RELEVANT

f) R&T BASE CANDIDATE

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY High temperature oxidation resistant

polymeric materials for matrices and construction. Catalysts and

electrode reactions technology.

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO

ACCOMPLISH NEED
1) A solid polymer IEM acid fuel cell stack has run over 35,000 hours with

no detectable performance degradation, 100,000 hours at higher efficiencies
are reasonable goals with higher pressure operation. QA

MATHEMATICAL MODEL
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

1. BASIC PHENOMENA OBSERVED AND REPORTED
2. THEORY FORMULATED TO DESCRIBE PHENOMENA
3. THEORY TESTED BY PHYSICAL EXPERIMENT OR

2) By replacing asbestos as a matrix material with fibrous polybenzimadazol
or other polymer mat., an improved catalyst and heat removal system,

higher operating temps can be utilized. This yields higher efficiencies
at lower weights.

3) Both these systems are a necessary part of the advanced fuel cell/
electrolysis (regen fuel cell) energy storage system.
4) One Page 2 for each of these concepts.

LEVEL
OF STATE
OF ART

o M 30 LA

S v
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SPACE TECHNOLOGY NEED FORM NO. |
PAGE 2 OF 'g
-
TITLE Electrochemical Conversion NO.1.7,8,9,11,12/P-2/ |
THEME /W.G. / TASK

Second Generation Fuel Cell Technology

DATE 4 /28 /76

O —
6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Develop new materials of construction, electrocatalysts, materials and heat

removal systems and incorporate in liqhmmht_designs‘_&alma_single_

cell design to prove out concept then develop and test an Engineering Model
System (EMS) for system demonstration and endurance test on the ground.
This is alkaline technology.

7. ALTERNATIVE APPROACHES/OPTIONS The other option is the first genera-
tion lightweight technology operating at much lower current density with

proportionately for poorer power density,

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
Work on polybenzimadazole fibers for matrices underway in FY 76, R&T work

on single cells, plaques to start FY 77, all under RTOP 506-23-24. New
Start 1981 submitted.

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM 176|77|78)79|80]81|82|83]|84|¢5|86|87|88|89|90]91]92] 93] 94|95

TASK ITEM
Enabling Technolo&

Single Cell Design/Def.

&y
Power Section Dev. 4—#—
ALY

System Definition

System Component Dev.
EMS Development =g
Demo/Endurance Tesks I—
ech Ready 4. o
Operational Use H
MANPOWER (M-Y)
INHOUSE o.ssishid2]2oslalsl s
CONTRACT =1-]-1-1-1-]1-1|-1-1-
FUNDING (108 §)
yrnh 0 |0 |.02}04.03 05} osf o1} o1
\__CONTRACT _[0s].2[.2] 2]
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SPACE TECHNOLOGY NEED FORM NO. |
PAGE3OF 3
TITLE Eyectrochemical Conversion No.1,7,8,9,11/P-2/E(QC-2

Ion-Exchange Membrane Fuel Cell Technology THEME /W.G./ TASK

DATE 4 /28, 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Continue current program with primary effort on sub-scale hardwatde.

Scale up to full-size cells at appropriate time. The program wi]
not go to full system tests but will solve technology problems if
stack testing which will allow the concept to be .designed into a
system after the program or application is defined.

—

7. ALTERNATIVE APPROACHES/OPTIONS None

Fy 76 RTOP 909-44-05-54
FY 77 RTOP 910-44-05-54

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76|77]78]79]80) 81| 82|83]84]85]86|87]88]89]90]91]92] 93] 94]95

TASK ITEM
Matls tests

A
Hi-Curr Dens{ty|A
s ol
Subscale tests
Full size cejls
Partial stacks A

e

MANPOWER (M-Y)
INHOUSE _CS .3]1.5.7
CONTRACT

FUNDING (106 §)
INHOUSE
\__CONTRACT 23] Y. 0]

i i it o T

e



SPACE TECHNOLOGY TIEED FORM NO. |
PAGE1OF _2

LB ad e B, . v > N T .

1TITE_ELECTROCHENICAL comveRston T I
FUEL CELL ELECTRODE AND CATALYTIC TECHNOLOGY  HL1is/W.G./ TASk

T T e DATE__4_/28;126

T TS a0t L At 20 Sl e o . w0 & SO B ¢ - o s 25 o e

*-

NE

EISTEDIN HELFYANT

# UREABBUAGD Y

O
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2. OBJECTIVE ) .
~Fvaluate-fuel cell _electrode_veactions and catalysts afficiancies to._

-enhanca parfermance, e e

A S e v b —————— . -+ o e

3. NFED ANALYSIS ORIGWM
PAG

o) LEVELNOW [2], wiLw ne LeveL [3] unbsr ExisTing PLAKEE Poog QU 3

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY
AT LEVEL [ 5] FOR OPERATIONAL SY571:M USE BY [nate: 1020 ]

¢) RISK IN ACHIEVING ADVANCEMENT: _
HIGH ] meoium [ tow 7]

d)CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [] oR
ENHANCING:  miGH ] meoium [T Low (]

¢) TASKS NEEDED:  s1UDY [7) ANALYSIS [x]  RESEARCH [X]
GRDTEST [_]  AIR CRAFT TEST () SPACE FLIGHT TEST ]

4. COMPLEMENTARY TECHNOLOGY FDVANCEMENTS REOUINRED FOR
USE OF THIS TECHNOLOGY

— e e 8 e e et b = e v0e e = . s e T e 4 e 0 b ]

IR CHARACTCRIZTIG Jeaon

_ 5. SPECIFY TECHMULOGY ADVANCEMENT REQUIRED TO
- ACCOMPLIL.il NEED
H Using the technique of ESCA (»l-]_u:_i'rgx;~:1gf-':c‘t._)_‘c_§c_qg_,xv for Chenrical o
g Analysis) rescarch vill be perforned to fuy ther uiderstading of
g fuel cell chaaical phencmena such as surface reactions, catalytic
&= s ’ ~ . dodo i - =S Sl oo S
=Sl - processes, and_clectiodes. Tids Lechnolegy will aid in the search
w for cheaper catalysis. o B o
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SPACE TECHNOLOGY NEED FORM NO. |
PAGE 20F _2 __
[E===
TITLE  £LECTROCHEMICAL CONVERSION- NO. 157,8,9,11/P-2/ECC-

FUEL CELL ELECTRODE & CATALYTIC TECHNOLOGY THEME /W.G. / TASK

- DATE 4 /28/ 76

6. RECOMMENDED APPIOACH/PROGRAM PLAN TO ACCOMPLISH NEED
The initial phase will investigate known catalysts to determine
characteristics. The second phase will search for naturally occurring
materials which have catalytic properties. The third phase will synthesize
materials in search for inexpensive catalysts.

7. ALTERNATIVE APPROACHES/OPTIONS  Continue to use expensive

_platinum or gold. _

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
None

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76 (77]78]79]| 80 81|82 83]84|85|86|87]|88]|89]90]91]92] 93] 94|95

TASK ITEM
Exam. Cat. a
Exam. Naturally
g"urrv

teria D
Synthesis of
Materials

MANP Y
|NHoov:JEsz MY .25(.5|.25(.25].25}25

CONTRACT
FUNDING (106 §)

INHOUSE
\__CONTRACT
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SPACE TECHNDLOGY N2Eo FORM NO. §

)

3 NEED ANALYSIES

, i a) LEVELNOW [, wity pe Lpvep (2] unpER EXISTING P1ANS,
= DY RYQUIRED ADVANGFIMENT — SHOULD [t FECHNOLOGY READY
Ee ArLtvuL[SlVOHLWHHAHUMALSYSHA:UW.WVEmhc ]
o ) RISK AN ACHIEVING ADVANGT MENT:
& Hah 7] memiow [ Low [ ]
j WERITICALITY TO THE ACCOMPLISHMENTS: T NATLING k! on
ENHANCING:  HiGH ] mepium [0 tovr ]
_ e} TASKS HEEDED:  STUDY [ f] ANALYSIS [X]  nestanc 7] i
! GRDTEsT fy ] AR CRAFT TIST [] SPACE FLIGHT TiST [T
OTHER (Sprecivy) ,(J' HARDWARE DEMONSTRATIONS B !(fhf"'.f\‘ one or ““w”,"
IR ST YES (506-23-30) ($450K) :
|4 COMPLELIENI ALY | 2eHM0L0 5y ACVANCEMEN IS REGUIRED 00 )
b Ussor s Teasouy HIGH VOLTAGE MATERIALS TECHNOLOGY,
'y HIGH POWER/HIGH VOLTAGE/LOW LOSS ELECTRONIC COMPONENT DEVELOP-
| MENT,
B SPEELEY TECHNOLOGY ARVAREEMEM Y REGUINED 10
e ACCOMPLISH V=6
TR AR TECHNOLOGY ADVANCEMENT IN HIGH POWER ADVANCED ELECTRICAL
ieagae b POWER CONDITIONING IS REQUIRED BECAUSE OF THE SEVERE IMPACT
ERLEE PRESENT TECHNOLOGY HAS ON SUCH KEY PARAMETERS AS WEIGHT,
K ! EFFICIENCY AND RELIABILITY, SPECIFICALLY, ADVANCED ELECTRICAL
o { POWER CIRCUIT TECHNOLOGY IS REQUIRED FOR SUCH AREAS AS
; ELECTRICAL CONDITION;NG FOR THERMIONIC CONVERTERS (I.E,, HIGH
5% i CURRENT, LOW VOLTAGE + BI-DIRECTIONAL FOUR QUADRANT PQOWER
o | CONDITIONERS FOR BATTERY CHARGE-DISCHARGE CYCLES, AND HIGH

1 2. 0LiLNIVE

e o sty e FABE LOR
171 PoWeR PROCESSING DIsTRIBUTION AND o, 1,7-12/P-2 /pp-1
CONTROLS; ADVANCED EL_ECTRO_NIC_PQWER _ ‘I‘IEEME/‘."}.(‘../ FAasK
ConprT1ONING TECHNOLOGY e OATEY /2676
_DEVELOP TO TECHNOLOGY READY. STATUS UNIQUE HARDWARE S

ITEMS REQUIRED TO ENABLE ADVANCED HIGH. POWER ELECTRICAL POWER
SYSTEM CONCEPT IMPLEMENTATION,

VOLTAGE, HIGH POWER CONDITIONERS FOR RF TRANSMISSION,
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SPACE TECHNOLOGY NEED FORM NO. |
PAGE 20F 2
TITLE POWER PROCESSING DISTRIBUTION AND CONTROL: No. 1, 7-12/P-2/PP-1
ADVANCED ELECTRONIC POWER CONDITIONING THEME / W.G./ TASK
TECHNOLOGY DATE 4 27/ 76
———

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPL.ISH NEED
(1) Identify unique Power Conditioning needs which constitute major
____ _Mission penalties and/or impediments. L L o
(2)_Evolve and implement a technology ready program addressing solutions
Lo unique power conditioning requirements of (1) above.
(3) Verify adequacy of approach (weight, efficiency. etc.)and

—_availability of power circuit sub-element designs.

7. ALTERNATIVE APPROACHES/OPTIONS Wait until project phase QID toﬁegin
design and incur the historical proble_m of cost overruns due to technical

roadblocks and schedule s1ips associated with power conditioning hardware.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

Power Processing and Distribution Technology
506-23-30 _ e

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76 7778|7980 81|82{83]84|85|86|87]88]8s]s0]s1]sz 93{94]95

TASK ITEM»*

(See 6. above) | I L L L L L L1 11 S . . -

100kw/LEQ)
Hardware ) - 1 R o T

vm/tioreso) | [ LT T T T T T BENEREE

— B G S T ST S S — e - .

Hardware ) st~k

S — —_— 4

10 mW/GSO)
Hardware ) |

MANPOWER (M-Y)
* INHOUSE _ ‘OL 12 16
CONTRACT

FUNDING (108 §)
\__CONTRACT .3(.315 .7 .79- —

*NOTE: This is a continuing R&T Program which addresses varying user needs; data
shown is average level of effort. —_
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SPACE TUCHNDLODY =80 FORM NG i

‘ _ CPAGETOF. 2 ‘
1L PQNF_R PRocessme Dlsmmunou AND 1O, 1 7 8 9 10 11/P Z/ﬁP 2
| EME /‘J G/ TASK
LONTROLr ~INTEGRALLY REGULATED -SOLAR- -- |
ARRAY TECHNOLOGY L q,zs,]ﬁ ‘

L2 ORIEC i
2 r.l N ,, " DEVELOP TO TECHNOLQGY'READ_Y. STATUS, THE APPLICABILITY
!

OF DIRECT .ON THE ARRAY REGULATION OF _ELECTRICAL POWER_FOR ... .
DEDICATED LOADS. . o L . o

e eemmets A A i Tiet o St e M Tem m S Sbe S SRS SRS sSSIPR R TS Lt g S B S

4.NeRED .-\“e,\l.\’ah
o Lovin wow [, wine e Levir [B UNDER EXISTING PLANS.
b) R QUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY
ATLLVEL [B] FOROPERATIONAL SYSTEM USt: BY (a1
¢) RISK IN ACHIEVING ADVANCIMENT:
men ] meoww [0 row []
d) CRITICALITY TO THE ACCOMPLIGHEIENTS: FRABUNG [C] OR

cnnancinG: e[y oo {1 cow [
e) TASKS MEEDED:  STUOY [y AR Al‘u‘,hr] pESTALCH [y ) i
GADTEST K] A CRAFYTEST |[7] SPATL PLIGHT TEST X]
OMER pecig [ 1 (G e or insiie)
o i £ wns G YES (506-23- -30) (SlSOK) o ‘
o 4 Comm, »l.A:".':,\.\.', .-'_::zn-:"::-.'):,\.' AN ARG H S RS 00 !
S UsEOF RIS TEERROLOGY - HIGH VOLTAGE MATERIALS TECHNOL.
4 : SPACE ENVIRONMENTAL INTERACTIONS.

! !nSPlL' v e h.ul(p SRV AL xr,l.lafanUL:sn’w)

NO MAJOR ELECTRICAL. ENGINEERING. TECHNOLOGY ADVANCEMENT- IS -
REQUIRED, HOWEVER, TWO OTHER AREAS DO REQUIRE TECHNOLOGY.
ADVANCEMENT. SPECIFICALLY, THE SPACE ENVIRONMENTAL
INTERACTION EFFECTS OF PLASMA/CHARGING FOR LARGE HIGH VOLTAGE
SYSTEMS AND THE PROPER APPLICATION OF HIGH VOLTAGE MATERIALS.

ORIGINAD PAGE 13
OF POOR QUALITY
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SPACE TECHNOLOGY NEED

FORM NO.

ﬁTLE POWER PROCESSING DISTRIBUTION AND CONTROL:
INTEGRALLY REGULATED SOLAR ARRAY TECHNOLOGY

PAGE20F _2
NO. 1.7- - -
THEME /W.G. / TASK

DATE

6. RECOMMENDED APPROAC
(1) Feasibility Study (completed)

H/PROGRAM PLAN TO ACCOMPLISH NEED

/27/ 76

{2) Laboratory feasibility demonstration (completed)

A3) Application study
(4) Engineering model demonstration

(5) Environmenta) inter
sectopm P-2 EI: through EIS)

7. ALTERNATIVE APPROACHES/OPTIONS Use

previous approach of unregulated

solar array with in-1ine voltage regulation and load

power conditioning and

accept the weight and efficiency penalties.

8. CURRENT/PLANNED RELAT
Ex r

ED ACTIVITIES (RTOP, OTHER)

Power Processing and Distribution Technology

506-23-30

9. TECHNOLOGY SCHEDULES
FY

SCHEDULE ITEM |76 ]77]78]79 8081|8283 85]86]87|88)89

91]192] 93 94 | 95

TASK ITEM
Feasibility Study,

Lab feasibility

Application Study

Eng. Mod. Build

Eng. Mod. Demo

H.V. Materials Su

Gad

*Environ. Verific.

MANPOWER (M.Y)
INHOUSE _

CONTRACT

FUNDING (108 )

INHOUSE 1

.0 11.11.1

\__CONTRACT L3412

*Resources do not include environmental program data.
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L.TITLE _poyRR PROCESSING, DISTRIBUTION AND M6’ Y,
CONTROL: HIGH POWER/HIGH VOLTAGE/LOW LOSS W.G./ TASK

ELECTRONIC COMPONENT DEVELOPMENT
e DATE__4./_26_76

p
SPACE TECHNOLOGY NEE FORM NO. |
PN WS T T IR SN AD ek Y ) Sl U 2 3 L2 BN PAGr 1 OF_—g-
7.8:9,300 - e

2. OBJECYIVE
Develop to a technology ready status identified electronic

components_(i.e., rectifiers, power transistors, capacitors,
power magnetics, etc.) presently limiting advanced power system

———GCORCepPLEE—
3. NEED ANALYSIS
a) LEVEL how [2), witL e LeveL [2] UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT -~ SHOULD BE TECHNOLOGY READY
AT LEVEL [5] FOR GPERATIONAL SYSTEM USE BY [mare: ]
c) RISK IN ACHIEVING ADVANCEMENT:
HIGH []  meowm [G]  Low []
d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [ on
ENHANCING:  HIGH []  mEDIum (] Low [
e) TASKS HEED=D:  STUDY [¥]  AMALYSIS [[]  kESzARCH [
GRDTEST ] AIRCRAFTTEST [[]  SPACE FLIGHT TEST []
OTHER {Speeify) [X] Demonstrate with Prototype (Check on or more)

f) AT BASE CANDIDATE  Yes (506-23-31) ($450K)

‘. (.0-1'?‘ CIENTA {:'J’ MOLOGRY AJ".’\N(.u 1EMTS REQUIRED ""”t
USEQCFTHISTE b” wiLOGY e

None other than basic solid state physics and high voltage
m_azse_r_i_a_ls_..t_ec_&npl_w,-"

SPECIFY TECHNOILOGY AD \/’\ 1R .‘Ji’ PEuULlED T0
WCCOWPLISH MEED
As power levels increasefp 10'sand 100's of kilowatts, (even

more in some cases), hardware inefficiencies (component

electrical losses) become increasing important. Two
technology advances are therefore requfred‘In ‘thé general ~—

~eiﬁ:'u':.i‘em:y,_,and_(_21 imxmg the power (current ‘and voltage)
handling capabilities of specific components identified as

limiting or penalizing advanced electrical power system
concepts.

ORIGINAD PAGE 1S
OF PONR QUALITY
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F
PAGE 20F 2
TITLE poyeR PROCESSIN., DISTRIBUTION AND CONTROL: NO.1,7-12/P-2/PP-3

HIGH POMER/HIGH VOLTAGE/LON LOSS ELECTRONIC THEME / W.G. / TASK
COMPONENT DEVELOPMENT

DATE 4 ,27,76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
(1) Identify new unique power component needs which constitute major

a mission penalties and/or impediments.
(2) Evolve and implement a technclogy development Program addressing

solutions to new and uni gug_awiﬂmﬂﬂmn.Lmquimmgm_o_f_m_m._
(3) Verify performance characteristics and, if practical, incorporate

____deye4eped_de¥1ce_in~usan_tasi;4uuupuuu-f
7. ALTERNATIVE APPROACHES/OPTIONS h

electronic designs availability of components (solid state and static) are
limiting factors.

| 8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
High Performance Power Electronic Components
506-23-31

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76]77]78]79 80181|82|83|84)85]86]87]8a]89 90 91]92] 93| 94 95

TASK ITEM*

QEE_GQQO_VQI & S [
100kw/LEO ) | R
Requirements

1 mw/LE0/GS0) 0
Requirements) o A —

10 mw/GSO
Requirements)

MANPOWER (M.Y)

*INHOUSE 4 |6 8 10
CONTRACT
EUNDING 0781 ] oh 24 2
\__ CONTRACT .3].4 .6 1.8

*NOTE: This is a continuing R&T Program which addresses varying user needs;
data shown is average level of effort.
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SPACE TECHNOLOGY NEED FORM NO. |
PAGE 1 OF 2

T~ A WA A O S e At e A GO U g \ .g.A Tuu.u Aa-nm’\u «

LTITLE Power Processing. Distribution and Control No. 11 ]ZZp_f
High Voltage Materials Technology THEME / W.G. l TASK

= pare 4,26, 76 _

2. OBIECTIVE
Provide a firm materials technology base for advanced high-power/high-vo'ltagqﬂ

electrical power system concepts (that is, dielectric films, encapsulents,

3. NEED ANALYS!S

a) LEVEL Now B], wiLL B LEVEL [Z] UNDER EXISTING PLANS,

b) REOUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY
AT LEVEL [5] FOR OPERATIONAL SYSTEM USE BY [oate: 7

c) RISK IN ACHIEVING ADVANCEMENT:
HIGH []  mepium (X Low ]

J) CRITICALITY TO THE ACCOMPLISHMENTS: ~ ENABLING [X] OR
EnHANcING:  migH ] meEpiom [ wow [

e) TASKS NEEDED:  $1UDY []  ANALYSIS [X]

RESEARCH [X]

GRD TEST [X]

AIR CRAFT TEST []

SPACE FLIGHT TEST ]

e ————— BT

o OTHER {Specify) [}] Laboratorx_»f,esting‘ ; _(Chem one or maore)
5 f) RXT BASE CANDIDATE veg_is_oe_-z_;_do) ($30K)
£ B F— ekt e
dcig gt 4, COMPLEMENTARY TECHMNDLOGY ADVANCEMENTS REQUIRTD FOR
4 i USE OF THIS TECHNCLOGY __ None G b
el E i e e B i o e
'cu 5. SPLECHY TECHNOLOGY ADVANCEMENT REQUIRED TO
ST i ACCOMPLIS. NEED
ek 8y Materials _analysis,_ research, and characterizat'lon of life limiting
i : and physically destructive mechanisms such as partial discharge, corona
CEa breakdown, and/or arc over is required for advanced _high-voltage
e o high-power electrical systems. Additionaﬂy, unique characteristics
t’g such as material photoconductivity and new thin film die‘lectrics such as
.:g% polyvinylidene fluoride or : advanced coatings such as paralyne mustb_e
166 exploited and understood.

goe B
oﬂeﬁ’f gﬂ h\*"ﬂ
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SPACE TECHNOLOGY NEED

FORM NO. |
PAGE 20F 2

TITLE pOWER PROCESSING, DISTRIBUTION, AND CONTROL:

_HIGH VOI TAGE MATERIALS TECHNOLOGY

NO._1,7-12/P-2/PP-4

THEME / W.G. / TASK

DATE 4 /27 /76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Past programs which contained high voltage power electronic hardware (SERT,

SPHINX, GEOS, CTS, etc) have consistently encountered technical problems

(some serious) in the area of high voltage electrical phenomenon (corona &

arcing). In order to confidently pursue multi-hundred kilowatt power

programs, a firm technology base in high voltage materials is essential.

7. ALTERNATIVE APPROACHES/OPTIONS

Solve technical problems as they develop and accept a very high risk

approach ($ overrun/schedule slips)

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

A small effort now is included in Power Processing and Distribution

RTOP 506-23-30

9. TECHNOLOGY SCHEDULES
FY

SCHEDULE ITEM ]76|77]78|79]80] 81] 82

83

84

87

88]89190] 91]92] 93{94]95

TASK ITEM

1 kv to 5kv Tech

5 kv to 25kv Tech.

25kv to 100kv Tech .

>

MANPOWER (M-Y)

—
N
w

INHOUSE

CONTRACT

FUNDING (108 §)

INHOUSE .03].1 .2

\_CONTRACT 2.3
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SPACE TECHMOLOGY MNEED FORM NO. | \

e R e e o R R R e S - AR - PAGF 1 OF—Z— bt Supn
1.TITLE Power Processing, Distribution and Control: — 1, 7. 8, 10, 11/p-2/pb

Remote Pdwer Controller (RPC) Techno'logy for THEME / W.G. /1ASK

High Power dc Distribution Systems DATE & /26, 76

_ ._1

l
2. ORIECTIVE Provide technology ready development base for RPC's in the

=

£ range of 10' 's to 100's of amperes and 100' s to 1000'5 of volt dc

(that is, soHd state svntch gear)

3. NEED ANAL VSIS
ek s 2) LEVEL NOW 12, wiLL B LEVEL [2] UNDER EXISTING PLANS.
e h) REOUIRED ADVANCEMENT — SHOULD BE TECHMOLOGY READY
- AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY [oaTe: _ -]
¢) RISK IN ACHIEVING ADVANCEMENT:
LR HigH [ mepium [X] Low []
“ - d) CRITICALITY TO [HF /\(LUMPL!S'IMI—I‘Ho ENABLING K] oRr
ENHANCING: wm[] meoom ] row [
¢) TASKS NEEDED:  STUDY [X]  ANALYSIS [ RESEARCH []
GhoTEST [X]  AIRCRAFTTEST [[] SPACE FLIGHT T5ST [}
: OTHER (Specify) [X] devel. & demo. v1a_procof1;ght (Cho« k one or more)

1) RAT BASE CANDIDATE Yes (506-23-31) (SSOK) o

4. (.Jt‘.‘..“LE!-.r.-u f,’\.-. VO IUL(JU. ADV /\NL\.‘.’:. PTE REOUGIED FOR
U3E OF THIS TECHN0LGSY  high-power high- voltage sohd state smtch
(that is, transistors and/or silicon controlled rect1f1ers)

5. SPECHRY f"C'-h“OL(‘GY /DVANCF MENT REQUIRED TO
ACCOMPLISH NEED
Starting with_existing 28 volt. (Shuttle) and 120 volt (Lewis R.C.
technology ready program) RPC R&D activities, a gradual growth of RPC

power. capac1ties wﬂ'l be evolved The program evolutwn will spec1fica11y
maintain present Togic and control capab111ties such as i2t and/or

1nstantaneous 3x current tmp characteristics while augmenting ‘the power

v

oo A —
:?t handling rat1ng 1n accordance with the deve1op1ng needs of high power dc
o electrical d1stribut1on sytems. -

S
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SPACE TECHNOLOGY NEED FORM NO. |
PAGE20F _2

TITLE  pOWER PROCESSING, DISTRIBUTION, AND CONTROL: . 1,7-12/P-2/PP-5
REMOTE POWER CONTROLLER (RPC) TECHNOLOGY FOR THEME /W.G. / TASK
HIGH POWER dc DISTRIBUTION SYSTEMS

DATE_ 4 /27/ 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Using the existing technology demonstration program (LeRC) for 120 vdc RPC's
as a model, similar programs will be evolved for a family of load RPC's in
the range of 120 vdc/30a to 480 vdc/100a, and for a family of bus RPC's in_
the range of 1 kvdc/50a to 30 kvdc/150 a. Three power svstems levels will
be addressed, 100 ki]owafts, 1 megawatt, and 10 megawatts.

7. ALTERNATIVE APPROACHES/OPTIONS Without the availability of properly
sized RPC's, proposed advanced electrical power systems cannot be designed.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
Present work is Timited to 270 vdc as an upper limit -RTOP 506-23-30 Power

Processing and Distribution Technology.

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76 (77]78]79]80] 81|82 83 84185186]87]88)89)90]91]92| 93] 9435

TASK ITEM

_R&D Program for|

—_— . R 0

_100kw RPC's i
Tmw RPC's eobeabasl
10mw RPC's

P

MANPOWER (M.Y)
INHOUSE 2 14 6 10
CONTRACT

FUNDING (108 §)
INHOUSE 01 ! 15 N R

\__CONTRACT o4l .2l 4 l.6 3=1.2].1
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SPACE TECHNCLOGY MEED FORM NO. 1
PA(.F 1 OF_2 .
e AR ~>:z P R L Y P R .’.-.;a..' [P VS IR ECR GPRUIIE RIS S TP DR G MR PAR SRR ) \T PP S R
1. TITLE Power Processing, Distr., and Cont,; NO. _]_Q"u P- 2/PP__67

_Long LIfe, High Performance Power Processing _ THEME /W.G./ TASK

for Planetary Applicatio
r Planetary Applications o DATE. _4/26/16.

2. 08JZCTIVE
Develop and demonstrate advanced power processing and distribution tech- _

nology for futire planetary programs to achieve 10 year lifetimes, high
efficiency, reliability and trans1ent and faﬂure Jimmunity.

3. NEZD ANALYSIS
a) LEVEL Now [3], wirt 87 Lever (4] UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY
AT LEVEL [5] FOR GPERATIONAL SYSTEM USE BY [pATE: 1982 ]
c) RISK IN ACHIEVING ADVANCEMENT:
HIGH [} meoiwm K] Low []
d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [X OR
ENHANCING:  HIGH []  medium ] row [
e) TASKS MEEDED:  STUDY [ ANALYSIS [xd ResEArcH []
GRD TEST[]  AIRCRAFTTEST [[] SPACE FLIGHT TEST [ ]
OTHER [Specify) [X] Development - ((Jhmrk onzor o)

1%

f) R&T BAS (‘ANL)ID\T: Y°s, RTOP 500 23 33; FY 76; $435K to be expanded

v

£ COMPLELIEITATY TECHNOLOGY ADYANGEIZNTS NEQUIRED FOX
USE OF TH!S TECHNOLOGY  None

5. SPECIFY TECHNOLOGY ADVANDEMENT REQUIRED 7O
AC(J(IIV'!)I iISH NEED

wit_h__s_ol_er_ﬁar_@xa and RTGS.. . s

0 Develops battery charge electronics to regulate charge and discharge,
and momtor, control, and protect spacecraft battenes for long-Tife

p]anetary mlssions
0 Develops new des1gn and analysis_ techniques at the component c1rcu1t

and system levels. o e

0 Modular des1gns allow for power_ growth, processing_of high_power gquantities,
and scaling to a wide variety of voltage levels for 100 KW applications and
nuclear power systems processors.

pxce
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SPACE TECHNOLOGY NEED FORM NO. |
PAGE 20F _&J
TITLE  poWCR PROCESSING, DISTRIBUTION, AND CONTROL 5 NO._1.10/P-2/PP-6 |
___LONG LIFE, HIGH PERFORMANCE POMER PROCESSING THEME /W.G. / TASK
____FOR PLANETARY APPLICATIONS DATE 4 /29,76
==

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

0 lechniques and hardware to reliably and efficiently provide uninterrupted _
Fower to science and houseieeping loads from S/A and RTG sources are in

dé;ETdﬁeﬁt "-Hu_p to several

Kﬁ—ﬁ—lﬂi— to several hundred volts

n el opment for extended life was started

0 Modular PPE concepts to be expanded to accommodate: (1) reactor sources; ()
high radiation and temperature environments; (3) 10-20 years life; (4) SEP and
NEP compatible Joads. — — T T T e
7. ALTERNATIVE APPROACHES/OPTIONS

No reasonable alternatives.

0 Batt_g[y__sy_stem eleg:tfgnig:s devel

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
RIOP 506-23-33 provides the baseline program. lln-ggingﬂam_expanded_.‘____
efforts are indicated below.

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76 (77]7879}80]81|82|83|84|85)86|87]|88]83|90]91]92| 93] 9a]gs

TASK ITEM
ovcone: L | P ]
o Medium Power PPE—T—T—T-YRr| |O] |

Nev't

]
i
i
i
T
1
l

o Battery System |/ YR [
ETectronics —

EXPANDED: . .

0 Reactor-Thermio- Vi N
MCTPPEDevt T | T T 17 1771 1T

T
e
N
-
|
o S

0 I:i—fe Test—Dé.rh(;. 1 ' \

MANPOWER (M-Y)
INHOUSE __ | 5|5]6]6]l6)je6]l6]l6)le]s]lal3li]i]n

CONTRACT
FUNDING (106

|NH0US(E S |4 41.6].6].6].6].6.6].6].6].4l.3).1).11].1
\__ CONTRACT A2 e 313131313




" COMPONENT On BREADBOAHD TESTED IN RELEVANT

WV AND REPOATI N

RATORY
AFT ENVIRONMENT

ENVIRONMENT

(NVIRONMENT 1N THE LABO
% MODEL TESTED iN AIRCH.

1O DESLRIBE PHENOMENA
YSILAL | *PERIMENT UH

7 MODEL TESTED IN SPACE

A=~

POHASIL PaE NOMT NA

LEVEL
OF STATE

OF ART

FHHMUL A

FAMEONY iy

/

> 2

MATHEMATILAL My,
4 PERTINENT FiNC T

OH LHARACTERISTIC DEMONSTRATED

[=

(SPACE TECHNOLOGY NEED

=

FORM NO. |
PAGE 1 OF _2

1. TITLE Power Processing,

Distribution & Control. No.

12, 7, 11 p-2 PP-7

Power Transfer Across Rotating Joints

THEME /w.G./ TASK

DATE __4,27.76

2. OWB%Ethe technology of transferring power
from the solar array to the Spacecraft.

—_——

—_————— e ——

across a rotating joint

3. NEED ANALYSIS
al LEVELNow (3], wiLL Be LeveL

b REQUIRED ADVANCEMENT -
AT LEVEL [7] FOR OPERAT|

(5] unoerE

OTHER (Specify) ]

SHOULD BE TECHNOLOGY READY

ONAL SYSTEM USE BY lDATE: 1987 ]

¢) RISK IN ACHIEVING ADVANCEMENT.
HIGH[]  ™eoium [X]  Low ]

dICRITICALITY TO THE ACCOMPLISHMENTS. ENABLING [] oR
ENHANCING:  HIGH[X]  mEeDIUM O ow([]

e) TASKS NEEDED: STUDY ()  anaLysis (J ReseaRrcH ]
GRD TEST AIRCRAFTTEST (O]  SPACE FLIGHT TEST Le]

XISTING PLANS,

(Check one or more)

f)

R&T BASE CANDIDATE Yes (new initiative)

USE OF THIS TECHNOLOGY
high voltage systems

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
_Power _d",s_t_'l_"_bitﬁ_"_'._ﬂ(lwg':_eqfld itioning and

————

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED

ACCOMPLISH NEED
Liquid metal slip ri

pover loss, friction and in extending 1ife,

9s offer a potential advancement in reducing noise,

TO




~ )
SPACE TECHNOLOGY NEED FORM NO. |
PAGE 20F _2

TITLE Power Processing, Distribution & Controly NOo.1,7,8,9,11/P-2/PF

Power Transfer Across Rotary Joints THEME / W.G. / TASK

— DATE 4 /28, 76
———

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Using current design, subscale hardware will be put on Tlife tests

A parametric desfgn and ana1y51s phase will investigate scaling

problems to 1arger sizes and power levels A fabricatmn task

will look at problems of 1arge size constructmn ~ An early

fhght _test - on shuttle w111 1nvest1gate operatmnal problems

7. ALTERNATIVE APPROACHES/OPTIONS Mechamca] shp r1ngs

None

9. TECHNOLOGY SCHEDULES
FY

SCHEDULE ITEM J76(77]78|79|8081)82]83]84|s5]86]87]88]s9 90| 91]92] 93| 9495

TASK ITEM
1.?35’%2“9 1if A

ZTBSE?SStEiEna 2% . ! !

3.FAB task ] B i : -

aftieTests [ LT ]

MANPOWER (M-Y)
INHOUSE __ | | |5
CONTRACT

FUNDING (106 §) 05
INHOUSE : | )
\_CONTRACT . . L N . ..

lon
w
|
wn
o




SPACE TECHNOLOGY NEED FORM NO. | W
PAGE 1 OF 2

1. TITLE Power Processing, Distribution & Control: No_lizjgﬁg'IOL/ p-2 / PP
Multi-KW Distribution System Technology THEME /W.G./ TASK

W

DATE_ A& /29, 176

T

2. OBJECTIVE
_?6' emonstrate the technology readiness at high voltage DC power

distribution system through use at a lab simulator

ENVIRONMENT IN THE L ABOR ATORY
6 MODEL TESTED IN AIRCRAFT ENVIRONMEN

i, COMPONENT OR BREADBOARD TESTED iN RELEVANT
7 MODEL TESTED IN SPACE EN\ IRONMENT

3. NEED ANALYSIS
. LEveL Now (@), wiLL BE LEVEL [5] UNDER EXISTING PLANS.

5) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY

AT LEVEL [5] FOR OPERATIONAL SYSTEM USE BY [DATE:
¢) RISK IN ACHIEVING ADVANCEMENT:

HIGH []  mepium (] Low X]
4 CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING X] oRr

ENHANCING: HIGH[]  meowum [ Low O
o) TASKS NEEDED:  sTuDY [ ANALYSIS (]  RESEARCH O

GRD TEST [X] AIRCRAFTTEST [[]  SPACE FLIGHT TEST O

OTHER (Specify) D (Chack one or more)

) R&T BASE CANDIDATE Yes 506-23-34 R&D - 65.2K, IMS 4.8K

4 COMPLEMENTARY TECHNCLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY

| BASIC PHENOMENA OBSERVED AND REPORTED
2 THEORY FORMULATED TO DESCRIBE PHENOMENA

3 THEORY TESTED BY PHYSICAL EXPERIMENT OR

MATHEMATICAL MODEL
¢ PERTINENT FUNCTION OR CHARACTERISTIC OEMONSTRATED

LEVEL
OF STATE
OF ART

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
To demonstrate technology r_ga_@jqgsiﬂ!__perfor;m_agg_g>gAq_\/antagg§_ of high

voltage OC distribution and control systems for large vehicles.
Additional__q@ective_s_gv:e to eya1uate the m_erit; gf_ soﬂd_ggﬁe_‘_" -

swiﬁtchiée_ar and multiplexed computér‘ controlled supervision and

control _methods in conjunction with HVDC distribution. i




{ |
SPACE TECHNOLOGY NEED FORM NO. |
PAGE 20F __2

TATLE _Power Processing, Distribution and Control: _ NO.l, 7-12 / P-2 / PP-8
THEME /W.G. / TASK

Multi-KW Distribution System Technology

S . — DATE 4 / 28/ 76
—_—
6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

late 1972 concluded that future multi-Kw power distribution systems should
use voltages in excess of 100V dc, employ multiplexed digital supervision _
and control methods, and solid state controls. This effort has been

initiated to implement this approach. .

7. ALTERNATIVE APPROACHES/OPTIONS  yigh voltage distribution is

essential for the specified high power requirements.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

This relates to other proposed high voltage - high power proposed power

components.

9. TECHNOLOGY SCHEDULES
kY
SCHEDULE ITEM |76|77]78|79]80] 81| C2]|83]84|85]|86]|87)88 89]90] 91| 92] 939495

TASK !TEM

Desi%n and
Install Sim. -4 - -~

pefine & Perfo
__Checkout

Test and 21
_ _Evaluate l md

Analyze 300 vV d

Angykten - "

= — e e - o

'quh . rRea_dy R

Operational Usel

— SCSEEE— o S 4—4—4 4 -4 P2 WD T - ——4

MANPOWER (M-Y)
INHOUSE ___ 5.5 .5 11
CONTRACT

FUNDING (108 §)
INHOUSE L
\ CONTRACT alorloalaz
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SPACE TECHNOLOGY NEED FORM NO. | ‘
l’/\f‘,F 1 (’)I- ,_,2

A RS NI G S R DA N e e AL M S T LA WA R e AL el L e s

1.71TL:  Thermal to E]ectr1ca1 Cenversion: MO 10/p-2/TE 1

”Thermoe1ec§(1gHSy§tems THEME /W.G./ TASK

o e OATEA__ /26416

2. 0BG
' L#ov1Je, data base on thermoelectrics for NASA, provide power

AT degradation models for isotope thermoelectric system, provide techn1ques
,._;: g for 1ntegrat1ng isotope power with spacecraft B
Hha oo NEED ANALYSIS D
g a) LEVEL oW L], Wikl ek Lever [] UNDER EXISTING 0L ANG, N/A
e e i . '
o i ) BLOUIRED ADVANCEMENT  SHOULD BE TECHNOLOGY BEADY
alEn ATLEVEL [ ] FOR OFERATIONAL SYSTEM USE Y [pare: | N/A
S ¢) RIS IN ACHIEVING ADVANCEMENT:
it f man [ mEmwon {7 tow [X]
g I CRITICALITY 1O THE ACCOMPLISTDTS: LnARLING [ ) on
i LapancinG:  Hian X3 mroim ] wow |7
! ) TASKS HEFOUD: - §iuny [ 7] Anarvsis [X pesoanon |7 !
j GRpTERT [ ] AR enarTIesy ] seact nicit st 7] ?
(5 ! ' " ) . ' !
o O ﬂ(uﬂfﬂ”v)[X] technology development Chet o or o)
b () 16 Ao G Yes, FY 76: 506-23-43 $286K 5
X iz E t ’ COMiPLY - “I.\ | B :!)-.'l'u\-' .‘x!,"JI,/\"_'“',.',;" 1o l‘_f :"“If," DN 4 ;
SR L LI CHT R ALY |
n § j
.‘;'5" EOLUSPECIE TRCHNOLGOY ADUANDL LN DEOUINSD T i
e R ACED T ISH MEED !
“‘,“ , Develnp radiation control technology for S/C. 2
K Evaluate selenide thermoelectrics. '
PR : Develop high-performance thermoelectrics. i
L
!
¥ |
tay- ‘
(N :
;)f', { Q
i Rt e
- StV |



D
rSI"ACE TECHNOLOGY NEED FORM NO. |
PAGE 20F _ 2

TITLE THERMAL TO ELECTRICAL CONVERSION : No.  10/P-2/TE-1
THERMOELECTRIC SYSTEMS THEM” /W.G./ TASK
DATE 4 /28, 76
———

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
1) Instrument response to radiation enyiromment

_2)_Radiation software deyelopment R S
_3)_Selenide Evaluation ——— e
-4) High Performance T/E Material Dey - - S,

7. ALTERNATIVE APPROACHES/OPTIONS

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76 (77|78}

TASK ITEM {
1. Inst. Resp.

——— e —Jh__ —d

80|81)82|83|8485|86]87|88|89)30|91][92] 93] g4 95

1=

2. Software
3. Selenide - A
4. T/E Dev. »

= —— - S e . . - f— 4+ —4 44—

—‘_._“__.__‘__1 = —+—+—+-+—4+ 4+ 3 1 ) o

S — 444} 13 ,,._.qk_.ﬂm-q_ 4

—_— 1 - S o —4——

MANPOWER (M.Y)
INHOUSE ___ |3 ]4]4]4
CONTRACT

FUNDING (108 §)
INHOUSE 2121313 'h
\__ CONTRACT 12 [.2].2




Ao —vra ——— o= "
S 4t 0 ' ey S e s 90 4 AP,
»

;-
SPACE TECHNOLOGY MEE FORM [HO. 1 1
[/\(: 1()| 2._.__“,-

80, 1:7,8,10,12/P-2/ T-2
THENE / W.G. / TASK

e

LR CUL PR

1 TITLE  Thermal to Electrical: o
High Temperature Brayton Power Conversion _

e DATEM B TE.

o mteoaan

e U ST

') nIe
Onu.

iV
Acqu1re the technology for cost-effective, long-life, high-turbine- in]gth-
temperatu"e Brayton conver=1on of heat from various energy sources to

e]ectric pover for use in a varlety of applicatIOns T

3. NEED ANALYS!S
i a) LEVEL NOW [3], wiLl B2 LEVEL [3) UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMEMT — SHOULD Bi: TECHNOLOGY READY
AT LEVEL [5] FOR OERATIONAL SYSTEM UsE BY [par:1995 ]
¢) RISK IN ACHIEVING ADVAUCEMENT:
tcH [] mepiwm K] cow []
i d) CRETICALITY TO THE ACCOMPLISHIAENTS:  ENABLING [ ] OR
ENHANCING: G [X] mepwm [ cow [
e TASKS MNEEDED:  sTUDY [X|  ANALYSIS [X]  nesearch [X]
GRD TESTLX]  AIRCRAFT TEST [_] SPACE FLIGHT TEST []

:f, OTHER (Spacify) [——l ek one or 1072)
L ) B#4T DAGE CANDIDATE  Yes: NEW START e
abin bloa (0\ ’l EUENTARY 1EC OGY AR VAl .'m..;)l?é! ZOULEED .-L:)‘ A
Lk UST oS THIS TECHNOLGGY (a) materia] selection and eva1uat10n, (b) liquid-
;ﬂféf f ? meta] heat -pipe development, (c) solar concentrator deve]opment (d) reactor
BRI, S R
"5;3 b i deve]opment
B s r—— e et e T -
. ; & s B, SPECH Y TECHMNOLOGY ADVANULZINEMNT KEQUIRED TGO
HAUP L ACCOMPLISH MEED
LAy Demonstrate Brayton capabilities for turbine-inlet temperatures of 1500K
Wik to 1600K with 10-year expected 11fet1mes by 1985 and 20-year expected
cHG)E lifetimes by 1990. )
t o . )
IL;[‘ — et —S = N —
:I " B
= — - - — n{P& ?AGE,:Y_Y__,, =
—— : oRICBRY qual ™




j
rSPACE TECHNOLOGY NEED FORM NO. |
PAGE20F2
T'TE Thermal to Electrical. NO.1.7,8,10,12/P-2 /T
_High Temperature Brayton Power Conversion THEME /W.G. / TASK

S __\.\.‘_____\_

DATE 4 /28/ 76
————

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
QLMM%@@QMMLQ“‘ —
(b) bearing and echanical design/development ——

m_themo_dxngmjc_,,angly_gi s o
Ql__ﬂt_a,tjnq_!tﬁt,fg@r?‘Fet_iowi_tesL —

m__iﬁgemd“es.isn\g\‘\“a‘“_“___

7. ALTERNATIVE APPROACHES/OPTIONS

Thermionic JOWEr_conversion -_—

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
None . . -—

9. TECHNOLOGY SCHEDULES

FY

SCHEDULE ITEM |76]77]78]79 80 87 8218318418586 [87]88]89]90] 91]s2 93{ 9495
TASK ITEM

blades and nozzles| | ] “,jfﬂ_ T+t +—4+——4—-1 [ 1
Pearings | | | | 11| [|][ "N
echanical design I I s e s A N O N O D i
thermodynamics | TT 1t 1+ b
rotating unit | | | . . ———— 1 ! | | - .
systemdesign | | | [ e = 4 N N N
P"QO_t.YEe__“__ ] +—+—4+4—4 1+ |

MANPOWER (M-Y)
INHOUSE ___ 314 2fizhizhizhizhz o ho
CONTRACT

FUNDING (106 g)

INHOUSE _ .5.5122222222
\__CONTRACT .51222222222

~N



N T et 1A ) —— s i 1 A YA Mt s

3 & -w_."? ._r:_'f_)_ ».\_”_)__l/.\'f YES ”506 24'23 ($400K) e e e
b4 COMPLERIENTARY TECHNULOGY ADVANCEM TS QEGIHED F03 :
H RS reOHMODLOL Y
P USSP TS RelBLOSY . p) HEAT-PIPE-RADIATOR DEVELOPMENT, - - -
B) HEAT=PIPE-COOLED NUCLEAR-FUEL ELEMENT IN-PILE EVALUATION .
“{  .C) COMPONENT FAILURE-MODE ASSESSMENT, D) NEUTRON- SHIELDING
- == DEVELOPMENT ,E)-HIGH-PERFORMANCE- HERMLONSG-GENVEISTOH e
e VOB SPECIFY TECHNOLOSY ADVA NCEMEN T HEQUIRED )
D01 ACCORPLISH T1EED
. DEMONSTRATE -SATISFACTORY. STEADY-STATE AND TRANSIENT BEHAVIOR..

"1 mass OF 20 KG/KME AND A LIFETIME OF 2 YEARS AT A SIMULATED

S N———_ . S . — ——— —————— v,

s
SPACE THCHNMNODLOOY NEED FQRM NO. |
PAGE 10F lu__-_
T.TILE THERMAL To FLECTRICAL: . o No],&lﬂ, -2/TE-3 |
. THEME /W.G. / TASK
- -ProTOTYPiC NUCLEAR THERMIONIC .

—- - SPACE Power Mobwle . e 4 ;26,76 ‘

2 ORISCTIVFE
MEETYE ACCOMPLISH THE DESIGN AND ELECTRICALLY HEATED
DEMONSTRATION_QF A NUCLEAR-THERMIQNIC-SYST EM_MODULE FOR A

HEAT‘J?JEE’COQLED FAST_ REACTOR. e

?. M ..!) AMALY :-Io
a) LEVEL NOW [, wire Be LEvEL (Bl UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMEMT - SHOULD BE TECHNOLOGY READY

AT LEVEL [ll FOR OPERATIONAL SYSTEM USE BY [oars 1990 '(EARLIEST)
¢) RISK IN ACHIEVING ADVANCEMENT:

HiGH [] mEoum [X Low 7]
A CRITICALITY TO THE ACCOMPLISHIIENTS:  ENABLING [x] OR

ENHARCIHG:  WIGH [ mEpium [ Low [
¢) TASKS NEEDED:  STULY [y ANALYSIS [y]  RESEARCH [ ]

GRDTEST K] AIRCRAFTTEST [} SPAGE FLIGHT TH5T (]
OTHER (5paci ly)[ J - (Check one or 1 nic)

AND PERFORM RELIABILITY ANALYSES FOR AN EXTRAPOLATED SPECIFIC.

POWER_LEVEL OF 500 kWe. _ L o o




r \
SPACE TECHNOLOGY NEED FORM NO. |
PAGE20F2
TITLE p ic Nucl 1 oz § b NO._7.8,10,12/P-2 /TE-3
'Modu]e THEME / W.G./ TASK

DATE_ 4 /28 /76
———

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
(a) Transfer technology_imuxitﬂuLR&megmms‘.(hl Provide a preliminary

-Power subsystem design and experimental.conmonent~developmentAand<quﬁlifi:
_cation tests, (c) Fabricate and integrate a 5-heat-pipe system module for

7. ALTERNATIVE APPROACHES/OPTIONS

None availggje

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
,R&LJLnELRrogmmm;M__ o e S
(a) High-Pgrfo_man,cgl-zw_i,onig Conversion (RTOP 506-24-21)
—(b) Thermionic Systems T echnology (RTOP 506-24-23)
9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM 7617717817980 81]82]83]84]85 86187]83189]90] 91 92193{94]95

. TASK ITEM
Mission & System
R&T___

Subﬁystemeesign
Component Qualif. |
Facility Mod. |

Module Fab. | |
Module Integration| |

Module Test | , . . L B e e S N N O O
EM Design .._}

MANPOWER (M-Y)
INHOUSE _ 4 14 |15]15)15)15 15
CONTRACT

FUNDING (106 g)
INHOUSE 20.

\CONTRACT b 7b. 2l2121>

Ir\a
—
no
(a]
ro
(=
(o]




cie e e

A —————_ e

SPAC:

TECHNMGLOGY N=ED

F OHM NO. I
PAGE 1 0"

)

17715 _THERMAL TO FIECTRICAL: tol,7,8,9,10,11, 12/P t/
Illf/H' W.G./ TASK
- THERMOPHOTOVOLTAIC POWER —- - A0 Te-4
__ . CoNVERSION IECHNOLOGY- -~ DATE, 4 / 26 75
2 ()n—-‘l‘lll}‘ o ) h

_EVALUATE THE FEASIBILITY OF OBTAINING EFFICIENCIES

APPROACHING z07 IN THE CONVERSION OF SOLAR ENERGY THE
DESCRIBED SPECIALIZED APPL!CATION OF PHOTQVQLTAICSL L

org

2. MEED ANALVSIS
o) LEVEL NCW [2), witL B LEVEL [B] UNDER EXISTING PLANS.
!ﬂHFQUHHﬂ)A)VAleH NT - SHOULD BE TECHAOLOGY READY
AT LEVE,
dlﬂSKlN/«lH‘VIV ADYANCIMENT:
MGH [ ] mzoiom [y Low [7]
Ay CRITICALITY TO THE ACCOMPLISHMENTS:
CNHANCING:  HIGH [x]  wmepium [ tow []
¢) TASKS NEEDED:  sTULY [x]  AnaLvsis [ nesganch 7]
GRDTEST [ AIRCRAFTTEST (]  sPACE FLIGHT TEST [
OTHER (Specify) [] (Chack one: or mois)

-

ENABLING [ ] OR

]) in T P/\ i C/\l‘.;!)“/"i\l fz

Y /\D\“\( MIENTS R Dl\t\

~LIGHT WEIGHT CONCENTRATORS e

4. (;Cr i1 Vi i."“i".l'].\lg’,.(.'
UseE OF THIS T ECHMNOLOGY

O SPECIEY TECHMOLOGY ADVANCEMENT REQUIRED 7O

ACCOVIPLISH MEZED

THE suuis,suaa% 6& FOCUSED UPON-A BODY, HEATING IT TO .. — .. .
APPROXIMATELY 300 AT THIS TEMPERATURE, THE BLACKBODY
RADIATION THAT 1S" EMITTEU MORE NEARLY MATCHES THE RESPONSE “OF-
A SOLAR CELL. . CELLS COVER.THE INSIDE OF A SURFACE WHICH _
ENCLOSES THE HEATED BODY. THE BLACKBODY RADIATION, EXCEPT FOR
THE LONG WAVE LENGTHS, IS ABSORBED “BY THE SOLAR CELLS"
CONVERTING PART QF IT INTO ELECTRICAL ENERGY. THE LONG_WAVE _
LENGTHS ARE TRANSMITTED THROUGH THE CELLS AND REFLECTED BY
THE REAR SURFACE BACK ONTO THE HEATED 8285 WHERE 1Y IS
ABSORBED AND USED TQ HELP MAINTAIN THE 30000 TEMPERATURE.

»Cfx?';
900



(
SPACE TECHNOLOGY NEED FORM NO. | 7

PAGE20F 2 ___
1,7,8,9,10,11,12/
TITLE  Thermophotovoltaic Power: No._P-2/TE4
Conversion Technology THEME /W.G. / TASK

—_ DATE__ 4 /28 /16

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
This proposed effort evaluates the feasibility of a specialized
—application of photovoltaics. The approach is to build and test one
__Or more scaled units to demonstrate feasibility.

7. ALTERNATIVE APPROACHES/OPTIGNS

The alternate approach is to use larger solar arrays or nuclear sources.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

9. TECHNOLOGY SCHEDULES
FY

SCHEDULE ITEM J76|77]78|79|80]81]82]|83]|84|85|86|87|88]89]90]91]|92| 93] 94|95
TASK ITEM

Analysis of
CQQC_gP_t,__ _

Design Test Unit |
Test Unit | |[&TV¥
Analysis of Test

eaeThl 15ty

AR -y 3 1 e -4

—_— —k SIS (NS S

MANPOWER (M-Y)
INHOUSE ___ 2f3
CONTRACT

FUNDING (106 )
INHOUSE
\__CONTRACT .05.15
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SPACE TECHNOLOGY NEED FORM NO. |
PAGE 10F 2 b

B T i

1. T'TLF_r_ngml to E'lectnca] NO.1. 7. 8, 10, 12/P-2/TE}S

High-Performance Thermionic Conversion THEME /W.G./ TASK

DATE__4 /26,76

ithy

ESTEL I RELEVANT

OBJZS“I\/L
Acgm’re the technology for economical, durable, high-efficiency thermionic

_conversion of heat from various energy sources to electric power for use
in a variety of applications. .

BREADIVANG T

Nermrw Ao
f oneR

ICDEL TESTED IN AINCRAFT ENVIRONMENT

ENVIRCNMENT IN THE LAZORATORY

7. MCOEL TZ3TED IN SPACE ENVIRON™M

5.

3. NEED ANALYSIS
a) LEVEL Now [2], wiLL e LEVEL [5] UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [5] FOR GPERATIONAL SYSTEM USE BY [DATE: 1995 th 2000
c) RISK IN ACHIEVING ADVANCEMENT:
HIGH [[]  MEDIUM []°  Low [X]
d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [ ] OR
ENHANCING:  HIGH [X]  mEDium ] Low [
e) TASKS NEEDED:  STUDY [x]  ANALYSIS [j ESEARCH [ %]
GRDTEST [x] AIRCRAFTTEST [[]  SPACE FLIGHT TEST [ ]
OTHER (Spacify) [] L (Chack ons or moiy)

f) R2T DASE CANDIDATE  Yes: 506- 24- ZLL,EguK) R e
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L, CONPLENMENTARY 'i"fC!-iN() LOGY ADVANCEMENTS .n_fLULz?.D - Of:
USE 0F THIS TECHNOLOGY (a) material selection and evaluation,

_(b) 1iquid-metal heat-pipe development, (c) solar concentrator
_deyelgpmenL (d)_reacmtiexe] opment

5. SPECIFY TECHNOILOGY .\DV,-\nC:x‘y!.:s\Jr REQUIRED TO
ACCCMPLISH MEED
_Achieve converter efficiences of 30 percent or greater with 10-year

_expected lifetimes by 1985 and 20-year expected lifetimes by 1990.
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S
e e ,_xg}c’»&____-_ .
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SPACE TECHNOLOGY NEED FORM NO. |
PAGE 20F 2
TITLE Thermal to Electrical: NOI,78,10 P- -

High-Performance Thermionic Conversion THEME /W.G./ TASK

DATE 4 /27 / 76
—
6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

Mmmmwnuhm

ﬂmmmummmwmmmuumm
ﬂp&ﬂmeﬂileudies_wASA_Mgmmntemmy:mnmmmuiu-AppuedaResear
—and-Ia:chmlogy#\RI)—nrogram).—wi th-the-resulting reduced -electrode work-

functions, electron reflections, and interelectrode losses demonstrate more
_eificient _themionic converts. The acquirecLTEC-ART information will allow

L2

7. ALTERNATIVE APPROACHES/OPTIONS Possibility of high-temperature Brayton
_(mstart\r

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
-506-24-31, 506-16-31, 504-24-22-

9. TECHNOLOGY SCHEDULES
FY

SCHEDULE ITEM 76 |77]78|79]80| 81]|82]|83]84)85]|86]87)88]89 90 91192]| 93] 94]95

TASK ITEM
Component studies |-
Electrode pr mgeegend | =1 |
Verify 30% effici §
10=yr. life extr i N .
20=yr. life extra i T—1
Lonyerter, -Plpe. .
mecyle demonstrations
(at_each technolo evgh

[
[]

i

1

1
1

MANPOWER (M.Y)
nHouse ___ | 717 holishs|isho
CONTRACT 20 120 130 J40 |50 |50 |30

6
FUNHouse. ® Jo.40.40.60.41. 41 .ofo.go.40.40.5
\__CONTRACT ozlo 7l 2.0 0l sh =h o

o o
~N
K




EUCI———

|
'
|
i
'
|
i
)
i
i
|

'\

SPACE TECHNOLOGY MNEED FORM NO., |
PAGE10F 2 _
.‘Aﬂlw-“”ﬂ":”' B &t e I i T R ol no\un‘mm.\-m’-nnnwmqu:n] ..'8 '1 RGN Wy N
T.TITLE _Thermal ta Electrical: NO..11.12, B-2/TE-6
L {aht~ fation Resistant THEME / W.G. / TASK
centrato = .
0 Solar Concentrator DATE__ 4 /26 / 76
s b
o 2. OBJECTIVE 3
AL on ratios greater_than 10 with configuration stabilitie}
= By appropriate for pointing accuracies of 0.1 degree utilizing light-weight
'J'ES, construction and nondegrading surfaces.
= s ——
OZuS
£8%5 | 3.NEeD ANALYSIS

A

RMENT 1IN THE LAZ

-
EEE

..‘...,.
COUPONCILT
ENVIRC
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7. MCQEL TESTED 14 SPAC

-
v,

a) LEVEL Now [T, wiLL Be LEVEL [Z) UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY

AT LEVEL [7] FOR GPERATIONAL SYSTEM USE BY [paTe: 1990 ]
c) RISK IN ACHIEVING ADVANCEMENT:

HIGH [  mepium [J°  Low []
d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [X] OR

ENHANCING:  HIGH[]  mEDIUM []  row []
e) TASKS NEEDED:  STUDY [X] ANALYSIS [X] RESEARCH [X]

GROTEST [] AIRCRAFTTEST []  SPACE FLIGHT TEST []

OTHER (Specify) [[] (Check on2 or moi2)

f) RAT BASE CANDIDATE  Yes: New start

4 | 4. COMPLEMENTARY TECHNOLOGY ADVANCENMEMTS REQUIRED FOR

USE OF THIS TECHNOLOGY _(a) advanced steering capability, (b) high-
temperature-receiver development
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5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO

ACCCMPLISH MEED
Acquire the technology necessary for solar concentrators with weights less

than 1 l'g/m2 to produce receiver temperatures of 1600 K to 1800 K without
significant degradation from 11-to-37 Mev protons wittl_a__f'luence of

3x10"/cmé.
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SPACE TECHNOLOGY NEED FORM NO. |
PAGE 20F2__
T 7 , ] ’ L]
TITLE  THERMAL TO ELECTRICAL : NO._12, P-2/TE-6

THEME / W.G. / TASK

——— I GHT-WELGHT,—RADIATION-RESISTANE—
—SOLAR_CONCENTRATOR DATE 4 727 /_Zh
6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
(a) 1ight weight substrate development
——(b) compatihle reflective surface coatings —_—
—(c) protective cover materials — S
——(d) irradiation test,documentation _
(e) high temperature receive development

7. ALTERNATIVE APPROACHES/OPTIONS

None Available

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76 (77178 |79|80) 81]82]83]84]ss 86]87188]89|90]91]92|93{94]95

TASK ITEM
Substrate

Reflective Surfafe - -
Protective co —1
Irradiati -
Receivers
Documentation A =

MANPOWER (M-Y)

INHOUSE __ 416]8)8 |8

CONTRACT 6lslsls]s
FUNDING (108 §)

INHOUSE .5p.41 11

\___CONTRACT

—
-
-




ENVIRONMENT IN THE LABORATORY
6. MODEL TESTED IN AIRCRAFT ENVIRONMENT

7. MODEL TESTED IN SPACE ENVIRONMENT

5 COMPONENT OR BREADBOARD TESTED IN RELEVANT

MATHEMATICAL MODEL
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

1. BASIC PHENOMENA OBSERVED AND REPORTED
2. THEORY FORMULATED TO DESCRIBE PHENOMENA
3. THEORY TESTED BY PHYSICAL EXPERIMENT OR

LEVEL
OF STATE
OF ART

A7, e e W st

GACE TECHNOLOGY NEED FORM NO. | w

PAGE1OF 2 ______
1.TITLE _ Thermal To Electrical: no.1,7,8,10,12/P-2/TE-7
Heat Pipes with High Thermal Power THEME /W.G./ TASK
Densities paTe__4 /28 ;76
2. OBJECTIVE en

economical heat pipes for space applicaticns involving transport of high
thermal power densities at intermediate and high operating temperatures.

3. NEED ANALYSIS
a) LEVEL NOW m . WILL BE LEVEL m UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [5] FOR OPERATIONAL SYSTEM USE BY

¢) RISK IN ACHIEVING ADVANCEMENT:
HIGH []  ™meoium [ ow [X]

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [] OR
ENHANCING: HIGH[X] meowm [J  row [

e) TASKS NEEDED: STUDY [{] ANALYSIS [x] RESEARCH [x]
GRD TEST [X] AIRCRAFTTEST []  SPACE FLIGHT TEST []

OTHER (Specify) [ (Check one or more)
f) R&T BASE CANDIDATE _Yes: 506-16-31 ($400)

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY
(a) Materials compatibilities.

(b) Materials with high static and dynamic strengths or high temperatures.

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO

ACCOMPLISH NEED ‘
Achieve thermal power densities greater than 10 W/ean? for intermediate

temperatures and lifetimes greater than 10 years by 1985 and 20 years
by 1990 for high temperatures.
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SPACE TECHNOLOGY NEED FORM NO. |
PAGE 20F _2
TITLE Thermal to Electrical. NO.1.7,8,10,12/P-2/TE-7

Heat Pipes with High Thermal Power. Densities . = __ THEME /W.G./ TASK

DATE 4 /28 ;7
———

6. RECOMMENDED APPROACH/PROGRAM rLAN TO ACCOMPLISH NEED
Screen compatibilities, evaluate performances, and determine 1ifetimes for

selected heat-pipe-fluid, vieuﬂﬂvskaeﬂtﬂ'MS 3 designs; processing;
and operating conditions. _Use these results to propose and specify high-
power-density heat pipes for space applications in the intermediate- and
high-temperature operating ranges.

7. ALTERNATIVE APPROACHES/OPTIONS Conventional heat-transfer methods

—————————

T ————— e

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER,;
506-16-31, 506-24-21 2 506-24-31

9. TECHNOLOGY SCHEDULES
FY

SCHEDULE ITEM |76 (77]78]79]80] 81]s2]83]sa] 3 86(87/88]89/90] 9192 93] 945

TASK ITEM
aterial compatibifitfes
ick configuration

—t +—+1+—+4—31-1_1 - .
tress, strain anafys¢s B .. L1l -
Performance verifi}at| onf—T1T" 1 S .. _
10-year 1ife extrap. m e e S O O O 1

R0-year 1ife _extrap,

-_— 11

MANPOWER (M-Y)
INHOUSE __ |3 [3 |5 |5]g]s 8515
CONTRACT

FUNDING (108 g)
INHOUSE L1642 [3)3]5]5]5 L5 L5
\__CONTRACT _ [17[2 ]. :
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g 4. COMPLELENTARY TECHNGLOGY ADVANCEMENTS REQUIRED FOR

e e e ¢ s ctvms = =t 007 e 0 B 188 b9 S0 & 1 > Amr 0 rrmm. 12 20 o oy e P A SEPS 004 SPVS V200 0 SO e 00 05 S ian s

SPACE TECHNOLOGY MZED FORM NO. |
PAGE1OF2 _ _

NO. _ 1, ZJ._Q.LE_‘Q/_TE'Q
THEME /W.G. / TASK

LTITLE mhervg) to Hlectrical:

~—-——Cas=CarezReactor Energy Conversion
T e e e DATE_Y 27,76

B M G B0 A+ B T e S0y . % BB

2. 0BJECTIVE

D — - ————— e - ——. e B L uvv—— S e . - 8 5 e . - ot -

Utilize gE;";;;§ high temperi%dres of Eissioning plasma cdreé

e e e et e . et s aate: ettt S Sas 5t Ses - —— e s

in nuclear reactors to provide multimegawatt -bower economicalll

3. NEED AMALYSIS
a) LEVEL Now [9], wite ne Levar [1) unpEr EXISTING PLANS.
b) REQUIRED ADVAICEMENT ~ SHOULD BE TECHNOLOGY READY
AT LEVEL [ FOR OPERATIONAL SYSTEM UsE By [oATs; 2000 )
c) RISK IN ACHIEVING ADVANCEMENT:
HIGH [ mEDIUM []° Low ]
d) CRITICALITY TO THE ACCOMPLISHMENTS:  FNABLING 7] on
ENHANGING:  HIGH[X]  meoiim ] Low [7]
¢) TASKS NEEDED:  STUDY [X]  ANALYSIS K]  researci )
GRDTEST || AIR CRAFT fEST (] spAce kLiGHT TEST []
OTHER (Specify) [[] _ . Check one or mor2)
f) Bo BASE CANDIDATE _Yes :  RTOP 506-24-11

USE 077118 TECHNOLOGY (a) Separation capabilities (buffer gas anfi

rission"pnoducts“rnom-suel,~Lb)-h&gh-temporature-working—tlu&d
contalnment, (c) gas-core-reactor technology. S
5, SPECIFY TECHINOLOZY A SVANDENENT REQUIRED 1O

ACTCLIPLISH MRS

... Determine the t echnology required -WEF.QEP%-'&E&.."EEX. high

reactor-plasna temperatures in obtaining higher-than-conventionhi

energy-conversion efficiencies, e e et e e
_.For examplg an MHD -Benerator operates with fluid temperature

much higher than those for many other converters. So MHD might
epepa%euenwﬁhe~pertia}ly~recycied~reecbor-f&uid:-&n&—conversio
cascading (such as MHD with -khermlonics and perhaps Brayton) _ T
might serve well. Or speclal energy converters (1ike very high
enevrgy-coherent-electromagnetiv=beam ‘Benerators) mightbe - —

developed. . _ AL
—In any event the advancement required is the establishment

of appropriage energy-conversion technology for the »_gas-core~
reactor.




rSPACE TECHNOLOGY NEED FORM NO. |
PAGE 2 OF _2

TITLE Thermal to Electric: Gas - Core. NO._1,7, 8,/pP-2 /TE49
S THEME /W.G. / TASK]
y
DATE /2% 76
6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

a) Power convercion concepts in temperature regimes above
. (______h\\_L\_k_& —=2 _above
—_— 000°K, _

T ———— ———

JL)__CJ&‘temerﬂuLe_/ effic lency trade-srrs.

—{¢) Topping and bottoming cycle criteria,
d Power conv rsion sys

e ————— e .

7. ALTERNATIVE APPROACHES/OPTIONS
—_——— S,

Solid-core reactor énergy conversion
\\-\\\
—_—— ‘\5\“.\“\_

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

—\\—\_‘

9. TECYNOLOGY SCHEDULES
FYy

SCHEDULE ITEM [75]77 78179]80]81]82]83] 8455 86187)88/89/90[91]92] 93 9495
TASK ITEM
”@L!‘?@ﬁ?ﬂ& ts +++—¥41 1 1 T+ t+t++44-L L]
Cys_l.g_m%e_ns | \ I -1 | |
Integrate Bottg igg —t—+4+—44F—Y 1 | —tt+14+4-—1 1 |
System StudL_ﬁ__ __:Z__M_ﬁh +4 44 1]
e — ——r—— . Tt _ g
MANPOWER (M.Y) )
INHOUSE ___ 3131515 5! o 5]5 1
CONTRACT
FUNDING (106 g
INHOUSE _ 2g.d511]105).6f ¢
\__CONTRACT 51.5}.5]




EXVIRONMENT IN THE LABORATORY
6. MODEL TESTED IN AIRCRAFT ENVIRONMENT

5. COMPONENT OR BREADBOARD TESTED IN RELEVANT
7. MODEL TESTED IN SPACE ENVIRONMENT

MATHEMATICAL MODEL
4. PERTINENT FUNCTION OR CHARACTERISYIC DEMONSTRATED

1. BASIC PHENOMENA OBSERVED AND REPORTED
2. THEORY FORMULATED TO DESCRIBE PHENOMENA
3. THEORY TESTED BY PHYSICAL EXPERIMENT OR

LEVEL
OF STATE
OF ART

—

rsmce TECHNOLOGY NEED FORM NO. |
PAGE10OF _2

LTITLE  THERMAL TO ELECTRICAL: SOLAR FURNACES NO.1, 8/P-2/TE-10
FOR SPACE APPLICATIONS THEME /W.G. / TASK

DATE_4 /29, 76

2. OBJECTIVE
—Provide the technology necessary for effective utilization of salar
furnaces for materials.processing and manufacturing in space,

3. NEED ANALYSIS
a) LEVEL Now 3], wiLL BE LEVEL [3] UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY

AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY

c) RISK IN ACHIEVING ADVANCEMENT:

HIGH []  meoium []  Low [
d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [ ] OR
ENHANCING:  HIGH[]  mebium [x]  Low []

e) TASKS NEEDED:  STUDY [x] ANALYSIS [j] RESEARCH [}
GRDTEST [X] AIRCRAFTTEST []  SPACE FLIGHT TEST K|

OTHER (Specify) [_] (Check one or more)

f) R&T BASE CANDIDATE Yes: New Start

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY a) Large-structures stabilization and pointing,

_b) lightweight long-life, high-temperature thermal insulation, c) high-

concentration-ratio solar collectors.

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
Attain temperatures near 5000K with durable, economical solar furnaces

tration-ratio solar collectors; precise pointing capabilities with space-
effective structures; and furnace cavities with high radiation reception

and retention. Processing will involve at least photochemistry, mass
spectroscopy, mineral separation, vapor deposition and ion implementation

with particular adaptations fgr meta1<5§f1ning>and fissionable materials,




-

SPACE TECHNOLOGY NEED FORM NO. | T
PAGE 20F 2 _

TITLE 1hERMAL TO ELECTRICAL: SOLAR FURNACES FOR NO._L. 7. 8 | p-g/TE-10

SPACE APPLICATIONS THEME / W.G./ TASK

DATE 4129/ 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Select from the solar-concentrator technology base highly reflective,
_radiation resistant materials and structures suitable for precise,
reception and retention capabilities. Design, fabricate, and evaluate

7. ALTERNATIVE APPROACHES/OPTIONS Purnance utilizing a ga .
reactor.

8 CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
Solar-concentrator technology base.

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |7677]78|79]80]81]82]83|84|85|86|87|88]89]90]91]92|93]94]95
TASK ITEM
_Material selechi u
_Design |
Fabrication, 1y
_ Evaluation
Design Ref t

S— T —

MANPOWER (M-Y)

INHOUSE ___ _ 414 |4]4]4]4
CONTRACT

INHC JSE

FUNDIN
DING (106 §) bzb
\__CONTRACT 0. 2




ENVIRONMENT IN THE LABORATORY
6. MODEL TESTED IN AIRCRAFT ENVIRONMENT

5 COMPONENT OR BREADBDARD TESTED IN RELEVANT
7. MODEL TESTED IN SPACE ENVIRONMENT

RIBE PHENOMENA
XPERIMENT OR

1. BASIC PHENOMENA 0BSERVED AND REPORTED
MATHEMATICAL MODEL
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

2. THEORY FORMULATED T0 DESC
3. THEORY TESTED BY PHYSICAL E

LEVEL
OF STATE
OF ART

rSPACE TECHNOLOGY NEED FORM NO. |

PAGE 1 OF
1. TITLE AL TO ELECTRICAL: NUCLEAR FUELS NO. 17,8/ P-2/TE-1
AND BREEDER STOCKS FROM LUNAR SOIL THEME / W.G. / TASK

DATE_4 /29, 76

2. OBJECTIVE
Investigate lunar uranium and thorium mater1a14ﬂmseg;

and avallability, and determine practical methods for in-

situ processing and/or Separation for fyel production.

3. NEED ANALYSIS
al LEVEL Now [1], wiLL e LEVEL [2] UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT ~ SHOULD BE TECHNOLOGY READY
AT LEVEL [5] FOR OPERATIONAL SYSTEM USE BY (oATE:2000 |
¢) RISK IN ACHIEVING ADVANCEMENT:
HIGH []  ™meoium 3} Low O
d)CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING (] or
ENHANCING:  HIGH[]  mepium []  Low O
e TASKS NEEDED:  STUDY []  ANALYSIS [] RESEARCH O
GRDTEST []  AIR CRAFT TEST (]  SPACE FLIGHT TEST ]
OTHER (Specify) D (Check one or more)

f) R&T BASE CANDIDATE Yes: New Start

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
(L) _Quantify »categorize raw materials ang regaliths
(2)__Evaluate alternate methods of mineral separation. such
as vaporigzation, mass spectroscopy, photochemistry. ete,
(3) _Provide a test demonstration of the preferred separation,

processing method and establish a preliminary functional
specification for the lunar base system.
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SPACE TECHNOLOGY NEED FORM NO. |
PAGE 2 OF __o

e —

TITLE  THERMAL TO ELECTRICAL: NUCLEAR FUELS AND NO. 1,7, 8/ P-2/TE-11

BREEDER STOCKS FROM LUNAR SOIL THEME /W.G. / TASK

. DATE 4 /29 /76
—_—
6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
—(a) Lunar soils survey. i e

_(b) Materials evaluation,categorization
_(e) Processing analysis

_(d) Test demonstration

(e) Prepare functional specifications

7. ALTERNATIVE APPROACHES/OPTIONS

None_ o o

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
Other lunar materials studies

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76 77]78{79]|80 81)82|83|84|85]86|87]8slsa]90] 91 921 93| 9495

TASK ITEM
Soils Survey | | _57, B S
Materials Stud;

r-
Processing-Stugy+ | 1Y L | L L L | | | |

Test Demonstr - —4—34 4 o o0 I
Functional Speg. , _&? B I . . .

MANPOWER (M-Y)
INHOUSE __
CONTRACT

FUNDING (105 §)
INHOUSE 2. 4.51,.51.5].3 _
\__CONTRACT |

M
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L=
L
=
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SPACE TECHNOLOGY NEED

N

1. TITLE

-

ST aan N B

— _TRANSMISSION _MLCRONAVE- TransmissionNO.

I
X

e s e

Y OB.SPECIFY

DATE

FORM NO. |

PAGE10F _ 2

«

07/ P2/T%-1_

TTHEME / W.G./ TASK

-_H_.L29fjﬂi__

2. 0BIE (‘4 IV*—

e L e

-—PROVIDE -A--TRANSMISSION -MEDIUM-FOR -THE TRANSFER OF. .

POWER-BY USE -OF - MICRONAVEVIRANSMIITER-(MPTX)~AND~ANRECE1¥ER¢._
CONVERTER (REC TENNA)

2, NEED h\\LV\l\
a) Lever Now B, wiLe sE LeveL [B] UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [7) r(m OPLRATICNAL SYSTEM USE: BY [barz: 1985 |
¢) RISK IN ACHIEVING ADVANCEMENT:

man ]

MEDIUM K |

Low | ]

) CRETICALITY 10O THE ACCONIPLISHIMLNTS:

ENHANCING:

e) TASKS MEEDED:

OTHER {(Spoecil

GRDTEST |

HIGH [ ]

stuoy (7]
AIR CRAFT TEST | ]

MEDIUM L_l

ANALYSIS [ ]

ENABLING [X] OR
tow [ ]

RESEARCH [

SPACE FLIGHT TEST []

v) [} TECHNOLOGY DEVELOPMENT.

(Chmtk one oF moi D)

_‘_jl"‘,m 1‘ ANDIRATE NEW INITIATIVE CANDIDATE FY'78. .
1. COMPLETICEMNTAS LN OGY ADVANGEM =M iRk ¢ On
USs O THIES H.’.Lk\'-"li.“)"i'\'

HIGH POWER "cw” TRANSMITTER FOR_RF
(MICROWAVE, 1.E,, "s” BAND) AND COMPLIMENTARY RECEIVING
.QONVERTER{

FECHMNOLOGY AUVANMCEMEN T |
ACCOMPLISH MEED

1) REQUIRE MEGAWATTS PLUS HARDWARE CAPABI%!TY_TO GENE§ATE,
TRANSFER TO ANTENNA, ANTENNA HARDWARE (BEAMFORMING),
STABILIZING STRUCTURE FOR ORIGINATION OF RF POWER.

NDING NATURE OF SUPER POWER

REQUIRE STUDY FO U”DERST§
ELECTROMAGNETIC BAND) PROPAGATION PATH NORMAL 7O
ENVIRONMENTAL EFFECTS, ENERGY SCATTER EFFECTS,

VCOUERED O

2)

EARTH (i
EMI CAPABILITY.

3) REQUIRE RECEIVER/CONVERTER HARDWARE DEVE'OPMENT FOR CAPTURE
AND CONVERSION OF RF ENERGY AT RECEIVING STATION.




JEEE—————______
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SPACE TECHNOLOGY NEED FORM NO. | )y
PAGE 2 OF 2
TITLE  TRANSMISSION: MICROWAVE TRANSMISSION no. 07/P-2/Tx-1

THEME / W.G. / TASK

DATE__ 4 /29 /76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
A. Develop a standard subarrary module for CW S-Band
__B, Determine pilot beam steered, retrodirective array beam efficiency,
pointing accuracy, starting transient, side lobe level and RFI

measurements on a space vased, flexible surface, phased array
antenna,

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

9. TECHNOLOGY SCHEDULES
FY

SCHEDULE ITEM |76|77]|78|79|80| 81|382]83]84]85]|86|87]88]83]|90]91|92] 93] 9495

TASK ITEM
. Study phase AV i
. Preproj. phase VA o A4

. Design Fab, JAY B Ay
. Orbital Check

&SWw N -

MANPOWER (M Y)

INHOUSE ___ 12 15 |17 Jos Bs
CONTRAC .

FUNDING (108 §)
INHOUSE 1. 52 0p.0f. 5[5.0|

\__CONTRACT 11 |




YANT

Le

I 2gL

TESTED

LTESTED IN AIRCAAFT ENVIRDNMENT

ENVIRONMENT IN THE LABORATORY

'MODEL TESTED N SPACE ENVIRONMENT

5. COMPONENT OR BREADISCARD
20

1

€0 ANC RE?PQ2TED

MENA 08528V

c

MATHEMATICAL MODEL
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTAATED

2. THECRY FORMULATED TO DESCRIBE PHENOMENA
3. THEGRY TESTED B8Y PHYSICAL EXFERIMENT 07

1. BASIC PHEN

LEVEL
OF STATE

OF ART

SPACE TECHNOLOGY NEED FORM NO. | A
PAGE1OF__2

1. TITLE Transmission: Laser Power Converter NO._07 / P-2 /1X-2
THEME / W.G./ TASK

DATE_4 /29 ;1976

2. OBJECTIVE

Provide efficient means to receive and convert laser
radiation (5uM) to electrical power

3. NEED ANALYSIS
a) LEVEL Now [2], wiLL BE LEVEL [3] UNDER EXISTING . * ANS.
b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL (7] FOR OPERATIONAL SYSTEM USE BY [0ATE:1978 |
c) RISK IN ACHIEVING ADVANCEMENT:
HIGH [X]  meowwm [O]  wow []
d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [X] OR
ENHANCING:  HIGH [X]  mebium (] row [
e) TASKS NEEDED:  STUDY [[]  ANALYSIS [x]  RESEARCH [X]
GRD TEST [X]  AIRCRAFTTEST [[]  SPACE FLIGHT TEST [X]
OTHER (Specify) D Check one or more)

f) R&T BASE CANDIDATE

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY _ Laser Power Transmitter

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
o Development of thermal or resonant absorption heat engines

with high eff'lci_ency potential__for_ convert.ag laser beams

____to electrical energy.




ENVIRONMENT Il THE LASORATORY
6. MODEL TESTED IN AIRCAAFT ENVIRCNMENT

5. PCLIPONENT OR SREADBOARD TESTED IN RELEVANT
7. MCDEL TESTED iti SPACE ENVIRONMENT

MATHEMATICAL ¥0DEL
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

2. THEORY FORMULATED TO DESCR!BE PHENJMENA

1. BASIC PHENOMENA OBSERVED AND REPORTED
3. THECRY TESTED BY PHYSICAL EXPERIMENT UR

LEVEL
OF STATE
OF ART

rSPACE TECHNOLOGY NEED FORM NO. |
PAGE1OF _2

1. TITLE Transmission: Laser Power Transmitter = NO. 07/ P-2/TX-3
THEME / W.G. / TASK

DATE__4 /29,1976

2.
2L e Provide high power laser transmitter for use in space

3. NEED ANALYSIS
a) LEVEL NOW E] , WILL BE LEVEL [5] UNDER EXISTING PL.ANS.

b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [7] FOR GPERATIONAL SYSTEM USE BY [pATE: 1987 |

c) RISK IN ACHIEVING ADVANCEMENT:
HIGH [X] Mebium []  Low []

d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [X] OR
ENHANCING: HIGH[y]  wmeoium ] row [

e) TASKS NEEDED: STUDY [[] ANALYSIS [] RESEARCH []
GRD TEST [X] AIRCRAFTTEST [[]  SPACE FLIGHT TEST []

OTHER (Specify) [:] (Check one or mare)

f) R&T BASE CANDIDATE

4, COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
Ust OF THIS TECHNOLOGY _ Laser power converter, laser propulsion,
__Large power systems for space.

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
0 60% efficient, closed-cycle, electrogasdynamic CO laser designed

and qualified for space usage.

0 30-meter objective optical system qualified for directing laser
beam with 10™’ radian accuracy




r
SPACE TECHNOLOGY NEED FORM NO. | W

PAGE 20F _2
TITLE ¢ FCTROCHEMICAL CONVERSION NOL, 7, 8, 12/P-2/EcC]
LIGHT-WEIGHT FUEL CELL THEME / W.G. / TASK

DATE 4 /28/ 16
6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
This is an on-going task and the approach is to design. fabricate, test

components and modules, and demonstrate the complete power plant operation

using propellant grade reactants. It is a coordinated program between
LeRC and MSFC. The plan is to develop a modular system.

7. ALTERNATIVE APPROACHES/OPTIONS rthere is no alternate for some of the

specified requirements especially for some Space Transportation Systems.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76]77]|78|79|80}81]82|83|84{85]86]87}88 89]50]91]92]93|94195

TASK ITEM

Single Cell Des.
2 Cell Module

—Design
Hulti.;‘c"elll Stack VS v

Power Plant Des.

Power Plant Fab. k‘
Power Plant Test L
Tech. Ready 3 .

erationa JQ I

MANPOWER (M-Y)
INHOUSE 312]2)2}12])2
CONTRACT

FUNDING (108 $)
INHOUSE 01 01{.04 o1} 01

\__CONTRACT an) oel o5l od od .1

[
4
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ORIGINAL ppgg g

OF POO
N
EPACE TECHNOLOGY MEED FORM NO. |
DI RBFoAgr ook D U 1, LN 4 S SIS SO S GO e (LT AT A 7 45 3 e+ VoS e W 4 " [‘/\(]E 1 OF ._L—““'
1T Powerws_ystelhs_-kliut_uh_ated Power Systems NO TO 1 :12 [ p-2/s-2
‘Management gAPSM)M THEME / W.G./ TASK
: e e DATE_A_y26,76

2. O2JECTIVE
To develop power systems capable of automatically performing monitoring,
Computational, command, _control, and self- -test and repair functwns

| 3.NEZD ANALYS!S
a) LEVEL NOW |8,, witL nE LEVEL [4) UNDER EXISTING PLANS.
b) REOUIRED ADVANCERIENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [5] FOR OPERATIONAL SYSTEM USE BY [6A7£:TI83 ]
c) RISK IN ACHIEVING ADVANCEMENT:
HIGH [  mepium ] Low [¥]
AYCRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [X] on
ENHANCING:  miGH ] mEpiom ] 1ow (]
¢} TASKS NEEDED:  STUDY [J - ANALYSIS [X]  pEseancH []
GROTEST [ AIRCHAFT vEST [[]  SPACE FLIGHT TST (]
OTHER {Specity) [X]  development

(( heck one or 1o rc)

) R&AT BASE (,AI‘:U")AH Yes; RTOP 506 23 35 FY 76 $72&

4, COMP)EMENTARY TECHNOLGGY ADVANCEMENTIS TFOUIRED o ot
USE OF THIS TECHNCLOGY none

l'.'l‘
- |

5. SPLL CCHMOLOGY ADVANCEMENT REGUIREFD TO
/‘ICLD 4"'11 IJII I\| } t)
LN Evaluate the m'lssion sets to determ'lne the degree of required automation

o Develop APSM for each type of power system -

. Reauires hardware and software
e APSM unique hardware includes ‘many monitors (that is, sensors),” analog-to

“digital conversion equipment, microprocessor based: ters;-—0f——-——
_these, the major development item are the sensors whic shou'ld be sma_ll

low-loss devices smce many wﬂl be needed sensors are the maJor

“hardware challende. =~ peies v
® The major design challenge is to provide APSM which will operate

hardware efficiently, achieve long-1ife and reliability for the power ’
sysfem, and” permit autonomous’ spacec?aft operation: — — — ey
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SPACE TECHNOLOGY NEED FORM NO. |

PAGE 20F __ 3
/ z
TITLE —Power Systems NO.1,10, $-2
Autcmated Power Systems THEME/WG / TASK

— Management (APSM) - Planetary DATE 4 48 /26

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

e Perform in two major phases: 1st achieves technoloqy readiness by FY 81

for 1980's missions; and phase 2far 1990's for autcmated study facilities

of theme 10

7. ALTERNATIVE APPROACHES/OPTIONS NONE. Automated capamuty {3 needed

- .
which preclude ground control.
8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

@ On-going RTOP 506-23-35 covers lst phase
e Expansion for phase two is needed

9. TECHNOLOGY SCHEDULES
FY

SCHEDULE ITEM 176{77|78|79]80|81|82]83|84|85]|8s]87]eslss 90 91)92] 93{94]95

TASK ITEM
Phase 1

Concept Def.
__Design
Development & m
Test & Eval. ~T—¥r Yo B
Phase 2:Conceptls

__Des, & Dev, s 4 N
Test & Eval.

>3

MANPOWER (M-Y)
INHOUSE
CONTRACT

FUNDING (108 §)
'NHOUSE -l h2 .2 .
\___CONTRACT L2131

.
w
N
"~
—
N
LS
(8]
N
N
N
N

.53 B.R.A1|1]2|3]|3)2

11.2|.3].4).4).2).2).7|.2].2].2].2].2
.1]0 24 51 51 51 51 54 51 51 54 51 51 5 A

W w
.
w
.
N
.
-
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SPACE TECHNOLOGY NEED FORM NO. |
PAGE 30F _3
TITLE Power Systems: NO.7,8,11 P-2 §-2
THEME /W.G./ TASK
Automgted Power Systems Management
—for Earth Orbital Missions .
DATE Y /271 16

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
o Develop advanced automated system management concepts
© Establish technology readiness by 1980

2 Develop necessary sensors for system monitoring including
__computer software, data processing, etc.

7. ALTERNATIVE APPROACHES/OPTIONS Automated capability is needed

for all earth orbital mlssions.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
506-23-35 However, expansion is required to include earth

orbital missions.

9. TECHNOLOGY SCHEDULES
FY

SCHEDULE ITEM |76 (77]7879]80| 81]82]83|84|85|86|87|88]89| 0] 91]92] 937 se]ss

TASK ITEM
Phase 1

e — -

Corcept Defy —1—

—— S—

Des{gn

Develop
Test
Phase 2 Concept

Design
Test

MANPOWER (M Y)
INHOUSE ____ |2 4
CONTRACT

FUNDING (1088) | .
INHOUSE .1 L 2 =3 o
\__ CONTRACT |




REVISED: Supersedes Previous Issue dated 4/26/76

r;ACE TECHNOLOGY NEED FORM NO. | W
PAGE1OF _2_____

1. TITLE Power Systems (new initiative) ~~  NO.

Advanced Power Systems Techrnology

THEME /W.G./ TASK

DAT:E_ 4 __ /28,16

2. OBJECTIVE
Achieve technology readiness of power systems for Solar Exploration .

missions.

2. NEED ANALYSIS
a) LEVEL Now [3], wiLL BE LEVEL [3] UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY
AT LEVEL E FOR OPERATIONAL SYSTEM USE BY |0ATE:ia-i-i§]

c) RISK IN ACHIEVING ADVANCEMENT:

HIGH []  meoium [X]  Low []

d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [X] OR
ENHANCING: HIGH[]  ™meowm (]  wow [

e) TASKS NEEDED: STUDY [X] ANALYSIS [X] RESEARCH []
GRDTEST ] AIRCRAFTTEST []  SPACE FLIGHT TEST []

OTHER (Specify) [X] _Development (Chéck one: or more)

Y76=0, FY77 overquideline RTOP; will be
f) R&T BASE CANDIDATE ﬁew Inftgatgve ?og FY78 ctart.

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY (1) High temperature solar arrays, PCl and

(2) improved rechurgeable batteries having higher WHR/KG, e.g. ES 1,2,3
and improved nickel-hydrogen batteries

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED

#Provides high temperature, light-weight power sources (e.g. solar

e 10electric_generators and gallium-arsenicle solar cells) for Mercury
riter mission spacecraft which will be exposed to extremely high thermal

loading due to sun and planet influence. Als¢ must provide lightweight

% COMPONENT 04 BHEADBOARD TESTED IN RELEVANT

(NVIRONMENT IN THE LABORATORY
6 MODEL TESTED IN AIRCRAFT CNVIRONMENT

7. MODEL TESTED IN SPACE ENVIRONMENT

MATHEMATICAL MODEL
4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

2 THLORY $ORMULATID 10 DESCRIBE PHENOMENA
i THEUR: TESTED BY PHYSICAL EXPERIMENT OR

1 BASIC PHENOME NA OBSERVED AND REPORTED

- high watts/KG power system to minimize mass to be injected into arbit.
Sz System concepts studied and trade offs done. o
58 o Deselops power system technology for solar exploration facilities needed

LEVEL

starting 1990. Includes concept work, planning, and development of

advanced sources,.energy storage, power processing, and advanced systems

for 10 - 25 year applications in planetary environments at power levels of
L 1 watt to 1 megawatt. )




( )

SPACE TECHNOLOGY NEED FORM NO. |
PAGE 2 OF _2
—=roe———cean
TITLE Power Systems NU.] J0/P=2/5-4
Advanced Power Systems Technology THEME /W.G./ TASK

DATE__ 4 /28/ 76
——— e,

6. RECOMMI'NDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
® Broad Goal: Power system definition (concept design) + hardware
technology readiness for solar exploration theme 10.

® Phase I: PS for Mercury Orbiter Mission Launch early 80's. Define
requirements, trade-off competing sources, identify hardware nee
and-develop-hardware.-———
® Phase II: Develop sources, energy storage, power systems concepts|
for 1nner and outer planet study facilities. '~

7. ALTERNATIVE APPROACHES/OPTIONS pNone. These missions need advance

Systems approaches, sources, energy storage, and power processin

systems.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
On-Going = None —

® Proposed overguideline RTOP for FY TR/77 start for Phase I.
Need additional program for Phase TI.

9. TECHNOLOGY SCHEDULES
FY

SCHEDULE ITEM |76(77]78]79]|80]81|82|83|84|85|86|87]|88]89}90]|91|92]93]94]95

TASK ITEM
Phase I

Laﬁgh;ngé Mag A.&;ﬂ i
oPS De_efini_tionﬁ /’! _ V 1111 11 111

oSTG Development | 4 | ¥« ¢
oPS Concept Deflindd
Phase 11

—m

oPS Concept Def|

S S— NN GE— - -4

|[#Device Development -p : VA

MANPOWER (M-Y)
invouse O] 1 afe [ ]2 3]s [4]a |0

CONTRACT
FUNDING (108 §) HU :

INHOUSE 0].1 .51 11.
\__CONTRACT U1.T71.3.5FTI7T 172 4
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-

NO. 14 7-12/p-2/575. _

171715 Power Systems - Power Systell .
THEME /W.G./ TASK

ﬁgngr.a.tjgn_éné_P_istrit!‘!ﬁﬂ&_.BE?lQ‘_E?g?_ n
Technology

SPACE TECHNOLOGY NEED FORM NO. | \\

R e L A6

e Pl = B S e RS

2. 024=C MiveE
' Ta select the voltage. 1evel (s) at which power_wi 11_be generated and
: distributed to users in g h-power, greater than 1 00 kw.

3. MEED ANALYSIS
o LEVEL NOW (3}, wiLL BE LEVEL [3] UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT - SHOULD RE TECHNOLOGY READY
AT LEVEL [B] FOR OPERATIONAL SYSTEM USE BY [oarz. 1990 1
¢) RISK IN AGHHEVING ADYANCEMENT:
meH [ MEDIUM ) wow []
o e d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING 1 oR
ENHANCING:  HiGH[]  MEDIUM K] wow (]
\ ¢) TASKS NEEDED:  STUDY 7] ANALYSIS [} REStARCH ]
‘} GRD TEST []  AIR CRAFT TEST []  SPACE FLIGHT TEST ]
: OTHER (spesify) [N _.t_‘?,‘?““,‘l‘.PQX,de"f‘.EPﬂ‘?Et___ . (Chack one or mor?)

E f) RET BASE CANDIBATE Yes. New_initiative candidate.
o E-__—_A—,..-...-_. S e e S e S s e T S T T R S
£ 0 4 COMPLEMENTARY e CHAMOLOGY ADVANCEMENTS REX IRED FOR
ae 2| USEOF THIS vECHNOLOGY _ None o
i 4 _nNone__ e e . & s S
ror THE ORKCW YA

e RS Y - OR w cAT

ot e e

5. SPECIEY
ACCOMPLISH MEED
o High-pover systems (above 1100 kw) should be designed to operate at
"~ high voltages to achieve 1o current levels and avoid high COPPEC
losses and minimize the current handling capacity of'ﬁowér’ﬁF6€€§§?h§"
~ ~hardware. i o e s e TS =y i
. s Perform system studies %"Jé't‘e?ﬂh‘e’”éé‘t’é’ﬁféb‘le“v“o‘l tage Teyels to min=—
B —__imize.in .ficienc*.ancLhar:duare, design_impact. .For g)s?m%le_,_%m!]_d___ﬂ
ash solar arrays develop the voltage directly, chould regulation be
-0 < - performed- at-the-arrays and-over what-range of voltage-can regulators,-
160 _invertors, etc., operate “safcly and efficiently?.
e Answers will be via analyses and hardware development and test.

Q-4

=i Je9n
et ——
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SPACE TECHNOLOGY NEED FORM NO. | W

PAGE 20F _ 2

TITLE power Systems

NO. 1:7-12/P-2/ 5-5

Power System Generation and Distribution Bus THEME / W.G./ TASK

Voltage Technolcay

0

0

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

Definition of user power, voltage, current needs for S/C exceedi
100 Kw.
TrwﬂﬁJMﬁmwmmm
convers1on and processing, and distribution functions. Study to

—and—hardware—approach—for—each—functions
Selected hardware development and test to verify approach.
Develop standard specifications for high power systems.

7. ALTERNATIVE APPROACHES/OPTIONS None. Hi gh-current ’hi gh-power
systems are inefficient and probably unworkable.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

None. Plan below for RRT base to support MSPP, Global service,
solar exploration operational need dates.

9. TECHNOLOGY SCHEDULES

i F
\_ CONTRACT | . 0 1.2].al>

FY :
SCHEDULE ITEM |76|77]78|79|80]81|82]83|84|85]86|87]88] 89|90} 91f92] 93|94 95
TASK ITEM :
Requirements Dejf 4 —y
Trade-off_studis EANRER]
Selections mad 3 ¥
Selected design &< A4
Hardware fab/telst YL 24
Specs complete Y 2
\.__,r—\ WSy =SS L : "7\‘ .
10PKW tol 1 W M th 1P
MANPOWER (M-Y) | of o] 0)1.5 2| 31 3] 3] 1] 2| 2| 3| 3|3
INHOUSE
CONTRACT
FUND'NG"Oes, .11.21.21.31.51.11.21.2}1.51.8]1.5
INHOUSE go
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SPACE TECHNOLOGY NEED FORM NO. | \]
PAGE10OF__2 .

AR A A e ¢ S P AMAT W e MO RO M A S i iy

. pron

1. TITLE POMER SYSTEMS: (New Initiative) o - 12/p-2/5-6

iy

Project Oasis THEME / \W.G./ TASK

L TR T R T T . - DATE 4 1267 76

2. OBIECTIVE _, A =t ] ’ )
Determine tne need, feasibility, and_configuration of a long-life

[

2 ?ﬁ; orbiting electrical power utility station for multimission space

& e i AN = -

1553 application. - b ORI

y T ur IR L
s -

2. NEED ANALYSIS
a) LEVEL now [1], wiLL e LEVEL (1] UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [T} FOR OPERATIONAL SYSTEM USE BY [barz: 1985 ]
¢) RISK IN ACHIEVING ADVANGEMENT:
8 meH ] meowm (K] wow []
s o @) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [X on
cnnancing:  HicH[] meowm [ wow [
o) TASKS MEEDED: STUDY K]  ANALYSIS []  RESEARGCH (x]
aapTesTE ] AIRCRAFTTEST [} SPACE FLIGHT test [
5 QOTHER (Spesify) [X] ___Hardware demonstration_ (Check one or mo.)

A
PACE ERVIRL

i K BT, ...
f) RET BASE CANDIDATE Yes - FY 78 New Initiative . __

{4, COMPLENIENTARY COHNOLOGY ADVARCEMENTS HEGUIRED FOR
USE OF THIS TECHNOLOGY
A11 other p-2 submissions

hf 6. SPEL.™Y TECHNOLOGY ADVANCEMENT REQUIRED 70

| ACTOMPLISH NEED

Present and planned space power concepts require expensive and
repetitive costs in development, launch weight, and enevay limitations.
The proposed new initiative would reduce or eliminate these costs and
It is clear that late 1080's and beyond power
hnology capabi]itieé. '

development penalties.
¥ _needs will in;rease we11 beyoqd present tec

1
t SRS

stk

Tat=

R o e oo e e e — et F o Spans e <5 Syani 2 anss e e st ek A dam i, sy
b W

100 Bt IRt 2 5 s =
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SPACE TECHNOLOGY NEED

PAGE 20F _2__

FORM NO. | W

hme POWER SYSTEMS:

NO. 1-12/P-2/5-6

PROJECT OASIS

DATE 4 / 27/ 16

THEME /W.G./ TASK

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
- 100 kw DEMONSTRATION OASIS SYSTEM -

__Phase A Needs, feasibility, and requirements study

Phase B Preliminary design and tradeoffs

Phase C Final design

Phase D Fabrication

Launch and operational in FY 1985

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

NEW_INITIATIVE

9. TECHNOLOGY SCHEDULES
FY

SCHEDULE ITEM |76{77]78178

TASK ITEM

Phase A v

Phase B

Phase C

Phase D

MANPOWER (M-Y)

INHOUSE § |1 010

CONTRACT

FUNDING (108 §)

INHOUSE .5p.Q.

CONTRACT |

e e St 0 AR B

PR U AT AR e e =



(SPACE TECHNOLOGY NEED FORM NO )

~
3]

c) RISK IN ACHIEVING ADVANCEMENT:
HIGH [[]  mMeoum []°  Low

d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [ ] OR
ENHANCING:  HIGH[X  mebium [ Low []

e) TASKS NEEDED:  STUDY [] ANALYSIS [X] RESEARCH []
GRDTEST [J AIRCRAFTTEST []  SPACE FLIGHT TEST []
OTHER (Specify) [[] Development (Check one or mors)
f) R&T BASE CANDIDATE Yes; RTOP_506-23-33; FY'76=65K; to be expanded _

£, COMPLEMENTARY TECHNOLOGSY ADVANCERMENTS REQUIRED FOR
USE OF TiilS TECHNOLOGY This technology to be applied to multi-redundant

rae
WrCN

-

MCOCELT

PAGE 1 OF __
1. TITLE Power Systems 3 _ sl .T"?fm .YgQZ .
Automated Test Techniques and Technology _ TH’EML IW.G./ IASK

- e DATE _4 /27116
i
& 2. OBJECTIVE )
E oHe systems.
'l.) ; [T
<8 § 3. NEED ANALYSIS
<E§; a) LEVEL NOow [ 3, wiLL BE LEVEL [8] UNDER EXISTING PLANS.
EES b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
b i AT LEVEL [5] FOR OPERATIONAL SYSTEM USE BY [paTe: 1980 ]

i
3
3
.

. e

y

“ONSTRATED

oot
ves

T
e E advanced power processors (RTOP 506-23-33) and Automated Power Systems

Fii £ Management (RTOP 506-23-35).
WEE X g
' g :’? o 2: 5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
wEngg ACCCMPLISH NEED
(:‘f’f:a 0 Present program develops computer oriented test set for multi-redundant
HEEZS planetary power processing in development. .
{’g»,g 0 Expanded effort would develop automated test techniques for Automatc< Power
i Systems checkout and test during flight project activities.,

w 0 Develops automated test technology and equipment for in-orbit checkout of
,,;EE on-board spacecraft power systems prior to release from shuttle or ASTS
G (expanded effort).

0 Expanded effort to _develup high power, high voltage power source simulators
for solar electric missions.
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SPACE TECHNOLOGY NEED FORM NO. | W

PAGE20F _2
[Timee 1,6,7,8,9,10
Power Systems - Automated Test Techniques NO -

""THEME / W.G. / TASK

DATE__4 /29/ L6

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

o The computer oriented test set (CTS) will be based on a small, general
purpose computer and appropriate peripherals. A variety of systems can
be-tested-with-minimum—changes~

o The expanded effort to test the APSM function will use the ongoing_ effort
as a baseline with additional technology deveioped as required.

[} A—£ullguautomated-tes%—eapabilé%y—wiJJ—be—developed—#er—the—%a-orb+t—eheek-

out of power subsystem. It will be designed to be simple, light,
—sufficiently rugged, and operate reliably in a Taunch and zero gravity
onment .

and Technology

me.‘ ‘l’l h N de

7. ALTERNATIVE APPRCAEHES/OPTIONS\ S‘mlu‘atm (up to 1 M

3y ]
No1NAa _Nian _nowe nd_nlan 0 ol-

» and up to 1000V)

No other reasonable alternatives exist.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

Relate =23- =23-
indicated below, as well as an expanded effort.

9. TECHNOLOGY SCHEDULES
FY

SCHEDULE ITEM 76 177178179180 81] 82| 83]84|85}86]87]88)89 90§ 91]92]93{94]95
TASK ITEM
o CTS ﬁgr Ongoing \7 R 0 :
o CTS for Expanded WV R 0 Lol Eprth Orbik)
ort Vi N )(Gko-iyn hrpnolis)

o In-Orbit Checkou e 0 Lqr rth)
AL ¥ (Go-pnphrpros)

o Power Source . 0 Lor ¥
igxpanﬁed Effor & R D(Geo-pynkhrpnops)

|

MANPOWER (M-Y)
INHOUSE 10 3] 3 1] 1
CONTRACT

FUNDING (108 §)

INHOUSE ____|
\__ CONTRACT




ABORATORY
CRAFT CNVIRONMENT

7. MODEL TESTED IN SPACE ENVIRONMENT

5. COMPONENT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE

6. MODEL TESTED IN AIR

TO DESCRIBE PHENOMENA
CAL EXPERIMENT OR

ERVED AND REPORTED

08s|
0

THEORY FORMULATE
PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

3. THEORY TESTED BY PHYS)
MATHEMATICAL MODEL

1. BASIC PHENOMENA

2.
L}

LEVEL
OF STATE
OF ART

rsmce TECHNOLOGY NEED FORM NO. |j
PAGE1OF_2

1.TITLE  Power Systems: Large Power System for NO._1, 8/P-2/$-8
Lunar Base THEME / W.G./ TASK

DATE_ 4 /7, 76

2. OBJECTIVE .
Establish the feasibility of a combined nyclear base 1oad and solar
swing load power system to support a 6-to-12-man Tunar base operation for

an _extended time period.

3. NEED ANALYSIS
3 LEVELNow (], wiLL BE LEveL (1) uNDER ExISTING PLANS.
b) REQUIRED ADVANCEMENT - sHouLD BE TECHNOLOGY READY

AT LEVEL @ FOR OPERATIONAL SYSTEM USE BY [oaTe: 1993 |

c) RISK IN ACHIEVING ADVANCEMENT:

HIGH []  MeDpium k] tow[]

9 CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [y] oR
ENHANCING:  HIGH[]  MEeDIum O wow[]

€ TASKSNEEDED:  STUDY [  ANALYSIS ] Research
GRDTEST [y]  AIR CRAFT TEST (J  SPACE FLIGHT TEST O
OTHER (Specify) ] (Check one or more)

f) R&T BASE CANDIDATE Yes: New Start

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY 2) lunar-surface construction capability, b

lunar-surface environment evaluation, c) cargo 0TV developed for large
PL to lunar orbit, d) emergency personnel vehicle

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
—Prove the capability for lunar-surface deployment of multihundred kW
solar-array modules designed to operate in conjunction with a 500 kWg
nuclear thermionic power subsystem. Define the power processing

—

technology required for lunar base opera__tions. mining, materials

Processing, and fabrication.
—_—
—
—— -
e _— -
— e
— y
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SPACE TECHNOLOGY NEED FORM NO. | }
PAGE20F _2

TITLE  power Systems: Large Power System for NO._ 1,8/P-2/%-8
Lunar Base THEME /W.G. / TASK
DATE 4 ‘2& / /3

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
a. Power requirements estimates (solar and nuclear)

b. User requirements definition

Cc. Conceptual design -
d. Lunar surface installation detail

¢. Multi-hundred KWE module design (solar and nuclear)

f. Solar/Nuclear system integration studies

7. ALTERNATIVE APPROACHES/OPTIONS
NONE

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
Space solar and nuclear systems technology

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76(77]|78]|79|80| 81|82 83]|84|85]86]87|88]89|90}91]92] 93) 9495

TASK ITEM
Requirements
Concept Design N
Instal. Detail AY
Solar Module Desi N
Nuclezr Mod. Desi S
Sys. Integration Iud

MANPOWER (M-Y)

INHOUSE 2lale]l6]6i6le
CONTRACT

FUNDING (106 §)
INHOUSE .2 |4 ]|.8].0p.0p .00 .0

\___CONTRACT 1 12]4] §] ﬂ g -9
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SPACE TECHNOLOGY NEED FORM NO. |
PAGE1OF.__2 ___

SO SRR 10 30 BT A B ST A T WL e ST A TV BT S B T b AT W 4 A R ST

TV TITLE EyyrpouuenTaL LaTeRACTIONS . . No. 7L3+WP'7/EI‘1

_ME E I THEME / V.G, / TASK
ExPERIMENT -New INI1TIATIVE-MID-80'S DATE_U4 129/ 76
2. OBJECTIVE

TO_DETERMINE THE SPACE PLASMA INTERACTIONS WITH THE

VERY LARGE SOLAR POWER SYSTEMS PROPOSED FOR THE 90's. THIS

WILL BE A SPACE FLIGHT TEST PROGRAM INCORPORATING THE TECHNOLOGY
- THESE- POWER_SYSTEMK, =

3. NEED ANALYSIS
a) LEVEL Now [[], wiLL B2 LEVEL [I] UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT — SHOULD BE TECIHINOLOGY READY
AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY [0ATz:]080 ]
c) RISK IN ACHIEVING ADVANCEMENT:
HIGH [x]  meEpium [ Low 7]
d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [X] OR
ENHANCING:  HIGH[]  mepium []  rLow []
e) TASKS NEEDED:  STUDY [)f  ANALYSIS [}  REscaRch [J)
GRDTEST (X AIRCRAFTTEST []  SPACE FLIGHT TEST X]
OTHER (Specify) [] (Check one or morz)

f) ROT BASE CANDIDATE  _NEW _INITIATIVE. IN_MLD,‘_&O' S

4. COMPLERENTARY TECHNCLOGY ADVANCEMENTS REQUINED FOR
USE OF THIS TECHNOLCGY _H1GH VOLTAGE-HIGH POWER. JTECHNOLOGY, _
__ENVIRONMENTAL INTERACTION, POWER TRANSMISSION

——— — - —

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED 10
ACCOMPLISH NEED

O UTILIZE SPHINX B/C PROGRAM RESULTS. .
O_ DEVELOP MODEL FOR SCALING TO LARGE SIZE AND LARGE POWERS

0 __DEVELOP PROGRAM TO INCORPORATE THE HIGH POWER _TECHNOLOGY

INTO FLIGHT TEST.
0" BUILD AND FLY MISSION, -
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SPACE TECHNOLOGY NEED FORM NO. | w
PAGE 20F __2

TITLE Environmental Interactions: NO. 7.8 -

THEME / W.G./ TASK
—Megawatt Power System Interaction
Experiment DATE_04 /29 /.76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
—Conduct flight test program to determine the extent of the interactions—
between the space environment and the large surfices of the megawatt
power systems proposed for space systems. These interactions will
include the eny_ironmental charging interaction as well as the high
voltage-space plasma interactions. The data will be used to provide
the criteria for designing these systems.

7. ALTERNATIVE APPROACHES/OPTIONS
of these systems.

—Restrict operating voltage-levels—

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

Environmental Charging of Spacecraft Surfaces (RTOP 506-23-36); Integrally
Regulated Solar Array (RTOP 506-23-30);SPHINX _ . - new initiative, ___

__Space Plasma-High Voltage Interaction Study - New Initiative

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76{77]|78|79|80]81]|82]83|84|85]86|87|88]83]90]91]92]93)94]95

TASK ITEM

<

‘ Project Start-
* Design, Build &

af 4‘-_ V
*Mission 1
*Design Criterial A%

MANPOWER (M-Y)
INHOUSE 2920191041
CONTRACT

FUNDING (108 §)

INHOUSE ___ 6] .6].3].2].2] -
\__ CONTRACT j"&g’*m- -




SPACE TECHNOLOGY MEE FORM NO. |

f . . | PAGE10F__1___ _
m——" e AR A S5 ) A

( 1. TITLE ENVIRONMENTAL INTERACTIONS: . NO. '

FNVIRONMENTAL CHARGING OF SURFACES THEME /W.G. / TASK

DATE_8 /29 _176

(4

RCLIVANT

2. OBJECTIVE
To determine the effects of and means of controlling both the

differential and absolute charging by the space enviro:ment

of +the exterior surfaces associated with large satellite systeﬂqs.

Ao op wpaeer g
3CANC TESTID 1N

3. NEED ANALYSIS

a) LEVEL Now [2], wiLL BE LEVEL [§ UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [ FOR GPERATIONAL SYSTEM USE BY [DATE: 1083 ]

c) RISK IN ACHIEVING ADVANCEMENT:
HIGH [[]  meDiuM [g]° Low []

d) CRITICALITY TO THE ACCOMPLISHIAEN L.  FNABLING (3] on
ENHANCING:  HIGH[]  meEDwum [ Low []

e) TASKS NEEDED:  STUDY []  AMALYSIS [ REseanc [
GRDTEST [x]  AIRCRAFTTEST []  SPACE FLIGHT TFST [X]

“IAD
NVIRCNMENT !N TR LAZORATORY

5. WMODEL TESTED IN AIRCAAFT ENVIACNMERT

COFONINTCR 378
7. WICCILTESTED 11 SPACE ENVIRONENT

5,

;:;: OTHER (Specify) [[] (Check ona or more)
[ .
5 f) R&T BASE CAMNDIDATE _Yes (506-23-36 _$575K) o
E.',' €. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
f.f USE OF 7HIS TECHMOLOGY Non-charging materials development
2hE Bl — — —
S SN —
Fpd o« '
e 3: i ot 5, SPLCIFY TECHNOLOGY ADVANCIMENT REQUIRED TD
3REE ACCCMPLISH NZED 3, pevelop model of interaction for large
Seop _satellite system surfaces with the environment. 2. Determine
J oA charging characteristics and transients induced in systems
= -by-discharges—-as-function-of -materials, size,.and envirnnmenta]

SR RS conditions (Testing). 3. Determine means of controlling
nEEAR “the charging. 4. Exténd model from ground tast conditions —
' ~ ~to-space -conditions.— 5+ --Verify model with space flight. .

6. Provide design guidelines for developing power system~

o
2
pe for space applications. . _ et e

= : — * i s e
e

o ™

———
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SPACE TECHNOLOGY NEED FORM NO. |

%‘ PAGE20F_2
TITLE Environmental Interactions: NO.lj...iZLLZLE_I_Z_

Environmental Charging of Surfaces THEME /W.G./ TASK

DATE /29 /76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Continue work being conducted under the existing charging investigation

(RTOP 506-23-36). Extend investigation by developing models of the
charging of large structures proposed for future power systems. Verify
models by ground testing. Conduct flight testing to verify behavior
in space environment.

7. ALTERNATIVE APPROACHES/OPTIONS  pope.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
Environmental Charging of Spacecraft Surface (RTOP 506-23-36); Megawatt

Power System Interaction Experiment (new initiative)

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76(77]78|79) 80| 81] 82| 83|84 85 s [sr 88189190 91]92]93{94]95

TASK ITEM

*Initial Spacecr]
Charging InvestdX

eLarge Space Sys
Inter. Study

'_Igst'lng_ _1 |
*F1t. Test Input = 7

- ——

iod
¥
T

MANPOWER (M-Y)
INHOUSE 818
CONTRACT

FUNDING (108 )
INHOUSE ARIEKIRIR

\__CONTRACT dasls5l2l3lslaol

s
—




(SPACE TECHNOLOGY NEED FORM NO. I

PAGE1OF _ 1.
B o LIS mmm».’mmc.‘rmrn O BTN My 40 8D AT N LTt P A 1A Ml KAy AR ¥ See, raern e oeen s

1.TITLE SpACE PLASMA-HIGH VOLTAGE —- NO.2,8,9,10,11,12/P-2}E13
INTERACTION EXPERIMENT SATELLITES THEME /W.G./ TASK

SPHINX B/C (FY-78 New Initiative)

DATE_4_ /29 176

H

i 2. OBJECTIVE

i Spéce_flichh_pxpgmm_t&_a_cc omplish: flight demonstration of a
= -

o qualifiable 8 cm ion thruster system for station-keepin o
Bk applications, obtain space data for désign g'f‘ﬁléﬁ‘lva%'w'ge
FEze ‘System-and-investigate-charge control techniques

3. NEZD ANALYSIS
a) LEVEL Now (3], wiLL bz Lever B] unpEr ExisTING PLANS.
b) REQUIRED ADVANCEMENT ~ SHOULD BE TECHNOLOGY READY
AT LEVEL [7) FOR GPERATIONAL SYSTEM USE Y [vaTE: 7980 ]
& ¢) RISK IN ACHIEVING ADVANCEMENT:

32

Lol

SREAT
VT I THE LASORATORY
TN SPACE

«
L
©

TS

TES

iz88 HIGH [ meowm ] Low []
v d)CRITICALITY TO THE ACCOMPLISHMENTS:  ENAGLING [T] O
ENHANCING:  HIGH ] meoium ] Low []
¢) TASKS NEEDED:  STUDY ] ANALYSIS [} REEARCH [
GRDTEST [x]  AIRCRAFI TEST []  SPACE FLIGHT TEST x]

i OTHER (Specify) [ _ (Check onz or moie)

i

£ f) RT BASE CAMDIDATE No e

< & - = = e
18 1| 4 COMPLEMENTARY TECHNOLOGY ADVANGERIZNTS REQUIRED FOR
LEE B USEOF THIS TECHNOLOGY -High voltage system technology
gg.: s“z ‘;t': {C: . T - T T R R S
S e 3 S |
“efiS 1 6 SPECIFY TECHNOLOGY ADVANCEMENT HEQUIRZD T0
TEBEE ACCCMPLISH NES
nEEg -Broject Start - October 1977 __ .~~~
SeEEL SPHINX B Review Complete - December 1977
CERRD —— - e e e e e
HESEE SPHINX C Design Complete - October 1978 e
A SPHINX B Assembled and Test Complete - March 1979
o SPHINX C Engineering Mwel-ﬁgﬂgg ma_rld_ _'I'_e_si'COmpleteQ' - 1\_)_/7T

Wk SPHINX C Protoflight Assembled & Test Completed - August 1980
> w - —— - - e e e . ——— e+ — e 1 - et
Bjge Launch ready - December 1980 R

== T e e et it~ - et g e et g s




- )

SPACE TECHNOLOGY NEED FORM NO. |
PAGE 20F _2
. . 7,8,9,10
TITLE  Environmental Interactions: NO11 12 /P-2/E1-3

] THEME / W.G. / TASK
__ Space Plasma-High Voltage Interaction
Experiument Satellites (SPHINX B/C)

DATE o4 /29/ 78
6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

Two separate satellites will be designed to accomplish the program

objectives. These satellites will be built, tested, qualified and flow on
a twe year mission in a highly elliptical orbit so that a wide range of
plasma densities can be sampled. The fliaht results will be used to
establish the engineering design information for high voltage-space plasma
interactions and to provide the flight demonstration of a qualifiable 8-cm.

7. ALTERNATIVE APPROACHES/OPTIONS
to relatively low voltage

Restrict all large space power systems

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
Envronmental Charging of Spacecraft Surfaces (506-23-36)

Integrally Regulated Solar Array (506-23-30)

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76|77]78|79|80|81]|82)83]|84|65|86]87|88]89]90]91]92] 93|94]95

TASK ITEM
Proj. Start

SPHINX B_B1d & TS]
SPHINX Eng. Mod
Build and Test JAY
SPHINXC Protafit

Build & Test
_Design Criteria lv

L

'~

P Y
MA.%?&ESZ‘M ) 18]21]15| 6| 5] 2

CONTRACT - -1
FUNDING (108 §)

INHOUSE 6l.6l 4121111
\__ CONTRACT L
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SPACE TECHNOLOGY NEED FORM NO. |

PAGE 1 OF
1. TITLE _Environmental Interactions: NO. _A11/P-2/EI-3A
Space Plasma-High Voltage Interaction _ THEME / W.G. / TASK
Experiment Satellites (SPHINX B/C) DATE_04 /_27; 76

E.Y, 77

- ?ﬁﬁgﬂﬁt program to accomplish: Obtain space data for design of high
voltage systems for space, investigate charge control techniques and
demonstrate operation of qualifiable 8-cm ion thruster system.

ENVIRONMENT IN THE LABORATORY
6. MODEL TESTED IN AIRCRAFT ENVIRONMENT

5. COMPONENT OR BREADBOARD TESTED IN RELEVANT
7. MODEL TESTEOD IN SPACE ENVIRONMENT

i B L T T ———

3. NEED ANALYSIS
a) LEVEL NOw [B], wiLL BE LEVEL [3) UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL FOR OPERATIONAL SYSTEM USE BY :DATE: 1979 ]

c) RISK IN ACHIEVING ADVANCEMENT:
HIGH ]  ™ebium [X] Low []

d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [X] OR
ENHANCING: HIGH[] meoium [J  row [

e) TASKS NEEDED: STUDY [[] ANALYSIS [] RESEARCH []
GRDTEST [] AIRCRAFTTEST [[]  SPACE FLIGHT TEST (]

OTHER (Specify) D (Check one or more)
f) R&T BASE CANDIDATE No

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR

USE OF THIS TECHNOLOGY Mmm_‘[m“]ngy

MATHEMATICAL MODEL
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

2. THEORY FORMULATED TO DESCRIBE PHENOMENA

1. BASIC PHENOMENA OBSERVED AND REPORTED
3. THEORY TESTED BY PHYSICAL EXPERIMENT OR

LEVEL
OF STATE
OF ART

L

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED

A flight test program is required to provide data on the interactions
between th

e space plasma and the surfaces biased to high-voltage.
This flight test will cover a.broad range of voltages and be tested

over a wide range of plasma densities.
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SPACE TECHNOLOGY NEED FORM NO. |
PAGE 20F _2

TITLE Environmental Interactions: NO. P- =
Space Plasma-High Voltage Interaction THEME /W.G. / TASK

Experiment Satellites (SPHINX B/C) DATE /o |
0428 (20

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Two separable satelliies will be designed to accomplish the program
objectives. These satellites will be built, tested, qualified and flown on

a two year mission in a highly elliptical orbit. The flight results will

be used to establish the extent of the space plasma-high voltage surface
interaction, to provide the initial design criteria and to provide the

flight demonstration of a qualifiable station keeping/attitude control ion
thruster

7. ALTERNATIVE APPROACHES/OPTIONS

Restrict all large space power systems

to Tow voltage 1levels so that interactions with environment inizal or

insulate from environment.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
Environmental Charging of Spacecraft Surfaces (RTOP 506-23-36)
Integrally Regulated Solar Array (RTOP 506-23-36)

Space Plasma-High Voltage Interaction Study - New Initiative

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76|77]78|79|80| 81|82|83|84|85|86|87]8s|8als0]91]92]93[sa 95

TASK ITEM

Project Start y
SPHINX B Build & I
Test Iy

SPHINX C Eng.
Mod. Build & Test
SPHINX C Protofl

Mission Jay v l
MANPOWER (M-Y)
INHOUSE sol 50 2000 | 5
CONTRACT
FUNDING (106 §)
INHOUSE 6l .6l a] 3|1

\__CONTRACT




ENVIRONMENT IN THE LABORATORY
6. MODEL TESTED IN AIRCRAFT ENYIRONMENT

5. COMPONENT OR BREADBOARD TESTED IN RELEVANT
7. MODEL TESTED IN SPACE ENVIRONMENT

MATHEMATICAL MODEL
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

1. BASIC PHENOMEMA 0BSFRVED AND REPORTED
2. THEORY FORMULATED TO DESCRIBE PHENOMENA
3. THEORY TESTED BY PHYSICAL EXPERIMENT OR

LEVEL
OF STATE
OF ART

rSPA(:E TECHNOLOGY NEED FORM NO. | T
PAGE1OF_2_ ___

1. TITLE Environmental Interactions:Space Plasma- NO. ___Al11./P-2/E1-4
High Vo'tage Interaction Study THEME /W.G./ TASK

DATE_4_/_27/_16

2. OBJECTIVE
i controlling the interactions—

between the space environment and the surfa_c_es_blned_bx_the_spamgr_

systems.

3. NEED ANALYSIS
a) LEVEL Now [, wiLL BE LEVEL [3] UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY

AT LEVEL [5] FOR OPERATIONAL SYSTEM USE BY
c) RISK IN ACHIEVING ADVANCEMENT:
HIGH[]  mEebium [ Low [X]
d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [X] OR
ENHANCING:  HIGH[]  meoium [ row [

e) TASKSNEEDED: STUDY [X] ANALYsIS [ ReSeARcH []
GRDTEST [X] AIRCRAFTTEST []  SPACE FLIGHT TEST O

OTHER (Specify) [:] (Check one or more)

f) R&T BASE CANDIDATE Yes (New Initiative)

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY MMM&!%}‘

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED

® Develop model of the interaction between the plasma environment

and the charged surfaces.

® Verify model by testing.
® Extend model from ground test conditions to space.




N

SPACE TECHNOLOGY NEED FORM NO. |
PAGE 2 OF 2
TITLE Environmental Interactions: NO._All [P-2/E1-4

Space Plasma-High Voltage Interaction Study THEME /W.G./ TASK

DATE /26 / 7
6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

Conduct analytical and experimental study to devel d f

high voltage surface-space plasma interactions for the range of voltages
and orbital conditions proposed for space power systems in the early 80's.

Flight data will be used in this study to extend model to large, megawatt

space power systems of the 90's
7. ALTERNATIVE APPROACHES/OPTIONS Restrict All S p Syst

Operations to Relatively Low Vol tages.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
Environmental Charging of Spacecraft Surfaces (RTOP 506-23-36)

Integrally Requlated Solar Array (RTOP 506-23-30)

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76|77]78|79(80 81]82183]8485|86|87)88|89[s0] 91 921 93 94|95

TASK ITEM

Establish Model | Ao
Conduct Tests &
Evaluate Flight
Data
Extrapolate to
Large Systems
Evaluate F1tDat O

MANPOWER (M.Y)
INHOUSE 212 212121111 1122
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ATORY
AFT ENVIRONMENT

ENVIRONMENT

COMPONENT On BREADEOARD TESTED 1N RELEVANT

LNVIRONMENT IN THE LABOR;
6 MUUEL TESTED IN AIRCR
7. MODEL TESTED IN SPACE

VID AND REPORTED
UESCRIBE PHENOMENA
CAL EXPERIMENT OR

MATHEMATICAL MODEL
4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

T BASIC PHIENOMT NA OBSE W
2 Imtony FORMULATED TO
I THEURY 1CSTED BY PHYSI

LEVEL
OF STATE
OF ART

rSPACE TECHNOLOGY NEED FORM NO. |

PAGE 1 OF
1.TITLE _Environmental Interactions: Personnel o 7, 8/P-2 /E1-5
Shielding by Electromagnetic and Electrostatic THEME / W.G./ TASK

Fields DATE__4 /28, 76

2.OEBJECTIVE ) ) lectromagnetic oy
electrostatic fields compared to mass shielding and recommend advanced

technology direction.

3. NEED ANALYSIS
al LEVEL Now [2], wiLL BE LEVEL [2] UNDER ExisTING PLANS,

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY
AT LEVEL @ FOR OPERATIONAL SYSTEM USE BY [nate:

c) RISK IN ACHIEVING ADVANCEMENT:

HIGH [X]  mebium []  Low ]

d)CRITICALITY TO THE ACCOMPLISHMENTS- ENABLING [] oR
ENHANCING:  HIGH[]  MEDIUM O ww(@

e TASKS NEEDED: STUDY [X]  ANALYSIS [x] Research (x]
GRD TEST [x] ~ AIR CRAFT TEST (0  sPACE FLIGHT TEST O
OTHER (Specify) [_] (Check one or more)

f) R&T BASE CANDIDATE —Yes: New Start

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY (a Superconductin magnet, (b) spacec

charge control

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
Provide detailed design specifications for personnel shielding of large
GSO space stations against natural radiation environment. Accomplish
laboratory testing to verify the specifications.
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( A
SPACE TECHNOLOGY NEED FORM NO. |
PAGE20F 2
TITLE tnyironmental Interactions: . NO._ 1,7,8/P-24E1-5

Personnel Shielding By Electromagnetic THEME /W.G. / TASK

or Electrostatic Fields

DATE 4 /28,76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
(a) Survey of environment.

(b) Analysis of shielding requirements.

(c) Analysis of field generation requirements.
(d) Experimental field generation.

(e) Technology comparisons.
(f) Selection of shielding method.

7. ALTERNATIVE APPROACHES/OPTIONS
Mass shielding

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
__None

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76 |77]78]79|80| 81]82]83]|84|85)86]|87]88)83|30] 91|92} 93| 94|95

TASK ITEM
Survey mﬁg

Analysis X
Experiment T ¥
Comparisons

Selection N4
Documentatiop -y

i
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r SPACE TECHNOLOGY NEED PRIORITY ASSESSMENT :g:: 'tlll‘
(List in numerical order, 1 — Highest Priority) WORKING GROUP  P-2
DATE_4 /29 /_76
7 8 9 10 1 12 SUMMARY PRIORITY
::s" THEMENO. | opace SPACE SETI SOLARSYS. | GLOBAL [ADv.TRANs| VASA R&T ASSESSMENT
= POWER INDUST. EXPL. SERVICE ([sYs. OAST
TECHNOLOGY NEED NO 83 |88 | 83 | 88 Cunent [RAT Bese| WG | 7T DIV.
PC-2 kt. wt. Rad. Resis. S.A. 2 2 2 9 x x 5
4 |Et- Wt. Lo cost
PC-4 Isilicon Arrays 6 6 6 4 8 x| x | 11
PC-7 Solar Array Tech. for
SEP and p/L Appl. 3 3 4 1 8 x x 4
PC-8 |Sil. Solar Cell Tech. 7 4 7 x x 10
-1 Tech. for Improving
ES°1 lperf. s Life:alx. Batt. 13 13 13 3 5 x| x | 13
-2 Silver-ﬂydrogen
ES=2 Jrechargable Battery 11 x| x | 33
Es-3 |¥eng Life, Lt. we.
Ni-Cd Battery 3 2 7 x X 12
ES-5 |Primary Probe Batteries 3 x x 21
___._______\\_N_N_‘_‘
ES-6 |Large Ni-Cd Battery 4 4 10 x 6
ES-7 Advanced Regen.
H-O Fuel Cell 4 x 23
h\-\\\&%
ES-8 Photovoltaiqdzlectrolysi
Fuel Cell Tech. 5 5 3 x 22
ECC-1 Lightweight
Fuel Cell 1 x X 24
pp-1 |Advan. Electronic ‘—\\-~N—~*_‘_-
P.C. Technology 8 |12 8 | 12 5 3 6 x| x 15 J




Task
No.

PP-2

PP-3

PP-5

TX-2

TX-3

2 of

3

SPACE TECHNOLOGY NEED PRIORITY ASSESSMENT
{List in numerical order, 1 — Highest Priority)

WORKING GROUP__ P-2
DATE_4_/29/_16

rom )

"

SUMMARY PRIORITY

8 10 12 NASA
THEME NO. |  space S'Sf::r SETI SOLARSYS. | GLOBAL |ADV.TRANS hbY ASSESSMENT
POWE IN % EXPL. SERVICE |SYS. O
TECHNOLOGY NEED NO: 83 "8 |83 | &8 + corem |n8T0e| WG | TT [ POT
Integrally Regul.
Solar Array Tech. 13 2 x x 16
Hi Power/Hi Voltage/
Low Loss Components 7 8 7 8 3 X x 7
Remote Power
Controller Tech. 10 10 10 6 4 x x 25
Lg. Life, Hi Perf. Pwr.
Proc. for Planetary Appl. 2 x x 17
Power Transfer Across
Rotary Joints 12 x 32
Multi-Kilowatt
Distribution System 6 {10 6|10 4 X X 9
Thermoelectric
Systems 3 x x 18
Nuclear Thermionic
Space Power System 12 1 x x 26
Hi Performance
Thermionic Conv. Tech. 5 X x 27
Heat Pipes for High
Thermal Densities 9|11 9111 x x 28
Microwave
Transmission 5 5 x x 14
Laser Power Converter 4 4 x X 31
Laser Power Trans. 4 4 x x 30
- J

154



3 of 3

SPACE TECHNOLOGY NEED PRIORITY ASSESSMENT
(List in numerical order, 1 — Highest Priority)

WORKING GROUP__P-2

FORM 1l
FORM 11l

DATE_4_/29 /76
7 8 9 10 n" 12 - SUMMARY PRIORITY
Task THEMENO.| seace | sPACE | sem  |soLarsvs.| GLOBAL [aDv.TRans| MASARAT _ASSESSMENT
INDUST. XPL. SERVICE |[SYS.

No. |TECHNOLOGY NEED NO: 8¥™" 'be | &2 ss i Coment [naTsem| w | TT [ OAST
S-2 Auto. Power Systems

Management (APSM) 7 7 9 2 x x 8
s-4 Advanced Power Systems

Tech. 2 x 20
S-6 Oasis 1 1 1 1 8 x 1
§-7 Auto. Test Techniques

and Technology 9 9 2 x x 29
EI-2 Environmental Charging

of Surfaces 1 14 x x 19
I3 | spninx /e (§Y,7) 3 3 11 2

(PY 77)

EI-3A | Sphinx B/C N.I. 2 2
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POWER FORM

P-2
THEME  SETI NO. 9
ELECTRICAL POWER REQUIREMENTS
PERIOD 1984 1990 2000
Total Power 2 3 — 10
KWe
*(Order-of-megawatt|power for
shield and dish pfopulsion not
included above)
Bus Voltage
Regulation % 1 ] 1
pecial Load *Shield and dish prppulsion for
Requirements rotation of 19/da approximately
once a year
+ 20 + 70
Breakdown Load | Receivers -
Regmnts of (1) Data Links — —
Above Control Telemetry | —— -
Figure Monitors —
Figure Servos v —
Cryogenics (5 to
100K) = 5 to 100K|—v-—3

*Shield and dish prbpulsion

Location of
Orbit or Planet

i.e. LE0,GSO, LEO/GSO GSO/Lunar GSO/Lunar
INNER or OUTER Distance Distance
Planet

Unique Envir- Half-Time Shadow —
onmental Req- Environmental; >
uirements Charging Problem >
perational Life 'lg years 10 years 30 years
Autonomous? Yes —_
Maintenance? Yes —
ropulsion Req:

a - Transfer Orb.] Yes- ... S

b - Position Yes ... . >

€ - Planetar

Special EH!.&FX - RFT - - »

|
.

i
i
{
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Power Form
THE SOLAR EXPLORATION N, 10 e
ELECTRICAL POWER REQUIREMENTS
PERIOD 1990 1995 2000

1 o TOTAL POWER - KW | ® PROPULSIVE POMWER - e 400/600 KW OR ? UNDEFINED
' HUNDREDS KW HIGHER
e SCIENCE PAYLOAD - 20 TO} e ABOUT THC SAME
30 KW SCIENCE PAYLOAD
e TOTAL = 220-230 KW
e USE 200 KW e TOTAL 400-600 KW
2 e BUS VOLTAGE e FOR THRUST 1000V OR o SAME
REGULATION % MORE
e 100-200vV FOR SCIENCE
PAYLOAD
o ORDER OF 1% DESIRED
3 e SPECIAL LOAD e PROPULSION SEE (1) o SAME
REQU IREMENTS ABOVE
' e SAR HAS PULSE LOADS
CABLE RUNS LONG 60-80 FT
4 o BREAKDOWN e SEE (1) e SEE (1)
LOAD REQUIREMENTS
OF (1) ABOVE
5 o LOCATION OF ORBIT | e EARTH ORBIT OF PLANET o LAUICH 18T
OR PLANET TEST 10 KGM FACILITY TO OUTER
i.e., LEO, GSO, FACILITY - IN LEO PLANETS - 10 KGM
INNER OR OUTER - 30 TO GSO NOT INCLUDING
PLANET e LEO 100-30u MILES FO PROPULSION (12KG)
MONTHS INCLUDING PROBES |
® TRANSFER TIME - MONTH LANDER & PENETRA-
WITH NEP AND SEP TORS. 5 KG FOR
(60-180 DAYS) ORBITING FACILITY
6 o UNIQUE ENVIRON- o EARTH RADIATION ENVIR-B SEVERE JUPITER
MENTAL REQU:nrEMEN ONMENT RADIATION ENVIRON-
REQUIREMENTS e POSSIBLE SCALED-DOWN MENT
NEP* RADIATION
ENVIRONMENT
*1988 AVAILABILITY
7 e OPERATIONAL LIFE e 8-10 YEARS 20 YEARS (TO EOM)
8 o AUTONOMOUS? o VES! o YES
9 @ MAINTENANCE? e OCCASIONALLY MANNED UNMANNED RESUPPLY &}

> s A T AT i

Wi Sl SRS I R W

N P A Al 2SS SO iy

VISITS

¢ b L By

SAMPLE RETURN EVERY

2.6 YFARS



Power Form
THEME SOLAR EXPLORATION (CONTINJED)  p, 10 L

ELECTRICAL POWER REQUIREMENTS

PERIOD 19_90 19 95 2000

10 e PROPULSION REQ: e 1ST LAUNCH USES NEP:
SO DOES RESUPPLY

a. Transfer Orbit | e YES e NEP & CHEMICAL FOR
b. Position e LEO TO GSO/STATION KPG LANDERS, PROBES, FREE
c. Planetary o N/A FLYERS (MANY)

11 o SPECIAL EMI, RFI, |e YES, SHIELD RADIATION OFfe JUPITER IS A STRONG

ETC.? NEP-LARGE PULSED POWER RFI SOURCE IN
LITERATURE
(SYNCHROTRON)
12 ¢ OTHER o FREE FLYER - CHEMICAL/SEP WOULD PRE-
- Chemical Propulsion CLUDE MISSIONS BEYONO
- Few Hundred Watts JUPITER - THUS NEP
from RTG ONLY OPTION

SJPPORT TO ORBITER:

(a) Penatrators with -
RTG: 1-2 watts; 20,000
impact capability; 1-2
lyrs life

BATTERY: 10 watt load
for 5-10 mins., 1 or 2
times month for 1-2 yr
temp. of about -150K
(Jupiter env.) and wor
after 20 years - need
batteries (long life)

(b) Landers and probes
using battery and RTG

(c) Photo reconnais-
sance satellite needs
50 watt RTG, 1 month

1ife, perform in in-

tense radiation envirgn-
X ment provide power
: after 20 years.

(d) Sample & return -
use RTG and battery.
High peak battery
loads to hundreds of
watts.

Y S
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