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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 crmtains 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 elemt::nts 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 
indivitiuals 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 Tbeme Workshop 
Chairman 

NASA Headquarters 
Study, Analysis, & Planning Office 
Office of Aeronautics and 

Space Technology 



VOLUME III 

MULTIPURPOSE SPACE POWER PLATFORM 7 

INDUSTRIALI ZATION OF SPACE #8 

VI A STATEMENT 

The requirements identifi d for Theme 7 (MPPS) & 8 were divided into three 
time frames in order to identify and assign priorities to technology items. 
The first flight time of 1983 dictated that technology be presently in hand 
or a low risk development. HOI.,. ver, three ne~. initiatives were identified 
including an a c 1 rated 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 weig~t. This I'equil"ed 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. 
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POW ERR E QUI REM E N T S - MSPP(#7) 

LAUNCH DATE I j 1983 I 1S88 : 2000+ -! - -----·-- - ------·· - --·T-·- -· ---------·-·- ·----- ·- ---·--• ORBIT LOCATION I LEO GSO(P); LEO (S) GSO • POWER - KW 100(P) 1~000 10J OOO 200(S) 
• VOLTS - DC 120 \ 120 .. . _ ~~O _____ . ->-.-._. _ _ ._ - ._ -- - - - - - -( -- .. _ .. --- _ ._ --_ . . . _ . . . .•.. . .. . -- . • LOADS OFF-THE-SHELF I 20 KV LASER LaS~R PROP; 

HARDWARE PROPULSION; HABITAT; 
INDUSTRIAL M'F'G • LIFE - YRS. 5 10 30 • AUTONOMOUS YES YES YES • r'1A I NTENAN CE BY MAN BY MAN BY ~4N --.--- -- --.. ---- ~ ._ --_ . . __ ...... _- _. ,,_ .. - _ . . _. - --_._ -----_. __ .. _--_ . . .. . . • PROPULSION 

(P) PRIMARY 
(S) SECONDARY 

STATION KEEPING SAME 

'--- - -_. -- -- _ . . _- . _____ L ...... _ . __ ... _._ .... _. 

• SAME 
• POSSIBLE 

ORBIT 
TRANSFER 

- '- -- _ . . _--- -- ---
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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 firs ~ version 
will orbit geosynchronously; the others, at lunar distances in ha lf-time 
shadow with a 29.3-day 8ycle. The latter two systems will requi e once-a­
year reorientation at 1 per day: ~2° 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, environmenta1-char~ing technology is of rrime 
importance. Uncontrolled arcing will cause RFI as will conventional contro11ed­
beam discharges. So Sphinx BIC findings will be extremely ~aluab1e. 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 bar.kups to a specifically adapted solar-cell, regenerative-fuel-cel1 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 SETl 
space-antenna systems result in these diverse, demanding power needs. 
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pm/ER REQU I REMENTS - SET! (No.9) 

LAUNCH DATE 1984 

• POWER - KW 2 

• VOLTS ? 

• SPECIAL LOADS -

• ORBIT LEO/GSO 

• UNIQUE ENVIRONMENT o SIC CHARGING 
o HALF TIME 

SHADOW 

• LIFE - YEARS 10 

• AUTONOMOUS YES 

• MAINTENANCE YES 

• PROPULSION; ORBIT YES 
TRANSFER AND 
POS I Tl ONI NG 

• SPECIAL EMI;RFI;ETC. YES 

1990 2000 

3-PLUS PROPULSION 10 
? ? 

ORDER OF MEGAWATT 
FOR SHIELD AND DISH 

-
PROPIII ~TON 

GSO/LUNAR GSO/LUNAR 
DISTANCE DISTANCE 

SAME SAME 
SAME SAME 

10 30 

YES YES 

YES YES 

YES YES 

YES YES 



FACILITY THEME #10 

The Solar Exploration Theme (110) 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. Si~nificant drivers are the requirements for: 
(1) propulsive power (hundreds of Kw) and science (tens of Kw); (2) extremely 
long-life (10 to 20 years); capability of operating autonomously in the 
crbiting facility and supporting craft (free-flyers, landers, probes, 
sample-retur t

,); (4) providing power to the supporting craft under extremely 
severe Jovian environmental conditions (low temperature on surface, high "g" 
impact for pen~trators, 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-Synchronous 
Orbit; (2) Automated Power Systems Management Technology, which is essential 
hecause it provides automatic load control, self-test and repair capability, 
system health checks, power mar~in 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 au~omatic test tecimiques 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-life, high performance batteries fot' 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 capabil ity for penetrators; and (7) advanced 
solar array technology including improved solar cell capability and ~olar 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. 
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Po\~ER REQUIREMENTS - EXPLORATION FACILITY (#10) 

LAUNCH DATE 1990 
• ORBIT LOCATION EARTH 
• POWER - K\O: [PROP + SCIENCE] 200 

• VOLTS ~ 200 J 1000 

• REGULATION [SCIENCE] 1% 
• LIFE - YRS <10 

• AUTONOMOUS YES 
• MAINTENANCE f1l\N 
• PROPULSION [ORBITER] SEP OR NEP 

• ENVIRONMENTS 
- RADIATION LEO TO GEO J NEP 
- OTHER PLANETARY 

• FACILITY SUPPORT FREE FLYER 

·YEAR 2000 STUDY FACILITY UNDEFINED 

1995 
OUTER PLANET 
500 
SAME 
SAME 
20 
YES 
RESUPPLY J SAMPLE-RETURN 
NEP 

NEP.I JUPITER 
-150oKJ HIGH G 

IMPACT J RFI 
FREE FLYERS (RTG) 
PROBES (RTG J BATT'Y) 
LNmERS (RTG J BATT'Y) 
SAMPLE-RETURN (RTG J BATT'Y) 



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 control, regenerative H /0 fuel cell and very high energy 
density battery storage systems d02no~ appear in the negotiated priority 
assessment for this theme. 
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LAUNCH DATE 

• POWER - KW (ORBIT) 

• VOLTS - DC 

• STORAGE FOR ECLIPSES 

• UNIQUE ENVIRONMENT 

• LI FE - YEARS 

• AUTONOMOUS 

• ~.AI NTENANCE 

• PROPULSION 

• Ef"L RFI 

POHER REQUI REMENTS - GLOBAL SYSTE~1S (#11> 

1983 1988 2000 

20 (LEO) 20 (LEO) 500 (LEO) 
50 (GSO) 2J (GSO) 

120 .. HIGHER FOR SAME SAME 
SENSORS 

YES YE~ YES 

- SPACECRAFT YES 
CHARGING 

3 - 5 3 - 5 LEO 10 LEO 
5 - 10 GSO 20 GSO 

NO PARTIAL TOTAL 

ONCE/YEAR ONCE/YEAR ONCE IN 3 YEARS 
STATION KEEPING SAME SAME 

- ORBIT TRANSFER? SAME 
QUIET PREFERRED SAr1E SAr1E 



ADVANCED SPACE TRANSPORTATION SYSTEMS #12 

The Space Transportation Systems (STS) addressed in this theme include 

Shuttle , Space l 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 OTU were formulated. Key technology 

drivers identified were light-weight fuel cell development, unique and 

advanced solar array technology for solar electric propulsion, lightweight 

fuel cell development and nuclear electric propulsion. It was noted 

that the MSPP theme 7 has direct applicability to STS. 
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BASELINE SPACE POWER PROGRAM 
1980-85 

ON-GOIr~G TECHNOLOGY 
• SOLAR ARRAYS (67 I'UKG) 
• ISOTOPE BRAYTON ( ~ 25 KW) 
• LT.WT. N1-CD BATTERY (50-60 W HR/KG & 20 AH CELLS) 
I ~ 400 V, POWER PROCESSING & 120 V D,C. DISTRIBUTION 
I AUTOMATED POWER SYSTEM MANAGEMENT 
• MICROWAVE TRANSMISSION 
• ENVI RONMENT AL I NTERACT I OI~S 

NEW INITIATIVES (FY 78) 

• OASIS 
• SPHINX B/C 
• N1-CD BATTERY SCALlI~G UOO AH CELLS) 
• AG-H, RECHARGEABLE BATTERY (88 W HR/KG) 
• HIGH VOLTAGE DISTRIBUTION 
• EXPANDED AUTOMATED POWER SYSTEM MAi~AGEr1ENT FOR UNIQUE 

THEME LOADS 
• MI CROWAVE TRANSMI SS ION (SPACE BASED) 
• HIGH TEMPERATURE SOLAR ARRAY 

fiG . .., 
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SPACE TECHNOLOGY NEED FORM NO. 1 
PAG E 2 OF 2 

TiTlE Photovo l t ic Con y rsion ~(I 10/P - 2/PC-l 

High 'remperature Solar Arrays rH EME / W.G. / TASK 

DATE 4 /28/76 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 
1. Identify specific requirements for mission s uch as Mercury 

orbi t . -- - -
2 . Develop sp ce q~_ li fied so}ar_ c e ll . - ----- ---
J . Develo s ~ q,:!alif i ed interconnect system. 

4 . Develop array con stituen ts for high temperature system such 
-

as adh sives , encapsulants , and ...£.9nc.2ltr'!-tors . 
') D~vplnll ' n t-pnr";t--pn rI ", c:;nn 

7. ALTERNATIVE APPROACHES/OPTIONS 

8. CURRENT/PLANNED RelATED ACTIVITIES (RTOP. OTHER ) 
506 - 23 - 12 

9. TECHNOLOGY SCHEDULES 
FY 

SCHE DULE ITEM 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

TASK ITEM 
1. R qui r m nt . \ ' . ~ 
-- - ,- - 1-- ' - - f-

2 . e ll "- v -- - - 1-- - -- - - i-
J . Int rconnec s , ~ , 
- --- '--:\ l- I- I-
4 . Constituent 

" I.). I--- -- -- ,- - -
5 . 0 si gn&'1' st -'-

I"-

- - f- -- I-

--- I-- 1-- - I-

MANPOWE R (M·Y) 
1 ' 3 INHOUSE 4 4 --

CONTRACT 

FUNDING (106 $) 
INHOUSE 1 . 2 . 3 
CONTR ACr-- • .J . 5 . 6 



,­
: .: 
" . oJ 
t ., ._ 
I. 

. ' , ';,..; ~ 

--- '--- - --'--- DA"fE _ tL_ /~6/ _ 76 ' _____ .__ ----- - . - - --- _._---- ._--_._- -------

I 2. a DJeCT IVE 
._To __ c aracteriz~ the erformance of E:olar cells over the 

I range of tel,lperature, illumina~ioni;;-t~;;-~ityand- irr-;'dia-tio~ 

L __ : f I ~~:.~_~?5E..~:.~~nc~s in ~!Ea~e ~=~:~.r.n_:en_t~~-==-______ . _____ _ 

3. NEEO .l\I'.I.(\lYSIS 

il) LE VEL N :1\ 1 D. WI LL BE LEVa 0 Ul'l rJ En EXISTING PLANS. N/A 

b) r, - QUlFl t: O ADVAI~':EMF.I'IT - SHOULO £3 E T ::CHNOL.OGV nEI\DV N/A 

AT Ll: VF.L D FO il O?EHr"ITIO NAL SYSTEM USE GV !l inE: ~_.J 
c) rllSI( IN ACHI EVIj\lG J\DVfl.NCFI\,IF.r\IT: 

HIGH 0 MEDIUM D ' La\'! 0 N/A 

d) CniTICI\LlTY TO TH E I\CCOM?I.IS! I ili:l'JTS: ENABLI NG [KJ on 
El'lHANCINti: HIGH 0 I\i,E DIUM 0 LOI:V [1 

c) TASKS NEE DeD: STUDY 0 ANALVSI0 0 nr:s r:M1CH 0 
GHD T l:ST G] Al flC rI/ IFi' -rr-S-r 0 SPI\CI: FLlGH-fT EST [J 
OTHf.iI (' )fJ!!!: i j ,/ ) 0 .. ______________ (Check om! or rl1 I'd 

I ___ ~~:.:~~~ n.'I~!~\ r,I~~.?~~~, ~~s ~:_.:::' .. ~~-.?~_~~_23.=::;:_ .. _..£§g~ · :=.::::::--=-=:::::: .J 
I t .. cm'J?L l:i.n~ lrri 'IV TEC~· : ,\H) LOGY (.1::lV/\i'IGi: ,'.lt:i'.JiS Fl:':Ci li i:; :-: f) FOr 

I U-' := 0 -= -" '1 1" '"r r.·· U :\·O I ' , ":'V 
OJ I' ( ..) l .. li ,'1 J .... • .... b . 

I 
- -----------------

I - ----- -------- -.--. .-----. 
, ..... _--_._---- ------- --- - .- ------------_._-- --- -
I !i. SI EGl f- Y TEClINOLOG'( J\DV.!\~iC r.: r'Ili::N r H ~QUIR :O 'jQ 

ACC(j :~1P I.IS : I N::::D 

--, 

.-ThfLt.eclutQ.l.Q9L~s t.9_.E.~~form thi0 ask..:..... __ It j.~ the _ _ _ 

_ C!QLQL£h~.Eacte_rizi~3~.lar cells so that proper cells ---_ . ---- -_._----_._-
~an_~~_1L~lected _for s ecific solar system missions that is ---_ .... _-- -_._------ --_ . 
-Le.q.u.i.red ...The.£lLcbaracte:ci.sti. arJL _~C!talo ued._ for us._e_ . __ 

._ - -=--- - -- ------_.-
---nODf-RIO~---' 
-----oF~~ 

--------



SPACE TECHNOLOGY NEED 

FORM NO.1 

PAGE 20F 2 

TITLE ehotovo1t~jc Convers ion 

7b8,lO,11/P~2/PC
-4 

N . 

Light-Wejght. Low-Co§t Siljcon BrrA~~ 
THEME / WoG. / TASK 

DATE ..i ~ 1-1.iJ. 

60 RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

1. "Bolt .. of 'cl oth" erototype machine ana1lsjs 

2. ehase q desig n 

3, Phue H '~Bol_t lo.th ll> gemQDstE~tton 

4. [stabl ' sh feasibil it): Q:f 2QQ ~tko arl"av 

5, Est!!bl ;~h ~r~] iHlinarr desj~n 

6. DeveloD and test DrGtotll'Oe 

7. ALTERNATIVE APPROACHES/OPTIONS 

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

-

90 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 

1 See Plan V 

2 See Plan ~ 
3 , See Plan V 

-A See Plan rv 
5 See Plan IV 
6, See Plan V -

• 

MANPOWER (M oY) 

INHOUSE 3 4 4 4 4 4 

CONTRACr-

FUNDING (106 $) 
.1 

INHOUSE .2 .2 . 2 .2 . 2 

CONTRACT .2 .2 .2 .3 .3 .3 
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SPACE TECHNOLOGY NEED FORM NO. I 

PAGE 10F 2 

1. TiTlE PHOTOVOLT~IC CONVERSION 
L i9ht-Wei9ht, Low-Cost St Arrays THEME I W.G.I TASK 

DATE __ 4_/~6 1 _7~6 __ __ 

2. OBJECTIVE 
~lop ljght-b~jght, low-cost solar arra¥s 

3. NEED ANALYSIS 

a) LEVEL NOW 5J. WILL BE LEVEL ([] U ER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVE L [5] FOR OPERATIONAL SYSTEM USE BY I DATE : 1985 

c) RISK IN ACHIEVING ADVANCEMENT : 

HIGH [j MEDIUM [lJ LOW 0 
0 1 CRITICALI TY -;- 0 THE A:COMPLiSHMENTS : ENABLING 0 OR 

ENHANCING : HIGH [R] MEDIUM 0 LOW 0 
e) TASKS NEEDED : STUDY 0 ANALYSIS 0 RESEARCH 0 

GR D TEST 0 AIR CRAFT TEST 0 SPACE FLIGHT TEST 0 
OTH E R (Specify) [i] Techno logy Deye) opnent (Chee one or mare) 

I ) R&T BASE CANDIDATE Y'es: Py 76: 506-23-12 $320K 

4. COMPLEMENTARY TECH~;OLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TCi:HNOLOGY 

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Design must be refined in order to deyelo a cell-to~bl 

assanbly mach ine which will mechanically attach solar cells to a 

low .. cost. 1, ht .. wei ht substr'!te elect' nnect t he cells 

~nd apply a radiatjon protection-m~~~e-o~er-
cell. Present state-of~the~art rollout 1 r a r 

~-'-~:"-;';''--''''-''-''''-=''::''''':''::':::''::'':'.::..!...::..t.-'1ethods 0 h rtdliog. thin c ........ ....1.+-__ _ 

flex ib1e substrates and ]jght-wejg _stOLC..t.u, e.s....musLbe developei'h--__ 



SPACE TECHNOLOGY NEED 
FORM NO. 1 

PAGE 2 OF 2 

TITLE Photovoltaic Conve rsion No.L a,10/ p,-2/PC-.?_ 

Light We i ght Radiation-Resistant Arrays THEMl·.' W.G.'/ TASK 

DATE ..A. /2B / ..Th 

6. RECOMMENDED APPROACH,r>ROGRAM PLAN TO ACCOMPLISH NEED 

1- De"e lop ultra - thin GaAs crystal t e chnique and growth of large 

area solar ce lls . 

2 . Develop intercon~ect , encapsulation , and concentrator techniq\ 
- ---- ----

e . 

3 . Test smal l rototype array eq 1 Kw 

4 . De velop automatic production facili ty for large arrays . 

5 . Produce prototype array ------- ---

7. ALTERNATIVE APPROACH ES/OPTIONS 

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

9. TECHNOLOGY SCHEDULES 

FY 

SCHE DULE ITEM 76 77 78 79 80 Bl 82 83 84 B5 B6 87 88 89 90 91 92 93 94 95 

TASK ITEM 

1- GaAs ce lls .:..\ 'V 

2 . Compone nts ~ 'V 
I- 6 'V 

l-
,- >--

3 ~Sma~ .proto yp 

4 . Prod . f a cU' ty 6. 'V 

5. La r ge proto yp 6. 'V 

MANPOWER (M·Y) 
INHOUSF. _ 2 5 7 a a 8 8 a 

CONTRACT 

FUNDING (106 $) 
INHOUSE . 2 .4 .5 . 6 . 6 .6 .6 .6 

CONTRACT . 3 . (b. .-, 6C r ]0 11 5 flO 



,. 
. " 

/' I 'PI\CE n :Ci I. IOlOuY (\J iED FO R,'ll I'JO. I 
PI\GE 1 Or- _ _ L __ _ .. _ , ... . _ . """-__ .. _ .... . _. _ .. , .~.~ ................ -' .... u . . .. ... ~ .. ·. ' ..... ""' ......... , ... ... .. . ' 1'''', ' 0 . , . .. .... ""'\ _ ~ . _ .... . ... . !I ...... .. ~ • .- , .. ...... _ I 1. TITL :': Photovoltaic Conversion Technology f 1\10.L-..1 -12/P-2 lee=.? 

SEP and Payload Appljcatjons TI IEME I W.G. / T N':< 

D/,T !:~ 1?6 / _~_ I. ___ __ _ __ . _ _ __ .. __ . _____ ._________ . ____ __ _ 

2.UH,I::C'fiVI-: DESIGN) FABRICATE} AND DEMONSTRATE LARGE LIGHT I 
WE_~~~~ ; 'OLA; -;R~~Y_.-25=KWL.3~cL WA ;T.sfu-. --5.-.Y~R I ~ fE-=-. ~ I 
JiEII3AG.IABL.,gL_4QQ ~'_ _ ____ .. ________ . _____________ ' ----._- _ .. __ . __ ._-------_ ._--- - .. ------- --.- - - .. -.-- ~ :{. N Er:U :\d LYSIS 

1:1 ) L VFL NOVI [5], WILL ill: u: va l[ UNOf:I{ r ;-:I:T II\JG I'I AI';S. 
b) BEC'U l flI: () AUVf,NC,[MH')"; ' IIGULD 131; Hel :['JO I OGY Ii!:, UY 

/\T I.'-va L7J ron OiJj; Il!,T ION' L SY" '" ."-' li~ :; C'( [tL.~i;:c-19-i9'-] 
) r~ i SI'-1r 1 N ::!l H'Ii'!(; I\U / .'\ilr. .. ME T: 

I !I. ,II rJ I'· Ell i lloil 1-.1 I O.'i ~] 
tI) C:fllllC/,I .11 Y ro Til l: I\ C\.(J'.,lp l.I ':>ll r·!l ~ He.' : I 1\I/\: ;u r,lc Ix] Oil 

! ~H-I l\!JC I I J(;: HI GH [ 1 MI-DIUr-/i n 10 'J I_ 

I 
I 
I 

e) TI\';l~ ~~ f-l : [; 1) [' 1) : ,;ru l)Y [J r,NAU'~jj.· r " j 1';1; ::;' I,,:,(;IIIJ " 

r,

', ', (;flf)TGir[~ 1\1I !(;ntl- rTG;T ~ ~ ' I ' /\C:! ' ::LI C irrrl:r -[i! I' 
() rll: . , ( ~!I .:ci l,/) I ., .. _ _ __. ___ . __ .. . ___ .. ,_ ( l.~!.,> : : ::.!:..' ~~rl ) 

:: i f) I; Z',! ' ;/,:, " L:! I,JDI!J 1'1. YES <506-22-32 CURRENT PROGRAM) .. S5QK._. ._ ! !' :._----_._ .. . _ ... - - - --_ .. - --..•. - - _. _-_ .... .. --•. - -.. .. . • - . - .. .. . - -- j j.~; n ~ 11 , CO ~/I~ ' _; ·.· I,: (,J I, :i" ' I '- (':~; 'I I" () (~ \/ "\l) 1/\, Je C,y;": :'Jr.i !r :': ~ : i ;L : I ·:. ; ~· ~ " , 
• ,: 0' 

f I ~ • , " , . , " :; , 

:.: ! U:~ C :",· I I !. ; - i" :~ : · I · !i " ()i 1IJY POWER D1STRIBUTION}- PROCESSING- AND :', , CONTROL • , I ___ _ 

:: I 
' , tJ', I ~ •• _ ... _ _ ._. __ • ___ .... _ ___ ... _ . _ . _. _ _ • ___ • _ _ _ .. .. _ _ ••• • _ .. ___ _ ... ___ • _ __ ... .. ... _ ___ .~ 

' :: ",. i':: i t~. Pl -~: : ',' T i.: " I :;'it)Li. 1 'iY /\ i) \/l\f'.lCi , ~1 L; i\jl :: .0UI.:, -!\ (0 
.:: . ! I I t 1\ (;[: ' " ,i..d .! ~l , r.!'-:= i, .0 , : I 

~ I I ~ • I • 0 • 

l .· .. : 
, .. 1 : I ~, ~ . ) :. ; 

I I I , • 
I II" t • 

I 0 ~/ ~ .: i 
I , . , I 
I. t. ' I 

OJ I , . I 

I • 

I 
I : ; ~ ~ ~ I 

t" . 
" I I, , 

DEMONSTRATION OF MATERIALS AND ALTERNATES, SELECTJO~ AND DEMONSTRATION OF INTER CONNECT BONDING, TECHNOLOGY FOR NON-DESTRUCTl VE TESTl NG (NDT) FOR POST-ASSEMBLY ANII PRE~~ I GHT _EVALUATION. OF F'ARTICULAR IMPORTANCE IS THE SOLAR CELLo.QLAR CELL INTER CONNECT BOND FOR THE WRAP-AROUND CONTACT CELL, ~SING NON-SOLDER METHODS, ' DEMONSTRATE TECHNOL9,Gr, BY GROUND­COMPONENT AND MODULE TEST AND ANALYSIS. ZERO 'G' ~JFCRAfJ_ DEMONSTRATING DEPLOYMENT AND SHUTTLE FLIGHT EXPEP.IMENT OF -SOLAR ARR-AV, - - I 

bktGlNAD P~GF, IS 
OF POOR QUALITY 

I 
I 

I 



SPACE TECHNOLOGY NEED FORM NO. 1 
PAGE 2 OF 2 

TITLE Photovoltaic Conversion 
7.8.10.11/P-2/ 

NO.g.c.;5 

Solar Cell Characterization 
THEM e I 'A' G. / TASK 

DATE 4 / 28/ 76 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Continuing program of ev luation of various types of solar 

ce lls to deve lop catalog of performance characteristics for --
application to any required spa~e e nvironment . Includes 

--------- --- ------ - --
calibration of sta.!ldat:d solar cell~sp_ace by balloon 

flight! aircraft! shutt l e! or satellite . 

- - - -
-

7. AL TERNATIVE APPROACHES/OPTIONS -

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

9. TECHNOLOGY SCHEDULES 

FY 

SCHE DULE ITEM 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

TASK ITEM 

--- - --- - 1- - - 1-- I-- ,- f-- - -- I--

----- - -

- - I-- I- - f--. 

-- I--

--

MANPOWER (M·Y) 
INHOUSE~ 4 5 5 5 5 

. 
CONTRACT ') ') 2 2 2 L- .-

FUNDING (106 $) 
INHOUSE . 6 . 6 . 6 • E . 6 

CONTRACT 2 3 :l J j 



SPACE TECHNOLOGY NEED FORM NO.1 

PAGE 1 OF 2 

1. TITLE Photovo1taic Conversion NO.1,7, 8 , 9,l1,12/P-2LPC-8 

Si l icon Solar Cel l Tecb(]QI Qg~ 
THE ME / W.G. / TASK 

DATE-4- / 2~ j' 76 .-
2. OBJECTIVE 

Deve1 0Q t echno1og~ for low CQst ($SLw) sola r:: cel)5 and..ar:r:ays 

with high end of li fe efficiency (14%) 

3. NEED ANAL YSIS 

a) LEVEL NOW [1] . WILL BE LEVEL l5J UNDER EXIST ING PLANS. 

b) REQUIRFD ADVANCEMENT - SHOULD BE TE CHNOLOGY READY 

AT LEVEL [] FOR OPERAT IONAL SYSTEM USE BY I OATE : 19S5 I 
c) RIS K IN ACHIEVING A DVANCEMENT : 

HIG H 0 MED IUM [Xl LOW 0 
dl CRITICALITY TO THE ACCOMPLISHMENTS: ENABLI NG 0 OR 

ENH ANCING : HiGH GJ MEDIUM 0 LOW 0 
e) TASKS NEE DED : STUDY 0 ANAL YSIS 0 RESEARCH GJ 

G ~D TEST [i] AI R CRMT TEST 0 SPACE FLIGHT TEST [!] 
OTH ER (Speci fy ) GJ Tec h no1 09~ Deve1 0Qment (Check one or mr.re ) 

Yes RTOP 506- 23- 17 $600K FY'76 
f ) R&T BASE CANDIDATE Yt><:. 12TnD I';('J;. _2."l_1 ., t 2k{\ r:V'7C-

4 COMPLEMENTARY TECHNO LOGY ADVANC EMENTS REQU IRED FOR 
USE OF THIS TECHNOLOGY 

5 SPECIF Y TECH NO LOGY ADVANCEME NT REOUI RE D TO I 
ACCOMPL ISH NEED 

De velopment of cell s with im.Qroved end of 1 He efficie~ These ma y 

include some or all of epitaxi .allY..Jl~wn junction, ion i mpl anted j unction, 

b~ck surface field hea v i 1y d0pLd_ bas e.. _wtall.amun contact and textu ~ed 

- .... - .. frC' ll.t surface_. Def i nit ion_of bas i las.s mechanism a.n.cL.J:arliatioll damage 

inphotovol.ta je del/ices. I Dve S tigaticA--O-f...-l>~ 5e5 ~-1~ \ov,,~ 
fabr::icatioll; i.8 • t R4k +Hn pri)C~SS~S-- and 'ntegration ofautomatar>1 e 

.p.r:oceaes i~wi'ition-1..iAe.- New GooGept-s for covering.l.en"~4tiAg 

wi tR plaitit 'h8~ Newer eel) concep~~c tbe mu1ti i unct i on edge 

illuminated si l icon cel l for use ~ith c~ntrat~r ~ . 



SPACE TECHNOLOGY NEED FORM NO.1 
PAGE 20F 2 

TITLE Photovoltaic Conversion Technology for NO. l.7-12/P-2/Pr.7 - -
SEP and Pa~load Aeelications THEME / W.G. / TASK 

DATE 4 / 28/ 76 
6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 
Tbjs is an existing program. ~reljmjna~ design is complete. required 
technology has been identified ~nd a reRre~entati~e ~e~tjQn of a ~iD9 has 
been built and SQme testing Rer formed . Materlals jD~estigatjons~L~ UDge~ay. 
A nOD-destructive test technology prog~. js proposed. It is proposed to 
demonstrate technology by yrnund component and IIXldul e testi ng and ana] lis i s 
zero "Gil aircraft dep]oJ/weot aod Shuttle Eljgbt Exper:iment --

1. ALTERNATIVE APPROACHES/OPTIONS There is no r'eal o~tion to this solar 
array technology for the 1983 flight of the first MSEP wjth ug tQ 100 KW 
power level. 

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

9. TECHNOLOGY SCHEDULES 
FY 

SCHEDULE ITEM 76 71 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 
TASK ITEM i 

~ • Materi al 5 Oero 
Interconnect 1& ...lIf 
~g~?e~~~n -- .... , yc 1 ng 
NOT Investigations " FUll :,~cale~lng ue- -- -si n Fab. &TestinQ .. -- • r~g~~] ~~l i B~}Test .. ..... 

I 
Shut..tl e El j 2ht Test ~ 

6g~~~~ l g~~ 111rs~i n 9 R 
0 

MANPOWER (M-Y) 
INHOUSE __ 6.'i 9 10 5 5 
CONTRACT 

FUNDING (106 $) 
INHOUSE 
CONTRI.Cr - ·95 .7 .8 .9 .9 



SPACE TECHNOLOGY NEED FORM NO.1 

PAGE 1 OF 2 

1. TITLE Energy Storage 

Technology for I mproving Perfonnance 

and Life of Alkaline Secondarv 8atteries 

NO.l.7.8,9,lO/P ... 2/ ES-l 

THEME / W.G. / TASK 

DATE __ 4_/~ '~76~ __ _ 

2. 0BJECTIVE To develop s i ngle cell protection devices, pulse charging 

techni9ues and separators to improve perfonnancp and] lfe of al kal jn~_ 

secondary ba tteri es .. 

3. NEED ANAL YSIS 

a) LEVEL N~)W [4J . WILL BE LEVEL [5J UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT ~EVEL [[) FOR OPERATIONAL SYSTEM USE BY IOATE : 1979 

c) RISK IN ACHIEV!NG ADVANCEMENT: 

HIGH 0 MEDIUM [i] LOW 0 
ti l CRITICALITY TO THE ACCOMPLISHMENTS : EN ABLING 0 OR 

ENHANCI NG : HIGH [XJ MEDIUM 0 LOW 0 
e) TASKS NEEDED : STUDY 0 ANALYSIS 0 RESEARCH !.il 

GRD TEST [!] AIR CRAFT TEST 0 SPACE FLIGHT TEST 0 
~ OTHER (SIJecif )0 RTOP 506 <,16,,12 SO FY I 76 (Chetkoneor more) 
: RTOP 506-23 ... 24 $100K FY'76 
t;; l R&T BASE CANDIDATE YES RTOP 506-23 ... 23 $150K FY I 76 

< ~ ~--~~~~~::~~~~-=====~~~==~~~~==~~==========~~ 
8 ~ :; ~ 4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
~ ~ i ~ USE OF THIS TECHNOLOGY 
oW"", V) 

~ ~~ a: 
IXu" CI:: w 
Oell "'" ~ 

~~ ~ : 
0""'-, < ~~~ 5 ~ _____________________________________________________________ ~ 
crov; « 

~~~=~ 
o~o..~~ ::5 m :E t; 
"""=-~-' Z 
~~~~= 
Z OI,o,l~~ 

""'''' -< z 
%: > ')- :1 w 
o..CI:~~Z 
Uoox;:: 

~ ~~':c~ 
CI)~~2a.. 

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

I n cases where partially ~oluble e~ectrodes are 

pr.e.~ tex.tu~~~ 

and hence improve 1 ife . Inor anic-or~n ' fJexilLl~.setU1r:a.to.::s-ba.v. 
significant potent ia l. Conti nuin9.. _work on~es~~ n ~ L 

applic<\tion to the Ni / Cd and .A,g / H
2 

systens are needed, 



SPACE TECHNOLOGY NEED FORM NO.1 
PAGE 2 OF 2 

TITLE Photovoltaic Conversion Silicon 
l ,7, tj , 

NO. ~ll P- 2 pc8 

Solar Cell Technology 
THEME / W.G. / TASK 

- DATE 4 / 28 /1.6 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Continuing technology program aimed at im2roving the silicon 

solar cell. Various cell concepts are explored . The basic 

theory of radi.ation damage will define a new cell aQQ~oach . 

Thinner cells and automated low cost fabrication technigues 

for low cost are defined . 

7. ALTERNATIVE APPROACHES/OPTIONS None 

-
-

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

RTOP 206- 23- 12 
RTOP 506- 23- 17 

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 

RaJ ~SA<ellf~ 1t7 
Cell 
High EOL Cell ~t7 

Mo~gl e TeCh . 
Rea iv ~ 
Black Cell " Tech . Ready \l R 

~~Hij unction 17 

Test '\ R 

MANPOWER (M·Y) 
13 12 12 3 3 ! -~ INHOUSE __ 15 3 3 3 

CONTRACT 

FUNDING (106 $) 
. 3 .27 . 5 . 5 0 .0 .0 INHOUSE .0 .0 

CONTRACT . 5 .4 .9t; 11..( .3 ·3 . 2 .2 . 5 --
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SPACE TECHNOLOGY NEED FORM NO. I 
PAGE 1 OF __ 2 ___ _ 

_____ ___ ..... , ____ __ '.....,....~,.J'WIII~ __ . _ ___._ _____ ... , ~ .. _.._.. __ ...... 

1. TITLE ___ ~ ____ -L _____ _ 

Silver H drogen Rechargeable Batter 

S~stems. _______________ _ 

NO. -.hI 8 J!.J..lL~?jJ:~ 2 
HI ME /W.G. /TAS K 

DATE_4_ ;2~ 1-1L-_ 

2. OBJECTIVE T ' d hi h d ' 1 1 ' f 1 h' 1 
______ o_ provl e __ ~~~ergy---.!.n~ ty. on _1~ ectroc emlc_a __ 

ener~ storage system fo~~ynchronous orbit. 40 watt hr/#. 500 c cles, 

l~~_. ___ . __________ . _____ _ 

3. NEED ANAL VSIS 

a) LEVEL NOW [I] , WIL BE LEVEL 4 UNDER XISTIN G PLANS. 

h) REQU IRED ADVANCEM ENT - SHOULD BE TECHNOLOGY READY 

AT LE VEL [] FOn OPE RATIONAL SYSTEM USE BY 8 

c ) RISK IN ACH IEVI NG ADVANC EME NT: 

HIGH 0 M DIUM [i] LOW 0 
<I) CR ITICALITY TO Til ACe MPLI SHM NTS : ENAB ING 0 OR 

I:N HANCING : HIGH rn MEDIUIVI 0 LOW 0 
) TArKS NE OED: STUDY 0 ANA LYS IS [iJ RESEARCH [i] 

RD TEST [i] AIR CRAFT T ST 0 SPAC E FLIGHT TEST UI 
OTIIER (Spe i fy ) m ~chnolo.9 Oeve lo~ment (Check (ne or mord 

f) n&T BASE CANDIDAT Yes RTOP ~2~24, 19~K FY '76 

It. COMPLEMENTAR Y TECHNOLOGY ADVANCEMENTS IH:QU InED FOR 

USE OF THIS TECHNOLOGY ~I]] roved--.in r anic..Lo.rgan.iLlLa...t.ter..Y _s.ell.a.r.a.to 

e2!c:.trolyte reservoir pla~_e_. ___ ______ _ _____ _ 

5. SPECIFY _CIINOLOGY ADVANC MENT RE QUI RE D TO 

Ace MPLI H I\IEED 

A. .l!.i her energ density~e_ctrochemi ~qL~ tora e ca abil i t .v.. i s_r e.Q!l ired. 

Th~~g H2 s,Y- sten offe !:.L~ossible 4.Q _wat!J!!/ U ynchronous orbit. 10 ~fe 

~500 cycles. Based vn a blending of inorganic-organic separator and bat t er 

electrode t echnology Wi lnelectrolyte reservoir- technolog y and hydrogen elec 

trodes-from-ftleT-I7:~H echno 1'ogy, -th is system represents--an- improvement--

ov~ 1 i htwei 9.hL !1ickel cadmium. __ _ 

---- --- --- ----- - ---- -----------

-----._---



SPACE TECHNOLOGY NEED FORM NO. 1 
PAGE 2 OF 2 

TITLE Energ:l Storage 1 ' ~68, NO.9 1 P- 2 ESI 
Technology for Impr':"ing Performance THEME / W.G. / TASK 
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. Pul se charging techniques to be studied t~ form basis for 
charger system design/development . Composite inorganic-organic 
~aterials to achieve flexibility, low cost and uniform material. 
P~oduction methods will continue to evolve. Aimed at Ni/Cd and 1I.g7FI2 systems . 

7. ALTERNATIVE APr-ROACHES/OPTIONS None ; cell imbalance and life 
limiting processes l ead to highly conservative operational 
use and thus the full caeacities are not utilized. 

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 
RTOP 206- 23- 24 
RTOP 506-23- 23 
RTOP 206- 16-1 2 

9. TECHNOLOGY SCHEDULES 
FY 

SCHEDULE ITEM 76 77 78 19 80 81 82 83 84 86 86 87 88 U9 !lO 91 92 93 94 96 
TASK ITEM 

Sin§le Cell Pro ector --' 

Multiplexer A 

Tests 17 
!,uls~ng 
.tJJ..d.ie s 
~~~ ' /¥~gR ' R 

~ 

Separator De v. 'i~ 

Process De v. ~17 

A~ ~~ ~:~ : f~ ~.~ ~ 
MANPOWER (M·V) 

Bli 6 4 4 INHOUSE _ _ 7 4 4 
CONTRACT 

FUNDING (106 $) 
INHOUSE 1 '< .19 .1 O'i .01 .07 . O~ 
CONTRACT 21 2": . le 1 1 1 1 
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Optimization of cAse , s.eparator._ and p.,laQue desigo will resul.t in u,pggc!LlJ.g 

the specifiC energy of Ni Cd cells. __ ... __ 
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SPACE TECHNOLOGY NEED FORM NO. 1 
PAG E 20F~ 

TITLE Energy Storage NO.1,7,8,9,10,l1/P2/ES2 
Si lver Hydrogen Rechargeable Battery Systems THEME / W.G. / TASK 

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

Ce ll components comprising_ inor~anic/organ ic separators e1ectro1vte 
reservoir plates and electrOdes, and pressure vessel s wi ll be developed 
fO I' lightweight co.nstructions . An eng ineerin mOEe 1 sys tern i EMS _ will~ 
developed for test and de_monstration in space. Systems for sy~chronous 
orbi t and probe missions wi l l be deve 10 ~ed . --

7. All ERNATIVE APPROACHES/OPTIONS The Ni/Cd battery , whic h even in its 
l ightweight form wi l l be twice as heavy. A regenerati ve hydrogen/oxygen 
f uel cel l storage system represents an alte rnat ive (See EC 7,8} 

8. CURRENT/PLANNED RELATED ACTIVITIES IRTOP. OTHER) RTOP 506-23-24 covers supporti ng R&T work on this battery system. A 1978 
New Start was submitted. 

9. TECHNOLOGY SCHEDULES 
FY 

SCHE DULE ITEM 76 77 7B 79 BO Bl B2 B3 B4 B5 B6 87 88 89 90 91 92 93 94 95 
TASK ITEM 

L ~~ Component Dev. 

~10de1 Dev . L iL '\17 

Single Cell TestL W 

Mu It i Cell Test ~ "-1 

Design/ Fab EMS I~ s 
Heat Transfer Stu ~ i e Ill. f}j 

Wet Stand Life Te t / ~~ 

Demo in Space 'I;" 

(~ 
1\ . 

MANPOWFR IM·Y) 
INHOUSt: 1. 2 3 4 5 4 3 2 
CONTRI\CT 

FUNDING (106 $) .12 .02 .04 .06 .06 .04 .04 .03 INHOUSE 
CONTRACT .07 .1 .65 1. 6 1. 4 .7 .6 0 
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SPACE TECHNOLOGY NEED FORM NO.1 
PAGE 2 OF .-..L 

TITLE 
Ener~ Storage NO.1 .8 .10 .11 jp-21RR 

Long-Life. Li2htweight Ni Cd Battery THEME / W.G. / TASK 
3 

DATE 4 / 28; 76 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

FQYrt~~n ~te~ ~rQce~~ addres~lo~ ]lgbtwe1gbt cases, seals, 
_...and....~]aQ,lIes aod apt1m1z1op;; sepaX!atoX! au1SA 

-

7. ALTERNATIVE APPROACHES/OPTIONS 

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

, 

9. TECHNOLOGY SCHEDULES 
FY 

SCHEDULE ITEM 16 71 18 19 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

TASK ITEM 

Electrode Stud 6. IV 
Plaque Design ~ V 

.. ' 
Case Design 6. ~ 
Battery Design lLl '\1 

MANPOWER (M·Y) 
INHOUSE _ _ II 1 11 1 1 
CONTRACT 

FUNDING (106 $) 
1 INHOUSE 1 .1 1 .1 

CONTRACT .1 1 .l 1 .1 
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SPACE TECHNOLOGY NEED FORM NO. I 
PAGE 2 OF 2 

TITLE Energy Stora2ie 
1 , 71tl, 

NO.Ll P- 2 ES4 

High Energ~ Densitl Batteries THEME / W.G. / TASK 

DATE 4 (28 / 76 

8. RECOMMENDED APPROACHIPROGRAM PLAN TO ACCOMPLISH NEED 

Ongoing technology Ero~rams f or ter.!'~~ ~.rial energl storage is 
deve loping several 300 °C "> 100 watt hr Eer II batteries. The lllO,st 
promiSing vers i ons will be se1~cted and modi fied to m~et __ space 

requirement s and tested. Continued res~arch on slstems 
operating ~ 100 oc will be carried out . 

7. ALTERNATIVE APPROACHES/OPTIONS None, except tradeoff depending 

on storage caEacit: reguirement against regenerative f uel 
cell systems . 

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

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 
Stud1e~ 

Soluble S 

~~~I~ives ~ 

8~Hs Fiber 
~~Oo C Cell 

·V 

Test 
J.QOo C Cell 
De v. 

Test 

MANPOWER (M·Y) 
2 INHOUSE _ _ ;> . t 2. &:; 3 3 3 3 2 1 1 

CONTRACT 

FUNDING (108 $) 0 O~ . o~ .Oc .0 • • 0. .02 .O~ .0. .0< INHOUSE 
CONTRACT 0 OC . 2 . 2 . 1 . 2 .2 . 2 1 .1 
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--------------------------..-:...---..... 
SPACE TECHNOLOGY 1'l::;~D FORM 1\10. I 

PAGE 1 OF _ 2 __ _ 
_ . iI. .. _~ ... "." .. eo....fln"llt , .. ~"I., ............. 3't,~ .. n. .""' ''''i\''''''''''''' .• '' '\ ''''Jo~'''''''''' 

1. TITLE _.-::E~n~er'_'9l"'_'S;....;t;..;:.o.:...;ra~gel.:. _ ____ _ . _ _ _ _ 
Large Ni Cd Batteries 

NO.~ /~lEH­
THEM'E I W.G./ TASK 

DArE _4_ ;2L 1.16 

2.0BJECnVE 
Develop a 100 Ah HiCd batterY haying f1ve year cycle life. 

1------------------ -----------------------
3. NEED ANALYSIS 

al LEVEL NOW []J, WILL BE lEVEL []I UNOEFl E)(lSTING PLANS. 

hI REQUIRED ADVANCEf,lENT - SHOULD BE TECHNOLOGY READY 
AT lEVEL [l] FOR OPEBATIONAL SYSTEM USE I3Y ~':E: 1985 

c) RISK IN ACHIEVING ADVANCEM eNT: 

HIGH 0 MEDIUM D ' LOW [] 

·dl CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING 0 OR 

ENHANCING: HIGH 0 MEDIUM [i] LOW 0 
c) TA!;I<S NEEDED: STUDY 0 ANALYSIS 0 RESEARCH 0 

GAD TEST [] ~IR CF1AFT T ESr 0 SPACE FLIGHT TEST 0 
OHlER (Sp~cifyl [] Technology~velopme~____ (Chl!ck on .~ or InoTel 

fl n&T OASI: C/\ , IDIDATE ------
-~.---------------

t .. CornPl E~.l aJTI'. : Y TEC!i,\IOLOGY ADV/·\NCE ~lc NTS Fl!;QUI ,F. I) FOR 
USE 0;: nils T EC:-fNOI,OG'I 

._------------ ---
5. SPECI FY TEC I lOLOG'/ J\DVl\I\iCci,lEN r HEQUIR ED TO 

ACCOMPLISH i\lEED 

JechQo19.9Y-AeruoA~~~_flJ9h.tJ:!~status ts egyj red for a large 
,=~~stora.9!J.or the ~P!. The problem 

is one of scale:.yp.Jnd 0 timizati Q.l}.. of 2erformance b using the most 
ap~ropriate electrode plaques. se arators Ind~ ___ tarticular attention 

needs to be d~,ted to thermal control 2roblems 

--------------------------------------------
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" ~ .ACE TECHNOLOGY NEED 
FORM NO. I 

~ 

~ 
u-

D PAGE 20F 2 . TITLE 
~ 

'~ 
Energy Storage 

NO. 10/ P_'/IO'J~ •• I> 

. 
'. 

~ THEME IW.G./TASK 
Pr1marl Prote Batteries 

:r 
b 

DATE .Jl 1.2131 ..1..6.. ~ .. REOOMMENDED APPROACHiPROGRAM PLAN TO ACCOMPLISH NEED ~, 1. B8mct.]~ lat2~lt.d 18 .Za 
-' 2 Aemotel, lotlvlated Ll-S0! .4 U 120 

"' 
3. Becba~lelb]e II.Cd 

El, 
\; 

[J. 
~ 

7. ALTERNATIVE APPROACHEIIOPTIONI l n 
~ t:;I, 

~." I ,.... 
~~ Ir" c, ", 

v: 
~ " 

.. CURRENTIPLANNED RELATED ACTIVITIES (RTOP, OTHER' 

-a 

('~ 
t. TECHNOLOGY SCHEDULES 

FV 
SCHEDULE ITEM 71 n 71 71 IG 11 IZ 83 14 16 II 87 .. II 10 11 12 13 14 95 TASK ITEM 

A --1 Air Zn ~ y J 

~ 

' .1 .,qn A In 2 
3. U-Cd' lit. V . 

-
1--. 

[l , 
~ MANPOWER (M.Y' 

: II 
" 

INHOUSE_ 
CONTRACT 

i ~ 
~ 

~ FUNDING (1011' ; ~ 
INHOUSE .l .J .1 . .1 CONTRAr.T .. ~ ,2 1 I ~ 



_____ 0==;.:= 

SPACE TECHNOLOGY NEED FORM NO. I 
PAGE 1 OF _2 ___ 

1. TiTlE Energy Storage NO. 1,7,8,9 ,ll/P·2,' ES7 
Advanced Regenerative Hydrogen/ THEME I W.G.I TASK 

Oxygen Fuel Cell Systems 
DATE-L IZi/_Z6 

2.0BJE,CTlVE 
Second Generation FUll Cell Technology for Reienerati~e 

H2/02 Energy Storage 

3. NEED ANAL YS:3 

al LEVEL NOW [I], WILL BE LEVEL D UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 
AT lEVEL I!j FOR OPERATIONAL SYSTEM USE BY lrATE: 1991 'l 

cl RISK IN ACHIEVING ADVANCEMENT: 
HIGH D MEDIUM rn LowD 

dl CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING 0 OR 
ENHANCING : HIGH [j] MEDIUM 0 LOW 0 

e) TASKS NEEDED: STUDY [) ANAL YSIS (!] RESEARCH [!] 
GRD TEST (!] AI R CRAFT TEST 0 SPACE FLIGHT TEST. 0 
OTHER (Specify) [!] Technolo9l Oeveloomenl (Check one 01' more) 

fl P.&T BASE CANDIDATl: y~s - ~~W IftlIIATIVE -
4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOB 

USE OF TlilS 'rECHNOLOGY Jt.~~.!t.9tnlrtUC!fLfMll ~tll...av.t12RmenL - -
-

,.' - . 
5. SPECIFY TECHNOl.OGY ADVAr~CEMENT REQUIRED TO 

ACCOMPLISH NEED 

The regenerative ~Oa el,ctrolyzer/fu.' Wl.hLinergy ,tor.", can be 
further i!llproved beyond the lightweight technology fuel cell by uti11zing 
the higher efficiency higher power density ccinponents. 'The eltctrolyzer -

will need to be opti.1zed for use with the second generation fuel cell 
-- --- . 

and the systel integrated for storage applic.tion. - ---- - - -

ORIGINAl; PAGE 13 ---------orltOO . 
R QUAl.ltl . 



SPACE TECHNOLOGY NEED FORM NO.1 
PAGE 20F 2 

TITLE NO. 7 A I'D ,,) Ir;o~ t:. 
Ece~g¥ Stot!ag8 
Lar~e Ni Cd Bntteries 'THEME I W.G.I TASK 

DATE ..lL 1.2J1 / ..:z.b.. 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

1- Establlab eD~l~cDmeDtaJ ana peI!t:oI!macce ~eqllj~ementfi 

2 D8'~lQP sp8s1flsatioAs 

~'prot-ype~ 

It. 'fest-±n-ground em,iI omnemt 

1. ALTERNATIVE APPROACHES/OPTIONS 

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

9. TECHNOLOGY SCHEDULES 
FY 

SCHEDULE ITEM 16 71 18 79 80 81 82 83 84 85 86 81 88 89 90 91 92 93 94 95 

TASK ITEM 

1- Regts . - -V 
2 . Spec • ~ . ' 
3. Pro totvoe !:l. V 
4. Gud.~ual · ~ 'V 

-

I 

MANPOWE R (M· Y) 
INHOUSE 1 2 2 
CONTRACT 

FUNDING (106 $) 
INHOUSE 
CONTRACT b~ Irl~ In t 

I 
I 

I 
i 
/"'-

I 
I 



, . . 

i I ' . tL. 
I , 

-------- -_. __ .-I 2. OBJ EC·.-rVi: 
! _ __ __ ESTABl,.ll.tLt.lt OPEK~IJQNAL~R.EAQJ'9ABD U.~JltG ~YAILAB.!eL . 
i 
! i .~-- -- ------.. 0-0-- -______ _ ._~__ -- ____ __ ---0---- -- - .---(._---------- --_ .. _._---_._--.. _-_ ._--_._------_ .. -, 

3. i'lE:=O /\I'iAL YSlS 

ill UVEl. NOW Q], WILL I3 E I.EVEL c?J UND EH EXISTING .I'I.I\(\IS. 

bl F:f·: QUmED ADVANCEMENT - SHOllLD I3 E T ECIINOLOGY I1 E/\/)Y 

I\T lEV EL [51 fOR OPERATIONAL SYSTEM liS:: BY W"~.~ ;J984J 
cl RISK IN ACHI FV ING ,t\ OV/\ I\lCEMENT: 

HI GH 0 MED IUM Ll Lo\N IX] 
til CfliTlCI\L1TY TO THE ACCOiv1F'USI·H·Jl f NTS : ENI\811NG IJ OH 

l:NHANCING: HIGH [] Mr- OlllM 0 LOW [ ] 

c) Tt.sn; NE EO[ D: SHJDY [] ANALYSIS [J 11r:SEAI:C II [] 
GRDl[ ST[] I\I HCIl ,(\FTTEST 0 SI'/\C[ FLIGIITT EST 0 
OTlI:~ R (SI.er.i fy ) ~ . ... DEl1QNST.BA1.l0~LQL~YSTEM .. ... _.~~~.:~::':?~~~~::.l 

USE 0.: ·n·w; Y;';Ci ![,IOLOliY .. - LLGH.T. WEI.GHL.FU.EL .crt.L.I:UGH . ..eOWER~- . 

1.1 ~l:tT XEJ GI:!L.§OLAR .A~~~.~_ ..... _ _ _ __ ... . . _______ ._. _ ____ _ 

I 
I 
l 
I 
I 
I 
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SPACE TECHNOLOGY NEED FORM NO.1 
PAGE 2 OF ...l.-

TITLE Energy Storage NO. l.7.8.9.l1/P2/ES7 

Advanced Regen~ative Hydrogen/ THEME / W.G./ TASK 

Oxygen Fuel Cell Systems DATE 4 /28 176 

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

lectrolysis system and the systems develo~ed for modular a~~lication for large 
nergy storage applications. Lightweight. high efficiency. high current density 

in the alkaline slstem. 

7. ALTERNATIVE APPROACHES/OPTIONS The ion exchange membrane type fuel cellI 
electrolysis system and the first generation lightweight alkaline systems. 
These have 1/2 the specific power. High energy density batteries may be applicab le. 

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 
RTOP 909\44-05-54 on the ion exchange membrane version of the system. 

910/ RTQP 506-23-Z4 and New St~rt Qn the se~Qnd geoeratiQO ~d~~o,ed 
fuel cell. 

9. TECHNOLOGY SCHEDULES 
FY 

SCHEDULE ITEM 16 11 18 19 80 81 82 83 84 85 86 81 88 89 90 91 92 93 94 95 

TASK ITEM L ~~ 
Enabling Tech. 
Single Cell Desig IDE v. L ~7 

Electrolysis Sect on Del. L"'- ,\17 

System Definition L ~ 
System Component [ ev. /.:}. SI 
EMS Development '\ 

Demo/Endurance Te! t L '\ 

;I;~~o'I~f~~l lIu (~ 

MANPOWER (M·Y) 
INHOUSE _ _ 1.5 h .~ 1.5 2 ~.5 3 1 .5 .5 
CONTRACT 

FUNDING (106 $) 02 .0, .02 .05 .05 .O~ 05 .01 0 
INHOUSE 
CONTRACT .2 .2 .2 2.5 ~O .5 11. 0 .5 .5 



SPACE TECHNOLOGY NEC:O FORM NO. I 

;~-.......""'~~ ... ....... .. ~ __ ~ ... f.:. ... ~"'~_~~..".~~t:~ ... ;;::;_=2:;; •• ;:;::;. =-_ .. -1 
1. TITLE_~CTROCHEMICAL CONVERSION 

LIGHT-WEIGHT FUEL CELL 
NO. ~! 12 / P-2/F.CC-1 

THEME / W.G./ TASK 

DATE .-!./261l...:;.6 _ _ 

1-------------------------------------------------2. OBJECTIVE 
Design. fabricate. test ~~d demonstrate a light-weight fuel 
c~ll power plant to operate on propellant grade reactants. 

3. NEED .C..NAL YSIS 

a) LEVEL NOW [!]. WILL Dc LEVEL [] UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVF. L li1 FOR OPERATIONAL SYSTEM USE BY ~TE: 1980 
c) BISI( IN ACHIEVING ADVANCEMENT: 

HIGH 0 MEDIUM 0 LOW GJ 
d) CFlITICALITY TO THE ACCOMPLISHMENTS: ENABLING [!] OR 

ENHANCING: HIGH 0 MEDIUM 0 LOW 0 
c) TASKS NEE Dt D: STUDY 0 ANALYSIS 0 RESEAHCH D 

GRD TEST li1 AIR CRAFT TEST 0 SPI\CE FLIGHT TEST 0 
~ OTH Er. (Specify) 0 ' ___ -=-=-~-=--=-

, ft 1 __ f~&T n~sr: CJ-\flluID.:2:.:' Yes litlt~j ~~~L __ _ 
:.: ;; Z ~ t ., CDr,i?L EMCf'JTA::l Y TEC!-i,'IOLOGY ADV/\NCdlEr.JTS II !:QUI.,;:D j-!lf\ 
. .. c. u 
:'; ,.7 :,1 G 
!!. if : ~ 
. ,: U I N " J 
1"\ n t~ ~ 

USE 0;: THIS TECHNOLOG'I 

:.~ r; z. ~ :J. 
:.! ~::t :~ ----- - - -------------
t ~. ~ ~ ,------------ --------r: ;:.; ." ~ ': I 5. sp cn=y TECHi'JOLOG', ADV.CI. lCi.: i.FNT HEOUJ:-lEO TO 
, -; ~ , ... r ... : -, , 
. ( .~ . ~ ~ j : ACCO:\1PLlSH NEED .. .....; '-' 
:: : ~ £ :: l~ 
f' ~ b ~! u-
n, u .. t- <" -. 
: ~ L: ~ ~ ~~ 
"f'" \:" .1.· .. 
~ : ~~ ~ ~ S 
• I t- f 

III 
1-1-

. 1 ~ a: 
I U VI':( 

".; I ~ lL. 
. 00 

This continuin tas U!. directed to~~D!L..d.!si ~fabrication. 

testinf!. and demonstration Q~)J g~t-we iJJ..!!.~~u~.!.. _cell power 
plan~ te~~nolo ca a~e of~p~ratin fLom reactants ac ui~ 

from the vehic,~.P r0.E..'!!.sion_ t!.!!.~ s. whic~, eliminates the need 
for dedicated tankage and reactants. The basic design will be ---------
available in modular silin . .fx.om 3_!.!L 24 KW at a 15 lb/kw powe_r 

and 5.000 ·hr. 1 i fe. The design will ' be based on a 

sin ed _b L_~R.h_ 

.--------------------------._---------------------------



SPACE TECHNOLOGY NEED FORM NO.1 
PAGE 20F-.L 

TITLE ENERGY STORAGE NOl.7.8.9 .11/P-21~8 

PHOTOVOLTAIC - ELECTROLYSIS THEME / W.G. / TASK 

FUEL CELL POWER SYSTEM DATE 4 /28/76 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

The aeeroach is to utilize existing technology to build an o~erat1QnAl 
breadboard to evaluate the regenerative fyel ~e]] ~gnteRt for eDer~ 
storage using ded~ated.. fuel cells and-electrolysis !!nits. -..headboard 
liIIi]] be IIse<Lto.~stab] j sb l2arametrj t performaDte tbaracterjsti cs aDd 
to establish s~stem interface reguirements. 

7. ALTERNATIVE APPROACHES/OPTIONS The alternate i5 to use the NiLCd 

batteries ~bjtb betame extremel~ bea¥~ at tbe bigb pOliller~]s or 
develo~ much higher enerQY densit~ batteries. 

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 
RTOP 910-44-05 Ion Exchange Membrane Fuel Cell at JSC. 
RTOP 910-05-03 Lightweight Fuel Cell at MSFC . 
RTOP 506-23-24 Fuel Cell at LeRC 

9. TECHNOLOGY SCHEDULES 
FY 

SCHEDIJLEITEM 76 71 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

1,-,SK ~TEM 
~ ;~~ R:~r . • ;vs 's 
~s19n ana .... 'I?"n-st rutt p...... ""'Ird • • 
Analysis Data ... ..., 
~s tab~! s.~n!~~~r-f.ace II", !rlO • 
Tech. Read R 

~V~~e~lg~:! 0 

MANPOWER (M·Y) 
2 2 2 1 INHOUSE _ _ 

CONTRACT 

FUNDING (106 $) 
INHOUSE 
CONTRACT .~ .~ .Q! 

; 

. /. 

I 
I. 
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] SPACE TECHNOLOGY NEED FORM NO.1 ~ 

PAGE 10F 3 

1. TITLE Electrochemical Conversion - III No.1.Z.8.9.ll.l2lP-U,gC2 

Second Generation Fuel C~ l Technology THEME / W.G. / TASK 

(Alkaline Matrix and Ion Exchange Membrane Acid) 
DATE~/~' Z6 

2. OBJECTIVE 
Develop alkaline HZ/02 li9htweight second genera1;jQD fue] ceU • 

. 9 V. > 3000 hrs. 250°F and develop an acid IEM fuel cell wi tb HID I DOD br 

life and invariant ~erfonmance. 

3. NEED ANAL YSIS 

a) LEVEL NOW rn. WILL BE LEVEL [] UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL [I] FOR OPERATIONAL SYSTEM USE BY IOATE:1988 I 
c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH 0 MEDIUM rn LOW 0 
d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING m OR 

ENHANCING: HIGHD MEDIUM 0 LOW 0 
e) TASKS NEEDED: STUDY 0 ANAL YSIS [E] RESEARCH [!] 

GRD TEST [!] AIR CRAFT TEST 0 SPACE FLIGHTTEST 0 
OTHER (Specify) [!J Technology Development (Check one or more) 

f) R&T BASE CANDIDATE 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY High tem~erature oxidation resi~tADt 

polyme~ic materials for matrices and construction. Catallsts 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 ~ressure o~eration. 

2) Bl reelacing asbestos as a matrix material witb fibrQu~ RQ]xbeozimadazale 

or other polymer mat •• an improved catallst and heat r~IDQ~I] .xstem. 

higher ~eerating tem~s ~ID be utilized Ibis yields higber eff1,jeo,jes 

at lower weights. 

3) Both these systems are a necessary part of the a~vanced fuel cellI 
" electrolysis (regen fuel cell) energy storage system. -

4) One Page 2 for each of these conce~ts. . 
~ 



SPACE TECHNOLOGY NEED FORM NO. I 
PAGE 20F ..3.. 

~ tl,C2 
TiTlE Electrochemical Conversion NO.1.2.A..9...11.1 UP-21 -

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

DATE 4 /28 /76 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Develop new materials of construction, electrocatal~stsl materials and heat 
removal s~stems and incor~orate in ligbt~ejgbt designs. E~a]"ate a siog]e 
cell design to ~rove out conce~t then develo~ and test an Engineering Model 
System (EMS) for system demonstration and endurance test on the ground. 
This is alkaline technoloQY. 

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

~ro~ortionatel~ for PQQrer gg~er deDsjt~. 

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 
Work on polybenzimadazole fibers for matrices underwal in FY 76, R&T work 
on single cells. ~lagues to start FY 77. all under RTOP 506-23-24. New 
Start 1981 submitted. 

9. TECHNOLOGY SCHEDULES 
FY 

SCHEDULE ITEM 16 11 18 19 80 81 82 83 84 ,.5 86 81 88 89 90 91 92 93 94 95 

TASK ITEM A ~17 

Enabling Technolo~~ 
Single Cell Desigr It De ll. j~~ 

Power Section Dev. r 

System Definition .U ~ 
System Component 0 ~v. A. ~ 
EMS Development -'Ii" 
Demo/Endurance Tes "s 

~ ~ 

~~~h Ready ....... .:in" .. l IIr .. f .. , 
MANPOWER (M·Y) 

INHOUSE __ 0.5 1.5 lu U 2 2 12.E 3 5 .5 
CONTRACT - - - - - - - - - -

FUNDING (106 $) .0 0 .02 02 .O~ 05 05 01 .01 0 INHOUSE 
CONTRACT 05 .2 .2 ,2 ,2 ~,a 12. c 11.2 .5 ,5 ..J 



'i~ ~ ~ 

... 
SPACE TECHNOLOGY NEED FORM NO. I 

.:: PAGE30F~ 

TITLE Electrochemical Conversion NO.l.7 8.9. 111 P - 21 E 
Ion-Exchange Membrane Fuel Cell Technology THEME 1 W,G.I TASK 

DATE 4 128/ 76 

6. RECOMMENDED APPROACHIPROGRAM PLAN TO ACCOMPLISH NEED 
Contin~e current program with primary effort on sub-scale hardwa 
Scale up to full-size cells at appropriate tlme. The program wi 

not go to full system tests but will solve technology problems i I 

stack testing which will allow the concept to be .des i gn ed 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 71 78 79 80 81 82 83 84 86 86 87 88 89 90 91 92 93 94 96 

TASK ITEM 
Matls tests 11 

Hi-Curr Dens ty A .., 

~~~aln~~c;Lo di rJ 
Subscale tes s 4 
Full size ce ls 11 
Partial stac s A 

~ 

~ ~ 

MANPOWER (M·Y) 
INHOUSE CS .3 . ~ .7 
CONTRACT 

FUNDING 006 $) 
INHOUSE 
CONTRACT .I~~ " I .j. ~ " 

C·2 

e. 
1 



3. NEtt) '/\NAl '.'Sl~ OR1G~An 
tt) LEVEL NOW [2J. VILL r.JE L(;VI: L L-;;:] Uj\ID :: H eXISTING PLf ~ iOolt· Q~ 
Il) R J::O UInED !\DVl',(·Je Elv1r.: NT .- SHOULD BE TECHN OLOGY Hf:I\DY 

AT LEVEl. f:5l FOn OPERATIONAL SY:;T ,: M USE BY !J.l!.\.I.r:: ·i~Q.Q=:J 
c) nlSK IN ACHIEVING ADV .. \NC EMENT : 

HIGH 0 MED IUI'.ll GI LOW D 
d) CnlTICl\lITY TO THE /\CCOM PLISH IVIENTS: lNl\BLlNG 0 OR 

E:NIIANCING : III ;1·1 UJ MEDIUM IJ LOW 0 
c) TASKS NE r: DED : S'l UDY 0 ANALYSIS [i] H[:-F.ARCII UJ 

GRD TEST 0 I\IR Cf~ AFT TEST [J Sr)\CE i-=LlGHT TE ST 0 
OTHEH (Spt:cify) [J . ___ . __ . ___ . ___ . _ _ .. _. _ _ ~!~ck o:,e or l :'I ore) 

f) fl&T BA~;E CANDIDATE 

4. COMPLEi'I1EN7Af Y nCIII\lOLOCiY f·.DVJ\NC!.:MEN 'fS !lEe UI~!E f) FOil us:; or- 1'HI3 TECHNOLOGY 

5. SP ECIFY H CHi' iOLO GY t'. LJVI\lIjC EM I\IT REOUI r.E D TO 
I\CCOMPLI .1'1 t·JEt;D 

l!~" i !l:J .PL:.!_ 1~ec l ~2J . !.I e t,[_.~~CI\_ (t·1: c. iX~ 1 :_~;!:~ C.t:I.'~~C.~. v f or C h.:.r. ! ~~ ~_~ . . _ 
/\1: .,.1 ys ; :. L !'I '.~i:.\\ r s.~ . lI.i ~11_~~ ... r c.'· ~ I?l'ill" ~ t.1~·'2' r ~h~ l ~ lI lll ; "" ' :, t il' '~I .. i I I ~!_~ 
f lr·1 c;1~1 1 . d".i ,li. c't'I : D~e ·~ ( ": l'..:! ·I ~! S~I !;ll (l C. !;u! ' ; OlV: I· ' ·i,.: t.io n~ , CLl .. ~ .l'y~_. __ ._ 
PI 'iICf!SS!!5.._ i1! 1 1~c L ,: 0 : : .e .l,_ Ti li .. tccil10 1 (.' ~I} \:~!ll Cl.i9 in ~I~~_.~~,) rc;h _ _ _ 
fOl:£Il'.:!~l: ) el· f:5 t~lysi.s. _ . __ . . _ _____ .. _. _ __ . ______ _ 

'---_.--------------------------------------------------



SPACE TECHNOLOGY NEED FORM NO.1 
PAGE 20F...l. 

TITLE ELECTROCHEMICAL CONVERSION- NO. 1.7 .8.9.11/P-2/ECC-

FUEL CELL ELECTRODE & CATALYTIC TECHNOLOGY THEME 1 W.G. I TASK 

DATE 4 128/ 76 

6. RECOMMENDED APP10ACH/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 haye catalytic properties. The third phase will synthesize _._--
materials in sear£h for inexpensive catalysts. 

-

7. ALTERNATIVE APPROACHES/OPTIONS Continue to use expensive 

~latinum or gold. 

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

~gDe 

9. TECHNOLOGY SCHEDULES 
FY 

SCHEDULE ITEM 16 11 18 19 80 81 82 83 84 85 86 81 88 89 90 91 92 93 94 95 

TASK ITEM 

Exam. Cat. I.e 
Exam. Naturally 
~urr'~~ a eria ID 

Synthesis of 
Materials 

MANPOWER (M·Y) 
.25 .25 .25 .25 .25 125 INHOUSE __ 

CONTRACT 

FUNDING (108 $) 
INHOUSE 
CONTRACT IrA! I not: I,. IIR I (J;/ 
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TECHNOLOGY ADVANCEMENT IN HIGH POWER ADVANCED ELECTRICAL POWER CONDITIONING IS REQUIRED BECAUSE OF THE SEVERE i~PACT PRESENT TECnNOLOGY HAS ON SUCH KEY PARAMETERS AS WEIGHT~ . - I EFFICIENCY AND RELIABILITY. SPECIFICALLY~ ADVANCED ELECTRICAL POWER CIRCUIT TECHNOLOGY IS REQUIRED FOR SUCH ARE~S AS ' ELECTRICAL CONDITIONING FOR THERMI 0NIC CONVERTERS{I,E.~ HIGH ­CURRENT~ LOW VOLTAGE)~ ~l-DIRECTIONAL fOUR QUADRANT _POWER _ CONDITIONERS FOR BATTERY CHARGE-DISCHARGE CYCLES} AND HIGH VOLTAGE~ - HIGH POWER CONDITIONERS FOR RF TRA~S"'lISSION. 



SPACE TECHNOLOGY NEED FORM NO.1 
PAGE 2 OF .1.....-

TITlE POWER PROCESSING DISTRIBUTION AND CONTROL: NO. 1, 7-12/P-2/PP-l 

ADVANCED ELECTRONIC POWER CONDI;"IONING THEME / W.G.! TASK 

TECHNOLOGY DATE 4 / 27/ 76 

8. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPI.I~H NEED 
(1) Identify unique Power Conditioning needs which constitute major 

mission penalties and/or impediments. ----
(2) Evolve and impl~~nt _ a technolo~~_?dy program addres~~ solutions - -----

to unJ~~ower conditioni~[ requir~men!~~f 111 above . 

P} Verif~ adeguac~ of aQQroach (weight. effi~jen~~. et~.) ~ 
ayJJlabilitY. of-RQwer circuit sub-ele~t designs. 

7. ALTERNATIVE APPROACHES/OPTIONS Wait until project phase C/O to begin --
design and incur the historical problem of cost overruns due to technical 

roadblocks ~nd schedule slips associated with power conditioning hardware. 

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

Power Processing and Distt'ibution Technology 

506-23-30 -- ._--
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* 
-LSee~, ,bo.yel --I- -- t-- 1-- t- -- .-- t- --- r--
100kw/LEO) 
Kardwa J --

~~ l 

--- -------- r- 1- - -r-- I- -- I- t-- I-- - --
1 mw/LEO/GSO) Rifow.. Jl 
Har(lware J 

r- r- -- -- [Q 

10 mw/GSO) -- - r- 1-. - 1-- l- I-Har(lware J K 

-- - -- I-- - --r- .- -
MANPOWER IM -YI 

In 12 16 • INHOUSE _ -
CONTRACT 

~-~. - ~ - --
FUNDING (106 $) 1. ~ L5 1.5 .2 .2 ~ • INHOUSE 

CONTRACr- • :l • :l r; .'1 .7! -- - ..J 

·NOTE: This is a continuing R&T Program which addressp.s varying user needs; data 
shown is average level of effort. 



! '. ____ ... ___ ... -, .... _ .. _ _ .. _ _ ~ _ __ '. · _'·_ ·" W' _ " 4 "'_ ' _ ' '- ~. _ _ • _ _ . - .. - - -- .--- •. __ . _ _ . . .. _ . . _ _ ... _ _ ___ _ . - . , . •• ~ 

1 SP/\C I:; "f ;~G : I.' !U :_' ) ·:.;'.' ' .J -: :'.0 rO!-!M NO. I i 

I I'/\GE 1 0 :: ., 2. __ - , .- I 

!
' ;' .~i~ ;-:~ ; ·"l~·~ :· P~~~;P;~~E~; ~~~j)~~~~.~;· l '~~~"~D .. .. ,. I~!·~ ;. ·~ ~~~ij:~~·~i·~~·ii(f..~,2Jt-2 

,.. I R So II .... M,. / .v.(,. /r . \., ., t 
I -\,.ONTROU···- -Nl=.EGRAlL-Y· EGlU.ATE-D- - bAR· - - I 

1. _. __ ~~~~= .~=:~,~_o.~o,~~_~_ .. ,~_'.' .. ~.:.:: '~~-=~~:_ ~.~, _~.~. , _~. =-', _r~~' ~ ~: -:, :,'.'~~L~~!!.~·~ .. __ " . ~~,~ ., .! 
i 2. ~~~:= l: I ' ~\i : ~ DEY~LQP __ T.O. TE~_HNO~QGY-R~~DX . ~JJ\.1U~I .. THE .A.~P.L.I CA~.lJ..U:_Y ! 
I 

I .. 
, '. 

, . _. ~ ~ ', ~ ~ : 
,,' " " 

· I ' •• : : .':. 

' . : ' , ' 

,_ : I I I 
", ' 01 ' , . 

, , :; :.; 
• • ,' I " " . 

• 1 - I -
I i l . I . .. 

' . 1.1 1 1 

• ' ""1 1 , 

" ~: ' , " l ' 
• • , I ~. : . 

,. I . ; , ", 

'" ' ' . . 
;.: I 
I 
~ .. ; 

;, f ' ; I 
I. ,\ J 

, . i 
. I 

I:: :', :' ~ 
. ~ : ' . ~ i 

I . : 

OF .01 RE.CI .. ON , THE ARRAY, REGULAJ ION .OF . ELECTRI.CAL. '£OWER_.EQR . . -_ .. -- I 

DJPI~~T~P.,!,.9ADS. , . , .. _ . ,... . .. . , . _____ , ___ .. _, ' 

-,- ---" '-'''--'''- ,----_._._._. ------.--,-- .... -- .. , ---- -_. ,----_. __ . __ .. --- ------... .. ·~ - · .. I 

h) r~ l..(: lJlf; F [) f\ iJV /\ f 'J Cl' ~/: r : r'!T - SI IO lJ i I l fa: 'ITC I :f\) Ol .OC; Y l;h \IJY 

/\ T :. l:. V I' 1_ ['fiI FO:'( CH' U l /\ TIUI\j /\1 SY:=;l rfo,1U;; :: iJY G l ij~ : - '''1 

c ) nl ~; :~ IN f\(:: ' !I ~ ' \, I Wi ili.l \l/\ I\J( ::; ri II: NT: 

IIl r ;H l J r' ,I E!J IW/~ [Xl I.OW [ J 
eI ) Cli il lC/\ IHY TO TI·I I: /\ C: C() ;\'lfJl . I ~ I I "-'1 ! "Jl ~ ; : r N/\ I:lINl; rJ on 

I:N IIANCI f\l (';: I l le ll I.·Xl IVi : · I) ! LJ ~li iJ I.UVI [ ] 

• 

I 
I 
i 

e) l /\ \, : ' ~ ; r'lI: t l)!: ll : !;Tl JOY LXI /\ I ·; t" , Y~; I ! ; [:J n r:s i : ,~\! : :-: I I 1X.1 I 
(; : ;1) l r.O; r ~J /\I !! e n/\ ;: '!" T L:JT IJ ~~ ! ' i\~-:: , " I.I (i ll"l" "ft 's r If! ! 
O il I ~ r; ( ~;i' ;::' i l \" ) r] ... _ .. _ . . ' ... " . __ . .. ' .. _. . . ( CIi ~ I: : ( ' .;i l<:, (l,r i .'''~ ; · · ~) ! 

f) 1 : ; " f U /\~";I: C "'\I ·;,)tU/\I ;: YES_ (5.06.-23..:-30) .<$l50KL _, _ ... ___ __ .. _ .... ! 

HIGH VOLTAGE MATERIALS TECHNOl..: .. 

SPACE ENVI.RONMENTAL .INTERACTIONS . 

. " , '/ i 
: : ~ ~ 'I ' • • ••• _ •. , _ _ _ _ , _ _ • _ _ ._ •. " ___ ' __ _ ._ ._ . _ • • • _ .. . . .. . . . __ _ __ •. _ _ _ ._ . _ .••. _ . _ •. _ _ . _ . _ _ • _ _ _ _ .••• _ .. • _ . _ .. _ . _ • _. _ . _ , 

,. , '!':- " ,' 
IF;: " , 

, : I t: : : ., ; 
. ", • • 1 :. : ~ ~ 
' . " I • 

'·r: :> j 
.-.:" ., I ,. 

I .... I: II , .. . t l. 
t? <! 

• • &.1 . U , 
I 1 

r., ~ P FC! : : '/ r : : (; ~ ! ~··~llL ( ; ! ~'.' .', i.)'·J I'. :' · ) Gr:: ~/ I: ~ I··J'1 r: :-: c'iUi : :;: D 'j '1 

"CC ·:"} ·.· ! ;)L i ~~:-t i\! ;:;': ,-) 

NO MAJOR ,ELECTRICAL. ENGINEERING· TECHNOLOGY ADVANCEMENT , 1-5 , ... . 

RE~U I RED,; .. H9~~VE.~ i TWO OTHER M~EA~, DO REQl) I R.E TECHNOLOGY, . 

. J\DVANCEMENT, ,SP.ECIF.ICALLY...I THE SPACE ENVIRONMENTAL. 

J..t~TERACTlQtLEFFE.C;TS OF ?L.ASMA/CHARGING , FOR LARGE ,HIGH VOLTAG.E 

§Y,S}E~S. AND THE .~R9PF.R .AP,PLlCATIO~. OF HIGH VOLT~GE. ~ATE~! M,S. I 

ORIGNAD PAUR IS 
OF POoR QUA t.rrv 



SPACE TECHNOLOGY NEED FORM NO. I 
PAGE 20F-L-TITLE POWER P~OCESSING DISTRIBUTION AND CONTROL: NO. l.7-l2lP-21PP-2 INTEGRALLY REGULATED SOLAR ARRAY TECHNOLOGY THEME /W.G. / TASK --. 

-
DATE .! /27/ 76 8. RECOMMENDED APPROACHIPROGRAM PLAN TO ACCOMPLISH NEED (1) Feasibil1ty Studl (comeleted) 

.1£) Laboratorl feasibilitl demonstration {com~leted) 
(3} A~~]j'AtjgD l1u~ 

- ---- -(4) Engin~ering model demonstratiQn 
(5) Environmental j~l~tjQn ~Qm~ltibj]jtx ~e[jfj'ltjQD (5ee RQ!I(t:[ sectoem P-2 El i through EIS) 

7. ALTERNATIVE APPROACHES/OPTIONS Use previous approach of unregulated solar array with in-line voltage regulation and load power conditioning and accept the weight and efficiencl eenalties. 
8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP. OTHER) ~15t1ng ~[QgrAm At LeBt 

Power Processing and Distribution Technology 
506-23-30 

9. TECHNOLOGY SCHEDULES 
FY 

SCHEDULE ITEM 76 77 7. 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 TASK ITEM 
Feasibility Stud~ 
Lab feas i bil1ty - ~ 
Applicat~ on Study -- I- _"7 

Eng. Mod. Build -~ " Eng. Mod. Demo .-J' 
H. V. Materials SUI t ~ '1 

~Environ. Verific. ~~ -- -- 0 

MANPOWER (M·Y) 
4 5 5 5 4 2 INHOUSE ___ 

CONTRACT 
FUNDING (106 $) 

.0 .1 ., . , .1 .D! INHOUSE 
CONTRACT .3 .4 .2 .1 

*Resoyrces do not include environmental program data. 
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SPACE T ECHr .. !OLOGY i'J I:!:D FORM NO. I 

PAGE 1 OF 2 
J. f ~ ... ) ,.,.... . ,.,. " " . __ ~ .4-~.'~'''''''''- ~I!""'~W -!W"("'''"'~~.~ .. V'A· ..., .. .;.I#1 A1'1 .. ~"'\ ... - ~ ....... .. ....... ..... ~ ... .,#. ·. l .. • .# ... .. oA.S ........ ..,.....,.,.,- •• -. ..... -_-_-_-~. 

1. TITLE POH,ER PRO~ING, DISTRIBUTION ANP ~6?' 8,9 , .10~. ~/Pp--1._­
CONTROL: HIGH POWER/HIGH VOLTAGE/LOW LOSS l1tY"Ww.G.V, TASK 

ELECTRONIC COMPONENT DEVELOPMENT - --- DATE_4 /~f 76 
;-----:------

2.0BJ::CTIV:: 
Develop to a technolo9l-ready status identified electronic 

components (i.e., rectifiers, power transistors, capacitors, 

~~~magnetic~2-.) presently limiting advanced power system 

1
--o9AQept&i-----.---------- --

3. N~E [J .r...NAL YSIS 
I 

a) LEVEl. NOV} [1J, Wi lL Be LEVEL !!J UNDETl EXISTING PI.ANS. 

bl r:EQUIRED ADV. NC£:MENT SHOULO OE TECHNOLOGY ReADY 
AT LEVEL [5] FOB OPEHATIONAL SYSTEM USE BY [UATE:-=-=:J 

cl HISK IN ACHIEVING AOVI\NCEM2NT: 

HIGH 0 r.1EDIUM GJ ' Lm'l 0 
d) CRITiCALITY TO THE J.\CCO,M'LlSIIMf: f\IlS: ENMI LiNG [j on 

ENHANCING: HIG~llJ MEDIUM 0 l.OW 0 
cl TASKS N::ED!-= D: STUiW [i] ANALYSIS 0 FIESE/\IlCH ~ 

GilD TES', ~ AIR crr,l\ FT TES'r 0 sr/\CE FLIGHT T EST 0 
~ I OTI·Il:r·~ {Sp~cil'l) ~ . _ Demonst:.rat~ . wit~.!rot~.:.yp~ _(CII(:ck ~~:_or m Oj·.!) 

H ' f) nin D/\$r: CAI'If)I DA"i E Ye!L.J..sO§.:~.!:.3l:.L.l 450~1. _ _ _ . _____ .. .. __ 

t.: 8 ,; ~,i l" ~~·' c0:,l ?~[~.r=nf~(~, ::,'.' -:-i:;!;;~;.l LO;,7;;w.~~~c:Nt:i~rrs H ;~;~ ~~ r.' ;;~~-----·-" -_. 
: ; ~~ ~~ ~ U~E 0;:: n i !;,; ·fi:C:·I:·j (JI.IJG·'! 

• ' " I' ,., ---- . - .• - --- - .-- - .--

: i :~ : : ~d ~ 
;,~: r. ~ t; I None o..t.he..r....t.ban~j,c solid state p~y.~ics a..nL.h.l.9lLY...Q.ltage _ _ 
:: ri ;,; ;i I ma~eri!lls techl101.Q.9.Y..!.. _ _ __ __ . _ _ :.; :~ :t ::! - -----------.- -- --------

'

:'=,1 r ~ ~1 .j g , .. .. --.. - - ---------- . -"-----'- ' - -.----- --- - .. -.---- .. . --.-------
., c. :To , • • _ ! 5. SI ::; CI FY Tf.CI·!, IOLOG" t\O 1 .!\;-' i C ::; : /!.!~ ~rr H:':GUm :::D ·W 

;:J ~t f~ ~ I A~~O;:_~~I ~~~el)ls in~rease ULJO.',S. and lOO'_~.2! .E..!~~tts, (even 
• ,., t u I - t " 

~{ ~ ~ n ~ · mOr~ _ ~!L!!Ome_ c~~LL .. ~ardw~re_.inefficiel!.c::i_t::! .J.~~~ponent __ ._ 
; .~ ~ :c ... ~ ;: .. ~. ~lectrical losses) become increasing important. Two 
.: , ';ri ..; 

/ 
\. 

technolog~;advances are therefOre requTredli'C tne--genH'-n---

.area..Q!.....e.C?,Wer_ elect~£nic .~~<?~en~~ (~_) _~~c::~ase t~. __ _ 

..e.ffi ci.e.nCY-I-clll UL in.ae.u.e . ~.~LJ2Q~~LJ ~_~n ~ _!,nd vo~~2!L.. 
handling..s~pabi li ties 2_L!p~ci fic componen t8_ .}~enti tied ~~_ 

..li!!!~.U_Il9_o..r-P~J)~lizi.A9J.gy~.Qq~_c!_~.lec~_r!_c:!!... p~W!!..._~yste~ _ __ _ 
concepts ~. _ . ....,.. _ _ _ 

ORIGJN.Ql PmE 11 
OF POOR OU A UTV 



SPACE TECHNOLOGY NEED FORM NO. I 
PAGE 20F 2 

TITLE POWER PROCESSINu. DISTRIBUTION AND CONTROL: NO. 1.7-12/P-2/PP-3 
HIGH POWER/HIGH VOLTAGE/LOW LOSS ELECTRONIC THEME / W.G. / TASK 
COMPONENT DEVELOPMENT DATE 4 ,-27 I 76 

8. RECOMMENDED APPROACHIPROGRAM PlAN TO ACCOMPLISH NEED (1) Identify new unique power component needs which constitute major 
mission penalties and/or impediments. 

(2) Evolve and implement a technology development program addressing 
sol~tion~ to new Ind unigue ~~er ~gmRQOeot regulremeot5 Qf {]} GbQ~e. (3) Verifl eerformance characteristics and. if eractical. incoreorate 

: ... de~eleped de¥fci fA USI~ test p~og~lm 
~. 

, 
7. ALTERNATIVE APPROACHES/OPTIONS EDr high R~er bjgh ~D]tAge Rawer electronic designs availability of components (solid state and static) are 

limiting factors. 

8. CURRENTIPLANNED RELATED ACTIVITIES (RTOP, OTHER) High Performance Power Electronic Comeonents 
506-23-31 

~ 

9. TECHNOLOGY SCHEDULES 
FY 

SCHEDULE ITEM 76 77 78 19 80 81 82 83 84 86 86 87 88 89 90 91 92 93 94 95 
TASKITEM* 

(See 6. above) 
100kw/lEO ) R 

~ Requirements) Ii' \, 

1 mw/lEO/GSO} lRw ~ 0 Requ1 rements J -- P 
10 mw/GSO ) 
Requ1rements) -- "'R"" 

c 

1--.- .~ 

" . 
. ~ 

MANPOWER (M·V) 
4 6 8 10 *INHOUSE _ _ 

CONTRACT 
FUNDING (106 $) 

.15 .2 .24 .2~ * INHOUSE 
CONTRACT .3 .4 .6 - .8 

*NOTE: This is a continuing RAT Program which ~ddresses varying user needs. data shown is average level of effort. 
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~.---.=~--------------_._-- DATE 4 126, 76 - - - --.-

I 2.0ilJfCTIVE 
P.rovJ.de ..!. fi "'!_!!~~Jeri! l,!.. techno~~L~~~_.f'?.!:..~dvanced ~igh-pow~!!.!!~~-vol tag 

I 
ele~trical power system concepts (that is. dielectric films. encapsulents • 

~nfo~al ~~~tings. etc.) 
! .. -.--~------,------ --_._----:-:::.::----:..=----~--=::..-.:..-----_. 

3. NEi:D ANAL YSI~ 

ill LEVEL NOW []. WILL BE LEVEL ~ lJNDEH EXISTING PLANS. 

b) REOUIRED ADVANCF.Jl..iENT - SHOULD BE TECIINOLOGY HEADY 

AT LEVEL (]] FOR O?EHATIONAL SYSTEM USE !:IY illiDi=_~~=~ 
c) HISf( IN ACHIEVING ADVANCEMeNT: 

HIGH 0 MEDIUM LB· LOW 0 
d) CRITICAI.ITY TO THE I\CCOMPLISHMENTS: ENAflLlNG IKl OB 

EN HANCING: HIGH 0 MEDIUM 0 LOW 0 

~ I ~ , ___ • 1) 11&,. !lASE CANDIDATE Y~!.l~-2~~QlJ!!~~L ______ ._ .. _ .. ______ . ___ _ 

e) TASKS NEE Ot:D: STUDY 0 ANALYSIS f!l RESEABCH fX] 
GRD TEST I[] 1\1 R CHAr-T TEST 0 SPI\CE FLIGHT TEST 0 
OTHER (S;leGify) r.iI laboratory testing (Check 0fle or Im:rc) -------.. . ---------_._------_._--

. .( , : ~ _. ._ ---_ .. _------_.-
,:;~ ~ ::;! tl. COMPLEM::I'JTA!i'l TEC:-Ij\JOLOG" I\DVMIC~M;: i\j"j[) Ri::mIHH:n FOB 

;.: g i~ ~ I Uf.E Oi= TIllS TE~HI\IOLOG'I _Non~ .. _ -.-- ---.---- ... ---. 
I ' '- _ _ 
~~!!.~f:; ~ ._. ____ . _ ___ ___ . __ ~. 

~~ ~ ~ ~ I - - --._--. --------.-------.---
( C"\!-? u - - - ----- .--------.- .. --------------

li ~ ~ .:: ~ I 5. SP:':Cli:Y T !: (;Hi~OLOG'I J\DVAi\)CEMEi'JT BEQUI RED TO 
o ~~ ;: ~~ n t I CC():\I:oLI"·1 " 1' D " ,,,, , ,; \, 1.1. ;:,. ,.EE 
I~ ~ i t: ~~ ~ Materials analysis. research. and characterization of 1 ife 1 imiting 
I . c : t;~! L', --..-----_. _ __ . _ _ _ . _ __ _ ___ ... .. _____ _ - - - . -_1-- • 

• " I " f· t-

::- ~ ~ ~l ~~ 
:: ~ ~ ~ ~~ 
1 . 1 ~ t · .: h . 

• .; N"'; ,,' 

LU 

~I­
II.! I ': n: 
:_. V) q: 
L I U. II. 
,o0 

~_'!ft.P~Ys i ca lly des~!:~.£~~ mec_~!'!j sm~~c~ .. ~~.E.~rtj~ ~ d i s~ ha rg,!. coro~~_ 
breakdown. and/or arc over is required for advanced high-voltage -_._----------_ .. _---------_. --_. - --- _._.-._--
high-power electrical sy-stems. Additionally. unique characteristics ._- ------ ---_ .- ---- -----~. _._-- ---- ..... ---------
such as material photoconductivity and new thin film dielectrics such as _ ___ _________ ~j 0_- ___ .. _ _ 
.R.Q.!.yy.i nyl iden~.lJ.!l_Q.!:i<!!.!lr adv~l)c_~ __ coat! ng!..!.U_c!..!~ _~~~.a.llne must be _ 

.~xploi~ed and understoo~.: _____ ._. ____ . . _______ . __ .. _ ._-.-__ 



SPACE TECHNOLOGY NEED FORM NO.1 
PAGE 20F 2 

TITLE POWER PROCESSING. DISTRIBUTION. AND CONTROL: NO. 1 7- l2lP-2/PP-4 

HIGH YOIIAGE MAIEBIALS IEC~HQLQGY THEME / W.G. / TASK 

DATE ~ /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 consistentl~ encountered technical eroblems 
(some serious) in the area of high voltage electrical phenomenon (corona & 
arcing). In order to confidentll eursue 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 
aeeroach ($ overrun/schedule slies) 

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 71 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

TASK ITEM 

1 kv to 5kv Tech K~ ~ 

5 kv to 25kv Tec . R t7 

-
25kv to 100kv Tee . 

MANPOWER (M-Y) 
1 2 3 4 INHOUSE _ _ I--

CONTRACT 

FUNDING (106 $) 
.O~ INHOUSE . 1 .2 .3 

CONTRACT .2 ~ .3 .4 I-- .- -- I--
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range of 10's to 100's of amperes and 100's to 1000's of volt dc 
(t-h~i- i s .-~~·i ·id~~~t; -switch"g~a~)-' - ' - - -'-- - -------- ----.-----

r3~ Nt~;OOt\'S:~- ----.--------.------.-.-

I
' <I) LEVEL NOW i!I. WIl.L BE LE V!: L r11Uf\JOEH i:X ISTII\lG I'LAI\iS. 

il) REQUIIlEO I\DVI\NC[~Jlf:N ·r - SHOULD BE r r::CH,' !OLOGY HE/\DY 

AT LEva [!J FOR O?E r~AT IO i\lAL SYSTEM U[;E BY ~[: __ . ~ ~J 
c:) Fi IS f<: IN I\CHI f. VING AUVMJCEf·;J ENT: 

HIGH 0 MEDluril [!J LOV'J [J 

!e<;h-')QtQ9.L!'ea.~y.J~r:.O..9!:2~L~P..L~~.~ ac~i.~ i.~!es. a gradual growth of RPC 
power capacities will be evolved. The prog~a~e·~ol~ti·on- wi·fi -speci{iCaTfy-
~~i~t~i·;·p~e-~·e-~t--l~gi~ ~nd ~~nt~-~l ~apabifitie's" su-c'" as' i 2tand/or--------

hal!~.1..i n9...I.a.~~~_n __ ~~~.o.r_~~~~~ ._~!_t.~ _~~e j_ev.~l !p_! n~~ee~~ ~_f __ h2.~~ ... ~~· .. ~~!:. .~~ __ _ 
electrical distribution sytems. 

lJC; ..... iUIi_tAW_ ..... _____ "" ........ --·---~--- -- - -



SPACE TECHNOLOGY NEED FORM NO.1 
PAGE 20F-Z-

llTLE POWER PROCESSING, DISTRIBUTION, AND CONTROL: NO. 1 7-121P-21PP-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 wi ll be evolved for a family of load RPC's in 
the range of 120 ~dc/30a to 480 vdc/100a. and for a family of bus ~~~ 
the range of 1 kvdc/50a to 30 kvdc/150 a. Three power systems levels will -
be addressed, 100 kilowatts, 1 megawutt, and 10 megawat ts . 

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 limited to 270 vdc as an upper limit -RTOP 506-23-30 Power 
Pro: essing and Distribution Technology. 

9. TECHNOLOGY SCHEDULES 
FY 

SCHEDULE ITEM 76 71 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 
TASK ITEM 

-----_. 
R&D Program fQ!, 

-
lOOkw RPC's IK "'I v-- -- -- 0 

lmw RPC' s R ~ ~~ - -- -- -- 0 
10mw RPC's ~IO 

-
MANPOWER (M ·Y) 2 4 6 10 INHOUSE _ _ r--

CONTRACT 
FUNDING (106 $) 

O()l '/ INHOUSE I 15 . 2 .1 
CONTRACT .04 .2 .,l ·1 3r- . 2 . 1 
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I .:> PAGE 1 OF _ 2_ . _ __ . __ . I 
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1. TITl.E Power Processing, Distr., and Cont.l...__ NO. J.£lll:.-._~-1.LPi:.~ . _ . 
_.~on9 .~!J~.!!i9.h...f_~.r.f'?!'_m~I).~~Q!ler Proces~i!l.!L_ THEME / W.G. / T:\S;C 

for Planetary Applications 
DATE _.J /2..6 1_16. __ _ 

3. ~~ E i':D M.lAL YSIS 

tI) LEVEL NOW !Il, WILL BE LEVeL rn Ui'JDErl FXISTII'·JG I'U,NS. 

b) flEOUIf·1[D /\DVANC[j\1 Ei'JT .. · SHOULD LH: Tf:Cli;'o!OLOGY Ea \DY 

AT LEVEL @] Forl O:'i: [-lATiONAL S,/STFivl USE BY [lMIE:"~·.l9.8.2 -=-] 
c) [{ISIC 1(1] ACHIEVING ADV/\Ncn,) ;::I\IT: 

.. IIGH 0 MEDIUi'il (!J ' Lo\N 0 
d) CRITICALITY TO TH'= ACCOMPLISHMEI'HS : EN ASI. ING [] on 

ENHANCIN<.;: HIGH 0 MEDiUM 0 LOW 0 
e) TASKS I'JEEm2D: STUDY 0 ANALYSIS ~ rlES:::M1CH 0 

Glm TEST fJ AIR CH:\FT TES"! 0 SPACE FLIGHT TEST 0 
r~ I 0'(1-1 1=.8 (Srz:.;ify) [!] . Deve .~~pman.! ___ ._._ .. _. ______ ~I~~!~~~~~r .l )(J ~~ ) .( i 
~~ L ___ ~~~:0·.?!~:~_('~~~? ~~:::.=. _~.e~~_~::?~::52:~:~~~1~L.~Y ~~6 ;.: ~~i~-~i..-:~.~~=-~}~a~J.~c!_-: .... .. 

~~ ~. : 

,. ~ i -I ~; ~~ It. CO;·/l?!...l:~.'I~~ i '. !Tf.',:W TEC~ ' : I\! ()!"'C GV l\[lVf.'.j'.I , : r2 :J :::'JTS r: ;~ QU\:\ l: f) i:O :': 

~ i ;~ ~~ !~ I u;;~ O~.: T;·; !::) T::C~~ i\;("L !JG-'" ~~. __ .. __ . ___ .. __ . __ ______ . _____ ... _ 
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~-: E: ~~ ~~ !. __ ==.=~w·==-:·-=-=---=-~~:.-.·_~-==--=~-~=--=:~-====-=~=~~==~.~~~==-==:_\ ;: : ~ ;: ~~ )I 5. SPEC : := V ·rr:CH i'JO!.CJ G'f :\D'J.1\~·iG :::I!'::i\jT Hf.GU l rl ED·m 
:; ~~ t ~ r~ ACC(; :\.1;.J IJS;·1 .\~ :::EO 

;.:: U [1 ;~;~ I' 0 ~.Y.~J.9.P'~_.1J1..Q9.ul ar L acti~.r~_d..!!ndan .. Lre~l~tor~_._~'l~.J."-Y~r!ers . f9..!~~r!ti.Q~ __ 
. - c.""I h I 1- ..... 

~ :: ~i ~ ~~! ~~._~~!~!: ._a. r!~y~.~nd _.RT~?..: __ . ___ . _ ___ . __ _ . ___ . __ . _ ___ . _____ ._. __ 

~; ? ~~ H [. 0 _Dev~. lo_l?~b..a!.t~~y..i~_~_r:9~_ ~J~£~.r?n1.c~~Q.!egu.~~~r:_~h~E.~~ __ a~.9 .. ~i_~harge, ____ . 
and monitor, control, and protect spacecraft batteries for long-life ' , ..; d 

planetary missions. 
o Develops new design and analysi~ techniques at the component, circuit, -_._._---_._ .- -- .-----. - -------_ .. __ ._- ._.- . . _-- --_ ... _- _ ._--_._ -

and s.1~te~ve.l~, __ _____ . ____ . _ __ . __ . _ _____ . ___ . ___ .. _______ _ _ _ 

o t1Q.du~L de.sj.9n~ ~ lQ\i.i9,LJlJllifLgroW.th_, prQ~g~~J!l9~:Lhi gJ:LJ~.ower_.-9.!!!!lt i t~.? , 
a~~_.scal ing_t:.?~_ wid~~;e~L~f _~~l tag~...!~vel~!~!_ 100 K~~pl i ca!ion~ _~nd 
nuclear power systems processors. 



SPACE TECHNOLOGY NEED FORM NO. 1 
PAGE20F~ 

TITLE POWCR PROCESSING 1 DISTRIBUTION 1 AND CONTROL; NO. 1110LP-2LPJ-6 

LONG LIFe HIGH PERFORMAt.CE POWE_R. PROCESSING 
THEME / W.G_ / TASK 

--

--- FOR PLANETARY APPLICATIONS DATE 4 /29 /76 
~ 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

o lechniques and hargwarg.-tu.ilJably and efficientl.Y...QrQ.vjde_.MDinterr_uJLkd_ 
~ower to science and housekeeping loads from S/A and RTG sources are in - ---- ~~ --------------------- ._- -------- -
development - up to several KW at up to several hundred volts 
------ .- -- -- .-. - .------ - ... - -- -- '-- - .--------_._---- -- - --

o Batt!::y .Yystel~~~e~~~_ni_~_s _<!.e.Y..~~opment_for ext~nd~~ _ ~.!!~ ~as sta r::.ted ___ __ 
o Modular PPE concepts to be expanded to accommodate: (1) reactor sources;(2} 

high radiation and temperature environments; (3) 10-20 years 1 ife; (4) SEP anc 
NEP ccmpatibTeToacf5."-- -- ---- ------ - - --------- - - -

7_ ALTERNATIVE APPROACHES/OPTIONS 
--- - ----

No reasonable alternatives. 
---

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

RIO~ 506-23-33 pro~ides the ba se 1 ille-pl'.ogram.....--On:.going.-ancL ex.panded--- -
efforts are indicated)elow. __ _ ____ _ _______________ 

------------
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 

ON-GOING: --.- - --_ ..... - -- f-- --~'" ;- -- ?-" 
--- ~- ~- - - f-- -- - - f-- -- r-

o Medium Power PP R \J "!JevTl - - - --- -- - -- --- -- r - - - r --
- --------

~ 
- -r 7."- 0 

- --- -- r- - r---
o Battery System R 

TIectrQriTc-s -- -
EX.P.AtIDffi~· _ ____ -- -'" r7 - r ---
o Reactor-Thermio _ L ..l. R 

l'ltc1'PttlerC- - -- -- r -- -- ._- f-- - - -

IG 
.-

-- - -- t-- -- - I-- -- -
0 Life Test Demo. rv L~ 

MANPOWER IM-Y) 
INHOUSE _ ___ 5 5 6 6 6 6 6 6 6 6 4 3 1 1 1 
CONTRACT 

FUNDING (106 $) 
.4 .4 .6 .6 . 6 .6 .6 .6 .6 .6 .4 .3 . 1 . 1 . 1 INHOUSE 

CONTRACf- .1 .2 .4 .3 .3 .3 .3 .3 
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SPACE TECHNOLOGY NEED 
FORM NO. 1 

PAGE 10F 2 
1. TITLE Power Processjng, _ Djstributipn & Co~rol: NO.l1..a......L. 11 P-2 PP-7 Power Transfer Across Rotating Joints THEME / W.G. / TASK 

DATE 4 / 27 " 76 

2.0~b~~Ethe technology of transferring power across a rotating joint fro~ the solar array to the spacecraft. 

3. NEED ANALYSIS 

a) LEVEL NOW G. WILL BE LEVEL [] UNDER EXISTING PLANS. b) REOUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY AT LEVEL [) FOR OPERATIONAL SYSTEM USE BY IOATE : 1987 I c) RISK IN ACHIEVING ADVANCEMENT : 
HIGH 0 MEDIUM 0 LOW 0 

ll ) CRITICALITY TO THE ACCOMPLISHMENTS : EN ABLING D OR ENHANCING : HIGH [!J MEDIUM 0 LOW 0 
e) TASKS NEEDED : STUDY [!] ANALYSIS 0 RESEARCH 0 GRDTESTm AIR CRAFT TEST 0 SPACE FLIGHT TEST I!J OTHER (Specify) D 

(Check one or more) 
f ) R&T BASE CANDIDATE Yes (new initiative) 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR USE OF THIS TECHNOLOGY Power distribution. power conditioning and high voltage systems --- -----_._ -- ---------------- -
---- ---------- - ------

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO ACCOMPLISH NEED 
Liquid metal slip rings offer a potential advancement in reducing noise. 

- --- ---- - ---- ---
- -.-----.-- ----------- - ---- -.-- - - -

- - -- -- . - -------------- ------------ -------- ----- -----

-------- --- - ._---- ---------- -
----------- ------- ------ ----- --



SPACE TECHNOLOGY NEED FORM NO. 1 
PAGE 2 OF ....l.-

TITLE Power Processing. Distribution & Control: NO.1 ,7,8,9.ll/P-2/Pf7 
Power Transfer Across Rotary Joints THEME/W.G. /TASK 

DA TE 4 / 28 / 76 
6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Using curr·ent design. subsca1e hardware will be put on life test! 
A parametric design and analysis phase-,;r lnves 19a e scal1ng ------.- ----------- ----,-------problems to larger sizes and power levels A fabrfcat fon task -------- -------- --- ----will look at problems of large size construction ~-- An -ear ly------ -- ---~- -- -- ---- -----flight test on s~uttle will investigate operational problems. 

---- -- - - -- . - -- ------- ------ --- -----
7. ALTERNATIVE APPROACHES/OPTIONS Mechanical slip rings 

- ----_._------- --_ ._----------------- -

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 

1.1~Hale lif 

2.Par~metric .:...n e-s 1 91l &- An a 

3. AB tas~-' -

I- I--
!\ 

1-- f- - - I- - - -- - f-- .. - - - f--

.'r \ I- I- f·- - -- - - f-- f- --f---4---I - 1-4.Flt Tests 
_ -I--4--.I----l~- - t- _ ' - I---- . 'i. -~- ~ 1--- . - I-- I--I- +-- .J-- - I---

- - - - ~ - - I- - - 1-- - I- t -- 1-- 1---4---1- 1- 1- -

t- - - - 1--· 

MANPOWER (M ·YI 
INHOUSE - - I---- I-

5 5 5 5 5 5 
CONTRACT 

FUNDING (106 5) 05 INHOIJSE 
CONTRACT , 1 I - t- . 4 . 7 



SPACE TECHNOLOGY NEED FORM NO.1 

PAGE 1 OF 2 

1. TITLE Power Processing. Distribution & Control: NO. lt~:i~9.l0't ~-2 t ~P-B 
Multi-KW Distribution Slstem Technolo9l THEME I W.G. / TASK 

DATE_L 1_?.9,· 76 

2. O~E~TlVE 
o emo~strate the technolo9l readiness at high voltagg QC gQWer 

distribution system through use at a lab simulator 

3. NEED ANALYSIS 

a) LEVEL NOW 8J. WILL BE LEVEL m UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL [2] FOR OPERATIONAL SYSTEM USE BY LQAIL01979 I 
c) RISK IN ACHIEVING ADVANCEMENT : 

HIGH 0 MEDIUM 0 LOW [!] 

d l CRIT ICALITY TO THE ACCOMPLISHMENTS : ENABLING [!] OR 

ENHANCING : HIGH 0 MEDIUM 0 LOW 0 
e) TASKS NEEDED : STUDY 0 ANALYSIS [] RESEARCH 0 

GRD TEST rn AIR CRAFT TEST 0 SPACE FLIGHT TEST 0 
OTHE R (Specify) 0 (Ch~ck one or more) 

f l R&T BASE CAND IDATE Yes 506-23-34 R&D - 6S.2K. IMS 4.8K 

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY 

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 

ACCOMPLISH NEED 

To demonstrate technology readiness and eerformance advantages of high 

voltage DC distribution and co~t:~l~tems for large vehicles. 

Addi tiona 1 objec ti ves a re to eya l~~_~~~~e_mer~!.S ~.so 1 i ~ tat~ _ ____ 

switchgear and multiplexed computer controlled supervision and 
- - ---

control methods in conjunction with HVDC distribution. 

- - - --- ----
- --- -

- .-- --- --- -- - -
- -- -

--



~------------------------------------------------------", 
SPACE TECHNOLOGY NEED 

TITLE Power ~!:ocessing. Distribution and Control: _ 

_ _ Multi-KW Distribution Syst~m Technology 

FORM NO.1 
PAGE 20F-L. 

NO.!. 7-1 2 / P-2 / pp-~ 

THEME / W.G. / TASK 

DATE 4 I 28/ 76 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

The Power Process~istribution a nd Control Stu~y whic~as comple~ed_.~ 

l ate 1972 concluded thd~~tu!~multi-KW power distriEuti~~ __ s stem~ should 

use voltaaes in ~x eS.l!_2 L lOQY_~ emplQ.'i..'!ll!!_ti l ~)(cQ di ital _!!.upervisi c:>.!! __ 

and cont!:9.! Illetllods amLfio H _d stat~ cont!:.o!~!..-_ ,!,hig~f.f~r~hds _been _ 

i ni tia ted to implement::..-=t:..:..h:.;::i.=.s_ a::..IP=-=plrc;:oc::;a..::cc .:.:,h.:.... _______________ ____ __ 

7. ALTERNATIVE APPROACHES/OPTIONS 1Iigh voltage di s tr i bution is 

essential for the specified high power require!"ents __ . _________ . _ _ _ 

8_ CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 
This relates to other proposed high vo ltaq e - high power pre: osed power 

comPOncn '="-s"-. __ . __ _ _______________ _ 

--------------------------------------- ------------
9. TECHNOLOGY SCHEDULES 

~y 

SCHEDULE ITEM 76 77 78 79 80 8' C2 83 84 85 86 87 88 89 90 91 92 93 94 95 

TASK!TEM 
Design_and _ .. 

___ lns_tAl~ ~il1!.. _ _ ___ _ -- - ---
D fi.ne & perfor~ ,-- _ 
_ Olecko.u.t. -_ ~ --t--+---+---ll--..f- f----- -- - - --
Test and I "-- __ 

valui3te.__ - J-!'I .. ~ .... -!-I- +_--I____I - ____ . __ 

Analvze 300 V d .. ~ 
__ ..s.y.t: t, .. m f--- t- --t-=-=-t-f'"Y-I>- -f---+-- - -

Tec h. Ready R 
--------- - -11- +---+-11---1--1---1- 4 ---l1--+-+--
Operational Use f-- I--. - Q - f--- - I- - - - 1--1-4---I---~4------+- -

- ------- -- --

MANPOWER (M-V) 
I N HOUSE _ _ +---f-_.-+-< • ....:' ~+-. ~~4---+---+~---f---1~+--+---+--~ ---+--~--+~---1~ 
CONTRACT 

FUNDING (106 $I 
INHOUSE= _____ ~~4_~_+~-~f____~~~4_~-+~~I--~~~~--I--I 
CONTRACT 1'17 L07 LOR 1m 
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Deve1 0p radiation control t~chnology for SIC. 
Evaluate selenide thermoelectrics. 

Develop high-performance thermoelectrics . 



SPACE TECHNOLOGY NEED FORM NO.1 
PAGE'} OF ---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 res~onse to radjation en~ironment 
~ Radi~tjon softw~re de~e]Q~~Dt 

..lJ Selenjde E~~lyj1i2D ---- - - --. --- -
4l i:ljgb ..P..erf..annaru;e.JjE Material Dev_ 

- - ---- - ---
"7 . ALTERNATIVE APPROACHES/OPTIONS 

----

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

--

9. TECHNOLOGY SCHEDULES 
FY 

SCHEDULE ITEM 76 77 n i ,. i . -:. 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 
TASK ITEM i 

l. Inst . Resp. ... 
r - - - - . -. --2. Software ')p 

- -----.- - cr -- - f- . -- - ~- - - 1-. 3. Selenide --_ . - r- - - 1- - -- I-- -- t--4. TIE Dev. I .. 

-- f-- - - -
-. -

.-

MANPOWER (M·Y) 
INHOUSE - - 3 4 4 4 
CONTRACT 

FUNDING (106 $) 
.2 2 .3 .3 INHOUSE 

CONTRACT .1 2 .2 .2 
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Si'!\(; i: TECHi'JOLOGY r·I;:ED FOH iVl l',JO. I 1 
P!IC E 1 Or: .. 2-- _. __ 

I .. ~ ·~'·; ;·;·;··~- Therma~to El~~c:l :- . ___ . __ __ ._ -:;; .· ~.;7~·8·,1·O~i·!j.:.2;~.!·~·.;t· 
! .. _. Hi gh Temperature Brayton Power C.Ql'lve ri ion. _ TII H i !: / \.V.G. / TASK 

I 

i ___ -=:~~~ ~~~~ ._.::-..:.:.~_~=. -=._._ :==~=.~ .. ~.=-=~== ==. __ ~~Tr: ~=-~=-2bI --J:§=~.~ .. __ 
2. OnJ ;;C'f I V~ .. 

Acgulre the technology for cost-effective, long-l,fe, high-turbine-,nlet-
----- .---- . - ~ - ---- - - ' ~ _ . . _-------,---- _._- _ .. _. _-_ ..... _------
temperatu~e Brayton conver~;on of heat from various energy sources to 

, eiect~i-c-power -for use -in--a "var:iety ofa-ppl icafions- --- --- - -- - ---- .--

i· -;: ';~:,~I~f~~~,-~;,~~:i:~~' :~ '/~':'~ -::::~~':" :G' PI ./~:;~=:=~::~·1 
I h) I1F.OLJ/rlm fIDVNJC[M F.~ '· ( - SilOULD H::'I tCIl Nl1LOG~_I.:~~~!)Y_ . 

I 
AT Ll: VEL m I:O!-llT':: :l .. \TIOil!AL SYSn:M lJ ~;E flY [~ ·~lE: lJ~§" . J 

c) RISK IN 1\(;1 :I: : VI NG A i)VfIf!Ci::i':l i':N T: 

I HI GH [J r..1 EDI Ui',l!XJ LOW 0 
Il) CI\I T IC;\ LlTY 'm TI 'I~~ !'.CCQ;vi PI..ISl l fji EfIJ rs : L~U\I;I.ING 0 on 

mHArJCli\!(;: III GIi rxJ MED/tH/! [] LO'N fJ 
e:) TI'5:~ :, N != ED r:~~: ST UD',' [] l', rl!.'.I.Y~;/:; lfJ n :::SF.lIH C1: [.1 

GHD TES'r LxJ AI:{C /':I', ::rTES'1 CJ ~;i '/\ Ct.= FLl C:; IITnST [J 
( ([ lI En ( ~; p :: r;ir)' ) [] _ ... _. __ _ ._ ._. ___ . __ . ______ . ___ (~It .:c~~.~~~:~~· : ) 

f) f:;:~ f ni\~ i= Cf'./'.JDI I ... X(i-: .Yes :_ N.~~ ._~I~~I. ____ . - -_ ..... - -... __ .. __ .. _- - -- ~ #_- -.,- . - ~ -. " .... --~--..... ,- -........ -.... , .. - --~" -.. :=--::.-:-::--=: ~":==~'::' -:-::==--=--
I!.. COj\'i!·)IJ.: r.1 r:N'fA:"fl "j E(;! :i,:i'.-jL() :·;·)' ~. r,V,:d' .!r:t:i'/,~ ~rr~) 11 E C~UI :- ~r: l) FrJ~l 

US;:: n.: TI-!I!~ T:':Cili'!QLCG'.' (a) material selection and evaluation, (b) liquid-
. .. _-_ .. _- - ----~ .. - -. - - --------- -- .---. ---~ ---

metal heat-pipe development, (c) solar concentrator development. (d) reactor 
.- - .--- -.-- .- --_ .... . ---------- - - ~ . __ ._-- _ . . __ ._----- -_._--_.- - - - - _. ----
development 

fl . S!' l~(; i i · · ': T EC i ii'; !'lU:.1",'1 /,.r;'/i\ · j·:;::::'.Ja!·i· :;~':O l.ll1 ·;!: i,)·m 

ACCi,),"i :JL!::;:'1 r\ ! ~ : : D 

Demonstrate Brayton capabilities for turbine-inlet tempera ~ ures of ISOOK 
.-------~--- .. ---- ... -_ ... -- - - -- . .. _.. ._---- ---_.-
to I600K with lO-year expected lifetim~~ by l~~S_ and 20-yea~ .. ~~~~!.:.~. __ . __ 
1 1'fet'imes -by" 1990': ' -".. . 



SPACE TECHNOLOGY NEED 
FORM NO. 1 

PAGE 20FL-
TITLE Thermal to Electrical: 

NO. 1 17 z8 110 112LP-2 LTE ::> Hi gh Tem~erature Bratton Power Conversion THEME / W.G./ TASK 

DATE 4 /28/ 76 6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED (a) high temperature blade and nozzle develo~ment .-~ bearing and me..cbani.c.a..L.d.e..s.ign/development -( c) thermod~mi c_ anills i_s _ ___ ______ ---_. ----(d) rotati_~ uni. !_fabr~~ati_on an~est 

ill s,Ystem design 
'-- --- - - - - --------7 . ALTERNATIVE APPROACHES/OPTIONS 

Thermionic power conversion 

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

--

- -9. TECHNOLOGY SCHEDULES 
FY 

SCHEDULE ITEM 76 71 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 
TASK ITEM 

bl~~~nd nozzles .. ~ 
. -bearing~ __ "II '7 

~echanical design ~7 

thermodynami cs .... ., 
rotating unit .. , 
!System desiQn "II~ 

.- f--protottl:!e 
~ , 

MANPOWER (M ·Y) 
INHOUSE _ _ 3 4 ~2 !12 12 112 112 112 112 12 11 ? CONTRACT 

FUNDING (106 $) 
INHOUSE .5 .5 1 2 2 2 2 2 2 2 2 CONTRACT .5 1 2 2 2 2 2 2 2 2 2 
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I
I .'~. ~~ I~~I: ;:' _.i~~~~~;~;~ .. ---.------ ;;~z: 8:;ii·ij'p~~ii-3- 1 

TI'!EM E / IN.G. / T/\SK 
--. - ... -E.RoU>+¥P-"'C-.NOCI£AR-T~E-RMl.ON I-C--· 

~IL -_-=~~-~~~~~~~EILI'~D~~=-~~-.=~=~=.~-__ .I~~ T :~. ~ _~_~61 !~ ___ ::'=-_'I! 
2. OI\ ,I.~C ·(fvt: 

i ._. _. __ ._ . .AC~..9.M~.!,J $J:!. .. TJILJ;);~I.~~. NtQ~b~~lR I. CA.l •.. 1,. Y_ tiEAI~IL. __ .. __ 
r 
l 
i ..HEA T:-.P.lE.E.-:CO'OLED . ...F AS.I.. REACTOR.. _ _ _ .. ______ .... _ ... _____ . _ __ . __ . _ _ ! 

3. i'! E::: !'J 1\~ iA LV~IS 

a) LEVa NOW []. Vt} ILL BE LEV:':: L Qjl UND F:H [~{ I STII~ Ci PU\ I\;S . 

h) !',LOUI HE!) A~V/\NCTMHH Si IOU I..D BI.: · IH-:I I Nl)LO~~ .. j~~ : /~~y .... t 
/\'1' I.EVl:L [il FOI( O: ' !:i ~/\ ·fI O f\Jt\ L. SYS r l: ~ /l us: · BY ~:~!.;c : l-9.9o.-' (EARll EST)', 

c) n l ~; : , !f\J M::IIi.:VIl'J(,/\DV.r,i\!c: ~ r·f:[.: i'J r: 
llil~ H ,J r·,·1F.DfU .;i L:8J I.OV'i [J 

d) Ui l :·IC.r\ I.ITY TO TH E ACCCi',1f'I.ISHI··:i ::rHS : E r~j\U l.l j\:G Lxi on 
I:NHMJeli'!Ci: HI(; H LJ W: DiUIVi [J l(JW [] 

e:) T .'\ ;-)I ~S r'J E Enr~o: ~TI.JIJY L.X! Ar~ i-\L YS IS [Xl r; ES I: M;(:11 lil 
C:·1f) ' f EST IXJ AII1 CI1 !\ F-r Tr: ST [] SP.t\C;E rU G"T T t=s r [1 

i ClTI l::11 (S! 'c:ci fv J [l .. __ __ .. "_"_ .. __ .... __ . _ _ .. _ iC~~~c : .. ~~_o~ .".:.n~ : ~) I 
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' ~: . ~ ~·I ~~ : .. .' ~ ,; : / ~.~ ! DEMONSTRATE .SATISFACTOfU'-. Sl-EADY-..sTATE AND .. TRANS.l .ENT. BEHAV.lOR.- L 
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• ~.: '.; ~, ; :"~.' ;,': II' AND PERF.ORM. -R/ELI~;ABII..ITY ANALYSES. -~(}R2· AN EXT.RAP-OLATED·. SP-ECIE..I.C . 
. MASS of -20 KG Krt.E.AND A. LIF.ETlME .OF YEARS AT .A .SU1ULATfD. _ .. 

, - : ' : I 
. ". . " I "p.QWER_.LEVEL...oF 500 KWE .. - - .. 
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SPACE TECHNOLOGY NEED 
FORM NO.1 

PAGE 20F~ 
TITLE . 

Nuclear Ibermjonlc Space eowe~ NO . 7,8,lO,12/P-2/TE-3 
.P.rQtQt~glC 

r-tldu 1 e THEME / W.G./ TASK 
. 

DATE 4 /28 176 6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED j a) Transfer techno 1 og,y frQm s~stem B&I progr ams • (b) Provjd~~reliminary .Jlll'tlfl:...5JJbsys tern des.igrLand experj mentaLcompo.nent deve 1 oPIllin.t-eAd-q.ualif..i.:: cation tests, (c) Fabricate and inteqrate a 5-heat-Qj~tenun.odll.le..ia.L electrically-heat ed demonstr~t'o~Qf _p~orm~e_Qefore completion ~ release of engineering model design. 
- - --

7. ALTERNATIVE APPROACHES/OPTIONS 
None available 

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) -.R&T Base Progr.ams: 
- MHi h-Perfonnance lt1ermionic Conversion UiIQP 506-24-211 (bl Thermionic Systems Technolog~ (RTOP 506-24-2~) -9. TECHNOLOGY Sr.HEDULES 

FY 
SCHEDULE ITEM 76 77 78 79 80 81 82 83 84 85 86 87 S8 89 90 91 92 93 94 95 

TASK ITEM Mission & System • ~ R& ._ .. _ f- - ~ - f- - - - - I- - -- -- - r- -- I- - r-Subs st~m_DesigrL _ -.. 
-

- - 1- " C0"!P.2.~ent ..9..~.!if~. - ..- I-- -- I-- 1- -Fa <;j 1 itv r-tld. ... 
-- -Module Fab. ~, _. 

Mog.Y.l~.eg_r:.dt_; on 
I--1- - ~ -- - ~ 1---~dule Te~_ .. ~ ., - - ,. -- r- - -- .--EM Des i,gn 

~ , 
MANPOWER (M·YI 

4 4 INHOUSE 15 15 15 15 15 - -CONTRACT 

FUNDING (106 $) 
b. 0.8 

INHOUSE 0 1 2 2 ., 
L CONTRACT"- (t. 2 b. ~ 2. 2. 2 2. 0 
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,> c. ._ ' .. , I I · . •.• . • 1 . .. '- . . ~. or: 211 . 
r .. \Ci ... 1 '. _____ .. _ _ 

. -~~-... -.. . --------------- -----....-- . · .. · .. , ··4 

Ii 1. TITLE THERMAL TO tLECTRI CAL; t.J 01#Z.,g-l5.t;J.~11~12lP-t / 
r TI iEME I IN.G. / Ti\SK TE 4 

, -- '-'- -- HERMOPHOTOVOLTAIC POWER - - - - - .-. -

!... ___ -=-~~. _. CON~~~~SLON IE~~~_~Y.=-==~:~~~_~~_-_-..:: __ ...':.~~::- -.!.l L.2~.-J~~~.:.=. __ i 
i 

2_ (~~~::~ ·~I~~_ .fYA1!').A.I.~_ . T!lE_ .. fU~~J~.!1 .UL9E_QJUAININ£_.EfF I C I .~~.~J~§ .. __ 

~~_P~QAG!!lN.G. }O~J_N . TJi~_C~~VEJtSJ_Qt( 9.f __ $9_LA~ _~NER.§'y' JJ:t~ _ _ . __ ._ 
! !l.~~CR.IB~~_?_~~~J.ALI_~E.D . A~.fL!.~~~ _!.qt! _9.~_. PJiOTo.VQLT.Al_C5.L _____ _____ _ • 

l ·· ;~r.J t!;.;~--I\·i:~~ L '.l;:;S- ·~---·- -.- .- .. ------- ---- - --- ----- ------- -----1 
I a) I.r~ V L'l NC'.'I [2J. WILL lE LEVEL f9J LJNO:-: H 1::: )(ISll~·! G Pl.f\I\JS. i 
! h) HI.:nU Jf{ !.:: 1) /\DVA i-';CU',iH '{f -. SJll)UUl I)E T r: Cl-li'JCl LOGY fl L: ,\ DY I 1\'1" I..EV t. :1i1 FOR OPU1ATIONA I. SYS f'FM LJ S:: j-;Y [Q.;0J.9B] I 
I c) J 1 1 ~:;K IN f\(~ HIEVIi'!(l il D\.' /\i'JC:':Mr:~JT: 

I III GH lJ ~,1~: [)IU i\,1 [X] LOV'i [J 
I 
! 
i 
! 
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i 
! 
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!; i 
,;. 1 
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; ~ ~ 

til c n iTICAU TY TO HI !: /\CC(J Mf'I. ISI I:'.1Er,JTS : 

CNtI.l, r·!('!i':C: HIGH [xl IVlEOILJf'/l 0 
E: j\JMl LING [J on 

LOW [] 

(:) T/\<;I(S r'lE:ED!: Il : S rl! IJY Gel M ,f-d_YS lf; [] 11 ES[: /; :';(;I 1 [J 
GilD Ti:ST [] AIH CR /\ FT T EST Cl Sf' l\C I-: rUC; iIT Tt:: ST [1 
(lTlI :: !) (Sl' .. ~r.ir y) [] ______ ... _ .. _______ __ .. _. __ _ ._. _ . ___ .~C_~~!:.:: :.~ . ~~:._(' ~ .~~~~·: ) 

.lli---. --.-.- -._-_ -' -___ ___ . ____ ._ .. ______ . __ --_ .. __ 

I ~ . : _~ · ",', : I ~ ! - ---- -- _ .. _ - _ .. _ ... _- --- _._-- .-_ ... - - - - ,-- ---- -.- _ _ . 0 · ___ _ • __ ---- - - .-- - ---- . .. . 

ll .... ~ .: ! -.... - - '.-- ---.---.- - - - .. -~- ... ~ --.- ..... --. - - .. ------ --.---- ---------- ----.. - - ---.- .. - -- ', 
; : ~. ,~: ~,: ,:! !). Sf'Er. !f- 'I 'IT C! ,;-iL1LOGY t·. D "'lf\i'JCE~,l :-: i\n F:i':(l.Ui ;-: ;; l) -:-'J I 

• • : '>'. ', : ;..~ ~" L . ~ t . I' ,...) . ,.1': 1- I ! \C(;C\,l :J , :) ,·1 r :: .: 1 

· : ~ ~ i~ ~~ :.: : 
: I i -' ~ ~ : I 

~~ ? ~ ~;~ f: ! 
.' ~ . : ~ ,'; t· I 
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1 ) 

THE SUN~S -ENE.R~-Y. ·lS-F-OCUSED--UP-Oti-A-BOD¥,-HEAT-ING--IT--TO -.- - -.. - .-- .-
APPROXIMATELY 500UOK. AT THIS TEMPERATURE THE BLACKBODY 
RADIATION -THft:r-iS '- EMrTTEU MORE- NE"ARL Y -MATC~S- ' THE"" - RES?ONSE' -OF 
A _S.OLAFL CELL . __ CELLS. COV£R .-IHE..INS IDE. .OF._ A _5.URFACE ._ WH LCH ______ _ 
ENCLOSES THE HEATED BODY. THE BLACKBODY RADIATION, EXCEPT FOR 
iHE- t."ONG -WAVf- -LEN"GTHS-:i - 15-' ABSORBEIr-BY- THe- SOLAR - CEtlS- -- -- - -.-­
.CQNyftUliG. _PART .JlE..lT_ IN..T1LELECIR.l.CAL . ENERGY L . .IHE _LDN.G._WAYE_ 
LENGTHS ARE TRANSMITTED THROUGH THE CELLS AND REFLECTED BY 
irtE ·1tE"AR·-StJRFACE"""BA"eJ\-·ONTO THE- HEATED' BQ8Y1: ··wtiERE-n 15-----· ---
ABS_Q.RJtEJ2.MiD __ U.SEO __ I.Q _ HfL~- MAl N.IAlN_.IHf_ ~ U_O.Q JEMfE.RAIU_RE..L ___ _ _ 



SPACE TECHNOLOGV NEED FORM NO. 1 
PAGE 2 OF .2 

TITLE Thermophotovoltaic Power: 
1,7,8,9,10411,12/ 

NO. P-21TE 
Conversion Technology THEME / W.G. / TASK 

DATE 4 /28 /7..fL 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

This eroeosed effort evaluates the feasibili~9f a s~ecialized 
a~~lication of ohotovoltaics. The allproa~t.Q b_uild .a.n..d test o.oe_ 
or more scalecL u!lits .-t9.. demonst t~f~s.i b . . ~ - - - - - --- --- - -

.- -- ---- ----_. 

-

7. ALTERNATIVE APPROACHES/OPTIONS 

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

-

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

9. TECHNOLOGVSCHEDULES 
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 
Analysis of 

~ ConcepL-. _ - -- r- r-1-- r-

D.es.i.gD. Ies...t. UniL ~ _. 
Test J!!lit .. ~ --
Anal sis of Test ~ 

~eter~lye 'p'aSl 1 ltv ~ 

.. -- .- f-- r- r .- r-

r-

MANPOWER IM·V) 
2 3 INHOUSE _ _ 

CONTRACT _. 
FUNDING (106 $) 

INHOUSE 
CONTRACT .05:.15 
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1. TITLF Thermal to Electrical: 
High-Performance Thermionic Conversion 

FORM NO. 1 
PAGE 1 OF _ 2 ___ _ 

NO, l ... ~~....1.Uf:.?LTE 5 
THEME 1 W.G. / TASK 

DATE_4 1..1..6/76 

2. OBJECTIVE 
Acquire the technology for economical. durable. high-efficiency thermionic 
conversion of heat from various energy sources to electric power for use 
in a variety of application.~s.:..... _______ _________ _ 

----_ .-
3. NEED !\I\J,!.\L YSIS 

a) LEVEL NOW [II. WILL BE LEVEL I]] UNDER EXISflNG PLANS. 

b) REOUI1-1ED ADVANCEMENT - SHOULD BE TECHNOLOGY REA DY 

AT LEVEL [IJ FOB GPErlATIONAL SYSTEM USE GY LM:TE: 19..25 tb 2000 

c) RISIC IN ACHIEVIi'!G ADVANCEMENT: 

HIGH 0 MED IUM D ' LOW [) 

d) Cr.ITICALlTY TO THE ACCOMPLISHMENTS: ENA8 L1 NG 0 0 11 
ENHANCING: HIG H ~J MEDIUM 0 LO,;"'! 0 

c) TASKS NEEDED: STUDY ~ ANA LYSIS [~ HESEAHCH!B 

Gn D T t:S-r [J Al B Cff ;\Fi" TES-r 0 SPACE FLIGHT TEST 0 
f..: 1 OTHER (Sp Jsi f,/ ) 0 (Check on!-: or 111 (,;-,.: ) 
~ f ---------
q i f) RelT D;\ Sr: Cf\i\lDIDATE Yes...:.. _.5o.6.=~::2LiliJm __________ __________ ._ 

.~ ! ~ \-.---- - --- ---.----- - -- -- ----.--.--- _. --- ,- ------- .- ---.. - -- - -- - - -- ... --- -"·l 
;.; ~~;; ~~ i t .. COi·/i;:;L t: ~ .. lEI\ITP.n'l TEC~-; :\lOLUGY f.\DVhi\JCcr~·l::~J IS m;QUm r': D :=OH . 
: .:;~ ~ t:; US!:: 0;: TH IS H:C:-li' ;OLOG-'! (a) material selection and evaluation. 
~.' !~~ ~:; ~] f - ---------------- -
;.; m t.; E; t .J!>.Lli9.!!id-meta,L heat-.l?!£LdevelgpmenU~Lsolar ~onc_~_~at~ _ _ __ --- -- -

;~ :~ ~i ~ . i -..de.'leJJll).meo.h. (sO reacto..r:....d.~.elQQm.e.nt ---------.-- -- ---
:... C. l C.J , :.; i 

::: f.~ ~ _. ;; t " "5. S~::C ) r,;:-·7;~I ·;i'j~;_;~;~;~.~~;-Z;;~;·~~-::r f-l;;:U7:~-~~~~--------'--"--"---"--

;' ~ ~ ~ [\ i ACA~~~:'~IS~~:~:~~~r efficiences of 3~ perce~ re.t~-,= wi'-~!'l-ye.r __ _ 
. Cl ' 11 f- , ~ 1 

'j B ~;j I eX~~:d 1ife~~mes~~ 1~5~n~~~:~~:~~pe£~= if~,i~!S by ~~ 

ill 

I ~ I-
"J 1- ~ 
'";. V) • 

I J lL. It~ 
.10'-



SPACE TECHNOLOGY NEED FORM NO.1 
PAGE 20F 2 

TITLE Thermal to Electrical: Nol .... 78 1J2..1Uf.:-:2LI.E.--.i 
High-PerfQrmance Thermionic Conversion THEME I W.G. I TASK 

DATE 4 127 / 76 
6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

erQ~jde tbe tp,cbno]og~ to produce better emitters, co]]ectors. aDd ion 
generators throllgh caardiDa.t.ed-contract. grant, and in-bouse tbeOJ'etic and 
~erjmenta] studies (NASA Thermion~rQ¥-Conversion (TEe) Appl ied:Resear h 
and-Technology (ART) Pro~}r--Wi th-the ~esultiAg reduced electrode work functions. electron reflections. and interelectrode losses demonstrate more 
efficient thermionic converts. The acquired TEC-ART information will allow 
~"' ..... "' .. "'~ ~ .~~. ., 

-7. ALTERNATIVE APPROACHES/OPTIONS Possibility of high-temperature Brayton 
(new start) 

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP. OTHER) 
506- 24. 31, r.06-16-31, 504.24.22 

9. TECHNOLOGY SCHEDULES 
FY 

SCHEDULE ITEM 76 17 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 
TASK ITEM 

Comoonent studies -- -- - -
Electrotip " ...... ..... Ina I - - -
Veri f)t 30'1: pffi"; InC" Pc:. • 

1-1 O_vr 1i fp plttra Inl; tiln 

2~life eKtra 101 Iti In 
,CQn.ve.r ter .heat-Di e.. .. 
mgt..u~ .. demQlls tn io s 

(at each techno10! lY ev ' \ --" .. 
MANPOWER (M-Y) 

INHOUSE _ _ 7 7 110 15 115 .15 110 8 7 5 
CONTRACT 20 20 30 40 50 50 30 25 20 15 

FUNDING (106 $) O. , 0.' 0.6 o.e 1. 1.0 o.e p.e 0.6 0.5 INHOUSE 
CONTRACT 0.7 07 lu .1~ 17.c 1711 lu lu 1111 11.1: 



Cl 
I-

..• ~ lr 
~~ I/) <t 
i~J l1. ~ 
.. '00 

--------_._------------------
SPACE TECHNOLOGY I'J:: ~D FORM NO.1 

PAGE 1 OF L __ 

1. TITLE 
- ,0 . ............ :- ~ .. .. "., - .... ,.. '0 . ... . : •• , " ..... ... ... ~ . • ..... ...«.-· .... ',h "'~ .... ~,. ..... ~.""" ....... u~ ·"'--... ·"·'1Q~ (l~ ~'B ~,~ ..... ' ....... ..........:. ... ,~ .... ~ ... 

Ibenna1 to Electrical: NO . ...l1~_P"-UTE-6 
Light-Weight. Ra~iatiQn Resistant THEME/W.G./TASI< 

Solar Concentrator 
---"=-.;..=.....~,---'--~-------.-- DATE __ t/26 1_1~6~ __ ._-----------_ .... -

2.0BJ::CTIV:: 3 
Achieye concentratioru:a1i.o.L!}l:ea.ter: than 10 . wUb.....c..on.figllration s.tab.Uit.ie 
appropriate for pointing accuracies of 0.1 degree utilizing light-weight 

construction and nondegrading surfaces:...... ___________ ____ _ 
-------

3. NEED J.',N.':\l YSIS 

a) LEVEL NOW OJ. WILL BE LEVEL IT] UNDER EXISTING PLANS. 

b) REQUIRED ADVANCI;MENT - SHOULD BE TECHNOLOGY READY 
AT LEVEL [1J FOR OPEBATIONAL SYSTEM USE C3Y [MTE: lliLJ 

c) RISK IN ACHIEVING ADVANCEMENT: 
HIGH UJ MEDIUM D ' LOW 0 

d) CFIITICALITY TO THE ACCOMPLISHME NTS: ENABLING m OR 

ENHANCING: HIGH 0 MEDIUM 0 LOW 0 
e) TASKS NEEDED: STUDY III ANALYSIS 111 RI:S[:AH CH III 

GRDTESTD AIFICHAFTTEST 0 SPACE FLIGHT TEST 0 
OTHER (Specify) 0 _ (Check one or more) 

f) R,H BASE CI\NDIDATE Yes: New start 
.~~----------

t ., Cm,I?LEMEI'JTARY TEC:;;\!OLOGY ADv/'\i'JCaiicNTS r. ::aUIRED fOR 
US!: m= THIS TEC:iNOI.OG'I (a) advanced steering capabi.l!.~.!.. (b) hi gh-
temperature-receiver development 

Acquire the technology necessary for solar concentrators. with weights less 

thanJ~nf to~duce receive! temperatu!'~u.f..1600 K.-!Q.llOO K without 
s i gnifi cant degradation from 11-to-37 Mev protons with a fl uence of 
3xlO"/cnr ------- ----

------ ----

_______ A~~ 
- - -~~~~\I_--

------.-----------------------~~~~. ----.--------
,. 

r 



SPACE TECHNOLOGY NEED FORM NO.1 
PAGE 20F2 

TITLE 1,/, tj, IV, II, 
THERMAL TO ELECTRICAL: NO. J.f~P-2/~E-.6 

THEME / W.G./ TASK -----l IG~T W£IGWT, RADIATION RESISTANT 
SOlAR CONCENlRAlOR DATE .!l. fILl 16. 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 
{a) light weight substrate development 

(b) compatib1e ref1ect.i..ltLsllrface coatings 
(c) protecti~e cover materials 

(d) irradiation test, docLlmentat ion 
(e) high tem~erature rec~ive dev~lQ~eDt 

7. ALTERNATIVE APPROACHES/OPTIONS 

None Ava i1 ab 1 e 

8. CURRENT/PLANNED RELATED ACTIVITIES (RTO!'. OT~~ER) 

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 

Substrate 

Reflective Surfa te r-"i~ 

Prnt"rtiv" rnu", 

la:.ra.diatinn t .. d 
~ 

Rece.i.ltP rc;. 

nnr"m''''1tll.tinn .. 

MANPOWER (M·Y) 
INHOiJSE _ _ 4 6 8 8 8 
CONTRACT 6 6 8 8 8 

FUNDING (106 $) 
).5 ~ .~ INHOUSE 1 1 1 

CONTRACT "Iii h~ 1 1 1 



SPACE TECHNOLOGY NEED FORM NO.1 
PAGE 1 OF 2 

1. TITLE thermAl IQ ~]~'tti,a]: NO. 1,7 ,8.10, 12/P-2/TE-7 
Heat Pipes with High Thennal Power' 

3 I I 
THEME' W.G./ TASK 

De.nsities DATE 4 ,28 , 76 

2. OBJECTIVE 
Establish materials. deSigns, and prot.oss1ng for ,{{itt.At. ciuJ'.~l •• 
econanical heat _P';pes for space applications involving transport of high 
thermal power densities at intermediate and high o~erat i~ tem2eratures. 

3. NEED ANALYSIS 

a) LEVEL NOW [!] . WILL BE LEVEL [] UNDER EXISTING PLANS. 

b) REOUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL ~ FOR OPERATIONAL SYSTEM USE BY IPATE: I 
c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH 0 MEDIUM 0 LOW [!] 
d) CRITICALITY TO THE ACCOMPLISHMENTS : ENABLING 0 OR 

ENHANCING : HIGH I!J MEDIUM 0 LOW 0 
e) TASKS NEEDED : STUDY Ii] ANALYSIS [i] RESEARCH Ii] 

GRD TEST [!I AIR CRAFT TEST 0 SPACE FLIGHT TEST EJ 
OTHER (Specify) 0 (Check one or more) 

f ) R&T BASE CANDIDATE Yes: 506-16-31 ($400) 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REOUIRED FOR 
USE OF THIS TECHNOLOGY 

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

. ' 
5. SPECIFY TECHNOLOGY ADVANCEMENT REOUIRED TO 

ACCOMPLISH NEED 
Achieve thennal power densities 2reater than 10 w/cm 2 for fntennedfate 
temperatures and lifetimes greater than 10 years by 1985 and 20 years 
by 1990 for high temperatures. 

-
J 



SPACE TECHNOLOGY NEED 
FORM NO. I 

PAGE 2 OF -2....-TITLE Therma 1 to Electri ca 1 . NO.l.7 .8.10.12/ P ~ 2/TE-7 
I --

THEME / W.G. / TASK 
Heat Pipes with Higb Thermal Power. Denjjji~s~_ -

I DATE 4 /28 ; 76 6. RECOMMENI:IED APPROACHIPROGRAM tlLAN TO ACCOMPLISH NEED Screen com~atibilities. evaluate ~erformancesl and determine lifetimes for selected heat-~i~e-fluid. wick. and envel~~e mater;al~; designs; ~rocessin ; and operating con~j tions. Use these results to propose and spec;! hi~ Qower-densitv heat pipes for spa_ce aDP1i~_atjons In the intermediate- and high-temeerature oeeratin9 ranges. 

7. ALTERNATIVE APPROACHES/OPTIONS Conventional heat-transfer methods -

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

9. TECHNOLOGY SCHEDULES 
FY 

SCHEDULE ITEM 16 17 78 79 80 81 82 83 84 85 86 81 88 89 90 91 92 93 94 95 TASK ITEM 
~aterial co~~tibi it ies 
~ick conft!turation 
~tress. strain ana Ivs s 
Performance verifi at Ion 
~O-year life extra 
20-year life eAtra • 

MANPOWeR (M·Y) 
3 INHOUSE _ 3 5 5 8 8 8 5 5 CONTRACT -

,.~ FUNDING (106 S) 
·lE 2 .3 3 INHOUSE .5 .5 5 5 5 CONTRACT • 11 2 0.4 5 • ( ~ • C .0 ( .( 



.' 

I ' .; 

7 

r::;;; ,~~~ "NOED 

.;.~ .... , "_~""""''''' l"·,,. . r:t1!\.· .,,....., "--: ." ..... . .,. ... 
1. TITLE ~rmal to Electrical: 

OA'n;_~ /].] /7 6 __ ._ .---... -.... ~.---.------... - - .--.- ----- '--" - -- --- - - -_ .. . _.-2. OBJ ~Cj'iV:: 

Utilize the very high temperatures of flss10ning plasma cores 
In_ffilclear ye~J~.Q!s t9._pF-0vide .. J1lul tA~~.nu_.£Q.!'Ier_ . ~Q.QDQ.micJ~.;l.l --&Ad-w1~-l·ew--we4gM&-.. ·---- --•. ------ - - --.- .. _ -\ 3. ~IEED /·.I'IALVSIS 

(I) LEVa NOlI) [qJ. WILL DE LEva QJ UNDEH F.>:ISTIJlJG PLANS. 
b) Il ~OUlnED I\DVAi .'CEME/'JT - SHOULD 131: TF.CIINOLOGV IlE t\f)Y 

AT LEVEL D FOR O?E:1ATIOI-JA1. SYSTEM us - OY r.Q!'\IT:~260(] 
c) HISI< IN ACIII::VING I\i)VAi'JCF.MENT: 

HIGH [] MEDIUi'l1 D ' lOW 0 
<I) CnlTICl\lITY TO THE /\CCOMPL.lSHMENTS: I·N.,\ULlNG [J on 

ENIII\NCING: HIGH f!] MEDlur1 0 lOW [J 
c) T/\SI(!.i N!:EO F. D: S'(UDY fXl I\N.,\LYSIS Ix] fl ESr: lI RCi I ~J 

GnD TEST 0 /\1:1 Cl-1/\FT 'fEST 0 ~;I'I\C E FLIGll"f TEST 0 
OTII E n (Sp :: ci f ~/) [J . __ ._ _ .. _ _ . __ _ __ . __ .. (~~~Cl\ ~.I~ ~ ~!:.!:~~~: .. :J 

Yes RTOP 506-24-11 

l!-. CO. ,WI. :-: t:1: tJT /l.!."" 'j F. C ~! 1 j(l: .c ~~y II. N i ,.! c: r:M::nr -: W;l"!lJl : l: J) :: l)i1 
USE 0 .:'1 i llS 'r t: Cl ; ; ', :vLO~iV (a) . ..§e .;!:.aJ;_~.2.11. ~al?.aQ.ilf.tf_es (buff~ .. ..s.?:~ . 2n 

AC!,:G '.: :)U ·~ :-J N ~: ED 

_._~et~~mln~ ._t~~ ~_~~h"!..0J.,£~~ .!,~quir~~ .~~_ ut1l1z~ ~~~ very ~~gl} _ 

_ __ EQL~m..nl'."'s!'!·L I'1li.Q MI1Elra t..Q!:' oQer-'i~~.IL.J!.iJ;J1 n ~lg_t~.mperA~ID'e much h1gher than those for many other converters. So MHO might epe l' ii.t e---afl-tf! _ r-erMa-Hy """!"e~d--"!'e"&e"t o-r-- r-ru 1-d-. - And--eonve!" 1M. 0 ~s c~(11!lLlIL4~iLa..L.MHDJ1.th _kheJ.'lll.1.oo1ca (Lperhap,I,L Er~l) t _ might serve well. Or special energy converters (like very high ene-t"gy..-eohere rt tel:e'cn-omagrreti-c-trnrrr . gene~ors-) 19ht"-tre-develop.e.sh-_______ . ._ _ _ _ __ _ _ . _. __ 
_ _ I_~B:.ny event the advancement re u1red 18 the establishment 
~..!Pe!:gprlali~....J!Jl.er~CODverslon technology fo~~_t.~~a8-core­reactor. 



SPACE TECHNOLOGY NEED 
FORM NO. 1 

PAGE 2 OF -2...-TITLE Thermal to Electric: Gas - Core- NO. I IZI a ILP- 2 LTE 9 BeactQ~ Eoe~~~ CQD~e~sjQo THEME / W.G. / TASK 

DATE 4 / 2&, 76 6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED ~a) Power conver<.ion conceEts in tem~erature regimes abo\'e 2OOOoK . 

---
(b ) C~cle t~mperature/efficienc:i trade-·)f fs. 

- -~--

(c~ TOPEin&-.and bottominl!: cvqle criteria. ~d ~ Power conv~rsion s:Lstem definition studies . 

7. ALTERNATIVE APPROACHES/OPTIONS 

--
Solid- core reactor energy conversion 

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

9. TEC"iNOLOGY 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 
High Temp . Conce pt or' . 

- f--~ 
Cycle Efficiencv t" 

1''7 
IltelZrate Botto tn i t llZ 
System Study 

'7 

MANPOWE R (M· Y) 
3 3 5 15 ~ 5 !5 

INHOUSE _ _ r. 
CONTRACT . 

FUNDING (106 $) 
INHOUSE 2. .. Z ,5 1 1 Ii .5 c:: CONTRACT 

. Ii .5 . S 



SPACE TECHNOLOGY NEED FORM NO.1 
PAGE 1 OF 2 

1. TITLf THERMAL TO ELECTRICAL: SOLAR FURNA~ES NO.1. 8L P-2lTE-10 
FOR SPACE APPLICATIONS THEME / W.G. / TASK 

DATE 4 (29, 76 

2. OBJECTIVE 
PrQ~jge the te!;hnolog~ !lekeSsar~ for effecthe utilizatioD of solar: 
furnaces for materials.2rocessing and ~!lufAkturing in space. 

3. NEED ANALYSIS 
a) lEVel NOW [1] . WILL BE LEVEL [] UNDER EXISriN ,PLANS. 
b) REQUIRED ADV~NCEMENT - SHOULD BE TECHNOLOGY READY 

AT lEVEL [1J FOR OPERATIONAL SYSTEM USE BY I DATE : 1995 I 
cl RISK IN ACHIEVING ADVANCEMENT: 

HIGH 0 MEDIUM 0 lOW [!J 
d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING 0 OR 

ENHANCING: HIGHD MEDIUM [i] LOW 0 
e) TASKS NEEDED : STUDY m ANALYSIS [] RESEARCH [] 

GRD TEST I]] AIR CRAFT TEST 0 SPACE FLIGHT TEST .. 1]] 
OTHER (Specify) 0 (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 ~Qinti!lgl 

b) lightweight. long-life. high-temperature thermal insulation, c} high-
concentration-ratio solar collectors. 

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Attain tempera t ures near SOOOK 'with durable. economical solar furnaces 

io space: Critical elements are light-weight. ]oDg-]ife. high-coDcen-
tration-ratio solar collectors. precise pointing capabilities with space-_. 
effective structures. and furnace cavities with high radiation rece~tion 
and retention. Processing will involv~ at least Qhotochemfstrl. mass 
spectroscopy. mineral separation. vapor deposition and ion implementation 
with particular adaptations for metal r~ffning and fissionable materials. -

- -
-



SPACE TECHNOLOGY NEED FORM NO.1 
PAGE 20F .2. 

TITLE THERMAL TO ELECTRICAL: SOLAR FURNACES FOR NO. 1. 1. B l ~~TE7'}g 
SPACE APPLICATIONS THEME / W.G. / TASK 

DATE .J. /29 I 76 

6. RECOMMENDED APPROACHIPROGRAM PLAN TO ACCOMPLISH NEED 

Select fran the solar-ooncentrator technology base highl:i reflective. 

radiatioo :resistant materials am structuJ:es suitable for precise f 

stable cnntwr:s Im1 ~. Use furnace ~signs with higb ~adlatioo 
receptioo am :retentioo capabilities. Design, fabricate, am evaluate 

ii ~l Able nniel and provide ~1&:C!.W ~lans. 

1. ALTERNATIVE APPROACHES/OPTIONS Fumanc:e utilizin:J a g'\8-oo:re 

:reactor. 

8. CURRENTIPLANNED RELATED ACTIVITIES (RTOP. OTHER) 
SolcU'-OCIloentrator tedmology base. 

-
-

9. TECHNOLOGY SCHEOULES 

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 

Milterial selec :.lCll 

Design 

F~Q.cation a ISS iIll 
, 

Evaluation -
Design Ref inem mt 

MANPOWER (M·Y) 
,. 

INHOUSE _ 4 4 14 14 14 4 
CONTRACT -

FUNDING (106 $) p • ..! ).2 P·i p.~ p •• D •• I INH SE 
CONTRACT p. O. P.I 11..( p. ~ D.~ 



SPACE TECHNOLOGY NEED FORM NO. I 
PAGE 1 OF 2 

1. TITLl IHERMA~ TO ELECTRICAL: NUCLEAR FUELS NO.1, 7, 8/ P-2/TE~ AND BREEDER STOCKS FROM LUNAR SOIL THEME I W.G. / TASK 

DATE 4 /29 l 76 
2. OBJECTIVE 

I nve s t i gate lunar urani um and tbol'llJll mat e~ial phases..-; 
a nd availabi li t y , and de t ermine p~actical methods f or in-
s i t u Qrocessing and/ or seQaration fo r fue l IH~Qduct i on. 

3. NEED ANALYSIS 

a) LEVEL NOW [1] . WILL BE LEVEL IRl UNDER EXISTING PLANS. 
b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL [5] FOR OPERATIONAL SYSTEM USE BY IOATE :200iL] 
c) RISK IN ACHIEVING ADVANCEMENT : 

HIGH 0 MEDIUM (g LOW 0 
d) CRIT ICALITY TO THE ACCOMPLISHMENTS : ENABLING G1 OR 

ENHANCING : HIGHD ME:DIUM 0 LOW 0 
e) TASKS NEEDED : STUDY 0 ANALYSIS 0 RESEARCH 0 

GRD TEST 0 AIR CRAFT TEST 0 SPACE FLIGHT TEST 0 
OTHER (Specify) 0 (Check one or more) 

f) R&T BASE CANDIDATE Yes : New Star t 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY 

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

(1) Quantlr~, catego~j ze ~aw mat e~ja ] s an ,] ~ego]jtb s 
( 2 ) EY:a luate al te~nat e met bods of mine~al s epa~atloD. slIcb 

as vl;ll2Qrhiation , ma§1:1 §IH~ Qt ,rQ:;i CQ 12 :t • IlbQt;QQbemlst:r!l. etQ, (3) ~rovi de a test demons t r a tion of t he Ereferred seEaration ..... 
Erocessing me t hod and estab l ish a Qre liminar~ f unct i onal 
s Eecificntio~1 f or t he lunar base s~ s tem. 

- - -
-
-_ .. -



SPACE TECHNOLOGY NEED FORM NO. 1 
PAGE 2 OF ..2-

TiTlE THERMAL TO ELECTRICAL: NUCLEAR FUELS AND NO. 1 1 L 8L P- 2/TW 
BREEDER STOCKS FROM LUNAR SOIL THEME / W.G. / TASK 

DATE 4 /29 /76 
6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

-la) Luna~ so j] s !'; · I1"""''' 

(b) Materials evaluation categorization 
(c) Processin analysis -------.---(d) Test demonstration 
(e) Prepare functional soecifications 

7. ALTERNATIVE APPROACHES/OPTIONS None 

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP. OTHER) 
Other lunar materials s~udles 

---

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 I 

s..u~~y_ 
~ 7 

t-
'C"~ '- -Materi:'l.ls St un 

'C"i7 
P~ ssi.J::lg-Stu 

-~ 

t:t7 - I-
'T'.,,,, j- J)",m",.,,,,j-,.. 

Functional Soe ~ 17 

MANPOWER (M·Y) 
INHOUSE 2 
CONTRAC~ 

2 4 4 4 2 

FUNDING (106 $) 
,5 £ ,.; INHOUSE . .:J .4J .~1 

CONTRACT 
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r" I SPAC E TEC HN OlOGY NEED 

----'.,---"~ ... ~_.. ··_ .. ~--..-..... .. _ .. "_.ul. ·tt,~.~,_, .. • ___ .. ·._-.·.·"" 

FORM NO. I 
PI\GE 1 0:: . .-1 __ _ 

1. TlTL t ~RANSM.I.SSWtL:J11CROWAYE.J .. unsmiss.ionNO. OZL..£2LTX-l __ ._ 
TH EME / IN.G. / TASt< 

OATE_LL l29f~_ L _____ . __________ .. __ 
~-----.---I 

• 2.OB.H.:.c n V E 

1 RO-v.. I Oi-A---TRANSMlSS-l-ON - ME--D-I-UM-F-OR - l.l:fE--.lRANSE.ER-QE--

j ·POWER-B¥- -US&-OF- · M-I-CROWAV-f RANSM-l:r+€R-<-Mg:r .. X.)-A~. RE.CE.l.¥ERI-
. __ _ ~V.E~!E~.~E:-..r~NA~.:_ .:.....:: .. -=-_==-= .. --- ---_.- -- .-J 

r.: f 
I ~ ; 

~:. I 

il l Ll.: Vl:L N VI ~. WIL BE LEv , .. :_ [:21 UND EI, r: XISTING I' ~ . I\NS_ 
h) nLO UI I: i-= 1J AI V,.\ N . r:.M~ i'1JT - HOllLD I.:E TECII f'!()LOGY Il f:/ \ DY 

,'. r LE V l ' '- [] FOri Oi-'! : i\ 1\ I ION/' !. :vs rEM U. :: GY [~~!_L_1985..-. 
cl li l,'!( !N I ,e! II r: V l i"C ,'\()VI\f\!C [; ~~E NT: 

1 !lt~1I 0 M L:: UIUM f J LO\J r-
d) CHi I fel\LlTY TCI TH E /\ l , ,C i'viPLI H 1'.1 UH S: r- Nl\iILl NG IX] on 

lN lI l\NC II'JCi: HI GH rJ M - IJ IUM [ .I LOW 0 
e) TI\~I ~ r'! i:E D!': LJ : ,rU llY lJ r,NAL YSIS [1 f ~ F. S U\Il(: II IJ 

Gn D Tf:ST 0 I\IH CI-:AFT H;,T [] sr ',\c!: FLiGH i' T L ~'T [J 
OTiI:~ R (Sl l l~ ci Iy ) r·~ _ TECI:!tiOLOG.Y. .DEV£LOf MENL __ . .._i.r:~ l: '::_~~~ !~~~~ ~) 

~ , ! 0 1; .... ~Tl .:Y;I~ : .. :.,11 1J!}·YI f-: NEW .. INI.TIATLVE. CANUIDATE FY ~Z8_ .. .. 
1 '1 _____ _ _ _ •• • •• __ w •• _ _ ........ _ • • _. . 4 _ _ · _ _ _ __ _ _ _ __ _ •• • _ . . .... , _ _ •• •• • _. _ __ _ _ _ • _ _ . _ ... . 

:. , 
, ~ : ~: :., ; .'1. COI'il; ) I. ~. j' i.: [.J I !\ .. ,; .' j ,' :ll;\I ·) l.U ,.,\' /\r\l''\ ~'; C: ~ i'J :: 101 I .; i ; :<~ J ; : ; E ; ) i ':1,; 

:.:: . :; ! U~ ' <' l ; ' rJ-H: ',·:CI!iII:'li. · (j Y . HIGH POWER .-'~W'~ I RANSMI I1ER fOR_Rf _ 

>~ ~ ii I _(MICROWAVEj L,Eu. "S:' .B~N.D)_ . AND CQMPl.,lt1E f'IT_~RY _REC~J VI_~Q. . __ ._ 
'.: : :.; :, ! CONVERTER, ___ _ ______ ... 
. : :; ~ ;, ~ ,.---- -- ---. - -",.0--.--.- .- - -- - - - -- .- -- - ---.- ... --- -... ----.--=-.=~~ --... -- .-.--.. i 
· . !; ~ . ~. :~ ; i Li. srEC I:: '( T; ' CI i,' iO In , ;Y .'\ \.1 '.' / 11 !i: [ I"I.: i\J I 1": ;:nu I: ' I; () ' ;-0 

• • I h • • I 

. ~ ~, ~: : I I\C . :(~ ". ! : 'L1 :H I\ IF. I: O 

:-. [,:; : . I 1) BEQUJ RE l'1EGAWATTS,. PLU~ HAFD.wAR~ CA~ABlt.I:r:v. T9 GE~ER.ATEL _ .. 
~.:'~ : . I TRANSFER TO ANTENNA ... ANTENNA HARDWARE (BEAMFORMI NG) ... 

. ~.~; :,', ' ; .. -STAB-I\;;IZING STRUCTURE FOR OR-IGINATION OF - RF POWER, 
:. ;.1 ~ : ;: . J 

· ~ . ; ' 1 
1' 1 

!..i ,--
~ , ( ~ 
: t <{ 

\ I I I LI , , , 

2J REQlh RE STUDY- FOR U~DERST"M~DI NG- NATURE OF SUPE'R POWER- -
ELEGTROM~GNEHC ("5' BAND) PROPAGATION PATH NQRMAb. _oW 
EARTH (:) ENVIRONMENTAL EFFECTS I ENERGY SCATTER EFFECTS ... 
EMI CAPAS I LITY, .- - - .. - - --

- - - , -
3) REQUIRE RECEIVER/CONVERTER HARDWARE DEVf'..:OPMENT FOR CAPTURE 

'-AND CONVERSION 01= RF ENERGY AT RECEIVING STATI'O'N ; 



SPACE TECHNOLOGY NEED FORM NO. I 
PAGE 20F 2 

TITLE TRANSMISSION: MICROWAVE TRANSMISSION NO. 07 /P-2/Tx-l 
THEME / W.G./ TASK 

DATE 4 /29 176 

6. RECOMMENDED APPROACHIPROGRAM PLAN 1'0 ACCOMPLISH NEED 

A. Develo~ a standard subarrAr~ module tor CW S-BAnd 
B, Determjne pjlot bearo~teered. retrQdjrecti~e arra~ beam effjcjeDc~. 

~ointing accuracl! ~tarti~ trans ient I side lobe level and RFI 
measurements on a spact ~ased, flexible surface, ~hased arral 
antenna. 

--

7. ALTERNATIVE APPROACHES/OPTIONS 

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

9. TECHNOLOGY SCHEDULES 
FY 

SCHEDULE ITEM 76 77 18 19 80 81 82 83 84 85 86 81 88 89 90 91 92 93 94 95 

TASK ITEM 

l. Studl ~hase l::1 \l -
2. Preproj . phase 6 - \l 
3. Des i'g n Pab. 1\ 0- l\l 
4. Orbital Check 

MANPOWER (M Y) 
112 25 t35 .1 INHOUSE - 15 17 

CONTRA( . 

FUNDING (106 $) 
1.5 2.0 '.0 b.5 5.0 INHOUSE 

CONTRACT 
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SPACE TECHNOLOGY NEED FORM NO.1 

PAGE 10F 2 
lCt t. -

1. TITLE Trallsmission: Laser Power Converter NO. 07 I P-2 LTX :.2_ 
THEME / W.G. / TASK 

DATE _ 4_/29 I 1976 

2. OBJECTIVE 
Provide efficient means to receive and convert laser 

radiation (SvM) to electrical power 
-

-
3. NEED ANALYSIS 

a) LEVEL NOW [i]. WILL BE LEVEL [I) UNDER EXISTING . ' I\NS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL m FOR OPERATIONAL SYSTEM USE BY IUATE:1978 I 
c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH [!] MEDIUM 0 LOW [J 
d) CRITICALITY TO THE ACCOMPLISHME~.TS : ENABLING 00 OR 

ENHANCING: HIGH 00 MEDIUM 0 lOW 0 
e) TASKS NEEDED : STUDY 0 ANAL YSIS f!J RESEARCH [] 

GRD TEST m AIR CRAFT TEST 0 SPACE FLIGHT TEST [!] 
OTHER (Specify) 0 :Check one or more) 

f) R&T BASE CANDIDATE 

4. COMPLEMENTA~Y TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY Laser Power Transmitter 

-

5. SPECIFY TECHNOLOGV ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

• Development of thermal or resonant absorption heat engines 

with high efficiency potential for conver+: .. g laser beams 

to electrical energy. 
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SPACE TECHNOLOGV NEED FORM NO.1 

PAGE 1 OF 2 

1. TITLE Transmission: laser PQwer TrAn~mjtter NO. 07l ~-2LU-J 
THEME /W.G. /TASK 

DATE 4 /29,1976 

2. OBJECTIVE 
Provide high ~ower laser transmitter for use in spAce 

_. 

3. NEED ANAL VSIS 

a) LEVEL NOW m. WILL BE LEVEL [5] UNDER EXISTING PI.ANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 
AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY IDATE: 1987 I 

c) RISK IN ACHIEVING ADVANCEMENT: 
HIGH [!J MEDIUM 0 LOW 0 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING 111 OR 
ENHANCING : HIGH IiJ MEDIUM 0 LOW C 

e) TASKS NEEDED: STUDY 0 ANALYSIS 0 RESEARCH 0 
GRD TEST lX1 AI R CRAFT TEST 0 SPACE FLIGHT TEST iJ 
OTHER (Specify) 0 (Check one or more) 

f) R&T BASE CANDIDATE 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
U!iE OF THIS TECHNOlOGV laser ~ower converter. ]~ser propu]sjon. 

large power systems for_ space. 

--

5. SPECIFY TECHNOlOGV ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

o 60% efficient, closed-cycle, electro~asdvnamic CO laser desj~~ 
and qualified for space usage. 

o 30-meter objecti~e o~tica1 s~~tem gUA]jfj~d for directing 
beam with 10-7 radian accuracy 

hser -



SPACE TECHNOLOGY NEED FORM NO.1 
PAGE 2 OF 2 

TITLE ELECTROCHEMICAL CONVERSION NO)., 7 8, 12/P-2!ECCI 

LIGHT-WEIGHT FUEL CELL THEME / W.G. / TASK 

DATE 4 /28/ 76 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

This is an on-going tas~ and th~ a~~rQA~h 15 tQ design. fabricate. test 
coml22nents and modules, and demonstrate the com~let~ ~ow~, elAot 9~ 
using propellant grade reactants. It is a coord ~nated program between 

LeRC and MSFC. The elan is to develo~ a modular system. 

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

sEecified requirements eSEeciall~ for some SEace TranSEortation S~stems. 

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

9. TECHNOLOGY SCHEDULES 
FY 

SCHEDIJLEITEM 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 9S 

TASK ITEM . ! 

Single C~ll Des. I--~ 
2 g:!t,,~odule .L I-

I- ... 
Mu~~!~:;l1 Stack .... -1- .... 
Power Plant Des. ..& -.... -Power Plant Fab. .~ y 

Power Plant Test .. ~ ~ 
Tech, RA.!I.dv ~ -

. Operational Use 10 
MANPOWER (M·Y) 

INHOUSE __ 3 2 2 2 2 2 
CONTRACT 

FUNDING (106 $) 
INHOUSE .01 .01 .0 .0 .01 
CONTRACT 22'i .2'i .2~ -, , .2' 1 
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I --.---.--- -_.-- ------ I)AT F.~ __ /26/_~6 ___ I 
r .----.----- ---------.. ----- - - .-... --.--.-------

I 
2.0;1J:':CTIV:: 

. ID.. .d~e.l.op. -P.o~er. _ mj;ems...~~QfJ.Y.tOO1M.t~A.U.y.~rfoJ:'l!lil19 _mon i tori!1JU.._ 
computational, command, control, and self-te~t and repair functions. I --._--.--- -------.---- ------------------

r :{. ~ ~-,~;~- t'.\';~-l~ so: ;--=--=-=--= :.=:...=.~-=- .::.~.:--::..-==--:.=-...:...==--=---:-..::... ====-==­
,,) LEVEL NOW ~J ' \-V:Ll f: E LEVa [1 UND l rl i: ,:I STI NG PLAI\JS. 

b) hEOUlrH: D ADV Arllc rJ\ ',E NT - . SH OU LD BE T Eel {,\! OLOGY RF./\DY 

AT LEva r~J FOR OPF.H .!,TIONAL SYSTEt'llUD E 3Y [0<r§T98~-=-l 
c: ) r: IS!( IN 1-\f":~' IEVII'lG ADVANCEr./1ENT: 

HIGH 0 r·!lEl1lur·!l 0 LOW [j.l 
d) CHITICI\Lrl Y TO Ti l E I\CcO .. ··;jf' Ll SHMF.NTS: t:rMlll.I :--JG [2J on 

EN IIANC!I'!G: 1-1:(;:-10 M::: LJIUIVI 0 LOW [J 
c) TASI(S f\H: f: Oi: D: ~;TUDY LJ I\N/\\.YSIS f!J I ,ES'-i\I~CH [J 

(3HD TEST 0 I\'IH CHM:T' ITST [] sr/\c ,: (=I. IGII ·r T CS.T lJ 
OTH EI1 (!;:"'!(:iiy ) r:Kl _.~~.~«:!opme~_t ___ ._ .. . _ _ . .. ____ ____ ._ ~h::r.k OI~~~~:1Or.:.l 

t;, CC) ~!i ! u :r·:1E.i'r;· ... '.;::Y ''-i';CI i:'1 )I.GC::V rlDVAI IC :::i,li:i'j 'j;:i n i ~ r.W irl i:i) ,-" :! 
U~: E OF 'fIllS T:-: r:HI\I(J!J)(iY ~9.!l~ ___ _ . ___ . .. __ _ _ _ . ____ . 

ACCQl/,:'I.GH i ,If.: t:D 
• Evaluate the mission sets to' determine the degree of required automation. - _ __ . _ __ __ ._ ._ .• __ - - __ ••. _._ . ____ .".0. __ - _ •.• _ .. __ • . __ .___ _ . ____ .. _ .. _ _ _ _ 

• Develop APSM for each type of power system. 

• Requires hardware and software . 
.- AIlS;;;-unioue hardware" inc 1 udeS-rna-oy monifors (tha't ""is-;- sens'orsT,aiia 09- 0 

- -cll~~a rtt5nvers 10-n- ~qu1pmelft; rnicroprocl!'ssor based' -eomputers. -of- ·---
._ the~~_h.!U!!~ or _Q~'!! l..Q.pme'!i. ..i.~J.. a.!'~ _!h~_se~or~_whi ch shou 1(1 be sma 11 , 

1 ow-los s dev ices since many wi 11 be needed:' sensorsare t he maJi)r- ---­
-- ·nardwarecna1ieffife. -- - ----.---. -- -- ---- - - - -- .. -- _._-
.~_Tjl~~j.Qr_ ~esi n~ chi!..lle_'1g~ _ts_ !Q __ I?rQ~.id~P~ whi~ ~i..!_l ~p~!a_te __ 

hardware efficiently, achieve long-life and reliability for the power 
- - sysfem~ - 'ahaperillTf au-tonooious" spacecraft openUon:- .- .. - - - -----



SPACE TECHNOLOGY NEED FORM NO.1 
PAGE 2 OF ---L.. 

TITLE 
NO.L.1Q . .l P-2 / S_-.L..-~t S¥st--

Autanated Power SVstans THEME /W.G. /TASK 

Man<w::rement 1AP9t} - Planetar~ 
DATE ..... ~ /:J.£. 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

• Deve1~ AP901 fw:: ~llmetax¥ explcratiec missials 
• PerfOIl1l in two major phases: 1st achieves t:.echro1oqy readi.ness~ IT 81 

for 1980's rnis~~~nd phas_e 2fox' 1990's for autcmated shxly.facilities 
of thane 10 

• Develops advanced sensors fQl:: pcHrr' ~stan mccitcring. dellelcps sens:u:: 
systemCXllPlter software aOO 5l'Dthe5.i.zes ~stans inclilding these with DOWer data ,; nn- .nn m;, ,.....",....+-...... 

7. ALTERNATIVE APPROACHES/OPTIONS ~. Autanated capability is needed 

fm: all pJanetaqz: mi saiQDs aue to l.c:IAg caII1~aUQA ~ wagt,iQR t.imlillii 
which I2rec1ude qround oontrol. 

8. CURRENT/PLANNED RE~ATED ACTIVITIES (RTOP, OTHER) 
• On-QoiM RroP 506-23-3~ ~5 1st phase 
• Expansion for I2hase two is needed 

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 1 

l.uJU::~l;. Def. r-- Ii] 

~si-gn L.> 

-
Develq:rrent Ir ~ - -Test & Eval. Ir r---o R 70 

-- -Phase 2: Coocep s 

....Ilea "rPv_ 'r-
_. 

Test & Eval. 

MANPOWER (M·Y) 
.3 2 '.S 3 p.~ ~.:.l 1 1 2 3 3 3l ;: 12 2 2 2 2 2 2 INHOUSE _ _ ._.-CONTRACT 

FUNDING (106 $) 
1 2 .2 .3 .3 .2 .1 .1 .2 .3 .4 .4 .2 .2 .~ .2 .2 .2 .2 .2 INHOUSE 

CONTRACT .1 .2 .3 .3 .1 0 0 .1 .5 .5 .5 .5 .1 .1 .1 .1 .1 .1 .1 .1 



SPACE TECHNOLOGY NEED FORM NO. I 
PAGE 30F-L 

TITLE 
Power S:ist~ms : NOJ~8~11 P-2 S- 2 

Automgt!ild POW~l: S :i ~tem~ Management 
THEME 1 W.G.I TASK 

[Qr Eartb Qrbital Missions DATE ~ 127 / ~6 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPL!5H NEED 

o Develop advanced automated s~stem management conceQts 
~Es~ablish technology readiness by 1980 

o Develop necessary sensors for s:ist~Qnltoring includ1n&-
computer s oftware~ data processi ng , etc . --

7. ALTERNATIVE APPROACHES/OPTIONS Automated capability is needed 
fo r all earth orbital miss ions. 

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

orbital mis s ions. - -

9. TECHNOLOGY SCHEDULES 
FY 

SCHEDUI..E ITEM 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93~ 94 95 

TASK ITEM 
~ 

Phase 1 
r- r-

COT'cept Def - ~ 
Design 

Deve loE -I-
Test 

Phase 2 Concept 

Design 

Test 
~ 

MANPOWER (M·Y) 
2 ~ INHOUSE _ _ 

CONTRACT 

FUNDING (108 $) 
.1 INHOUSE . 2 . 3 . 2 

CONTRACT 



REV~SEO: Supersedes Previous Issue dated 4/26/76 

SPACE TECHNOLOG V NEED fORM NO.1 
PAGE 1 OF 2 

1. TITLE Power S~stems 'n~ ioit1ltbel NO. 1. lOl~-2lS-§ 
Advanced Power Slstems TechnolQg~ THEME I W.G. / TASK 

DATi: 4 /28 / 7§ 

2. OBJECTIVE 
A~bt~v~ t~~bnQ1Qg~ reA~jDess of pa.er s¥stems fo~ So]a~ Explo~lttOA 
missions. 

~. NEED ANALYSIS 

a) LEVEL NOW rn. WILL BE LEVEL III UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 
AT LEVEL [] FOR OPERATIONAL SYSTEM USE BY IOATE:I0-t:l9J 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH 0 MEDIUM [!] LOW 0 
d) CRITICALITY TO THE ACCOMPLISHMENTS : ENABLING [!] OR 

ENHANCING : HIGHD MEDIUM 0 LOW 0 
e) TASKS NEEDED : STUDY [] ANALYSIS III RESEARCH 0 

GRD TEST 0 AIR CRAFT TEST 0 SPACE FLIGHT TEST 0 
OTHE R (Specify) [K] Development (C"eck Onf: or more) -

f) ~&T BASE CANDIDATE 
NY76iOft~Y7~ oVfr~uideline RTOP; will ew n at ve 0 EYZB start 

be 
. 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTt REQUIRED FOR 
USE OF THIS TECHNOLOGY (1) High tem~erature solar arra~s, PCI and -
(2~ im~roved rech~rgeable batt~rie~ hA~jng higher WHBL~G. e.g. ES ~.2.3 

and jmpro~ed oicke]-b¥dcogeo bltte~ies 

5. SPECIFY TECHNOLOGV ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

,Provides high t~~eraturel light-w~igbt g~er sources (e.g. solar: 
'l r- ' :\oelectric generators and gall1um=arsenicle solar cells) for Mercur,r 

·iter m1!.sion s~acecraft which will be ex~osed to extremel~ ht~h thennal 
- -... - . loading due to sun and Qlanet influ~nce , A15~ ~JLt prg~ide ligbtweigbt 

high watts/KG power system to minimize mass to be injecie~nto orbit 
S~stem concepts studied and-trade offs donp - ~ 

t....Jle·telops power system techno] og¥ for....sol.a r..-explo.ra ti on faci-Uti es Aeeded 
starting 1990. I ~~ludes concept work, planning. and develo~ent of 
advanced sources, energy storage, power processfng,_and advanced systems 
for 10 - 25 ~ear applications fn clAnetar~ environments at power levels gf 
1 watt to 1 megawatt. 



SPACE TECHNOLOGY NEED FORM NO. 1 
PAGE? OF .-2...-

TITLE Power Systems NlJ.1. l(yP-2/ S-4 

Advanced Power Systems Technolo~,n:: THEME / W.G./ TASK 

DATE 4 /28/ 76 

8. RECOMM~:NOED 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, tra e-olrr competing sources, l.aen tl. fynaraware neet ~ d 
aRQ Q'iI"Qlop h*".Q~ 

• Phase II: Develop sources, energy storage, power systems concepts 
for l.nner and outer planet study f aCl.ll. tl.es • 

.------
~. 

7. ALTERNATIVE APPROACHES/OPTIONS None. These missions need advance~ 

s:.:stems appJ:cacbl::'S. saur:ces, eDeJ:g¥ stcJ:age. aDd pcweJ: pJ:ccessin~ 
systems. 

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

• Proposed overguideline R'l'OP for FY TR/77 start for Phase I. ._-- -
Need additional program for Phase II. . 

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 -----.- - t- t-- - - t--
i-Long Range Pla ~ . ~.....,; 

jePS Definition i l Y 

.STG Developmeri", f.! , 
I . _ .. -

IPS Concept Def . n. d tr 

Phase I I 
,PS Concept Def '11 d7 - t--
.Device I)evelop Iner t ~ ~A: Ii 

MANPOWER (M·Y) 
0 1 4 4 1 ? 3 4 4 4 0 INHOUSE~ 

CONTRACT 

FUNDING (106 $I 
0 . 1 .! .5 • 1 .5 1 1 1 1 0 INHOUSE 

CONTRACT u • I • :> • I , t. t. t. I U 
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I 1. TITLE .. Power Sy~~ems - .Power_Syst~_ NO. L. . I::J..21~ils_:~ _ . __ _ 
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I 
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 I 
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I :l. m:I~ D ANAL '.'S lS 

iI) LEva NOW QJ, \:VILL 13 1: LEVEL @] Uf\JD!~ R EXISTING ,P I.I\NS_ 

h) HEQUIR ED ADVAf\iCU'JlF: NT ". SHOLlLD nr: TECHNO LOGY HEADY 

AT LEva L~ mil O!)ERATIONAL SYSTeM LJ ~:: GY ['Q'01,,--lJ®-:::"l ' 

c) R I SI~ IN I\C: li EVI NG I\DVANS~"ljENT : 

III (;H [J MEDllJM [] Lo\N 0 I 

(I ) CRiTICALITY TO TH E /\CCUMPLISHMENTS: r:NA8 U NG [J on I 
[NHANCING : HIGH [] 1\;1 ~ DIUM []J LO\Al 0 

c) TA<;I(S NEE D:: D: STUDY 0 ANI\LYSIS [1 I~ESEA nr. 11 [J , 

GRDTEST[] I\IHC nAFT1 EST 0 SI'I\CEFLI GIlT HST [] 

J OTII ::: R ( Slu~ir\' ) [~ . ..!ech~ol~gy de~~~~~!. __ . ____ (~~~::'~!le or 1110i :!) I 
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, - -Perform-system 'S{udies 'lo-reteriiifne acc'eptaore-'yciltageleveis- "tOiiftl'r=-

, 'mize...ineffjtieo'4'_.ancLhar.dware.design .impac.t. .... Eor. ~J!le.. should 

solar arrays develop the voltage directly; shou'\aregulat1'onoE! 

--- "~f-ol"'l!led- at- the -arr-a:v; and-over whCtt-f'itft9e--o-f -v-eltage-- Gafl--l"egw4to~S-y­

invertors. etc., operate safrly and efficiently? ' 

,Answers 'WlTC bevia'ana lyses -iliiCniirdware" deveTopment ana-test:. 

---- '----_ .- ---,- ---
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SPACE TECHNOLOGY NEED FORM NO. I 

-~ PAGE 2 OF ---2-

TITLE Power Systems NO. 1.7-12/P-2/ S-5 -
THEME /W.G. /TASK Power System Generation and Distribution Bus , 

Voltage rechnol~gv 
DATE 4 /28 I 76 

6. RE.COMMENDED APPROACH/PROGRAM PLJ\N TO ACCOMPLISH NEED 
0 Definition of user power. voltage. current needs for SIC exceedin 9 

100 KW. 
0 lIade-off of ~o]tage and current ]e~e]s used at source. ~~ . 

conversion and processing. and distribution functions. Study to 

0 
select optimum system and hp ldwale apPloach fOI each fUhct;on. 
Selected hardware development and test to verify approach. 

0 Develop standard specifications for high powe r sys terns. 

\ 

.. 
7. ALTERNATIVE APPROACHES/OPTI6NS None . High-current.high-power , 

sys terns are inefficient and probably unworkable. 
. 

J . , 

8. CURRENTIPLANNED RELATED ACTIVITIES (RTOP, OTHER) 
Nnnp ~laD be]ollll for BU base to support MS~~. Globa] ser¥ice. 
solar exploration operational need dates . 

-
9. TECHNOLOGY SCHEDULES 

FY , -
SCHEDULE ITEM 76 77 18 19 80 81 82 83 84 85 86 81 88 89 90 91 92 93 94 95 

TASK ITEM 
~ 

Requirements De ~ ~ - f---' '7 I. ~--'\ 1T 

Tude-off ~ tutti iP~ ~ ~-'l7 ... ~ - ~ to .. 
Selections made , 

, ~ ... ,~ 

Selected design .l~ ...- 17 -,,"-' ... 
Hardware fabJte st ). ~\ ~k ... ~ ~t: 
Specs complete ,, 17 . , ~ 

\. . - ~. f- . r'- .- i"- . ~ ~ 

10 p~ to 1 ~ 1M ~ t ) 1 P ~ ~ 

MANPOWER (M-Y) 0 0 o 1.5 2 3 3 
INHOUSE __ 

3 1 2 .2 3 3 3 

CONTRACT 

FUNDING (106 $) .11·2 ? .3 .5 .. 1 .2 .2 .5 .8 .5 ... 
INHOUSE I • 
CONTRACT . 1 .1 .21 0 1,21.41,21 
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SPACE TECHNOLOGY NEED FORM NO.1 

PAGE 1 OF 2 

~'~-;:;-;t7 'po~~R""SYs~~~: -~,-~,u"·¥-(Ne-;'lntti;t·i~-;r---·1'7~.--;~"·~2i;~;ts:6-~: 

I i>roject Oasis TH EME / IN.G. / TASK 

I 

,----~-------------
Ii 2.0BJEI.TlVE 

DATE _4_ ;26 1.--'-76=--_ 

Determine the ne~~easibili~nd co~~uration of a .~ng-life 

I orbiting electrical power utility station for multimission sp~ce 

I a-p-pl~-c~-";·.()" -------- -----.--- ----- - - --

l ....... H 
- - --- ----- - - - -- ­

._------ ------------
3. NEED ,\NAL YSIS 

a) LEVEl NO'''' I!J. WILL BE LEVEL OJ UND ER EXISTING ,PI.ANS. 

b) REQUIRED ADVANCEMENT - SHOULD 8E TECHNOLOGY I\f:i·\D Y 

/\T LEVEL IU FOB OPEFi / \ TlONAL SYSTE~.~ USE ilY ~'0":-1980 

c) RI S!' IN I\CI-m :VI NG .i\DVANC:=MEN T: 

HI GH 0 i\1E DIU :\~ I!l ' LOW 0 



~ ~ [} ... '" 
~ 

SPACE TECHNOLOGY NEED FORM NO. I 
I' 

~ PAGE 20F 2 
~ " ~ 

TITLE POWER SYSTEMS: NO. 1-12/P-2/S-6 

PROJECT OASIS 
THEME IW.G./TASK 

DATE .! 11]/l.6. 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

- 100 kw DEMONSTRATION OASIS SYSTEM -

Phas~ A Ne~d~l f~~~jbilit~l and r~gyir~Dt~ ~tu~~ 
Phase B Preliminary design and tradeoffs 

Phase C Final design ~ 

Phase D Fabrication . '" '~ 

I\. Launch and operational in FY 1985 

7. ALTERNATIVE APPROACHES/OPTIONS NONE 
" ~ , 

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

~ 

I . NEW INITIATIVE , 

\J' 

9. TECHNOLOGY SCHEDULES 
~ 

FY 

SCHEDULE ITEM 76 77 7B 79 BO B1 B2 B3 B4 B5 B6 B7 BB B9 90 91 92 93 94 95 

TASK ITEM -

Phase A ~ fV 
........, 

c 

Phase B If. - ~ 

Phase C f.! R ~ 
.w 

Phase D 
u 

Q 

MANPOWER (M·Y) 
5 1 a 10 I ~ INHOUSE __ 

CONTRACT 
.... 

FUNDING (106 $) .5 2.J .5 
INHOUSE 
CONTRACT , 



n ... 
I­
."( 

1; 
.;( ~ 

SPACE TECHNOLOGY NEt:O FORM NO. I 
PAGE 1 OF ___ 2 __ 

. MIIt~~..,..,...r"'~~ 4"'~"",-It .. ~~·.o.."'~~·~·'"A""~&.."""~~··~""""Q ... ·, ... ". .... ·'t~IT.al'4" :1~". ...-..--~ 

1. TiTLE Power Systems _ _ __ NO . . il '129• ~-2/S:- 7 __ . 
Automated Test Techniques an<LTechnolog,L Ti.fEME I W.G. / TASK 

DATE_4 __ /27/~7~6 ___ 

2. 08JeCTlVE . 
AutOmated test technjQues and technology for advanced planetary pow~ 
systems. 

3. NE:=O J\NAL YSIS 

a) LEVEL NOW []. Will BE lEVEL [II UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT lEVEL ~ FOR OPeRATIONAL SYSTEM USE BY ~T980J 
c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH D MEDIUM D ' LOIN [!] 
d) CHITICALITY TO THE ACCOMPLISHM ENTS : ENABLING 0 OR 

ENHANCING : HIGH ~ MEDIUM 0 lOY'J 0 
e) TASKS NEEDED: STUDY 0 ANALYSIS !]I RESEAn CH 0 

GAD TEST 0 ~IA CRAFT TEST 0 SPACE FLIGHT TEST 0 
OTHER (Specify) I!J . Development (Cht!ck one or m()r!!) 

f) RtHI3ASECMIDIDATE Yes; RTOP 506-23-33; fY'76=65K; t2.H~~anded __ 

. , ~ n: ;.; t .. CQr,l?LEMEI'JlABV TEC!;;\lOLOGY /-\DW\i\ICala.ITS REOUlR f:D fOB &'<.I: i 0 0 

~ g R ~ US!:: Or Tj·I IS TEClii~OLOGV This technology to be~~ to multi-redundant 
! ~! ~ n f~ advanced power processors (RTOP 506-23-33) and Automated Power Systems 
n f-"~ t; 
~J. ~ 1.1;£ Management (RTOP 506-23-35). 
(l en -I .... ,: 
~ t~;~ G L _ _____ _ 

~:I ~ ~ _. ~ I' 
f", S ~~ ~~ ;.~ 
~~~~!?~ 
~.: B f~ :'! g 
e-, n: ~ ~ II . 
o ~ 0 ,Ij 1_ . _ 

;~ ~ ~ ~ ~ 
~i ~ ~~ ~ ~ 
, ~ __ ~ .. -: fL 

•. .: , ... '.; ~ 

III 

, ~ I­
" J 1- cr 
. CI)'" .'" " J I.L lL. 
.Joo 

5. SPECIFY TECI-!NOLOG', ADVt\i\iC i:MEi'Jr I1EOU:?EO ·(O 

ACCO:'ilPLlSH NHD 

o Present program develops computer oriented test set fQI-multi-redund~ 
p 1 aneta ry powe.,L2!.Qcesnn,g.J] ~ytl!!p_men:..::t,-,-. __ _ 

o Expanded effort would dev~~~~oma~~d te~t t~~hni ue~ for Automat~d ~ower 

~ystems checkout and test durin~flight project activities • 
o Develops automa~~d test technology and equipment for in-orbit .checkou~~ 

on-board spacecraft power systems prior to release from shuttle or ~ 
(expanded effort). ._-----------_. __ ._----- -

o Expanded effort to develup high power, hi~voltage power source simulators 
for solar electric missions. 



SPACE TECHNOLOGY NEED FORM NO. I 
PAGE20F~ 

TITLE Power Slstems - Automated Test Technigues 1.6i7.8~9plO 
NO .• ] .1_L_-21S-7 

and Technolog~ THEME /W.G./TASK 

DATE J. /1..9/ .l§. 

6. RECOMMENDED APPROACHIPROGRAM PLAN TO ACCOMPLISH NEED 
0 The computer oriented test set (CTS) will be based on a small. general 

purpose computer and appropr1ate per1pherals. A variety of systems can 
-be te,ted witR ~iRi~y~ €RaRges. 

0 The expanded effort to test the APSM function will use the on~ing. effort 
as a 6asel1ne-wTtnliaa1tl0nal technology developed as requ;r . 

0 A fully automated te~t capability will be de¥ela~ed fap the it erbit eheek 
out of power subsystem. It will be designed to be simple. light. 
sufflclently rugged, and operate reliably 1n a launch and zero gravity 
.... ,,~ .. " .. MA .. +· 

10 A modillar"lionrnai=""titn lipvplnninn hioh nn~r "nli hinh vn IUrto...IlftWAt"-=u!l"~ 

7. ALnmt~;;V2APPRe4At."'ES'iOmo~ simulators (up to 1 Mil,. and up to 1000V) 
..,ill h", ....... ;" .A 

I 

}.:,. 

! 
No other reasonable ~lternatives exis~. , 

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

J&ela1o d to BIO~ 506-23-33 aDd BIO~ 506-23-35 Ongoing effort is 
indicated below. as well as an expanded effort. 

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 
o Ht~2r Ongoing ~ a 

~ v .. 

'f I7Jl ~ o CTS for EXDandec l. a L_c ~ E d J .-bi 
APSM Effort ...R lZ P(( 0- pyn hI pnc s) 

o ~~-Ql"p1t_~n~g!g~ .. R 0 [Lc ~ t rt 1 } 

~~~~~~t~~to~B- t'7 H )(G !o- )yn t:hr pno s) 

~ 'y~~\, a ~~~~ce L ti'7" u ,Ltl ff t rt ~J 
Expanded Effort t 7 R )(G 0- ~yn hr ono s) 

MANPOWER (M·Y) 
INHOUSE __ 1 . I 44 :l 3 3 ,j 1 1 
CONTRACT 

FUNDING (106 $) 
0 [). INHOUSE D, b. ~ n .~ n ~ n~ h I h D 

CONTRACT ~, ~ tu .2 j 



SPACE TECHNOLOGY NEED 
FORM NO. 1 

PAGE 1 OF 2 
1. TITLE Power S~stems: Larg~ Po~er ~~st~m fg[ NO. ] I elP-2 lS-8 Lunar Base 

THEME 1 W.G. I TASK 

DATE-L 121 / Z6 
2. OBJECTI\(E 

Estab]jsb tbe fe~~ibilit~ of ~ ~Qmbined nuclear base load and sQlar swing load powe~ system to support a 6-to-12-man lunar base operation for an extended time period. 
3. NEED ANALYSIS 

a) LEVEL NOW [i) . WILL BE LEVEL [il UNDER EXISTING PLANS. b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY RF.ADY AT LEVEL []) FOR OPERATIONAL SYSTEM USE BY ('{iAij': 1993 I c) RISK IN ACHIEVING ADVANCEMENT: 
HIGH 0 MEDIUM IU LOW 0 

d' CRITICALITY TO THE ACCOMPLISHMENTS : ENABLING UJ OR ENHANCING : HIGHD MEDIUM 0 LOW 0 e) TASKS NEEDED : STUDY Ul ANALYSIS [] RESEARCH [!] GRD TEST [i] AIR CRAFT TEST 0 SPACE FLIGHT TEST 0 OTHER (Specify) 0 
(Check one or more) 

f) R&T BASE CANDIDATE Yes: New Start 
4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR USE OF THIS TECHNOLOGY JLl lunar-surface construction ca~abilit~1 b) lunar-surface environment evaluation, c) cargo OTV developed for large PL to lunar orbit, d) emergency personnel vehicle 
5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO ACCOMPLISH NEED 

Prov~ the caQability for lunar-surface de~loyment of multihundred kW. solar-arra~ modules designed to oEerate in conjunction with a 500~ nuclear thermionic ~ower subslstem. Define the power processing technology required for lunar base operations, mining, materials processing, and fabrication. 

--
- .- "--"'--



, 

SPACE TECHNOLOGY NEED FORM NO.1 
PAGE 2 OF 2 

TITLE Power Systellls: Large ~ower System for NO. 1 ,8L£-Z IS-~ 
Lunar Base THEME / W.G./ TASK 

DATE ..i I2B.. / 1fL 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

a. Power reguirements estimates (solar and nuclear) 
b. User requirements definition 

c. Conceptua ~j9!L_ 
d. Lunar ~~rface installation detatl 
~. Multi-hundred KWE module design (solar and nuclear) -
f. Solar/Nuclear . s~stem integration studies 

1. ALTERNATIVE APPROACHES/OPTIONS 

NONE 

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 
S~ace solar and nuclear slstems 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 94 95 

TASK ITEM 

Requi rements ... -
Concept Design ~ t7 
Instal. Detail .s 7 

Solar Module Desi~~ .... 7 -
Nuc 1 ~;:r /It)d. Des i ~ n t' 7 
Sys. I ntegrat ion S ud~ ..:l' 7 

I -

MANPOWER (M·Y) 
INHOUSE _ _ 2 4 6 6 6 6 6 
CONTRACT 

FUNDING (106 $) 
2 .4 .8 .0 .0 .C .C INHOUSE 

CONTRACT .1 2 .4 .5 .5 .S . ~ 
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SPACE T ECHNOLOGV NE::O fOHN! I·JO.I 
PAG E 1 OF __ 2 __ _ 

_ ........ ~ ... ~T";'¥ooJ~~t: •• ). , ................ u::srt .~~~,......,"t '_'A'N _~~"."J\h.~~ ..". ".. • .". ......... ~\V.~.M'f _,..~·~~ .............. ~ ... " .. - 3 ." . ... "!'OC .. 

1. TITLE EN¥IRONMENTAL INTERACTIONS: _ No . .l4 1l/P-?AJ-l_ 
..MEGAWATT POWER SYSTEM-ltrrERACIlON THEME Nt.G.1 TASK 

EXPERIMENT -NEW INITIATIVE-MID-80's DATE~ /2SJ..-llL_ ._--- ---- ----'--- _.-
2. OBJECTIVE 
_____ TIL.D.mRMINE THE SPACE PLASMA INT~RA_CTtQNS ~ITH .. THE 

VERY LARGE SOLAR POWE~ SYSTEMS ~ROPOS~D FOR THE 90's. THIS I WILL BE A SPACE FLIGHT TEST PROGRAM INCORPORATING THE TECHNOLOG .. - ~~~rms-. _ _ -----
, 3. NEED /"NAL VSIS I a) LEVEL NOW II]. WILL ni: LEVEL I]] UND::H EXISTING PLA NS. 

b) REOUIRED ADVANCEMENT - SHOULD DE TECIINOLOGY READY 
AT LEVEL []I FOR OPERATIONAL SYSTEM USE BY IOATE1Q89 ~ 

c) RISK IN ACHI:;VING AJ)VANCEMENT: 

HIGH [i] MEDIUM D ' LOW 0 
d) CniTICALITY TO THE I\CCOivlPLlSHI'vi ENTS: ENABlING !.Kl on 

ENHANCING : HIGH [J MEDIUM 0 LOW 0 
c) TASKS NEEDED: STUDY [] AN/\L YSIS r:iJ RESE/\ RCH 0 

GRD TEST [] ~IR CHAFT 'rEST [] SPJ\CE !-=LlGHT TEST ~ 
OTHEn (Spac:i f \, ) 0._________ (Chf:c:k one or Inord 

~ f) n~T BASE Cl\NJ)IDATr: JiE}Ll.N.1TJAIl.V.LllLM.m::-.8.Q~s ______ ._ 
..: t.' - --- .--__ _ 

r~ N ~ Li 
I · , n 1- ~~ ! 
~ -I j t~ f~ f.; t 
:'i ;:: Ci c' I 
I .: l ..l : -; ~.! 
c I ~.~ n. C, 'I 

: ~ i\ ij ' : 
., :;l _. ~ I 

4. CO;VJ?Lr:r.,EI\ITARV TECl-lI\JC)!'O(·i"Y I\DVA~JC EI'.·i::NT$I-1 EQUIn r: D FOB 
USE OF THIS TEC~ : i'~OLOGY _..Hl..GtLYOLlAG.E.:'J:f.1CilLPOWER. . .I.EtHN.QLO.GY.,.... _ _ 

ENVIRONMENTAL INTERACTION 1 POWER TRANSMISSION 

- - ---- -_._----_. __ ._- -- -- -_. __ .. _-- _. 
~ , r 1 ~, :c. 
. - u •• 1------.----------.- -----.-- -.----.---- --.-.--. -.-.----
H ~ § ~ ~ I 5. SPECI ::V TECHI\JOLOGY ,'\r)vA ~JC ::;';l E NT HEOUIRED TO 
:-; ~~ ::; ~ f: ' ACCO~lP ll~J-I NEED ;, ~ n :~ ~ 
r. ~ ~ ~ ~ ~:r-1.UZE-.SP~ I.nX--BLc .. .PROGRAM .~SUUS.------.-----_ _ _ 

• '" I II t .. ~_ 
I t \'" J- .. 1: :.: 
• >- >- ! 'i I II 

I ' , c.r. r;: \.~I ~ 

! ~ o n :r. r: 

:~ ~! ~~ ~ ei 
It"l t- I'" . ".: c. 

w 
1-1-

• .J ~ tc 
~~ ~ ct 
"JI : • 
. 11 

( 

o DEVELOP PROGRAM TO INCORPORATE THE HIGH POWER TECHNOLOGY - rNTO- FCfGHT TESTI- ------ --- -- -... - . -'- ._. 
OBOILD ANDtly·fUS-STow;- - - -- - --·- -



SPACE TECHNOLOGY NEED FORM NO.1 
PAGE 20F-,-

TITLE Environmental Interactions: Nu.1 8,lJ IP-21EI-l 

Mega~att eo~e[ S~stem Interaction 
THEME / W.G./ TASK 

E~Reriment DATE Jl! /29 / 76 

6. RECOMMENDED APPROACHIPROGRAM PLAN TO ACCOMPLISH NEED 

Conduct fJigbt test program to determine tbe extent of tbe jnta~actjons 
between the sQace environment and tbe Jarge surfates of tbe megawatt 
power systems proposed for sEace s~stems. These interactions w.ill 
include the environmental charging interaction as well as the high 
voltage-space plasma interactions. The data wi 11 be used to Erovidt 
the criteria for designing these systems. 

7. ALTERNATIVE APPROACHES/OPTIONS 
Best~ict ope~ating ~oltagl 11~ll, 

of these systems. 

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 
Environmental Charging of SRacgcraft SyrfAtes (RIO~ 506-23-36); Iotegra]ly 
Regulated Solar Arral (RTOP S06-23-3Q}iS2HIHX _ . ~ew initiati~e. 

Spate e]asma-~jgb Vg]tage IDtera~tjQn Study - New Initiative 

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:TEM 

• Jlr.oi .. rt C::t" .. + ~17 

• Design. Build & 

nlull if~ Cft"", '>If 
lI'7 

olti.ssion 
.. ~ ,. 

• n .. "inn r .. it .... illl IV' 

MANPOWER (M.Y) 
INHOUSE __ ?r ?' ?r H 111 1Q 2 
CONTRACT 

FUNDING (108 $) 
INHOUSE .6 6 .6 .3 .2 .2 -
CONTRACT z.e 3.! 2.~ .( - - -



" 
SPACE TECUNOLOGY I'lE:.::O FORM NO. I 

PAGE 1 OF. 1 
··· .. 1·1--,·T· .... L ... "'--.... '---,,·- ------·-----· ·-·---;;~~-rct;~~&;·I;:;'~7;;=·;; .. -;....-

• '" ENYlRONMENTAL INTER7\C'rIONS' _. ' 1'irO. P.2!EJ-~ . 
ENVIRONMENTAL CHARGING OF SURFACES THEME /W.G./TASK 

DATE 4 __ / 29 -/ 76 

2. OBJECTIVE 
~~~~the effects of and means of controllinq both the 
differential and absolute charging by the space enviro· ·ment 

-2.L t:.he _ exterior surfaces associated with large satellite systenis· 

3. NEED Al'lAL VSIS 

a) LEVEl NOW [2J, WILL BE LEVEL G UNDER EXIST ING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY HEADY 

AT LEVEL (J FOR OPERATIONAL SYSTEM USE 0'1' 1t1llTf,: i9iil 
c) BISI< IN ACHIEVING ADVANCEM::NT: 

HIGH 0 MEDIUM Ii] ' LOW 0 
d) CRITICALITY TO THE ACGO .. 1PL.lSHi·,lErJ i :. . F. NA3 L1NG [i] on 

ENHANCING: ~IGH 0 MEDIUM 0 LOW 0 
c) TASKS NE~DED: STUDY 0 ANALYSIS ~ RESI:A IICI~ 0 

GnD TEST [i] ~IH CRAFT TEST 0 SPACE FLIGHT TEST [!] 
I~ OTI'IE:=! (Sped ry) 0 _____ (C~eC:~~:-~!..',!l()re) 
..; 
c 
t; f) ne~T BAS!': CA/I!DIDATE .~_~06-23-~~J _ __ .. _______ _ . _ 

_ : ~.; 1---- .---- .. - .--- - .. - -- .- .--- .... --~-

:.: ~~ ti ~ 
~ : ~~ !~ i: 
1. .1 '0' I. ! '! 
: . :~ :1 .: 
; ~ ;:; ;,! ~ 
, . , ; ) '! «"' 
• ': " HI rl 
:'J :~:: ;~ 
' . '-I Co) " 

~ 1 ~ ~ ,J ~ 
~ t t! u .. l,j ~~ 

:; ~1 ~ ~~ f; 
; ~~FjP- !~ 
•. , u. .- .-: .'"! 

,. ).. :-1 ' .I 

; ~ ~ .; ~ ! ~ ~~ 
I' j ! H !'"' ~; ,- ' 
i) ~ ~ : i :t 
. : N,i .; 

UI 
I-

I <f I­
;.J I- ~ .,. "'. 
I' J u. ·t,. 
. j' 

t .. cm,;;'>LEr.1t:rnf.'.i1Y TECl-i i\lOlOGV AUV/\I'ICcr.H:i'J is Hr; QUI !'lr.= n rOR 
US!: OF n-l l::i 'fr:C:~l'lo!.aGY Non-cha~~_materials ~~elopmen~ ___ _ 

- - -.-------------_._----_ .. _-----_._-----
-_._----_.--_ .. --- ----- ----. - - ----- --_ .. _-------,._------------_. __ ._-_._-------_._---_.--------I 5. SPECI ::Y TEe: l i'JOLOG', /\OVl\NCi'': iv1i£i'JT :-lEQUlaED 'm 

ACCf;i~'?l.ISl-l N::ED 1. Devel~p model of interaction for h :-ge 
satellite !ystem surfaces with the environment. 2. Determine 

chargiilg--cha-racteristics and tro!\nsients Iiiaucecrrn syfiema­
-by--4ta.chA..-q.. a. fwu:t1on-4f-.-IU·teual... .1 ze~_.and-enlli.J:onme..nta 
conditions (Testing). 3. Determine me"-ilS of controlling 

- t1l'eC11arglncj. ~-.--!itena mOaeTTioiil- cj'rO'un fe§l;cOntSlt1·~ 
----w-apaca. · OQRCU.tiQA. • 5. -.~y IIIOd.1.....wi.t.b.....a.pace. f li ;bt . 

6. Provide design guidelines for developing power sy8te~~ ____ e 

I 
} 

I 
t 

1 



SPACE TECHNOLOGY NEED FORM NO.1 
PAGE 20F-L-

TITLE Envi ronmenta 1 Interactions: NOJ1~i~ilO P-21EI-2 
Envi ronmental Charging of Surfaces THEME / W.G. / TASK 

DA TE ..Q! 1.29 /76 
8. RECOMMENDED APPROACHIPROGRAM PLAN TO ACCOMPLISH NEED 

Continue work being conducted under the existing charging investi~ation 
(RTOP 506-23-36). Extend investigatien by developing models of the 

- charging of l~rge structures proposed for fllture power systems. Ver~fy 
models b~ ground testing. Conduct flight testing to verif~ behavior 
in space environment. - -

7. ALTERNATIVE APPROACHES/OPTIONS None. 

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) Environmental Charging of Spacecraft Surface (RTOP 506-23-36); Megawatt 
Power S~stem Interaction Ex~eriment (new inftfati~ . 

-9. TECHNOLOGY SCHEDULES 
FY 

SCHEDULE ITEM 76 77 78 79 110 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 
TASK ITEM 

·IDitial Spa~D~r I 

Charaina Inves I t' '7 

-
.Large Space Sys 
Inter. Study r7 

~ y 

t''7 • T .. ct'i no .. - ~ . 
. 

~~ -F1t. Test Input 

MANPOWER IM·Y) 
INHOUSE _ _ R R 11 4 1 11 1 1 
CONTRACT 

FUNDING (106 $) 
INHOUSE ~. , 1 1 1 1 .1 
CONTRACT .3~ .5 .5 .2 3 Ii , 1 



. , 

( SPAC;;-ECflNOLOG; N;EO - FORM NO. I I 
PAG E 1 OF _~___ I 

,' w;:T,~·~·~·:~~~~~e.~~~~~u --~ ... , ·-· ·· ·.:---~7;: ';~-~~;:~~·~·~·~ .. ~·;L~~~tJ.3 
INTERACTION EXPERIMENT SATELLITES n IEME / W.U./ TJ\SI ~ - _ ._--- -
SPHINX a/c (FY-78 New Initiative) 4 29 76 - . DATE_ I __ I _____ ._ ------ --._------- -- --.- -----2.0BJi:CTIVE 

..5p.aC£Lf.light. program to ~ccomplish: flight _~emo~stE.~!~_on o~a 
.Qualifi~ 8 cm ion t.hrustE'r ~stem .~~~!~t1on-ke~fng _._ I applications, obtain space-aata ror-aes1gn ?r-nT9H ~oitage '- ~t~'M\d i~ye~~_:~~ge cont~echniq\les .. ______ _ ._ 

j 3. NE::D ,!:\NALYSIS 

a) LEVEL NOW 1:11. WI l.L BE LEVEL lD UNDER EXISTING PLANS. 
bl REQUI RE D AIJVANC[;MENT ·- SHOULfl DE n=CH hJ OLOGY Fl EADY 

AT LEVEL [1] Fa" O?E IlATIONAL SYSHM USE OY [MTE: J~80 J 
c) RISK IN ACHI EVING ADVANCEI .... 1F.NT: 

HIGH 0 MEDIUM p ' lOW 0 
dl CRITICA LITY TO TH E ACC()MPLlSIIMENTS: F::I'J AG LI NG 0 011 

ENHANCING: HIGH 0 MEDIU rJ1 0 LO\I'/D 
01 TASKS NEEDED: STUDY «J ANALYSIS ~ RE:;EA I1CH 0 

GilD TEST [i] ~IR Cfl .... FT TE!n 0 ~PACE FLIGHT TEST 1KI 
OTl·j E~ (Speci ! 'I I 0 ____ . _______ ~~~3.~~:...n..::~::l 

- ----_._--------_._---- - -
---------- - ---_. 1 • • ____ --- ----- ----_. _ _ ._---_. _ --- --- --- --_.-... --

5. SPECl f V TECHNO! OG'/ J.\DV /\NC;:i,li.:I'.lT /-:EaUlR 2D TO 
ACC(; j\.1PUSl-I N:: ;:O 

Pr9.ll..c;J; Start - _Oc~ober 1977 _ _ ___ ______ ._ SPHINX a Review Complete - December 1~'1 

SPHINX ~~ru~mltl..~te . ...::...9_~~~b.r _l!?~ __ ___ __ ."..--______ _ 
SPHINX a Assembled and Test Complete - March 1979 -- -- ------- ----~!l..!NX .£. En9ineering Model Assembled an~ Tes..:...~omplete~ __ -:._ 11l/7 
SPHINX C Pro!oflight As~emb~~~Te~t C~mplet!~_- Au~~~:'!98~ 
La~C?.h readL: December 198!l _ _____ _ ___________ _ 



SPACE TECHNOLOGY NEED FORM NO. I 
PAGE 2 OF --2-

TITLE Environmental Interactions: 7.8.91~0 
NOli /P-2/EI-3 

Space ~lasma-~igb Voltage Inte~action 
THEME / W.G. / TASK 

Exgeriulent Sat~l1ites (SPHINX BLC) DATE Jl4.. /29/ ..l..D. 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Two separate satellites will be designed to accomglish the grogr~m 
objectives. These satellites ~il] be built. tested, qualified aod flow Oa:l 

a tw~ ~ear missio~ in a highl~ elliRtjca] orbit so tbat a wide range of 
plasma densities can be samgled. The fl jgbt resu] ts llIi 1 1 be used to 
establish the engineering design information for higb ~Q]tage-space plasma 

interactions and to grovide tbe f]jgbt demonstration of a qualifiable 8-em. 
ion thrllc:tpr 

7. AL TERNATIVI:: APPROACHES/OPTIONS Restrict all large SRace RQ~er s~stems 
to relatively low voltage 

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 16 71 18 19 80 81 82 83 84 6E 86 81 88 89 90 91 92 93 94 95 

TASK ITEM 

Proj. Start 

~HINLB S,l d & rs. · i[r ~ 
SEHlNX Eng . Mod 
Build and Test 1.6 ~ ~ 

SPHINXC Prntnf'l t 
Build-.A..Jpc:t 1.6 ~ 

A II7 ·Mi ssi on '-A v 

Desion Criteria I~ 

MANPOWER (M·Y) 
18 21 15 6 5 2 INHOUSE _ _ 

CONTRACT - - - - - -
FUNDING (106 $) 

INHOUSE .6 .6 4 ? 1 1 
CONTRACT 11.4 ~ . E i1 .1 - -
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SPACE TECHNOLOGY NEED FORM NO. I 

PAGE 1 OF 2 

1. TITLE Environmental Interactions: NO. All/P-2/EI-lA 

SRI~e Pla~ma-Higb Voltage IDterl~tjgn THEME IW.G. / TASK 

Experiment Satellites (SPHINX BIC) DATE 04 I 271 76 New Initiative F.Y 77 

2. ~~~~nYg~t ~rc,gram to accomelish: Obtain space data for design of~ 

I 

I 
I 

voltage Slstems for s~ce. investigate charge control technigues and I 
demonstrate o~ration of gualifiable a-em ion thruster s~stem. 

3. NEED ANALYSIS 

a) lEVEL NOW Ii]. WILL BE LEVEL (lJ UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 
AT LEVEL [] FOR OPERATIONAL SYSTEM USE BY :OATE: 1979 I 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH 0 MEDIUM [) LOW 0 

I 

f 
I 

L 
r 
I 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [] OR 
ENHANCING: HIGHD MEDIUM 0 LOW 0 

e) TASKS NEEDED: STUDY 0 ANALYSIS 0 RESEARCH 0 
GRDTEST 0 AI R CRAFT TEST 0 SPACE FLIGHT TEST [J 
OTHER (Specify) 0 (Check one or more) 

f) R&T BASE CANDIDATE Ho 
4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY Higb ~o]tage S~stem IecbDO]o~ 

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

A flight test ~rogram is r~uired tQ RrQ~jde dAti gn the intera~tjgas 
between the SRA!;e g]ilSma aDd tbe sudaces bhsed to ~~9~ lIoltage 
This flight test ~j]] tg~e[ a brQad raDge of lIo1tages aDd be tested 
over a wide range of ~lasma denSities. 

--



SPACE TECHNOLOGY NEED FORM NO.1 
PAGE20F~ 

TITLE Environmental Interactions: N~i~~~2IU /P-21El-~ 
S~ace Plasma-High Voltage Interaction THEME / W.G./ TASK 

Experiment Satellites (SPHINX B/C) DATE ~~ IJ.iJ. 
6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

I 

I 
j 

Two se~arable satellites will be designed to accomQlish the Qrogram 
objectives. These satellites will be built. tested, gualified and flown on 

I a two year mission in a hi9hl~ el1i~tical orbit. The flight resuJts will 
be used to establish the extent of ~he space Qlasma-high voltage surface 

1 

interaction, to provide the initial design criteria and to ~rovide the 

fli!'Jht demonstration of a qualifiable statioD keepinglattltllde cootr:o] ioo 
thruster 

7. ALTERNATIVE APPROACHES/OPTIONS Restrict all large space power s~stems 

to low voltage levels so tbat jDtera~tjcDs ~jtb eD~iroDmeDt are minima] or 
insulate from environment . 

S. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 
Environmental Charging of S~acecraft Surfaces (BIO~ 506-23-36) 
Inte9rall~ Regulated Solar Arral (RTOP 506-23-36) .-
Space Plasma-High Voltage Interaction Studl - New Initiative 

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 

Project Start ~7 

SPHINX B Build & 

Test L~ 

SPHl~X C EnQ. 
Mod Ruild.t Tpc:t L.~ ~ 

SftfINX C Protofl t £~ fs\7 
Mission 6 - ~ 

MANPOWER (M·Y) 
INHOUSE _ _ Il;n 51: Xl 110 I; 

CONTRACT 
I 

FUNDING (106 $) 
.6 INHOUSE .6 .4 . .1 .1 

~- r-CONTRACT b.5 2. .2 - -



SPACE TECHNOLOGY NEED FORM NO. I 
PAGE 1 OF 2 

1. TITLE Environmental Interactions: Space Plasma- NO. Al llP-2! EI-4 
High Voltage InteractiQD Stud~ THEME I W.G. I TASK 

DA TE.-L /..2..7, Z6 

2. OBJECTIVE 
Io determjoe tbe effects of and melAS of controll1ng the i~teractiOAS 
between the space environment and the surfa~e~ biased b~ tbe space po~e~ 
systems. 

3. NEED ANALYSIS 

a) LEVEL NOW [JJ . WILL BE LEVEL [i] UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL rn FOR OPERATIONAL SYSTEM USE BY I DATE: 79 I 
c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH 0 MEDIUM 0 LOW 00 
d) CRITICALITY TO THE ACCOMPLISHMENTS : ENABLING [] OR 

ENHANCING : HIGHD MEDIUM 0 LOW 0 
e) TASKS NEEDED : STUDY [!) ANALYSIS []) RESEARCH 0 

GRD TEST UJ AI R CRAFT TEST 0 SPACE FLIGHT TEST 0 
OTHER (Specify) 0 (Check one or more) 

f) R&T BASE CANDIDATE Yes (~~ IDitiatj~e) 
4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY Higb Voltag8 S~st8~ ~8'~AO~Og~ 

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

• Develo~ model of the interAction bet~eeD tbe plasma eo~itoomeot 
and the charged surfaces. 

• Verify model by testing. 
• Extend model from ground test conditions to s~ace. 

-



" 
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SPACE TECHNOLOGY NEED FORM NO. 1 
PAGE 2 OF ...2...-

TITLE 
Environmental Inter~~tjODS: NO. All . IP-21EI-4 
S~ace Plasma-High Voltage Interaction Stud~ THEME / W.G. / TASK 

DATE Jl! /2~ / Z2. 
6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Conduct analltical and ~x~erimental stud~ to dev~lQ~ ~nd ~erjf~ mDde] Df 
high voltage surface-s~ace ~lasma interaction~ fQr the r~nge of ~o]tAgeS 
and orbital cond~tions proposed for space power systems in the earll 80's. 
Flight da~a will be used in this study to extend model to large! megawatt 
s~ace ~ower s~stems of the 90's. 

1. ALTERNATIVE APPROACHES/OPTIONS 
R8!ita::ict All Space ~Qwer S~stems 

O~erations to Relativell Low Voltages. 

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) Environmental Charging of Spacecraft Surfaces (RTOP 506-23-36) 
Integralll Regulated Solar Arral (RTOP 506-23-30) 
Soace Plasma-Hiah Voltaae Interaction Exoeriment Sabl1itpc: (SPHINX Blc -npw In I aT. VP 

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 

Es tab 11 sh Model ~~ .t::J 
Conduct Tests icr "i! 
Evaluate Fliaht 

Data 1-. :-

-Extraoolate to 
Large Systems -,. 

Evaluate Flt Data It.. 
1-

MANPOWER (M·Y) 
INHOUSE __ 2 2 2 l 2 ~ 1 1 2 2 ! 

CONTRACT 

FUNDING (108 $) 
INHOUSE 1 .m .1 .n~ .m .m .0: .M .n~ .m CONTRACT ,1( .1 ,2 ,2 - - ,2 ,2 

I 
I· 
I .' 

I 
I 



SPACE TECHNOLOGY NEED 
FORM NO.1 

PAGE 1 OF 2 
1. TITLE - E~v~ro~me~t~l Interactions: Personnel NO. 7,8/P-2/EI-5 ~--. - --oJ ' --- -Shielding by Electromagnetic and Electrostatic THEME / W.G. / TASK 

1 _ _ • _ _ _ 

Fields 

DATE 4 /28 l 76 
2. OBJECTIVE 

E~A]UAte the [eJAthe ml;u:its of flltllr2 5bieldlAg by e1ectromagoetic or electrostatic fields comeared to mass shielding and recQ~Dd ~d~An~ed technology direction. 

3. NEED ANALYSIS 
al LEVEL NOW [1]. WILL BE LEVEL [] UNDER EXISTING PLANS. bl REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY AT LEVEL m FOR OPERATIONAL SYSTEM USE BY LI)ATE : 1995 I -cl RISK IN ACHIEVING ADVANCEMENT: 

HIGH 0 MEDIUM 0 LOW 0 
d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING 0 OR ENHANCING : HIGH [J MEDIUM 0 LOW 0 el TASKS NEEDED: STUDY ~ ANAL YSIS [!J RESEARCH [!] GRD TEST ~ AI R CRAFT TEST 0 SPACE FLIGHT TEST 0 OTHER (Specifv) 0 (Check one or more) 
1) R&T BASE CANDIDATE Yes' ~elll Start 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR USE OF THIS TECHNOLOGY {a) SueercQnducting magnet. !b} s~~~ecr~ft charge control 

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO ACCOMPLISH NEED 
Provide detailed design seecifications for Qersonnel shielding of large GSO sQace stations against natural radiation environment. AccoQ)l1sh laboratorl testing to verifl the sQecifications. 

- .... f"'" .. 

.-

-

-



SPACE TECHNOLOGY NEED FORM NO. I 
PAGE 20F..L-

TITLE Envi ronmenta 1 Interactions: NO. 1.7.81 P -, IEl -5 _ 

Personnel Shielding Bl Electromagnetic THEME 1 W.G.I TASK 

or Electrostatic Fields DATE 4 ,28 / 76 

8. RECOMMENDED APPROACHIPROGRAM PLAN TO ACCOMPLISH NEED 
(a) Survey of environment. 
(6} ~nalysis of shieldIng requirements . 

..w Anallsis of field generation reguirements. -
(d) Experimental field generation. 
(e) Technology comparisons. 
(f) Selection of shielding method. 

7. ALTERNATIVE APPROACHES/OPTIONS 

Mass shielding 
-

8. CURRENTIPLANNED RELATED ACTIVITIES (RTOP, OTHER) 
HaDe 

9. TECHNOLOGY SCHEDULES 
FY 

SCHEDULE ITEM 16 11 18 19 80 81 82 83 84 85 86 81 88 89 90 91 92 93 94 95 

TASK ITEM 

Survey --'i~ 

Ana lysis - Ii ~ 
Experiment -I-- - ~ ~ 

Comparisons --,11 
Selection ,~ 

Documentat1o~ -_v 

MANPOWER (M·Y) 2 2 4 4 2 INHOUSE _ _ 
CONTRACT 

FUNDING (108 $) 
.2 . ( .3 .3 .2 INHOUSE 

CONTRACT 1 ~ .3 .4 • 1 



Task 
No. 

PC-2 

PC-4 

PC-7 

PC-8 

ES-1 

ES-2 

ES-3 

ES-5 

ES-6 

ES-7 

ES-8 

ECC-l 

PP-l 

~. TECHNOLOGY NEED NO. 

~t. Wt. Rad. Resi~. S.A. 

Lt. Wt. Lo Cost 
Silicon Arrays 
Solar Array Tech. for 
SEP and p/L App1. 

Silo Solar Cell Tech. 

Tech. for I!Dproving 
Perf. & Life:Alk. Batt. 
Silver-Hydrogen 
Rechargable Battery 
Long Life. Lt. Wt. 
Ni-cd Battery 

Primary Probe Batteries 

LIll:qe Ni-cd Battery 

Advanced Reqen. 
H-o Fuel Cell 

Pbotovoltaic1Electrolys ' g 
Fuel Cell Tech. 
Lightweight 
Fuel Cell 

Advan. Electronic 
P.C. Technology 

7 
SPACE 
POWER 

83 88 

2 

6 

3 

13 

4 

5 

8 12 

"" ... 
... _-- ....... _---

SPACE TECHNOLOGY NEED PRIORITY ASSESSMENT 
(Lin in _aI Ofdlr. 1 - H .... Priorityl 

8 9 10 11 12 SPACE SETI SOLAR SYS. GL08AL ADV.TRANS IN DUST. EXPL SERVICE SYS. 83 88 

2 2 9 

6 6 4 8 

3 4 1 8 
7 4 7 

13 13 3 5 

11 

3 2 7 
3 

4 10 

4 

5 3 

1 

8 12 5 3 6 

1 of 3 

FORM I~ 
P-2 FORM III WORKING GROUP 

DATE 4 /29 / 76 ! 

NASA Ra.T SUMMARY PRIORITY 
ASSESSMENT 

! 

c ..... , .. aT ... WG n OAST 
DIV. i 

I x x 5 
I 

x x 11 

x x 4 

x x 10 

I 
x x 13 I 

I x x 33 
I 

x x 12 I 
x x 21 

! 

x 6 

x 23 

x 22 

x x 24 

x x 15 
.. 



------_._-----_ . . _----- -------- - --

Task 
No. 

PP-2 

PP-3 

PP-5 

PP-6 

PP-7 

· PP-8 

TE-l 

TE-3 

TE-5 

TE-7 

TX-l 

T./C-2 

TX-3 

~ !TECHNOLOGY NEED NO. 

Integrally Requl. 
Solar Array Tech. 

Hi Pover/Hi Voltage/ 
Low Loss Components 

Remote Power 
COntroller Tech. 

Lg. Life. Hi Perf. Pwr. 
Proc. for pl~tary AWl 

Power Transfer Across 
Rotary Joints 

Multi-Kilowatt 
Distribution System 

Thermoelectric 
SystMlS 

Nuclear Thermionic 
Space PoWer system 

Hi Performance 
Thermionic COnv. Tech . 

Heat Pipes for Higb 
Tharmal Densi ties 

Microwave 
Transmission 

Laser Power converter 

Laser Pover Trans. 

7 
SPACE 

8 lO'll fEL 

7 8 

10 

6 10 

9 11 

5 

4 

4 

SPACE TECHNOLOGY NEED PRIORITY ASSESSMENT 

(Lilt in -a order, 1 - H ..... f'riorhy) 

8 II 10 11 12 
SPACE seTI SOLAR SYS. GLOBAL ADV.TRANS 
INDUST. EXPL. SERVICE SYS. 

83 88 

13 2 

7 8 3 

10 10 6 4 

2 

12 

6 10 4 

3 

12 1 

5 

9 11 
~ 

5 

4 

4 

2 of 3 

FORM II 

WORKING GROUP P-2 FORM III 

DATE_LJ..29.1 26 

NASA R8rT SUMMARY PRIORITY 
ASSESSMENT 

C4omoI. lilT .. OAST 
WG TT DIV. 

x x 16 

x x 7 

x x 25 

x x 17 

x 32 

x x 9 

x x 18 

x x 26 

x x 27 

x x 28 

x x 14 

x x 31 

x x 30 

~ 

-----.... -- ~-.---



Task 
No. 

5-2 

S-4 

S-6 

S-7 

£I-2 

£I-3 

£I-3A 

~. 
IncHNOLOGY NEED N . 

Auto. Power Syst_s 
Manaq_ent (APSM) 

Advanced Power Systems 
Tech. 

oasis 

Auto. Test Techniques 
and Techno1oqy 

Envirol1lllental Cbarqinq 
of Surfaces 

Sphinx B/e {Y 78) 
N. I. 

Sphinx DIe 
tY 77) 

N.I. 

7 
SPACE 

8~'L8 

7 

1 1 

9 

3 

2 

3 of 3 

SPACE TECHNOLOGY NEED PRIORITY ASSESSMENT FORM II 

WORKING GROUP P-2 
FO .... III 

(Lilt in __ onIIr. 1 - HW- Priority) 

DATE 4 /29 ,76 

8 II 10 11 12 NASA RAT • SUMMARY PRIORITY 
SPACE SETI SOLARSYS. GLOBAL ADV.TRANS ASSESSMENT 
INDUST. EXPL. SERVICE SYS. c:- lIaT .. OAST 

83 88 WG TT DIV. 

7 9 2 x x 8 

2 x 20 

1 1 8 x 1 

9 2 x x 29 

1 14 x x 19 

3 11 2 

2 

I 



j _ ..... ---

I 

I 
I 

1 

I 

1. 

2. 

3. 

4. 

5. 

6. 

7. 
8. 
9. 

10. 

11. 

12. 

PERIOD 

fota1 Power 
KWe 

Bus Voltage 
Regulation % 
Special Load 
Requirements 

Breakdown Loa~ 
Reqmnts of (1) 
Above 

Location of 
Orbit or Planet 
i.e. LEO.GSO. 
INNER or OUTER 
Planet 
Un1que Env1r-
onmental Req-
uirements 
Operat10nal Life 
Autonomous? 
Maintenance? 
Propulsion Req: 
a - Transfer Orb 
b - Position 
t - Planetary 
Special EM! .RFI 

etc? 
Other 

- -----

THEME SETI NO. 9 

POWER FORM 
P-2 

ELECTRICAL POWER REQUIREMENTS 

1984 1990 2000 
2 3 10 

* (Order-of-megawatt power for 
shield and dish p repulsion not 
1nc1uded above) 

1 1 1 
*Shie1d and dis~ pr 

rotation of 10/da 
pulsion for 
approximate1 

once a year 
+ 70 + 20 

Receivers , Data Links 
Control Telemetry 
Figure Monitors 
Figure Servos 
Cryogenics (5 to 

lOOK) • 5 to lOOK ~ 
*Shie1d and dish pr ~pul sion 

LEO/GSO GSO/Lunar GSO/Lunar 
Distance Distance 

Half-Time Shadow 
Environmenta1- ,. Charging Problem 

10 years 10 years 30 years Yes 
--+-Yes 

~ 

Yes - - .. .- . . > Yf.3 _ __ . -- "-" , - _ ..... 
- '. 

RFI -
" " 

y 

l-
I 



1 

2 

3 

4 

5 

6 

7 
8 
9 

I 

I 

nJLMC SOLAR EXPLORATION m 10 IOOL __________________ ~J~. 

ELECTRICAL POWER REQUIREMENTS 

PERIOD 19-2L 19....2L 

• TOTAL POWER - ,KWE I PROPULSIVE POWER - • 400/600 KW OR 
HUNDREDS KW HIGHER 

I SCIENCE PAYLOAD - 20 TC I ABOUT THE SAME 
30 KW SCIENCE PAYlOAD 

I TOTAL • 220-230 KW 
• USE 200 KW • TOTAL 400-600 KW 

• BUS VOLTAGE • FOR THRUST 1000V OR I SAME 
REGULATION % MORE 

I 100-200V FOR SCIENCE 
PAYLOAD 

I ORDER OF 1% DESIRED 

I SPECIAL LOAD • PROPULSION SEE (1) • SAME 
RE~ I REMENTS ABOVE 

I SAR HAS PULSE LOADS 

CABLE RUNS LONG 60-80 FT 

I BREAKDOWN • SEE (l) • SEE (l) 
LOAD REQUIREMENTS 
OF (1) ABOVE 

• LOCATION OF ORBIT I EARTH ORBIT OF PLANET • LAU i;:: ~ 1ST 
OR PLANET TEST 10 KGM FACILITY TO OUTE~ 
i.e .• LEO. GSO. FACILITY - IN LEO PLANETS - 10 ~M 
INNER OR OUTER - -;0 TO GSO NOT INCLUDING 
PLANET • LEO 100-30J MILES FOR PROPULSION (12KG 

MONTHS INCLUDING PROBES 
• TRANSFER TIME - MONTH5 LANDER & PENETRA 

WITH NEP AND SEP TORS . 5 ~ FOR 
(60-180 DAYS) ORBITING FACILIT' 

I UNI~E ENY IRON- I EARTH RADIATION ENY IR-. SEVERE JUP ITER 
MENTAL REQ~ ,~EMEN OHMENT RADIATION ENVIRON-
RE~ I REMENTS • POSSIBLE SCALED-DOWN MENT 

NEP* RADIATION 
ENV I ROHMENT 

*1988 AVAILABILITY 

• OPERATIONAL LIFE • 8-10 YEARS ~ 20 YEARS (TO EOM) 
I AUTON(M)US? • YES! • YES 

• MAINTENANCE? • OCCASIONALLY MANNED • U~NED RESUPPLY & 
VISITS SAMPLE RETURN EVERY 

1_" YFAR!\ 

Power Fom 
P-2 

2000 

1 UNDEFJNED 



I 
"I 

I 

10 

11 

12 

THEME SOLAR EXPLORATION (CONTINUED) ro, 10 

ELECTRICAL POWER REQUIREMENTS 

PERIOD 19~ 19~ 

• PROPULSION REQ: • 1ST LAUNCH USES NE~ 
SO DOES RESUPPLY 

a. Transfer Orbit • YES • NEP & CHEMICAL FOR 
b. Position • LEO TO GSO/STATION KPG LANDERS,PROBES,FREE 
c. Planetary • N/A FLYERS (MANY) 

• SPECIAL EMI, RFI, • YES, SHIELD RADIATION OF • JUPITER IS A STRONG 
ETC.? NEP-LARGE PULSED POWER RFI SOURCE IN 

LITERATURE 
(SYNCHROTRON) 

- OTHER • FREE FLYER - • CHEMICAL/SEP IOlLD P~ 

- Chemical Propulsion ClUDE MISSIONS BEYON[ 
- Few Hundred Watts JUPITER - THUS NEP 

from RTG ONLY OPTION 
~ ~PPORT TO ORBITER: 

(a) Penctrators with -
RTG: 1-2 watts; 20,OO~ 
impact capability; 1-2 
~rs 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 war 
after 20 years - need 
battei'1es (long 11fe) 

(b) Landers and probes 
using battery and RTG 

(e) Photo reconnais-
sance satellite needs 
50 watt RTr., 1 month 
life, perform in in-
tense radiation env1rc "-
ment provide power 
after 20 years. 

(d) Sample & return -
use RTG and blttery. 
High pelk battery 
loads to hundreds of 
WittS. 

-

Power Form 
P-2 

2000 
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