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Dr. O. Richard Grove

MOUND LABORAIORi-i;kiNSANTO
MR/U. ME NO,  6 6 7- 	/

received a 	 of the requeet for proposal for
program. Ms:treated from this proposal are asmesate

pertinent to our input into this study. the request for
proposal is for the performance of a study, including the
preparation of a preliminary desiipt and a development
program of a 400 watt(e) politely r-210 fueled thermoelectric
generator intended for use in an earth orbital space mission.
this study is to be performed withima90-dsy period and is
the first phase of a multiphase development program. It
Shall be conducted as a competities among two or three
contractors selected to perform the effort. Eased on the
results of this and Govereme►t studies, a decision will be
mode whether to continue with the follow-on development
prograw• It is *spatted, is the *vest of contimmation, that
the development program will be initiated a few months after
completion of the study.

In the scope of work, it is stated that the contractor shall
conedect a preliminary eaginsering design and integration study
of a 400 watt(e) polonium.210 fueled thermoelectric generator
(RIG) and its support equipmeat, for a 90-day earth orbital
mission. Specifically, the Contractor shall:

A. Liaison and Interfaces

1. As and to the extent directed by the Contracting
Officer:

c rl a t i c

a. Perform coordination and liaises activities with the
User Organisation(s) andior its (their) contractors
to establish interfaces includimg design ammetreints,
between Contractor-furnished services and items
sad the services, equipment, and facilities
furaished by the User Organisatioe(s) wider its
(their) satellite progrma(s)p 7 	 r‘Tr 	 ,PATA

iu
Thi, 	 . c 	 astricted .ia 	 as

a : 	 Act of 1954. as 	 nintitt

a ..iisc:a4iita of its contents in any sutannsw to

an unauthorizad parson is prohibitod.

VAS?Nik.



b. Conduct liaaeet with t 	 ion and/or
its Comerecters to obtain the fuel fora and
the fuel emeepoolatima information

Utilising the above established interfaces aid
the system speeificatiens is the pia, prepare
a teehnieal interlace specification shish shall be
used as a reform*, dor/name during the *body prevent.
This document shall be revised, as meeessary,
throughoit the steady program. This specilisstios
shall isclude performsmce, design, fabriserties, test
and other pertinent requirements of Cootraetor-
furnished items.

Prepare a detailed operating plan which shall
describe all pertimemt aspects of the use of the
RTC in a routime space siestas UAW*, Normal
operation and credible mmlftion comditlems. This
plain shall be is secordesse with the requirameNts
established betimes the COMMISSION sad the Veer
Orgosisation. The plan Shell mot include aoy aspects
of fuel production sad emcapsulatiss.

Deeigm mil Analyses

1. Prepare a preliminary design(01 which 	 include
idefintion of arterials, fabric:ties tedimiques,

cooloot weights, operating temperatures, and other
pertinent cherecteristics of a ITS which meet the
requiremeNts contaimed in the tedmical interface
specificatioms prepared mmder ♦.2. above.

Prepare a prelimimary destia(v) of the fremmd
equipment required for the treasPortattem4 bamdlini•
and use of the gemerstor amdior its fuel capsules
at the launch simplex. This equipoise *hell include.
but Not be limited to, a field test kit for the RIO,
hamdlimg toolpmeot capable of both loading sad
usleading the fuel, aid Shining sad storage osek(a)i
if required, widish shall meet the temboleal interface
specificatiess prepared under 	 above, sad which
shall conform to applicable /CC ehippimg Regulations.
Other greumd support equipmemt, suCh as is Necessary
to handle occidest conditiome, shall be identified.
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3. Comduat analysis in of the work set forth
under B.l. and 3.2. 	 These analyses shall
Include * but not be 1

6. Evaluative of alternate approaches includieg
tradeoffs awls*, volume fuel quantity ,

afietmacy* xarl ability, *tier pertinent
consideratives s and the mosso= ter the
approach(es) selected.

A detailed determinative of the preferred
form.

c. Preliminary review of 	 safety aspects of
the RTC and/or fuel capsules designed Wider
3.1. above, with respect to normal operations
amd erodible accidents related to the 	 is
testing* trmasportstion e storage* laumck and
post-lenschopmetions.

Asseemene: of overall RIC liability based on
reliability analyses of each subsystem.

Evaluation of RTC design floMMUAlly over a
rang* of power levels mad nission lifetimes.

Analysis of the foal.' and dangling operations
at the larva complex * Including dose rota
profile as a function of distaste frma the WPC.

S. Analysis of fuel loadings and fuel delivery
schedules required to nest plamned Imam&
schedules.

h. Analysis of wallas requirements to provide for
indefinite holds on the lama pad.

Analysis of OS performaece order 	 launch
and *scow to orbit conditions.

• Designconsiderations for thermal and/or electrical
mesas of dissipatimg excess emergy related to the
decay of the radioisotope.
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k. Dotal.
and
not
to 1 dovsl

lopment Programing*

Prepare • developmemt program plan for Phases 11 III,
and 1, as outlined below. This plea shall be sufficiently
detailed to noble the Commission to thoroughly evaluate
the remaining previa phases. The plan shell include:

1. Detailed breakdown of the program into tasks and
sobtasks

Detailed descriptions of the effort in each task
sod stetash4 imeludimg objectives sad approaches.

Detailed cost estimates for each task and/or nbtalk.

Schedules which show the duration and interrelationship
of the talk and sultaska and major milestones of the
Prelim.

A critical...path solieduling technique far the purpose
of preens nimogiumat.

6. A reliability program which will demonstrate RTC
reliabilitybased on component life test seammtime.
between..tailore data.

A quality iontrol program 	 ETC reproducibility
consistent with MIL-4.91158A.

A design qualification and #li t acceptence testing
provimy conistent with ii1L-STD-SICA and including
thermal vacuum testing.

A safety program to meet the RTC system safety
criteria of routine intact reentry.

4.
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$ote: The schedule and cost information (exclusive of fuel)
shall be prepared for:

1. A ninimumrtime-ite-devolop program.

2. A minimum-east-to-develop program.

3. The Contractor-recommended program to deliver the first
night RTC for Launch in mid 1944.

ybase l  - Generator Subsystem Development. This phase shall
consist of the final design of the RIG and component
development, imcludiat:

1. Frowstiest of drawings, specifications, and
processes required to fabricate a prototype RTC
and necessary groumd support equipment.

Fabrication and testing of STO compomemts to
dememstrate achievement of system specifications.

Performs's* of safety testing and analyses of the
RTC and/or its components necessary to prepare
preliminary safety analyses report.

Prototype System Development and Qualification.
shall include:

Fabrication and qualification testing of electrically
heated prototype SIGs and one fueled prototype RTC
(for Lemma pad demonstratiems) im sec ems with
the drawings, specifications, and processes prepared
under use II above. Also, two additional electrically
heated prototype generators shall be fabricated for
User requirements.

2. Fabrication and test of &remold support equipment.

3. Using the informatineamd test results obtained under
this and previous program phases, prepare a Final
Safety Analyses Report based on the mission aeppl ication.

5.
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Pabsicat mn, asssosbtjr, fast, mad delivery to the
Leameh site of the (3) 1000 for flight testing,

Costinuing the safety efforts is support
obtiOmOg approval far opecetissal missies

Providimg emgimeertmg plausibly, surveillamte mad
teehnicil dimities for Lemma support,

4. Spartag final teihmical data, dinwimge, and
specifications for fillowea protagonist of
operational MO.

Cost Estimates of Production Units

The Coot:rector shall prepare a cost estimate for
aperetiomal RTC omits, egoludiss fuel costs, assumimg
delivery of 44 Ins per year. The cost estimates
Shoild comelier a production qmality.Assugance PrOVRIM
iscluding sampling, iasprctlin, and flight acceptance
testing requirommmts.

the proposal, the system specificotlass are defined as
follows s

21/20X

The genera
eloctrical watts to
throughout oissioa

1. of prow
llite bus contimuous-1y

Mau
21 miminsm 	 minimum
* DC to DC comvertes if
provided by the Viler .
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Ube capable of meeting 'missies
requirements after being subjected to electrical
Ming and/or fueled cyclic operation' by the
User fors period of six (6) months before lemma.

90 days in specs

14 days.

Deirtveir PO* 

Thirty (30) days Should be assumed between fuel
encapsulation and deity* to the launch site.

The fuel. formsbaU be ett c polonium metal or
gedolimiumpoloside Ina tantslun matrix (1:5 Geo:Ta).
The wxi sartac• temperature of the fuel shall met
exceed 1000sC under any conditions. The following
is the design data:

11211115111.

Nalf-life (days)

Iteliun *volution rate (cc

Power (*bozos' wetts/curie)

138.4

is) 	 0.0226

0.0320 
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Dace 	 (Sicc)

siatbos point CO 	 232.0

U►.. point (°C) 	 962.0

Meet of vaporisation ( 	 bole) 	 24.6

Linger coefficient of empanels* 	 2.33
(0111/01n) 	 -196 to 4.30%)

Taper pressure (436-743°C)

icy (thernol watts 	 1335.0

C
point CC)

sad
r ca

10.0

wetts/cc) 	 120.0

3.0 of GdPo
	 •C

of Te should be
fuel form.

The polonium-O fuel 	 11 becontaina4 within
a to of liner wibose Waimea can vary between
20 and 60 mils 110 welding Shall be used as the
liner closure.

Tho outer feel capsule contaiser shell be a refractory
metal and Shall be designed to both retain its
integrity for a period of five years vibes *upend to

salt water austrooment and survive impact at terminal
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velocity and operating temperature woe granite.
This outer container shall be welded by either
TIC or Bpi. Capsule void volume aid wall thickness.
within the limits specified, are deals* variables.

A major design consideration of the heat source
assembly Shell be ease of finites aid deflating

The thermoelectric power couversion assomblydesign
Shall be based only on the lead-telluride and lead-
telluride/bismuth-telluride thermoelectric techmologY
represented by the SNAP-Sk. 11, 17$, and 19 Programs.

10 . MiliWWWWWfthimida
Only convective fluid cool f, includimg
con►eetton and heat pipes shall be oessidered. This
does not asslude onductive or radiative coupling
between the thermopile end hest rejection system.
Curreat to lay in materials and compoments shall
be used to the merimusi extent possible.

11.immiggliat
°styli:MA 1301. X11 be used as the insulation
material ithin the thermoelectric comversion
assembly. Other generator insulation Shall be
based on current technology to the mashmosestent
possible.

12.Ibismaligiggima
The generator shell be thermally engineered so that
minima heat imput is allowed into the bays adjacent
to the possible locations for the &TO indicated in
Figures 1 and 2 of the vehicle drawings.
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convertor pr tied by the
cemverter mill be designed provide the neeessery
electrical protectioe to the 120 as specified by
the 8210 Ceetractor.

If it is desirable to dmmp the ogeess power
IMO during missies lifetime as electrical energy
the Wag Avow will provide swah a eapebility.

The generator shall be die a ally
with the envelope maestro ae as set forth in
Figures 1 and 2 of the vehicle drawimea

The meximon allowable 	 Integrated ri
dosage to the payload at end of missies 1
20 rads at a distanceof 208 indhes shoed
forward bulk heed of the vehicle& in Mures 1 and 2.

The follawiss emu tired radiation from a bare source
of Po metal shall be used:

14.

Gamma 	 0.8

EaRey 	 0.077

0.01 to 0.013

5.3 (— ION)

4.5 (1.22 x

Neutron& 1.0 to 44

-37)

1.4 it 107

1.7 x 108

3.4 x 108

1.1x 1012

1.4 x 107

3100 metal
6200 adro-?a



ldims foster for the ma 	 form shell be
calculated by the Camtractor.

740alialkaallit
The seserator shell be de
number of sensors to adequate
operational condition. The electrical conditioning
of the lialloore oltPot will be►ided by the
;MIAS Airmel•

17 • latala
The seawater shall be deslimed to assure complete
containasat of the fuel usterial except under certain
limited conditinas share loss of oontalament does
not subject the populace to an undue hoard. No
re-entry safety allowance can be taken for the
re-entry vehicle a■dior satellite. The aessuml
node of senerator disposal will be by MOODS of
orbit termination by a controlled zu-entry necbsnisa
located on the satellite

10. 211M
The Intel 	 vehicle will be launched
Western zest Range with an orbital inclination of
97* (sua synchronous) at an altitude varying
between 120 to 250 nautical voiles.

19. IIIMAILLttt
The senoras:or shall be designed sad tested to
demsnetzete a reliability of 996 at a 50%
confidence level, This reliability Shall be
based on component We test onsa-tiarbetween
failure Nan dam*

Vibration

11.

16.



During boost 	 as
exposed to veratisms as

it

law
ctqk 	isalutiads

0.5 inches
peek to pmt

Sig

15g

0.20

400-2000 0.40

Burint anaspowered orbital
vibration level will be near se►. Far art
purposes, the equipmeat should be able
withstand the specified sinusoidal vibration
levels for 23 minutes in ea& of three orthogonal
axes and eke random Levels for a period of five
minutes, similarly oriented.

b. PryISMILV

The absolute pressure during ascent is reduced
from sea level to 25 UM of Ng in approximately
90 secomds. 41.11WMIMMElprossure reams:then rate
of 15 "s of Ng per *mooed takes place in the
transonic resins for a naximum duration of 30
seconds
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C. Shock

Striaeemt the gemerstor Noy be exposed
to a shock of 40* for a duratios of I milllsecomds.
The equipment Shall be desigmed to withstood mach
• e 	 applied in each of three orthogosol axes.

d. Acceleration

The power supply Shall be designed to withstand
an occoloratios of lAg peak axially mad 2$ in both
lateral area. The time of duration well be
supplied by the User.

Acoustic

The generator Shall be desigmed to withstand
en scoostis.,esamd pressor* level of 144db

f. Electromagmetic laterference (sat)

The power supplyall be desigmed to mast the
standards is N110440334 and MIL4TD.$26.

Sadiefrequemory laterferenee (rfl)

The power supply shall be designed to meet the
standardsMIL-1-6051C.

NOTE: The polonium properties have boon reviewed and
corrected. The corrections are incorporated into
this memo.

%)ngHai !-:;nod by
JAMES A. POWERS

Jame A. Powers

JAP kh

13.
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