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Ve have received & copy of the request for proposal for

this progrem. Extracted from this proposal are comments ‘

pertinent to our input into this study. The request for | b

proposal is for the performance of a study, including the |

)

preparation of a preliminary design and & development
program of a 400 watt(e) polonfum~210 fueled thermoelectric
genexator intended for use im sn carth orxbital space mission.
This study is to be performed within a 90-day period end is
the first phase of a multiphase development program. It
shall be conducted as & competition among two ox three
contyactors selected to perform the effort. Based oa the
results of this and Govermment studies, & decision will be
made whether to continus with the follow-on development
progrem. It is expected, in the event of comtinuetiom, 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 comtractor shall

1120TEPL0G9AWTY

conduct & preliminary emgineering design snd integration study

of 8 400 watt(e) polonium-210 fusled thermoelactric generator |
(RTG) and its support equipment, for a 90-day earth orbital
wmission. Specifically, the Contractoxr shall:

A. Liaison and Interfaces

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

a. Perform coordination and liaison activities with the
User Organization(s) and/or its (their) comtractors
to establish interfaces, including desigm constraints,
between Contractor-finnished services and items
and the services, equipment, and facilities
furnished by the User Organization(s) under its
(their) satellite progrsm(s)p =0T ~TTOD

0 Jizcosute of its confanis in any manner $0
an unauthorized person is prohibited.
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B.

b. Conduct lisisom with the Commission and/ox
its Contrsctors to obtain the fusl form and
the fuel encapsulation informstion.

2. mmmm..mmwm
the system specifications in the Appendix, p
& techmical mmmmmmmuu
Munnmammwtwpm
This document shall be revised, as

3. Prepare a detailed operating plam which shaill
describe all pertinent aspects of the use of the
RIG in a routime space mission including normal
mnmmmmunmmm This
plan shall be in accordance with the
nmwmmmmmum
Organigation. 7The plam shall not include any aspects

of fuel production and encapsulation.

Design and Analyses

1. Prepare & preliminary design(s), which shall include
definition of mterials, fadbricastion techmnigues,
component weights, oparating temporatures, and other
pertinent charscteristics of a RIC which meet the
requirements contained in the techmical interface

specifications prepered under A.2. above.

2. Prepare a preliminsxy design(s) of the ground swpport
equipment required for the txyamspertation, handling,
and use of the gemerstor and/or its fuel capsules
at the launch complex. This equipment shall imclude,
but not be limited to, a field test kit for the K16,
handling equipment capsble of both loeding and
Mthhl,mmmmmm&(ﬂ,

if required, which shall meet the technicsl interface
specifications prepared under A.2. above, and which
mnmnmmummmwmm
Other ground suppert equipment, such as is
to handle accident conditions, shall be identified.
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3.

Conduct analyses in eupport of the work set forth
under B.1., and B.2. above. These snalyses shall
include, but not be limited to: .

b.

Ce

d.

&,

£.

h.

i.

Evaluation of sltermate appxvaches including
tradeoffs of weight, volums, fuel gquantity,
e mey, reliadility, other pertinent
considerations, and the reasons for the
spprosch(es) selected.

A detailed determinstion of the preferrved fuel

Preliminery review of the safety aspects of
the RIG and/or fuel capsules designed under
B.1. above, with respect to norwsl eperations
and credible accidents related to the handling,
testing, trauspertation, storage, lsunch, and
post-launch operutions.

Asscsssmnt of overall RIG reliability based on
reliability anslyses of each subsystem.

Evalustion of RIG design flexibility over a
range of power levels and mission lifetimes.

Analysis of the fueling and defueling operatious
at the laumeh complex, ingluding dose rate
profile as & function of distance from the RTC.

Anslysis of fuel loadings sad fuel delivery
schedules requized to meet plammed launch
schedules.

Analysis of cooling requirements to provide for
indefinite holds on the lauach pad.

Analysis of RIG performance under pre-lawnch
and ascent to oxbit comditions.

Design consideratisns for thermml and/or electrical
uweans of dissipating excess energy related to the
decay of the radieisetope.

3.
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POLONIING RADIOXSCTOPE THERMOKLECTRIC SPACE GENERATOR PROGRAM

k. Detailed definition of aresas where basic dats
and enginesring design date snd experience am
oot available, thereby, requiring research and
techoological development.

C. Development Progrsm Plan

Prepare a development program plan for Phases 1I, III,
and IV as outlined below. This plan shall be sufficlently
detailed to ensble the Commission to thoroughly evaluats

the remmining program phases. The plan shall include:

1.

2.

3.

4.

3.

6.

7.

8.

9.

Detailed breakdown of the program into tasks and
subtasks.

Detailed descriptions of the e¢ffort in each task
and subtask, including objectives and approachea.

Detailed cost estimates for cach task and/or subtask,

Schedules which show the duratiom and interrelatiomship
of the task and subtasks and major milestones of the

progran.

A critical-path scheduling technique for the purpese
of program management .

A veliability program which will demometrate RIG
reliability based on couponent life test msan~tinme~
between~fallure data.

4 quality comtrol program to assure RIC rxeproducibilicvy
consistent with MIL-Q-98584a.

A design qualification and flight acceptance testing
program, consistent with MIL~SYD-810A and tncluding
thermal vaemm testing,

4 safety program to meet the RIG system safety
criteris of routine intact reentry.

J0RAT “
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POLONIUM RADIOISOTOPE THERMDELECIRIC SPACE GENERATOR PROGRAM

Note: The schedule and cost informetion (exclusive of fuel)
shall be prepasred for:

1. A minimm~time-to-develop program.
2. A sinimm-cost-to~develop program.

3. The Contractor-recommnded program £0 deliver the first
flight RIC for laumch in wmid 1968.

Phass ]]1 - Generxator Subsystem Development. This phase shall
consist of the final design of the RTG and component

development, including:

1. Preparation of drawings, specifications, and
processes required to fabricate a prototype EIC

aud necessary grouad support equipment.

2. Fabrication and testing of RIG components to
demonstrate achievement of system specifications.

3. Performance of safety testing and snaslyses of the
RTIG and/or its components necessery o prepare a
preliminary safety analyses rxeport.

- Prototype System Development and Qualificationm.
shall include: _

1. Fabrication and qualification testing of electrically
heated prototype KTUs and ome fusled prototype RIG
(for launch pad demounstrations) im accordance with
the drawings, specifications, and processes prepared

under Phase 11 above. Also, two additional electrically

heated prototype generators shall be fabricated for
User requirements.

2. VYabricatiom and test of ground support equipment.

3. Using the informstion and test results obtained under
this and previous program phases, prepare a Final

Safety Analyses Report based on the mission application.

HEOREN
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w—m Deuonstration Systess. This pbase shall
' :

1. Fabrication, assembly, test, and delivery to the
launch site of three (3) KIGs for flight testing.

2. Comtimuing the safety efforts in support of
obtaining approval for operstional mission use.

3. Providing engimeering plamning, surveillance, and
tecinical direction for lsunch suppoert.

4. Prepariag finmal technical deta, drawings, snd
specifications for follow-on preocurement of
operatioral RYGs.

D. Cost Estimmtes of Production Units

The Contxactor shall prepare a cost estimste for
operational R10 wnits, excluding fusl costs, assuming
delivery of 4~6 RTGs per year. The cost estimmtes
should comsider a production Quality-Assurance Program
including sempling, inspection, and flight scceptance
testing requirewsnts.

In the proposal, the system specifications are defined as
follows:

1. EBowsx
The generstor shall be capasble of providing 400

electrical watts to the sstellite bus contismwusly
throughout mission lifetime.

2. ¥altase

21 uiniwm - 31 seximum over uwission lifetime from
& DC to DC comvexter Lf required, which will be
provided by the User.

RECRET
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3.

b

3.

6.

7.

The generstor shall be capable of meeting mission
requirements after being subjected to electyrical
heating snd/oxr fusled cyclic operations by the
User for e period of six (6) wonths befoxe launch.

tdasion Life

90 days in space.
launch Pad Nold Xime
14 days.

Euel Pelivery Time

Thirty (30) days should be assumed between fuel
encapsulation snd delivery to the laumch site.

Il

The fuel form shall be either polonium metal or
gadolintum polonide in & tantalum matrix (1:5 GdPo:Ta).
The maximon surface teuwperature of the fuel shall not
exceed 1,000°C under any conditions. The following

is the design data:

Half-1ife (days) 138.4
Hellum evolution rate (cc at 8TP/curie) 0.0226
Power (therml watta/curie) 0.0320
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M RADIOLSOTOPE TEERMOELECTRIC SPAGE GENERATOR PROGRAM

Pp Matal (as loaded into capsule)

Density (g/ecc) 9.4
Melting peint (°C) 252.0
Boiling point (°C) 962.0
Heoat of vaporization (x“llnh) 24.6
Linesr coefficient of expsnsion 2.35 x 107
(cw/cn®C)  -196 to +30°C)
v suz °g log P = =33 :
spox pressure (438-745°C) (nﬁ e =
7.2345 40,0068

Power density (thermal watts/ce) 13355.0

fdbe-Ta Matxix (as losded into capsuls)

Density (g/cc) 10.0
Power density (thermal watts/cc) 120.0
Melting point (°C) 1675.0 of €dPo £50°C

The chemical and physical cheracteristics of Ta should be
used for other calculations concerning this fuel form.

8.

The polonium=210 fuel shall be contained within
& tantalum liner whwse thichkness can vary between
20 and 60 mils. TIC welding shall be used om the
liner closure.

The outer fuel cepsule contalner shall be a refrsctory
wmetal and shall be designed to both vetain its
integrity for & period of five years vhen exposed to

& salt water ewirommant and survive impact st terminal

m 8.



velocity and operating tespersture upou granite.
MWMrmuhthdbydm:
TIG ox EB. Capsule void volume snd well thickness,

within the limits specified, are design variables.

A major design consideration of the heat source
asseubly shall be case of fueling and defueling.

mmmmummmuwxymsp
shall be based only on the lsad-telluride and lesd-

telluride/bismuth-telluride thermoelectric technology

represented by the SEAP-94A, 11, 170, and 19 Progrems.

Only convective flundd cooling, including forced
convection and heat pipes shall be comsidered. This
does not exclude conductive or radiative coupling
between the therwopile and heat rejection systenm.
Current teclmology in materials amd compoments shall
be uvsed to the maximum extent possible.

Inmulation

Ouly MIN-K 1301 shall be used as the insulation
material within the thermoelectric coswersion
assenbly. Other generator inmsulatiom shall be
M&:mmlmmmmmt
poss .

The generstor shall be therwally engineered so that
minimm hest input 1s allowed inte the bays adjacent
to the possible locations for the ETC imdicated in

Figures 1 and 2 of the vehicle drawings.

~ 1Y
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X-Ray

Alphas

RTIG electrical output shall be delivexed to a
converter provided by the Using Agency. This
convertex will be designed to provide the necessary
electrical protection to the K1G as specified by
the RIC Cemtractor.

If it is desirsble to dump the excess power of the
RYTC during mission lifetime as electricsl energy,
the Using Agency will provide such s capability.

Exyslope Size

The gemerator shall be dimensionally compatible
with the envelope constraints as set forth in
Figures 1 and 2 of the vehicle drawings.

is
mm.x:mummmam
forward bulk head of the vehiclea in Figures 1 and 2.

The following ssasured radiation from a bare source
of Po metal shall be used:

-
0.8
0.077
0.01 to 0.015 3.4 x 108

5.3 (~ 100%) 1.1 x 1012
4.5 (1.22 x 1073%) 1.4 x 107

Beoutrons 1.0 to 4.0 3100 metal



Self-shislding factor for the matrix fuel form shall be
calculated by the Contracter.

16.

17.

19.

Isleuatxy SSRseEs.

The generstor shall be designed with sufficient
muber of sensors to adequately indicate the
operational comdition. The electrical conditioning
of the sensors’ output will be provided by the
Using Agency.

safety

vehicle nndlax numn. The norsal
mcofwxm:dhpeulwulbabymci
orbit terminatiou by a controlled re-emtry mechanism
located on the satellite.

his

The satellite vehicle will be launched from the
Westexrn Test Range with an oxbital inclimstion of
97° (sun synchromous) at sa altitude varying
between 120 to 250 msutical wmiles.

BaMability
The generator shall be designed and tested to
demonstyate a relisbility of 0.998 at a 502

confidence level. This umuuy shall be
based on component life test mwm-

failure m data.

Envizoument
a. YVibration

PeeRER "
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During boost and ascent, the gemsrator will be
exposed to vibrations as follows:

Simecidal
ﬁm_. smiisude
0.5 inches
pesk to pesk
14=400 5g
400~3000 15g

Exzs. Range
20-400

400-2000 0.40

During ths nom-powered orbital flight, the
vibrstion lavel will be near zere. For test
purposes, the equipment should be sble te
withstand the specified sinuscidal vibratioa
levels for 25 winutes in each of three orthogonal
axes snd the randoun levels for a period of five
minutes, similarly oriented.

b. Pressure

The absoluts pressure during ascemt is reduced
from sea level to 25 mm of Mg in spproximately
90 seconds, A maximmm pressurs reduction rate
of 15 mm of Hg per second takes place in the

transonic region for a maximwm duration of 30
seconds .




POLOMIUM RADIOISOTOPE THERMOELECIRIC SPACE GEMEBATOR PROGRAM

NOTE:

¢. Shock

During ascent, the geoerator may be exposed

to a shock of 40g for a duratiom of 8 wmilliseconds.
The equipment shall be designed to withstand such
a shock applied in each of three orthogonsl axes,

d. Acceleration
The power supply shall be desigmed to withstand
an accelexation of 15g pesk axially and 2g in both
lstexal axes. The time of duratiom sha
supplied by the User.

e, Acoustic

The generatoxr shall be designed to withatand
an scoustic-sound pressure level of l44dd.

£f. Electromagaetic Iuterferemce (emi)

The power supply shall bs designed tv meet the
standards in MIL-E-6051C and MIL-STD-$26.

g§. Radlofrequency Interference (rf{l)
The power supply shall be designed to meet the
standerds in MIL-E-6051C.

The polonium properties have been reviewed and
meao .

cnigiral $lgned by
koES A. POWERS

James 4. Powers

SECREF
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