TR

Bm e e e T

Cr e T, P P T W Ky TR e W Ty T

o

AD 741111

PETC-HT=23=340-72

ARMY MATERIEL COMMAND

. U.S. ARMY
FOREIGN SCIENCE Ano TECHNOLOGY CENTER

‘Operational Characteristics of Type
Beta-1 and Beta-2 Isotopic Thermoelectric
Generators

G. M. Fradkin, et al

s HAY 9 RIPS

T
C

USSR

This dooument ig a rendition of the
original foreign text without any
analytical or editorial comment.

Reproduced b

NATIONAL TECHNICAL
INFORMATION SERVICF

Springtield, Va. 2213

Approved for public release; distribution unlimited.

N N

e

it

[
'

H
U




T ———

TECHNICAL TRANSLATION

ﬂ‘l‘c-l'r-”- 31’0_72

ENGLISH TITLR: Operational Characteristics of Type Beta-l and Beta~2
Isotopic Thermoelectric Generators

FORKIGN TITLE: Ekspluatat sionnyye Kharakteristiki Izotopnykh
Termoelektricheskikh Generatorov Tipa ''Beta-1"

1 "Beta-2"

e AR v
¥ T L R s ol o T

AUTHOR: G. M, Fradkin, V. M. Kodyukov,
A. 1, Ragczinskiy, N. P. Korotkov,
Ye. A. Kazakov

SOURCE: Radiateionnaya Teckhnika, itudy, Issue 4,
All-Union Scientific Research Inatitute for
Radiation Technology, Atomizdat, Moscow, 1970,

Y T p— ey g

Translated for PSTIC by Eric Peabody, Leo Kanner

NOTICE

The contents of this publication have been translated as presented in the original text. No
attempt has been made to verify the accuracy of any statement contained herein. s
translation is published with a minimum of copy editing and graphics preparation in order
to expedite the dissemination of information. Requests for additional copies of this
document should be addressed to Department A, National Technical Information Service,
Springfield, Virginia 22151. Approved for public release; distribution unlimited.

R

ot il




DOCUMENT CONTROL DATA.RAD

(Sesunity slaanitication of tille, o/ sbamres! and indesting annoletion must be entoved when the eveic!l
V. ORNIGING TING AGTIVITY Emﬁ A0, ARPORY SECURITY CLASCIPICATION

Foreign Science and Tochnology Center

US Army Materiel Commond
Department of the Army

- AEPORT YITL

Operational Charscteristics of Type Beta-l and Betas2 Isotopic
Thermoelectric Generators

4. OESCAIP TIVR NOTRS (Type of rapert and Mnelueive daoos)

A1 n-o)

G. M, Fradkin, V. N. Kodyukov, A. I, Rageinskiy, N, P Korotkov, Ye. A, Kasakov

H"-_‘W o, TOTAL NO. OF PAGES NG, OF AUPS
12 Dec 1971 9 N/A

¥ CERYRACT OR CRANT RO, 5. SRIGINATOR'S REPORT NUWMBDR R
b BROJRC T NU. FSTC=HT~23 3‘00-72

. 1702301 2301

| ¢ Requester Mr, Turner, AMXST-GET

. &T.N.l l}”l' O (,

J 0. DISTRMEBUTION STATRMENY

Approved for public releuse; distribution unlimited.

77 SUPPLEMENTARY NOTEE 12. SPONSORING MILITARY ACTIVITY
: : US Army Foreign Science and Technology
Center
prrTerYRTYY

Both generators were tested in use, supporting meteorological stations.

! The characteristics of the Beta-l varied from the predicted values with time,
. but never by as much aa 10%., The Beta=2 was found to be partisularly safe
and reliable in operation over extended periods, and can be used for terme of

5 years or more,
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Translation: The Beta=1l and Beta-2 experimental isotopic electric power
sources, designed to supply power to the ARMS=N Radio Meteorological Station, were
designed to teat a number of theoretical assumptions and design characteristica

which they incorporate.

D A e

In the design of these isotopic power sources fundeamental attention was given
to the following questions:

1) To obtain an adequate efficiency from the installation by the use of highly
effective thermal insulation and semiconductor materials with the maximum Q=factor
over the design temperature range, as woll as by providing the minimal thermal
resistance to heat flow from the isotope element to the thermal element and thence
to the ambient mediumi .

T TS

2) To ensure the designed level of ionising radiation while holding weight
and outside dimensions to a minimum by choosing the optimum geometry, using highly
offective shielding materials (tungsten, lead) and providing separate biological
shielding by the use of two containers (an operating container and a transport
container);

3) Providing saximum safety by the use of relatively insoluble fuel com-
pounds and special materials (in making the isotope unit), sealing it completely,
; : etc., making it practically impossible for the radicactive subatance tc eacape;

: 4) Guaranteeing relisdility in operation by using a block thermal battery
and special materials and by the siwplicity of design, absence of moving parts,
ete,

; The Beta-l and Beta=2 isotopic thermal electric generators consist of the
j following major components: isotope and thermal blocks, thermal elemeat block,
f body, bioclogical shielding, heat dissipation system amd systems for the conversion
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and storage of electric energy.

The development process involved component and sssembly testing, including:
external inspection and check of parts sssembly, determination of thermal efficiemcy,
determination of the voltage and current characteristics of thermal element blocks
at given temperatures of the hot and cold junctions, checking the sssling of inter-
nal cavities in the body, determining the temperature fall from the mmbient medium
to the cold junctions of thermal element blocks, checking the operation of the
electric power storage system with semiconductor voltage comverters, testing the
isotovic power sources with power storage systems as part of the ARMS-N Meteoro-
logical Radio Station, determining the effectiveness of the biological shielding
and calorimetry of the isotope block.

After the generators were londed with the i-otopo fuel, the control parameters
were recorded and permission was obtained from the interdepartmental committees

they were installed for experimental use in meteorological stations in the City of
Khimici

Experimental Operation of the Beta-l Generator. Om & January, 1964, the
generator was attached to the ARMS-N Automatic Radio Meteorological Statiom at the
experimental metsorological area, It was set up in a pit 1 meter deep and 1.5
meters in diameter. Durimg its operation, the following parameters weres measured:
thermal IMF, voltage at the input of the voltage comverter, current in the thermal
hbattery-voltage converter circuit, charge curreant of the batteries, voltage at the
input to the electric power storage system and temperature of the ambiemt air.

Figure 1 showa the fall in thermal EMF over time [E= £( T)], while Figure 2
illustrates the change in electric power of the generator.
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Fgure 1. Thermal EMF of the Beta-l Electric Generator
as a Punction of Time.

—~— = Calculated curvej 0 = sxperimental data

a - January; b - Februaryy c - March; 4 = Aprily e « May; f - June;
g~ T, days
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Mgure 2, Output Power of the Isotopic Power Sourcve as a
Function of Time. Same format as Figure 1,

& = Jamary} b « February; ¢ = March} & « T ,days

As is evident from Figures 1 and 2, the experimental values at the beginning
of the service period ugree with the calculated values within the limits of error.
As time pamaes, there is a deviation of the experimental data from the predicted,
apparently caused by increased heat lossea as a result of breakdown in the gemerator
body seal. The maximum error im the measuremeat of power was mo more than 5%, and
in the measurement of thermal EMF mo more than 3%,

Figure 3 shows the change with time of the internal and locad resistance of the
thermal electric converter., The maximum error in these measurements did not exceed
?.5 and 5% respectively.
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Tigure 3. Relationship Between Internal (R ) and losd (Ei
Resistance of the Therwmal Eloctr ¢ Converter afid
the Time of Operation of the Generator:
« Calculated Curve; ¢, 0 - Experimental Results
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Some reduction in the imternal resistance was caused by reductiom of the
temperature fall across the thermal elemeat. The increase in the load
resistance (the imput resistance of the voltage transformer) was caused by a re-
duction in the power deliverable to the imput of the voltage transformer over time.

Figure 4 shows curves for the change in maximum efficiency ( Nea ) of the

voltage converter, charge voltage ( Ub) en the storage battery and input voltage
(U ) of the converter over time as the generator is used. The maximum error

of menauremont as a function of ambient air temperature was considered in determin-
ing the efficiency of the voltage comverter (the error did mot exceed 3¥).
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Figure 4, Changes in the Charge Voltage on the Battery U
and the Input Voltage Uin of the Converter.

The voltage converter operated reliably throughout the entire service life of
the generator and had satisfactorily high efficiency.

Pulsations in the voltage of the semiconductor converter were absent due to
the counter EMF of the batteries,

is the output power of the generator decreased, the operating cycle of the
ARMS=N station changed to maintain a balanse between the power consumed by the
station and the energy accumulated in the battery. These changes occurred after
1, 3, 6, 8 and 12 houra.

Experiment Using the Beta-2 Generator. The Beta-2 isotopic thermal electric
generator was put into operation on 3 December, 1964, with a dlock of thermal
elemenis removed from the Beta-l generator, This blcck had already operuted for
4300 hours, producing approximately 25,000 watt-hours of electric power.

The power output of the Beta=2 generator is shown in Figure S,
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Figure 5. Output of the Beta-2 Qenerator in
8table Operation. The load corresponds
to the most efficient operating level,
R ou " 2°7 ohma, Thermal power Q, = 148 + 8 watts,

The electrical ¢ircuit of the generator was protected againat the failure

l of the current carying wires from the thermal electric converter, which was particu=-
! larly important at the beginning of generator service, since the temperature of the

i hot junction of the converter was close to the malting point of the commutation

Lo alloy. An open circuit would lead to an increase in the temperature of the hot

' Junction as a result of the Peltier effect, which could destroy the thermal element

! block,

The operation of the Beta~l generator with a continucus recording of output ‘
power from the isotopic power source permitted the determination of changes in
officiency with time,

The efficiency of the thermal electric converter when the thermal block was
placed in the generator was 5.8%, With the reduction in heat flow through the
thermal elements its value decressed, In the determination of thermal efficiency,

s "ugeful! energy was that which flowed through the thermal elements. The efficiencies
of the thermal element group and the isotopic source are given in Table 1.

L Table 1
Efficiency of the Thermal Element Group and the Isotopic

Poger Source as 3 Function of Operation Time and Heat Flow
. K."h. a. 6. .
na‘;?."‘_‘""“;‘.“h Tenaonof nordk wpm‘}ﬂi:‘?'x.u K. n. a. Temnepatypa
AlM Q. am e % uloTIRN v, % aodayra, *C
21 128 5,25 3.7
b 32 125 4,83 3,52 - g
16 121 4,62 3,156 —20
51 16 4,35 2.9 —16
67 112 1.47 3,08 -1
20 106 4,3 2.8

-1
b - operation time T, days; ¢ ~ heat flow Q watts; d - efficiency of the thermal
element block 11tS; ¢ - efficiency of the isotopic heat generator de; ¢ air

temperature, degrees cent.igrade.
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After achieving stable operation in the argon atmoasphere, the generator
had the following electrical characteristica, measured at an smbient temperature
of 27°Cs

Voltage U, volt ¢ o «

® 8 4 & 8 ¢ 6 8 0 6 8 0 8 S e e 8 s 3.8
Current I‘ AEPOI'OB o 2 ¢ ¢ 6 0 ¢ ¢ v ¥ @ e 8 st a0 s 4 s 1.365
Dﬂ'. l' volts ® 0 & 8 0 0 8 5 8 0 Bt 6 8 B s e N O 0 8 @ @ 6.92
Llectrical Power Nol’ vatte

Q.C‘OI.....'OI.I'5‘19

Intomnlruiatmco!in.ohl © 6 0 s s 0 v 0 8 s s s a0 e 243

When the interior of the generator, which had been set up in the open air, was

filled wita xenon at an ambient temperature of 0°C, its power increased to 6.
voltae,

Table 2 showa the basic parameters for the isotopic heat source at various
temperatures of the ambient medium.

Table 2
Basic Parameters of the Deta-2

d ° 4 | WP
D Hanominrens ©Toxp: *C U,e| lal| B¢ N.'s'- ’:’;- ﬁ:- AT, C
t
+27 38113 (6,92|618,23 27| 19
0 3.82 | 1,42(7,0 | 542 2,24! 2,7 208
Aprou 0 4,28 | 1,58 | 7.82 5,78;2.24 27| 29
SRR
-3 4.4 | 162 7,927 X .
Keetou 15 | 447) 1083 |7°06 | 798 | 2014 | 207 | 238

b - interior spaces filled with; ¢ - ambient temperature, °C; d - U, v
¢e~-~I,a;f=-E, vig~ Nol wvatte; h - Rin' ohms; i - Rox' ohas |
jJ= Aty °C} k = argon; i - xenon,

After the tests were conducted, the interior of the isotopic heat source
was filled with argon, and from 1965 until the present the Beta=2 generator has

baen in opsration on the grounds of an experimental meteorological atation near
Moscow under natural climatic conditions.

The placement of the generator in an underground bunker ( Figure 6) filled
with soil made it possible to reduce the effect of ambient air temperature on

the operating cycle of the thermal coanverter, thus providing some stabilization
of the output electrical parameters of the isotopic power source.
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Figure 6. Diagram of the Installation of the Beta-2
Gencrator Under Operational Conditions.

The data from measurements of electrical parsmeters carried out over the
course of a year are given in Figure 7. As is evident from the chart, the slope
of the temperature curve for cold junctions of the thermal gemerator, T_ is
scmevhat less than the slope of the temperature curve for the ambient *aedivm
over the same intervals, which indicates mome atabilization of the temperature of
the air surrounding the isotopic power source.
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Thus we can conclude that the imotopic power source operated normally through=-
out the entice perlod of operation.

Changes in the load of plus or minus 0,2 ohms frou the nominal value of 2.7
ohms had practically no effect on the output power. gonorltor operated in the
maxioum range indicated by the characteristic N, = f(l

A drop in electric power by 10% at the end of one .and one~half years of use is
explained by a reduction in the heat flow to the thermal converters caused by lower

heat output due to the decay of the radioactive compound, and also due to the increass
in heat losses through the insulation.

Power supplied to the automatic radio meteorological station operating in
discrete mode in combination with the Beta-2 isotopic power source was provided by
a system consisting of a semiconductor voltage converter and an elsctrie power
storage apparatus using a KNG=10D battery.

The voltage converter operated reliably throughout the operating life of the
generator and had satisfactorily hiwh efficlency.

The output voltage of the converter changed slightly as a function of the
degree of charge of the batteries and the ambient temperature, When the automatic
station or equivalent resistive load was in operation the voltage on the battery
and at the output of the converter changed correspondingly.

Figure 8 showe curves of the operating voltages of the isotopic generator

battery and the efficiency of tha converter over a time ¢t equivelent to one cycle
of station operation,
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Figure 8. Changes in the input voltage of the convertier (a)
output voltage of the battery (b) and converter efficiency (c)

tation operating cycle,
b I ntution ongrntgon; yn- glock t ck{ z -~ t, minutes
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Experimental operation of the Beta~2 isotopic thermal electric generator
showed that the installation is reliable in use, and the generator design and
biological mhielding provide the necessary radiation safety if the genera:ly
accepted rules for working with closed sources of ionlsing radiation and the
rules for use are observed,

Thanks to its high reliability the generator can be used to supply electrical
apparatus of various types for service periods of not less than 5 years.
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