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Fig. 1 Energy conversion of typical space nuclear power
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Table 1 Typical RTG model of USA and their performances
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Table 3 The performances for two mini-RTGs""

BB MMRTG ﬁlf;;’;eg
st b R PoTe a8 SKD
FER IR 768 768
MINE (BOMD /Wy, 1984 Hesg
HHU AR DR B2/ C 525 600
L B TR/ C 100~200 100~200
PEHIIE (BOM) /W, #5120 £1145~170
l4ﬁiﬂiEﬂlj‘J\j: (EOM) 0 00105
B (BOM) /% 6.0 7.6~8.3
B tbIhE®/ (Wkg") 2.8 ~3.6~4.2

25 Angel-RTG Z*puld] i 7 i 7 HL it
AIIH/W, 0.22 0.372
CENEAY 15 2.99
WL Ppu0, pu0,
I/ Wy, 8.5 11.2
PO R Bi-Te Bi-Te
AT FE/C 160 153.8
ERT 2.6 33
J~F/mm @85 x 125 @85 x 150 (FHHAZD
J kg 0.5 14 CEIEAE
Ffir/a 10 =3

1.3 FZERTGHEAR L% RITK
FE 15— AR RIRZE 1971463 B 12 H A

2 REFEMMRSEN

[CIEVAE B (RN {2/ Rl a VA R B2 P Oy
T EALRRIR . BREALIE . BB R Sh 7 KA
&, WE4FTR . RTGHIEE— 870 XS Tt
HREERE, WA J1. HAEZROCREIAR . Hpgdl
3 S B A RE 21 L RE B AR B RO AZ o B0, DRl BB R
FARM RIS HOR 2 RTGHI R Z —

AR TEBE R E T A R AN K R G B B
RFHAGA  FEIRBCIR LRI BRI . Pl i X
R MES AR5 5 Bi, Tey 3 A 4. CoSby k74



% 6 3

PSR A : [F)or 3 22 P M Y e RO F B A R 5 S8 AR Tt e 529

W\ La-TeflSi-Ge& 4. 204K, E7EH Y & it
REAR R FE IR RE . R I L R H 28R AR AT R
ew . HAr, REEFOFH B, TesE. PbTedk.
SiGek:. JrEHH™ Pk 2 AME RSE LA

FHOPEREOR (82T B 1000 F, JFe LT HE R AR
o BRSSP 0 B B T 1296 B
b, SR M AERTG RO 845 T HHEL I
G

| muzen

uzbe st
b=y

R

K4 FMCRIRZEILSAELRE
Fig. 4 The structural frame of RTG

2.1 ENESEREAR

B2 R AR P O AR R RE 5 BB
AT . PR v A 8 3 2 e ADRL A B AR (B Z T A0
TARRZEYE, FrULEA S ZTE I B — B H 4
BUESR HbR. LA, B T E—m 7. 90
KE G RIS HRESET NS AR T
BB, KRN m v RE M R A BB, A
BHE A PEREZT(E IR T ORIRBESR T, S AR 52
WEMRIERmZTEEE 72,000 (k4 " [FH
i, —sedl A EEOR (e dERbEAE . BNEE. A
SIEA RS IR RN T S P AL B R R RE I PR
HEETH, HRUBCR AT R TR DL
WA SSMEHIN R RZTRE B Fase fE1.0L0L 11,

Xt 23 (8] N IR TGR B, T 52 #vi 5t Bk 77 BR

i, Wil R m T R A RS, SR T
FEHIX FE300~1 000 CH b il A A kL. KL
¥, EEZRRTGH EHE (600~1 000 'C) HEF R
HNSiGeF A4, Hn Mp R bk} & K ZTME 5 ik
1L.ORI0.6 547 B4l ik, EENASA-JPLSLL = |
DI B TR 25560 R 7B A i A i Rl o2
La;Te,MpAYb ;MnSb, 5 = ZTEAET 000 CHfiAZ]
T15UE, HBEMRSiIGekEENAHTH —RRTGH.
AR R AE P R R I RE S FoR . B, $RE
fE4iSiGe & & AR & 5 X EIPLME Y. (&
B A e B R B R T T, FRE R R R p Y
NbFeSbAIn ZrNiSn - i #7 #) & & kL I K ZTHE
FE1000 CHF2rHA1.5801.2, SZEL T ik E e se il 4%,
A AR AR K TSiGehk R (WK6) , A&
T RTGRH A S A2

F4 RENERERTHEIELESH"

Table 4 Performances of typical thermoelectric modules in China

[19]

RS R IR PR
PR Bi,Te;  PbTe HH SiGe SKD+Bi,Te; HH+Bi,Te,
P LAEIREE/C <300 <550 <600 <850 <1000 <600 <850
RREARR1% 6~7 ~7 10.5 ~7 12 12.4
M2 E/ (W-em™) 0.5 0.8 1~1.5 2-3.5 0.5~1 ~1.5 ~1.5
TR (W-kgD ~120 150~200 250~300 250~350 300~350 250~350 250~350
ThEAFEL (W-em™) ~0.5 0.5 2~3 0.6~1 ~2 ~2
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Fig. 9 Integration process for SKD thermoelectric devices using brazing method
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Research Progress of Thermoelectric Materials and Devices for Radioisotope

Thermoelectric Generators

BAI Shenggiang”®, LIAO Jingchen"”, XIA Xugui"’, CHEN Lidong"*

(1. Shanghai Institute of Ceramics, Chinese Academy of Sciences, Shanghai 200050, China;

2. Center of Materials Science and Optoelectronics Engineering, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Radioisotope Thermoelectric Generator (RTG) have been used in deep space exploration since 1960s. In this paper,
the main characteristics and key technologies of the RTG battery are reviewed, and the current developments of high efficiency
thermoelectric conversion materials and devices are introduced. Considering the requirements of the deep space exploration, the
developments thoughts of the thermoelectric conversion and devices technologies for RTG are put forward.

Keywords: radioisotope thermoelectric generator; thermoelectric materials; thermoelectric modules

Highlights:

e The research progress of radioisotope thermoelectric generator is reviewed.

e The latest research progress of high-efficiency thermoelectric conversion materials and devices is introduced.

e Considering the requirements of future deep space exploration, the development ideas of thermoelectric conversion
materials and device technologies for RTG are put forward.
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Scientific Objectives for the Exploration of the Boundary of Solar System

WANG Chi"*, LIHui"’, GUO Xiaocheng"’, XU Xinfeng’

(1. State Key Laboratory of Space Weather, National Space Science Center, Chinese Academy of Sciences, Beijing 100190, China;
2. University of Chinese Academg of Sciences, Beijing 100049, China;
3. General Office of Lunar and Deep Space Exploration, National Space Science Center, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: The edge of Solar system is the outermost fence of the heliosphere that protects the homeland of mankind. In recent
years, Voyager |1 and Voyager 2 have reached the edge, leaving some major scientific mysteries in a unresolved state because of
the limits of the payload function. Therefore, a specific mission for the edge of Solar system contains huge scientific value. Here we
introduce the definition of the edge of Solar system and the main detection elements, summarizes the current status of the missions
for the outer heliosphere, including the scientific targets and the scientific payload for the missions. Some major scientific issues in
heliophysics, interstellar space physics and Solar system evolution, have been presented, as well as the prospects for the scientific
goals for our future interstellar mission.

Keywords: edge of solar system; heliophere; interstellar space; Solar system evolution

Highlights:

e By analyzing and sorting out the current international and domestic status of the mission for the edge of solar system.

e  We look forward to the first Chinese mission for the edge of solar system in the future, and the related scientific issues.
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