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Fig. 1 Topology diagram of monthly distribution grid system
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Fig. 2 Schematic diagram of the power supply structure of the Stirling

integrated micro-reactor
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Table 1 Main parameters of Stirling integrated micro-reactor

power supply
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Fig.3 Schematic diagram of layout of the power supply month table
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Fig. 4 Generator output power/current/voltage under different
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Table 2 Output characteristics of 5 kW free piston Stirling

generator
I wW i Thw CEVEAY FLI/A
10 2657 303 8.3
16 4195 384 10.4
18 4707 408 11.0
20 5278 434 11.6
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Fig. 5 Power supply network with different topologies
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Fig. 9 Second order RC equivalent circuit model of Ni-MH battery

NEE AR TR T A Y, SR H Tt A7 A T AR AL BT
%, SSHFR AR R A B A REE, 155
LRV, S TS RV, SRR R 2 . Fit AL
G AE A% G 11 2 1) FH 4 4 Hh il A0 AR H vl v R A7 A
{EL PR T SR F v PR 2 A A S B B ) AT 22 A A S BT
I T ARG R, AH BE T80 4 ri it B A SE S B A
TE U A AR R AR IA 20 €, TR AR FE LB
FEBALLIS Co o I H £ 28 FL I AT i HE B K FL i R I
R, MFAMBMERMAGHESH R, ME b
AE RGN R B B R S B i B R A 45, e
T H D7 Bk PR R B () T b SRR F 12 4.03 65 . )
i, SAREI TR ATIA T 000 Wikg, ZN4ER HLIth
HISHE, FFan I8~ 15, A B U MK 5 4
(TAEEEVEE: —20°C~+70°C) B, B 2% i) K
N F)ROBE T B A LR SR

3) et Bl A

ARG AT H R I PR B A 38 A7 6 77 A A o
Ko BhAh,  KPH H R 1 i 7R B R TR O B0 5 B RR R
HESE, Bt RGN efaeizir. Bk, f
B IR S L RBTHRE 51T N

Wi 1 O R G & i L3 B AR W E 10T R . A
) 3 DX P A AR A &y, 3 o0 IX (R B B A% S B
HE YRR, e 4 XOn] I B B M bR A AR E )

T XA DR, SLBRERIT . MAEKRET S,
JIT A T R A B 7 M R Y [ I 8 A Wl B R R A A1 . A
JITAT AR A2 o 7 L2 i e LK B L0 R ) 3804
AR s 17 L, H AR R R S A i E R S K
SRBENS Iy i far SR L BE A R RE ORI, b BRI AT DIBR AR R
ST TIREAE R, PRIESCBE DT — BN TR LT

ARG

v
A

A

Ay Xk
HER AT bR

pa

\ 4

=)
=

He X
HESE A R

o

ey Xaemgts

=)
L=

KB RE Lt
PR B A

o

it RE R SR L,
B AR AL TR

E
e

R BHE HL B R
s

10 st 0L R Ge A ik e R Bhint AR 1B
Fig. 10  System power supply backup flow chart
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Fig. 12 Overall control architecture of the distribution network
DORAIE S S HE A 22 4, e AR AN T i 3 Ty
K, Bl R MR F R RS . EERR

gith, #HIbAE AR R TR R TERE, P
T 4 ) S AL 2 i e £ B P R R T ERL DR
& WSR2 E i AT AR R P ] . L AR
T ) s T LA T S S R, AR I A
i L T AR S B 2 Yo% 8] Wik R AR o B TG IR
K, WHEHHRSEANRS, LIIFEM. HEMT
| TR A R R R A

U=U,—kP (1)

He: U ZBENZEEE; PSS F 5 2h
By kR WOE I TE AR . B3 I P A R B
B, 2% fil B A 25 0% HH P I I A b D R 4%
T RHOEAT GRS, B A B R PR R T R
AEIhRE, WEEMEER, EEsERERE. Hit,
A B R IR AR G, 2 B R P a8 R N R
B BHAEESY, SOER BT ZES,
H Th A it 70 e 5 il B SR T R A RE R0 AT, ST
FL PO 2 61 ) T SE AR RORS B 1 o D AR AR D T f I o 1 %
RIRYE, W] DUAR 8 C A 0 A AR AR 5 2 AR K
2l HE A HEUXE DL A2 DA RN, e AR08 1 A i T =
8 G E AR R R . IRV D R A e 2
ERHBRE, A2 52500 IEE .

<

A

TAErE

> P

P P, TR

K13 BT R
Fig. 13 Principle of DC droop control

3 S EMHfERERA

3.1 TURRIHRAR

T ARMABERGN S, R KA R
HHRFIE

D faFER. AR RRLEMMIIRER—, &
AW B ] U TV IER IS .

2) NLFTRE A IR 2t B Bk i) e g e
KA JEARMEIE RN A HEAT 4EAE

3) BADHEA M. ARSI sk R
i, gtk PRl LU S S B

JUARRESR RG] S E R R, JURBLT
FEOAFELEMIOR BEFTURAEA TR« FHEIT
R WETCARAICARMINT . X H R4t R G AT T
ARBLTAT N =ANTT TR & -



19

HoOZ TR SN K H R AT SE R R I A P 2R A 9

1) KRG K AT TR S5
4l 501 % ) 240 % P i 50 28 46 7T 4 M 0 7
BRI P RS SR UL T T 8 %
Bt AR AN TD AL BT

2) Pk R SHAT B A i. EFERE
B 4 TP R R G SR A R G R T
KPS RGEE AR, TR AT R
B 2T 46 R A R S SO 6 4 R S B 46 T A
k.

3) Bl MBI B AL T AR B o %4 Th A Aok
HAATE 5 (OGO AT R B, AR —
LT, SCHUBLA L R .

TUA B R E 27 A S R o 9
et LA TR, ARILEE L R AT

D TR ARSI, SOl EE. A%
B H 5 43 X 60 AR UL P 23t R T A L RS e
BT A GRS T AR S BERE M RS Sk,
TUA BB HE P T AR R L T, 2 5
Rf, S BER AT TR, 2 HRAA SR
P

2) BAIFIRT 605 A% TR RIHARD
o6 PR, 0 4% 3 R A A R AT 25 o AR B
I 2 R A8, TR L A
TR AR, REN R BT S 2R )
ERBE ), 3T RGO T
32 HFIE WS THERA

3075 75 BB AL I 77 SR S S A 1 % 4
LRI, LR YRGS, I
45 B SO B S A 7 B SRR R R b £
H. BN, 9 SRS R F A, R
SR 0 A SR A
W, R AR L T R R, AR

A EEME .

e s 2B

2) R RGO . JE I AL AR IR
SRS SR ARG S, 4 6 BT
B AFSRAE BT BRI SEROR, R G
BIRAS -

3) LTI ARG WS HAR e Btz
PSR E R I DB B i, 45 S HL A 3 RESS:
TIEREN R BT, X RGARAKIRE AT 7
T, (£ KBS R 5.

B 2R R BOR N T A R A RC H AR 48 S OB B %
HARATIE, 3 ZARBUE U A7 i

D BFRASAREMRE R ARG 49
A EATT IR IFZHE R TR B ATy
2R R SR N T AL A A i 4 B M R A 75 i T
M M AR A AV E I R B IE . X1k
AU LAY P TN S5 0K, i SR W PR A ™

2) By REORC AR N T RIS, %
BL 7SR fE b e TR AL I LR
SEI S RS RoR M TE . R MR R G A
HERRI, MEHIRSM S, SITAEEmREE, A~
i BT R FE A, iR RN, AT
Ciliip

4 W SBIS AT

T BGUE AR E AT L AR A 43 X E I Y
AR, RSO IR E 14T R AN 8 R 50T 7100 kW
HERBEG D X EBAEAC R #2588, HEPSCAD/EMTDC
ST B & T B, YRGS
(X fie B HLG AN 2R G0 SR G 50 v T SRS AT PR 4 D Re
HHAT T3E. W 14FR, Wi EER i R R 534
X 4rX 18400 VEIRAR S, 77IX2H750 VEL R
i, 7IX38400 VEIL RS, X155 X220, 4>
X2F04) X 32 (63 ik 58 & 2% 28 7, BB % Hh #8 7K

D B R RFGEITIRES . (B RGH TR FEOUU R A A AL R AR 4 R D e . & 43 X A 0 & FRL IR
AR R REAE B0 25 ) S I B AT A ADIRES, FFDAAT AR S HNR3IFTR
X1 ArIX2 4IX3
& THE FELIR % E it T FLIR LY TRl HE LR
5. HE]
@« > 3
R ik JeR K ik SRk ki)
400 V DC Bus 750 V DC Bus 400 V DC Bus

Bl 14 100 kW H & B2 X LI BT i R G4 1
Fig. 14 Topology diagram of 100 kW DC partition interconnected power supply and distribution system



10 WA R Ch3E30)

20224F

®3 BENRXAMEFESH

Table 3 Power parameters of each partition
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Fig. 16 Simulation verification of system relay protection function
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A High-reliability and Scalable Lunar Surface Power Distribution Network Frame

Vision Based on Micro-nuclear Reactor

XIA Yan"?, HUANG Wen’, FENG Yu’, JIN Zhangtao’, OU Xuedong', XU Jinghao"?, SHUAI Zhikang”

(1. Beijing Institute of Spacecwt Systems Engineering, Beijing 100094, China;
2. College of Electrical and Information Engineering, Hunan University, Changsha 410082, China)

Abstract: The lunar surface distribution grid is the long-term stable power source and skeleton support for the lunar scientific
research station. The miniature nuclear reactor is light in weight, compact in structure, and extensible in scale. It can provide a long-
lasting energy source for the power generation devices of the lunar scientific research station. To meet the needs of lunar scientific
research tasks and the construction of large-scale lunar bases in the future, the lunar power distribution grid must have high reliability
and scalability. Therefore, a high-reliability and scalable power distribution grid, integrated with micro nuclear reactors, for the lunar
surface, as well as its relevant reliability guarantee technologies was proposed in this paper. The feasibility and advantages of the
power distribution grid frame proposed were discussed from the perspectives of the topology, partition interconnection and operation
control methods of the distribution grid. This vision is aimed to provide inspiration for manned moon landing and extraterrestrial base
construction plans.

Keywords: miniature nuclear reactor; stirling engine; lunar surface power distribution grid; power supply guarantee
technology

Highlights:

e Micro-reactor-based power generation system was designed.

e A high-reliability and scalable power distribution grid design for the lunar surface integrated with micro nuclear reactors was

proposed.

e High-reliability power supply guarantee technologies were proposed.
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