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22 HEECRERERESRENE

D A2 B2 20 AT 5% B AT MY v I o 2 A 1 TG PR 22
RFR, X ZEAT N TIE, &R R & R A
LR, MR AL S iR B R 7T i R
ARG, SEILBE& SEN TARRE RN R R
SRR E, REECHE RS % ERE BT,

D YRR TR E AW . PRI
PHAE — R RN DUREAE ORI B, 45 A e Ly X BEL 9T
Bk SRR XML AR B G, ) SR AU
B B S B i, e KRR P PR AR B R RN . B T
AW =l R T R PP .71 B b I PG WA
PRREAT L M A, SR B R 5 2 X, i
R X AN 0 B3 PR

HLU 5

, BBt — W

R, R

Lk } g g

”””” X TIX
IRL LR LV N

Y y y y l‘,,f/‘f;@“l, Ji [ o2
ih B

R ] # £ Y %

% e i il i #

7 4 4 ) 15 i

% % % % 4 4

% % % % % %
% %

K3 RERHESXIENE

Fig. 3 Topology diagram of satellite power distribution zoning

2) EPEREIRE NS B B2 W@ T2
ALK 220 B LSRN, X & A it HUIR
FONIEZI POk SR S Saill B SR P DBV
P RSE SR DL, St P D[R] A R S A
PRGN PR S S, PRI R SR EIBAT

3) HE S mEiaE: BEEMRGR MM
PG, R R AR A AR, LR SR
ME— [ SE T, B OREB R A R ESE —, SEEl
fpliig ESTv RPN E 1) R 73 7 (WA e )
705 PRGHIRMER, mkB& s reR Mm% R
BRI B 2T, e s i ek 4 14 2 ] L AR
R BOEIE , S S e R R A R Bk, e
e SRR R G, (RBERC Ak

4) s pp bl BT e s RS T
AR IR, PEA BB B 28 el 25 R IR R B RE 0 A i
BERCE o itk — 2D /N BT Lo 0 o I VR T PR AT
T8 U BRI, R G L IR R TRRR 400 ) P
Beit, RGBSR, $RTHRER AT, PR 5
RS EE -

23 KImizhlEEnREERT

KL P2 ) B9 o 8 1R ON TR S i S A T
P, KRB TEAEFZRM . N ERGETEME. HE
ZAVERITE R BETHZR, R GUR M TU AR B 4 R
it SEPLK A AER B 2 A

1) ML R AR I RS T AR 22 A1 R



F2M 5, . “EMF TS AUR AN A AR e ARG B S 131

FRS~10 A (IEETS A , “BEHF 57BN R
ARSI 22, HI T RLI60 Ao IR/ EC RIS X B 2%
i) AT iR e D B SR R U o 7 ) QB T
R & 2 R AR, B R KPR R R, R
LR N S5 SRR BN AR BB 7 T 5

2) W B hE . RASE WTRIEM“E
F v 2L 30 FL T O — B 7 43 B O DR — K T BE R T O~k
Tt R PR A 1) DY G % R TR A R e R P B, PRI 4
TR I R 4y BT OC RN ) ok T RE 2 R E AR 4
2R TR R BN PP AR 00 S B, SEILC R A B Al
BB, RFOr R SRR 2 L

SR I)
BITR

v W
| S il R S R
KT KT
W%ﬁ%i, Wi R
L KT e 67

BB A PR R A% 2

B4 KT D2 R B
Fig. 4 Schematic diagram of four-stage series-initiated pyrotechnic control

3) FHPTUCHEC . @il A BRI Tk T A PR 97 He R
VAR K T AL BE RS BB, ORIE D K L 22 32 L
FEC IR FEL AN H A TR R R R A R R, TR S
K It e R A T (1 88 R 2 e 4

4) AR IATI s 7E B R BT T ARG A
SCRFE B RS K TR RSB BT . KL 22 BRAE
TELRI G, JFIE 0 Hods LEo 30 F (L o B B 2 0 AR
B — 8.

5) RHbFEE AL PR K A 22 1 7% 1)
MR B 4 Sk, ORBE BTN B M 1)K 22 4 Bt
KL RATHG Sk, TEBEIE K T At U 2 (1 () e ik
T N 2 Bt KT AT A Sk SRR ERR A, B AR K T
BEPRAER TR
24 KEGERBEIERRKR

GEACEIM S K Ay, BRILKIIE . R
R ARATIKAE IR TAERRAE, TR Ar A AE
AR FRELE B AR B AR, DB EE
W, mRUEee. EKAFm N E AR, LA AT
PR R R, WML RGN E iz
17, PREESAFE L TH A5 H bR SE .

1D ZRM SRR E: Wit T4 ERihem
R R F H R AR R . KA RS FE F RS A1 4.2 VXT

H T IR TS FARY 4.1 VT FEBES B A B A fr
3.95 VxTHI—75 AR R R f14.2 V<6,

2) i yE S A 6 E BRI A FAE
B T /o Gl s BoR ™, R N K HL R RT
BHMMEE20 CUL L, HBRSEMMESERR
AT CRpRHE4.2 V), T ERMmAM B E. 7
el HE I 1) 25 H vt B B 70% 0 LA CBRLAR L TR
3.95V) 5 PRRE B udsE TR, fREE BREE
10~15 CYaH N, EHEMREFEIR, EKAEHA A, &
it e 3k 2 5 55 i I B AR .

3) AR A& il 2 it 7 B R
S B AL 5 T R A 78 o 4 o AT AR A 22 I 4 1) LRy
#Ar. MTERBRXED . HREEER, S
LV fE 9 78 F B 2 0. 1CRY AL, ZEK H b fik FH 5 i o

4) HEZERY: BihE b H B R B A
Mz AR i A 7, k. Sk
GAEE RIS, IR E IR SN A, R
b VAR A R RIEIT, ARGKEGHER
ROBAT IR LA .

3 EHTESIKEIEIE

REECESH S E SRS e E L R S
A BEVE . RO HEOR AT I DL A R G T~
MRS E M 5 AT SEME, B XF 4R I e ok HE A S R B
AR, JHE— R 55 5E TAE, #HAES
Fa e Lol OKBH IR 05, Sk
Raithae, NEPUSITIRIE R ORRE.

3.1 BkEpSAEIAL

DI IE YR I 7 SR AE T SRR K S LA Y
PUT Pk RE & TAERR E M, TFIR G Ak o k3 i
5. W58 rh M BCR A B MK B, RIS ARLIRHFAE
10 ms. 150 AHLIRFFS10 ms, PR L BIE, &
ZLHF 100 A3, S ur HorTSEdE o Ik 7% o 145
s HR RO A2y BRI, il SO — IREEZ
M o BRI AR b, 2 F T 4 A 1 A A e
TOAE B0 rE BRI BB I, H i P B PRI DR AP I e Tk S
3, R AU B E ) R A, R R
A% H T B DARIR i th R s S Ak B R A
BriE, BEZHRPRE R E 2R TAEEHE, g
SRR ERTT, BREENL. PRSI,

ZAR IS 78 70 B AE 1 HL YR 4% 2% B A 1T FE (1) H B
mIEe, HBukah TR Re i R ot R, i
I8 Ji5 AR AR e kBl T, PR e R e i



132 WA R Ch3E30)

20264F

Tek T |

'm\"’w"\*"’\"\“'“"M‘“"H‘

}‘ ) / / /"‘ / /‘}‘ /1) VL ) /

=
T —

Ao aAnAanRn AR MAM[MAMAaM[ [ AN
3

UERERML AR

(1] «
€@ 100V & 100k 25, —16.0 A
1 FEIE I /ME IEoNG it 2
I - 1433 A 14.33 14.33 14.33 0.000
K 146.5 A 146.5 146.5 146.5 0.000 4532 HZOZﬁ
%N 31.02V 31.02 31.02 31.02 0.000 17:22:04
TN 16

16.69 V 16.69 69 16.69 0.000

5 Ik S BRI 4 A AR B S

Fig. 5 Load current and bus voltage under Pulsating load test

32 taEFERRIRNIE

Rt — A 5 I LY T S A S 2 AR AN i
B LI T P IiRE ), K5 R G RAR WT H) &
HYE, PR . WA % E R RN
IEH TAEER3S A, TEMLIEA B3 nee N B R sl i
KIGBEBIECE (410 AFBRREG ) , B RG«
(s T A T AL IS 20 B A 0 I e DU 38t 2 L Pl 6 i
s iR A2y U, SRt g — Ik BE
H R o S R R A B AR I, 7 28 m R T R
1225 A, ZHRIBBBERW, —REFZ b bR R
$£27.4V; Mg, FBCORES 22705 % /e A T s
T, R A DI, BRZR R SRR R AR IR L
VEAKP, BN e i B e 2 (A 208 1.3 ms,  HL IR
EERARHABIR . REERE .

Tekfili | i 1
[
@ 500A & 200 ps 50.0M /s @ X
€ 50V & (TR 25.0A
4] fH P I/ ME IO it .
[ 355 122.5A 122.5 122.5 122.5 0.000 10/12 H2023%F]
© /] 2741V 27.41 2741 27.41 0.000 13:58:29
© /) 3091V 30.91 3091 30.91 0.000

6 A B i ke v S B AR R R T

Fig. 6 Load current and bus voltage under load short-circuit test

DR BRI 4 R R T, ALY 2 A e i T 3K
PR B AR TR, e AR E e AL S R
W FLIAE, R R IR DR [ 22 R T Dby A7) W 6 B i e
IR o J B A H T BRI R I, AT O S 1 B
OB 9T 1% 78 0 B E T R AR PR 40
BB MIRE ST, FIRHIEN T R 500 BRI B 5 B

PESTATEENE, i AL TR A% B TC FL 2R G0 e 2 ) ™
HER.
3.3 KFHERMIES S

G127 P RGBSR S LW, a7 Hr KM
FLTU R PR R 2B 4 T I D 3 e 7, B KB HL it
FOFICECE R S B, R P oK s S R+ 2
AT S, R G TR 2R B AT 0 IR BH HL U R )
Bt ThAggm, ORI R B PR R SR, 4G
b TR 6 A R B — S AR L, d e S
S THLBEE T SEARAE: B2 R 2B SIS 1 Fi it o 4%
SEATC T, A2 R ST 4 A MO R 52 R 2k
(S USE LR v Gl AR )= ia R i AP
AN [ S A1 T 52 JE 44 5 10 A B P b o 0B S R 2R
. ARSI Ay T FR A I R 52 1 20 2
B

R2 FREEIEFNMAKBAR B
Table 2 Number of solar cell strings affected by

antenna shading

KEeSTE REHRER  ZR&Em FHHK
ZhiR A/ () GG A R Ry AU
0 16 32 25.6
10 14 34 242
20 10 38 214
30 16 26 238
40 12 18 17.4
50 12 8 14.4

T REW, KFDES TEZRE M0 K
B Fi b 2 A2 30 14 B P B, K256 5 A PH R YL TE VA it
B, B DIEAD T 135 W, 28 REIE T T
K H H it A R B AL I B A B, BIAEAE 0% 5738
PEBUT S K RH At A 0 a1 D R A7) e ot A2 B8 2 R PR

4 MREFAEIDIE

PO 57T 2024453 A 20 HAESCE TR KR AL
RN RS, B o B8 S K BH 3R R 46 4% 2 1E R
T, Bl AT XA IT O, AL T IEFWILR 1S TR
. HAICIEPFRREBITHE, MICRET “BiifkoN
VRIS RAEIR UGS, IFAERUIT AR A R 5
5, B RSAAREREET, ASRIET 2%HE
e U e HEL R

WEHR, “BFE_S @RKHEL2h, Bl
BERC R GO BB TN S HCR A L 7R, Hh
FRFZR R . E R 4 PR R R B LI 1 S AR A
K B bt R T A 5 o EL A PR AR A AR I R 8



F2M 5, . “EMF TS AUR AN A AR e ARG B S 133

31 ¢ 7 50

30 — RHRAE — EARbARE 45
7 e

2D 3 DD oD DD DD A
R SR

NN AN,
KethsZ A/ Chemin)

7 RS S BU HL R G K MR AL S B S AR A 2R
(2025/10/07)
Fig. 7 Key parameter variation curve of Queqiao-2 power supply and
distribution system during long shadow (2025/10/07)

— R PH M PRIR . —— TR L 45

—200

IO IS B AR TR SISO NN I NN
\\'.\ \\“7\\5 {\,Q \q:\/ 0 \f:,}u f‘.}'.\ \r\)’\) \ﬁ;’\u.\\bﬁ/\&.
KM )/ Chimin)

8 “HYME T A HI R T 1) R PH ER B R AR I 22 (2025/10/07)
Fig. 8 Solar temperature curve of Queqiao-2 power supply and distribution
system during long shadow (2025/10/07)

TEHIG IR 45 SR 2R B “HOMF 5 I e R 88 T AR IE
W, STINREMEREIIFF AWK, BT,

1 ThEfr i RerE:  IERETGIESS Tl K B it
HIHIEADLT1470 W, 2 RIHERR (1400 W)
WP B LT, OKPH A R4 tH D28 31 190 W,
IR T K PH L A B S R SRR A
Rt

2) KHhggidEpitk: SKIESHE L2 h, HiEE
LR R EAE30.68 V, AbTF30.5 £ 1 VA HTEE MY
B G E26.52 V, HIAE48.4%, @ik T
80%FIPRME , BRAE 7 & b 41 F 5 5 B SR B 1 G ki
A T T AR e .

3) BRI PR 52+ IoH DX (1 A B PRt B il 82 T
50~75 C, HigZHNRAREE-175.4 °C, KPFHHhRE
TEWARIER . AR TR RIF, 55 AR
FaSE, i AL IR o P 5 3 2 P 5K

4) FFArEEIRCRETE: TERUBAE N, KB HEIh P T 2
TEI<6%, FHLER T TR o R 2R A K B b
FIHEMY, FERITTAMAE AR ER; &
HIBAH A B W <1%, WE4ERFIE14~20 C, iF [
B Ay B R SRR (N A, ST
iRt T JIOREE

5 & i

AN SCEE S B =5 7 4k R IR T O R R 45 50
B, KRG T @RS 8 FRAG
RO E R, DL TSRO RE T L B AR, R
ST e LT i R G R it SR BORBT T, 4R T
e ] SR AU T REERZEM . KT R BT B RO S K A
W, K LRIURESIER . &b eda e
EEAEIHT S, WO TR IRIR A HUB TR 25 AETR
g5 e R, KB T B R G L R AL e
AV R 2. I 07 32015 IR IR IR A AE BLIS AT Bt 12
R, “BHHF S RO e B R SRR
S AN R e g v, mT EEE SR E BT
REST, BTG bR L BT 2R . AT FURCRIE L T
—EE M TR K AR 2k D E M AR R R iR S
TRk R, HZOEARRS RIFR T S
P, TN R S BRERIN . TR 2 SRR 5% S C F 7E 3
H RO R B RS ICHE L E ERAR S 530,

SEH

(1] JSCH, @i, MO, 4. “RYHF =57 PUE 5 OIS 5 RS IT

BE A BEVT A RAT L[], [ 25 A 22 BR (h3E30), 2024, 44(6) -
16-22.
ZHOU W Y,GAO B Y,DONG T S,et al. Matching design of
trajectory with Chang’e-6 mission and flight practice of Queqiao-2
satellite[J]. Chinese Space Science and Technology,2024,44(6) : 16-
22.

2] XPG, BHR AL, 5. TREVRE RIS IR R R[], R4S
T#2,2024,33(6): 123-130.

LIU Z G,LEI Y J,DU Q,et al. Development of electrical power
technology for China’s deep space probes[J]. Space Engineering,
2024,33(6):123-130.

[3] B &, PEMR, WK, E RS RN S IREOR SRR )], IR R
AR P EID ,2020,7(1): 24-34.

NIU CL,LUO Z F,LEI Y J, et al. Advanced power source technology
of deep space exploration[J]. Journal of Deep Space Exploration, 2020,
7(1):24-34

[4]  WEDLFESE R, S RS IRI AN R AR R R G145
R[] BHLRIHT SR, 2021, 11(15):19-22.

JIANG H,DONG Y, XU Z F, et al. Review of power system design for
small body exploration by deep space probes[J]. Technology
Innovation and Application, 2021, 11(15): 19-22.

[5]  Sittig. TEAIEEORMI. 65Tt E S R, 2001

[6] AR HURES R IBRMBIEM]. b5t 5=, 2008

[77 ZINKLER J H. Electrical power systems for lunar and space
exploration[M]. Munich: Hanser Publishers, 2025.

[8] DAKORA J D,DAVIDSON I E. Spacecraft electrical power
management systems-system review[C]//2024 IEEE PES/IAS Power-
Africa. Johannesburg, South Africa: IEEE, 2024.

[91 DI J. Power for space exploration beyond Earth[J]. Stanford Physics,


https://doi.org/10.19981/j.cn23-1581/g3.2021.15.005
https://doi.org/10.19981/j.cn23-1581/g3.2021.15.005
https://doi.org/10.19981/j.cn23-1581/g3.2021.15.005

134

WA R Ch3E30)

20264F

[10]

[11]

[12]

[13]

[14]

[15]

[16]

2020,20:1-8.

SANCHEZ A, RODRIGUEZ P, GONZALEZ L. High-reliability solar
array regulator for deep space exploration micro-satellites[J]. IEEE
Transactions on Aerospace and Electronic Systems, 2022, 58(3):2145-
2158.

DU S, 95 B IR, K PH HLB R B E T M. Sk, BRI, B
%, . LRt TR ARAL, 1987,

LIUHY,LIU C M, XIAO Z B, et al. Optical thin films for space solar
cells[J]. Optical Instruments, 2006,28(4) : 164-168.

TRES, AR, DTHE, 5. VRS R PR HL b B R B SR s R 7y
BT [J]. PRZS R 24 (R 9830, 2016, 3(1) : 3-9.

ZHANG J Q,XU J M, JIA W, et al. Application Solar array and
analysis of key technologies in deep space exploration[J]. Journal of
Deep Space Exploration, 2016, 3(1): 3-9.

ESCER, B AR, B) T, A R B HL I R IR 2 RS B v e 0],
BRI (P 330, 2020, 7(1) - 41-46.

WANG W Q, YANG H D, YANG G et al. Solar cell array design for
deep space exploration missons[J]. Journal of Deep Space Exploration,
2020, 7(1) : 41-46.

WERE A, BT, ANEEIN, 45 o T BRARIN A8 A J R AN 22 56 )
R[] PR HORERE, 2014, 44(6) - 543-558.

YE P J,HUANG J C,SUN Z Z, et al. The process and experience in
the development of Chinese lunar probe[J]. Science China
Technological Sciences, 2014, 44(6) : 543-558.

FKPCH, KA. HIRA RGBT M. Jb: dbst 8 TR AR AL,
2018.

ZHANG Q J,LIU J. Spacecraft system design[M]. Beijing: Beijing

[17]

[18]

[19]

[20]

Institute of Technology Press,2018.

NGRS, A7 TRIIAE, S5, B BRI A s R A A L YRR BT 7T 0] I
FEHAR, 2015,34(9): 149-151, 156.

SUN Q X, WANG R,ZHANG M H, et al. Research on high-voltage
special DC/DC converter to the use of deep detector[J]. Measurement
& Control Technology,2015,34(9): 149-151, 156.

EEBR, e RN, & IRTRN A E T & IR EORAT A
BOR[CY/ P H TP LR ERMBAR LT R = mFEAR LW
WICER. Jbnt: HPE TR 2006.

FRIAS, AL, F RGN, 45 VR 2 BRI A 4 T A AR U B S
W], RS IR SAR (P 9E30), 2020, 7(1) : 81-86.

ZHENG J J,DU Y, WANG W N, et al. On orbit management strategy
of lithium ion batteries for deep space exploration[J]. Journal of Deep
Space Exploration, 2020, 7(1) : 81-86.

BRI, £5 T %, WU, ORI S 4k R A C B R G T R R
HIRUELT]. FHEAREAR, 2019,3@):9-14.

YAO Y Y,JIAO Y S, XIE M. Reliability design verification for power
supply system of CE-4 relay satellite[J]. Astronautical Systems
Engineering Technology,2019,3(4):9-14.

YE# i

SR (1994-) , 2z, TARIW, FZEHF 57 1) LR SR BLIC el it
AL AL ATEE X AT #1045 (100094

E-mail: chaiyi tju@126.com

TR (1988— ), I, 4 AR, 5 BEAF 52 05 170« S 4 G P .
AICBEEE

TEAF L AU E X ACIE B 1045 (100094)

E-mail: 943274634@qq.com


https://doi.org/10.15982/j.issn.2095-7777.2020.20191101003
https://doi.org/10.15982/j.issn.2095-7777.2020.20191101003
https://doi.org/10.1360/N092014-00150
https://doi.org/10.1360/N092014-00150
https://doi.org/10.1360/N092014-00150
https://doi.org/10.15982/j.issn.2095-7777.2020.20191030001
https://doi.org/10.15982/j.issn.2095-7777.2020.20191030001
https://doi.org/10.15982/j.issn.2095-7777.2020.20191030001
mailto:chaiyi_tju@126.com
mailto:943274634@qq.com

F2M 5, . “EMF TS AUR AN A AR e ARG B S 135

Design and Implementation of an Efficient and Intelligent Management Power Supply

and Distribution System for Queqiao-2 Satellite

CHAI Yi', HAO Chunxiao'; DING Huimei', SU Jiao', LI Miao’, GAO Fei'

(1. DFH Satellite Co. Ltd., Beijing 100094, China;
2. Shanghai Institute of Space Power-Source, Shanghai 200245, China)

Abstract: Queqiao-2 faces key challenges including long-duration Earth shadow, intense radiation, extreme temperature
fluctuations, antenna shading, weight constraints, and multi-payload safety. A highly reliable and intelligent power supply and
distribution scheme was proposed. A Fully Regulated Bus (FRB) topology was adopted to achieve efficient and stable energy
supply, an intelligent power distribution and hierarchical protection architecture was constructed to enhance bus safety and
disturbance rejection capability; a redundant fault-tolerant control circuit for pyrotechnic devices was designed to ensure reliable
execution of critical actions, and an autonomous battery life-cycle management strategy was established to achieve long-life on-
orbit operation. Ground simulation and test verification, along with in-orbit operation data, indicate that indicators such as system
power supply capability and battery depth of discharge meet the design requirements, and the operation is stable and reliable. This
research can provide an important technical reference for the design of power supply and distribution systems for deep-space

exploration spacecratft.

Keywords: satellite; power supply and distribution; system design; multi-load power distribution; pyrotechnic control
strategy

Highlights:

e A fully regulated bus integrated power supply architecture was constructed to adapt to extreme lunar orbit conditions, improving

deep-space energy efficiency and on-orbit power supply stability.

e An intelligent zoned power distribution and graded fault isolation framework was proposed, enabling real-time load

monitoring, autonomous fault diagnosis and transient impact suppression for high-power dynamic payloads.

e A full-life-cycle intelligent management strategy for batteries was developed, ensuring the satellite’s 8-year long-life reliable

service.
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