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Condition Quantitative Assessment Method for Satellite Electrical
Power System with Fuzzy Theory

YANG Dong, Member, CPSS, LIU Zhigang, Member, CPSS, MU Hao
(Power Supply Technology Research Office, Beijing Institute of Spacecraft System Engineering, Beijing 100094, China)

Abstract: To accurately obtain the on-orbit health status of a spacecraft electrical power system, a condition
quantitative assessment model for a satellite electrical power system with the fuzzy theory is proposed. First, an index
system for evaluating the system condition is established by analyzing the operating characteristics of one satellite
electrical power system. Combined with the time-varying characteristics of actual telemetry, the corresponding telemetry
pre-processing method for electrical power system and a dimensionless deterioration function are put forward. Then, a
hierarchical condition quantitative assessment method for the satellite electrical power system is established through
introducing the variable weight theory and fuzzy theory. Finally, the correctness and effectiveness of the proposed
condition quantitative assessment method are verified by analyzing the actual on-orbit and simulation data of the satellite
and comparing with the traditional method. Moreover, the deteriorated system condition can be assessed by the proposed
method two days earlier only based on thresholds.
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Fig. 1 Structure of electrical power system of one

low-orbit satellite
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Fig. 2 Condition assessment index system
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Fig. 3 Flow chart of analytic hierarchy process

ARSI T 45 48 b T B I R 2 IR 4 BTk R
I DAL B 00 AL, IR 1 TR .
2.1.2 EBAELHE

HAUE I 23 BE & 8 A A8 09 A2 A i B, Y
FEA-FE bR E B 5w I R X DA 25 5 0 B2 e O
ARARK, AXAFHATRSFHRE LA™ E
HAk, AR B AT 5 AR AU AT LA BE & 8 bR (E 5
oy FoR A, A8 bR R X T AR A
7 7 B O R S AR A D) 25 5 22 i W 6
TS o2 YN R R (ERTRE S sl (1R N L

LBRE DL, HE T, T IR UESE G T 4 AR 1 24 1
P AR SCR 24 4 o KRS0 2% Y AU ME R AT AR AL
Ab 3, B

d
s=1

A Rije = A ;?%)k (1 —8Rijk )S_I/ z A ;(g(,),) (1 —8Rrijis ) (4)

/
ARJ:A}%)(I—gRﬁ)ﬁI/ZA;‘,‘;_)(I—gRL»S)“ (5)
1

P
Am:A}e?(l—gm)a'l/ AR (1-ge)™ (6)
s=1

A ARG A gy, 20 B RS L ATTH RS T IH
(2 kA4 b Xk R AR 5 ASAE A A8 ASUAEL 5 A ) A Ay
SRS DR SR AT H R I Y AE A
ARKAEL s A KRN A g 53500 R 55 0 AN I00 H 6 R B8 8 A AR
AR KUE ;6 AR, A SO 6=—1;d AT T H
JE AR PR AR R O I H RS T I H
JEABGp I HZA B g I PPFIFEDR Ry #955
T ;s g, R g T2 0700 JZ 20 550 A 0k
M H A
®1 OTEERNERE

Tab. 1 Constant weight values of assessment indices
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Ry 0.104 9 0.25,0.25,0.25,0.25
R 0.277 8 0.5,0.5
Ry 0.250 0 0.1,0.1,---,0.1
Ry 0.250 0 0.11,0.11,---,0.11
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Fig. 5 Flow chart of assessment method
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Tab. 2 Related parameters of one satellite electrical power system and telemetry pre-processing results
Ji A A e
I OB IIX) 1o P a B HE (FHE2 X)) 1o @ B>
+Y Rin(A) 22.24 22.57 0 30 +Y Rin(A) 0 0 30
=Y Rin(A) 22.54 1.10 0 30 =Y Rin(A) 0 0.46 0 30
+Y Riis(A) 13.47 7.22 0 16 +Y Riis(A) 0 0 16
=Y Riis(A) 13.56 5.77 0 16 =Y Riis(A) 0 0 16
Rixn(A) 0 0 0 50 Rix(A) 18.75 13.64 0 50
Rin(A) 7.35 4.76 0 11 Rin(A) 0 0 0 11
Ri(V) 52.30 52.26 40 60 Rix(V) 48.79 48.72 40 60
Riu(A) 0 0.07 0 25 Riu(A) 7.315 5.68 0 25
Ryu(A) 7.37 1.38 0 5 Riu(A) 0 0 5
Risi(A) 20.00 16.18 43 Risi(A) 19.93 14.85 43
Ri»(V) 29.09 28.95 27.6 29.6 Ris(V) 28.54 28.64 27.6 29.6
3 Jil A 1 2 )
2 a, x a B 2 ] a, x a B>
Ry (V) 12.17 12.17 11.79 12.51 Ry (V) 12.33 12.33 11.93 12.67
Ryn(V) 12.16 12.17 11.79 12.51 Ry(V) -12.31 -12.32 -12.67 -11.93
Ry5(V) 20.12 20.14 19.55 20.75 Ry (V) 15.10 15.09 14.62 15.52
Ry (V) 27.11 27.13 26.34 27.96 Ryn(V) 18.25 18.50 17.97 19.09
Rys(V) 35.13 35.18 34.10 36.20 Ry (V) 5.40 5.40 5.24 5.56
Ry6(V) 5.80 5.80 5.63 5.97 Rou(V) 7.50 7.59 7.40 7.86
Ry (V) 5.80 5.80 5.63 5.97 Rys(V) -15.06 -15.04 -15.48  -14.58
Ryi5(V) 5.80 5.80 5.63 5.97 Rys(V) -5.38 -5.43 -5.56 -5.24
Ry (V) -12.18 -12.18 -12.51 -11.79 Ry (V) 15.52 15.53 15.08 16.02
Rono(V) -12.18 -12.18 -12.51 -11.79 Ry(V) 20.36 20.51 19.93 21.17
Ry (V) 15.32 15.31 14.84 15.76 Ry3(V) 5.60 5.63 5.34 5.67
Ron(V) 15.32 15.34 14.84 15.76 Rysi(V) 8.71 8.80 8.54 9.06
Ry (V) 30.53 30.58 29.59 31.42 Rys5(V) -15.54 -15.56 -16.00 -15.06
Ry, (V) 5.02 5.02 4.85 5.15 Ryss(V) -5.55 -5.57 -5.69 -5.35
Rys(V) 5.51 5.53 5.34 5.67 Ry(V) -5.59 -5.62 -5.74 -5.40
Raxs(V) 5.51 5.52 5.34 5.67 +Y R (V) 2.484 2.479 2.47 2.52
Ry (V) 9.03 9.03 8.73 9.27 =Y R (V) 2.50 1.716 2.47 2.52
Ryx(V) -15.35 -15.36 -15.76 -14.84 R 1.87 1.87 1.4 2.00
Ryo(V) -15.31 -15.34 -15.76 -14.84 Ri5(C) 3.11 1.63 -5.00 15.00
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Tab. 3 Related telemetry pre-processing results of —Y

wing solar array(October 2021)

gl a 1295 1395 15% 17% 19% 20%
=Y Ry (V) 250 250 249 249 220 196 1.72
-Y Rip(A) 2254 22.25 21.40 16.18 6.26 227 1.10
-Y Ri;;(A) 1356 13.07 12.05 9.09 6.56 5.81 5.77

Rin(A) 737 716 659 451 349 212 138
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Fig. 6 Curve of current of -Y wing supply array

versus time
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i IR RGORE R T o— M 09 8 A E Wi ok,
H B A TE 2015-10-20 AL RS, X R H-Y

I R R B B i e — 2R M8 i, AR SCHR Y
Tk e ER R UL IR R GUIRES H L 72,

R G G T BRI PEA J7 12 02 TL A A
A A2 RS BEAT T b, PR AR NS4
R4 EXREDHBTHER

Tab. 4 Assessment result of actual in-orbit data

fros o AR LAFE H WA 15 200 TR B R SR
AP T R IRES S E AT, KRS
BT WAL AR DA D7 95 O 1 B UL S A ) )
A I 75 15 1 DU R GRS IR (A5 T 45
R LIRS AR KR 22 . NI, AR SCHR A 22
RCVEAG 7 125 BE 8 T A RO PP Al TR iR R ey is
(RSO

H 14 A PFAR 25 PEAN A T 25 PEA
2012-05-10 100 0] BL 4 100 0] BL 4
2015-10-11 [1 00 0] B 4F 100 0] BL4F
2015-10-12 [0.868 3 .1317 0 0] B 4F [0.966 5 0.0335 0 0] BL4F
2015-10-13 [0.3551 0.358 7 0.286 1 0] — it [0.928 4 0.039 9 0.031 7 0] B4
2015-10-15 [0.1755 0.688 4 0.136 2 0] — i [0.868 3 0.118 2 0.0135 0] BL4F
2015-10-17  [0.078 8 0.762 9 0.156 6 0.001 7 — it [0.779 2 0.2029 0.017 7 0.000 2] B4
2015-10-19 [0.046 3 0.670 2 0.283 5 0] — it [0.8020 0.169 7 0.028 3 0] BL 4
2015-10-20  [0.003 3 0.463 9 0.509 0 0.024 1] W [0.825 4 0.127 4 0.047 2 0] BL4F

32 DEHEHESN
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¥ 5 15 L b, DAL IE R A R T 4k 2k TR
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B A 20 10% A8 B, <4 17 PR & AR T B% i i

®5 HEHEIMHER

Tab. 5 Assessment result of simulation data

I, AN 23 B2 WAL K 2 70 B U 7 i

AR S i R SE A TR R5CER: A P R il T B 2R B
D7 BRI T 2 ik b T L2 IR R G iz 17
Bl IFAHAS SCHR B AR BOFAS 7 vk A5 4t
BE T RS PPl 7 V5 Xl B 0 PR 2 AT
Ab PR ASENUNR 5 Pros B IR 45 R

PAR H e A AR BUE DA 5 PEAr SRS R E PEAr
2 [0.899 1 0.1009 0 0] SR/ [0.9750 0.0250 0 0] SR/
4 [0.400 4 0.068 8 0.530 8 0] TR [0.957 1 0.004 7 0.038 2 0] R
5 [0.218 6 0 0.338 3 0.443 1] = [0.957 1 0 0.018 3 0.024 5] [ 4
Mk e D A LR I | O IR L W AT A
SUINARIE | REUIRAS R R BAF", (IS %k 4p 4 ERiR

PRI, 2R AR BEREIT  RGTNN “TE R IR 5 2
RIS A o RS S T I R Xk v TR G M

SO, I R R < RS AR BCPEAG 45 28 AT
PATE PPN 2R 5 SEBR AR AT o (EUR RO 45 5
O RAET S H SRR, DRI, AR SO A T AR AL
(1R £ 5 D R 28 BT A 408 0f A 3t 5 BB P DR
GRS

AR SO A 7 A TR L IR R ST BB AT A A, S
T REBERGIBTIRETHL 18 b A & il 5
AERCEE MBS bR, 5 T HRIRR S 01 3
MEHSEN T RREREH T ERREA G eIk
SRR G I RIRRL A FZAR R0 3 TR AR LA
7 FLBE FEAT 73 B VAl A3 T 2518
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