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Spacecraft reaction wheel actuator configuration based on
comprehensive evaluation index

FENG Jia-jiaf, WANG Zuo-wei
(Beijing Institute of Control Engineering, Beijing 100190, China)

Abstract: This paper presents a method of spacecraft reaction wheel actuator configuration based on comprehensive
evaluation index, which can be useful in the design of spacecraft control systems. Firstly, based on the functional and
hardware requirements of the actuator configuration in the control system, a set of feasible configuration schemes that
satisfies the requirements is determined. Reaction wheel is selected as the actuator in this set. In addition, its mounting
structure is skewed, with the mounting angle of the structure determined by the actual requirements of the control system
and the minimum energy consumption. Secondly, the optimal configuration scheme of the feasible configuration scheme
set is determined by the comprehensive evaluation of the characteristics of the actuator configuration. The least squares
method is used to optimize the subjective and objective evaluation methods, with the merits of the scheme determined by its
proximity to the positive and negative ideal schemes. Finally, the proposed method is applied to the actuator configuration
requirements of a spacecraft control system design, with the results showing that the method is feasible and effective and,

consequently, has value for engineering applications.
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2 [\ BH5A (Problem description)
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Fig. 1 Four skewing reacting wheel structure
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3 PATHIMIEC & (Actuator configuration)
3.1 AJ4THC B 7 REE KA € (Determine the feasi-

ble configuration scheme set)
3.1.1 =23 451 I i %€ (Determine the installation
structure)
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4.2 FCE 7R (Configuration method analysis)
LHIH LMo = 0, HR(9)—(16)FHEd &
B P& HO AR U6 BT 58 L0 B RAT DA T AT G B 7 56
2, ={4,53.13°,0.12,50, 9.8, 15,0.968, 25},
0, = {4,53.13°,0.15, 75, 12, 18,0.95, 30},
24 = {4,53.13°,0.2,125, 15, 25,0.9, 40},
04 = {5,54.73°,0.12, 50, 9.8, 15, 0.968, 25},
25 ={5,54.73°,0.15,75,12,18,0.95, 30},
Horp & 05 R B R 1.

&1 ATRAE
Table 1 Analyze data

HEfEAr PiE/kg AT BERE/W O DORELL WIEME JEAs% MzhEfsg TTRE
GES 39.2 60 100 0.6786  0.9630  0.1348 56.1795 1
VE ) 48.0 72 120 0.6786  0.9860  0.1685 84.2692 1
%3 60.0 100 160 0.6786  0.9477  0.2247 140.4487 1
GED! 49.0 75 125 0.6000  0.9950  0.1620 67.5101 2
IE 60.0 90 150 0.6000  0.9988  0.2025 101.2651 2
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BT R G BTR . AR BERE. ThAEEE Y
HUNBAR L TR bR, AT SE R RS M ER

1 1 1
0.5769 0.7000 0.6667
R= 0 0 0
0.5288 0.6250 0.5833

0 0.2500 0.1667

R AHPIT LS BT Ay
U = [0.1123 0.0115 0.1087 0.1139
0.2058 0.1477 0.1356 0.1645].
AR 2 WAL E Y
V =[0.1356 0.0778 0.0885 0.2243
0.0627 0.0816 0.1053 0.2243).

I 26) HH FA R EW N

W =[0.1240 0.0447 0.0986 0.1691
0.1342 0.1146 0.1204 0.1944].

H130(27) — (2845 B 1F BRAR 7 Syt A1 1 BRAR T %6
Y~ AN
y = [0.0977 0.0321 0.0732 0.1196
0.0847 0.0854 0.1012 0.1375],
y =[00000000).

fJa, AR -CDE B i 545 R nR2ph

3
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Table 2 Calculation results

FEL R ORI TiR4 HEHES
L 02328 02081 02373 0.1195 0.1281
D 0.285 0.1100 0.1323 02126 02179
F 03557 0.3458 03580 0.6401 0.6297

MFE2H P FEUETT DR, T RN TR, &
IUEZ T S R i R T K.
4.3 J7RLE(Scheme comparison)

SCHRIAVE AT 2 H T B aTRAE R %65 F [ e
FR, B3N AR A R 2 5 &, 4 e 4B
FHEC I8 AL Y T7 5, BRI 19044 B 7 22 53 #E 1%
TARS N AT R E, AT RAE AV
&R TRV 2 R R 3 s,

For: P1=P11934 e AE L BE 11 kg L7 %€,
P12—P19 4N A EHEE I8 R Y T 5.

MFR3F] LA ), fE45 G5 RS DR AR AT #2
AR AR R PAT MU BC B 5 VA4 T HAh
Bk FsL b, BEoE R AT AT WL L E T

== 0 o O

2% TUR BN R R b, BRI R b AL
FEERE RN

0.2994 0 0 0
0.7495 0.3748 0.3333 0

0 1 1 0f.
0.9256 0.3026 0.1345 1

1 0.7531 0.5350 1

FERIEE TP AE B — R PR PL A I, R RE AR SEbR
(K122 3w IR, MO AS ST Hh K T iR RENS AL BRI R %2
FRER LR, PRI, A SCR 32 Y B S AT AR e B 75 12
bE T HARRC B AR S & TRER .

K3 ITRER

Table 3 Scheme results

HE Pl P2 P3 P4 P5
F 01564 0.1667 0.1667 0.1667 0.1721
HE  P6 P7 P8 P9 P10
F 01721 01721 0.1923 0.1923  0.1923
HE Pl P12 P13 P14 P15
F 01923 03087 0.3233 0.3233 0.3233
H%E  Pl6 P17 P18 P19
F 03566 03566 0.3566 0.3557

5 25 iE(Conclusions)
ARSI 45 ) RGBT A AT T B AT AL
FATC B IX — ), 3 — PP T2 SV R AR TR
I AE A PAT WU B 7V, K512 05 1225 A T 52 B
[zl RGEACE P, 45 SRR IR E ik 7 A 3K,
DR B B TR, B TR 2SS BR BT HL
FATC B 32 2R 2 R M, Bt s/ 6 ot 25 )
R AE FHEC N n) 2, (R, R — D B AT (15
FEPATHIRIEL B ISR &R, kMR Lad & 772
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