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Multidisciplinary design optimization
based on advanced model of satellite attitude control system

WANG Xiaofeng, HUANG H ai
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Abstract: The coupled relationship_between-the attitude control system and other sub-
systems of threeaxis stabilized satellite-w as analyzed in this paper, and then attitude control
models and subsystem hardware were-selected. M-ore accurate analysis model was established
to calculate subsystem mass and power, then optimization models of integrated system, atti-
tude control subsystem,, power subsystem and structure subsystem based on collaborative
optimization(CO) methodologywere built. Finally, the programs were compiled with C lan-
guage for the analysis models and optimization models. The results shows: subsystem model

collaborates'well-with this system model to obtain better system performance.

Key words: aerospace propulsion system; attitude control; satellite; multidisciplinary

design optimization (M DO); model

’ B
[F2]

[23]

( Multidisciplinary Design
Optimization, MDO)
.MDO

1 2006 10-24; : 2007 10- 14

(1983),



11 1959
, Ellen Riddle'” . ,
[1]
[4] [2’].
’ 2.1
; h,
DNT, hu.
[1] )
, Ji< 0001 (di=11,273) (1)
L (
’ ), , 0. 001.
[1] ,
’ maxf (x) = A * GSD°/GSD + B+ & (2)
,A,B ,GSD , b
,GSD°, ¥
2.2
(1) )
(2) , , h"], D-'
. ( )
(3) ; ’
(4) ’ * 2
. JZ(hm,D) = (hm— hm) (3)
(5) R ,h"]
2.3
( h,
)’ , Ls‘d, hm.
h,
N [1] Lsa, Msa.

Ji(h,hm La)= (La— Lu)’+



1960 22

. (’”L‘ mu)"+ (h="h") (4) Fu= 2(&%“‘ 3acos i)Cp*s (9)
’ R ’ o s ( ) , 1 5 Co , R
. h , B . P
3 ( SA76 ).
. ( )
A [1] : »
31 ,[S] . Tw,= [T T, 0]
To= [Ta Ta 0 (10)
(2
(0 ( )
go T, = 36b/(I-- I,)91-- I.)0 0] (11)
1 ( S, 0y, I (
1 X bzb ), ). 0
' : : (3)
g = [cos Beos( @t) — sin Beos Bsin(wt)] (5)
, W , 1
B = m[cos(%t)sin i cos( Wt)
% :) cos /i 2sin("wt) | (12)
- . ().

s (

M: [Mxh M}'h MZh]Ta

sun )

1 Tmb = M X B= [an Tm)‘ Tmz] (13)

Fig. 1 Direction’of the'sun radiation 3.2

(¥5Zb, X bZb, XbYb)

s= [b'+ 2www | sin(we) | b+

2wws | cos( i) | bl] (6)

& s
th = . [1(1+ Raur[) + 2Msur[/3] e (7) s
L Fs , C ( '

) N Rsurf N Msurf ( ( 1) ’
).
’ (
' ) . N,
L 5a(a ), Nz )

y= (= 1 1 50cos(@t)/@ 0) (8 )
er: Nx'[)Thxdtx(l‘i' 20%)



1961

H.y = N}*J':Tbydlx (1+ 20% ) (14)

20% ,
H = maX(er, Hyr) (15)
(2)
[1].
3.3
3.3.1
X = {h,H, tl)um,Kp} (16)
2h . H
7thum ,Kp
3.3.2

)

Ji(h,H, thn,K,) = (h=t )" +(P—- P)°

(17)
P B
P
3.3.3
(1) L7
Hd
gi(X)= wmax (I, 1,,1:) 10<0
H 4
e )= 1= g 1,1 < 0 (1Y
’Hd
(2
o He
g3 (X) - La X thum Fr<0
_Hae gt
g4(X) -~ La X thurn+ Fi< O (19)
JFY Fu ,

(3)

?

gs(X) = 2% tm— T x20% <O

(20)
(4) [8]
_ Iy
go(X) = Ho == 0.1< 0 (21)
(5) [1
Ta
g(X) = = [<0 (22)
P
(6) [1]
gs(X)= /KT, - [a] < 0 (23)
) , 1.
1
Table 1 System constraint function
Ji J2 Js
0. 000 117 1.4%x 103 1.2x 10-°
2.

2
Table 2 Index of system and subsystem index

/km 7131 7128  712.0 -
/W 70 - 70 -
/kg 65.6  64.6 - -
/m 349 3.49 - -

/m 1.05 - - 1.05
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Table 3 Compare of the variables between

before and af ter the optimization

h/ km H/ Nms thum =S K5

700 8 I5 IS
712.0 14.97 20:-10 26.4

Table 4

4
The output of the attitude control subsystem

- 6.316 13
- 35.0805
- 0.645 46
- 0.154 53 70 1W
- 1145.33 93 1kg
- 0.056 32
- 0.001 74

- 0.000 17
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