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(Modeling and Controller Design for Attitude Control
of a Moving Satellite)
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Abstract

Because the previous simulation tool for attitude control of satellite was designed for the modeling
of rigid body and PD controller, the attitude error can be made more than the limitation value for
keeping for communication link, and then the communication link can be lost at moving of satellite.
So, for rapid attitude restoration and design of stable and modernized controller, the modelling of
rigid body and flexible body structure for moving GEO and LEO satellites were performed. Also the
minimum time controller is designed for the rapid restoration of attitude error at communication
broken and to minimize the disconnection period from ground communication system during the
satellite stationkeeping. The linear regulator is designed using the space state vector that is better
than accuracy and stability of PD controller. Firstly the simulation was performed for comparison
ol the rigid and flexible models using PD controller and the case of the pitch angle changing by
ground command, and the case of the periodic north-south stationkeeping are performed for the
analysis of response characteristics of each controller when the attitude is changed. As a result,
the flexible body model represents more similar results of real situation than the rigid body model.
The minimum time controller can restore 7 times rapidly than PD controller for its lost attitude. The
linear regulator has several merits for capability of adaptation against the external disturbance,
stability and response time. In future, we can check the estimated results using this satellite model
and controller for real operation. Futhermore the development of new controller and training can be
supported.
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Table 1. Satellite Coordinates.
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Fig. 1. LVLH Coordinates.
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Fig. 3. Satellite in Inertia.
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Table 3. Five Vibration Mode of Flexible
Model.
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vaw (4.007167 % 10-13)2

wl | 01538 roll (2.033235%10-9)2

pitch (2.033235 x10-4)2

yaw (2.342886 xX10-7)2
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pitch (1.232280%10-10)2

yaw (2.573280x10-2)2
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yaw (5.489184 X10-5)2
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(1) 255 94

An*(1,— 1)

Ap=—"7"==1.79x10"° (27a)
—n(l,+1,—1, _
A,m:—n(#=*l.346xw ! (27h)
I
/152—M 4.888%10 * (27¢)

G % = ozl 94 54
821.819 kg

Al e 17.644

Lex IN-LB/sec?

Iy 16,548

I.| IN-LB/sec’

I, |3.555 IN-LB/sec?|3.555 IN-LB/sec’

I,, | -4 IN-LB/sec® | -4 IN-LB/sec’

I, | -74 IN-LB/sec? | -74 IN-LB/sec”

n | 3 IN-LB/sec 3 IN-LB/sec’
7.27 x 107 1.07 x 10°
rad/sec

2 _
a63=i’—u7"—li =3.892x10 (27d)
apy= LTI g (27e)
b= —6.043x10"° (28a)
b= —2.813x10™* (28b)
b= = 5.667x10 (28¢)
(2) ol#& ¢4
2015
ag=2UL) (? L 5 gx1070 (29a)
446=M=—1.98x10‘5 (29h)
2 —
asF%Q:l.oexlo*w (29¢)
207 _
g =B g g9 (29d)



20004 15 BYISemLE £ 8 SCE B 1K 25

Azaieel BAgel BE TAR ol ERE AR

n(lt+[»—12) =5
ay="—"""7 — ~ L8610 (29) o} 213 6ol PD Alol7]9) 7lEAel 25 tlelol
P& rehisich
by = % =6.043x10 7 (30a)
[ 9rmasa | [ A1zx |
*
b;_/:IL =2.813>107" (30b) ARl RS Y
2 Oll-
Yaw ‘Z}QE
| B s98 Aax
by =7~ =5.667x10"" (30c) g
f 1 AR A,
S | 25 #A%=
Mozl A 9} AFA} A /
m. MoiZ| MHA A,
293 A
A A7 AoldlE(transfer orbit)EF Avt AR|AE A o171 *37

o A Fols AT AL Sastoiol Al
AU BARES ¥ 5 ook wep olefar gy 1F 5. FIIl ST Roll Yaw Ajol]
gl wue Ao ARk s, ARl A 2 Fig. 5. Roll-Yaw Controller using Thrusters.
A Ae=elg wshe Aelrls AAE ztAshe

AR, Aozl Slsel TEHE WAAIE Tnput [ 1] ow
FEA A (actuaton 2 FAH IR 949 2] N K
W sheslel FASE BR sHAlela -
Esgla)a 35k (A2 /ol 94 140l

[
glom, A~zZEe] AR EFsPH SEekduA Nc | x(rs +) EF - 01
3} sEabguiale] glek ¥ oyl auaE 4 ' '
(fixed momentum wheel)®} 32 7|(Thruster)ll ¢
g 3 FAlojaile 7Bt 92 6. 914 % Rate Alol7]
Fig. 6. Position and Rate controller.
A3 A
iz'ﬁ pas 3714, 0063+ Fz3ta x| W LA §A, 0.1
ol 2l 1 4 417 L 9%, Npe 9%t B3, Noe AloE=
MWa)
Ne=—K(z 8 +6) (31)
Sl i
ﬂ;::ﬂ A= ND=19 +Kr 6 +K6 (32)
Aol B3 A A &= | 3y
71— aprf 01714 ehgels WEke &,
K(zs+D) L(Ny)=[I*+Krs+KIL(8) (33)
K:Aol7] o5, T A7) A7F Al L(g) _ 1 (34)
- 2
a2 4. =eElde) 23} Pitch Ao LNy ~ I*+Krs+K

Fig. 4. Pitch controller using Monentum Wheel. 0
Melsa and Shultz(1969)V9] #Hdj ~xx] =i A

1. mjgn) e} 28] dxE] AldFEs on, dEE o R vebd
e g A7l el PRAa AR T

(25)



(35)

w,=

[}

AN w,=0.1, p == & AMESIGTE whala, o

2 =
535S Position®) 58 K= K= 0’ I=0.011 &}
Rate®}S5 K,u=Kxr =20 w,JJ=0.1V2] 22 Jeh}

o, 7|4 T £ 49 TSNS Pzl
10v2eic},

T
T

A4
2. &A1 Al

HAHA7 1S AAE] fj8le], A & 93

2 golell gk Al 4] (18), (19), (2005
efrloZ g ohgat ok
x()=10,0,0,6,6,6:] (36)
2(H=x,(9 (37a)
x(D = x5(D) (37b)
. 1 .
(D= (Np—K(z 6,—6+6 [ )
TR S T T T )

— n(I 4+ T~ Lyxs(D+ 40> (I, — L)x, (D

(D)= (Np—K(z G, 6,5+ 65,)) ~ 302 L)(D)

(37e)

;&s(t)zl%(zvrx(r 63— 64+ 650 370
+ 0L+ 1= Lyxg (D + n* (I,— L)xs( D)

= a (38)

A (38 Hassl) glsled, o3} 2L Hamil-
toniang 78 ¢ ek FHAxele)2 o] Ak
A siHg 913 Hamiltoniane theAle) 7o) #elgkc)

HG(8), (0,508, =1+ p,(Hx,(8) + po( D x5(2)

+ 23(Dx5(D + p4(D 2D
+ 05(8) x5(8) + pe (1) x6(£)

(39)

webd],  H2ARE AlelE $I7 HA-A Paza
vkl 7hon]

(26)

Ao}7) AA FEA M

:%%("*(f) RACNACN) (40)

Al (40)8 mEEslr] 918k H x|zl digk Ale] o)
B2 vkt 2

- Np
T orxs(D—x(D+xy,,

41

= BEa3 A5ARE sl $sle] HA, B
Ko Azt 7zl WEgke) eajzle)  AJAHAE]
71l 0.001° CHRDoE =gsisls of #HA4Al7k
Alej7]ell4] PDAlOY7| & 2913 =i A A sl Th

3. Regulator 4A®

2. 4798 Aepis wAlAle] wjel e 2 E8(01),
A2 (02), 8°d(0)2F ZA2e] Zskg 6, 46, 6,
2] et el i’ £ YRoll didt Abej4]
of & Ar# Bg, Cr, Ug, Drol g& %535
E thed 2L d549 FE T BE e

0.1&% 3}9] Regulator ©| AZshedch

=
=

o]
=

Ax) =y (x), 22 25) — AttRef (21, %5, %3,) (42)

< HAa3sl7]  9lslel  MATLABAS)
Simulinkell4] #|&8h= Least Square®, Gauss-
Newton¥H, Levenberg-Marquardt ®#PHe] gler},
71 e v HaRke S AMgslgich

Al.o.
=

min f: " Ax)2dt (43)

#H23)

o

Pilol ojdh 48 WAL MATLABYe
mEell EAlsle] WAglo] Algsigon,

ol FASE Y] AESE 21siel

7] 918 91 w0 TR 2ok el
() = A()x(8) + B(Du(2) (44)
BIRERE, J= 1 ()
+ [T @00 + T ORGuE 5)
SRR
u'()=—R" (DB (DK (D)x(2) (46)

o7)A, R& Aol oo ke 71l oAl s=



20004 1A BFILBGHGE
24 of7|Ae welslE S ARE-d K(t)+ Kalman 3

Bl2] o]5ghe A Matlabel|4] #-4¥]3= Kalman 2
HE AMsiedc)

V. Alzsojd Zxn

Ageol e ofd 7] A9 PPs RS wipale.
Fosle] olon, ol Askle sl e
o] 477 Zwlelld WL BHasdE) o] SllE ofeiz}
| sk wirE Adesle] el mE AgdlelAe]
Sei) wah AT 20, 89, A6l e =
A7) glent, of7xl ekl
olelx B3] AFak] we 37
nelFoleh £ % 87 s)x7e
oeleizhpel Eafaet

2
°

Y

Q

Rl

N

=)

28
o]

=

ko
1o

L 74 meds fdd 29 v|auPDAe71E A
43le] g AR A)

a3 78 ARG fAA4 medol digh FESI]| Al
Azlg vEglem, o] A¥g #fsle] FEHIAAA]
WEAEl= E3E2 “External Disturbance” 2 ¢#s}od
o717} B2 ik o A A 2elE L83t
735 HARE B30l ofsle] odw] 7} wiskeat zho] &
ahzlol Aol we} vehd vl Wolw, fald 2
7hiAl Eze] ulel 2E3slel AR 6 o] ke A
72 gt g PEAlelr) kesa o & )zl
disle] FEwAo] Hash, FESIA|AeIEMlE ]
o digh A e8deizt A} 0.0848 Hlofvt tlE Al
719] Egrg i} 5 BAe] Qo] ok

i ) PD taat righd body NE control (BAD)
] :M\
| I ® = - i
¥ . ]
2. i
‘ oo PD saat e hody NE sonirol (BAD)
k4
E .
b .
B ST
L o - A ]
a2l 7. 74 mde fd A 29 viaPDA 7V E AL

3k FES 2 A A
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