514 255 6 12016 4E 12 A
1672-6553/2016/14(6)/513-6

B EEE R

JOURNAL OF DYNAMICS AND CONTROL

Vol. 14 No. 6
Dec. 2016

=T E KFHBE IR HIE . ESME R IR
MmAENNFERNFEKRE

e WFE'

FRE Xwik

(WL Tk R TR S22 R V4% 710072)

WE A FARZE PAFE R REIRAY R S, 23 AR FHAE LG (SPS) W5 5 VP 2 W S MBHIF LG 195G TE. th
THOE R R RS 5 AT TS IAE BN Sy 2447 D I 2225 R U R S S MR SRR S 1 . A
SCAE FESER AR BRI SR S #0152 T RIS RO R G (1SC) 18l J1 24K J i Legendre A8 5] A
J” XSt 78 Hamilton (AR T #ES7 1THHUE L2 Sl Ik 30884 1980 2705 B2 R Runge-Kutta J5 %X}

MG B J7 227 AT B SR A AR K (B S
SEAPRSN AR, IF 3 T R AR .
R SEORMHAERYE, BuE, BE,
Dol; 10.6052/1672-6553-2016-021

51

i1

WA EBRETT I AT AR , REIR -5 IR IR A
BN H 5 B | NTEH R PRBRE. H M 1968 43¢
[N Glaser B YR HY 2 37 %% 18] A BH BE HL i (SPS)
A BEAR LUK, SPS W51 36 1 2 [ X MBI HILAY Y 5%
. 56 H BREEAIARSEH T 20 RS JFITRE T
— RIRRPERIBFI AR Rk T A AR
AR E S AN R R IE X SPS i AL {7 A R 47
PRI IE, Xt T X A R TR AR E B 3 38 17 i
SRR DR A UE A DL S A 114 5 A e A
BB E R S B2 AT X RA RIS

TERTFE/ NI R e ) BB iz 3 57 1k 2
FFRBIS , 1 T e Z B A AR SR AR N, o 13
SIS T8, AL EN A MR S 1z 5l
SRR IS SR X TR SPS AR R
REGZEVERTR AR , 70075 [EIE S35 DL KA R
B I RV Wie 251 76 1 BRAAE BRI 4
ALK BRI & BE5E 7 At SPS R4
BB RS WA £ 3 J1 2 B il MeNally 271
W58 TPl SPS REGAE R Laplace - [iiffLiE

2015-12-27 Y %55 1 5 ,2016-03-12 Y & i k.

SIPIESE T A E BRI 0 BT R B SRSl U BE S

LZikiRsl, =

T3ty R [ 45 3E B BLE 3 1 2 IS5 3 12 34y
BIHEAT T UL SR, LA 1 TAEHR &40 SPS B 1
JENIA, I3 % 18 RS R T2 bk, Malla 261K 8
RS 6] ZE PSS SR M B PSS T B0E B0
R (A8 P L 25 A Al 1) AR TR 9 S0 5 B B
SIS HBER B [ A5 3t Bk 290 T8 - 1 32 30 1 8 K
23 ) 2S5 14, Malla' ™ BIFE 1 00 B 45 1 )l i) 28
T 25 A RV EILE 5 3 19 S ). Tshimura 2507 A
A BRI, WA Lagrange J5 5@y T 40 M U408 &
SPS ZEH AT IR A B BB B 12 TR, PR T K
B il P, Tt R 5 208 72 T RIS 24505 30 P RS 5 1) 5
J&i , Ishimura 25" X AE48 2 SPS 2 Se i e s 1f) 1]
DLAFH 245 4 W A% R0 3 o 467 Bl 407 RR R A, BT 9T
THEE s s sh b IR sh 2 e a R A B 4.
SR , A TARER TP SPS IIE 474 IR 3 =
HAEAAE— R 13 ST R AR A

SRS BB MEEIR SIS RIS A 3h 127
Ty A8 ARMEFH 20 B 5 vk AT 2R A, O RE By vk
HEATSR A X T B R % 7 1, i B SE A AR
“ VO] R0 iR R (1 AR R A A B 0 % R T B 1455
3, T T 38 1) 53— A0 R ) s A o AT R e (1]

* [ A ARA 42 (11432010, 11572254, 11502202 ) , s i s A4 (2012610210023 ) , PHAL Tl ARAE L8 SCAEHRES: (CX201517) BE BT H

T BIR/EH E-mail: dweifan@ nwpu. edu. cn



514 B %5

EC I 2016 455 14 &5

R R[] — T CRE 2R b b AT 7 SR A% 42 i 83U
J5 %, 4ndE 3¢ Runge-Kutta J5 3, Newmark J5 7%, T~
oo Iy A NN BUEFERL, JF H 23R
RGA G HAWFHE, 1 RE & S &5 BT
WANAVEZ HBCE T 27 0 T 58 B N R 4
PR AR FE L E R T IR H B v AR
Fi IR PSRRI, © AR 22 B2 8L N
BRI 86K 145 F 2 535 Al Runge-
Kutta J7ETH T l0O0 RO R A [E 2 1932 5
Zoad OB IR T R R A RS BE R IR 22
B KA R A2 (8] LA S5 A4 A PR I T -5 1
Z B M AEAS AT FE A A

X FORSFAAR R (193] ) 2 ]/, 3% 4% Hamilton {4
R O AW EAR AT IZ N, AT Leg-
endre ZZHLG| A L F) &, 7E Hamilton [& R T #57
TARRO FR R OE R GE (1SC) BLil | 225 il 1) 4k 3l
S R B 7707 B SR FAF Runge-Kutta 75 12 %) 4%
B F IR T BB R . BUESS SRR 54
HL1Y Runge-Kutta J7 340 e , 7 Runge-Kutta J7 1]
DI AR5 ISC RGERYRESE , I HAHX BB R 2
— AR FFAE 7] — Hm g R, SR SR R R
ISC &Gt 5l Jy2#m) 8, a] LR #R R B8 H A e
IBATHRMMR AT S H R .

1 ZhhzEEsE

B 1 e 20 t20 90 R NASA $#&H iy
ISC IR R GE I p 2 W T i S5 R 28 0 K BH FE it
FEA B AEAR T A2 B, T LUK 20 B 1L i R 40
F R AR, AR A 1 L B~ L AR Malla 25
NI TAE H5 1SC G M4 70, el 2 fiow ,
SEARAR R O B O B AR BR R OXYZ, o
OX #h 5 R EM K LR E A, 07 fhaE BT 78 F
i, OY i A T 53], 1SC AL O f il 2
VA v, BT AN 0, BN . BRI 2
T

(1) 45 37 22 7 o 3 B sz 5 4% PO MG A1l 52 o ]
DI EE AT DU i AT i A0 KA

(2) flix ISC 1y 43 ot £ 4 v 78 40 AT 1 7
Ui, 53R my L my

(3) s ISC FEAR BT ia 1T, R 2% ks
W T, BEShANE I T, , BEEh.

Bl 1 BRI FRROL RGN A

Fig. 1 Integrated symmetrical concentrator

S e -

2 BHPRRIE RSB S AR

Fig. 2 Model of integrated symmetrical concentrator
B (i=1,2) JE i m, (i =1,2) 5 Ri 5)
JitCr O FREES , I

ms_;
x; = x
m

(i=1,2) (1)

Ho 2 BRI, m=m +m,. B r(i=1,2) 2
ity m, (i =1,2) BB s B0 O AR, U
ro=[r 44 +( —])27£2rxicos(¢)];_ (i=1,2)
(2)
11 #HERHEE
1 T RO R AR TR BRI, P ke b sk A 4 Bk
FEAR Bl R RSO 8] A AR AR v AT LA JRE BB B 8 )
B Ak 1SC FE R IE 12 K F 7 [ 2P is 1T,
DS ] Fisf 2% A D8 FURIT EH 3 J0L% 50 (14 52 i), BB — B
BT J, A1, B BRI S AT L s oyt
U=U,+U,+U,,+U, +U, (3)
Hr,



5 6 1]

B AF A3 AR PR Lo (BT A RN ZE R 4R Sl RO 5 3113 2 R D~ SR A 515

R
U, = _MJ; e(m_;+m_3)’

T T,

m, m

U2,2 = _3MJ2,2R3(TI +72) s
1 r
Um =-G A )
X
U, =L@(x—xs)2
2 x,

o JE A x, 43 50 AT ) s AR RS A AR L B
SR u WO B I, G g 1B R, it
ERIRIE A2
L2 EE

ISC #EAY A ShRE A 45 - s sh RE fé% sh shRE, m
Pt

T:%{m[# (1)1 + T+ (0 +) 1}

(4)

m,m,

oo =T
m

1.3 #=BVE) Hamilton E R R

ST Ty (R 5 AR 1 7 2 RAK AT L3Ry
PR — &L Newton 5@ 4 JERl 1Y K 1 177 ik,
o ARy SRR R BRI Y 434 ) 20 X T A
J12 AT LAY O Lagrange {4 2 (1) 34 Al Hamilton
RRMRE. BIRTEXPIFA R N SRIM 8 12407
FEIESEN A, (E 5 5 72 B J7 R A A BE 7
i, TERARR AR I TSRO B g, 78 R GEAS B M ot
RS BT 22 ST RSHAR b T A5 55
S5 HUVZAE Hamilton (R R AUHESE T iz 8h /)2
J5 . Hamilton 4 % i) 807 HE Z2 02 5 JLAT, DA 0 7
Wl AR T AR U HEZR N EA T3 R
T PR Y Hamilton {4 28 ) 1E U 07 72, 15 5 i 4
Legendre 25| AJ™ g, B T T HE, 51 A
J SCAB R ] R SO ] o, 430 R Ol

q=(r,0,¢.x), §4=(7,0,p,%) (5)
H3(3) ~ (5) , W Lagrange pR& AT LAZRUNT
L(q,q) =T(q,4) -U(q) (6)

FIATT X B A p = (p,,py,p,,p.) s M La-
grange PR, WS ) () X3l )

L(q, L
p= (;Iqq)=Mq,q=M 'p (7)

Hr,

m 0 0 0
u 0 m +mx* mx® 0
o om om0
0 0 0 m
L 0 0
m
0 172 ;1 0
M- - mr mr (8)
o =1 L.l
mr- mx-  mr
1
0 0 0 w
47 Legendre 254, 5| A Hamilton pR%K
H(q.p) =p'q-1(q,9) (9)

FCAE I 8] X TE] [0, 0, ] b8 57 AF FH 32 6K, i
Hamilton 2% 73 5358 iU 70 4, B

tend
S=| 1p'qg-H(qg,q)1d,85 =0  (10)

Lo

A543 )5 AT 4% Hamilton ZRGERYIE N5 e

. 0H(p, . oH(p,
q= (pq), _ _9oH(p,q) (11)
op 0q
B (1) IR a0 R W 7
. P
F=—
m
0_p6 _2p<p
mr
¢ =f¢2 _Pe _ZP¢
max mr
C_Px
¥ =0
_up)’_al,_al,_als,
mr’ or  or or
Py =0
- U, 93U, 93U,
Pe™ "ap Tap T 0e
P, Uy 93Uy Uy, aU, 93U,
Px Tk ox ox ox ox ox
(12)
Hrp,
aU, r—x,cos(¢) r+x,cos( @)
?:M[ml r] 3 +m, r23 ],
8_U2_3;1JZR§ r—x,cos( ) .\ r +x,cos( @)
or B 2 ! rl5 e r25 ]’
U, , r—x,cos(p) r +x,cos(¢p)
o =9M]2,233[m1 5 +m, 5 ],
r r



516 B %5

EC I 2016 455 14 &5

GU 1 1

890 Mmrx51n(¢)[—3—r2—3],

alU, 3u mJ,R:rxsin( ) 1 1

6@ - 2 [rIS rZS] ’

oU. _ : 1 1

8;2 =% m]z’zRfrxsm( ) [TTS - rjs] ,

v, _rx —rcos( @) x, +rcos(g)

N CRELTE]]

ax r T,

oU, 3umJ,R:rx, —rcos(@) x, +rcos(g)

o [ 5 + 5 ]’

dx 2 r r,’

o, , Y ﬁ]2,2]?5[961 —rC(SJs(gp) +x2 +rC(5)s(go)] ,

x T T,

aUm _ mlmZ

ax X

U,

——@(x x,)

X«

Xof T H 2 RS 1y 1SC M) H: 4 e 5 DL e £
i %45 B FE, B Hamilton pK%% H(q,p) =
const. , fi & p, = const.. f HFE(12) W LLFEF],
ISC Wy ff 2 1) BON %, U W L A 3l it &SP e

.

2 ISCHE.ES. WERFIVBEINEF
ST

2.1 #MAEKH

ISC RS &4 1. 7076 x 107kg, 11 )
HRE R « = 6373m,1‘§éﬁﬁi\j~j A =2. 4495 x
10°m’, BB i h E = 6. 689496 x 10°N/m” | #h Bk
FRAENAR R R, =6. 37814 x 10°m, Hi.Lo 5| 14 50k
w=3.986005 x 10" m/s*, 5| J1H ¥l G =6. 67 x
10™"m’/kg « " MU BRIE AR 45 5 77 2R FH JGM - 3 4%
TN 2R T, = 1. 08262669 x 10, FHi% 2 4L
Jo, =1.815528 x 10 11200,

W ISC FEu IR R AL BE B 4T , WG (E R 1y =
4.227433 x 10'm, 6, = 0. Orad, ¢, = Orad, x, = 1.
0416 x 10" m, 7, =0. Om/s, §, = 7. 263631835029276
x 10 rad/s, ¢, =0. Orad/s i, =0. Om/s.

2.2 kB AEBKZ IR BB R0

H1 T3 3K 4 IR V8 B 0 A 2 AN STRY, T
ISC ZAEHNIZ 1T 30 ~ 40 4F, FF LA BR A9 4E BROP £t
Bl —FIANT] Z AL B S R T8 J, 18380
L B8 T REMRERE 0 H H, H,, , & SLHAH

HHHH20

W A R B B 2% 42 3 "

H oy — Hoyg -H 220 =
SRS S o O 4R BRI 2009 A

R AT —2epricingk 1 on.
#1 4RiE

Table 1  Nomenclature

HT

No J, b Effect of J, Effect of J, ,
perturbation perturbation perturbation perturbation perturbation

Orbit

radius

r Iy Ary =1y =1 Ary =ry —

True

6 6, (22 A6, =6, -0 A6y, =6,, -0
anomaly
Attitude
P2 (23] Ap, =@, —pApy = —¢
angle
Rod of x X Xpn Axy =) —x Axy =2y —%
length

Mg 10 A BUE R A B o A 2R 1A 3
5 T FIAIAE Runge-Kutta 7535 H 4321 1SC &
GLAAIRS RE R IR 22 . AAIAT 3 i n] LU 7€ Hamil-
ton (KRR T, NE &5 B HIER I AR SO 5% 3, A
“ Runge-Kutta J7 315432 192 R SR AN fE =
BRZEHRIE 107 5, JF H— E ORI AR 9. 5] 4
25 YA 2841 Runge-Kutta 77 3511545 2 A9 AH
XTRETIRZE IR N 4 sp Al LIE AV L1525 Bt
BREYAEBRIE SRSl , A AE B 1R 22K AR FE A Runge-
Kutta J735A% 3 A4, If HAR X AE R 22 S AR
PR PR S, BERA - L AE DR AE R 1A 2% th 1
OLH S gyt 1 ek AEROE S sh g T, 1SC
AR AR O T IR J, %30, 1SC 1Y)
JRCC BT ANFEE TS PR (B 8 BT i SR AR /N A
5, BT o 2 A 2 A 3122m 1Y d5c KA S 5 TR AE
IR J, B 251 1SC Y BTL2R AR i A2 4L,
B A2 R i K AS ot 31m. (8] 6 25 Y 1 HUER Y
AEBRIELR S B e R, 1SCELIT A A B S AR DL
TEMUERE T, $RBNHN T, 3880, FOI S LU R TE
SRBINHRAT T3 R, AR R R U/, (E X o
SELRMEIE Y. &7 45 T BRI AR ERIE SR 3 52
Wi ISC MR Bl RIE JCEE 3 Jr ik, %
SRR ARG , 5% & 1, 831 J,,
FEht, A MESA/NMERE . [ 8 4 T i
ERIGARBRIE S Bl B9S2 M0, ISCAT R A A8 AR 15 DL
FEANG &SN S I, AP 2 A SUI I 1 R 2
HE ISR B, BRI T BE AR AR A8 5 MR AN AR



5 6 1] LA AR FHAE R A BLIE (S

LER PR B RE  B0 J) 2 SRR R AR 517

K AH—FEAEIG I, XX T [ 7E Bz 171 1SC
SRAEIRAF U075 TR,

A 1

Non-gravitational perturbation

| —— 2 perturbation

J2.2 perturbation

Relative energy error

8x10°

time(s)

[#3  FHXTRE R R 2 (9F Runge-Kutta J57%)

Hg. 3 Error of relative energy through symplectic Runge-Kutta method

£ 9 x10”
g Non-gravitational perturbation —
@ 6 —— J2 perturbation
< — 2.2 perturbation
5 3 f‘ P
o
k5
-q—‘:’ 0 T T T T T T T T
5
~ 0 2 4 6 8 X10
time(s)

4 MM RER R 2E (42 4L Runge-Kutta J5%)

Fig. 4 Error of relative energy through classical Runge-Kutta method

x10’
g 42274 1] Non-gravitational perturbation
S 42273 7 —— J2 perturbation
& 4207 4 —— 2.2 perturbation
4.2271 . i \ (S f— f— —
0 2 4 . 6 8 x10°
R time(s)
—_
g
N
EN
T T T T
0 2 4 8 x10
time(s)
KIO
g ANNNN AN NN
= ——J22 perturbation
t
0 8 x
tlme(s) 10

K s 5l i3 S B F AR r s

Fig. 5 Effect of the gravitational perturbation on orbit radius

A ICGHE L Legendre 845 | AT T X gl , 407
S AT Hamilton R F , @7 T A L2 il 4
NG B 12 7 R, IR FHSF Runge-Kutta J7 7%

A1 7B SR A 38 ok BB 25 R o3 A 1 ki J,
F T, 5T 1SC HBIIE LA 3R 3l LA K &
Bt LA RE LY R

WFFE 45 R KB  7E AL SF 1) Hamilton fA& R ISC
(£ 2h i ST AR R A SRR, R =F Runge-Kutta

6 110

4 4
2 4

——J2,2 perturbation
0

1
X10 —— Non-gravitational perturbation
—— .2 perturbation
. —— J2.2 perturbation

T T A T T T T
0 2 4 6 8x10°
time(s)

AN ia3

4 4

2] —J2 perturbati
perturbation

0 4

T
0 2 4 6 8x10°
s time(s)

0 2 4 6 8x10’°
time(s)

K6 51 Ji4ah Iy B s M R R

Fig. 6 Effect of the gravitational perturbation on true anomaly
3
~ 210 A A N
g 1. Non-gravitational perturbation
~ 04 —— 2 perturbation
S —1-4 J2,2 perturbation
v ¥ v
2 T T T T T T T
0 2 4 6 8 x10°
time(s)
= 6 4x10°
=l
g 31 A
=2 ~A
& 0T
3 3] ARV
—6 T T T T
0 2 4 6 8 x10°
time(s)
% 6
s 4
& 2
a 0
S 2
< 4
T T T T
0 2 4 6 8 x10°
time(s)
CCIPAE T2 DADOR S E NN
Fig. 7 Effect of the gravitational perturbation on attitude angle
6380 A A A
E 6375 - Non- gauml‘mnalpcmlrbanon
= — J2 perturbation
R 6370 o —— 12 perturbation
| S S S S
6365 T T T T
0 2 4 6 8 x10°
time(s)
10 7o vns A
—~~ X1U
E 5
~ ——J2 perturbation
g0 Ry
—5 T T T T
0 2 4 . 6 8 x10°
time(s)
10 1 _-
—_ x10”
é 51 L_A_A;
S ——./2.2 perturbation
g5 07
75 T T T T
0 2 4 6 8 x10°
time(s)
B8 5l a8k Xl ASTE i e
Fig. 8 Effect of the gravitational perturbation on axial deformation

J7 RS 3 12y REEA TR SR AR, AT U i 1)
PREF ISC RGEMRERE, R A AR 12 A 1077 &
9. SR 1M 242 48 Runge-Kutta J7 1 AN REGR 15 R LY BE



518 g ¥ 5 & OH % W

2016 445 14 %

i AR IR AR 2R 3 NG, I HAR X RE
HIRIE S R IANERE K. Y] Hamilton AR T )
EREAETRE T A 2 LS. hER AR ERIE
BN BIE 2 25 LA Sl 1) AT R 2 7= LR R T
X PR R e 2 R, X ISC X AE— 4>
U L3S RERSIAR S B SR A, T 5 A
EREE N TR RENE T BRSO T B, DR
KOs TR I TR 2% K.

Z % X W

1 Koomanoff F A, Bloomquist C E. The satellite power sys-
tem: concept development and evaluation programme. In:
Glaser P E, Davidson F P, Csigi K I, Solar Power Satel-
lites: A Space Energy System for Earth, Praxis Publishing,
Wiley, Chichester, 1998:23 ~56

2 Mankins J C. SPS-ALPHA; The first practical solar power
satellite via arbitrarily large phased array (a 2011 - 2012
NASA NIAC Phase 1 Project), Artemis Innovation Man-
agement Solutions LLC, Santa Maria, California, 2012

3 EHER, WIS A TR s ) A B RE L ik K FH RE H WA
THERIT BRI RES G AT Bl TS SR A4, 2018,
13(6):405 ~ 408 (Wang X D, Hu W P, Deng Z C.
Structure-preserving analysis of 2D deploying process for
solar power receiver of solar power satellite. Journal of Dy-
namics and Conirol,2015,13 (6):405 ~ 408 (in Chi-
nese) )

4 ESLBRAREE. 23 )R FHAE F s R SC BRIk J il
MR AIREE T/ ,2014,31(4) :343 ~350 (Wang L, Hou
X B. Key technologies and some suggestions for the devel-
opment of space solar power station. Spacecraft Environment
Engineering ,2014,31(4) :343 ~350 (in Chinese) )

5 Sasaki S, Tanaka K, Higuchi K, et al. A new concept of
solar power satellite; Tethered-SPS. Acta Astronautica,
2006,60(3) :153 ~ 165

6 15, B0t A K FHAE i o A e MAESE. DG,
2013,6(2):129 ~ 135 (Yan Y, Jin G. Development and
research of solar power systems. Chinese Optics, 2013, 6
(2):129 ~ 135 (in Chinese) )

7 IRES T RERARAE. 5115 1R 0 A W PUE S A
R 8l g2y R ST AT B W R Tl K224 4
1991,1(3):53 ~59 (Jing W X, Yang D, Wu Y H, et al.
Derivation and calculation of gravitational orbit-attitude cou-

pling dynamic equations of space station. Journal of Harbin

Institute of Technology ,1991,1(3) :53 ~59 (in Chinese) )

8 Wie B, Roithmayr C M. Attitude and orbit control of a very
large geostationary solar power satellite. Journal of Guid-
ance, Control, and Dynamics,2005,28(3) :439 ~451

9  McNally I, Scheeres D, Radice G, et al. Orbital dynamics
of large solar power satellites. In; 64th International Astro-
nautical Congress, Paper IAC-13-C3. 1.7, Beijing, Sept.
2013

10 McNally I, Scheeres D, Radice G. Attitude dynamics of
large geosynchronous solar power satellites. In: AIAA/
AAS Astrodynamics Specialist Conference, AIAA, San Di-
ego, CA, Aug. 2014

11 Malla, R B, Nash W A, Lardner T J, Motion and deform-
ation of very large space structures. AIAA Journal ,1989,27
(3):374 ~376

12 Malla R B. Structural and orbital conditions on response of
large space structures. Journal of Aerospace Engineering,
1993,6(2) :115 ~ 132

13 Ishimura K, Higuchi K. Coupling between structural de-
formation and attitude motion of large planar space struc-
tures suspended by multi-tethers. Acta Astronautica 2007,
60(8) :691 ~710

14 Ishimura K, Higuchi K. Coupling among pitch motion, ax-
ial vibration, and orbital motion of large space structures.
Journal of Aerospace Engineering ,2008,21(2) .61 ~71

15 EEE, Z & JK. Hamilton 3 11K £ ) Hamilton 223, A 4K
BldE R ,1991,1(2) 102 ~ 112 (Feng K, Qin M Z.
Hamiltonian algorithms for Hamiltonian dynamical sys-
tems. Progress in Natural Science,1991,1(2):102 ~ 112
(in Chinese) )

16 1, Z8 k. MR WK R G JLA S0, UM - Wil
REE 4 AR 1, 2003 (Feng K, Qin M Z. Symplectic
geometric algorithms for Hamiltonian systems. Hangzhou
Zhejiang Science & Technology Press,2003 (in Chinese) )

17 5K R e, ARLAME S J) 7 R G — I X ™ SO 8 i
AR T B O i [ A fie 3c ). Y22 pide
Tk K2#%,2003 (Zhang S Y. Geometric integration meth-
ods for generalized Hamiltonian systems and furthermore for
general nonlinear dynamic systems[ PhD Thesis]. Xi'an:
Northwestern Polytechnical University, 2003 ( in Chi-
nese) )

18 Hairer E, Lubich C, Wanner G. Geometric numerical in-
tegration ; structure-preserving algorithms for ordinary dif-

ferential equations. Berlin: Springer, 2006

19 BT LI T 27 1 3 B O ik bRt S S 0 R



5 6 1] B AF A3 AR PR Lo (BT A RN ZE R 4R Sl RO 5 3113 2 R D~ SR A 519

%1:,2006 (Zhong W X. Symplectic solution methodology in . Jp2ak R 2001 ,31(1) :9 ~17 (Wang Q, Lu Q S.
applied mechanics. Beijing: Higher Education Press,2006 Advances in the numerical methods for Lagrange's equa-
(in Chinese)) tions of multibody systems. Advances in Mechanics 2001 ,
20 EXKCED, BURTIE , XUBK. S BV J5 IR AR B ) RSO I 31(1):9 ~17 (in Chinese) )
F. RSC244%,1992,33 (1) 236 ~47 (Zhao Z Y, Liao X 24 Carrington C, Fikes J, Gerry M, et al. The abacus/reflec-
H, Liu L. Application of symplectic integrators to dynami- tor and integrated symmeltrical concentrator: concepts for
cal astronomy. Acta Astronomica Sinica,1992,33 (1) :36 space solar power collection and transmission. In: The
~47 (in Chinese) ) 35th Intersociety Energy Conversion Engineering Confer-
21 TN DEHUERESZ 2586, b bt s ence and Exhibit, AIAA ~2000 ~3067, Las Vegas, July,
f R e W B 4, 1998 ( Zhang R W. Orbit attitude dy- 2000
namics and control of satellite. Beijing: Beijing University 25 ZRfEAR. HhBRE OE TR HUE S R, Jb s,
of Aeronautics and Astronautics Publishing House, 1998 85 Tk 4 Bkt ,2010 (Li H N. Geostationary satellite or-
(in Chinese) ) bital analysis and collocation strategies. Beijing: National
22 BRI Sedr sl Jiaf. dEa JE Rt R 24 H IR AL, 2012 (Chen Defence Industry Press,2010 (in Chinese))
B. Analytical dynamics. Beijing: Peking University Press, 26 XK. B S B ELE . LB, B B Tl R A, 2000
2012 (in Chinese)) (Liu L. Spacecraft orbit theory. Beijing: National Defence
23 FHL R 2R Lagrange J7 BB ST L OIT A Industry Press,2000 (in Chinese) )

COUPLING DYNAMIC MODELING AMONG ORBITAL MOTION,
ATTITUDE MOTION AND STRUCTURAL VIBRATION AND
SYMPLECTIC SOLUTION OF SPS”

Wei Yi Deng Zichen” Li Qingjun Wen Fengiang
( Department of Engineering Mechanics, Northwestern Polytechnical University, Xi'an 710072, China)

Abstract As a system to collect clean energy from outer space, the solar power satellite (SPS) has attracted
great concerns of various countries and scientific research institutions in the world. As SPS is a very large flexible
and lightweight structure in outer space, it is necessary to investigate the coupling effect of orbital motion, atti-
tude motion and structural vibration in the study of the global dynamics. In this paper, under the consideration of
the effects of the non-gravitational perturbation forces, the coupled orbital, attitude and structural Hamiltonian e-
quations of the integrated symmetrical concentrator (ISC) are constructed by using Legendre transformation and
introducing generalized momenta. Subsequently, the dynamic equations of the system are solved by the symplec-
tic Runge-Kutta method. According to the numerical results, the effects of non-gravitational perturbation of order

2 are well discussed, and the variation of total energy is analyzed.
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