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Abstract For the strong coupling dynamic problems of the sail tower solar power satellite in orbit, a simplified model

combined of spatial rigid rods and spring that describes the coupling dynamic behaviours of orbit and attitude is estab-
lished. The coupling dynamidfects of the simplified model are analyzed by the symplectic geometry method and the

numerical results can be verified indirectly by the energy conservation of the system. Firstly, based on the variational
principle, by introducing the symplectic variables the Lagrange equation describing the dynamic behaviour of the simpli-
fied model combined by spatial rigid rods and spring is expressed in the form of the Hamilton system, and the associate
canonical governing equations of the simplified model are established. And then, the influence of the Earth non-shape
perturbation on the orbit, attitude coupling dynamic motion is simulated by the symplectic Runge-Kutta method and the
energy deviation of the simplified model is also analyzed by the symplectic Runge-Kutta method. According to the nu-
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merical results, it can be concluded that with the increase of the initial attitude angle velocity, the disturbance of the orbital
radius increases and the coupling dynamics between orbit and attitude increasefedthef onal harmonic term is

higher than that of the tesseral harmonic term at least about two orders of magnitude. And the symplectic Runge-Kutte
method proposed could reproduce the dynamic properties of the sail tower solar power satellite associated with the Eart
non-shape perturbation rapidly and preserve the energy well with excellent long-time numerical stability, which will give
a new approach to obtain the real-time dynamic response of the ultra-large spatial structure for the real-time feedbacl
controller design.
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Fig.1 The concept of solar sail tower model
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Fig. 2 The simplified model for sail tower solar power satellite

NS
ZNENHE Tp MEZNENHE Ty, 73RS A

Ty = Splli2 + (i) + pllF3 + (r260)?
)
3 3
To= 28 G in)? + 220G + a2
SErf, p A1 A IR TR 251 R KT
AT~ A A IR L BB
BT TN

1 .. .
T=Tp+Ty= Epl[rf + (r161)%+

1. . 1pl®,. .
SPITE + (12027 + 555 (0 + )+

L
212
H T R BT o AT AN T L PR i HL 73
SR BRAAOIR DRt b SRR ER B S 0 WP AT T A
51 JIBEI L AN ] 2008 T2 A T EHbER ) 25 e
AR S, R SCHR [21], 525 R RSN
FE I B 20 0] 2% 0] 45 R R B ISAT R, IR 2R )
TG ARe T LR 7R N

(62 + @2)? ()

Ue=Ug+ U1+ Uy 3

Hdr Ug, Uy A1 U, 235388 K

upl  ppl®

Up=-"+=—=(1-3cofaj)-
0 o 24@( 1)
I 13
HeL | &(1— 3cog ay)
ra 24r§ @
Us = 1Rl pJREpl
1= - _
2r3 2r3
U, — 3ud22Repl  3udpoREpl
2=- 3 - 3
n >

b, w BT G IR Re A ERIRIEAR,
Jo 1 I 5331 00 A1 VB IR B0 28 K e TS TR B)) AR B

PR PEAT 2 T BE D o TR AN T () 5
SEARIE 55 5 PR R AT 3 5 Ak 1 AR o 23 ) Ay
(X1 Y1) T (X2, y2), AL ZE TE] I PR AT — 558 2 15 &5 4
RGUFAPEIRE Uk 1T LIRS

Uc= SKy0a 0P + (1 -y -1l ()

Forb kO SR R SE R HL



90 i

2
==

2 EiCd 2018 4 & 50 &

PR (3 RE U AT LSRRl

| I3
U= Ue+uk_—”ri Hp T (1-3cofay)-
1

24#‘3

ppl /Jpl

1-3cofay)-

= 243( @)
1Rl pJRE0l

2r3 2r3

2
3udaoRpl 3M322R§P|

3 3
rl r

%k[ VX = %2)2 + (Y1 — ¥2)2 — lo]?

i (2) FI=X (6) #1593 4%
SERIEIRAS B H R R

(8] W PE AT - 5 41

L=T-U= —pl[i‘2 +(r60)? + —P|[-r2 + (r262)]+

1pl3

> E(gl

uol il
r 24r3

1p
2, 1 2,
1)’ + > 12(92 +ag)+

T_(1-3cofay) + “ri—
2

E
%(1 —3cogay)+
2

1Rl ,UJzRéP' 3M322R§P|

3#322R§P| _

3 3 3
2rl 2r ry r;

%k[ VO = %) + (y1 — y2)2 - lo]?

2 ERWMAE
SINT X &
p=[P1 P2 Ps Pa Ps Ps’ =

[pr1 p91 pal prz p92 paz]T

AR Bk B H 8 B p= —4 2
RikL

\
/]

ol

3
0 olrs +

pl®
12

12

@)

(8)
D&ZiEA

pl3
12
pl®

12

KRG L (LegendreYi e, 195 R SEH
IS 555 J it Ry g [22)

H(pg=p'g-L )

HWE 3 IR AR 73 I B A 2]

oH
aq
_oH
~ap

(10)

JEETT RIS 21 1 ik =2 (W] W PR AT - 5 2 &
W R EUE N R, BRI

SER YY)

1

12 1
plrs )

Qo = =75 Py, + (p|3 + m

_ (Po = Pa)® ol | ppl?
T 2 e

3udoRepl  uIaaREol

4 4
2r] ry

k(VM -

~—(1-3cofay)-

lo)[-] cosay — 2r, cos(Ag)—
| COSEAD + a2) + 2r1] [(2 VM)
o, = —K(VM — lg)[2r1r, Sin(AG)—

r1l COSEAG + ay) — rol Sin(AG + a)—
1|2 Sin(A + Ae)] (2 VM)

. 13
Py = —lﬂ Sina1 cosa1—
4r3

1

(VM -

lo)[r1l sinay — ral Sin(A8 + az)—

%P Sin(Ad + Aa)] /(2 VM)
(11a)



%1 FHEE A 23 (B NIVEAT - 3R 20 & 25 W IE . SR E B 1250 i 91
- . T — .. . 3 gt o2 /5%
prz:w 'L:'ZI Mgplﬁl(l 300§a/2)_ it':}:'yl,] =12---,s a”,kSJJ Hl ¢ jj{—j;]i??&,
r2 AL F MR by > 0, )b = 1, Y ay=c
3/,tJ2Rgp| gﬂJzzRgpl i=1 j=1
4 4 - s
2" " Se =1 h K.
k(VM — lo)(I cosa; — 2r1 cos(A6)+ i=1
I . o2\ ARG R R Jeks PSS I I ANRE H 3))
cos{A + a) + 2r)[(2 VM) (R, R, 116 9 RV I T 240k, ik
po, = —K(VM — lo)[—2r1r2 Sin(A6)+ RS T IAE FE ORI AG TE R L DR 2k, AR

r1l COSEAD + @y) + rol Sin(A8 + aq)+

5|2 sin(A0 + Ae)] /(2 VM)

, upl®
e, = ——— SiNa COSaz—
P 2 4r2 2 2
K(VM — lo)[-r2l Sinay + 1l SiN(-A0 + a2)+
1, .
5'2 sin(A0 + Ae)] /(2 VM)
(11b)
Hr
A9=91—92, A(I/:Cl]_—a’z

M = —r;l cosay — 2rir, COSAG)—
r1l COSEAD + ay) + rol COSAG + aq)+
lI2 6+ A I 2 1I2 2
> COS(AG + Aa) + Iy cosQ2+rl+— +15

T RARRGN 5, @A 2 RGRE % R
iy R A O TR, R AR A RS T
ERHT VSRR, X @1) ko = £t u) B
JrfRA, Hp

u=[q pl"=[rL 61 a1 12 62
Pr; Po, Pay Pr, Pe, paz]T

[F10 610 @10 20 620 20

Uo=[dp Pl =

Prio Poig Paio Prao Poyo pazo]T
X, ug ARG ALZATPUE KB LA

.
Og = [r10 610 @10 20 G20 a2q]

P = [prlo Poro Paio Pra Poy parzo]T
DRI (11) T DICR R ks P25 T b AT SRk s i)
2 WA RS T 1 ) — FEeas XA

S
Uns1 = Un+h " bik;
i=1
. (12)
ki = f(th+ Gh,up +h > ayk)
=1

R T 2E ks PEES 7. 1 B 231 il Sanz-Sernéf: 24
CAUF IR I (12) S50, 24 AV S H R 50w 2 n
RNE G

bib; — a;b — ajb; = 0 (13)
Hi =12, s BTt FERE T VAR PP Bk
WL, RE ML, &3 v SR KBk, 7150
@3) . HRE ay M by PR AIMER, AT LS EIA
[ Je i R B A% 5, b —Fis TR 2 2 4 B
Sk PERE R Xl R pros 129)

h
Uny1 = Un + 5 (ki + ko)

1 V3 h
ky=f tn+(§——6 ]h,un+zk1+
1 V3
(z‘?)“"Z} (14)

1 V3 h
k2= f tn+[§+?)h,un+zk2+

2

3 NENRRERIE

TEATT BUE 5 FLrb, 23 0] W AT - B4l &
SERIRBIRUAH ORI Z BB I R s NIRRT 46 K
[ 1 = 150m %)% p = 21.333kgm; FEYILL K
% 1o = 100m, St R E k = 1N/m; HbERARIE 4500
Re = 6.37814x 10°m, /i 5| J1H $ u = 3.986 03x
10% s, iR sl R Jp, = 1.08263x 1073, HIif
A R HL Jpp = 1.81222x 1076126°27), Z s il in
ATAEHIKR[F P PE b, WIGRMEECN 1o = 4.227 458x
10'm, ryg = 4.227433x 10'm, 0109 = 620 = 0°, @10 =

) . - . 1+ -3
a2 = 0% F10 =T =0, 619 = 6 = ﬂ(sz) =
7.263622335X 10°°rads, aio= do = 011828,



92 Vi =2

2 EiCd 2018 4 & 50 &

Bl 3 45t 1 2 (] MR AT - 33 21 & S5 AR
WIPEAT B0 AR ARG L. BRI A i

IﬁfoJJ FH 1 201 585 20y 38 2% 75 | RES I P A J o 28 11 Al

BN SR I R R E mI s it A S R <
Eﬁj(?’J 65 m 1 0.66 mIFIEUE A, X i 7 SN
X HUE 1 A2 1 5 M R B S8l R A A B .

445 T2 T WP AT - 2 5 a5 AR O R AT 0

AR L. AT RT LU, i ERsh . g i)
X ECIT AT IR e a3 BN, b iR Bl i R
BTS2 1.75x 1072 A BE ks, 1l T B iR
Bt I SR 2 1.75x 1074 140 A%, WS 25 LA
AT DUE VB RSN, A I8l 6 B0 a5 M Im 11
MR, B 5 45 TS o AR DL, WE T
ACAEH, RS BB RS S A I R

107
42275 Irx —————————————————————————— O —~===cr —— T i
: == Jp=0, J3n=0 7 : - "‘“\\ :
i y -20¢ . 1
! _ ™ |
5 42275} s 4 5 -40 S i
i . | * M |
|
i — —60+ S
i - |~ p=1.08263x1073, J»p=0 :
, o
42275 b T = S S ) et e |
0 000 2000 3000 4000 0 1000 2000 3000 4000
time /s time /s
0.5¢ 0 = - '
(]
i - = J2=0, Jp=1.81222x1076 : :
] o
i =20t . 1
04 e : v :
I ) 5 40| o
_0_5: o k! : h “ :
| -60 : R
! |- J2=1.08236x10~ 3Lbz 181222x10-ﬂ
0 1000 2000 3000 4000 0 1000 2000 3000 4000
time /s time/s
(@)r1 MR LS
(a) Variation ofr
42m4?ﬂq—-~+~-— ——————— — s [} g m————— — -
| J2=0, =0 A | R |
42274 A -20 .. 1
| # 1 e,
o | - 1 ~ : . :
5 42274+ L 1 £ 40| ~. ,
| e i S
o | & |
o | .
42274 e 1 60| J
: : | == »=1.08263%x1073, /=0 ,
42274 -80' :
0 1000 2000 3000 4000 0 1000 2000 3000 4000
time/s time /s
or-————=———""""———— 3 OI—*‘<=:"———' ———————————————
| 1 A,
] e i | .
-02¢ 1 -20 ~ :
| 1 iy
| |
| i -
o g _ | |
5 -04r - o
- | |
061 . ~60 | y
| —— =0, J=1.81222x107° : | J2=1.08236x1073, Jp= 181222x106|
-0.8 -80
0 1000 2000 3000 4000 0 1000 2000 3000 4000
time/s time/s
(b) ro IAAE ARG B

(b)Variation ofr;
B3 A r ARG Bl

Fig. 3 Evolutions of the orbit radius
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Tablel The comparison of numerical calculation time
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