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Fig. 1 Displacement description of planar beam

P rh s e S SCINR :p A RAZTE N 3t FAT:
H—r p" NS5 p X s re TR
P B JE AR T AR AR 2R B2 [i] i, SRR AL
R RTEHEF-311 50 S 77 Sl AR AR ZR AR TARE AL AR
FRIYTERE AL, LA &1 o0 1, Rk RAE TR/ K
HlHe 5l p N p TETESIARAR 28 P O B 1) i, 78
TEBIARER R Tl , 2 bR R AR R B Sy p ™ A
XTI E p P R AR TE i, TR TR S AR AR &R T Hl
R AR AR R A 8] () R r S p” RAER R
BEALBR R T AR r % ), Rk AT 5 o

r=r,+A(p, +u) (1)



124 #

2016 445 14 %

L = (x, %)Tapo = (« Y)T,u =(u,
uy)" o p, Yy EAIK R ] Z 8 AT R
Ja SCh EAZ LR A R AR B R T

- sina] (2)

(1) XFEF R, 158 p° AR 2RI AR b
EN U SN .
v=F=F+A(p, +u) +Ail (3)
B, T RORTER M R T XS B ] R 07 R
TNTETE B AR R 22T X E 5K 5 [R] B4
0 -1

A =AEd E:[l . (4)

[FRERY, H1 20 (3) XF [R5, ATAG 3 p ™ A 1 4 6F
I g ik =
a=v=F -A(p, +u)9 +
AE(p, +u)0 +2Aii +A u (5)
R8s 1 TE X V7 Bl AR R D A R S, AT DA )
QR L 2R A

[y(po+wav= | yp,dv= [yudv=0 " (6)

ESAEFE B A bR R T XFIFRR 5, AT LAAG 22k 3
AR

| viiav=0 (7)

RIS A bR R AR PR S5 M i s e AN B A IX
FER LR, A 252X (6) F (T ) X ) T )
FRE R B AT Bl ) 27 07 R R T A H /AR
BRI
1.2 TR#HE

ST X BE B 4K 22, i % Euler-Bernoulli
TR AR TE S AR , 22 W 48 Y R e, AT L
BAEE— R p W7 -5 HORE X L 4[] 4 8 v
2 ER R po BRI KA. 2B 1) — UL R &R
Al RN

u, w, +wl,+wa
u = =
U,y w, +'M}2r

cos@
A= [

sinf  cosf

L ow, )\’
w y% 1 (Tg)df
o 2
- 2 (8)
1 (0w,
wz_?y(aix)

Horb u, F0R p sARNR TR 1y FoR p J5H)
B ATEALAS 50, FR po LK AR ALTE A1
wy, o B TR AL S5 R 1 p fHX T po s
[ A TEALAS 5w, o2 ph T 15 25 i A2 T 1 3 B P A 1]

AR, S — A 30T, [] P S — U AR R
FGEZ DAY d F ) DX 50, 7R po ALK
1 25 AL TR 500, 2 TRE R I HS B 512 FY p
MAHXE T po s AR RIS AL RS, 0 T AR
PETRRRRS T w, W] 220, Ji T HE S H AN T

2 RIFRWBEHNFTLE

it N BT EE Th

BT ) SCIRZS 7]

vi=(n, oy 0w owy)' (9)
A1) FI(8) S5 R LR 2R

2.1

Sr=56ry +AE(p, +u )50 + ASu (10)
Hrp
Su:{ﬁul}:{ﬁw,—y6w2+6w(} ()
du, ow,
SERIIEPE e AL RS L TR T R
W, = - LyaTérdV: - ﬁy{ L7 +

AE(p, +u)0 +2Ai6 +A i —A(p, +u) 8’ ] x

ory + [FLAE(p, +u) +20i(p, +u) -
7 (p, +u)"E(p, +u) +6 (p, +u)" (p, +u) +
UE(p, +u) 160 + ¥ Adu +[0,(p, +u)'E" +

20,8"E" -6, (p, +u)" +u"ou}dv
(12)

U R R I K] E ARy X
AR I A9 B0 29 AR A RNk Bl i 2 R SR AR 2
S E). X IESER T B - B o RS, VR 5
TR ZE R S s AR R 37 Bl AR AR 28 D s B aly ok B9 £
B, PSSR 7O, R T R ghs

B A(12) 155

oW, = - ﬁy{ic’,,b‘x,, +9,8y, + [ & + 020w, +

2w, +w; +yw's +wh) +20(xw, +w,w, +
Yo' ', +x 10, +w,w, ) + (& wy +wyw, —
w,w, ) 180 — 6 w,dw, — (x +w,)dw, | —
200 w,0w, —1w6,6w, | + [w,6w, +y° w',dw', +
W,8w,] | dV (13)
BT w, A5 A/Na, U B AR B — )
I, 00wy, ww, w0, SR
2.2 SMARTEREID
TRIBCEPIRZS 0] A B A g

F'=(Fy F, F, F, F. )’ (14)



%2 1

o Fy Fy BB FRAEA R bR F b XY
JiTa) ERYBEE  F ) S 1 T R A K b 32 )
5, R4 I S o R 1 25 9 5
Koy, WS FeAE e SR

oW, =F8x, +F,dy, +F,60 +F, bw, +F, dw, (15)
2.3 ERETHE

7 F Euler-Bernoulli 3%, ANZ% [B B4 fi4H 5% | 4
AR S E RN AR ] RO

u| l 2 5 2

azi)—x+%[(%) +(aaix) ] (16)
i E G4 T2 1 9 B, 5 2 (8) i AR R, A
L B2 St ) e 4 17 A2 RE AR 1) 25ty 17 AR L 453

_1 _ L (P
U= [o.e.dv= fLEF( ax) dx +

2
1 azwz ’
?LEI( axz)dx (17)
Ao TR TP W B2, Kbk
I= Lysz

FH 2755 | R (A 4540 1 AR RE AR Ry
sU = jL EFw' &w' dx + L El",ou"ydx  (18)

2.4 HELTE

M FASTE it w, Flw, AU ] ) pR R, 38 J2
MRHABFR R, JB T —oC R B, HAES 2R 4
TE I 3h 128 7 B AR FI - J7 R 1 3K fift A1 4347
T B L T AR R B AL B R B IA
PTG A BTG AT AR R A 2 TR R R 2
45, T FLARXS EOUL, B aC b 5 A i S H K
K AFIF RS RGBT, PRI B v P8R
WAL T A B 8.

BUR AT R S ) AR T w, FIEE 10 2T w,
ARy e AR

w, (x,1) =p(x)q(1)

{wz(x,w =(x)n(t)
X, e RVHI @ € RV 43 5] 2 GO 1) 417 Bl A A
4R 0 (PR P R AR i, g e R F g e RV 53 5]
X SR 1) 4 Sl R [0 % S 1 455285 AR A o R
i T A - A R AT, S BRI R BT IO

i (x) =cos%§,i=1,2,---,n (20)

(19)

A
o, (x) = %(chkia_c +coskx) + E'(Shkia_c +sink,x )

i=12,.n (21)
ok, & chk,Leosk, L =1 )55 1 VR

XS 0 T2 1 LRSI 0B 125
_ L chk,L - cosk,L
x—x+7,)\i——m (22)

A1z (19) Al IR R (1) ((15) FI(18) 4%
TR K 72 73

ow, =dq 0w, = ¢on

dw', =¢@'8m,8w, = -1 C(x)éy

Sw', ='5q,6uw", = "o (23)
Kol € = [ ()" (81
2.5 HNEFRE

iz FH R 2 i B

SU=8W, +5W, (24)
Horr,8U 8W, \8W,, 735 I He A2 8% 5 S ) 45+ 1oy 22
REAY S A I HEAL A b IR 1) RE Zh S 1 ) A
RERLA% At A4 R 2.

U (13) ((15) . (18) F(23) LA FIA (24)
FEEPE AR A~ A R R — UG )
FAEE B 1A
fm;, O 0 o o (%,
] ] ¥y

0 my my my K0 L+

L o o my; 0 M|y
00 0 o o 7(x, Qx
0 0 0 o o |y, Qy
00 o o lgi=10,+ (25
o o o K, O q 0,
Lo 0 0o O K;]ly 0

Hrp &Aoo R AR R

my =M, ,m,, =M,
Qy=Fy,Qy=F,
my = [y[o +2xq +q"9 g +

n'(¢'o+ye e )n Jdv

my =my = - ﬁy[nTsoT%HdV

my =mi, = [ ylap + q'w'g]dv
My = [ yg"ypdv

M = ﬁy[qﬂo +y' ¢ @' JdV

Q= Fy =20 yLawpg + " g +

0 ("0 +y0 0 )0 | —xq'CyldV




126 3

2016 445 14 %

Q,=F,+ Gzﬁyxl/deV + 29ﬁy[l/fT¢ nldv

Q,=F,-20[yle'wqldv

Ky = [EFg"wdx - 0 [ yip'pav
nT n
K, = £E1¢ o'y +

szﬂ[ - (o +y e e ]dV

M(25) . (26) AT LI 2 % F A di-H ik
ARENERAE 22 P VG s ghid R v, AP 3l
18 SIS TR S R AR S AR AR
I RIE I S AR ARG, ZEPEAR 3 A W B 1T A
SRS AT S 5Bl Je 0. X ki ik it Ay
AN IR E Y 8 A T A5 20 4 PUARRR AL 1) JERE S
R, FS 4 T J) 2 i 3R] 45, SCak' ' SR A A ek
FEISMERY 5 2) F YA RS, A K Bty S 2 T HE FY
a4, “ s RIAE” glde it Z AR iz s 3) %
U ARLTRT AR, 25 R U ALV L P £ Bl 1) 22 T2
JIRE A B4 w, =05 4) — UGB, IR
ATLAFR B 2 Ja =R O RS AR L A i) AR 1] )
W J3E 5 R Bl s R A 5, DR R R A 5 254
B 3 B A AR T SO TR s B 45 4 e B
JEE BRSO, ZE U AT ARUASE Y ) I R 2 728 R 7 £, = B
S X RARF A S PRB; — U AR th T %
JE TR AR YAl S R, BT w, TR FEAE,
(S AR 1) 25" gy O B T2 (EL HC Al ) ) 2 it
L EI P B Ry TR AN &2 S AR

3 XFEEIRAE

T T ) 23 BT R« 8 R 1) 25l D B2 AN 5
Bl AT O, ORI AR L 25l M 2 D 2 IR
WA Dyl SRV S, 3 AR S A e 532 3 P
TEOLR , SRR PR i LA RS, X e AT 2 3l
R HEA T B 6 L B B AT Z AN (R,
HAH 2R T Windows 7. X64 i #:/E RS T
REVEE T4 Matlab JE£7. MR ¥R SCHR' 2 5 5
W MBI EER A S S B K L =200m, T &
M, =600kg, 4 5] 7347 , 18 RF 2y Tm x Tm, 5544
fiE E =181. 72MPa, s A543 N 6 = 1. 2566rad/s.

XFEe 1 ARES A 0. 78 Builis o 7 A R IR
AR, — Ok IE, Hoz gl BEARAR /)N , SOt 1
B Ve Sk o AR A B R L R AR SCRT I
A28 Z YA TAT A AR B T — YT RIS B 47 5

(26)

H W SRR 25 RE B A1 T P i st 1412 Sl
RS EL WA S AR AN B R 2 ] 1Y 22
B, 0 A I — AR B A i sl ) R G s
T ) S5 Y.

ARSI B A7 A B[] 2350 X, LY, .0,
T, ZR B E B 4n T 2o

X,

x,:{T,t 0<:<T,
X, t=T,
ﬁt O0<t<T

YJ:{Te '
Y, t=T,

O0<:<T,
(27)

0, t=T,
B X, =200m .Y, =200m .0, =a/2.T, =200s, |45
FIZE AT i 1 1 00 46 7 B 4 i R e (- 100, 0)
(100,0) s R B Hfar VR FH T 1Y dc 200 1 73 31
4:(200,100) | (200,300 ) , = Ff4sd 2 f) {5 H 0
it i 2 ~ & 3.

205

98 L
19 197

198 199 200 201 202 203
X(m)

©
B2 Zeui s Bl i 28

Fig.2 Trajectories of left endpoint



%2 1

B T e 2 WL K LR ) 1 B He e 127

197 198 199 200 201 202 203
X(m)
©

P33 A Pl 2k

Fig.3 Trajectories of right endpoint

B2 ~ 18] 3 R G Ae A i il BRI R A
B A0 14 SRy B TR R PR, 1B BB [ ] By 195 ~230s.
TRVEI R E W, B X J7 15 5 R 1) 25
Jr a2, i Y Iy 15 A5 N AR 3 U — 2K
BEA & X Ty A - ] gl 2 (AnE (a) L (b)) #I
XY Iyl ph 2 (B (e) ). B Un™ ORAERE &
A, SRR A UG AR AL BT, < P AR — K
PTRIEE T IE] (a) AT LR 2 AR A AT 5 %
YA T A A TR 037 A 2 0 . AL (b)) Hi]
AT B« 2 YT R A PR 5 — YT AR T ) o7
w2t/ , /T I g P —HFE N (e) Rl DL
H ARRI AR | 2 I R A A — U R AR
RV RE S IR AL 5 (H =R R T 254 v i 338
B B I AR s I —Se B R AR 3l , AR A
T4 05 md FUIB AR AR FFAE 199 ~202m , 5 R AR 3l 7
2970 2 ~ 3y F YT R AT AR R R — YR AR L 25
SRS A — 2, v i 0 A A [ R AE 197 m

~203m, FARIRSTEFE LN S ~ 6m; A S BT LS

SR AR /DN, 6B AN BE VA MR R 2548 3 ) 244 T
N ARSI Z T LA XA R S5 R 2 A %
JE NI AR VE PRS2, R A PR 3ok 5 155 BT
S, SO BRI B R TS sh i R 4
B AR IR AN G 3G Y, 7 25 SR P A 1.

W S 5 A TR E 5 T B3, 2 06 1) Ik
I R B AR B8, U (AR Y o T 5
85, A ARG I & T — YO RS AL, L
P A5 RN SCREAN— U AU A PR 45— 2. il 2t LA
b, T RARIE X TR i R 2 B 3
TEOLT L R UG AL TR A AR R A T AR RS A A Y
F— U R AL

X5 HE 2 -l A G 0. U 1) 2 U LA
TR %) ) it 3 2 S DR 9/ , 17— Y BA A 1 )
DI 8 I A S R T G R, P A R 22 7 IR
191 PRI A B0 UE 2 U A AL ) AT 2 G AU TR —
YT IR = ok 5 A5 B 7 I S S o 30 2 A 8
SO, X RE B Bl i MR L 5 .

2 NN e I S E AR T T M U
MR 28 5 — 1 5 (ELAR 5 DR 45 5 sl % gy, Hovp
Sae F7RAE 8 e 5 i S ) AL S5 A8 7 S
e [ R0 A i i BB 4R A 53 31 s (- 100,0) |
(0,0) .(100,0) , ik = 5% f5 , ] SR A
52 (0,0) , 19 i s FEIGE F 1) i A J) S0 [ ) s
gy, BB LL(0,0) gLy, BL 100 Sy 242 .
SRR B T FE AN 4 ~ 1A 6.

F, =fac %(l _005(27’—7:-t))

4 ~ & 6 &Y fac =0. 8 B E5FIR I 5 Ze b
AR RA Siy R S0 26 B AR R X
i E AR Y O T B S AR

150

100 t M

50 ¢

(28)

-100 R e o i e 4
‘ ‘ ‘ . F
-150  -100 -50 0 50 100 150
X(m)
P4 s i AR £

Fig.4 Trajectories of left endpoint




128 B %5

EC I

2016 445 14 %

-5
X(m) x 10

F5 ARl A 2k

Fig.5 Trajectories of midpoint

2150 -100 =50 0 50 100 150
X(m)

Bl 6 A e il th £

Fig. 6 Trajectories of right endpoint

FYGEL AR GBI, 27 R T UG A,
CFTAR UG RV RL. AT LA Y, 2 254 e it 4%
AT Tl B A S, U A A A TR A U RS
TSRS — UG M R O 25 AR AR Z W) 5 19, OF
HE M2 S U AT 5 UV 4 J8 U 15 S s 3 Ok
FERGE , AL AT UL,y 5k 5 | A P Y 8 738 A B Ay
X R T il 12 2l o A e .

B 7 ~ B9 12 fac = 1.2 W25 15 2 {H H 5
Ze iR RN A g 5 B s S I 2R B AR AR
PR X Jr AR, AR R Y Jr 1 L. B
S AR E UG R AL AR, 27 ARG
IR, P AR — U AT, ] LA H, 454
Bl U o W S B O, U (R TR A Y | R Ui
IR AL 12 B LIS A PR fF— E (HPE B B T 82
REGUEEN g 1 U4 18 A B, 2k 26 R I, 7%
TATE A AR S AT G SA Y B S5 1
— YR AMRE Y 1) s 2l 1L 38 -5 FUA00 1) 630 ] s 2l A+ )
A BRI E PR IR A, S SR DUAR AT
FEHE P, U R A A TR 2 Y RS Y g M

JEE Wt 3 P ol o B8 RS R Tl ) , e s S 5 i
AR, (AR AR 1) 25 i AR B AL, IR T
BORTE FE 3 1 A 5 T — U U 14 W1 2 B
U 0 VA B R T K, 3K IE S Kane' ™ T4
A BT I BEG. Al L 25 e ik 21 5l i i
FUREH I OL T, BER FH— U AR A D R e
WIZERE & 3 1 2 B 29K, 56T R ol fag FL s
TR P 9 L 400 5 ) 3 A S AN E A SCRHE
[ Z ™.

150

100
50

0

-50 N ]
M < o Sz
-100 S e s

Y (m)

F
-150 A L . .
-150 -100 -50 0 50 100 150
X(m)
7 el h 2
Fig.7 Trajectories of left endpoint
40
‘;g_.,-g':.g'-'-ﬁ-’-'ﬁ‘.a-&? ]
20 o i g*'f“'b"'%%‘%
E o 8 ‘%
> Fd
20| e
S
+
-40
-60
X(m)
8 Hh I Bt i 2
Fig. 8 Trajectories of midpoint
150
100
50
=
E o
>
-50
-100
-150
-150

X(m)
B9 s Pl th £k

Fig.9 Trajectories of right endpoint



%2 1

B T e 2 WL K LR ) 1 B He e 129

4 s

BETF U Bl AR AR AR O0k e A3 IR 4 A 7 Bz i
REAIMI G5 3 122 DA T 105, 52 1T A
- B i AR A (R R L as 2l (1 LA 3
G2 SIS EU AR € A OE [ Rex - VS NI
HAFOLT B 05 XS LE, nTAR B LR LS8 (1)
TERBE o A R AR 5 2R A 24 SR AN HE A
1, Mt i is s R G BOR N BSE; (2)
TERUHRZ S P LR P U R R, AR
AL S B R T 5 (3) ARG B A I EE 5 K3
P sl Je o, (5 K B 5% sl 56, 5451 8l 112
ESCTIRIBEA A X 55 (4) —YGE R %
YIRS 2 S5 g o 8 3 1 8 45 2500 9 AR o 5
(5) FEUAIASE Y f14 385 T3 6] A0 45 ¥ e e A7 5%, {HL
AN a7 BRI S e AT . X 2
SR IR SR 2 () 25 4 1 U il aod s 2l 4% 3 R
etk TR

2 £ X #

1 Boning P. The coordinated of space robot teams for the on-
orbit construction of large flexible space structures [ PhD
Thesis ] .
gy, 2009

Cambridge: Massachusetts Institute of Technolo-

2 Ishijima Y, Tzeranis D, Dubowsky S. The on-orbit maneu-
vering of large space flexible structures by free-flying ro-
bots. In; Battrick B ed, ESA SP-603, Proceedings of the
8th International Symposium on Artificial Intelligence, Ro-
botics and Automation in Space. Munich, Germany: Euro-
pean Space Agency, 2005

3 Kane TR,Ryan R R, Banerjee A K. Dynamics of cantile-
ver beam attached to moving base. Journal of Guidance,
Control and Dynamics, 1987,10(2) :139 ~ 151

4 Canavin J R, Likins P W. Floating reference frame for flex-
ible spacecraft. Journal of Spacecraft, 1977,14(12) ;724 ~732

5 Zeller T A, Buttrill C S. Dynamic analysis of an unre-
strained, rotating structure through nonlinear simulation.
In: Technical Papers. Part 1 ( A88-3217612-39), 29th
Structures, Structural Dynamics and Materials Conference,
Williamsburg, VA, United States, 1988-4-18-20, Hamp-
ton, Virginia, United States: NASA Langley Research Cen-
ter 1988:167 ~ 177

6 Waszak M R, Schmidt D K. Flight dynamics ofareoelastic

10

11

12

13

14

15

17

vehicles. Journal of Aircrafi,1988,25(6) :563 ~571
Li N X, Grant P R, Abbasi H. A comparison of the fixed-
axes and the mean-axes modeling methods for flexible air-
craft simulation. In: The 2010 ATAA modeling and simula-
tion technologies conference( MSTC) Toronto, Ontario Can-
ada. American Institute of Aeronautics and Astronautics,
2010,1 ~25
Li Y W,Nahon M, Sharf I. Dynamics modeling and simu-
lation of flexible airships. AIAA Journal, 2009 ,47(3) :592
~605
Huang X, Zeiler T. Dynamics of flexible launch vehicles
with variable mass. In: 44th AIAA Aerospace Sciences
Meeting and Exhibit. Reno, Nevada, United States: Amer-
ican Institute of Aeronautics and Astronautics, 2006:1 ~33
Nikravesh P E, Lin Y S. Use of principal axes as the
floating reference frame for a moving deformable body.
Multibody System Dynamics, 2005,13(2) ;211 ~231
Nikravesh P E, Lin Y S. Body reference frames in de-
formable multibody system. International Journal for Mul-
tiscale Computational Engineering,2003,1(2) .1 ~16
Nikravesh P E. Understanding mean-axes conditions as
floating reference frames. Advances in Computational
Multibody Systems. Computational Methods in Applied Sci-
ences ,2005,2:185 ~203
Shi P, Mcphee J, Heppler G R. A deformation field for
Euler-Bernoulli beams with applications to flexible multi-
body dynamics. Multibody System Dynamics,2001,5(1) :
79 ~104
g, L. SRS 2R RGNS 80 )
2. A S ,1999,16(3) 1295 ~301 (Hong J Z,
Jiang L Z. Dynamic stiffing and multibody dynamics with
coupled rigid and deformation motions. Chinese Journal of
Computational Mechanics, 1999,16 (3):295 ~ 301 (in
Chinese) )
Haade, JUEEE. WIZME R Aot e, 3
F12E 5y t2Ad, 2004,2(2) :1 ~6 (Hong J Z,You C
L. Advances in dynamics of rigid-flexible coupling sys-
tem. Journal of Dynamics and Control ,2004,2(2):1 ~6
(in Chinese) )
LTRS8O (BN = b= i S e i E DAl IR
. 1224, 1998 ,15(4) :407 ~ 412 (Jiang L
7, Hong J Z. Dynamics of an elastic beam in large overall
motion. Chinese Journal of Computational Mechanics,

1998 ,15(4) :407 ~412 (in Chinese) )
B, RERFE. EXGE L E A R & 3 )



130 By 5 B oH ¥ R 2016 ¥4 14 %

2 b5t Bl 2% B AL, 2007 (Jiang L Z, Zhao Y Y. ST PRl T A2, 2011,24(1):1 ~7 (Wu S
The coupling dynamics of flexible structure in large overall B, Zhang D G. Rigid-flexible coupling dynamic analysis
motions. Beijing: Science Press, 2007 (in Chinese) ) of hub-flexible beam with large overall motion. Journal of
18 Az HEE, LER. YERTLELSZh FOM 46T MR Vibration Engineering, 2011,24(1) :1 ~7 (in Chinese))
Bl 2 R AT 5. 3 ) 2f S R 2 4, 2013, 11 20 XIHRPH, ARFL, RAERR. RABTENI-ZZRG R G072
(4):329 ~335 (Li L, Zhang D G, Hong J Z. Dynamics SCISHFSY. YREh TRESE4R, 2011,24(6) ;646 ~ 651
of rectangular functionally graded thin plates undergoing (LiuJ Y, Zou F, Yu Z Y. Simulation and experimental
large overall motion. Journal of Dynamics and Control, study for rigid-flexible couple dynamic system with large
2013,11(4) :329 ~335 (in Chinese)) deformation. Journal of Vibration Engineering, 201124
19 R, FEE. KIGHEIZS NI -2 2RI R 5 ) (6) :646 ~651 (in Chinese) )

A COMPARISON OF SEVERAL DYNAMIC MODELS FOR
SLENDER FLEXIBLE SPACE STRUCTURE *

Zhao Guowei' Wu Zhigang'*'
(1. State Key Laboratory of Structural Analysis for Industrial Equipment, Dalian University of Technology, Dalian 116024, China)
(2. School of Aeronautics and Astronautics, Dalian University of Technology, Dalian 116024, China)

Abstract Dynamic modeling method of on-orbit maneuvering of free-free slender flexible space structures was
studied. In literature, a dynamic model without rigid-flexible coupling terms was adopted for designing motion
controller. Establishing a dynamic model with relatively accuracy is the premise of obtaining a well-designed
motion controller, therefore, it is necessary to establish the coupling model and find the difference between them.
A floating reference frame was chosen as local reference frame, whose origin is consistent with the center of mass.
The assumed mode method was used for discretizing the deformation parameter. The rigid-flexible coupling
dynamic equations of structure undergoing large overall plane motion were obtained based on the virtual work
principle. Through several simulation examples, the difference between uncoupling equations and coupling
equations was discussed, and the results show that the uncoupling model is not accurate enough and simple zero-
order model is more accurate and effective. The analysis provides an important basis for the subsequent motion

controller design and vibration attenuation.

Key words flexible space structure,  on-orbit transportation,  floating reference frame,  rigid-flexible

coupling, free-free boundary
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