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Configuration Design and Simulation of Flexible Cables for

Dual-super Satellite Platform
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(Shanghai Institute of Satellite Engineering, Shanghai 201109, China)

Abstract: The dynamics model and disturbance transfer characteristics of cabin cables are always an important
basis for the research on the rigid-flexible coupling effect of the connecting cables. In view of this, a new elastic force
model for large deformation cable elements is built based on the three-dimensional (3D) reduced curved beam element
model of absolute nodal coordinate formulation (ANCF). Then, the elastic force model under typical constraint
conditions is calculated and analyzed numerically, and an amplitude range under the linear relationship of the
displacement and the disturbance force is obtained. Furthermore, the equivalent structural stiffness matrix of different
arrangements of cables is obtained with the finite element method. The results show that the effect of coupling induction
can be reduced effectively by the reasonably arrangement of different cables. The conclusions are of important
engineering significance for the mechanics modeling of flexible cables and the routing processes.
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Fig. 1 [Initial configuration of the cable

B4 2 i) Y
.

FLIT SRR ALAR
2 ANCF@HREH BT
Fig.2 Reduced curved beam elements of ANCF

ar, .
HEN TR :?ﬂ’iZ%iﬁﬁ%Tﬁii%$E$éﬁ i

X

AN 5o W) AR AL B IC AT — il B P e -5 H 2 sg
R AL R B e IR R 0 P AT — s B E
KA r N AT BT — il B BT AR URT 5 P 4R 5 R
(B R " AU — 5 B AR 50 B
R ERERE . RAITTHL EAT— R PRI E
R AL U] AR OUIE B R

r(¢)=S(&)e=[S/I, S.I, S:I. S.I.]e(2)
a1, 0 3 X 3 MY HAL A I 3 &0 P s AE LA b 31
E—y AR SO R B IUIE R B, oo B
S =138 +26.8,=1(6— 28 +¢").S,=3¢"—
28,8, =1( — &+ &), e=a/l. NT FHHMHIRZ
FOCAT — B B R B T R e 2 —
A FrenethiZ a — 2 — y IXAR AL A A il SCANTH

dr 1
a(s)—a—rg r:
dals) _ e(1p(s) W
ds

y(s)=a(s)X B(s)
o s(g)= ]

F(&)|de 0K A B, 9F HL W R



AR (R 3E30)

172 AEROSPACE SHANGHATI (CHINESE & ENGLISH) 5539 % 2022 4R 4 1)
dr(s)| A RO AR -7 B8 5 N T -0 AR A S EE AR A AR £

a | 3G AL D B PR FR . IR Green-Lagrange N 728 4 £k 4 H.IT
Sy B B R vk R S Uk i ()= k(£)=  ZEIBIATHIE.
re X re dr &r ML 48 Green-Lagrange )i 48 5K 4 (1) 72 X, 7E B 5%
fﬁﬂﬂ?ﬁﬂ@ﬂfﬂﬂjﬁ%»&:dﬁg»%:@o 1 Green-Lagrange I A8 5§ & 7] 78 A

r: z

i Euler-Bemoulli B 8% W 1, BB s o 7 0ln)T “Q+”mw““@

P AR G A, I FLIC 2 7 ] 2 o[ | = 2 [ ee))

I —3, K, ¥ s i B 28T B AR — A BRI ) ,
E%iﬁirﬁ rere—(r) (r), = 2y|re k(&) 29|(r) | #0(8)
=rotyB(s)+zy(s) (4) 2(r0)$2
f¢yzﬁsarﬂmaﬁ T R A B . 7D o (8)
WGHTE H B s T i 28 T ) B9 LT ds & BE 19 7S B AT 4 Sy R R A !5 v AR &, B

¥ﬁ7iﬁﬁ R 25 € g
dso —dro dro— /_l ﬂ%il ﬁ% 71_1 (9)
(drg‘ )( ) T 2\ag|de | Tdglde
5 AR ey
dro dﬂ(s dy(s) y ,
Fe) ex:‘( | Z(r k(s)+| (), /co(s))z
ro),
(dr0+ydﬂ(s Zdy(s)>d€d5: ,
d¢ d¢ (&, (£)— &(£)) (10)
(dro dﬂ(s (s)) (ro),
+ . ¢
ds dé
. _ o = o _"éx’”a—“
dr0 dy(s) d K MBI ER; (6)=k(s)= ;
( + )dgdg (5) 7|
ds ds {-‘
mmeﬁﬁﬁﬂ%Mﬂﬁ y () Z Ity mg)@“)V”V“”%
IE A , BT JE (197 5 T ik — i%mﬁ ()]
(ds)’ ~((r),+(r), + 2y(r,) »
a8 (s) 2 (s 2 HMARLG A KN () KM
e = dg)%%— 275 B BT AT — A0 A8 3 IR 38 e
2 LI GRS TE AR B 43, B OGN AR RE W] R N
0 ¢ 0 0 d d
[ (o ooz w1 ;JEggm/_
. dr, (ro);,x(ro);?
itEF;(rO)E— d;,/co({f)()a,(ro)ﬁ EJ [ —|—2€€:| V=
ro v
d&*r 5 lj ) AVt — J (&) dV =U'+U*(11)
dfz o TEMFTATE Hh Iz ot AR by ds”, HRK B S 2
SRR 357 K ERM B R VORI G oo

(05") == (reere— 29| e (£))dede (D)

5 T8 1] 3% 12 26 B8 K VAR 1 3z s R BiF 5
i 25 LR A B T i P A A R S A il A R 1

WAL, MW (ID) R H B I A8 R A AT 43 S B
AR Rl U525 i AE E‘EU

BALTG R B g T 58 R AR
WA 5 5015

EXE T A ok —



9539 % 2022 4E45 4 1

it

U, 55 Uk TL AP 6 e PR R A 5 0 173

v’ ! ¢’
Pl ::J<EA5L4,(m)wdg (12)
ae 0 ae 3
xiaU”i ]EI K— Ko alzdg
ae 0 3 ae ( 13)
( TO)E
0.5
0.02 _ -
04F, i%ﬁi}fﬁ%
S0 ot
= 0.3 )
S 02 oS
=01} %ig / cm
0 T S
-0.1 s l - EEIME
9 10 11 12 13 4
iR / em
o @ R
% 107
8 X 107
6r z ;) .
Z U
T 4F s
E’. 2+ 5 95 100 105 110
i/ em N
0k — E IR
EE S
-2 . ) | \
9 10 11 12 13 14
Wi ff / em

(c) UMLK

A FORRLR A T 5 F R il s T A S ZR K
TR TR 5 T ok 5 20 G T ol 25 gty v P o 2 A6 42 54
FEF UL EHAL R ] Newton-Raphson i L1 7
TR A SR i R 2RSS AR 1 () . 2
BRI 7R D7 R Y- 65 vk AR AL LA A A 3 B o

0.1

0 — B
i - LE I
0.1} 0.02, -
N v G
\z 02+ # o \::‘71[‘/‘] M
~ -03}F © <
-0.02 : : T
-04 90 95 100 105 110
~05 | i‘ix'w’y‘u‘ll' /cm ) )
9 10 11 12 13 14
Ui / cm
(b KRS
x 107
— EI

T EEABH

L s
zZ oF
St I I L

O6F 90 95 100 105 10

Hi#E / cm

9 10 11 12 13 14
i E / cm

(d) KIHLHR Sk

My, /N
L
/

B3 ARKRAMAERTEEHENTURE

Fig.3 Variation laws of the restraint reaction force and moment with the platform end distance
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Tab.1 Basic simulation parameters of the cables

LRSS | AR /mm | SRR/ MPa | JARML | #)E/(kgem )

L 0.96 1432.90 0.3 2800
et 0.90 268.63 0.3 2800
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Tab.2 Simulation results of the natural frequencies of

the cables

LA 1 2 3 4

ol
(o2}
-3
[o2]

T4&/Hz | 64.0[159.8 [184.7 | 354.6 | 387.2 | 652.4 | 662.0 | 1 000.5

M4 /Hz | 22.4| 54.1| 64.7|118.8|135.8[220.4|232.6| 337.6
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Fig. 4 First four order mode shape diagrams of the cables
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Fig.5 Schematic diagram of the cable routing model
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Fig. 6 Response curves of the disturbance force (moment) of the cable end
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