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Fig.1  Structure graph of 5-rods system
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Fig.2 Position coordinates of i-th rod
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Fig.3 Cardan’s angles of the attitude of cross section

(P=xyz) 5 (P=x,y,z,) ¥ 40 1 350 AL bR 28 4
AEFR R (P=x,yz,) AN XTI AL bR s BCIRHR] ¢ (Y
AR ARG AT B 25 LR AR X By 19 A R i
1E g 1 . (P—xyz) NIRRT s 5 ¢ AR fLRIE
1E 0 F1 .30 535 LIS A5 Rk s 50 1Y
T H, LUF R k=1,2,3 FREREALE(P-vyz) T
iEre- AR
0, =wg = cost?,w,=w, =1’

—_ r e —_ !
o, ='sind, 05 =¢

) (1)
0, =0, =icos?, 2, =0,=7

0, =¢sind, D, =¢
H oy, ,0u WAFTE P RAEEIHTER o AL HEAR
7N (2 %Xjﬂ

o' =¢/'sind+¢’ @ =isind+¢ (2)

Wr(s,t) PSR 0, SERAEUT P A
LB As IR PQ %I Y SR A2 3
HON Ar=Ase.e. Nz IR & E T REE r XK
AEFR s B T E

re, (3)



5 4 1]

XISERE : FT 00 8 G856 T o 0 LB ) 2l g 2 A 291

FEHLOZ IR th P s 7E (O, —€nd) I
FIRMFR ECs,t) ,p(s,t) (s, 0) BAE. RIZ r(s,t)
IR

r(s,t)=&(s,t)e+n(s,t)e, +{(s,t)e, (4)

WRIE(3) ' E (0, -énd) TR ¢, 0", ¢
O3S TR i e X €, m, & AT T 10 4R 5K

&' =sind,n' =—sincost,{’ = cosifcos? (5)

g U R g E LS, ExURT T E
PRI 2SS O (s,0) M (s,0)

d=arcsiné’ iy =arctan(—n'/{") (6)

RAZ r(s,0) XFEFTE] ¢ 0 S8R0 P S ARXT B,
PR v =F U8

v(s,0)=E&(s,t)e+n(s,t)e, +{(s,t)e, (7)

2 M RFERHER

o7 FH 25 357 R RS AT 2y 2 (], AR
6] ¢ Sy 72 &, SRARAR s, NITE R, A4 0 pR Y
PR & A0 R AFE MR 0,3 p, S, J 73 5 FF
W B AR B PR R BE I R K L T TE (P-wyz)
PRI ARG N J = diag (J,J, ;) , b g =pl, )5 =
ply, 1,1, 8% T AR 45T 2 R AR AR 0 6. 15 f AT Y
AN JE AT ) B AG I F MM 2Ry P oAb
FEAE T 10 32 55 R0 4. 7E Kirchhoff 2% {74 B2 il
T, R TCHARARIE | 255 F il ar AR i, 32
FEMIERMEAM LR M=D - o, , HITHESHE o,
. NIEE D 78 ( P-xyz) TARARIE A D =diag(A A
C) i A=EI, C=Gl, 5331 50 Wi EE AT HL R
£ E,G A E9 IR R M BT IR M 7E ( P-xyz)
HHHRE S

M, =Awy M,=Aw,, ,M,=Coy (8)

X EIRFFrROZ OB PQ 35 AR bR
BAZST SRR 12 s e A AR, Dk
B, A BMESE R AT EEAEXT B, B AN 02,
NN B, B FAINEEE 5 # T RIBUE T IS TF,
O BN N B K (P =y ) 1R R R R S
E T WL

1 . .
AZ=[pSit+a2, - (J - £2)]As+

Q- [Ox(] - Q)] As- (9)

v+ (AF+fAs) -8, - (AM+ArxF)
Hf AF | AM AfocE PQ EAERII N A e

H(E4).

4 FPEFFROCBIN Z IR

Fig.4 Forces on the infinitesimal segment of rod
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Fig.5 Forces on the infinitesimal segment of flexible cable
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DYNAMICAL MODELING OF A NET SYSTEM OF RODS
BASED ON GAUSS’S PRINCIPLE "

Liu Yanzhu'
( Department of Engineering Mechanics, Shanghai Jiao Tong University, Shanghai 200240, China)
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Abstract The net system connected by an arbitrary number of rods with arbitrary topologic construction was dis-
cussed in this paper. Based on the Gauss’ s principle of least constraint, the approach of dynamic modeling for
the net system of rods was proposed. The background of the study selects the large deployable structures composed
of trusses and meshes in the astronautic engineering. The Kirchhoff’s model of elastic rod was applied to describe
the motion of rods, the large deformation of which can be unlimited. The general form of the constraint function
for the net system was derived, and the geometric constraint conditions of rods exerted by connected joints were
given. The related dynamic model can be used to determine the motion of the net system by the variation method
directly without dynamical differential equations. The real motion of the system was obtained through seeking the
minimal value of constraint function from different possible motions, in which the joint constraint conditions can
be satisfied in advance. As a special case when the rods are flexible enough, neglecting the bending and torsional
rigidities and considering the axial deformations, the net system of rods was transferred to a net system connected
by flexible cables. Moreover, a net system composed of five rods was taken as an example in the explanation of

the modeling process.

Key words spatial net system of rods, Gauss’s principle of least constraint, Kirchhoff’s model of elastic rod
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