Vol.4 No.3
2006 9 JOURNAL OF DYNAMICS AND CONTROL Sep. 2006
E3
12 I
1. 116023 2. 200030
- Lagrange
1 Hqp =p'M'pnR2+U ¢q
Hamilton H qp =p'M'p2+U q +
Mg q . -
g = JH/9p
b P=-0H/9qg-G" q - A
34 . Ham- gq =0 4
ilton Constrained Hamiltonian system Hqp =E qp
_ . _ 34
q n Index
Lagrange L q q =T q q -
Ugqg Tqq =q¢'Mgqq2TU .
c -
gq =0 1 S
Manifold
qt
c Lagrange At
L.gqqA =Lqgq -1" ggq 2
u = q
Mqit:fqu—GTq-l
gq =0 3
Gq =9g/9q fqu =u IM/Iq u/2 .
-JdU/dq. q u - . “ "
Hamilton Legendre p = ?
<7L/3t} =M q q q =M'p. Hamilton Lagrange
2006-05-18 1

* 10421002 973-2005CB32170X



194

2006 4
2 2
x5, + v, =10 «x
Lagrange y, = 1 - xzk 12 Loy &
5
A . A o
S, %, x, :J qudt:J m x
67 Y-t s
vy /2 4+ gy di
Xp-1 X
; xk@ + ykj./k =
0
: x = x, -
Mt /Y= Y=Y /0 &Y =& Y+ v /2
Sy X %,
i
2 i S % X = ZS/; K-t X
L1
Yi-1r Yioo Xpor % Sp %oy %y
Xp_1 Xy
1 m gt = «x
' Xp-1 Xp
y 0t x=rsinf y=r1- o s
cosl g qg =r - x+y S -
. b Xro1 Xy Xp = X =
=0r=1. x 0 =099 x 0 =0. .
X N Y= Y=Y /N &Y =& Yty /2.
y Uxy =-
mg,y g = 10 m/sec’ T =mx" +y /2 ,
k . .
. S, %, x, = mo x4y /24
Lagrange L gqgq =T-U ,

S:j/qu.dt:J‘fmﬁ.Cz+
0 0

¥y /2 4+ gy dt 8S =0

kn Ly Xpo1 Yi-u 9.%-1
y 2 2

Yi-1 Koy + Yo =1

g4q =0 xk?-”
+ ykyk = 0.

xk@ + yk}./k =0

X Ye Xi Y

k-1
“
2
gy di = J m Xyy — X+
Y-t

Yi= Y /20 4 g w4
Yoo dt = m/2 X, — X, o+
Yi= Y /20 &7 v+ Vi

e = 1= xzk v Sy Xy X
Xp-1 Xp
Iy /dx, == x; - 1 -
2V x4 y,jck =0 j.fk/D.Ck = - %/,
. Lagrange
Piy == 98/9x,, p, = 98,/



195

T T

V. = X, py mgy dt — Aig x, ¥,
Loy Iy by Ty Sy %y Xy A, Ly

Spet X Xy Pr

-9d8,,,/dx, = 98§,/9x, gt =Nt d d = q}.j—l P

q.
Vi v, S, 4. q, A,
68 . i
Do X X A,
Xg S, %y %
po =—98,/dx. S, 40 g, A, = S 4 q. -
S, % %, :[”m B g g
vl

2y 4 gy dt = m o ox - x o P @ 40 Ay =-98,/9q,,
Y= Yo t/ 29 + mg, yi +y, 7/2 P 4., q. A, = 9S,/dq,

2 12
Yo = 1 — x X, A
po =-98,/dx, = mgmdy,/2dxy — m x, — 2n
o = Y1 = Yo 9ye/dx, /7 v, = qi pi !
Xg =~ % - % /7 }.'0 == &oxo/yo Vi_i v,
Po - A, A,
g4q =0
1 N t
-1.0 = o~ A,
’, g4q =0 A,
-0.5 ¢
z kY 2n + ¢
f A
~ 0 f i
2 n-c
0.5
A
1.0 -1 -0.5 0.5 1 '
1 0.01 1 Lagrange -
Fig.1 The solid curve is the trajectory of pendulum Lagrange
dashed curve is unit circle time step is 0.01s 2 b=
0o =
0 ¢ i, n q,
3 tA—l lk
Si @i 4 Ay
1.1 c
Lagrange A. Lagrange
. 4 .1 =-9dS8,/9q, . =
2 Lq q A P /9GP
A O o d8,/9q,
Si @it 4 Ay ZJ mox"+y /2 +
t

hot 5 P =-95,/9q,, 1



196

Fig.3 The Hamilton function of sphere pendulum

actual Hamilton function is H = 0.99680

Fig.4 The x coordinate of sphere pendulum
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Fig.7 The momentum of sphere pendulum for x direction
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Fig.9 The momentum of sphere pendulum for y direction
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INTEGRATION OF CONSTRAINED DYNAMICAL SYSTEM VIA
ANALYTICAL STRUCTURAL MECHANICS
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1. Dalian University of Technology Dalian 116023 China

2. Department of Engineering Mechanics Shanghai Jiao Tong University Shanghai 200030 China

Abstract The conserved constrained dynamical system derives to differential-algebraic equation. Solving the con-
strained differential-algebraic equation via introducing the Lagrange parametric differential equation to treat the con-
straint  there is the differential index problem which enlarges the variables to be solved. The existing solution method-
ology is always via the FDM. The symplectic preservation of the finite difference scheme is considered however the
projection operation onto the constraint manifold still brings problems. The present paper applies the methodology of an-
alytical structural mechanics. The independent displacements at the integration points are treated as primary variables to
be solved and the constraint conditions are satisfied strictly at the integration points. The time-domain finite element
linear interpolation function is applied to approximate the orbit to generate the action function of the time-interval . Ac-
cording to the theory of analytical structural mechanics not only the symplectic preservation of the integration scheme is
reached but also the constraint conditions are satisfied in the sense of variational approach approximately. Numerical

examples demonstrate satisfactory results.
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