5511 55 4 112013 48 12 A o FEE B E E R Vol. 11 No. 4
1672-6553/2013/11(4)/295-6 JOURNAL OF DYNAMICS AND CONTROL Dec 2013

ETERBENBHESRSFEERAR

ERANNE& -3

(JbntfE SRR 2 ML TR, b st 100192)

BT A RGN E R0 E R, 152 RGE A iS5 5 BT EORS B S As e . B RS e B
Jr T RERS ORI 12 RGO R, St v G5 I~ 8. S5 B U 0 IO 3l ) AR R BRS WY H eR AEA T
B LA BGRAS 7Y FIRR T A1 7, T LAAR B )2 R G B RO 73 BUS TR SR R — i A5k,
WG 2 PFE ] A B R G0 3 122 SR R D . (8 A S BT LR it AT S8 B 20 A Bt B H R S0
= SRSy . SIESESEA L, U 20 U TR RS T B IR B eR R A A B
S5 B R 3, A7 2R AR B I AT AR SO 2 T 50— S 1At B e i) 8 L 73 BR
TR BRI R s B AR IR I B R GE. (1A R, R RE R E 7 I 18] 1905 Kb 18
FUGREE, HHR AR 9 P R BOR S B TT ISR AR, R G A JEE R 25 1 0 ELAE RARAT 5 R 1 ia

B
KA EBUESEEE, I RST,
DOI: 10.6052/1672-6553-2013-077

5l

T

TES 112 R G SebRi T v, R Sy E 15 g i
TFHEHSRRREERIFRENEWEARRKCR.
AR B BR KPS B R S 1038 B 0 Oy TR I i i
TR IR 18] (4005 35 R B (4 R e 4 M i P o, T
TSR TRE R 12 R G450 R BT
Kb, CRE IR I R A RE &, & N E 51 ~F
. 38t B R A P, 15 2 B Ehis B H Oy R,
M2 )12 R BB R B0 T SESRE LT
B %7 TR R IR T AR, A B K
I i) 475 LA P

B B AR g i D R T B
G — SRR R R . H Verlet Bk
AT LA FHSR AR BETC ) oK 19 ) 2 2 55, Shake 553517 2
Verlet By 4L M, FHSF b B0 A A5 52 B 24 SR 11 g 2%
RY5. oAb HI 5 24 TR FR G5 DR B I A A 1 3k 4
o, Rattle 895y Shake %23 1 4 fif 5 47y 4k
BT 3% ) .

ULAFE SR , HE T2 B U A B T 115 3

2012-08-21 Y %455 1 5 ,2013-05-29 i 214 e .

TA% Y H eREL,

Bt

PHZBETE I HAE 3D RIARSR I 3 Iy 2 B
17 RAFRIBCR. 2SI TSR HUE 73 R
TRREM ARSI 2L IRIIE T R G2
Hay , (5 2R 8 1A RE B8 R B A R ] 14477 L PP AR DRy
SFAE.

ARSCHEFE R A 2 A BA% B H R SR TR
RER B HUL AR 77k 107 kT B U o
O30T AR — A BRI ) H ek R, R
FAERRA I (8] 25 R HRAT 2006 L. £ K a] (9 05 2
Hh, BRCHLAR B H 5 AR PR AIE 1 =% S5 4 A 3l 1 <
{8, EMARUE T RER A ~T4H. BREEJE 3D 219 —Fh
PR FE B RO 7 B T RE T M
SR E Haz s R O B A o B T3k
I FE 3D R TE SR L BE R, 1 AR R
W e BUE B TIE T RGN RE R 4E 7
RE , FF A AL A 1 B /0N, THR R JEE 12 40 3

.
1 BHESRE

W — A E] Q, B EIHIAS I H R BUE —

# [EI 5 F ARPH P T D) T H (11072038) (b AUy [ AR 2k G 0T H B 26 (KZ201110772039)

T WiRA/EH E-mail: bailong0316jn@ 126. com



296 3

2013 445 11 3

AW L:Q x—
Xﬁ?@fﬁﬂ@ﬂi%&ﬁ N,Xj‘ L(qk+l "]k)jk%uié%‘r
7%@%%4‘510“‘”*’ ’XHESL%

S = §L<Qk+1,%) (1)

H,q,eQ.ke  EEBIEL X L(g,,,,q,)K
FEX L(q,q) B —A B HOE R @i Xt S 7
Qs gy SRARBR A5 3 8 WO 2 09 R —HL 4 B
H i

D,L(q41,9,) + D L(q,,q,-1)
WAl V5 Ry D,Led + D, L (3)
Hp ke 1, N1} ,0:0xQ—Q xQ &L H P
(442qi-1) = (qrer»q)- AR D, L& n 9/ IR 207
FE(3) 58 LT B Hm it &, (75 2 S A B Bt je]
] Fi e . 8 S

FL: Q x 0—T"Q

(2)

(4)
(41,9) (40,D,1.(q,,9,))

MR T7Q L TE, E X Q0 xQ
w =FL" (Qey) =FL( —=d®,,,)
= —d(FL" (@)

WP Q LAsAR ¢ AT Q EIERARFR (g,
o) KRR R Qeuy =dg' Ndp, LI Oy =pidy',
AR 2 BB — ks B H R -

%@(qm 2 4) +ﬁ(qk+l ,q,) =0
YGRS D(q10159) = (qs159,) 135

oL oL
(@ @) Y (q0159,) =0
aqk+l aqk+]

X5 RE(S) R

(5)

(6)

(7)

oL ;

(] _d(ii(qhwl’qk))qu
aq,,

a’L - -

SO a0 dd . Ndgi -

aqwq,k”(‘h 154 dq) q

o’L ; :
. + ) d ,/\d L.
aq,kaq;(’]k 1 ’]k) T q

HF dg, Ndg, =0, 0]
2
= 154, dg, N,
w aqzaq,}”l(% 1 ‘h) G Ths1
Ha(7) 5 0 3R @ 25
o lo=0( ~d ok

aq;wl

(8)

(9)

(qk+2 24+ 1 ) )dqfrﬁ.]) =

~d(o( oL

(qk+2 ’qk+1 ) )dq2+l) =

aq;u—l

oL i
d( i (‘Ik+1st)ko+1)=

G 41

a°L - :

—— 1,9 dg,. Ndq),, 10
aq;aqjkﬂ(qk 1»q,) dg, Ndq) ., (10)

M () ITH: O v =0, B ® EBHEHFRS

1R IE.
A BIRRLAS B H s B Q EIZERE G 19X
LA TEE , @ Eeg, HorP g 0 G AR W
L(exp(s&)q,.1, exp(s§)q,) =L(q.1,9,)

(11)
IR (1) KBS, 4 5 =0 1351
DIL(qk+19qk) * g()(qkﬂ) +
D,L(q.159:) 'f()(‘]k) =0 (12)

Hrp N FTCTF NERT. F X L(q,.,q,) K
*ﬂié%:,(o <k <N) ’@ﬁ qk+1 (S) = exp(sf)%n){%

QoL s e AL MR g,,0 (0) X S SRARERFH
?IJI
% ., =0 (13)
HRE(T), (12) 8 0] IE R LR
DiL(q1a1,91) = €(quar) +
DyL(q1s250101) * €9(qpsy) =0 (14)
TR (14) Yl 25 5 FE (12) 153 .
DyL(qy125q101) * €0( i) -
D,L(qy.159:) * €(q,) =0 (15)

TR BT T:Q x Q—g ™ & LN
JCGsrra1) -6 (D, LCq.1,9:) €0(q,))
(16)
MR (16) LA S i Bt @20 x Q—Q x Q £

.
2 EHHREABRAGE

BRIEBRANIA 1 B, BRI AL s 28 )
Pl AR A

Isin(@)sin(¢p) (17)

Isin( @) cos(¢p)
lcos(0)

]



54 1]

FIJE A5 T BRI Y 1) 5 B 0 B TSR I 297

B Bk
Fig. 1 The model of spherical pendulum
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Fig. 2 The coordinate variation of the spherical pendulum
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Fig. 3 The velocity variation of the spherical pendulum

2

D
25 5 10 15 20
t/s
2 T T
<
25 5 10 15 20
t/s
4 BREEM AR
Fig. 4 The angle variation of the spherical pendulum
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Fig. 5 The angle velocity variation of the spherical pendulum
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Table 1  The fluctuate of the energy
Time step 0.1s 0.01s 0.001s
Max(J) -8.48 -8.48704 —-8.4870489
Min(]J) -8.52 -8.48739 —-8.4870523
Error(J) 0.04 0.00035 0.0000034
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THE DISCRETE VARIATIONAL INTEGRATORS METHOD
OF THE SPHERICAL PENDULUM®

Bai Long" Ge Xinsheng
Beijing Information Science & Technology University ,Beijing 100192, China

Abstract The mechanical system’s intrinsic structure may influence the long time computation’s accurate and
stability. The discrete variation integrators can conserve the energy momentum and the symplectic structure of the
system. Combined with the discrete variation principle, the discrete variation integrator method can be obtained
through the process of discretization varaiton and integration. This is a recursive algorithm that the time history of
the parameters only need the initial condition. According this theory, a sympletic — momentum integrator can be
formulated for the holonomic constraint Lagrange system. This method can get the recursive formula of the attitude
and the angle velocity direct form the discrete Lagrange function and don’t need complicated iterative computa-
tion. The discrete variation integrator method explored in this paper is based on the first Lagrange function. The
spherical pendulum is a Lagrange system with holonomic constraints. The simulation result states that the energy
be conserved in a long time simulation, and the accuracy of the computation presents a quadratic relation with the

time step. The angle velocity and the attitude also present different character under two different algorithm.

Key words discrete variation principle, mechanical integrator, Lagrange function, energy conservation
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