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Tab.1 Comparison of numerical results

(ss 9 7 E[lox]] E[lox]] E[l6HI]
1.0 0 2.38E+00 2. 47TE+00 3.25E-03

Yr 1. 64E+00 1. 7T0E400 2. 44E-03

0 4.13E-03 4. 24E-03 3. 23E-06
(2,2)

YT 2.21E-03 2.26E-03 1. 45E-06

0 4. 89E-06 4. 86E-06 6. 15E-09
(3,3)

TT 1. 73E-06 1. 78E-06 2. 80E-09
4.0 0 2. 08E-08 2. 09E-08 3.47E-12

YT 2. 34E-09 2. 40E-09 6. 22E-13
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Fig. 3 Convergence curve of energy error with step size

B4 ST HE R 2 B E S8 v Bt
Hr h =0.04, N, =100, F{H %2 H XL (35~37)
ESL, WE 4 iR RIRE s=1 1002 s =2, [H&
SR 25 A NHEVE AR 1 T S Bl R 22 S T Sy
BT VFERIR ML, XEBERELE v IE
Bk B R/ ME . XK E AR SR v ok Eo)
PRA S A I8 2R 22 L B0 R BSUMEL RS B K 15 30 A K A
PETE . SR L bR il 2R A 1R 25 AR A 1R 22 i 2k
() e /BT L A R A bR Cy (R ERUED AN [R] S BRI b Rz 24
SRR BRI R 0 25 SRS R v I AR E .
AR SCLLHLI A B f e Dy B RR SR SR S8 v i SR IR
{EL Voo



1 AEN,F: FPEARNKRAZNSETORNRFHE 105

Errors

(a) FEENSENECH 2 B (s=1)

a) Convergence order of the algorithm is 2" order (s=1
4 g

-3
5 x10

4
3k
<
7,
&,
1F B CD*\\
QO
—— )

Errors
[\
T

=7,

0 \
£(st)x205
_1 1 1 ]
0 1 2 3

Y
(b) FRAUEINEHA 4 B (s=2)

(b) Convergence order of the algorithm is 4" order (s=2)

B4 BUHRZBETEE S8 v Bl 2k
Fig. 4 Curve of numerical error with the undetermined

parameter Y

B 5 BRT s=1RRESHEIREMS ] v &
2, ot h = 0.01, N, = 1000, J& A i #F
TN T g B ] A5 4 R0 B K Y 0 B (R] L (RO R S
HE 4Rz M2 — 800, X ERE R
SRIF )25 K ARE T AR R R A B 1 S8 v, JL
PN 2Z 1 R A K 5 5 B R K A R O i —
BTk iR 22 BE S50 v AR, iF— e
T S E R 2

N+1 N
1 (k)
E[Sx]:Z;(Nh+1§)(8L )) (38)
N+1 N
ELoy] =) (D oy (39)
i=2 N"+1k:0 1
201
1.5
. 10
-
=05
0.0 —
-0.5 : : ] -
0 1 2 3 4 5
7

Pl 5 R I o X F D¢ 2 B 2 50 v 2B Al il 4%

Fig.5 Curve of long-term absolute error with the parameter ¥

W bR E S, B Y X (E 1R 22 AR B AT GE AT R,
K625 T RN (38,39) & X MR 2ERE S K v 78
fh s, o h =0. 01, N, = 10, B{H 45 % 5o 8
MR 22 BE S A v IR A A I B R 2% A
NI SEL Y, SIS E—3. R, AT DR
05 A AL B AR S v,

R FUE v, BRI EUE A SCE UL 3R 22
KR 6W=E[8x]+ E[8y]. & 6 frmn,
W OW S y ML, H—4£45
=07, =Y OW, =0W(y,),dW,=8W(v,), X
B X B BEEARA R D G EARE] 7, .

4 %107
2| kK
I
o
2 0
o
: \
ot BG)Y .
o
_4 -
0 1 2 3 4 5

6 Ul H iRz -y Bl &t
Fig. 6 Comparison of the trend of the averaged trajectory

error-y curve

K2HmMT v =0Mv,=7y, WHEYIRE W, 5
W, I, LR o X QD A Yy, U,
Ho h=0.01,N,=10, 3 A/ H TS v=7,,. L
K h=0.04 LR ERZE, ATLLEN, s=1 M s=2
BF oo 77 1) Ry J7 1] (8 90038 15 2 43 3 0/ 1 A
— S, B’ THIBT s=1F h=0.04 Bf Z{k
VR x, e oy, S ENEBESR R AL
MG, 2T ORFE v =0 MBUE AR, 5 & X R
Y =Y WIBUE . BUE 25 R R 8 i W
FEESH y WHBUAE  BUE S A AR 2515 8 TR
BRREAG. SEBR EXF T s =2 By @ B s o 3l 5§ S
BOUR 4 TR RE AT LA K I AR A SRR T 7 i e 2 4 5%
Wi, HwERHETR QDT RIESE y, T
B WA AT B A AN B0 0B R TG 3 4O . P
DL A FE A B 8] 47 BCRD 450 40 19 T 53 1 AT DL 20BN
TEES 0 A B B R

*2 mEhS&K v, HH

Tab.2 Calculation of the optimal parameter 7,
(sy8) oW, oW, Yopt
1,1 —0. 00516079 —0. 003574097 2.981500943

(2,2) —6. 168893E-07 —3.251878E-07  1.938563795
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Tab.3 Numerical results with optimizing accuracy

(ss 9 7 E[[ox|] EL[|oyl] EL[oH]]
D 0 2. 38E+00 2. 47E+00 3.25E-03
Yo 4. 49E-02 4.63E-02 9. 62E-04
@2 0 4. 13E-03 4. 24E-03 3. 23E-06
Yop 3. 19E-04 3.25E-04  —5.42E-07
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(a) X,-component of the 2-body planar pendulum
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Fig. 7 Comparison of numerical results of the 2-body
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A parameter-preadjusted symplectic algorithm for planar rigid body systems

WU Zhi-gang”, XU Xiao-ming

(School of Aeronautics and Astronautics,Shenzhen Campus of Sun Yat-sen University, Shenzhen 518107, China)

Abstract: Symplectic integrations have important applications for constrained Hamiltonian systems
because they exhibit excellent stability in long-time simulations. However, the symplectic scheme usually
has a large phase error accumulation with the increase of simulation time. This paper develops a
parameter-preadjusted symplectic integration for planar rigid multibody systems with Cartesian
coordinates. By deriving the modified Lagrangian equation with undetermined parameters, combining it
with the existing symplectic scheme, and adjusting the corresponding parameter in advance, the
symplectic method can greatly reduce the phase error of the numerical solution. Theoretical analysis and
numerical results show that the new method not only preserves the symplectic structure of the flow but
also presents a very low phase error accumulation. Therefore, the parameter-preadjusted symplectic

integration is recommended for long-time simulations.

Key words: planar rigid body systems;Cartesian coordinates;orthogonal projection;symplectic algorithm;

high-precision

5| A 7k 32 /Cite this paper :

S G NI /N ST AR R G S B0 S PR B [T, TR 2540, 2024,41(1) 1 101-107.

WU Zhi-gang, XU Xiao-ming. A parameter-preadjusted symplectic algorithm for planar rigid body systems[]]. Chinese Journal of
Computational Mechanics,2024,41(1):101-107.



