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Table 1 Results of the L-stable method with different steps

constraint function speed-level acceleration-level
step runtime T /s [ H | . .
D constraint @, constraint @,
h = 0.01 5.890 6 7.000 7E-5 6.845 9E-7 3.748 OE-7 5.659 5E-12
h = 0.005 10.875 0 8.807 8E-7 1.915 4E-9 6.668 6E-9 1.984 6E-12
h = 0.001 42.640 6 5.507 4E-11 7.676 6E-13 4.180 OE-13 1.421 1E-13

K2 LAE BT RBCT AR HEL

Table 2 Results of the L-stable method with different node numbers

constraint function speed-level acceleration-level
node number runtime 7' /s | H | e . .
)] constraint @, constraint @,
r=3 1.687 5 0.002 1 5.821 2E-5 3.926 7E-4 6.262 5E-12
r=4 5.890 6 7.000 7E-5 6.845 9E-7 3.748 0E-7 5.659 SE-12

F£3 L-EEHEY Runge-Kutta EAEAH RS T LR LE (B = 0.01)
Table 3 Comparison between the L-stable method and the Runge-Kutta method
with the same step (A = 0.01)

constraint function speed-level acceleration-level
runtime T /s ‘ H ‘mux . .
4] constraint @, constraint @,
L-stable 5.890 6 7.000 7E-5 6.845 9E-7 3.748 0E-7 5.659 SE-12
Runge-Kutta 0.390 6 0.262 8 0.008 7 0.002 1 9.237 1E-14

2) P5EIFEIN ¢ = 10's, [EE A b = 0.01, B4~ i) X [] A e AN [R] (9 257 B9 R B0 T HE
B(r=3,4), WR2TLFEN Y r=4 0, BORFEINT RGO (HURRCRE R IR 22 LY KL
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Table 4 Comparison of indices-1,-2,-3 solutions to differential-algebraic equations with the L-stable method

constraint function speed-level acceleration-level
runtime T /s ‘ H ‘mdx : i
D constraint @, constraint @,
index-1 5.890 6 7.000 7E-5 6.845 9E-7 3.748 0E-7 5.659 5E-12
index-2 5.4219 3.216 3E-5 4.394 9E-9 1.849 8E-14 0.070 4
index-3 5.609 4 0.001 1 2.664 5E-15 5.940 5E-4 0.985 4

K5 LREINEREE R S ARSI R AR LU

Table 5 Comparison of the results from the L-stable method with uniform and non-uniform nodes

constraint function speed-level acceleration-level
runtime T /s | H ‘mux . ;
[4)) constraint @, constraint @,
uniform nodes 5.609 4 0.001 1 2.775 6E-15 5.940 5E-4 0.985 4
Chebyshev nodes 5.218 8 4.324 5E-5 2.720 0E-15 1.809 4kE-4 0.688 0

Legendre nodes 5.109 4 2.532 7E-4 2.886 6E-15 2.904 7E-4 0.756 0
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An L-Stable Method for Differential-Algebraic
Equations of Multibody System Dynamics

LI Bowen', DING Jieyu'”, LI Yanan'
(1. School of Mathematics and Statistics, Qingdao University,
Qingdao, Shandong 266071, P.R.China;
2. Center for Computational Mechanics and Engineering Stmulation ,
Qingdao University, Qingdao, Shandong 266071, P.R.China)

Abstract: An L-stable method over time intervals for differential-algebraic equations of multi-
body system dynamics was presented. The solution scheme was established based on equidis-
tant nodes and non-equidistant nodes such as Chebyshev and Legendre nodes. According to Eh-
le’ s theorem and conjecture, the unknown matrix and vector in the L-stable solution formula
were obtained through comparison with the Padé approximation. The Newtonian iteration meth-
od was used during the solution process. The planar 2-link manipulator system was taken as an
example, and the results from the L-stable method were compared for different node numbers
in the time interval and different steps in the simulation, with those from the classic Runge-Kut-
ta method. The comparison shows that, the proposed method has the advantages of good stabil-
ity and high precision, and is suitable for multibody system dynamics simulation under long-

term conditions.

Key words: multibody system dynamics; L-stable method; differential-algebraic equation;
Padé approximation; stability
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