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Efficiency of a Symbolic Computation Method
for the Real Time Simulation

Dae-Hwan Choi and Wan-Suk Yoo
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Abstract

In multibody dynamic analysis, one of the most important problems is to reduce computation times
for real time simulation. In this paper, a symbolic computation method is implemented and tested for
each dynamic analysis step. Applying symbolic formulations to the vehicle dynamics program
AutoDyn7, the effectiveness of the symbolic computation method is verified.
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Fig. 1 Modeling of CAE-TC vehicle

Table 1 Body names illustrated in Fig. 1

No. Body name No. Body name

1 chassis 8, 10 trailing arm

2, 4 upper strut 11, 12 front wheel

35 knuckle 13, 14 rear wheel
. spherical-spherical

6 steering rack SS massless link
revolute-spherical

7,9 rear axle RS massless link

Vertical Acceleration(zn) Isec

—— 23-body madeli
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Fig. 2 Vertical acceleration of chassis(bump simulation)
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Fig. 3 Lateral acceleration of chassis(J-turn simulation)
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Fig. 4 Lateral acceleration of chassis (lane change

suimulation)

Table 2 Efficiency of the 14-body Model vs

23-body model

Straight Lane
driving Bump J-tumn change
Average(%) 5438 486 527 532
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Table 3 Efficiency of QR decomposition vs LU
decomposition(with 14-body model)

Straight driving] Bump J-turn | Lane change

Average(%) 36.5 479 373 40.9
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Table 4 Computation time ratio according to
analysis steps in AutoDyn7 (straight

line driving)
Position Velocity Acceleration
analysis analysis analysis
Computation
A 4. .
fime(%) 36.9 1. 4 47.6
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Table 5 Fortran subroutines required in the
position analysis

Table 7 Fortran subroutines required in the
acceleration analysis
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Table 6 Fortran subroutines required in the
velocty analysis
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Table 8 Efficiency of the analysis steps using the
symbolic computation method(straight line

driving)
Type | Nonsymbolic | Symbolic Reduction
Part (sec) (sec) Ratio(%)
Position 242 211 129
analysis
Velocity 0.94 0.67 283
analysis
Acccleration 3.12 2.15 31.0
analysis

Table 9 Efficiency of CAE-TC applying a symbolic
computation method to AutoDyn7

Straight Lane
driving Bump J-turn change
Average(%) 224 228 22.5 22.0
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Table 10 Simulation times of CAE-TC applying
a symbolic method to AutoDyn7

Velocty Straight Bump J-turn Lane
(km/h) driving(sec) (sec) (sec) change(sec)
10 5.64 6.14 6.05 6.0
20 4.38 541 4.99 478
30 4.28 4.75 4.73
40 4.57 4.94 5.0
50 4.99 5.55 5.54
60 5.09 5.79 5.89
70 5.47 6.0 6.36
80 6.0 6.53 6.8
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