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Abstract: To analyze a multibody system, this paper proposes an implicit numerical integration method for joint
coordinates subsystem synthesis method. To verify the proposed method, a multibody model for an unmanned robot
vehicle, which consists of six identical independent suspension systems, is developed. The symbolic method is applied
to compute the system Jacobian matrix for the implicit integration method. The proposed method is also verified by
performing rough terrain run-over simulation in comparison with the conventional implicit integration method. In
addition, to evaluate the efficiency of the proposed method, the CPU time obtained by using this method is compared
with that obtained by using the conventional implicit method.
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Pq

[fml dphl rhlpy dphO sOlpy cos(ql) + ml dphl rhipy dphO sOlpx sin(ql)
—ml dphl rhlpx dphO sOlpy sin(ql) —ml dphl rhipx dphO sOlpx cos(ql)
—k gl +k ini + cos(phl) rhlpx ml g— sin(phl) rhlpy ml g
— cos(phl) rhipx ml dphl dyO+ sin(phl) rhipy ml dphl dyO
+ml dql sin(phl) rhlpx dyO+ ml dgl cos(phl) rhlpy dyO
+ml dql cos(phl) rhlpx dxO—ml dql sin(phl) rhlpy dxO
+ml dphl cos(phl) rhlpy dxO+ ml dphl sin(phl) rhlpx d<O— ¢ dql
—nl dphl’ rhips’ + ml dql rhlpy dphO sOlpy sin(ql) —ml dphl’ rhipy”
+ml dql rhlpx dphO sOlpx sin(ql) —ml dql rhlpx dphO sOIpy cos(ql)
+ml dql rhlpy dphO sOIlpx cos(ql)]

jacobian(Pq, ql)

[m1 dphl rhlpy dphO sOlpy sin(ql) +ml dphl rhlpy dphO sOlpx cos(ql)
— ml dphl rhlpx dphO sOlpy cos(ql) + ml dphl rhlpx dphO sOlpx sin(ql) —k
+ ml dql rhlpy dphO sOlpy cos(ql) + ml dgl rhlpx dphO sOIpx cos(ql)
+ml dql rhlpx dphO sOlpy sin(ql) —ml dql rhlpy dphO sOlpx sin(ql)]

Fig. 1 Symbolic code generation example

with(CodeGeneration) :

C(jacobian(Pq, ql), resul tname = "Pq_ql")

Pq_ql1[0][0] = m1 * dphl * rhlpy * dphO * sOlpy * sin(ql) + ml * dphl * rhlpy *
dphO * sOlpx * cos(ql) — ml * dphl * rhlpx * dphO * sOlpy * cos(ql) + ml * dphl
* rhlpx * dphO * sOlpx * sin(ql) — k + ml * dql * rhlpy * dphO * sOlpy * cos
(ql) + ml * dql * rhlpx * dphO * sOlpx * cos(ql) + ml * dql * rhlpx * dphQO *
sOlpy * sin(ql) - ml * dql * rhlpy * dphO * sOlpx * sin(ql):

Fig. 2 C code generation using MAPLE software
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Table 1 Force properties of the suspension

Force properties Values

Rotational spring 31.416 Nm/degree

coefficient

Rotational damping 10.47 Nm-s/degree
coefficient :

Tire vertical stiffness 200,000 N/m

Fig. 3 An unmanned robot vehicle

Y(; Revolute joint

Translational joint

Rotational Spring Damper

Simple tire
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Table 2 Simulation results comparison (1/6 model)
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Table 3 Simulation results comparison (1/2 model)

Conventional Subsystem Conventional Subsystem
Method " Yl Method - e
Implicit Implicit Implicit Implicit
Stepsize 4.9ms 4.9ms Stepsize 4.9ms 4.9ms
CPU time 0.3437s 0.3524s CPU time 1.485s 1.082s
Ratio 1 1.03 Ratio 1 0.73
Ratio of Ratio of
. 1.15% 1.18% . 4.95% 3.61%
Real time Real time
-0.28 -0.21
Conventional implicit Conventional implicit
-0.3¢ - — - - Subsystem implicit _ -0.22¢ - — - - Subsystem implicit
E o3l £ 023 W
2 .g
8 -0.34| © 024}
o o
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[72] %]
o o
S 04t 2 027}
3 8
© 042 £ .0.28}
> >
044} 029}
-0.46 : : : : : -0.3 : : : : :
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time(sec) Time(sec)

Fig. 5 Vertical position of the chassis (1/6 model)
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Fig. 6 Vertical position of the chassis (1/2 model)
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Fig. 8 Computational efficiency comparison between
conventional method and subsystem synthesis
method
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