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Inverse Dynamic Analysis of Constrained Multibody Systems
Considering Friction Forces on Kinematic Joints

Jung Hun Park, Hong Hee Yoo, Yoha Hwang and Dae Sung Bae
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Abstract

A method for the inverse dynamic analysis of constrained multibody systems considering friction
forces acting on kinematic joints is presented in this paper. The stiction and the sliding which represent
zero and non-zero relative motions are considered during the inverse dynamic analysis. Actuating
forces to control the position or the orientation of constrained multibody systems are usually calculated
in the inverse dynamic analysis. An iterative procedure need to be employed to calculate the actuating
forces when the friction is considered. Furthermore, the actuating forces are not uniquely determined
during the stiction. These difficulties are resolved by the method presented in this paper.
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(a) Two bodies connected with a kinematic joint
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(b) Actuating force and torque on the two bodies
Fig. 1 Two bodies connected with a kinematic
joint
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(b) Free body diagram of body 1
Fig. 2 Simple example of translationally moving

contiguous bodies
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Fig. 3 Two bodies connected with a revolute joint
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Fig. 4 A simple bar pendulum

Table 1 Inertia properties and initial values of a
simple bar pendulum

Inertia properties
m, J | 1.00 [£gl, 0.400 (kg m’]

Initial values
7, 8 (10.217 0.12517 [m], 0.524 [rad]
r, 0][0—0.125 0.21717 [m/s], 1.00 [rad/s)
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Fig. 5 Angular velocity and angular acceleration of
a simple pendulum
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Fig. 6 Comparison of the actuating torque obtained
by the inverse dynamic analysis and that
used for forward dynamic analysis
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Fig. 7 A spatial multi-link mechanism connected by

revolute joint

Table 2 Inertia properties and initial values of a
three link space robot

Inertia properties
m 4.00 [4gl
Jiees Jigys Jizz | 0.500, 0.200, 0.500 [ kg m?]
nly 3.00 [ kgl
Toees Joyys Fozz | 0.400, 0.400, ©0.150 [ kg- m?]
m3 1.00 [4g]
Jaxes Foys Tz | 0.100, 0.200, 0.200 [ kg m?]

Initial values

71 [0.000 0.200 0.000]” [ )

e [0.000 0.000 0.000 1.00]7

2 [-0.200 0.000 0.00017 [/s]
o, [0.000 0.000 1.0017 [ 7ad/s]

72 [0.000 0.400 —0.25017 [m]

e; £0.000 0.000 0.000 1.00]"

7 [—0.400 —0.250 0.00017 [m2/s)
o) [—1.00 0.000 1.0017 [rad/s)
73 [0.150 0.400 —0.50017 [ 2]

e; [0.000 0.000 0.000 1.00]7

73 [—0.400 —0.350 —0.15017 [m/s]
w; [—1.00 1.00 1.0017 [7ad/s]
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