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Dynamic Analysis of Constrained
Multibody Systems Undergoing Collision

Jung Hun Park, Hong Hee Yoo, Yoha Hwang and Hyun Ik Yang

Key Words: Collision(3 %), Impact(3 7)), Coefficient of Restitution(3F% 7)), Rigid Body(7A)),
Partial Velocity Matrix(4 % 3 %), Constrained Multibody Systems(7-% THE A A))

Abstract

This paper presents a method for the dynamic analysis of constrained multibody systems undergoing
abrupt collision. The proposed method uses a longer time interval to check collision than that of
conventional method. This reduces the computational effort significantly. To calculate collision points

on two colliding rigid bodies, one may introduce constraints of contact.
reduction of degree of freedom and difficulty of numerical analysis.

However, this causes
The proposed method can

calculate collision points without above mentioned problems. Three numerical examples are given to
demonstrate the computational efficiency and the usefulness of the proposed method.
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Fig. 4 Slider crank colliding with a sliding body

Table 2 Inertia properties and Initial values of
example 1

Inertia properties
my, J1) 2.0 [kel, 10 [ kg-m’]
my, J2} 3.0 [ kg, 2.0 [kg- m?]
my, J3| 4.0 [ kgl, 1.0 [ke-m?]
my, Jui 5.0 [kgl, 1.0 [kg-m?]
Initial values
71, 01 [1.299 0.750]" [ ], 0.524 [ vad)]
71, 81 [-0.750 1.299]" [/ sec], 1.000 [ 7ad/ sec]

72,021 [4.452 0.750]" [ m], -0.384 { rad]

7y, By [-22.025 1.299]" [ m/ sec],-0.701 [ rad/ sec]
73, 05 [6.306 0.000]" [ 7], 0.000 [ rad]

73, 04| [-2.551 0.000]" [ m/ sec], 0.000[rad/sec]
74, 64| [7.000 0.000]" [ m], 0.000 [ rad]

74, 8,] 10.000 0.000]" [ 7/ sec], 0.000 [ rad)/ sec)

Table 3 CPU Time ratio

At 0.1 0.05 | 0.01 | 0.005 ) 0.001

CPU time ratio | 1.000 | 1.223 | 2.569 | 3.884 |15.571
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Fig. 7 Ball colliding with ground
Table 4 Inertia properties and Initial values of
example 2

Inertia properties
M, Jp F.O [ kg], 0.4 [kg-m?]
Initial values
75,8 | [0.000 1.000]" [ m], 0.000 [ rad]

75 0,1 10.100 0.0001" [/ sec], 0.000 [ 7ad/ sec]

sf ~—&—PROPOSED ==---- K=10° [N/m]
--------- K=10" (Nim) ——=—-K=10' [N/m]

Velocity [m/sec]

Time [sec]

Fig. 8 Vertical velocity of ball
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Table 5 Inertia properties and Initial values of 44 2
example 3
— B APAE BEEGAS 048 GEA F
my, Ji | 1.0 [kg], 0.3 [kg-mZ] a8 Aol 44 s FEIE F &4
v Ty | 20 Uil 10 Lig ] o e AHPEE AN AL ey
Initial values He uAe] FAR AGE ofet HAE 7
71,6, [0.000 -0.500" [m], -1.571 [ 7ad] ME ARgeted Aol Wakglel FEEES A
£k : 4+ Yn Ho ARAT 2FE HA A
7y, 8, [0.000 0.000]" [/ sec], 0.000 [ rad/ sec] AnE 2EA}T 2EAPS ANT = o]
75,0, [0.500 0.300}" [m], 0.000 [ rad] Jlze] sjAHEel ua AR meAddH &9
72, 85| 10.000 0.0001" [ m/ sec), 0.000 [ »ad] sec] ARG zteth £AQAE F&§ Add U
o] 71&9 WHEd wa ALY asdH s
I e A9 nyd
. g ........
% E ey —— Laterat velocily ANnEs
I S Verticat velocity
E -'{—5 10F e Angutar velocity L
‘g‘%’o.s_ (1) Wu, S. C, Yang, S. M, and Haug, E. J,
E—E 1984, Dynamics of Mechanical Systems with
<00 Coulomb Friction, Stiction, Impact, and Constraint
05 . . . . Addition-deletion, Technical Report NO. 84-19.
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Fig. 10 Velocity and angular velocity of body 2
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Fig. 11 Impulse vs. coefficient of restitution
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