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Dynamic Analysis of Constrained Multibody Systems
Undergoing Collision with Friction

Jung Hun Park, Hong Hee Yoo and Yoha Hwang
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Restitution(¥H2A|5%), Static Coefficient of Friction(3 24 vh&7l5%), Rigid Body(A)),
Partial Velocity Matrix(H 4= 3)3), Constrained Multibody Systems(7<; TH& A A))

Abstract

This paper presents a new method for the dynamic analysis of constrained multibody systems
undergoing abrupt collision with friction force. The proposed method considers stiction and sliding,
which means zero and non-zero relative velocity at two contact points on the two colliding bodies
respectively. When collision occurs, friction force at collision affects not only lateral motion but also
vertical motion on the contact plane. Three numerical examples are given to show the effects of
friction force at the collision between two rigid bodies.
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Fig. 2 Ball colliding with ground

Table 1 Inertia properties and Initial values of

example 1

Inertia properties
Mo, ]b—rl.o [kg], 0.4 [ kg m*]

Initial values
75, 05| [0.000 10.000]" [ ], 0.000 [ 7ad]

75, 8, [0.000 0.000]" [ m/ sec], 1.000 [ 7ad/ sec]
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Fig. 5 Two pendulums
Table 2 Inertia properties and Initial values of
example 2
Inertia properties
my, Ji | 1.0 [kel, 03 [ kg m?]
my, Jo | 2.0 [kgl, 1.0] [ kg m?]
Initial values
71, 6; | [0.000 -0.500]" [ m], -1.571 [ rad]
71, 8] [0.000 0.000]" [/ sec],0.000 [ rad/ sec]
72, 05| [0.500 0.300]" [ 2], 0.000 [ rad]
74, 84| [0.000 0.000]" [ 7/ sec1,0.000 [ rad/ sec]
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- %83

—=w— Normal! impulse
---+--- Tangential impuise

Impulse [Nsec]

ey

04 06
Coefficient of restitution

1.0

coeffi-
cient of restitution

A
=

2
o,

¢

E‘_
A

ARuyE FA9y
=]

A ol H) B}CLI

o

,d
o M

uE

My (B P
Yo
2

.
T o R

ok
Liﬁ
-lﬂ* g o
ol

oE_\Ol‘_‘
o%

Q
4 N B ooy

N
o
tlo

i

ol

< Ko
R Y 5}31741 X-Y-Z, X,-Y,—Z
i X,— V,— 2= Zzt AFEA, 74 ©
o n44 erl a3 A @ nAHE FE
A 9njzict. ZA O 239 daole A
A3 JA2AER Ao Ut Table 32 3
Mo ALEH Al BHEARXY A, AA, S
2 459 2J|AE Yt BAA my,
T T Jo (i=1,2)5 242 73 9 A%

o},

h

Fig.

=0 N



324 2 1Y 7§ GEAAY FEHY 1719
Table 3 Inertia properties and Initial values of < 100002
example 3 % 1.00001
Inertia properties _:;7. e I fZ'
5 0.99999 |-
! 1500 [g] % 0.99998 -
Jies Jiys Jiz | 0.100, 0.500, 0.500 [ kg m?] S oesser]
my 0.500 [ kg] g’ 0.99996 |
Joxs Jogs oz | 0125, 0125, 0.125 [ kg m?] < osemes o1 0z o3 04 25
Initial values Time [sec}

r (0.500 0.000 0.000]" [ 2]

e, [0.000 0.000 0.000 1.000]"

1 [0.000 0.250 0.000]" [ 72/ sec]
o, [0.000 0.000 0.500]" [ 7ad/ sec]
7, [0.500 2.000 0.100]" [ m]

e, [0.000 0.000 0.000 1.000]"

s [0.000 -10.000 0.0001" [/ sec]
@, [1.000 1.000 1.000]" [#2/ sec]

Velocity of ball [m/sec]
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. 10 Velocity of ball mass center

Fig. 11 Angular velocity of ball
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Fig. 12 Impulse ration vs. initial value y of ball
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