8 wRABATLEEEY A23 A4, pp. 80~%0, 1994,

= £ SAE NO. 943745

TFEY GBA 2N 9B e LETEE

A Geometric Kinematic Analysis of Constrained Muitibody System

A oA & wod AT & E o] A g
J. Y. Kim, D. S Bae, C.S Han, S H Lee

ABSTRACT

Basic constraint equations derived from orthogonality conditions between a pair of body-fixed vectors
and a body-fixed vector or a vector between two bodies are reformulated by using relative coordinate
kinematics between two adjacent reference frames. Arithmetic numbers of operations required to compute
derivatives of the constraint equations are drastically reduced. A mixed formuation of relative and cartesian
coordinates is developed to further simplify derivatives of the constraints. Advantages and disadvantages
of the new formulation are discussed. Possible singularity problem of para llelism constraints is resolved
by introducing an extra generalized coordinate. Kinematic analysis of a McPherson strut suspension system
are carried out to illustrate use and efficiency of the new formulation.
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4. AEeold B rde xAel AL nPAT| L A {Ee
HAARE42 tie rod= AR T4 ZF7(distance co-

o) &4 & 7}3 (McPherson strut suspension) nstraint) & 2 7FEE}E14 . 239} Lower control
B AdqAe @4 & VEFH 71794 arme SAZQER 9231, LCATY HWES

FEzANS AL AN T AL VA 4 FAERIE, 12T Strue HIEAE, Strutsh
4319 AE B7HEA (front suspension) £ E ] ARE FRXJIERZ AZ-o] Urk HMe %
BEE Wyed @rbARg 1TEE Y k- AZ:Fer 7+ A g 27IAA e} AAES
nematic analysis) $138] 2 g &g AHEY Table49} 2ol 2R3 A oD, Table5AAHH 1
@rlgxe) ANAQ FA=7E Figrol ekt Arze Rd2 Fo4dch e ede wol

it} o]A& FA Chassis, Lower control arm, Waan Aelshych
Knuckle, Strut, Rack%s 579 ZA2 T450 4 2 £ 2337 48 58 A4
At H7]A¢ DADSS} ®lwdted HEFshgch ©A,

Table 4 Position & orientation estimates(e:, e;, es=Euler parameters)

BODY x(m) y(m) z(m) & e es

- Chassis 0.0 0.0 0.0 0.0 0.0 0.0
Lower control arm 117 0.353 0.005 0.0 0.0 0.0
Knuckle 0975 0.715 0.101 00 —0.0265 0.0
strut 10 0.55 0.6 0.0 —0.0265 0.0
Rack 114 0.0 0.1455 0.0 0.0 0.0

Table 5 1 D.O.F of McPherson strut suspension rmodel

Bodies

Five bodies ngc=5X7=35
Constraints

Revolute Joint -
Spherical Joint :
Spherical Joint :
Translational Joint -
Distance Constraint -
Ground Constraint : Chassis
Ground Constraint - Rack
Euler parameter

S o= W W

normalization constraints - 5

DOF=35—-34~=1

where, nge=Number of generalized coordinates
ncn=Number of constraint equations
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Lower Control Arm

Fig.7 McPherson strut suspension schematic
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