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Abstract

The objective of this paper is to develop a solution method for the differential-algebraic
equation (DAE) derived from constrained multi-body dynamic systems. Mechanical systems are
often modeled as bodies and joints. Differential equations of motion are formulated for bodies.
Since the bodies are connected by joints, the differential variables must satisfy the kinematic
constraint equations that come from the joints. Difficulties are arised due to drift of the differen-
tial variables off the constraint equations. An optimization method is adopted to correct the drift
of the differential variables. To demonstrate the efficiency of the proposed mehtod a slider-crank
mechanism is analyzed dynamically. Identical results are obtained as these from the commercial
program DADS. Dynamic analysis of a High Mobility Multi-purpose Wheeled , Vehicle
(HMMWYV) is carried out to show the practicalism of the proposed method.
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Table 1 Inertia properties of slider-crank components

BODY Mass(kg) I (kg - m?) Ly (kg - m? 1. (kg - m%
Crank D 0.12 0.0001 0.00001 0.0001
Connecting rod @ 0.5 0.004 0.0004 0.004
“Slider 3 2.0 0.0001 0.0001 0.0001
Ground @ 1.0 1.0 1.0 1.0
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Table 2 1 D.O.F of slider-crank mechanism model

. ngc=4x7

4 Bodies & —o8
Constraints

Revolute joint : 3 15

Translational joint : 1 5

Ground constraint : 6

Euler parameter

normalization constraints : 4

Redundant constraint : -3
D.OF=28-27=1 nen=27

ngc=Number of generalized coordinates
nen=Number of constraints
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Table 3 Inertial properties )

BODY Mass(kg) Ix (kg - m?) I,y (kg - m? I, (kg - m?
Chassis 2298 4449 1418 5708
Lower control arm 50 20 15 15
Upper control arm .40 15 10 10
Knuckle 1.0 1.0 1.0 1.0
Table 4 Suspension characteristics
Components | DBAM 12 DBAM 34
Spring rate(N/m) f 42381 64447
Damping rate!N - sec/m) ] 10168 12529
Free length(m; { 0.566 0.566




Table 5 Tire characteristics
Radius(m) | 0.457
Spring rate 296315 .
Damping rate 730
Friction coefficient | 0.8
Lateral tire stiffness 63716
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