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Dynamic Analysis of Flexible Mechanical Systems
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Abstract

This paper presents a systematic method for the dynamic analysis of flexible mechanical

systems containing closed kinematic loops. Kinematics between pairs of contiguous flexible
bodies is described with the joint coordinates and the deformation modal coordinates. The
cut-joint constraint equations associated with the closed kinematic loops are derived, simply using
the geometric conditions. The equations of motions are initially written in terms of the joint and
modal coordinates using the velocity transformation technique. Lagrange multipliers associated

with the cut-joint constraints for closed-loop systems are then eliminated systematically using the

generalized coordinate partitioning method, resulting to a minimal set of equations of motion.
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Fig. 1 Inertial and body reference frame
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Table 1 Composition of cut-joint constraints
Joint type Composition of constraints No. of constraints
Spherical joint SPHR x1 3
Universal joint SPHRx1+DOT1x1 4
Revolute joint SPHRx1+DOT1x2 5
Cylindrical joint DOTI1x2+DOT2x2 4
Translational joint DOT1x3+DOT2x2 5
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Fig. 3 Slider-crank mechanism with a flexible con-
necting rod

Table 2 Material properties of a flexible
connecting rod

Mass density (g/cm?) 7.83
Young’s modulus (dyne/cm?) 2x1012
Diameter (cm) 0.64
Length (cm) 30.48
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Fig. 4 Transverse deformation at the midpoint p of
the connecting rod
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