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Analysis of Dynamic Deformation of 4-Bar Linkage Mechanism (] )
Finite Element Analysis and Numerical Solution

Sun-Whi Cho, Jong-Keun Park and Jin Lee
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Abstract

Analysis of elasto-dynamic deformation of flexible linkage mechanism is conducted using the
finite element method. The equations of motion of the system are derived from the static
structural problem in which dynamic inertia, gravitational and driving forces are treated as
external loads. Linear spring model is included in the formulation of equations of motions to
represent the effects of deformation of elastic bearings of revolute joints on the system behavior.
A computer program is constructed and applied to analyze a specific crank-lever 4-bar mecha-
nism. The algorithm of the program is as follows. First, the natural frequencies and the mcde
shapes of the system are calculated by solving the eigenproblem of the mechanism system which
can be considered as a static structure by assuming the input shaft (crank shaft) to be fixed at
any given configuration of mechanism. And finally, the elasto-dynamic deformation of the whole
system is obtained using mode superposition method for the case of constant input speed. The
effect of geometric stiffness on the mechamism is included in the program with the axial forces
of links obtained through the quasi-static displacement analysis. It is found that the geometric
stiffness exerts an important effect upon the elasto-dynamic behavior of the flexible linkage
mechanism. Elastic deformation of bearing lowers the natural frequencies of the system, resulting
smaller elastic displacement at the mid-point of the links and bigger elastic displacement at the
ends of the links than rigid bearing. The above investigation of flexible linkage mechanism shows
that the effects of the elastic deformation of bearing on the mechanism should be considered to
design the mechanism which satisfies more preciously the purpose and the condition of design.
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Table 1 Four-bar mechanism parameters

crank coupler lever
cross-sectional area 0.32634 cm?® . 0.14406 cm? 0.14406 cm’?
length 7.85 cm 26.2 cm 24.0 cm
2nd moment of area 1.34%x107° 1.153%107* cm?* 1.153%107*
length of fixed tink 1 23.8cm
lumped mass of revolute joint
of fixed link-crank 10.007 kg
crank-coupler 20.014 kg
coupler-lever 10.0125 kg
lever-fixed link 1 0.007 kg

Young’s modulus
mass density
material of link

12.19%10" Pa
27.718 g/em?
. stainless steel

spring constant of revolute joint : 22700 N/m
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