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Dynamic Analysis of Flexible Mechanisms with Clearances

Using Finite Elements
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Dynamic Analysis(5#28]4), Clearance(7}3),

Flexible (4-9343), FEM (§3t8 4 3)4)

Abstract

The method of analyzing flexible mechanisms with clearances was studied considering flexibil-

ity of beams in the mechanism using finite elements. Both ends of a beam were modeled as free

following Dubowsky’s impact pair model. Instead some force constraints were imposed at the

connections between adjoining links. Coulomb model has been developed using dry frictions in

place of tangential damping forces in the impact pair model and the contact compliance and

damping coefficient approximated in a form of root function were used. As examples, impacts of

a rigid ball in a cylinder, impact beam model and four-bar mechanisms made up of three flexible

links with clearance connections were simulated numerically. The results from examples showed

similar but a little bit smaller magnitude of impact forces compared with published studies.
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Fig. 1 (a) Impact beam model(IBM)
(b) Model of IBM

(c) The detailed connection of IBM
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{(b) Coulomb model
Fig. 4 Impact motion of a rigid ball in a cylinder
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Table 1 Mechanical properties of models

IBM Four-bar unit
Material Steel Steel
Density 7.79E+3 7.719E+3 kg/m?
Young’s modulus |2.065E+11| 2.065E+11 N/m?
Area of crosssec-| 4.9E-5 49E-5 m?
tion
Moment of iner-| 2.0E—10 m*
tia
Link length 269 650,127,254,229 { mm
Forcing fre- 10.0 Hz
quency
Forcing ampli-| 0.254 m
tude
Driving speed 300 rpm
Compliance 7.25E+6 N/m
Damping  coeff- 69.4 IN.sec/m
icient
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Table 2 Averages of maximum impact forces
with varying clearances of 4-bar mecha-

nism
clr.(mm) Dubowsky(N) | Coulomb(N)
0.0 10.4674 12.2319
0.254 88.6558 139.5028
0.5 135.9105 256.3270
1.0 458.6248 351.0844
drv.spd 300 (rpm)

Table 3 Averages of maximum impact forces
with varying driving speeds of 4-bar
mechanism

Driving

speed(rpm) Dubowsky(N)

Coulomb(N)

300 88.6558
600 105.7481
900 192.6665
1200 329.3921

139.5028
252.7889
449.6020
616.5497

Clearance 0.254 (mm)
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