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Table 1  The actual parameters of the gear transmission system

parameter gear 1 gear 2 gear 3 gear 4 shaft 1 shaft 2 shaft 3
base circle radius r /m 0.1 0.05 0.1 0.05
moment of inertia I /(kg+m?) 0.074 0.004 6 0.037 5 0.002 3
meshing stiffness & /(N-m™") 5x108 5x108 2.5x108  2.5x108
meshing damping ¢ /(N+s-m™") 2721 21721 1360 1 360
average stiffness K/(N-m™") 1x107 5x108
average stiffness C /(N+s-m™") 2721

NIHEAT R R G o SR E RS R SCIR G — AL AR SR
£,=03,6,=-0.18, £, =0.04, £,, =0.3, &,, =— 0.18, &,, = 0.04,
£,=0.0462, £, =0.185, . =0, £, =0, f. =0, o, =9 874, Z, =2Z,.
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Fig. 3 The bifurcation map of the system displacement
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Nonlinear Vibration Bifurcation Characteristics
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Abstract: A 5-DOF nonlinear vibration model for multi-clearance 2-stage gear systems was es-
tablished with the lumped-mass method. In view of transmission errors, time-varying meshing
stiffness and multiple gear clearances, the dimensionless dynamic equations for the system were
derived. By means of the Poincaré maps and bifurcation diagrams, the bifurcation properties of
the system were discussed under the effects of the rotation rate and the damping ratio. Given
the various nonlinear factors, the 2-stage gear system exhibits rich and complex bifurcation
characteristics. With the changes of the related parameters, the system will be in short-period
motion, or long-period motion, or quasi-periodic motion or chaotic motion. For different damp-
ing ratios, with the decrease of the rotation rate, the system state changes from stable period-1
motion into stable period-2 motion through period-doubling bifurcation; then the system state
changes into quasi-periodic motion through the Hopf bifurcation, in turn changes into stable pe-
riod-1 motion after a catastrophe; finally the system enters into chaos through the Hopf bifurca-
tion-phase locking. Moreover, with the increase of the rotation rate, the system damping ratio
range corresponding to chaotic motions reduces, and the system will be in stable period-1 mo-
tion, or long-period motion or quasi-periodic motion, while the damping ratio range corre-
sponding to long-period motion and quasi-periodic motion shortens and that corresponding to

period-1 motion lengthens.

Key words: nonlinear vibration; Hopf bifurcation; multi-clearance; gear
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