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Analysis of nonlinear dynamic characteristics of
non-circular planetary gear systems

DONG Changbin, LI Longkun, LIU Yongping

(School of Mechanical and Electrical Engineering, Lanzhou University of Technology , Lanzhou 730050, China)

Abstract: To solve the problems of imperfect dynamic model and difficulty in obtaining nonlinear dynamic
characteristics of non-circular planetary gear systems, a dynamic modeling method of non-circular planetary gear
systems is proposed. The focus is on the dynamic response mechanism of the system under time-varying parameter
excitation, aiming to study the nonlinear dynamic characteristics of non-circular planetary gear systems. In order to
accurately analyze the nonlinear vibration of the system, the backlash function of non-circular gear is fitted. By
considering the combined effects of tooth surface friction, time-varying meshing stiffness, viscoelastic damping and
static transfer error, the variable coupling of nonlinear equations is eliminated by introducing relative displacement
coordinates. On this basis, the dynamic model of non-circular planetary gear systems is established, and the fourth-
order variable step Runge-Kutta numerical method is used to solve the nonlinear dynamic equations of the system.
Bifurcation diagram, time domain diagram, phase trajectory and Poincaré map are obtained to reveal the
distribution pattern of system’ s the dynamic response under the influence of control parameters such as damping,
tooth surface friction and time-varying meshing stiffness. The results show that with the different values of excitation
parameters, the system presents a transition state between chaotic and periodic motion depending on the values of
various excitation parameters. By selecting appropriate excitation parameters, the time interval between chaos and
periodic motion can be reduced, leading to a quicker transition to a stable motion state. The research results can
provide a theoretical basis for suppressing nonlinear vibrations of non-circular planetary gear systems and predicting
the dynamic behavior of the system.

Keywords: non-circular planetary gear systems; nonlinear characteristics; excitation parameters; bifurcation;
chaos
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Fig.3  Process diagram of 3D modeling of gear train
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Tab.1 Design parameters of non-circular planetary gear systems

E 4 5 B
AL m 4
Pl R AL ht 1
ToUB AR 5K ¢ 0.25
PR z 59
PR 3R e 0.463 2
i % /mm b 30
e r r=98.178/(1 -0. 463 2cos 0)
R/ (kgom?) I 0.105 8
U/ mm a 250
FhEFEH/ (romin ") n 300
FERFEH/ (N-m) T, 30

oY UE R I 7 A DA KA R B 45 B, ]
Adams X HIEALT T 3 J1 2705 5, 45 20 i 422 40 A0 kg
A IR LA 4 s, BB 4 (a)
AR AT ARl L) A R R — A o) SR
S i A VETE S 2, 6 A HURE T U ) 2
BB ER B4 (b) Rl LA TR 2
PG, X R AR e AT AR R s A o
AT il SRS, X 3By AR B A 1A B 2 e A
1A T] Bt o AR P P 3 B o



O, AF . ARBIIGREAT R A R AL J A R oA 97+

55 8 1

100

80t

601
40
o, 20
& 0
&

20t
® ol

-60t

-80f

-0t Y L

0 05 1.0 1.5 2.0 25 3.0 3.5 4.0
t/s
(a) ¥ i il % AR

2.0;
o sk 2x107
2 ’ 2x107
S o ap
~ L X
g o vy ‘lv 4x108
@ 0"""”““ 1 ‘(T"r‘q - JY‘ J‘{MH\'P‘"’J' ]J‘u'm,l‘wv"r. - 0 ]

I ‘ “4x10

2 05 ! ”{l l “ \‘ ’ “8x10¢
-E -1.0' :5:%87
& -L5f 2x107

-2.0

0 05 1.0 1.5 2.0 2.5 3.0 3.5 40
t/s
(b) % Hi il A I FE
B4 FEEBRITERREZHFE

Fig.4 Motion simulation of non-circular planetary gear systems
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Fig.9 Impact of friction factor on dynamic characteristics of the system
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Fig. 10 Impact of mesh stiffness coefficient on dynamic characteristics of the system
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