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Analysis of Nonlinear Dynamic Characteristics of a High-Speed Star Gearbox "

Du Jinfu' Jiang Zhengbo Zheng Jiahao

(School of Mechanical and Precision Instrument Engineering, Xi’an University of Technology, Xi’an 710048, China)

Abstract In order to investigate the nonlinear dynamic characteristics of the star gear transmission sys-
tem under wide-frequency excitation, the time-varying mesh stiffness is introduced, and the nonlinear
dynamic analysis model of high-speed star gear transmission considering the gyroscopic effect is estab-
lished by combining the mesh error, tooth surface friction, gear backlash, etc. The nonlinear dynamic
response of the star gear transmission system is obtained by solving the problem using the Runge-Kutta
method, and the nonlinear dynamic response of the star gear transmission system is further obtained by
the bifurcation diagram of the mesh damping ratio of the system under wide-frequency excitation. The
nonlinear dynamic response of the star gear transmission system is obtained by using the Runge-Kutta
method, and furthermore, the bifurcation diagram of the meshing damping ratio of the system under the
excitation is obtained. The results show that the high rotational speed will make the system’s period in-

terval decrease, the chaos interval lengthen, and the vibration amplitude become larger.
Key words star gear drive, nonlinear dynamics, high-speed, bifurcation, chaos
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P, (Second-Stage Star Gear)

P; (First-Stage Star Gear)
wzA
L Pz

Tp (Input Torque) T, (Output Torque)

[

S, (Second-Stage Sun Gear)

(First-Stage Sun Gear)
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Fig. 1 Sketch of the star gearing system
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Fig. 2 Bend-Twist axis dynamics model of star gearing system
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Table 1 Parameters of the star gear

System parameter S P, P, S,
Modulus /mm 1.5 1.5 1.5 1.5
Tooth number z; 60 27 66 21
Pressure angle a;/(°)20 20 20 20 20
Helix angle 8/(%) 12. 36 12. 36 12. 36 12. 36

Hand of helix
Moment of inertia

I/(kg * m®)

Left-hand Right-hand Left-hand Right-hand

le—3 4.15e—5 1.5e—3 1.52e—5
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Fig. 3 Bifurcation of meshing damping ratio at output
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Table 2 Experimental and simulated spectral data under
different rotational speed conditions

Test signal Spectrogram of

spectrum simulation results

S, fa fe S

Working conditions

Working condition 1: Output 0.017  0.358  0.014  0.317
speed 7, =9009 r/min : ) . :

Working condition 2: Output

speed 7, =11 542 /min 0.021  0.448 0.019  0.407

Working condition 3: Output 0,024 0.352  0.022 0. 466
speed 7, =13 187 r/min ) oY : ’
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