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݂ is the second largest after that of the ݂, in addition, combination frequency and multiplication 
frequency components about ݂ and ݂ can also be observed, as is shown in Fig. 10(b). The phase 
diagram of the system in ݕ direction shows regular motion in Fig. 10(c). The system ݊T-periodic 
motion can also be verified by several discrete points in the projection of Poincaré map, as shown 
in Fig. 10(d). 

a) 3-D frequency spectrum 
 

b) Bifurcation diagram 
Fig. 9. 3-D frequency spectrum and bifurcation diagram of the gear system at 500 r/min 

 
a) Vibration waveform 

 
b) Frequency 

 
c) Phase diagram 

 
d) Poincaré map 

Fig. 10. Vibration response of the gear system at 600 N/s 

Due to the load fluctuation, it is an important parameter affecting the dynamic behaviors of the 
spur gear rotor bearing system. In this section, the vibration responses of the gear system will be 
investigated at two constant rotational speed of 200 r/min and 1500 r/min, and 3-D frequency 
spectrums and bifurcation diagrams are illustrated in Fig. 11 and Fig. 12, respectively. Comparing 
Fig. 9, Fig. 11 and Fig. 12, the responses of the gear system exhibit some different dynamic 
phenomena. The 3-D frequency spectrums indicate that the rotational frequency and mesh 
frequency are the dominated responses. In addition, the amplitude of ݂ increase obviously and 
the amplitude ݂ increases slightly with increasing load fluctuation under internal and external 
excitations. Furthermore, complicated frequency components appear with different rotational 
speed. When the rotational speed of the system is ߱ = 200 r/min, the multiplication frequency of ݂ with other combination frequency components exist, while, the multiplication frequency of ݂ 
vanishes when the rotational speed increases to 500 r/min. With the increase of rotational speed, 
the continuous frequency components lag and corresponding the chaotic motion also demonstrates 
the same phenomenon. In addition, the region of the chaotic motion relative to the whole range of 
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load fluctuation broadens, and the extent of the chaotic motion also strengthen. 
Take into consideration the 3-D frequency spectrum and bifurcation diagram of the dynamic 

system, the influences of load fluctuation on the dynamic behaviors are obvious. For the system 
with the low rotational speed, the chaos behavior turns out more easily, and the vibration intensity 
relatively weak. With the increase rotational speed, the vibration amplitude obvious increase, and 
the characteristics of the chaos strengthen. 

a) 3-D frequency spectrum 
 

b) Bifurcation diagram 
Fig. 11. 3-D frequency spectrum and bifurcation diagram of the gear system at 200 r/min 

 
a) 3-D frequency spectrum 

 
b) Bifurcation diagram 

Fig. 12. 3-D frequency spectrum and bifurcation diagram of the gear system at 1500 r/min 

4. Conclusions 

In this paper, an 8-DOF model of gear rotor bearing system is presented in which the dynamic 
behaviors of the structure is coupled with the vibration of the driving/driven gear. The dynamic 
model considers backlash, transmission error, eccentricity, gravity and external excitation, which 
are the main sources of the vibration excitation. The effects of the different parameters have been 
studied and the conclusions can be summarized as follows: 

1) The results presented in this study provided a detailed understanding of nonlinear dynamic 
response of the gear rotor bearing system under error fluctuation (internal excitation) and load 
fluctuation (external excitation) conditions, which enable suitable values of the key parameters to 
be specified such that chaotic behavior can be avoided and reducing the vibration amplitude of the 
gear system. 

2) The error fluctuation has significant influence on the nonlinear dynamic characteristics of 
gear rotor bearing system. The system exhibits different motions such as periodic motion, 
quasi-periodic motion and chaotic motion under different error fluctuation conditions. At 
relatively low error fluctuation, the rotational frequency amplitude is dominated response, which 
indicates the external excitation is main excitation in the system. With the increase of the error 
fluctuation, the meshing frequency’s amplitude is larger than others and the error fluctuation 
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obviously has effect on the system’s vibration, the internal excitation plays the leading role, which 
makes the system undergo chaotic behavior. 

3) It can be seen that, with the increase of load fluctuation, the amplitude of ݂  increases 
obviously. The results indicate that the excitation force amplitude has an influence on the 
nonlinear dynamic characteristics and the increase of the excitation force amplitude makes the 
vibration amplitude increase but it may restrict the chaotic motion at some extent. 

4) For the spur gear rotor bearing system, the dynamic behaviors are analyzed in light, middle 
and high rotational speed conditions. For error fluctuation, with the increase rotational speed, the 
vibration amplitude increase markedly and the region of the chaotic motion become narrow 
gradually. For loader fluctuation, at the low rotational speed, the chaos behavior turns out more 
easily, and the vibration intensity relatively weak. With the increase rotational speed, the vibration 
amplitude obvious increase, and the characteristics of the chaos strengthen and turns backward.  

Acknowledgement 

The project was supported by Natural Science Foundation of China (No. 51475084). 

References 

[1] Wang J. J., Li R. F., Peng X. H. Survey of nonlinear vibration of gear transmission system. Applied 
Mechanics Reviews, Vol. 56, Issue 3, 2003, p. 309-329. 

[2] Kahraman A., Singh R. Nonlinear dynamic of a spur gear pair. Journal of Sound and Vibration, 
Vol. 142, Issue 1, 1990, p. 49-75. 

[3] Huang K. J., Wu M. R., Tseng J. T. Dynamic analyses of gear pairs incorporating the effect of 
time-varying lubrication damping. Journal of Vibration and Control, Vol. 17, Issue 3, 2010, 
p. 355-363. 

[4] Wang J., Lim T. C., Li M. Dynamics of a hypoid gear pair considering the effects of time-varying 
mesh parameters and backlash nonlinearity. Journal of Sound and Vibration, Vol. 308, Issues 1-2, 
2007, p. 302-329. 

[5] Velex P., Ajmi P. Dynamic tooth loads and quasi-static transmission errors in helical 
gears-approximate dynamic factor formulae. Mechanism and Machine Theory, Vol. 42, Issue 11, 
2007, p. 1512-1526. 

[6] Cheon G. J. Numerical study on reducing the vibration of spur gear pairs with phasing. Journal of 
Sound and Vibration, Vol. 329, Issue 19, 2010, p. 3915-3927. 

[7] Osman T., Velex P. H. A model for the simulation of the interactions between dynamic tooth loads 
and contact fatigue in spur gears. Tribology International, Vol. 46, Issue 1, 2012, p. 84-96. 

[8] Ma R., Chen Y. S., Cao Q. J. Research on dynamics and fault mechanism of spur gear pair with 
spalling defect. Journal of Sound and Vibration, Vol. 331, Issue 9, 2012, p. 2097-2109. 

[9] Rincon A. F., Viadero F., Iglesias M. A model for the study of meshing stiffness in spur gear 
transmissions. Mechanism and Machine Theory, Vol. 61, 2013, p. 30-58. 

[10] Hu Z. H., Tang J. Y., Chen S. Y. Effect of mesh stiffness on the dynamic response of face gear 
transmission system. Journal of Mechanical Design, Vol. 135, Issue 7, 2013, p. 1-7. 

[11] Chen Q., Ma Y. B., Huang S. W., Zhai H. Research on gears’ dynamic performance influenced by 
gear backlash based on fractal theory. Applied Surface Science, Vol. 313, 2013, p. 325-332. 

[12] Farshidianfar A., Saghafi A. Global bifurcation and chaos analysis in nonlinear vibration of spur 
gear systems. Nonlinear Dynamics, Vol. 75, Issue 4, 2014, p. 783-806. 

[13] Zhou S. H., Liu J., Li C. F., Wen B. C. Nonlinear behavior of a spur gear pair transmission system 
with backlash. Journal of Vibroengineering, Vol. 16, Issue 8, 2014, p. 3850-3861. 

[14] Wei S., Zhao J. S., Han Q. K., Chu F. L. Dynamic response analysis on torsional vibrations of wind 
turbine geared transmission system with uncertainty. Renewable Energy, Vol. 78, 2015, p. 60-67. 

[15] Zhu W. L., Wu S. J., Wang X. S. Harmonic balance method implementation of nonlinear dynamic 
characteristics for compound planetary gear sets. Nonlinear Dynamics, Vol. 81, Issue 3, 2015, 
p. 1511-1522. 

[16] Yoon J. J, Kim B. Vibro-impact energy analysis of a geared system with piecewise-type nonlinearities 
using various parameter values. Energies, Vol. 8, 2015, p. 8924-8944. 



1860. NONLINEAR DYNAMIC ANALYSIS FOR HIGH SPEED GEAR-ROTOR-BEARING SYSTEM OF THE LARGE SCALE WIND TURBINE.  
SHIHUA ZHOU, GUIQIU SONG, MENGNAN SUN, ZHAOHUI REN 

 © JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. DEC 2015, VOL. 17, ISSUE 8. ISSN 1392-8716 4573 

[17] Choi S. T., Mau S. Y. Dynamic analysis of geared rotor-bearing systems by the transfer matrix 
method. Journal of Mechanical Design, Vol. 123, Issue 4, 2001, p. 562-568. 

[18] Lee A. S., Ha J. W., Choi D. H. Coupled lateral and torsional vibration characteristics of a speed 
increasing geared rotor-bearing system. Journal of Sound and Vibration, Vol. 263, Issue 4, 2005, 
p. 725-742. 

[19] Chaari F., Baccar W., Abbes M. S. Effect of spalling or tooth breakage on gear mesh stiffness and 
dynamic response of a one-stage spur gear transmission. European Journal of Mechanics – A/Solid, 
Vol. 27, Issue 4, 2008, p. 691-705. 

[20] Kim W., Yoo H. H., Chung J. T. Dynamic analysis for a pair of spur gears with translational motion 
due to bearing deformation. Journal of Sound and Vibration, Vol. 329, Issue 21, 2010, p. 4409-4421. 

[21] Zhou X. J., Shao Y. M., Lei Y. G. Time-varying meshing stiffness calculation and vibration analysis 
for a 16DOF dynamic model with linear crack growth in a pinion. Journal of Vibration and Acoustics, 
Vol. 134, Issue 1, 2012, p. 1-11. 

[22] Chen Z. G., Shao Y. M., Lim T. C. Non-linear dynamic simulation of gear response under the idling 
condition. International Journal of Automotive Technology, Vol. 13, Issue 4, 2012, p. 541-552. 

[23] Wang J. Y., Wang H. T., Guo L. X. Analysis of effect of random perturbation on dynamic response 
of gear transmission system. Chaos, Solitons and Fractals, Vol. 68, 2014, p. 78-88. 

[24] Jiang H. J., Shao Y. M., Mechefske C. K. Dynamic characteristics of helical gears under sliding 
friction with spalling defect. Engineering failure analysis, Vol. 39, 2014, p. 92-107. 

[25] Cui L., Cai C. Nonlinear dynamics analysis of a gear-shaft-bearing system with breathing crack and 
tooth wear faults. The Open Mechanical Engineering Journal, Vol. 9, 2015, p. 483-491. 

[26] Mohmmed O. D., Rantatal O. M., Aidanpaa J. O. Dynamic modelling of a one-stage spur gear 
system and vibration-based tooth crack detection analysis. Mechanical Systems and Signal Processing, 
Vols. 54-55, 2015, p. 293-305. 

[27] Ma H., Pang X., Zeng J., Wen B. C. Effects of gear crack propagation paths on vibration responses 
of the perforated gear system. Mechanical Systems and Signal Processing, Vols. 62-63, 2015, 
p. 113-128. 

[28] Lee A. S., Ha J. W. Prediction of maximum unbalance responses of a gear-coupled two-shaft 
rotor-bearing system. Journal of Sound and Vibration, Vol. 283, Issues 3-5, 2005, p. 507-523. 

[29] Zhou S. H., Li C. F., Wang K. L., Wen B. C. Dynamic model of the transmission system in wind 
turbine gearbox. Journal of Northeastern University, Vol. 35, Issue 9, 2014, p. 1301-1305, (in 
Chinese). 

[30] Dou W., Zhang N., Liu Z. The coupled bending and torsional vibrations of the high-speed geared 
rotor-bearing system. Journal of Vibration Engineering, Vol. 24, Issue 4, 2011, p. 385-393, (in 
Chinese). 

[31] Cui Y. H., Liu Z. S., Wang Y. L. Nonlinear dynamic of a geared rotor system with nonlinear oil film 
force and nonlinear mesh force. Journal of Vibration and Acoustics, Vol. 134, Issue 4, 2012, p. 1-11. 

[32] Wan C., Chang J. Bifurcation and chaos of gear pair system supported by long journal bearings based 
on turbulent flow effect and nonlinear suspension effect. World Journal of Mechanics, Vol. 3, Issue 6, 
2013, p. 277-291. 

[33] Zhang Y. M., Wang Q. B., Ma H. Dynamic analysis of three-dimensional helical geared rotor system 
with geometric eccentricity. Journal of Mechanical Science and Technology, Vol. 27, Issue 11, 2013, 
p. 3231-3242. 

[34] Han Q. K., Chu F. L. Dynamic behaviors of a geared rotor system under time-periodic base angular 
motions. Mechanism and Machine Theory, Vol. 78, 2014, p. 1-14. 

[35] Gao H. D., Zhang Y. D. Nonlinear behavior analysis of geared rotor bearing system featuring 
confluence transmission. Nonlinear Dynamics, Vol. 76, Issue 4, 2014, p. 2025-2039. 

[36] Shen Y. J., Yang S. P., Liu X. D. Nonlinear dynamics of a spur gear pair with time-varying stiffness 
and backlash based on incremental harmonic balance method. International Journal of Mechanical 
Sciences, Vol. 48, Issue 11, 2006, p. 1256-1263. 



1860. NONLINEAR DYNAMIC ANALYSIS FOR HIGH SPEED GEAR-ROTOR-BEARING SYSTEM OF THE LARGE SCALE WIND TURBINE.  
SHIHUA ZHOU, GUIQIU SONG, MENGNAN SUN, ZHAOHUI REN 

4574 © JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. DEC 2015, VOL. 17, ISSUE 8. ISSN 1392-8716  

 

Shihua Zhou is a Ph.D. student at the School of Mechanical Engineering and Automation, 
Northeastern University. He received his Master’s degree from Northeastern University. 
China, in 2013. His research interest is the dynamic characteristics of gear-rotor-bearing 
system. 

 

Guiqiu Song is currently a Professor at Northeastern University, China. He received his 
Ph.D. degree from Northeastern University, China. His research interests include vehicle 
dynamics, fault diagnosis and machinery engineering theories. 

 

Mengnan Sun is a Ph.D. student at the School of Mechanical Engineering and 
Automation, Northeastern University. He received his Master’s degree from Shenyang 
University of Technology. China, in 2014. His research interest is the vehicle dynamics. 

 

Zhaohui Ren is currently a Professor at the School of Mechanical Engineering and 
Automation, Northeastern University. He received his Ph.D. degree from Northeastern 
University in 2005. His research interests include rotor dynamics, fault diagnosis and 
product integrated design method. 

 


