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fm 1s the second largest after that of the f,., in addition, combination frequency and multiplication
frequency components about f,. and f,,, can also be observed, as is shown in Fig. 10(b). The phase
diagram of the system in y direction shows regular motion in Fig. 10(c). The system nT-periodic

motion can also be verified by several discrete points in the projection of Poincaré map, as shown
in Fig. 10(d).
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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 f, increase obviously and
the amplitude f,, 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 w = 200 r/min, the multiplication frequency of
fm with other combination frequency components exist, while, the multiplication frequency of f,,
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.
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Fig. 11. 3-D frequency spectrum and bifurcation diagram of the gear system at 200 r/min
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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 f, 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.
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