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A Study on the Flexural and Torsional Vibration of Two Stage Gear System
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Abstract

In this paper, dynamic behavior of a two stage
gear train system is analyzed. This system
consists of three shafts supported by ball bearing
at the ends of them and two pairs of spur gear
sets.

For exact analysis, the meshing tooth pair of
gears is modeled as spring having time-dependent
meshing stiffness and damping. The result of this
analysis is compared to that of analysis using
other model of spring having mean mesh
stiffness.

The effect of the excitation force by the
imbalance of a rotor of a motor on the vibration
of a gear train system is also analyzed.

Finally, the change of a natural frequency of
the whole system due to the change of an angle
between three shafts is compared in each case,
and from this analysis, the avoiding angle for
design is advised.
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Fig. 2 Vibrational modeling of a pair of spur gear
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Fig. 4 Modeling of eccentric rotor for torsional & flexural vibration
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Table 1 Dimensions of motor

Motor
Power Lkw]) 75
Rotational speed [rpm] 1200
Torque [N m]| 59.718
Weight of rotor NI 600
Diameter of rotor {mm] 100

Table 2 Dimensions of shafts

Shaft 1 | Shaft 2 | Shaft 3
Transmitted power kW] 75 45 225
Rotational speed [rom| 1200 200 40
Length of shaft Imm| 285 200 285
Diameter of shaft {mm| 22 40 52
Bearing 6904ZZ | 6207ZZ | 6010ZZ
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Table 3 Dimensions of gears

Gear 1 | Gear 2 || Gear 3 | Gear 4
No. of teeth 24 144 20 100
Module [mm} 2 2 35 35
Pitch circle dia.  [mm] 48 288 70 350
Base circle dia.  lmm| || 45.105 | 270.632 | 65.779 | 328.892
Pressure angle  ldeg] 20 20 20 20
Face width {mm) 20 20 35 35
Mass lkel || 0.2841 | 10.2276 || 1.0574 | 26.434
Equivalent mass kgl 0.161 5.791 0.599 14.968

Table 4 Natural frequency

Torsional vibration flexural vibration
(rpm] [rpm]
st 5360 30590
2nd 14320 36140
3rd 34820 41640

Gear | Gear 2
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Fig. 6 Natural mode shape of flexural vibration
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Fig. 7 Change of meshing stiffness of gearl & gear2
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Fig. 8 The effect of the change of meshing stiffness on
the forced torsional response without damping
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Fig. 9 The effect of the change of meshing stiffness on
the forced flexural response without damping
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Fig. 10 The effect of the meshing damping
on the forced torsional response
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Fig. 11 The effect of the meshing damping
on the forced flexural response
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Fig. 12 The effect of the eccentricity of rotor on
the forced torsional vibration with damping
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Fig. 13 The effect of the eccentricity of rotor on
the forced flexural vibration with damping
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Fig. 15 The effect of the shafts angle & on the
resonance speed
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