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A Study on the Vibration of 2-Stage Gear System Considering the Change
of Gear Meshing Stiffness and Imbalance of Motor
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1' Abstract

|
I

We develop a method to analyze dynamic behavior of a multi-stage gear train system. The example system consists of
three shafts supported by ball bearings at the ends of them and two pairs of spur gear set. For exact analysis, the meshing
tooth pair of gear set is modeled as spring and damper having time-dependent meshing stiffness and damping. The bearing
is modeled as spring. The result of this analysis is compared to that of other model having mean mesh stiffness. The effect
of the excitation force by the imbalance of a rotor of a motor is also analyzed. Finally, the change of a natural frequency of
the whole system due to the change of an angle between three shafs is compared in each case, and from this analysis, the

avoiding angle for design is advised.
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Fig. 1 Simplified layout of the 2-stage gear train system
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Fig. 2 Vibrational modeling of a pair of spur gear
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Fig. 3 Dimensions of input, intermediate, output shafts
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Fig. 4 Modeling of eccentric rotor
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Table 1 Specifications of motor

)

FAE5E Table 49} Za,

Motor
Power kW] 7.5
Rotational speed [rpm] 1200
Torque [N - m] 59.718
Weight of rotor [N] 600
Diameter of rotor [mm] 100
Table 2 Specifications of shafts
Shaft 1 | Shaft2 | Shaft3
Transmitted power [kW] 7.5 45 225
Rotational speed  [rpm] | 1200 200 40
Lengthofshaft  [mm] | 285 200 285
Diameter of shaft [mm)] 22 40 52
Bearing No. 690477 | 620727 | 6010ZZ
Table 3 Specifications of gears
Gear1 | Gear2 | Gear3 | Gear4
No. of teeth 24 144 20 100
Module [mm) 2 2 35 35
Pitch circle dia. [mm] | 48 288 70 350
Base circle dia. [mm)] | 45.105 |270.632| 65.779 1328.892
Pressure angle [deg] | 20 20 20 20
Facewidth  [mm] | 20 20 35 35
Mass [kg) | 02841 |10.2276| 1.0574 | 26434

i1

Table 4 Natural frequency

Torsional vibration Flexural vibration
[rpm] [rpm]
Ist 5360 30590
2nd 14320 36140
3rd 34820 41640
T_.Cenrl Gear2 Gear1 Gear2
y
{2) 1at mode (b) 2nd mode
Gear 1 Gear2
{c) 8rd ;node '

Fig. 5 Natural mode shape of torsional vibration
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Fig. 6 Natural mode shape of flexural vibration

72zt nRAFF] NP AFRES A 25
e 7319 Fig. 5 2 Fig. 67} 2t}

4.2 ZHTSHA
4.2.1 J|0iSEFe ATHZHN 2] H



e - o84 - AW

Fig. 72 71of 13} 710} 29 7]o1%e] E@F714 A
71 Ed Y £ WEE 23715 78 Rl
o 23AM 2R 7o) EYF)¢ dd 2EAE L
1% 293 28 23 < wEshiA ASeM dgete A
< & 7 Slr} o€ 710 33 7]o] dAtoldlME A9 F
dsfet

Fig. 83} Fig. 9 7|01 B4 %9 24 E n3tA 43k
oSS B8 AT Y FANEE AHT Ao
A, AL 71 BERRE A BEAAEE Bt 2ZFL
2 XA Fol1, 2 BF BUREE He 22
Foz RUYF Folth. 4 2ZTHFYE e 22
Foz 2l A DAUFFAAY HAT F7t
A A BN E Bte 220 RAYE At
B IR AFoA E udd Yol Yeive e &

% ik

Fig. 103} Fig. 112 Al EJ 34 & 7k7l 2Zgoz
2d3E 5, EEFE 24 E aHPE W B4
§ o T = 0.0821 (sec)
J
g L]
.
g 18
', 16
£
§ 14
0000 00[01 0.&)2 0.&3 ) 01;04
Time (sec)
Fig. 7 Change of meshing stiffness of Gearl and 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
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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 torsiona!
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. 14 Definition of the shafts angle §
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