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ABSTRACT

This paper presents the vibration design optimization process for the rotor-bearing systems of kW-class induction motors using
the response surface method. At first, finite element rotordynamic analysis for the initial design motor is performed to set up
the initial performance criteria for the vibration design. They include maximum rotor vibration amplitude and bearing basic rating
life at rated speed of 1,800 rpm. Design variables are selected to bearing locations, rotor core location, and shaft diameter given
that the design limitations of other parts. As a result of main effect analysis, the bearing locations and the rotor core location
have most effect on the rotor vibration and bearing life, respectively. Finally, design optimization is carried out with the objective
of decreasing the vibration and increasing the life, and the result indicates that the vibration gets reduced by 45% and the life
is maintained. Optimized design has small bearing span, identical distance between the center of gravity and two bearings, and

large shaft diameter, thus exhibiting low vibration and high durability characteristics.
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Fig. 1 3D and 2D drawings of the rotor—bearing
system for the initial design induction motor
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Table 1 Design parameters of the rotor—bearing system for
the initial design induction motor

Parameters Value

Rotor assembly mass (kg) 10.36

Rotor assembly moment of inertia

.01

(polar) (kg-m?) 0.0136

Rotor assembly moment (2)f inertia 0.0396

(transverse) (kg-m°)
Shaft journal diameter (mm) 30
. Deep groove ball
Bearing type bearing, 6206 series
s=EFHOIAE S =28 232, 1S, 2020
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Table 2 Electrical specifications of the initial design
induction motor

Parameters Value
Rated power (kW) 22
Rated speed (rpm) 1,800
Number of poles 4
Operating frequency (Hz) 60
Rated Voltage (V) 380
Rated Current (A) 475
Rated torque (Nm) 11.8
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Fig. 2 2D finite element rotordynamic prediction model of the rotor—bearing system for the initial design
induction motor, The insert table indicates used material properties for the model
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Fig. 4 Predicted bearing dynamic loading P of DE
and NDE bearing, basic rating life L depending on
rotor speeds for the initial design induction motor
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Table 3 Experiment design chart with analysis results

order Design variables Bearing stiffness P;;f::z‘;c:
x; (mm) x> (mm)|x; (mm)|kpe (N'm) (kvor NM)| 76 | 7
1 0 -12 300 | 123x10° | 114x10° |0.956(1.043
2 26 -12 300 | 123x10° | 114x10° 0.950(1.520
3 26 12 30.0 | 118x10° | 119x10° |0.995|0.664
4 0 12 300 | 118x10° | 119x10° {0.995|1.141
5 0 -12 352 | 123x10° | 115x10° 0.969(0.919
6 26 -12 352 | 122x10° | 116x10° |0.951(1.739
7 26 12 352 | 118x10° | 120x10° |0.989(0.704
8 0 12 352 | 117x10° | 121x10° {0.990|0.978
9 13 0 320 | 120x10° | 117x10° |1.002(0.700
10| 13 -12 320 | 123x10° | 115x10° |0.960(0.834
1| 26 0 320 | 120x10° | 118x10° |1.003[1.054
12 13 12 320 | 117x10° | 120x10° |0.9910.695
13 0 0 320 | 120x10° | 117x10° |1.000|1.000
14| 13 0 30.0 | 120x10° | 117x10° |1.001(0.704
15 13 352 | 120x10° | 118x10° |1.002{0.740
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Table 4 Multiple regression results

Vibration factor Life factor
Terms parameters value | P-value | value | P-value
Constant 2, 2.409 0.000 0.896 0.000
v -0.047 | 0.000 0.002 0.098
Linear 2, -0.017 | 0.003 0.004 0.000
o -0.060 | 0.000 0.006 0.745
2 0.002 0.002 | -0.001 0.763
Square G 0.001 0.620 | -0.001 0.000
3 0.001 0.575 | -0.001 0.831
2, 0.001 0.121 0.001 0.052
Interaction s 13 0.001 0.000 -0.001 0.169
o 0.001 0.004 | -0.001 0.061
Error R’ 99.9% 99.0%
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