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Dynamic Characteristics of Laminated Rotor Core of Electric Motor Products
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ABSTRACT

The dynamic characteristics of rotor shafts for electric motors were investigated through the modal tests. The
natural frequencies and modal dampings in each manufacturing stage of rotor core assembly were analyzed from
the frequency response functions for all 6 motors of a product model. The deviation of the each individual modal
feature was found dependent on the mode shapes as well as the rotor assembly stage. The core stacking itself is
known to widen the deviation of modal properties but following processes of rotor bar insertion and swaging are
confirmed to reduce the deviation. Finally the equivalent diameter of core part was estimated from the
comparison of measured and calculated results to include the stiffness of core part.

1. M B
Aol dde] wet nEy B 14
717v &7 Hol gtow oleid e
AE7Ne Fd
=2 wed AFH AA 7lsd A
ol o] WFY dd& s WA
e wdste] gtoy AADA FdaA
shEdle 2 bR Alefo]l EAste] gt

shibe tadtate A3 728 o|Fod 3

o

e

-

)

M

i

¢

9 AR zo}e) wAHA D w5 Sl
T OE oleee EUF A YaEol

r
H_m
o g 24 off oo my x@ kI i ofnt

a2 98 o= 3
59 o3 WAE g3 Folof st o] WA
oIk,
2 AAE gaze U FAS A7)0
del zEe FEHS Y¥Ho2 FAYoERH
P TR HE 2HY F5Y W8S T8
A FAlel ABE YAEol AAE FEHY B
HE 5429 BAR AETE o}

g Bt of
3]

[ e

B 457 F AL
478 43T + AL

dAEY A g 2y

Figure 1 Electric motor model for experiment
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Figure 2 Drawing for the rotor part
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Table 1 Specification of motor

kW) 1,089 kW
Pole 2P
AAAL (V) 3,300V
AAZERE (Hz) 50 Hz
7345 (rpm) 3,000 rppm
Bearing type Sleeve
Total Weight (kg) 5,700 kg
Rotor weight (kg) 1,027 kg
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Figure 3 Typical mode shapes of rotor
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Figure 6 FRF’s of rotor assembly
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Table 2 Statistical data of natural frequency
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Figure 7 Finite element beam model for shaft

Table 4 Natural frequency in stage 2 under the
original core shaft diameter (175 mm)

Analysis Test

Mode (Hz) (Hz) Error
1 Mode 108.3 117.3 1.7%
2 Mode 218.0 234.4 -1.0%
3 Mode 347.5 386.1 -10.0%

Table 5 Natural frequency in stage 3 under the
original core shaft diameter (175 mm)

Analysis Test

Mode (Hz) (Hz) Error
1 Mode 90.7 107.8 -15.9%
2™ Mode 174.2 192.6 -9.6%
3" Mode 264.0 356.2 -25.9%

Table 6 Equivalent diameter of core shaft to include
the contribution of core stiffness (2™ stage)

Analysis  Diameter

Mode Increase
(Hz) (mm)
1* Mode 117.8 188.1 +7.5%
2" Mode 234.5 262.5 +50.0%
3" Mode 388.6 204.7 +17.0%

Table 7 Equivalent diameter of core shaft to include
the contribution of core stiffness (3" stage)

Diameter
(mm)

206.5
262.5
249.4

Analysis
(Hz)

107.7
1925
356.6

Mode Increase

1° Mode
2™ Mode
3" Mode

+18.0%
+50.0%
+42.5%
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