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Research on Torsional Vibration Characteristics of Squirrel Cage Rotor

End and Its Influence on Structural Reliability

XUE Xiuhui, LI Guang, XU Xiaoliang, LV Zhicheng, REN Xiaohui*
(CRRC Yongji Electirc Co., Lid., Xi’an 710016, China)

Abstract: In view of the impact of harmonic torque on
traction motors driven by frequency converters, the
mechanism of harmonic torque on the copper squirrel cage
rotor structure is analyzed. A combination of experimental and
simulation methods is used in order to identify the
characteristics at the rotor end of the squirrel cage. Firstly,
modal analysis is conducted to obtain the modal parameters of
the squirrel cage rotor. Then, a finite element model of the
squirrel cage rotor based on the modal tests is established,
and its static strength and harmonic dynamic response under
12 times of frequency-induced electromagnetic excitation are
simulated and analyzed. Finally, based on the guide bar
vibration test platform, the torsional vibration characteristics
of the squirrel cage rotor end are investigated and the load
amplification effect is verified, which provides certain
theoretical support for improving the structural reliability of
the copper squirrel cage rotor end.

Key words: squirrel cage rotor; traction motor; finite

element; modal analysis
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Fig.1 The overall structure of the squirrel cage rotor

and partial end cross-sectional view
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Fig.3 Modal testing system for squirrel cage rotor

WA B A I AR A B AR R pR

Ed Tl RRESikTEE

Fig.4 Diagram of modal testing process for rotor
elastic lifting
( Frequency Response Function, FRF) %45, 153 H
HARAS T RS, I sl S s o AR 16 12 25 181
SE RGBT, G TEAR B A e e, AR 32 2
BAESE N T SE e o i A o i
17 TS IE AT VARG 56, 45 R 3R WG T RS iE N
RS, BE 8 2 B I B8 - JU 2 i i ) T B S
Fitk

BS5 BHRKSTHREE
Fig.5 Stabilization diagram under free state
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Fig. 6 Schematic diagram of squirrel cage

rotor mode shapes
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Tab.1 Squirrel cage rotor modal frequency comparison
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Fig.7 Vibration mode of reverse torsion at the end

of the squirrel cage rotor
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Fig.8 Stress distribution cloud chart of squirrel cage rotor

end structure under harmonic torque load
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The traction motor is powered by a frequency
converter, allowing it to operate over a wide range of
frequency. However, the power supply voltage and
current contain harmonics, resulting in increased
torque caused by harmonic components that
contribute to an increase in the structural loading
capacity of the motor, ultimately adversely affecting

the

malfunction of squirrel cage rotor structure is the

its lifespan. In particular, most common
rotor bar breakage fault, which not only destroys the
symmetry of the squirrel cage rotor structure, but
also destroys the electromagnetic symmetry, resulting
in to increased vibration and temperature rise, which
seriously affects the safety of train operations.
Firstly, this paper investigates the asynchronous
traction motor squirrel cage rotor structure by
analyzing the structural features of the copper bar
rotor  and failure

Additionally, the

variable frequency supply characteristics of the

squirrel  cage previous

manifestations. considering
traction motor, it is found that the end structures
with inherent torsional characteristics are subjected to
potential torsional vibration excitations. The overall

structure of the squirrel cage rotor is shown in Fig.1.

Fig.1 The overall structure of the squirrel cage rotor

S8

Secondly, using the modal analysis theory, the
modal characteristics of the squirrel cage rotor were
tested by applying the LMS modal testing equipment,
which the

characteristics of the structural end.

resulted in  obtaining vibration

Thirdly, static strength and harmonic response
simulations are carried out based on the finite
element correction model of the squirrel cage rotor
modal test. The acceleration response curve of the
welding end face of the bar is obtained, which led to
the determination of the load amplification factor, as
shown in Fig.2. The maximum stresses at the end of
the bar and at the weld are determined under the

action of harmonic torque.

Fig.2 Acceleration response graph of end nodes

of the squirrel cage rotor

Finally, through the standard model preparation
and testing analysis, the end load amplification effect
is verified. The test results are relatively consistent
with the simulation results, further confirming the
influence of torsional vibration characteristics at the
rotor end of squirrel cage induction motors and

obtaining structural improvement basis.

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



