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Research on the adaptability of motor elastic suspension to high-speed trains
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Abstract: The motor elastic suspension technology has been widely used in high-speed trains at home and abroad
to improve the lateral dynamics performance of power bogies. In order to deeply study the influence distinction
and adaptation characteristics of the motor elastic suspension on lateral dynamics behaviors of high-speed trains,
with respect to two types of typical domestic high-speed trains, the corresponding dynamics models were
established in the commercial software SIMPACK, and the accuracy of the dynamics model was verified. The

matching relationship of bogie suspension parameters with regard to the high-speed trains was concluded and
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vehicle’s lateral vibration characteristics were analyzed. Root locus and time-domain simulation methods were
adopted to investigate the influence of motor elastic suspension on the lateral dynamics performance of high-
speed trains, including linear and nonlinear stabilities as well as running performance on the straight track. The
results show that the motor elastic suspension can improve the vehicle’s lateral dynamics performance by
primarily consuming the lateral vibration energy of bogie frames, which is based on the principle of dynamic
vibration absorption. Specifically, when the high-speed train is prone to bogie hunting, the motor elastic
suspension can effectively absorb bogie hunting energy to enhance the vehicle’s lateral stability. When the
wheelset hunting is easy to occur on high-speed trains, the motor elastic suspension has a limited function on
energy dissipation of the bogie vibration, so it owns little effect on lateral dynamics performance. The selection
principle for motor suspension parameters was pointed out: the lateral natural vibration frequency of motors
should be consistent with the frequency of bogie hunting instability under service operating conditions, at this
time, and the motor elastic suspension can improve the vehicle’s lateral stability significantly. In addition, when a
single yaw damper or secondary lateral damper fails in the high-speed train, the influence of the motor elastic
suspension on the lateral wheelset force under straight tracks was also researched.

Key words: high-speed train; motor elastic suspension; dynamics simulation; suspension frequency; lateral
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Table I Main dynamics parameters of two high-speed trains

24 Type A Type B

AR E N 38.94 36.63

P28 kg 2328 2 547

X} kg 1639 1784

R T S1002G LMA

EVE IS 0.17 0.028

i /m 2.5m 25

—RY A NIE/(KN - mm™) 126 13.7

— R R /(KN -mm™) 12.5 5.49

ZRHY A NIEE/(KN - mm™) 0.133 0.167

T ARTEFNIE/(KN -mm™) 0.203 0.183
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ZARME A RS A A B/mm 20 40
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Fig.2 Schematic diagram of equivalent conicity curves
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Fig. 3 Dynamics model of motor elastic suspension scheme
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Fig. 4 Time and frequency domain curves of lateral and vertical accelerations of the carbody
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Fig. 6 Root locus curves of model 2
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Fig. 7 Root locus curves of model 3
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Fig. 9 Wheelset traverse curves under different motor suspension frequencies
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Fig. 13 Power spectrum density for the lateral vibration velocity of bogie frames
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