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Effect of The Suspension Stiffness of the Gearbox Rod on the Dynamic
Characteristics of the Drive System of High-Speed Train with
the Built-in Axle Box "~

Wu Zhigiang Liu Yuqing Chen Zaigang'

(State Key Laboratory of Traction Power. Southwest Jiaotong University, Chengdu 610031, China)

Abstract To reveal the law of the gearbox rod suspension stiffness on the suspension force and vibration
acceleration of the drive system, a certain type of high-speed train with the built-in axle box is taken as
the study object, and a vehicle dynamics model considering drive system and gear engagement is estab-
lished based on the multi-body dynamics theory. In addition, the effect of the suspension stiffness of the
gearbox rod on the suspension force of the gearbox rod and the motor, the joint force between the gear-
box and the axle, the vehicle stability and the vibration acceleration of the drive system are studied. The
research results show that due to the different direction of the gear meshing force of the first drive sys-
tem and the second drive system, the vertical suspension force of the first drive system is larger than
that of the second drive system. When the suspension stiffness of the gearbox rod increases from 1 MN/m
to 30 MN/m, the suspension force of the first gearbox and the first motor increases and decreases respec-
tively, as well as the longitudinal force and the lateral force of the first connection point for gearbox and
axle increases and decreases respectively. Moreover, the suspension force of the second gearbox and the

vertical suspension force of the second motor increase, but the longitudinal suspension force and the lat-
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eral suspension force of the second motor decrease, and the longitudinal force of the second connection
point for gearbox and axle decreases and increases respectively. However, the change in the suspension
force is not obvious when the suspension stiffness of the gearbox rod increases from 30 MN/m to 100
MN/m. Furthermore, the stability index of the car body, as well as the vibration acceleration of the mo-

tor and the gearbox are little affected by the changing suspension stiffness of the gearbox rod.

Key words high-speed train, the built-in axle box, the suspension stiffness of gearbox rod, gear

engagement, dynamics
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Table 1 Parameters of drive parts

Parameters Value
Motor mass/kg 720
Motor rolling moment of inertia/kg * m? 29
Motor pitching moment of inertia/kg * m? 28
Motor yawing moment of inertia/kg ¢ m? 34
Gearbox mass/kg 420
Gearbox rolling moment of inertia/kg * m? 14
Gearbox pitching moment of inertia/kg * m? 33
Gearbox yawing moment of inertia/kg ¢ m? 41
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Table 2 Parameters of the gear pair

Parameter Pinion Gear
Module/mm 6
Pressure angle/° 20
Helical angle/® 17.5
Addendum coefficient 1
Tip clearance coefficient 0.25
Number of teeth 39 88
Face width/mm 63 62
Tooth profile shift coefficient —0.08 0.16
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Fig.17 RMS value of the vibration acceleration of the drive system
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