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Fig. 1 Transmission system structure of the gearbox of the light-
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Fig. 3 Dynamic model of the planetary gear train
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Dynamic characteristic analysis of multi-stage gearbox transmission system
considering gearbox flexibility

ZHAO Yong' YU Ying® ZHANG Yuanyuan’® YANG Jiajun' QIN Lijun*
(1. Key Laboratory of Road Construction Technology and Equipment, Ministry of Education, Chang’ an University,
Xi’an 710064, China)
(2. Beijing Institute of Aerospace Testing Technology, Beijing 100074, China)
(3. Shantui Construction Machinery Co., Ltd., Jining 272073, China)
(4. Pingliang Vocational & Technical College, Pingliang 744000, China)

Abstract: [Objective] In order to accurately calculate the dynamic characteristics of the multi-stage gear transmission of a
loader and the influence of gearbox structure flexibility on dynamic response, an efficient numerical calculation method for
dynamic response considering the flexibility of the casing was proposed. [Methods] Firstly, considering the stiffness and error
excitation of the gear transmission system, a multi-degree-of-freedom dynamic model of the multi-stage gear transmission
system with bending-torsion coupling was established using the concentrated mass method. Secondly, using finite element
software and Romax software, a finite element model of the gearbox was established. Finally, based on the substructure method,
a coupled dynamic equation for the gearbox and transmission system was constructed, which added a new degree of freedom for
the gearbox condensation point on the basis of the transmission system dynamic equation. The dynamic meshing force and
bearing support reaction could be obtained by using the Runge-Kutta method. [Results] The results show that the influence of
gearbox flexibility on the transmission system is related to the position of the gear pair and working conditions. At low speeds
and light loads condition, the influence of gearbox flexibility on the dynamic meshing force in the transmission system is
relatively small. Due to the direct contact between the bearing and the gearbox, the influence of the gearbox on the transmission
system is attenuating from the bearing to the gear pair. Therefore, the influence of the gearbox flexibility on the bearing support
reaction is greater than that on the gear meshing force. Therefore, in order to accurately predict the vibration noise of high-speed
and heavy-duty complex transmissions, the flexibility of the gearbox can’t be ignored.

Key words: Gearbox; Box flexibility; Gear system dynamic; Dynamic response; Gear meshing force (4. % 2F)
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Design and simulation of efficiency parameters for 3K-H self-locking
planetary gear train

LI Haohua SUN Wei TANG Bo LI Yankang FENG Yingzhi
(School of Mechanical Engineering, Wuhan University of Science and Technology, Wuhan 430081, China)

Abstract: [Objective] Aiming at the lack of efficiency parameter optimization design and simulation verification for the
3K-H type (type 5310) self-locking planetary gear train, an efficiency maximization design method was proposed to develop a
gear train structure with both reliable self-locking characteristics and high forward transmission efficiency, providing a reference
for related engineering applications. [Methods] Firstly, a parameter-efficiency maximization model was established, the relation
between efficiency and the transmission ratio of the converted gear train with different power flows was derived, and a
parameter-efficiency curve was drawn to lay a foundation for efficiency optimization. Secondly, under the condition of satisfying
self-locking, the transmission ratio of the converted gear train corresponding to the maximum efficiency was determined, and the
gear tooth parameters were designed considering the constraints of module and pitch circle diameter. Finally, dynamic
simulation was carried out using Adams software, and the effectiveness of the design scheme was verified by combining
theoretical calculations. [Results] The reverse transmission efficiency of the designed gear train is less than 0, achieving reliable
self-locking; the forward transmission design efficiency reaches 0.506, and the simulation efficiency is 0.481. The theoretical
calculation results are highly consistent with the simulation results, verifying the feasibility and effectiveness of the design
method.

Key words: 3K-H; Planetary gear train; Efficiency parameter; Self-locking; Transmission ratio method ~ (%3%%:. Z=¥L8)



