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Design and analysis of composite leaf springs for a commercial vehicle

LI Yunxian', LI Wei'*, LU Haoyu®, WANG Qiang' , ZHOU Shuai'

1. School of Automotive Engineering, Shandong Jiaotong University, Jinan 250357, China;

2. Qingdao TGOOD Electric Co., Lid., Qingdao 266104, China

Abstract; To reduce the mass of leaf springs for light trucks while meeting the curb weight limit requirements
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Analysis and optimization of abnormal vibration for a
gas-steam combined cycle power unit

XUE Zhaoao, YANG Shichun”®

Shenzhen Energy Group Co., Ltd., Shenzhen 518001, China

Abstract; To address the abnormal vibration issues occurring during the trial or production operation of a gas-
steam combined cycle generator units, a 9F-class gas-steam combined cycle generator unit is taken as an
example. The single-mass, single-degree-of-freedom vibration modes of components such as the foundation
plate, columns, and frame in response to disturbance force excitation are analyzed. The generation,
transmission, and excitation response processes of the disturbance force are outlined, along with the main causes
of abnormal vibration. By comparing the measured results of shaft vibration (relative displacement) and bearing
vibration ( absolute velocity) with standard limits, the characteristics of abnormal vibration are determined, and
corresponding vibration reduction measures are implemented. The results show that the single degree of freedom
and natural frequency of the horizontal radial vibration, horizontal axial vibration, and vertical vibration of the
base plate of the columns and frame play an important role in the vibration of the generator unit. The vibration of
the generator unit’s shaft system is a superposition of multiple vibrations; monitoring shaft vibration and bearing
vibration can effectively identify abnormal vibrations. Through investigation of the adverse factors causing the
abnormal vibrations, it is found that mass eccentricity of the gas turbine rotor is the main cause. Based on the
dynamic balancing test, a rectification plan is developed (adding a 700 g counterweight with a key phase of
£.60° to the 7th bearing side of the gas turbine; adding an 800 g counterweight with a key phase of £ 240° to
the 8th bearing side of the gas turbine; and adding a 1 038 g counterweight with a key phase of 2/ 220° to the
compressor disc of the gas turbine ), which effectively solve the abnormal vibration problem. This analytical
method can provide a reference for the diagnosis and control of abnormal vibrations in similar generator units.
Keywords: gas-steam combined cycle generator unit; single degree of freedom; vibration modal analysis;
abnormal vibration; vibration standard AT G 4 - I e )
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glass fiber-epoxy resin composites are used to replace conventional steel for lightweight design and analysis of
leaf springs. A geometric model of the composite leaf spring is established using the 3D modeling software Creo.
According to the design stiffness requirement of 150. 0 (1£5%) N/mm, the fiber layup ratio is determined
through finite element simulation, and the strength of the leaf spring under static vertical, braking, and
cornering conditions is analyzed. Bench tests are carried out to verify the composite samples fabricated by
compression molding. The results show that comparing with the original steel leaf spring, when the layup ratio of
composite materials with fiber angles of 0° and 45° relative to the sample length direction is 6:5, the leaf spring
mass is reduced from 26 kg to 10 kg, representing a mass reduction of 61. 5%. The simulated stiffness of the
leaf spring is 153. 1 N/mm, and the measured actual stiffness from bench test is 155.0 N/mm, both within the
allowable deviation range of the design stiffness. The safety factors of the composite leaf spring under all working
conditions are greater than 1.20, and the fatigue life in bench test reaches 300 000 cycles without failure,
which meets the application requirements.

Keywords: lightweight design; composite leaf spring; design and simulation; bench test (T AT Gt . et )



