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Tab.1 Parameters of V-shaped linear ultrasonic motor

ZH A B A
R,/Q 636.775 411.229
L,/mH 365.658 293.248
Co/pF 44.519 55.872
C,/nF 2.075 2.001
/./kHz 39.447 39.319
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Fig.2 Input and fundamental voltages of matching circuit
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Tab.3 Design parameters and calculated parameters
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U,./V 12 L./mH 3.000
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k 10:1 L=L,,/mH 2.000
f/kHz 38.5~40.5 C.n/nF 6.850
a 0.5 Cp/nF 13.520
/./kHz 39.4 Q. 1.043
THD/% <3 Qu 1.195
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Fig.10 ARM based experimental platform for driving

V-shaped linear ultrasonic motor
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obtained through experiments under various acceleration amplitude conditions, and a smooth simple harmonic
force surface is constructed using linear interpolation. Then, by extracting the contour lines corresponding to
constant force amplitude from this surface, the frequency response curve of the nonlinear structure under
constant-force conditions is derived. Finally, the dynamic characteristics of a typical bolted nonlinear structure
are investigated. The results show that the proposed approach can accurately capture the frequency response
characteristics of bolted nonlinear structures, revealing the pronounced nonlinear dependence on force ampli-
tude. Furthermore, bolt preload and structural reassembly are found to significantly influence the dynamic char-

acteristics of the connection structure.

Keywords nonlinear structure ; response-controlled; dynamics characteristic; harmonic force surface; experi-

mental technology

Mechanical Fault Diagnosis of In-wheel Motor Based on Weibull Kernel
Function and MCSVDD

LIU Bingchen, XUE Hongtao, DING Dianyong
(School of Automotive and Traffic Engineering, Jiangsu University ~Zhenjiang, 212013, China)

Abstract In order to monitor the operation state of each wheel motor in distributed drive electric vehicle and
ensure the safety of the vehicle, a fault diagnosis method of in-wheel motor based on improved multi-class sup-
port vector data description (MCSVDD) is proposed. The method incorporates two major improvements.
First, a classification judgment rule based on the minimum distance to the cluster center within the class is pro-
posed using the affinity propagation (AP) clustering algorithm to enhance MCSVDD. Second, a Weibull kernel
function is constructed from the Weibull distribution to optimize data description model. Meanwhile, a dimen-
sionality reduction method based on minimum-distance propagation discriminant projection (MPDP) is pro-
posed for the multi-dimensional feature set of in-wheel motor operating state, which improves the separability of
in-wheel motor fault states under different working conditions. Finally, in-wheel motors with typical bearing
faults are customized respectively to collect vibration signals under 7 rotating speeds for verifying the effective-
ness of the proposed method. The results show that the reduced dimension data's separability of observed
samples of in-wheel motor operating state based on MPDP is better than that of linear discriminant analysis
(LDA) , minimum-distance discriminant projection (MDP) and locality preserving projection (LPP), and the
recognition accuracy of MCSVDD's state recognition system based on Weibull kernel function is higher than that

of polynomial and Gaussian kernel function.

Keywords in-wheel motor; vibration signal; fault diagnosis; minimum-distance propagation discrimination pro-

jection; multi—class support vector data description; Weibull kernel function

Design and Parameter Optimization of LLCC Resonant Network for

Linear Ultrasonic Motors

GUO Pengtao', LI Xiang', ZHOU Lifeng’, YAO Zhiyuan’
(1. School of Electrical Engineering and Automation, Hefei University of Technology Hefei, 230009, China)
(2. Industrial Center/School of Innovation and Entrepreneurship, Nanjing Institute of Technology Nanjing, 211167, China)
(3. College of Aerospace Engineering, Nanjing University of Aeronautics and Astronautics Nanjing, 210016, China)

Abstract Aiming to address the operation stability affected by the parameter time-variation of the ultrasonic
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motor and the harmonic effect of the drive voltage, this paper focuses on the design and optimization of LL.LCC
resonant network topology as well as total harmonic distortion (THD) of the output voltage for driving linear ul-
trasonic motors (LUMs). Such method can effectively overcome the issue on the variations of the driving volt-
ages caused by the parameter time-variation to improve their operation stability. Firstly, the calculation method
for the LLLCC matching parameters is derived by using a contact-based equivalent circuit of LUMs considering
the stator/mover contact boundary conditions, and a compensation capacitor is added to improve the elasticity
margin and the stability of impedance matching. Furthermore, the filtering characteristics of the LLLCC resonant
network near the resonant frequency is discussed in depth, and the mathematical relationships are derived be-
tween the THD of the output voltage and the parameters of the LLCC resonant network are derived. Further-
more, the influence of the parasitic parameters of the transformer on the LLCC resonant network is also ana-
lyzed. On this basis, the design optimization methodology for the LLLCC resonant network is proposed while act-
ing the THD of the sinusoidal output voltage as the main target. Finally, a LLLCC resonant driver is designed for
a V-shape LUM, and the corresponding experiments are conducted. The results indicated that the gain and the
THD of the output voltage as well as the peak amplitude of the series capacitor voltage itself are determined by
the ratio of the series capacitor and the parallel capacitor in the resonant network. The series inductor is the domi-
nating factor for the soft switching characteristics. The THD of the output voltage is controlled below 3%,

which is improved more than 70% compared to the unoptimized L.L1.CC resonant driver.

Keywords linear ultrasonic motor; LIL.CC resonant network; impedance matching; harmonic suppression

Research on Characteristics of Typical Gas Path Fault Components in

Aircraft Engines

WANG Jingwei', YU Zhuang”®, YAO Yuan®™', GENG Jid*’
(1. Shenyang Engine Research Institute of AVIC  Shenyang, 110015, China)
(2. School of Mechanical Engineering, Xi'an Jiaotong University ~ Xi'an, 710049, China)
(3. National Key Lab of Aerospace Power System and Plasma Technology ~Xi'an, 710049, China)

Abstract In response to unclear mechanisms in compressor fault diagnosis research, this article aims to reveal
the variation law of component characteristic changes caused by blade wear, numerical simulation analysis
method is used for studying the changes in component characteristics of blades under different degrees of wear.
The results show that the degree of compressor performance degradation caused by blade surface wear is more
significant than that caused by blade tip wear. With the increased speed, the degree of performance degradation
becomes greater. The efficiency decay value caused by the increase of blade tip clearance shows a pattern of first
decreasing and then increasing with the increase of pressure ratio. Near the working line of the compressor, the
efficiency decay value is relatively stable with the change of pressure ratio, while the flow decay value increases
with the increase of pressure ratio. After the increase of blade surface roughness, the decay values of efficiency
and flow rate both increase with the increase of pressure ratio. Moreover, there is a decreasing trend in the decay
values near stall pressure ratio. Near the working line, varying degrees of blade wear have a greater impact on
flow rate than on efficiency. The results can provide a theoretical reference for the research of fault diagnosis

methods for aviation engine gas paths.

Keywords air circuit wear failure; tip clearance; blade surface roughness; performance degradation



