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Random vibration response analysis of flight vehicle structure
CHEN Hui, XIE Yujie, DU Dan, QI Fei

Abstract; In this study ABAQUS software is used to simulate the random vibration tests on flight vehicle structure. The re-
sults of the simulation are basically consistent with the test results, which verifies the correctness of the simulation model.
The verified simulation model is used to analyze the response of the flight vehicle structure in flying environment, and the

stress and deformation of the flight vehicle structure in flying environment are obtained. The results are of reference value to

the dynamic strength design and the equipment installation design of flight vehicle structures.

Keywords : flight vehicle structure ,random vibration, response , simulation analysis
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Structural design and analysis of a high—precision vehicle tracking platform

WANG Shuzhen

Abstract; The high—precision on—board tracking platform is mainly used in a certain type of vehicle—mounted mast optical
equipment, and it is a two—axis and two—frame configuration that can carry multi—task loads. In this paper,the overall struc-
ture , shafting design, shaking error,repeated disassembly and assembly design,and structural influencing factors on the preci-
sion of a certain tracking platform are analyzed and explained. Simulation analysis and calculation of the modal , random vi-
bration and minimum rotation speed of the product are carried out. The environmental adaptability and stability accuracy of

the real product test are verified. The design product is reliable during operation, meeting the requirements of the system,and

can provide reference for the design of similar optoelectronic rotation platforms.

Keywords : tracking platform, high precision, shafting design,repeated disassembly and assembly
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Fast processing of aeroengine vibration data based on sparse Fourier transform
JIA Hao,ZHANG Qiang, WEI Mengyuan,ZHANG Qiangbo

Abstract: Due to the short flight test cycle and large data volume caused by the development of flight test technology , the tra-
ditional fast Fourier transform could no longer meet the needs of rapid comprehensive processing of the vibration data. This
paper focuses on the real flight test data,and carries out in—depth and systematic comparison of the traditional fast Fourier
transform and the sparse Fourier transform in vibration data processing. It is found that the sparse Fourier transform shows
great advantages in the fast processing of the fundamental frequency of vibration, and its processing speed is more than 10

times faster than the traditional fast Fourier transform. This research has provided new ideas and methods for vibration data

processing in flight tests.

Keywords : sparse Fourier transform , aeroengine ,vibration data,flight test
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Research on vibration reduction performance of mobile detection robot

Al Qingzhou,SHI Rui,ZHAO Zenglu,LU Jiangfeng

Abstract: Mobile detection robot is a device that replaces manual bridge detection. Its main detection tool is a high—defini-
tion industrial camera mounted on a wheeled chassis, which is very sensitive to vibration. This article conducts research on
the vibration reduction performance of the mobile detection robot. Firstly, a time—domain excitation simulation model of the
road surface is established,and a C—level road excitation curve is obtained. Then,a 1/4 suspension model is established , and
system simulation is carried out. The simulation results show that the addition of a shock absorber on the wheels of the detec-
tion robot can effectively reduce the peak value of the suspension travel when the detection robot passes through uneven
road ; the vibration amplitude value is reduced from the maximum value of road excitation (0.02 m) to the maximum value
of suspension travel (0.007 m). The frequency of the suspension system is concentrated in the low—frequency section (from
0 Hz to 15 Hz) ,which lays a foundation for subsequent research.

Keywords : detection robot, vibration reduction , suspension travel , simulation
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Research on critical speed and vibration characteristics of fan rotor based on finite element method
ZHANG Qiangbo,ZHANG Shuai, JIA Hao

Abstract: The purpose of this study is to analyze the critical speed and vibration characteristics of the test rotor through the
finite element rotor segmentation method,and to provide a theoretical basis for the design and optimization of the fan rotor.
Firstly, the theoretical calculation and numerical simulation results are compared to verify the accuracy of the method. Then,
the influence of rotor segmentation on the critical speed is discussed, the critical speed of the rotor is calculated under differ-
ent support stiffness conditions,and the vibration mode and resonance diagram are analyzed. The research proves the close
relationship between the rotor safety margin and the critical speed and the support stiffness,which provides important guid-

ance for the stability and reliability of the fan rotor. The research also verifies the effectiveness of the finite element rotor seg-

mentation method ,and provides theoretical support for related engineering application.

Keywords : fan rotor, critical speed, theoretical/numerical solution,safety margin
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Force control method of collaborative robot end—effector based on admittance control
SHI Rui, LU Jiangfeng, Al Qingzhou,ZHAO Zenglu

Abstract: With the increasing diversity of robot application scenarios,robots are increasingly used in non—structural environ-
ments , which requires more and more intelligent robots. In order to improve the safety and suppleness of the robot, taking the
collaborative robot glass—cleaning system as the research object,a method for controlling the end contact force of the collabo-
rative robot is proposed based on the admittance model. Firstly, the glass—cleaning robot system is constructed. Secondly, the
admittance controller is designed,and the influence of each admittance parameter on the dynamic performance of the system
is analyzed. Finally,in the Matlab/Simscape simulation environment,the contact force tracking simulation experiment of the
glass—cleaning process is carried out,and the results are analyzed. The experimental results show that the robot end brush
can track the desired cleaning force quickly,accurately and stably. The effectiveness of the method proposed in this paper is
verified.

Keywords : collaborative robot, glass—cleaning robot , admittance control , contact force control
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Rotary control system of hydraulic excavator based on model predictive control
ZHU Jie,JIN Zhong,SU Bin

Abstract ; Although the PID control algorithm is easy to implement and does not require the establishment of a mathematical
model , it cannot ensure that the mechanism has good dynamic and static performance. For different machines,PID parameters
need to be recalibrated,and the hydraulic excavator system model has complex structure and strong coupling, making the PID
control effect not ideal. In order to improve the automatic control accuracy of unmanned excavators,we adopt model predic-

tive control algorithm to design a tracking controller. We take the rotary platform mechanism as the research object, establish
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the dynamic equation of the rotary platform,decouple the dynamic equation using Taylor series expansion method, establish a

linearized state equation,and build a tracking controller based on model predictive control to achieve automatic control of the

excavator rotary platform. This control algorithm transforms some complex nonlinear problems of excavator rotation into linear

problems , simplifies the predictive control model,and has been verified to have high control accuracy.

Keywords : hydraulic excavator, model predictive control,rotary platform
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Design and wear analysis of automatic detection device for workshop track wear
CHEN Youming, HE Tong, CHENG Zhengkun

Abstract: To ensure production safety, it is the key to regularly detect the wear of the bearing track of the assembly line in
the workshop. The efficiency of manual detection of the track wear is low,so it is necessary to design an automatic detection
device. An automatic wear detection device for the bearing track in the resin workshop of an automobile enterprise is de-
signed and put into use. In order to ensure the authenticity of the data,the data collected by the detection device is compared
with the data collected by traditional manual measurement,and the conclusion is that the device has high detection efficiency
and accuracy. The wear data of the bearing track of different sections is collected by the detection device and analyzed , and
the wear characteristics of the bearing track are obtained , which can provide reference for the evaluation of the working status
of the track in the workshop.

Keywords : assembly line, wear detection,automatic detection device,workshop track ,wear characteristics
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Judgment of tail rotor blade icing based on vibration signal
DANG Bingnan, LI Xiaolu,ZHANG Wulin

Abstract : This paper proposes a method to judge the icing state of helicopter tail rotor blades based on the multi—point fuse-
lage vibration of the helicopter. The mass characteristics and aerodynamic characteristics of the helicopter rotor system
change after icing,which has a great impact on flight capability and flight safety. The rotor is a high—speed rotating moving
part,and its characteristics such as icing state and icing thickness are difficult to measure directly. In this paper, through an-
alyzing the vibration variation law of multiple positions of the fuselage under the basic frequency and multiple frequency of
the tail rotor during the natural icing flight test,the wavelet transform is used to extract the vibration energy value of each
point of the fuselage ,and the BP neural network model is established to determine the icing state and icing degree of the tail
rotor. By comparing the error between the output value of the neural network and the output result of the set target, the accu-
racy of the established neural network model is verified , which proves that the proposed method is effective.

Keywords : helicopter tail rotor icing, fuselage vibration,wavelet analysis, BP neural network
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Design and dynamic characteristic simulation of a lifting vending machine
LI Pinyu,LI Zhenyu, LIN Mingming, LIU Zhibou,NING Huijun

Abstract: With the development of the digital economy,unmanned retailing, represented by vending machines , has become a

trend. However, the existing vending machines have the shortages of limited goods variety, complex operation and frequent

mechanical failure. Therefore , this paper designs a new type of lifting vending machine and its delivery conversion device.

Through the built—in lifting conversion device,buffer protection is achieved,thus expanding the variety of goods sold. In ad-

dition, by using ANSYS and ADAMS co-simulation, the dynamic behavior of each component of the vending machine during

goods delivery is discussed. The research results show that the new automatic lifter has a remarkable damping effect when

hitting the bottom. By adding the buffer structure, the force on the goods in the conversion stage is reduced by 77% to
78.5% ,and the peak force on the 250 g and 500 g goods in the lifting stage is reduced by 82.71% and 63.25% ,respec-

tively.

Keywords : lifting vending machine, rigid—flexible coupling, ANSYS and ADAMS, dynamical model
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HESES TCT12 XHkARIRAD A M EHRS :1002-6886 (2025)01-0052-06
Simulation and experiment of high—speed cutting of coated tool for TC4 titanium alloy
WU Dong,HE Yao,ZHAO Chenlei

Abstract : In order to explore the relationship between cutting performance of TiAIN coated tool and TC4 titanium alloy, DE-
FORM-2D analysis software was used to analyze the effect of cutting parameters on cutting force and cutting temperature by
orthogonal test and range method. The results show that, the order of the influence of the three cutting factors on cutting force
is V,>a,>f,and on cutting temperature is V,>f>a,. Through single factor analysis,and comprehensively balancing the cutting

efficiency ,machining accuracy and tool wear,the optimal parameter combination is V, =147 m/min,a,=0.22 mm,f=0.2

mm/r.

Keywords : DEFORM-2D , turning, titanium alloy
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Development and application of fastener bolt identification sensor for railway tracks
YANG Yong,ZHOU Yuanhua, LIU Hangming , SONG Zhihui,ZHAO Yanqi, DONG Kangkang, JIANG Xianming

Abstract : At present,the workload of railway fastener bolts anticorrosion maintenance is heavy,and the existing fastener bolt
oiling equipment has the problems of inaccurate bolt detection,and unable to detect obstacles on the track. Aiming at the de-
fect,a kind of track fastener bolt identification sensor is designed. By analyzing the actual distribution of railway track fasten-
er bolts, the identification sensor is designed and optimized ,and a swing arm structure that can adapt to the position of rail
fastener bolts is designed to realize accurate identification of track fastener bolts distributed at different heights. According to
the relative installation position of the identification sensor and the oil sprayer,the linkage between bolt identification and oi-
ling is realized through computer control technology,and the compensation algorithm is used to realize accurate control of the
starting time and duration of the oiling process. The results show that the sensor can complete the identification of fastener
bolts on the track in different situations,with an accuracy of 99% ; the oil coverage rate of fastener bolts can reach at least
96.6% ; there is no false identification.

Keywords : fastener bolt, anticorrosion , identification sensor,computer control
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Energy management strategy of electric forklift hybrid power based on particle
swarm optimization algorithm
LI Qilei

Abstract : The traditional fuzzy control strategy is designed based on the knowledge and experience of the expert,and the op-
timization effect is limited. This paper proposes an energy management strategy based on particle swarm optimization algo-
rithm. With reducing the vehicle energy consumption as the optimization goal , this paper adopts the particle swarm optimiza-
tion algorithm to optimize the membership function globally. The simulation strategy model is built in MATLAB/Simulink
environment. The results show that the optimized control strategy can significantly reduce the energy consumption of the ve-
hicle, effectively distribute the power between the hybrid power supply, extend the life of the battery,and make the electric
forklift hybrid power have better dynamic and economic performance.

Keywords : electric forklift, hybrid power, energy management,fuzzy control, particle swarm optimization algorithm
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Fatigue analysis of motor equipment based on spectral induction
SUN Hao,FANG Ji,SHEN Zheng,ZHANG Baoming, PAN Haofeng

Abstract: Given the operational characteristics of rail vehicle equipment in diverse track environments, this paper proposes a

new fatigue life assessment procedure for locomotive equipment based on the random vibration environment induction method

coupled with the frequency domain structural stress method. Using the measured load of the suspended motor in a certain

high—speed train set as an example,the basic processing and normality test of the vibration environment data are conducted.

The upper limit of sample tolerance is estimated ,and the measured spectrum is obtained. It is observed that there is a signifi-

cant disparity between the measured spectrum and the standard spectrum specified in IEC61373. Employing the measured

spectrum as the simulation excitation, coupled with the frequency domain structural stress method , the fatigue life of the mo-

tor weld seam is calculated. The results indicate a minimum life cycle of approximately 3. 28 million kilometers , meeting the

required fatigue strength. In comparison with the results derived from the measured siress, the fatigue life obtained through

the frequency domain structural stress method is shorter, more accurately reflecting the actual vibrational environment experi-

enced by the motor.

Keywords : random vibration , spectrum induction, [EC61373 , frequency domain structural stress method , fatigue life
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Finite element simulation of the retracting process of titanium alloy self-locking nut
HOU Hanwen, CHANG Dongmei, XIAO Qi,LIU Xuefeng

Abstract : Aiming at the TC4 self—locking nut, the influence of holding time , retracting head shape and retracting capacity on

the retracting process of the self—~locking nut is studied by ANSYS finite element software. Based on the simulation results,

the laws of the stress and deformation of the inner thread region of the nut caused by different factors are analyzed. The re-

sults show that,because of the creep of the material ,the maximum deformation of the nut will be increased and the rebound

of the material will be reduced if the holding time is prolonged. It is recommended that the holding time be about 2 s, since

further extension of the holding time has no significant effect on the rebound of the nut while increasing the time cost. The

deformation caused by the round indentation is more uniform than that by the rectangular indentation,and the spherical in-

dentation is prone to cause stress concentration in the retracting process; the effect of the round indentation is the best. The

deformation degree of the internal thread of the self-locking nut increases with the increase of the retracting amount, which

improves the retracting effect.

Keywords : TC4 , self-locking nut,simulation , creep , holding time
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Influence of 3D printing conditions on the surface roughness of microchannels of PMMA
CHEN Feng ,HU Zengliang, LYU Wang, LIU Guangda

Abstract ; Polymethyl methacrylate (PMMA) microfluidic chips were fabricated by FDM3D printing technology , and the in-
fluence of different printing conditions on the surface roughness of the microchannels of the chips were explored. The results
showed that with the increase of printing temperature , the surface roughness decreased first and then increased. With the in-
crease of the thickness of the printing layer, the surface roughness showed an upward trend. The change in printing speed had
the smallest influence compared with the other two parameters. Through single factor experiments and orthogonal tests , it was

found that when the printing temperature was 190 °C,the printing layer thickness was 0.1 mm,and the printing speed was

75 mm/s,the best microchannel surface roughness performance was achieved.

Keywords :3D printing, PMMA , microfluidic chip, microchannel ,surface roughness
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O OE.ARGAKS AR IR B0 M AR TR L AT RAE . AR SolidWorks 2 5K 30 A 1| 1145
) B = AR fovg A Hr A eh f LA SRR CFD $EAE M T E xRS A IR BAGHATHE, EEFR . LS
B EHEREEEZ Fridd AR E TN ARENTH TRRT 4 Fet A BB E DA 4T, FRBESS
MRBTRAGENEARER AR E, EREAN, B3t HKEEEZIE KD 0.5 MPa B, 545 A 2 5 oK E
HAMARRARET @RI EN, AL TFHEFEIEZ A 0 MPa b, vHib AR EIR 35 41.9% ;hALEH S A et B
AR T RN MR RRET 23.9% G AAXRSTLAANE L5 XRE L, FHBEKH A RIE
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KBRS ARMNERE sTRMKA EASH BEESH M

HE 5 2KS: TH318 XERFRINEG A X E RS :1002-6886(2025)01-0084-07

Optimization and numerical simulation of structure of hydrodynamic valve controller
LIU Siyuan, DONG Jiong

Abstract; In order to improve the torque output efficiency of the hydrodynamic valve controller, its structure is optimized.
SolidWorks is used to establish a three—dimensional model of the hydrodynamic valve controller and the four new types of
blades,and CFD numerical simulation method is used to simulate the flow field of the hydrodynamic valve controller. The
changes of impeller angular velocity under different pressure differentials in the inlet and outlet pipes are studied,as well as
the pressure characteristics and torque changes of the four blade models under specified inlet flow rates. The natural frequen-
cies and corresponding vibration mode diagrams of each order of the blades are obtained based on modal analysis. The results
show that when the pressure differential between the inlet and outlet pipes increases to 0.5 MPa,the reflux and non—direc-
tional flow phenomena at the outlet pipe can be effectively solved; compared with the pressure differential of 0 MPa,the im-
peller angular velocity increases by 41.9% . The optimized S—shaped curved blade structure improves the torque output effi-
ciency by 23.9% ,and effectively increases its natural frequency,delaying resonance occurrence,and ensuring the stable op-
eration of the unit when the hydrodynamic valve controller is working.

Keywords : hydrodynamic valve controller,blade optimization, presure analysis, modal analysis,numerical simulation
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Parametric design and machining application of finish milling tooth of inner helical gear
WANG Dongdong,ZHANG Liren,ZHENG Jie, WANG Donggiong, YUAN Xiang

Abstract: With the continuous development of wind power generation, large megawatt gear boxes have become the main-
stream. As a key part of the gear box,the machining demand of the inner helical gear is difficult to be met by the traditional
milling equipment. In order to break through the limitations of the existing machining equipment and improve the consistency
of the tooth surface allowance,this paper uses NX to conduct parametric modeling of the inner helical gear,and considers the
factors such as heat treatment deformation and tooth root region optimization,thus greatly improving the modeling accuracy.

Practice proves that the precision and allowance of the gear after machining meet the technological requirements. This study

has certain reference significance for the machining of similar parts.

Keywords : inner helical gear,finish milling tooth, parametric design,tooth surface allowance, consistency
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Influence of high—frequency induction remelting on microstructure and
mechanical properties of WC-17Co coating
LONG Jin, TENG Lihu,SUO Pengbang, CHENG Xinhu, WANG Taiming,ZHU Chunli, REN Qiang

Abstract ; In order to improve the mechanical properties of the WC—17Co coating and make up for the shortcomings of super-
sonic flame spraying, WC—17Co coating was prepared by supersonic flame spraying. The coating was then subjected to high—
frequency induction remelting. The metallographic microstructure , microhardness, and bonding strength of the coating were
analyzed. The results showed that after high—frequency induction remelting,the WC-17Co coating had uniform microstruc-
ture ,low porosity,and a significant increase and refinement of WC phase in the coating; the bonding between the coating and
the substrate interface was better,and the bonding mode had shifted from mechanical bonding to metallurgical bonding. High

—frequency induction remelting can significantly improve the hardness and bonding strength of the WC—17Co coating, with

the microhardness reaching 1461.5 HV, ; and the bonding strength reaching 86.65 MPa.

Keywords : high—frequency induction remelting, WC—17Co coating, microstructure , bonding strength , microhardness
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Microstructure and mechanical properties of nickel—aluminum coating under different spraying methods

SUO Pengbang, QIU Wenyue , LONG Jin, CHENG Xinhu, WANG Taiming, SHI Nian, CHEN Cuiying

Abstract:In order to study the microstructure and mechanical properties of the nickel —aluminum coating under different
spraying methods , nickel—aluminum coating was prepared by atmospheric plasma spraying and supersonic flame spraying, re-
spectively ,and the microstructure ,microhardness and bonding strength of the coating was compared and analyzed. The results
show that the nickel-aluminum coating sprayed by atmospheric plasma has uniform microstructure,low porosity,no cracks,
and contains certain oxides. Plasma flame flow can fully melt the Ni5Al powder,resulting in higher microhardness and bond-
ing strength of the coating. The microstructure of the nickel—aluminum coating sprayed by supersonic flame contains a large

number of unmelted particles,and its microhardness and bonding strength are lower than those of the coating sprayed by at-

mospheric plasma.

Keywords : nickel —aluminum coating , microstructure , bonding strength , microhardness
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2%  FreeRTOS
SERARIRAD : A X EHRS:1002-6886(2025)01-0101-05
Control system design of transmission line ground wire deicing device based on FreeRTOS
MAO Xianyin, HU Rongjun, DING Zhimin, WU Gang,LU Caijiang

Abstract: Aiming at the problem of ground wire deicing for overhead transmission lines, the control system of the mobile
ground wire deicing device for overhead transmission lines is designed based on FreeRTOS,including the control end of the
device body and the background control end. The control end of the device body adopts the FreeRTOS real-time operating

system as the core,receives and executes the instructions sent by the background control end, and sends the sensor data to

the background control end to realize real-time status monitoring and control feedback. The background control program is
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responsible for sending control commands to the device body end and receiving monitoring data such as sensors and battery

power. Modbus—RTU protocol is used for communication between the device body end and the background end to ensure sta-

ble and reliable data transmission. The software interface of the background control end is written in Qt5,and the interface is

intuitive and friendly. It is convenient for operators to configure serial port parameters, establish connections, issue control

commands , and monitor and manage batteries. The experimental results show that the designed control system has high relia-

bility and stability.

Keywords : deicing device,overhead ground wire, control system, FreeRTOS
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Cause and control of bright carbon in hydraulic valve casting
SUN Xiangguang , QIN Cheng,ZHOU Zhengshou

Abstract: Leakage occurred when testing a hydraulic valve block. After sectioning the leakage area, bright carbon defect
was found. This article introduces the position and appearance of the bright carbon defect on the hydraulic valve casting.
The causes of the bright carbon defect are analyzed using SEM and EDS, and the measures to avoid the defect are summa-

rized as follows: (1) increasing pouring temperature; (2) increasing pouring speed; (3) reducing the addition amount of

resin in the precoated sand; (4) optimizing the venting of the core.

Keywords : bright carbon, hydraulic valve, nodular cast iron, process optimization
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Analysis of fractures and cracks in TC1 alloy ignition bracket
HU Linrong, BIAN Hongyan, CHENG Xinhu, TIAN Liang,LIU Yilong

Abstract: During on—site installation and inspection of a certain type of engine,it was found that the TC1 alloy ignition
bracket had fractures at position 1# and cracks at position 2#. This article determines the nature and cause of the fractures
and cracks through fracture inspection,chemical composition analysis,and analysis of the production and assembly processes
of the parts. The experimental results show that the fractures and cracks are fatigue fractures and cracks caused by high ini-
tial stress and low propagation stress. The initiation of fatigue cracks is related to corrected deformation stress, assembly
stress , vibration stress,bending stress,and stress concentration at the root of the bracket. The welding hole defect at position
1# also has a certain promoting effect on the initiation of fatigue cracks.

Keywords: TC1 alloy, fractures and cracks,fatigue , stress concentration
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Power line fault location algorithm based on improved least squares method
QU Xiaobing , MA Jianhua

Abstract: Aiming at the problem that the traditional least squares method is greatly affected by the time constant 7 in the
fault location of power lines, an improved least squares algorithm is proposed to locate power line faults. The algorithm a-
chieves fast and accurate location of faults in the power system through the full-period Fourier processing of the measurement
data and the improved least squares method. It can remove the influence of the DC component effectively. By establishing the
line fault model and applying the proposed algorithm, the results show that the accuracy of ground fault calculation using the

improved method is 98.322% ,and the error is 1. 678% . The algorithm can locate power line faults quickly and accurately,

with high reliability.

Keywords : fault location of power lines,improved least squares method , power system, full-period Fourier transform
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Solution to the durability problem of anti—wear gasket at electric vehicle drive shaft end

based on Archard wear theory
ZHANG Yunfeng, WANG Tingjun, GUO Liang

Abstract: As a key component of the automobile transmission system,the drive shaft is prone to encounter NVH problems.
Based on the stick—slip theory,a ring gasket coated with anti—friction agent on both sides can effectively eliminate the abnor-
mal friction between the drive shaft and the hub bearing end face,but the gasket is easy to fracture. Based on Archard wear
theory and Abqus engineering analysis method ,we proposed various improvement measures,and conducted combined verifi-
cation. The fracture problem of the anti—wear gasket is effectively solved. This study has provided theoretical basis and engi-

neering experience for subsequent development of new models.

Keywords : drive shaft,anti—wear gasket, Archard wear theory, NVH
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