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Force—closure analysis and gripping force optimization of test mass caging mechanism sub-system

WANG Heshun, JI Yujie

Abstract: The test mass caging mechanism sub—system (CMSS) is one of the important parts of the gravitational wave de-
tector, but there are few reports on the analysis of the caging mechanism sub—system based on force—closure theory. This arti-
cle analyzes the caging mechanism sub—system from the perspective of force closure,so as to provide theoretical support and
reference for the design of caging mechanism sub-system and subsequent research. Based on the force wrench theory, the
gripping matrix of the fingers and the test mass is established,and the relationship between the contact force and the external
force of the test mass is analyzed by the force—closure principle. Through the analysis of the gripping quality indicators, the
optimal contact point position is obtained. The gripping force optimization problem is transformed into a nonlinear program-
ming problem,and the fmincon function in MATLAB software is used to optimize the contact force. The optimal gripping
force is obtained ,and the finite element analysis is carried out by ANSYS Workbench software. The maximum deformation of
the test mass is 0.4 pum,which meets the design requirements.

Keywords : force—closure, friction cone, gripping force optimization, finite element analysis
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Abstract ; Under the context of unmanned construction of airport concrete pavements, this paper focuses on the key technolo-

gies involved in pavement paving and post—processing vehicles. A multi—modal sensor—based environment perception and

trajectory planning system is designed. Through the laser radar and visible light camera, the collected boundary information of

the concrete pavement is processed and computed, generating a reference trajectory for guiding the paving machine. The envi-

ronment perception module adopts deep learning—based image detection technique and point cloud—based feature extractiont-

echnique , combining multiple sensor data through the Kalman filter algorithm. The trajectory planning module utilizes a 5th

order polynomial interpolation method that minimizes the impact force to plan the trajectory. Experimental results demonstrate

that the system can accurately extract the pavement boundary and generate a collision—free and dynamically feasible refer-

ence trajectory , which can meet the requirements of vehicle travel and construction application, and has certain application

value and engineering significance.

Keywords : crawler vehicle, environment perception, sensor fusion, trajectory planning
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Structure optimization design and analysis of the 3—RPS driving mechanism for large antennas
WU Kai,ZHENG Fei, MEI Guifeng

Abstract : Replacing the azimuth—pitch serial mechanism with a parallel mechanism as the driving mechanism for the reflec-
tor antenna can satisfy its pose adjustment requirements and achieve lightweight design of the overall structure. At present,
there are few research and engineering practice of applying parallel mechanism to large antennas. Therefore, it is necessary to
conduct mechanical analysis and structure optimization of the parallel mechanism that bears large loads to satisfy the require-
ments of load—bearing and motion accuracy. Optimization design and finite element analysis are carried out for the structural
scheme of the branch chain of the 3—RPS parallel mechanism under large loads. Firstly, static analysis is conducted on the 3
—RPS parallel mechanism to obtain the force characteristics of each branch chain of the mechanism under a certain load on
the moving platform. Secondly, given the basic size parameters and activity range requirements of the mechanism,the struc-
tural scheme of the 3—RPS parallel mechanism branch chain is designed. A parallel hydrocylinder scheme is proposed to ad-
dress the severe bending of the branch chain of the parallel mechanism. Finally,the structural scheme of the parallel hydro-
cylinder is optimized,and its stability is analyzed. The results show that the optimized parallel hydrocylinder scheme has bet-
ter performance than the original scheme and satisfies the stability and safety requirements. This study has provided reference
for practical engineering application.

Keywords :3—RPS parallel mechanism,multistage hydrocylinder, finite element analysis , optimization design
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Design and control of ball serving robot for competition
ZHANG Rihong, HUANG Zejun,ZHU Zheng , HUANG Yucheng, XIAO Hongxu

Abstract: The design and control of a ball serving robot involve multiple fields of knowledge,including mechanical structure
design, electronic circuit design,single chip microcomputer control , machine vision, kinematic modeling, control and debug-
ging, etc. The mechanical structure of the robot mainly consists of a ball -picking mechanism, a ball -passing mechanism, a
ball-serving mechanism,and a chassis mechanism. The chassis mechanism provides mobility for the robot. The ball-picking
mechanism is used to pick up and place the balls. Combined with the visual positioning unit, it achieves accurate positioning
and automatic grasping of the balls. The ball-passing mechanism is responsible for transferring the balls to the serving mech-
anism , which launches the balls to the target area. The main control chip of the electrical control system is the STM32 micro-
controller,which coordinates the control of various actuators. A prototype is constructed and tested ,and the results show that
the ball serving direction and speed of the robot can be controlled.

Keywords : ball serving robot,forward and inverse solutions of manipulator, chassis control, single chip microcomputer con-

trol , promoting learning through competition
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Performance conformance evaluation method of hydrogen fuel cell
BAO Minjie, HUANG Rui, CHEN Junxuan, CHEN Xiaoyang,ZHI Wenbin, LU Guodong, YU Xiaoli

Abstract: In order to comprehensively evaluate the performance conformance of fuel cell and extend the service life of fuel

cell stack,the coupling relationship among anode gas flow, cathode gas flow, cooling water flow, voltage , temperature and effi-

ciency was studied by using principal component analysis (PCA) ,and an improved cell performance evaluation index was

proposed. The index was compared with the fuel cell steady—state test results to verify its validity. Finally, the effect of differ-

ent cell numbers, gas manifold diameters and cooling water manifold diameters on the fuel cell performance were analyzed by

the evaluation index. The results showed that, by reducing the number of cells and increasing the gas manifold diameter and

cooling manifold diameter,the conformance of cell performance could be improved; the gas manifold mainly affected the volt-

age conformance ,and the cooling water manifold mainly affected the temperature conformance.

Keywords : fuel cell,PCA , conformance evaluation, cell performance,structural parameter
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Analysis of milling force of SiCp/Al composite materialv
ZHANG Xianrang, TANG Zhaofang

Abstract : This article establishes the constitutive equation of the aluminum—based silicon carbide composite material ( SiCp/
Al) and its milling force theoretical model,and explores the influence of cutting parameters on the cutting force through ex-
periments. The results show that as the feed amount and the feed rate increase,the cutting force increases accordingly; as the

spindle speed increases,the cutting force tends to decrease.

Keywords : aluminum—based silicon carbide composite material , milling force , cutting processing, milling
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Research on electromagnetic characteristics of high—pressure air solenoid valve
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Abstract: Taking the self—designed high—pressure air solenoid valve as the research object,the mathematical model of the
solenoid valve under different conditions was established,and the parametric analysis was carried out based on ANSYS Max-
well software. The influence of the key structural parameters,such as the position of the magnetic isolation ring, the length
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parison of the simulation and test results,the correctness and feasibility of the simulation model of the solenoid valve electro-
magnet assembly were verified. The dynamic and static performance of the designed solenoid valve is improved, which pro-
vides reference for the design of the high—precision control system of the high—pressure air solenoid valve.
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Optimization design of DN50 double circular cutter
LIU Qing, YAN Xu, QIN Dongxing

Abstract: In the industrial field,the stainless steel pipe to be cut is located in a closed container. Considering that electric
sparks and iron filings cannot be generated inside the container, cold cutting is adopted. According to actual needs,a circular
cutter placed at the end of the robotic arm is designed to complete the pipe cutting work. To verify the cutting effect, Work-
bench software is used to process the stress analysis results and verify the strength. Finally, the DN50 stainless steel pipe
made of 316L. material is selected as the experimental object,and through multiple cutting experiments , the improvement and
optimization of the cutter are completed.

Keywords : cold cutting, Workbench , stress analysis, strength verification, DN50 stainless steel pipe,improvement and opti-

mization
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Design and application of a bearing dismounting device for rail transit cars

HUANG Wuyang, ZHANG Jun

Abstract: The research on the bearing dismounting method and device for rail transit cars is very important to the efficiency
and quality of rail transit product manufacturing and maintenance. Aiming at the bearing dismounting problem of a certain
domestic rail transit car, this paper designs a self—adaptive dismounting device based on the analysis of the existing bearing
dismounting methods. Finite element analysis of the key structural components is carried out by constructing a three—dimen-
sional model, and the stiffness and strength of the device are verified through application. The application results show that

the dismounting device can effectively improve the working efficiency, ensure the integrity of the bearing, and effectively a-

void the strain of the bearing and the axle.

Keywords : rail transit, bearing, dismounting device, self—adaptive, finite element analysis
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Design and application of tooling for bearing pad of cementing and fracturing plunger pump
ZHANG Baoju,YAO Kong,HE Yiwen

Abstract ; In the field of oil and gas extraction, cementing and fracturing plunger pump plays a crucial role,and its reliability
and stability have a decisive impact on the efficiency of oil and gas extraction. Bearing pad is the core mechanical component
of the cementing and fracturing plunger pump,which is responsible for ensuring the stable and reliable connection between
the crankshaft and the connecting rod. In this study, the structural innovation design of the key tooling of the manufacturing
process of the bearing padis carried out. The designed tooling adopts the combination structure of tooling seat and tooling cov-
er,and is positioned by the chimeric connection of pins and threads,which realizes the overall installation and processing of

the bearing pad,and significantly improves the processing accuracy, efficiency and reliability. The bearing pad tooling has

been applied and verified in actual production,which is effective and practical.

Keywords : bearing pad, tooling, installation process, structural design, processing precision
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Die—casting design and application of aluminum alloy steering gear shell
ZHANG Xueming, WANG Jianguo, JIANG Liwu

Abstract: The article carries out modification design of the casting steering gear shell ,and completes the die design and die
casting product processing. In view of the problems existing in the steering gear shell after die casting, the process is ana-
lyzed , the structure of the die is modified, and the finishing machining of the casting product is optimized. The problem is
solved,and the product qualification rate of the steering gear is improved.

Keywords : steering gear shell , die—casting molding, fault analysis, process optimization,reduce cost and increase efficiency
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Immersion thermal management technology for lithium—ion battery

CHEN Jie,NIU Yaheng, CHEN Junxuan, WU Qichao, HUANG Rui, YU Xiaoli, QI Jianbin

Abstract : In order to comprehensively explore the influence and rule of various factors on the immersion cooling effect of bat-
tery module , taking the smallest module unit composed of nine 21700 batteries as the research object,a test bench was built
and experimental research was carried out. It was found that,the temperature difference of the module under the condition of
forced convection cooling was smaller when 1C discharged, while the temperature difference under the condition of natural
convection cooling was smaller when 2C discharged. The numerical simulation method of the immersion cooling module was
established and verified. By comparing and analyzing the results of different models it was found that the electrical connec-
tion components would affect the temperature rise and distribution. Based on the simulation method , the influence of the cool-
ing medium and its flow rate and temperature on the cooling effect was explored. The temperature rise and temperature differ-
ence decreased with the increased of the flow rate; reducing the inlet temperature would reduce the temperature rise,,and in-
creasing the inlet temperature would diminish the temperature difference of the module.

Keywords ; battery thermal management ,immersion cooling, influencing factors , temperature distribution
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Dynamic simulation and analysis of smallelectric crawler vehicle

GUO Yuanyuan

Abstract: The complex and variable landscape of mountainous areas hinders the use of medium and large—sized agricultural
machinery. Therefore,a small electric remote—controlled crawler vehicle suitable for mountainous areas is designed, and its
dynamic performance on slopes is simulated and analyzed by using RecurDyn. The results show that when the vehicle is load-
ed with 200kg and traveling on clay road surface,the maximum slope angle of longitudinal uphill is 40°,the maximum slope
angle of longitudinal downhill is 37°,and the maximum slope angle of cross—slope driving is 27°. The test results show that
the relative error between the limit value of longitudinal uphill and the simulation result is 7.5 % . The vehicle operates stab-
ly when traveling on different road surfaces,and can meet the current requirements for the use in mountainous areas.

Keywords : crawler vehicle , RecurDyn, climbing performance ,dynamic simulationv
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Topological optimization design of the underframe section of a certain subway aluminum alloy car body
YUAN Fengjiao,SUN Liping, WANG Yuyan,BAI Yuyu

Abstract: In this paper,the finite element analysis of a subway aluminum alloy car body under several important working
conditions is carried out. The results show that the static strength and stiffness of the car body meet the specified require-
ments ,and there is potential for weight reduction. Subsequently, topological optimization is carried out for the aluminum alloy
section of the underframe of the car body,and the fascia of the underframe is re—designed according to the results of the to-
pological optimization and the actual engineering practice. The static strength and stiffness of the optimized underframe are
verified through the finite element analysis. The results show that the optimized car body meets the requirements for static
strength and stiffness. After optimization ,the weight of the underframe is reduced by 268 kg (8.8 % ) ,which is a considera-
ble weight reduction. This study can provide reference for future lightweight design of the fascia plate of the underframe of the
aluminum alloy car body.

Keywords : subway , aluminum alloy car body , underframe , topological optimization,lightweight design
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Analysis of fluidsolid coupling vibration characteristics of automotive air conditioning pipeline

ZHANG Ningbo, HUANG Xiaoru, LIN Xiangzhi, LAN Qingxiang

Abstract :In order to study the vibration characteristics of the automotive air conditioning pipeline, the vibration characteris-
tics of the empty pipeline and the pipeline when considering fluidsolid coupling are compared and analyzed. The natural fre-
quency and vibration mode diagram of the empty pipeline and the pipeline when considering fluidsolid coupling are compared
by using the finite element analysis software. The results show that the natural frequency of the pipeline obviously increases
when considering fluidsolid coupling. In order to further study the vibration characteristics of the pipeline,the harmonic re-
sponse analysis is carried out. The results show that when the frequency is close to 5 Hz,the amplitude of both the empty

pipeline and the pipeline when considering fluidsolid coupling reaches the maximum. In conclusion, resonance is prone to oc-

cur near 5 Hz,so this frequency needs to be avoided.

Keywords : low—pressure tube, natural frequency,fluidsolid coupling, harmonic response analysis

0 35

BEE AT R 2 A SR AN 1A 16 K -F R 4
B IR E O T AMIA S R AN m D i —E
) A DR A BT IS PE AN PR D T B e Y 2
Ko VRAZS RIS 1 B 7 5 20—,
2SR B IR LR IR s M R G R B
HERIFE R o % 2 PR R AR LA E T A 2™ A —E 1Y
PR3l T X LE IR By 2> e e B RH R HE A4S %, AT
SR HR S B EEAE RN R RIS , t TR iRy
Bl e RS AR T, & [ = A AR 3l
(e NE = e g vk S R (R ala o DIV e B P N
T I R GER A BT A IO B A BRER T
L R S () 5 R BT 5 BRAY 2K | b 75 25 B

KIRS: A7 A S M, A A AR 3h 2 R My 4=
FREPEAN R e, R OC TR 2 A BT 5T O T
7B S5 N9 s R A A [ 5 iR sl e
FETorH . AR A B AL 5 (R 4 25 R A B
PEAT TS, BRI P FIR B 45 5 AT A G
WSS 8 i 05T A s PR sE AR s el 2 O3
U MR B 2N 1 56 e A S HLAS U
WA PR S & #4770 F R . B Ak
XTI A VA AR ST T L 2, A 5 AR 2 A0
2SR AT T MR A SR T — b R A
MR AR I TR R R MR P iR
WG NG A Bl g 2 N EE A 3 2 3 b 1 s P
HMILAE s R B8 e AR 5 R )R 3l ) AL, R A BR T 73
BRI SR A BEAT X H 0 B, e AR AT 149 [0 4 4t



ARSI AR F 0T, ELAE o 900 0 BT P 194 [ A
RRUEAR 228K, JA A AN AR N X I 25 98 % 4h
HLERA BN IR, (5 ] CAE J7 15 % R4
— VU A B R L AT T RUE T R R IR T 2
PATT 6, Fe W58 e A 07 58, i ok T I )
RO VR s i SRR i R A PR A IR, K]
B AT LR 2 PR B T 2 S AR S BR G s  L

RSO HI S R 2 PR A AT T R Bh s
PR, Xk HE 23R 1 A A 25 48 2% BB [T R 5
PIRIRZS A IR B ReE o X A7 B HEAT T 308 o 2 7
M, TAEEAT I WA R0 AT 2 AT A BB RS AT
M AT TSR A B B AR SRR, O A R AR
(IR Tt A2 RO AR BB ST 4%

1 REEEESW

RS AT FH DR SR figp 54 1) T A AR, A A
PR AN AT PRI 30 e o gk 284 9 [ A7 R, 4.
A AL IRII AR | AT 38 O IR T3 o 45 40 ) 52
Wi, o FAT A ZE G, A R AR B BLE 3t
TN

[M]{ut + [CHut + [K]{ut = {F(2)§

(D)
b [ M] RSB BRI, [ C] D9 45 1 Rk 7k
B R B, [K] RPERRIE R, {ul RRARE, uf
PRI, {u FORMEEE, [F (1) ] EdRII,

fEanite o A ks, nl Z e, Wiz 37 i
(1) nlfaifes .

[M]{ul +[K]{ul =0 (2)

X ICBH R A AR ik (9 B AR T R R R
fEfEL RIS, B

[K1{d | =wi[M]id,] (3)

o, FoRH L ARt N EHEARR o,
FEXE R 4RI A SRR T8 v 2546 A AR B [ 4
LB S WA , N BCAE XTS5 HE AT 18 A IR 3
PRI, — SBCtR BOUHC AR A 1] P 1A 9350 5 4 A7 F

2 BRTHASH

FI GRS PRI 1 PR, A7 (5T
B A BRI PEA T 1AL RO A B R AR

LA i

Design ,Research&Analysis

J A 2 R, = AR R QNI 2 BT

B2 REE=4E

| 2024 5 % 5 3

B1 REEXWE

YA T [ AT 03 R R A AL A S8 s S B R
WA s AU O R ), SRS B R R R )
SIEIRIG , SRS ZAK SME R S5 AT AR N )
{0 RIS, TR D) (145 45 8% ™ 2F W A 4%
MG, DRI Ry A T R I G 1 7 A R R [ g
TTRBN R AT, 358 238 3 40 B B 1 [T A 0 3
TEFNYR AL, 1 fifk 2t 1) %) 1816 I sh e e 5 I ik 3 v
IO ATT R A B A SRR TR AR, DA TR SR 5
=
2.1 REBEESSH

AR M T2 % 3 o [ 0 3 AR B AT R
fiE, RCAE 3 A I 2 B AR [ R AR &
EHNFAR 1 TC G TEXHIR R A B AT AR A by
B, S GRAIE A3 BT 25 SR A A 1, e BRI R 38 19 2 B T
UAE A I T B fn ) 2 B R B A e O TR AR
Pl e e zg e . BB R G S ARIK

AE 4% 8N 2700 kg/m’ AR HE 0. 33, FPE AR &
69000 MPa, iK% A 1000 kg/m®  JAFAHL 0.49
VARG 6.1 MPa, HI TRB IR 2 5wk, N
WCAE A TS A M, E 25 T AT 10 B[4
WA, H 10 By EA SRR 1 R, [F
PRIUE FEHT 4 Br#RBUE, In1El 3 PR,

*1 E BRI 10 B E B SR FHREY

ME A/ He FEPRA

1 1.845 TR X Iy R ETE )
2 5.117 FERIA Y T AR
3 5.468 FERIA X J5 R EE )
4 10. 895 FEERIA Y ey BT s
5 10.919 FERINA X FRMFEH )
6 17.947 FERIA 2w LT
7 18.168 FERINA X FRMFEH )
8 24.655 FERI N Z iy L)
9 26.989 FERI N X J5 [ HTE S
10 27.029 FERI A X J7 [ HTE S

- 83-



3 Ix; . M I Modern Machinery
) 57) ’ il& Xiandai Jixie

uuuuu

2B R A

nnnnn

SANTRALIA

3R
3 B4 MESIREE

I ULEAE B BRI 4 B R AR A8 I LR
KA 2R AR AR A % b 1O ORI
oA A B g KT 20
2.2 MERBEEESSH
PN 2 R Vi S S e o8 K 2 e 1 e [
FEAEARELAR I X 3t (A U 33 5 186 14 17 3 197 732 1) 2%
B, SRR IE R 1) A 3 K Mgk ik N 03 5K it
o DL TR G TR o B AN 1 S 1 JEE ) iy LA AE JE [
5SS FTHAL | 6 AL A S AR T 7 R d FA
Ui g R T SRR AARSE R, BRI 4
MITHE:
T,en, =T, N,
d,=d,

4= (4)
T, =T,

PRI, s Sy [T

DL TR S B A% 188 T =TT 4 P L)
PG AT S XU AR S BT o AS SCTEX A i A U [
FEA RSN | F2 X H AT BT [ 5 3 BT o
B R R AR R HON AT S AL i 1 ) [
A, ANSYS Workbench H7 0] LLF] ] Fluent 5 DS #
AT 5 )it A G A

Ui TR 53 T ) LRI R 5 B g i A A
B[R RN ] 2K [ B EAG R ] A |

.84 -

T EL R AT b LR A W AR A | ] (A58 v h LR
A AR DR 22 i L AR R SRS A RE
FTRARIIAT . AEREAT A 23 Ar IS 5 2400 ) [ A A
B SR IGRETAR 7 M B4 R ABLS i b ek A T
ARSI T N DUV 55 2400 ) AR R i T , 3 R
Hi 10 B A 35 EUE, Wk 2 Brs, W) 32 Hi AT 4
BrIRAL, Wisl 4 s,

R2 EEREBAERAIET 10 B EHREMIRE

p TORE g e PO e

2 17.086 ;if%;ﬁ 7 41.5% %ifﬂ%zﬁ

4 25351 iffgﬁ%g 9 47762 ;if%&%yi
A

5 29.588 iffjﬂiﬁ 10 53.936 %if%%zﬁ

nnnnn

2R R

z 2
2000 ) L-.v o 30000 ) L v

3R AR
4 EZEREBESH4 HMERIREE

2.3 EBMEENESH

W EARSHT AR S R R E RS S
B0 A BRI L, W36 3 FoR Sl a4 BT
AR FEIA IR FS |, Hi198 7007 i shad 78 2 X4
B = RE L P ks 0 RN R g PR Ik S 5L [ A R



EAWRTH . B TAER AR T AT U5 W1
JERE A, DR A5 A I A A AR M EE S R, 9 FLAF AL
WIEE S A T4 B o o 9 284k, T LS B 7 [
AR, ARPRIETE R e A 5 B
PR A BRSS9 255 UL A X A B T A 03

FAHMFZ
*3 E B SR {E XS L 43 17

ey AN ey AN

W3/ Ha B/ Hz
/Hz /Hz

1 1.396 10.337 6 17.947  31.806
2 5.117 17.086 7 18.168  41.596
3 5.468 21.016 8 24.655 42.85
4 10.895 25.351 9 26.989  47.762
5 10.919 29.588 10 27.029  53.936

T A0 b AR 2 R [ A BT 4 B iR LR
TR, 25 A T 4 B IR B A a5 R AR I 53 5 D
141.5 mm 130. 14 mm .134. 47 mm  126. 44 mm, %
S A A BT 4 B AR ALY e KR TR AE 4 Wl
118.73 mm . 120.35 mm . 129. 11 mm . 122. 36 mm,
T EOE LE AT, 2 R I R A B B R I (AT
JITRRAR (BRI 5 ), A B 10 T A 4 R A
B SRR, B PR IR 15 X B 1) A AR
e B8R TR 78 B A AT RS2 Wi RE RN

3 &N RS

I R R L 00 S I R AT TR S Al R G rh e A
D I YA R SO S N 2 B A i e T
A AE — 7 118 B0 358310 ] PR 435 g g e o7 {0 %o A1 46 174 iy
2, AT 9T N 51 RE 00N 4544 i) R 2 v 3l Rtk
I H BB B0 25 48 A 1 T2 75 R RETF 24k 95 55 LA
L HAMSZ B IR 5 R A FROR 1 oA
JIRWT FR

[(M]{ul +[Cl{ul + [K]{ul = {F(1)}

(5)
K [ F] R, [u] A0, BT,
HER o,

WA 5B IE 2l T R R

(-’ [M] +io[C] + [K])({u} +ifuyl)

=({F |+l k) (6)

it AR S
Design ,Research&Analysis
TR 5 A DA %, MR8 50K 4T R
SR RARHLTE T AR R PO AR iz 3, RIYE 2
Agisg, MR, AR 2ok
R RAHLTAE =R BIR T . EH) RITA
BE o] AR T 52 B B8R 1 £ N Z 05 Y
TN EE | H KN R 27000 mm/s? 0I5 B4 590 L
0 ~100 Hz, HHEAA Mol 48 B AR AR ) B K
BB H BRI A, DR I 4 B s 8 2 8
TLERRA T AR A 0 07 2B 4138 Mo 07 A, 2 B
PRI XY \Z = AT ) N7 450 b 2 1 AT B
GYMT . A AE A 2 AN E S T, 2
R4 7 A 2k AN 6 F s

..... Y Y
[ YO 7
0.14 g 0.14 X

| 2024 5 % 5 3

0.121 0.121

£0.10] £0.10]

s =

50.08] 50.08 l

R0.06] R0.061 i

2006 006

0.04] 0.04 l L

0.024 0.021 i /L i

0.00. 0.00]l === S| B
0 20 40 60 80 100 0 20 40 60 80 100

WA IHz Mz

Bs5 ZENNFMEEZE BEo ZEREBANA

SN i £k

HRPEELS A AEZS B ORI A
25 Hz B AR MRS W, PRI 23R Y ],
Hrr Y Jr 1 i I s R AE N 0. 164 MPa, Z J5 [ 1Y
W KA M 0.08 MPa, X J5 6] By I S 0 %
HRAEE 6 I, 7E7%5 [E R AR A 0L T U8 2
FE 25 Hz B HARIE I ., EZRMA Y Jym), Ho
Y D7 [ BN S RAEN 0. 131 MPa, Z J5 [ B ) fx
KAE A 0.07 MPa,X J5 14 0.016 MPa, a4
V1R [T A 00 0 2 BB T [T A 15 114 1 A 4003 W] A
2R T W B AT % 26. 989 Hz FIES 8 [ [ A Hil
2R 24.655 Hz I, Fi-%5 &L AR & A 56 4 B [ 4
25,351 Hz B}, & MR 2T 25 Hz, RIILAE
W B R BES 30 1 [ 00 3 25 T WU, 7 B E A8 R
BoHrAEIRMS

4 B

IRy =]

ARSI FEI G 28 S B A IR sl e e, R4
SRR AT TABROC T, 2R 7S
RN R R I R A Y [ A R O Lk

. 85-



SLINLAH | Nani s

FrXFEe oA o I S A O 2 R R £ 1
R A A W RS ol T R
JEATHLA RS 8 1] Btz 3 Y, DR i 3of 3 i a4
RSB RE SIAIT o 3 Ao T SO 53 BT RTRL S R RN
JE RS i, 4 A AR 25 Ha B B O
W LB B, M A8 ) A IR IR TN iy
OB AR 3l X B AT SRS AT, T A
PR IRENREE IR, 5 S PR R AL T
HOE S

S TR

(1] A%, F=44,8F0, 5. AL AKEERABS
S HAFESHT[T]. RF 5 A £,2022,41(10) :245-
251.

(2] ZF, 0, 3 skm. A5 A & R X 5 A &
HALZ AR [T]. ALl TA2,2015,32(10) ;1341 -
1343.

(3] BEK. XIHIE R EIEHK MK F 6 6§ %327
FLI]. b RF R BR AR 5 FE 54k ,2023,23(1) 101
-106.

(4] R34 FHE LA TRERRDREFTHEF
W xR E B A[)]. R eA,2022(3) :48-51.

[5] W% 4F%, 54, F AKRFIROTAFTERIKEIS S
MEEBEHR[I]. R E +E,2017,36(1) 261 -
267.

(6] RFA,FHMM KRG, 5 AT CAEGFARRYE
PEISE RIS F S AERA[T]. REAH,
2017(6) :48-51.

(7] EM A, A F K& 69 2R E 5% 2 M A Sk
Mt [ 1], R a8 K 5 54k ,2021,42(2) :66-72.

R N
= = i i i I A I 3 I

(EZEFE 19MW)

(4] BIE FERB Nak, 5 ZaHEREFFENMHIE
5 FHESIT[]]. HURF £ ,2019,57(6) :63-66.

[5] R9E,FREE,KRTE ST NAGEARFEREEY
Aokt [ 1], Eaml#E4s 2007 ,28(7Z1) ;209-211.

(6] Dk, Z& ARE. RELAL LA LEIRZE T
WA R[], AR R % 2023,23(4) ;145-147.

(7] A# HEHE XM, 5. 5 BA % b4 A 2 M BAT
[J]. & EA 35 %F4,2013,33(12) :61-63.

(8] EE , FFm WHXaEhiHy h 58 HyH
[J]. FLik 413 ,2020,58(4) :57-59.

.86

[8] HpFEH AY IR AETATRAARKRDET S
M BRARACLT]. B ARA 2 ,2019(10) :89-92.

(9] &#% THZANABRISESKDALIZRHFL[(D].
X #.TTkkF,2019.

[10] B%Z ZEEINBATERIFEA SR
[D]. %M. ZAE I KF,2017.

[11] #44. A S ZAKEREREFR[D]. S M. £H
¥ T K5 2020.

[12] RTk,Edr, KRi-F RAEMIER R ARG H
A AN, FARIHK 2017 ,45(2) ;71-74.

[13] M%&F. ZiAE% A% 545 EAAMHAERT[T]. #
F A5 B A 2015(25) :23-24.

[14] #H=H AETRAETRAABSGRIFESH[D].
TR FRKF,2022.

[15] Mim#e, #ik, W B AR T RAET IR FA5H
L5iXEArR[J]. A F4AR,2020(9) :57-62.

[16] X80t AERIFVHEAER AT ]]. B RAE,2022
(2):172-173.

[17] #Hrk. M EEH TR ERIFIER>H[T]. H
5 1#,2021(17) :7-9.

[18] R =&, 5 -F, 5%, FRAH T AR AER
e aA[]]. #FH RS T42,2020,20(5) ;2077
-2081.

EEMBE 2023 #r a4 L@ HRFFRUNHALELRE L
R, B %5 . 2023KQNCX294 , 1 B % 47, % & ik
] #86- 00 18 & = BB R AR SN AT,

EBRN R TR, B, AL FEH R T & RS,

158 B H7:2023-09-27

.........................................................
——————————————————————————————————

[9] #ta, LA, AT ANSYS 4 K R AL B X & v Bk
FABASH[]]. i&ES A3 ,2015(10) :86-90.
[10] 3B MM A F[M]. b7 HEHF HmAE,2016.
141-143.
[11] BREE AR, ¥ LK. T ANSYS 89 £ 4% 245 4e4h
SR AR )], AL Tl K 4R ,2010,39(3) :6-10.

TEE® N 2 9(1998-), B, WAFAA,MEMTE, FIR
Tr &) A F IR £ MRt 5 5 AT A R — R AL

I %5 H 87 :2023-10-23



LA i

Design ,Research&Analysis

| 2024 5 % 5 3

GH4169 S R & VAl hEERSHMEML”

xneg',m =t

(L. MEIFR AL P M KM 550003;2. 5T M L FR PR IAZFE, M T 550003)

THCE UK DL REIR AT AR T
TS EOHE I TAPRE, VIHIIN T 5 7= AR 45 T
A 00 T 5 A5 DRSS B SR SRS TR e, A
I vt 5 <2 VI 3 B9 50000 -5 VT S A5

H EABRKZRASEEN T i S R REIE A E L GHAL69 AFFR AT KR v @ikt T =
HEZRFFEHNRE AT HESNHFENT EH AMEAE, LT T8 AR F TR AR E A F ok
WALT Pl A2, RGBT RIBIIET W H A ZHRAAL, EREAVN . Frenshtb st Emil A Fas i e
Z ZH A EF TR T TR E A T 1%  EAETEE N RALE G ZE st TR e P g £
W h FTHT 14.5%

XER W A wmpdEE REEE HESE AHNAAL

RE 4SS . TGS01. 1 RRFRIAAD ;A M E4E:1002-6886 (2024 ) 05-0087-04

Cutting force modeling and parameter optimization of superalloy GH4169
LIU Xuqin, TAO Liang

Abstract: To reduce the cutting force during the processing of superalloy and obtain the optimal cutting parameters , superal-
loy GH4169 was taken as the research object,and response surface method (RSM) was employed to design the cutting test
with three factors and three levels. Then analysis of variance (ANOVA) was used to analyze the main cutting force,and a
mathematical prediction model of the main cutting force was established. Based on the prediction model , the cutting parame-
ters were optimized by genetic algorithm ( GA). Finally, the optimal cutting parameters were verified by experiment. The re-
sults showed that the feed rate and cutting depth had significant influence on the main cutting force. The average prediction
error of the prediction model was 7. 1% ,which was reasonable. The optimized cutting force decreased by 14.5 % compared
with the minimum force observed in the initial test.

Keywords : cutting force , response surface method , genetic algorithm , superalloy , parameter optimization
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Crack failure analysis of 1Cr18Ni9Ti stainless steel fuel supply pipeline
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Abstract ; During the reliability test of a certain type of engine,one of the fuel supply pipelines made of 1Cr18Ni9Ti experi-

enced fuel leakage. After X—ray inspection,it was found that there was a crack at the flaring R angle of the fuel supply pipe-

line. Through appearance inspection, metallographic inspection, fracture analysis and chemical composition detection of the

crack of the pipeline,the properties and causes of the R angle crack were determined. The experimental results showed that

the nature of the crack was fatigue crack ,which originated from the outer surface of the part and exhibited point source char-

acteristics. The initial stress and propagation stress of the fatigue crack were relatively small. The main reason for the genera-

tion of the fatigue crack was related to the abnormal vibration caused by loose nuts during engine testing and the presence of

grinding marks in the source area. It is recommended that similar pipeline parts no longer be polished with grinding wheels.

Instead , clamps should be installed to support and secure the fuel supply pipeline to prevent the loosening of the nuts and the

occurrence of abnormal vibration.

Keywords : fuel supply pipeline, X~-ray inspection,fatigue crack ,abnormal vibration
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Failure analysis of a certain angle potentiometer

WANG Jianguo,ZHANG Xueming

Abstract : Aiming at the failure of a certain angle potentiometer, fault tree investigation is carried out,and the fault is located
as a micro—crack at the connection between the blue 3# lead wire rivet and the silver paste of the potentiometer, which leads
to poor signal contact of the blue 3# lead,and finally causes abnormal output signal of the potentiometer. In response to the

problem, this article proposes improvement measures, optimizes the inspection process of the potentiometer, increases the

stress screening test of the potentiometer and the actuator,and verifies the feasibility of the improvement measures.

Keywords : potentiometer , failure ,micro—crack , abnormal output signazl
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Analysis and solution of abnormal sound problem of transmission
ZHANG Xiaolin, WU Changbing

Abstract ; When the whole vehicle is idling, the transmission synchronization ring of a rear—drive commercial vehicle appears

to scratch. Through analyzing the related factors,the cause is found and the rectification plan is developed and verified. The

problem of abnormal sound of the transmission is solved.

Keywords : transmission , synchronization ring, scratch
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MPC algorithm for PEMFC hydrogen supply system based on IGA-BP neural network
LI Daize , XIONG Shusheng, JIANG Qi, WU Zhankuan, JIAO Zhixiao, CHENG Junjie, SONG Yanan

Abstract; In recent years, the excessive use of fossil fuels has led to serious environmental issues and energy concerns. Hy-

drogen energy,as a clean source,is considered an important resource for achieving energy transformation and sustainable de-

velopment. Against this backdrop , hydrogen fuel cells,as a technology that efficiently converts hydrogen energy into electrical

energy , have shown great potential. This paper focuses on the anode hydrogen supply system of proton exchange membrane
2y g P pap ydrog pply sy: p g

fuel cells (PEMFC) and designs a model predictive control (MPC) algorithm based on neural network with the hydrogen

stoichiometric ratio and the pressure difference between the anode and cathode as the control targets. Firstly,a control-orien-

ted PEMFC lumped parameter mechanism model is constructed by using MATLAB/Simulink ,and its reliability is verified
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through experiment. Secondly , the learning process of the neural network is optimized by using the immune genetic algorithm

(IGA) to achieve precise fitting and prediction of the fuel cell system state. Finally, the offline—trained neural network is ap-

plied to the model predictive controller,and the effectiveness of the control algorithm is validated.

Keywords : PEMFC , hydrogen supply system,neural network ,immune genetic algorithm, MPC
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