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Abstract

With the growth of people’s environmental awarenass and the encouragament of government
policies, the use of electric vehicles in logistics distribution is gradually increasing. In order to
solve the dual demand of customers’ simultaneous pick-up and delivery in the “last kilometer
logistics™, an electric vehicle routing preblem with simultaneous pick-up and delivery and time
window (EVRPSPDTW) is considered from the perspective of multi-objective distribution in this
paper. Firstly, a decision-making model based on distribution cost and power consumption
function is established. In this model, distribution cost includes transportation cost, vehicle use
cost, penalty cost of not arriving on time and charging cost. Power consumption function is the
energy loss caused by air resistance, tire rolling friction and transmission system. Secondly, a
multi-objective genetic algorithm (NSGA-11) optimization solution with fast nondominated
ranking and elite strategy is designed, and in view of the shortcomings of traditional NSGA-IL, it
is proposed to complete population initialization through greedy algorithm and random rules,
introduce adaptive cross-mutation strategy in the chromosome crossing and mutation stage,
and design three different neighborhood operators in mutation operation based on variant
fitness function. Finally, the sensitivity analysis of traffic congestion coefficient further proves the
effectiveness of the proposed model and the improved algorithm.
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o Labde: reaction processes. Synthests meshads for the producton of catalys s typically have difficulses
1o achiewe catalysts matenals with consistency, high aoiving, and durability. In this study, 2 5, simple,
and suitable continuous pipeline mioowave metod for caalyst mass producion was developed, with
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Proton-exchange membrane fuel cells (PEMFC) are energy
oonversian deviess and valuable axets for global carbon neutrality



Sl o Bt ssamabytica] Chessiery 915 {303 115381

Consenis Hes awnd lehle ar Sl on e i

Journal of Electroanalytical Chemistry

journal homapage: www.alsavier.com/locatafjelachem

Solution processed 2D SnSe nanosheets catalysts: Temperature dependent | |
oxygen reduction reaction performance in alkaline media -
Fhanxiong Feng*!, Chandradip D. Jadhaw "', Girish P. Patil®-!, Yun Wang*, Chuang Thang *'-*,

Vijay 5. Baviskar®, Zhiyong Jia*, Rafael Minnes™*

= St of k and Trafic &np Hufus of Arm and Swnes, Mgy 44005, FE G

mq‘iﬁ-ﬁ ﬁﬁﬁ'rq'&hdi:nm At Un vy, Arecd, bl
" Heparsmare of Appled Sownce: and S, B Sl i of Tachno by, Serpr, (oo o] M5 LU0, nda
“ Fhory Jogpng Janeinstwr for Hydrmgen: Shargy and Lifesm-don: Sasary Technniogy; INET, Tanghen Unewrey, Sofing 100004 5% G

ARTICLE INFOD ABSTRACT
Kpenis O ol e st e e et it il e o e bl sl o percecin, i s Enexpescde Wy ko Sl
S sisrgle ploes 3T 1 (2] Tis Selesite (Seic) ssmcabern oay diffsmction (RDL X sy Plotoeletaw
Saiman craeay spect gy (MPS], and Fodd Pestedon 5 o Flec e M T Mum:ﬂh:ﬂﬁhknm—
AT g e Hﬂw-ﬂ-dﬂu@miﬁﬂ:—ﬁdhmw‘ Yt R {ORF) =] d
orx prerforesance s BDH selufos Laer, 2 Safe i aaseaied ar 300, 400 el 500 C ey wrseal o Safe SO0,
e e e
L DR et iy A Foer e firsl e, 2- il 45 i of SeSe
e 4 Aa e R Tp— of i prusedd 30 Sae catuly A with va-

e pusasserers Bl cernest desciny, elactasn charge sk r ssssbey sl ballware podonsial Safe- 500 bas a
el v potesnial of — 075 W, wiseh b lower Sus ol catalpes s ke o, 1o ekl on, @ corsa desslny

o450 mA e e was

el vl ol

o iy dyat Ba e cise.

L Introd uctinm

LZaentifie and rechnological ressrch in themadem & has o strong
inderest in mergy conversion and enargy storape applicagons [1-31
Mowad ays, Taditional energy sournces like coal, fossl] focls, and others
are competing to mest socely's energy nesds [4-6]) Beranse of thelr
poluting namre, which moees an inoesse in Cwrbon Diocde (O0s)
in the amnosphere, it & cliimed that they canse a varieny of problams
in our human sodety, such as floods, samhqualees, and ather natural
disasters [7]. Due to the drastic change in weather condidons, it &
now mare important than ever to wee nnewahle enarg y souress such
as salar, hydrothermal, nodear, and electrochemical energy (41 Cam-
mendal applimtions soch as Proton Exchange Membans Foel Cell
(PEMPC), Water spliming, metal adr baseries, and others have recently
sparked a btofintarest in e sclentific commundny [9,10 ] Mareover,
nan: hazandou s, scon omi ol sy 4pro cess scientifie research attracs
a large number of scientists [11,12). Oxypen Heducton Rescdon
(ORR) s ane of very impontant aspers to conclod = whether camlyst
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am o ve imelf a5 good oomender or not. ORR & & very imp ot pro-
e im b odogiond respiration and snergy oonversion systems Hie foed
cell, photo aatalysic, menlair harery, e [13). 2 and 4-daotron
pathways are mainly considered for ORRE dectrochemial perfor
mances in aqueoss sohdion. In the dinect 4-electron reduction path-
way from Oxygen (O) to Water (HyOh and an the other hand, the 2-
elerion reduction pathway from Os o hydogen peroride HaOw)
[14]. T achi=ve the best ORR perfirmance, atalyss must have cer-
tain charasteristics, soch a< a lrge surfre area high porosizy, and
chemical stability, among others [151L

20 layered maierials like Mo&,, MaoSe,, 5%, CuSe, SnSe, md others
have agracted a btofatenton doe to their undque propertles such as
favorahle band gap, thermal and chemical stahiliry, attractive ek
mmmdmmmwmmnnw 'I!:e:l:lllr-
ered materials already proven th hes in opt: energy
conversian and energy storage applicatons |:I'I,..ﬂ.n1m3ﬂ:|ﬂ'u s
tructired 5nSe already established i df in omoclecmonic applicatan
doe in its suitahle hand gapof 1.2 &% [19] SnSe belongs to the dass of
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Preparation of P/C catalyst by continuous pipeline microwave
technology and its oxygen reduction performance
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Abstract: Traditional preparation of Fuel cell catalyst is uncontrollable and takes long reaction time, and
the produced catalyst has poor consistency and durability. In this work, a rapid, simple and consistent
continuous pipeline microwave method for catalyst preparation was developed. Traditional ethylene glycol
reduction of chloroplatinic acid was used to prepare catalyst with 50%(mass) platinum capacity using
carbon black treated at 1400°C as carbon carrier. The half-wave potential of PLC-1400 catalyst is more
than 0.9V After 20000 cyelic voltammetry decay tests of carbon carrier in the high potential range of 1.0
==1.5V for the reference reversible hydmgen electrode, the retention rate of the electrochemically active
surface area and the mass specific activity of PYC-1400 catalyst are up to 79% and 85%, respectively,
showing its significant corrosion resistance and excellemt durability. This work provides an effective and
feasible way for the production of high durability catalyst.

Keywords: fuel cells; carbon support; catalyst: activity: stability
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Abstract

Becante the mediion ond  lorge-wale  Austenine 304
anaipilesy steel cable protecrion valve belongs ro the cavity
valve body, with comples surfoce shape and struchire,
there are aften some prodlems in the casting process, such
as difficult local hear dissipanon and disordered solidifi-
carton segueence of NMguld wretal. This will lead to different
degrees of shrinkage porosity amd shrinkage cavity defects
ar the ear of the valve body, the bulge ar the bortown and the
Sy oof the fnner wall of the valve body, and the molding
guality is very difficulr o control. In order to solve the
problem of serious shrinkage porociny and shrnkage coviry
i the acteal prodisction of valve body parts, the withe-
muattcet] model was esablished. and the filling and solidi-
Sicarton process of mvesiment coesting ionder fraditfonal

mertiviy svstem was sionilated by ProCAST software, the
the rmodynemie befvior of melten meal in solidificarion
provess wak amelyvzed, wrd the couses of casting defects
wnder traditional methods were found our. A new gating
sustem wels designed, aind the shrinkage of cosnings was
predicied by Nivama criterion. The experimental resulis
sheav thar vhe simdation resalts are consterens with e
aetual resulrs, and the surface preciston of the oprimized
valve body casting b8 hgh and the densiry (s ax high ax
D8 5%.

Keywords: cavity valve body, tnvesnment casting,
aivama criterton, profCAST, gatling svstenr

performance and economy of alloy steel.'™ In osder 1o

amihinin nans with hich dimencional scewrev oand orface
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Investment Casting Process Optimization of Water Tank Elbow Joint for Vehicle
Ding Hualeng' . Jin Xianzhi'” . Chen Tao', Pan Junjie
{1.5choal of Automotive and Traffic Engineering. Hubei University of Arts and Science: 2. Hubei Key

Laboratory of Power System Design and Test for Elecincal Vehicle; 3. Xiangyang Ligiang Machinery Co., Led.d
Absiract: The shrinkage porosities in elbow joint parts formed by empirical investment casting generally exizts on
the inner wall of hole and base ring. The ProCAST simulation software was otilized 1o analvze the defects of -
bow joint castings. With the optimization of gating system and the addition of riser and cold iron. two schemes for
reduring the shnnkage rate were proposed. The comparative analy=sis reveals that the optimization of gating sys-
tem is the optimal scheme and the orthogonal test is designed. The results indicate that when the pouring temper-
ature 1s 1 520 T pouring speed 15 0.6 k' s and shell preheating temperature 1s 1 120 T the maximum shrnnkage
rate 15 1.44% . effectively improving the quality of the product.

Key Words, Invesimenl Casting, ProCAST Sofiware, Elbow Joinl . Prososs Oplimization
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Optimization of injection molding process for rear cover of
lamp based on orthogonal test

Dy Huaferg, Jin Xansi, Gu Toen | Winn Sacong Pam Jwmgie

1 Hudesi Ky Labvoratory of Porkes Syaicsi Dieisin an Ted Bt Electrasal Vehiele. Nisngvong 44005, Chivia |

Abstruct: Maldflw saltware was used o sismlate the injedtion molding of the lomp rear eoves. The
wrthigonal experimend was designed Bar live preesss panmeters of molid lempenituee. mell lemperature, injection
tinoe, hobding time and hobiEng pressure. A gronp ol aptimal proeess paransiers sljustmen =cheme was foand by
range anahsis methaod, and the conling system was designel. The eesubic shooe thai the warpage caeed by unesen
evaking is reiliseed by 3ZET% conpared with die trsdithonal sclveme, anld die potal warpage is redisesd by 38, 15%

under e oplimal presess pamneter aljustinent scheme.

Keywinida: rear light covers ingection mohiling: anhegomnal bty wampage: opdimizstion
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Invesimeni Casting Process Oplimization of A 304 Siainless Steel Ball Valve
DING Huafeng, JIN Xianzhi', CHEN Tao®, HU Zegi'

(1. School of Automobile and Traffic Engineering, Hubei University of Ans amd Sciences, Xiangyang 441033, China;
2. Xiangyang Ligiang Machmery Co., Lid., Xiangyang 441700, Chinaj

Abstract:In the traditiona] mvestment casting production process of a 304 siaimless steel ball vablve, the process
parameters determined by expersence ofien canmot compleicly eliminate defects, some shrinkage holes appear at the comers of
the walve body and the fange, which seriously affects the product qualsty. Simulation and defect analysis of the stamless sieel
round ball valve casting were performed by using ProCAST software, it is found that there are many brge and concentrated
shrinkage porasity at the corners of the valve boady and flange by the traditional process method. The stnscture of the gating
sysiem was redesigned, the process parameters were adjusted, and the orthogomal test scheme was designed. The resulis shaw
that under the process parameters of pouring temperature of 1350°C | pouring speed of 1.0 kg's and shell preheating
temperature of 11507, shrinkage holes ai the comers of valve body and flange are eliminated.

Key words: investment casting: ball valve; process optimization
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RAIL-BASED ANTI-DERAILMENT METHOD AND APPARATUS, RAIL VEHICLE, AND STORAGE MEDIUM.

Disclosed are a rail-based anti-derallment method, a rail-
based anti-derailment apparatus, a rail vehicle and a
storage medium. The method includes: acquiring an
inertial centrifugal force of a target vehicle, a total reaction
force corresponding to an outer rail, and a first angle; 1002
acquiring a total reaction force correspanding te an inner i
rail and a second angle; acquiring a first correspondence
accarding to a gravity of the target vehicle, the total
reaction force corresponding to the outer rail, the first

1003

User interface

— 1001

Processer

1005 .

Operating system

~1004

Nerwork interface]

Nelwork communication
module
User interface
module

Rail-based anti-

derailment program

angle, the total reaction farce corresponding to the inner
rail, and the second angle; acquiring a second
correspondence and a horizontal component force of a
preset direction according to the inertial centrifugal force;
acquiring an anti-derailment factor according to the
horizontal cemponent force, the first carrespondence and
the second correspondence; and determining a target first
angle and/or a target second angle according to the anti-
derailment factor, and controlling the target vehicle
according to the target first angle and/or the target second
angle, so that by acquiring the angle of the preset
direction and controlling the angle, the overall friction of
the target vehicle is increased to prevent derailment.

Fig. 1
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ARTICLEINFO ABSTRACT

Keywords: T inl leakage loss

has signifi impact on improving the pesf In

ol'smuli P

Flow field distribution
Tangential leakage

this study, the flow field of a seroll compressor working with air was .
istics of the tangential Ieukage Elow in different radial elearances were studied, which was obﬁmad by analyzing

m . 1. The ch

U Iy state foad alaiadatt AR M I
. the field . the of radial on the t
e of the seroll I and the lynamic force on it in each direction are analyzed. The rasulu showed that
the gas flmmi into the low- prmsure chamber through the radial ¢l . and the o gas in
hamber was 1 and collides with the leakage flow, lln\ulg aggravated the uneven dis-

wibution of the flow field in the compression chamber. The gas velocity was faster in the region with large
pressure difference, and the peak velocity appeared near the radial clearance. Moreover, as the radial clearance

continues (o increase in o certain range, its infl

on the wstic curve of seroll compressor has

fwo sides. The research can provide thearetical basis for the structural design of seroll compressors.

1. Introduction

Compressed Air Energy Storage (CAES) has long been considered a
means of improving power quality, reliability, in addition to yielding
other benefits [1.2]. Compared with battery ge technologies, the

The compressed fluid in the chamber formed by mesll.m,g the sumc
and orbiting scroll is regauded as the di
compiessible flow, It is difficult to capture and analyze the character-
istics of internal flow field through visual experiments. Thus, the
computational fluid dynamics (CFD) method was used to simulate the
changing process of flow field in compression chamber, which has

CAES system has advantages of relative low cost, long life and simple
maintenance. Various types of CAES systems have been investigared in
industries [3,4]. Decentralized or small-scale CAES systems have gained
large attention. They can be operated as an alternative to typical battery
storage systems, such as lithium ion or flow batteries. This small-scale
CAES can be implemented in the low-veltage grid solving the chal-
lenges of renewable energy feed-in [5]. A small-scale CAES system can
connect renewable energy and remote communication devices to form a
stand-alone system [6]. Scroll comp! is more ble for small-
scale CAES systems, due to its positive properties of wide working
range, high efficiency, and low level of noise and vibration due to fewer
moving parts [/-12]. Thus, it is also widely adopted in renewable en-

become a hotspot in the research field of seroll compressor (13171,
During operation, the radial clearance formed by the meshing of orbit-
ing and static scrolls is in a state of periodic change. The tangential
leakage flow through the radial clearance has been considered to be the
main factor affecting the overall performance of seroll compressors. The
tangential leakage characteristics of seroll compressor are studied in
detail, which is of great significance to optimize the time-averaged
performance of scroll compressor. Mathematical models are the main
methods to estimate the tangential leakage, which are used for numer-
ical simulation of the ial leak of scroll comp s o obrain
more intuitive visuali results, Besides the isentropic compressible
mzzle model, the compressible adiabatic flow with fanno flow, the

ergy system, distributed power generation and other fields. | T, A5
a significant power output device for the CAES system, its leakage
characteristics have negative impact on the operation, reliability and
efficiency of the system.

essible and viscous pipe flow, and one-dimensional laminar

flow were also used for simulating the clearance leakage flows in some
theoretical models of scroll machine [18,19].

Zheng [20,21] studied the non-constant flow characteristics of the

Abbreviations: Compressed Air Energy Storage, CAES; Comp ional Fluid D ics, CFD.
* Corresponding author at: Hubei University of Arts and Sci , No.296 longzhong Road, Xiangeh
E-mail addresses: livzhen@hbuas.edu.en (2. Liu), hbuas_auto@163.com (Z. Li).

g District, Xiangyang 441053, Hubei Province, China.
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The transient flow field characteristics of tangential leakage in
scroll compressor

LI Zheng"?, LIU Zhen'* WU Huawei'? XIE Dongsheng"? QIAN Wei"?
("Hubei Key Laboratory of Powertrain Design and Test of Pure Electric Vehicle, Hubei University of Arts and Science;
2School of Automotive and Traffic Engineering, Hubei University of Arts and Science, Xiangyang 441053, Hubei, China)

Abstract: Focusing on a miniature compressed air reservoir scroll compressor, the
computational fluid dynamics method numerically simulated the working processes of the
scroll compressor. Additionally, the internal pressure field, temperature field, and the velocity
vector field of the scroll compressor were obtained. The distribution characteristics of the
tangential leakage, caused by the radial gap on the flow field of the scroll compressor's
working cavity, were studied. The results showed that gas in the high-pressure cavity leaked
into the low-pressure cavity through the radial gap, which caused the velocity vector and
temperature fields in the cavity were not uniformly distributed, and leakage had little effect on
the unevenness of the pressure field distribution; however, it had a greater impact on the
unevenness of the temperature and velocity vector fields. The downstream gas in a single
cavity was compressed, which gave rise to pressure within the cavity. The distribution was not
uniform, and the existence of pressure differences affected changes in the velocity vector field
distribution. The offset of the exhaust hole caused pressure asymmetry in the symmetrical
cavity. This research presents a theoretical basis for the structural design of scroll compressors.
Key words: scroll compressor; radial leakage; transient analysis; numerical simulation
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Improved mayfly algorithm based on hybrid
mutation

Hua Zhang,™ © Zheng Liu, ShiWeng Gui, Mei Zou,

and PeiYuan Wang

Hubei Key Laboratory of Power Svstem Design and Tesi jor Electrical
Vehicle, School of A ve and Traffic Ei ing. Hubei University
of Arts and Science, Xiang Yang, Hubei, China

“*Email: hankz(@qq.com

To improve the diversity and performance of the mayfly algorithm
(MA), this letter adopts the mutation strategies in the process of MA.
The opposition-based leaming (OBL) and Cauchy mutation strategies
arc used to mutate the global o]:l)maJ solution, and the artificial muta-
tion operator is used in the offsp ion. The hybrid

strategics are used in a c.u.l:rld.cd -.tmcturt Tln: performance of the pro-

posed algorithms is 1in

Introduction: The optimization algorithms based on

where x;, is the personal best position for the ith mayfly. x, is the global
best position, g is the gravity coefficient, x,," is the current position for
male mayflies, fix) is the objective fi and are that are
used to scale the contribution of the cognitive and social component,
respectively, § is a fixed visibility coefficient, r,, is the Cartesian distance
between ., and v, and r, is the Cartesian distance between v,,;' and
X, df is the nuptial dance coefficient and r; is a random value in the range
-1, 1].

[ As}the female mayflies do not gather in swarms, their positions are
updated with a different way. The velocity of a female mayfly is

SRVt ayw P

v * (=01 ‘fff}xn] > fCm)

o+ fl v if f (x5i) < f Qe

where a5 is a positive attraction constant, 8 is a fixed visibility coeffi-
cient, x;' is the current position for female mayfiies, r, is the Cartesian
distance between the male and the female mayflies, ff is a random walk
coefficient, and r; is a random value in the range [—1, 1].

In the crossover step of MA, the best female is selected to breed with
the best male to get two offspring, and the second-best female breeds
with the second-best male, and so on. Then the positions of the offspring

Y
computation and swarm intelligence are studied and deployed widely.
Among the algorithms, the mayfly algorithm (MA) [1] takes the main
advantages of the genetic algorithm (GA) and particle swarm opti-
mization (PS0) algorithm. Competitive with most of the bio-inspired
optimization algorithms, MA has the for faster ¢ B
and higher accuracy. Recently, MA has been used in kinds of infor-
mation and control engineering applications. However, due 1w the
weak global exploration ability of the mayflies, MA also suffers the
problem of low diversity and stagnation in local optima as that in
other opnmlznrlun algomhms Researchers have been trying to explore
improved hods for MA. Gao et al. [2] utilized the worst
solution to |mpm\.e the optimal performance of MA with opposition-
based learning (OBL) rules. Gao and Zhao et al. [3-5] improved
the performance of MA in the velocity and positions updating step,
with space constriction coefficient, guaranteed convergence strategy,
or Chebyshev map strategy. Zhang et al. [6] proposed a bioinspired
bare-bones mayfly algorithm (BBMA) with Gaussian distribution and
Lévy flight strategy to update the velocity, which solves the minimum
spanning tree (MST) problem. Shi et al. [7] used two sigmoid mapping
functions to binary encode MA, and the switching conditions of the
two positions updating strategies are set to control the migration trend
distribution of MA. Meanwhile, Shaheen et al. [8] added a random
coefficient into the initial population to achieve the Chebyshev map for
MA, which improved the performance of the algorithm.

In this letter, mutation strategies are adopted to improve the diversity
of MA according to the mayflies® social features. The OBL and Cauchy
mutation strategies are used to mutate the global optimal solution. An
artificial operator is introduced to make some female mayflies
have male characters in the offspring to enhance the search space diver-
sity. The multiple mutation strategies can be used in a cascaded structure
in various processes, and the performance is simulated comparatively.

Original MA: The MA is inspired by the soma] behaviour of mayflies,
two sets of mayflies are g d rand the male and
the female population, respective!y.

In MA, the position of a mayfly is updated with a moving velocity,

A = 4 ufF! (1)

where v’ is the current position, v,/*/ is the moving velocity, and x;+/ is
the updated position.

For the male mayflies, which flock in groups, the position for the next
iteration is updated based on the global best solution and the Cartesian
distance between the personal best position and the global best position.
The velocity of a male mayfly is calculated as

v+ e (e — ) I ) > (3)
ke w (= %) 2
ol +dxr B ) = f ()

s
Ve =

are d as follows:

offi l=Lem+ (1 —-Lysfm 4
offi2l=Lx fm+(l-L)yxm @

where L is a random value within a specific range, m is the position of
the male parent, and fin is the position of the female parent.
In MA, when the cu:rem iteration comes to the end, the posnmns

of the offspring are evaluated on the predefined objective fu Ac-
cordingly, the offspring are as male or female for the next
iteration.

To deal with the situations of premature convergence that may lead to
a local instead in MA, a normally distributed random number is added
to the chosen offspring’s variable for mutation, which is denoted as im-
proved mayfly algorithm (IMA) in [1]. In this way the offspring is altered
as

offs, . = offs + 8N (0, 1) (5)

where § is the standard deviation of the normal distribution and N, (0,
1} is a standard normal distribution.

Methods: As the imp. such as G
Chebyshev map, and Lévy flight were used to optimize the velocity
and position, the multiple mutation [9] methods can be studied for MA,
and three improved MAs are explored. The multiple mutation strategies
which conclude Cauchy mutation, OBL, and artificial mutation strate-
gies are used in a cascaded structure in various processes

(CMA method: As the OBL algorithm is proposed to learn opposition-
based solutions based on the current solution, it can be used to mutate the
global optimal solution to avoid the local optimal [10]. And the Cauchy
mutation (OC) is used to reduce the probability of falling into local op-
timal. Thus, the OBL and Cauchy mutation strategies can be fused to
mutate the global optimal solution when the positions of mayflies have
been updated. The improved algorithm based on OBL and Cauchy mu-
tation is named OCMA.
The formula of the OBL in MA is as follows:

.\‘;;(,‘_“ =ub+rx {!b—.\" “} (6)

k= ay % (s = ) G

where xg.,' is the global optimal solution of each iteration, xgh._,," is
the opposition-based solution of x.,...". ub, and b are the upper and the
lower of parameters, ry is a uniformly distributed random matrix, a,
is the information exchange coefficient, and x,., """ is the new target
solution.

ELECTRONICS LETTERS August 2022 \Vol. 58 No. 18 wileyonlinelibrary.com/iet-el 687



The new target solution is updated based on the Cauchy operator as

A = Cauchy x 2, (8)
The global best position can be updated as follows:
o L (.t’w_“ —x’xl,m), if P, = rand ©

2iid Cauchy » x,,. .. if B, < rand

where rand is a random value in the range (0. 1), p. is a certain proba-
bility to fuse the OBL and Cauchy mutation, the formula as follows:

PY:—E"—?E'VTL']E-rQ (10)

where fter_MAXis the maximum iterations.
As the best solution is retained, the global optimal solution is updated
as

s TS () < S (ot
-"‘““’_I e 17 () < (1)

Xatwr IS (¥ ) = S (e

AMMA method: As the ch of the biological populati
sidered for crossover, the phenomenon that a few of the female mayflies
may have the personalities of the males can be used to enhance the di-
versity of the positions. Accordingly, an artificial mutation operator is
introduced to convert the genders of some females to males. Instead of
updating the offspring population of each gender, the positions of the
offspring are updated as follows, and the algorithm is named as artificial
mutation mayfly algorithm (AMMA):

are con-

Koo = (L= )"+ !
7 (12)
K e = (1= )2+ pl!

where p is the artificial mutation operator, because of the biological char-
acters and effective breeding of the population, p is set in [0, 1].

HMMA method: To further increase the diversity of search space for
MA on the basis of OCMA and AMMA, the hybrid mutation strategies
which conclude the OBL, the Cauchy mutation, and artificial mutation
«can be used in a cascaded structure in various processes. The OBL and
Cauchy mutation strategies are used to mutate the global optimal solu-
tion when the positions of mayflies have been updated. After the global
optimal solution is mutated, the artificial ion of is introduced
to convert randomly the offspring pop of each gender as the next
iteration population. The improved algorithm based on the hybrid muta-
tion is named as hybrid mutation mayfly algorithm (HMMA). When p
is set to zero, HMMA is the same as OCMA.

Discussion: To verify the proposed algorithms, the original MA (de-
noted as MA) and the IMA are selected as baselines, and the standard
15 benchmarks F1 to F15 are used as test functions. To be abstracted,
three types of functions are discussed in contrast.

F3 function is a unimodal testbench function

F;(.tJ:E(Ex,) (13)
!

=]

F7 function is a multi-modal testbench function

Fx)= Z [:f — 10cos (2mx; + !U]] (14)

=1

F15 function is a fixed-di : 1 a1 hanch B

n 2+ by )P 2
[“I__x|>u(,+ * X2 (15)
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e curves and §

In the simulations, the global optimums of F3 and F7 are located at
the origin, and the global optimum of F15 is set to 0.00030. The itera-
tions of the simulations are set as 1000, the parameters (a,, a2, a5, fl g,
ub, th. 6, d, fi_damp, g_damp, d_damp, p)aresetas(1.0,15,1.5 1,08,
0.1, 10, 0.005, 5, 0.99, 1, 0.8, 0.1). The simulation is run 50 times inde-
pendently, and the results are listed in Table 1, the average convergence
curve and parameter space of F3, F7, and F15 are shown in Figure 1.

As in Table 1, the best solution to the multi-modal test function F7
is found by HMMA and OCMA. Meanwhile, the stability and robust-
ness of HMMA perform better than OCMA in the average and stan-
dard deviation. The standard deviation of HMMA is far less than that of
MA, which shows the potential for high stability and robustness, though
the best solution for HMMA is not vielded in F3. As in Figure 1, the
proposed AMMA, OCMA, and HMMA algorithms have higher conver-
gence precision and faster-searching speed than MA, compared with the
results of F3, F7_ and F15 functions. From Figure 1 it can be concluded
that the proposed algorithms have better exploration and exploitation
abilities.

In order to analyze the effect of the various values of the artificial
mutation factor p, four values of o in [0, 1] are tested in simulations
with the multi-peak function F15. The results are shown in Table 2, and
the average convergence curves of HMMA are shown in Figure 2.

According to Table 2 and Figure 2, the stability and the convergence
rate of HMMA are the best when p is set as (1.1 in the standard deviation
and mean. Therefore, the artificial mutation factor p should be setata
finite value, according to the real condition of the applications.

Conclusion: The letter adopts the mutation strategies in the process of
MA to increase the diversity and performance of MA. The OBL and
Cauchy mutation strategies are used to mutate the global optimal so-
lution, and then an artificial mutation operator is introduced to con-
vert the genders of some females to male for the next offspring pop-
ulation. The hybrid mutation strategies which conclude OBL, Cauchy
mutation, and artificial mutation are used in a cascaded structure in
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Table I. Comparison of different algorithms with F3, F7, and Fi 5

Algorithm Best Waorst Average Sud Median
F3 MA 3834681438 §570.54223 1990623611 1298 093088 1755035755
IMA 172.9401 708 470990659 1389 873149 794 0436791 1166.967053
AMMA 93061 14281 2032942393 4447573050 3865839019 314.2271851
OCMA 3. 0043E-158 8.4989E-123 LTMRE-124 1.2458E-123 4.0646E-143
HMMA 1.5321E-155 3OAE-123 6.0R07TE-125 4.255RE-124 4.4986E-143
F? MA 58184 178006 2197 37834 R4.5712
IMA 39708 258756 10,3546 49176 90503
AMMA 25 8689 145263 60.8912 23.0554 55,2201
OCMA 0 00093 0000 0.00214 [
HMMA i i 0 0 [
F15 MA 0.AMK3074RE 0020363339 0002524212 0.005996743 0.DH307436
IMA 000307486 0020363339 0003171937 0006160735 000307436
AMMA 0000307486 020363339 0001541832 0.004126545 0.000307436
DCMA 0000307486 0020363339 0002023941 0.005011123 000307486
HMMA 0307486 20363339 0002108313 (LD04469969 0000307486
Table 2. Comparison of various p in HMMA
© 2022 The Authors. Efectronics Letters published by John Wiley &
B Beit Wt Avvonge. S Madixa Sons Ltd on behalf of The Institution of Engineering and Technology.
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Fig. 2 Comvergence curves aof HMMA with different various p

various processes. The improved algonithms are simulated comparatively
and demonstrated the features of high accuracy and better convergence
in test functions. The proposed MA can be used to capture the global
optimal solution in most applications.
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Abstract: To study the forming properties of DP780 steel sheet, the static tensile experiment was carried out on DP780 steel sheet at

room temy , and its stress-strain curve was cbtained. The numerical simulation of steel sheet was carried aut by using GTN damage
model in ABAQUS finite element simulation software. The fomming limit curve was obtained according to the two criteria of the maximum

punch force and the sudden change of stmin. By comparing the results of NAKAZIMA bulging experiment and theoretical prediction, the
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Analysis on dynamic characteristics of upper triangular toggle press
mechanism clearance

(Han Wei?, Wu Zhao', Wu Huawei'?, Zhang Ylmjun", Wang Yikun', Li ?,hnngl'z
(1. Hubei Key Laboratory of Electric Vehicle Powertrain Design and Test, Hubei University of Ads and Science, Xiangyang 441053, China;
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Abstract: The moving pair of pressure machine is often prone to produce movement gaps due to the recoil foree, which leads to the in—
erease of impact for mechanical system and the decrease of stability for stamping forming. Therefore, the dynamic modeling and simulation
of moving pair clearance for triangular toggle press mechanism were optimized. Based on its working principle, the variation rules of motion
characteristics for the executive connecting rod of upper triangle type and lower triangle type toggle press mechanisms were analyzed, and
the displacement, velocity and acceleration of the upper triangle type were optimized by 3080, 59% and 390%, respectively, compared
with the lower triangle type. Then, based on moving pair clearance model MLSD, a dynamic simulation model of upper triangular type tog-
gle press mechanism with moving pair clearance was established by virtual prototype technology ADMAS, and the influences of collision
and wear caused by moving pair clearance on dynamic characteristics of the mechanism were analyzed. The results show that when the rela—
tive clearance value of moving pair exceeds 209, the operation of the mechanism is accompanied by great impact, as well as vibration and
noise to a certain extent, which affects the stability of the mechanism. Thus, the research results provide theoretical basis for the structural
design of toggle press press mechanism.

Key words: toggle press mechanism: moving pair clearance; dynamic characteristica; kinematics characteristics: execution rod
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Coupling Vibration Suppression of In—Wheel Motor Electric Vehicle
Based on Active Disturbance Rejection Control

#hang Haijun, Wan Shashua, Thang Mingjie
{ Hubwei Key Lalioratory of Power System Design anel Test for Fledrical Vehicle, Hubei University of Ans and Seienee,
Niangyang 441053)

[ Atmtract ] Far the influenes of electromagnetic coupling vilisation caused by mndom mad excitation and uobaleneed]
elecinmagnetic eveilation of in—wheel motor an elednic vhicle driven Iy in—wheel motor, this paper proposed a viliation
supession medbod haserl on Aetive Digturbanes Aejetion Control| ATNRC). Firstly, the mathematioal mdel of & quaner of
the vehicle vibration system was establishal Seceondly, a controller based on ADRC was designed. The mad ramdom
encitation and the eleciromagnetic evcittion generated by the motor ikl were egands] &= the total distdsnee for unified
aiservation compensation contnal, Finally, the proposed connol sirtegy was verifiad by MATLARSimulink, The resubs
show  that ADHEC can suppress ihe  clcimmagnetic aupling vibation cased by med noughnes  axl  socenine
elerinmagnetie Tome.

Key words: In- wheel motor, Random cexcitation, Coupled vibration, Acdive Distorbance
Rejection Control (ADRC)
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Analysis of coupled vibration characteristics of
in-wheel motor of electric vehicle under random

excitation
ZHANG Hai-jun, WAN Shao-hua, ZHANG Ming=jie, GUO 11

{Hubei Key Laboratory of Power System Diesign and Test for Electnical Viehide, Hubet unnversaty of Arts and Science,
Xiamgyang, 44 1053)

Abstract: The vibration af elearic vehick driven by inewheel motor & coupled with electromagnetic firce and random
excitstion of rosd surfsce. In this paper, the hub motor with radial dectromagnetic force & considered = the natural vibration
system 1o estshlsh a quarer vibration madel of eledrc vehides. Combining with the working charscteristics af the motor
and comidering the random roed excitstion, the PSDanahss method 15 wed to canry ot theoratical analysis and simulation
cakulbstion on the dwnamic response of suspension spring dynamic deflection and spring bad mass acoleation under

different operating condtions. The nesults show that the dvnamic

d by the superpesition of internal and

extemal excitations will ko multiply, and the resonance phenomenon & mo=t likely toocour neer 11z and S,
Key words:  Random excitstion; In=wheel motor; Coupled vibration; Radial elecromagnetic force
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Amnalysis of Electromagnetic Vibration of Electric Vehicle Drive Motor
Considering the Influence of Random Excitation

Shachua Wan, Haijun Zhang®* and Mingjie Zhang
Hubsei K ey Laboratony of Power System Design and Test for Electrical Wehicle, Hubei University of Ans and
Science, Xiangyang, 441053, China
Comesponding email: hizhang05 15 163.0c0m

Alstract= In order to improve the ride comfort of eleciric
vehicles driven by inswheel motors, this paper intends o anal yee
the changes in the electromagnetic characteristics of the eleciric
vehicl imwheel motors from the pemspective of vibration
mechanics due to random excitations caused by uneven rosd
surfaces The spring dyvnamic deflecion and its limit stroke are
produced by the wneven romd surface amd the dynamic losd
between the wheel and the mwad. The influence of random
excitations to motor is considersd by the socentricty between the
stator amd the rotor, where an unhalanceal electrmmagnetic fekd
is analyaed. Based on the air gap magnetic feld generated when
the stator amd rotor of the hob motor are eccentric, s
mathematical model of the radial electromagnetic foree is
established. Akna, the mndom vibration acceleration transfer
function of the motor is onstrocted. Finally, a simulation model
of the electromagneiic vibration acoderation of the hub moor
considering  random  evcitation i established based on
MATLABS imulink software. The clectromagnetic vibration of
the in-wheel motor under randonm cccitation is analyeed through
the simulation resulis

[ INTROMUICTICN

Electric vehicles driven by in-wheel motors have a series
of advantages such & short power ransmission distaince, low
tramsmision  loss,  high tamsmisson  efficiency  and
conrollable power, It is ome of the hot spots in the
development of the eleciric whicle indusiry. However, in
practical applications, in-wheel motors the infleence of
random excitation in the running process aggravakes the
vibration of the body and the motor, and reduces the ride
comfort and ride comfort of the vehicle,

Basad on quaner-vehicle model, wheel ventical dynamics
performance & ivestigated for the proposed sspension
system by numerical modeling and simulation method [1].
The design of a synchronous motor with a distributed winding
and an owter rotor as an in-wheel eleciric modor for vehicles is
proposed [2]. A movel flux weakening method is reponed for
in-wheel modor drives of electric vehicles [ 3]. However, it can
e seen that the current research on electromagnetic vibration
of in-wheel motwrs & still rare, and the electromagnetic
vibration caused by random excitation is even raner.

In this paper, the perspective of vibration mechanies and
the random excitation generated by the in-whoel motor during
operation are comidered, swch as the body acceleration,
dynamic deflection of suspension spring £ and it limit stroke
[, and the dymamic load between the wheel and the road
surface. The sccentricity between the stator and the rotor of
the in-wheel motor may produce  an unbalanced
electromagnetic force under the action of the electromagnetic

field. Based on the air gap magnetic field generated under the
econtric, the mathwmatical mode] of radial electromagnetic
foroe is establshed, and the random vibration ransfer
fumec tion of the motar is constrscted.

[T, Rasiiied scqsEL OF IN-WHEEL MOTOR

The wvibration cawsed by the unevenness of the road
surface will act on the drive motor of the electric vehicle, This
soction firg analyzes the vibration of the road surface to
varying degrees and inirodwces the fitting formula of the road
surface power spectrum density;

G (n) -Gg,(lin](i}_- n

For a single-mass wheel system, the random excitation
generaied by the road surface and the dynamic wheel load F,

are determined by the inertial force of the body mass. As
shown in Figure |, from the equilibrium position of the body,
the change cawed by random excitation & te limit sroke[[i].

Bady af Hleane veludes y

o

Fig. 1. m-whee] sososs ooed soior eceenine diagram

The complex amplinsde of the suspension spring is
=s—g , 50 the frequency response function of random
excitation to uneven road surface is

2
P A

= 2
1=2% 42554 "

IIL IN-WHERL ROTOR VIERATION MODEL

Duwring the operation of dwe in-wheel motor, dee 1o e
influence of random faciors on the road swrface, ecoendricity
will oocur between the stator and the rotor of the in-wheel
modor, and an unbalanced electromagnetic foree will be
generated under the action of the electromagnetic field. When
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ADRC Control of Electromagnetic Vibration in In-
wheel Motor Considering Air Gap Eccentricity
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wlu:!e nde comfort is sudied, and an elecromammetic
ion mathod hased on acive disturhance

eleclemagactic cucililion en in-wheel meler & vibrstien
s pressien e ibeed hised o ective distarbane s iejoe en oentiel
(ADRL) b prepssd The resl randem cuciition  and
elociremagnelic excilsiion graeraied Iy fhe meler isell are
rogarded = ekl deterbesces e ounilied  slessoaies
campemalsn chnral The reulls shew, thal the jrped
:-'nl mwﬂ ks & better bokibiery Mot an dhe oooenir i
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Due @ the advarmges of high powe mmmission
effidency, low pollition ond fecible comrol, mewhee] motor
has become sn mmporiam dirediion of fitore aaomobile
development. Becanse the mewheel molor elimmoes e
mechanical tmrsm ission syseem, the mood octstion will ouse
the in-wheel mowr swior and rotor air Ep anmmesy, so dat
the mowr ar gp magnetic field dswintion & not onifioom,
resulting m dectromagnetic vibtion of the moior Active
dismrhance rejedion contml  has the shility of dismrhane
estimmation and compensstion on the hasis of ahsorbing modem
comiml theary and medhods. 1t hs good comml effea ond does
mot mquire aocuse mahemaical model, which can grealy
immerorve: the motor oo neral perfrmance | 1]-

Many scholas have studied e applimtion of ADRC i
elecwric vehicles. Refrenee [I] reviewsd the design ol
pemanen mogna nnchronme moior hosed on actve
disrhonce rgection cominl, ond gave ihe fulre wseach
dimction. Refemences [2] and [4] studied the vehicle braking
perfmmmce hased on active dsturhance mjection comral and
the cruse comml smiegy of elecwic
reseatively. Referace [B] designed an active disartance
reedion conoller o redie the maotion comnol of elacric
wehider Al prsent, the spplication of active dsnrhane
repedion comtral in decire vehicles 5 mosily aonceniaied m
tmction I:nl:ingalﬂcuﬂ:iqudm:im.uﬂlrtism
research on the :|:|:|!.|c:ln1 .:r adive disurhance sejection
comml intheelec af imewheel motr.

In this paper, the mivexe of m-whel motor
elecrmmagnetic vibmtion cosed by ar gp ecemrcny on

rqu:nmup'q:mni The mandom excimtion of mond srface
and the elecmomagnet c vitration generated by nowhed mosar
sl ow regedal as the ol dEwhece for onified
ohsarvation, o0 a5 fo comy ol redkiime compersation and
comtrol o finawhes] modor el i Vil

I Eif CTROMAGNET ViRRATIN Mmoo oF IN-wha.
MTOR

A Swchaucrood mod e ng
Estahlish o quamer vehicle vibration mode] as shown in
Figre 1:

Fog L Vibwstum modd of inwhed moior

The pover spectral demmity of wad mughness eqwessed by
time Fequency s whie noise in the whole fime fequency
rnge The white monic sound onder convin conditions can be

exesed &
1) = 27 fogule) + 2ng G Uy v - il iy

In the fomub, my=(Llm™" i the refeene space Fequency;
Gging s the road power specinmm vakue a1 the reference sl
fequency; v speed; % = (0IHx & the lower lima cuaff
fequency; goli) & the amplinde of mndom mwad roughness
changing with time;, s (iiir the avemge of 0, the mensity of |
unit white no ise oad imereence.

R, o3~y bk - j=0
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Effect of tooth head modification
on the performance of a scroll
expander for ORC waste heat
recovery system

Zhen Liu™*, Dongsheng Xie** Zheng Li**, Tengjun Huang™
and Zengpeng Liu*?
*grhoolof Automaotive and Trahfic Engineernin g, Hubel Linkersity ot Atsand Scien o, Xan geang, Ching

THubed Ky Labominey of Power Syssem Desgnand Test tor Electrical Vehicie, Hubel Unkeersty of s
and Science, Xangyang, China

Inorder to cope with the energy crisis and improve energy efficiency, the use of
organic Rankine cycle [ORC) to comee rt low-quality heat energy into electricity
anduse it isan effect ve method. Based on the ORC waste heat recowvery system
of wehicle engine, this paper explones the flow heat transfer and deformation
law of the core component scroll expander under different tooth head
comections. Deformation has a significant impact on the performance of the
expander. In this study, several flow-themnal-solid coupling models baed on
double circular anc comection and double circular arc plus straight-line
comection are established. The effects of tooth head comection on the
strength and stiffness of tooth head flow field distribution of suction
chamber and deformation characterstics of tooth head are studied. Finally.
the deformation law of scroll tooth head with different comection angles was
discussed. The results show that the EA-SAL comection makes the wall
curvature of the tooth head change greatly, and the flow field in the center
of the tooth head becomes more uneven and complicated. The tooth head area
under EA-SAL modification i larger, and the tooth head strength and stiffness
are improved by about 6% Within a certain angle range. the tooth head
deformation after EA-SAL comection & slightly larger than that after PMP
comection, but the difference between themn decreases and even reverses
with the increase of angle. The masximum deformation of the EA-SAL modified
tooth head under intemal pressure s about 20% smaller than that of PMP. Witha
ghen initial comection angle @, the deformation of the comected tooth head
caused by a pressure o ternperature load reduces when the correction angle y
iz reduced, Therefore, reducing the comection angle propery is helpful 1o
reduce the deformation of the tooth head.

NI WORLTE

ORCwaste heatrecovery, sonoll expander, PMP jdual-anc comection], EA-SAL {dual-anc
plus straight-ine comection)], flow field and deformation distribution
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Study on Fluid-Solid Coupling Characteristics of Scroll Expander for Vehicle
Waste Heat Recovery”

Dongsheng Xie ¥, Zhen Liu *°

1 School of Automotive and Traffic Engineering, Hubei University of Arts and Science, Xlangyang 441053, China. E-mail:
1622683146 Lo

2 School of Automotive and Traffic Engineering, Hubei University of Arts and Science, Kiangyang 441053, China. E-mail:
liuzhen@hbwas.edu.cn (Corresponding Author)

ABSTRACT

In this work, the scroll expander in the organic
Rankine heat recovery system of vehicle engine was
taken as the research object. The fluid-solid coupling
method was used to numerically simulate the scroll
expander, and the temperature, pressure and velocity
distributions at different spindle angles of the expander
were obtained. The distribution law of the internal flow
field of the expander and the deformation characteristics
of the scroll disk under the flow field results were
studied. The results show that the shielding of the
orbiting scroll tooth affects the opening of the suction
port, so that the working fluid is inhaled in the working
chamber in the form of swirl and flows rapidly, resulting
in turbulence. The large curvature variation on the wall
of scroll tooth results in swirling flow and flow separation
inside and outside the scroll tooth; temperature load is
the main cause of scroll tooth deformation; with the
rotation of the spindle, the overall deformation of the
scroll decreases first and then increases locally.

Keywords: heat recovery, scroll expander, flow field
distribution, deformation characteristics

Current (A)

Ctput power (W)
Botating speed (r/min}
Time pened (s)

Driving gas moment (N m)
Inlet pressure (kPa)

Outlet preszsure (kPz)

NONMENCLATURE
Abbreviations
ORC Organic FRankme Cyeles
CFD Computational Fluid Drhnanmacs
WIST MWational Institute of Standards and
Technology
Symbois
Rs Radius of basic circle(mm}
R, Orhiting radius of crbiting scroll{mm)
h Height of seroll wrap{mum)
T Tooth thickness{mm)
E, Radins of corrected circle(mm)
u Voltage (V)

Moo Be ey~

Inlet temperature (E)

1. INTRODUCTION

In recent years, energy and environment problems
have become increasingly prominent, and how to
improve energy utilization has become one of the main
topics. People pay more attention to emergy saving
technology. For the automobile industry, improving the
effective utilization rate of automobile fuel has strategic
significance for automobile energy saving and reducing
automebile energy consumption. Effective recycling of
automabile waste heat is one of the effective ways to
achieve this goal. Scroll expander is widely used in
compressed air energy storage system, organic Rankine
cycle, low-grade heat recovery and other aspects due to
its advantages of high efficiency, high performance and
high expansion ratie [1]. In the vehicle heat recovery
system, scroll expander is used as the key work
components, and its working characteristics have an
important impact on the efficiency and output power of
the whole system. Therefore, many scholars have
studied the internal flow characteristics and structural
performance of scroll expander.

At present, the research on the scroll expander
mainly focuses on the analysis of the working process of
the scroll expander and the numerical simulation of the
internal unsteady flow field. Morini et al. [2] carried out
two-dimensional unsteady numerical simulation on the
basis of obtaining the actual coordination gap between
the scroll disks, and studied the internal flow

# This is a paper for the 14* Infemational Conference an Applisd Energy - ICAE2022, Aug. 2-11, 2022, Bochum, Germany.
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stator end-winding in induction motor by using
magnetic-structural coupling model
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ABETRACT

[
InducTios molar
Isiilmion fallues
Crack defiser
Fracpamn: analysis
FEM

The ipsufation mechanic &ilure in stator end-winding of inductiog mator i usually an early and
serioms cause to weaken the residual breakdown elecirical field strepgth and produce the short-
cireuit fault, especially subjecting to the combination of dynamical eleciromagretic forces, me-
chamical stress and vibmtion. In this paper, the fracure behavior of imsulation layer with
comsidering the initial crack defects and end-hoop support fadlures in end-windings were analyzed
by using magnetic-structural coupling mode] and fimite element method (FEM)L Firstly, the dis-
tributions of magnetic flux density and electromagnetic force aroand the stator end region wene
determined by injecting three-phase aliernating current. Secondly, the dynamic characteristics af
defoomation, stress and strain in winding insalation were respectively calculated by coupling the
tramsient electromagnetic and stractural analysis. Purthermore, the weak points of the concen-
trated siress and strain wene located. Thirdly, the crack model moumied in winding msulation is
defined and simulated by employing three-dimensional (3-0) semd-elliptical crack element. To
evaluate the fracture mechamism and the degree of crack expansion quantitatively, the siress
intensity factor {SIF) was introduced. Finally, the influence of crack location, direction, depth and
end-hoop support fatlure on SIF and orack propagation were imvestigated, Results show thar the
concentrated stress at knuckbe part of the coil insulation is kger guite larger than that of other
parts. The SIF of iransverse crack is larger than that of longitudinal cracks. The larger the imitial
crack depth in the stator end-winding insulation, the more serious the tendency and degree af
erack fracture. Local emd-hoop suppont failure also has an important indfluence on the crack
propagation. Resuls in this shady may contribute to the understanding of fmcture filune be-
haviars in imsulation under dynamdral electromagnetic wibmtion and provide necessary theo-
retical reference for fault diagnesis and prediction of stator winding in induction motors.

1. Introduction

Induction mator i the major drive of industry and the most commaon electromagnetic-mechanical equipment. Due 1o i3 advantage
of high efficiency, high reliability, low cos, easy and proper operation, many applications have been widely used [1.2]. I is vital 1o
keep the health of this motor for well performance and life span. Statisically, the insulation fxilure or damage s $ill one of the main

causes for electric machine accidents [3-5).
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Thee stator winding is always suffered to the combined stress coupling of electromagne
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Stress intensity analysis on insulation damage of 10 kV AC motor end
winding under complex electromagnetic force
ZHANG Haijun', ZHANG Mingjic'. CHEN Xiaoyong’, WAN Shaohua', GUO Ji'

{1. Hubei Key Laboratory of Power System Design and Test for Electrical Viehicle, Hubei University of Arts
and Science, Xiangyang 441053, China: 2. NRE Electric Co.. Lid., Xiangyang 441899, China)

Abstract: Aimed at the carly fault of 10 KV high power traction motor end winding insulation layer, the failure mechaniam
of msulation layer crack domage under complex electromagnetic and mechanical forces was analyzed on the basis of
fracture mechanics theory. A three-dimensional analysis model was established by using the finite clement method, and the
stress-strain states of the msulating layer crack st different positions were calculbated numencally by piccewise loading
clectromagnetic force. Al the same time, the stress intensity factor was introduced 1o evaluate the degree of crack damage
expansion. The results show that compared with the insulating layer crack damage at the nose end, the crack expansion
speed at the rod joint is faster and the fracture degree is greater. The initial damage state of the crack also has an important

mflwence on the fracture and expansion degree, and the transverse crack is easier 1o expand.
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Effects'of- Dynamic Constraint-on-Stator End-Winding - Stress-for-
Large Traction-Motor'‘Based on'3-D-Magnetic-Structural FEM -~

First A Haijun Zhang, Szcond B.Mingjis Zhang, Sen far-_';{awrber. JEEE, Third 3haghua Wan, and Fourth Zhenan
Jian- -JEEE.,

Hubsi- Koy Laboratory of Powsr Svstem Desizn-and Tast- for Elactrical Vahicla, .,
Hubai -univarzity-of Arts-and- Scisnca, -,
Hubsi, -China ,

The- operating - enviromment- of tmction- motor-is- quite- different- from- that- of tmditional mowor, which- mey-affect- the dynandc
responseof vibration and stress camed by the complex coupling electromaznetic force and mechanical constmint at the-end of stator
winding. In-this paper,-the influence-of dynamdc cowtrants on-the-end-stres of sttor winding i studied ©or-5 large tracion mokr
with 2.8 MW rated power. T]:I.t'III“'.I:I.!tII:—EtFI:I.tI.‘I:II!'II:Id.t] WA ﬁuﬂ.ﬁhad,in.dth.estrﬁsmwnseﬂfﬁeu.dmnd:ngms d.e‘brm:md
by -three-dimemsional -finite elanent- method -Set-w g :
results-show that-when-the-end winding -is ﬂmemu]]T mmtmnad., thee- 1 scima nm - d:ﬁphnmmh alue- ufﬂl.e mnd:lnais tmuis
larze-as-that-of the wmplete comtraint, snd-the madnm - prition appeas -at the winding nose - Under asyumetric-onstmint, - the-
rld:i.l]-ds;ilmmt-is-Ilu.r_h-hrgu'-t‘tln-the-drcmﬁrmﬁl]-d:isphnmmg-lhunt-.!.ﬂ-ﬁIIE.-Th.is-is-h-meEdl]-h-thg-rﬁurch-md-

understanding of favlt mechanizm of Iarge traction motor +nd winding -,

L INTROICTION

Cmvrow AC- moter as- one of the core aguipment- of

locomotive, - ity porformance:  directly.  affects the
parform anca-of locomotive. During-the- oparation-of AC -motor
the- and: winding- iz affected- by alactromaenatic foroe and
tharmal - machanical- and other streszas - and- the vibration
problem- iz the most prominent. - The vibeation: of stator end
winding has bacome-an- important-r2azon- for gsnerator failura,
The main sowce of vibmation: is the coment that generates
glactromamnatic: foroe batwesn cpdls, - aspecislly- the strong
impact- and- vibeation of elsctromasmetic force when the AC
motod start: and shodts - and may be amplifisd des tor
machanical resonanca[l-2]. - The vibration: cansed- by pariodic
clactromamnatic: force iz dlso the main: reason for winding
fracture-and insulation-intagrity-dagradation -zo-it-iz necaszany
to- analyze the stress- and: dizplacement: of the- end- winding
whan- it iz partislly lopsa undar the- action: of slactromamnatic
fomee34]..

In- thiz papar - a largs traction: motor with 2 ratad: powar of
2B WIW iz taken- 22 an- swamplas- A oshown in Figo 1, athess
dimenzional finite- alsment: medsl of itz end- winding i=
astablished. . The- slactromamnstic foroe of end- winding iz
smalyzed: by finite alement methed One thiso basiz - the
diractional - dizplacsment: and- stress- of the end winding: undar
unstable state are- caloulsted. Basad on the combination of
thaory- and- practica, - the dizplacsment- and- stresz- of tha whels
winding: structers- undar the local - instability- of the- snd: hoop
arz axplosed. -
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Fig. 1 oo e med woineding fambt-diagram.

I ERD WINDING FORCE ANALYSIS THEORY .,

Elecrromagneric: Force Analysis Theory .

Avccerding to- the Moowall squations,- the zolved goveming
asguation of clactromasnetic: fisld: with- masnatic vactod
potantial 4 izdazscribad - & follows: .,

L

Tty 10 a

whars ji- f2prasants- pammashdlity, - & danotes the oroes- action
ar=a-of the conducter, {1} i2- the transisnt- corrent-applisd-to-the
statod winding. - Then - the masnatic: flux- density- iz caloulatsd
b using the rasults- of mamnetic: vactor potantisl.- Bazad: on
Logemtz: force, - the slactromamnatic: force in snd-winding: i
amprazzad- s follows:

F.J=EB

wher Fizalactromamnatic: fogoe; Jis-corrent: density; Bs

the flux deneity. .
" B Theoretical analysis-gfasymmerric suppors .

Basad- oo the principle of structural- stability, - it can- be

obtzinad that: .,
Mx
}

Whara E-iz-intemasl-forca;- Iz the moment-of inartis of tha
whola-saction to-the cantrodd - axis; Piz-ontemal - foroe; - iz the
dizplacement dizstancs; - 1 iz tha1=action: banding -moment; /42

Ely'+Py=




AYIE

BT (1998-), B, RBERA , SEERBIRFK 2020 &
FHMIBTLUHARE , SR IFEIRLHEHE. BHALH  HIR
EHRFENEFEFTEROAEESEMRE , SEWMB3W , X
RSCIBX 1B, PO 1E , 2N 1 & ; RERAETR
UL, WX 1T, KW A1, MNEAFMELTH 1 I ; REERRF
TIRRE 3T, FUIREK : 2021 F=F2URZS ; 2022 F=&
FURZS ;2023 F—FR2URES ; REKFMLEF IR IRE
& ; MAbsE BT 2023 BAFELHFEE, BHESYENREBESIK
HEFRGDBERL T,

e

ERILX :
[1] Zhao Q, Wu H, Wang Z, et al. Numerical Research on Lithium-ion
Battery Thermal Management Utilizing a Novel Cobweb-like

Channel Cooling Plate Exchanger[J]. Frontiers in Energy



Research,2022,10. ( SCI W% )

[2] Ml U RSB RERERLRRSRENRMNL. ERXEKX
FER ( BABER )( CFH , BEKBHERFT 2022 R
Bz K WTC BEEHMOCIR )

B (RiE ) RAER

[1] —MeEtBREE , REZTFER , 70202111504074. 5

[2] —Fh R B HBESERIE RS , K& |, CN113356980A

[3] — MRS EABERNRNEE , L% , (N115585939A

[4] —MEERRNEE ,

[5] —fhERES M

BOCCRAMBEETH .

[1] BEZE , ZL202022511335.3.

FRIZRMFRERR :

2021l FEZRPENHERRZFARFEABTREER=ZER

2021 FEMBELERZLEUFHRAR=8R

2021l FEZELESRAFEIRTEMRERIZ=ER

2022 FERBEERZEUFHABRAT-ER

2022 FEM™E 23 B AARNZEBERLRL=FR

SCEF , CN112426645A

ﬁ"
PR N E RN 55E 25 CN115655600A



RERIEXEHE

? frontiers | Frontiers in Energy Research

Check for updates

OPEN ACCESS

EDITED WY
Sheng &. Zhang,

United States Army Research
Laboratory, United States

Foster Kwame Kholi,

Pusan National University, South Horea
Qixing Wu,

Shenzhen University. China

“CORRESPONDENCE
Huawei W,
whw_xy@163.com

SPECIA, E ON
This article was submitted to
Electrochemical Energy Conversion and
Storage.

a section of the journal

Frontiers in Energy Research

R’

13 July 2022
25 August 2022
15 September 2022

CITATION

Zhao G, Wu H, Wang Z, Fan ¥ and
Cheng W {2022}, Mumerical research on
lithium-ion battery thermnal
management utilizing a novel cobweb-
like chamnel cooling plate exchanger.
Front. Energy Res. 10:99277%

doi: 103389 /fanrg 2022.992779

= HT
& 2022 Zhao, Wu, Wang, Fan and
Cheng. This is an open-access article
distributed under the terms of the
S Fhu icenze

The wse, distribution or
reproduction in other forums is
permitted, provided the original
author(s) and the copyright ownerls] are
credited and that the original
publication in this journal is cited., in
accordance with accepted academic
practice. Mo use, distribution or
reproduction is permitted which does
not comply with these terms.

Frontiers in Energy Research

't Oiriginal Research
HEn 15 September 2022
ool 103389 /fenrg. 2022 992779

Numerical research on
lithium-ion battery thermal
management utilizing a novel
cobweb-like channel cooling
plate exchanger

Qian Zhao'?, Huawei Wu'?*, Zhaohui Wang~, Yiwei Fan* and
Wei Cheng*

y Laboratory of Metalturgical Eqp
and Technology, Wuhan, Chin:

inspection and Testing Center, Xiangyang, China

As a key component of a pure electric vehicle, the battery in an averheated
state will have a direct impact on battery life and vehicle safety. To promote
battery heat dissipation, a novel cobweb-like type (C-type) channel cooling
plate with asymmetric inlet and outlet is designed. The C-type channel
cooling plate is numerically simulated in two coolant flow directions (g and
), using the computational fluid dynamics software STAR-CCM+, and
compared to the conventional serpentine type (S-type) channel. Meanwhile,
the effects of three structural parameters (channel diameter, spacing, and
cooling plate thickness) on maximum temperature and temperature
difference of the C-type cooling plate, and pressure drop are
investigated. Based on this, the C-type channel is optimized by
orthogonal test. The results show that the C-type with llyg coolant flow
direction has a better heat dissipation effect on the battery module than the
C-type with lgg and 5-type under the same conditions, and the maximum
temperature and temperature difference are respectively reduced by 0.2%
and 17.8%, while the pressure drop is increased by 17.3%. In addition,
increasing channel diameter can obtain good battery temperature
distribution and smaller pressure drop, while the increase of cooling plate
thickness and channel spacing has a greater effect on the battery
temperature difference compared to the change of maximum
temperature. Finally, the results of the orthogonal tests show that the
cooling effect is best when the diameter of the cobweb-like channel
cooling plate is 7 mm, the thickness of the cooling plate is 12 mm, and
the channel spacing is 16mm, and the maximum temperature and
temperature difference are reduced by 0.7% and 6.8%, respectively, and
the pressure drop is reduced by 37.6% compared to the initial cobweb-like
channel scherme. This offers a fresh perspective on cooling plate channel
design in liguid-cooled battery thermal management.
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