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Abstract — This paper deals with a deslgn approach 1o an
Interier permanend magnel synchronous moter (JPFAMSK) used in
[n-wheel molor drive syslems af electrlc vehizles. The approach is
divided inlo three paris overall, Firsl, the constant power reghon
af [PMEM and gear raftho are investigated in order to meet the
spreificalivns of the in-whorel motor system. Sccond, the range of
Induciance and bachk-EMFE (¢ satisfy the given desipn condillons
of the IPM5M is exlimated. Finsglly, the preliminary geametry
satisfying the range iy declded by PA Wipe, current density, and
M factor and sa on, and then rhe detalled desipn is carrled aut by
means of frile clement analysis in consideration of magneHe
saturation,

I INTRODUCTION

Mowsdays, 8 #roan imterest is focused on more efficient and
reliable propulsion svstems of eleomic vehicles (EVs) becoause
of an exhaustion of petroleum resources and cnviroamental
problem. in general. the propulsion system for EY's consists of
bunterics. elecmic motors with drives, aned mansmission gears
to wheels, However, if an in-vwheel motor syvstem s applicd as
the power svatem of EVs, the wansmission compased of many
comportents can e chimamated. Thus, the wansmission losses
arc minimized, and the aperation efficiency andd reliabiliny i
pmpeeced [1]. Moreover, mome atwenies can b installsd in the
srmze Lhat woomld be pecupiced by the transmission, which help
i ingrease the driving range per charge. Onthe contrary, doe
tis the ehimination of gears, the system needs 1o producy the
tofael ooy diregily intg the wheel shaf, Conseguently, the
siwe f the swstism wends o grove [2], (3] Aceomlingly, for the
minialurzation, a planelacy gear sysiem is applied 0 the in-
whee] motor syvstem treatéd in thix paper.

In recent years, imletion modar drives are prefermed Tfur the
EY propulsion system ewing to their low cost, high celiabilicy,
ined iy lectuning fagilitation. Plowgver, (og i relatively ow
pewer demsity anil eMicieney, the motor bas a drawbagk inothe
im-wheel motgr svstem where space anl energy savings are
crtical. Thys, inlenor permangnt magnet syochrompws molers
(PRASML) featuring compaciness and high efficieney have
buecome an alternalive lpr the BY propulsion system.

In thix paper, a design approach 1o the IPRMEY emploved in
em-wheel motor sysiem is presended, and it is divided ante three
parts overall. Fiest, Betioee the shape desipn of IPMSM, the
constant pivwer specd ramge (CESRE) of the motor and the natio
of a reduction gear satisfving the specifications of m-wheel
ool systeit dre determined. Second. Me rapge of inductance
ard Back-EMIF 1o satisfy the required elficiency and outpot
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Fig. 1. Assembly eonfigaraeen of in-wheel nwaordrive syalem.

performance of IPMEM is estimaned. Finally. the preliminany
goomelry salisPrime the range is decided by BM type, curment
density, and fill factor and 0 on, then the detviled design is
rerformed with finie element analysis (FEA}Y in consideration
of magactic saturation and opcrating temperature.

. Seeciriearions OF TN-weneen Morror e s Sysiem

The wsserribly conligoration ol in-wheel mator sestem s
shosvr i Fig, 1. W consists of foue parts. motor, reduction gear,
brake, and wheel. The specifications of an EV are illosiared
i Table 1. The read load on the velicle is coraposed af thees
commenents: ascodynatic drag force Fy. mlling resistance
force Fo. and climbing force £, which are expressed as
1] [[VALER

Foy= DSt iy
F pemp (2}
F, = mrgsing (3}

whaere gz the air devsing: A0 (he fromal area of the car O the
aerodyramc drag coelMicient, v the relative vehicle velociry
to the head wind; g the relling friction cocflicieni: m: the
curb mass; & the inclination angle of the road.
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The forec requined to reach te prescribed acecleration o by
overcoming the road load i as follow:

FomasF, e F, +F =9.T (4)

r

whete &0 the pear fatiod ~ the elfective radios of the tive: 7t
molor tTargque.

Based on the specifications, the required motor torque and
the corpesponding speed wieder vatious operation conditions af
the vehicle are shown in Fig. 2 and Fig. 3 [4] At this tme, the
ot inuro oaiput pever of the molor is 25k'W
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1. IK-wHEEL MOToR DESIGN

A, Bufge of Bock-EAIF ond facdlicianze

The purannctric design named in this paper is caried out in
order o satisPy the given design conditions of 1PMEM applicd
in the mm-wheel driving svstem, That 15, s to eshimate the
range of inductance and back-EMF mmeausd as the maost ontical
factors inthe iniial design of IPRMEM. The region is obgingd
by changing the valug of inductanee and back-EME {5 06}
and (7) expressed g the voltage and torgue equation of the
IPMEM in the steadv-stane.

v i " e,
e AN +(|+—~f a (5}
h ,f'nr . ﬁ: 1'--4'
: -l || ¥, 0
V| ( ml., :._.. ) o)
Vo el 0 g aHyr,
F=PBlyrf +{f,—L i ] (7

whare iy 7,0 d- and G-axis commpotients of anmatore coerent; f,
fot - amd q-axis components of iron loss eurrent; vy, v d- and
g-anis components of terrminal owcelege; g NTE R
maximum Nux linkage of pormanent magnet: £, armature
winding resistance: B iron loss resistanes: L, L inductanee
aleng d- and geaxis: &y nomber of pale pairs.
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At than time, somue paranweers are greatly infuenced by pasi
experimentad dita or designer’s experience, wnd therg arg
assumplions. Fins of all, the iron boss e neglected. Second, the
winding resistanee 5 issomed oas 1TmO @ the opengting
temiperature, Third, the ritig between £, and L is 15 Fenally,
mechanical ks s 0.1% GF mosimam outpol poser a1 1006
pm, and the lps is proporlional t e squace of speed. The
rirquirernents o IFMSS are shown in Table (1, and Table [0
and Fig. 4 display the resolls oblaned by the parameiric
design.

s Ry,

Eag. 5. Imibial chesognedd comn lgordnen af inswhesl nwdur

B Prelimingre reomefe

In thas section, the progedure for preliminacy geomielne
desin afl IPMSM s illostrated. Al all, in the progiss,
rgue per roter valume {TEV) seconding w PM type is
eilimated within the dimension alisplaved in Tably 11 [3].
Second, the number of seres tams, air-gap length, and PM
shape such o pole urc and thickness are determined with an
analytical methoe] wsed for the design of Pd synchoonmgs
motar [/]. Third, the cail dismeter comsidering corment
dematy 15 selectsd. At this lime, the sumenl is shiamed by
the purametric design. Finally, the shape of stator is rooghly
decided by the number of series Wwens and Ol factor, aod 37
the value of back-EMFE calvulated by finite ¢lerment analvsis
(FEA} i mcluded within the runpe shown in Table 1110 the
inilial desigm 15 completed. In the end, the final resolls of
itniteal desspn dre given m Table 1Y and Fig 5

v, FIMITE ELEMEMT ANALY SIS

A Caferfurion of tnductanee

Im order o caloulaes the scourate charactenstics of IPMSM
designed in Section 1, Ly and L, must be computed sccording
to the vanation of aomature cecent and current angle (B In
this paper, they wne obtained through FEA. cubic spline
interpalation and (8}, anmd their one part is shown im Fig i In
{3y, 4, mml g are fundamental compenents egloolaesd from
fourier analysis.

.k,
i i

i y

A COS O — _ sina

I, (H

where g total flux linkage considering the armature reaction
effoots; on phase difference betweon g, and g,
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B Egquivadenr fron Lors Resiztamor

Fig. T shuews the process of iron loss calqulation using iron
tooss glats of magnetic material. The detailed explanation of the
Neowiehart his heen given in [7]. Afer estimating wotal iran oss,
Wy Chte iTon b cesislance B, can be computed by (20

R, =|:E,,]"I§}'.":~u:Jl'lru'r;':“"?':I (9

O Characterisdic Arodysiy

In ceder o ver By the reguirernents of IPMSM pives io Table
II. the characreristic analysis are caried oub with pacamses
estimated through the wway rmeotoned abeve, (33, (60, and (7).
AL this time, the following limiations oo denatore clrrent and
terminal voltape are constderad.

f,=Ji7+07 <7, (10}
Vo= Ju? +v SF (l}

where £ Flgt peak vilues of corrent and valtage

e A e ] g i T e iRt e b e

miant grgls [ ]
|

[iL) AL MTUIMEMUIm BULRIU TR er

e ey e il == Toamuis == | cEgge

Vodtage |

wq

1h] At rited cutpul power

Tig & Characterishs analy sy curves of TRM S A

Fig. # shows the chasacteristic analysis resuli of the [PMSM
imdicated o Fig. 5 The resolis ave shown in good agrecinen
will those displayed in Fig. 4.

¥, COMCLUSION

In this paper, 8 design approach 4o IPRSM for an in-wheed
migior driving system was presented. BEven il some parameers
arg wasumedl nthe porammetriy ghesipn stoge, the apprsich s
effective Tor the (esipn of IPMEM .
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