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Study on High Speed Operation of IPMSM with Concentrated Winding

Ki-Doek Lee”, Won-Ho Kim",

lk-Sang Jang®, Mi-Jung Kim", Jae—-Jun Lee", Ju Lee’

Department of Electrical Engineering, Hanyang University”

Abstract - In this paper, Interior permanent magnet synchronous
motor(IPMSM)  with concentrated winding for 110cc electric
motorcycle is introduced. Optimum design is performed so as to
satisfy wide speed operation range. And output characteristics is
analyzed according to shoe height in many variables. Because partial
magnetic  saturation in shoe affects the harmonics, output
characteristics of motor could be confirmed that a significant change.
As a result, the new shape and the optimal design parameters
considering the partial magnetic saturation is obtained. Compared with
the base model, wide operating range was confirmed.
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<TABLE 1> Requirement Specification and Simulation
Results of Basic Model

Requirement Spec

Item Value Unit
Torque@BaseRPM 27.35@1658 Nm
Torque@MaxRPM 8.31@4421 Nm

Simulation Results (Basic Model)

Item Value Unit
Torque@BaseRPM 28.15@1658 Nm
Torque@MaxRPM 16.33@2580 Nm
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<Fig. 1> Design variable in stator structure of IPMSM
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Line Voltage@MaxRPM
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<Fig. 2> Line voltage as the shoe height, d1(d1=d2)
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<Fig. 3> New teeth structure with tapering
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<Fig. 4> Torque waveform as tappering
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<Fig. 5> Line voltage with the field weakening as tapering
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<TABLE 2> Parameters when turn number is reduced to 1/2
HAA N | L|NL| W 7, I

HAF

1 1 1)\?
SN| 21| NI | Y, (—) L,

2
v, = No,2 Q5 vl =12 9] sUan 47143

Ro] WB7E gl7lel Qe L dao] Al wldsiA Hd.
W7 A Fey e ETH Eas d798ae Adsny

T=PW I cosB+— (L L,)I’sin2B 1)
N e R A O A Mo
p=sin Az, — 1)1, @
ol 1, w73 ¥ gevE FEZFH EAd AFAL4E AdHEY
T= PN{(IWG) 27 )cos+ — ((iLq)—(%Ld))(Qfa)Qsinzﬁ} @)
2 1 1 oW
[ ol e
I 1 (4)
() (34))en
o] fth. AfAHog g FIPW TIFE ¢ 5 drh oYY o
TFAA Ag71A Y A ARAAMY F& A sl 2HEA 2~
EA% FAF 24, ATAANA Y dHF EHol Yrth ?*;73 A5
Ztzte] shetng ﬁkrj%a EAES AR ok A((5), (6) 3~
Al s &4 obdF @ i A9 Fie A :E b =

Wee) HuAs WelA gow walaA gt B4 velAn 4%
g % JAEe Wae g g B4 A&UE
of HojAt welA ol slaHeAs £43 A7 £4L e
W A f‘foﬂc Fda.
k,fB, ®)
e :kefQBé 6)

AR 2R LS Adud A48 &= Lo westn 14
g ,

ol ul@aeh, W57k dwel HYThE Ao A4 dol7t 20 Hojuta
w2 D4 Wolk 20 Frete AshAom Agel slEnt /43
&% ovidth WA 49 seez 339 $Ee PR

Loss = %[:RH (7

copper

W Fol e 3gel B Faun

Z Nl Hj#ste] ylopx Ng u

EX
s mdg ool e AS AlFA etom HAAT 4 215} FAHoZ
golg] HA EIPdI unxy IPEDL EAYS FEM(Finite
Element Method)2& %3 &8 < v} 7]&_‘1%101]*1 30turnol | 2
3 AEdsE 15turn2fn Zolal tlal HAFE 2w 71UA S
<MaxRPM)oﬂ*194 FEM3| A& &3l 919 ol&5 gelatsirt

olﬂ
FO

25

20

0 20 180 270 360

Rotor Position[deg]

<Fig. 6> Torque waveform of 15turn and 30turn
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<Fig. 7> Line voltage of 15turn and 30turn
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<Fig. 8> Core loss and solid loss of 15turn and 30turn
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[1] Tomas M. Jahns, "DESIGN, ANALYSIS, AND CONTROL OF
INTERIOR PM SYNCHRONOUS MACHINES”, October 2004
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