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Investigation on Core Loss according to Stator Shape
in Interior Permanent Magnet Synchronous Motor

Su-Jin Lee, Sung-11 Kim, Jung-Pyo Hong, Serior Member IRER
achool of Mechanical Enginesring, Hanyang University, Seoul 133-791, Korea

Abstract- This paper deals with the core loss reduction
according to the change of stator shape in an interior permanent
magnet synchronous motor (IPRISA). The number of slois per
pole per phase of the IPRMSM is 0.5, and the tooth width and yolke
thickness are chosen as design factors. According to the ratio of
tooth width and voke thickness, the core loss is analyzed under
considering the rotating and alternating magnetic field at the main
operation. Base on the functional core loss data ohtained by the
Steinmetz equation, the core loss i calculaied by using finike
element meihod (FEM). In this study, the determination of ratio of
tooth width and voke thickwess to minimize the core loss in the
IPRISM is presemied. In additional, the torque characteristics
according to the ratio are aleo investizated.

L INTRODUCTION

Fecently, as the interest about the energy sawings in the
various industrial flelds iz increasingly raised, the high efficient
motors have been demnanded. In order to design the motors, the
cotsideration of power losses in the design stage is necessary,
and the reduction of core and copper loss is important because
they occupy the most of the losses generated in the motor
Moreower, the improvement of efficiency in traction motor,
[PIISI, brings ahoutlarge energy saving. Thecopperlossesare
proportional to the resistance of the phase winding and to the
square of the current flowing through the phase, and the core
lozses are proportional to the fequency and fhiz density.
FEspecially, the core losses are affected by the motor shape
Furthermore, the core lozs reduction design in the traction motor
for a hybrid electric wehicle (HEWV) iz necessary, because
tmagnetic saturation is relatively high due to the size lirmitation.
Consequently, this paper inwestigates the core loss according to
the shape of the motor [1].

When the rotor rotates with synchronous speed, the core loss
in therotor is smaller than that in the stator because of a little the
fhiz density wariation in the rotor. Hence, the most of the core
lozses in the motor are generated in the stator. The warious
design factors of the stator have considerably an effect on the
cotreloss. There are many papers ahout the reduction of core loss
according to the shape of tooth tip and slot [2]. Howesrer, there
are very few technical papers about the ratio of the tooth width
and yolze thickness.

Finally, thizs paper presents the ratio betareen the tooth width
and yolze thickness to minimize the core losses according to the
cotrhination of slot and pole number in the IPWEL Moreovwer,

torgque characteristics are shown according to the combination.

II.  Awarysis MODEL

In order to find the changes of aspect of the core loss by the
mumber of slots and poles combination, the number of slats per
pole per phase of the analysis models is 0.5 Hence the
determitied model iz as follows among the models: 8 poles 12
slotzs, 12 poles 18 slots and 16 poles 24 slots.

Fig 1 displays wole thickness (design variahle A) and tooth
width (the design wariable B, The slot area and wolumes of the
permanent magnet in each model classified by the pole mumber
are all the same Because core loss iz considerably affected by
the tooth tip in the stator, the shape iz also the same shape in all
of the models.

Core material of the entire model is 35PMN230 and stack length
15 56[mm]. Dimensions and slot areas in each model are shown
in Tahle 1.

[a)] & poles 12 slots
(b) 12 poles 128 slots

(2] 16 poles 24 slots
Fiz.1. Configuration of the models.




TA4ELEI
DIKMEHSIONS AHD SLOT AREAS I EACH MODEL

Ratio betarean the Dimension [mm] i
tooth ‘-’-"j{ith and yoke [TToke thickness Tootheadth [rret']
thickness Y] (B
2P 125 1530 30A0 22980
0.5 12P 155 1020 21 /0 23501
TeF 245 R TE00 18771
2P 125 1520 2686 2534
0.6 T2F I35 1200 T3 =0 22550
18P 245 1050 1720 18783
2P 125 1720 2450 2522
0.7 12P 155 1530 1500 23439
18P 245 1130 1830 18253
2P 125 T7ES 2230 22390
0z 12P 155 14 50 1500 22959
TeF 245 12770 I550 | e
2P 125 15A0 20/0 25902
09 12P 155 1530 1700 22895
18P 245 1550 1420 159 52

IIL FINITE-FELEMENT ANALYSIS

A Mo-load core loss

The coreloss iz directly propottional to the flux density and
frequency, and core loss is caleulated from the functional core
lozs data obtained by the Steinmetz equations which are
cotnprised of hysteresis loss, eddy current loss and anomalous
loss. The total core loss iz expressed in following form for
sinuzoidal varying magnetic flux density B with frequency 7
E=h+E+E

:kﬁz +.'?‘CJ252 +.'?‘Ca_f15515
where ki, K, Kp are the hysteresiz loss, eddy current loss and
anommalous lozs coefficient, respectively.

These constants can be obtained by curve fitting from based
on raw core loss data. Fig 2 iz the fimctional coreloss data used
for calculation of core loss. This paper analyzes the flux
distribution in the steels at the main operating condition. The
coreloss considering the rotating magnetic field and alternating
15 calculated from the each tooth and yolze [3] - [3].

The finite element method (FELD iz used in order to calculate
the core loss. Fig 3 shows the procedure of core loss calculation
using core loss data of magnetic materials. Fig 4. and Tahle I

are presented the no load core loss at base speed (1500 [rpm])
and max speed (A000[rpea] ) in each model.
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Fiz.2. Functional core loss data obtained by the Stenunetz equations.

TAEBLEII
CALCULATION OF THE HO-LOAD CORELOSS
Ratio ofthe tocthwadth Base speed Max speed
and yoke thickness [ 1500zpm) (B00pm)
2P 125 3800 30585
0.5 12P 185 &140 52028
1eP 245 9EA2 249,57
2P 125 3533 300.24
0.6 12P 155 a003 510.28
1eP 245 Tl 235790
2P 125 38R9 31447
0.7 12F 125 a1 75 52540
18P 245 9714 25217
2P 125 3576 308,75
0z 12P 155 B1377 527821
18P 245 9514 24212
2P 125 3422 28951
09 T2 TR B2 52 555E5
18P 245 9549 25201

£ Lowdcore loss

Load core loss iz also obtained by the way calculating the
nio-load core loss. In order to calculate the load core loss, the
mput current and current angle iz needed. They are obtained
from the result of characteristic analysis [4]. Input current and
cutrent angle in each model iz presented in the table [I1 Table
IV and Fig 5 shown the result of the load core loss.
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Fiz.4. Eemlt of the no-load core loss a base and max speed.



TAELEIII
LOaD CUREENT AND CUUERENT AHGLE

Ra;:i ﬂl’:tml:::fth Inpt crert [Apm] Current angle [7]
2P 125 171.66 LY
0.5 12P 185 281.84 455
TaF 245 27145 1220
2P 125 17599 T332
0a& TP 155 22079 454
18P 245 27058 1780
2P 125 18299 T35
0.7 12F 125 28056 444
18P 245 27244 1750
BP 125 17212 ]
ne 12P 185 28227 437
18P 245 273.00 1780
2P 125 12201 Tla
ne TP 155 2ed B2 428
18P 245 28093 1210

The core loss estimated in the entire models 15 a satme aspect.
Because the 16 poles 24 slots have higher flux density than the
others, theload core loss is the highest among the models.

0 The flux density Vaviation inthe footh and yoka
We have defined the magnetic wector potential in the
relationship

Vxd=§ (2

An equivalent mathematical expression for A iz as followes,
and Stoles’ s theorem is applied.

[{]IA-.::‘I=]SB-.::‘.5'=¢3 &
Therefore, the line integral of the vector potential around a

closed path i equal to the magnetic fluz linking that path [7].

Thiz gives thetotal flux per unit depth inkdng the circuit as

gEaea )

The change of the flux density in the tooth and wyoke is
calculated the vector potential difference between point 4
and A, . That is expressed as following form (5).
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Fiz.5. Eemlt of the load core loss

TAEBLEIV
CALCTULATION OF THE LOAD CORELOSS
Ratio of the tooth wadth Base speed Max speed
and yoke thickness [ 1500zpm) [BO00pm)
2P 125 103.24 98387
0.5 T2 TEE 15414 T2 A2
18P 245 21245 1905 .52
2P 125 9212 25041
0.6 12P 185 12521 114238
TeF 245 15284 TFRED
2P 125 75001 78919
0.7 12P 155 12727 1152.56
18P 245 157.01 1874
2P 125 2015 75809
0z 1P 185 12246 1111.47
18P 245 17338 15596 52
SPT2% TTag 1208
(IR 12P 155 11968 1025 .45
TeF 245 0dd 5325 51

where 4, A4, are the magnetic vector potential in each point,
and ! is the distance between A and A, .

Fig 6 presents that the magnitude of fundamental component
and Total Harmonic Distortion (THDY of the flux density
variation according to the tooth width and yoloe thickness at the
load condition.

From the Fig é, it is ahle to know that the magnitudes of
fundamental component and THD of changes of the flux density
in the yolke have an effect on the load core loss. The result of the
magnitude of fiundamental component and THD of variation of
the fluz density in tooth and yolze in the entire models alsois a
satme aspect.
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By choosing the appropriate ratio of the tooth width and yoke E‘ - - E‘ e =
thiclkness, the efficiency performance can be inproved because w5 |— — 1e2 |
of the reduction of the coreloss. - T -
Incase ofthe motors which have thelow flu densily, thereis " o % e w0 B w
little wariation of the core loss and torque by the ratio. On the (28 poles 12 Slots (1112 pales 15 slots
contraty, the change of the ratio in the motors which have high
tmagnetic sabration causes severe difference of the core loss. 2000 |
Thus, when the designer determnines the initial shape of 1005 -
[PRISI which hawve a high flus density such as the traction — 1000 || | !
motor, the study results investigated in this paper are useful é ——— \ Lokl

Iloreower, if this paper adds the investigation ahout the stator

shape such as the tooth tip and =lot opening, it will be a good e
indicator for the coreloss reduction design. === i
1270
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(] 16 poles 24 slots
Fiz.7. Predicted the torqe.



