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A Study on the Design of Low Power Spoke-type IPMSM

Ju-Hyun, Min

Department of Electrical Engineering
Graduate School of Industry

Pukyong National University

Abstract

The Permanent Magnet Synchronous Motor(PMSM) is a
profit model as a next generation servo motor because it has
less rotor loss, high efficiency, high torque/inertia
characteristics. Also, Spoke-type Interior Permanent Magnet
Synchronous Moror (IPM) has advantages such as high
torque/output density, small sizing, possible high speed drive.

This paper describes on the design of low power
Spoke-type IPMSM. For this the characteristics of IPMSM
varying the construction of rotor is analyzed. The design of
IPMSM follows the load distribution method. After the design
of winding is performed by analyzing the winding coefficient
the construction of the stator is determined. To verify the
design validation the design results such as no load back
electromotive force, cogging torque, load torque, flux density

obtained by FEM are compared with those of experiment.
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3.5 Spoke-type IPM ®7|1A&7] A A}

AF7kA 9] eSS vlE oz A B applications ¢33 Spoke-type

IPM 57145719 dAE F3ds9a, 2¥ 83 1 5o Aelsk3itt.
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A7 Abe sk i

9] 7] 57.6 mm

A2} W7 35 mm

« A| 5 © 35PN230(H4])

5 2ol 0.3 mm

4% 7ol 23 mm

9] 7 34.4 mm

CER Rk 12 mm
« A|H 1 35PN230(H A1), N48SH(Q T#+4)

21



TR 9AS 57.6[mmlE sl 607 HERE A& o]y o] Q=
= AAstgon, d7aAde w3l HEE Spoke-typelZ A E}o]
0.3Immle] Fel Wld 717Ae dAAS FUAAT Ed HA7 2
A sl 3715S d43ste] Spoke-type FEoIA BFHOR ofy|H

© oA A% BAE nean,

22



A4 s 23 9 12

2 =wo AA Al 34 105 125 Spoke-type 713 F7]E
AZ=sl7] 98 Getermow
7] mdo galA e .
a8 9l YERAAH

AsREE Haed

ns - |’ ]'. _|! f I || l| /

Magnetic Flux Dengily (), T
.-
et

. 1 H 1 II l
s —- -'Il | \ Illl-\\lI jl 1 III f (
" | |1 | ¥

V e
1.5 ¥,
0 o % o
Angle, deg
099, FF ASUE BE 84 Ay
AR Aol &£F Ao FF AEEEQ gfxo] wAIE= Slot

5
Effect7b SA4stu, AAA ] =5 G4 A7 gl Ae gl 1
2

310 b9 PEE ol gdtel AAl AZE AR FF A
248 Aotk o2 Fal 1y 904 A Ak Br1HA

wly

%
£ o

nzste] e Aslshd A Anh WA fAE AS o

23



wo@ o8 B o@g @ 8 B Y 8

ER

B8 B8 s PR oo op

W= | Wwl BT i b "

297 XgEo diste] Q= AL gRlskgith Ed 332.6rpmel A
5.7Vrms®  d7|dge] ZHHH AT, AAEHES  3,000rpmol A&
51.4Vrms®]  &7]xd=oe]  ofidEw, o=  HAMEAS AN
55.0Vrmset 6%2] @& el k. zgla HagEel 6,000rpmell A
102.8Vrmse] A 97148, 178.05Vrmse] Azt Gr]d#o] oAty =
vl o] ZeglolB el DCHA Al 311.1Vel Hl&] off7F F'ate] A

o] & st A7t §le A2 AR HL

24



Gircuil Violtage, ¥

Measure

i ] &)
Angle, dng

o 1L ek 19 e A3

NE LECROY
ereyoulook”

3
P2:freq(CL) P4:n
27.71619 Hz 5 57
v

ms(C2)
oV

00
Vooffe

Vidiv 5.00 Vidiy|
set

5
0.00 0:00 V offset|

Fhek Aridg el & axy GE(THD)E 2438k ® 69

THDE 4 (128 8] AR & gor], Ao #elg 9

25



= Zx 2l
sk 4719 Hdagk 58.39 v
8l 971 THD 18.22 %

Fo=2 F7) EAE 45t ¥ 139 Yehgle. ZAH EA
(Cogging Torque)= #A-&7|¢ HE® A ®Wsl7} 3|d 7zt dgslo] WH-s
3l AF9] 7] TYHEe] Wz wEo I ARt uAAF Alolrf H=

1=

=
Zolbx] Bl AL u|dith, REQ A EI7} F4E AT

oot N

a0t - 4
/

Torgue. Nm

26



tod g 150 vehiiinh s14 A

°

a4

14e] e, B4 5

4 Az, 29.42[mNm]=Z #45o] X application 9|

3

2
™

skl 1

S

7 EF
GRS

[

)
—~

ol

A7} AR FE5}E o

K
gal

Nm

0.698

| 5 814 A

°

an

=]

L

% 14

K

0.64 =

B4

jraxe]

2)

%

15.2

27

3L
=

B3 g




28



&

A 5% 4

o
B

o

B
<!

M
T
B
z.e

H
M

ol
i

Spoke-type IPM E7]d%7]=

i

K

eE
b
T
i

nr
Ho

ol
HH

==
)

el

ek,

5]

oAM 7+ e

=il A

B

Aol =

Spoke-type IPM =714 %7]

7:5_]__

% 9

+ AlX. application

£

gk ofyel, piLRe] 37

HH
KUK

s}k

N7} g

—_
file)

t}. Z18] 3l Spoke-type TFRolAl &

skl stol A

.
=

—_—
o

_
.60

No

T

0
fite)

No

tol A Axs

eSS

3

A€ Hs718 FEMe=

A
=

O

lo
B
il

o]

ol

o
JJo

=2
Hr

"0

il

=
=

REs

3l Spoke-type IPM E7|x %79 =

A A

ol A

j=
il

B2
file)
o7
o
el

)
file)
M-

m

29



[1] Jesus U, Liceaga-Castro, Irma I. Siller-Alcala, Jorge Jaimes-Ponce,
Roberto A. Alcantara-Ramirez, Enrique Arevalo Zamudio, Fazal M.
Mahomed. Identification and Real Time Speed Control of a Series DC
Motor. Mathematical Problems in Engineering, 2017.

[2] Lv Yang, Jing Hong Zhao. The Design of DC Motor Excitation
Regulation System Based on DSP. Advanced Materials Research,
2012, 1518(383).

[3] Cheng Qun Li, Xing Sun, Xiao Lei Dong. Designof Pure Electric
Vehicles® Drive Motor Contoller Based on dsPIC. Advanced Materials
Research, 2010, 1037(139).

[4] 23, "FIE ANEZEHY Zjl&sd ald HA a4’ FEANN RS
A], 19(2), 147-156. 2010.

(5] ARS, "4xt AISY O1g AFRE V|29 AP Ust A - AERRE

a [e]
2 Fy02” MARIYER, RATstL s, 2018,

[7] Payam Shams - Ghahfarokhi, Jawad Faiz, “Design of four-pole
permanent magnet motor with different rotor topologies”, Journal of
Electomotion 20, 2013.
[8] Eklund, P., Eriksson, S, “The influence of permanent magnet material
properties on generator rotor design”, Energies, 12(7),pp.1314, 2019.

[9] Gundogdu, T., Komurgoz, G, “Design of permanent magnet machines
with different rotor type”, World Academy of Science, Engineering
and Technology, vol.70, pp.511-514, 2010.

[10] Miyamasu, M., Akatsu, K, “Efficiency comparison between Brushless
dc motor and Brushless AC motor considering driving method and
machine design”, IEE] Journal of Industry Applications, 2(1), 79-86.
2013.

30



[11] Zhu, Z. Q., Shen, J. X., Howe, D., “Flux-weakening characteristics of
trapezoidal back-emf machines in brushless DC and AC modes’,
2006 CES/IEEE b5th International Power Electronics and Motion
Control Conference, vol.2, pp.1-5, 2006.

[12] o]&8=, &EY, "ferasyy vreaHHS o83t 250 & % R=ds
7] R|™AEA", st=A7]8EE] K], 20(6), 239-243, 2010.

[13] @+t "RFraryg o] &3t Al A Aess1E& 1AM tidd

of
¥ BLDC mE O] A", A==, S50t tisted, 2017.

-

S
i

7]

br

J‘L"
10k
r O

31



A €% Spoke-type IPMSM A Ao %

FiX

Bk

S PN T

w, Ed

ol

ol iglol fase] =
S MEREH=

AR &
3k Spoke-type IPM E7]8d%7]&

1S

o

X

373 57

Hge m

e

ot}

B
‘zrl

]

K
0

¢
o

A5 7] o]t}

¥

;OL

o

Z]

=l A
s WA, GEAN EAAEA Y HAA Fxol o

ol 4

&% Spoke-type IPMSM< A7

-
i

H
A

vA
"
[

iz
Ho

)

el

i)

o

)
[l

il

=K

23|

@

32



	제 1장 서  론
	제 2장 영구자석 동기전동기
	2.1 영구자석 동기전동기의 회전 원리
	2.2 영구자석 동기전동기의 회전자 구조
	2.3 영구자석 동기전동기의 역기전력 형태
	2.4 영구자석 동기전동기의 출력 방정식

	제 3장 Spoke-type IPM 동기전동기 설계
	3.1 설계 사양 및 회전자 구조 선정
	3.2 극 수 및 슬롯 수 선정
	3.3 공극체적 산정
	3.4 권선 설계
	3.5 고정자 형상 설계
	3.6 Spoke-type IPM 동기전동기 설계 결과

	제 4장 해석 결과 및 고찰
	제 5장 결  론
	참고문헌


<startpage>7
제 1장 서  론 1
제 2장 영구자석 동기전동기 2
 2.1 영구자석 동기전동기의 회전 원리 2
 2.2 영구자석 동기전동기의 회전자 구조 6
 2.3 영구자석 동기전동기의 역기전력 형태 8
 2.4 영구자석 동기전동기의 출력 방정식 9
제 3장 Spoke-type IPM 동기전동기 설계 12
 3.1 설계 사양 및 회전자 구조 선정 12
 3.2 극 수 및 슬롯 수 선정 13
 3.3 공극체적 산정 14
 3.4 권선 설계 16
 3.5 고정자 형상 설계 18
 3.6 Spoke-type IPM 동기전동기 설계 결과 21
제 4장 해석 결과 및 고찰 23
제 5장 결  론 29
참고문헌 30
</body>

