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A Study on the Design and the Characteristics
in Single-phase Line-start Permanent Magnet Motor
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*Dept. of Electrical Eng. at Hanyang Univ

Abstract - The purpose of This paper is the optimal
design of a single-phase LSPM(Line-Start Permanent
magnet Motor). A single-phase LSPM has a
permanent magnet in the rotor that is same as
induction motor. For that reason, the transient
characteristics are very different from an induction
motor. Therefore, we need the PM design to consider
a transient and steady-state characteristics.

In this paper, we designed a single-phase LSPM that
has a high power and a good starting characteristics,
and analyzed the performance of designed LSPM by
varying each parameters. Finally, we examined and
compared the simulation results and the prototype
motor's characteristics.
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Specification
9 fr7] LSPM
Input voltage[V] 220 220
Fullout torque[Nm] 0.33 0.66
Rated speed(rpm] 1600 1800
Stack length [mm] 45 45
Frequency{Hz] 60 60
Number of pole 4 4
Residual flux density [T} None 1.12 (207C)
Length [mm] 0.15 0.15

22 X|7| SII22E 08 AN Size M7

AN AL A7 T2y S ol &dthrt ¥
R4 AAEe @8 Y Fr7e 1E v 8
E7] E329 27l & AL EEE &, 13 29 3
o] z7] BB 28 AlEslg. ad 29 4 39 %3
ulol]l o8] UsAlE 5719 A< patholA R, 3 R,
H £218& 100022 sPHERi, R, R R.,.Y
Hl 2282 ¥EEA gevhe /M3 22 880022 A
Ao, & AL Unx REo xS
g 71 EATD. B2 cored AAL s600]th.

o] A3E wiglow Iz GrAMe g e <

4

0, of

>

-{n

- 126 -



400mm*gitt. o] YHAL RHNE FHYF © A2
Zx g 2380, 2 o] AgHoHe 49% F »
FHHo) ZLE BF3n A7) %o HAl gAY
Ade =27 A3 dojxle @Ado] BT, o
A3 g vigoz A IS v, LAsE B3
7} BAAA AT ZAAE 27 s 2EAYY
(DOE) ¥ A3ttt

a9 2 A7) F71Y2E A9 fluxs

Q

2§ 3 LSPMe A7t =R

o2 APAYYL AN 98 24 =¥
7148719 Z AAEol AT EAd ojmF G
FeAE €798 ATLE, ITFANY FA, 7R
o] Az Yol wWUHA Ue Fol(FFAY &), ¥
Pule] Ay g e QAE MA ¥HFE AFsld
o] dA e oz UeoE fN 2dL As-E
43} 3 3(DOE), ol¥A ZolE RYUEEL R¥2IYE
ol 835l FHMaUTt B 2& AA WSE] Qixe} 1
AAEY £&& ez glen ¥ 48 AR 44
9] AA ¥WFEo 71FAMIHY EIA miRle d¥ze)
2 A%E Jega gtk

E 2 A4 959 AR AR £F

Design Value Design

factors Min Max level
Magnet arc [deg] 30 35 2
Magnet thickness [mm] 1 2 2
Magnet deep [mm] 14 15 2
Resistant {2 ] ! 2 2
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2.3.3 Results of current versus time

a8 82 FRE 71%A F dAn HzxPMY AF
FYE yepdth, £RaA FAMT mzAHY AR
£ 220V, 60Hz A4ALS Arlsled edermzo)
A7 ZzH2 A AT ANEold FY
Aol 4R 3T AR Tgdo] oy Zy 23
4ol 2 aEln H4NAHo] ozt FA s AFihe]
BT Aoz Argdd.

3y B

£ =8oAe R A 2 saving AN AE
719} 3 H&3 g7 25¥ £ e 94 LSPMS
AAGn AAES ARt 2 dAd4e @4 #
=719 2Rz, vy, %A, AAZE F& e A}
43tz @4 LSPMe =ZET HAH dAsie Yoz
Agsdct. G4 LSPM 2| AMsEE g3y e
AHAYY S ol &t 7|F A FAAAedlMe 2
gL T BEae JFANY 941, a2n A
Aol Ale]zE HAFAT. =T JFAAQ A&E &
H3A AHE37] 98 Flux barrier® 44 3lgon
Ribe2 FAHEE A&HE Zol7] 9% Fdut 39
AN g AR,

2 449 gI4< A3 5 43 siged
AddaAe 2 9t 2 d7e AxzRy Er37)
7ted AT T4 Ao ©E FEAL 428
& 3}

T T T T

= Simulation]

0.6

-1.0

Main winding current{A]

I
i

0.0 02 04 0.6 0.8 1.0
Time]sec]

(a) & A AF A EdoA 0¥y

=
E-3

=
»

Main winding current[A]
=3
>

0.5 s
-1.0 . < -
a5 :
-20 7 T T T T
! 0.0 0.2 44 0.6 0.8 1.8
Time|sec)

(b) & B9 AR 48 #F

a9 8. FAM A{ AEHIMHT A2y

A 2

£ d7E ouiA] #e]FHKorea Energy Management

~ Corporation) 2] 1] 29714702213 (The Energy |
~ Technology R&D) ) Aol s 58 HAFYt

[ 32 2 8]

(1) Andrew M. Knight and Catherine I. McClay, “Th
e Design of High-Efficiency Line-Start Motors,” IE
EE Trans. Ind. Applicat., vol. 36, no. 6, pp.1555
-1562, Novemver/December 2000.

{2) Byung-Taek Kim, Young-Kwan Kim and Duk-Jin
Kim, "Analysis of Squirrel Cage Effect in Single P
hase LSPM”, KIEE International Transactions on
EMECS, Vol. 4-B No.4, pp. 190~195, 2004

(3) Kazumi Kurihara and M.Azizur Rahman. "High E
fficiency Line-Start Interior Permanent Magnet Sy
nchronous Motors,” IEEE Trans. Ind. Applicant.,
vol. 40, no.3. pp.789-796, May/June, 2004.

(4) M.A.Rahman and A.M. Osheiba, "Performance fo
a large line-start permanent magnet synchronous
motor,” IEEE Trans. Energy Conversion, vol.5, n
0.1, pp.211-217, 1990.

(5] AdA, o]F, oA, "dd =% AE2(LSPM)Y
Iz B4 #g 477, oA, 631-632, July,
2006

- 128 -



