=3

s HPRN SIS JEED %
2 &5t M

56-8-7

Optimal Design for Starting —Torque of Line-Start Permanent Magnet
Synchronous Motors

SHE - Y E - exE"-FTEa-T oy
(Byong-Kuk Kim * Ji-Woo Moon * Mi-Jung Kim - Byung-Jun Lee * Yun-Hyun Cho)

Abstract - The line-start permanent magnet synchronous motor has a high efficiency and an advantage in constant
speed operation regardless of the effect of load variation. However, it is difficult to predict the performance of
characteristics accurately, because of the unbalanced starting torque with the initial starting position of the rotor and the
generation of a break torque. In this paper the dynamic characteristics of the line-start permanent magnet synchronous
motor are described and compared with those of the squirrel-cage induction motor through the simulation to find the
characteristics of the permanent magnets and the rotor bars in the line-start permanent magnet synchronous motor.
Finally this paper gives the comparison between the simulation results and the experimental results.
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Fig. 2 Transient state torque characteristics of LSPM
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Table 1 Performance comparison analysis between LSPM
model and induction motor at the static state
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Fig. 9 Starting characteristics of optimal model according to

1394

Speed [rpm]

0.08

012
Time [sec]
(b) rated load : 7.9Nm

2000

L e Y i W s Wy
£ P oo NS
R ¥ (i St e
-] ) : . : : . H
I A I e e S S
a ] Ll 1 ' l ]
2] 1 ' 1 + ' 1
U e
=0 | : h ? : H
0 004 008 012 016 02 024 028

Time [sec]

the load

(c) over load : 30 Nm
a8 9 X3t 2Ho Hlo wWE IS EA

3234 mdel 7S S §4

AAgd A4 2de) 7% 54 L B8 YL
37 98 fdas A4S FARAT HEAFA HY
e A3 5heA TANY 7] HES AAs H4
23 59 2404 ANFHOH olue) A= 1g 9
o 29 109) YERART BaE 2tz RRa), AARE, 3
28 Adeeld Sas uE 23 LSPM B711%7)9
AS AARGAN ErE4EE SAFPOH FEAE]
A% ey we 27 Baac. 22 BRaA &
=4E7]o ¥a) LSPM HEr1S) B2 gBo] i 458
£ g & g

a%

2000

1500

1000

w
=]
[=]

Speed [rpm]

0.08 012
Time [sec]

016 02

(@) no load
2000

1500

1000

(2]
[=]
o

Speed [rpm]

0.08
Time [sec]
(b) rated load : 7.9Nm

012 016 02

2000

1500

1000

o
=
S

Speed [rpm]

0.08 012
Time [sec]

016 02

(c) over load : 30Nm
a3 10 REX ST #oto] WE 7|5 §4
Fig. 10 Starting characteristics of induction motor
o the load

according



A HE= M

= x o

Al

or
ng

g e 2 =R H4 AAdE F8 A8 vEe
o LSPM 5712%7] fdAe A%EL Yedo 64
= golAay AY ned e JFANe AAE L)
o tolAxy Fol ATANE AYAAT. 19 128
LSPM $714%7 ARES 54 BAL A% A9 3
F4& Ve

29 138 ANRE A5 1% AFE 27
29 ue BRe 2 AERSANY 3¢ AFE
otk 1% 155 7 Faol 1g FY 7|5 AFAA
A9 7% B4¢ den, RRe@ % A4 ¥
AAe B/EE o4 glol FH How BEa 4
A= 715 B At =tk

% 3¢ LSPM 57185719 84 2% @ A%Es 54
Ng A#E e

Z o]
Rl
=7
3H(b)
Ef(c)

o)

Al

T‘ A rk

—

23 11 LSPM 2|8 87| 2™MA & AIEE 2
Fig. 11 Prototype LSPM synchronous motor and rotor

g 12 85 &8 Mg A2H -‘r‘M
Fig. 12 Experimental system

2007/05/13 14:31:51
topped

C__mmmmm  NORM:I0KS/s  ¢+10ms/div

2\/‘/0"1 o
|v;aw w01
H oN
2V /div o
bc 0.00v
CHA: OFF
s\/c/dlv 1em1
" ” '?‘ ST N
Rx: n'g‘lll!(
Zoom: w®
Fiter
Smouthing:  ON
BW: FULL
Trigger
Mode: AUTO
Type:
Source: CH1 £

a3 13 MZEE J7|ls MF oY
Fig. 13 Starting current waveform of prototype motor

Nel IS ATRA SIIHEVIS] VIS ES MM MA

Trans. KIEE. Vol. 56, No. 8, AUGUST, 2007

2007/05/13 142234
Stopped

NORMZD0KS/s  HZms/div

cHr: oN
200my/div 101
0c a.000v

oz
100my/div 101

oC a000v
cuz oN
200mV/av 101
oc n.ocov
o OFF
vidv 00t
oc 000V
Record Length

Main: 0K

J Zoom: ax”

Filter

Smoothing:  ON

BW: FuLL
Trigger

Mode:  AUTO

Type: EDGE
Source: CHI £

<

(@) no load

2007/05/13 142716 NORMZ00KS /¢ ¢s2ms/div

Stopped
600V
CH2: ON
10omv/div 11
DC 0.000V
CH3: OoN
200mV/div 1T
oc 0.000V
" e OFF
Widv 1001
. oc LT
¥ s e
Main: 10K
Zoom: K
L

Smoothing  ON
e _ o

Trigger
Mode: ATO
Type: EDGE

{b) rated foad : 7.9Nm
aE 14 25tof w2 MF oYy
Fig. 14 Current waveform according to the load

2007/05/13 13218
Stopped

["“mmtey  NORM:SKSB/s +50ms/div

o on
S00mY/div 10c1
DC 0.000v

cuz oFF
sv/div 0t
bc 000w

CH3: OFF
SV/div w°
e 000v
cHe: OFF
SV/Gy 1001
oc a.00v
Record Length
a7 59.0ms Malke i
1747 /6.20030922 Zoom 25K

Firter
Bmoothing:  ON
BW: AL

(@) no load

2007/05/13 145009 [CCTEEN NORMCIOKS/s  +50ms/div

Stopped

cHY: OFF
20mv/dv TR
DC 0.000v
&
500mV/div 1001
DC 0.000V
&
V/dv w1
DC ooV
kA
1o,
z
Record Length
d Lo
Zoom: =
Fiter
Smoothing.  ON
BW: FuL
Trigger
AUTO
Hose
Bource: CHY &
(b) rated load : 7.9Nm
o s owaeskoss st
orey
o
20mv/av 1
=
cHZ
SO0MV /div 11
=
CH3:
o
2
kA
Xidv 00:1
x
Record Length
Man 10K
Zoom: 25K
ke
‘Smoothing:  ON
Bw: RAL
Trigger
Mode: ATO
Type:
] Source: CH1 &

(c) over load : 30Nm
a3y 15 Hstoll e JE EA
Fig. 15 Starting characteristics according to the load

1395



BRPBERE 56% 8% 20074 8A

£ 134 22 3 MY Z3 b
Table 1 Performance comparison between analysis model
and prototype motor

g = A Ax AE Az
48 Ag [V] 220 218
43 AF [A] 47 483
A4 4% [rpm] 1800 1,800
AZA EA [Nm] 7.95 7.95
& & [%] 94.3 92.4
= g 0.9 0.89
= g [W] 1,500 1,500
| A Delta Delta
5.3 82

E =8dME 15KW 43 34 LSPM B71A%719 7%
E3 HAFE 98t AR R digy Fyaae) %
A, Wol € 7] 9EY 7474 wE JE 54 qH& £
g3tatt. LSPM 57175719 A$ dAA F20 wa o
TFAA e 9 Beoly) Ea9 o] A JE&FSE &
F ek d4 Z=m A& HAAdE SFEAFTI H)E
LSPM E714%717F & 10%°)4 A Jelgo =8 97
A4 el A wE 7|5 EA 2 5713 EAS 28T 3
A HAE vigog 3 AFE A 2 488 g

o]l A LSPM %714A%7) Az 2d9 AAAe € 3
= e Ao EANEEAAZE B o fgtasdy die)
Z A ndoz Y AR gFAE AFeH
AY Aol B o LSPM B71d57 AFEY AF 3
HdorRE LSPM B7|AdF71Y nzxue dFd o5 &
o]7] & Ao i3 A7 APHo ok jo),

At =

B a7e 444 A9¥A AYPyA 9
SEEEEIEL BT

Z2agd

[1] Li Gies, Guo Zhongbao, Wang Chunyuan, Giu Hong,
Guo Daling, "High Starting Torque and High Efficiency
REPM Synchronous Motor”, Proceeding of the Seventh
International Workshop on Rare Earth-Cobalt Permanent
Magnets and Their Applications, Beijing, China, Sept.
1983, Chana Academic Publishers, pp.13-20

[2] M\A Rahman and T.M. Osheiba, "Performance of a
large line-start permanent magnet- synchronous motor”,
IEEE Trans. Energy Conversion, vol. 5, pp.211-217,
Mar.1990.

[3] T.JE. Miller, "Synchronization of line-start permanent
magnet AC motor”, IEEE Trans., volPAS-103, Juillet
1984, pp 1822-1828..

1396

44 3 (2B H)
2000 2¢ RAY ¥ AVFEH &
4. 20059 89 Foldl skl Av|F
it (M h. 200608 ~E A 5 e
S P R T e
Tel. : 051-200-6952, Fax.: 051-200-7742
E-mail : byongkuk@daum.net

X X8 A
2006 249 ol I A/FER &
4. 2006 ~HA Foldl duk gy
CHELDEEREE ]
Tel. : 0561-200-6952, Fax.:051-200-7742
E-mail : hoopman@donga.ac.kr

=

4o 3™ (&2 x 8
2006 29 Soldl ¥d #A7FEH &
4. 2006 ~EA Fold Uyt gty
A7 FE} HArHA.
Tel. : 051-200-6952, Fax.:051-200-7742
E-mail : mjkim82@donga.ac.kr

o ¥H & (F £ 1)
20061 249 wold) Fu WU FEH &
4. 2006W~EA Fold dut g
A71E 8% AArata.
Tel. : 051-200-6952, Fax.:051-200-7742
E-mail : jwn34216@naver.com

ZRHE(F ALK
1984 g I A gty E49.
1986 & Wit ASFE T EP(H
Ab). 1986~1987d HAFEE7Ied AR
7171474 dF49. 19919 ¥ e
4 A7NFEgH (AL, 1990~1995
W g dr|dTd AddTd. 1995~
@A Sotdl I A7|FEI wg
Tel. : 051-200-7742, Fax.:051-200-7742
E-mail : yhcho@dau.ac kr

~—



