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The Generating Characteristic Analysis of Permanent Magnet Machines with Multi-Pole Rotor
Considering Losses

Seok-Myeong Jang', Jang-Young Choi’,

Kyoung-Jin Ko, Sung-Ho Lee”

Chungnam Nat'l Univ.’, Korea Institute Industrial Technology Gwangiu Research Center”

Abstract - This paper deals with the generating
characteristic analysis of permanent magnet (PM)
machines with multi-pole rotor and 3-phase stator
windings considering losses such as copper loss, iron
loss and mechanical loss. First, using d-q
transformation, dynamic equations of PM machines
are established. And then, characteristic equations for
losses, power and efficiency are also derived. On the
basis of d-q dynamic equations and characteristic
equations, dynamic simulation algorithm is achieved
by the MATLAB/SIMULINK. The simulation results
are validated extensively by finite element (FE)
analyses.
.M B

Nd-Fe-B A9 F7A44& *}%3& 71715€ E=ZS

2R3 AH *}°14 q384 g4 4 3 Eﬂi}i °‘f5}°%
1A% 2 7hEE §80 ¢ 1—1‘{}3}‘«}[1 2l 58 94+
A4 ‘Q%iﬂs’% 7’° EHRF T4 2d79 %” £l
% ERoARH %—E-—“I%‘Xd?lg} z22 51‘11-1‘— S8l o=
ARA cegsn, 2 38 AE A% Fdige stn 9
oA GFAA Az HA/AAIIE WE ATt
A&Hn dok 744 2H719 A EE 2A 14

%—ﬂili%‘, FHeaH 9 dq T5H ZLY S o83
719 Feol e, 53l d-q T84 2EJ & o83t
£ 7I¥e w4 ZHH s BT opyz A
94 Zo Ay Ags AHAG FAe 54 2d
gol & A% }‘—}-4 Aad g 7}%5}71] 3P—‘:~ 23
g AF§.

wabs] B =FL dq T54 ZEYE oj8sq &
Ag meg F7AY 71719 2AEAHNE G5
ok WA 3uAE e %‘%‘Z}/‘ WA d-q W
H4g frEstn, Ty 29, &4, 18 T4 23 =
Aol dE wAY qA Fx 5“4 FEE d-q HRA#H

HAEY WAAE vgo2 MATLAB/ SIMULINKE
o] &3} %‘?2}’—‘4 dAs e FEA ¢dndEs A4
o ggd 2104 4o )"Eaﬂol’qé*}f‘ ke
M Ao} vmate] F AXNFE FAPoEg B =
A A BAELANE 2 B LA B§HIH

S )

O

s M F

2.2 2

21 3% A7ANY 279 dq 22

59 1 ANE 3 2R SRS A
43t 3ol AF Fol Oelgs xAe olgaA@ A
D2 FoAs AN 9 + Unk

[

a3y 138 97AY B70718 B2 2 & uE @A
v,7 [~(R +PL) 0

V, |= 0 ~(R,+PL) +e,

v, 0 0 —(R, +PL) (D
ol 714

Li: g gn99uzz L+3L,/22 jaeg. Le

=] 2 Lne Fae
end-tum G 29} rQdE 29 3 F A3 Add™

P: vl Axz = d/dt
larlpole: g2 AN 7 4 AF

€,:€p,€, AR 2z Ao FUHE = 7]dFo|d

%71 -4'3:_74‘0“}‘14 BTAAE HAY d-q AYEA
Mg Q7] A 4 (D) A 4 (D2 Fo|AE W
3%‘33_ F3td FAARXEAZ HESH F oA 4 (39
B8 Folol 4 W9 L& dq APBRAE Ve 4

M

1

Oft

O

1 0 0

T(0)=

cosf sin&]
0 3

f f (3] R(6)= [ sinf cosd

‘:V;} ]:—(RSJrPLS) o,L, Hig] [ 0 }
€ = € +
vy -, L, —(R, +PL,) i .4,
4)
ANM o, T oE 22 HAEE ¥ FAEFE

Aok A DRFH 7N o nAA A {7
s ﬂ%ﬂlﬂ?? E21RBAY dFAT JFHL 0|2

..47_.



A8 WASE FE WYL qFl P YFeHE He ¢
F s,

22 54 444

A4 Bl BAYRHAP), FE(p,), FEH
¥ AR(P), HE(P,), 7AE(P), Zepee

(P 3 A&(pe 4 (6122 FHAC [3-4]

P, =%(V;i§ + Vit )

G.D
P, =3R (ig? +iZ?)
@ pis\d e (5.2)
3L, d/e .2
Po=35gls +i7) 5.3)
Plron :Ph +Pe+Pa
=k, fB" +k f’B* +k f'°B"’ (5.4)
Pm = Tbasf 4_”f
(5.5)
P, =0.01P, 66
n= Po x100
Po + Pcu + PQ + Pimn + IJm +Pstmy (5.7

4 55N T, 4 velze] wFEAZ BUE Nm
oful ¥ wojale] wlAASI 00030l HE et
S ol e gol @ AYL A% & U 4
(56N EFEHEL 289 1% ol AR,
BE HES 1922 Fo{At 5dd e gu &4
HolHE Folad, 19 204 & 4 %ol B Al
Faso] gHMT Folmsl wEel, HHASTd we
2E2 d287] ddHE A GHZ FolxE 439
stinmetz HEYANE AHgsokRTh A% 4, 4 2
RE 47 slzEEAz E4A%F, G437 edAS @
o4 A% £AA+4E uehiE (3o AN wHe
Agdtel Elsh ol £&59th 19 3¢ Fasdl o
4 (GHZRH doj7 ALdRst AR uz
MelZEc 1Y 39 2RHH ¥ 19 =58 As
Sl B3EE ¢ & vk

3 548y 2uds
a2 4% 4 ()7E)E olgstd =&d JPAN B
<l 4 dM BEEE neFEn gutgoz ¥A

i rfo

EYOREN

e Tt

N
o
Yt

a9 2. ¢ dlolH

E 1. #3E Steinmetzd & UEsks HEAFE
function | Y=A4%7"
AL (Y) A B
k, 0.000935836129 0.4120423293
k, 0.002190376126 -0.6824204238
k,  0.001611726885 -0.1115449632
function : Y=Cs 2L Exfr
Az (Y) C D E F
0.155567392 -0.0095928306 10.9292123
n 1.114170845 7 76 784

Original Data
—e— Predicted Data

100Hz "

i
=)
b4

Core Loss [W/Kg/Hz)

00 03 06 15 18 21

0.9 1.2
Flux Density [T)

ad 3. Fusd wWE e AVARY FHEY gj@

29 5. #@Ye] AHEE OS5 FAAY Rz AdE

24 2AEA FHAH

38 5% A AHEE oF 7Ny 2 )
YEE HAFH ® 28 139 59 2do di@ HzAF
& HoFErh 29 6 2 TAM & 4 A%ol, F5A
2y 2Ry dojxl ALx g AR} S4FMe)
S4&2RE dol AF I AXNFE FAY £ gl
2, & =30 AAE el B3Ee @ 5 Ytk
8L AN SN AZHLE A FEA 2dey
o 3BAY/AF 2 dg AW/AFE BRAET

lo do
N R e

._.48_



H 2 siMofl ALBE HAIFXMY WX 3=YS o B — v v v
» 4 Q
[ o 20~
0.467 =10
0.001 Bo X
=
0.1 -10
700 — 20 o S
0.00 0.02 0.04 0.06
600 R Tnput P o 194 Time {Sec.]
nput Power
500 Dynarmic D-Q Methods (@)
- e FEA o 20 e © « 1 — 1 1
2 400 Output Power 192 93 b : |
= Dynamic D-Q Methods | 8
g 300 f @ FEA % _ 10 b “°»><"
{s0= =
200 Eﬁ'lcienily g . .
----- Dynamic D-Q Methods S
100} o Fga
88
0 2 4 6 10
Load Resistance [Q]
" (a) 60 0.00 0.02 0.04 0.06
Iron Loss Time [Sec]
10 Dynamic D-Q Methods | (b)
- o FEA a9 8 4A%E % AALE sol4 $EH RULYH Aol
I Mecha[x)lical&_StxgyéijsmOds lwo A ANEH: (a) ¢ "“ﬁ%‘, d/g B R (b) 3FHFR, dqg AE
g ynamic D- ef §
P {308 =
2 — % 3.2
g *Z 2 OrER dg $H4 2UL olgae £48 3
=, lcopper Loss 110 HE A 7719 2AEAANE dFUT. 9A 3
oDy 4RRAE R AN B dq $HAL §E
0 5 y 20 sz, wdy) &9, £4, £& 5o 43 544 o
Load Resistance [Q] A QA F 3]’9\9\14 F=d d-q Bo}';{é‘)—‘li} dAE
(b 4 3A44e vgoz MATLAB/ SIMULINKE ol &3
SR = o1& & =287 =9 Ex u o LzlAl ¥zl ZEA AGpglE AA] ZALF]
a9 6. F3d wWE (a) J¥AH, 2H¥HY, 518 54 ¢ 3 TA EA & =3 = S 3
(b) &, &, 7 AL g A A9 FRasdfNBE A ok thekg Z27oA P AlEHoAAAE FEdak
9 g Aot Wty F XS HRIFozA B =7
800 S put Power 100 oA Arg FHREAHY ‘%l 54 4AA o] B3Es
700 Dynamic D-Q Methods ¢ los dZeAt. FF AN E A4E 54, TR 54
600| oo i i 96 2 AR B AYE FHste] d¥Her B =84
wool o Dymamio - Meods - A ANE Eel BEAe DA BW 428 Rold,
5 w FEA 12 2old &4 #EE uEoz HNHoE A A4
g ‘0 9 8 F8std vz 3ol
5 300 1o E
200 Acknowledgement
Efficiency 188 .
1we| o Dynamic D-Q Method This work has been supported by KESRI and MOCIE. Ko
o o FEA ] TCa.
100 200 300 400 500 600
Rotor Speed [RPM] [ 22 8]
(a)
10 M ron Loss 0 [1] Gordon R. Slemon, ” On the Design of
Dynamic D-Q Methods High-Performance Surface-Mounted PM Motors,” IEEE
5 8 M.hFl'a:l aStay L 130 Transactions on Industry Applications, vol. 30, no.l, Jan.
echanici tray Loss 1994
<) ; o)
2 6 Dynamic D-Q Methods % [2] Tomy Sebastian and Gordon Slemon, " Transient Torque
5 {202 and Short Circuit Capabilities of Variable Speed
g 2 Permanent Magnet Motors,” IEEE Trans. Magn, vol.
4 &
r:! 2 Mag- 23, no.5, Sept. 1987
£ 2 10— [3] Arantxa Tapia, Gerardo Tapia, J. Xabier Ostolaza, and
E‘t‘?elgl;::smc D-Q Methods Jose Ramon Sanez , * Modeling and Control of a Wind
o FEA Turbine Driven Doubly Fed Induction Generator,” IEEE
O =0 00 w0 w00 o0 soo Transactions on Energy Conversions, vol. 18, no.2, June.
Rotor Speed [RPM] 2003.

) {4} W.wu, V.S. Ramsden, T. Crawford and G. Hill, ” A
a2y 7. 5:501] 0E (2) gAY, 2HHY FE B4 Low-Speed, High-Torque, Direct Drive Permanent
b) B, &, 7Aed U@ s gdae) St rsa et Magnet Generator for Wind Turbines”, IEEE Industry
o} i, Applications Conference, Vol.l, pp. 147-154, Oct. 2000.

_49_



