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ABSTRACT Recently, a project to build a carbon zero island with no carbon emissions has been carried out by replacing diesel

generators with renewable energy sources in island areas where diesel generators supplied local loads as independent systems. To
minimize damage to the lives of islanders, low noise wind generators should be installed by adjusting the rated speed. In islands with
low loads, wind turbines that are more efficient than medium-sized wind turbines should be installed. In this study, the generator field
analysis and characteristics were analyzed to develop 230 kW-class low wind medium-wind turbine technology. The electromagnetic
field analysis program used Maxwell. As a result, the cogging torque was reduced, and the initial maneuver wind speed and loss value
were lowered. Hence, the output amount was increased with high efficiency.
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EARYL] AL Koot 2ol YAz A F8 Q0 A Table 1. Generator design parameter
Ao WAV RS R g5 S| He), A Parameter Value
o] A1l A ELoAE o] e 1889 24 EY Electric power, P [kW] 230
WH/1E AR Rlo] Fast T wal, e Fed fated current (A 9
WIE 1~27) AABRE AN $43 FHI| O Rated ine voliage [V -
HRER= Alo] EAR|S Atm A oldste] ool Rated rotation speed [rpm] 34,87
Phase 3
%E]- Winding method Y
GRS o] &5t WY | F27 ) Testal SR B4 Outer diameter [mm)] 2,230
folgt Ago] Qitt J8u AHAo R 27|75 oy Stator Inner diameter [mm] 2,000
A 515 RE T £ES WA TR HAE Height [mn] 0
olo] B =Hojiis I EIS 248} 230 kW A Lamination ratio 0.97
R Pitch 3
5 7 T TA7E Adrste] AAEiAE FEl s Coil P—— 6.0 % 5.45
= 243k Space factor [%] 65.4
Outer diameter [mm] 1,992
Rotor Inner diameter [mm] 1,928
2_ %171' Height [mm] 350
Pole arc ratio [%] 80

2.1 WEI| AN

Eat WWH Mo ek m Azkek AR A 2 A ARE W SR Feeln, WVIE ARE Aad
WE ARNE By So gro slelsit, Iz ANSYS = 110 87 SEES 34.87 rpm R 7ot gl A
Space Claim Direct M8odeler(SCDM) Maxwell X271 5% BRlo] 282 tf=9] 125 AU+ inner rotor
B AMgBlo] Ul RS Aas) At Sohsle BH SrAHE EAVIE A8Stalth AAHUE 690
o 7]7]0] BmALE ol gel A Hom Aarle] V. BATHZ 230 kW, 34 YEHel,
o, AR, A S 24 54 Aueblol Mgt

O T HT

} oA
Zol5|2EA W 9519 AaAlole ANSYS RMxprt, ANSYS 22 =8
Maxwell Z=2 728 A3} c) Fig, 12 B9 o) 2 EAXE Uehit}, Fig.
Fig. 13} Table 12 230 kWH A3% 538 ST 1(a)= 3R] rotoro|al A& S355(7FA) °|t}, Fig.
1(b)= P Hg== ZL=2H AYEL copper(F-8]) 0]
i1, Fig, 1(c)= F+A4(PM; Permanent Magnet) &2
(a) Rotor
Rl ety B e N45H, Fig, 1(d)= 17AR] stator2 A& MB00—65A
- conductivy : 2,000,000 Sm ool B
e s (a7 ol
- conductivity : 58,000,000 S/m
iy 953 kg’ Fig. 22} 32 Rotor2} Magnet Z|21¢1 S3552} N45H2]
(0 Magnet
NS e B—H curveE UJERYI Fig, 4= M800—64A2] B—H curve
- conductivity : 555,556 S/m
densl[v 75001(12/1\\3 JLomidam 9]- _T—D:}-—)': EHH] io_] L'/KE] E/\é g l%lﬂ‘l"ﬂ]:]'.
(d) Stator
- material : M800-65A
el e 2.3 241 F|At
- core loss model : electrical steel
};61423.714 "kc12447381 _ _
Ao}t Atel §EAS BEFH] Sl 5B 4
Fig. 1. Slot shape detailed model ZFS Steinmetz Q] A4 EA HFA S 0] 83519t
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Fig. 2. S355 B—H curve
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Fig. 4. M800—64A material
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Fqoll Aghslct, LD} Fabg> Gt =2 %
Aol A Agtze] Mk ol w2 4 Sl 9
3 A== o) o &4 JEo] EAfey] wiitel] 4]
(D2 2 L2 et Jejue wr|e) Bl de
& AUsHA siAstr] f1slial A (Dol ol b &4
£ 2,5 223 4] (2 o8ttt
P=P+P,
= k,fB,*+k,(fB,)* V)
P,=P+P,+P,
= kB, +k.(fB,) +k,(fB,)"” @)

Thus,

P, = core loss, P,= hysteresis loss,
P.= eddy current loss, k, = hysteresis constant,
k.= eddy current constant, k,= excess constant,

[ = frequency[Hz], B, = flux density/ wh/ni’]
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Fig, 5= 7] a4 mddolr}, 37w dS A 7
< A2 9l a4 AJto] T 7hsste] A e] aEdo]
YT Fig. 5(a)9t o] AR = o] H7]4 9 7|44
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(b) 1/36 period model

(a) Total model

Fig. 5. Generator model
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Fig. 6. Generator element model
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AAA LabelD=IA

V V'V
LPhasea 0.074430hm Tabellp=va 1324Sohm

RRa ®76
hbd]IkIAB LabellD=ICA
AAA AAA
A VVV

LPhascB 0. 07444011111 Lebelip—vp 1.32450hm
r77
AAA LabellD=IC | LabellD=TBC AAA
\/ A VVV
LPhaseC omm: b TebellD=vC 132430k 0.007560H

RS L7 =

Fig. 7. Test circuit diagram
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Table 2. Circuit design parameter

Parameter Value
Phase 3
Phase resistance, RR [()] 0.07443
Load resistance, R [()] 1.3248
Load inductance, L [H] 0.007566
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3.1 AEAEHE

Fig, 81} 9+=Fig. 59} T2 57| dlo) AEE2E flux
lined} field® d|A18F ATlo|t} AL S 2 A5)5}7]
?N3lf statorth PMO] /-2 2|43}sto] AAgH 2t Fig,

A [Wh/m]

8.8314 -
l 0.8251
8.0214
8.0176
9.9138
9.0100
0.9063
0.9925
-0.9013
-0.0850
-0.0088
-0.08126
-0.0163
-0.0201
-0.08239
-0.0276
-2.08314

Tme 01685
Speed =34 3700000m
Posiion 30 27¢

Fig. 8. Flux line
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Fig. 9. Flux density field

2020. 6 Vol.16, No.2 17



83} o] flux line®] FAAFALCE,

Fig, 9= ALSREE field2 UYERHATE 20 stator
9] edge F-Eo HFE|o] AU L7} X 2.5 Tesla 7
A=At Stator2] AL M800-65A2] B4 2| o) A]
I3 2L 2 Tesla OO 2 edge FEOA ¢F 0.5
Tesla7} 2= AT,

Edge FE-o T zjo] Iehzo g wislsly| ujio] &=

1 5 o] 7P wol Whsh= Aol na P4 HElE S
A7) 23}, LrARo| tit uee} Heto] Tasi)

af
o

1

32 &

Fig, 102 W317]9] S2jgkelnt. A4 s|x&ee] 34,87
rpmOf|A] EBRIYUL GO R 371~392 Vol AIZHd
IO = 636~676 Volr}, &8 HF= 220~226 Aol

Prasa Votage

Curve Info ms
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Sefup1 : Transient 3709566
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(a) Phase—voltage [V]
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Fig. 10. Voltage and current waveform
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3.3 Cogging torque
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Fig. 11. Cogging torque waveform
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Table 3. Results

Parameter Value
Phase A — Phase B 663
Line—voltage [V] Phase B — Phase C 676
Phase C — Phase A 639
Phase A 37
Voltage [V] Phase B 392
Phase C 379
Phase A 220
Current [A] Phase B 226
Phase C 233

Phase resistance [()] 0.074

Torque [kN-m] 60.39

Copper loss [kW] 1,43

Stator 1.47

Core loss [kW] Rotator 0.042
PM 0.22

Input power [kW] 271,54

Output power [kW] 258,37




258 kW7h £RHE BTt HEasNE A8l
Aike AT HE2 173 kW, 552 11,43 kW= 4| &
A& 13,16 kWolt}, 4] (3)°] wheh JAZE o)A a2
95.15%% A= Aet,
out
n, = < 100(%] 3)
g Pom‘, + P/ !

Thus,

n, = generator efficiency,

Pout = OUtPUt power, ‘Pl = Pmpp(ir loss +Pmrcloss¢
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