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Abstract : Pohang Wind Energy Research Center (PoWER-C) is developing a 3 MW Radial Flux
Permanent Magnet (RFPM) Synchronous Generator for offshore Wind Energy Converter (WEC). The rotor
rpm is 15.7 and the gear ratio is set to be 92.93. The nominal generator rpm at the rated load is
about 1459. To reduce the switching loss in the power electronics, the maximum frequency 1is
limited to 100 Hz. This requirement limits the number of pole to six or eight. Permanent magnet
excitation 1s assumed for higher energy yield and higher efficiency. In this report, the
requirements and the first efforts for the physics design are described.

Nomenclature

g

windage - Windage loss

C,  : skin friction coefficient

p : air density

R : rotor radius of the generator

w : angular velocity of the rotor

L : generator rotor length

7 : air viscosity

t ; air gap

hoy : heat transfer coefficient at the air gap
A, :heattransfer area at the air gap

Cp : constant pressure specific heat the air
m : Mass flow rate

H_; :intrinsic coercivity of NdFeB

X,  :D-axis synchronous inductance

X . : Q-axis synchronous inductance
HVG : Harmonic Voltage Factor
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Parameter

Rated Power 3150 kVA
Nominal Voltage 690 Vrms
Rated speed 1459 rpm
Operating Range 745-1898 rpm
Number of Poles 6or8§
Frequency less than 100 Hz
Rated Current 2930 A
D-axis synchronous Reactance| 0.7 p.u

Q-axis synchronous Reactance| X, < X
A HEE 2% 40 C
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Parameter

Number of Poles 8
Frequency 97.3 Hz
Rotor B+ 310 mm
Stator W] E-vLA 313 mm
Stator Z} o) 1164 mm

QEZT D) 2

Stator thickness 150mm
Stator &| 5§ ¥+ 413 mm
Air gap 3 mm
Magnet Cover thickness 3 mm
Joule Loss 14.3 kW
Steel Loss 26.0 kW
Other losses 5.0 kW
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n (Weber/m] Normalized Volt

1 1.378x10" 1.00
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9 -7.095x10™ -4.63x10
HVF 3.85x107

L BAEE 7HA= NEOMAX 35AHE 7HAskict
Stator®} rotor, magnet block®] 2z FEM #4]
o] 17 1, I&2d) YehY Al a¥H12 AFA
Ql magnetic flux E%S ¥oF1 92+ 34
2}, FARRRA A zHUwo] FU|E HAE
t}. AR A E WHIA7IHA o7 ZiEo| A
o] @& 23 ¥AME 5l flux, FH3s A
o} Synchronous inductance, H& & AAkgk
4 A}, 2¥3 oA skewing dH7]| A ALY 3}
&3} skewing$9 A AFES AT}, Skewing
sl7) 9] M2 slot FHe AR @2 12T
7 TYHA A= AS & 7 A Skewingol 9
A pzIEo] Pol TrAdIa AR} WFeE
oF 3.8% AEolt}, 2+ aEyle] 377 H 39
veht gt

3. &4 R €14

3.1 &4

Joule 2412 P=3/?R & Zo)Xt} o 7]o| A 1
+= phase current ©] 1L R-& A5 -2 5 0]| A 2] phase A
Fgtoltt. Zotsrt wAm EA4e] FATF gt
A R MR ZALE skin effect 9} proximity T = ¥-
L=

A 4=-2- stator yoke 9} teetholl A 2] hysteresis <=4
3} eddy current o} 2] 3+ EH 2 Lo Ft of HE
g Adsre WlolE A4 A} et s
FnEd Vol e FAPEE AR

o] 2] bearing <=4 3} additional loss | Q)
I ¥ rpmo) 02 <1k windage &40 th
Windage losst= 24 7] 28 (== WAE blade) &}
& 7] vhgol ofsjA LA} Windage <=4l 9|
$2lo] S T2% AL Windage &4 F=2
rotor 2} stator A}o] 2] ol A FAYsta o] TAH
o FIRTY 25 F AAIA HA AlAFe
g2 =& U whehA windage S-S H A3
A7), A S g0 WAoo g
A GA AAfA 2" 28 B A AT 5 Ut
A FA = A S Alat glo] dHl 238k {3 ¢ A
71\ REo|A 24 E F&ES scalingdl] ALE-3}
o] g} o1} NASA 2] James E. Vrancik o] 2J3iA &
o2 At ol AN © F 24

- 425 -



UEhd 482 FATHEY ARE v
F4 ¥ Aok

Windage o] &3 &4& A=l w7
€ 3A woIA HER F7HA Q) YWrhgyo
stoh 218 F9] shyrt Ay
TEANIIHAM ARE7E T8l $7] 8 B3t
Aotk HA Yz 25 50 °CE W& $= gk
27|37 vl HhEA 22 -2 radiator
3 An27]) 8 A3l Windage lossol] 2] 3+ 37]
e STEN AL UL Ao w AddE

=
1z
o
ol
N rlo

3.2 Thermal Analysis

A9} stator, rotoro]Ale] &EAES FA
37] 918l AR FEM codeS® ALl pde
A& P35, Omic &A1& stator slotol] o+
A3A BXIAIRoH HEs 7g &4 14
teeth &} yoke F-&of z}z}o] 7| Bof upe}r] £
¥ARAY. LS EXATE 9yl we BMF
o] YNIAEE ZABIF oYU BXE e
e Arso Wy} 1K olFz F7tsle "
o] F¥XE /FH oz dlox HEAdE= I
ZHo)7} ATt €FRddHolA EA|RMEgko 2
o dAEEL 79 1/222 2 AXrlkstgt)
D o]z &Ro] AAEL T A2 o
Foll AL g Aotk 1A AR
water jacketo] AX|Eo] Pzr} T2 E 5o
Aok, FZHAAEL HA3} sl YA doAe o
AGAF7E F4E 10,000 ¥/o’/K o] HES 3l1d
of @}, 1gat 9735t w2l water jacket A}
o) dAFg Hzslaly) M FEWHL
thatslodol o). AL A} water jacket A}
olof gt FFo|HAE Y& ALoE 2EAS
< FEIAE HA S ¢ Ut} A7 E 1
AZL9) A water jacket & tight g+ @utL oz
g HFo] o]Fojzitia VIR, AFAE 9
FAZY HEF 245 B 43S Fd o)
Xl Zoll LIPS 800 kW FFAAEH %7
LA A0 ERAAX} FL AFE AL
o},

ol 7}A slollA 22 FEM €&8A Axr) 1
4ol vjep} Qo). dZbFo] FEF 490
4ol 2452 % 17°C0|Y L AR} E=AE-
oA e HY &S ¢ 54 CE AAEY
. meEtd HAEATNs IR ES 40 C2 7}
Aol HAH2 HUY_xE ok 111 CYL ¢ =
Aok, 111 °CY ANLEE AAEHE 0.3~0.4
power factorolA FgF Ad FFoA 203 ¥9&
HAs7] FE3t. & R E 58 o=
ddEe ZY YHioeE HE AAAIE A4 9
Aolal LE7 WS Ao E AAEE wedge H-2
o= 89 EAZ F F AAAE AILT oA o]
ot el LAY AMAFozE= HF WIEFE
M3 Bolw Fu},

Jzr4-2] YzF2 Oiltech AFe] LAC-112-8-A H}
B71E Alg5td QYo YJztal= Aoz AR
AT, B2} 800 kW 9F GAMSI A7)
g 583 9241 & IS Ao @y}, o
H YA d3to 2N wAZYRE B} o
g IP4SEF oz BEs 4 g}

4. 4 E

o] E=RNE oux BAIU AYo=
(F)FAEFFY o Fastd A A 3 WF )
HEY S FeAUAs|o] ALEEE BTAN REPH
Ba7)e] A eFzAD 71z BalAl o)
4 slestdc. FEM tool B2 AMgatl AR
7, @, PEEAE BIAY.

* 7

o] ATE (F) FAFFUY FROE R
#2399 A Wol FHT Hojct, W)
AZL (F) BIZA7INN #9 dgols A2
A Zol ] BRA7|Z A Qo] BAHE EoTh

References

[1] A. Grauers, "Design of Direct—driven
Permanent magnet Generators for Wind
Turbines", Phd Thesis, Chalmers University
of Technology, 1996.

[2] Petri Lampola, "Directly Driven, Low-
Speed Permanent-Magnet Generators for
Wind Power Applications”, Phd Thesis,
Helsinki University of Technology, 2000.5.

([3] D.H.Kang, P.Curiac, Ju Lee, "An Axial Flux
Interior PM Synchronous Machine", ICEM
2000 Vol 3,2000.

[4] &Y et al, "800 kW &F 7R E Frd
A7) o AFAAS EFFHoH R A4, £
3o, 2003.11

[5] James E. Vrancik, NASA TN D-4849,
"Prediction of Windage Power Loss in
Alternators, 1968 |

[6] ANSYS, http://www.ansys.com

[7] Oiltech, http://www.oiltech.se

e S
EATAL #0LOTIAN : ‘%E i
- ik
1 B I Toaotmt
ABE 1 prav
PR DT

tttttt

sss

3% 4 Slotoll A2} 2X}! FEM 2=EXE AHLrdD}

- 426 -



