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Abstract: Aiming at the challenges posed by the spatiotemporal randomness of wind resources in large-scale wind power bases in
mining areas to the design of high-power wind turbine generators, based on the measured data of a wind farm in a mining area
of Inner Mongolia, the adaptive design and optimization research on the 6.0 MW permanent magnet wind turbine generator was
conducted. Based on multi-dimensional wind measurement data mining, the joint probability distribution of wind speed,
temperature and duration was quantified, a dynamic load spectrum model reflecting the actual wind conditions was established,
and with the objectives of improving electromagnetic characteristics and reducing material costs, the coordinated optimal design
of coil size and permanent magnet size was carried out. The electromagnetic scheme was verified by finite element simulation,
and the design target of 98% efficiency was achieved. The test results show that the errors between the no-load and load
characteristics of the two developed prototypes and the simulation results are all within 3% , which verifies the high accuracy of
the model. The temperature rise test reveals the temperature field distribution law of the generator under complex operating
conditions, and the thermal management and control strategy is formulated accordingly. The study forms a complete technical

chain consisting of “data-driven modeling — multi-objective optimization —simulation verification - prototype testing”, which not
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only provides solutions for specific wind farms, but also offers references for the engineering application of high-power

permanent magnet wind turbine generators in large-scale wind power bases.

Key words: Mining area, Large-scale wind power base,

Simulation analysis

0 g

G HE LB AR IR A 32 1A A% 3 78 el 2R 1 RE TR
HURAE T T KU G AR G0 Sk TR — A PR
K 2024 AR, KB BT PLA =R S
{CT B, Ry S BB A 0 Bk H RN H B L B 2030 4R A E
KL R AR ERH 10 2T EL L, 5
2050 AEFEIRF) 30 [ TR BB,

SR Bt XUA AR A5 T B IR 0T H I R 22 K
HEIS - bR A T 2 A T R A SR s R 1R 100 Y
RIOFNSE I, F [ P 58 A b 38 X5 IR P B 0
s CHON ST BT 6 A Y
N E AR 450, Horp, v G RE S A T
LR I5 130 J7 km? , X 5 P 14 JXURE TR BH RE ¢ TR £
B HLIE A R 7 75 A Hb R A 2 20 4 R i )
PRI A D 0 B AR A TR A 2R R0 ) 4 A e gt
LR AR % H B8 o 2CTF & B A E DLV B K
BE SR XA T A KU RO AR S b A
T %t T 9 A HAt B Tl A VD BT RRE R X, K
TSR X 2T AN 4 i (9 3 S P, RN X 7R JF R
B AR O T RIE AR AR Y L i R A B
T2 L 00 725 R B L Rt A A K TR R VR R 3
FLEL AR R G R R B R TT IX L E  Xh
TR XL R R AR I b AR T R A T T

BT A 10755 M b 7B B A X i
A i 28 T S T K X1 I R TR R 5 b 1A 1 R 42
Ve gt T A R . EAKIR S TR
RGBT T 22 B R K 3 i 22 G R PR
HEVAEBTEMT “U X" K X8 6E IR K35 i
MCAETHE D7 2. X A ST B X T R 3 1l X
FL T ) AR R A Rt 5 2% 2 B R A 0 1K L
P X B o 2R ik AR AT T k. 5K A AT
W TE R KRBT T K i B p & SRR AT TR
W5 L XoF U R I R AR VD KR IR BT R 1 IR A
A — s SR . RS LN S R v
T R | T BE AF AR AR N SR 6 22 SR XL R T
LoV VRS BT R L L BRAT T 2 TF PR AR AR AL S AL

gaill¥

Permanent magnet generator, Electromagnetic characteristic,

BRI % . HAT. 32 5 058 TAR S v e R
B 1 £5 G S VR TE 2 M R AT DO BE U R ) 9H
NI L LB B H R B A B A 2R G T S AL
federt B2 FEPGAE KmT X i R b RUH 37 ks
bR, LB A I B KR 3l I H B 2
(K 75200 o LA S KU & LA B A O AR
JEHIE R I ATy S BLAL A6 il DR T 5 5 35 345 A 1]
B E A AN 24 15 e 3 Az B T T BRI 1 2R xR
JEH1E BB B AL A R A R 4 TR 2R X B Y B
FigAy R EEE S, Hk, e H & R
MR BOR A0 17 50 N ik — B U R EE FOR
A DXV R M 4 XU g A v ML o A A o i &
— YA X TR B AT DX R F, B b A 1 L B AR
ifeE KR RA HERE X,

AT FE LA PN 5ty 5 22 58 A B Al e KT IX 8 X
L, DR s 1 0 XU B0 A S il =% 0 ) XU 5 B[]
23 18] A8 Al B BRIP4, 0] L 3 5% e & g BIL2H 05 47
0 T L JBE A N [ 45 S B S MO AT M 42 4 A
Gt oA AR HL 37 1 IAURE B fer R L R R
PLAR G 4xiz A7 T 00 AY G 28 1 -5 i 78 XL g 40 174 DT
FC BTt Iy ik . LARHI ™ XX Ok 3 7y 0 H 28 5% 1
FNIR ST FH M AR A % 6.0 MW 7k % R 1 % H AL
PEFT T IRAMIEGE LU S oK B X T v ILTE U0 e
WDKK 37 5 T B DR IC R R 2%

1 K2R RURE 3 U 4F M 20 A

H T AU RE B i ] =S 8] 23 A A Rl BIL AR 1R X
R AL 4 4l R 4 XL RE i Bl I 18] 75 A I8 b 2 A
XAl A5 X7 A R BIL R 22 A A — A7 A A Y38 AT AR
BT o MBI R 23 A7 322 DL R W A i LA i
AR X8l R | R 2 I 8] 2 A 5% 2 80O BF 520
G T 308 R AU 1 ASC L IR ASC i 00 45 £ DR 8 il
BOHE T AT BXGEL 7 A1 1 B0 AR S R B AT XX 3 i
T B HEL AR A DT S A X R e v AL A AR
Bt L Bt Esh O f A S TR T H AR LA
(4 R 7 H AL 2 3y 6 it 2L o AL B U R AR R AT 43
DX GE Tt 4.



THEAF EGFTRRE KA Ky EARBE AR FHFR[]]F LHFRE FK,2026,46(2). 305

[ |

ME/ ( x10° kW)
oS = Do W e O

5 5.0 75 100 125 150 175 200
N/ (nv/s)

B 1 K%L T 2k

Fig.1 Power curve of wind turbine generator set
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Fig.2 Monthly average wind speed variation

curve of the wind measurement tower
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Fig.3 Monthly average ambient temperature
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Fig.4 Duration of high-load wind speed and

ambient temperature
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Table 1 Parameters of 6.0 MW permanent

magnet wind turbine generator
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Table 2 Design and optimization of generator parameters

i H JEERSE/mm R EE/ mm BEEE K/ mm
EF LM 1.6 1.6~2.4 0.1
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Fig.5 No-load characteristics of the generator
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Fig.6 Cogging torque of the generator
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Fig.7 Load characteristics of the generator

2.3 HHBmESH

ARG % B ML T o RN R B G SRl R A K
HLALA T AR . FEDLA B AT T 4% Fl TOLET, 3%
SRRE TO0 T R HUBLI A2 T R0 7 TR 4 o R
KPR . T RIIFN ) L AL, 7E i E TR s
AT AR EE Sy 20 CHE, i T 4E R 7E 95 K 2247, W
PG 2 5 e PGk B R E V-, AR TG E S bR AS
%% Hﬂ[l/]

m%ﬁ%ﬂ%ﬁ%&%ﬁ%%ﬁﬁ%ﬁaﬁ
G A % A 3 A L ATL B A5 R R i A AR A 2 AR
ﬁﬁ%ﬂﬁ@ﬁﬁﬁﬁmkﬁﬁﬁﬁﬁﬁﬁwh
5 FE L H BILRRE 0 IR A I8 A 4R 1 43 A an [ 8
FiR .

ZeeiRE

HREE/KW

0 5 10 15 20 2 3
B[] /ms
(a) HHLEREER SeZHsm#E

15

1.0

TR IR R/ KW

o5

oob—m——
o 5 10 15 20 25 30

B} 1] /ms
(b) FHEEAIR R

B 8 % FE 45 #E f i i) 3 4L # 2%
Fig.8 Variation curves of generator losses with time
wnmﬁﬁﬁ%%%ﬁm%kQMLﬁm
mTﬁﬁ%%%ﬁﬁEﬁo
x3 ABENHBRESH

Table 3 Distribution of generator losses
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Table 4 Comparison of simulation results

and test results of the generator
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