F46% H T
2026 £ 4 H 5 H

eh CEN IR . ¢
Proceedings of the CSEE

\Vol.46 No.7 Apr.5, 2026
©2026 Chin.Soc.for Elec.Eng. 3001

DOI: 10.13334/j.0258-8013.pcsee.242917 X E4wS: 0258-8013 (2026) 07-3001-15 FRE|HHS: TM 153; TM 351 CEKFRIRAS: A

MW £ sk #2401 &2 EB W Z2RIR L S
AN TR R AN

ZHY RES BURY MELS MRS Fr©Y

(1. BRMFREGFF AP A KT, LY RRT 430074; 2. K ERENRE S AHA RG],
JRE ARZEW 523000; 3. A wALHARG BAA RS, WY &FfAT 618000;
4. FEAFRE AL, 7T #HEEX 100190)

Research and Application of Post Assembly Demagnetization and
Supplementary Magnetization Equipment for MW-class Permanent Magnet Wind Turbines
LI Rui', TU Zhang?, LYU Yiliang', ZOU Yingdong®, WANG Qiuliang”, LI Liang"

(1. Wuhan National High Magnetic Field Centre (Huazhong University of Science and Technology), Wuhan 430074, Hubei Province,

China; 2. Dongguan Cimai Electric Technology Co., Ltd., Dongguan 523000, Guangdong Province, China; 3. Dongfang Electric

Machinery Co., Ltd., Dongfang Electric Corporation, Deyang 618000, Sichuan Province, China; 4. Institute of Electrical

Engineering, Chinese Academy of Science, Haidian District, Beijing 100190, China)

ABSTRACT: With the rapid growth in the installed capacity
of large permanent magnet wind turbines in China, a
substantial number of turbines will enter the decommissioning
and recycling stage in the near future. Conventional recycling
methods for permanent magnet generators suffer from high
energy consumption, significant environmental pollution, and
an extremely high scrap rate of magnetic steel. Additionally, for
permanent magnet motors that have lost magnetization due to
faults, demagnetization and disassembly of the magnetic steel
are required before supplementary magnetization, which entails
considerable labor and material resources. Based on the post
assembly magnetization technology for large permanent
magnet motors, this paper proposes an in-situ demagnetization
and supplementary magnetization method for large permanent
magnet motors. First, the demagnetization and supplementary
magnetization characteristics of NdFeB permanent magnets are
investigated. Then, for the Dongfang Electric 26 MW
permanent magnet wind turbine, the pulsed coil structure is
optimized, and the mechanical stability under extreme
conditions of high magnetic field and strong current is verified.
Finally, taking the Dongfang Electric 18 MW and 26 MW
permanent magnet wind turbines as examples, a set of
integrated megawatt-level permanent magnet wind turbine
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magnetization and demagnetization equipment is developed.

This equipment enables in-situ demagnetization and
supplementary magnetization of partially demagnetized
magnetic poles for megawatt-scale large permanent magnet
motors, providing a technical pathway for the
decommissioning, recycling, and operational maintenance of

permanent magnet wind turbines.

KEY WORDS: permanent magnet wind turbine; magnetic

properties;  in-situ  demagnetization;  post  assembly

supplementary magnetization; finite element analysis
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Fig.2 Experimental equipment for magnetization and
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semi-direct drive permanent magnet motor

M T WA A AR, RBEAR RS BOR, R
FERS AR THI AT L L Rl S5 A, 72 AR AR DX 38k A
Wi 5 KRR Sy A 7 B e S i K s (2) ml i
E DS 7 TN R AN S LSl W) S N S VA LS =
SN FEHE P TR R . BT KGR G
WU T2584, 700 P PR 22 T FF) s 0 ol [ 2k
RIS, A SCE 7R MEREA A, 3K H s
X3t i A oy B, RTINS 7 RN

B, WD A TR AL E . AR
IKPERERR SR, BN BN R BEAT TR IR L, e d
KB R LR P 45 4 o SR T PR A 41 3 2k ] A A
R, KA R R R AR AL B P AR RS AT WD



3006 i ZERIN

T B % ik

i 46 %

S, fERBINE 9 R, KRN RN 2m, R
JiFIEEES P RUA h.

.
L > 2m
ds B, t ?Bl
.~ 9 ¥ L.
ol |
o : y
't

9 fELITEIER
Fig. 9 Simplified calculation model
MR S B PR E LS R BB IR BT, P
TRAFLAE P s By WA T 1] B3 09
J7A|

B, =|B,|sin(6)+|B, [sin(8)= 2nOR1 e,[sin(9)+
o] ; o] ;
g,|Sin(f)=—————=1sin(6)+
27R, 2mJ(m—k)? +h?
Al ppy=tel _mk
2nJ(m+k)2+h? 2 " (m—k)?+h?
m+k
_— 9
(m+k)2+h2] )

MR (1) AT LA, 2 B 1T N AR 2m )N,
PE B K HEAREE B h BN, Wi By K . B9 PRUERE
WEMEER A V6 A0S By A e 3 o i R 7 oK, 4
Bl N ARAN BN, A4 AR BB N A% 0 D e A o Ak
B FEAE RS o SEhafE iy, T &E ST
Vi) 22 4 248 2 PR 2 I Y B 24 Bl o ] R 25 T = 1) =%
JE AR SOR A e S g R B R R R B E N
5mm. X TARIAIZ BT &, N T 2B Sl e T
{5, AW R) 22 B8l A A% 5 R B A0 T P 5 TR 5 mm 25 1]

A2 BB Ak T REAR R T, WIS R A TR BOR,
AIAHIMEE 2, E N RIEN F B TR M2k
Rl A K IR, 2R A R, 2R R
J5E 38 B — 5 B BT e 20 2k P8 i e IR o PRIk, X
TR Z K2k, R 6.7 mmx4.6 mm 5503
2%, WEEKE RPN 45mmx2.4mm. (x4 F
MR TR N R 2208, BT HE IS FE5ER
Gyom RS A e, R, RIS
15 mmx4 mm SZO-FER . e MR BT R SRR
M5, A AR TR HOEAT 7 M st

H AR PE 1 N B ArkE 7 £ BT ORI, B2
T g AN PB4 2 BB g B Ak TR i A2 Pl AT AR
isit, SREAZSEA T2 K MEGEAT 754

PR E RAE R IR O T, 3R AE el 143 A [ 4
N 555102 20 Ny BAYIE A5 31 5K H brmi s A
FHARE, RIS R 10 Fros.

HIFITE L%

E 10 TREISMEED S TR IaFIEE
Fig. 10 Saturation degree of the magnetic pole
under different turns of external coil

MR 07 A RAG a0 T e R e R — &
MESL S, BB M AL Ny B3R, H AR
AR IV ANRE REIZ A 3R s T A2 el 1 el e 2
Ny, HJZH0A 2 8 JZ LA LI, Bl i = 20088,
RERR M ARE L S A7 R RS XIS Ny
BRI, BN REOE B s X B LT,
A G oTIRE /DS, T ER T R B LR A4 K 58
T, I, R AR AL Ny #E 8 8 J=;
XFARAEEL, 12 AR R A Ny S AEAT SRR
B AR IR Y, ST REXT AR A TR
AR PERANE, B L2 3R B PO A R A AR B A AL
PR, 7 H AR RGN DS AT RE ™ A A2 8 K R B R) 7
ARG 26 AF TR 5 [ BIR 6 Tl A A s R A A ™ A=
SO, AR TR 5 NAR W) 2k 8 45 44 2 sk 4T 3[R
eBETEe AR IAI2R R 2 A H b A S5 A AR A
XA AL, A HOHR A T ) B R, B
Uk, E AR g AR BE 2 TR T [R]B
FHAT RS A IR RARE R 2 T B o A SO XM 18] 24
[T SRR BT, [ b2k Bl [T 0 (=] i
B R AR [ 24 BB 42 171 T N 55710 240 Ny, 8¢ H
PN ) T A VR RE PS8 LIURF 5 A 1) 24 el [T K

HT T 10 R, B AN T 2 Rl A 7 K N Fr)
Ko HAREAR AR B — D, Bk, 2%
JETIURE N [ G5 A R 0 T R R ] £ Pl 1 4 i [ 4
Ny E N 10 I, Hhia 28Ny €8 2 )2, 4 SH



57 W

P MW Bk BER 1R AU AR 15 4 7 R 2% 4 1 78 K vy 3007

TR EE/%

E 11 TERIEZ%E R H TR e mIZE
Fig. 11 Saturation degree of the magnetic
pole under different turns of interpole coil

N HERR B ANFE E CIA 100%.

T e M (R R Bl 25 A S 80 5 B Ja T AN P 1)
EITEL Nyo A0 P8 XS AH AT RER 1 52 e e A
(LGB AT OGS, SR, 249 Ny 8 hnms, Akla
2 P8 Pt 52 215K [ A1 2% B (1 45 m) WA R kg sk — 0
PErmro W8 B ) 26 [l S 505 38 0 38 K A2 e A [ [T
H Ny, WLEEHR [ £ P8 52 J Ve, &5 S 12 k.
Tk O PR FELRE K K ) 2 PR ] 7 8 SR BRI
Phiil, AT IRIERIA Rt e e, e s
Bl PR 428 [ [T Ny 9 11 [

200

1501
100p

AR LER @A
o

501
-100
-150
“200F . . . .
6 8 10 12 14
S B 1 17 T KN

B 12 tREZ&EZHE B S IENEE
Fig. 12 Tendency of the interpole coil to receive
axial electromagnetic force

2.2 HBIFES¥IIT

BT gk AL B A i 5 2k P T i A 4 R
Vit 7B, &% 26 MW K ERERR B 1T B 7
SN RRETT 5. 7E COMSOL A BR 7o 07 B3k A rh gk
ITRERL M, BT E LB KA K, KA
TYERT RS R T A B R B A5 Rt B 13 TR .

N T DRUEXUE Pl P A i W TR 20, Ah kel S5 ik 1)
2R R R HR RS RE, R LB A RS i AN 14
B

! 412

|

iaﬁww[/r;mﬁ@

.I:L l / ‘\\

i 7L o y

| BRI B
i A
B 13 XLk RA COMSOL Z#iRE
Fig. 13 Two-dimensional model of
two-coil scheme in COMSOL

C— SMEE -~ —— BA%E — -
| I
| Ls ! L |

B 14 WL 75 KRBT
Fig. 14 Two-coil scheme circuit topology

221 RWHES ML

ARITHA 26 MW ik B FE AL O3 7 R 7w e
WG TR AT AR, R C AR . T
C AN A B RE AR 2 A7 IR W = P RIS BB
W3 07 Bt 5. AR 2(6)15 2 1K AR B 14
WA PR RE A YR BT IR RS H. T ASCR A
FA K BB, 9 1IN T AR R IR 2 P
WIS, RIS R A B R OE 12.2mF B E
A, BB IR E A 15KV N, B oA
5 HARX IR M1 Bl & 15 s .

P07 45 SR T, IR 2 TR R R ) X o
tt 90.445%, A AREAR LI OB AR BE 2 RGP IR

A, CB LME T LR R E AR o
R RIET




3008 I N < 1 R D = SO 3

i 46 %

REERLEI%

1100

Eﬂ
| }ET%\ IuT

DR EE

uEu UJE“" \
|

o6

) o4

" o2

— 190

- S ——_ 88
(b) KF2.25TIX4
& 15 REEHASHSEMERL
Fig. 15 Distribution and saturation of
demagnetized magnetic field

2.2.2  FhFeRERE R

T IGAE — R3S AR LRI R PTAT I, T
T S AR A A 18 AT 1 2 A B o R A A 0L
XoF BEARBEAT 8 A AR AR TR, T J P R R R A AT
N FERE LS o

Xf ORISR 26 MW K RERE 347 IR R
DI . BT ESOKRERIB R E LI 45 1, R
FA kb BB RE, DOBREREIA RS 2T fEA
MBS H bR, 2.48 T 1A AIRLAL IG5
8, T UIGERAE R B RS RS 0K
HLHLESRA 10.8kV I, 7 BARXI~EKTF 2T
WA X5 KT 2.48 T Wi X8 ai K 16 s, K

Lﬁ‘ﬁéﬁilﬁ/%

I —
N | FRoRoReR fos
I| |E}_HILIJ]HF| [ | | flos

‘\w\;;f
‘ﬁ_LL'E%@m,

[ fos

92

WA

o0

88

7 (a) KF2TXHk
. fiﬂﬁéﬂﬁi@i/%

100

o les
9%

4

92

oo

N — 88
(b) KTF248TXIH
E 16 RE#XESTH

Fig. 16 Demagnetization area is distributed

T 2T X5 92.967%, KT 248T XI5t
11.895%.

W Tk HERE R 2 MO SR J B R, K RE AR A7 AT
Ak s, AR (8) 15 B #b Fe AR A I, 1B
JE LT R R & 3.8 T T HLmG L HI4E,
DR FL Y B R TBO L A 20KV, AR FL B 42 4,
RO R 19KV, RIS KT 3.8T X
WA ARWE 17 Fios . Rl KT 3.8T X3 5L
13.033%, X LLAT R IBREST B A, BRI KT 2.48T

R SRR, TLARESCHEAT A, AT 52
SR (PR D Fe T
IR SR S T
47.68
|
Il I6
I
/ 14
il
2
11
: 0
(@) %b?ﬁﬁzﬁﬁz&iﬁuﬁ/
. L AMERRATRE%
1 .',E:;w“uflﬂim
| I ” “ Hn' L
ﬂjl@j!!!!!~.3  < Nes
\,‘ I‘t. e ) _“_ '\:'.t'_i "

(b) KF38THKH

E 17 FFREEIASHSIEFIER
Fig. 17 Supplement magnetic field distribution and
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Table 2 26 MW semi-direct drive model power supply and
coil structure parameters
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Table 3 Electromagnetic parameters of double coil
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Fig. 21 Magnetization and demagnetization test site of
the 26 MW permanent magnet wind turbine

FEAE R, AR BOR, TR Hh O DX SR U D
Wt/ NX I AEREAGER I P Ak ik 5113t 16 A
ME s, KT T R E, BDR&
IRWAREI E A 275 T I, KBNS 46 S Tl
IRRESS KA 22 Fs .

200 T T T T T T T T
—s— RPUYIIEE —o— BRH7.5kV
—o— iBWj4.0kV  —<—iBR85kV

150k —— BR55kV  ——iEH#£9.0kV

—v— 1Bf#6.5kV

e

1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18
plE=g

22 ZEDIREHEARTRME
Fig. 22 Pole surface magnetic field of

the progressive demagnetization
M 22 T, AR P S AN O A IR 1 2
HPRIRAS, BEAR O XKML 40mT, MBI
ARIBHENE L 8D 20 60%, BT LAIE I Z R AR #E 7
AR BARKIFIME O 2 DME T TSR EER 5
B, ORHPR R T APRRERCR . X AR GE R 1T
15, IKHEAEREZIN 40%FFIKZ2ACT 1%, BN
] A 12 h BEAK S 100 ms BV AT 58 BB )R HE
REAEJTIH, A\ 3000 kWh F#MIK 2 24 kWh. HiE B JE A7
IRMEBOAR G 7 RGR ML RE B RERE . V5 5 AW
PR ZR I, Tl SR AR B % s 1AL
3.3 JELKKHER 1% B A FERESEH
AT H LA AT 2o A v X S DR A0 27 S o i L R
P L AL it PSR AW R R e, TG B S ety S 7k
RN e R 2 N T IRV & X o LT D R



57 W

PSR MW UK R FE LR AR 15 4 Se ke BT 5 28 3011

J7HS 8 MW e bl R R 1 DL HEAT o BT, o B
b LS IR W IS AT AR R WA I 23 BT o

300— :
—u— R L
—e— B FLHL
2501
-
1<
=
#® 200}
150
0 5 10 15

DT

23 8 MW ¥R&EHitR 5 IE EHIR R EITLE
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motors performance parameters
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