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Fig.1 Simplified model of rotor

2 ARTHHEER

oy ks (B 2) BYAFROTAEIY, BRI e
W Z -5l S PR Cnigl 3. | 4>, R
P26 A Rough HSZ W MICS (WK 5), id it
MRPEZOR A TE -

3 WE=iZit
TCid BB B TS SR R AE 100 CHY

TR 2R Al 8 000 r/min AYFE T 4% A B2 I A I i,
2 AT T EP S S5, R e a2 &,

YFs BE - 2022-11-11

EL2TE : WE ARBETIH GE£4%5%5 : 20211760052) 5 iR
BYUBFHFUENRITE GESH S : ZIGB2020424).

EERN : THE (1974—), B, WL TR, &8, Wt
FENFIR & TR ARG TAE



2024 52 A IR, FARBEEIET IR IREMA RS E R 77 -
x1 R
Table 1 Material properties
T2 Akt W/ (kg - m™) PRI /GPa HELVN = J ARER E /MPa
L2 NG SRS 7 25Cr2Ni4MoV 7 850 218 0.3 660
R IMn18Cr18N 7 800 218 0.3 1050
ELE AR ORI AT 1900
£l il 8 900

B2 HTFHRTEKEE
Fig.2 Simplified model of rotor

B3 HHMARTEE

Fig.3 Finite element model of rotor

B4 MNBRARTEE

Fig.4 Symmetrical constraint diagram

E5 #ZEMAXTEE

Fig.5 Schematic diagram of contact mode

XSmRS . T - A ANSYS RS
PO H RN 1 2R B LR PR TE R - 20 C. i
BEZRAT : 100 C (JRZ . +80 'C). %3 . 8 000 r/min

i, e H R S BT B 0 RS e B T M
B 0mm; 0.1 mm; 0.2 mm; 0.25 mm; 0.3 mm ;
0.4 mm ; 0.7 mmo.
3.1 FZE=ZO0mm HIHEER

WIS PR e s HL i, SRR
N SRR 2R S, AR B SR AR
BT E 6, R KAEN 0.220 48 mm, I/MEHN
0.185 28 mm. F5Hl 54 IR 34 B Ak 1 A2 1) 1 78 =
K 7, JKAE M 0.265 06 mm, fe/ME K 0.223 78 mm.
PR L IR A AR A RS AN R 8, R (E N
0.4122mm, H/MHE N 0.410 17 mm. 73R 5 544
HAL AR A RS WA 9, 5 KAE M 0.410 89 mm, i
/IME K 0.409 69 mm.
32 fHitdmeE

Hi & 6~7 AT 3 53 R e b, 3 BRI
G I AR ) A B8 25 R 0.189 69~0.226 92 mm ;
BRSNS R R AL, PR RS R AR R A N
0.144 63~0.187 11 mm. [Kitt, A BEFEI KT

6 @M
Fig.6 Radial displacement

B7 REAL%
Fig.7 Radial displacement
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B8 REf
Fig.8 Radial displacement

B9 Zmu%
Fig.9 Radial displacement

0.226 92 mm. H T4t &R 0 mm B, 4P R
JiKHE LR ZR B, 3R 2 T R 2 B X 4 A
KBS, ik 0.226 92 mm BYIE B R BEHR/N, \]
ZIEHCH 0.3~0.4 mm'’ 7,
33 ENMHBRERESHERKEE

$0.1~0.4 mm 434 0.1 mm. 0.2 mm. 0.25 mm.
0.3 mm. 0.4 mm F1 0.7 mm ~Fd & E#H7E BRooi
B, A T A R ST E 10~15, R
A BR IG5 AT A48 o A0 T 47 B 3% 2 b 4 il 155
ik 2 FroR, A ARIETE 2 000 r/min {5 L7 34

10 0.1 mm F&=E
Fig.10 0.1 mm interference

11 0.2mm &=
Fig.11 0.2 mm interference

B 12 0.25mmid&=
Fig.12 0.25 mm interference

13 0.3 mm TBE

Fig.13 0.3 mm interference

14 04 mmIBRE
Fig.14 0.4 mm interference

E 15 0.7 mm dZ&=
Fig.15 0.7 mm interference

*2 HRESEMERL

Table 2 Interference and contact

A& /mm 0.1 0.2 0.25 0.3 0.4 0.7

HEf g /
MPa

RERR  m Aug ARG R R RE
H

0 <20 <20 >20 >20 >20

S PO R A, PRSP IRaaT
B W AE 0.3 mm 8000 FY{E .
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3.4 BEIWIE
M ANSYSHiSteady-State ThermalfllStatic

Structural /A", A HTAGRELANFE 3, TR XT3
HAS RS B TALE, IR TR BRITHT -

3 REWIEER
Table 3 Strength verification

E47 24
AGIREE /'C 20
12 5 /mm 0.3 0.4
T R HR 42 000 t/min 100°C +2 000 r/min -20C -20 ‘C +2 000 r/min

(D #2454 0.3 mm

B« WA R B 16 B, B OKAE M
411.34 MPa ; H0 PRI 7 G0 & 17 iR, fe KAE
k1 204.62 MPa 5 FEREI R ST ANE 18 N, EeRAH N
492.9 MPa.

16 FEHNI=E

Fig.16 Axis stress nephogram

17 FLRENEE

Fig.17 Stress nephogram of central ring

B 18 PN A=E

Fig.18 Stress nephogram of retaining ring

B +8 000 r/min : F 4l N 7 A0 & 19 R,
I RAB K 500.92 MPa ; H1.0 B R F7 W&l 20 T,
I KAE N 128.69 MPa ; 3R J1 ANl 21 iR, I
KAE N 609.76 MPa.

B 19 FHHNO=E

Fig.19 Axis stress nephogram

B 20 i A=E

Fig.20 Stress nephogram of central ring

B 21 FREN=E

Fig.21 Stress nephogram of retaining ring

100 C : FHh Ay 0 J1 an &l 22 froR, B KMEN
316.55 MPa ; H1.0 MY I ) W& 23 TR, d KM
k1 164.1 MPa ; $ RGN J) 4N 1&] 24 iR, EeRAE R
449.78 MPa.

100 °C +8 000 r/min : 5l N S W&l 25 frR,
B RAE N 524.13 MPa 5 3R S i 26 B,
I RAA K 149.5 MPa 5 338 F N 7 aniEl 27 iR, i
KAH K 549.3 MPa.

=20 °C : FEENAY R Sy AnE 28 Frn, e KME A
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22 WM NZ=E B 27 #FIREN=E
Fig.22 Axis stress nephogram Fig.27 Stress nephogram of retaining ring
23 HLHEARE E 28 #HHNAEE
Fig.23 Stress nephogram of central ring Fig.28 Axis stress nephogram
E 24 PREN=E E29 HOLHEARE
Fig.24 Stress nephogram of retaining ring Fig.29 Axis stress nephogram
25 HHEA=E B30 PIREA=E
Fig.25 Axis stress nephogram Fig.30 Stress nephogram of retaining ring

=20 ‘C +8 000 r/min : Rl 1 J7 4n &l 31 Fos,
e KAH M 486.41 MPa 5 HHLyER 1 N 7 AN 32 TR,
B RAE N 149.9 MPa 5 R EI R S i 1&l 33 fis,
KAHH 636.53 MPa.

(2) &3 N 0.4 mm

FO B AR N & 34 iR, Ee KA R
545.55 MPa s 1.0 Y I 7 W& 35 TR, e K AE
k1 272.82 MPa s $F AR T UNE 36 TR, B KAE N
462.33 MPa ; H1.0 BRI 7 G0 B 29 TR, de R AE 576 MPa.
4 233.51 MPa ; $ER N 3 ANE 30 o, B RAE R H & +8 000 r/min = %l (1 N 7 40 & 37 s,
524.51 MPa. e KAH M 464.31 MPa 5 HPoL R ) A 38 TR,

26 HULIRE A RE

Fig.26 Stress nephogram of central ring
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E 31 HHEA=E

Fig.31 Axis stress nephogram

E 32 RO A=EE
Fig.32 Axis stress nephogram

& 33 PN A=E

Fig.33 Stress nephogram of retaining ring

34 HHNNAE
Fig.34 Axis stress nephogram

35 HLIREAIRE
Fig.35 Axis stress nephogram

E 36 PAENEE

Fig.36 Stress nephogram of retaining ring

B 37 HHNN=E
Fig.37 Axis stress nephogram

E 38 HLIRRAI=EE
Fig.38 Axis stress nephogram

B39 #IREAEE

Fig.39 Stress nephogram of retaining ring

40 FHNNAE
Fig.40 Axis stress nephogram

T KAE M 186.05 MPa 5 $FAI N ST U 39 s, e
KAE M 688.25 MPa.
100 C = ¥4 N 7 aniEl 40 i s, & KRE N

451.49 MPa ; U FR RGN 7 an &l 41 fr R, B KAE
1 232.63 MPa 5 ' IRAGR SN 42 Fos, ER{E R
514.69 MPa.
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E 41 HOREAZE

Fig.41 Stress nephogram of central ring

B 42 PIRENEE

Fig.42 Stress nephogram of retaining ring
100 C +8 000 r/min : A1 J1 4Nl 43 FoR,
B K AE g 486.19 MPa 5 H1.L BRI ) AN 1&T 44 JifR,
HRAEH 151 MPa s 3R IIREJJ INIET 45 FF7R, dek
{5 637.6 MPa.

B 43 N O=E

Fig.43 Axis stress nephogram

44 FULNKREHZEE

Fig.44 Stress nephogram of central ring

45 IR N EE

Fig.45 Stress nephogram of retaining ring

=20 °C : FEENAY R S AnE 46 Fion, R ME A
595.68 MPa ; 1.0 ¥1 (1 i J) W &l 47 fi o, de KAE
4 301.77 MPa s $FFREY N ST ANEl 48 TR, B KAE N
613 MPa.

46 FHHNNEE
Fig.46 Axis stress nephogram

E 47 SOOI AEE
Fig.47 Stress nephogram of central ring

B 48 PIARENEE

Fig.48 Stress nephogram of retaining ring
=20 °C +8 000 r/min : F Al A9 1w 49 R,
R RAE N 449.73 MPa 5 HULERAY R 1 A& 50 Jr s,
I KAEH 208.92 MPa 5 ¥R S W 51 7R, iR
KAEH 721.55 MPa.

49 FHNNAE
Fig.49 Axis stress nephogram
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50 WO ARE

Fig.50 Stress nephogram of central ring

B 51 AN NEE

Fig.51 Stress nephogram of retaining ring
(3) & 5K 0.7 mm
O B R ) S2 iR, e RAE R
938.78 MPa 5 H1.Lo R I3 F) AN AL 53 PR, f K AH
N 479.01 MPa 5 $F3REYRL ST AN 54 i, e KIE N
875.84 MPa.

B 52 #HHNA=HE
Fig.52 Axis stress nephogram

53 HLINAEE

Fig.53 Stress nephogram of central ring

54 PIMEN=E

Fig.54 Stress nephogram of retaining ring

B I +8 000 r/min = %% Hl (1 N g 40 &1 55 fr s,
e KA K 757.87 MPa 5 HL BRI F7 ANE] 56 TR,
I KAH N 366.39 MPa ; H AN 1 ANl 57 iR,
KAH K 965.52 MPa.

B 55 HHINA=E
Fig.55 Axis stress nephogram

B 56 HLIRRARE

Fig.56 Stress nephogram of central ring

57 PFRENZ=E

Fig.57 Stress nephogram of retaining ring

100 C : F 54 0 J1 an &l 58 fros, B KAEN
848.85 MPa ; H1.0y BRI 3 W 1] 59 FiroR, & KA
“h 438.86 MPa ; 1 RRHY I ST ANEL 60 o, B KIH N
788.36 MPa.

58 FHNNAE
Fig.58 Axis stress nephogram



-84 i I i

5 E 8 261 5 1)

B 59 HOLHRNARE

Fig.59 Stress nephogram of central ring

B 60 PIRENEE

Fig.60 Stress nephogram of retaining ring
100 “C +8 000 r/min = 5l 1 J1 4n &l 61 frow,
B KAE N 664.66 MPa 5 H.0 3R H N S & 62 Fis,
I KAE N 323.42 MPa s HP R S UNEL 63 Fias, Hi
KA} 901.86 MPa.

E 61 HHNAZE

Fig.61 Axis stress nephogram

62 HULIRNAEE

Fig.62 Stress nephogram of central ring

63 PIMEA=E

Fig.63 Stress nephogram of retaining ring

=20 C : FEHhA N J W& 64 TR, e RAE K
988.71 MPa ; 1.0 i i 71 W & 65 iF 7R, d5c KAH
4 506.2 MPa ; 4P FREY N ) A& 66 firaR, fe KAA K
923.63 MPa.

64 HHMNNRE
Fig.64 Axis stress nephogram

E 65 HLHREAOEE
Fig.65 Stress nephogram of central ring

E 66 PN =E
Fig.66 Stress nephogram of retaining ring
=20 C +8 000 r/min : £ %4h AN S anEl 67 frw,
B KAE K 807.34 MPa 5 H0ER Y 1 F7 ANl 68 FTiR,
i KAE A 391.97 MPa 5 3R N S WA 69 s,
KAEH 1004.9 MPa.

67 FHNNZE
Fig.67 Axis stress nephogram
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68 HULINMAIEE

Fig.68 Stress nephogram of central ring

69 PIMEA=E

Fig.69 Stress nephogram of retaining ring
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Finite Element Analysis and Research on the Rotor Slip Ring Structure of

Permanent Magnet Generator

Wang Jianchun"*, Zhang Ya’, Zhang Jun’

(1. Hunan Engineering Laboratory for control and optimization of PV systems, Xiangtan, Hunan 411104, China; 2. BAPTEEC Ltd;

Beijing 100076, China; 3. Hunan Xiangdian Power Co., Ltd., Xiangtan, Hunan 411101, China; 4. Hunan Vocational Institute of

Technology, Xiangtan, Hunan 411104, China)

Abstract: In the field of new energy power generation, the operation quality and service life of wind turbine are good or bad, and
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the slip ring of generator rotor plays a decisive role; the determination of the matching clearance between the retaining ring and the
shaft in the slip ring is the technical difficulty in the structural design and assembly of wind turbine generator at present. Based on
the analysis model of the slip ring structure of the rotor of a wind power permanent magnet generator which is widely used in the
wind power industry at present, and according to the working conditions of the slip ring, the finite element simulation analysis is
carried out for different matching conditions. Through the simulation, the best clearance or interference is finally obtained, so that the
generator can meet the best working requirements, so as to find the best value of the slip ring structure design, which is used to guide
the slip ring Structure design and similar structure design provide theoretical reference.

Keywords: generator; rotor slip ring; interference volume; ANSYS finite element method
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