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Fig. 1 Structural style of pitch bearing
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Fig. 2 Pitch bearing and installation structures
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Fig. 3 Geometrical relationship of pitch bearing raceway
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Fig. 4  Coupling setting between spring element and
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Table 1 ~ Structure parameters of pitch bearing
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Fig.5 Spring elements and beam elements in model
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Fig. 6  Finite element model
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Fig. 7 Load distribution of balls
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Table 2 Safety factor of pitch bearing

R i RIH

bl RiMPa AR R

T HE Hefhor e 1” 3213.4 1.72

WIIRIE oy 2" 3059.8 1.99

4k P gk 1’ 31743 1.78

SMNBIFRIE o2’ 30226 2.07

THE FEfloy 1" 3275.5 1.62

WIEIRIE gk 2" 2929.0 227

T HE Hefhorm 1’ 3235.6 1.68

SMEEIE o 2” 28933 2.36
4 & ®

1) A 3G 3 38 Y A S T AL AL 3, el ST 5 TR
& B HE) 52 el 114 XU R 7R St R i A BR DT AR A AR A
G T R ) JE L P Ml SR A 115 L RS I FH
3 OB LAE J B ] PN 58 Lo BT T3

2)) JACER 5 22 Bk 7R 1) DY P A il ) ST T DY A 5
i1 A8 8 RN AR ) Y- T PN R R AR T o AR ER 3T o A
i 2 M 25 4% e MR 22 P A1 T 49 310 0E 5% o A il 2k
HLAE-90° F1+90°75 {37 £ 157 B BT A% X ER A7 A8 DU i 422
fith 5Z 2R R L

3)SMENVR B (%4 R T WREIRIE N & 4
FEL T HHREMZ 2 REKRT LHERIEN L2 R
B R B B 55 AT A T A2 R R I HEA EK
L5 P9 BV 3B 22 R A AR A



2026

s 404

[2]

[2]

[4]

[4]

[ 2% 30k ]

Wk e, B, B, S AR EREAT A )
HrLI]. %ok, 2010, (1): 1—4, 9.

Chen Long, Zhao Lianchun, Xia Xintao, et al. Load
distribution for blade bearings[]]. Bearing, 2010, (1) :
1—4, 9.

AR, EARIE, B AR, SR G A Ak ek e
ol 7 VR G fk s g oA [T R T R AR AR
2011, 33(1): 80—83.

Gao Xuehai, Huang Xiaodiao, Wang Hua, et al.
Distribution of loads in a double row four- point- contact
ball slewing bearing[J]. Journal of Nanjing University of
Technology, 2011, 33(1): 80—83.

FMER , R DO B R R RGHE DY i fh R Al
AR A A3 AT RS2 e (], LA TR 24, 2012, 48
(21): 110—115.

Wang Yanshuang, Yuan Qianqgian. Influence of negative
clearance on load distributions of large-size double row
four- point- contact  ball
Mechanical Engineering, 2012, 48(21): 110—115.
PRI, A8 M, AR, KU HLAT AR Sl R 484 o
A WF5E[T]. i AL TR 244, 2013, 33(32) -
80—87.

Journal  of

bearings [J].

Rui Xiaoming, Zheng Hui, Huang Haoran. Load
distribution research on pitch bearing of wind turbine
generators [Jl. Proceedings of the CSEE, 2013, 33
(32): 80—387.

Potocnik R, Goncz P, Flagker J, et al. Fatigue life of
double row slewing ball bearing with irregular geometry
[J]. Procedia Engineering, 2010, 2(1): 1877—1886.
Aguirrebeitia J, Avilés R, Bustos I F D, et al
Calculation of the general static load- carrying capacity
for the design of four contact point slewing bearings [J].
Journal of Mechanical Design, 2010, 132: 064501-1—

064501-6.

[7]

(8]

[10]

[11]

[12]

[13]

[13]

[14]

[15]

Aguirrebeitia J, Plaza J, Abasolo M, et al. General
static load- carrying capacity of four- contact- point
slewing ring bearings for wind turbine generator
actuation system [J]. Wind Energy, 2013, 16: 759—
774.

Daidie A, Chaib Z, Ghosn A. 3D simplified finite
elements analysis of load and contact angle in a slewing
ball bearing [J]. Journal of Mechanical Design, 2008,
130(8): 082601-1—082601-8.

Gao Xuehai, Huang Xiaodiao, Wang Hua, et al.
Modeling of ball-raceway contacts in a slewing bearing
with nonlinear springs [J]. Proceedings of the Institution
of Mechanical Engineers, Part C: Journal of Mechanical
Engineering Science, 2010, 225: 827—831.
Aguirrebeitia J, Abasolo M, Avilés R, et al. General
static load-carrying capacity for the design and selection
of four contact point slewing bearings: Finite element
calculations and theoretical model validation [J]. Finite
Elements in Analysis & Design, 2012, 55(8): 23—30.
Plaza J, Abasolo M, Coria I, et al. A new finite element
approach for the analysis of slewing bearings in wind
turbine generators using super element techniques [J].
Meccanica, 2015, 50(6): 1623—1633.

Harris T A. Rolling bearing analysis (4th Ed.) [M]. New
York: John Wiley & Sons, Inc., 2001: 234—235.
SRSCARE, TR A TR 2 b R 2 A R A 2k ) ) A
[J]. &, 2004, (6): 1—3.

Su Liyue, Su Jian. Establishment of static load curve of
turntable bearings[]]. Bearing, 2004, (6): 1—3.
Harris T, Rumbarger J H, Butterfield C P. Wind

turbine design guideline DG03: Yaw and pitch rolling

bearing life, NREL/TP-500-42362 [R]. Colorado:
National Renewable Energy Laboratory, 2009.
Germanischer  Lloyd Industrial =~ Services GmbH.

Guideline for the Certification of Wind Turbines [EB/
OL]J. (2010-06-01) [2016-03-01] http:// www.gl-group.

com/.



7 R B R A A R AR AR A FROT T 2027

FINITE ELEMENT ANALYSIS OF PITCH BEARING IN
WIND TURBINE CONSIDERING INFLUENCE OF
INSTALLATION STRUCTURES

Li Yunfeng'?, Jiang Di', Song Lei'
(1. School of Mechatronics Engineering , Henan University of Science and Technology , Luoyang 471003, China;
2. Collaborative Innovation Center of Machinery Equipment Advanced Manufacturing of Henan Province , Luoyang 471003, China)

Abstract: In order to reduce the large scale calculation of finite element analysis of the pitch bearing and its installation
structures in wind turbine, an equivalent finite element modeling method for this assembly was proposed. The nonlinear
tensile spring elements connecting the groove curvature centers of the two raceways were used to replace steel balls, and
the nodes of the spring elements were coupled directly with the nodes on the raceway surfaces. The beam elements were
used to replace the bolt connections between the pitch bearing rings and the installation structures. This avoids a lot of
nonlinear contact operations. The scale of the finite element analysis calculation was reduced significantly. The results
showed that the inner ring of the pitch bearing produces warping deformation in the axial plane and the oval deformation
in the radial plane under the action of external combined loads. These deformations lead to the deviation of the load
distribution curve of the balls from the sine distribution curve obtained under the traditional rigid ring assumptions ; and
there exist four-point contact loaded balls at the long axis positions of the oval deformation. Based on the finite element
analysis, the safety factor of the pitch bearing was calculated further, which provides the theory basis for the correct
selection of the bearing.

Keywords: wind turbine; pith bearing; load distribution; finite element analysis; spring element



