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Abstract : This study was conducted to address the problem of stress concentration at the roller ends, i.c.,
premature failure of pitch bearings due to edge loading, as the development and widespread use of
three-row roller pitch bearings in large wind turbines is expanding. For this purpose, the load distribution of
a three-row roller pitch bearing considering the stiffness and deformation of the adjacent structure was
analyzed by finite element analysis. To determine the edge loading of the rollers, the lamina model
according to ISO/TS 16281 was utilized and the contact stress and edge loading according to the roller
profile were compared by finite element analysis. As a result, it was confirmed that the optimal roller
profile is a shape with a full logarithmic profile on the entire rolling surface of the roller.
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Fig. 1 The geometry of 3 row roller bearing

Table 1 The dimension of roller and bearing

Designation Symbol Specification
Bearing Type - 3-row roller
Bearing Size(mm) ODxIDxH 3610x2973%293

Roller Pitch
Diameter(mm) Dpw 3355
Axial Roller
Diameter(mm) Dw 42
Axial Roller
Length(mm) i 42
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Table 2 Material parameter for roller and ring

. . . Elastic Poisson’s
Designation | Material Modulus Ratio
Roller 100Cr6 2.12x10° 0.3
Bearing s
Rings 42CrMo4 2.08x10 0.28

Hjo]d FYTEX 42CrMod A2 A=W 7
olol= nFT EAErt =9, HAFA= 100Cr6
Aol 282 A"
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Fig. 2 Wang and He’s nonlinear spring model for

rollers for 3 row roller bearing



Fig. 3 Bearing FE model including nonlinear spring
for rollers

g ange 29 axg 42 gostgon, |

A 2509 7| HEZ stk

2.3 Pitch HIO{2 3HA] g

39 22 94 vojgel B 2
QA7) Sl8l Fig. 42 2ol 3748l 7] wloj
7} 3749 Egole @il s|EE LA =
AolA= 3709 TA Holyg F 17
tfsto] Azl mdo] naE A siAE =,
ymz 27) HE= &S Foste] Lot
st

Fig. 5¢} Zro] Q13 Fx&E1} o]
Hjo] A H-& Friction contact XL

Z

*%, ol

-z

o OE.

S

o o A
1o
o
il

ﬂd
by xR
w o
o B

)
o
—Ll
P
N
m{o ji2
)
2
e
A
o

°
)

ﬂ%ﬂ %Eﬂo E—c d
I HFS aHsty] s st
o, XA o] Bonded =4

)
:>‘4:r(
Hu

OII

].

EEE

& o

5 o

k. UP’(W%] L o022 AAsQon,
Steel(dry) wH&HAS 0.1 ~ 0.39] F3Hgke -85t
et

\rerTorm rc anarysis witn wnis
model)

Fig. 4 FE model of pitch bearing and companion
structure (Hub and blade) in this study

Fig. 5 FE model of pre-tensioned bolts for bearing

connection between hub and blade
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Table 3 Load cases for 3 row roller pitch bearing

Table 4 Max. loads results for design cases

Load case ! 2 3 Load case ! 2 3

(Extreme) | (Fatigue) (Fatigue) (Extreme) | (Fatigue) (Fatigue)
Fx (kN) 574.7 392.5 242.5 Upper 1793 kN | 121.3 kN 76.1 kN
Fy (kN) 491.2 376.8 291.8 oW
Fz (kN) 798.8 986.2 686.2 Rfo‘{;,al 101 kKN | 64 kN | 4.6 kN
Mx(kNm) 15083.2 10377.4 7877.4

Lower | 1554 kN | 1110 kN | 67.5 kN

My(kNm) 25139.2 17566.0 9816.0 row

——Upper row
——Radial Row
——Lower row

——Upper orw
——Radial row
——Lower row

Roller loads [kN]

100 —Upper row
Radial row
80 — Lower row

0 45 90 135 180 225 270 315 360

Fig. 7 Roller load distribution under Load cases.

(a) Case 1, (b) Case 2, and (c) Case 3.
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Fig. 9 Design parameter for logarithmic crown

profile

1A . ZIS{=
— —_— | —
— — |
1 1
° 7+74” g ° 7+77» g
< 5
o : | H
3 H \
‘{a 8 \ 8
— \ 4—1
1 ! 1
Cramter Craner
Crowned part Stralght part Crowned part

(a) Fully circular profile crowned roller (b) Partially circular profile crowned roller

1 I
° - + - T & ° - + 7 T g
% H \g £
I %a £ 1 e, H
| 3l 8 % g
4 ol
- ]
Siagh o J—— Crowrodpon
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Fig. 10 The types of crowned roller

Table 5 Specification of each crowned roller

Types of Roller Roller Crown
Crowned diameter Length Drop
Roller (mm) (mm) (um)
Fully Circular
Profile Crowned 42 42 100
Roller
Partially Circular
Profile Crowned 42 42 100
Roller
Fully Logarithmic
Profile Crowned 42 42 100
Roller
Partially
Logarithmic
Profile Crowned 42 42 100
Roller
Roller profile
150 T ----==-------- qmmmmmmmm e mm oo mmmmmmmmmmpo-- )
125 - ——(a)Fully cireular [ _________ E________,» ,,,_:
T ——(b)Partially circular ! i
2 100 { ——(c)Partially logarithmic ~ f--------- il !
g— ——(d)Fully Iogan(hmlc ! !
LN e i S S s sy ) e !
: ' |
I e R
v 1 1 1
R G g 7 / """" .
0 i . i

Position along the roller [mm]

Fig. 11 Detail of crown profiles
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