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A Study on Mass Reduction of Planetary Gear in
Pitch Drive of Medium-sized Wind Turbine
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Abstract: Pitch drive system in wind turbine is composed by the planetary gear system to satisfied its

required performance such as long life and light weight for gear train. When the planetary gear system

can reduce its volume and weight, the power consumption of the wind turbine can be reduced. In this

study, the planetary gear system of the pitch drive system in medium-sized wind turbine is obtained for

weight reduction by shape optimization method. And the planetary gear system is verified for their

strength by the structural analysis.
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2 AT ALH {3710 A 2="-2 "7 (ring
gear)’} 1A E FHAA HV|REHERE AGHE=
F&o] 13} A7]0(sun gear)oll YHEE & 12} 7] o]
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Table 1 Operating conditions of the drive

Carsi
arer Motor speed | Power Gear ratio
speed

8.819 rpm

1666.7 rpm | 80 kW 204.73

(8 deg/s)

Table 2 Specifications of the planetary gear system

Gear system Ist 2nd 3rd
Sun 22 22 22
Number
Planet 42 41 41
of teeth
Ring 109 107 107
Sun 27 52 114
Face
] Planet 25 50 110
width -
Ring 27 52 114
Module 2.5 3.5 4.5
Pressure angle 21° 23° 25°
Gear ratio 5.955 5.864 5.864
Total gear ratio 204.7
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Table 3 Material properties

Young's Yield Poisson’ Densi
isson nsi
Modulus | Strength Or:ii(; s (ke /rsnt%/
(GPa) | (MPa) &
SCM
207 792 0.3 7800
420H
GCD
170 340 0.275 7200
450
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Fig. 1 CATIA modeling of the planetary gear system
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Table 4 Set the cases for structural analysis of

components in planetary gear system

Mark Component
Sp sun gear + planetary gear(3EA)
SPR |sun gear + planetary gear(3EA) + ring gear

C carrier
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Fig. 2 Boundary and load condition for SP composition

Fig. 4 Boundary and load condition for C composition

Table 5 Load conditions of bearings in a carrier

Force (N)
Mark X Y 7
A 5,467 -4,846 0
Ist B -3,339 4,315 0
C 5,870 531 0
A -17,066 -11,153 0
2nd B -5,722 22,921 0
C 22,788 -11,767 0
A -36,911 -31,493 0
3rd B -9,444 52,155 0
C -46,355 -20,661 0
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Fig. 5 Equivalent stress of the SP composition

Fig. 6 Total deformation of the SP composition
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Fig. 7 Equivalent stress of the SPC composition

Fig. 8 Total deformation of the SPC composition
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Fig. 9 Equivalent stress of the C composition

Fig. 10 Total deformation of the C composition

Table 6 Results of the analysis for equivalent stress,

total deformation and safety factor

Mark Eq:tlr‘t/;lsent defgr(r)rtlzltion i:ffg
(MPa) (mm)
SP 263.12 0.010 3.01
Ist | SPC 367.49 0.018 2.16
C 92.39 0.010 3.68
SP 454.68 0.002 1.74
2nd | SPC 508.34 0.039 1.56
C 144.46 0.018 2.35
SP 416.05 0.042 1.90
3rd | SPC 448.39 0.075 1.77
C 170.57 0.052 2.00
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Table 7 Variation of equivalent stress with face width
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Equivalent stress (MPa)
Mark Face width

50% 75% 100%

It SP 590.44 486.53 263.12
SPC 908.99 723.34 367.49

ond SP 837.7 539.89 454.68
SPC 984.62 580.21 508.34

SP 1107.6 712.52 416.05

3rd SPC 1126.9 718.29 448.39

Table 8 Result of applied shape optimization

Equivalent Total
Gear qstress deformation ?:ffg l\(/ll(ags)s
(MPa) (mm)
Ist
p standard | 263.12 0.010 3.01 | 5.32
modified| 553.63 0.038 1.43 | 3.20
C standard 92.39 0.010 3.68 | 6.42
modified| 113.21 0.013 3.00 | 4.71
2nd
p standard | 454.68 0.025 1.74 |18.93
modified 584.4 0.056 1.36 |12.50
C standard | 144.46 0.018 2.35 122.60
modified| 161.21 0.040 2.11 [ 16.48
3rd
p standard| 416.05 0.042 1.90 |68.04
modified| 712.52 0.104 1.11 |51.04
c standard | 170.57 0.052 2.00 [69.26
modified| 194.35 0.052 1.75 150.92
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