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Vibration characteristics of power differential gear train for 2.5MW wind turbine
Jung Su Kim: No Gill Park* Hyoung Woo Lee®
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Abstract: In this paper, vibration analysis of power differential gear train for 2.5MW wind turbine system is
analyzed. which system is composed of two planetary gear set, one helical gear set and main shaft that con-
nected by flange. Planetary gear set, helical gear set, main shaft are modeled in MASTA program and hous-
ing, torque arm, carrier, flange components are modeling by finite element method. Each models are combined
by component mode superposition. To analysis of natural vibration characteristic about 2.5MW wind turbine
gear train was performed and check about critical speed with wind load, mass unbalance, angle misalignment
excitation frequency.

Keywords: Wind turbine, Power Differential Gear train, Vibration, Critical speed, Planetary gear system
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Table 1: Gear information

Stagel Stage2 Stage3
S ‘ P ‘ R| S ‘ P ‘ R | ‘ (¢}
module 13 175 11
pressure o
angle 20
center
distance 420mm 525mm 550mm
helix angle - - 20°
face width 220mm 280mm 220mm
number of
teeth 26| 37| 103 27| 32| 93| 74 19
profile shift )
coefficient 0.2| 0.5/ 0.1| 0.3 0.1] 0.2 -0.03 | 0.5

addendum 1
deddendum 1.25
(S : Sun gear , P : Planet gear, R : Ring gear,

| : Driving gear , O : Driven gear)
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Figure 3: Housing reduction analysis

Table 2: Torque arm stiffness information

Note

Radial stiffness 150 [kN/mm]

Torque
arm

Axial stiffness 2 [KN/mm]

Radial stiffness 73,000 [N/m]
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Figure 4: Carrier Shaft - 1 step reduction analysis
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Table 3: Blade, coupling information

Note
Number of blade 3
Blade Weight 56400 [kg]
Polar moment | 9.0 x 10° [kgm?]
Axial stiffness 1,000,000 [N/m]
Tilt stiffness 82,000 [Nm/rad]
Torsional stiffness| 1,700 [Nm/rad]
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Figure 6: 2.5MW wind turbine gear train
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Table 4: Natural frequency

Mode | Natural Frequency | Natural Frequency
Number (with blade) (without blade)

1 1.95 -

2 16.69 16.84

3 17.87 18.71

4 19.91 22.03

5 23.31 27.53

6 39.26 -

7 43.49 40.44

8 46.04 -

9 52.14 52.18
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Table 5: Excitation frequency ratio

Excitation
frequency ratio

Excitation source

blade(/V.X) 3X

3.44X,12.99X,

stagel
18.49X

mass unbalance

stage2 1X, 3.44X

stage3 18.49X,72.01X

stagel -

misalignment stage2 -

stage3 144.02X

O

, Figure 11,
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