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A Study on Response Analysis by Transmission Error
of Yaw Drive for 8 MW Large Capacity Wind Turbines
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ABSTRACT

This study performed a response analysis according to the transmission error of the yaw drive. To perform
the response analysis, the excitation source of the transmission error was modeled and the outer ring of the first
stage bearing and the outer ring of the output shaft bearing were used as measurement positions. The response
results were analyzed based on the vibration tolerance values of AGMA 6000-B96. As a result of the response
of the first stage bearing outer ring, the maximum displacement of the first stage planetary gear system was
5.59 and the maximum displacement of the second to fourth stage planetary gear systems was 4.21 um , 3.13

m , and 25.6 um .

In the case of the output shaft bearing outer ring, the maximum displacement of the first

stage planetary gear system was 1.73 um, and the maximum displacement of the second to fourth stage planetary
gear system was 1.94 um, 0.73 um, and 2.03 um. According to AGMA 6000-B96, the vibration tolerance of first
stage is 17.5 um, and the vibration tolerance of the second to fourth stages is 58 um, 80 um, and 375 um, which
shows that the vibration tolerance is satisfied and it is safe.
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Failure Frequency of Components and
Typical Downtime per Failure
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Fig. 2 Yaw dirve vibration model

Table 1 Yaw drive 1st planetary information

Stage ! -
Sun Planetary Ring
Planetary gear 3
Module 1.75
Pressure angle [°] 20
Number of teeth 14 39 A
Center distance[mm] 476
Reduction ratio 7.714
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Table 2 Yaw drive 2nd planetary information

2
Stage Sun ‘ Planetary ‘ Ring
Planetary gear 3
Module 2.5
P; 1
ressu[rue] angle 9%
Number of teeth 17 39 97
Center distance 717
[mm]
Reduction ratio 6.706

Table 3 Yaw drive 3rd planetary information

3

Stage Sun ‘ Planetary ‘ Ring
Planetary gear 4

Module 35
Pressu[{e] angle %5
Number of teeth 21 30 83
Center distance 914

[mm]
Reduction ratio 4.952

Table 4 Yaw drive 4th planetary information

. 4
Stage Sun { Planetary { Ring
Planetary gear 4
Module 5
Pressu[roe] angle %5
Number of teeth 21 28 79
Center distance 1955
[mm]
Reduction ratio 4.762
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Table 5 Occurrence factor and causes of transmission error

Causes
Transmitted force
Elastic deformation

Occurrence factor
Gear tooth deflection
Shaft deflection
Gear tooth profile error
Gear pitch error
Gear eccentricity
Gear wobble
Shaft misalignment

Manufacturing error

Installation error

Table 6 Transmission error 1st harmonic

Stage Meshing 1st_harmoinc(um )
lst sun - plapet 4.09
planet - ring 0.11
ond sun - planet 9.38
planet - ring 1.04
3rd sun - planet 16.43
planet - ring 2.93
sun - planet 2798
4th planet *D ring 3.9
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Fig. 8 AGMA 6000-B96 acceptable level of displacement

SENUXNNE: M15A, M1=, 2024

ik
=
ue
X0)
>
=2
F|'I'I_J
00
il
ob
1z
2
e

et o7

Number Rotaional Frequency
Stage of teeth ?peed (Hz)
pm)

Sun 14 115896

1st Planet 39 362.1 270.42
Ring 9 0
Sun 17 150.23

2nd | Planet 39 55.72 42.56
Ring 97 0
Sun 21 22.4

3rd Planet 30 1251 784
Ring 33 0
Sun 21 452

4th Planet 28 2.68 158
Ring 79 0

Table 7 The speed and frequency of gear stage

Pitch A .
line Reference cceptable

Stage speed Class speed (Hz) levelsp(ﬂm)
(m/s)

1st 1.48 A 27042 175

2nd 0.33 A 42.56 58

3rd 0.08 A 784 80

4th 0.02 A 158 375

Table 8 Acceptable levels of displacement at gear stage
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Fig. 9 Response of 1st stage planetary gear system (Point A)
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