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Abstract

As large wind turbines have been developed, advanced maintenance
technology has become more and more important to achieve higher availability of
the turbines. In order to detect potential wind turbine failures earlier, Condition
Monitoring System(CMS) has been applied to wind turbines. CMS is particularly
useful to monitor the complex system which consists of wvarious mechanical
elements such as bearing, shaft and gear.

The objective of this study is to identify the methodology of how vibration
analysis technique is applied for defect diagnosis of wind turbine components.
For this study, CMS equipments were installed in wind turbines of the three
wind farms, Gasiri, Seongsan, Hankyeong on Jeju Island, South Korea. The seven
acceleration sensors and the one RPM sensor were attached on main components
such as main bearing of main shaft, gearbox and generator to catch vibration
signals. The time domain analysis and the frequency domain analysis were
performed to find turbine faults. The vibration data were processed with band
pass filter to clearly detect the wind turbine faults. Also, Fast Fourier
Transform, FFT, was applied to the processed vibration data.

It was found that there was no component failure in a wind turbine of Gasiri
wind farm for the studied period. Defect signals of the gearbox and the
generator were detected in wind turbines of Seongsan and Hankyeong wind
farms, respectively. In a turbine of Gasiri wind farm, when the wind turbine was
operating without any faults, the acceleration values of vibration signals was
lower than 7m/s? that means normal operation of a wind turbine, which is given
in the German standard VDI 3834. This was not the case for extreme
acceleration signals. In a turbine of Seongsan wind farm, the cavitation occurred
in gear oil pump had an effect on the acceleration values of vibration signals on
the gearbox. This vibration signals were observed from 6000Hz to 12000Hz.
Then the suction hose of the gear oil pump was changed to new one before
serious failure, which was possible owing to CMS. In a turbine of Hankyeong
wind farm, generator bearings defect was found by vibration signal analysis. The
power output of the wind turbine increased to 1.89 % for the wind speed range
between 12 m/s and 21 m/s after the bearing was repaired. Therefore, vibration
analysis technique using CMS was identified as one of useful defect diagnosis

techniques for wind turbines.
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Figure 3-1 Layout of wind turbine and location of Gasiri wind farm
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Figure 3-2 View of the wind turbine under test in Gasiri wind farm

Table 1 The specification of the wind turbine installed in Gasiri wind farm

Test site Gasiri wind farm

a th wind turbine

Wind turbine
Model HIWT77
Rated power output 1.5MW
Diameter of rotor[m] 70
Height of tower[m] 69.5
17.02

Speed of blade[RPM}

Planetary gearbox

Gearbox type
109.291

Gear ratio

16
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Figure 3-3 The sensor location of CMS in a th wind turbine under test
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Table 2 The specification of condition monitoring system in ath wind turbine under test

Model

M-system MK2

Date Aquisition System

ACC sensor 8 [ch]

RPM sensor 1 [ch]

ESD Protection 20 V rms

Operation Temp -30 ~ +60TC

ACC sensor

Sensitivity of sensor

+ 5%, 2, 100mV/g

Frequency range 0.5 ~ 14 kHz

Analysis software

TCM ocular (Gram & Jurl)

Acceleration [m/s?]

-1.5

Time 1.56 (s)

Figure 3-4 The basic signals of the main bearing
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Figure 3-6 FFT Spectrum analysis of all components in a th wind turbine
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Figure 4-2 View of wind turbines under test in Seongsan wind farm

Test site

Table 3 The specification of installed wind turbine in Seongsan wind farm
Wind turbine

Seongsan

B th wind turbine
Longitude / Latitude

126° 50'14.35"E / 33°26'27.09"N
Model VESTAS V80
Rated power output 2 MW
Diameter of rotor[m] 80
Height of tower[m] 100
Speed of blade 16.7
Gearbox type Spur (2) / Planetary (1)
Gear ratio 1: 101
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Figure 4-3 The sensor location of CMS in 8 th wind turbine under test

Table 4 The specification of CMS installed in Seongsan and Hankyeong wind farm

Equipment Specification
ACC input channel 8 [ch]
Data acquisition Dlgltal il’lput channel 5 [Ch]
system Input power RPM, Temperature, etc
Operation temperature -20 ~ 55 C
Frequency band 0.1 ~ 10 [kHz]
Acceleration ) ) 5
Maximum acceleration 110[m/s*]
sensor
Temperature -20 7 110 C
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Figure 4-5 Probability density of acceleration deviation in LSSR of Bth wind turbine

100
E a0 @} Before damaged
2 @ —pwmapes
s @—Aﬂirnpllrld I
T I
2 60
z ., i
g
5 40
£
H il
8
& 10
0 — ————— e
=15 -13 -11 -9 .7 -5 -3 1 1 3 5 7 9 11 13 15
Acceleration deviation [m/s?]

Figure 4-6 Probability density of acceleration deviation in HSSF of $th wind turbine

28



3) SAA e 4

EAA WG T Peak@t =exlsd vdo] glow, Hojy x7] A X A o
Sdo RMS#2 = g3 o] glon A" A o3 A e Al o
"t} 9318(Crest Factor)™ Peakt] RMS#te] WIZA HF djo] =3ggte] dvl
Ax7E A=A el ey, 2 sgol A ¥R =S UEhla 53
I3 v 2sks Foll oW E a5l osf Eo] TAs=AE HdelF

o] 8¥t}. Table 5= 37FA Zloj=dl Wik SA4 WgES o &3 AMES &
5t AE HoFEr. AolA 1€ 1 H(Before damaged), Aol 2= 1%
Al(Damaged), Aol 32 8 I (After repaired)o|t}. 7|ojut~ AH&=F Jdk
(LSSR)9] -, 7ol 2014 Peakgto]l S7Fetial 7lol2 3olA Peakgkol &l
S IStk RMSHE-S 1.72, 1.05, 0.97=2 dAF &2 {FAHATH o= s
Aol 2 291 3% Alell Peakgkol S7bslelal darg® S7b8ielas &8st 7]
ojufs A& FHHSSF)O A, Aols 204 Peakgko]l F7bsklaL Aol 3ol
Al Peakgto] &olme Felekditt. o5 &l 1% Aol Peakglol S71ss &<lst
Th HE3k Crest Factore] 7%= RMS#lel mel wgsiy 7jofuis A&H5 sld
(LSSF)¢] 4 F-ollX= Peak#te] &y} Hlzsil ot 7]ojubs QFeH(HSSE) 9] 7 -9l
M Aol tEA #FEIA. ol FalA A Al $ 37 debrlE

7 ng A9 wEseY FESS B9 & AUk

o

-

ol

X

1%
o
0{1

—10

Table 5 The time domain statistics of HSSF and LSSF in gearbox of B th wind turbine of

Seongsan wind farm

Before After
Component | Parameter Damaged .
damaged repaired
Peak 5.55 14.91 2.9

LSSR RMS 1.72 1.05 0.97
Crest

3.23 14.14 2.98
Factor

Peak 10.18 14.93 1.92

HSSF RMS 2.86 3.56 0.18
Crest

3.56 4.9 10.52
Factor
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Figure 5-2 View of wind turbines under test in Hankyeong wind farm

Table 6 The specification of wind turbine installed in Hankyeong wind farm

Test site Hankyeong
Wind turbine y th wind turbine
Longitude / Latitude 126° 9'43.31"E / 33°20'2.10"N
Model NEG Micon 72C
Rated power output 1.5 MW
Diameter of rotor 72m
Height of tower 98m
Blade RPM 17.3 rpm
Gearbox type Spur (2) / Planetary (1)
Gear ratio 1 :100.5
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Figure 5-3 Trend signals of DE and NDE on generator of yth wind turbine
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Table 72 37FA 7ol Wigh SAA WEsS ol &3 AE £4= 3 4
2 BoFEr) Ao~ 1& 1 HBefore damaged), Alol~ 2= 1% Al(Damaged),
Alo] 2~ 32 F8] F(After repaired)e]th. Adldloly SHDE)S] 745, Aol 2004
Peak#kol S7Fstiar Ao 2~ 3eA Peakate]l £o1E%13L, RMS#E Alo]2 2014
RMS#ko]l Z7hatlar Alo]~ 3ellA RMSHtel EolHS Eelatoich. Ed Peak#t )
RMS#ko]l sAlel F7tste] Crest Factorgte 474e n&=2 FA9S st A
d#ely ST (NDE)®] 49, Aol 2014 Peakgto] wi-¢- &

o]~ 3o)Al #A3| F]EUTE RMSHE Alo]2=2¢]4 RMSghel F7hatqlar Aol
3914 RMS#tol Eo1%S sl T3 Peak#h® RMSgkol SAlol F71&ko]

Crest Factorzk2 443 v &2 F-X9S &3t}

%

Table 7 The time domain statistics of DE and NDE at the generator of yth wind turbine

Component Parameter Before Damaged Aft.er
damaged repaired

Peak 47.01 57.59 23.73

DE RMS 11.24 12.08 5.58

Crest Factor 4.18 4.77 4.26

Peak 63.48 248.77 24.12

NDE RMS 15.29 43.37 6.07

Crest Factor 4.15 5.74 3.97
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Figure 5-6 Typical asynchronous generator of a wind turbine
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Figure 5-7 FFT Spectrum analysis of DE on generator of 4th wind turbine
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Figure 5-8 FFT Spectrum analysis of NDE on generator of 4th wind turbine
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Table 8% 374 y37] Adldolee] 2AeHDE)¥ SIW(NDE)O] AFE¥ Hjo]g o] ~
Hol g W]l A|FAANA AFsteE TFAS AT (Defect frequency)

a0l tdste] ARE AE HolEt

Table 8 The specification of Generator bearing and defect frequency of 4th wind turbine

Cylindrical Roller Bearing 6326/C3 Defect frequency
T Number of balls 8 L 136
Shaft speed 30 Qg 104
DE Diameter of ball 27 23 114
Outer ring 280 | A O|X| 13
Inner ring 130
Diameter of pitch 205
Contact angle 0
6324/C3 Defect frequency
Number of balls 8 s 136
Shaft speed 30 e 104
NDE Diameter of ball 25 27 113
Outer ring 260 | 0| X| 13
Inner ring 120
Diameter of pitch 190
Contact angle 0

e weE e Ase FH8AE FAHeR HoFErh 50.6Hz 77l A Grid
frequency”} #E 1 o] FeEdbHdAAE AU ol 7l FE uw WA= Fu
T2 . 104Hz kel A= Adigele] SEHDE)Y & Ad&o] #&dnh
136Hz7-tell A= Adlgloly SEH(DE)S & 185 Aol #&Em Fid Sy
o 4% (Side band)e] 30HzZtA o= FAHTH 320Hz 7t E UESY 28154 A&
o] B FY FEo] FUsA T|EETH 400Hzol Y Tl A= W]
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Figure 5-9 Damaged case

wind turbine (Spectrum range : 0~600Hz)
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Figure 5-13 Power output at 4th wind turbine
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Figure 5-14 Repair of DE and NDE of generator
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