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Abstract

Owing to growing demand of higher availability of wind turbines, both wind
turbine manufacturers and owners are Improving maintenance and repair
techniques as well as operating skills of wind turbines. In order to clarify the
trend on maintenance and repair at wind farms, the investigation was performed
for four wind farms, Hankyung, Sungsan, Taeback and Changjuk. The data for
the analysis was collected for four years spanning from 2011 to 1014.

In Sungsan wind farm where Vestas 2 MW wind turbines are installed, the
number of repair occurred at No. 5 and No. 6 wind turbines the most, while the
down time due to repair was the longest at No. 5, followed by No. 3 and No. 6.
The electric parts of turbines placed at the top of repair list, followed by

transformers, hydraulic system, cooling system and yawing system.

In Taeback wind farm with Hyundai and Hyosung wind turbines, the most
number of repairs for two years had been reported at No. 8 wind turbine,
followed by No. 1 and No. 5 wind turbines. The electric parts failure caused the
most shutdown of the wind turbines, followed by hydraulic system and yawing

system.

In Chanjuk wind farm with Hyundai wind turbines, the No. 2 wind turbine
experienced most frequent repairs for two years, followed by No. 6 and No. 7
wind turbines. Yawing system and electrical parts of wind turbines were the
main causes of turbine failure.

Based on repair costs from Sungsan and Hankyung wind farms, the repair costs
did not much occurred at two years from the beginning of operation. Then the
repair costs became considerably high at three to eight years from the
beginning of operation. The maximum repair costs occurred at eight to nine
years from the beginning of operation, which may remain until one to two years
before decommissioning.

The trend in wind turbine failure emerged mainly with wind turbine
manufacturers, while there was not effect of wind turbine layout on the failure.
Neg-Micon wind turbine had the most failure at hydraulic system, and
transformer failure occurred at Vestas V80 wind turbine the most. The
malfunction of electric parts and generator failure were the most at Vestas V90.
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Table 1 Domestic wind turbines installed capacity
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Fig. 1 Layout of wind turbines in Hankyung wind farm
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Table 6 Wind turbines on Changjuk wind farm
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Fig. 4 Layout of wind turbines in Changjuk wind farm




] @xd 2% Wy

N
o
col
T
Ho

ol

&

T8 1

=9

A3

J

3

A

1
Table 7 The list of wind turbine repair at Sungsan wind farm for 2011
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Table 8 The number of wind turbine repair at Sungsan wind farm for 2011
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Fig. 5 The number of wind turbine repair depending on components
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Fig. 7 The number of wind turbine repair depending on components
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Fig. 9 The number of wind turbine repair depending on components
at Sungsan wind farm for 2013

Table 12 The number of wind turbine repair at Sungsan wind farm for 2013
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Fig. 11 'The number of wind turbine repair depending on components
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Table 15 The list of wind turbine repair in total at Sungsan wind farm

for 2011 - 2014

=7 AT g dg/ARE 7hEE (%) H] 3L
1 37 18.9/452 971.7
2 38 40/975 97.2
3 36 140.7/3,378 90.3
4 34 26.3/633 98.2
5) 43 212/5,088 85.4
6 40 58.2/1,398 94.7
7 27 3.8/93 99.0
8 26 13.3/320 98.6
9 27 12/288 97.3
10 22 2.5/61 99.3

& A 330 528/12,686 95.8
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Table 16 The number of wind turbine repair in total at Sungsan wind farm

for 2011 - 2014

Z Fd (v A 9= | B4 [ w4 [esA] Aa | e | A
Edol= 1 3 1 0 0 0 6 11
THA=E 7 4 0 9 9 0 6 35
7] ojuh 2 1 f 0 0 1 0 3 12
7 AE 0 1 0 9 4 2 f 23
BolaA 24 9 0 0 0 0 0 0 9
TS A 1 5 0 0 1 0 6 13
A7 44 2 2 1 31 29 13 26 104
Yz A 2~ H 2 9 0 13 10 0 1 35
LYAE 0 11 0 1 11 3 4 30
LiNid 0 5 6 15 3 0 7 36
AEAE 0 0 0 0 0 0 2 2
7] e 1 2 2 0 1 0 14 20
sk A 24 49 10 78 69 18 32 330
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Fig. 17 Foundation damage of No.5 wind turbine at Sungsan wind farm
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Table 19 The list of wind turbine repair at Taebaek wind farm for 2014
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Table 21 The lList of wind turbine repair in total at Taebaek wind farm

for 2013 - 2014

27| g g dg/A3E e E vl Al
1 4 53/1,272 92.7
2 3 16.8/404 97.6
3 3 47.3/1,137 93.5
4 2 0.6/15 99.5
5) 4 11.7/281 98.3
6 2 14.8/356 97.9
7 2 5.8/139 99.2
8 5) 15.4/370 97.8
9 3 23.1/554 96.8

& A 28 188.7/4,528 97.0

Fig. 26 The number of wind turbine repair and down time in total

at Taebaek wind farm for 2013-2014
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Table 22 The number of wind turbine repair in total at Taebaek wind farm
for 2013-2014
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in total at Taebaek wind farm for 2013-2014

Fig.27 The number of wind turbine repair depending on components
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at Changjuk wind farm for 2013

Fig.29 The number of wind turbine repair depending on components

Table 24 The number of wind turbine repair at Changjuk wind farm for 2013
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at Changjuk wind farm for 2013
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Fig. 31 'The number of wind turbine repair depending on components
at Changjuk wind farm for 2014
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Fig. 32 The number of wind turbine repair depending on the cause
at Changjuk wind farm for 2014
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Table 27 The list of wind turbine repair in total at Changjuk wind farm
for 2013 - 2014

=7 g g dg/AzE bEE vl AL
1 2 8.2/197 98.8
2 3 5.8/139 99.2
3 2 1.6/40 99.5
4 2 4.0/96 99.4
5) 2 12.0/288 98.3
6 3 4.2/101 99.4
7 3 3.9/95 99.1
8 2 4.6/112 98.7
3 A 19 44/1,068 99.0

_33_



N NN N~ NN
L1 - R R O AN IO A
ksl ) g} i wn M~ -]
| m | m m | |

19

E

3
_34_

al

LAAE, A7

-

in total at Changjuk wind farm for 2013-2014

0

FE5E 7171E 2 Ay 243155 Table 28 2183 Fig 34
0

35%F 2o 77| =
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Table 29 Maintenance and repair plan of wind farms studied
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Table 30 Repair cost of wind farms (H/MW)
e SA1IHA | A 29A A4k g 2+ = W 3
s GMW) | (15MW) | (20MW) | (18MW) | (16MW) -
2011 22,842 120 850 - -
2012 35,050 9,342 1,416 - -
2013 40,093 8,337 1,686 - -
2014 33,523 8,364 13,745 - -
A 131,508 26,163 17,697 - -
50,000
— = L
7 30,000 =—=TtE1T
& o o
= 20,000 =0 Z2 0
K0 -
0
2011 2012 2013 2014

Fig. 36 Repair cost with MW of wind farms
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Fig. 37 Repair cost with MWh of wind farms
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Fig. 38 Average repair cost with MWh according to time from operated year
(left : LI real Maintenance and Repair cost of wind farms, right : Real

average repair cost of wind farms with operational year in this study)
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Table 31 The list of Wind Turbine Manufacturers

=7 | & & 998
A ZFA 2 dg © © ° 2= RS = H] 11
12k s aw | owy | T AR
Neg-Micon | NM72C | 2004 6 1.5 4 AT sk 2] =F
Vestas V0 2007 15 3 5 “ “
V&0 2009 20 2 10 AT AAL “
2] 701_'%].5:— ]—
o .
AT+ HQ2000 | 2012 24 2 12 o o/ Eo
a4%F9 | HS9 | 2012 | 10 2 5 | Ad ey | ¢
Al 75 - 36

2) 2011 - 2014 3-7 %9 A (Neg-Micon/Vestas) wind rose
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Fig. 40 Wind rose of Hankyung wind farm for 2011-2014
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3) 20113 ~ 20143 Neg-Micon NM72C 31773 ¢
FAZTH 1 - 4571 2011004 20149 744 4d &9 Neg-Micon 1787147
vl

1 AZF2 Table 32 3 Fig. 413 2 t}.[23-26]

R AIZE

Table 32 The list of Neg-Micon NM72C wind turbine repair for 2011-2014

37] g g AIRE = a1 7171125 91)
1 9 1,015 FAAE / LYAT
2 68 3,479 FAAE / LYAT
3 73 448 THAE / A71EA
4 104 1,425 THAE / A71EA
E] 343 6,367

H1=2|

W2z

H3=2|

Ha=2|

Fig. 41 The number of Neg-Micon wind turbine repair and down

time in total for 2011-2014
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Table 33 The list of Vestas V90 wind turbine repair for 2011-2014

=7 ngAT G T il g 717112 91)
5 73 6,296 sh-7] &, A 7]
6 57 3,426 7], A7 A
7 59 621 A71ZA, FaAE
8 54 287 A7 A], w7
9 75 478 7], A71EA
& A 318 11,108
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oz 7|

Fig. 42 The number of Vestas V90 wind turbine repair and down
time in total for 2011-2014
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Fig. 43 The most frequent wind turbine failure at Hankyung wind farm
for 2011-2014
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Fig. 44 Wind rose of Sungsan wind farm for 2011-2014
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Table 34 The list of Vestas V80 wind turbine repair for 2011-2014
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Fig. 45 The number of Vestas V80 wind turbine repair and
down time in total for 2011-2014
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Table 35 The list of HQ2000 wind turbine repair for 2013-2014

<7 ngFAF G ol 3771710 +=91)
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4% 5 2 288 7]
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F= 7 3 9% A7) A=A
F= 8 2 112 LYAE

No.4
i 271/15h

24171

4 No.9
4 371/554h

35 45%
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Fig. 47 The most frequent wind turbine failure at Taebaek wind farm

for 2013-2014
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Fig. 48 The most frequent wind turbine failure at Changjuk wind farm

for 2013-2014
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Fig. 49 The most frequent wind turbine failure at Taebaek wind farm

for 2013-2014
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