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Abstract

Lots of studies have been performed for improving the availabilities of wind turbines.
Although both wind turbine owners and manufacturers make efforts to improve the
availabilities, the calculating methods for the availabilities may be different from each
other, which may cause dispute between them. For this reason, IEC (International
Electrotechnical Commission) issued the IEC TS 61400-26-1 in 2011 in which
the methods of calculating the availability are stated in detail. However, there
are very little studies about how the availabilities of wind turbines are in
South Korea when the IEC TS is applied to wind turbines.

In this thesis, the availabilities of real wind turbines (No. 5 and No. 6) located
in Jeju were derived in compliance with IEC TS 61400-26-1. For calculating
the availabilities, the error and turbine status logs data, the working time data
and the out of environmental time data of the two wind turbines were used,
which were obtained from SCADA system. The operational availabilities and
technical availabilities were computed and compared with those of SCADA system.
The technical availabilities were 97.2 % for the No. 5 wind turbine and 98.0
9% for the No. 6 wind turbine, while operational availabilities were 78.1 % ~
181 % for the No. 5 wind turbine and 585 % ~ 61.0 % for the No. 6 wind
turbine, which had big difference. The reason is as follows: the time for
maximum performance production and technical suspension is regarded as
working time for calculating technical availability, while suspension time is
taken to turbine stop time for computing operational availability. The
availabilities based on SCADA system were 97.0 9% for the two turbines,
while technical availabilities of No. 5 and 6 wind turbines were 97.2 % and
98.0 %, respectively, which were very similar. Finally, the calculation of
availability based on the IEC TS was found to be very useful to assess the

real wind turbine’s operating situation fairly.
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2. SCADAA] 2~ €

SCADA (Supervisory Control and Data Acquisition)= H%5 AZA7A] AofA|
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SCADAAN 282 SHIAGEA gl oM E2d a0k [16] THEN
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Fig. 5 SCADA System configuration[19]
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D elslza 715

Table 199} Table 20 55.7]9 65.7] SCADAA~E] o219 o & RHoF
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Table 19% 2014 8¢¥ 2¥o] 7]2%H 5357] SCADAA 2 o821 7] =9
dRojct, o] w A12% ElFSl YA FFgFor HFol E £ FTHY
502 1 sec wind speed high o217} X &4 o2 WAt A28 HEE

do
ol

Fol 741 3174l Az FHHNS AAT Ae &I ¢ vk AA=

o & 7TA el FHENAA FAHE HWFEHL 40.3m/s0]H

Table 19 Sample of error logs at turbine No.5

Date/Time Error Description
2014-08-02 06:42:10 | Turbine Status[Standby]
2014-08-02 06:42:10 | Turbine Control[RESET]
2014-08-02 06:44:06 1sec wind speed high
2014-08-02 06:44:06 | Turbine Status[ERROR]
2014-08-02 06:44:16 | Turbine Status[Standby]
2014-08-02 06:44:16 | Turbine Control[RESET]
2014-08-02 06:44:36 1sec wind speed high
2014-08-02 06:44:36 | Turbine Status[ERROR]
2014-08-02 06:44:46 | Turbine Status[Standby]
2014-08-02 06:44:46 | Turbine Control[RESET]
2014-08-02 06:46:22 1sec wind speed high
2014-08-02 06:46:22 | Turbine Status[ERROR]
2014-08-02 06:46:34 | Turbine Status[Standby]
2014-08-02 06:46:34 | Turbine Control[RESET]
2014-08-02 07:31:24 | Turbine Control[REMOTE STOP]
2014-08-02 13:49:38 | Turbine Status[Standby]
2014-08-02 13:50:46 | Turbine Status[Startup]
2014-08-02 13:51:14 Turbine Status[Operating]
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Table 20 65719 2014 8¢ 54 o2 10olt}. F&o] THEHW AA%F
Brp 3o 9o vAlElE= Generator Under Power ol 27} 23] wA1sFl ) o]

o] FRFSEES Ldm/s2A BT Gt
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Table 20 Sample of error logs at turbine No.6

Time

Alarm Data

2014/08/05_11:09:31

Startup

2014/08/05_11:09:31

Startup Recovered

2014/08/05_11:12:21

GeneratorUnderPower

2014/08/05_11:12:21

GeneratorUnderPower Recovered

2014/08/05_11:12:21

NormalShutdown

2014/08/05_11:12:21

InhibitStart

2014/08/05_11:14:00

NormalShutdown Recovered

2014/08/05_11:14:10

InhibitStart Recovered

2014/08/05_11:50:39

Startup

2014/08/05_11:50:39

Startup Recovered

2014/08/05_11:51:44

GeneratorUnderPower

2014/08/05_11:51:44

GeneratorUnderPower Recovered

2014/08/05_11:51:44

NormalShutdown

2014/08/05_11:51:44

InhibitStart

2014/08/05_11:53:23

NormalShutdown Recovered

2014/08/05_11:53:33

InhibitStart Recovered

2014/08/05_23:58:44

Startup

2014/08/05_23:58:44

Startup Recovered
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Table 21 Information categories at turbine No.5
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Table 22 Event record at turbine No.5
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Table 23 Time allocation for each error log event and information category at turbine No.5

A A e Z 1 R AAE | Az
2014-10-11 01:08:25 | Turbine Status[Operating] HhAds oA 1:45:36
2014-10-11 02:54:01 | Cooling water temp. from PCS high 7 A A A 0:00:00
2014-10-11 02:54:01 | Turbine Status[ERROR] AR A 4:04:46
2014-10-11 06:58:47 | Turbine Status[Startup] NNEA 7] 0:00:00
2014-10-11 06:58:47 | Turbine Control[RESET] 714 7] 0:00:32
2014-10-11 06:59:19 | Turbine Status[Operating] Hod s A 0:07:40
2014-10-11 07:06:59 | INV DC Link Over VOLT(S/W) A7 A%

2014-10-11 07:06:59 | INV Grid VOLT Imbalance A7) A<
2014-10-11 07:06:59 | Turbine Status[ERROR] A7 A% g | o
2014-10-11 07:07:01 | CONV DC Link Over VOLT A7) A&
2014-10-11 08:09:13 | Turbine Status[Startup] 713 7 0:00:00
2014-10-11 08:09:13 | Turbine Control[RESET] 712 o7 0:00:32
2014-10-11 08:09:45 | Turbine Status[Operating] HPA s TH 1:34:36
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Table 24 Information categories at turbine No.6

12 &5 22 5
AR F _ . i
(821 &5 /) (x] 2 34 mE BF{)
A A Start up Recovered
Inhibit Start Recovered
714 7 ’
17 7] Start up, Cable Wind up
S 9 Generator Under Power
Generator Under Speed
+HA4A - |7 o A=A
A7 A & - 7 A kA
74] g] xé u] - 3l 7] Z1 A
A g A 224 - AR FHEA
7 A A A] Z} oflg] Ay A

HAd s Hd Wi A= 2FdS AlFetE @ AIQl ‘Start up Recovered’, 7]
%2 7] W5 ‘Inhibit Start Recovered’, ‘Start up’® #Alo]& #AdS UEI =
‘Cable Wind Up'& 4 &3}t

37 Y 2] M= ‘Generator Under Power’ ¢} ‘Generator Under Speed &
Fotdar AAGA W= o] 919 Z; oyt dAst=s A5 A 85k
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Table 26 Time allocation for each error log event and information category at turbine No.6

o] A el = AT INE Al ZE
2014-06-04 22:22:27 | Startup 714 d7] 0:00:01
2014-05-04 22:22:28 | Startup Recovered FHAds dA 1:28:45
2014-06-04 23:51:13 | Generator Under Power SFAHALYE & 0:01:49

Generator Under Power

2014-05-04 23:51:13
Recovered

2014-05-04 23:51:13 | NormalShutdown
2014-05-04 23:51:13 |Inhibit Start
2014-05-04 23:52:52 | Normal Shutdown Recovered

2014-05-04 23:53:02 |Inhibit Start Recovered 712 7] 0:03:16
2014-05-04 23:56:18 | Startup 714 7] 0:00:00
2014-05-04 23:56:18 | Startup Recovered A e oA 0:03:42
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Table 272 55719 olel21 &0 webs 7z JuplFHE dgE Atoln.
8760A7FOl T RS W, B, B Wre] T A it
Table. 27 Distributed time to each information category at turbine No.5
A e en | T2 ea | S a2 |, ua | PUT A
2| 4% |4% R Il PN R B G E ) Dt B S
S e 7] o) A o) | 23| 8 | 39 | F
19 | 626:23 | 0:00 | 101:26 | 0:53 | 5:12 [0:00 | 0:00 | 0:00 | 10:04 | 0:00 | 0:00 | 0:00 | 744:00
29 | 600:00 | 0:00 | 66:42 | 0:42 | 0:00 | 0:36 | 0:00 | 0:00 | 3:05 |0:00|0:00 | 0:53 | 672:00
349 | 655:29 | 0:00 | 67:46 | 0:57 | 0:51 | 0:00 | 0:00 | 0:00 | 18:06 | 0:00 | 0:00 | 0:47 | 744:00
49 | 553:38 | 0:00 | 152:24 | 1:35 | 0:00 |0:09 | 0:00 | 1:21 | 10:50 | 0:00 | 0:00 | 0:00 | 720:00
59 | 547:06 | 0:00 | 183:31 | 6:53 | 0:00 | 0:00 | 0:00 | 0:00 | 6:28 | 0:00 | 0:00 | 0:00 | 744:00
6% | 481:14 | 0:00 | 226:23 | 2:05 | 0:00 |0:08 | 0:00 | 1:18 | 849 | 0:00 | 0:00 | 0:00 | 720:00
79 | 481:48 | 0:00 | 221:03 | 3:19 | 5:50 | 0:09 | 0:00 | 0:00 | 31:48 | 0:00 | 0:00 | 0:00 | 744:00
89 | 524:47 | 0:00 | 155:49 | 2:44 | 6:19 | 0:53 | 0:00 | 1:01 | 52:24 | 0:00 | 0:00 | 0:00 | 744:00
9< | 583:49 | 0:00 | 115:29 | 1:48 | 0:00 | 0:00 | 0:00 | 0:00 | 18:53 | 0:00 | 0:00 | 0:00 | 720:00
104 | 550:18 | 0:00 | 103:59 | 1:01 | 0:36 | 0:00 | 28:34| 0:00 | 59:30 | 0:00 | 0:00 | 0:00 | 744:00
11€ | 613:29 | 0:00 | 104:35 | 1:17 | 0:00 |0:00 | 0:00 | 0:00 | 0:37 | 0:00 | 0:00 | 0:00 | 720:00
129 | 591:39 | 0:00 | 90:51 | 854 | 0:00 |0:00 | 0:00 | 0:12 | 16:01 | 0:00 | 0:00 | 36:20 | 744:00
3FA 16809:46 | 0:00 [1590:02[32:13]18:506| 1:57 [28:34| 3:55 [236:39| 0:00 | 0:00 [38:01 | 8760:00
Table 28& 657]9 AuyFuw I8 Aotk HEAS B, 54, 27}
g, H7hE AR sdste Wl e FEAIE gl
Table 28 Distributed time to each information category of turbine No.6
B b el RS E Bl B I N R BT
4| 4% 4% Ape N RIS B D I I
wra | ura o 7] o |7 ] g |8 | Y IE | B8 gqn| ©
19 | 320:29 | 0:00 | 344:15| 8:06 | 0:00 | 0:00 | 63:19 | 0:00 | 7:48 | 0:00 | 0:00 | 0:00 | 744:00
29 | 514:24 | 0:00 | 13855 | 6:03 | 0:00 | 0:00 | 0:00 | 0:23 |12:12| 0:00 | 0:00 | 0:00 | 672:00
39 | 589:52 | 0:00 | 122:17 | 6:54 | 0:00 |10:30| 0:00 | 0:00 |14:26| 0:00 | 0:00 | 0:00 | 744:00
49 | 344:25 | 0:00 | 233:05 | 7:55 | 0:00 | 0:00 | 29:55 | 77:32 | 27:05| 0:00 | 0:00 | 0:00 | 720:00
59 | 401:42 | 0:00 | 312:25 | 26:46 | 0:00 | 0:00 | 0:00 | 0:00 | 3:05 | 0:00 | 0:00 | 0:00 | 744:00
6% | 333:29 | 0:00 | 365:41 | 15:42 | 0:00 | 2:59 | 0:00 | 0:00 | 2:06 | 0:00 | 0:00 | 0:00 | 720:00
79 |315:591 | 0:00 | 398:20 | 26:48 | 0:25 | 0:40 | 0:00 | 0:22 | 1:23 | 0:00 | 0:00 | 0:00 | 744:00
89 | 407:04 | 0:00 | 297:14 | 13:55 | 24:19| 0:59 | 0:00 | 0:00 | 0:26 | 0:00 | 0:00 | 0:00 | 744:00
949 | 451:21 | 0:00 | 248:27 | 17:53 | 0:00 | 0:00 | 0:00 | 1:39 | 0:37 | 0:00 | 0:00 | 0:00 | 720:00
10 | 497:37 | 0:00 | 231:14 | 13:17 | 0:00 | 0:03 | 0:56 | 0:00 | 0:51 | 0:00 | 0:00 | 0:00 | 744:00
11| 452:09 | 0:00 | 218:10 | 13:46 | 0:00 | 0:00 | 26:16 | 0:00 | 9:37 | 0:00 | 0:00 | 0:00 | 720:00
129 | 494:42 | 0:00 | 207:38 | 29:37 | 0:00 | 0:00 | 0:00 | 0:00 [12:01| 0:00 | 0:00 | 0:00 | 744:00
A [5123:19] 0:00 [3117:45(186:48|24:44(15:13(120:27|79:57[91:43| 0:00 | 0:00 | 0:00 [8760:00
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