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॥ᐒԴϯჹܭ΋ঁᐒఓౢࠔԶقǴ߯΋ঁόёᗉխޑԾฅၸำ。॥൑ౢ܌ғႝޑΚǴᒿ

๱ၮᙯԃज़ቚуஒ೴ԃሀ෧ǴᏵ಍ीӢ॥ᐒԴϯځวႝໆஒ೴ԃሀ෧ Ǵҭջॄځ

ၩӢનஒҗཥ॥ᐒޑ 28.5%೴ԃሀ෧Կಃ 19 ԃޑ 21%ǶёૈচӢࣁёҔ౗Πफ़ǵ਻୏ૈ܄फ़

ե܈ᙯඤਏ౗Πफ़。௖૸॥ᐒૈ܄૰ଏޑচӢཱུځፄᚇ。εӭኧޑ॥൑ᒿ๱٬Ҕਔ໔ཇΦǴ

౦ޑεӭኧ૰෧॥൑ࣁၩӢኧቚуǴՠԜ໻ёຎॄځၩӢኧ೴ԃሀ෧ǴᗨฅԖϿኧ॥൑ॄځ

ᜪǶ 

 
॥ᐒޑวႝૈ܄੝ቻЬा߯аф౗Ԕጕ (power curve)߄ҢǴф౗ԔጕёϩࣁΟ໘

ਏ౗ǵ(2)power up-rate range:ගϲ॥ᐒޑࢤpartial load range: ගϲ॥ᐒӧpartial load໘(1):ࢤ

ӧpartial load。ࡋcut-outೲޑф౗(rated power)ǵ(3)extend range of operation:ගϲ॥ᐒۓᚐޑ

໘ࢤǴё٬ҔယТߕуး࿼аගϲ॥ᐒၮᙯૈ܄ǹӢcut-in॥ೲᆶယТޑ਻୏೛ीԖᜢǴࡺჹ

ǴёճҔࢤගϲᔅշόε。ӧpower up-rate໘ޑวႝໆܭǴፓ᏾cut-in॥ೲჹقԖ॥ᐒԶࡽܭ

วႝᐒޑᜐሞਏҔගϲ॥ᐒф౗。ӧextended range of operation໘ࢤǴၨதޑـ଺߯ݤගଯ॥

ᐒޑcut-out॥ೲǴ٠ፓ᏾pitch angleځ٬วႝໆ೴ᅌӦफ़ե。 
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΋ǵق ߻ 

 

1-1ǵ р୯ጔҗ 
 

᠙ܭВҁᅽ৞ϐਡૈࡺ٣ǴШࣚӚπ཰୯ৎ઱઱ۯ጗ਡૈว

ႝǴӵቺ୯ǵϏഝǵྷγϷကεճǴ٠ගଯӆғૈྍКख़Ƕך୯ࣁ

ӢᔈԜ΋ᖿ༈Ǵҭۓڋཥૈྍࡹ฼Ǵुۓ 2030 ԃ߻ӆғૈྍКख़җ

8%ගϲԿ 16%ǴࣁԜૈྍֽς௴୏Ȩ໚Ӏࡂഗԭ࿤০ȩϷȨίੇࢎ

ഌ॥Κᐒȩٿ໨ीฝǴ׆ఈૈ୼ගၲ߻ԋҞ኱Ƕ҂ٰഌୱϷᚆ۞ޑ

॥ᐒኧໆஒၲίࢎϐӭǴࡺӵՖុ࡭ᆢ࡭॥ᐒӧനޑ٫ၮᙯރᄊǴ

ςԋࣁВ੻ख़ाزࣴޑፐᚒǶ 

 

॥ΚᐒಔҗܭԴϯਏᔈ(ageing effect)Ǵᒿ๱٬Ҕԃज़ཇΦǴځว

ႝໆҭ೴ԃफ़եǴᏵ಍ीӢ॥ᐒԴϯځวႝໆஒ೴ԃሀ෧ Ǵ

ҭջॄځၩӢન(load factor)ஒҗཥ॥ᐒޑ 28.5%೴ԃሀ෧Կಃ 19 ԃ

ޑ 21%ǶᏤठ॥ᐒૈ܄૰ଏޑচӢཱུځፄᚇǴٯӵёҔ౗ǵ਻୏Ӣ

ન܈ᙯඤਏ౗฻ǶҁϦљഌୱ॥ᐒّϞӅ 161 ೽ǴԐය॥ᐒ೛࿼ςၲ

Μ൳ԃǴҞ֡߻य़ᖏ॥ᐒૈ܄В੻ԴϯϐୢᚒǴԜஒᏤठวႝԏ੻फ़

եϷߏۯ॥ᐒ׫ၗޑӣԏԃज़ǶҞ߻୯ϣჹܭ॥ᐒૈ܄૰ଏϐচӢϷ

۳୯ѦӃ߻঩ࢴගϲ॥ᐒϐวႝਏ੻ǴჴԖѸाࣁ๓֡ค࿶ᡍǴ૟ׯ

຾୯ৎࣴಞԜ΋ೌמǴ௖૸॥ᐒૈ܄૰ଏϐচӢϷׯځ຾ϐၰǶ 

 

1-2ǵ р୯Ҟޑ 
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1. ҞޑҞޑҞޑҞޑǺ௖૸॥Κᐒಔၮᙯૈ܄ԴϯϐচӢǴ٠ࣴග॥ᐒၮ

ᙯૈ܄ගϲϐׯ๓ჹ฼Ƕ 

2.2.2.2. ጔଆጔଆጔଆጔଆǺǺǺǺ॥ΚᐒಔҗܭԴϯਏᔈ(ageing effect)Ǵᒿ๱٬Ҕԃ

ज़ཇΦǴځวႝໆҭ೴ԃफ़եǴᏵ಍ीӢ॥ᐒԴϯځวႝ

ໆஒ೴ԃሀ෧ ǴҭջॄځၩӢન(load factor)ஒҗ

ཥ॥ᐒޑ 28.5%೴ԃሀ෧Կಃ 19 ԃޑ 21%Ƕ    

3. ჴࡼाሦჴࡼाሦჴࡼाሦჴࡼाሦǺǺǺǺ(1)௖૸॥Κᐒಔၮᙯૈ܄ԴϯϐচӢǵ(2)ф

౗Ԕጕ Partial load range ௖૸ǵ(3)ф౗Ԕ܄ගϲϐёՉૈ܄

ጕ Power up-rate ௖૸ǵ(4)ф౗Ԕጕ܄ගϲϐёՉૈ܄

Extend range of operation  ௖૸Ƕ܄ගϲϐёՉૈ܄

4.ा؃ԋ݀ा؃ԋ݀ा؃ԋ݀ा؃ԋ݀ǺǺǺǺ(1)௖૸॥Κᐒಔၮᙯૈ܄ԴϯϐচӢǵ(2)ࣴග

॥ᐒၮᙯૈ܄ගϲϐׯ๓ჹ฼。 

 

1-3ǵр୯Չำ 
 

 ҁԛࣴಞය໔104.6.11~104.6.2ࣁǴӅी10ϺǶ҇୯104ԃ6Д2Вམ४

ථ੝Ϗ୯ሞᐒ൑ǴಜВམۅߓၲܢ྽ВܭᙯᐒǴك੤ᐒǴ࿶ୗޜᄪૐߏ

४ICE۳߻ᅇൕǹ6Д4~9ВॅK2 ManagementϦљࣴಞ॥ᐒၮᙯૈ܄ຑ՗

੤ޜᄪૐߏථ੝Ϗǹ྽ఁམ४ۅߓ۳߻ǹ6Д10Вҗᅇൕམ४ICEೌמ

ᐒǴ࿶ୗكᙯᐒǴ6ܭД11В߇ӣѠчǶ 

 

 
၁ಒՉำӵΠǺ 
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 6/2 Ѡчʈୗكʈۅߓථ੝Ϗ 

 ථ੝Ϗʈᅇൕۅߓ 6/3 

 6/4~9 K2 Management 

 6/10~11 ᅇൕʈۅߓථ੝Ϗ 

 ʈѠчكථ੝Ϗʈୗۅߓ
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Βǵ॥ΚᐒಔԴϯ 
 

2-1 ॥ᐒԴϯ 

 

 ॥ᐒԴϯ(ageing effect)ჹܭ΋ঁᐒఓౢࠔԶقǴ߯΋ঁόёᗉխޑ

Ծฅၸำ。॥ᐒౢ܌ғႝޑΚǴᒿ๱ၮᙯԃज़ቚуஒ೴ԃሀ෧。௖૸॥

ᐒૈ܄૰ଏޑচӢཱུځፄᚇǴёૈচӢࣁёҔ౗Πफ़ǵ਻୏ૈ܄फ़ե܈

ᙯඤਏ౗Πफ़。კ 2-1 ᡉҢम୯Ӛ॥൑ޑѳ֡ф౗ӢનǴკύᡉҢǴѳ

֡ф౗ᛙޑۓа؂ԃ ೲ౗ሀ෧。კޑ 2-2 म୯Ӛ॥൑ࣁҢ܌

௴Ҕਔ໔ϷॄၩӢኧ૰෧ϐᜢ߯კǴҗკύёޕǴεӭኧޑ॥൑ᒿ๱٬

Ҕਔ໔ཇΦǴॄځၩӢኧ೴ԃሀ෧ǴᗨฅԖϿኧ॥൑ॄځၩӢኧቚуǴ

ՠԜ໻ёຎࣁεӭኧ૰෧॥൑ޑ౦ᜪ。 

 

॥ᐒଏϯϐচӢ: 

ವMechanical wear? 

ವ Early death? 

ವ Increasing downtime? 

ವ O&M practices? 
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კ2-1 Ӛ॥൑ၮᙯԃज़ᆶॄၩӢኧϩթკ 

 

 

კ2-2Ӛ॥൑ॄޑၩӢኧ૰෧౗ 

 

2-2 ॥ᐒૈ܄ޑᡍ᛾ 
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΋ঁ॥൑ޑ࿶ᔮਏ੻Ьाᛠܭ॥ૈǵ॥ᐒрΚϷёҔ౗Ƕന߈Ԗ೚

ӭ॥൑֡ϸᔈځᒡрޑф౗ၨ܌Ⴃෳޑф౗ե。೷ԋ॥ᐒჴሞᒡрф౗

ၨႣෳॶեޑёૈচӢӵΠ: 

 

(1) ॥ૈຑ՗ό྽ 

 

നதޑـচӢࢂ຾Չό፾྽ޑ॥൑ຑ՗Ǵεӭኧޑ॥൑ຑ՗߯

җ 10 ϦٚѦޑᢀෳઠኧᏵǴӆճҔ਻ຝኳԄ຾Չ॥ૈຑ՗ǹ߯ޣ܈

җໆෳሺᏔޑόዴ܌܄ۓ೷ԋǶЀࢂځӧፄᚇӦ׎Ǵऩаൂᗺޑᢀෳ

ၗ਑ж߄᏾ঁ॥൑ਔǴԜୢᚒஒ׳усᡉǶӧፄᚇӦ׎Ǵຯᚆຬၸ 1 

Km а΢Ǵ਻ຝచҹջёౢғε൯ᡂϯ。ќ਻ຝᢀෳ༣ޑଯࡋ࿶த೛

࿼ӧ 10 m ଯೀǴᆶ॥πำ܌ሡޑ Hub ଯࡋόӕǴܰ೷ԋځᢀෳၗ਑

ࢂӵٯǴ܄ۓόዴځຑ՗೬ᡏҭԖޑ٬Ҕ܌ቚу。ќѦǴ܄ۓόዴޑ

ցԵቾӦ׎໼௹ࡋǵε਻ᛙ܄ۓϷ٬܌ҔኳԄޑόዴ܄ۓ฻。ᕴϐǴ

ჹܭወӧ॥൑຾Չߏයᢀෳ(ԿϿ 1 ԃа΢)Ǵஒёε൯फ़եᢀෳၗ਑

 。܄ۓόዴޑ

 

(2) ؂ԃޑ॥ૈ֡όӕ 

 

॥൑؂ԃޑ॥ૈᡂϯऊӧ 10%ǴЪ؂ঁ॥൑ޑ॥ૈᡂϯ֡ό࣬

ӕ。ѝԖӧ؂ঁ॥൑࿶җߏයޑᢀෳǴωૈග҅ٮዴޑΕࢬ॥ݩǴа

຾Չ॥ૈຑ՗Ƕ 

 

(3) ჴሞᒡрф౗ᆶф౗Ԕጕϐৡ౦ 
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εӭኧޑ॥ᐒᇙ೷ቷৎ܌ගޑٮф౗ԔጕǴ֡߯ӧচࠠᐒ

(prototype)΢܌ໆෳޑ。চࠠᐒᆶჴሞޑ॥ᐒόӕǴٯӵჴሞޑ॥ᐒ

ৡ౦。ӵკޑᄊǴஒ೷ԋวႝໆރޑӧന٫ߚ٠ۓ೛ځ 2-3 ҢǴ॥܌

ᐒယТ௽ف(pitch angle)࣬ৡ 1 ǴஒᏤठ॥ᐒԃวႝໆ෧Ͽࡋ ޑ 5%

ѮεཞѨ。ӢԜࡌ᝼ᙖҗໆෳೌמǴჹ॥ᐒ຾Չф౗Ԕጕᡍ᛾Ǵаڗ

ள॥ᐒޑന٫ၮᙯచҹǴঈ٬॥ᐒޑф౗Ԕጕёၲډ॥ᐒᇙ೷ቷৎ܌

ගߥޑٮ᛾ॶǶќѦǴ॥ᐒޑф౗ҭёૈډڙΠӈӢનቹៜǴٯӵ॥

ᐒယТޑԴϯ(׷਑ޑᑃ઻)܈ᕉნޑፂᔐ(ယТޑԡࠣ)。 

 

  ॥൑җܭ૨ηࡐӭǴࡺ॥ᐒၮᙯਔ૨η࿶தݠᗹӧ॥ᐒယТޑ

leading edge ೀǴԜஒቹៜ॥ᐒޑวႝਏ౗。࿶ೖࢗҁϦљޑ॥ᐒယ

Т٠ؒԖ຾ՉۓයమࢱǶӢԜ K2 ϦљӆΟமፓǴۓයమࢱ॥ᐒယТ

πբǴK2ޑதख़ाߚ߯ ᝼ᔈ؂႖ࡌ 2~5 ԃۓයమࢱ॥ᐒယТǴऊё

ගϲ  วႝໆǶޑ1%
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圖 2-3 ॥ᐒယТ௽࣬فৡ 1 ǴஒᏤठ॥ᐒԃวႝໆ෧Ͽࡋ 5% 

 

(4) ёҔ౗ၨႣ՗ॶե 

 

॥ᐒޑԃวႝໆᆶ॥ᐒޑёҔ౗(availability)ԖᜢǴεӭኧޑ॥

ᐒᇙ೷ቷৎ֡ჹ࠼ځЊߥ᛾ځёҔ౗。ٯӵǴගٮ ߥёҔ౗ޑ98%

᛾Ǵՠӵ݀Ԝ ӄԃஒཞѨ߾Ǵࢤଶᐒ߯วғӧ॥ᐒᅈၩਔޑ2% 8%

 。วႝໆޑ

 

॥ᐒૈ܄ޑᡍ᛾Ьा߯ᡍ᛾॥ᐒޑф౗Ԕጕ(power curve)Ǵ૟ϩࣁΠӈ

Ο೽ϩϟಏ: 

 

(1)ճҔෳ॥༣຾Չൂ΋॥ᐒޑф౗Ԕጕᡍ᛾ 
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॥ᐒޑวႝໆᆶ Hub ଯޑࡋ॥ೲελԖᜢǴԶ Hub ଯޑࡋ॥ೲ߾

߯ճҔෳ॥༣຾Չໆෳ。ࡺӵ݀ளޕ॥ᐒ܌ӧӦޑ॥ೲϩթǴ߾ёीᆉ

ൂ΋॥ᐒޑԃวႝໆǶԜБ܌ݤीᆉрޑԃวႝໆǴځόዴࣁ܄ۓ

5~10%Ǵനεޑόዴٰ߯܄ۓԾೲޑࡋໆෳ。॥ᐒᆶෳ॥༣ޑຯᚆ΋૓

ࣁ 2~4DǴ຾Չᢀෳၗ਑ᑔᒧਔǴᢀෳኧᏵѝԖӧ॥ᐒᆶෳ॥༣֡όڙ

਻ࢬυᘋޑచҹΠω೏௦ҔǴҭջ਻٠ࢬ҂ډڙምᛖځ܈ނд॥ᐒቹ

ៜ。ӵ݀ӧፄᚇӦ׎Ǵ߾ӧ॥ᐒ܌ӧӦሡ೛࿼ಃ 2 ০ෳ॥༣ǴаΑှፄ

ᚇӦ׎ჹ਻܌ࢬ೷ԋޑᘋ୏௃׎。ฅԶǴᒿ๱ Hub ཇଯǴෳ॥༣ࡋଯޑ

 。ԋҁҭཇଯޑ

 

(2)ճҔᐒᑭ΢॥ೲी຾Չൂ΋॥ᐒޑф౗Ԕጕᡍ᛾ 

 

ᐒᑭ΢॥ೲीҗܭ਻ډڙࢬᐒᑭϷ॥ᐒယТቹៜǴࡺѸ໪অ҅Կ҂

Ϸ॥ೲރ׎ǵယТ൳Ֆރ׎ᄊǴԜ॥ೲঅ҅ϦԄᆶᐒᑭރࢬ਻ޑυᘋڙ

ीޑௗӝБԄԖᜢǴ؂΋ᜪࠠ॥ᐒޑঅ҅ϦԄᇙुѸ໪ճҔ҂ڙᘋ୏ޑ

ෳ॥༣ǴਥᏵ IEC61400 ϐೕۓ຾Չ。ճҔᐒᑭ΢॥ೲी຾Չф౗Ԕጕ

ᡍ᛾Ǵё෧Ͽෳ॥༣ܳޑ຦ԋҁǹோϝ໪ݙཀΠӈ٣໨: 

 

(A)॥ೲीѸ໪ा຾Չਠ҅。 

(B)চࠠᐒᆶ॥ᐒޑ॥ೲीᅿᜪϷځௗӝБԄѸ໪ा΋ठǶ 

(C)॥ೲीჹܭ໼௹਻ࢬ(inclined flow)Ѹ໪ाၨό௵ག。 

(D)ࡑෳ॥ᐒޑΕࢬ॥॥ӛόёՏܭᎃ߈॥ᐒࢬ׀ޑύЈ。 

 

ԜБݤԖ΋લᗺǴԜ॥ೲीঅ҅Ԅჹܭ॥ᐒޑ೛ୖۓኧ(ٯӵ pitch 
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angle)ϷፄᚇӦޑ׎໼௹਻ߚࢬத௵ག。 

 

(3)॥൑ਏ౗ 

    

ӵკ 2-4 ॥ೲǹࢬΕޑ॥൑ໆෳሺᏔǴёளр॥ᐒޑҢǴᙖҗᆒዴ܌

ճҔࢬ൑ኳԄёளр॥൑ޑೲࡋ൑ϩթǹճҔ॥൑ኳԄёीᆉ॥ᐒ࣬ޑ

ϕࢬ׀ቹៜϷځวႝໆ。 

 

 

 

კ 2-4 ॥൑ਏ౗ຑ՗ࢬำკ 
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Οǵ॥ᐒၮᙯૈ܄ගϲೌמ 
 

3-1 ॥ᐒф౗Ԕጕ 

 

॥ᐒޑวႝૈ܄੝ቻЬा߯аф౗Ԕጕ(power curve)߄ҢǴӵკ3-1

 partial load range: ගϲ॥ᐒӧpartial(1):ࢤΟ໘ࣁҢ。ф౗Ԕጕёϩ܌

load໘ޑࢤਏ౗ǵ(2)power up-rate range:ගϲ॥ᐒޑᚐۓф౗(rated 

power)ǵ(3)extend range of operation:ගϲ॥ᐒޑcut-outೲࡋ。ӧpartial 

load໘ࢤǴё٬ҔယТߕуး࿼аගϲ॥ᐒၮᙯૈ܄ǹӢcut-in॥ೲᆶယ

Тޑ਻୏೛ीԖᜢǴࡺჹࡽܭԖ॥ᐒԶقǴፓ᏾cut-in॥ೲჹܭวႝໆޑ

ගϲᔅշόε。ӧpower up-rate໘ࢤǴёճҔวႝᐒޑᜐሞਏҔගϲ॥

ᐒф౗。ӧextended range of operation໘ࢤǴၨதޑـ଺߯ݤගଯ॥ᐒޑ

cut-out॥ೲǴ٠ፓ᏾pitch angleځ٬วႝໆ೴ᅌӦफ़ե。 
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კ3-1॥ᐒޑф౗Ԕጕ 

 

Partial load range:::: 

    ჹܭԜ୔ୱޑ॥ᐒૈ܄ගϲǴယТޑ਻୏ת߯ૈ܄ᄽ๱നᜢᗖفޑ

ՅǶ 

 

Power up-rate: 

 

    ӧԜ୔ୱ॥ᐒޑф౗߯ܭ،ڗ॥ᐒޑനε৒ໆ(capacity)Ϸଯ಻ख़

ΠޑӼӄၮᙯԵໆ。ӵటගϲрΚǴ߾ሡाफ़ե॥ᐒޑڙ܌಻ख़

(loading)Ǵӵthrust loadϷӚᅿॄၩ。 

 

Extend range of operationExtend range of operationExtend range of operationExtend range of operation::::    
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     ӵటߏۯcut-outޑጄൎǴ॥ᐒϝฅډڙࢂฯᡏ৒ໆ (hardware 

capacity)ޑज़ڋǶฅԶӵૈዴߥ॥ᐒӼӄၮᙯϷଯ॥ೲਔଶᐒޑచҹ

ΠǴᙖҗబуadditional feature܈smart featureٰߏۯ॥ᐒޑၮᙯጄൎǴዴ

ჴ߯ԖၨεޑёՉ܄。ёᙖҗpitchޑsmart controlٰ෧ե॥ᐒӧଯ॥ೲਔ

 ಻ख़Ƕޑ

 

3-2 ॥ᐒૈ܄ගϲ܌௦ڗϐׯ๓௛ࡼ 

 

 ӧPartial load efficiencyǵPower up-rateϷExtendedࣁҢ܌3-1߄ 

operation rangeԜΟ໘ࢤǴӵటගϲ॥ᐒૈ܌ૈ܄௦ׯޑڗ๓௛ࡼǴ૟ϩ

ॊӵࡕ。 

 

 ࡼ๓௛ׯගϲϐૈ܄3-1॥ᐒ߄

 

Categories 

 

Activities 

Partial 

load 

efficiency 

Power 

up-rate 

Extended 

operation 

range 

Improve 

wind turbine 

control 

●Control system updating 

●Wind farm control 

●Pitch control 

●Intermittent wind energy 

capture 

●Handle special conditions 

 

 

 

 

 

 

 

 

 

 

 

 

Tuning and ●Site specific tuning    
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optimization ●Individual turbine tuning 

●Nacelle misalignment 
 

 

 

Aerodynami

-c 

performance 

●Blade adds-on 

●Increase blade size 

●Blade cleaning/restoration 

 

 

 

  

Retrofits 

and 

modernizati-

on 

●Overhaul and 

modernization 

●Retrofit control systems 

●Retrofit drivetrain 

components 

●Retrofit electrical systems 

●Grid compatibility 

●Restoring power 

performance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Improve wind turbine control 

 

 ஒඵችࠠ௓سڋ಍(smart control system)᏾ӝԿ॥ᐒૈ܄ගϲ

ύǴё٬॥ᐒ௓سڋ಍׳Ԗቸ܄Ϸ॥ᐒԖ׳εޑрΚ。 

 

(1) Control system updates 

 

ᒡр。ඵችޑф౗Ԕጕࢤ಍ǴёගϲӚ໘سڋ௓ޑཥ॥ᐒ׳

ࠠ௓سڋ಍ёගϲૈྍਏ౗Ǵफ़ե॥ᐒޑ಻ख़Ϸ෧Ͽ॥ᐒϡҹ

຾ׯޑ(algorithm)ݤᄽᆉڋ௓ࡴཥх׳ޑ಍೬ᡏسڋᑃཞ。௓ޑ
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Ϸፓ᏾௓ୖڋኧ。 

 

(2) Wind farm control 

 

΋ঁ॥൑ౢྍૈޑрനख़ाޑӢન߯ஒ᏾ঁ॥൑ຎࣁ΋ঁ

ൂϡ(unit)ǴЪ๓уᆅ౛Ǵߚ٠๱ख़ӧൂ΋॥ᐒૈ܄ޑ。Ԗਔং

߯߾ྗޑਏ౗Ǵёჹൂ΋॥ᐒ຾Չፓ᏾Ǵፓ᏾ޑΑ᏾ঁ॥൑ࣁ

٩Ᏽ॥ᐒޑڙ܌ધࢬϷࢬ׀Զۓ。 

 

(3) Pitch controls 

 

॥ᐒယТ௽ᙯਔǴယТӧനଯՏ࿼ᆶനեՏ࿼ޑڙ܌॥ೲό

ӕǴඵችࠠ pitch control ߯ё௓؂ڋ΋ТယТޑ௽فǴёගϲ॥

ᐒޑၮᙯਏ౗Ϸफ़ե॥ᐒޑڙ܌಻ख़。 

 

(4) Intermittent Wind energy capture 

 

ӵ݀ૈႣෳ܈ໆෳ॥ᐒ߻Бٰ॥ޑ॥ೲǴ߾ё٣Ӄፓ᏾॥ᐒ

ၨ࣮ӳճҔ߻॥ૈ。Ҟޑനεڗ಍Ǵаᕇسڋ௓ޑ Lidar ຾Չ॥

ᐒ߻БΕࢬ॥ೲޑໆෳ。 

 

(5) Handling of special conditions 

 

ӵᎁၶ੝ਸޑᕉნ্ؠǴӵረ॥ǵଢႝǵس܈಍όᛙۓǴஒ

೷ԋ॥ᐒଶᐒ܈ၮᙯਏ౗ό٫Ǵёӧ௓سڋ಍ύуΕ੝ਸ٣ҹ
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ёҔ౗Ϸวႝਏ౗Ǵᘉ৖॥ᐒф౗ԔጕޑǴаගϲ॥ᐒڋ௓ޑ

 。ၮᙯጄൎޑ

 

Tuning and optimization 

 

 ॥ᐒ߯٩Ᏽ IEC61400 ϐ฻ભ຾Չᇙ೷Ǵ࣬ ӕೕ਱ޑ॥ᐒ೏Ӽးӧ਻

ংϷྕ֡ࡋόӕޑ॥൑ǹ٬ࡽӧӕ΋॥൑Ǵόӕޑ॥ᐒڙ܌಻ख़ҭёૈ

όӕ。٩ࡺᏵ൑֟੝܄Ǵჹঁܭձ॥ᐒ຾Չፓ᏾(tuning)Ǵёε൯ගϲ॥

ᐒޑၮᙯૈ܄。೚ӭԴᙑޑ॥൑Ǵஒࢂ॥ᐒૈ܄ගϲޑᓬӃჹຝ。 

 

(1) Site specific tuning 

 

٩Ᏽ൑֟ޑ੝ۓ॥ݩǴёჹ॥ᐒޑၮᙯኳԄ຾Չୖኧ೛ۓ。

੝ۓ॥܌ݩԵቾୖޑॊӵΠ: 

 

(a) ॥Κ੝ቻ(॥ೲϷધࢬ) 

(b) Ϻ਻ǵ਻ংϷε਻చҹ(ྕࡋϷޜ਻ஏࡋ฻) 

(c) ۑ॥Ϸځӧਔ໔΢ޑᡂϯ(variance) 

 

(2) Individual turbine tuning 

 

॥൑ύ؂ޑ΋೽॥ᐒ֡Ԗځၮᙯ੝܄ǴΠӈ೭٤Ӣન೷ԋ؂

೽॥ᐒޑၮᙯୖኧόӕ: 

 

●॥޸კύޑ॥ӛ 
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●॥ᐒ܌ӧޑӦ׎ 

●ၮᙯ੝܄(ၮᙯచҹǵ಻ख़Ϸᐕўၗ਑) 

 

(3) Nacelle misalignment 

 

วႝໆཞѨǴޑ೷ԋ܌ᒱՏ(misalignment)ޑ٤ԃٰǴᐒᑭ߈

ςЇଆ׳ӭޑख़ຎ。ёճҔຬॣݢ॥ೲी܈НѳԄ LidarǴ຾Չ

॥ᐒΕࢬ॥ೲ॥ӛޑໆෳǴаঅ҅॥ᐒᐒᑭޑᒱՏ౜ຝ。 

 

Aerodynamic performance 

 

 ӧ partial load ၮᙯ໘ࢤǴ॥ᐒ٩߯ૈ܄ޑᒘᙯη௟௒ၸޑय़ᑈϷယ

Тޑ਻୏ૈ܄。ቹៜ॥ᐒ਻୏ૈ܄നЬाޑӢનࣁᐒᖀ(airfoil)ޑ਻୏܄

ૈǵᙯηೲࡋϷ௽ف௓ڋ(pitch controlling)。ᡂ׳॥ᐒယТ٠όёՉǴЬ

ाૈ܄ޑගϲБਢхࡴ blade adds-on Ϸ٬ယТ࡭ߥӧؼӳރᄊǶ૟ϩॊ

ӵΠ: 

 

(1) ယТߕуး࿼(Blade adds-on) 

 

Ҟ߻ന዗ޑߐယТᆢঅБԄ߯ blade adds-onǴёගϲယТޑ

਻୏ૈ܄ǵफ़եᏓॣϷቚу॥ૈਂޑᕇໆ。നதޑـБԄӵΠ: 

 

(a) Vortex generators 

(b) Blade cord extensions 

(c) Trailing edge serrations 
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(d) Tip shape/winglets 

 

ӵႜᔐٯៈБय़Ǵߥޑуး࿼Ьा໣ύӧယТߕယТޑдځ

း࿼Ϸӧ leading edge ೀٛޑ㜟ᇑး࿼。җܭယТߕуး࿼ёӧ

౜ӦזೲޑӼးǴଶᐒਔ໔อǴࡺԜૈ܄ගϲБਢჹܭ॥ᐒၮᙯ

 ॥ᓀၨλǶق࿶ᔮਏ੻Զޑ

 

(2) Blade size 

 

ǴεᙯηယТҭۓ॥Κ੝ቻԶܭ،ڗЁκ߯ޑ॥ᐒယТۓ،

ᒏёᕇڗၨεޑ॥ૈǴோޑڙ܌॥಻ख़ҭ࣬྽ε。ࡺ॥ᐒࣴޑว

ቷ୘࿶தᆫขܭᇸЪ୲ޑڰယТ׷਑。 

 

(3) Blade restoration 

 

ယТҗܭኪ៛ӧѦǴ࿶ߏਔ໔ޑᑃཞݠ܈ԡǴஒቹៜ॥ᐒޑ

ၮᙯૈ܄。ယТᆢঅޑѸा܄Ǵᆶ॥൑ݩރޑ৲৲࣬ᜢ。Ԗ٤॥

൑܈೚όሡाယТᆢঅǴԖ٤॥൑൩ሡाۓයޑమ܈ࢱঅံယ

Т。ယТᆢঅჹܭ॥ᐒޑ਻୏ૈ܄Ԗᡉ๱ޑቹៜ。 

 

Modernization and retrofitting 

 

॥ᐒૈ܄ගϲёᙖҗΠӈБԄၲԋ:ቚεယТЁκǵ௓سڋ಍౜жϯ

Ϸ୏Κ໺୏س಍ϲભ。ନߚԖѸाǴց߾॥ᐒ཰ޣό཮׳ඤεࠠಔҹǴ

Ьा߯Ӣࣁ຤Ҕܳ຦ϷߏΦޑଶᐒਔ໔。ࡺЬाૈ܄ޑගϲ֡໣ύӧλ
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ࠠЪ຤ҔၨեϷၨค॥ᓀׯޑ๓Бਢ。 

 

(1) Overhaul and modernization 

 

    ॥ᐒޑᙌঅϷ౜жϯх܌ࡴԖϡҹޑᙌঅ܈ඤཥǴٯӵື

౜жϯЬा߯ޑ಍。॥ᐒس಍ǵᏁ፺ጃϷႝ਻سڋǵယТǵ௓܍

ჹܭ॥ᐒޑӆ׫ၗǴЬाߏۯ॥ᐒޑၮᙯԃज़。॥ᐒ࿶ၸ౜жϯ

ϐࡕǴф౗ԔᑜӚ໘֡ૈ܄ޑࢤёᕇளගϲǶ 

 

(2) Retrofit entire control systems 

 

    ᆢঅഋᙑޑ௓سڋ಍Ǵхࡴ௓ڋᐒᄬ׳ޑཥǴё٬Դϯޑ॥

ᐒڀԖᡉ๱ޑਏ੻。Ъёᙖҗඵችࠠ௓ڋफ़եယТޑڙ܌಻ख़Ǵ

ё٬॥ᐒӧଯ॥ೲਔ׳ӼӄޑၮᙯǴࡺёගଯ॥ᐒޑ cut-out 

speed。 

 

(3) Retrofit drivetrain components 

 

    ёᙖҗ׳ཥ୏Κ໺ᒡᐒᄬаගϲ॥ᐒၮᙯૈ܄Ǵ୏Κ໺ᒡᐒ

ᄬхࡴᙯηǵᏁ፺ጃǵวႝᐒϷЬाޑᐒఓ໺୏ϡҹ。 

 

(4) Retrofit electrical systems 

 

    ႝΚس಍ӧૈྍᙯඤਔ֡཮Ԗ઻ཞ(losses)ౢғ。೯தό཮ࣁ

Αගϲวႝਏ౗Զ׳ඤႝΚس಍Ǵ΋૓֡߯ӧႝΚس಍ၸܭഋ
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ᙑǴςၲวႝ౟ᓍਔωϒа׳ඤ。 

 

(5) Grid compatibility 

 

    ќ΋ᅿ׳ཥႝΚس಍ޑ БԄ߯׳ཥႝᆛǴଯࠔ፦ႝޑΚሡ

ाυᘋϿǵᛙޑۓᓎ౗Ϸႝᓸ。җܭ॥Κᘐᘐុុޑ੝܄Ǵࣁࡺ

ᆢႝ࡭ᆛޑᛙ܄ۓǴ॥ૈႣෳ߯Ѹाޑ௛ࡼ。 

 

(6) Restoring power performance 

 

    ჹεӭኧޑ॥ᐒԶقǴᒿ๱ਔ໔ཇΦǴ॥ᐒޑၮᙯૈ܄Ϸё

Ҕ౗֡೴ᅌ૰෧Ǵࡺటࡠൺς૰෧ޑ॥ᐒૈ܄ǴջࢂճҔ॥ᐒޑ

 。ૈ܄ၮᙯޑஒ॥ᐒӣൺԿচԖೌמගϲૈ܄

 

҂ٰᖿ༈҂ٰᖿ༈҂ٰᖿ༈҂ٰᖿ༈ 

 

຾Չុ࡭߻πբǴҞޑගϲૈ܄॥ᐒᇙ೷ቷৎ֡ӧ຾Չ॥ᐒޑԖ܌

 。ǵෳೲሺᏔϷ॥൑ᓬϯૈ܄਻୏ࡴ໨Ҟхޑ

 

Aerodynamics performance in focus 

 

॥ᐒૈ܄ޑගϲБਢεӭᆫขܭ਻୏ૈ܄Бय़ǴယТޑЁκελჹ

。εࠠ॥ᐒ΢ܭεЁκယТЬा߯ᔈҔࡺԖᡉ๱ቹៜǴڀᕇਂޑ॥ૈܭ

٤ԃٰǴ॥ᐒᇙ೷ቷৎӧഌୱϷᚆ۞ςว৖р߈ 5~8 MW εࠠ॥ᐒ。਻

୏ߕޑуး࿼࿶தр౜ӧယТޑᆢঅύǴvortex generator தӼးӧཥ܈
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ᙑޑယТ΢Ǵblade chord extensions Ϸ trailing edge serrations ᆢܭـத߾

অБਢύ。ځдޑယТߕуး࿼߾໣ύܭ leading edge Ϸ blade tip ٛޑ

ႜᔐး࿼。 

 

Site optimization 

 

    Ҟޑ߻πբख़ᗺЬाࢂଞჹ॥൑ޑ੝ۓ॥ݩǴፓ᏾॥ᐒޑ௓ୖڋ

ኧǴځ٬ၮᙯډၲૈ܄ന٫ϯ。 

 

Improved Anemometry 

 

๓ե॥ׯ॥ೲीǴаݢӧᐒᑭ΢း೛ຬॣۈ٤॥ᐒᇙ೷ቷৎς໒ࢌ    

ೲਔޑᆒዴࡋ。ᙖҗໆෳΕࢬ॥ೲ॥ӛǴёҔаਠ҅ᐒᑭޑᒱՏϷယТ

ޑ pitching。IEC Ҟ܌߻ೕޑۓ॥ᐒૈ܄ຑ՗೛ഢ߯ճҔෳ॥༣Ǵځલ

ᗺࢂԋҁଯϷࡌ࿼πයߏǴࡺᆒዴޑෳ॥ሺᏔё଺ࣁ॥ᐒૈ܄ຑ՗ޑπ

 。ڀ

 

Power uprating from factory 

 

    ॥ᐒᇙ೷ቷৎҭԖගϲ॥ᐒ ଛӝࣁǴٯᜐሞ(marginal)ф౗ਢޑ5%

ԜрΚගϲ 5%ǴѸ໪অׯ॥ᐒޑวႝᐒႝ܈਻س಍а಄ӝၨଯॄޑၩ。 

 

Glowing fleet of aging wind turbines 

 

    ᒿ๱ၮᙯਔ໔ཇΦǴ॥ᐒԴϯޑᐒಔВ੻ቚӭǴࡺჹܭԴϯ॥ᐒޑ
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ᆢঅϷၮᙯૈ܄ගϲޑπբஒВ੻ख़ा。 

 

3-3 K2  ගϲБԄૈ܄᝼ϐ॥ᐒࡌ܌

 

 K2 ගϲБԄǴӵკૈ܄᝼ϐ॥ᐒࡌ܌ 3-2 Ң。ӧ܌ power up-rate ໘

Ǵаගଯวႝᐒ(allowance)ࡋᜐሞ(marginal)৒೚ျޑǴ߯ճҔวႝᐒࢤ

॥ᐒф౗ගࣁวႝф౗。ோԜᖐѸ໪ᆶ॥ᐒᇙ೷ቷৎஏϪӝբǴӢޑ

ϲǴٰ߯Ծ॥ᐒޑᙯೲуזǴჹܭ॥ᐒ܍ືޑϷᏁ፺฻໺୏ϡҹࢂցё

ϏഝςԖԜਏ߻Ǵሡाᆶ॥ᐒᇙ೷ቷৎஏϪӝբ଺΋၁ಒຑ՗。Ҟڙ܍

౗ගϲਢٯǴோ K2 ୷ܭ୘཰ߥஏచීǴคݤග׳ٮ၁ಒૻ৲。ӧ

Extended operation range ໘ࢤǴK2 БԄǴճҔޑ܄᝼௦Ҕጕࡌ pitch 

control ஒ power ೴ᅌफ़Կ႟ǴᙖԜаᗉ໒ Enercon ޑ cut-out ஑ճ。 

 

 

კ 3-2 K2  ගϲБԄૈ܄᝼ϐ॥ᐒࡌ܌
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ѤǵЈளϷࡌ᝼٣໨ 

 

1ǵ॥ᐒԴϯ(ageing effect)ჹܭ΋ঁᐒఓౢࠔԶقǴ߯ ΋ঁόёᗉխޑԾฅၸำ。

॥ᐒౢ܌ғႝޑΚǴᒿ๱ၮᙯԃज़ቚуஒ೴ԃሀ෧。௖૸॥ᐒૈ܄૰ଏޑচ

ӢཱུځፄᚇǴёૈচӢࣁёҔ౗Πफ़ǵ਻୏ૈ܄फ़ե܈ᙯඤਏ౗Πफ़。 

2ǵۓයమࢱ॥ᐒယТ߯ߚதख़ाޑπբǴᔈ؂႖ 2~5 ԃۓයమࢱ॥ᐒယТ 1 ԛǴ

ऊёගϲ  。วႝໆޑ1%

3ǵ॥ᐒޑวႝૈ܄੝ቻЬा߯аф౗Ԕጕ߄ҢǴ॥ᐒૈ܄ගϲё٩ф౗Ԕጕޑ

Οঁ໘ࢤϩձ຾Չ:(1)partial load range:ගϲ॥ᐒӧ partial load ໘ޑࢤਏ౗ǵ

(2)power up-rate range:ගϲ॥ᐒޑᚐۓф౗(rated power)ǵ(3)extend range of 

operation:ගϲ॥ᐒޑ cut-out ೲࡋǶ 

4ǵҗܭ॥ᐒယТߕޑуး࿼(ӵ vortex generatorsǵblade cord extensionsǵtrailing 

edge serrationsǵtip shape/winglets)֡ёӧ౜Ӧᙖҗᛣ઩ᚹזݽೲޑӼးǴ܈

ஒယТڕܨӧ౜ӦӼး。җܭଶᐒਔ໔อЪӼးזೲǴࡺԜૈ܄ගϲБਢჹ

 ॥ᓀၨλǶق࿶ᔮਏ੻Զޑ॥ᐒၮᙯܭ

 


