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28.5% 19 21%

。 。

 

 
(power curve)

:(1)partial load range: partial load (2)power up-rate range:

(rated power) (3)extend range of operation: cut-out 。 partial load

cut-in

cut-in 。 power up-rate

。 extended range of operation

cut-out pitch angle 。 
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1-1   
 

2030

8% 16%

 

 

(ageing effect)

(load factor) 28.5% 19

21%

161

 

 

1-2   
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1. 

 

2.2.2.2. (ageing effect)

(load factor)

28.5% 19 21%     

3. (1) (2)

Partial load range (3)

Power up-rate (4)

Extend range of operation  

4. (1) (2)

。 

 

1-3  
 

 104.6.2~104.6.11 10 104 6 2

ICE 6 4~9 K2 Management

6 10 ICE

6 11  
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 6/2  

 6/3  

 6/4~9 K2 Management 

 6/10~11  
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2-1  

 

 (ageing effect)

。 。

。 2-1

。 2-2

。 

 

: 

Mechanical wear? 

 Early death? 

 Increasing downtime? 

 O&M practices? 
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2-1  

 

 

2-2  

 

2-2  
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。

: 

 

(1)  

 

10

1 

Km 。

10 m Hub

。

。

( 1 )

。 

 

(2)  

 

10%

。

 

 

(3)  



 7

(prototype) 。

。 2-3

(pitch angle) 1 5% 

。

( ) ( )。 

 

  

leading edge 。

K2

K2 2~5

1%  
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圖 2-3 1 5% 

 

(4)  

 

(availability)

。 98%

2% 8%

。 

 

(power curve)

: 

 

(1)  
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Hub Hub

。

5~10% 。

2~4D

。 2

。 Hub

。 

 

(2)  

 

IEC61400 。

: 

 

(A) 。 

(B)  

(C) (inclined flow) 。 

(D) 。 

 

( pitch 
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angle) 。 

 

(3)  

    

2-4

。 

 

 

 

2-4  
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3-1  

 

(power curve) 3-1

。 :(1)partial load range: partial 

load (2)power up-rate range: (rated 

power) (3)extend range of operation: cut-out 。 partial 

load cut-in

cut-in

。 power up-rate

。 extended range of operation

cut-out pitch angle 。 
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3-1  

 

Partial load range:::: 

    

 

 

Power up-rate: 

 

    (capacity)

。

(loading) thrust load 。 

 

Extend range of operationExtend range of operationExtend range of operationExtend range of operation::::    
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     cut-out (hardware 

capacity)

additional feature smart feature

。 pitch smart control

 

 

3-2  

 

 3-1 Partial load efficiency Power up-rate Extended 

operation range

。 

 

3-1  

 

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 

 

 (smart control system)

。 

 

(1) Control system updates 

 

。

。 (algorithm)
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。 

 

(2) Wind farm control 

 

(unit) 。

。 

 

(3) Pitch controls 

 

pitch control

。 

 

(4) Intermittent Wind energy capture 

 

。 Lidar

。 

 

(5) Handling of special conditions 

 



 16 

。 

 

Tuning and optimization 

 

 IEC61400

。 (tuning)

。 。 

 

(1) Site specific tuning 

 

。

: 

 

(a) ( ) 

(b) ( ) 

(c) (variance) 

 

(2) Individual turbine tuning 

 

: 

 

●  
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●  

● ( ) 

 

(3) Nacelle misalignment 

 

(misalignment)

。 Lidar

。 

 

Aerodynamic performance 

 

 partial load

。 (airfoil)

(pitch controlling)。

blade adds-on

: 

 

(1) (Blade adds-on) 

 

blade adds-on

。 : 

 

(a) Vortex generators 

(b) Blade cord extensions 

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

 

leading edge 。

 

 

(2) Blade size 

 

。

。 

 

(3) Blade restoration 

 

。 。

。 。 

 

Modernization and retrofitting 

 

:

。

。
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。 

 

(1) Overhaul and modernization 

 

    

。

。

 

 

(2) Retrofit entire control systems 

 

    

。

cut-out 

speed。 

 

(3) Retrofit drivetrain components 

 

    

。 

 

(4) Retrofit electrical systems 

 

    (losses) 。
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。 

 

(5) Grid compatibility 

 

     

。

。 

 

(6) Restoring power performance 

 

    

。 

 

 

 

。 

 

Aerodynamics performance in focus 

 

。

5~8 MW 。

vortex generator
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blade chord extensions trailing edge serrations

。 leading edge blade tip

。 

 

Site optimization 

 

    

。 

 

Improved Anemometry 

 

    

。

pitching。IEC

。 

 

Power uprating from factory 

 

    5% (marginal)

5% 。 

 

Glowing fleet of aging wind turbines 
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。 

 

3-3 K2  

 

 K2 3-2 。 power up-rate

(marginal) (allowance)

。

。

K2 。

Extended operation range K2 pitch 

control power Enercon cut-out 。 

 

 

3-2 K2  
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1 (ageing effect) 。

。

。 

2 2~5 1

1% 。 

3

:(1)partial load range: partial load

(2)power up-rate range: (rated power) (3)extend range of 

operation: cut-out  

4 ( vortex generators blade cord extensions trailing 

edge serrations tip shape/winglets)

。

 

 


