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PARK - Production Analysis
Calculation: 20070304 MWT 95-2.4 60Hz 2400 95.0 WTG: All new WTG's, Air density varies with WTG position 1.165 kg/m3 - 1.172 kg/m3

Directional Analysis
Sector  0 N  1 NNE  2 ENE  3 E  4 ESE  5 SSE  6 S  7 SSW  8 WSW  9 W 10 WNW 11 NNW Total
Roughness based energy [MWh] 30,751.7 36,271.2 52,930.7 56,884.1 86,931.2 111,948.6 85,245.7 46,502.6 66,124.8 126,499.8 103,114.5 51,801.7 855,007.0
+Increase due to hills [MWh] 492.7 824.5 1,506.4 2,245.7 1,629.7 1,100.2 1,336.6 1,455.8 1,976.7 2,807.4 1,781.4 757.8 17,915.0
-Decrease due to array losses [MWh] 3,264.9 3,602.0 4,740.1 6,257.0 6,917.5 8,275.8 9,286.5 5,548.2 6,003.9 9,236.9 8,069.2 4,948.5 76,150.4
Resulting energy [MWh] 27,979.5 33,493.8 49,697.1 52,872.8 81,643.4 104,773.0 77,295.9 42,410.2 62,097.6 120,070.4 96,826.8 47,610.9 796,770.9
Specific energy [kWh/m2] 1,405
Specific energy [kWh/kW] 4,150
Increase due to hills [%]   1.6   2.3   2.8   3.9   1.9   1.0   1.6   3.1   3.0   2.2   1.7   1.5   2.1
Decrease due to array losses [%]  10.4   9.7   8.7  10.6   7.8   7.3  10.7  11.6   8.8   7.1   7.7   9.4   8.7
Utilization [%] 27.6 26.8 27.2 30.2 25.5 26.0 30.9 31.6 28.0 22.8 23.9 27.7 26.4
Operational [Hours/year] 420 467 570 649 766 909 831 562 663 1,121 979 612 8,550
Full Load Equivalent [Hours/year] 146 174 259 275 425 546 403 221 323 625 504 248 4,150
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PARK - Wind Data Analysis
Calculation: 20070304 MWT 95-2.4 60Hz 2400 95.0 Wind data: A - Park/Wasp Calc; Hub height: 50.0

Site Coordinates
UTM WGS 84 Zone: 14  East: 442,927  North: 5,160,485
Wind statistics
US 45.00 m Napoleon Wind.wws

Weibull Data
Current site

Sector A- parameter Wind speed k- parameter Frequency
[m/s] [m/s] [%]

 0 N 7.72 6.84 2.111 4.8
 1 NNE 8.03 7.11 2.127 5.4
 2 ENE 9.07 8.05 2.486 6.7
 3 E 8.77 7.81 2.814 7.8
 4 ESE 10.21 9.09 2.799 9.1
 5 SSE 10.43 9.33 3.107 10.5
 6 S 9.01 8.09 3.365 9.5
 7 SSW 8.40 7.50 2.994 6.6
 8 WSW 9.24 8.22 2.768 7.8
 9 W 10.44 9.27 2.482 13.3
10 WNW 9.89 8.76 2.396 11.5
11 NNW 8.40 7.44 2.338 7.1
All 9.39 8.33 2.545 100.0

Weibull Distribution
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Wind Frequency Rose
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Total of Speed 150' Power Density
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The data show quite low turbulence.  The following graph shows the characteristic
turbulence intensity versus wind speed, with the IEC category A and B wind regimes for 
comparison.  The measured data set is considerably less turbulent than even the category 
B wind regime, which is considered low turbulence.
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PARK - Park power curve
Calculation: 20070304 MWT 95-2.4 60Hz 2400 95.0

Power
Wind Free Park N NNE ENE E ESE SSE S SSW WSW W WNW NNW
speed WTGs WTGs
[m/s] [kW] [kW] [kW] [kW] [kW] [kW] [kW] [kW] [kW] [kW] [kW] [kW] [kW] [kW]

0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3.5 1,311 482 464 515 509 469 461 501 447 504 502 471 470 497
4.5 8,792 6,492 6,422 6,484 6,580 6,462 6,469 6,552 6,399 6,480 6,552 6,475 6,479 6,546
5.5 20,284 16,302 16,178 16,280 16,449 16,252 16,270 16,406 16,141 16,279 16,403 16,271 16,287 16,393
6.5 36,635 30,049 29,844 30,028 30,288 29,965 29,987 30,220 29,783 30,015 30,213 30,000 30,017 30,202
7.5 58,770 48,592 48,282 48,565 48,960 48,464 48,495 48,854 48,183 48,542 48,849 48,515 48,542 48,827
8.5 87,924 72,998 72,542 72,954 73,542 72,808 72,856 73,383 72,400 72,922 73,368 72,886 72,927 73,339
9.5 123,059 103,562 102,957 103,464 104,289 103,316 103,397 104,058 102,771 103,435 104,054 103,417 103,490 104,007

10.5 159,324 137,652 136,948 137,426 138,471 137,395 137,531 138,224 136,756 137,418 138,201 137,488 137,606 138,156
11.5 184,438 170,708 170,133 170,429 171,443 170,639 170,799 171,023 170,026 170,177 171,245 170,503 170,759 171,141
12.5 192,000 190,371 190,293 190,139 190,489 190,377 190,586 190,301 190,300 190,035 190,483 190,344 190,549 190,335
13.5 192,000 191,998 191,999 191,998 191,999 191,999 192,000 191,998 191,999 191,995 191,999 191,999 192,000 191,998
14.5 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000
15.5 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000
16.5 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000
17.5 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000
18.5 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000
19.5 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000
20.5 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000
21.5 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000
22.5 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000
23.5 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000
24.5 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000 192,000
25.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0
26.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0
27.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0
28.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0
29.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Description:
The park power curve is similar to a WTG power curve, meaning that when a given wind speed appears in front of the park with same speed in the entire wind farm area (before influence from
the park), the output from the park can be found in the park power curve. Another way to say this: The park power curve includes array losses, but do NOT include terrain given variations in the
wind speed over the park area.
Measuring a park power curve is not as simple as measuring a WTG power curve due to the fact that the park power curve depends on the wind direction and that the same wind speed normally
will not appear for the entire park area at the same time (only in very flat non-complex terrain). The idea with this version of the park power curve is not to use it for validation based on
measurements. This would require at least 2 measurement masts at two sides of the park, unless only a few direction sectors should be tested, AND non complex terrain (normally only useable
off shore). Another park power curve version for complex terrain is available in WindPRO.

The park power curve can be used for:
1. Forecast systems, based on more rough (approximated) wind data, the park power curve would be an efficient way to make the connection from wind speed (and direction) to power.
2. Construction of duration curves, telling how often a given power output will appear, the park power curve can be used together with the average wind distribution for the Wind farm

area in hub height. The average wind distribution can eventually be obtained based on the Weibull parameters for each WTG position. These are found at print menu: >Result to file<
in the >Park result< which can be saved to file or copied to clipboard and pasted in Excel.

3. Calculation of wind energy index based on the PARK production (see below).
4. Estimation of the expected PARK production for an existing wind farm based on wind measurements at minimum 2 measurement masts at two sides of wind farm. The masts must be

used for obtaining the free wind speed. The free wind speed is used in the simulation of expected energy production with the PARK power curve. This procedure will only work suitable
in non complex terrains. For complex terrain another park power curve calculation is available in WindPRO (PPV-model).

Note:
From the >Result to file< the >Wind Speeds Inside Wind farm< is also available. These can (e.g. via Excel) be used for extracting the wake induced reductions in measured wind speed.
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PARK - Power Curve Analysis
Calculation: 20070304 MWT 95-2.4 60Hz 2400 95.0 WTG: 1 - MWT 95/2.4 60Hz 2400 95.0 !O! MWT 95/2.4, Hub height: 80.0 m

Name: MWT 95/2.4
Source: Mitsubishi

Source/Date Created by Created Edited Stop wind speed Power control CT curve type
[m/s]

11/14/2006 USER 10/23/2006 11/16/2006 25.0 Pitch User defined
Information obtained from manufacturer
MWT95/2.4 (60Hz, 80m hub) WTG
WT I-A-095-R2 (R2 18 OCTOBER 2006)

HP curve comparison - Note: For standard air density and weibull k parameter = 2

Vmean [m/s] 5 6 7 8 9 10
HP value [MWh] 3,268 5,191 7,171 9,077 10,659 12,072
1 [MWh] 3,333 5,325 7,328 9,162 10,744 12,037
Check value [%] -2 -3 -2 -1 -1 0
The table shows comparison between annual energy production calculated on basis of simplified "HP-curves" which assume that all WTG's performs quite similar - only specific power loading (kW/m^2) and single/dual speed
or stall/pitch decides the calculated values. Productions are without wake losses.
For further details, ask at the Danish Energy Agency for project report J.nr. 51171/00-0016 or see WindPRO manual chapter 3.5.2.
The method is refined in EMD report "20 Detailed Case Studies comparing Project Design Calculations and actual Energy Productions for Wind Energy Projects worldwide", jan 2003.
Use the table to evaluate if the given power curve is reasonable - if the check value are lower than -5%, the power curve probably is too optimistic due to uncertainty in power curve measurement.

Power curve
Original data from Windcat, Air density: 1.225 kg/m3
Wind speed Power Ce Wind speed Ct curve

[m/s] [kW] [m/s]
3.5 17.0 0.09 3.5 0.81
4.0 58.0 0.21 4.0 0.82
4.5 114.0 0.29 4.5 0.81
5.0 182.0 0.34 5.0 0.79
5.5 263.0 0.36 5.5 0.79
6.0 361.0 0.38 6.0 0.79
6.5 475.0 0.40 6.5 0.79
7.0 608.0 0.41 7.0 0.79
7.5 762.0 0.42 7.5 0.79
8.0 941.0 0.42 8.0 0.79
8.5 1,140.0 0.43 8.5 0.79
9.0 1,361.0 0.43 9.0 0.78
9.5 1,595.0 0.43 9.5 0.77
10.0 1,828.0 0.42 10.0 0.76
10.5 2,035.0 0.41 10.5 0.77
11.0 2,203.0 0.39 11.0 0.74
11.5 2,322.0 0.36 11.5 0.57
12.0 2,396.0 0.33 12.0 0.47
12.5 2,400.0 0.29 13.0 0.35
13.0 2,400.0 0.26 14.0 0.28
13.5 2,400.0 0.23 15.0 0.23
14.0 2,400.0 0.21 16.0 0.18
14.5 2,400.0 0.19 17.0 0.15
15.0 2,400.0 0.17 18.0 0.13
15.5 2,400.0 0.15 19.0 0.11
16.0 2,400.0 0.14 20.0 0.10
16.5 2,400.0 0.13 21.0 0.09
17.0 2,400.0 0.12 22.0 0.07
17.5 2,400.0 0.11 23.0 0.07
18.0 2,400.0 0.10 24.0 0.06
18.5 2,400.0 0.09 25.0 0.00
19.0 2,400.0 0.08
19.5 2,400.0 0.08
20.0 2,400.0 0.07
20.5 2,400.0 0.07
21.0 2,400.0 0.06
21.5 2,400.0 0.06
22.0 2,400.0 0.05
22.5 2,400.0 0.05
23.0 2,400.0 0.05
23.5 2,400.0 0.04
24.0 2,400.0 0.04
24.5 2,400.0 0.04
25.0 2,400.0 0.04
26.0 0.0 0.00

Power, Efficiency and energy vs. wind speed
Data used in calculation, Air density: 1.165 kg/m3
Wind speed Power Ce Interval Energy Acc.Energy Relative

[m/s] [kW] [m/s] [MWh] [MWh] [%]
1.0 0.0 0.00  0.50- 1.50 0.0 0.0 0.0
2.0 0.0 0.00  1.50- 2.50 0.0 0.0 0.0
3.0 0.0 0.00  2.50- 3.50 2.4 2.4 0.0
4.0 55.2 0.21  3.50- 4.50 26.1 28.6 0.3
5.0 173.1 0.34  4.50- 5.50 95.6 124.1 1.2
6.0 343.4 0.38  5.50- 6.50 229.1 353.2 3.3
7.0 578.4 0.41  6.50- 7.50 441.9 795.1 7.5
8.0 895.2 0.42  7.50- 8.50 734.7 1,529.8 14.5
9.0 1,294.8 0.43  8.50- 9.50 1,073.6 2,603.4 24.7
10.0 1,757.5 0.43  9.50-10.50 1,377.2 3,980.6 37.7
11.0 2,160.5 0.39 10.50-11.50 1,516.7 5,497.3 52.1
12.0 2,396.0 0.34 11.50-12.50 1,413.3 6,910.5 65.5
13.0 2,400.0 0.26 12.50-13.50 1,148.9 8,059.4 76.4
14.0 2,400.0 0.21 13.50-14.50 859.4 8,918.8 84.5
15.0 2,400.0 0.17 14.50-15.50 607.6 9,526.4 90.3
16.0 2,400.0 0.14 15.50-16.50 407.5 9,933.9 94.2
17.0 2,400.0 0.12 16.50-17.50 260.2 10,194.1 96.6
18.0 2,400.0 0.10 17.50-18.50 158.6 10,352.7 98.1
19.0 2,400.0 0.08 18.50-19.50 92.3 10,445.0 99.0
20.0 2,400.0 0.07 19.50-20.50 51.4 10,496.4 99.5
21.0 2,400.0 0.06 20.50-21.50 27.4 10,523.8 99.8
22.0 2,400.0 0.05 21.50-22.50 14.0 10,537.9 99.9
23.0 2,400.0 0.05 22.50-23.50 6.9 10,544.8 100.0
24.0 2,400.0 0.04 23.50-24.50 3.3 10,548.0 100.0
25.0 2,400.0 0.04 24.50-25.50 1.0 10,549.1 100.0

Ce and Ct curve
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1. INTRODUCTION 
1.1 General Information of MWT95/2.4 
In this document, the standard technical specification of MWT95/2.4 wind turbine 

generator will be described in a detailed manner. This intends to provide technical 
information regarding to the latest equipment and component installed in the wind turbine. 
Also included in this document is the latest outline and arrangement of the MWT95/2.4 
Wind Turbine Generator. 
 Basically, MWT95/2.4 Wind Turbine Generator is the latest generation of wind 
turbine designed by Mitsubishi Heavy Industries (MHI) to meet the growing demand of the 
market in a high capacity but reliable and efficient wind turbine.  
 
The design features of MWT95/2.4 wind turbine are as follows. 
 
a.)   Larger rotor diameter for high power capacity. 
b.)   Variable speed operation. 
c.)   Upwind, three blades with Individual Blade pitch control. 
d.)   Active Yaw System to track wind direction and Down Wind Soft Support  

for strong wind protection. 
e.)   High efficiency planetary/parallel/parallel in-house designed gearbox. 
f.)   Improved blade design for lightning protection and wind load reduction. 
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1.2 Outline of MWT95/2.4 
 MWT95/2.4 wind turbine generator is mainly composed of the following primary 
components and systems. 

 
 1. Rotor (Blades, Rotor Head, Pitch Control Equipment) 
 2. Power Train (Shaft, Gearbox, Generator)  
 3. Yaw System 
 4. Tower 
 5. Controller and Terminal for Communication 
 

1.2.1. Rotor 
 The rotor is composed of three blades, the rotor head and the pitch control 
mechanism. The blade is attached in a blade bearing for longitudinal axis rotation. The 
blades can change pitch individually using the pitch control mechanism inside the rotor 
head. This is controlled using individual pitch control corresponding to the rotor azimuth 
angle and stress signal measured at the blade root. The rotor transmits the power to the 
power train through the mainshaft. 
 The blade bearing is lubricated with grease. Automatic Grease Distributor *) is 
prepared for easy maintenance to supply grease automatically during its operation as an 
option. 
*) Option 

 
1.2.1.1 Blades 
 Blades are made from Glass Fiber Reinforced Plastic (GRFP). Each blade is 
approximately 46.2 m in length, and utilizes the modified NACA 63-XXX series 
airfoil. This type of blade has maximum lift for power generation but with low drag 
characteristics, which minimizes the propagated noise during operation. 
 The blade structure consists of two skins, the Low Pressure Skin and the High 
Pressure Skin and two shear webs, the Leading Edge Side Shear Web and the Trailing 
Side Shear Web. These parts are made from Glass Fiber Reinforced Plastic (GRFP) 
and core material and bonded together using resins and adhesive. MHI blades utilize 
stitch fabric material for its strength and lightweight properties. 
 For lightning strike protection, multiple metal receptors are installed along the body 
of each blade. These receptors are connected to a down conductor wire. This will 
conduct the surge of lightning current from the blade to the rotor head. 
 Blades are installed on the rotor head using T-bolts connections. 
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1.2.1.2 Rotor head (Hub) 
 The rotor head is the component on which the three blades are connected. The rotor 
head is made from cast iron. The pitch control mechanisms and hydraulic cylinders of 
the blades are attached to the rotor head. The static, dynamic and centrifugal force in 
the rotor head is transmitted to the nacelle bed-plate using the main shaft bearing.  

 
1.2.1.3 Pitch Control Mechanism 
 Pitch control is used to control the power generated and to prevent the wind turbine 
from over-speeding. The pitch control mechanism controls the blade pitch individually 
with individual components such as hydraulic cylinders, control valves, accumulator, 
and feedback sensors. 
 In case of a hydraulic pump problem or leakage, there is an individual accumulator 
for each blade pitch control mechanism. During emergency situations, the accumulated 
pressure is sufficient enough to change the individual blade pitch into feathering 
position and stop or decrease the rotor rotation speed. 
 Also changing the blade pitch individually is a more effective way of aerodynamic 
brake. This is because in case that a single blade will not fully change into feather 
position, the remaining blades will be sufficient enough to decrease the rotor rotation. 

   
1.2.2  Power Train 
 The power train is inclined at approximately 5° from the horizontal axis. The rotor 
is connected to the main shaft and rotates at 9-16.9 rpm and drives a speed increasing 
gearbox for wind turbine generator. The main shaft and gearbox are securely connected 
by a shrink disk. 
 The gearbox is connected to the generator by a flexible type shaft coupling. The 
high speed shaft has a steel mounted disk brake. This brake can be engaged during 
routine maintenance and emergency conditions. 

  

1.2.2.1 Gearbox 
 The gearbox transmits torque and increases the rotational speed coming from the 
main shaft to the generator. The gearbox uses a 3 stage (planetary/parallel/parallel) 
gear arrangement. By using two oil pumps, the gearbox is lubricated and cooled by 
forcing the oil to flow through gears and bearings. To reduce mechanical noise 
propagation, the gearbox is mounted on the nacelle using anti-vibration bushings and 
torque arms. 
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1.2.2.2 Generator 
 The generator is doubly-fed asynchronous generator. It has self-lubricated bearing 
and uses an air cooling system. It has 6 poles and rating of 60±5% Hz, 690±10% volts. 
Generator conforms to IEC, JEC, and EMC standards and has a degree of protection of 
IP54. 
 
1.2.2.3 Transformer 

A step up transformer is mounted on the nacelle to step up the 690 V power 
generated to 34.5 kV＊ for standard option**. Installing the transformer on the nacelle 
enables a reduction in the installation cost of installing it outside the nacelle.  
 It has nominal capacity of 2700 kVA. The low voltage side is connected in star 
connection while the high voltage side is connected on delta connection. 

*) This is the standard grid voltage. Depending on the request voltage, this is 
subjected to be changed based on the customer grid requirements with cost 
adjustment. 

**) The requirement of installing the transformer outside the nacelle can be applied 
as an option. In this case, the transformer is to be supplied by the customer. The 
low voltage point 690V of the generator system is the connection between MHI 
and the customer. Details shall be estimated in accordance with the customer’s 
request. 

 
1.2.2.4 Braking System 
 There are two types of brakes. The first one is the aerodynamic brake which 
changes the pitch position of the blades. The second one is the high speed shaft brakes 
which use a brake disk mounted on the shaft and brake calipers. 
 Activation of each brake depends on the many different conditions. Generally, the 
pitch brake is used during normal braking conditions while the high speed shaft brake 
is used during emergency and maintenance. Also, the high speed shaft brake is used as 
parking brake. 

 



 5

1.2.3  Yaw System 

  The yaw system is composed of a yaw bearing, gears, and brake calipers. Yawing 
is automatically controlled to face the dominant wind direction. 

  The yaw bearing is lubricated with grease. Automatic Grease Distributor *) is 
prepared for easy maintenance to supply grease automatically during its operation as an 
option. 

*) Option 
 

1.2.4 Tower 
 The tower is the tapered mono-pole steel structure supporting the wind turbine 
generator. For a wind turbine hub height of 80m, the tower is divided into four sections. 
The base section has a diameter of approximately 4.8m and the top section has a 
diameter of 3 m. The sections of the tower are connected using bolts. 

Tower accessories include the ladder, base for control panel, lights, safety ropes, etc.  
 

1.2.5  Control and Safety System Concept 
 The Control and Safety System controls the blade pitch and yawing of the wind 
turbine during normal operating condition. The Control and Safety System protects the 
wind turbine using blade pitch, yaw, service brake, and generator contactors.  
  

1.2.5.1 Safety System 

 The safety system consists of hardwired circuits. This is completely different from 
software circuits. Along with protection device alarms, the hardwired circuits of the 
safety system can protect the wind turbine regardless of errors or incorrect actions of 
the controller. 
 The safety system will activate the safety action during grid loss or loss of power 
supply in equipments. The accumulator is used to put the blades in feather position. 
Appropriate control shutdown is done by UPS. 

 

1.2.5.2 Control System 

 During the normal condition, the wind turbine is controlled using the blade pitch 
control and the yaw control. The concept of control system, mainly in the power 
control of the wind turbine is shown in Figure 2.1. 
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a. Blade Pitch Control 
 A hydraulic cylinder is connected to each blade. MWT95/2.4 has blade pitch 
control that can change the blade pitch individually. Individual pitch control can 
reduce the fluctuating loads acting on the turbine as well as effective aerodynamic 
brake. 
 
b. Yaw Control 
 During normal operation, the rotor is directed upwind and is redirected with 
changing direction for maximum power generation. The Yaw controls this changing of 
direction of the nacelle. During strong wind conditions, such as typhoon, the yaw 
control directs the rotor in downwind position for wind load reduction. This is smart 
yaw. If the wind speed goes back to normal condition, the rotor is directed again in the 
upwind position. 
 
c. Service Brake 
 MWT95/2.4 has mechanical hydraulic disk brake installed in high speed shaft of 
gearbox. This service brake is used as a parking brake during maintenance and 
auxiliary brake during emergency conditions. 
 
1.2.5.3 Arrangement of Control Device 

 Control and Safety System panel is classified according to their location and 
responsibility. 

1. Hub Cabinet: Installed inside the rotor head and controls the blade pitch. 
2. Top Cabinet: Installed inside the nacelle. It supervises the power generation 

control of wind turbine. 
3. Converter Panel： Installed inside the nacelle and manages the power 

generation and conversion. 
4. Ground Cabinet: Installed at the bottom of the tower and serves as the 

communication port for operation and data transmission. 
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2. GENERAL CONDITIONS 
 
2.1 Design 
 The main parts of the wind turbine are designed with consideration of a theoretical 
20 years lifetime under IEC (International Electro-technical Commission) Class IIA 
condition, except for seals and consumables. 

• GFRP Blade 
• Blade Bearing  
• Rotor Head Structure 
• Nacelle Bedplate 
• Main Shaft 
• Main bearing 
• Gearbox 
• Generator 
• Yaw Gear 
• Yaw Bearing 
• Tower Structure  

2.2 Service Interval 
• Checking interval is every half year. 
• Regular maintenance interval is one year. 

2.3 Technical Standards 
 MWT95/2.4 wind turbine generator and its electrical equipment are manufactured 
in accordance with IEC and the following Japanese standards, which are applicable as of 
April 2006. 

 -JIS (Japanese Industrial Standard) 

 -JEM (The Standard of Japan Electrical Manufacturer Association) 

 -JEC (Japanese Electro-technical Committee) 

2.4 Operating Grid Requirements 
 The required operating grid characteristic in which the wind turbine will be 
connected is according to IEC 61400. The grid voltage and frequency should have a 
nominal value of ±10% and ±2% respectively. Exceeding the stated tolerances may result in  
abnormal operation of the wind turbine and cause damage to electrical components. 
 Also, consideration to grid failure should be noted. The maximum power outages 
should not exceed once a week. 
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2.5 Painting and Corrosion Protection 

 The standard color of the MWT95/2.4 is light gray (Munsell Code N-8.5 equivalent). 
The paint grade that is used in the inside/outside surface of the nacelle and tower is according 
to ISO 12944. Applicable Corrosivity Categories are as follows. 

a) For inland installation (Standard specification) 
  Outside surface of Nacelle, Rotor Head and Tower  : C4 grade H 
  Inside surface of Nacelle, Rotor Head and Tower : C3 grade H 

b) For near-shore installation (Optional specification)  
  Outside surface of Nacelle, Rotor Head and Tower  : C5-M grade H 
  Inside surface of Nacelle, Rotor Head and Tower : C4 grade H 

The corrosion protection of the blade is a Gel-coat. 
 
2.6 Grounding System Requirements 

 The recommended transition resistance of the wind turbine to earth is below 2 ohm.  
 

2.7 Environment Condition. 

Temperature  IEC 61400-1 Standard Condition 
Operation: -10°C(-20°C＊) ~ +40°C 
Storage : -20°C(-30°C＊) ~ +50°C 
*) Option (under planning) 

Elevation below 1000 meters above sea level 
Seismic condition  The area defined as the mapped spectral 

acceleration for a 1-second period, S1<0.6g, as 
set forth in International Building Code 2006. 

 
2.8 Quality Control 
 MWT95/2.4 is manufactured at the facility in accordance with ISO-9001 (2000 
edition) 

 

2.9 Reservation of WTG Operation 
 MHI will determine the control strategy to prevent the loads of wind turbine from 
exceeding the designed load. MHI will immediately confirm the control strategy as soon 
as the owner provides the necessary site information. This includes basic site data, wind 
conditions, seismic loading, terrain characteristics, site lay-out, network condition 
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including power station specification and project schedule. 
 MHI shall have no responsibility for project liabilities if the information given by 
the owner is inaccurate and not precise. 
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3. SCOPE 
 Normally, MWT95/2.4 has the primary parts and equipment already assembled at 
the MHI plant and can be delivered on the scheduled time; which the owner and MHI will 
mutually agreed to. But there is some equipment and parts of the wind turbine that the 
customer will need to provide in each project. These items are in the scope of responsibility 
of the owner.  
 Shown below is the table in which the MWT95/2.4 parts and equipment are 
itemized. This table will includes which party which will be responsible for the supply of 
particular equipment and which will install the equipment, etc. Also, attachment 3 shows the 
figure of the scope of responsibility between MHI and the customer. 
 Note that this arrangement is subjected to change based on the agreement between 
MHI and the customer. Also, the quantity of the wind turbines will depend on the customer 
requirements and decisions. 
 

 Party In-Charge 
MWT95/2.4 Parts and Equipments 

Supply Installation 
Remarks 

1 

Front Nacelle 

     ·Gearbox 

     ·LO Unit 

     ·Other Front Nacelle Accessories

MHI Customer 

All  equipments will 

be installed at the 

assembly shop 

2 

Rear Nacelle 

     ·Generator 

     ·Transformer(Standard Option) 

     ·Control Cabinet 

     ·Lightning Rod 

     ·Ultrasonic Anemometer 

     ·Cooling Equipments 

     ·Other Nacelle Accessories 

MHI Customer 

Except for the 

lightning rod and 

ultrasonic 

anemometer, all 

equipments will be 

installed at the 

assembly shop. 

3 

Yaw Module 

     ·Yaw Motor 

     ·GO Unit 

     ·Other Yaw Module Accessories 

MHI Customer 

All  equipments will 

be installed at the 

assembly shop 

4 

Rotor  

     ·Blades 

     ·Rotor Head 

     ·Pitch Control Mechanism 

     ·Other Rotor Accessories 

MHI Customer 

The blades will be 

separately 

transported and 

installed on the 

construction site 

prior to erection 
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 Party In-Charge 
MWT95/2.4 Parts and Equipments 

Supply Installation
Remarks 

5 

Tower 

 Tower Climbing Ladder 

 Tower Connecting Bolts 

 Other Tower Accessories 

MHI Customer 

The tower will be 

transported to the 

construction site by 

sections 

Anchor Bolt and 

Template shall be 

provided by customer

6 Aviation Obstacle Light Customer Customer   

7 Switch Gear Customer Customer 

 The specification of 

switch gear will be 

recommended by MHI

8 Ground Cabinet MHI Customer   

9 Tower Grounding  Customer Customer   

10 Tower Foundation Customer Customer 

Tower foundation will 

be constructed by 

customer prior to 

WTG erection 

11 

Other WTG Accessories (Lifting 

Beams, Special Tools and Equipments, 

etc) 

MHI Customer 

The quantity of tools 

shall be discussed 

between customer 

and MHI, and the 

price shall be 

separately quoted 

12 Communication Cable Customer Customer   

13 
Power Cable from Switchgear to 

Substation 
Customer Customer   

14 Substation Customer Customer   

15 Substation Ground System Customer Customer   

16 Utility Grid  Customer Customer 

The grid specification 

will depend on the 

customer 
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4. SPECIFICATION OUTLINE 

 Primary Standard Specification of “MWT95/2.4” is as follows. 
 

4.1 General Specification 
 Rated output 2,400 kW 
Hub Height 80 m 
Power Regulation Individual Pitch Control 
Yaw Orientation Active Yaw Control 
Designed Wind Class Extreme: IEC Class IIA 
  Fatigue: IEC Class IIA 
Rated wind speed 12.5 m/s 
Cut-in wind speed 3.0 m/s at 10 minutes  
Cut-out wind speed 25.0 m/s at 10 minutes (30.0m/s during 2sec) 
Reset from Cut-out 20.0 m/s at 10 minutes 
Power curve* Refer to Attachment-2 

* Air Density 1.225 kg/m3 at 10 minutes average 
 

 
4.2 Technical Specifications 
 

4.2.1  Rotor 
Number of Blades 3 
Diameter 95.0 m 
Swept area 7,088.2 m2 
Rotation Speed 9~16.9 rpm 
Tip Speed 75 m/s at 15 rpm 
Rotational Direction Clockwise against wind direction 
Orientation Upwind 
Cone Angle -2 degrees 
Tilt Angle approx. +5 degrees to horizontal axis 
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4.2.1.1 Blades 

Length 46.2 m 
Material GFRP (Glass Fiber Reinforced Plastic)  
Airfoil (profile) NACA 63-XXXX 
Twist from root to tip approximately 20.8 degrees 
Chord Length   Root approximately 1136 mm 

Tip approximately 3513 mm 
 Each blade is fitted with multiple metal receptors and a down-conductor for lightning 
protection. 

 

4.2.1.2 Rotor Head (Hub) 

Type  Cast Iron 

Material JIS FCD400L-18L 

Corrosion Anti-Corrosion Painted 

 

4.2.2 Tower 
Type Tapered Mono-pole 
Materials Steel 
Hub Height 80 m* 
Ground Clearance approximately 32.5 m (Hub Height 80 m) 
Top Diameter approximately 3.0 m 
Base Diameter (max. dia.) approximately 4.8 m  
Tower utilities  A Ladder, Stage Floors, Safety Wire, 
 Lights, Door, Pad Lock, and Base Floor for 
 control panel 
Number of sections 4 sections  
Foundation/Anchor System Anchor Bolts 

   *This includes the distance from the top tower section flange to hub center. 
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4.2.3 Nacelle 
4.2.3.1 Nacelle Cover 

 Material GFRP 
 

4.2.3.2 Nacelle frame 

 Type Cast Iron 
 Material JIS FCD400-18L 
Corrosion Anti-Corrosion Painted 

 

4.2.3.3 Main shaft 

 Type Forged Steel 
 Material JIS S45C 

 

4.2.3.4 Main bearing 

 Type Double Taper Roller Type 
 No. of bearing 1 set 
Oil Lubrication Forced lubrication 

 

4.2.3.5 Gearbox 

 Type 3 Stages, Planetary/Helical/Helical 
  Gear Ratio approximately 1:90.6 for 60Hz 
  Nominal Rotational Speed 

 High Speed Shaft to generator about 1,359 rpm 
 Low Speed Shaft to Rotor 15 rpm 

 Oil Lubrication Oil bath, Splash, and Forced lubrication 

 

4.2.3.6 Mechanical service brake 

Type Disk brake, mounted on high speed shaft 
Material Steel 
Number of caliper 1 piece 
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4.2.3.7 Coupling 

 Type Flexible type shaft coupling 
 

4.2.3.8 Generator 

Type Doubly-fed Asynchronous Generator 
with Wound Rotor 

Nominal Capacity 2520 kW 
Number of Poles 6 poles 
Synchronous Speed 1200 rpm 
Rated Voltage 690 V±10% 
Frequency 60 Hz± 5% 
Degree of Protection IP54 
Rating Continuous 
Standards IEC, JEC, and EMC standards 
 

 
4.2.3.9 Converter 

Type PWM with IGBT Power Converter 

Nominal Capacity 800 kVA 

Rated Voltage 690 V 

Frequency 60 Hz 

Power Factor Range 0.9 (inductive) ~ 0.95 (capacitive) 
   
 

4.2.3.10 Transformer (Standard Option) 
 Nominal Capacity 2,700 kVA 
 Rated Voltage 690V/34.5kV* 
 Connection  Y/△ 

  *) This is the standard voltage. This is subject to change depending on the 
  customer’s request based on grid requirements. 
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4.2.3.11 Hydraulic unit 

Function Governing oil unit 
 To supply hydraulic oil (Control hydraulics 
 for blade pitch, main shaft brake and yaw 
 brake) with oil cooling 
Working pressure 25.0 MPa 
Oil type ISO VG32 
Pump capacity 43.5 L/min @25.0 MPa, 22kW 

 

4.2.2.12 Yaw System 

Control type Active feedback 
Yaw Drive Geared Induction Motor 
Power Rating  3.8 kW x 4sets 
Orientation speed of nacelle about 0.4° per second 
Support 4 points bearing 
 

4.2.13 Mechanical yaw brake 

Type Disk brake mounted on yaw bearing 
Material Steel 
Number of caliper 9 pieces 
 

4.3 Nacelle Utilities Emergency stop button, Service socket, 
  Service valve for hydraulics, Lights, 
  Lifting Winch, Access Hatch, Maintenance 
 foothold area inside the nacelle. 
   

 

4.4 Wind Turbine Control System 

Power Regulation Individual Pitch Control 
Yaw Orientation Active YAW control 
Methodology Two Ultrasonic Anemometers and Wind Vanes 
Communication method Ethernet 
Control method Manual at the site 
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 Remote start and/or stop by the  
 SCADA System* 
*The owner shall decide for the SCADA System that will be used. 
 

4.5 Lightning Protection (IEC Level 1) 
Blade There are multiple metal receptors on the blade  
 and a down-conductor wire inside of the blade. 
Nacelle The surge of current will be led away from the  

frame of nacelle to the tower.  
Tower The tower itself will become the conductor 

 from the nacelle to the ground. 
 
5. Options 

The following will be options. 
 

- Elevator or Climb assist device   
- Fire Extinguisher 
- Special Rotor Turning Unit for Single Blade Installation ※ 
- Automatic Grease distributor :Blade Bearing 

:Yaw Bearing 
- Special service winch※※ 
- Cold Weather Package 
 
※ Standard Rotor Turning Unit for maintenance will be equipped as standard. 
 
※※Standard service winch for maintenance (capacity : 500kg) will be equipped as 

standard. 
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Figure 2-1: Power Control System 

 

 

 

 

 

 

 

 

 

  

 

   

  

 

 

 

 

 

 

 

1 ⋇  

S
P
E
E
D
 

WIND 

SPEED

 ROTOR 

  ROTATION

  BLADE

  PITCH

WIND POWER 

  INDIVIDUAL 

  BLADE CONTROL

  VALVE 

WTG CONTROLLER 

START AND STOP 

POWER REGULATION

SPEED LIMITATION

INDIVIDUAL

PITCH 

CONTROL 

POWER

TRANSFORMER UTILITY NETWORK CONVERTER DRIVE TRAIN GENERATOR 

 

 

 

 

1 ⋇  



 19

Attachment 1: Outline of MWT95/2.4 & 80m tower 
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Attachment-2 Standard Power Curve of MWT95/2.4: 
 The Standard power curve of MWT95/2.4 is shown below. Also corresponding 
values are arranged and shown in the table form in the following page.  
Condition is the air density 1.225kg/m3 (15℃ of air temperature, 1013mbar of 
air pressure), clean rotor blades, horizontal and standard air flow. 
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Remarks:  
The following assumptions and conditions are solely for the purpose of expressing the 
relationship between wind speed and kilowatt productions and do not constitute 
representations or warranties of actual conditions. 

• The above data are valid at the 10 minutes average speed data 
measurement at the hub height only. 

• The output is measured at the low voltage side of the transformer inside 
the nacelle. 

• For the purpose of computing power output with respect to the power 
curve, the turbulence intensity is assumed to be 10%. 

• This power curve assumes flat ground and the absence of any external 
factor that could affect the force or direction of wind transition of 
electrical energy. (for example, array loss, topography, grid loss, etc.) 

• This power curve and the turbine specifications assume that the site 
wind condition is on or below IEC Class IIA Standards. 
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Standard Power Curve for MWT95/2.4 
Condition is the air density 1.225kg/m3 (15℃ of air temperature, 1013mbar of 
air pressure), clean rotor blades, horizontal and standard air flow. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Remarks:  
The following assumptions and conditions are solely for the purpose of expressing the 
relationship between wind speed and kilowatt productions and do not constitute 
representations or warranties of actual conditions. 

• The above data are valid at the 10 minutes average speed data 
measurement at the hub height only. 

• The output is measured at the low voltage side of the transformer inside 
the nacelle. 

• For the purpose of computing power output with respect to the power 
curve, the turbulence intensity is assumed to be 10%. 

• This power curve assumes flat ground and the absence of any external 
factor that could affect the force or direction of wind transition of 
electrical energy. (for example, array loss, topography, grid loss, etc.) 

• This power curve and the turbine specifications assume that the site 
wind condition is on or below IEC Class IIA Standards. 

Output Power 

(kW) 

Output Power 

(kW) Wind Speed @ 

Hub Height 

(m/s) Air Density 

γ=1.225 

Wind Speed @ 

Hub Height 

(m/s) Air Density  

γ=1.225 

3.0 0 14.5 2400 

3.5 17 15.0 2400 

4.0 58 15.5 2400 

4.5 114 16.0 2400 

5.0 182 16.5 2400 

5.5 263 17.0 2400 

6.0 361 17.5 2400 

6.5 475 18.0 2400 

7.0 608 18.5 2400 

7.5 762 19.0 2400 

8.0 941 19.5 2400 

8.5 1140 20.0 2400 

9.0 1361 20.5 2400 

9.5 1595 21.0 2400 

10.0 1828 21.5 2400 

10.5 2035 22.0 2400 

11.0 2203 22.5 2400 

11.5 2322 23.0 2400 

12.0 2396 23.5 2400 

12.5 2400 24.0 2400 

13.0 2400 24.5 2400 

13.5 2400 25.0 2400 

14.0 2400 >25.0 0 
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Attachment 3: Division of Responsibilities 
 
 

Ground: Customer 

Scope of Customer 
Scope of MHI 

Tower: MHI 

Control Cabinet: MHI 

Nacelle: MHI 

Gearbox: MHI 

Blades: MHI 

Generator: MHI 

FAA: Customer 

Other Wind Turbine 
Generators 

Utility Grid 

Substation: Customer 
Ground System: Customer

Central Monitoring 

Ground System: Customer 
Transformer and Power Relay: Customer

Ground Cabinet: MHI 

Tower Foundation: Customer 

Switch Gear: Customer 

Communication Cable: Customer 

Power Cable: Customer 

MHI Other Accessories for 
Tower 

Customer Anchor Bolts and 
Template for Tower 

Items Responsible 

Transformer: MHI 
(Standard Option) 
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Attachment 4: Single Line Diagram for MWT92/2.4   NOTE: For MWT95, the capacity of some auxiliary motors might be changed.  Bidding Purpose Only 



Electrical-power[kW] is shown as a function of 10min. average wind 
speed[m/s] at hub height and air density[kg/m3] 

Density 0.9800  1.0000  1.0500 1.1000 1.1500 1.2000 1.2250  1.2500 
Wind  

Speed 
Power 
Output 

Power 
Output 

Power 
Output 

Power 
Output 

Power 
Output 

Power 
Output 

Power 
Output 

Power 
Output 

(m/s) (kW) (kW) (kW) (kW) (kW) (kW) (kW) (kW) 
0.0 0  0  0 0 0 0 0  0 
0.5 0  0  0 0 0 0 0  0 
1.0 0  0  0 0 0 0 0  0 
1.5 0  0  0 0 0 0 0  0 
2.0 0  0  0 0 0 0 0  0 
2.5 0  0  0 0 0 0 0  0 
3.0 0  0  0 0 0 0 0  0 
3.5 4  5  8 10 13 15 17  18 
4.0 35  37  41 46 50 56 58  61 
4.5 78  81  88 96 103 110 114  117 
5.0 132  136  146 156 166 176 182  186 
5.5 198  203  216 230 243 256 263  270 
6.0 276  283  300 318 335 353 361  370 
6.5 367  376  398 420 442 464 475  485 
7.0 473  485  512 540 567 594 608  622 
7.5 596  610  644 678 711 745 762  779 
8.0 740  757  798 838 879 921 941  962 
8.5 899  918  968 1017 1067 1116 1140  1164 
9.0 1077  1099  1158 1216 1275 1332 1361  1390 
9.5 1270  1297  1365 1431 1498 1563 1595  1627 

10.0 1473  1504  1580 1653 1726 1795 1828  1860 
10.5 1678  1711  1792 1866 1939 2005 2035  2065 
11.0 1876  1909  1988 2055 2121 2178 2203  2227 
11.5 2052  2081  2151 2206 2260 2305 2322  2340 
12.0 2197  2221  2279 2318 2358 2390 2396  2369 
12.5 2280  2298  2340 2361 2388 2393 2400  2400 
13.0 2358  2370  2400 2400 2400 2400 2400  2400 
13.5 2397  2400  2400 2400 2400 2400 2400  2400 
14.0 2400  2400  2400 2400 2400 2400 2400  2400 
14.5 2400  2400  2400 2400 2400 2400 2400  2400 
15.0 2400  2400  2400 2400 2400 2400 2400  2400 
15.5 2400  2400  2400 2400 2400 2400 2400  2400 
16.0 2400  2400  2400 2400 2400 2400 2400  2400 
16.5 2400  2400  2400 2400 2400 2400 2400  2400 
17.0 2400  2400  2400 2400 2400 2400 2400  2400 
17.5 2400  2400  2400 2400 2400 2400 2400  2400 
18.0 2400  2400  2400 2400 2400 2400 2400  2400 
18.5 2400  2400  2400 2400 2400 2400 2400  2400 
19.0 2400  2400  2400 2400 2400 2400 2400  2400 
19.5 2400  2400  2400 2400 2400 2400 2400  2400 
20.0 2400  2400  2400 2400 2400 2400 2400  2400 
20.5 2400  2400  2400 2400 2400 2400 2400  2400 
21.0 2400  2400  2400 2400 2400 2400 2400  2400 
21.5 2400  2400  2400 2400 2400 2400 2400  2400 
22.0 2400  2400  2400 2400 2400 2400 2400  2400 
22.5 2400  2400  2400 2400 2400 2400 2400  2400 
23.0 2400  2400  2400 2400 2400 2400 2400  2400 
23.5 2400  2400  2400 2400 2400 2400 2400  2400 
24.0 2400  2400  2400 2400 2400 2400 2400  2400 
24.5 2400  2400  2400 2400 2400 2400 2400  2400 
25.0 2400  2400  2400 2400 2400 2400 2400  2400 

 

MWT95/2.4 
2.4MW-60Hz Confidential & Preliminary (MWT95) 

1) This power curve is provided for information purpose only and is not to be relied upon or 
considered to be anything but preliminary and estimated assumptions. Output Power means 
measured power at the end of the control panel. 
2) Calculated values are based on the Rayleigh wind speed distribution 
3) This document and the information contained is Confidential and therefore you are hereby 
notified that you must not use, disseminate or copy this document or take any action in reliance 
on this document or any information contained therein. 



Figure 16


























