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GENERAL CHARACTERISTICS OF ROTOR AND TURBINE

	Rotor diameter
	126.267
	m

	Number of blades
	3
	

	Teeter hinge
	No
	 

	Hub height
	90
	m

	Offset of hub to side of tower centre
	0
	m

	Tower height
	87.6
	m

	Tilt angle of rotor to horizontal
	5
	deg

	Cone angle of rotor
	-2.5
	deg

	Blade set angle
	-1
	deg

	Rotor overhang
	5.0191
	m

	Rotational sense of rotor, viewed from upwind
	Clockwise
	

	Position of rotor relative to tower
	Upwind
	

	Transmission
	Gearbox
	 

	Aerodynamic control surfaces
	Pitch
	

	Fixed / Variable speed
	Variable
	

	Diameter of spinner
	3
	m

	Radial position of root station
	1.5
	m

	Extension piece diameter
	3.5
	m

	Extension piece drag coefficient
	1
	

	Cut in windspeed
	3
	m/s

	Cut out windspeed
	25
	m/s


BLADE GEOMETRY

	Blade length
	61.6379
	m

	Pre-bend at tip
	-0.016613
	m

	Pitch control
	Full span
	


	Distance along blade (m)
	Distance along blade root Z-axis (m)
	Chord (m)
	Aerodynamic Twist (deg)
	Thickness (%)
	Neutral axis (x) (m)
	Neutral axis (y) (m)
	Neutral axis, local (x) (%)
	Neutral axis, local (y) (%)

	0
	0
	3.5
	13.4
	100
	-4.635E-05
	1.946E-04
	-5.8
	49.32

	2.86724
	2.8667
	3.713
	13.4
	100
	0.003399
	0.055637
	-4.69874
	48.0349

	5.60092
	5.6
	4.02556
	13.4
	100
	0.006241
	0.101099
	-3.57011
	45.5213

	8.3344
	8.3333
	4.33812
	13.4
	100
	0.006178
	0.069528
	-3.08121
	41.6492

	11.7514
	11.75
	4.66729
	13.0898
	67
	0.002022
	0.11557
	-2.2795
	39.7648

	15.8525
	15.85
	4.59153
	10.9823
	36.75
	-0.016529
	0.022965
	-2.64519
	37.8228

	19.9525
	19.95
	4.38166
	9.83406
	35
	-0.026564
	0.019594
	-2.6503
	37.8527

	24.0525
	24.05
	4.16592
	8.66903
	30.375
	-0.03387
	0.024013
	-2.60506
	38.0487

	28.1527
	28.15
	3.91212
	7.42873
	25.1274
	0.007383
	0.032624
	-1.32512
	38.1951

	32.2529
	32.25
	3.65806
	6.19896
	25
	0.043173
	0.03089
	-0.08241
	38.1389

	36.353
	36.35
	3.41206
	5.02054
	24.7002
	0.064266
	0.032955
	0.873076
	38.2389

	40.4532
	40.45
	3.16606
	3.86327
	21
	0.070554
	0.079607
	1.54404
	39.8329

	44.5535
	44.55
	2.92006
	2.91386
	20.475
	0.069019
	0.124123
	1.95208
	41.6162

	48.6535
	48.65
	2.67406
	2.12116
	18
	0.063546
	0.108628
	2.04778
	41.4625

	52.7535
	52.75
	2.42806
	1.32669
	18
	0.057495
	0.112203
	2.17951
	42.0803

	56.1703
	56.1667
	2.21352
	0.672364
	18
	0.053071
	0.134189
	2.33628
	43.5345

	58.9044
	58.9
	1.79474
	0.292533
	18
	0.0436
	0.066744
	2.36808
	41.2088

	61.5046
	61.5
	0.877605
	0.091819
	18
	0.017962
	0.04807
	2.05175
	43.0255

	61.6379
	61.6333
	0.818996
	0.081619
	18
	0.016613
	0.046971
	2.0347
	43.2615


	Distance along blade (m)
	Aerofoil section
	Aerodynamic control

	0
	1
	Moving

	2.86724
	1
	Moving

	5.60092
	1
	Moving

	8.3344
	2
	Moving

	11.7514
	3
	Moving

	15.8525
	4
	Moving

	19.9525
	4
	Moving

	24.0525
	5
	Moving

	28.1527
	6
	Moving

	32.2529
	6
	Moving

	36.353
	7
	Moving

	40.4532
	7
	Moving

	44.5535
	8
	Moving

	48.6535
	8
	Moving

	52.7535
	8
	Moving

	56.1703
	8
	Moving

	58.9044
	8
	Moving

	61.5046
	8
	Moving

	61.6379
	8
	Moving


BLADE MASS DISTRIBUTION

	Centre of mass (x) (%)
	Centre of mass (y) (%)
	Mass/unit length (kg/m)
	Polar intertia/unit length (kgm)
	Radii of gyration ratio
	Mass axis orientation (deg)

	-5.79886
	49.3191
	678.935
	1945.9
	0.999816
	13.2825

	-4.85445
	47.4101
	740.211
	1986.85
	0.837163
	14.834

	-3.73394
	44.8475
	439.787
	1056.66
	0.697055
	14.9999

	-2.41187
	42.4852
	384.392
	807.025
	0.63854
	17.2468

	-1.19885
	43.1283
	410.971
	816.867
	0.392196
	14.957

	-1.2653
	42.7805
	347.567
	585.552
	0.323652
	13.2781

	-1.40565
	42.0383
	331.171
	477.911
	0.303531
	12.9471

	-1.48676
	42.0055
	314.433
	391.86
	0.26167
	11.9972

	-0.729446
	41.3314
	287.314
	287.5
	0.209223
	9.44428

	0.3494
	41.071
	252.919
	208.863
	0.16098
	7.28638

	1.2804
	41.556
	219.113
	150.472
	0.127495
	5.62944

	1.87087
	43.2781
	177.615
	107.726
	0.098198
	3.89085

	2.18383
	46.1943
	151.703
	89.0533
	0.072781
	2.18856

	2.11482
	45.8321
	124.548
	61.9665
	0.071715
	1.22009

	2.12512
	46.564
	96.4305
	40.666
	0.068237
	0.17626

	2.29351
	44.3203
	73.2423
	22.1854
	0.083453
	0.092251

	2.33323
	42.4234
	54.5417
	9.96098
	0.089758
	0.253438

	2.09689
	43.4653
	10.3192
	0.718208
	0.034377
	0.935766

	2.07726
	43.7482
	9.81567
	0.605975
	0.032982
	0.965125


Blade 1 Mass Integrals (No ice)

	Blade Mass
	16769.9
	kg

	First Mass Moment
	345192
	kgm

	Second Mass Moment
	1.114E+07
	kgm²

	Blade inertia about shaft
	1.221E+07
	kgm²


BLADE STIFFNESS DISTRIBUTION

	Bending Stiffness about yp (Nm²)
	Bending Stiffness about xp (Nm²)
	Principal Axis Orientation (deg)
	Torsional stiffness (Nm²)
	Shear centre (x) (%)
	Shear centre (y) (%)

	1.811E+10
	1.811E+10
	13.3468
	5.564E+09
	-7.1366
	43.7191

	1.674E+10
	1.896E+10
	14.5821
	4.776E+09
	-6.08325
	42.205

	7.474E+09
	9.178E+09
	14.922
	2.157E+09
	-4.76847
	39.0603

	5.421E+09
	6.454E+09
	15.6927
	1.138E+09
	-4.33998
	33.7299

	4.331E+09
	6.476E+09
	14.4705
	6.036E+08
	-3.83709
	28.2578

	2.694E+09
	4.476E+09
	12.679
	2.987E+08
	-2.6463
	29.3388

	2.201E+09
	3.932E+09
	12.374
	2.328E+08
	-2.50502
	28.995

	1.668E+09
	3.48E+09
	11.4129
	1.764E+08
	-2.35196
	29.0055

	1.058E+09
	2.971E+09
	9.17817
	1.206E+08
	-1.44919
	28.6019

	6.216E+08
	2.459E+09
	6.96805
	6.88E+07
	0.027669
	29.416

	3.465E+08
	1.773E+09
	5.22109
	4.517E+07
	1.44451
	29.4634

	1.821E+08
	1.293E+09
	3.44001
	2.662E+07
	2.76379
	31.7478

	1.079E+08
	9.778E+08
	2.07185
	1.815E+07
	3.26907
	31.9926

	7.391E+07
	6.656E+08
	1.34062
	1.331E+07
	3.15267
	32.1686

	4.68E+07
	4.383E+08
	0.500343
	7.788E+06
	3.40403
	33.0489

	3.056E+07
	3.064E+08
	-0.102323
	5.765E+06
	3.48926
	33.994

	1.473E+07
	1.302E+08
	0.178061
	3.446E+06
	3.37365
	34.1288

	178592
	5.009E+06
	0.964853
	186546
	3.16943
	33.4557

	146949
	4.3E+06
	0.993372
	156712
	3.11971
	33.3458


HUB MASS AND INERTIA

	Mass of hub
	56780
	kg

	Mass centre of hub
	0
	m

	Hub inertia: about shaft
	115926
	kgm²

	  perpendicular to shaft
	0
	kgm²

	Total Rotor Mass
	107090
	kg

	Total Rotor Inertia
	3.673E+07
	kgm²


TOWER DETAILS

	Station Number
	Height (m)
	Diameter (m)
	Wall thickness (mm)
	Material
	Mass/unit length (kg/m)
	Stiffness (Nm²)
	Shear stiffness (N)

	1
	0
	6
	27
	Steel
	4306.5
	4.745E+11
	2.047E+10

	2
	21.9
	5.4675
	25
	Steel
	3633.36
	3.324E+11
	1.727E+10

	3
	43.8
	4.935
	23
	Steel
	3016.86
	2.248E+11
	1.434E+10

	4
	65.7
	4.4025
	21
	Steel
	2457.02
	1.457E+11
	1.168E+10

	5
	87.6
	3.87
	19
	Steel
	1953.88
	8.949E+10
	9.287E+09


	Steel: density
	8500
	kg/m³

	Steel: Young's modulus
	2.1E+11
	N/m²

	Steel: Shear modulus
	8.08E+10
	N/m²


	Total Tower Mass
	268000
	kg

	Total Turbine Mass
	615089
	kg


	Drag coefficient for tower
	0.6
	

	Environment
	Land
	 


NACELLE GEOMETRY

	Nacelle width
	5
	m

	Nacelle length
	12
	m

	Nacelle height
	5
	m

	Nacelle drag coefficient
	1.2
	


NACELLE MASS

	Nacelle mass
	240000
	kg

	Nacelle centre of mass lateral offset
	0
	m

	Nacelle centre of mass above tower top
	1.75
	m

	Nacelle centre of mass in front of tower axis
	-1.9
	m

	Yaw inertia (about tower axis)
	2.608E+06
	kgm²

	Nodding inertia (about CoG)
	0
	kgm²

	Rolling inertia (about CoG)
	0
	kgm²

	Total Tower-head Mass
	347090
	kg

	Total Yaw Inertia: 0° azimuth
	2.367E+07
	kgm²

	Total Yaw Inertia: 90° azimuth
	2.367E+07
	kgm²


DRIVE TRAIN

	Gearbox ratio
	97
	

	Position of shaft brake
	High speed shaft
	(Gearbox End)

	Generator inertia
	534.116
	kgm²

	High speed shaft inertia:
	0
	kgm²

	Gearbox inertia
	0
	kgm²

	Low speed shaft
	Flexible
	 

	High speed shaft
	Stiff
	 


ELECTRICAL LOSSES

	No load power loss
	0
	kW

	Efficiency
	94.4
	%


POWER PRODUCTION CONTROL

	Variable Speed Pitch Regulated Controller
	Dynamic
	 

	Minimum generator speed
	670
	rpm


	Generator speed (rpm)
	Generator torque (Nm)

	0
	0

	670
	0

	871
	19403.3

	886.314
	20091.6

	901.628
	20791.9

	916.942
	21504.2

	932.256
	22228.5

	947.57
	22964.7

	962.883
	23713

	978.197
	24473.3

	993.511
	25245.5

	1008.83
	26029.8

	1024.14
	26826.1

	1039.45
	27634.3

	1054.77
	28454.6

	1070.08
	29286.8

	1085.39
	30131

	1100.71
	30987.3

	1116.02
	31855.5

	1131.34
	32735.7

	1146.65
	33628

	1161.96
	34532.2

	1173.7
	43093.6

	1400
	36000


	Optimal mode maximum generator speed
	1173.7
	rpm

	Generator torque set point
	43093.6
	Nm

	Above-rated generator speed set-point
	1173.7
	rpm

	Minimum pitch angle
	0
	deg

	Maximum pitch angle
	90
	deg

	Pitch direction
	to Feather
	

	Maximum negative pitch rate
	-8
	deg/s

	Maximum positive pitch rate
	8
	deg/s

	Torque controller
	Discrete
	 

	Pitch controller
	Discrete
	 


External Controllers: 

	Communication interval
	0.01
	s

	Power production control:
	 Pitch,
	

	 Torque,
	
	

	 Yaw
	 
	

	Number of External Controllers:
	1
	

	No Additional Parameters sent to every controller
	
	


PITCH ACTUATOR

Input Demand

	Input Demand
	Position
	

	Setpoint Trajectory Planning - Rate Limits
	True
	

	Setpoint Trajectory Planning - Minimum
	-8
	deg/s

	Setpoint Trajectory Planning - Maximum
	8
	deg/s

	Setpoint Trajectory Planning - Acceleration Limits
	False
	

	Setpoint Trajectory Planning - Minimum
	0
	deg/s²

	Setpoint Trajectory Planning - Maximum
	0
	deg/s²

	Individual Pitch Control
	True
	


External

	External DLL
	False
	

	Track External Hardware
	False
	


Actuator dynamic response

Parameters

	Response to Position Demand - Frequency (f)
	1
	Hz

	Response to Position Demand - Damping factor (?)
	0.7
	-


Position Limits

	Standard Limit Switches
	False
	

	Safety Limit Switches
	True
	

	+    Positions
	Min:: -5, Max:: 90
	deg

	End Stops
	False
	


Actuator Details

	Bearing Friction
	False
	

	Actuator Drive Details - Gear Ratio (motor to ring) (R)
	1
	-

	Actuator Drive Details - Gear Efficiency (?)
	100
	%

	Actuator Drive Details - Motor Rotational Inertia (I)
	0
	kgm²

	Actuator Drive Details - Brake Torque
	0
	Nm

	Single Actuator Pitch System
	False
	

	Safety System Definition - Always use backup power in safety system events
	False
	

	Safety System Definition - Rate calculated according to
	Constant rate
	

	Safety System Definition - Rate Demand
	5
	deg/s


AERODYNAMICS

Aerodynamics module

Momentum model

	Drag induction
	True
	

	Momentum theory
	Glauert momentum theory
	


Dynamic wake

	Dynamic wake base
	Dynamic wake on blade element
	

	Dynamic wake model
	Øye dynamic wake
	

	Dynamic tangential induction
	True
	

	Tolerance for induction factors
	0.0001
	-


Engineering correction models

	Skew wake correction model
	Glauert skew wake model
	

	No inflow below tip speed ratio
	1
	-

	Full inflow above tip speed ratio
	2
	-

	Tip loss
	True
	

	Root loss
	True
	

	Simplified airfoil orientation
	False
	


Dynamic stall

	Dynamic stall model
	Incompressible Beddoes-Leishman model
	

	Dynamic pitching moment coefficient
	True
	

	Include impulsive lift and moment contributions
	False
	

	Starting radius for dynamic stall
	25
	%

	Ending radius for dynamic stall
	95
	%

	Separation position time constant
	3
	-

	Pressure lag time constant
	1.7
	-

	Vortex lift time constant
	6
	-


ELECTRICAL MODEL

	ModelSelected
	True
	


Generator Model Parameters

	Overall system settings - Minimum torque demand (Tmin)
	0
	Nm

	Overall system settings - Maximum torque demand (Tmax)
	5E+04
	Nm

	Overall system settings - Generator time constant
	0
	s

	Overall system settings - Power factor
	1
	-

	DriveTrainDamping - Enable drivetrain damping
	False
	


MODAL ANALYSIS CALCULATION

	BladeFlexibilityModellerSettings - Flexibility Enabled
	True
	

	BladeFlexibilityModellerSettings - Modal reduction on blade parts
	Modal reduction
	

	Parts
	1 item
	


Parts 1

	BladePartModalModeller
	Modal part
	

	BladePartModalModeller - First station
	1
	

	BladePartModalModeller - Last station
	19
	


Input settings

	BladePartModalModeller - Maximum allowed modes
	90
	

	BladePartModalModeller - Number of modes on part
	10
	


	Tower modes - Flexibility Enabled
	True
	


Input settings

	Tower modes - Number of modes
	6
	

	Tower modes - Maximum allowed modes
	16
	


MODAL ANALYSIS CALCULATION

	BladeFlexibilityModellerSettings - Flexibility Enabled
	True
	

	BladeFlexibilityModellerSettings - Modal reduction on blade parts
	Modal reduction
	

	Parts
	1 item
	


Parts 1

	BladePartModalModeller
	Modal part
	

	BladePartModalModeller - First station
	1
	

	BladePartModalModeller - Last station
	19
	


Input settings

	BladePartModalModeller - Maximum allowed modes
	90
	

	BladePartModalModeller - Number of modes on part
	10
	


	Tower modes - Flexibility Enabled
	True
	


Input settings

	Tower modes - Number of modes
	6
	

	Tower modes - Maximum allowed modes
	16
	


FLEXIBILITY SETTINGS

	Use cached mode shapes
	False
	

	Blade geometric stiffness model
	Axial loads only
	

	Support structure geometric stiffness model
	Axial loads only
	


FLEXIBILITY MODEL

	Settings - Modes with damping defined
	10
	

	Modes
	10 items
	


Modes 1

	WholeBladeMode
	WholeBladeMode
	

	WholeBladeMode - ID
	1
	

	WholeBladeMode - Damping Ratio (%)
	0.4775
	

	WholeBladeMode - Name
	1st flapwise mode   
	

	WholeBladeMode - Modal Frequency
	0.7512
	Hz


Modes 2

	WholeBladeMode
	WholeBladeMode
	

	WholeBladeMode - ID
	2
	

	WholeBladeMode - Damping Ratio (%)
	0.4775
	

	WholeBladeMode - Name
	1st edgewise mode   
	

	WholeBladeMode - Modal Frequency
	1.083
	Hz


Modes 3

	WholeBladeMode
	WholeBladeMode
	

	WholeBladeMode - ID
	3
	

	WholeBladeMode - Damping Ratio (%)
	0.4775
	

	WholeBladeMode - Name
	2nd flapwise mode   
	

	WholeBladeMode - Modal Frequency
	2.109
	Hz


Modes 4

	WholeBladeMode
	WholeBladeMode
	

	WholeBladeMode - ID
	4
	

	WholeBladeMode - Damping Ratio (%)
	0.4775
	

	WholeBladeMode - Name
	2nd edgewise mode   
	

	WholeBladeMode - Modal Frequency
	4.06
	Hz


Modes 5

	WholeBladeMode
	WholeBladeMode
	

	WholeBladeMode - ID
	5
	

	WholeBladeMode - Damping Ratio (%)
	0.4775
	

	WholeBladeMode - Name
	3rd flapwise mode   
	

	WholeBladeMode - Modal Frequency
	4.812
	Hz


Modes 6

	WholeBladeMode
	WholeBladeMode
	

	WholeBladeMode - ID
	6
	

	WholeBladeMode - Damping Ratio (%)
	0.4775
	

	WholeBladeMode - Name
	1st torsional mode  
	

	WholeBladeMode - Modal Frequency
	5.792
	Hz


Modes 7

	WholeBladeMode
	WholeBladeMode
	

	WholeBladeMode - ID
	7
	

	WholeBladeMode - Damping Ratio (%)
	0.4775
	

	WholeBladeMode - Name
	4th flapwise mode   
	

	WholeBladeMode - Modal Frequency
	8.442
	Hz


Modes 8

	WholeBladeMode
	WholeBladeMode
	

	WholeBladeMode - ID
	8
	

	WholeBladeMode - Damping Ratio (%)
	0.4775
	

	WholeBladeMode - Name
	3rd edgewise mode   
	

	WholeBladeMode - Modal Frequency
	9.534
	Hz


Modes 9

	WholeBladeMode
	WholeBladeMode
	

	WholeBladeMode - ID
	9
	

	WholeBladeMode - Damping Ratio (%)
	0.4775
	

	WholeBladeMode - Name
	2nd torsional mode  
	

	WholeBladeMode - Modal Frequency
	10.26
	Hz


Modes 10

	WholeBladeMode
	WholeBladeMode
	

	WholeBladeMode - ID
	10
	

	WholeBladeMode - Damping Ratio (%)
	0.4775
	

	WholeBladeMode - Name
	5th flapwise mode   
	

	WholeBladeMode - Modal Frequency
	13.09
	Hz


FLEXIBILITY MODEL

	Modes
	6 items
	


Modes 1

	TowerMode
	TowerMode
	

	TowerMode - ID
	1
	

	TowerMode - Damping Ratio
	1
	%

	TowerMode - Name
	1st side-side mode
	

	TowerMode - Modal Frequency
	0.2869
	Hz


Modes 2

	TowerMode
	TowerMode
	

	TowerMode - ID
	2
	

	TowerMode - Damping Ratio
	1
	%

	TowerMode - Name
	1st fore-aft mode
	

	TowerMode - Modal Frequency
	0.2888
	Hz


Modes 3

	TowerMode
	TowerMode
	

	TowerMode - ID
	3
	

	TowerMode - Damping Ratio
	1
	%

	TowerMode - Name
	2nd side-side mode
	

	TowerMode - Modal Frequency
	1.836
	Hz


Modes 4

	TowerMode
	TowerMode
	

	TowerMode - ID
	4
	

	TowerMode - Damping Ratio
	1
	%

	TowerMode - Name
	2nd fore-aft mode
	

	TowerMode - Modal Frequency
	2.2
	Hz


Modes 5

	TowerMode
	TowerMode
	

	TowerMode - ID
	5
	

	TowerMode - Damping Ratio
	1
	%

	TowerMode - Name
	3rd side-side mode
	

	TowerMode - Modal Frequency
	3.831
	Hz


Modes 6

	TowerMode
	TowerMode
	

	TowerMode - ID
	6
	

	TowerMode - Damping Ratio
	1
	%

	TowerMode - Name
	3rd fore-aft mode
	

	TowerMode - Modal Frequency
	3.831
	Hz


PHYSICAL CONSTANTS

	Air density
	1.225
	kg/m³

	Air viscosity
	1.82E-05
	kg/ms

	Gravitational acceleration
	9.81
	m/s²

	Density of water
	1027
	kg/m³


SIMULATION CONTROL

	Output time step
	0.05
	s

	Time to start recording output
	10
	s

	Time to begin a normal or emergency stop
	0
	s

	Additional simulation time after brake disc stops turning
	0
	s

	Maximum simulation end time
	610
	s

	Time into turbulent wind file at start of simulation
	0
	s

	Results buffer length
	700
	s
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