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The Steady-State Characteristic Analysis of 2MW PMSG based
Direct-Drive Offshore Wind Turbine
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Abstract : In order to support various studies for assessment of onshore and offshore wind turbine system
including foundations, the land-based version of 2MW PMSG direct drive wind turbine has been analyzed using
HAWC2 that account for the coupled dynamics of the wind inflow, elasticity, and controls of the turbine. this work
presents the steady-state response of the system and natural frequency of the first thirteen structure turbine
modes as a function of wind speed. Rotor, generator speeds, pitch angle, power production, thrust force, deflections
of tower and blade are compared for one case below and one case above the rated wind speed.

Key Words : Land-and sea-based wind turbines(53l% &2 %% 7]), Direct drive(¥ 4 7% &), Rated rotor speed
(A &¥E 4 %), Permanent Magnet Synchronous Generator("j:rLZV" 57124 7]), Pitch angle(¥] X 2} =),

Peak power coefficient(H 178 &2 39 A5)
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Fig. 1 Interfacing module to achieve aero-hydro-servo-elastic

simulation in HAWC2
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Table. 1 Rayleigh damping used for HAWC2

Rayleigh damping parameters

X

M,
My Mass proportional damping

Factor

Stiffness proportional damping
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Table. 2 Gross properties chosen for the KIER PMSG
2MW direct drive wind turbine

Rating 2MW

Rotor Orientation,

Configuration Upwind, 3blades

Variable Speed, Collective

Control Pitch
Drivetrain Gearless
Rotor @ameter, hub 70.64m, 2.64m
diameter
Cut in, Rated, Cut-out 3m/s. 13m/s, 25m/s
Wind speed
Cut in, rated rotor speed 9 rpm, 22,5 rpm
Rated tip speed 83.21 m/s
Overhang, Shaft tilt, 42m, 5°, 0°
Precone
Rotor mass 35,060 kg
Nacelle Mass +
Gen. stator mass 46319 ke
Tower Mass 145,934 kg

Global coordinate

location of overall CM x: 0 m, y:-0.83 m, z: 435 m
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Table. 3 Baseline control system properties

Peak power coefficient 0.482
Tip speed ratio at peak
. € 717
power coefficient
Rotor—collective pitch
angle at peak power 0°
coefficient
Rated mechanical 2151 kKW
power
Optimal Cp tracking K 5
factor 0.153 GNm/(rad/s)
kp of torque controller 1.742 GNm/(rad/s)
k1 of torque controller 0.391 GNm/rad
kp of pitch controller 1.370 rad/(rad/s)
k; of pitch controller 0.693 rad/rad
Coefficient of linear term
in aerodynamic gain 40245°
scheduling
Maximum generator 343 9kNm
torque
Minimum pitch angle 0°
setting
Maximum pitch angle °
- 90
setting
Maximum absolute 40
blade pitch rate
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Table. 4 First 13 full system natural frequency for KIER
PMSG 2MW direct drive wind turbine

o f \\‘\ KB
Turbine mode | & \ // v
Fixed shaft Bearing shaft
Description [Hz] [Hz]
st
1% tower 04577 04570
transverse
st
1 'tovv.er 04693 0.4632
longitudinal
1% rotor
torsion(fixed-free) 1.0040
15" asymmetric 10503 L0055
rotor flap/yaw : :
1% asymmetric
rotor flap/tilt 11093 1.0499
Ist .
symmetric 1.4482 11098
rotor flap
1** rotor edge 1 2.0724 2.0727
1% rotor edge 2 2.1165 2.1145
2" asymmetric 5 4707 0 470
rotor flap/yaw : -
1% rotor
torsion(free—free) 2.5049
2" asymmetric
rotor flap/tilt 2.5228 2.8303
nd -
2" symmetric 3249 30799
rotor edge
2" symmetric 4.864 39491
rotor flap ’ -

Table. 40| A 2+7} & 11

s At Al EA=
o

L o?d My 3 oY mx do do v

o},
ol A AxR Aot
A mA AS

Journal of the Korean Solar Energy Society Vol. 35, No. 3, 2015

%)
 (Aerodynamic damping)<

A (Fixed shaft) ¥}
#] o] & (Bearing shaft)2] 74 -0 tsle] x
Z&4 BE(Mode) H = xﬂz\]f—i st o

HAa7tEQl 0°e =2

sheiT & 1ol A9 %—71@%%

aEskA ¢

7o Ak A= FAZ B o]a

=
Aol 14" 3d4 247 (Generator) 2

w2l HAWC2

EEHENCEE

13



(=] d=ejgaiAets] =4

N

A3l shaft7} 3] dakA] il LA ste s -5
Z715 Ftk & Aol A 1st torsion natural
frequency (fixed—free) = 1.0040 Hz, = o]l
] 1st torsion natural
= 25049 Hz ALt A3 3&

Figd + =¥ 34
F3}4=(Natural frequency) ¢] campbell diagram
A3} S Ho] T} FigdolA A& o] F &=
FHe Ao Vel FEYr] 2de
exciting 1P frequency ¢} exciting 3P frequency

= Ho] £t} exciting 1P frequency &= 0.4Hz,
exciting 3P frequency ¥ 1.2Hz ¢ #<& 714
t}. Figd+s 2 3 4<% =7 9rpmel A 3P9
&3} 1st Tower transverse, Longitudinal
o nfFFIFIE wg 2 A B T
Atk =, FH 3-5m/sH A 2H 3|dE
L7} 89994 rpm o2 3] S ste] 3P A&
I o 2 e Fel & 5 v 2H
3] = 89994 rpmol A A F£<2 3-bm/s
slgstm = 3P o AEo] tower 9 1L

frequency (free—free)
EE35kSl T

A4 E(rotor speed)9F I+

2~
A&EE

O = 2= o] 5O 2 O) -
Il aA S vAA e Ao=
5 10), 11), 12)
et o}
35 T T T T T T 17T 1T T 11T
—=— 1st TwrTrans
—e— 1st TwrLongdi
—A— st flay <& < < < & 4 4 q
3.0 | —v 1stasymmetic rotor fiapftitt =
—4— 1st symmetric rotor flap
—»— 1st rotor edge 1
N —o— 1st rotor edge 2
T 25| -o-2ndasymmeticrotor flaplyaw J
—— 1st rotor torsion(free-free)
52 —7— 2nd asymmetric rotor flapltitt
—— 2nd symmetric rotor edge
§ 20 | - 2smmericoortey | $—F————————% ]
g
S5k 3
5 "
2 .
S =======—12
Z10F J
05F R
................ A
00 :»'I'.'I ........... NN I [N N N Y Y I N S N N N N —

Rotor speed, RPM
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Fig. 5 Steady-state response as a function of wind
speed
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