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Wind load evaluation in the parked condition at extreme wind speeds considering
passive yaw control
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Abstract

In this study, a model for the passive yaw control is proposed to take into account the inertia of the
yaw actuator for the yaw mechanism and is validated by experimental data. The wind loads on the blades
and the tower at extreme wind speeds are then evaluated and compared with the measurement. Finally, the
effects of wind speed and wind direction change rate on wind loads in the parked condition at extreme wind
speeds are evaluated by using the proposed model for the passive yaw control. The passive yaw control has
the potential to reduce the extreme blade loads comparing with the active yaw control.
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Table 1 Wind and yaw

conditions for validatiaon

Wind turbine model HTW?2.0-80 (Hitachi) ¥
Turbulence model Kaimal spectrum
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Turbulence 3D component
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[deg/s] (constant)
Initial yaw misalignment 10
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Flow inclination [deg] 0
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Fig. 6 Time history of (a) wind speed and (b) direction in
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Table 2 wind speed conditions for analysis

Average wind speed [m/s] 34~56 (2m/s increments)

Turbulence intensity [%6] 11
Wind direction change rate
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(reverse sign of wind
[deg] -
direction change rate)
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£ -60 » ¥ Mean value, 0.0deg/s
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Fig. 12 Variation of yaw misalignment with wind speed

F B F O R MRS R % Fig. 13~Fig. 16 (T
. AR (o Typical value®) X, 77 v 7h
FlzoW T, 6 >— RlZxd 2 %200, 3 71—
FEIOBMELRICHT HRKERST2HbOTHY,
FNLSOFREIZOWTIL 6 21— RIZkH L TEH A
D, WA LRIZKT D RERER-T2HDOTHS. F
o, IEEGHE Som/s 1231 HINEMTERE L. £
YOIEHHSX1EH D OO0, BHFEOMEEITEE &
HIZ EHLTWA.

1.4
e | 2 i
ET i
ET *
= x M
E§ ! 11 ii
|
= o - .
EE 08 i
iy b
ES 06 * T
+ i
o £ .
== 04 .3 o
T e y * " »  Each seed & blade, -0.1deg/s
N 3 02 H + Each sced & blade, 0.0deg/s
g8 ° *  Each sced & blade, 0.1deg/s
[ Typical value
4 0 i 1
02 - " " " " R
30 35 40 45 50 55 60

10 minute average wind speed[m/s]

Fig. 13 Variation of flapwise blade root bending moment

with wind speed
A AR ) e RV — 522y G SCHE



o

.

[

=
-

Nomalized 10 minute maximum of
hub bending moment[-]
(=] (=]
= e

=
(¥

=]

Fig. 14 Variation of hub bending moment with wind speed

o ool N X
R
HEHoen
W M
- o =
S =
s BLL
AN

== M.

Each seed, 0. 1deg/s
+ Eachsced, 0.0deg/s
*  Each seed, 0.1deg/s

Typical value

=3}
- et

35 40 45 50 55
10 minute average wind speed[m/s)

60

1.6

1.4

[}

-—eh x
- .
oust  +

s
=
z -
EL
® =
2 0
E g .
3]
g 508 s %3 i
‘E.E R
=2 R
— 2067 .t ox '
- * .
2z jit
| ] . v i * .
E%U-" LI -+ Eachseed, -0.1deg/s
=] + Each sced. 0.0deg/s
Z 02 *  Eachseed, 0.1deg/s
Typical value
0
30 35 40 45 50 55

Fig. 15 Variation of yaw bending moment with wind speed

[ s -

ot
o

Nomalized 10 minute maximum of
tower bottom bending moment[-]
o (=]
= =

=
[

10 minute average wind speed[m/s]

L ]
- W x
Lo LU NSk -4
L L U
-+ -
- ok x
Ll b Rl
Lo g R

X

Each seed, -0.1deg/s
Each seed, 0.0deg/s
Each seed, 0.1deg/s
Typical value

x +

60

0
30

Fig. 16 Variation of tower bottom bending moment with

PAEOFERDS, AT THO BT T Lz B0
T, LA M 2 bR & JJE K S —E & L
T2 E, e KIBUE OB Z T HE R OHRSh- T,

35 40 45 50 55
10 minute average wind speed[m/s]

wind speed

Journal of JWEA, Vol.43, No.4, 2021

60

2.4 RRZELEOEE

AWFZE T, B EERIC L 5 R ALEE SO L~
S, 22 RERRYT A 20 L 7=, Table 1 (2R3 bt
el & OZE T 5 % Table 3 12754, R EGEIS X ONEL
DRAREELE S0 EHRBMNIFHE S L TR Y 5 2l (EhE
HUssmss, 11%) & Uiz, mZE{ba8i3+0.5deg/s DT
FleEHT, Wla—I A7 74 A2 b, {EsHET
10deg & L, FF5idmaZ{bRouris & L.

Table 3 Wind direction and yaw conditions for analysis

Average wind speed [m/s] 55
Turbulence intensity [%o] 11
Wind direction change rate | 0,+0.01, £0.02, £0.05,
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. . -10/10
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Fig. 17 Variation of yaw misalignment with wind direction
change rate

[*]

e =
o ]

10 minute maximum
=
Fey

blade root flapwise bending moment
normalized by load with active yaw control[-]

el
3

Each seed & each blade
Typical value

0 L i i i L .|
0.6 04 -0.2 0 0.2 0.4 0.6
Wind direction change rate[deg/s]

Fi
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