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Abstract: Nacelle anemometers are mounted on wind-turbine nacelles behind blade roots to measure the free-stream
wind speed projected onto the wind turbine for control purposes. However, nacelle anemometers measure the
transformed wind speed that is due to the wake effect caused by the blades' rotation and the nacelle geometry, etc. In
this paper, we derive the Nacelle Transfer Function (NTF) to calibrate the nacelle wind speed to the free-stream wind
speed, as required to carry out the performance test of wind turbines according to the IEC 61400-12-2 Wind-Turbine
Standard. For the reference free-stream wind data, we use the Light Detection And Ranging (LiDAR) measurement at
the Shinan wind power plant located on the Bigeumdo Island shoreline. To improve the simple linear regression NTF,
we derive the multiple nonlinear regression NTF. The standard error of the wind speed was found to have decreased by
a factor of 9.4, whereas the mean of the power-output residual distribution decreased by 6.5 when the 2-parameter NTF
was used instead of the 1-parameter NTF.
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Fig. 1 Arrangement of nacelle anemometry on a
Mitsubishi MWT-100A wind turbine (Source:
Mitsubishi Power Systems, Inc.)
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Fig. 2 Example of nacelle transfer functions (lines: regression curve of nacelle wind speed and free-stream wind speed)
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Fig.3 Landscape of the Shinan Wind Power Plant at
Bigeumdo (up) and wind turbine layout (bottom)
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Fig. 5 Wind rose during the remote-sensing campaign
period (left: LIDAR measurement, right: KIER-
WindMap™)
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Fig. 6 Wind turbine power curve of Mitsubishi MWT-
1000A (Source: Mitsubishi Power Systems, Inc.)

33 3224

Y 53724 98 38 AT E Q]
CurveExpert Professional v2.2.0 R 4= )

amEgol: tpd AR g4 eolnele s
FHlsa Qo AR 1

2
g wa - A4

-

Ae Vs
3.4 HlmEI}

A AdDs s MHAads A4
ZbdeF x(residual) =
FEdAR AAE olE LA

s
I
£l
ot
o
C 32 o

ol T i O it o O Q9
o
B o n

Jiomlo 2 dk B T ool
r)v
Q‘_t
> = f
of X &

Motk -

71521 SCADA(Supervisory Control And Data

Acquisition) AF= o]t} 312 Mitsubishi MWT-

1000A IMW F=HE RIS &332 Fig. 6 2} 2T}

4. AFZA DL
41 SEHs MY
Z9ER 715 Aol SCADA SAH 849 o)t
=A 2 7ho] wxp AvaHS Table 1 o A A&}
Stk SAHAQAEE FEHEAY] FHE), HATS
(Vy) 32 EFHAKSy), 2ot SAT AAF5H

(Vi OIF selth &) @ EEARKS), el
71 eakdnelth, 71 eatts A Fols doltt ¥
o] 7re] 7] LAHAT=Ty-T)E.

FEU5A otk FLH(V)H B

HolE SCADA S84+ HAZTH (VT

933

& o
g FE

Table 1 Cross-correlation matrix for operational status of
wind turbine

P A%S Sx dT Vi Sp
P 1 096 | 0.29 | -0.23 | 093 | 0.53
Vn 1 041 | -0.22 | 098 | 0.62
Sx 1 -0.07 | 0.39 | 0.85
dT 1 -0.22 | -0.16
VL 1 0.62
S. 1

Table 2 Coefficient of the rational model equation (1)

Coeff Value Stzlrrlr(i?rd (95%I§nggifience)
a 1.066341 | 0.057994 | 0.95266 to 1.18002
b 0.748946 | 0.027299 | 0.69543 to 0.80246
c -0.014446 | 0.003708 | -0.02171 to -0.00718
d -0.000271 | 0.000160 | -0.00059 to 0.00004

Rational Model

LIDAR wind speed [m/s]

Nacelle wind speed Im/s]

Fig. 7 1-parameter regression plot of the Nacelle

Transfer Function by rational model
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Table 3 Coefficient of the rational model equation (2)

Coeff. Value Stzilriird (95% lsng%?ience)
a 1.395232 | 0.034363 1.32787 to 1.46259
b 0.672489 | 0.007344 0.65809 to 0.68689
c -0.055471 | 0.055789 | -0.16482 to 0.05389
d -0.022036 | 0.000496 | -0.02301 to -0.02106
e 0.002012 | 0.005089 | -0.00796 to 0.01199

T

(s/w) peads puim yvan
rO®PSNRO®

Fig. 8 2-parameter regression plot of the Nacelle
Transfer Function by rational model
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Table 4 Fitness of regression Egs. (1) and (2)

Eq. (1) Eq. (2) | Comparison
Standard error 0.64729 | 0.58680 -9.35%
Coefficient of | 56076 | 097124 | +0.15%
determination

LIDAR wind speed (m/s)

Nacelle anamometer wind speed (m/s)

--------- No correction  ===="1-parameter NTF — 2-parameter NTF

Fig. 9 Distributions of regression residuals of wind

speed

LIDAR wind speed standard deviation (m/s)
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MNacelle anamometer wind speed standard deviation (m/s)

No correction 1-parameter NTF — 2-parameter NTF

Fig. 10 Distributions of regression residuals of wind
speed standard deviation
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