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A better anemometer gives more accurate 
wind measurements and monitoring
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K a r l  F a t rd l a
H e a d  o f  S a l e s 

R O M O  W i n d  A G 

A
lthough intended to measure wind 
speeds, conventional anemometers 
often provide imprecise data. On a wind 
turbine, these devices are mounted on 

the nacelle behind the rotor. But this placement 
can provide distorted measurements because of 
potential for wind effects from the rotor and nacelle. 
This makes attaining accurate wind speed, direction, 
and turbulence intensity measurements next to 
impossible. Reliable detection of yaw misalignment 
and performance monitoring are important for 
gaining insight into the wind, which is key to 
�«iÀ>Ì��}�ivwV�i�Ì�>�`���}��«iÀv�À�>�Vi�ÌÕÀL��iÃ°

Fortunately, a new ultrasonic device is available 
that can measure wind parameters that until now have 
«À�Ûi��`�vwVÕ�Ì��À���«�ÃÃ�L�i�Ì���i>ÃÕÀi�>VVÕÀ>Ìi�Þ°�/�i�
Spinner Anemometer (iSpin) measures wind speed and 
yaw misalignment in all wind sectors, and can increase the 
energy output of turbines by measuring and correcting 
yaw errors. iSpin sensors measure wind reaching the 
turbine at the spinner — where the wind hits the rotor. As 
such, the sensors can provide precise information about 
wind speeds, air pressure, and temperature.

The design
iSpin consists of three specially designed ultrasonic wind 
sensors installed at the front of a turbine, where the wind 

��ÌÃ�wÀÃÌ°��iÀi]�Ü��`��Ã����Þ���yÕi�Vi`�LÞ�Ì�i���`ÕVÌ����
effect (slowing of the wind) caused by the turning rotor 
>�`��ÌÃ�«>ÃÃ>}i��ÛiÀ�Ì�i�Ã«���iÀ�>�`�`iyiVÌ�������Ì�i�
symmetrical spinner body. These effects are predictable 
and correctable by means of calibration. 

Simultaneous measurement of precise wind 
Ã«ii`]�Þ>Ü���Ã>��}��i�Ì]���y�Ü���V���>Ì����>�}�i]�>�`�
turbulence intensity at the point of impact with the 
rotor are unique features of this system, not currently 
available from other anemometers on the market.

By detecting even small changes in power curves, 
iSpin can verify performance optimization measures 
­ÃÕV��>Ã�9�Ƃ�V�ÀÀiVÌ���Ã��À�À�Ì�À�«�ÜiÀ�Õ«Ã�LÞ�
applying vortex generators), and provide a continuous 
ÃiµÕi�Vi��v�«�ÜiÀ�VÕÀÛi�V��«>À�Ã��Ã�Ì��i�>L�i�
reliable performance monitoring. 

In a recent R&D project, together with the utility 
Vattenfall and the Technical University of Denmark 
­�/1®]��-«���Ü>Ã�ÛiÀ�wi`�>}>��ÃÌ�>���

�V��«��>�Ì�
wind met mast to demonstrate that it can measure 
>LÃ��ÕÌi�«�ÜiÀ�VÕÀÛiÃ�>VV�À`��}�Ì���

�È£{ää�
£Ó�Ó°�/�i��

]��À�Ì�i���ÌiÀ�>Ì���>��
�iVÌÀ�ÌiV���V>��

����ÃÃ���]��Ã�Ì�i�}��L>��ÃÌ>�`>À`�>�`�V��v�À��ÌÞ�
>ÃÃiÃÃ�i�Ì�L�`Þ�v�À�>���wi�`Ã��v�i�iVÌÀ�ÌiV�����}Þ°�
�

�È£{ää�£Ó��Ã�Ì�i�ÃÌ>�`>À`��i>ÃÕÀi�i�Ì�«À�Vi`ÕÀi�
when assessing the power curve of a wind turbine. 

The iSpin power curve of the investigated turbine 
Ã��Üi`����Þ�>�ä°{¯�`�vviÀi�Vi�vÀ���Ì�i��

�V��«��>�Ì�
Ü��`��iÌ��>ÃÌ��i>ÃÕÀi�i�Ì]�L>Ãi`����>�V>�VÕ�>Ìi`�
>��Õ>��i�iÀ}Þ�«À�`ÕVÌ����­Ƃ
*®�v�À�>�Ã�Ìi�ÌÞ«�V>��Ü��`�
V���>Ìi°�*�ÜiÀ�VÕÀÛi��i>ÃÕÀi�i�ÌÃ�Ü�Ì��Ì�i��-«���
equipment on the other turbines at the site (unrelated 
Ì��Ì�i��iÌ��>ÃÌ®�Ã��Üi`�>��>ÛiÀ>}i�«�ÜiÀ�VÕÀÛi�
`iÛ�>Ì�����v�ä°{¯�vÀ����

½Ã��iÌ��>ÃÌ��i>ÃÕÀi�i�ÌÃ°

/�i�`i���ÃÌÀ>Ìi`�Ài��>L���ÌÞ��v�Ì�i��-«��½Ã�ÌÀ>�ÃviÀ�
function means it can transfer to other wind turbines 
without major losses to measurement data or quality. 
Through comparison measurements with a met mast 
­>�vÀii�ÃÌ>�`��}��iÌi�À���}�V>��Ì�ÜiÀ®]�Ì�i��-«���
showed an ability to measure wind speeds accurately 
���>�ÎÈäc�À>�}i�>À�Õ�`�>�Ü��`�ÌÕÀL��i°�/�iÀiv�Ài]�Ì�i�
device is not limited to undisturbed wind sectors only.

Anemometer comparisons took place on a Vattenfall’s wind 
farm with this turbine arrangement. 

The wind farm
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Wind-speed correlation graphs

Comparison of wind measurement methods
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7�i��`>Ì>�Ü>Ã�ÕÃi`�Ü�Ì��ÕÌ�w�ÌiÀ��}�
v�À�Ü>�i�`�ÀiVÌ���Ã]�Ì�i�ÀiÃÕ�Ì��}�Ƃ
*�
Û>�ÕiÃ�vÀ���Ì�i��-«���«�ÜiÀ�VÕÀÛiÃ�ÜiÀi�
ÃÌ�������Ì�i�À>�}i��v�ä°£�¯�Ài�>Ì�Ûi�Ì��Ì�i��

�
V��«��>�Ì��iÌ��>ÃÌ��i>ÃÕÀi�i�Ì�ÀiÃÕ�ÌÃ�
>�`�Ü�Ì��>��>ÛiÀ>}i�`iÛ�>Ì�����v��ä°Î¯°

The test
��À�Ì�i�,E��«À��iVÌ]�iÛ>�Õ>Ì���Ã�Ì����
«�>Vi�>Ì�>�6>ÌÌi�v>���Ü��`�v>À��Ì�>Ì�
V��Ã�ÃÌÃ��v�£Î�-�i�i�Ã�ÌÕÀL��iÃ�Ü�Ì��
Ó°Î��7�À>Ìi`�«�ÜiÀ�>�`�nä��iÌiÀ��ÕL�
�i�}�ÌÃ°�/�i�Ã�Ìi��Ã�V�>À>VÌiÀ�âi`�LÞ�
y>Ì�ÌiÀÀ>���>�`���V>Ìi`����Ì�i�Ã�ÕÌ�iÀ��
V�>ÃÌ���i��v�Ì�i����v��À`�>Ài>�����i��>À�°

Ƃ���ÌÕÀL��iÃ�ÜiÀi�iµÕ�««i`�Ü�Ì��
Ã«���iÀ�>�i���iÌiÀÃ�Ì��V��`ÕVÌ�«�ÜiÀ�
VÕÀÛi��i>ÃÕÀi�i�ÌÃ]�>VV�À`��}�Ì���

�
È£{ää�£Ó�Ó°�Ƃ``�Ì���>��Þ]�>���À�>���

�
È£{ää�£Ó�£�«�ÜiÀ�VÕÀÛi��i>ÃÕÀi�i�Ì�
ÕÃ��}�>��iÌ��>ÃÌ�Ü>Ã�«iÀv�À�i`�v�À�
ÛiÀ�wV>Ì����«ÕÀ«�ÃiÃ������i�ÀiviÀi�Vi�
ÌÕÀL��i�­�{®°�/�i�`�ÃÌ>�Vi�vÀ���Ì�i��iÌ�
�>ÃÌ�Ì��Ì��Ã�ÀiviÀi�Vi�ÌÕÀL��i�Ü>Ã��

�
V��«��>�Ì�>Ì�ÓÎ{��iÌiÀÃ°

/�i�`>Ì>�v�À�Ì�i��

�ÛiÀ�wV>Ì�����v�
Ì�i�«�ÜiÀ�VÕÀÛi��>Ã�Lii������Ìi`�Ì��Ì�i�
vÀii�Ü��`�ÃiVÌ�À��v�Ì�i�Ã�ÕÌ��­£ä£c�Ì��
ÓÓ�c®]�Ü�iÀi�Ì�i�Õ«ÃÌÀi>��ÌiÀÀ>����Ã�y>Ì�
>�`�Ü�Ì��ÕÌ�Ã�}��wV>�Ì��LÃÌ>V�iÃ°

Sensor calibration
�-«����i>ÃÕÀiÃ�Ü��`�Ã«ii`�>�`�`�ÀiVÌ����
���Ì�i�ÃÕÀv>Vi��v�Ì�i�Ã«���iÀ°�/��Ã��Ã�
��yÕi�Vi`�LÞ�Ì�i�}i��iÌÀÞ��v�Ì�i�Ã«���iÀ�
�ÌÃi�v�­`iyiVÌ��}�Ì�i�Ü��`�`�ÀiVÌ���®�>�`�
Ì�i���`ÕVÌ����ivviVÌ��v�Ì�i�À�Ì�À�­Ã��Ü��}�
`�Ü��Ì�i�Ü��`�ÃÌÀi>�®°�

/�i�Ü��`�`�ÀiVÌ�����i>ÃÕÀi�i�Ì�
�Ã�i>Ã��Þ�V>��LÀ>Ìi`�Ü�Ì��ÕÌ�>��iÝÌiÀ�>��
ÀiviÀi�Vi��i>ÃÕÀi�i�Ì°�/�i�>iÀ�`Þ�>��VÃ�
>À�Õ�`�Ì�i�Ã«���iÀ�«À�Û�`i�v�À�Ãi�v�
V>��LÀ>Ì����LÞ���ÌÀ�`ÕV��}�>�ÃiµÕi�Vi��v�
V��ÌÀ���i`�Þ>Ü�>�}�i�iÀÀ�ÀÃ�Ì��Ì�i�ÌÕÀL��i°�

7�>Ì�«À�Ûi`���ÌiÀiÃÌ��}�v�À�Ì�i��

�
«�ÜiÀ�VÕÀÛi��i>ÃÕÀi�i�Ì�Ü>Ã�V>��LÀ>Ì����
�v�Ì�i�vÀii�Ü��`�Ã«ii`��i>ÃÕÀi�i�ÌÃ°�
/�iÃi��ÕÃÌ�Li�`��i���Vi�v�À�>�Ã«iV�wV�
ÌÕÀL��i�ÌÞ«i�LÞ�V��`ÕVÌ��}�>�V��«>À�Ã���

Ü�Ì��>�Ài��>L�i�ÀiviÀi�Vi��i>ÃÕÀi�i�Ì�vÀ���>���

�V��«��>�Ì�Ü��`��iÌ��>ÃÌ°�
/��Ã�ÌÀ>�ÃviÀ�vÕ�VÌ����`iÃVÀ�LiÃ�Ì�i�ÌÀ>�Ã�Ì����vÀ���ºÀ�Ì�À�Ü��`�Ã«ii`»�­>Ã��i>ÃÕÀi`�

`�ÀiVÌ�Þ�LÞ�Ì�i��-«���Ãi�Ã�ÀÃ®�Ì��ºvÀii�Ü��`�Ã«ii`»�­>Ã��i>ÃÕÀi`�LÞ�Ì�i�Ü��`��iÌ��>ÃÌ®]�
>�`��Ã�`iÌiÀ���i`����ÌÜ��ÃÌi«Ã�­Ãii�}À>«�ÃLi��Ü�Wind-speed correlation graphs®°

Linear calibration of wind speeds for the 
high and low wind speeds only, and not the 
induction of the rotor. (Step 1)

Forward looking wind measurement Local wind measurement

Non-linear calibration by the methods of bins 
calibration, as described in IEC 61400-12-2. 
(Step 2)

Power curves in undisturbed wind sectors
*�ÜiÀ�VÕÀÛi��i>ÃÕÀi�i�ÌÃ�ÜiÀi�V��`ÕVÌi`�>Ì�Ì�i�ÀiviÀi�Vi�ÌÕÀL��i�­�{®�v�À�v�ÕÀ�Ü��`�
�i>ÃÕÀi�i�Ì�ÃÞÃÌi�Ã\��iÌ��>ÃÌ]��>Vi��i�L>Ãi`����Ƃ,]��>Vi��i�>�i���iÌiÀ]�>�`��-«��°�
�

�ÃÌ>�`>À`Ã�ÜiÀi�>««��i`�>Ã��iViÃÃ>ÀÞ�­v�À�iÝ>�«�i]��>Vi��i�L>Ãi`����Ƃ,½Ã�>Ài���Ì�
«>ÀÌ��v�Ì�i��

�ÃÌ>�`>À`®°�

 ��i��v�Ì�i�«�ÜiÀ�VÕÀÛiÃ�ÜiÀi�V�ÀÀiVÌi`�v�À�ÌÕÀLÕ�i�Vi���Ìi�Ã�ÌÞ��À�Ü��`�Ã�i>À]�
LÕÌ�ÜiÀi��i>ÃÕÀi`����Ì�i�L>Ã�Ã��v�>�Ã�Ìi�Ã«iV�wV�Ü��`�V���>Ìi°

���Ì��Ã�V��«>À�Ã��]�Ì�i��-«���«�ÜiÀ�VÕÀÛi�ÀiÃÕ�Ìi`����>««À�Ý��>Ìi�Þ�Îä¯��iÃÃ�ÃV>ÌÌiÀ�

Ì�>��>����Ì�iÀ��i>ÃÕÀi�i�Ì�ÃÞÃÌi�Ã°�	>Ãi`����`�vviÀi�ViÃ�LiÌÜii��Ì�i��

��iÌ��>ÃÌ�
«�ÜiÀ�VÕÀÛi]�Ü>ÀÀ>�Ìi`�«�ÜiÀ�VÕÀÛi�­«À�Û�`i`�LÞ�Ì�i�"
�®]��i>ÃÕÀi`�«�ÜiÀ�VÕÀÛiÃ��v�
Ì�i����Ƃ,]�>�`��-«���Ü��`��i>ÃÕÀi�i�ÌÃ]�Ì�i�ÀiÃÕ�ÌÃ�ÜiÀi�`iÀ�Ûi`�v�À�ÌÕÀL��i��{�­Ãii�Ì�i�
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Forward looking wind measurement Local wind measurement

(once determined for the turbine type based 
on a calibration with an IEC-compliant met 
mast) can reliably transfer to other wind 
turbines of the same type.

Full-range power curves
In contrast to met-mast and 
nacelle-based LiDAR systems, 
the spinner anemometer has 
an ability to measure the 
correct wind at hub height and 
in wake conditions. Forward-
measuring devices, such as 
met masts or LiDARs face a 
challenge, especially in wake 

effects: the measured wind speed cannot 
be considered free wind speed (which 
becomes deteriorated from the turbine in 
front) and, therefore, are not comparable in 
non-free wind sectors.

But iSpin wind measurements 
have proven much less prone to 
deteriorations from these influences. 
Why? The calibration procedure with an 
IEC-compliant met mast first stores the 
information on a flat site that’s undisturbed 
by obstacles (and stored in the iSpin 
controller). So, whenever iSpin is applied 
to the same turbine type in more complex 
terrain or higher winds, it is measured in 
the wake of the stored calibration factors. 
The transfer function then translates wind 
hitting the spinner into “free wind.” This 
explains why iSpin can also determine 
power curves and turbine performance 
information in all wind sectors.

For this measurement, power curves 
for the reference turbine were calculated 
including data from all wind directions. 
For illustrative purposes, the met mast and 
LiDAR results are shown (in Comparison 
between wind measurement methods in 
all wind sectors), however, wind-speed 
measurements are misleading when a 
turbine or the met mast is in wake of 
another turbine. 

By comparing the iSpin power curve 
with all wind sectors to the IEC-compliant 
met-mast power curve using only the free 

Comparison of power curves in the undisturbed wind sector

Note: “Wind sectors” refers to the fact that following the 
IEC standard, it’s only possible to measure power curves in 
so called “free wind sectors” or “undisturbed wind sectors,” 
which need to be bare of any obstacle in the 2.5 RD distance 
from the turbines. So, each wind direction that does have 
an obstacle (such as trees, buildings, or other wind turbines 
nearby) must be excluded. Usually the 360° wind rose is 
segmented in 12 sectors with 30° each. The free wind speed 
range for this project was determined with 101° to 229° 
(south-east-east to south-south-west, approximately).

Comparison with other turbines: Undisturbed wind sectors only

Comparison between wind measurement methods in all wind sectors

Comparison of power curves in the undistributed wind sector graph). Note the nacelle-
based anemometer was excluded because of high uncertainties.

To demonstrate the reliability of the transfer function of iSpin, it was essential to 
carefully and accurately employ the calibration factors and transfer function from the 
reference turbine to other turbines of the same type at the wind farm. The results of 
this comparison clearly showed that the iSpin transfer function and calibration factors 
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Comparison of power curves in all wind sectors

sector demonstrates the unique capabilities of the iSpin system. 
The spinner anemometer’s power curve does not materially 
alter when measuring wind speeds in all wind sectors.

In much the same way as for measurements in the 
undisturbed wind sectors, it’s essential that the transfer function 
calibrated was reliable enough to be transferred to other 
turbines of the same type. W

For further reading
i Refer to http://romowind.com/en/knowledge-
centre/#performancemonitoring for detailed information on the 
test set-up.

ii  See K-alpha calibration method in http://romowind.
com/media/Calibration-of-a-spinner-anemometer-for-yaw-
misalignment_we.1798.pdf

iii  In regard to the LiDAR deviation, refer to the 
explanations given in http://romowind.com/en/knowledge-
centre/#performancemonitoring
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