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SUMMARY

In continuation of part I of "Comparative testing of wind
measuring equipment" which contained an overview of commercially
available systems as well as a selection of interesting equipment,
this report is the result of the testing of these instruments. The
tests concerned both windtunnel and field tests and the results
can be split up in comments on measuring accuracy and functional
results.
The only manufacturer whose products satisfy the IEA/WMO
recommendations on accuracy is Ekopower. The cause of errors when
using the other systems is a failing anemometer calibration.
As a conclusion from the functional tests it can be said that the
following instruments are good and reliable:
Ekopower 2F (wind run counter), Datak Systems 16 and Ekopower 3N
(both storing a wind speed frequency distribution) and Ekopower
lOB and Second Wind AI-2000 S.
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1.

INTRODUCTION

CWD (Consultancy Services Wind Energy Developing countries) is a
nonprofit foundation, funded by the Netherlands' Ministry of
Development Cooperation. It aims to help governments, institutes
and private parties in the Third World in their efforts to use
wind energy and in general to promote interest in wind energy in
Developing Countries. The emphasis of the activities of CWD is on
waterpumping windmills. In relation to these activities CWD is
interested in wind measuring equipment and its suitability for
various types of measurements.
Therefore in April 1986 a study has been started concerning
commercially available wind measuring systems. The study consists
of two parts: in part I all available documentation was organized
and completed and a selection of interesting equipment was made.
The results of this first phase have been described in
"Comparitive Testing of Wind Measuring Equipment-Part I:
inventory and selection" (ref.1). Main criteria for selection
were:
- operational systems: including sensors, cables, etc.
- outdoor models
- readable from ground level
- storage: mechanical counter or solid state memory
- price
This report is the result of the second part. The selected
systems were purchased and tested in a windtunnel and at the
CWD/TUE testfield. After the tests a draft report was written,
which was sent to the manufacturers for comments. Comments were
received from Second Wind, Omnidata, Natural Power, Ekopower,
Datak and Maximum. No comments were received from Atmospheric
Research and Technology. In the mean time it has become clear that
ART is no longer in the business. Nevertheless we have decided to
include our test results and conclusions on the ART equipment in
the report. Equipment that is no longer available and related
problems of guarantee and after sales services is an important
problem, which deserves attention (see also ref.7).
Chapter 2 explains what was tested. It is followed by a general
description of the systems, which not only contains the
information of the Part I-report, but also includes new
information that could not be retrieved from the documentation
leaflets. In chapter 4 the test results of each system are
described: at the end of that chapter a table with the summarized
results is given. The last chapter contains the conclusions of
the tests and some advice on the purchase of new equipment. In
Appendix A some information on RS232 communications is gathered.
This might be useful when interfacing a readout device (tape
recorder, EPROM reader) to a computer.
One of the purchased instruments, the NEW-system (class III) was
not tested because it proved to be an indoor model (this did not
become clear from the documentation study only). However, NEW
does deliver outdoor models.
The Natural Power A22, which was already available at CWD/TUE
was out of order and not tested because it proved to be damaged
by battery leakage. The battery leakage does not affect the rating
on reliability because the history of the instrument is not
exactly known. However, Natural Power has commented on the
battery leakage. These comments are included in chapter 4. The
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test results compiled in this report stem from previous tests
made on the A22 (ref.2).
Another remark concerns the quotations that were asked for before
purchasing the instruments. In ref. 1 it has been reported that no
quotations were received from NRG and summit Controls. Yet, one
month after publication of the report the NRG quotation was
received after all. Nothing, however, has been heard from the
Summit Controls company.
It is stressed here that the type of equipment at hand is
sophisticated electronic equipment. In this branch prices change
rapidly. It is therefore advised to see the prices in this report
as an indication only.
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2.

WHAT HAS BEEN TESTED?

The first part of the tests concerned the quotation request and
the purchase and delivery of the equipment. Especially the actual
delivery time was considered to be important.
The next step involved some hardware considerations: how rugged
are the case, the anemometer and the cable between them, what is
the quality of the connections, how easy is it to install
batteries (and memory)?
Then the manual was studied and the operation of the systems was
tested in the windtunnel. Some comparative measurements were made
(especially for the wind run meters) and the specifications on
accuracy were verified. The accuracy of the systems was compared
with two important standards: the lEA recommendations and those
of the WMO (refs.3,4). In the context of waterpumping windmills
the accuracy at the lower windspeeds (i.e. 2-6 m/s) is
particularly important.
The last part of the tests consisted of the installation of the
systems outdoors at the CWO windmill test field of the Technical
University Eindhoven in order to perform functional tests and to
obtain more comparative measurements.
Special attention has been paid to the data management of the
dataloggers (data retrieval, data transfer to a personal computer
and data analysis), because in the past this caused many problems.
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3.

THE TESTED SYSTEMS - A GENERAL DESCRIPrION

In wind measuring equipment 4 classes can be discerned, depending
on the possibilities of the devices. This classification is
clearly described in the report of phase 1 of this study (ref. 1).
The tested systems belong to class II (simple wind run counters),
class III (instruments storing processed information like
frequency distributions) or class IVa (dataloggers, especially
designed for wind measurements, storing sequential short-term
averages, without computing distributions etc.; this has to be
done afterwards on a computer).

3.1.

Class II-systems

1. Atmospheric Research & Technology - Windwatch
The panel of the Windwatch has no switches or buttons, only an
8 digit LCD display, which shows the wind run and the
instantaneous wind speed. There are battery life indicators on
the LCD display and there is a built-in lithium cell in case
the battery power fails.
2. Datak Systems WP4A
This wind run counter uses an LCD display which can be read
through a transparent window. The display can be reset without
opening the enclosure by use of a magnetically activated
switch.
3. Ekopower 2F
The wind run can be read in the same way as the Datak 4A, i.e.
reading the display through a transparent enclosure.
The Eko 2F is delivered with an electromechanical counter.
There are many options, like an LCD counter, wind speed
indication (analogue or LCD), maximum gust indication (external
buttons), other type anemometer, recorder output, operation
time counter.
... Natural Power A22
This system has a 7 digit LED display, which can be read by
pushing a switch. This switch cannot be blocked.

3.2.

Class III-systems

1. Datak Systems WP16
A wind speed frequency distribution is stored in 16 bins. The
bin width is factory programmable. The distribution is
continuously displayed by means of 16 LCD's.
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2. Ekopower 3N
The Eko 3N stores a frequency distribution in 7 (nonvolatile)
wind class counters. Furthermore the wind run and the
operation time are counted. Options are 3 or 6 extra classes,
instantaneous wind speed indication (analogue or LCD), maximum
gust indication, other type anemometer, recorder output.
3. Natural Power Compilator A30
The Compilator is in fact also a class IV instrument. Besides
sequential information (see class IV) 3 different
distributions are stored:
- a 32 bin speed distribution (bin width programmable)
- an 8 bin direction distribution
- a time of day distribution (8 bins of 3 hours each).
The last two distributions are bivariate: each direction or
time of day bin contains a second 32-bin speed distribution
(with a programmable bin width).
The sample time for all distributions is 1 sec.
More functions of the A30 Compilator are storage of the peak
wind speed and direction, as well as time and date of
occurrence, and display of the instantaneous speed and
direction. Another feature of this instrument is the
possibility to monitor upto 8 different
anemometers at the same time. All data are stored internally in
a solid state memory, which can be reset using the power
switch. There is an internal battery to keep the system
operating during battery changes.
The data can be read manually or by the use of a cassette tape
recorder. After reading the data the tape recorder is used to
transfer data to a personal computer under software control.
4. Second Wind Al-2000
The AI-2000 stores 3 distributions (like the Natural Power
A30):
- an 18 bin wind speed distribution (bin width: 2 mph)
- an 8 bin direction distribution (bivariate: 4 speed ranges
per bin)
- a diurnal distribution (12 bins of 2 hours each).
Except for the total speed distribution there are three
sub-distributions corresponding to "slow", "medium" and "fast"
yawing. The diurnal distribution contains a standard-deviation
for each diurnal average. Other functions are the peak wind
speed (and time and date of occurrence), a lull function
(duration of longest period of time with speed below 6 mph) and
there is an option for 2 anemometers. All speeds are recorded
in mph-units. The data can be retrieved manually, by use of the
front panel buttons and displays.
It is also possible to read the data from the removable
memory-chip (EPROM) by use of a special EPROM-reader, under
software control. This software cannot be used to process the
stored information.
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3.3.

Class IVa-systems

1. Atmospheric Research & Technology - Windwatch/Squirrel
This is the same instrument as the class II Windwatch, except
that a removable Squirrel memory module is added, which can
store 15, 30 or 60 minute wind speed averages (for 21, 42 or 85
days: user selectable). The module contains a solid-state
memory which is non-volatile because it is powered by an
internal lithium battery. To read the data the Squirrel must be
interfaced to a PC by means of a special Squirrel reader. There
is software available to process the data.
2. Ekopower lOB
The Eko lOB stores speed and direction averages in a
non-volatile solid state memory. The recording interval is
front selectable (1 sec. - 100 min.). Recording of the peak
wind speed is optional.
Data can be read manually or by a PC. No reader is needed,
just an interface cable. There is software available to guide
data transfer and to take care of data analysis. The Eko lOB
has some special features: battery life indication, delayed
start possibility, remote control option, test-plugs to check
the operation of the system, output available for data transfer
both by RS 232 serial interface and by parallel interface.
3. Natural Power A30
This datalogger has already been described as a class III
instrument. In addition to the characteristics described there,
serial averages are recorded for speed and direction using an
averaging period which is selectable from 1 sec. to 8 hours.
It is not possible to read serial data manually (only the last
stored average). One must use the tape recorder (see class III
description) to get the data on tape. Then data can be
transferred to a PC, guided by software. Natural Power states
that their latest model provides display and manual retrieval
of time series data. There is also software available for data
analysis (for IBM and Apple computers).
4. omnidata DP214
The Datapod 214 measures wind speed and direction averages over
one of 8 user selectable recording intervals (1, 5, 10, 30 min.
or 1, 2, 4, 24 hrs). It is possible to record the maximum speed
and direction. Speeds are recorded in mph. Data are stored in
an EPROM, which can be read manually by display, or by the use
of a special EPROM-reader which must be connected to the RS 232
bus of a computer. With the computer in terminal mode the data
can be retrieved and typed by typing computer keyboard
commands. For storage and processing of the data the user must
write his own software. The EPROM can be erased (for reuse)
with an ultra violet erasing .lamp.
..
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5. Second Wind Al-2000 S
In fact the AI-2000 S is exactly the same as the AI-2000,
except that the former one also stores hourly averages in an
EPROM. It is possible to read the data by display, but there
is an EPROM-reader available, as well as an erasing lamp and
transferring software for IBM computers. For the other
functions of this datalogger see the description of the
AI-2000 (class III).

3.4.

Overview

Before looking into the main features of each system it should be
noted that all anemometers used in the tested equipment are alike
the Maximum #40. Some of them are AC-generating, some contain a
reed-switch which produces pUlses by means of contact-closures.
The following table gives a summary of the possibilities of each
system.
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Table 3.1
3.5

Functions of the wind measuring equipment

Environmental conditions

The wind measuring equipment selected in order to be tested were
all developed for outdoor use. They come with a watertight cover
and the manufacturers claim a wide range of operation. In table
3.2 the specifications by the manufacturers are compiled: the
minimum and maximum temperature of operatior. and the allowed
relative humidity.
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Ekopower, Omnidata, Natural Power and Datak claim to work properly
in an environment of 100% relative humidity with condensation,
Secondwind specifies 95% relative humidity (no condensation),
while ART does not specify the maximum tolerated humidity.
According to Second Wind "condensing humidity numbers" are often
meaningless. They claim that the Al-2000 is 100% waterproof with
its cover closed.
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4.

TEST RESULTS

The results of the testing can be split up into 2 parts:
functional results, concerning the installation and general
operation of the systems and (for the class IV instruments)
their data management
measuring results, concerning the measuring accuracy of the
instruments, tested both in windtunnel and outdoors.
In table 4.5 at the end of this chapter the main results of the
tests have been gathered.

4.1.

Functional results

4.1.1 Class II
ART Windwatch
The actual delivery of this instrument was 5 weeks after
ordering, the delivery time specified in the quotation being
two weeks. The Shipment, however, was not complete as the
Squirrel-reader and software were missing (see class IV).
The tests didn't reveal any problems. In fact the Windwatch
functioned extremely well. Very positive are the rugged case,
the ease of installation and initialisation and the very good
manual. A minor remark concerns the connection between
anemometer cable and case, which is outside the case. This
might cause problems after some time (corrosion).
Datak 4
The Datak 4 was received 5 weeks after ordering, 1 week more
than was specified in the quotation.
The Datak 4 is a small-sized instrument, which displays
windrun with a high resolution (± 10 m). It comes with a rather
brief manual. It seems advisable to protect the counter-unit
(with transparent enclosure) against direct sunlight by placing
the instrument in some shelter.
During the first week of the field tests the counter failed,
although the display was still readable. Throughout the testing
period this problem remained: the system stopped collecting
data at irregular intervals and started counting again later
on. The cause of this failure could not be detected.
Ekopower 2F
The Eko 2 worked satisfactorily. The transparent window
enables reading the electro-mechanical counter without opening
the case. Like the Datak 4, the Eko 2 should rather be placed
in some protective shelter, which is also clearly advised by
the manufacturer.
A special feature of this instrument is the (optional)
possibility to record the peak wind speed which might be
interesting in some applications. It is possible to read this
peak speed without opening the case.
Natural Power A22
This instrument was already tested 2 years ago and it is the
only instrument from the 1985-tests (ref. 2) which is still
commercially available. It could not be tested again, because
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it proved to be damaged by battery leakage. This did not
influence the test ratings, as the starting conditions for
the test differed from the other instruments. Natural Power
admits that there have been problems with battery leakage in
the past, but that the manufacturer of the lithium batteries
has since then corrected the cause of the cell leakage.
In the 1985 tests it was found that the A22 was easy to handle
and that it functioned quite well. The instrument is delivered
with a battery pack for two 3 Volts batteries which is a very
unusual voltage. According to NP the A22 will function on
every 6 Volts DC power supply.
The LED-display is not always easy to read, especially not when
sunlight is reflected by the case. Although there were no
functional problems it should be noted that the cable
feed-through in the case doesn't seem to be completely water
proof.
4.1.2 Class III
The 4 class III instruments tested can be compared in two pairs:
the Datak 16 and the Eko 3 on the one hand and the
Natural Power A30 and Second Wind AI-2000 on the other.
Datak 16
with a quoted delivery time of 4 weeks, the actual delivery
took place 5 weeks after ordering.
The Datak 16 worked satisfactorily. It is easy to install,
initialise and read. However, it shows the same disadvantages
as the Datak 4: brief manual, and an enclosure which needs
extra shelter.
Ekopower 3N
This instrument is very well comparable with the Datak 16. A
difference is the use of electro-mechanical counters by
Ekopower.
The Eko 3 performed very well during the tests: it is supplied
with a good manual, it is easy to start the system and to read
the data.
It uses the same enclosure as the Eko 2 and the Datak
products, so extra shelter is advised.
Natural Power A30
The quoted delivery time of the A30 equipment was 6-8 weeks
after receipt of a validated Export license. According to
Natural Power it requires 3 to 6 weeks to obtain this
license. Application for an Export license can only be made
after a letter of credit is received. The A30 equipment was
delivered 13 weeks after ordering which was approximately 8
weeks after receipt of the letter of credit.
The manual of the A30 is not very user friendly, although all
necessary information is present. The system itself offers 3
distributions, each using up to 32 speed bins, which is too
extended when data are read manually. When the tape recorder is
used, however, there is no problem because in that case
software is used to process the measurements.
In order to use the system one must make ones own battery pack
as there is no room for batteries inside the instrument.
Another disadvantage is the very large case in which the
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instrument must be placed, which makes the system not very
practical. Although closed very carefully the A30 failed after
two weeks at the test field, which has probably to do with
water leaking into the case. The fact that the A30 is also a
class IV-instrument makes that installation, initialisation and
data-management are rather cumbersome for a class III
instrument. More comment on this system is given when
discussing the class IV-results.
Second Wind Al-2000
Second wind Inc. quoted a 6 to 8 week delivery time, which
turned out to be 10 weeks. However, very good services were
given (like sending good information, for example about
purchase and delivery).
The AI-2000 records almost everything there is to be measured,
except sequential data (for this extension there is the Al-2000
S, see class IV). This makes it a class III-instrument which
can be compared with the NP A30.
It is a well-designed system which is easy to operate, also
owing to the good manual. The only problem that arose was loss
of data (after one week) because of an EPROM-failure, which was
solved by replacement of the EPROM. The installation and
initialisation of the system didn't give any problems, neither
did the manual data retrieval, which is guided very clearly by
the keyboard on the instrument. In order to transfer data from
the EPROM to a computer, a special EPROM-reader must be
connected to the computer by means of an RS 232 cable. This
cable is not delivered with the equipment, which might cause
some trouble (further comments about this way of data retrieval
in class IV).
All in all it seems that, except if the special diurnal-,
direction-, or lull-distributions are needed, the AI-2000 is
just like the NP A30 too expensive for using it as a class
III-system.
4.1.3 Class IVa
In this class the main problems arose, most of them concerning the
interface between wind measuring system (or readout-device, like
EPROM-reader, tape-recorder) and computer. As for this is also
referred to appendix A, which is a guideline for RS 232
communications.
ART Windwatch/Squirrel
As already stated in the class II-results there were no
problems with the Windwatch. As far as the operation of the
Squirrel memory module is concerned it can be said that the
Squirrel manual is extremely good and that the module itself
is very easy to install. No initialisation is needed.
A disadvantage of the system is that it is not possible to
review data without ending the recording period (no manual
data retrieval). However, there is an indicator present to
show whether the Squirrel is collecting data. It was not
possible to retrieve data from the Squirrel because there were
serious problems with the delivery of module-reader and
software (the ART company explained that the cause of the delay
was renewal of the reader + software).
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Ekopower lOB
The operation of the Eko lOB, which can monitor both speed and
direction data, didn't give any problems. On the front panel
of the datalogger there is a brief overview of the functions of
the system, which is quite practical.
The manual contains all information required, but could be
arranged in a more convenient way. A note should be made about
the case in which the datalogger is held. It is advised to
place it in an extra shelter to protect it from direct
sunlight.
Some positive experiences are the easy reviewal of data while
recording and the presence of several extra features (battery
life indication, delayed start, test-plugs, output available in
two modes). The best experience, however, was the data
retrieving process. In fact the Eko lOB happened to be the
only datalogger which didn't show any problems at all during
data transfer. Ekopower states that data can also be
transferred to Lotus files.
To read the data the logger-unit must be connected to a
computer by use of the delivered RS 232 cable, which is, unlike
some other systems, correctly wired by the manufacturer.
Somewhat impractical is the fact that the datalogger unit must
be taken out completely, unless a portable computer is
available.
Natural Power A30
This system was already (partly) discussed at the class III
results. The class IV characteristics are the recording of
serial speed and direction data. These data cannot be
retrieved manually; a tape recorder has to be used, firstly to
retrieve data from the A30 and put it on tape, and secondly to
transfer data from tape to computer. As already mentioned in
chapter 3 it is possible to retrieve data manually from the
latest model. By the use of a special cable it was indeed
possible to get data on tape, but it was not possible to
connect the tape recorder to the (IBM) computer in the proper
way, although the supplied cable was supposed to be specially
made for IBM PC's. So because of lack of data it was not really
possible to test the software, but the program looks good and
the special software manual is quite clear.
Altogether it seems not advisable to read distributions etc.
manually, because there are simply too many data. Use of the
tape recorder is advised, although operation of the recorder
requires some practicing.
omnidata Datapod
This instrument was delivered very late, after 12 instead of 4
weeks. Omnidata admits that the delivery time was unacceptably
long, but states that this is not the general operating
procedure. In order to avoid problems when importing from the
USA they have opened an office in the United Kingdom, which
stocks their products.
The manual of the Datapod is quite good, especially the extra
note on RS 232 communications can be very useful.
The system itself operated without any problems: operation is
simple, just a few initialising commands by means of 2
push buttons. The Datapod must be kept out of direct sunlight,
so an extra shelter is necessary.
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It is possible to read the data manually, but when the
recording period covers more than a few days this becomes
impractical. Therefore the sequential data (speed and
direction) are stored in an EPROM. This could make data
management easy, but Omnidata leaves most of the data analysis
to the user himself. This means that one has to write ones own
software in order to be able to use the data. This is rather an
extensive task, and besides, some programming knowledge is
required. Omnidata states that they do provide a simple
communication program for data transfer from reader to pc.
They do not understand why we did not receive this software.
Another problem is the transfer of data from the EPROM-reader
to the computer, which is controlled by commands from the pC's
keyboard. In order to send these commands from the keyboard to
the reader it is necessary to make the pc act like a terminal.
For that purpose a special program is needed, which depends on
the type of computer that is used. Omnidata expects the user to
take care of this problem. When a proper connection is finally
made a few keyboard commands are sufficient to transfer data to
the computer.
Second Wind Al-2000 S
This "S-version" is the same as the AI-2000, except for the
extra possibility to store hourly averages, that can be
reviewed while recording.
As already stated in the comment on class III instruments one
problem arose, namely during the first week there was an EPROM
failure. The use of the EPROM reader didn't cause any problems,
however, the user must provide for an RS 232 cable to connect
the reader to the computer. Retrieving data is guided by
software, which worked satifactorily. Data analysing software,
however, is not available. The user can make a printout of the
several (class III) distributions, but in order to process the
hourly averages a new program has to be written by the user. It
is possible to convert the datafiles into files that can be
analysed by means of the powerful Lotus-software, which must
then of course be at the user's disposal.

4.2.

Measuring results

In relation to the accuracy of wind speed and wind direction
measuring devices there are 2 (slightly) different
recommendations, one set from the lEA (International Energy
Agency) and one set from the WMO (World Meteorological
Organisation) (ref. 3, 4). The lEA recommendation is more
frequently used when wind energy is concerned.
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Graphical representation of the recommendations

speed
range

accuracy

lEA

4-25 m/s

± 5%

WMO

1-50 m/s

+ 0.5 m/s

Table 4.1

50

25

distance
constant

averaging
interval

± 50

< 5 m

10 min

± 50

< 5 m

10 min

direction
accuracy

Recommendations on wind measurements

4.2.1 Windtunnel tests
The available wind measuring equipment has been tested in the
windtunnel of the TOE in order to check whether it meets the
IEA/WMO-recommendations.
When measuring the accuracy of the systems a distinction can be
made between anemometer accuracy and processing accuracy:
The anemometers which are supplied with the systems are all
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alike Maximum #40 either using a reed-switch or an
AC-generator.
In the past (ref. 5) extensive calibrations were made of
several Maximum anemometers, all showing the same kind of
calibration relationship (table 4.2).
type

calibration

reed-switch

v

=

0.39 f + 0.4

AC-generator

v

=

0.77 f + 0.4

Table 4.2

Anemometer calibrations
(v = speed in mIs, f = frequency in Hz)

These relations have been checked by calibrating 2
AC-generating anemometers, both giving v = 0.78 f + 0.3, so
more or less in accordance with table 4.2.
Because most manufacturers do not use these 2 parameter
calibrations (but a single parameter line, only defining the
slope) this can cause loss of accuracy.
The accuracy of the electronic circuitry in the processing
equipment is much better, typically about 0.4% (mainly defined
by the AD-converter, as for example used in the dataloggers).
In table 4.3 the accuracy of the tested equipment as specified in
the manuals is given, as well as the results of the windtunnel
testing: gives the anemometer calibration that is used (by the
manufacturer) to calculate wind run or wind speed; columns 2 to 4
contain specifications from the system-manuals; column 5 gives
the measured accuracy, and columns 6, 7 and 8 give conclusions
concerning the measuring accuracy of each system.
Comments on table 4.3
- Some manufacturers do not specify any accuracy at all (ART,
Datak and Natural Power for its A22). Ekopower is the only
manufacturer who gives its specifications with reference to the
lEA and WHO recommendations.
- As for the measurements, it was not possible to read hourly
averages from the ART/Squirrel module because reader + software
were not delivered.
The NP A30 and the Omnidata Datapod 214 were not tested in the
windtunnel because these instruments were delivered very
late.
- In order to make the measurements in the windtunnel more
comparable, all test results were translated into a deviation in
wind speed. Measurements have shown that the main error arises
from the shift of the calibration line (table 4.2 and ref. 5)
and not from deviations of the slope of the line, so the results
are absolute ~rrors, zacher than relative faults.

18

manufacturer's specifications

anemometer
cal ibration

windrun

speed

ART
Datalc 4
Eko 2
NP A22

n.s.
V=O.383f
V=O.77 f+0.4
n.s.

n.s.
n.s
IEA/WMO
n.s.

n.s.

Datalc 16
Elco 3
NP A30
SW-2000

V=0.383f
V=O.77 f+0.4
n.s. (*)
V=0.762f(**)

n.s.
IEA/WMO

Art/Sq.
Eko 10
NP A30
SW-2000S
OIInidata

n.s.
V=O.77 f+0.4
n.s. (*)
V=0.762f(**)
n.s.

test results

dir.

measured norms no...
accuracy (speed) (di r.)
lEA IIKI

-0.5
-0.4
-0.2
-0.5

mls
mls
mls
mls

O.2m/s
0
10
5%
0
0.5 ~ 2

-0.5 mls
+0.1 mls
n.t.
-0.5 mls

n.s.
IEA/WMO 50
0
5%
10
0
0.5 ~ 2
0
0.1 mls 6

n.t.
-0.3 mls
n.t.
-0.5 mls
n.t.

!

+

+
+
!

!

+

!

+
!

+

+

+

!

+

n.s.) not specified
n.t.) not tested
*) A (software-) correction for slope as well as line-shift is possible, when processing raw
data.
**) During initialisation it is possible to change the slope.

Table 4.3

Measuring accuracy of wind measuring systems

As appears from table 4.3 the calibration shift causes most of the
instruments not to meet the lEA-recommendation. The Ekopower
products use a correction for the calibration shift, which is
reflected in the good results. Using the NP A30 it is possible to
improve accuracy by a correction, when processing raw data
(provided for by the processing software). The fact that Natural
Power offers the user this possibility and the results of the
field-tests (fig. 4.4) make it likely that Natural Power uses an
accurate 2 parameter calibration, although this is not explicitly
mentioned in the manual. The Second Wind correction possibility is
not very effective because it only affects the calibration slope,
as mentioned before. It is of course possible to introduce-a
linear shift during post-processing.
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4.2.2 Field tests
After the windtunnel tests the systems have been installed on the
windmill test field of TUE. For this purpose a mast of 12 m height
has been put up. Because it is not possible to install all
anemometers at the same height, 3 levels are used: the class II
instruments at 8 m height, class III at 10 m, and class IV at
12 m.
However, because 3 instruments are used for 2 classes at the same
time, the class IV level contains only 2 anemometers (fig. 4.2).
height:

class:

IV

Eko10
,

Omnidata

Second Wind+ Eko
, 3

Datak16

III

II

ART+
I

--

-

11m

NPA30+

- --10

-

N~A22 __

Datak4

E~o2

- -

J

+ also class IV

1/1

Figure 4.2

I

I

/

/

/

Installation at the test field

A cause of errors that cannot be estimated is the variation in
wind direction: the mast was placed facing the prevailing wind
direction, in order to keep the influence of the anemometers on
their neighbours as small as possible. This, however, cannot be
deleted completely.
During one month measurements have been made, which were analysed
every week.
The main results are given below.
Class II
In this class no results were obtained from the NP A22, which
suffered from battery leakage (previous to the tests) and was
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therefore not even installed, and from the Datak 4, which
failed at irregular intervals.

la)

( b)
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I
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,
.J----r - -- - --,
I

I

.----_ _ ART

2

2
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3

4

weeks

Fig. 4.3

------1
___ -1
with COITection

2

3

4

weeks

Field tests of class II (4 weeks)
(a = without correction, b = with correction)

As already explained in par. 4.1 the main differences are caused
by shift of the anemometer calibration line. After correction
the results are improved (fig. 4.3.b).
- Class III
When comparing the results of class III, being frequency
distributions, it is rather inconvenient that the bin widths of
the various systems are not the same. Therefore 2 graphical
comparisons are made, one using the most accurate 1 mls bin
width and one using the Ekopower bin width (fig. 4.4).
Because the Second Wind Al-2000 S failed during the first 2
weeks and the Natural Power A30 during the last 2 weeks of the
testing period, no comparison can be made between diurnal
distributions and direction distributions.
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At first sight the differences between the several
distributions seem quite difficult to explain. However, when
the bin widths are corrected according to the results of table
4.3 a better accordance is achieved, as shown in fig. 4.5 (which
gives the corrected measurements of fig. 4.4.b+d).
(a)

( b)
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Corrected class III results

Class IV
As already explained in par. 4.1 there were several problems
with class IV instruments: the Eko lOB was borrowed and arrived
too late to be installed in the test mast, the reader-interface
for the ART/Squirrel module was not delivered, the interface
cable of the NP A30 was not usable and Omnidata did not deliver
any software.
Because ART and NP do not offer the possibility to retrieve
data manually, the only comparison concerns some series of
Second Wind and Omnidata hourly averages. A representative
series is shown graphically in fig. 4.6.
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Class IV results
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As a conclusion the main test results of this chapter are put
together in table 4.4.
class II

class IV

class III
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5.

CONCLUSIONS

During part I of this study all kinds of commercially available
wind measuring equipment were classified, according to the
measuring possibilities of the systems. Several instruments that
looked promising were purchased in order to obtain information
about:
- service and delivery
- functional handling and operation
- measuring accuracy
- reliability of operation,
resulting in some sort of price/benefit relation.
The results of each class, as summarized on the previous page by
means of a jUdgement table (table 4.5), are now evaluated.
Based on the test results the ART-equipment would have been
advised positively. Regarding the quality of their product it is
regrettable that the equipment is not available.
- Class II
The delivery time of the NP A22 is not known, but the
experiences with the NP A30 do not promise fast delivery. The
other manufacturers deliver their products reasonably in time.
The operation of all instruments is quite easy. The ART manual
exceeds in clarity, also when interpretation of the recorded
data is concerned. The accuracy of the systems is not very good
(except for Ekopower) because of a failing anemometer
calibration. Ekopower uses a better calibration.
As far as the reliability of operation could be checked during
a one month test period, it can be said that the Datak 4 we have
tested was not very reliable. On the other hand, especially the
ART Windwatch seems very sturdy and reliable.
When comparing the test results to the prices of the
instruments it seems that one has to pay for quality: the ART
Windwatch is about twice as expensive as the Datak 4 and the
NP A22. (The Ekopower price is approaching the Windwatch, but
this depends on the rate of the dollar.)
Class I I I
Because the Datak 16 and the Eko 3 only store a frequency
distribution they are very easy to handle. The NP A30 and the
Second Wind AI-2000 offer several distributions which make them
quite difficult to operate.
Again only Ekopower satisfies the standards on accuracy. The NP
system is very impractical and not very reliable (it is not a
really integrated system).
Besides, both NP and Second Wind are better used as class IV
systems also because of their price.
Class IV
There is a lot to be said about the systems belonging to this
class, especially about their data management.
The first important conclusion concerns the unacceptably long
delivery time of both Natural Power and Omnidata. Another
problem concerned the delivery of reader + software from ART,
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which were not received at all, which is of course a result of
the fact that ART is out of business.
In order to operate the class IV-systems some practical
experience is necessary, except for the ART/Squirrel. This one
is extremely easy to operate, sacrificing the data-review
possibility as well as the measuring of wind direction.
When retrieving and analysing the data it appears that Omnidata
hardly gives any assistance, that Natural Power leaves the user
with a serious interface problem (when trying to connect the
tape recorder to a computer), and that Second Wind leaves part
of data analysis to the user. Nevertheless the possibility of
creating Lotus files is an attractive option. Only Ekopower
supplies a fully operative system.
A special characteristic of class IV equipment is the presence
of some sort of (exchangeable) memory.
Second Wind and Omnidata use EPROMs, which are very easy to
handle. Natural Power uses an internal memory (combined with a
tape recorder which is not very practical), and ART and Ekopower
use exchangeable memory modules (Squirrels). The ART module is
quite small (and very sturdy compared to an EPROM), but the
Ekopower module is in fact the complete logger unit, which is
not very practical.
The operation of the NP A30 is not very reliable, in contrast
to the ART Windwatch/Squirrel.
Summarizing it seems that the Omnidata Datapod is not usable
(long delivery time and no data processing assistance), and
neither is the NP A30 (long delivery time and unreliability).
The ART/Squirrel is by far the cheapest one and it is also very
good, but is not available anymore. The Second Wind AI-2000 S is
a very versatile and reliable instrument. When analysis of
sequential data is desired this is must be done in Lotus, which
must be available to the user. The Ekopower lOB is about the
same price as the SW AI-2000 S, and also offers good
possibilities.
The main conclusions of the tests are:
Delivery of American instruments often gives long delivery
times (varying from 5 weeks to 13 weeks, which is unacceptably
long): this is to the advantage of Ekopower, also where services
are considered: when purchasing us-equipment one must take care
of ordering the right units (m/s instead of mph) and the right
voltage of readers and UV-erasers (220 V instead of 110 V).
- Although the basic operation of wind measuring systems is never
very difficult, the data management of the class IV dataloggers
is still quite problematical, generally speaking.
- The measuring accuracy of the instruments is not good enough,
caused by a failing anemometer calibration (exception:
Ekopower).
When purchasing instruments for wind measurements the first thing
to decide is whether wind run is SUfficient, or a speed
distribution or even sequential data are needed. Some good
instruments to use are:
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- Class II:
- Class III:
- Class IV:

Ekopower 2F
Datak 16 and Ekopower 3N
Second Wind Al-2000S and Ekopower lOB
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APPENDIX A:

RS-232 COMMUNICATIONS

1. STANDARD?
Some 20 years ago the EIA (Electronic Industries Association)
wrote a set of standards to define how data communications
equipment should be hooked up. The standard was called RS-232,
which was changed a couple of times until finally RS-232-C
remained.
The problem with RS-232 is that it was originally defined for
long distance telephone communications.
Wires and signals that are required for telephone communications
are unnecessary for short distance communications, which might
give some confusion.
While 22 lines are defined, normally only 10 are in use and quite
often even just 2 or 3. Some other specifications define the
RS-232 cable length (max. 15 m) and the voltage levels on the
lines:
"low" means between -3 and -25 Volt
"high" means between +3 and +25 Volt
(instead of the usual 0 V and + 5 V).
However, sometimes RS-232 connections function quite allright
using 0 V and + 5 V signals.
A last definition concerns the use of two logic conventions:
"positive true logic" (true = 1 = high) on control-lines, and
"negative true logic" (true = 1 = low) on data-lines.
2. CONNECTIONS
- The 10 mostly used lines are:
pin nr.

name

011

2
3

TO
RD
RTS
CTS
DTR
DSR
RLSD

0

RI
SG
FG

I

4

5
20
6
8

22
7

1

I
0

I
0

I
I

function
data transmitted from terminal
data received by terminal
request to send = ask for data
clear to send = ready to receive data
data terminal ready (terminal
modem)
data set ready (modem
terminal)
received line signal detect
(modem
terminal)
terminal)
ring indicator (modem
signal ground (relative zero level)
frame ground

(0/1 = output/input signal from/to terminal)

Table A:

RS-232 pin functions

- In order to send data 2 lines are sufficient (sending line +
signal ground),.for bi-directional communication 3 lines are
necessary.
Quite often the receiving device is unable to keep up with the
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sending device; then 2 extra "handshake" lines are needed to
check if the receiving device is ready (RTS and CTS).
In case communications take place by telephone lines, modems
are necessary, which introduces a couple of extra lines, thus
reaching the total of 10 lines (table A), including FG.
- When two devices are connected by an RS-232 interface there is
an extra complication which must be taken care of: certain
lines are "coupled", which means that these lines always send
signals in contradictory direction.
Generally speaking, there are two types of equipment when
regarding the RS-232 output: Data Terminal Equipment (DTE, for
example a terminal) and Data Communications Equipment (DCE, for
example a modem).
On DTE the TD, RTS and DTR lines are always sending lines,
while on DTE they are receiving lines; RD, CTS and DSR are
receiving lines on DE and sending lines on DCE.
So when OTE is connected to DCE, the connection is directly pin
to pin (for example terminals and modems). However, when
connecting DTE to OTE or DCE to DCE, two pairs of lines must be
reversed: TD and RD, RTS and CTS, DTR and OSR.
Computers can be wired both as DTE (using a male connector) and
as DCE (using a female connector), which might cause problems
when trying to connect another device to the RS-232 output.
- As mentioned before, most instruments use between 2 and 10 of
the possible 22 pin circuits. If an instrument with 2 lines in
use is connected to an instrument with 10 lines in use,
something must be done with the 8 remaining lines. The general
rule is: all input lines (table A) must be connected to
something. If they are not tied to another instrument then they
must be tied to a high logic level. Depending on how the
manufacturer designed the instrument, inputs may be internally
tied either high or low when no external wire is connected.
- One last thing to watch for is the possibility that a
manufacturer has used some of the pins on the RS-232 connector
for other than data communications purposes. The best solution
is to cut out these wires.
3. COMMUNICATING THROUGH RS-232
Even when all connections are correct, there still might be a
"language" problem, which may be caused by the way the ASCII
codes are transmitted.
Baud rate:
This is the number of bits per sec. that is sent.
The baud rate of both devices must be the same.
Parity:
The ASCII characters that are sent over the communication lines
are taken from a 128-character alphabet. This means that 7 bits
are sufficient to define a character. Because the transmission
takes place using bytes (= 8 bits), the 8th bit is often.used
for "parity checking": even-parity bytes contain an even number
of l's, and odd-parity bytes contain an odd number of l's.
When both devices use parity-checking, the parity definitions
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must agree. In case one of them doesn't use parity-checking
there is no problem.
- Number of bits transmitted:
Most instruments use an a-bit character definition. Some
instruments use 7 or fewer bits per character. Both devices
must be set the same.
Number of stop bits:
Every character is opened by one start bit (always high, so a
"0": negative true logic for data lines!) and closed by a stop
bit (always low, this means a "1"). Sometimes 2 stop bits are
used (mostly by old fashioned 110 baud machines).
The number of stop bits must be in agreement.
4. HANDSHAKING

Before real communication takes place the two devices must be
assured that each is ready to receive data. This can be done by
two methods:
- Hardware handshaking:
RS-232 provides some lines for this purpose (most commonly used
are RTS, CTS, DTR, DSR, RLSD and RI), which were already
discussed before (also: table A).
- Software handshaking:
Some installations rely on special ASCII control characters
transmitted in the data stream, instead of regarding the RS-232
handshaking lines. Two of the more common protocols are ENQ-ACK
(enquire-acknowledge; controlled by the computer), and XON-XFF
(device on-device off; controlled by the terminal).
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APPENDIX B: LIST OF MANUFACTURERS
Atmospheric Research & Technology, Inc.
6040 Verner Avenue
Sacramento, CA 95841, USA.
Datak Systems, Inc.
P.O. Box 129
Harmony, RI 02829, USA.
Ekopower
Monarchstraat 46
5641 GJ Eindhoven, The Netherlands.
Maximum, Inc.
42 South Avenue
Nattick, MA 01760, USA
Natural Power, Inc.
Francestown Turnpike
New Boston, NH 03070, USA.
Omnidata International, Inc.
P.O. Box 3489
Logan, Utah 84321, USA.
Secondwind, Inc.
7 Davis Square
Somerville, MA 02144, USA.

