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Disclaimer

This report was prepared as an account of work sponsored by an agency of the United States
government. The test results documented in this report define the characteristics of the test article as
configured and under the conditions tested.

Neither the United States government nor any agency thereof, nor any of their employees, makes any
warranty, express or implied, or assumes any legal liability or responsibility for the usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not infringe
privately owned rights. Nor do they assume legal liability or responsibility for the performance of the
test article or any similarly named article when tested under other conditions or using different test
procedures.

Neither Midwest Research Institute nor the United States Government shall be liable for special,
consequential, or incidental damages. Reference herein to any specific commercial product, process,
or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States government or any agency
thereof. The views and opinions of the authors expressed herein do not necessarily state or reflect
those of the United States government or any agency thereof.

The National Renewable Energy Laboratory (NREL) is a National Laboratory of the United States
Department of Energy (DOE), and as an adjunct of the United States Government, cannot certify wind
turbines. The information in this report is limited to NREL’s knowledge and understanding as of this
date.

This report may not be reproduced, except in full, without written permission from NREL.
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1.0 Test Objective

The objective of this test was to evaluate the safety and function characteristics of the Whisper H40
wind turbine. The general requirements of wind turbine safety and function tests are defined in the
IEC standard WTO1. The testing was conducted in accordance with the National Wind Technology
Center (NWTC) Quality Assurance System, including the NWTC Certification Team Certification
Quality Manual and the NWTC Certification Team General Quality Manual for the Testing of Wind
Turbines, as well as subordinate documents.

This safety and function test was performed as part of the U.S. Department of Energy's (DOE’s) Field
Verification Program (FVP) for small wind turbines.

2.0 Changes in Revision 1

1. Post-test calibrations have been completed on all instrumentation used for this test. Appendix
A is expanded to include the post-test calibration certificates, and the exception to standard
practice is removed.

2. Peak power is now quantified.

3. An estimate of peak rotor speed is now provided.

3.0 Description of Test Turbine and Setup

Figure 1 shows the Whisper H40 wind turbine as it was installed at Site 1.3 at the NWTC. The
Whisper H40 is a three-bladed, upwind, variable-speed turbine that uses furling for power regulation
and overspeed control. The turbine is mounted on a 10-cm (4-in.) tube tower at a hub height of 9.1 m
(30 ft). The tilt-down tower is supported by four guy wires and can be easily lowered to ground level
for turbine inspection and maintenance.

The turbine uses a direct-drive, permanent magnet, brushless alternator to produce three-phase,
variable-frequency, variable-voltage AC power. This “wild AC” power is directed through slip rings
in the nacelle to the turbine’s EZ Wire controller.

The EZ Wire is a proprietary, silicon-controlled rectifier (SCR) that features turbine control and a
dump load. In this test, it was configured to produce 24 volts DC. The voltage is stabilized with four
batteries. A Trace sine-wave inverter (model number SW4024) converts the DC power to 120 volts
AC and feeds it to the NWTC electrical grid. In case of a utility outage or inverter failure, the resistive
dump load dissipates energy from the turbine. A manual switch provides braking for the turbine by
disconnecting it from the load and shorting two of the generator leads together. The arrangement of
these components is shown in Figure 2.

Table 1 lists configuration and operational data for the Whisper H40.
The Whisper H40 wind turbine was tested at Site 1.3 of the NWTC (hereafter referred to as the test

site), approximately 8 km (5 mi) south of Boulder, Colorado. The site is located in somewhat complex
terrain at an approximate elevation of 1850 m (6070 ft) above sea level.



Table 1. Test Turbine Configuration and Operational Data

General Configuration:

Make, model, serial number World Power Technologies, Whisper H40, 09092256
Rotation axis Horizontal

Orientation Upwind

Number of blades 3

Rotor hub type Rigid

Rotor diameter (m) 2.1

Hub height (m) 9.1

Performance:

Rated electrical power (kW) 0.9

Rated wind speed (m/s) 12.5

Cut-in wind speed (m/s) 34

Rotor:

Swept area (m®) 3.6

Cut-in rotational speed (rpm) 300

Maximum rotational speed (rpm) 1,200

Tilt angle (deg) 7

Blade pitch angle (deg) 0 (nonlinear 13° at root to 1° at tip)
Direction of rotation CCW

Overspeed control Furling

Braking System:

Electrical brake: make, type, location

Three-phase, short-circuit brake

Yaw System:

Wind direction sensor | Tail vane

Tower:

Type Guyed tube tilt-down
Height (m) 9.1

Control/Electrical System:

Controller: make, type

EZ Wire system 120 SW4024

Power converter: make, type

Trace

Electrical output: voltage, frequency,
number of phases

480 VAC, 60 Hz, 1-phase




Figure 1. Whisper H40 turbine at the NWTC test site.
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Figure 2. Electrical one-line drawing.
.
4.0 Instrumentation

The following parameters were measured in this test: wind speed, DC bus voltage, DC bus current,

AC power, and rotor speed. In planning for the test, we expected to measure current to the dump load.
However, during the test, current to the dump load was not measured. It was determined from heating
of the dump load resistors that the dump load function was suitable. The instruments that were used
for these measurements are listed in Table 2. The calibration sheets for the instruments used for this

safety and function test are included in Appendix A.

Table 2. Equipment List for Safety and Function Test

AC Power Transducer

Make/model: OSI, GWV5-001EY24/1
Serial number (power 0010301
transducer/current transducers):

Range with CTs: 0-+/-1
Calibration due date: 1/5/01
Turbine Speed

Make/model: Action Pak
Serial number: B7YSV

CT range: 0-1000 rpm
Calibration due date: 2/18/01

DC Bus Voltage

Make/model: | OSI VT7-003E




Serial number: 9111995

CT range: 0-50 Vdc

Calibration due date: 1/3/01

DC Bus Current

Make/model: OSI CTA212

Serial number: 0010126

CT range: 0-50 Amp

Calibration due date: 1/3/01

Met Anemometer 2/9/2000 to 11/29/2000

Make/model: Met One, 010C with aluminum cups
Serial number: W1231

Calibration due date: 2/9/01

Met tower location: 6.7 m upwind

Met Anemometer 11/29/2000 to 7/30/2001

Make/model: Met One, 010C with aluminum cups
Serial number. W1240

Calibration due date: 4/21/01

Met tower location: 6.7 m upwind

Data Logger 2/15/2000 to 10/4/2000

Make/model: Campbell Scientific CR21X
Serial number: 13185

Calibration due date: Post-calibration on 2/8/2001
Data Logger 10/4/2000 to 7/31/01

Make/model: Campbell Scientific CR23X
Serial number: 3099

Calibration due date: 8/30/2001

5.0 Procedure
The requirements for a safety and function test as described in Annex D of IEC WTO1 [1] are:

“The plan for the safety and function tests shall include the critical functions of the control
and protection system that require test verification, as described in the design
documentation. These critical functions shall at least include:
e emergency shutdown during operation;
power and speed control;
yaw control (including cable twist);
operating vibration levels and excessive vibration protection ;
grid loss behaviour;
over speed protection at rated wind speed or above; and
start-up and shutdown above rated wind speed.

Any additional protection system function that may be activated by component failure or
other critical events or operational conditions shall also be tested. This testing may include
simulation of the critical event or operational condition. Each test shall be described in the
test plan. In many cases, several component failure modes or critical events will lead to
similar behaviour of the control and protection system and may be covered by a single test.
The Certification Body shall verify that the tests described in the test plan cover all
identified critical control and protection system functions.”



For the Whisper, this led to a number of tests (procedures can be found in Appendix B).

6.0 Results

The turbine exhibited no unexpected or inherently unsafe behavior. However, this does not mean that
the turbine is safe. The tests considered only those conditions in which the turbine control and
protection system was expected to maintain the turbine in a safe condition. In some failure modes,
such as a failure of the dump load when the grid is not available, the response was expected to result in
overcharging, damage, and possible fire in the battery bank. NREL personnel do not judge whether
such failures are likely or whether additional features in the control and protection system are needed
to protect against such consequences.

Yaw Orientation

Observations have been made of the turbine over the last year, including during acoustic noise tests
taken over a wide wind speed range [4-22 m/s (9—49 mph)] and on different dates (January 4 and 25,
2001, and February 5, 2001). No abnormal behavior has been noticed. The wind turbine seems to
accurately track the wind.

Power Limitation

DC current and voltage were measured throughout the duration test and the data used to determine the
maximum observed and the maximum expected power in winds below 50 m/s (112 mph). Maximum
DC power is calculated from the maximum 1-sec measurement of DC current multiplied by the
maximum, 1-sec measurement of DC voltage for each 10-minute period. There is some error in this
method because maximum current and voltage may have occurred at different times during the 10-
minute period. However, DC voltage was maintained very closely by the inverter, so errors are
expected to be low. Figure 3 shows a plot of average and maximum 1-sec DC power versus the
maximum 1-sec wind speed. The figure indicates that maximum 1-sec power would be limited to less
than 1,300 W in winds less than 50 m/s (112 mph).

Rotor Speed Limitation

Rotor speed was measured throughout the duration test. However, toward the end of the test, NREL
personnel noted that a frequency to voltage transducer used in the measurement system was
improperly set. This resulted in the rotor speed signal being clipped at 1,100 rpm, as shown in Figure
4. Thus it was not possible to determine directly whether rotor speed is properly limited by the furling
mechanism. However, rotor speed is well correlated with DC power over the range of operation
where the signal was not distorted, as shown in Figure 5. Using this correlation and extrapolating this
to the highest measured instantaneous power level of approximately 1300 W, NREL personnel
estimate that rotor speed does not exceed 1600 rpm in winds below 50 m/s (112 mph). Because of the
uncertainty in the correlation of power and rotor speed outside of the observed range of operation, this
estimate may not be conservative.

Brake Operation

During the noise tests, the brake was applied several times at different wind speeds. The brake worked
in wind speeds up to 6-7 m/s (13.4—15.7 mph). The typical braking procedure involves waiting for a
lull in the wind speed (noted by a dip in the produced current) to engage the stop switch, and, if the
turbine does not stop directly, releasing the brake to prevent overheating of the alternator. If the dip in
the wind speeds lasts, the turbine can be braked at relatively high wind speeds [up to 10 m/s (22.4
mph)]. The Whisper H40 manual indicates that the brake only works in moderate wind speeds when
the turbine is not furled. The observed behavior is consistent with the manual.



Grid Outage

On June 25, at wind speeds between 6 and 11 m/s (13.4 and 24.6 mph), the batteries were
disconnected and the inverter was shut down. After a minute, the LED on the EZ Wire setting
“REGULATING” began switching on and off. After a few minutes, the dump load became hot. The
configuration was maintained for 10 minutes, after which the inverter and batteries were connected
again. No damage to the dump load was observed.

Battery Disconnect
The batteries were disconnected in winds of 6—11 m/s (13.4-24.6 mph). No change in turbine behavior
was heard or otherwise observed. The produced power went to the grid.

Loss of Load

Tests were done with one, two, and three turbine phases disconnected from the EZ Wire. As described
above, the measured rpm signal was clipped. In addition, the correlation between rotor speed and
power is not applicable to loss-of-load events. Thus, no rpm data can be shown for this test.
Observations indicated that under loss of load, the turbine still furled in a manner consistent with its
operation under load. However, the blades occasionally fluttered at winds of about 15 m/s (34 mph),
indicating that rotor speed was higher than during normal operation.

In addition, after the winds died, the turbine appeared to be stuck in furl (about 20-30° furl angle).
This seemed to be related to the furling problem that was observed earlier during the duration test. Up-
tower inspection showed excessive friction in the furl bearing. This behavior did not appear to be
caused by the loss of load.

Unauthorized Changing of Control Settings

A knob on the front panel of the EZ Wire can be used to set the charge voltage of the batteries. This is
used to equalize flooded lead acid batteries. However, turning this knob to high-charge settings might
create a danger for gel and agm batteries.

Failure in Furl System
The turbine was locked in an unfurled position using hose clamps. During the measurement period,
winds were not high enough to cause the turbine to furl.

Electrical Safety
All major electrical components are behind doors that can only be opened with a screwdriver or other
tool. Further stickers warn for high voltages, multiple source, etc.

Lighting Protection

The turbine has no special lightning protection system. In the case of the turbine at the NWTC, the
base plate of the tower is grounded, but the tower by itself is not. The guy wires are also not grounded.

10
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Figure 3. Whisper H40 power response to wind speed.
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Figure 4. Whisper H40 rotor speed response to wind speed.
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7.0 Exceptions

None.

8.0 References

[17 IEC WT 01 “IEC System for Conformity Testing and Certification of Wind Turbines — Rules and
Procedures” First Edition; 2001-04, International Electrotechnical Committee.
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Appendix B: Safety and Function Test Checklist

System safety and function test procedures and checklist for the Whisper H40

The objective of the safety and function test is to verify that the turbine displays the behavior predicted
in the design and that provisions relating to personnel safety are properly implemented.

However, this does not mean that the turbine is safe. If it is clear that a certain simulated fault would
bring the turbine into an unstable situation, then this was not tested for. The outcome would be
predictable. Only issues in which the system is supposed to respond or stay in a safe condition were
evaluated. Below is a list of items that will be evaluated for the Whisper H40.

The signals needed for this test are: wind speed, DC voltage, AC power, rpm, and dump load status.

The italic text gives the test procedure.
The Arial text in the boxes is a reproduction of the notes taken during the measurements.

The tests were performed on June 25 and 26, 2001, by Mark Meadors and Jeroen van Dam.

Yaw orientation
Over the year, observations have been made during the acoustic noise tests. These were taken over a
wide wind speed range [4-22 m/s (9—49 mph)] on different days. No abnormal behavior was noticed.

Power and rotor speed limitation
Rpm and power data have been measured in the duration test and can be used to check this part of the
safety and function test.

Use the duration test data to determine plots of maximum rpm and maximum power as a function of
wind speed.

Brake operation
Several braking operations have been performed over the year. That experience will be used to check

this part of the safety and function test.

Check logbook for brake entries and indication of wind speeds.

Grid outage
In case of a grid outage, the inverter will go down. The turbine should keep operating normally and the

power should go to the batteries. When the batteries are full, the dump load should be switched in. If
the grid is reconnected after this has happened, the dump load should switch off and the power should
be delivered to the grid.

To test to see if the dump load can handle the maximum power, this test ideally should take place at
wind speeds slightly above rated wind speed [10-15 m/s (22.4-33.6 mph)].

We will disconnect the grid on the grid side of the inverter. The expected behavior is that the turbine

will operate normally, the inverter will go down, and the power will go to the batteries. After a while,
the batteries will be full and power will go to the dump load.
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After this, connect the grid again and the dump load should switch off and power should go to the
grid.

Signals needed: wind, dump load sensing, and DC bus voltage.

Ideally high winds would be best to see if dump load can handle the maximum power.

Observed behavior:

25 June 2001

A few minutes after the batteries were disconnected and the inverter shut down, the
dump load started getting warm. Regulating LED switches on and off. Winds are in
range of 6-11 m/s (13.4-24.6 mph).

Battery disconnect
In case the batteries are disconnected, the turbine should continue normal operation. All the power
should be delivered to the grid or dump load.

Open the switch to the batteries. Listen to the turbine noise for any significant changes in rpm.
Observe the AC power and dump load status.
Signals needed: wind speed, AC power, dump load sense

Observed behavior:

25 June 2001
No change in rpm is audible; winds are around 6 m/s (13.4 mph). At 12:25, the winds
reach 10-11 m/s (22.4-24.6 mph) and the turbine starts furling. Power goes to the grid.

Loss of'load

In case any of the phases loses its connection to the EZ Wire, the turbine should speed up and the
power should decrease. The more phases are disconnected, the higher the rpm and the lower the power
(zero for three phases loose).

Pull one of the fuses at the tower bottom. Take measurements of DC power and rpm. Repeat the same
measurement for two and three phases loose.

Observed behavior:

25 June 2001:

9:47-10:14 three phases loose.

10:17-10:46 two phases loose.

12:25-13:00 one phase loose.

Winds are between 2.5 and 12 m/s (5.6 and 26.8 mph).

14:40 Winds reach 15 m/s (33.6 mph). Pulled three phases loose. Turbine goes into
occasional flutter. After the wind dies, the turbine gets stuck in furl twice (20-30° furl
angle).

15:13 Reconnected the phases.




Unauthorized changing of control settings
A knob on the front panel of the EZ Wire is used to set charge voltage. A dangerous situation can be
created for the batteries by turning this knob to a higher set point.

Failure of furl system
The control of power and rpm is primary based on the furl mechanism. In case the furl mechanism
fails, the rotor should speed up and eventually the rotor should come into flutter.

Block the furl mechanism. Tie a rope to the tail of the turbine such that the turbine can be yawed out
of the wind in case of an unsafe situation. Start measurements of power and rpm. The wind speed
should be reasonably low to start.

Observed behavior:

26 June 2001:
Blocked furl mechanism using hose clamps. Waited for winds all day. Removed hose
clamps at the end of the day. No high winds have been recorded.

Personnel safety

Electrical safety
The turbine has been checked for electrical safety.

Write down notes on electrical safety: Are enclosures accessible? Can high voltages be touched?
Are warning labels present, etc.?

All electrical wiring is behind doors that can only be opened with a screwdriver or
something similar. Stickers warn for danger. Wires run through conduits.

Make remark about how lightning protection is configured on this turbine.

Turbine has no special lightning protection system.

The base of the tower is grounded. Measuring the resistance between tower and tower
base leads to the conclusion that the tower itself is not grounded. Guy wires are not
grounded.
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Lowering and raising of the tower

The Whisper H40 as present at the NWTC is equipped with a tilt-down tower. The turbine has been
tilted and raised a few times during the test period. According to the people performing this work, no
difficulties were encountered and no hazardous situations have occurred.

B-4



	Cover and Approvals
	Disclaimer
	Table of Contents
	1.0 Test Objective
	2.0 Changes in Revision 1
	3.0 Description of Test Turbine and Setup
	4.0 Instrumentation
	5.0 Procedure
	6.0 Results
	7.0 Exceptions
	8.0 References
	Appendix A: Instrument Calibration Sheets
	Appendix B: Safety and Function Test Checklist

