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Notice 

This report was prepared by the National Renewable Energy Laboratory (NREL), operated for 
the United States Department of Energy (DOE) by the Alliance for Sustainable Energy, LLC 
(Alliance), as an account of work sponsored by 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. 

This report is provided “as is” and neither the government, Alliance, NREL, nor any of their 
employees makes any warranty, express or implied, including the warranties of merchantability 
and fitness for a particular purpose, or assumes any legal liability or responsibility for the 
accuracy, completeness, or usefulness of any such information disclosed in the report, or of any 
apparatus, product, or process disclosed, or represents that its use would not infringe privately 
owned rights. 

Neither Alliance 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 or Alliance. 

NREL is a DOE Laboratory 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. 

NREL is accredited by the American Association for Laboratory Accreditation (A2LA) and the 
results shown in this test report have been determined in accordance with the NREL’s terms of 
accreditation unless stated otherwise in the report. 

This report shall not be reproduced, except in full, without the written approval of Alliance or 
successor operator of NREL. 
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1 Background 

This test was conducted as part of the U.S. Department of Energy’s (DOE) Independent 
Testing project. This project was established to help reduce the barriers to wind energy 
expansion by providing independent testing results for small wind turbines (SWT). In total, 
five turbines were tested at the National Wind Technology Center (NWTC) as a part of this 
project. Safety and function testing is one of up to five tests performed on the turbines, 
including power performance, duration, noise, and power-quality tests. NWTC testing results 
provide manufacturers with reports that may be used to meet part of small wind turbine 
certification requirements. 

The test equipment includes a Windspire wind turbine mounted on a monopole tower. L&E 
Machine manufactured the turbine in the United States. The inverter was manufactured 
separately by Technology Driven Products in the United States. The system was installed by 
the NWTC site operations group with guidance and assistance from Mariah Power. 

During this test, two configurations were tested on the same turbine. In the first configuration, 
the turbine inverter was optimized for power production. In the second configuration, the 
turbine inverter was set for standard power production. In both configurations, the inverter 
experienced failures. Tests from both of these configurations are included in the report, 
though each test was not performed on both configurations of the turbine. Testing on the 
Windspire was terminated before all of the planned safety and function tests could be 
completed. 

2 Test Objective 

The objective of this test was to: 

• Verify whether the test turbine displays the behavior predicted in the design; 

• Determine whether provisions relating to personnel safety are properly implemented; 
and 

• Characterize the dynamic behavior of the wind turbine at rated wind speed and greater 
speeds. 

The National Renewable Energy Laboratory (NREL) does not limit safety and function tests 
to features described in the wind turbine documentation, and NREL also inspects—possibly 
tests—and reports on features that are required by IEC 61400-2 and that might not be 
described in the wind turbine documentation. NREL conducted this test in accordance with 
Section 9.6 of the IEC standard, “Wind Turbines—Part 2: Design Requirements for Small 
Wind Turbines,” IEC 61400-2, second edition, 2006-03. 

3 Description of Test Turbine and Setup 

The test turbine was a Mariah Power Windspire wind turbine. This turbine is a vertical axis, 
three-bladed, variable-speed, turbine with a rated power of 1-kW. Figure 1 shows the test 
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turbine installed at the NWTC. Table 1 provides the key descriptive information of the test 
turbine. 

Table 1. Test Turbine Configuration 

Turbine manufacturer name 
and address 

Mariah Power 
748 S. Meadows Pkwy. A-9, 
#329 
Reno, NV 89521 

Model name Windspire 
Serial number 800021 
Revision number 1P 
Production date 2008 
Design nominal voltage at terminals (VAC) 120 
Maximum current at terminals (A) 20 
Design frequency at terminals (Hz) 60 
Small wind turbine (SWT) class IV 
Design 50-year extreme wind speed, Ve50 (m/s) 42 
Equivalent Rotor diameter (m) 3.08 
Hub height (vertical center of rotor) (m) 6.10 
Tower type Tubular 
Rated electrical power (kW) 1 
Rated wind speed (m/s) (slowest wind speed  
at which turbine produces rated power) 

11.0 

Rated rotor speed (rpm) (slowest rotor speed  
at which turbine produces rated power) 

180 

Rotor speed range (rpm) 0 – 500 
Fixed or variable pitch Fixed 
Number of blades 3 
Blade pitch angle (deg) 3 
Blade make, type, serial number Mariah Power, Airfoil, NA 
Description of control system (device & software 

 
Windspire 1.2G 

 

The Windspire wind turbine was installed at site 3.3C at the NWTC, which is located 8 miles 
south of Boulder, Colorado. The site’s terrain primarily is flat with short vegetation. The test 
site has prevailing wind bearing 292 degrees relative to true north. For measurements 
requiring highly accurate wind-speed data, NREL used data obtained when the wind direction 
was between 132 degrees true to 323 degrees true. In this measurement sector—which was 
established in accordance with IEC 61400-12-1—the influence of terrain and obstructions on 
the anemometer and turbine is slight. 

Figure 2 shows the general electrical arrangement. The wire run from the base of the tower to 
the data shed is approximately 54 meters of #12-2 American Wire Gauge (AWG) wire. Inside 
the data shed, on the turbine side of the transformer, the wire run is connected to a disconnect 
switch and a dedicated breaker in a breaker panel.  
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Figure 1. Windspire wind turbine at the NWTC test site 
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Figure 2. Electrical drawing 



 

4 

4 Instrumentation 

The following parameters were measured in this test: wind speed, electrical power, rotor 
speed, turbine status, and grid voltage. The rotor speed was calculated by measuring the 
frequency of an optically isolated signal from the turbine. The turbine does not produce a 
detectable rotor speed signal at lower rotor speeds. An indication of turbine status was 
obtained by measuring the voltage of a signal from the turbine that indicated if the turbine’s 
brake was on. The instruments 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 

Instrument Make, Model 
Serial 

Number Calibration Due Date 

Power 
transducer 

Second Wind, Phaser 
5FM-4A20 02061 February 8, 2009 

Voltage 
transducer 

Ohio Semitronics, VT7-
010E-11 08010700 Calibrated with power transducer 

Primary 
anemometer Thies, First Class 0707894 February 27, 2009 

 Compact DAQ w/LabView   

Data acquisition 
system 

cDAQ backplane 

NI 9229 

NI 9217 

NI 9205 

12E4D23 

12B6DD2 

12BD192 

12E9C3E 

 

June 28, 2008 

July 6, 2008 

October 8, 2008 

Modules post-test calibrated on 
May 6, 2009 and found in 
compliance 

5 Procedure 

Safety and function testing can involve some risk to personnel and to equipment. By incorpor-
ating appropriate controls into testing procedures, NREL endeavors to accomplish its tasks 
with minimal risk. This test report documents these controls in areas where they might have 
influenced the results obtained. 

5.1 Control and Protection System Functions 
The first part of the test procedure is assessing the control and protection system functions. 
The planned control and protection system tests are listed below, though not all were 
completed before testing was terminated. The turbine’s response is observed for each major 
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response category (start-up, normal shutdown, emergency shutdown) in the list below. In 
circumstances in which faults or other actions cause one of these major responses, NREL staff 
simulates the appropriate input and verifies that the control and protection system 
appropriately sensed the condition and provided an indication of the appropriate response. 
This procedure, for example, enables rotor overspeed functions to be checked without 
exposing the turbine to multiple potentially damaging stops. In the list below, these items are 
designated by the term “behavior.” 

1. Power control 

2. Rotor-speed control 

3. Start-up 

a. Normal operation—wind speed greater than cut-in 

b. After maintenance or fault clearance at design wind speed or greater 

4. Normal shutdown under 

a. Normal operation—wind speed decreasing to less than cut-in 

b. Maintenance or fault conditions at design wind speed or greater 

5. Emergency shutdown during operation from any operating condition including: 

a. Emergency stop in wind speeds less than design wind speed; 

b. Emergency stop at design wind speed or greater; 

c. Behavior upon automatic shutdown from overspeed at design wind speed or greater; 
and 

d. Behavior upon automatic shutdown from other fault at design wind speed or greater. 

6. Behavior upon loss of load 

a. Response to grid outage 

b. Response to grid instability 

5.2 Personnel Safety Provisions 
The second part of the test procedure was to evaluate provisions for personnel safety. For the 
test turbine the following issues were reviewed. 

1. Safety instructions 

a. Safety instructions must be available for everybody working or operating at the site or 
in the wind turbine. 

b. Safety instructions must cover installation, operation, and maintenance activities. 

2. Climbing facilities must be checked for proper assembly and full function. 

a. Tower climbing cable or equivalent 

b. Tie-off points on outside of nacelle 

3. Standing places, platforms, and floors 

a. Trip hazards must be avoided or marked clearly. 
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b. Platforms, floors, and walkways must be equipped with nonslip surfaces. 

c. Hatches in the platforms must be lockable. 

4. Electrical and grounding system 

5. Emergency-stop buttons 

6. Lock-out/tag-out provisions 

7. Interlock on electrical cabinets 

8. Presence and functioning of rotor lock and yaw lock 

9. Unauthorized changing of control settings 

10. Lightning protection 

11. Safety signs 

5.3 Dynamic Behavior 
NREL staff observed the turbine at a range of operating wind speeds to note the dynamic 
behavior of the turbine, including (but not limited to) vibration, and noise. 

6 Results 

6.1 Control and Protection System Functions 
NREL limited testing to investigation of single-fault failures and has not investigated failures 
of “safe life” components.1

Power Control 

 If a second fault occurs during a critical event, unsafe results 
could occur. Neither NREL nor the IEC turbine-design requirements make judgments on 
whether such failures are likely or whether additional features in the control and protection 
system are needed to protect against such consequences. 

Figure 3 shows the 1-minute mean power data and 1-second maximum power data for the 
inverter configured for standard power production. For the data collected, both the mean and 
maximum power values appear to begin leveling off at wind speeds greater than 14 m/s. 
However, there are not enough data points at these wind speeds to conclude that the turbine 
exhibits power control.  

 
Yaw Control 
This item is not applicable as the test article is a vertical axis turbine. 
                                                 

1 The IEC turbine design standard, IEC 61400-1, defines “safe life” as those components for which the 
designer has “prescribed a service life with a declared probability of failure.” These typically are 
components that transmit wind loads to the ground, such as blades, hubs, low-speed shafts, main 
bearings, main frames, yaw bearings, towers, and foundations. Failure of any of these components 
could lead to a catastrophic failure of the turbine; therefore each component should be designed with 
an appropriate safety factor. NREL has not evaluated these design characteristics and makes no 
judgment on whether appropriate safety factors have been used. 
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Rotor-Speed Control 
Rotor-speed measurements over the test period indicate that the turbine system exhibits 
control over rotor speed in response to winds below about 18 m/s. Figure 4 shows both 1-
minute average and 1-second maximum rotor speed for the inverter configured for standard 
power production. The maxima level off and hold at about 390 rpm. The manufacturer’s rated 
rotor speed is 380 rpm and a rotor overspeed occurs at 430 rpm. The data shows the rotor 
speed was held at less than 430 rpm. 

Start-Up 
Normal Operation—Wind Speed Greater Than Cut-In (4 m/s). This event was captured in 
June 2008 on the inverter configured for optimized power production. As shown in Figure 5, 
the wind speeds were slightly greater than the cut-in wind speed when the turbine started. The 
rotor speed gradually increased as the wind speeds remained constant at approximately 4 m/s. 
The turbine began producing power at a wind speed of about 4 m/s and a rotor speed of about 
180 RPM. 

After Maintenance or Fault Clearance at Design Wind Speed (8.4 m/s) or Greater. This event 
occurred in June 2008 on the inverter configured for optimized power production. The turbine 
was stopped through the communication software for maintenance. After the turbine was 
enabled through the communication software, it started in winds between 9 and 13 m/s and 
began producing power. Figure 6 shows a time series of the events. 

Normal Shutdown 
Normal Operation—Wind Speed Decreasing to Less Than Cut-In (4 m/s). This event was 
recorded in September 2008 on the inverter configured for optimized power production. 
When the wind speed decreases to less than cut-in the turbine stops producing power and then 
free wheels. A time series of the event is shown in Figure 7. 

Maintenance or Fault Conditions at Design Wind Speed (8.4 m/s) or Greater. This event was 
recorded in June 2008 on the inverter configured for optimized power production. The turbine 
was stopped through the communication software for maintenance. The wind speed was 
between 8.4 m/s and 9.0 m/s at the time the turbine was stopped. The brake was applied and 
both the detectable rotor speed and power dropped to zero within 2 seconds. Figure 8 shows a 
time series of the event. 

Emergency Shutdown from Any Operating Condition During Operation 
Emergency Stop in Wind Speeds Less Than Design Wind Speed (8.4 m/s). The owner’s 
manual indicates that the owner should disconnect power to the turbine to stop it in high 
winds. Thus, the emergency shutdown capability was tested by opening the dedicated 
disconnect switch that NREL installed. This event was recorded in June 2008 on the inverter 
configured for optimized power production. The wind speeds were between 4 m/s and 6 m/s 
when the disconnect switch for the turbine was opened. The brake stopped the wind turbine 
within 2 seconds. Figure 9 shows a time series of the event.  
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Emergency Stop at Design Wind Speed (8.4 m/s) or Greater. This event was recorded in 
October 2008 on the inverter configured for standard power production in a data file 
containing one minute averages. The wind speed was between 10 m/s and 19 m/s during the 
one minute period when the disconnect switch was opened to shut the turbine down at the 
request of the manufacturer for high winds. Figure 10 shows the one minute time series of the 
event.  

Behavior Upon Automatic Shutdown from Overspeed at Design Wind Speed or Greater. No 
data was collected for this category before testing was terminated.  

Behavior Upon Automatic Shutdown from other fault at Design Wind Speed (8.4 m/s) or 
Greater. No data was collected for this category before testing was terminated. 

Behavior Upon Loss of Load 
Response to Grid Outage. This event was observed in June 2008 on the inverter configured 
for optimized power production. The wind speeds were between 4 m/s and 6 m/s when the 
disconnect switch for the turbine was opened. The brake stopped the wind turbine within 2 
seconds. After the switch was opened, the turbine voltage increased to 150 V before dropping 
to 0 V. Figure 9 shows a time series of the event.   

Response to Grid Instability. No data was collected for this category before testing was 
terminated. 

6.2 Personnel Safety Provisions 
Safety Instructions 
The turbine came with an owner’s manual detailing the installation, operation, and 
maintenance procedures. NREL staff checked the manual to determine whether the safety 
instructions addressed requirements in accordance with the IEC small turbine design standard. 
NREL staff found the following. 

Disengage the load and/or energy sources: The manual indicates that the owner should 
disconnect power to the turbine if high winds are anticipated, if damage is suspected, or 
before servicing the turbine. The turbine was not supplied with a means of disconnecting 
power, though the one line diagram in the manual shows the turbine connected to a disconnect 
switch. NREL staff installed a dedicated disconnect switch in the data shed as a means to 
disconnect power to the turbine.  

Stop and secure the rotor: The manual states that the rotor should be secured if damage is 
suspected or if the inverter is disconnected from the generator. The manual does not provide 
specific instructions on securing the rotor.  

Stop and secure the yaw mechanism: This item is not applicable as the test article is a 
vertical axis turbine.  
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Climb tower: The turbine is not equipped with a ladder or other means of climbing the tower. 
The owner’s manual indicates that the turbine should be lowered to perform maintenance such 
as replacing the blades or the bearings. 

Climbing 
The turbine tower was not intended for climbing. To service or inspect the turbine, NREL 
staff used a ladder, an aerial lift, or lowered the turbine as suggested in the owner’s manual.  

Standing Places, Platforms, and Floors 
The turbine does not have any standing places, platforms, or floors.  

Electrical and Grounding System 
The electrical system consists of wiring from the turbine to a disconnect switch and then to a 
dedicated circuit breaker. The grounding system consists of a pole ground connected to the 
tower base. The details of the electrical and grounding system are shown in a wiring diagram 
in the owner’s manual.  

Emergency-Stop Button 
The turbine was not supplied with an emergency-stop button. NREL staff stopped the turbine 
by opening the disconnect switch. Alternatively the turbine can be stopped through entering a 
command in the communications software.  

Lock-Out/Tag-Out Provisions 
NREL provided a lockable switch between the grid and the turbine. The manufacturer shows 
installation of a disconnect switch in the owner’s manual, though they do not specifically 
require a lockable switch. Limited procedures for de-energizing the turbine system using this 
disconnect switch are in the owner’s manual.  

Interlock on Electrical Cabinets 
The turbine was not supplied with an electrical cabinet. 

Safety Signs 
The turbine was not provided with any safety signs, safety notices are not a part of the 
turbine’s bill of materials. NREL personnel labeled the electrical panels, and disconnects, 
indicating the voltage levels of each. 

Presence and Functioning of Rotor Lock and Yaw Lock 
The turbine stops the rotor with a redundant electronic brake which can be activated through 
the communication software, or a disconnect switch. As indicated in the manual, with the 
electronic brake applied the turbine maintains a low rotor speed in high winds. There are no 
instructions for locking the rotor to prevent the low rotor speed.  A yaw lock is not applicable 
for the Windspire as it is a vertical axis turbine.  

Unauthorized Changing of Control Settings 
The controller functions are performed by the turbine’s inverter. The inverter set points can be 
changed by communicating with the inverter wirelessly through a modem. The access mode 
in the communication software that NREL was provided with has the ability to be password 
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protected. The control settings may be changed by the turbine owner with the communication 
software, password, and necessary code provided by Mariah Power.  

Lighting Protection 
As indicated in the owner’s manual, the turbine “has a built-in lightning arrestor in the 
inverter”. During the test period no direct or nearby lightning strikes were observed. 

6.3 Dynamic Behavior 
Turbine operation was observed by NREL personnel for at least 5 minutes at wind speeds of 
approximately 5 m/s, 10 m/s, 15 m/s, and 20 m/s for a total observation period of at least 
1 hour. The following are a few dynamic behavior observations that were made during the test 
period: 

July 21, 2008 

This event was observed for the inverter configured for optimized power production. The 
leading edge tape on the turbine is beginning to separate from the blade. There is an unknown 
vibration and noise that seems to be coming from the foundation. The wind speeds were 
between 4 and 7 m/s during this observation. 

October 29, 2008  

This event was observed on the inverter configured for standard power production. The 
turbine was exhibiting unsteady behavior periodically. There was a noise that seemed to come 
from the tower approximately three times per revolution. The washers at the foundation base 
were loose and the bolts and nuts on the foundation have shifted. The wind speeds were 
between 4 and 9 m/s during this observation.  
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Figure 3. Power response to wind speed 

 

Figure 4. Rotor-speed response to wind speed 
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Figure 5. Normal start-up, wind speeds greater than cut-in 

 
Figure 6. Normal start-up after maintenance 

0

20

40

60

80

100

120

140

160

180

200

-10

-5

0

5

10

15

20

25

30

35

40

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 10
0

10
5

11
0

11
5

12
0

12
5

13
0

13
5

14
0

14
5

15
0

15
5

16
0

16
5

17
0

17
5

18
0

18
5

19
0

19
5

20
0

20
5

21
0

21
5

22
0

22
5

23
0

23
5

ro
to

r s
pe

ed
 (R

PM
)

po
w

er
 (W

), 
w

in
d 

sp
ee

d 
(m

/s
)

time (seconds)

Power

Wind speed

Rotor speed

0

5

10

15

20

25

-100

0

100

200

300

400

500

600

700

800

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72 75 78 81 84 87 90 93 96 99 10
2

10
5

10
8

11
1

11
4

11
7

w
in

d 
sp

ee
d 

(m
/s

)

ro
to

r s
pe

ed
 (R

PM
), 

po
w

er
 (W

)

time (seconds)

Rotor speed

Power

Wind speed



 

13 

 

Figure 7. Normal shut down, winds decreasing below cut in 

 

Figure 8. Normal shut down, maintenance at design wind speed or greater 
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Figure 9. Emergency stop at wind speeds less than the design wind speed 

 

Figure 10. Emergency stop at design wind speed or greater 
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7 Deviations and Exceptions 

7.1 Deviations from the Standard 
Testing was terminated on the Windspire before testing of all of the critical functions listed in 
the IEC standard could be completed. The overspeed protection at design wind speed or above 
function that is listed in the IEC standard as a critical function was not tested. 

7.2 Exceptions to the NWTC Quality Assurance System 
The data acquisition modules were used beyond the calibration due date. The modules were 
post-test calibrated and found to be in compliance within the specifications. Appendix A 
includes the post–test calibration sheets. 

 



 

16 

Appendix A. Instrument Calibration Sheets 

Figure A.1. Power transducer calibration sheet 
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Figure A.2. Primary anemometer calibration sheet 
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Figure A.3. National Instruments 9229 data-acquisition module calibration sheet I 
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Figure A.4. National Instruments 9217 data-acquisition module calibration sheet I 
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Figure A.5. National Instruments 9205 data-acquisition module calibration sheet I 
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Figure A.6. National Instruments 9229 data-acquisition module calibration sheet II 
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Figure A.7. National Instruments 9217 data-acquisition module calibration sheet II 
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Figure A.8. National Instruments 9205 data-acquisition module calibration sheet II 
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