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4.0 Test Objective 
The objective of the safety and function test is given in the International Electrotechnical Commission’s 
IEC WT01 [1]: 
 
“The purpose of safety and function testing is to verify that the wind turbine under test displays the 
behavior predicted in the design and that provisions relating to personnel safety are properly 
implemented.” 
 
The IEC WT01 also states: 
 
“The Certification Body shall verify satisfactory demonstration of the control and protection system 
functions. In addition, the dynamic behavior of the wind turbine at rated wind speed or above shall be 
verified by testing if this has not been verified within the scope of the load measurements.” 

5.0 Background 
This test is being conducted as part of the U.S. Department of Energy’s Small Wind Turbine Field 
Verification Project. The primary purpose of this program is to provide consumers, manufacturers, and 
host site organizations with an independent assessment of the performance and reliability of small U.S. 
wind turbines. In addition, this test may be used to fulfill the safety and function test requirement 
identified in IEC WT01 Annex D for wind turbine certification. 
 
The test turbine, located at the National Wind Technology Center’s (NWTC’s) Site 1.4, is owned by 
AWS Scientific Inc. This turbine was erected at the NWTC in October 1999. 

6.0 Test Turbine 
The Bergey Excel-S is a three-bladed upwind wind turbine rated at 10 kW output at 13.0 m/s. It is 
connected to a Bergey Gridtek-10 inverter, which provides power to the NWTC public service electrical 
grid. 
 
The Excel uses a permanent magnet alternator to produce three-phase variable frequency output at a 
nominal 240 volts. The three-phase output is rectified to DC power and then converted to single-phase, 
240-volt, 60-Hz AC power in the Gridtek inverter.  
 
The turbine blades are made from pultruded fiberglass. In high wind speeds (greater than about 15.6 
m/s), the turbine will turn out of the wind (known as furling) to protect the turbine from overspeeding. 
Table 1 lists the basic turbine configuration and operational data. 
 
The simulation of grid outages was performed with a new set of blades on the turbine. These new blades 
result in a smaller rotor diameter and different rotor rotational direction. We determined that the new 
blades did not have a significant influence on the results of that test. 
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Table 1: Test Turbine Configuration and Operational Data 

General Configuration:  

Make, Model, Serial Number Bergey WindPower, Excel, #9900550 

Rotation Axis (H/V) Horizontal 

Orientation (upwind/downwind) Upwind 

Number of Blades 3 

Rotor Hub Type Rigid 

Rotor Diameter (m) 7.0  

Hub Height (m) 37 

Performance:  

Rated Electrical Power (kW) 10 

Rated Wind Speed (m/s) 13.0 

Cut-In Wind Speed (m/s) 3.1 

Cut-Out Wind speed (m/s) none 

Rotor:  

Swept Area (m2) 38.4 

Blade Pitch Control Powerflex®, passive pitch with a pitch weight, 
with increasing rpm blade flattens 

Direction of Rotation Clockwise viewed from up wind 

Rotor Speed 0-400 rpm 

Power Regulation (active or passive) Passive 

Tower:  

Type Bergey guyed lattice 

Height (m) 36.5 

Control/Electrical System:  

Controller: Make, Type Bergey Gridtek inverter; serial no. 1 

Electrical Output: Voltage Nominal 240-volt single phase 

Yaw System:  

Wind Direction Sensor Tail vane 
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Figure 1: The Bergey Excel wind turbine. 

6.1. General Electrical Layout 
The test configuration consists of the turbine mounted on its tower, a data shed containing the Gridtek 
inverter and instrumentation, the meteorological tower, and associated wiring and junction boxes.  The 
turbine is installed on a Bergey, 36.5-meter, guyed lattice tower.  At the base of the tower is a three-phase 
fused disconnect. The wire from the base of the tower to the data shed is approximately 20.3 meters of #6 
AWG wire. Inside the data shed, there is a disconnect on the turbine side of the inverter and a fused 
disconnect on the grid side of the inverter. A single-phase 480-240 transformer steps up the voltage to 
480 volts. Figure 2 shows the general electrical arrangement. 
 
The electrical interface of the system is the disconnect switch on the grid side of the inverter. The 
mechanical interface of the system is the bolt connection to the foundation.  
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Figure 2: General electrical arrangement. 

7.0 Test Site 
The Bergey Excel wind turbine under test is located at Test Site 1.4 of the NWTC (hereafter referred to 
as the test site), approximately 8 km south of Boulder, Colorado. The site is located in somewhat 
complex terrain at an approximate elevation of 1,850 m above sea level. Figure 3 shows a plot plan of the 
test site with topography lines listed in feet above sea level. 
 
The meteorological tower is a 36.5-m Rohn, 55 G lattice tower located 22.7 m (± 3 diameters) from the 
test turbine at an azimuth of 292 degrees true. 
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Figure 3: The NWTC test site. The Bergey Excel is located on site 1.4. 

8.0 Safety and Function Test 

8.1. Overview of Data Acquisition System 
The signals measured during the safety and function test are wind speed, inverter power, rotor speed, and 
the grid connection contactor. The 10-minute statistics based on 1-Hz samples of these channels were 
stored in the data logger. A higher sampling rate of 10Hz was used for some parts of the safety and 
function test. 

Instrumentation already installed for the duration test and power performance test was used. Table 2 lists 
the equipment and provides specifications for each of the instruments used, and Figure 4 shows the 
location of the instruments. As part of the power performance and duration test, the instruments were 
calibrated and checked for proper functioning after installation. 
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Figure 4: Location of the data acquisition sensors for the test setup. 

 

Table 2: Equipment List for Safety and Function Test 

Power Transducer and CTs (Inverter Power) 

Make/Model: OSI, GWV5-001EY24 CT pn 12975 

Serial Number (Transducer & CTs): 9101376  

Range with CTs: -13.33 to 13.33 kW/kVar 

Calibration Due Date: 14 September 2001 

Power Transducer and CTs (WT Watts) 

Make/Model: OSI, P-143E 

Serial Number (Transducer & CTs): 9100896  

Range with CTs: 0 to 40 kW 

Calibration Due Date: 14 September 2001 

Primary Anemometer 

Make/Model: Met One, 010C with Aluminum Cups 

Serial Number: Y4397 

Calibration Due Date: 20 February 2002 

Secondary Anemometer 

Make/Model: Met One, 010C with Aluminum Cups 

Serial Number: X4233 

Calibration Due Date: 20 February 2002 
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Wind Direction Sensor 

Make/Model: Met One, 020C with Aluminum Vane 

Serial Number: U1477 

Calibration Due Date: 20 February 2002 

Barometric Pressure Sensor 

Make/Model: Vaisala, PTB101B 

Serial Number: T3330002 

Calibration Due Date: 19 December 2002 

Atmospheric Temperature Sensor 

Make/Model: Met One, T-200 RTD 

Serial Number: 0653393 

Calibration Due Date: 12 December 2001  

Data Logger 

Make/Model: Campbell Scientific CR23X 

Serial Number: 1214 

Calibration Due Date: 31 January 2002 

Frequency Input, Field Configurable Isolator 

Make/Model: Action Instruments Ultra Slim Pack G478-0001 

Serial Number: B2MCD 

Voltage Transducer (for rpm) 

Make/Model: OSI VT7-009X5 

Serial Number: 8102964 

 

Some equipment was replaced during the test period or temporarily taken down for re-calibration. Table 
3 gives an overview of replacement instruments and re-calibrated instruments. 

Table 3: Additional Equipment List for Safety and Function Test 

Power Transducer and CTs (Inverter Power) 

Make/Model: OSI, GWV5-001EY24  CT pn 12975 

Serial Number (Transducer & CTs): 9101376  

Range with CTs: -13.33 to 13.33 kW/kVar 

Calibration Due Date: 15 November 2002 

Power Transducer and CTs (WT Watts) 

Make/Model: OSI, P-143E 

Serial Number (Transducer & CTs): 9100896  
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Range with CTs: 0 to 40 kW 

Calibration Due Date: 15 November 2002 

Barometric Pressure Sensor 

Make/Model: Vaisala, PTB101B 

Serial Number: S2830007 

Calibration Due Date: 19 November 2002 

Atmospheric Temperature Sensor 

Make/Model: Met One, T-200 RTD 

Serial Number: 0464507 

Calibration Due Date: 19 November 2002  

Frequency Input, Field Configurable Isolator 

Make/Model: Action Instruments Ultra Slim Pack G478-0001 

Serial Number: B2MCD 

 

8.2. Test Procedures 
 
Yaw orientation 
Observations will be made over time for a range of wind speeds. These observations will be written in 
the logbook. 
 
Start-up and shutdown 
The turbine has no start-up or shutdown sequence. During start-up, the turbine is usually spinning 
unloaded, and the inverter kicks in when there is sufficient wind. 
  
The turbine can be shut down in three ways: 
 
1) The inverter shuts down and lets the turbine run unloaded. 
2) The turbine can be manually furled, which should lower the rotor speed. 
3) The furled turbine can be shorted to bring it to a stop. 
 
Start-ups and shutdowns will be observed at several wind speeds. 
 
Power production 
Power production behavior is recorded as part of the power performance test. Any differences from the 
expected designed behavior will be reported. 
 
Power and rotor speed limitation 
Data will be analyzed from the duration test, and max rpm and power versus wind speed will be plotted. 
If the furl mechanism works properly, both plots should flatten at the higher wind speeds. 
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Grid outage 
To simulate a grid outage, the switch on the grid side of the inverter will be opened. Rotor speed, wind 
speed, and power will monitored.  
 
Short loss of grid 
The switch on the grid side of the inverter will be opened and closed as quickly as possible. The response 
of the inverter will be observed. 
 
Loss of load 
If the turbine loses connection with the inverter, the turbine will run unloaded. This is normal turbine 
behavior, which is described under rotor speed limitation. 
 
Unauthorized changing of control settings 
The turbine system will be checked to see whether settings can be changed. 
 
Inverter faults 
There are several situations in which the inverter goes into a fault condition. If the inverter does go into 
the faulted condition, it will unload the turbine. 
  
Underwriters Laboratories tested and approved the inverter for the safety impact of the inverter to itself 
and the safety impact of the inverter to the grid. A UL report describing the functionality tests is 
available. The two impacts the inverter can have on the turbine—creating a loaded or unloaded turbine—
are normal situations for the turbine and do not result in safety concerns. National Renewable Energy 
Laboratory (NREL) personnel have not repeated the tests done by UL. 
 
Failure in furl system 
The control of power and rpm is based on the furl mechanism. In case the furl mechanism fails, the rotor 
should speed up. A test with locked furl mechanism will be performed if NREL personnel determine that 
this can be done safely. 
 
Personnel safety: 
 
Fall protection 
The Bergey Excel does not have any special provisions for climbing the tower; the lattice is used as a 
ladder and an anchoring point. There are no anchoring points on the turbine itself. This item is not 
applicable. 
 
Maintenance 
There are no locking devices for the rotor or the yaw mechanism. NREL personnel used a rope to secure 
the rotor to the tower. This also constrains the yaw movement. 
 
Electrical safety 
A visual inspection will be made to determine whether any hazardous situations exist. A qualified 
electrician will also be asked to look at the electrical system of the turbine.  
 
Lightning protection 
Description of the lightning protection for the NWTC installation will be recorded. 
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9.0 Results 
The turbine did not exhibit any unsafe behavior, but it did exhibit behavior that NREL personnel believe 
is not in accordance with the design. 

Yaw orientation 
The turbine seems to track the winds fairly well. At higher rotor speeds, the rotor seems to respond less 
quickly to wind direction changes. Under furled conditions, the tail does not always align with the wind. 
 
Start-up and shutdown 
The inverter has been observed under a wide range of wind speeds during start-up. Records of start-up 
were written down for the dates and times in Table 4. No abnormal behavior was noted on any of these 
occasions.  
 
Table 4: Logged Start-Ups and Their Wind Speed 

Date & Time of Observed  
Start-Up 

Approx. Wind 
Speed [m/s] 

15 June 2001 11:30 9 
18 June 2001 15:00 6 
6 Aug 2001 15:00 9 

27 Sept 2001 16:30 3 
15 Oct 2001 8:55 4 

22 Oct 2001 15:10 5 
23 Oct 2001 8:10 9 
24 Oct 2001 9:30 17 

24 Oct 2001 16:00 7 
31 Oct 2001 14:40 12 
1 Nov 2001 9:00 8 

 
Shutdown 
The turbine has been furled in several wind speeds. The winch was operated, and the tail folds about 70° 
out of the wind. Records of furling actions are found in Table 5. No abnormal behavior was noted, except 
on 21 January when the furl cable broke. 
 
Table 5: Logged Furl Events and Their Wind Speed 

Date & Time of Furl Action Approx. Wind 
Speed [m/s] 

18 June 2001 14:50 6 
27 Sept 2001 13:00 5 

21 January 2002 13:20 7 
8 Feb 2002 18:50 7 

13 Feb 2002 12:00 5 
18 March 2002 8:50 2 

27 March 2002 11:00 20 
28 March 2002 13:00 7 

1 April 2002 11:20 13 
 
The turbine has been shorted in several wind speeds in order to perform acoustic noise tests at 
neighboring sites or to measure background noise data at the Bergey Excel turbine. The turbine was 
furled, after which NREL personnel waited for a lull in the wind. The three phases in the down tower 
fuse box were then shorted. The highest wind speed at which we successfully tried shorting the turbine 
was about 8 m/s. NREL personnel would recommend a standardized installation of a short-circuit switch 
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on the turbine or description of a safe short-circuit procedure in the owner’s manual, including the 
conditions under which it can be safely performed.  
 
Power production 
A deviation was observed from the designed behavior expected by NREL. In wind speeds of 13m/s (10-
minute average) and above, the inverter enters a paused mode. The higher the wind speed, the more often 
the inverter will be in pause mode (in which it does not produce power). If the inverter goes into pause 
mode more than a number of times within a certain time period, the inverter goes into the DC Bus 
Overvoltage fault, which requires a manual reset. Table 6 gives an overview of faults that NREL 
personnel encountered during the test period from 12 March 2001 to 17 April 2002. 
 

Table 6: Inverter Faults 

Date Time  Fault Wind 
Speed 
[m/s] 

Inverter 
Software 

12 March 2001 22:30 Fault code 21 Bus overvoltage 19 3.02.03.01 
7 April 2001 1:30 Fault code 21 Bus overvoltage 23 BG3241B6.io\

3.02.04.27 
6 May 2001 1:50 Fault code 21 Bus overvoltage 18  

13 June 2001 1:00 Fault code 21 Bus overvoltage 25  
8 July 2001 17:00 Fault code 22 Overtemperature 13  

12 October 2001 22:10 Fault code 21 Bus overvoltage 20 13.4.27c? 
23 October 2001 4:50 Fault code 21 Bus overvoltage 21  
24 October 2001 10:30 Fault code 21 Bus overvoltage 22  
31 October 2001 12:30 Fault code 21 Bus overvoltage 20  
31 October 2001 15:50 Fault code 21 Bus overvoltage 23  

17 December 2001 6:20 Fault code 21 Bus overvoltage 22 BG324160.IO 
27 December 2001 23:20 Fault code 21 Bus overvoltage 21 ” 

5 January 2002 15:10 Fault code 21 Bus overvoltage 16 ” 
7 January 2002 19:20 Fault code 21 Bus overvoltage 20 ” 

12 January 2002 21:20 Fault code 21 Bus overvoltage 21 ” 
20 January 2002 7:10 Fault code 21 Bus overvoltage 18 ” 
8 February 2002 16:20 Fault code 21 Bus overvoltage 22 ” 
8 February 2002 21:10 Fault code 21 Bus overvoltage 23 ” 

11 February 2002 9:00 Fault code 21 Bus overvoltage 18 ” 
22 February 2002 7:20 Fault code 21 Bus overvoltage 21 ” 

3 March 2002 21:20 Fault code 21 Bus overvoltage 22 ” 
7 March 2002 10:30 Fault code 21 Bus overvoltage 19 ” 
7 March 2002 11:20 Fault code 21 Bus overvoltage 20 ” 
7 March 2002 11:30 Fault code 21 Bus overvoltage 20 ” 
7 March 2002 13:10 Fault code 21 Bus overvoltage 17 ” 
17 April 2002 15:30 Fault code 22 Overtemperature  14 ” 

 
 
Figure 5 depicts a time series of wind speed, inverter output power, and the number of seconds the 
inverter was producing power based on 10-second data points. These data were taken on 7 March 2002. 
Between 9:00 and 11:30, the inverter paused several times and faulted twice. The inverter was reset 
around 10:40. 
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Figure 5: Time series of inverter output power, wind speed, and online signal (10-second data). 

 
The influence of this behavior on the power production is shown in Figure 6. As the wind speed 
increases above 15m/s, the 10-minute average power decreases. This is caused by the increasing 
percentage of time the inverter is not producing power.  
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Figure 6: Inverter output power as a function of wind speed. 
 
Figure 7 shows the percentage of time that the inverter was producing power to the grid as a function of 
wind speed. The line goes through the binned averages at each wind speed. The graph clearly shows that 
on the lower wind speeds, the inverter switches on and off the grid depending on whether there is enough 
wind. At higher wind speeds (5-13 m/s), the inverter is online for almost 100% of the time. The graph 
shows that at even higher wind speeds (>13m/s), the inverter goes offline more often. The scatter above 
22 m/s is caused by a lack of data points. The data are from October - December 2001. The level at 80% 
is caused by 10-minute periods with exactly one pause period (2 minutes) in it.  
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Figure 7: Percentage of time the inverter is online as a function of wind speed. 
 
Power and Rotor Speed Limitation 
Power rotor speed and wind speed measurements were taken during the duration test. The 10-minute 
statistics (average, standard deviation, minimum, and maximum) were stored. Figure 8 shows the 10-
minute average rotor speed for the loaded and unloaded turbine. It can be seen that the unloaded rotor 
spins faster. The data points for the loaded turbine stop at 300 rpm because above that rpm, there are no 
10-minute periods in which the turbine stays loaded for the entire 10 minutes. This is caused by the 
problem described under “power production.” 
 
Also plotted in Figure 8 is the 10-minute maximum rotor speed as a function of wind speed for the 
unloaded turbine. The rotor speed levels off at higher wind speeds and decreases at even higher wind 
speeds. This is because at medium wind speeds, the turbine goes in and out of furl, and at the high wind 
speeds, the turbine stays furled for the entire 10 minutes. The highest measured rotor speed is about 610 
rpm. The data shown in Figure 8 were measured in the October-December 2001 period. 
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Figure 8: Rotor speed as a function of wind speed (10-minute statistics). 
 
Figure 6 shows 10-minute maximum and 10-minute average inverter output power as a function of wind 
speed. The data were measured in October 2001. It can be seen that the maximum power within a 10-
minute period is limited at about 14 kW. It is not clear whether this power is limited because the inverter 
cannot produce more or if it is limited by the furling behavior of the turbine. 
 
The 10-minute average power drops after 15 m/s caused by the inverter pauses are described above under 
“power production.” 
 
Grid Outage 
On the afternoon of 26 July 2002, grid outages were simulated to the Gridtek inverter by opening the 
switch between the inverter and the grid, and 10-Hz measurements were taken of wind speed, power rotor 
speed, and the online signal. Figure 5 shows a time series with two simulated grid outages (around 14:04 
and 14:10). The time series show that the moment the grid is lost, the inverter shuts down and unloads 
the rotor (compare rpm 14:05-14:06 with rpm around 14:14-14:15). It also shows that the moment the 
inverter gets back online, the power briefly goes negative, and then it peaks positive and levels off. At the 
same time the power peaks, the rotor speed decreases. 
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Figure 9: Time series of simulated grid outage. 

 
Short Grid Outage 
The switch on the grid side of the inverter was opened and closed as quickly as possible (+/- 0.5s). The 
inverter shuts down and reboots. 
 
Unauthorized Changing of Control Settings 
The turbine has no control settings that can be altered. There is only one button accessible on the outside 
of the inverter. This is the RESET button, which is used to clear any faults that require a manual reset. 
This button cannot be used to change any inverter settings.  
 
Electrical Safety 
All major electrical components are behind doors that can only be opened with a screwdriver. A sticker 
on the inverter (Figure 10) gives sufficient warnings for the multiple power sources and in specific 
capacitors. 
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Figure 10: Warning sticker on the inverter. 

 
A certified electrician checked the turbine installation. It should be noted that most of the electrical 
installation is owner specific, and safe installation at the NWTC does not automatically mean safe 
installation for all Bergey Excel turbines. The Gridtek-10 inverter is UL listed under E199356. 
 
Lightning Protection 
All guy wires are connected to the ground at all three anchoring points. The tower is connected to a metal 
frame, which is grounded. The three phases are protected by a surge protection device in the down tower 
switchbox. 
 

10.0 References 
1. IEC WT01 (2001-04), International Electrotechnical Commission (IEC), IEC System for Conformity 

Testing and Certification of Wind Turbines - Rules and Procedures.  
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APPENDIX A: Instrument Calibration Sheets 
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