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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 of wind energy
expansion by providing independent testing results for small turbines. In total, five
turbines are being tested at the National Wind Technology Center (NWTC) as a part of
the first round of this project. Duration testing is one of up to five tests that may be
performed on the turbines. Other tests include power performance, safety and function,
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.

This duration test report focuses on the Mariah Power Windspire wind turbine.

2. Test Objective and Requirements

This test was conducted in accordance with Clause 9.4 of the International
Electrotechnical Commission’s (IEC) standard, Wind turbines - Part 2: Design
requirements for small wind turbines, IEC 61400-2 Ed. 2.0:2006-03. This test report
refers to these procedures as the “Standard.” The objective of this test is to assess the
following aspects of the Mariah Power Windspire wind turbine:

e Structural integrity and material degradation

e Quality of environmental protection

e The dynamic behavior.
The wind turbine will pass the duration test when it has achieved reliable operation for:

e 6 months of operation

e 2,500 hours of power production in winds of any velocity

e 250 hours of power production in winds of 1.2V, (7.2 m/s) and above

e 25 hours of power production in winds of 1.8V, (10.8 m/s) and above.
Reliable operation means:

e Operational time fraction of at least 90%

¢ No major failure of the turbine or components in the turbine system

¢ No significant wear, corrosion, or damage to turbine components

¢ No significant degradation of produced power at comparable wind speeds.

Based on the parameters defined in the Standard for small wind turbine classes, Mariah
Power identified the Windspire to be a class IV. This corresponds to a V., of 6 m/s.
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In addition, NREL has conducted this test in accordance with our quality system
procedures such that this report will meet the full requirements of accreditation by A2LA.
Our quality system requires that we meet all applicable requirements specified by A2LA
and ISO/IEC 17025 or to note any exceptions in the test report.

The test article 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.

3. Description of Test Turbine

The Windspire is a three-bladed vertical axis wind turbine rated at 1 kW output at 11
m/s. The Windspire supplies single-phase, 120 VAC power to the grid through a
permanent magnet generator and inverter. The turbine’s airfoils are aluminum. Table 1
lists basic turbine configuration and operational data.



Table 1. Test Turbine Configuration and Operational Data

General Configuration:

Make, Model, Serial Number

Mariah Power, Windspire, 800021

Rotation Axis (H / V)

Vertical

Orientation (upwind / downwind) n/a
Number of Blades 3
Equivalent Rotor Diameter (m) 3.05
Rotor Center Height (m) 6.10
Small Wind Turbine Class v
Performance:

Rated Electrical Power (kW) 1
Rated Wind Speed (m/s) 11
Cut-in Wind Speed (m/s) 4
Cut-out Wind speed (m/s) n/a
Rotor:

Swept Area (m?) 7.43
Blade Pitch Control n/a

Direction of Rotation

Counter-clockwise viewed from above

Rotor Speed (rpm)

0-500

Power Regulation (active or

i Passive
passive)
Tower:
Type Tubular
Height (m) 3.05

Control / Electrical System:

Controller: Make, Type

Windspire 1.2G

Electrical Output: Voltage

120 VAC, single-phase

Yaw System:

Yaw control

n/a




Figure 1. The Mariah Power Windspire wind turbine installed at the NWTC

The test configuration consists of the test turbine, tower, data shed, instrumentation,
meteorological tower, associated wiring, data acquisition equipment, and junction boxes.
The turbine is installed on a standalone, 3.05-meter tubular tower. The output power
from the turbine’s inverter, located inside the hub, is 120 VAC, single-phase. The wire
run from the base of the turbine to the data shed is approximately 54 meters of #12-2.
The wire run then passes through the kilowatt-hour meter, the disconnect switch, and
the breaker panel before it connects to the grid. Figure 2 shows the general electrical
arrangement.

The following components were considered part of the test turbine system:
1. The turbine and tower

2. The enclosed inverter and all associated wiring (excluding NREL instrumentation
cables)

3. The foundation and the bolt connection to the foundation

4. The power cables from the turbine to the power transducer



The following components were not considered part of the test turbine system:

1. The RPM and turbine status signal cables

2. The power transducer and all wiring and components on the grid side of the
power transducer

3. The wireless modem and the associated components that were supplied with the
turbine to provide performance data to a computer

#12-2 with
ground
Test Shed
N
Power Breaker Panel To NREL grid
T d B kWh i o gri
ransducer box Metor DlSSCOITtTnheCt 120/240 VAC
witc 20 Amp
J-Box = = = —
RPM, Status To data
Signals acquisition

Instrumentation
cable

Figure 2. General electrical arrangement

4. Description of Test Site

The Windspire wind turbine under test is located at Test Site 3.3C of the NWTC
(hereafter referred to as the test site), approximately 8 miles south of Boulder, Colorado.
The site is located on level terrain at an approximate elevation of 1,846 m above sea
level. Figure 3 shows a plot of the test site with topography lines listed in feet above sea

level.

The meteorological tower is a 4.3 meter Rohn, 25 G lattice tower located 9.1 m (about 3
equivalent rotor diameters) from the test turbine at an azimuth of 290° true.

For measurements where it is important to accurately measure wind speed, NREL used
data obtained when wind direction is between 132° to 323° with respect to true north. In
this measurement sector, established in accordance with IEC 61400-12-1, the influence
of terrain and obstructions on the anemometer and turbine are small. The closest
operating turbine to the test turbine was a Gaia-Wind 11kW turbine located on an 18
meter tower. It is located approximately 51.5 meters from the test turbine at an azimuth

of 47° true on site 3.3B.
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Figure 3. Map of the test site

5. Description of Instrumentation

Equipment used for duration testing differs only slightly from that used for power
performance testing. Normal power performance requires measurements of wind speed,
wind direction, turbine power, air temperature, air pressure, precipitation, and overall
turbine system availability. For duration testing, NREL added signals to monitor the
turbine brake and the turbine voltage. The brake signal may help identify when the
turbine is stopped due to a fault. The turbine voltage signal is used to identify if grid
instability or fluctuations in the grid caused the turbine to fault. Figure 4 gives the
location of the meteorological tower instruments and Table 2 gives an equipment list that
provides the specifications for each of the instruments used. The calibration sheets for
the instruments can be found in Appendix A.
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Table 2. Equipment List for Duration Test

Instrument Make and Model Serial Number | Calibration Due
Date
Power transducer Second Wind, Phaser 5FM-4A20 | 02061 Feb. 6, 2009
Voltage transducer Ohio Semitronics, VT7-010E-11 08010700 Calibrated with
power transducer
Primary anemometer | Thies, First Class 0707894 Feb. 27, 2009
Reference NRG, Max 40 179500049703 | In situ
anemometer
Wind vane Met One, 020C with aluminum w5515 Feb. 27, 2009
vane
Data acquisition Compact DAQ w/LabVIEW
system
cDAQ backplane 12E4D23
NI 9229 12B6DD2 June 28, 2008
NI 9217 12BD192 July 6, 2008
NI 9205 12E9C3E Oct. 8, 2008
Modules post-test
calibrated on May
6, 2009 and found
in compliance

6. Results
Operation Time

The mechanical components of the test turbine were installed during the week of March
17, 2008, and the inverter was installed during the week of May 5, 2008. The duration
test began on May 7, 2008 following inverter installation and commissioning. The
commissioning checklist from the installation can be found in Appendix B. The initial
duration test was conducted over a period of approximately four months from May 7,
2008 to September 13, 2008. The test did not meet the requirement in the standard for
at least 6 months of operation.

On September 13, 2008, the turbine experienced an inverter failure. This likely occurred
because the parameters in the inverter were set to optimize power performance. This
may have led to overheating of the electrical components and eventual failure, see
Figure 5. The turbine was subsequently inoperable until October 7, 2008 when the
inverter was replaced. The parameters in this inverter were set for normal power
production. Since an inverter failure is considered a major failure by the Standard, the
duration test was restarted on October 7, 2008.




On October 14, 2008, Mariah Power requested that the test team stop and/or lower the
turbine in winds above 40 mph (approximately 18 m/s) due to a potential problem with
the top shaft. NREL complied with this request, but determined that the turbine would not
be able to achieve the 90% required operational time fraction. As a result, the second
duration test was terminated on October 14, 2008. Because the turbine operated for only
one week between the test restart and termination, those results are not reported here.

Figure 5. Damaged electrical components in the inverter

Hours of Power Production

The hours of power production at any wind speeds: 831 hours(2,500 hours required)
The hours of power production above 1.2*V,, (7.2 m/s): 133 hours(250 hours required)
The hours of power production above 1.8*V,, (10.8 m/s): 12 hours (25 hours required)

The turbine did not meet the requirements for hours of power production during the test.
Table 3 shows the overall and month-by-month results of the duration test.

Table 3. Monthly and overall results of the Windspire duration test

Hours of Power Production Above: |Max Gust | Tl @ 15 Tr Ty Te Tn o
Month om/s 72m/s 108 m/s (m/s) | m/s(%) | (hours) (hours) (hours) (hours) (%)
Overall 831.1 1325 12.3 26.9 18.1 3091 93.7 793 198.1 93.2
May 2008 196.2 435 3.5 23.5 18.7 589 11.0 44.0 0.0 100.0
June 277.2 56.5 4.8 26.9 17.5 720 29.7 15.3 0.3 100.0
July 175.3 17.3 0.8 23.2 744 19.3 2.2 37.0 94.9
August 124.2 10.2 0.7 21.1 744 0.9 12.3 160.5 78.0
September 58.2 5.0 2.5 21.0 294 32.8 5.5 0.3 99.9

Operational Time Fraction

The operational time fraction, O, is defined as follows:



0= TT _TN _TU _TE
T,-T, T,

x100%

where:
T+ is the total time period under consideration
Tn is the time during which the turbine is known to be non-operational
Ty is the time during which the turbine status is unknown
Te is the time which is excluded in the analysis.

The overall operational time fraction of the combined wind turbine system in the total test
period was 93.2%. Therefore, the turbine did meet the requirements for the operational
time fraction during the test, though the requirements for hours of power production and
at least six months of operation were not met. Figure 6 and Table 3 show the operational
time fraction per month. Figure 7 shows a power curve of 10 minute average data points
collected during the test.
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Figure 6. Operational time fraction for each month
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Figure 7. Scatter plot of power versus wind speed (10-minute averages)

The main causes for wind turbine system downtime (Ty) during the test period were a
broken washer and weld failures. This downtime is described in more detail below. A
timeline of the failures that occurred during testing can be found in Appendix C.

Broken Washer and Loose Nuts

On July 21, 2008, a routine inspection found a broken washer, loose nuts, and
movement in the base tower plate. The washer was replaced and the loose nuts were
tightened.

Broken Welds

On July 20, 2008, NREL discovered cracks in some of the spot welds that held the
airfoils to their end caps. On one airfoil, the cracks had completely separated the airfoil
from the end cap, see Figure 8. On a different airfoil, there were cracks observed in the
welding but separation had not taken place. It was also noted that the airfoils had moved
in the struts that are meant to hold them in place. This is a possible cause for the broken
welds, see Figure 9. Mariah Power replaced the airfoils and struts on August 7, 2008.
The new airfoils were welded to the end caps with a continuous weld instead of spot
welds. Additionally, the struts were redesigned to prevent slipping.

11



Figure 8. Separated weld between airfoil and cap

Figure 9. Evidence of airfoil movement in struts
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The main reasons for excluding time (Tg) in the duration test were:
¢ On site activities that required the turbine to be shut down
¢ NREL mandated inspections that required the turbine to be shut down

e The original ground fault circuit interrupter that was installed in the power
transducer box faulted frequently. It was replaced and the faults ceased

e Grid faults.

If no reliable measurements were available, the time was classified as Ty since the
turbine’s status was unknown. The main reasons for attributing time to Ty in the duration
test were:

o lrresolvable events
e Data acquisition system or computer updates.
Environmental Conditions

As an indication of the environmental conditions during the duration test, the standard
requires reporting of the maximum wind speed gust and the average turbulence intensity
at 15 m/s. The maximum recorded gust was 26.9 m/s at 11:24 a.m. on June 12, 2008.
The average turbulence intensity at 15 m/s during the duration test was 18.1%.

Power Degradation Checks

A factor of reliable operation is that the turbine should experience no significant power
degradation. During the power degradation analysis, the average power level for each
wind speed bin is plotted as a function of time over the whole test period. This plot is
analyzed for any obvious trends in power production.

Figure 10 shows the power degradation plot, which gives the power level in individual
wind speed bins for each month. Variations in the power levels from season-to-season
may be caused by air density variations. The apparent degradation in power in July 2008
may have been caused by the broken welds or the shifting airfoils.

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: 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 the observation.

13



October 29, 2008: 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
had shifted. The wind speeds were between 4 and 9 m/s during the observation.

Tear-Down Inspection

An official tear-down inspection was not performed on the turbine due to early
termination of testing. However, when the turbine was uninstalled in January 2009 a
couple of observations were made. It was noted that two of the top air foil welds were
beginning to break and the struts that held the airfoils in place were beginning to shift
again. Additionally, insulation was separating from cables that were attached to the
generator, exposing bare wire.

1.00

0.90

0.80

0.70

.\\ / =05
0.60
0.50

—_— ——9

=10
0.40

0.30 13

Power (kW)

0.20 —

0.10

fz

(2 e S =

0.00 T ; > ; T =
05-2008 06-2008 07-2008 08-2008 09-2008

Month

Figure 10. Power level in several wind speed bins (in m/s) as a function of time

7. Uncertainty
Uncertainty is estimated for the following parameters:

e Hours of power production
e Operational time fraction

e Highest instantaneous wind speed
14



No uncertainty analyses were done within the power degradation results. These results
are used only to find relative trends which might indicate hidden faults in the turbine.

Hours of Power Production

NREL assumes that the turbine is producing power for the entire 10-minute period
whenever the average power for that period is positive. This method overestimates time
for power production in wind speeds between 4 and 6 m/s. At these wind speeds, the
turbine may have been producing power for about half of the time recorded by NREL.
NREL estimates that the reported time of power production in any wind speed may be
20% less than calculated.

For the hours of power production above 7.2 and 10.8 m/s, the uncertainty in the wind
speed is assumed to be the dominant factor. Assuming an uncertainty in wind speed of
0.3 m/s, there is an approximate variation of 8% in the hours of power production at
these wind speeds.

Operational Time Fraction

A conservative estimate that the classification of Tg and Ty are 5% off from the true
value would result in an operational time fraction of 92.9% or 93.6%.

Highest Instantaneous Wind Speed

The uncertainties in the wind speed measurements are 0.017 m/s calibration

uncertainty, 0.052 m/s + 0.52% operational characteristics, 1% mounting effects, and 2%
terrain effects. For the peak recorded, instantaneous gust of 26.9 m/s, the uncertainty is
0.62 m/s.

8. Deviations and Exceptions

8.1.Deviations from the Standard
The current transformers are not compliant with IEC 60044-1 but do exceed the
minimum accuracy required by the standard.

8.2.Deviations from 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.

15



Appendix A: Instrument Calibration Certificates

Figures A.1 through A.9 show the calibration sheets for the instruments used during the
duration test.

16



Branch #: 5000

NREL METROLOGY LABORATORY

Test Report

Test Instrument: Phaser Power Transducer & 1-CT DOE #: 02825C
Model # :+ DPhaser-5-4A 20 8/N : 02061
Calibration Date: 02/08/2068 Due Date: 02/08/2010

A, Sat-Up for Total Real Power Calibration:

2.1, Voltage iz applied to phasesa A&N = 100 V @ 60 Hz.

A.2. Current is applied to m = 10-TURNS through the current transformer
that is connected to phases A.

A.3. Analog Output-1 3s measured across precision resistor = 250 Q.

A.4. Phaser Full Scale setting = -1.5KW to 1.5KW.
Input Current Input Power Analog Cutput-1
(aac) (KW) (vpe)
15 1.5 ' 4.991
10 1.0 4.328
5 ’ 0.5 3.662
0 0 2.995
-5 -0.5 2.329
-10 -1.0 1.663
-15 -1.5 0.999

B. Set-Up for Power Factor Calibration:
B.1. Veoltage & Current are applied as A.1 & A.2.
B.2, Analog COutput-2 is measured across preciszion resistor = 250 Q.

Power Analog Cutput-2
(KW) Power Factor (vDC)
1.5 1.0 4.988
» 0.8 4.182
» 0.6 3.382
» 0.4 2,582

Paga 1 of 2

Figure A.1. Power transducer calibration sheet
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DEUTSCHER KALIBRIERDIENST DKD

Kalibrierlaboratorium fiir Stromungsgeschwindigkeit von Luft
Calibration laboratory for velocity of air flow

Akkreditiert durch die / accredited by the
Akkreditierungsstelle des DKD bei der
PHYSIKALISCH-TECHNISCHEN BUNDESANSTALT (PTB)

Doutscher

\ Deutsche WindGuard Akrodiiarung
S Win : Wind Tunnel Services GmbH
Vion Tuoa SR Varel DKD-K- 36801

DKD-K-

Kalibrierschein Kalibrierzeichen | 36801

Calibration Certificate Calibration label 07 2407

Gegenstand Cup Anemometer Dieser Kalibrierschein  dokumentiert die

Objact Riickfihrung auf nationale Normale zur

Darstellung der Einheiten in Ubereinstimmung
i 0 mit dem Internationalen Einheitensystem (Sl).
ﬁ?ﬁﬁﬁﬂ:ﬁ& -[T;Ig,?sog;l; rg?itlin en Der DKD ist Unterzeichner der multi- lateralen
9 Ubereinkommen der European co-operation for
Accreditation (EA) und der International

Typ 4.3350.00.000 Laboratory Accreditation Cooperation (ILAC)
Type zur  gegenseitigen  Anerkennung  der
. . Kalibrierscheine.

gs}%‘;‘ﬁ}?{?&?”en'm- Body: 0707894 Fiir die Einhallung einer angemessenen Frist
Cup: 0707894 zur Wiederholung der Kalibrierung ist der

Auftraggeber Benutzer verantwortlich.

Cusa‘om%.-g Thies Clima This calibration certificate documents the
D-37083 Géttingen traceabilily to national standards, which realize

the units of measurement according lo the

Auft Intemational System of Units (SI).
ultragsnummer The DKD is signatory fo the multilateral
Orger No. VT07258 agreements of the European co-operation for
Accreditation (EA) and of the Intemational

ﬁﬂnﬁggjﬂer Sgi‘t;:}!F}Tgssdﬁggigrierscheines 3 Laboratory Accreditation Cooperation (ILAC)
page for the mulual recognition of calibration
cerificales.

Datum der Kalibrierung 24.07.2007

Date of calibration The user is obliged to have the object

recalibrated al appropriate intervals.

Dieser Kalibrierschein darf nur vollstindig und unverindert weiterverbreitet werden. Ausziige oder Anderungen bedirfen
der Genehmigung sowohl der Akkreditierungsstelle des DKD als auch des ausstellenden Kalibrierlaboratoriums.
Kalibrierscheine ohne Unterschrift und Stempel haben keine Gilltigkeit.

This calibration certificate may not be reproduced other than in full except with the permission of both the Accreditation
Body of the DKD and the issuing laboratory. Calibration cerlificates without signature and seal are not valid.

Stempel,Z g1SChH ° Datum Leiter des Kalibriertaboratoriums Bearbsiter
Seal /& ~\ Date Headypf the calibration laboratory Parson In charge
DKD-K- - 24.07.2007
A 36801 o el .
5 o 2 S
b

\© Dipl. Pﬁys_ D. Westermann ch. Asg, Inf. H. Westermann
rier®

Deutsche WindGuard Wind Tunnel Services GmbH
Oldenburger Str, 65 Deutsche
26316 Varel ; Tel. ++49 (0)4451 9515 &

‘Wind Tunnel 5

Figure A.2. Primary anemometer calibration sheet
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Wind Vane Calibration Report

Calibration Laboratory:

Mational Wind Technology Center - Cert. Team

National Renewable Energy Laboratory
1617 Cole Boulevard
Golden, Colorado 80401
Callibration Location:
National Wind Technology Center
Room 101, Building 256
Report Mumber: W5515-060928
Page: 1 of 1

Item Calibrated:

Customer:
1617 Cole Boulevard
Golden, Colorado 80401

Calibration Date:

Procedure:

National Wind Technology Center - Certification Team
Malional Renewable Energy Laboratory

28-Sep-06

NWTC-CT: Gi24-000613, Wind Vane Calibration

Deviations from procedure:

Manufacturer Met One Instruments, inc

Nene

Model 020C Resuits:
Serial Number w5515 Slope: 014242 deg/mv
Vane Material Aluminum Offset to boom: 89.563 deg
Condition Refurbished Max error: 0.77 deg
Eslimated Uncertainty: Traceability: Mfg & Model Serial Cal
Inclinometer Total Number Date
Unecertainty Uncertalnty Inclinometer: Spi-Tronic  31-038-3 9-Nov-05
(deg) (deg) Vellmeter: Fluke7438 6965608  5-May-06
0.10 0.44
Calibration by: W‘(HVJW '{\Uf’ 28-Sep-06
Mark Meadors J Date
360 © — 10
L af 08
_. 300 - - ° T REY
=] A °
4 A 04 =
= 240 x . x| P
%-, * ° 0z B
c i )
< 180 |- b - P R
=]
’é_ ® N 020
[
= +— @ A i
= 120 | A 0
5 P o
> 60 . o
p ° 08
0 4.0
0 500 1000 1500 2000 2500
Vane Output Voltage (mV)

Figure A.3. Wind vane calibration sheet
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NATIONAL

INSTRUMENTS’ Certificate of Calibration
anltrd Information: Certificate Information:

Serial Number: 12B6DD2 Certificate Number: 756395
NI Part Number: 192580D-02 Date Printed: 02-JUN-09

Description: NI 9229

Calibration Date: 28-JUN-07
Recommended Calibration Due Date: 28-JUN-08*

Ambient Temperature: 24 °C
Relative Humidity: 39 %

National Instruments certifies that at the lime of manufacture, the above product was calibrated
in accordance with applicable National Instruments procedures. These procedures are in
compliance with relevant clauses of ISO 9001 and are designed to assure that the product listed
above meets or exceeds National Instruments specifications.

National Instruments further certifies that the measurements standards and instruments used
during the calibration of this product are traceable to National and/or International Standards
administered by NIST or Euromel members or are derived from accepted values of natural
physical constants.

The environment in which this product was calibrated is maintained within the operating
specifications of the instrument and the standards.

The information shown on this certificate applies only to the instrument identified above and the
certificate may not be reproduced, except in full, without prior written consent by National
Instruments.

For questions or comments, please contact National Instruments Technical Support.

NI Hungary Software és Signed,

Hardware Gydrtd Kjft.

4031 Debrecen, Hatdr it O‘Q‘\L—\b’ﬂ
1/A.

HUNGARY Andrew Krupp

Vice President, Quality and
Continuous Improvement

* Recommended calibration due date is based on a combination of calibration interval and, when
applicable, calibration shelf life. This date may vary depending on your application requircments.

Figure A.4. NI 9229 data acquisition module calibration sheet |
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NATIONAL

INSTRUMENTS" \ Cerfificate of Calibration
Bﬂi;l‘l"[[ Information: Certificate Information:
Serial Number: 12BD192 Certificate Number: 762337
NI Part Number: 192547D-01 Date Printed: 02-JUN-09

Description: NI 9217

Calibration Date: 06-JUL-07
Recommended Calibration Due Date: 06-JUL-08*

Ambient Temperature: 23 °C
Relative Humidity: 43 %

National Instruments certifies that at the time of manufaciure, the above product was calibrated
in accordance with applicable National Instrumenis procedures. These procedures are in
compliance with relevant clauses of IS0 9001 and are designed to assure that the product listed
above meels or exceeds National Instruments specifications.

National Instruments further certifies that the measurements standards and instruments used
during the calibration of this product are traceable to National and/or International Standards
administered by NIST or Euromet members or are derived from accepted values of natural
physical constants.

The environment in which this product was calibrated is maintained within the operating
specifications of the instrument and the standards.

The information shown on this certificate applies only to the instrument identified above and the
cerfificate may not be reproduced, except in full, without prior written consent by National
Instruments.

For questions or comments, please contact National Instruments Technical Support.

NI Hungary Software és Signed,

Hardware Gydrito Kft.

4031 Debrecen, Hatdr 1t O\Q—W
1/4.

HUNGARY Andrew Krupp

Vice President, Quality and
Continuous Improvement

* Recommended calibration due date is based on a combination of calibration interval and, when
applicable, calibration shelf life. This date may vary depending on your application requirements,

Figure A.5. NI 9217 data acquisition module calibration sheet |
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NATIONAL

INSTRUMENTS Certificate of Calibration
an.lrd Information: ' Certificate Information:

Serial Number: 12E9C3E Certificate Number: 834976
NI Part Number: 193299F-01 Date Printed: 02-JUN-09

Description: NI-9205

Calibration Date: 08-OCT-07
Recommended Calibration Due Date: 08-OCT-08*

Ambient Temperature: 22 °C
Relative Humidity: 39 %

National Instruments certifies that at the time of manyfacture, the above product was calibrated
in accordance with applicable National Instruments procedures. These procedures are in
compliance with relevant clauses of ISO 9001 and are designed to assure that the product listed
above meets or exceeds National Instruments specifications.

National Instruments further certifies that the measurements standards and instruments used
during the calibration of this product are traceable to National and/or International Standards
administered by NIST or Euromet members or are derived from accepted values of natural
physical constants.

The environment in which this product was calibrated is maintained within the operating
specifications of the instrument and the standards.

The information shown on this certificate applies only to the insirument identified above and the
certificate may nol be reproduced, except in full, without prior wrilten consent by Nalional
Instruments. '

For questions or comments, please contact National Instruments Technical Support,

NI Hungary Software és Signed,

Hardware Gyarté Kft.

4031 Debrecen, Haldar it &QH)/\)
1/4.

HUNGARY Andrew Krupp

Vice President, Quality and
Continuous Improvement

* Recommended calibration due date is based on a combination of calibration interval and, when
applicable, calibration shelf life. This date may vary depending on your application requirements.

Figure A.6. NI 9205 data acquisition module calibration sheet |
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MIST Traceable# Inst. ID# Description Model Cal Date

Certificate of Calibration
3214335

Cartificaze Page L of 1

Davis|Calibration

Instrument Identification
Company ID: 226037 PO Mumber: 337983
NATIONAL INSTRUMENTS

11500 N. MOFAC EXPWY
ATTH. RMA DEFT.
AUSTIN, TH 78750

Instrument [ID: 12B6DD2 Modeal Number: MI 2223
Manufacturer: MATIOMAL INSTRUMENTS Serial Mumber: 12BE8002
Description: 4-CHAMMEL, 80V, 24-BIT SIMULTANECUS AMNALOG INPUT

Accuracy: Mfr Specifications

Certificate Information

Reason For Service: CALIBRATION Technician: WAYNE GETCHELL
Type of Cal: ACCREDITED 17025 Cal Date DEMay2002
As Found Condition: |N TOLERANCE Cal Due Date: 06May2010
As La® Condition: LEFT A% FOUND Interval: 12 MOMNTHS
Procedure: NATIONAL INSTRUMENTS CAL EXECUTIVE REV 3.3.1 Temperatwra: 230 C

Humidity: 4.0 %
Femarks: RefErence aftached Dals

The dnrtrgmiint an this owrification has bein calibrannd qpaéen stasdards & Bl fe B I I Pt of Standiards avd Technolopy (NTST) or acher racognisid
cdoal mtrology inaniatey dirived from rale [ ondEurimen, o comgarind [ iy or dnlir My recogained consenes siamdards,
A st anoertainy atio (IR} ar4:] [E=32, appros. 85% Confidemcs Lvel] was ma ! unleny otherwise stased

Diavis Cafibranion Labaratory i certifed 80 TR0 S001:2000 by Hagle Ragiatrations (rertificats ¥ 30461 Lab Operations et the raguiraments of
ANELNCEL Z540-1-1994, 150 P00 33004, IOCFRIG Apps®, and J0CFEIL.

IE0AEC I 7025-200F averadined colibranons are per ACTASE certificats § A0-7 187 witkin thw soope e which i ol & aocnidined.
ALl ricimilts covtarmed within this carfifioanon rafafe oniy b0 iinys) calibratnd dey suiers of [Gotors may couse S calibvation i io drf? oul of coldbration bafire e
fevibraaints cafibration inireal has expurid,

This cernfices shall st b repradisond decng? de fall, srthoul wrilfes comdeat off Dareds Calibraiion Labardatany.

Approved By: VICTOR PENA
Service Representalive

Calibration Standards

Date Due

3143038 15-0271 MULTIFUNCTION CALIBRATOR ST00& 15Apraone 1£Jui2o0a

Diavis Calibration » 2224 Ridgepoint Drive, Suite D - Austin, TX 78754 » Phone: 800-385-0147 » Fax: 512-028-8450

Figure A.7. NI 9229 data acquisition module calibration sheet II
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Certificate of Calibration
3214168

Cartificate Page I of [

Davis|Calibration

Instrument Identification
Company ID: 226037 PO Number: 3378283
MATIOMAL IMSTRUMENTS

11500 N. MOFAC EXPWY
ATTH. RMA DEPT.
AUSTIM, T 78758

Instrurment ID: 12BD1592 Model Number: NI 2217
Manufacturer: MATIOMAL INSTRUMENTS Serial Number: 12B0182
Description: 4-CH 100 OHM 24-BIT RTD AMALDS INPUT

Accuracy: Mfr. Specifications

Certificate Information

Reason For Service: CALIBRATION Technician: WAYME GETCHELL
Type of Cal: ACCREDITED 17025 Cal Date 0&May2002
As Found Condition: |M TOLERANCE Cal Due Date: 06May2010
As Left Condition: LEFT A5 FQUMND Intersal: 12 MOMNTHS
Procedure: CAL EXEC 3.3.1 CAL EXEC 3.3.1 Temperawre: 33.0 C

Humidity: 46.0 %
Remarks: Reference attached Dats

The dnrtrwmiint an this cwrification has Been calib ranid apaien itasdards & i b e I I Teitituta of Standards awd Technolopy (WTST) ar ather recognitid
atiowal matrology inaniate derved from ralie ge mndurmaniy, o dompanind [ iy oo dnilir My recogaised consnss slavdards,
A it mcertainty ratie (T LR} af d:8 JE=2, appros. #5% Confidemce Lvel] war mas ! unlis oxtherwisg stabid

Do Calieanon Laboratory o certifad fo IS0 P00 22000 by Bapls Repiairations foertifivats ¥ 30461 Lab Ogerations et thee régadins onenls o
ANSUNCIEL ZE40-1-1904, IR0 [905 003, TOCFRIE AppsB, amd JOCFRIL

IE0AEC [7025-200F gveridined calidranons are per ACTASE certifivats § A0-T 18T within thi soape for which tha Tab & avernidined.
AT riraits comtareed within thiy cirtifoanon rafare anly 00 e ) calibratnd ey sueder of Kretors miay causie the calibvation fue i drf cour o calieation b the
Frtramiant s calibration inieeal har expinid

This ol shall nod b riproduond dooeg? i (5, sithour wrifies comest of Dl Calibration Labaratory.

Approved By: WICTOR PENA
Service Representalive

Calibration Standards

MIST Traceable# Inst. ID# Description Model Cal Date Date Due
3073982 15-0011 CECADE RESISTOR DSz 24Mar2009 Z4Mar201a
3002178 13-0060 DIGITAL MULTIMETER (GOLDEMN CAL) 3458A 0T 002 17Feb2Dia 17Mayz0as

Diavis Calibration » 2224 Ridgepoint Drive, Suite D - Austin, TX 78754 » Phone: 800-385-0147 - Fax: 512-825-8450

Figure A.8. NI 9217 data acquisition module calibration sheet Il
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Certificate of Calibration
3214141

Cartificate Page ! of 1

Davis|Calibration

Instrument Identification
Company ID: 228037 PO Number: 337883
MNATIOMAL INSTRUMENTS

11500 M. MOPAC EXPWY
ATTH. RMA DEPT.
AUSTIN, TX 78750

Instrumnent ID: 12E9C3E Model Number: NI 2205
Manufacturer: MATIOMAL INSTRUMENTS Serial Mumber: 1ZE8C3E
Description: 32-CH £200 MV TO £10 V. 18-BIT, 250 K5/3 ANALOG INPUT MODULE

Accuracy: Mfr Specifications

Certificate Information

Reason For Service: CALIBRATION Technician: WAYNE GETCHELL
Type of Cal: ACCREDITED 17025 Cal Date 08May2002
As Found Condition: |M TOLERAMNCE Cal Due Date: D6May2010
As Left Condition: LEFT AS FOLND Imterdal: 12 MOMNTHS
Procedure: MATIOMAL INSTRUMENTS CAL EXECUTIVE REV 3.3.1 Temperatrs: 230 C

Humidity: 47.0 %
Remarks: REMErEnce aftsched Dats

The dmtramient an this anrafioation has been calibraned apadten stamdards & Bt e N, ! Temtéta of Standares swd! Technolog (WIST) or ather rivagnlsad
maiaveal mtrolagy inaniates, devived from ralio s medEurimini, o aemgarid o iy o dniter My recugained consinsis slandards,
A Tt ancertainty rati (TIUR ) of 4] [E=2 approx. S5% Confickcd Livel] wes mas ! ibins oxthariing statid

Diavis Cafibrafion Laboratory is cartified o IS0 50002000 by Fagle Ragiairation: fvertificat @ 30461 Lab Operations meat the reguirdmas off
ANSIMNCEL TR0 1004, 150 007 2:3005, I0CFRI0 Appsl, amd JOCFRIL

IEGAREC I 7025- 2008 averadined salibranons gre gor ACTAES certificate  AC-T 187 within the soope for which the ok & socnidined.
AT ririmits cowtarmed within this carfifoanon ralate only 0o demi) calibratid day mumdber off factons moy couse e calibration i i el oul of colfbvaiion bafare the
rbrmmiint s cafibrafivon infieval s expired

This ceriiffcats shall nod be reprodisond cecingd fa fall, withoul wrifen oo of Dareds Dalibraiion Daboratory.

Approved By: VICTCR PENA
Service Representalive

Calibration Standards

MIST Tracsable# Inst. D& Description Model Cal Date Date Due
3143038 15-0271 MULTIFUMCTION CALIBRATOR ST00A 15Apr2009 14Jul200a

Diavis Calibration - 2324 Ridgepoint Drive, Suite D - Austin, TX 78754 « Phone: 800-385-0147 - Fax: 512-225-54580

Figure A.9. NI 9205 data acquisition module calibration sheet I
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Appendix B: Turbine Commissioning Checklist

1

Commissioning Procedure for Mariah Power Windspire Grid-Connected
‘it i+, Wind Furbine Generator at Site 3.3
I T I i

10  Introduction ' . . o

MREL will perform an acceptance test for the Windsplre to ensure proper instaflation and
operation of the system prior to certification testing. This test will include, but not be limited to, an
inspection of the wind generator instaliation, the tower, all electrical connections and fusing, the
inverter for the system, the electrical connections throughout the system, and a safety Inspeciion
of the system. NREL staff will not do enything that will alter the long-term rellability or

perfi 1ce of the system during the acceptance test, NREL staif will not change any system set
poinis without direct Involvement of the vendor.

20  Documentation Review

NREL will review the Owner's Maﬁua? for the project to ensure adaquacy. The manual should
include a completa set of schematics, technical specifications, operating instructions, emergency
procedures, maintenance procedures, and warranly Information. :

A final set of as-built drawings must be provided. These shall Include electrical, mechanical, and
physlcal drawings, X '

30 Visual In

The system will be visually inspected for safety and compllance with accepted Instaliation
practices, Any.deviation from the as-bullt will be noted, Al fuses, circuit breakers, disconnect
swilches and wires will be inspected and their current ratings and type will be verified and
compared to the 1-line electrical diagram. The grounding system will be Inspected. The turbine
mounting and all turbine fasteners will be inspected.

Commissioning Checklist
Date: 2 May 2008 Conducted by: Amy Bowen, Mark Meadors ;.
Task Initial | Recorded Observation

| Electrical Inspection Gompleted A . t

Verify generator gap

Visually inspect blades for any cracks or deviations from

nommal .

Inspect tower grounding .

Verify freedom from excessive vikration -

| Verify that turbine blades spin freé% at 8 m/s or above
Verify absence of excessive nolse from generafor
Verify power production fo manufacturer's power curve at
8 m/s or above
Verify tower alignment
Verify all wire sized per manufacturer drawing -
Verity conductor sizing ( tower - #10 or better)
Verify Inverter re-connects after 3.3 breaker Is ripped
Verify RPM signel from Inverter
Verify "turbine status” signal from inverter
M: the inverter fré ey under load

Measure the Inverter cument under ) I

Measure the Inverter voltage under load

%&a&gg%a Ay
:
|
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| Verify manual shutdown from turbine disconnect

Verify 20 amp breaker size In power panel 3.3 RER F 305

Ve rnanualshmown from 20 breaker funclion In .
Eenfy ower panel 3.3 &np SKK :Qfé' 30

Atleast one NREL employee tralned
Review final as-bullt drawings for system installationand | ﬁﬁ

verify that drawings and installation are In agreed

40  Acceptance of Commissioning Proscedures

Theé installation of the Marlah Power Windsplre Wind Turbine Ganemtor at Site 3 3 has been
reviewed and Is in conformance with the commissioning procedures above. As a result, we
hereby agree that this Installation has been completed sahsiactonly and approve that the turbhs
system is ready for field verification testing.

- @ : S/ 7)e3
Chris Gabrys E . _[[_)MF

Project Le&der

, MadahP ' A o
N
Amy W . Date ™
;;stﬂ@neer .
F’L’Lmh U&&QM . ' 5/ufo8
" Wark Meadors ] - - Date
Master Research Technician -
NREL!?’C , , A
‘ ;é/ P h | (3 [y 2008
Hal Link: ’ . Dal :
Gerlification Project Manager s .
NREL, NWTC .
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Appendix C: Windspire Test Chronology

5/5/08

The turbine was fully installed and operational. The turbine was installed without
the inverter on March 17, 2008. The inverter was not installed until May 5, 2008.

5/9/08

Two screws were found missing at the top of the turbine where the ring attaches
to the airfoil. The tower base bolts/nuts were retightened/loosened and marked to
show alignment.

6/12/08

The inverter parameters were changed to increase output at rated levels from
1,000 watts to 1,100 watts.

6/23/08

The testing team found two loose bolts at the tower base. The nuts were
retightened and re-marked, and a small adjustment was made to vertical.

7/21/08

Routine inspection found a noise emanating from the turbine, a broken washer,
loose nuts, and movement in the base tower plate.

7/30/08

While the leading edge tape was being replaced (due to detachment), a broken
weld was found at the top of the turbine and another crack was observed on a
different weld. Initially, the welding was done in two spots per airfoil side. The
airfoils also slid out of the struts that are supposed to clamp them. This may have
caused the broken weld. The turbine was visibly wobbling and was tilted down.

8/7/08

The manufacturer was on-site to replace the airfoils and struts. This is a change
that will be required for all production machines. The tower base bolts were
replaced with bolts with set screws to keep bolts from loosening. The weld was
improved to a continuous weld.

8/18/08

The magnetic bearing was replaced. The initial magnetic bearing did not have a
dust cover and was susceptible to iron dust getting into the magnetic air gap,
which can stop operation of the turbine.

9/13/08

The inverter failure occurred because the set points of the inverter were set to
optimize power performance. The increased performance caused the temperature
to rise, and over time, caused the inverter to fail.

10/7/08

The inverter was replaced. The set points were set for normal production.

The power performance test was stopped because the inverter failed. The test was
not completed because the wind speed range requirement was not fulfilled/met. A
new power performance test was started after the inverter was replaced.

10/14/08

Mariah Power informed NREL that: “the welding of the top shaft has not been
stress relieved properly and has a heat affected zone that has reduced strength
and fatigue life below the design.” Based on the findings from an accelerated life
test conducted at the Mariah Power facility, they requested that the testing team
stop and/or lower the turbine in winds above 40 mph until a fix could be
implemented. The fix was not expected until January 2009.

The testing team complied with Mariah’s request. However, they decided to
terminate duration testing because the turbine did not meet the operation
requirements. The testing team decided to continue power performance and noise
testing.

10/21/08

The testing team confirmed that the turbine does not shut down in high winds.

10/30/08

The testing team found three loose nuts at the base of the tower. The nuts were
tightened per Mariah Power’s direction.

11/19/08

Two of the airfoils slid down through the struts.
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12/16/08

During the noise testing, a clanging sound emanated from the turbine. The testing
team found two broken welds at the top of the turbine. The turbine was shut
down until further notice. The airfoil did not completely separate as it did in the
previous occurrence.

1/14/09

The testing team checked the turbine after it observed possible higher rotational
speeds while the turbine was shut off. Measurements that were taken to check for
generator continuity were varied when they should have been less than 5 ohms.
The team found that two of the three wires from the generator were missing
insulation and bare wire was exposed. There was no noticeable difference in
resistance when force was applied, whether the generator was connected or not.
The turbine was lowered.
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