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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.
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INCLUDING THE WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
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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 of wind energy
expansion by providing independent testing results for small turbines. In total, five
turbines are being tested at the National Renewable Energy Laboratory’s (NREL'’S)
National Wind Technology Center (NWTC) as a part of this project. Duration testing is
one of up to five tests that may be performed on the turbines, including power
performance, safety and function, noise, and power quality tests. The results of the
testing will provide the manufacturers with reports that may be used for small wind
turbine certification.

The test equipment includes a Gaia-Wind 11 kW wind turbine mounted on an 18 m
monopole tower. Gaia-Wind Ltd. manufactured the turbine in Denmark, although the
company is based in Scotland. The system was installed by the NWTC Site Operations
group with guidance and assistance from Gaia-Wind.

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 Gaia-Wind 11 kW turbine:

e Structural integrity and material degradation
¢ Quality of environmental protection

e The dynamic behavior.

Based on the parameters defined in the Standard for small wind turbine classes, Gaia-
Wind identified the test turbine as a Class lll. This corresponds to a Va,. of 7.5 m/s.

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, (9.0 m/s) and above

e 25 hours of power production in winds of 1.8V, (13.5 m/s) and above.

Reliable operation means:

e Operational time fraction of at least 90%
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¢ 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.

In addition, NREL has conducted this test in accordance with our quality system
procedures such that this report will meet the full requirements of our 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 and these are
listed in section 8.

3. Description of Test Turbine

The Gaia-Wind 11 kW is a two bladed downwind wind turbine rated at 11 kW output at
9.5 m/s. The Gaia-Wind 11 kW uses an induction generator to produce three-phase, 60
Hz output at 480-volts. The turbine’s power output is grid compatible and is supplied
directly to the grid. In wind speeds higher than 25 m/s, the turbine uses a mechanical
brake to come to a complete stop to protect the turbine from over speeding. The turbine
blades are made from fiberglass.

Table 1 lists basic turbine configuration and operational data.

The following components were considered part of the test turbine system:

1. The turbine system includes a tower and foundation that have been designed for
installation at the NWTC test site 3.3B.

2. The turbine system is connected to the electrical grid at the test site through a
subpanel. All wiring and components on the turbine side of this subpanel are
considered part of the turbine system.

3. The turbine system includes all control components including wiring between the
up-tower components and the down-tower control panel.



Table 1. Test turbine configuration and operational data

General Configuration:

Make, Model, Serial Number

Gaia-Wind Ltd., Gaia-Wind 11 kW, 10711114

Rotation Axis (H / V)

Horizontal

Orientation (upwind / downwind) Downwind
Number of Blades 2

Rotor Hub Type Teetering
Rotor Diameter (m) 13.0
Small Wind Turbine Class 1

Hub Height (m) 18.2
Performance:

Rated Electrical Power (kW) 11

Rated Wind Speed (m/s) 9.5
Cut-in Wind Speed (m/s) 3.5
Cut-out Wind speed (m/s) 25
Rotor:

Swept Area (m?) 133
Blade Pitch Control None

Direction of Rotation

Clockwise viewed from upwind

Rotor Speed 0-62
Power Regulation (active or Passive
passive)

Tower:

Type Tubular
Height (m) 18.0

Control / Electrical System:

Controller: Make, Type

Gaia-Wind 1C-1000

Electrical Output: Voltage

480 VAC, three-phase

Yaw System:

Yaw control

Passive




Figure 1. The Gaia-Wind 11 kW wind turbine. PIX # 17673

The test configuration consists of the turbine mounted on a tubular tower, the controller,
the meteorological tower, associated wiring and junction boxes, and a data shed
containing the data acquisition instrumentation. The turbine is installed on a standalone
18 meter, tubular tower. The wire that runs from the base of the tower to the data shed is
approximately 64 meters of #6 AWG wire. Inside the data shed there is a disconnect
switch and a breaker panel on the turbine side of the transformer. Figure 2 shows the
general electrical arrangement.



e
I B
| ki
{ ¥  5cond#6
| & 3L, N, Ground
g2 THHN
%
4
L % Test Shed
Turbine TMet Power L0 —
Control ower Transducer Box Breaker Panel
) KWh reaker Pane .
Panel Junction 150-5 AMP CT Meter | |Disconnect | 48ovac | | ToNRELGrid
DMT 1040E PT Switch 3P, 60 Amp
. To data
Instrumentation — o
acquisition
cable
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4. Description of Test Site

The Gaia-Wind 11 kW wind turbine was located at Test Site 3.3B at the National Wind
Technology Center (hereafter referred to as the test site), approximately 8 km south of
Boulder, Colorado. The site is located on level terrain at an approximate elevation of
1845 m above sea level. Figure 3 shows a plot plan of the test site with topography lines
listed in meters above sea level.

The meteorological tower is a 16.4 meter Rohn, 25 G lattice tower located 32.8 m (about
2.5 rotor diameters) from the test turbine at an azimuth of 297° true.

For measurements, where it is important to accurately measure wind speed, NREL used
data obtained when the wind direction was between 258° to 331° with respect to true
north, thus including all westerly winds. 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 10 kW Abundant Renewable Energy, ARE 442, turbine located on a 30.5 meter tower.
It was located approximately 48.0 meters north of the test turbine at site 3.3A.

o
W
o
shER2
‘.SkyStleam-N
A  AREMH2
&
158
Gaia
®
Met - Mariah
&~
et
A
A
7 ' NWI00-b
% ®
® WIGs
A Mettowers
[ ] Buildings 0 50 100 150 200
|IIII|IIII|IIII|IIII|
Contour 1m Meters

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 testing 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 grid voltage.

Figure 4 gives the location of the met tower instruments and Table 2 gives an equipment
list that provides the specifications for each of the instruments used. Per the power
performance standard IEC 61400-12-1, the primary anemometer was sent out for
recalibration after the test period. The difference between the two calibrations was within
the tolerances allowed by the power performance standard.

The data acquisition system ran out of calibration during the test. It was sent out for post
test calibration and found within specification. The calibration sheet of the post test
calibrations are 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 Ohio Semitronics, DMT 06091046 February 15, 2010
1040E
Current transformers | Ohio Semitronics, 12974 001293045 February 15, 2010
001235428
001293049
Primary anemometer | Thies, First Class 0707890 April 7, 2009
Reference NRG, Max 40 179500049023 | In situ
anemometer
Wind vane Met One, 020C with X4357 April 7, 2009
Aluminum Vane
Pressure sensor Vaisala, PTB101B C1040014 October 29, 2008
(replaced during test) T5030003 August, 26 2009
Temperature sensor Met One, T200 0890084 October 29, 2008
(replaced during test) 0789021 October 10, 2009
Precipitation sensor Campbell Scientific, 237 None In situ
Data acquisition Compact DAQ w/LabView
system cDAQ backplane 12E4DA3
NI 9229 12CBC7A August 14, 2008
NI 9217 12BFEE2 July 20, 2008
NI 9205 12E9C99 October 8, 2008
Modules post-test
calibrated on May 5,
2009, was in
compliance
NI 9229 140A596 February 10, 2010
NI 9217 140DCB9 February 12, 2010
NI 9205 140E2BD February 10, 2010
6. Results

6.1 Operation Time
The test turbine system was installed during the week of May 12, 2008, and operated
continuously until May 6, 2010 when it was shut down for removal. The commissioning
checklist from the installation is in Appendix B. After installation, the turbine experienced
a "break-in” period of approximately one month. During this period, several bolts from
the hub were found on the ground at the base of the turbine. It was assumed the bolts
were from the hub fork since there were bolts missed from that area. It was determined
that the originally installed bolts were not long enough to fully engage the nuts and
longer bolts were installed. In early June 2008, a “brake pads worn” warning appeared
on the controller screen. It was determined that the mechanical brake needed to be re-
calibrated. After the break in period, the duration test was officially started on June 9,
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2008. The duration test was completed on March 31, 2009, after enough data was
collected to demonstrate sufficient hours of operation, as required by the standard.

6.2 Months of Operation

The duration test was conducted over a period of approximately 9.5 months from June 9,
2008, to March 31, 2009, (6 months were required). The turbine continued to operate
until May 6, 2010 when it was shut down for removal.

6.3 Hours of Power Production

The hours of power production at any wind speed totaled 2,705 hours (2,500 hours
required).

The hours of power production above 1.2*V,, (9 m/s) totaled 711 hours (250 hours
required).

The hours of power production above 1.8*V,, (13.5 m/s) totaled 215 hours (25 hours

required).

Thus the turbine met 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 Gaia-Wind 11 kW duration test

Hours of power production above: | max gust | TI@ 15  # Data Tr Ty Te Ty (0]
Month om/s 9Im/s 13.5m/s (m/s) m/s (%)  points | (hours) (hours) (hours) (hours) (%)
Overall 2704.9 710.6 215.0 41.9 19.0 255 7094 172.5 152.0 624.6 90.8
Jun 2008 238.2 36.2 3.8 28.6 18.5 5 518 11.3 7.8 3.3 993
Jul 256.0 8.5 0.3 23.9 0 744 78.2 2.2 38.8 94.1
Aug 115.8 4.5 0.0 19.2 0 744 6.3 20.0 323.0 55.0
Sep 120.5 11.7 1.8 224 - 0 720 36.2 30.3 174.7 733
Oct 236.0 45.0 12.2 32.8 17.3 10 744 0.7 13 0.0 100.0
Nov 348.0 98.7 22.5 37.0 20.9 40 720 22.1 0.0 0.0 100.0
Dec 339.7 160.5 54.8 41.4 17.4 68 744 7.9 27.2 32.8 954
Jan 2009 385.0 155.5 56.0 38.8 19.9 76 744 4.9 32.0 36.5 94.8
Feb 333.2 107.3 36.8 41.9 20.0 23 672 3.2 27.0 0.0 100.0
Mar 332.5 82.7 26.8 36.7 18.0 33 744 1.7 4.2 155 979
6.4 Operational Time Fraction
The operational time fraction is defined as follows:
o=Tr=Iv =T =Te 1009
TT - TU ~LE

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,
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Te is the time which is excluded in the analysis.

The overall operational time fraction of the combined wind turbine system (wind turbine,
tower, and controller) in the total test period was 90.8%. Figure 5 and Table 3 show the
operational time fraction per month. Figure 6 shows a scatter plot of power verses wind
speed during the test.

The main reasons for the wind turbine system’s downtime (Ty) during the test period
were electric contactor failures, brake-time errors, and vibration errors. These faults are
described in more detail below.

Electric Contactor Failure

The low operational time fraction for August and September of 2008 was caused by the
failure of two contactors in the controller. Investigations suggest that the 2-pin flat
connectors used to wire the contactors were poorly connected when installed at Gaia-
Wind’s electrical supplier. Additionally, the Gaia-Wind 11 kW turbine controller was
originally designed for a 50-Hz grid, and it is possible that the contactors that originally
were installed in the controller were underrated for the 60-Hz grid at the NWTC.
Approximately 78% of the total time classified as Ty during the test can be attributed to
the contactor failures. Since September 10, 2008 when both contactors were replaced
with higher rated models and the pin connectors were replaced, there have been no
further contactor failures.

Brake-time Errors

The brake-time errors occurred when the turbine took longer to brake than designed; this
usually occurred during high winds. Although this error occurred, the turbine successfully
braked each time. The brake-time error requires permission from Gaia-Wind to manually
reset the turbine.

Vibration Errors

Based on evidence found in the nacelle, the vibration errors are believed to have
occurred from birds entering the nacelle and physically brushing against the vibration
sensor. This activated the vibration error. With permission from Gaia-Wind, NREL
installed a screen over the opening in the nacelle to prevent birds from entering the
nacelle. After the installation of the screen on September 19, 2008, the turbine ran
without any further vibration errors.

Remaining Ty

The remaining time classified as Ty was due to manufacturer mandated maintenance,
auto motor start errors, generator over speed errors, and a tachometer defect error.

The main reasons for excluding time (Tg) in the duration test were:

¢ On site activities that either prevented NREL from performing needed maintenance
on the turbine or caused an error

11



e The time difference between the NWTC and Gaia-Wind in the United Kingdom
occasionally prevented Gaia-Wind from responding to error reset requests promptly

¢ Noise or safety and function testing that required the turbine to be shut down.

If no reliable measurements were available, the time was classified as Ty since the
turbine’s status was unknown.

6.5 Environmental Conditions

As an indication of the environmental conditions during the duration test, the standard
requests reporting of the maximum wind speed gust and the average turbulence
intensity at 15 m/s. The maximum recorded gust was 41.9 m/s at 12:51 PM on February
17, 2009. The average turbulence intensity at 15 m/s during the duration test was
19.0%.

6.6 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 7 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
are caused by air density variations. The apparent degradation in power for winds above
13 m/s in December 2008 through March 2009 was caused by the turbine reaching high
wind cut-out. This resulted in a lower average power at higher wind speeds, but is not
considered power degradation.

6.7 Dynamic Behavior

The turbine was observed over a wide range of wind speeds. The turbine did not exhibit
excessive vibration during any of the recorded observations. The following are specific
examples of dynamic behavior observations made in the logbook:

23 February 2009 — “Observed the turbine start up from low winds and run in 8 m/s
winds. Some slight tower vibration and rattling during motor start pulses. Observed a
very slight thumping noise as blades passed behind tower. When standing next to the
tower, some per revolution noise can be heard resonating down the tower, though it is
very minimal. Blade noise is audible, more so as winds slow. The turbine yaws slightly in
higher winds (greater than 8 m/s). No excessive tower vibration was noticed. Overall
observation time 15 minutes in winds from approximately 1 m/s up to 9 m/s.”

24 February 2009 — “Observed the turbine in 8 — 15 m/s. A slight whooshing noise is
coming from the blades. The turbine tracks the wind well and yaws back and forth
slightly in gusty winds. Some slight tower movements. The turbine was producing 12 —
14 kW instantaneously during the observation. The overall observation time was 10
minutes.”

12



24 February 2009 — “Observed turbine operating in winds between 7 — 13 m/s. The
turbine tracks wind direction well. No big vibrations, slight thumping heard. The overall
observation time was approximately 2.5 hours.”

6.8 Tear-Down Inspection

The tear down inspection was performed on May 10, 2010. The results are documented
in Appendix C. The main finding was a crack along the seam between the two halves of
both blades, see Figure C.1.
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Figure 5. Operational time fraction for each month
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7. Uncertainty
The uncertainty is estimated for the following parameters:

e Hours of power production
e Operational time fraction
e Highest instantaneous wind speed

No uncertainty analysis was done for the power degradation results. These results were
used only to find relative trends that 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. At
higher wind speeds, this method would produce less of an overestimate. NREL
estimates that the reported time of power production in wind speeds greater than 0 m/s
may be 20% less than calculated. However, the turbine operated for over a month
before the duration test was started in June 2008 and it continued to run after the
duration test was complete until May 6, 2010. Thus, NREL is confident that it has
achieved the 2,500 hours required by the standard.

For the hours of power production above 9 and 13.5 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

The total test time is 7,094 hours. Even if the classification of Tz and Ty was wrong by
5% (which is a very conservative assumption), the operational time fraction would still be
above 90% at 90.3%.

Highest Instantaneous Wind Speed

The uncertainties in the wind speed measurements are 0.009 m/s calibration

uncertainty, 0.052 m/s + 0.52% operational characteristics, 1% mounting effects, and 2%
terrain effects. For the maximum instantaneous gust of 41.9 m/s, the uncertainty is 0.96
m/s.
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8. Deviations and Exceptions

8.1. Deviations from the Standard
There were no deviations from the standard.

8.2. Deviations from Quality Assurance
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 B includes the post-test calibration sheets.
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Appendix A: Instrument Calibration Certificates

Figures A.1 through A.13 show the calibration sheets for the instruments used during the
duration test.
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Branch #: 5000

NREIL METROLOGY LABORATORY

Test Report
Test Instrument: Multifunction Transducer DOE #: 03575C
Model # : DMT-1040E S/N : 06091046

Calibration Date: 02/15/2008 . Due Date: 02/15/2010

A. Set-Up for Total Power Calibration:

A.l. Voltage is applied to Lines 1, 2, & 3 = 277.128 V @ 60 Hz:

A.2. Current is applied to n = 8-TURNS through three current trangformers
that are connected to Lines 1, 2, & 3 .

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

A.4. Full Scale setting = -15.796KW to 15.796KW.

Input Current Input Power Analog Cutput-1
(aac) (KW) (voe)
18 14.965 . 4.811
12 9.977 3.209
B 6 4.988 1.604
0 0 0.002
-6 -4.988 -1.602
-12 -9.977 -3.206
-18 -14.965 -4.807

B. Set~Up for Power Factor Calibration:
B.1. Voltage & Current are applied as A.1 & A.2.
B.2. Analog Output-2 is measured across precision resistor = 250 Q.

L —
Power Analog Output-2

(KW) Power Factor (vDC)

10 1. 5.001

" 3.995

» , 2,993

» . 1.991

Page 1 of 2
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Figure A.1. Power transducer calibration sheet




DEUTSCHER KALIBRIERDIENST DKD

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

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

- Deutsche WindGuard Aikredisrunge
‘W‘m d‘éu Wind Tunnel Services GmbH =R
Wind Tunnel Sende ; Varel DKD-K- 36801
DKD-K-
Kalibrierschein Kalibrierzeichen | 36801 |
Calibration Certificate Calibration label | o2 5445
Gegenstand Cup Anemometer Dieser Kallbrierschein dokumentiert  die
Object Riuickfilhrung auf nationale Normale zur

Darstellung der Einheiten in Ubereinstimmung
Thies Clima mit dem Internationalen Einheitensystem (SI).
5553}5!}5,’; D-3?083m{:'1:‘-6ttin &n Der DKD ist Unterzeichner der multi- lateralen
g Ubereinkommen der European co-operation for
Accreditation (EA} und der International

Typ 4.3350.00.000 Laboratory Accreditation Cooperation {ILAC)
Tyoe zur  gegenseitigen  Anerkennung  der
. . Kalibrierscheine.
g?ng?ﬁgbse?nen_m' Body: 0707890 Fur die Einhaltung einer angemessenen Frist
Cup: 0707890 zur Wiederholung der Kalibrierung ist der
Benutzer verantwortlich.
éﬁ:;léﬁ%? eber Thies Clima This calibration cerlificate documents the
D-37083 Gottingen traceability fo national standards, which realize

the unifs of measurement according fo the
International System of Units (S1).
Auftragsnummer The DKD is signatory fo the multilateral

Order No. VT07255 agreementis of the European co-operation for

. . . Accreditation (EA) and of the Infemational

ﬁgjgﬁger Seilg?aglses”!‘éi!}grierschelnes 3 Laboratory Accreditation Cooperation (ILAC)

pag for the mutual recognition of calibration
certificates.

Datum der Kalibrierung 54 97 2007

Date of calibration The user is obliged to have the object

recalibrated at appropriate infervals.

Dieser Kalibrierschein darf nur vollsténdig und unveréndert 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 Giiltigkeit.

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

Datum Leiter des Kalibrierlaboratoriums Bearbeiter

Date Wﬂhe calibration faboratory Person in charge
24.07.2007 W 4/1; ﬁ o
[ .

Dipl. Phys. D. Westermann ch. Ass. inf. H. Westermann

Deutsche WindGuard Wind Tunnel Services GmbH
Oldenburger Str. 65
26316 Varel ; Tel. ++49 (0)4451 8516 0

Deulsche

Wind Tunnet S

Figure A.2. Primary anemometer calibration sheet
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DEUTSCHER KALIBRIERDIENST DKD

Kalibrierlaboratorium fur Strémungsgeschwindigkeit von Luft

Calibration faboratory for velocily of air flow
Akkreditiert durch die / accredited by the

Akkreditierungsstelle des Deutschen Kalibrierdienstes %

DEWI GmbH
Deutsches Windenergie-Institut

Doutschor

Rat

Akkradifiarungs

R AN =R

DEWI
DKD-K-28901
1499_09
DKD-K-
Kalibrierschein Kalibrierzeichen 28901
Calibration certificate Calibration label 15.07.09

Gegenstand Cup Anemometer Dieser Kalibrierschein dokumentiert die
Object Riickfohrung auf nationale Mormale zur
Darstellung der Einheiten in  Uber-
Hersteller Thies Clima Eii:?\l:;t‘:r‘\ir;ﬂtemﬁgi) dem Internationalen
Manufact D-37083 Gotti . :
nulacturer ingen Der DKD ist Unterzeichner der multi-
lateralen Ubereinkommen der European co- |
operation for Accreditation (EA) und der |
?;:p‘: 4.3350.00.000 International ~ Laboratory  Accreditation |

Fabrikat/Serien-Nr.

body: 0707830

Cooperation (ILAC) zur gegenseitigen
Anerkennung der Kalibrierscheine,
Fur die Einhaltung einer angemessenen

Serfal number cup: - Frist zur Wiederholung der Kalibrierung ist
. " der Benutzer verantworllich.
g‘ﬂ;ﬁg?eber gjll?::::’s[}g.‘l’:né?)ettin en This calibration cerificate documents the
gen, traceability to national standards, which
Auftragsnummer ABDSD1617 realize the units of measurement according
Order No. to the Intemalional System of Units (S1).

Anzahl der Seiten des Kalibrierscheines 343

Number of pages of the certificate

Datum der Kalibrierung
Datle of calibration

15.07.09

The DKD is signatory to the mullilateral
agreements of the European co-operafion
for Accreditation (EA) and of the
Intemalional  Laboratory  Accreditation
Cooperafion  (ILAC) for the mutual
recognition of calibration certificates.

The user is obliged to have the object
recalibrated at appropriate intervals.

Dieser Kalibrierschein darf nur vollsténdig und unveréindert weiterverbreitet werden. Ausziige oder Anderungen bedtirfen

der Genehmigung sowohl der Akkreditierungsstelle des DKD als auch des ausstellenden Kalibriedaboratoriums.
Kalibrierscheine ohne Unterschrift und Stempel haben keine Glitigkeit.
This calibrafion cerfificate may not be reproduced other than in full except with the permission of both the Accreditation
Body of the DKD and the issuing laborafory. Calibration cerfificates without signature and seal are not valid.

Datum Stellv. Leiter des Kalibri Hums Bearbeiter

Date Deputy head of the calibration laboratory Person in charge

15,07.09 Dipl.l-l'ng, (FH) P. Busche R.Kluin
DEWI GmbH DEUTSCHES WINDENERGIE - INSTITUT (]Q‘b
Ebertstr. 96, D-26382 Wilhelmshaven DEWI
Tel. +49 (0)4421 4808-0, Fax. +408 (0)4421 4808-43

Figure A.3. Primary anemometer post-test calibration sheet

20



Wind Vane Calibration Report

Calibration Laboratory: Customer:
National Wind Technology Center - Cert. Team National Wind Technology Center - Certification Team
Mational Renewable Energy Laboratory Mational Renewable Energy Laboratory
1617 Cole Boulevard 1617 Cole Boulevard
Golden, Colerado 80401 Golden, Colorado 80401
Calibration Location: Calibration Date: 13-Sep-07

National Wind Technology Center
Room 101, Building 256

Report Number: X4357-070913 Procedure:
NWTC-CT: G124-000613, Wind Vane Calibration
Page: 1 of 1
Ceviations from procadure: Calibrated on 5V range
Item Calibrated: . Calibrated in Volts (not mV)
Manufacturer Met One Instruments, Inc
Model 020C Results:
Serial Number X4357 Slope: 7112  deg/V
Vane Material Aluminum Offset to boom: 91.02 deg
Condition Refurbished Max error: 0.78 deg
Estimated Uncertainty: Traceability: Mig & Moedel Serial Cal
Inclinometer Tatal Number ~ Date
Uncertainty Uncertainty Inclinometer: Spi-Tronic  31-038-3 22-Mar-07
(deg) (deg) Voltmeter: Fluke743B 6965608  10-May-07
0.10 0.33
Calibration by: e . 13-Sep-07
ark Meadors Date
360 — |
— 300
o
@ |
= ] —
o 240 ] e o4 9
] ' ‘ z
. o
E & 4 T02
< 480 44 . | A =
- A =
3 0.0
= ® A =)
c 4 A & 7]
= 120 H ™ - — L .02 @
2 " e oo e
o 0+ -04
~ 80 - - —e—
° + 0.6
0 - - 0.8
0 1 2 3 4 5

Vane Output Voltage (V)

Figure A.4. Wind vane calibration sheet

21



Branch #: 5000

sheet:

NREL METROLOGY LABORATORY

Test Report
Test Instrument: RTD Probe
Model # 78NOINOON

Calibration Date: 10/29/2007

1 of: 1

DOE #: 02885C

S5/N : 0890084

Due Date: 10/28/2008

N;‘:minal Values Measured Values
e Nominal Eguivalent Measured Equ;{valent Temperature
Registance Temperature ! Resistance Temperature ' Error
1 96.09 Q -10 °C 96.078 Q -10.03 *°*C 0.03 °C
2 100.00 Q o °cC 99.996 Q -0.01 *°C 0.01 °C
3 103.90 Q 10 °C 103.903 Q 10.01 °C -0.01 °C
4 107.79 Q 20 °C 107.796 Q 20.02 °C -0.02 °C
5 111.67 Q2 30 °C 111.677 Q 30.02 °C -0.02 °C
& 115.54 Q 40 °C 115.546 @ 40.02 °C -p.02 °C
Notes:

1. Total Uncertainty of Nominal Values = +0.02 °C
2. Calibration was performed at 23 °C and 37% RH
3. Resistance is measured using 4-wire technigue

Calibrated by: Reda

Date : 10/29/2007

Figure A.5. RTD probe calibration sheet |
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QA by: Bev

Date : 10/29/2007




Branch #: 5000

sheet: 1 of:

NREL METROLOGY LABORATORY

Test Report
Test Instrument: RTD-Probe DOE #: 02883C

Model # : 78NOINOON 8/N : 0789021

Calibration Date: 10/10/2008

1

NIST. DOE#s 124272, 108603, and 108604.

- Calibration was performed at temperature = 23 °C and relative
humidity = 38.

- Uncertainty of Nominal Values = + 0.03 °C, k = 2.

- Calibration was performed using instruments that are traceable to

Due Date: 10/10/2009
Measured Values ( JMfr. Specs.
No Function Nominal () OR
Tested value (X)Data only
['uc) AS AS
Found Left
* Temperature: (7} 99.9¢6 Same
25 109.41 w
50 118.85 -
Notes:

Tested By: Reda

Date : 10/10/2008

Figure A.6. RTD probe calibration sheet Il
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Branch #: 5000

NREL METROLOGY LABORATORY

Test Report
Test Instrument: Pressure Transmitter
Model # : PTB101B

Calibration Date: 10/28/2007

sheet: 1 of: 1

DOE #: 03510C

8/N

: Cl040014

Due Datea: 10/29/2008

2, Calibration was performed at 23°C and 37% RH.

numbers: 02625C, 02727C, and 02301cC.

Measured Output Voltage { )JMfr. Specs.
No Function Nominal (vbc) OR
Tested Value (X)Data only
(kpa) Ag Found As Left {mb)
* | Absolute Pressure
65 0.275
70 0.548
75 0.820
80 1.082
85 1.364
S0 1.635
85 1.807
100 2,178
105 2.451
Notes:
1. Expanded Uncertainty of the nominal value is 0.2 kPa, with k = 2.

3. Calibration was performed using standards that are traceable to NIST. DOE

Calibrated By: Reda
Date: 10/28/2007

Figure A.7. Pressure transmitter calibration sheet
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VNAT(ONM. . Certificate of
INSTRUMENTS _ Calibration

Board Information: Certificate Information:
Serial Number; 12CBC7A Certificate Number: 793243
NI Part Number: 192580D-02 Date Printed: 20-NOV-08
Description: NI 9229

Calibration Date: 14-AUG-07
Recommended Calibration Due Date: 14-AUG-08%

Ambient Temperature: 23 °C
Relative Humidity: 60 %

National Instruments certifies that at the time of manufacture, the above product was calibrated
in accordance with applicable National Instrumenis procedures. These procedures are in
compliance with relevant clauses of ISO 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 lo the insfrument identified above and the
certifieate may not be reproduced, excepl in full, without prior written consent by National
Instruments.

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

NI Hungary Saoftware és Signed,

Hardware Gyarté Kift.

4031 Debrecen, Hatdr it O\Q,_Hﬂ
I/A.

GARY Andrew Krupp

Quality Director

* 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.8. NI 9229 data acquisition module calibration sheet

25



wﬂﬁﬂﬂm ) ’ Certificate of
INSTRUMENTS Calibration

Bn:.lrd Information: - Certificate Information:
Serial Number: 12BFEE2 Certificate Number: 775348
NI Part Number: 192547D-01 Date Printed: 20-NOV-08

Description: NI 9217

Calibration Date: 20-JUL-07
Recommended Calibration Due Date; 20-JUL-08%

Ambient Temperature: 26 °C
Relative Humidity: 45 %

National Instruments certifies that at the time 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 ealibration 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 environmeni 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 Gyarié Kit.

4031 Debrecen, Hatadr iit O@W
1/4.

HUNGARY Andrew Krupp

Quality Director

* 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.9. NI 9217 data acquisition module calibration sheet
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VNATWNAI. ] Certificate of
INSTRUMENTS Calibration

Bm_trd Information: Certificate Information:
Serial Number: 12E9C99 Certificatc Number: 835019
NI Part Number: 193299F-01 Date Printed: 20-NOV-08

Description: NI-9205

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

Ambient Temperature: 23 °C
Relative Humidity: 38 %

National Instruments certifies that at the time 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 meels or exceeds National Instruments specifications.

National Instruments further certifies that the measurements standards and instruments used
during the calibration of this preduct are traceable to National and/or International Standards
administered by NIST or Euromet members or are derived from accepled 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 o the instrument identified above and the
cerlificate may not be reproduced, except in full, without prior wrilten consent by National

Instruments.

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

NI Hungary Software és Signed,

Hardware Gydrio Kft.

4031 Debrecen, Hatdir it OO V—0

1/4.

HUNGARY Andrew Krupp
Quality Director

* 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.10. NI 9205 data acquisition module calibration sheet
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Certificate of Calibration
3214337

Certificate Page 1 of

Davis|Calibration

Instrument Identification
Comgany 1D 222037 PO Number: 337683
MNATIONAL INSTRUMENTS

11300 M. MOPAC EXPWY
ATTH. EMA DEPT.

AUSTIM, TX 78739
Instrument ID: 12CBCTA Model Number: NI 5225
Manufacturer: MATIONAL INSTRUMENTS Serial Mumber: 12CBCTA

Dezcrigfion: 4-CHAMMEL, 680 W, 24-BIT SIMULTANEDOUS ANALOG INPUT
Accuracy: MiT Specifications

Certificate Information

Reason For Service: CALIBRATION Technician: WAYNE GETCHELL
Type of Cal: ACCREDITED 17025 Cal Date 0BMay2009
Az Found Condition: |N TOLERANCE Cal Due Date: 06May2010
Az Left Condition: LEFT AS FOUND Interval: 12 MONTHS
Procedure: MATIONAL INSTRUMENTS CAL EXECUTIVE REY 3.3.1 Temperature: 230 C

Humidity- 44.0 %
Remarks: Reference aftached Data.

The dnatrwmeal o fhis sertification baa ban colibratid apatnst standards fraveabdic b thi Natfosal Jnaritet of Standards and Tichaolage (VST or otfer recognised
watbanel metradogy fentiutes, dirfead from Falio hpe seernmdnly, or comparind i satlomally oF mermalionadly ricogiised comrentis standards.

A tieit samcirtainty ratic (T UURL) of 4.0 JI0 =0, appras. B5% Confidemce Lovel] war mainfained unlies othereise stoted
Dhvis Cfibration Lboratony & eernfiad no 250 S000.2000 by Engle Registrations feertyficare 8 30460, Lab Operations meer the raguirements of
ANSINCIL E3400- 1994, 1965 1000 2:2000, JOCFRI0 Appatl, and J0CFRIT.

TROVIEC FRO25-2008 aceridited calirations are per ACTASE certificate 8 A0-0 157 within the reopa for which the fab iy aovrdited
AR reswln comtalned withis this certiffeanion relate only 1o femya) calibrated. A muriber of factors may conne the calibratios it 10 it oud of calibration bafand the

irstramant’y calibrafios ieumal hes expired

This cwrraiffeane shall ol be riprodcnd excapt i fall, wirkoi! written consest of Duals Calibranon Laboratory.,

Approved By: VICTOR PEMA
Senvice Representative

Calibration Standards
MIST Traceable#  _Inst. ID# Deseription Model CalDate  DateDue
3143038 15-0271 MLULTIFUNCTICON CALIBRATOR 5T004 15Apr2009 14 Julz00g

Davis Calibration * 2324 Ridgepoint Drive, Suite O+ Austin, TX 78754 * Phone: B00-365-0147 » Fax: 512-526-8450

Figure A.11. NI 9229 data acquisition module post-test calibration sheet
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Certificate of Calibration
3214181

Certificate Page L of 1

Davis|Calibration

Instrument Identification
Company 1D 220037 PO Murnber: 337683
HATIOMAL INSTRUMENTS

11500 M. MOPAC EXPWY
ATTH. EMA DEPT.

ALUSTIM, TX 73759
Instrument 1ID: 12BFEE2 Model Mumber: MI 5217
Manufacturer: MATIOMAL INSTRUMENTS Serial Mumber: 12BFEE2

Description: 4-CH 100 OHM 24-BIT RTD AMALOG INPUT
Accuracy: Mir. Specifications

Certificate Information

Reason For Senvice: CALIBRATION Technician: WAYME GETCHELL
Type of Cal: ACCREDITED 17025 Cal Date 06May2009
As Found Condition: 1N TOLERANCE Cal Due Date: 08May2010
Az Left Condition: LEFT AS FOUND Inierval: 12 MONTHS
Procedure: CAL EXEC 3.3.1 CAL EXEC 2.3.1 Temperature: 230 C
Humidity: 46.0 %

Remarks: Reference attached Data.

The imstrweent on thiv certifioation o bean colibrasd qeainer stondurds fraveabis to the Natioma! Inuiite of Seondands and Techaoloagy (NITT) or athier recogaized
wathoncel metradogy fetitutes, dirdeed fromi Fafio hpe mcarsemants, or compared o satiosally oF meraaiionally recogaised comrensus siandards.

Al swcartainty ratio (TLLR) of 400 JX=3, approx, 95% Confidvmce Livel] was muintained unfis olbereise stated
Dvis Calibration Laboratary i varnfied o 150 90012000 by Eagle Reginrations foertificate 8 30460, Lab Cpirations medt the reguivernats of
ANSUNCEL ES40-1- 190, 150 1007 2:3003, TOCFR0 Appall, and 10CFREL.

LFOMEC J7025-2005 averidited cofibration ane per ACLASS ceriifoate 8 201 187 within the reopa for which the fob iy seoredifed
AR resuln costained withis this certification relate omly 1o itamys) calibrated sy sumibier of factors aidy cond thee calibration i B0 et out of ealibrarion bifore the
inatramind's calibrarion imtirval has depired,

Tl awrificante shall mod bt riprodverd excepr i fall, withoul writtin conset of Dol Calibranion Laboratos.

Approved By: VICTOR PEMNA
Service Reoresentative

Calibration Standards

HIST Traceables Inst. |08 Diescription Model LalDate  DateDue
307B8E2 150011 DECADE RESSETIR DBS2 2M4Mar2008  24Mar2MD
3004178 130060 DIGITAL MULTIMETER, {GOLDEM CAL) 34584 OFT 002 17Feb2008  17May2002

Davis Calibrafion » 2324 Ridgepoint Drive, Suite D « Austin, TX T8754 » Phone: 800-365-0147 « Fax: 512-326-58450

Figure A.12. NI 9217 data acquisition module post-test calibration sheet
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Certificate of Calibration
3214135

Cerfificate Page L of 1

Davis|Calibration

Instrument Identification
Comgany |0 229037 PO Number: 337683
MATIONAL INSTRUMENTS

11500 M. MOPAC EXPWY
ATTH. RMA DEPT.

ALUSTIM, TX 78759
Instrument 1D 12E9C99 Model Murnber: NI 9205
Manufacturer: MATIOMAL INSTRUMENTS Serial Murmber: 12E9C29

Description: 32-CH 2200 MY TO £10Y, 18-BIT, 250 K35 AMNALOG INPUT MODULE
Accuracy: MiT Specifications

Certificate Information

Reason For Service: CALIBRATION Technician: WAYNE GETCHELL
Type of Cal: ACCREDITED 17025 Cal Date 05May2009
As Found Cendition:  |N TOLERAMCE Cal Due Date: 08May2010
Ag Left Condition: LEFT AS FOUND Interval: 12 MONTHS
Procadure: MATIOMAL INSTRUMENTS CAL EXECUTIVE REV 3.3.1 Temperature: 230 C

Hurmidity: 47.0 %
Remarks: Feference aftzched Data.

The insrrumaenr on fhiy cerfifioation bas been calibratd againer stendurds fraveabl b0 the Natiowa! Inarfissser of Sondards and Technology (NIST) or offer recogmized
wationel metrology isntitates, divvacd fromi Falio hpe micarreants, oF compared to satiosally oF ieseraationdly ricopaised cosrensul standards.

A Nkt wwcartaing ratio (TN of 420 [X=2, approe. 939 Confidince Level] was maintainid unlics otherise stated
Davis Calitiration Labavatery i certified fo 150 P001 2000 by Eagle Rigistrations [cestificate § 30461, Lab Cpirations meat e reguirerests of
ANSIDRCEL, ESA0-0-1994, 190 1000 32003, JOCOFRSD Appadl, and J0CFRIE.

ASMEC 70252005 avenddited cafbrations are per ACLATS cenniffeate B 01 18T within the seoapa for which the fob iy aooradited
AR repults covtadnad withis thils cerification relate omly Bo itaeys) calibrated Ase sumibier of factors mv cascne the calibratios i B deift ont of calibrarion Baflord the

inarFaminl s calibrarios iireal has aepirnd

Theds cwrmifreastee shal! mod be riproaiiced excapt i fal, saithour writtin consen! of Dads Calibrarion Laboratory.

Approved By: VICTOR PEMNA
Service Representative

Calibration Standards
MIST Traceable® Inst. |02 Description Model Cal Date Ciate Due
3143038 150271 WMULTIFUNCTION CALIERATCR ET00A 154pr200g 14Julzaoe

Davis Calibration * 2324 Ridgepoint Drive, Suite D+ Austin, TX 78754 » Phone: 800-365-0147 = Fax: 512-526-8450

Figure A.13. NI 9205 data acquisition module post-test calibration sheet
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Appendix B: Turbine Commissioning Checklist

Commissioning Procedure for Gaia-Wind 11kW Grid-Connected Wind Turbine

Generator at Site 3.3B
5/15/08

1.0 Introduction

NREL will perform an acceptance test for the Gaia-Wind 11kW to ensure proper installation and operation
of the system prior to certification testing, This test will include, but not be limited to, an inspection of the
wind generator installation, the tower, all electrical connections and fusing, the inverter for the system, the
electrical connections throughout the system, and a safety inspection of the system. NREL staff will not do
anything that will alter the long-term reliability or performance of the system during the acceptance test.
NREL staff will not change any system set points without direct involvement of the vendor.

2.0 Documentation Review

NREL will review the Owner’s Manual for the project to ensure adequacy. The manual should include a
complete set of schematics, technical specifications, operating instructions, emergency procedures,
maintenance procedures, and warranty information.

A final set of as-built drawings must be provided. These shall include electrical, mechanical, and physical
drawings.

3.0 Visual Inspection

The system will be visually inspected for safety and compliance with accepted installation practices. Any
deviation from the as-built will be noted. All fuses, circuit breakers, disconnect switches 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: Conducted by:

Task B ] Recorded Observation

| Wind Turbine Generator:

_Electrical Inspection Completed

Gaia-Wind commissioning check list completed

Visually inspect btudes for any cracks or deviations from
normal

Inspect tower gro

Verify freedom from cxccmve vibration

| Verify that turbine blades spin freely at 8 m/s or above

Verify absence of excessive noise from generator

Verify power production to manufacturer’s power curve at 8
m/s or above

Verify tower alignment o
| Verify all wire sized per manufacturer drawing

Verify conductor sizing ( tower - #6 or better)

Verify RPM signal from controller
Verify “turbine status” signal from control]er o

Measure the frequency under load

Measure the current under load

Measure the voltage under load
Verify manual shutdown from turbine speclf" ic disconnect

ﬁé’%%ﬁkl’; 3 E BRRA & R

| Verify 60 amp breaker size in power panel 3.3
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[ Verify manual shutdown from 60 amp breaker function in
Verify turbine re-connects after 3.3 breaker is tripped _

At least one NREL employee trained

Review final as-built drawings for system installation and
verify that drawings and installation are in ag t

TR F

4.0 Acceptance of Commissioning Procedures

The installation of the Gaia-Wind 11kW Wind Turbine Generator at Site 3.3B has been revie‘we_d and is. in
conformance with the commissioning procedures above. As a result, we hereby agree that this l.l'lsklllat?.ﬂrl
has been completed satisfactorily and approve that the turbine system is ready for field verification testing,

fyéﬂig’;-—-—f

5 /nﬁ'/oﬁ .

Scott Love, Gaia-Wind

A

Am\lﬁﬂ

Amy Bowen, NREL !
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Appendix C: Post-Test Inspection

The Gaia Wind 11-kW wind turbine was removed from Site 3.3B on May 6, 2010, after
NREL completed all testing activities in the Independent Testing project. At the end of
the duration test, a post test inspection is performed on the turbine. This report describes
the tear down inspection.

C.1 Blades

Both blades had cracks along the seam between the two halves near the hub, see
Figure C.1. The putty at the blade ends, where the tip brakes are located, had
deteriorated slightly, see Figure C.2. One of the blades was chipped, see Figure C.3.

C.2 Hub

The nacelle cover was in good condition. Some grease was observed around the rotor
shaft, see Figure C.4. Some slight rust on the rotor plate and rotor assembly was
discovered, see Figure C.5.

C.3 Brakes

Part of the brake actuator system was damaged during uninstall. The brake pad
assembly was removed and the brake pads were measured. The brake pad on the rotor
side measured 0.72 inches. The brake pad on the generator side measured 0.78 inches.
The original brake pad measured 0.805 inches. The pins on the brake caliper were
inspected; no wear was observed. The brake caliper arms appeared free of rust and
binding.

C.4 Vibration Sensor

The rubber seal on the vibration sensor was degraded and partially ripped, see Figure
C.7. It was noted that during uninstall, the vibration sensor was damaged and was no
longer in a vertical position. However, the degradation of the rubber seal does not seem
to have been caused by this.

C.5 Electrical
All wiring in the hub and the control cabinet was inspected. No degradation or evidence
of overheating was observed.

C.6 Yaw system
The yaw bearing moves smoothly. Some grease was observed around the yaw bearing.
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C.7 Tower
The welds, bolts, and ladder were inspected on the tower. No abnormalities or cracks
were observed.

C.8 Gearbox

The gearbox was drained and inspected using a borescope. Some small scratches and
abrasions were found on the gear teeth. No clunking or noise was heard when rotating
the shaft. The inspection window on the side of the gearbox still showed an adequate
amount of oil, even after a complete drain. The oil appeared to be in good shape; no
particles were found.
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Figure C.1 Crack in blade along seam. PIX # 17672.

Figure C.2 Deteriorating putty on tip brake. PIX #17676.
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Figure C.3 Chip in blade. PIX #17669.

Figure C.4 Grease on shaft. PIX#17670.
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Figure C.6 Broken brake actuator. PIX #17675.
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Figure C.7 Broken vibration sensor and deteriorating rubber seal. PIX #17674.
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