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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. Several turbines were selected for
testing at the National Wind Technology Center (NWTC) at the National Renewable Energy
Laboratory (NREL) as a part of the Small Wind Turbine Independent Testing project. Safety and
function testing is one of up to five tests that may be performed on the turbines. Other tests
include duration, power performance, acoustic noise, and power quality. Viryd Technologies,
Inc. of Austin, Texas, was the recipient of the DOE grant and provided the turbine for testing.

The NWTC conducted this test in accordance with its quality system procedures to ensure that
this final test report meets the full accreditation requirements by A2LA. NREL’s quality system
requires that the test meet all applicable requirements specified by A2LA and ISO/IEC 17025 or
to note any exceptions in the test report.

2 Test Objective

The objective of this test is to:

o Verify that the test turbine displays the behavior predicted in the design
e Determine if provisions relating to personnel safety are properly implemented
e Characterize the dynamic behavior of the wind turbine at rated wind speed and above.

NREL does not limit the safety and function test to features described in the wind turbine
documentation. NREL also inspects, possibly tests, and reports on features that are required by
IEC 61400-2 that may not be described in the wind turbine documentation.

NREL conducted this test in accordance with Section 9.6 of the International Electrotechnical
Commission (IEC) standard, Wind Turbines — Part 2: Design requirements for small wind
turbines, IEC 61400-2, second edition, 2006-03.

3 Description of Test Turbine and Setup

The test turbine, shown in Figure 1, is a three-bladed, upwind, passive yaw turbine with a rated
power of 8 kW. It was commissioned on 12 October 2011 and decommissioned on 7 May 2013.
Safety and function testing was conducted from 12 October 2011 through 13 February 2013.
Table 1 lists the basic turbine configuration and operational data provided by the manufacturer.
As part of Viryd’s standard commissioning procedure, small shims were inserted between the
hub plate and the blade root, thereby pitching the leading edge of the blades into the wind. The
pitch angle of each blade with respect to the hub plate is fixed. The angle was measured and is
provided in Table 2. Figure 2 shows the one-line diagram for the test turbine installation.

This report is available at no cost from the 5
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The following components were considered part of the test turbine system:

e A tower and foundation that were designed for installation at the NWTC test site 3.3a

e The wiring and components on the turbine side of the test shed’s electrical panel,
connecting the turbine to the electrical grid

e All control components including wiring between the up-tower components and the
down-tower control panel.

Figure 1. Viryd CS8 test turbine at the NWTC
(Photo by Mark Murphy, NREL 22258)
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Table 1. Test Turbine Configuration and Operational Data

Turbine Manufacturer and Address

Viryd Technologies, Inc.
9701 Metric Blvd. Suite 200
Austin, TX 78758

Model Viryd CS8

Serial number CS008100X

Rotor diameter (m) 8.5

Hub height (m) 25

Tower type U.S. Tower, guyed, tilt-up lattice

Rated electrical power (kW)

8

Rated wind speed (m/s) 10

Small wind turbine class Il

Rotor speed range (rpm) 115-125
Fixed or variable pitch Fixed
Power regulation (active or Passive
passive)

Number of blades 3

Blade pitch angle (deg) See Table 2

Blade make, type, serial number

Viryd proprietary design, serial numbers

not provided

Direction of rotation

Clockwise viewed from upwind

Description of control system
(device and software version)

Proprietary — PCB

Tower make, type, height

U.S. Tower, tilt-up, guyed lattice, 24.4 m

Electrical output

240 VAC single phase

Table 2. Measured Blade Pitch Angle Relative to the Hub Plate

Blade Pitch Angle
1 1.4°
2 1.1°
3 1.4°

The test configuration consisted of the turbine mounted on a lattice tower, the controller, the
meteorological tower, associated wiring and junction boxes, and a data shed containing the data
acquisition instrumentation. The turbine was installed on a guyed, tilt-up, 24.4-m lattice tower.
The wire run from the base of the tower to the data shed is approximately 98 meters of #6
American Wire Gauge (AWG) wire. Inside the test shed, the turbine was connected to a 240-volt
(V) panel, where 240/480-V and 0.480/13.2 kilovolt (kV) transformers allowed the turbine to
connect to the site’s 13.2-kV grid. Grid tolerances were 1% for frequency and 5% for voltage.

This general electrical arrangement is shown in Figure 2.

This report is available at no cost from the
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Figure 2. Electrical schematic of turbine installation
(Source: NREL 2012)

4 Test Site Description

The Viryd CS8 wind turbine was located at test site 3.3a of the NWTC, approximately 8 km
south of Boulder, Colorado. The site consists of mostly flat terrain with short vegetation and
prevailing winds bearing 292° relative to true north. Figure 3 and Figure 4 show the turbine and
meteorological (met) tower locations, as well as nearby turbines. For measurements requiring
accurate wind speed data, NREL personnel used data that was obtained when the wind direction
was between 211° and 38° true. In this measurement sector, the influence of terrain and
obstructions on the anemometer is small and meets the requirements in accordance with IEC
61400-12-1 without having to conduct a site calibration test.
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5 Description of Instrumentation

In this test, the following parameters were measured: wind speed, electrical power, rotor speed,
grid voltage, and turbine status. Additional parameters were logged for other tests.

For turbine status, NREL added voltage signals to monitor the status LEDs on the controller. The
green LED indicates when the turbine is producing power; the blue LED indicates when the
turbine is in standby, “waiting for wind” (solid), or experiencing a cut-out wind condition
(blinking); and the red LED indicates when the turbine has faulted. This LED blinks various
times at various duty cycles, based on whether the turbine is experiencing a recoverable fault,
unrecoverable fault, or startup/shutdown sequences. However, Viryd informed NREL that the
number of blinks alone was not sufficient to determine the cause of a fault. A computer running
proprietary Viryd software was required to log into the controller and determine the exact cause;
however, NREL personnel did not have the appropriate level of access to the turbine, therefore

these diagnostics were beyond the scope of the test.

Rotor speed was measured by tapping into the Viryd CS8’s RPM signal being sent to the
controller. NREL personnel used an optically isolated frequency to voltage converter for this
purpose, which is detailed in Table 3.

Table 3. List of Channels and Measurement Instruments

Signal Location Sensor Make Model Serial Number Cal Due Date
Primary Wind 249 m Thies First Class 0707884 12 Sept. 2012
Speed 0609006 17 Sept. 2013
Reference Wind 23 m Met One, 010C u2643 NA
Speed
Wind_Direction 23 m Met One, 020 u1475 13 Sept. 2012
W5515 17 Sept. 2013
Air_Pressure 221 m Vaisala, PTB101B T0740016 5 April 2012
C1040014 13 Feb. 2013
Air_Temperature 224 m Met One, T-200 0566229 15 Sept. 2012
0603-1 17 Sept. 2013
Precipitation Data Shed | Campbell Scientific 237 NA NA
Active_Power Data Shed | Secondwind Phaser 5-4A20 01091 15 Sept. 2012
with OSI pn. 12973 CT’s 01091 15 Sept. 2013
Turbine Status Turbine Turbine Controller Lights/ NA NA
Controller Brake Solenoid
Rotor Speed Turbine Phoenix Contact MCR-f-UlI- 67472901 3 Oct. 2012
Controller DC
Data Acquisition Data Shed | National Instruments NI 9229 | 13DEC38 24 June 2012
Modules 12A2037 27 June 2013
National Instruments N1 9217 | 13FAE1C 24 June 2012
12BFEE2 27 June 2013
National Instruments NI 9205 | 13E3D05 24 June 2012
14DA726 27 June 2013

This report is available at no cost from the
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Table 3 provides an equipment list that includes the specifications of the instruments used and
Figure 5 provides the location of the met tower instruments. The first set of data acquisition
modules were used beyond their calibration due date from 25 June 2012 through 26 July 2012.
They were post-calibrated and found to be within tolerance. The pressure transducer was out of
calibration from 6 Apr 2012 through 15 May 2012 and was post-calibrated. Residuals between
the two calibrations were found to be at most 0.006 kPa, a negligible amount in the context of
this test.

Calibration and post-calibration sheets are included in Appendix A.

Primary Wind Speed

|
i 0 Reference Wind Speed

Air Pressure Air Temperature

Figure 5. View of instruments on the met tower
(Source: NREL 2012)
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6 Procedure

Safety and function testing can involve some risk to personnel and equipment. By incorporating
appropriate controls into testing procedures, NREL staff worked to accomplish the tasks with
minimal risk. This test report documents these controls in areas where they might have influenced the
results. After installing the Viryd CS8 at NREL, Viryd’s ability to directly support the turbine
was significantly limited. As a result, not all of the required testing steps could be performed by
NREL and are detailed throughout this report.

6.1 Control and Protection System Functions
Major turbine response categories for this type of testing include the following:

e Power control
e Rotor speed control
e Yaw orientation
e Startup, which was tested:
o During normal operation (winds rising above cut-in)
o After maintenance or fault clearance at the design wind speed or above
o During maintenance of fault conditions at design wind speed or above
e Normal shutdown, which was tested:
o During normal operation (wind speed decreasing to less than cut-in)
o During normal operation (wind speed increasing to greater than cut-out)
e Emergency shutdown, which was tested during operation, and included:
o Behavior upon excessive vibration'
o Behavior upon loss of load
o Turbine-specific checks'

NREL personnel observed the turbine response for each major response category: startup,
normal shutdown, and emergency shutdown. In a normal test, faults or other actions that cause
one of these major responses are simulated using the appropriate input and turbine response, and
then verified by sensing the condition and indicating an appropriate response. For example, this
procedure enables all of the emergency-stop functions to be checked without exposing the
turbine to multiple, potentially damaging stops. These checks are designated by the term
“behavior” in the list below. However, because NREL personnel did not have sufficient access to
the turbine to change any controller parameters or simulate these conditions, the results presented
are limited to those observed over the course of normal turbine testing.

! NREL was unable to simulate some of these conditions.
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6.2 Personnel Safety Provisions
The second part of the test procedure was to evaluate provisions for personnel safety. For this

turbine, the following list of NWTC-standardized safety and function issues were reviewed:
e Safety instructions
¢ Climbing
e Standing place, platforms, and floors
e FElectrical and grounding system
e Fire resistance and control
e Fire extinguisher
e Emergency stop buttons
e Lock-out/tag-out provisions
e Interlock on electrical cabinets
e Safety signs
e Unauthorized changing of control settings
e Lightning protection

e Presence and functioning of rotor and yaw lock.

6.3 Dynamic Behavior

NREL staff observed the turbine at all operating wind speeds to evaluate the dynamic behavior
of the turbine, including (but not limited to) vibration, yaw behavior, and noise.

7 Results

Test results reported here are based on tests conducted from 12 October 2011, when the turbine
was commissioned, through 13 February 2013.

7.1 Control and Protection System Functions

The turbine controller appeared to operate as designed by Viryd. Cut-in appeared to miss some
of the dynamic winds available on the NWTC'’s site. Viryd explained that the turbine controller
utilizes a wind-speed-weighted algorithm to determine when to initiate a normal startup
operation. Thus, a quick transition from low to strong winds will initiate a startup sooner than
winds that are slowly increasing past cut-in. Cut-out appears to work well and as designed.
Additionally, the turbine controller was able to sense downwind operation by monitoring wind
speed measured by its tower-mounted anemometer and power.

Faults were observed throughout the test, but there was little to no indication of the causes of
those faults. In all cases, the turbine shut down appropriately. Furthermore, NREL was limited in
its ability to actively test single-fault failures and did not complete an exhaustive investigation or
examine failures of “safe life” components. If a second fault were to occur during a critical
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event, severe results can be expected. NREL staff do not make judgments on whether such
failures are likely or whether additional features in the control and protection system are needed
to protect against such consequences.

NREL staff conducted the following tests and observations on the Viryd CSS.

Power Control

Figure 6 and Figure 7 show that the power output of the turbine system was limited. Power
limiting was achieved through stall control. Furthermore, the turbine draws a large inrush current
during the motoring portion of the startup sequence. However, the power transducer rails at -24
kW during these events, so NREL analysts cannot comment on the magnitude of the inrush
current.

10

Power (k')

-10

15

-20

-25

0 2 4 6 8 10 12 14 16 18 20 22 24 26
Wind Speed (m/s)

Figure 6. Power response to wind speed, 1-minute data®
(Green: maxima, Red: minima, Blue: average)

% The first power transducer installed during the test railed at -12 kW. Its range was adjusted, but the turbine railed
it again at -24 kW. The power transducer was not adjusted further, as this would have represented an
unacceptable loss of resolution. As such, no comment can be made about the magnitude of the minimum power
during startup events.
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Figure 7. Power response to wind speed (close-up), 1-minute data’

Rotor Speed Control

During the test, the synchronous generator limited rotor RPM, as expected. Figure 8 shows both
I-minute average rotor speed data and maximum and minimum values in each 1-minute period,
based on 40-Hz data. The increase of the RPM with wind speed was due to the generator slip.
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Figure 8. Rotor-speed response to wind speed, 1-minute data
(Red: maxima, Green: minima, Blue: average)

This report is available at no cost from the 15
National Renewable Energy Laboratory (NREL)
at www.nrel.gov/publications.



Yaw Orientation

NREL staff observed yaw behavior frequently during the test period and compared yaw position
with the nearby wind-vane indication of wind direction. Normal behavior was observed under all
wind conditions. At all wind speeds, the rotor operates roughly aligned with the prevailing wind

direction. Any yaw error decreases as the wind speed increases.

Occasionally, the turbine was observed to run in a downwind condition. However, in all of these
cases, the turbine controller sensed the condition, shut down the turbine, allowed the nacelle to
passively yaw into the wind, and initiated a normal start procedure.

The Viryd turbine uses slip rings to transmit power to and from the nacelle to the tower cable.
Therefore, droop cable over-twist is not an issue.

Startup

NREL staff observed large variations in the wind speed at which the turbine rotor initiates
startup, ranging from 4 m/s to 8 m/s. As described above, Viryd’s cut-in algorithm and the
dynamic nature of the winds at the NWTC are thought to contribute to this variation. Once the
winds are high enough for a long enough time period to satisfy the counter, the turbine controller
responds by opening the brakes and motoring the turbine. Once wind speed and rotor speed are
sufficiently high, the turbine begins to produce positive power. NREL staff observed the turbine
starting up in a wide range of conditions, and did not notice any abnormal behavior during any of
the startups. The staff also observed similar smooth cut-ins when the turbine was returned to
service after a manual shutdown.

Normal Shutdown

The turbine manual identifies two types of shutdowns initiated by the controller: a normal, or
controlled stop shutdown, and an emergency stop. When winds drop below cut-in, the rotor will
motor for a period of time (again depending on the wind-speed-weighted counter). If winds
remain low, the turbine will initiate a normal stop: engaging its brakes, disconnecting the
generator, and bringing the rotor to a stop in approximately two rotations. Figure 9 shows a short
time series of turbine operations including normal startup and shutdown. Figure 10 is a close-up
of part of this time series and shows a normal shutdown initiated by the controller.
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If the turbine senses an instantaneous wind speed greater than 25 m/s, it engages the brake and
stops the rotor. This will send the turbine into a recoverable fault state for 5 minutes. If, after this
time period, the winds have dropped below 25 m/s, the turbine will motor and start up again.
NREL personnel observed high-wind cut-out several times over the course of the test. An
example is shown in Figure 11 and Figure 12.°
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Figure 11. High wind shutdown and startup

* The turbine monitors wind speed with an anemometer mounted on the turbine tower below hub height. This
signal was not recorded by NREL's data acquisition system. However, the primary wind speed signal is shown on
the plot.
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Figure 12. High wind shutdown (controller-initiated)

Emergency Shutdown during Operation from Any Operating Condition

As NREL staff did not have access to the controller software interface, the only means of
stopping the turbine during the test was by using the grid disconnect (recommended by Viryd).
As such, normal and emergency stops initiated by the end user were identical.

According to the manual, emergency stops will be initiated by the controller when the following
conditions are sensed:

e A transmission speed ratio error’

e Rotor over-speed

e Delayed controlled shutdown

e [Excessive start-up power draw.
To NREL’s knowledge, the turbine never initiated an emergency stop for these conditions.

A user-initiated emergency stop is the same as a normal stop: disconnecting the grid. During the
test, shutdown behavior was consistent with the manual: the turbine applied the brakes and

* The constant speed (CS) model is instrumented with a single RPM sensor on the low-speed shaft. Therefore , it
cannot sense a transmission speed ratio error.
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brought the rotor to a stop. NREL staff performed these types of shutdowns in addition to the
automatic shutdowns observed. An example time series is shown in Figure 13 and Figure 14.
The turbine safely brought the rotor to a stop any time this test was performed.
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Figure 13. Manual stop (grid disconnect) and normal restart with winds between 10 and 15 m/s
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Behavior upon Excessive Vibration

To NREL’s knowledge, the turbine has no means of sensing excessive vibration. The IEC
turbine design standards require such sensors on large turbines, but not on turbines smaller than
200 m”.

Behavior upon Loss of Load

For the Viryd CS8 turbine, loss of load is identical to a normal shutdown. The brakes are applied
and the rotor is brought to a stop. To assess this capability, NREL personnel conducted manual
grid outages several times during the test. Additionally, the turbine experienced several grid
outages when NREL lost power over the course of the test. In all cases, the rotor was brought to
a stop and the turbine returned to normal operation after power was restored. In one case, the
turbine entered a faulted state after power was restored, but the exact cause could not be
determined because the controller does not convey the nature of certain types of faults to the end
user. However, a manual fault reset performed by NREL at Viryd’s request brought the turbine
back to normal operation. Figure 13 and Figure 14 show plots of the rotor coming to a stop
during a manual stop (disconnecting grid power) and restarting after grid power is restored and
the wind speed counter is satisfied.

Turbine-Specific Checks

There were several tests that did not occur during the testing campaign, as they would have
required a temporary change of controller setpoints, and Viryd was unable to support this level of
testing. These turbine-specific checks include:

¢ Grid under- and over-frequency

¢ Grid under- and over-voltage

e Over-speed condition

e Temperature fault

e Pressure fault

e Generator over power

e Transmission ratio error (may not apply to the constant speed (CS) model).

There may be more cases that the controller is designed to sense and act upon but Viryd was not
available to help perform a complete inventory of those cases.

7.2 Personnel Safety Provisions
Safety Instructions

The turbine operator’s manual (first edition) provides safety instructions for installation,
operation, and maintenance. The owner’s manual encourages a licensed contractor to review
plans and participate in the installation, but does not list this requirement on the manual’s cover,
as required by the IEC standard. Use of a forklift or telehandler is required to attach the nacelle
to the tower. The maintenance is split into maintenance that must be done by the owner and
maintenance that must be performed by the installer. The owner-completed maintenance includes
only simple tasks with minimal safety implications. The annual maintenance must be conducted
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by an installer or trained service technician only. NREL personnel checked the manual to
determine if the safety instructions addressed requirements in the IEC small turbine design
standard and found one additional issue: the turbine has no provisions for securing the yaw
mechanism.

Climbing

Although the tower is a lattice-type that can be climbed, opening the nacelle covers could present
a potentially dangerous situation while climbing. The manual recommends tilting the tower
down whenever work must be performed on the turbine or using a man-lift to access the turbine
without tilting the tower down. During the test, NREL staff used man-lifts to access the turbine.

Standing Places, Platforms, and Floors
There are no standing places, platforms, or floors on the turbine.

Electrical Grounding System

The owner’s manual shows a schematic of the electrical system and provides information on how
to size, wire, and properly ground the electrical system. The manual recommends that a licensed
electrician be part of the installation crew.

Fire Resistance and Control/Fire Extinguisher

The turbine generator has a cooling fan and is rated for normal operating temperatures of up to
40°C. NREL provided a fire extinguisher in the test shed near the turbine. The manufacturer does
not provide fire extinguishers or recommend that they be installed. However, for a turbine of this
size, this is what can be reasonably expected.

Lock-Out/Tag-Out Provisions

Viryd provided a lockable disconnect switch between the grid and the turbine (shown in Figure
15).
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Figure 15. Viryd CS8 lockable disconnect switch and power meter
(Photo by Mark Murphy, NREL)

Emergency Stop Button

The turbine does not have an emergency stop button, only a disconnect switch. The turbine
manual recommends only engaging the disconnect switch in dangerous situations. However,
during installation, Viryd personnel instructed NREL staff to use the disconnect switch for
stopping the turbine. The disconnect switch was the only provided means of stopping the turbine.

Interlock on Electrical Cabinets
There is no interlock on the controller enclosure.

Safety Signs

There is one safety sign on the turbine that states: “Hazardous voltages, disconnect power before
opening. Contact causes severe electrical shock.” See Figure 16.

NREL staff added labels indicating the voltage levels on all enclosures, electrical panels, and
disconnect switches (see Figure 15 and Figure 16).
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FED FROM MULTIPLE SOURCES

Figure 16. Viryd CS8 controller enclosure, showing a voltage warning and additional voltage
labeling added by NREL

(Photo by Jason Roadman, NREL)

Unauthorized Changing of Control Settings

There is no easy way for an unauthorized user to change any of the control settings, as this would
require intimate knowledge of the controller communication protocol.

Lightning Protection

The turbine does not have a dedicated lightning protection system, but the tower was grounded
(as indicated by the owner’s manual).

During the test period, no direct or nearby lightning strikes were observed.

Presence of Rotor and Yaw Lock

The brake system serves as the rotor lock on this turbine. The brake calipers are pneumatically
actuated against an internal mechanical spring and are of the fail-closed type. The brake will
prevent the rotor from spinning in windy conditions, and was found to lock the rotor so it was
completely stationary for any maintenance performed over the course of the test.

There is no yaw lock present on this turbine, nor is disabling the yaw motion described as part of
the maintenance procedures. During the course of the test, NREL staff would approach the
turbine in the man-lift, grab the tail, and position the man-lift basket to limit the yaw motion.

Documentation

NREL personnel checked the manual to determine if the turbine met the documentation
requirements in the IEC small turbine design standard and found the following issues:
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e The manual cover does not display the statement : “Maintenance and repairs to be
performed by trained personnel only”

e The manual was not updated from the continuously variable transmission to the constant
speed model installed

e The manual is of a generic type and does not provide specific serial numbers of major
components for the turbine installation

e There is no turbine nameplate, as referred to in the standards. Individual components
such as the generator, gearbox, and blades have individual nameplates, but they did not
cover the range of information required by the standard for the turbine nameplate.

7.3 Dynamic Behavior

Turbine operation was observed by NWTC personnel for several minutes on a weekly basis over
the course of the test. Observed wind speeds ranged from less than 5 m/s (below cut-in) to more
than 26 m/s. Total observation time was well in excess of 1 hour. The turbine was observed to
cut-in between 4 and 8 m/s, smoothly motoring up and switching to producing power. The exact
wind speed for cut-in varied based on the wind-speed-weighted counter mentioned earlier. The
turbine was observed to passively track the wind well, both when running and parked with only
minor vibration of the tail. Occasionally, the turbine was observed to run downwind (detailed
above). Running downwind was always detected by the controller and initiated a shutdown
algorithm, followed by the tail passively turning the turbine back into the wind, thereby allowing
the turbine to start back up. No excessive vibration of any components was observed throughout
the test.

8 Deviations and Exceptions
8.1 Deviations from the Standard

The initial power transducer used during the test railed at -12 kW and was re-configured and re-
calibrated, but railed at -24 kW when the turbine motored the rotor upon start up. High-speed
data showed no significant impact on the 1-minute averages, but no statement can be made about
the absolute magnitude of the inrush current during turbine startup.

Not all tests could be performed because of the lack of support from the manufacturer.

8.2 Deviations from Quality Assurance

The first set of data acquisition modules were used beyond their calibration due date; they were
post-calibrated and found to be within tolerance. Appendix A includes post-calibration sheets.

The pressure transducer was out of calibration from 6 Apr 2012 through 15 May 2012. Residuals
between the calibration and post-test calibration were found to be 0.006 kPa at most, a negligible
amount in the context of this test.
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Appendix A. Instrument Calibration Certificates

Figures A1 through A21 show the calibration sheets for the instruments used during the Viryd
CS8 safety and function tests.
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Figure A1. Calibration sheet for the primary anemometer used through 12 September 2012
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Figure A2. Calibration sheet for the primary anemometer used from 17 September 2012 onward
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Wind Vane Calibration Report

Calibration Laboratery
Natonal Wind Technology Center - Cert. Team
MNatanal Renewable Energy Labaratory
16817 Cole Boulavard
Golden, Colorado 80461
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Natanal Wind Technology Center
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Page: 1of 1
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Figure A3. Calibration sheet for the wind vane used through 12 September 2012
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Wind Vane Calibration Report

Calibration Laboratory: Customer:
Mational Wind Technology Center - Cert. Team Mational Wind Technology Center - Certification Team
Mational Renewable Energy Laboratory Mational Renewable Energy Laboratory
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Figure A4. Calibration sheet for the wind vane used from 17 September 2012 onward
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Branch #: 5000

NREL METROLOGY LABORATORY

Test Report
Test Instrument: Phaser Power Transducer & 2-CTs DOE #: 04195C
Model # : Phaser S/N : 01091
Calibration Date: 09/15/2011 Due Date: 09/15/2013

A. Set-Up for Total Real Power Calibration:

A.1. Voltage is applied between phases A&B and N = 120 V @ 60 Hz.

A.2. Current is applied to n = 2 TURNS through the two current transformer that are connected
to phases A&B. Please note that the number of turns are not included in calculating the input
power, i.e. actual power = the listed input power in the table times two.

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

A.4. Phaser Full Scale setting = -12 KW to 12 KW,
Input Current Input Power Analog Output-1

(AAC) - (VDC)

50 12 4.999

29 6 3.999

0 0 2.999

-25 -6 2.003

-50 -12 1.005

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 (2.

Power Analog Output-2
(KW) Power Factor (VDC)
6 1.0 4.998
0.8 4.155
0.6 3.342
0.4 2.534
0.2 1.731
0 1.068
Page 1 of 2

Figure A5. Page 1 of the power transducer calibration sheet used through 12 September 2012
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C. Set-Up for Current THD-A Calibration:
C.1. Current is applied to Line A Current Transformer.
C.2. Analog Output-3 is set for THD, and is measured across precision resistors = 250 Q.

Current (AAC) THD (%) Analo(% gg}tput-i
50 0 1.005
H1=5 1.199
) H1=10 1.396
) H2 =15 1.594
H2 =20 1.787
H2 = 25 1.974
i H2 =30 2153

D. Set-Up for Line A-B Voltage Calibration:

D.1. Voltage is applied between Line A & B.

D.2. Analog Output-4 is set to measure from 0 VAC to 259.8 VAC, and is measured across
precision resistor = 250 Q.

Input Voltage (V) Anakz% 88;put-3
240 4.220
160 3.459
80 2.229
0 0.998

D. Set-Up for Total Harmenic Distortion (THD/F) Calibration:
D.1. Voltage is applied between Lines A&B.
D.2. Analog Output-4 is set for THD, and is measured across precision resistors = 250 (0.

Notes:

- Calibration was performed using instruments that are traceable to NIST, DOE# 126410 and
01889C.

- Calibration was performed at temperature = 23°C, £1 °C, and relative humidity = 39%, £ 10%.
- Uncertainty of nominal values is * 0.15% of reading.

- H1&H2 are the first and second harmonics. When a harmonic amplitude is set to a value>0, all
other harmonics are set to zero.

Calibrated By: Reda Q.A By : Bev
Date : 09/15/2011 Date : 09/15/2011

Page 2 of 2

Figure A6. Page 2 of the power transducer calibration sheet used through 12 September 2012

This report is available at no cost from the 31
National Renewable Energy Laboratory (NREL)
at www.nrel.gov/publications.



Branch #: 5000 Page 1 of 4

NREL METROLOGY LABORATORY

TEST REPORT

Test Instrument: Phaser Power Transducer DOE #: 04195C
Model #: Phaser-5-485-4A20 SIN: 01091
Calibration Date: 9/13/2012 Date Due: 9/13/2014
Tect No. Function Tested Nominal Input Measured Output at 250 Ohm (DCV) ( ) Mfr Specs
As Found I As Left (X)Data Only
1. Analog Output 1: Power in Watt applied to Phase A&B with 120V @ 60 Hz
-24000 1.008
-12000 2.004
0 2.999
12000 3.996
24000 4,993
2, Analog OQutput 2: Power Factor at 1200 W @ A&B with 120V @ 60 Hz
1 5.000
0.8 4,155
0.6 3.342
0.4 2.534
0.2 1.731
0 1.068
3. Analog Output 3: THD for current in % at 100A @ A&B with 120V @ 60 Hz
0 1.004
5 1.198
10 1.397
15 1.595
20 1.786
25 1.975
30 2.152
4, Analog Output 4: Voltage in volts between A&B @ 60 Hz
0 2.998
20 3.613
160 4,229
240 4.607
MNotes:
Figure A7. Page 1 of the power transducer calibration sheet used from
17 September 2012 onward
This report is available at no cost from the 32

National Renewable Energy Laboratory (NREL)
at www.nrel.gov/publications.




Branch #: 5000

NREL METROLOGY LABORATORY

sheet: 1 of: 1

Test Report
Test Instrument: Pressure Transmitter DOE #: 02844C
Model # : PTB101B SIN : TOT40016
Calibration Date: 04/05/2011 Due Date: 04/06/2012
Function Nominal Measured Cutput Voltage ( IMir, Specs,
N Tested Value (VDC) OR
[+] (kPa) P— . (X)Data only (mb)
* Absolute Pressure
65 0.273
70 0.545
75 0.817
80 1.088
85 1.360
20 1.631
95 1.903
100 2.175

Notes:

1. Expanded Uncerlainty of the nominal value is £ 0.2 kPa, with k = 2.
2. Calibration was performed at 23°C and 37% RH.
3. Calibration was performed using standards that are {raceable to NIST. DOE #'s 128120, 02301C.,

Calibrated By: P. Morse
Date: 04/05/2011

Approved By: Reda
Date: 04/05/2011

Figure A8. Calibration sheet for the pressure transducer used 15 May 2012

This report is available at no cost from the

National Renewable Energy Laboratory (NREL)

at www.nrel.gov/publications.




Branch #: 5000

Page 1of 1
NREL METROLOGY LABORATORY
TEST REPORT
Test Instrument: Pressure Transmitter DOE #: 02844C
Model #: PTB101B S/N: T0740016
Calibration Date: 5/23/2012 Date Due: 5/23/2013
. . Measured Output (DCV) () Mfr Specs
Test No. Funct Tested Nominal Input (kPa
estio unetion feste put (kPa) As Found As Left (X)Data Only
1. Absolute Pressure
65 0.2755
70 0.5474
75 0.8191
80 1.0906
85 1.3622
90 1.6337
95 1.9055
100 2.1777

Notes:

- Calibration was performed using instruments that are traceable to NIST: DOE# 128120 and 02301C
- Calibration was performed at a temperature of 22°C and Relative Humidity of 41%
- Expanded uncertainity of the nominal value is £ 0.2 kPa, with k=2

Calibrated By: P. Morse ) Approved By: Reda
Date: 5/23/2012 Date: 5/23/2012

Figure A9. Post-calibration sheet for the pressure transducer used through 15 May 2012

This report is available at no cost from the 34
National Renewable Energy Laboratory (NREL)
at www.nrel.gov/publications.



Branch # 5000

NREL METROLOGY LABORATORY

Test Instrument. Pressure Transmitter

Model # . PTB101B

Calibration Date: 02/13/2012

Test Report

Sheet' 1 of 1

DUE #: D3510C

SIN - C1040014

Due Date: 02/13/2013

Function Nominal Measured Output Voltage { IMfr Specs.
Na Tesled Value (VDC) OR
(kPa) (X)Data only  (mb)
As Found As Left
Absolute Pressure
65 0.2704 Same
70 0.5427
75 08146
80 1.0862
85 1.3577
50 1.6291
035 1.9005
100 2.1722

Notes

1. Expanded Uncertainty of the nominal value is £ 0.2 kPa, with k= 2.
2, Calibration was performed at 24°C and 43% RH
3. Calibration was performed using standards that are traceable to NIST. DOE Numbers: 128120 and 023010

This report is available at no cost from the

Calibrated By P. Morse
Date 02/13/2012

Approved By: Reda
Date: 02/13/2012

Figure A10. Calibration sheet for the pressure transducer used 16 May 2012 onward

National Renewable Energy Laboratory (NREL)
at www.nrel.gov/publications.
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Branch #: 5000

sheet: 1 of: 1
NREL METROLOGY LABORATORY

Test Report
Test Instrument:

RTD-Probe DOE #: 02852C
Model #: BNOIN 5/N : 0566229
Calibration Date: 08/15/2011 Dua Date: 09/15/2012
Measured Values [ JMfr. Specs.
No Functicn Nominal (2) OR
Tested Value (X)Data only
{ec) AS AS
Found Left
* Temperature: =15 54.130 Same
o 99.994 "
15 105.832 n
30 111.643 "
Notes:
- Calibration was performed using instruments that are traceable to
NIST. DOE#s 124272, 108603, and 108604.
- Calibration was performed at temperature = 23 °C and relative
humidity = 40%
- Uncertainty of Nominal Values = % 0.03 °C, k = 2.

Calibrated By: P. Morse

Approved By: Reda
Date: 09/15/2011

Date: 08/15/2011

Figure A11. Calibration sheet for the temperature sensor used through 12 September 2012

This report is available at no cost from the

36
National Renewable Energy Laboratory (NREL)
at www.nrel.gov/publications.




Branch #: 5000 Page 1of1

NREL METROLOGY LABORATORY

TEST REPORT
Test Instrument: RTD DOE #: 03465C
Maodel #: T200A S/N: 0603-1
Calibration Date: 7/20/2012 Date Due: 7/20/2013
T
Test No. Function Tested Applied Value Measured Values (0) ( ) Mfr Specs
(*C) As Found As Left [%)Data Only
L
Temperature ~15 94,126
0 100.025
15 105.892
30 111.724
Notes:
- Calibration was performed using instruments that are traceable to NIST. DOE# 124272, 108603, 108604,
- Calibration was performed at a temperature of 23°C and Relative Humidity of 41%
- Uncertainty of Nominal Values = + 0.02°C, k = 2.

Calibrated By: Reda Approved By: Preston
Date: 7/20/2012 Date: 7/20/2012

Figure A12. Calibration sheet for the temperature sensor used 17 September 2012 onward

This report is available at no cost from the 37
National Renewable Energy Laboratory (NREL)
at www.nrel.gov/publications.




'Ihkmnix Certificate of Calibration
- —— )0
Service Solutions it 5258254
Cenificate Page | of |
Instrament Identification
Company ID: 120205 PO Number: CC-BEVERLY KAY
MATIONAL RENEWABLE ENERGY LAB

BEV KAY/SRRL
168263 DENVER WEST PARKWAY
GOLDEN, CO 80401

Instrument ID: 04037C Model Numbear: NI 8229
Manufacturer: NATIONAL INSTRUMENTS Serial Number: 13DEC38
Description: 4-CHANNEL, +60 V, 24-BIT SIMULTANEOUS ANALOG INPUT

Accuracy: Mir Specifications

Crrlil_itntc hll.l'ml'ma-t;ln; o

Reason For Service: CALIBRATION Technician: COREY CLAXTON
Type of Cal: ACCREDITED 17025 WITH UNCERTAINTIES Cal Date 24Jun2011
As Found Condition: IN TOLERANGE Cal Due Date: 24Jun2012
As Laft Condition: LEFT AS FOUND Interval: 12 MONTHS

Procedura: NATIONAL INSTRUMENTS CAL EXECUTIVE 3.41 Temperature: 23.0 C
Humidity: 39.0 %

Remarks: CALIBRATED WITH DATA, REFER TO ATTACHED DATA FOR BEFORE AND AFTER READINGS.

e lastruwmeem oo thic ceraifvanion ks Bysn vl apwims dandards receably io she Nasoval Fecmsee of & ds and T {PEST) ar anher recognived
nanamal menrsdogy invrieis, derived from rate e - ' of s i v i ay ) 3
A bevd smoersidely rosic (TR ) of 41 K=l sppeor 2% Comfldience Levod] s massmmasit énlcid alfirvdic sied.
Tetwomar Fervice Safndons i regloverd e 0 W] MW Lab Clpeeasion: mee dhe roqereessre af
ANSENGSE S RIOUT, B0 [0S 3000, MAUP RSP Appatl, and CFRI],

ISOMEC §7025-2000 accredised colibrasines wre per SUTASS cortificoss & A1 [87 wishin shy sooper for whick ke Lot i srcradiad
Whea wncernming meamiremens ¢ hiubsion fave e rolkwketed prv remsomer requeyt. reger sl comditann DRSO $0 01 A BRI GLTSA eced iy ol medasemend
AL g et s it f i iy o eefls tiniis ety nady e el e] sl rl Asy sl of fen vy bary (o dhe clifvarion e e drg und sy nelbewion hefey e
dmdr ey il et dnire vl b rap s

Phix cerrificner wbatd ne e rpe odred eroeps ia full, sithrme wristes orsceet s Trbreaor Semice Salsses,

Approved By: COREY CLAXTOM

Service Roprosentathve
Calibration Standards
HIST Traceable# Inst., ID#& Description Manufaciurar Model Cal Date Date Due
iz 18008 UL TIFUNCTION CALBFATOR FLUKE 7004 My 11 ORfegao
SAT A e e e L e e el P B ST N b o | SIS TETL o

2324 Ridgepoint Drive, Suite D « Austin, TX 78754 » Phone: 800-385-0147 - Fax: 512-926-8450

Figure A13. Calibration sheet for the signal conditioning module 13DEC38 used through
26 July 2012

This report is available at no cost from the 38
National Renewable Energy Laboratory (NREL)
at www.nrel.gov/publications.



% Dynamic Technology, Inc.

A Trescal Campany

17023 Aceredited Certificate of Calibration

Certificate 8 2281380003 I

Canbration Loborsioey
Cardifiate 025100

Acel 101320 Mannfacturer;  National Instruments
Customor: Malionil Rencwable Enoray aborionry Model: GATY
Shipper #: 1904141 Descriplion: 4 Channel Anley Inpul Maodule
prr ] i) e i P
Adidress: Ilﬁu.ﬁ? T'}:.ln.u.: Woewl Parkwey Serial Number: 130ECIE
- Colden, CO 80401 s e

Contact: NI RMA Asct Nunmbor: (KPR
POy i | Barcode:

As Received As Returned Adction Talen Cal Drate: 09122012

In Terkerance
Cut ol Tokrance
Ml g

T Tl

i3

(it ol Tols Special Calioraiio

Wnlanuionmg

Usper Venification

(i | Ulpenalicon | Adjusted
i M Riepives]
Chaned

v Balinoud A= 5

Incoming Remarks: I
Beld

Dhevigab: Acereditod bl gt wead baes

Techmical Remarks:

Calibration Standards Utilized
Mandel
FHI0A

Cert. Alanutacturer

2270180001 Fluky

escription
MulliTunclien Culibroter

The above identified unit was calibrated in sur laboratery st the address chown babow,

1 vepart appeces only o e Sengs ) idenl e

Ursemsmniy Rezio { 1L 0o grenir (et | a
L1l

nd shall gon b reprodeced exceat e ull, «
A cserige b
ot e

L HEL R

rBw i iy e the

Mechmcan Name!1ate Jpnes W, (9012024012

mic Lecmowbigra ba s eer has b
shlod abinas ar e
SHET PR

Iree Date:
Temparatare:
Hamidiry:
Have, Pross.:

09127201 3
7140 deg
AL =
Procechire: 130 AT S

Rufereiee: maoufactorers manwl

Due Drate
[ FR b

C'al Date
80672012

LA Appruvied .

201 West Royal Lanc, Soie TS0 [rving, T30 TA0GS {2 140 T23-3000 FAX (21641 7233401

Fage | o]

Figure A14. Post-calibration sheet for the signal conditioning module 13DEC38 used through

26 July 2012

This report is available at no cost from the
National Renewable Energy Laboratory (NREL)
at www.nrel.gov/publications.
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= ’ ’"c- Certificate #: 222 5020__00! i
Dynamic Technology, et
A Trescal Company
17025 Accredited C ertificate of Calibration

[accREDITED|

Calibration Laboratsry
Certificate #- 151601

Acct #: 101320 Manufacturer: National Instruments
Customer: Mational Renewable Energy Laboratory Muodel: 9229
Shipper #: 1861169 Description: 4 Channel Analog Input Module
- 2753 Denver West Pt g i !
Address: lb_l;\’_ [);_1:;;[\1;5” Parkway Serial Number: 12A2037
Golden, CO, 80
T e— 5 - AT
Contaci: NI RMA Assel Number: 12ZA2037
PO #: Barcode:
As Received As Returned Action Taken Cal Date: (/272012
In Tolerance X In Tolerance X Full Calibeaion X Due Date: 2T 3
Ol of Tokerance Ot of Tolerungs Specinl Cnlebration Temperature: 70,00 dep. ¥
Mal Fuanctioning Malfunctiomng Orper. Verificanion Tuamidity: 44.00 %
Uperatinnal Ciperational Adjuesied Baro. Press.:
Pamaged N/A Repaired Procedure: DCN (09375
NiA Chared Refevence manufacturer's manual

N Heturmed As 1
Incoming Remarks: : i’

o
[hare stic Acoredited Calibrarion  w/antizranc bag
T'echnical Remarks:

Calibration Standards Utilized

Cert. # Manufacturer Model # Deseription Cal Date Due Date
2182620002 Fluke STO0A Multifunction Calibrator 05/09/2012 OR/072012

The above identified unit was calibrated in our laboratory at the address shown below,

1 apjilics on
ity Raio i

t0 e vem|s) ideniafied sbove and shall noe be repeechaced, exe r|-|| im Fall, withon tee p||ng|. »
4 fenca |eu

e Pacion o=

references race,
Technology's cal n comipliance with
TSEVIED |7 AMSVRCSL F540-1 [0, ANSINCEL, 2540 3 2000, MIL STID 436624, CHk-4000-20
Diynamsic Techsalogy warmants o8 maberial g labor per
Any mmmber of factors may casse the ealibiate! e

e 51 through M
m progrem

other recopnened masional inbesanory | sccepied fundsmenisl or sanaal physical

ieerly (90} days imbess coverod under & scparssg policy
of iolermnce before the interval bhas expared

lechmcan Name/Date:  James Nimri, 06/27/2012 Signalory

3201 West Royal Lane, Suite 150, Trving, TX 75063 (214) 723-5600 FAX r_/llll] 723-5601
Page 1 uf |

Figure A15. Calibration sheet for the signal conditioning module 12A2037 used from
26 July 2012 onward

This report is available at no cost from the 40
National Renewable Energy Laboratory (NREL)
at www.nrel.gov/publications.



UL ST
onusnATON 5258250

Cenificale Page 1 of [
Instrument ldentification
Company ID: 120205 PO Number: CC-BEVERLY KAY
MNATIONAL RENEWABLE ENERGY LAB
BEV KAY/SRAL
16253 DENVER WEST PARKWAY
GOLDEN, CO 80401

Instrument ID: 04036C Model Mumber: NI 9217
Manufacturer: MATIONAL INSTRUMENTS Serial Number: 13FAE1C
Description: 4-CH 100 OHM 24-BIT RTD ANALOG INPUT

Accuracy: Mfr. Specifications

Certificate Information
Aeason For Service: CALIBRATION Techniclan: COREY CLAXTON
Type of Cal: ACCREDITED 17025 WITH UNCERTAINTIES Cal Date 24Jun2011
As Found Condition: |N TOLERANCE Cal Due Date: 24Jun2012
As Left Condition: LEFT AS FOUND Interval: 12 MONTHS

Procedure: NATIONAL INSTRUMENTS CAL EXECUTIVE 3.4.1 Temperature: 23.0 C
Humidity: 39.0 %

Remarks: CALIBRATED WITH DATA, AREFER TD ATTACHED DATA FOR BEFOALE AND AFTER REANNGS.

The inverunrent on ihis cerificanion has been colibreind apabay siondards tracenbde i the Mutiono! Dustitade of Sandurdys and Technology (NIST) or otler retapmized
mativai mrtragy (RSB RES, derned [FOM Pl e messeromenly of compared f0 nalfenaily or iersaiontlly Peoogaited conrerour samdareds.
A st incesminty raiba (TULR ) of 4:1 [K=32, sppror. G095 Conffdence Level] was saimnniaed iveless o ssind.
Tekerrwdn Servdee Selutions (s repraiered so D0 9001 2068 Lab Cipcnanion merd ibe reguirements of
ANSINCNT, Z00-1 - e (R2002), IR0D 106 2: 2000, NOCFRE0 Apped, and FOCFRET.
ARENTRC PT025- N8 gerrediied cafibrations are per AULASE corrificaie 8 AC-1ET within the scope for which the kb b occredine
When uncerfaimy measurement caloufarions kave beer caftutaied pey rusomer regress, reporied fondiim staramenrs i Bo7 Joki 8 ekl SHeesaingy of messeremeat

Al rewutis cremsaimend wiskin s oerificanian relare aaly 1o (i) calibroied. Any mumber af fuctors may couee e ralibeeon em i d 5 o of colibrsion befiore te
rvtrumend'y eadibcation interval ko expired

Thix caraifivare shall mor be reproduced eccapd in fiall, withosd wrinen comsenr of Telbtromie Service Sobmtime

Approved By: COREY CLANTDN
Service Hepresentative

Calibration Standards

NIST Traceable# Inst. (D¢ Description Manufacturar Madal Cal Date Data Dus
4547338 15-0064 CHGITAL MULTIMETER HEWLZTT FACKARL 34538 OBFaB201 1 OBFaba012
AT e e L M v T R (o I T T S P S B LS ) ™ R ey ety B T PE S W B M o bl il . e T e g 1y

232‘1 Ridgepoint Drive, Suite D - Austin, TX 78754 = Phone: 800—335—014? Fax. 512-226-8450

Figure A16. Calibration sheet for the signal conditioning module 13FAE1C used through
26 July 2012

This report is available at no cost from the 41
National Renewable Energy Laboratory (NREL)
at www.nrel.gov/publications.



% Dynamic Technology, Inc. . Ce@wct 2281380004 F
A Trescal Company flac-MRA
17025 Accredited Certificate of Calibrarion

ACEREDITED

v Eerliuratory
Coertificate #: 25100

Acct # 101320 Manufacturer:  MNational [nstruments
Customer: Mationdal Renewable Enerey Laboratory Fndel: el bl
Shipper if: 1904141 Deseription: 4 Channal 100chm BT Apalog nput b
Address: 167573 Denver Wost Parkway Serial Number: EAELC
folden, CO, 80401 : L
Contact: %}T Eﬁn E Asset Numbuer: 130ALC
POy i ’ Barcode:
As Received As Returned Action Taken Cul Date; [ 122002
InTolerumee X In Tolerance X Full Calibration X e Teade: 09122013
Ol ol Trderanes Out of Teleranes Special Calibration Temperalures 7300 des F
walfunctioning Malfunctioning Oper. Verdiciion Huemidity: 42 00y e
Aperhl Crpesatioial Adjusted Bura, e
[T e Repaired Proeedure: 120 D80
R hasted Kelerence: manlacrer's manual

1 Hewnred A ls
Incoming Remarks:
fider
Somestic dvoredinod
Teehnivul Remarks:

itefeveatecen v sad fgs

Calibration Standards Utilized

Cerl. o Manutaclurer Mladel Dreseription Cal Date
2062 1UG0LL 158 RSG5 Decacke Besistnes Slandard 01052012
2GSRI National fnstromen PR1-3071 T8 Dhigil MM Module QL2220172

The above identified unit was calibeated in our laboralory al the address shown helow.

! 2 ¢ ahy

1 enaepem
wile

g o F

g
Technivian Namedrne: James N, D9122012 Sag ity f/}"u’-‘Jf 4 f‘/u"\’ A approved

3200 West [Loval Lane, Suite 120, rving, TX 73063 (214 723-5600 AN (214} 7253601

Page ol

Figure A17. Post-calibration sheet for the signal conditioning module 13FAE1C used through
26 July 2012

This report is available at no cost from the 42
National Renewable Energy Laboratory (NREL)
at www.nrel.gov/publications.



4 Certificate #: 2225020002 r
Dynamic Technology, Inc. o gl W, e

A Trescal Company
17025 Accredited Certificate of Calibration

[ACCREDITED
Calibration Laboraery
Certificate #: 1500.01

Acct #: 101320 Manufacturer:  Mational Instrumenis

Customer: Mational Renewable Energy Laboratory Maodel: 9217

Shipper #: Hi61163 Description: 4 Channel 100ohm RTD Analog Input &
Address: 16253 Denver West Parkway

Serial Number: 12BFEE2
Golden, CO, 80401

Contact: NI RMA Asset Number: 12BFEE2
PO #: Barcode:
As Received As Returned Action Taken Cal Date: 06272012
In Toletance X In Tolerance X Full Calibration X Due Date: 062772013
ot of Tolerance Chat of Tobcrance Spexial Calibestion Temperature: 70 30 deg. F
Malfunctioning Malfuncticmng Oiper. Venificaiion Humidity: 4400 %a
Operational Opeiation Adjusied Barn. Press.:
Darnaged NiA Repaired Frocedure: DN (9480
NYA Charted Reference: manu facturer's manual

; Returnest A 15
Incoming Remarks: Einti

i,
Domestic Aceredited Calibration. wiantistanic bag
Technical Remarks:

Calibration Standards Utilized

Cert. # Manufacturer Model # Deseription Cal Date Due Mate
2062190010 ESI RS5925 Decade Resistance Standard — 01/05/2012 (10572013
218262000 Agilent Technolog 3458A MM 05232012 R23200 2

The above identified unit was calibrated in our laboratory at the address shown below,

Thin repan appiies only 10 the stemis] idennfied shove sad shall not be regreduced, axoept in fuld, wig
i

e Rau (TUR) of grosser duan 4 |y P comlldene level with & conerngi I
ieferenies raresble o the 51 ieaugh NIST or cther secognized naiosal Isboratony, accepaed fimdasemal o natural physicsl consmants. rati
Tewhn w calibraticn progeam i in compliance with

ISOES | 7025 2005, ANSUNCSL Z2540-1 1994, AMSINCSL 2540 3 3006, MIL STIH 456634, (QID-4000 2011
Dy tiarse Tr warrmsts all mateial and labor per d T munety (90} days unfess coveres umder

parnte ey

Ay wamber af faciurs may cmise the calhrated shem i drft o of iolennce befoee the inserval has wpirnd -
it
Techimican Name/Date:  James Nimn, 0672772012 Signatory Trw,,.-m_‘ A Approved

i
-
320 West Royal Lane, Suite 150, [rving, TX 75063 (214) 723-5600 FAX (214) 723-5601
Page | of |

Figure A18. Calibration sheet for the signal conditioning module 12BFEE2 used from
26 July 2012 onward

This report is available at no cost from the 43
National Renewable Energy Laboratory (NREL)
at www.nrel.gov/publications.



Certificate of Calibration

CHISS LI
caLiBRATION 5258252

Certificate Page 1 of |

Tekironix
Sarvica Solutions

Instrument Identification
Company ID: 120205 PO Mumber: CC-BEVERLY KAY
NATIOMNAL RENEWABLE ENERGY LAB
BEV KAY/SRRL
16253 DENVER WEST PARKWAY
GOLDEN, CO 80401

Instrument 1D: 04035C Model Number: NI 9205
Manufacturar: NATIOMAL INSTRUMENTS Serial Number: 13E3D0S
Description: 32-CH 2200 MV TO 10V, 16-BIT, 250 KS/S ANALOG INPUT MODULE

Accuracy: Mfr Specifications

Certificate Information

Reason For Service: CALIBRATION Technician: COREY CLAXTON
Type of Cal: ACCREDITED 17025 WITH UNCERTAINTIES Cal Date 24Jun2011
As Found Condition: IN TOLERANCE Cel Due Date: 24Jun2(12
Az Left Condition: LEFT AS FOUND Interval: 12 MONTHS

Procedure: NATIONAL INGSTRUMENTS CAL EXECUTIVE 3.4.1 Temperature: 230 C
Humidity: 38.0 %

Remarks: CALIBRATED WITH DATA, REFER TO ATTACHED DATA FOR BEFORE AND AFTER READINGS,

The trverument e il cerniffoation has bees califralod againg standards traceatfe o ke Mariona? basoirate of Stenderds amd Teohnology (NEST) or anher rocopnized
wataand) meirology ingiiiarey, drrived from ratio (rpe MEGSETEMENTS, oF Compared e adtivadlly aF Inkernatinmally recogwized (NSRRI STaRSEAIL
A fest waceraingy fafia (TULR.) of #-F [K=2 approc. 85% Confidence Leved) wus sndnisined snliorr o hersiss s,
Tktromir Serviee Sohdioes & regiaered ie E50 W] M Lab Uperatiins seer dhe requirement of
ANSTING S ES0-1 - 10 GRG0, ISCE D00 3: 3000, 100 FHAN Appefl, and [OCFRIL
EXOMIET FP025- 2005 accrediied calibrations are per AULASY certificare 8 AC T THT witkin the wope i whick the dab in areredited.
When urcersaingy mevmrement celnwlanons hove heea coleuloied per cumtomer reguest, neporied congdition statemenis do mor tabe (sl srootnl uncertainy of meassromenr,

AR vesulin cowiwloed within this cernfivosion redme oy iy frermit) o librawnd Amy sumber of faciore may rauze the ooVMATIOR ITem 1> R oial of calibratian bofire e
Faxtrumens’s cafibratns (aeran oy expired.

Thes cerrifficale shatl ned by reproduced exoepl in full, withousr wrines consenr of Tebironic Service Sohations

Approved By: COREY CLAXKTON
Service Represantative

Calibration Standards

NIST Traceabla#  Inst. ID# Dwseription Manufacturer Ml Cal Date Date Dus
E112M7T 1 50048 MULTIFUNCTION CALIBRATOR FLUKE ST00A S AREy01 1 OFAugE011
i i R T I P A Sl M S U B 1 YT I e v e LD

=i R

2324 Ridgepoint Drive, Suite D = Austin, TX 78754 + Phone: 800-365-0147 » Fax; 512-926-8450

Figure A19. Calibration sheet for the signal conditioning module 13E3D05 used through
26 July 2012

This report is available at no cost from the 44
National Renewable Energy Laboratory (NREL)
at www.nrel.gov/publications.



% Dynamic Technology, Inc.

A TI_'_E_?;'(;E:H Comparny
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Figure A20. Post-calibration sheet for the signal conditioning module 13E3D05 used through

26 July 2012
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Figure A21. Calibration sheet for the signal conditioning module 14DA726 used from
26 July 2012 onward
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