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Topics

A Introduction to the PVA-1000S PV Analyzer
A Using the software

A Making I-V curve measurements

A Measuring irradiance & temperature
A PV fundamentals for troubleshooting

A Troubleshooting PV arrays

A Using the |-V Data Analysis Tool (DAT)
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What is an |-V Curve?
Exercise from the outdoor PV training lab
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PVA1000PV Analyzer

Overview

V 1000V, 20A or 30A

V Measured vs. predicted (red dots)

V PCbased-| arge di splays and
V Wireless interface

V 300 foot sensor wireless range (line of sight)
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PVA1000PV Analyzer

Users i ncludeé

EPCOs

System Integrators Electrical contractors

O&M and
Asset Management

Module Makers
(Perf. Eng. & Warranty)

Consultants &

Inverter Makers Yy »
Commissioning Agents

(O&M)

Field Reliability
Research

PV Plane Insurers

Training & Education Laboratories
NREL, TUVEé
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Benefits of | -V Curve Measurements

Compared with Vod Clampmeter and ac-side measurements

< T = Reduces cost \ Reduces arc flash hazard
-~ = V Only one test per string l < V System need not be operating
- <= V Test earlier in the project V  Combiner dc disconnect is
¥ V Selective Shading opened
d » troubleshooting method
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VvV  Rull -V curve V Each PV source circuit is tested
V Independent of rest of system V Statistics are valuable!
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Additional Benefits of Solmetric PVA

Compared with other |-V curve tracers

0)
22.59% 474 90y,
219%
High Efficiency Modules
V High curve fidelity
V Handles surge currents

Best A c ¢ dW\eight
V High | and V accuracy

V Compact, power-sipping
circuits, lightweight battery
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AdvanchV Model

V Correction for module
technology, AOI effects

SolSensor E

V Integrated irradiance,
temperature, and tilt

erface’ | V 300ft wireless range

N VN
Friendliest In
V Large display, clearly labeled
V Rich function set

s B,
Low Impact of Ramping

V Rapid trace avoids bumps
and dips in |-V curve

V Simultaneous I-V and
sensor measurements

VDoesnot over heat
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Types of |-V Curve Deviations

From normal, expected shape

@®® ® Expectedisc, Imp-Vmp, Voc

. Steps or notches

Current

@ Reduced slope in vertical leg

@ Increased slope in horizontal leg
Voltage Voc

A Classifying the deviations by shape narrows the range of possible causes and
speeds troubleshooting (see the Solmetric PV Array Troubleshooting Flowchary

A Earlier methods miss much of this information.

ALater weol | | ook at the possible causes
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How It Works

|-V curve tracer block diagram (simplified)

Battery charging Discharge Measure

| x -
connector

Controller Discharge
@ resistor |
& Load

_ L _ Voltage PV
Wireless Capacitor sampler source
‘ T p Current 1 circurt
sampler
On/Off, Pause, | T
Reset button
Enclosure
ACurve tracers temporarily |l oad tNesPHceébur dhec
Analyzer uses a capacitive load for smooth and reliable operation.
AwWhen the user clicks 6Measure Nowbdb, the discha

source circuit. The operating point smoothly advances from Isc to Voc in typically less than 1
second as the capacitor charges, and 100 or 500 points (I,V pairs) are captured along the way.

A Approximately5-6 seconds after hitting 6Measure Nowbd,
screen, compared with the expected curve shape.
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How It Works

Comparing measured and predicted |-V curve shapes

Module parameters (>50,000 modules)
# of modules in series & parallel

Array true azimuth

Irradiance

Module temperature

Array tilt
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Longitude
Date & time
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Performance Factor

The key performance metric
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Measured
Predicted performance
performance =
s
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A If measured and predicted Pmax agree,
Performance Factor is 100%.

A Even in a new array with healthy modules,
not all readings will be 100%. PV modules
are not all identical, irradiance and
temperature are not exact measurements,
cell temperature is not uniform across the
modules, and the electrical measurements
have slight errors. A newly constructed
array should have Performance Factor
values in the 90-100% range.
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Equipment Database Updates

Checks at software launch, when web connected
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Example Equipment Setup

|-V curve tracer set up at dc combiner box
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Courtesy of Chevron Energy Solutions © 2011
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Example Equipment Setup

SolSensormounted on frame of PV module

SolSe

4 AieraBineg £
Wireless PV Reference Sensor

ASolSensor measures irradiance, temperature, and tilt

AUnit is clamped to the module frame (or torque tube in tracking systems) to orient the
irradiance sensor in the plane of the array. A bar clamp is provided.

AFor best irradiance accuracy early & late in the day, mount it on a horizontal leg of the frame.
AThe irradiance sensor Oeyed (white dot at

cover when the sensor is not in use.
@
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Topics

A Introduction to the PVA-1000S PV Analyzer

A Using the software

T Overview

T Live demonstration

A Making I-V curve measurements
A Measuring irradiance & temperature

A PV fundamentals for troubleshooting

A Troubleshooting PV arrays

A Using the |-V Data Analysis Tool (DAT)
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Making a Measurement
Step 1: Press Measure Now
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