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Southern California Edison (SCE), an Edison International company, is one of the nations
largest investor-owned utilities, serving nearly 14 million people in a 50,000-square-mile
service area within Central, Coastal and Southern California. The utility has been providing
electric service in the region for more than 120 years.

SCE'’s service territory includes about 430 cities and communities with a total customer base of
4.9 million residential and business accounts. SCE is regulated by the California Public Utilities

Commission and the Federal Energy Regulatory Commission.

In 2012, SCE generated about 25 percent of the electricity it provided to customers, with the
remaining 75 percent purchased from independent power producers. One of the nation’s
leading purchasers of renewable energy, SCE delivered nearly 15 billion kilowatt-hours of

renewable energy to its customers in 2012, enough to power 2.3 million homes.

Advanced Technology is the organization in SCE’s Transmission and Distribution business unit
and Engineering & Technical Services (E&TS) division that investigates advanced
technologies and methodologies to support the utility’s goals to provide safe, reliable and
affordable energy while overcoming the challenges associated with the generation,
transmission and distribution of electricity such as: the integration of variable energy

resources, cascading outages and the effects of loads.
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SCE DISCLAIMER OF WARRANTIES AND LIMITATION OF LIABILITIES

The work described in this report was coordinated by the Consortium for Electric Reliability
Technology Solutions and funded by the Office of Electricity Delivery and Energy Reliability of
the U.S. Department of Energy under Contract No. DE-AC02-05CH1123 through a subcontract
with Southern California Edison administered by the Lawrence Berkeley National Laboratory.
This report was created as a result of work sponsored by the U.S. Department of Energy
through the Lawrence Berkeley National Laboratory and SCE's Research Development and
Demonstration Balancing Account, which was initially established in 1988 as part of customer
rates and performed by its Advanced Technology organization. This report has not been
approved or disapproved by SCE nor has SCE verified the accuracy, adequacy, and safety of

the information in this report.

Neither Advanced Technology, SCE, Edison International, nor any person working for or on
behalf of any of these entities, makes any warranty or representation, express or implied,
related to this report. Without limiting the foregoing, SCE expressly disclaims any liability
associated with the following: (i) information, products, processes or procedures discussed in
this report, including the merchantability and fitness for a particular purpose of these, (ii) use of
the test procedure or that this use does not infringe upon or interfere with rights of others,
including another’s intellectual property, and (iii) that this report is suitable to any particular

user’s circumstance.

SCE follows OSHA and internal safety procedures to protect its personnel and encourages its

partners and contractors to these safety practices as well.

The author acknowledges the additional support of LBNL independent consultant, John Kueck,
and SCE intern Shruthi Sama who provided valuable contribution in the development of this

procedure.
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LBNL DISCLAIMER OF WARRANTIES AND LIMITATION OF LIABILITIES

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the United
States Government nor any agency thereof, nor The Regents of the University of California,
nor any of their employees, makes any warranty, express or implied, or assumes any legal
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service by its 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, or The Regents of the University of California. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States Government or

any agency thereof, or The Regents of the University of California.

Ernest Orlando Lawrence Berkeley National Laboratory is an equal opportunity employer.
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1.0 OBJECTIVE

The increase in fossil-based energy costs and demand for cleaner energy sources has led to
an exponential growth in renewable generation. The State of California is known for its
ambitious initiatives to achieve 33 percent of its electricity from renewables by 2020, primarily
this comes from wind and solar generation. The California Solar initiative providing rebates and
incentives for residential and commercial customers to install solar photovoltaic (PV)
generation at their premises is expected to result in even greater amounts of residential solar
generation interconnecting with the electric grid in the near the future. Safely and efficiently
managing the addition of all this solar energy requires being able to conduct appropriate
studies and accurate assessments of how the integration of this type of generation and the

technology advancements being developed will impact in the grid.

Southern California Edison (SCE) is planning on installing 125 MW of solar PV generation and
an additional 375 MW is expected by private parties. Working alone and in collaborations with
other entities, such as the National Renewable Electric Laboratory (NREL), the company has
been testing solar PV inverters. The test data collected by SCE engineers can be used to
develop and validate solar PV models, which can be used to determine how this particular

technology impacts the grid.
The objectives of the inverter testing are to:

e Investigate the dynamic performance of inverters during voltage and frequency fluctuations
and oscillations typically found on the grid

e Understand smart inverters features behaviors

e Analyze test data to determine whether these inverters are grid-friendly devices and/or
what needs to be done to ensure they will be in the near future

e Contribute to the development, testing, and/or validation of solar PV inverter models that

can eventually be used in dynamic, steady-state, and harmonic system impact studies

SCE believes sharing these test procedures will encourage the inverter manufacturers to

participate in additional testing, and will initiate a constructive dialog about how to offer
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technologies that address the consumer’s needs while ensuring electric utilities are able to
maintain and improve the reliability of the grid, especially with greater penetration of these

types of devices.
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2.0 SOLAR PV INVERTER INSTALLATION AND SETUP

Figure 2.0.1 shows the typical test setup diagram of various devices used in the testing of the

solar PV inverters. The equipment required for the SCE Solar PV Inverter Test Procedure are:

Grid simulator (GS): supplies typical actual voltage and frequency deviations
e Solar PV Simulator (PVS): Emulates solar PV panel performance

e Equipment under test (EUT): Solar PV inverter (1-phase or 3-phase inverter)
e Load Bank (LB): Real and reactive load variable impedance

e Power analyzer (PA): records voltage and current raw data at high sampling rates

Computer (CPU): control the grid simulator and power analyzer

The digital scope will record the raw voltage and current data at a high sampling rate specified
for each test and will calculate other parameters such as real, reactive power, frequency, and

harmonics.
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Figure 2.0.1 Test Setup Block Diagram
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2.1

Inverter Setup

The test setup should employ the necessary protection equipment such as circuit
breakers and/or fuses to disconnect the circuit in the event of short circuits. A circuit
breaker should be used to provide protection between the DC source and the inverter
input as well the AC source and the inverter output. The grid simulator has additional
internal multiple protection mechanisms; one input circuit breaker, one output circuit

breaker, a power contactor, and multi-protection mechanisms.

Inverter tests must be performed using the appropriate setups for split-phase and three-
phase testing. Figure 2.1.1 and Figure 2.1.2 show the typical wiring diagrams for both

split-phase and three-phase testing respectively.
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Figure 2.1.1 The Split-Phase Test Setup Wiring Diagram
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Figure 2.1.2 The 3-Phase Test Setup Wiring Diagram
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2.2

Inverter Measurements

Inverter tests must be performed while recording the voltage and currents data as shown
in Figure 2.2.1 for split-phase [Table 2.2.1] and three-phase [Table 2.2.2] inverter
configurations. The Power Analyzers assigned channels are recommended for
processing and analyzing the test data in MATLAB. All required voltage and current

measurements must be synchronized.

Igrid

Figure 2.2.1 Inverter Measurement Schematic Diagram

TAG ID DESCRIPTION SCOPE CH.
Vi Vi1ny Inverter AC Voltage — Phase A 1
Vs, Vioany Inverter AC Voltage — Phase B 3
V3 Vbe Inverter DC Voltage 7

Iy I 1Ny Inverter AC Current — Phase A 2
I I oany Inverter AC Current — Phase B 4
I3 Ibc Inverter DC Current 8
V4 V0 1-GrRID Grid Simulator Voltage — Phase A 9
Vs V\i2.GrRID Grid Simulator Voltage — Phase B 11
la lL1i-GrID Grid Simulator Current — Phase A 10
lg lLo-crID Grid Simulator Current — Phase B 12

Table 2.2.1 Digital Scope for Split-Phase Voltage and Current
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TAG ID DESCRIPTION SCOPE CH.
Vi Vainy Inverter AC Voltage — Phase A 1
\2 VN Inverter AC Voltage — Phase B 3
Vs Veny Inverter AC Voltage — Phase C 5
V, Vbe Inverter DC Voltage 7

I1 laany Inverter AC Current — Phase A 2
I WINY, Inverter AC Current — Phase B 4
I3 leony Inverter AC Current — Phase C 6
A Ibc Inverter DC Current 8
Vs Va-GRrRID Grid Simulator Voltage — Phase A 9
Ve VE.GRID Grid Simulator Voltage — Phase B 11
\ Vc-GriD Grid Simulator Voltage — Phase C 13
I5 la-crID Grid Simulator Current — Phase A 10
lg lg-GrID Grid Simulator Current — Phase B 12
I, lc.criD Grid Simulator Current — Phase C 14

Table 2.2.2 Digital Scope for 3-Phase Voltage and Current
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2.3 Personnel Safety

All personnel (SCE and contractors) testing the inverter must use personal protection
equipment (PPE) at all times including, but not limited to eye protection. All personnel
must adhere to California Occupational Safety and Health Administration (OSHA)
regulations. Additionally, SCE employees must review and understand all safety
documentation that applies to this testing including the Equipment Safety Operating
Procedure documentation, the Distributed Energy Resource Lab’s safety manual, and

SCE’s Accident Prevent Manual before starting this work.
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3.0 INVERTER DC PERFORMANCE TEST

The Inverter DC Performance Tests are to assess the inverter performance during voltage and
power changes in the DC source. For all of these tests, the grid simulator, inverter, load bank,
and DC source are connected as illustrated in Figure 2.1.1 or Figure 2.1.2.

3.1 Test 1 - Inverter “DC On” Time Delay Test

The purpose of this test is to determine the time it takes the inverter to start generating
AC power and its ramp rate when connected to a DC source.

Step 1: Test Setup

a) Turn the grid simulator ON and make sure the voltage and frequency are at

steady-state and connect it to the inverter before the test

b) Turn the PV simulator ON but with its output switch in the OFF position

before starting this test

Step 2: Close the PV Simulator switch to the ON position as illustrated Figure 3.1.1.

Figure 3.1.1 The DC Power Source Switching ON Time Delay Test

Step 3: Analyze the output current/power of the inverter and determine how long the

inverter took to reach its nominal output

Step 4: Perform the test multiple times to ensure the delay time is consistent
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3.2 Test 2 — Inverter “DC Off” Delay Test

The purpose of this test is to determine the inverters delay time to shut down the power

conversion upon disconnection.

Step 1. Test Setup

a) Turn the PV simulator ON and connect it to the inverter before starting this
test

b) Turn the grid simulator ON and make sure the voltage and frequency are at

steady-state and connect it to the inverter before the test
c) Make sure the inverter is generating power before this test starts

Step 2: Shutdown the inverter by turning the PCC circuit breaker to the OFF position as
illustrated in Figure 3.2.1

Figure 3.2.1 The DC Power Source Switching OFF Time Delay Test

Step 3: Analyze the output current/power of the inverter and determine how long the

inverter takes to reach the minimum current output

Step 4: Perform the test multiple times to ensure the delay time is consistent
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3.3 Test 3 — Irradiance Profile Test

The purpose of this test is to record the transients and the overall inverter response
generated when the inverters input from the PV simulator changes drastically due to a

rapid shading of the solar generation site.
Step 1: Test Setup

a) Turn the PV simulator ON and connect it to the inverter before starting this

test

b) Turn the grid simulator ON and make sure the voltage and frequency are at
steady-state and connect it to the inverter before the test

c) Make sure the inverter is generating power before this test starts

Step 2: Feed-in or playback an irradiance profile into the PV simulator as shown in
Figure 3.3.1.The irradiance profile test can be implemented several times, in real-

time and at faster speeds

Heavy clouds day Heavy clouds day

Temperature (°C)
Temperature (°C)

R e

0 10 =20a 30
1Y)

Time (s) (10~3)

15.0 185 200 205 210 215 220
Time (s) (1043)

Figure 3.3.1 The PV Simulator Irradiance Profile

Step 3: Analyze the output current/power of the inverter and determine the inverter

behavior during irradiance variability

Step 4: Perform the test multiple times with different speeds of irradiance to ensure the

delay time is consistent
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4.0 INVERTER AC PERFORMANCE TESTS

The Inverter AC Performance Tests purpose is to assess the inverter performance during
changes in the AC voltage and frequency. For all of these tests, the grid simulator, inverter,
load bank, and DC source are connected as illustrated in the test setup diagram in Figure 2.1.1
or Figure 2.1.2. Steady-state nominal voltages are: 480V, ., or 240V, ., or 208V,.., or 400V,
or 230V ..

4.1 Test 1 - Inverter Output Time Delay Test

The purpose of this test is to find the inverters delay time when it is suddenly connected

or reconnected to the grid, especially its power generating to the grid.
Step 1: Test Setup
a) Turn PV simulator ON and connect it to the inverter before starting this test

b) The grid simulator voltage and frequency should remain at steady-state and

NOT connect it to the inverter before the test

c) Make sure the inverter output switch is in the OFF position (open) before

starting this test

Step 2: Power on the inverter by turning the A/C switch to the ON position as illustrated

in Figure 4.1.1

H o wnrm «=— m W <

Figure 4.1.1 The Inverter Output Time Delay Test
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Step 3: Analyze the output current/power of the inverter and determine how long the

inverter took to reach its nominal output

Step 4: Perform the test multiple times to ensure that the delay time is consistent
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Solar PV Inverter Test Procedures

4.2 Test 2 — Inverter Anti-Island Test

The purpose of this test is to assess the inverters anti-islanding performance. Detailed
anti-islanding tests can be found in the Sandia National Laboratories reports.

This test will also provide information on the inverters transient over-voltages generated
during grid disconnection.

Step 1: Test Setup
a) The PV simulator should be ON before this test begins

b) The grid simulator voltage and frequency should remain at steady-state
before and during the test

c) Set up the power analyzer to collect high sampling voltage and currents
d) The inverter should be generating full power into the grid

Step 2: Perform multiple tests by disconnecting the inverter from the grid as illustrated in
Figure 4.2.1, for each of the different conditions in Table 4.2.1.

Figure 4.2.1 The Anti-Islanding Test
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Test # Load #1 Load #2 Load #1 Load #2 Inverter

(KVA) (KVA) (PF) (PF) (PF)
1 150% 0% 0.8 0.8 1.0
2 125% 25% 0.8 0.8 1.0
3 100% 50% 0.8 0.8 1.0
4 75% 75% 0.8 0.8 1.0
5 50% 100% 0.8 0.8 1.0
1 150% 0% 0.8 1.0 1.0
2 125% 25% 0.8 1.0 1.0
3 100% 50% 0.8 1.0 1.0
4 75% 75% 0.8 1.0 1.0
5 50% 100% 0.8 1.0 1.0
1 150% 0% 0.8 0.8 0.8
2 125% 25% 0.8 0.8 0.8
3 100% 50% 0.8 0.8 0.8
4 75% 75% 0.8 0.8 0.8
5 50% 100% 0.8 0.8 0.8
1 150% 0% 0.8 1.0 0.8
2 125% 25% 0.8 1.0 0.8
3 100% 50% 0.8 1.0 0.8
4 75% 75% 0.8 1.0 0.8
5 50% 100% 0.8 1.0 0.8

Table 4.2.1 Anti-Islanding Test Conditions

Step 3: Analyze the transient over-voltage generated by the inverter as well as the

voltage across the terminals of the breaker that was opened during testing
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4.3 Test 3 — Under-Voltage Transients Test

The purpose of this test is to evaluate the inverters performance during under-voltage
transients and/or sags that are typical in the electric grid and/or IEEE standard protection
requirements. These voltage sags must have t cycles of duration time and 1 to 3 seconds
of interval time between voltage changes in order to let the inverter to settle. These
different sag voltage duration times (t = 3, 6, 9, and 12 cycles) represent switching times
for some common circuit breakers. The additional tests (t = 10, 110, 120, and 130 cycles)
represent the IEEE 1547 protection requirements. The t=1 cycle test represents a fast
transient generated by switching equipment.

Step 1. Test setup

a) The PV simulator should be ON and connected to the inverter before this
test begins

b) The grid simulator frequency should remain at a steady-state of 60 Hz

before and during the test

c) The grid simulator voltage should be at steady state and connected to the

inverter before the test begins
d) The inverter should be generating full power into the grid
e) The load bank must be greater than 100% of the inverters rated power

Step 2: Implement a voltage transient similar to the one shown in Figure 4.3.1. Grid
simulator switching states, 100% voltage to € V and € V to 100% voltage, should
be achieved as quickly as possible (~0.2 ms). If the inverter shuts down on any

transient, the restarting may take as long as 5 minutes.
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Figure 4.3.1 The Under-Voltage Transients Test

FYI: The most efficient way to perform this test is to start with the longest
duration time and then measure the time it takes the inverter to trip after a
transient. For the next test, use a voltage sag duration time just shorter than the
inverter trip time previously measured. This will eliminate testing at unnecessary

duration times.

If this test is unsuccessful due to the voltage or current not completely recovering
to steady-state before the next sag, the under-voltage transients may have to be

performed individually as explained in Step 3, otherwise skip to Step 4.

Step 3: Lower the grid simulator output voltage (¢ V) at t1 and increase it back to nominal
voltage at t2 as shown in Figure 4.3.2. Start with the sag voltage (¢ V) level at

90% and reduce it in decrements of 10% until the unit shuts down.

© Southern California Edison 2013
Advanced Technology ¢ 14799 Chestnut Street, Westminster, California 92683 USA Phone: (714) 934-0818
DER Laboratory Research

Page 22 of 62



Vinv = 100%

Vinv=¢gV

Figure 4.3.2 Voltage Transients

Step 4: Analyze the inverter output current/power to determine the corresponding voltage

magnitudes and trip times, inverters voltage protection envelope
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4.4 Test 4 — Over-Voltage Transients Test

The purpose of this test is to assess the inverter performance during over-voltage
transients and/or swells that are typical in the electric grid and/or IEEE standard
protection requirements. These voltage swells must have t cycles of duration time and 1
to 3 seconds of interval time between voltage changes in order to let the inverter to settle.
These different swell voltage duration times (t = 3, 6, 9, and 12 cycles) represent
switching times for some common circuit breakers. The additional tests (t = 10, 50, 60,
and 70 cycles) represent the IEEE 1547 protection requirements. The t=1 cycle test
represents a fast transient generated by switching equipment.

Step 1. Test setup

a) The PV simulator should be ON and connected to the inverter before this
test begins

b) The grid simulator frequency should remain at a steady-state of 60 Hz

before and during the test

c) The grid simulator voltage should be at steady state and connected to the

inverter before the test begins
d) The inverter should be generating full power into the grid
e) The load bank shall be greater than 100% of the inverters rated power

Step 2: Implement a voltage transient similar to the one shown in Figure 4.4.1. Grid
simulator switching states, 100% voltage to € V and € V to 100% voltage, should
be achieved as quickly as possible (~0.2 ms). If the inverter shuts down on any

transient, the restarting may take as long as 5 minutes.
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Step 3:

124% —

122% —

120% —

118% —

116% —

114%

112%

110%

108%

106%

10496 e

102% -

Vinv = 100% v

~— typ. 1 to 3 sec
t =3,6,9,10,12,50,60,70 cycles

Figure 4.4.1 The Over-Voltage Transient Test

FYI: The most efficient way to perform this test is to start with the longest
duration time and then measure the time it takes the inverter to trip after a
transient. For the next test, use a voltage sag duration time just shorter than the
inverter trip time previously measured. This will eliminate testing at unnecessary

duration times.

If this test is unsuccessful due to the voltage or current not completely recovering
to steady-state before the next swell, the over-voltage transients may have to be

performed individually as explained in Step 3, otherwise skip to Step 4.

The grid simulator output voltage must be increased to the swell voltage (¢ V) at
t1 and fall back to nominal voltage at t2 shown in Figure 4.4.2. The swell voltage
(e V) level is performed by the grid simulator starting at 100% and increased in

increments of 2% until the unit reaches 124% or until the inverter shuts off.
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Vinv=¢V —

Vinv = 100%

Figure 4.4.2 Voltage Transients

Step 4: Analyze the inverter output current/power to determine the corresponding voltage

magnitudes and trip times, inverters voltage protection envelope.
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4.5 Test 5 — Voltage-Oscillation Test

The purpose of this test is to assess the inverters performance during voltage oscillations
typically seen on the grid during disturbances. The inverter output voltage amplitude is
modulated between 100% and 90% at different envelope frequencies as shown in Figure
4.5.1 and Table 4.5.1. The sample envelope frequencies (f(swing) = 0.1, 0.25,0.7, 1, 2

Hz) represent the oscillation of the grid.
Step 1: Test setup

a) The PV simulator should be ON and connected to the inverter before this

test begins

b) The grid simulator frequency should remain at a steady-state of 60 Hz

before and during the test

c) The grid simulator voltage should be at steady state and connected to the

inverter before the test begins
d) The inverter should be generating full power into the grid
e) The load bank shall be greater than 100% of the inverters rated power

Step 2: Program the grid simulator voltage to emulate the behavior shown in Figure 4.5.1
for the different swing frequencies in Table 4.5.1. Data will be collected at a

sampling rate of at least W thousand samples per second for A seconds.
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i f {swing) :.

Figure 4.5.1 Voltage Oscillations

f (swing) 0.10 f(swing) 0.25 f (swing) 0.70 f (swing) 1.00 f (swing) 2.00
t (swing) 10.0 t (swing) 4.0 t(swing) 14 t(swing) 1.0 t (swing) 0.5

vV t(V) \ t(V) vV t(V) \ t(V) \ t(V)
99% 237.6 0.50 99% 237.6 020 99% 237.6 0.071 99% 237.6 0.050 99% 237.6 0.025
98% 235.2 050 98% 235.2 0.20 98% 235.2 0.071 98% 235.2 0.050 98% 235.2 0.025
97% 232.8 0.50 97% 232.8 0.20 97% 232.8 0.071 97% 232.8 0.050 97% 232.8 0.025
96% 230.4 0.50 96% 230.4 020 96% 230.4 0.071 96% 230.4 0.050 96% 230.4 0.025
95% 228.0 0.50 95% 228.0 0.20 95% 228.0 0.071 95% 228.0 0.050 95% 228.0 0.025
94% 225.6 0.50 94% 225.6 0.20 94% 225.6 0.071 94% 225.6 0.050 94% 225.6 0.025
93% 223.2 050 93% 223.2 0.20 93% 223.2 0.071 93% 223.2 0.050 93% 223.2 0.025
92% 220.8 0.50 92% 220.8 0.20 92% 220.8 o0.071 92% 220.8 0.050 92% 220.8 0.025
91% 218.4 0.50 91% 218.4 020 91% 218.4 o0.071 91% 218.4 0.050 91% 218.4 0.025
90% 216.0 0.50 90% 216.0 0.20 90% 216.0 o0.071 90% 216.0 0.050 90% 216.0 0.025
91% 218.4 0.50 91% 218.4 0.20 91% 218.4 o0.071 91% 218.4 0.050 91% 218.4 0.025
92% 220.8 0.50 92% 220.8 0.20 92% 220.8 0.071 92% 220.8 0.050 92% 220.8 0.025
93% 223.2 050 93% 223.2 0.20 93% 223.2 0071 93% 223.2 0.050 93% 223.2 0.025
94% 225.6 0.50 94% 225.6 0.20 94% 225.6 0.071 94% 225.6 0.050 94% 225.6 0.025
95% 228.0 0.50 95% 228.0 0.20 95% 228.0 0.071 95% 228.0 0.050 95% 228.0 0.025
96% 230.4 0.50 96% 230.4 o020 96% 230.4 o0.071 96% 230.4 0.050 96% 230.4 0.025
97% 232.8 0.50 97% 232.8 020 97% 232.8 0.071 97% 232.8 0.050 97% 232.8 0.025
98% 235.2 050 98% 235.2 0.20 98% 235.2 0.071 98% 235.2 0.050 98% 235.2 0.025
99% 237.6 0.50 99% 237.6 020 99% 237.6 0.071 99% 237.6 0.050 99% 237.6 0.025
100% 240.0 0.50 100% 240.0 0.20 100% 240.0 0.071 100% 240.0 0.050 100% 240.0 0.025
Total Time | 10.00 Total Time | 4.00 Total Time | 1.43 Total Time | 1.00 Total Time | 050

A= 40 A= 20 A= 10 A= 4 A= 4
Y= 25 Y= 5 Y= 10 Y= 25 Y= 25

Table 4.5.1 Voltage Oscillations

magnitudes and trip times

FYI: If the suggested voltage range is outside the protection envelope and causes the

inverter to trip off, the voltage profile can be reprogrammed to modulate between smaller

Step 3: Analyze the inverter output current/power to determine the corresponding voltage
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4.6 Test 6 — Under-Frequency Fluctuations Test

The purpose of this test is to evaluate the inverters performance during under-frequency
fluctuations typically observed in the electric grid and/or IEEE standard protection
requirements. These voltage sags must have t cycles of duration time and 1 to 3 seconds
of interval time between voltage changes in order to let the inverter to settle as shown in
Figure 4.6.1. These different under frequency durations (t = 3, 6, 9, and 12 cycles)
represent switching times for some common circuit breakers. The additional tests (t = 10,
110, 120, and 130 cycles) represent the IEEE 1547 protection requirements. The t=1
cycle test represents a fast transient generated by switching equipment.

Step 1. Test setup

a) The PV simulator should be ON and connected to the inverter before this
test begins

b) The grid simulator voltage should remain constant at steady-state before

and during the test
c) The inverter should be generating full power into the grid
d) The load bank must be greater than 100% of the inverters rated power

Step 2: Implement a frequency transient similar as the one shown in Figure 4.6.1. Grid
simulator switching times between the different frequency levels must be
performed as quickly as possible (~0.2 ms). If the inverter shuts down on any
transient, restarting may take as long as 5 minutes; be sure to evaluate if this

time is consistent or random.
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Step 3:

t cycles typ. 3 sec
- -~

59.6 Hz

59.4 Hz

59.2 Hz

59.0 Hz

Figure 4.6.1 Under-Frequency Test

FYI: The most efficient way to perform this test is to start with the longest
duration time and to determine the time it takes the inverter to trip following a
transient. For the next test, use a frequency sag duration time just shorter than
the inverter trip time previously measured. This will eliminate testing at

unnecessary duration times.

Should this test be unsuccessful due to the current not completely recovering to
steady-state before the next sag, the under-frequency transients may have to be

performed individually as explained in Step 3, otherwise skip to Step 4.

The grid simulator frequency is to be lowered to a sag frequency (¢ Hz) of t1 and
taken back up to 60 Hz at t2 [Figure 4.6.2]. The sag frequency (¢ Hz) could start

at 59.8 Hz and then reducing it in decrements of 0.2 Hz until the unit shuts down.
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60 Hz

Under-Freq: e -
—» 4 tcycles
tl 2

Figure 4.6.2 Under-Frequency Transient Test

Step 4: Analyze the inverter output current/power to determine the corresponding
frequency values and trip times used for the inverters frequency protection

envelope.
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4.7 Test 7 — Over-Frequency Fluctuations Test

The purpose of this test is to assess the inverters performance during over-frequency
fluctuations typically observed in the electric grid and/or IEEE standard protection
requirements. These voltage sags must have t cycles of duration time and 1 to 3 seconds
of interval time between voltage changes in order to let the inverter to settle. The different
over frequency durations (t = 3, 6, 9, and 12 cycles) represent switching times for some
common circuit breakers. The additional tests (t = 10, 110, 120, and 130 cycles)
represent the IEEE 1547 protection requirements.

Step 1. Test setup
a) The PV simulator should be ON before this test begins

b) The grid simulator voltage should remain constant at steady-state before

and during the test
c) The inverter should be generating full power into the grid
d) The load bank must be greater than 100% of the inverters rated power

Step 2: Implement a frequency transient similar to the one shown in Figure 4.7.1. Grid
simulator switching times between the different frequency levels must be
performed as quickly as possible (~0.2 ms). If the inverter shuts down on any
transient, restarting may take as long as 5 minutes; be sure to evaluate if this

time is consistent or random.
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Step 3:

61.0 Hz

60.8 Hz

60.6 Hz

60.4 Hz

60.2 Hz
60.0 Hz e J ; ; — |

t cycles typ. 3 sec

Figure 4.7.1 Over-Frequency Test

FYI: The most efficient way to perform this test is to start with the longest
duration time and to determine the time it takes the inverter to trip following a
transient. For the next test, use a frequency swell duration time just shorter than
the inverter trip time previously measured. This will eliminate testing at

unnecessary duration times.

Should this test be unsuccessful due to the current not completely recovering to
steady-state before the next swell, the over-frequency transients may have to be

performed individually as explained in Step 3, otherwise skip to Step 4.

The grid simulator frequency is to be increased to the swell frequency (¢ Hz) of t1
and then lowered back to 60 Hz at t2 [Figure 4.7.2]. The swell frequency (¢ Hz) is
implemented by starting at 60.2 Hz and increasing it in increments of 0.2 Hz until

the unit shuts down.
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Over-Freq: € Hz —> 4 teycles

60 Hz

Figure 4.7.2 Over-Frequency Transient Test

Step 4: Analyze the inverter output current/power to determine the corresponding
frequency values and trip times used for the inverters frequency protection

envelope.
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48 Test8-—

Frequency Oscillation Test

The purpose of this test is to evaluate the inverters performance during frequency

oscillations typically seen on the grid during disturbances. The inverter frequency is to be

modulated between 61 Hz and 59 Hz at different envelope frequencies [Figure 4.8.1and

Table 4.8.1]. The sample envelope frequencies (f(swing) = 0.1, 0.25, 0.7, 1, 2 Hz)

represent the oscillation of the grid.

Step 1:

Step 2:

Test setup

a) The PV simulator should be ON and connected to the inverter before this test

begins

b) The grid simulator voltage should remain at a steady-state before and during
the test

c) The inverter should be generating full power into the grid
d) The load bank shall be greater than 100% of the inverters rated power

Program the grid simulator frequency to replicate the behavior shown in Figure
4.8.1 for the different swing frequencies in Table 4.8.1. Data will be collected at a

sampling rate of at least W thousand samples per second for A seconds.

Figure 4.8.1 Frequency Oscillation Test
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\ 240V V 240V V 240V V 240V \ 240V
f (swing) | 0.10 f (swing) | 0.25 f (swing) | 0.70 f (swing) | 1.00 f (swing) | 2.00
t(swing) | 10.0 t(swing) | 4.0 t(swing) | 14 t(swing) | 1.0 t(swing) | 05
] t(6) ] t(6) ] t(6) ] t(6) 9 t(6)
61.0 Hz 0475 61.0 Hz 0.190 61.0 Hz 0.066 61.0 Hz 0.047 61.0 Hz 0.024
60.8 Hz 0475 60.8 Hz 0.190 60.8 Hz 0.066 60.8 Hz 0.047 60.8 Hz 0.024
60.6 Hz 0475 60.6 Hz 0.190 60.6 Hz 0.066 60.6 Hz 0.047 60.6 Hz 0.024
60.4 Hz 0475 60.4 Hz 0.190 60.4 Hz 0.066 60.4 Hz 0.047 60.4 Hz 0.024
60.2 Hz 0475 60.2 Hz 0.190 60.2 Hz 0.066 60.2 Hz 0.047 60.2 Hz 0.024
60.0 Hz 0475 60.0 Hz 0.190 60.0 Hz 0.066 60.0 Hz 0.047 60.0 Hz 0.024
59.8 Hz 0475 59.8 Hz 0.190 59.8 Hz 0.066 59.8 Hz 0.047 59.8 Hz 0.024
59.6 Hz 0475 59.6 Hz 0.190 59.6 Hz 0.066 59.6 Hz 0.047 59.6 Hz 0.024
59.4 Hz 0475 59.4 Hz 0.190 59.4 Hz 0.066 59.4 Hz 0.047 59.4 Hz 0.024
59.2 Hz 0475 59.2 Hz 0.190 59.2 Hz 0.066 59.2 Hz 0.047 59.2 Hz 0.024
59.0 Hz 0475 59.0 Hz 0.190 59.0 Hz 0.066 59.0 Hz 0.047 59.0 Hz 0.024
59.2 Hz 0475 59.2 Hz 0.190 59.2 Hz 0.066 59.2 Hz 0.047 59.2 Hz 0.024
59.4 Hz 0475 59.4 Hz 0.190 59.4 Hz 0.066 59.4 Hz 0.047 59.4 Hz 0.024
59.6 Hz 0475 59.6 Hz 0.190 59.6 Hz 0.066 59.6 Hz 0.047 59.6 Hz 0.024
59.8 Hz 0475 59.8 Hz 0.190 59.8 Hz 0.066 59.8 Hz 0.047 59.8 Hz 0.024
60.0 Hz 0475 60.0 Hz 0.190 60.0 Hz 0.066 60.0 Hz 0.047 60.0 Hz 0.024
60.2 Hz 0475 60.2 Hz 0.190 60.2 Hz 0.066 60.2 Hz 0.047 60.2 Hz 0.024
60.4 Hz 0475 60.4 Hz 0.190 60.4 Hz 0.066 60.4 Hz 0.047 60.4 Hz 0.024
60.6 Hz 0475 60.6 Hz 0.190 60.6 Hz 0.066 60.6 Hz 0.047 60.6 Hz 0.024
60.8 Hz 0475 60.8 Hz 0.190 60.8 Hz 0.066 60.8 Hz 0.047 60.8 Hz 0.024
61.0 Hz 0475 61.0 Hz 0190 61.0 Hz 0.066 61.0 Hz 0047 61.0 Hz 0.024

Total Time |9.975 sec. Total Time |3.99 sec. Total Time |1.386 sec. Total Time |0.987 sec. Total Time |0.504 sec.

A=| 40 A= 20 A= 10 A= 4 A= 4
Y= 25 Y= 5 Y= 10 Y= 25 Y= 25
Table 4.8.1 Frequency Oscillations Test

FYI: If the suggested frequency range is outside the protection envelope and
causes the inverter to trip off, the frequency profile can be reprogrammed to

modulate between a smaller range such as 59.5 Hz and 60.5 Hz instead.

Step 3: Analyze the inverter output current/power as it corresponds to the oscillating

system frequency.
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4.9 Test 9 - Voltage Ramp Test

The purpose of this test is to understand the inverters dynamic behavior including the
relationship between its output values (I, P, and Q) at different voltages. The data

collected will later be used for model development and validation.
Step 1. Test setup

a) The PV simulator should be ON and connected to the inverter before this

test begins

b) The grid simulator frequency should remain at a steady-state of 60 Hz
before and during the test

c) The grid simulator voltage should be at steady state and connected to the

inverter before the test begins
d) The inverter should be generating full power into the grid
e) The load bank must be greater than 100% of the inverters rated power

Step 2: Program the grid simulator to ramp-down and ramp-up the system voltage in 4,
8, and 16 second durations from 100 percent to 90, 80, 70, 60, and/or 50 percent
voltage under the condition that the inverter does not trip off [Figure 4.9.1]. If the
inverter shuts down on any transient, the restarting may take as long as 5

minutes.
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Figure 4.9.1 Voltage Ramp Test

Step 3: Analyze the inverter output current/power and its behavior in response to
changes in the system voltage.

© Southern California Edison 2013
Advanced Technology ¢ 14799 Chestnut Street, Westminster, California 92683 USA Phone: (714) 934-0818
DER Laboratory Research
Page 38 of 62



4.10 Test 10 — Frequency Ramp Test

The purpose of this test is to understand the inverters dynamic behavior including the

relationship between its output values (I, P, and Q) at different frequencies. The data

collected will later be used for model validation purposes.

Step 1. Test setup

a)

b)

e)

The PV simulator should be ON and connected to the inverter before this

test begins

The grid simulator frequency should remain at a steady-state of 60 Hz
before the test

The grid simulator voltage should be at steady state and connected to the

inverter before and during the test
The inverter should be generating full power into the grid

The load bank must be greater than 100% of the inverters rated power

Step 2: Program the grid simulator to ramp-down and ramp-up the system frequency in

4, 8, and 16 seconds durations from 60 Hz to € Hz under the condition that the

inverter does not trip off [Figure 4.10.1]. If the inverter shuts down on any

transient, the restarting may take as long as 5 minutes.

60 Hz

£ Hz v

4——4 §sec—»

f1 2

Figure 4.10.1Frequency Ramp Test
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Step 3: Analyze the inverter output current/power and its behavior in response to

changes in the system frequency
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4.11 Test 11 — Conservation Voltage Reduction (CVR) Test

The purpose of this test is to assess the inverter behavior during conservation voltage
reduction (CVR), which is used by some utilities to reduce the power consumption by

customer loads.
Step 1. Test setup

a) The PV simulator should be ON and connected to the inverter before this

test begins

b) The grid simulator frequency should remain at a steady-state of 60 Hz
before and during the test

c) The grid simulator voltage should be at steady state and connected to the

inverter before the test begins
d) The inverter should be generating full power into the grid
e) The load bank must be greater than 100% of the inverters rated power

Step 2: Program the grid simulator to reduce the system voltage as shown in Figure
4.11.1. These voltage steps should last for 10 seconds and decrease in
increments of 1% nominal voltage to provide detailed information at the various

voltage levels.

10 sec typ.
P ——- =105%

Ve = 100%
99% ===
98% " ===~
97% — ===~
96% ~--=------

Y 77

Figure 4.11.1Conservation Voltage Reduction Test
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Step 3: Analyze the inverters output current/power and its behavior in response to the

change in the system voltage
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4.12 Test 12 — Harmonics Data Recording

The purpose of this test is to assess the harmonics generated by the inverter at steady-
state conditions. High harmonics generation could provoke unintended negative impacts
into utility’s field equipment such as capacitors, transformers, and switching equipment by
overloading them. The information needed will be both total harmonics distortion (THD)

and total demand distortion (TDD) for both voltages and currents.
Step 1: Test setup

a) The PV simulator should be ON and connected to the inverter before this

test begins

b) The grid simulator frequency should remain at a steady-state of 60 Hz

before and during the test

c) The grid simulator voltage should be at steady state and connected to the

inverter before and during the test begins
d) The inverter should be generating full power into the grid
e) The load bank must be greater than 100% of the inverters rated power

Step 2: Record the inverter voltage and current at a high sampling rate while in steady-
state condition. It is suggested that 1 second of data be recorded at a sampling
rate of 1 million samples per second to capture a higher order of harmonics as
shown in [Figure 4.12.1]
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Figure 4.12.1 Conservation Voltage Reduction Test

Step 3: Analyze the inverter voltage and output current to calculate the individual

harmonics as well as THD and TDD
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4.13 Test 13 — Short Circuit Test

The purpose of this test is to understand the inverters dynamic behavior and short circuit
current contribution during system faults. This test is to be performed for all fault
combinations that apply (L-G, L-L, 2L-G, 3L-G, etc...). An important sub-test is to find out
the discharge time of the filter capacitors in order to compare with these test results.

IMPORTANT NOTE: make sure that all lab personnel are not near to the equipment
and/or are aware of the hazards related to this particular test. PPE must be required
during this test. Short circuit test are dangerous and only qualified personnel are to
perform these tests. Please apply SCE’s “STOP, THINK, OBSERVE, and PERFORM”

process while performing these tests.
Step 1. Test setup

a) The PV simulator should be ON and connected to the inverter before this
test begins with appropriate current protection limits

b) The grid simulator frequency should remain at a steady-state of 60 Hz
before and during the test

c) The grid simulator voltage should be at steady state and connected to the

inverter before and during the test begins
d) The inverter should be generating full power into the grid
e) The load bank must be greater than 100% of the inverters rated power

Step 2: Physically short the inverters output as shown in Figure 4.13.1 until the inverter
or grid simulator trips off. Record the inverter voltage and current at a high
sampling rate, suggested 1 million samples per second, to capture high

frequency transients.
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Solar PV Inverter Test Procedures

Figure 4.13.1Inverter Short Circuit Test

Step 3: Analyze the magnitude, duration time and overall behavior of the inverter fault
current contribution

Step 4: Repeat the previous steps to perform multiple tests for all fault combinations that
apply (L-G, L-L, 2L-G, 3L-G, etc...)
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5.0 3-PHASE INVERTER AC PERFORMANCE TESTS

The following tests are to be performed when specifically assessing the performance of 3-

phase solar PV inverters.
5.1 Test 1 — Unbalanced Under-Voltage Transients Test

The purpose of this test is to understand the inverters performance during unbalanced

under-voltage transients and/or sags that are typical in the electric grid
Step 1. Test setup

a) The PV simulator should be ON and connected to the inverter before this
test begins

b) The grid simulator frequency should remain at a steady-state of 60 Hz
before and during the test

c) The grid simulator voltage should be at steady state and connected to the

inverter before the test begins
d) The inverter should be generating full power into the grid
e) The load bank must be greater than 100% of the inverters rated power

Step 2: The grid simulator output line-to-neutral voltages shall be dropped to the sag
voltage (¢ V) at t1 and rise back to nominal voltage at t2 in various combinations
[Figure 5.1.1]. The sag voltage (¢ V) level is performed by the grid simulator
starting at 90% and reduced in decrements of 10% until the unit shuts down. The
voltage sag duration times can be (t = 3, 6, 9, and 12 cycles) represent switching
times for some common circuit breakers and (t = 10, 110, 120, and 130 cycles)

represent the IEEE 1547 protection requirements.
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Figure 5.1.1 Unbalanced Under-Voltage Transients

Step 3: Analyze the inverter output current/power to determine the corresponding voltage

magnitudes and trip times used for the inverters voltage protection envelope
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5.2 Test 2 — Unbalanced Over-Voltage Transients Test

The purpose of this test is to assess the inverters performance during unbalanced over-

voltage transients and/or swells that are typical in the electric grid.
Step 1: Test setup

a) The PV simulator should be ON and connected to the inverter before this

test begins

b) The grid simulator frequency should remain at a steady-state of 60 Hz

before and during the test

c) The grid simulator voltage should be at steady state and connected to the
inverter before the test begins

d) The inverter should be generating full power into the grid
e) The load bank must be greater than 100% of the inverters rated power

Step 2: The grid simulator output line-to-neutral voltages are to be increased to the swell
voltage (¢ V) of t1 and dropped back to a nominal voltage of t2 in the various
combinations found in Figure 5.2.1. The swell voltage (¢ V) level is performed by
the grid simulator starting at 100% and increased in increments of 2% until the
unit reaches 124% or the inverter trips off. The voltage sag are (t=3, 6, 9, and
12 cycles) that represent switching times for some common circuit breakers and
(t=10, 110, 120, and 130 cycles) that represent the IEEE 1547 protection

requirements.
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Figure 5.2.1 Unbalanced Over-Voltage Transients

Step 3: Analyze the inverter output current/power to determine the corresponding voltage
magnitudes and trip times used for the inverters voltage protection envelope,

where the inverter shutdown.
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6.0 INVERTER ADVANCED FEATURES PERFORMANCE TESTS

The next set of test procedures are implemented to evaluate the performance of solar PV
inverters advanced features including, but not limited to adjustable and/or autonomous

dynamic performance characteristics.
6.1 Test 1 - Start-Up Power Ramp-Up Rates

The purpose of this test is to evaluate the inverters ability to adjust power ramp-up rates
during start-up and or during restarting. Depending on the distribution circuits topology,

ramp-up rates could potentially mitigate over-voltage conditions.
Step 1: Test setup as shown in Figure 6.1.1

a) The PV simulator should be ON and NOT connected to the inverter before

this test begins

b) The grid simulator frequency should remain at a steady-state of 60 Hz

before and during the test

c) The grid simulator voltage should be at steady state and connected to the

inverter before the test begins
d) The inverter should be generating full power into the grid
e) The load bank must be greater than 100% of the inverters rated power

Step 2: Following the procedure for Test 1 of the Inverter DC Performance Tests, switch
the DC source from the OFF to the ON position.
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Figure 6.1.1 Inverter Start-Up Test

Step 3: Analyze the output power of the inverter and compare multiple slopes as the
inverter starts-up or restarts-up. The output power should ramp-up with the set
rate. These steps should be performed for multiple ramp rate settings (a

minimum of four different ramp-up settings is recommended).

Step 4: Perform the previous steps for multiple ramp rate settings
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6.2 Test 2 — Voltage Ride-Through

The purpose of this test is to assess the inverters ability to ride through high and low

voltage conditions that would normally trigger the inverter protection to shut down. This

feature avoids unnecessary disconnection of inverters from the grid that could worsen

system events.

Step 1. Test setup

a)

b)

The PV simulator should be ON and connected to the inverter before this
test begins

The grid simulator frequency should remain at a steady-state of 60 Hz

before and during the test

The grid simulator voltage should be at steady state and connected to the

inverter before the test begins
The inverter should be generating full power into the grid
The load bank must be greater than 100% of the inverters rated power

Adjust the inverter settings, voltage threshold and clearing times for voltage
protection according to distributed resources interconnection standards (e.g.
IEEE 1547a)

Step 2: Program the grid simulator to generate a voltage transient similar to the profile

shown in Figure 6.2.1 for a fault-induced delayed voltage recovery (FIDVR)

event.

FYI: Other features such as “ceasing power generation” into the grid when the voltage

goes below a specific voltage threshold may require testing. Perform multiple tests with

and without this feature enabled.
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Figure 6.2.1 Sample FIDVR Profile

Step 3: Analyze the output current and power of the inverter and compare the generation

recovery as the inverter starts-up and/or rides through.
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6.3 Test 3 — Over-Frequency Power Curtailment

The purpose of this test is to assess the inverters ability to curtail power during over-

frequency events that would normally trigger the inverters protection to shut down. This

feature will prevent voltage instability by: (1) preventing the inverter from unnecessarily

shutting down and (2) reducing the over-generation in the system.

Step 1. Test setup

a)

b)

The PV simulator should be ON and connected to the inverter before this
test begins

The grid simulator frequency should remain at a steady-state of 60 Hz

before and during the test

The grid simulator voltage should be at steady state and connected to the

inverter before the test begins
The inverter should be generating full power into the grid
The load bank must be greater than 100% of the inverters rated power

Adjust the inverter settings, frequency threshold and clearing times for over-
frequency protection according to distributed resources interconnection
standards (e.g. IEEE 1547a)

Step 2: Program the grid simulator to generate a frequency ramp similar to the one

shown in Figure 6.3.1. This ramp can be adjusted to a higher/lower frequency

and shorter/longer duration for different tests

FYI: Other features that modify the method in which active power is limited by the inverter

may require testing. Perform multiple tests for each power limitation method.
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Figure 6.3.1 Frequency Ramp

Step 3: Analyze the system frequency and output power of the inverter and compare

multiple slopes as the inverter limits its generation
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6.4 Test 4 — Autonomous Power Factor Adjustment

The purpose of this test is to evaluate the inverters ability to adjust its power factor based

on its generation output. This could be useful in circuits where a scheduled power factor

(PF) to provide or eliminate reactive power from distribution circuits; for example, during

morning low load conditions may need a lagging the PF, but the afternoons high load may

require leading the PF to support the local loads.

Step 1: Test setup

a)

b)

The PV simulator should be ON and connected to the inverter before this

test begins

The grid simulator frequency should remain at a steady-state of 60 Hz

before and during the test

The grid simulator voltage should be at steady state and connected to the

inverter before the test begins
The inverter should be generating full power into the grid
The load bank must be greater than 100% of the inverters rated power

Adjust the inverter settings, PF curve, according to the needs. For SCE
testing, this was set to PF=100% when generation is below 70% and ramps

up with a constant slope to PF=90% when generation goes above 90%.

Step 2: Program the DC source to ramp its output as illustrated in Figure 6.4.1. This

ramp can be adjusted to different slopes for different tests. A PV simulator can do

this by keeping the temperature coefficient constant and ramping up the

irradiance value.
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Figure 6.4.1 DC Power Ramp-Up

Step 3: Analyze the output power of the inverter as well as its corresponding power

factor value
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6.5 Test 5 — Autonomous Voltage Support (Under-Voltage)

The purpose of this test is to assess the inverters ability to autonomously provide reactive

power (leading or lagging) depending on the system voltage. This feature could be useful

in circuits where reactive power (vars) support is needed to prevent or minimize negative

effects such as over-voltages and under-voltages.

Step 1. Test setup

Step 2:

a)

b)

d)

f)

The PV simulator should be ON and connected to the inverter before this test

begins

The grid simulator frequency should remain at a steady-state of 60 Hz before

and during the test

The grid simulator voltage should be at steady state and connected to the
inverter before the test begins. Limit the grid simulator current to simulate a

weak source, but still maintain nominal voltage.
The inverter should be generating full power into the grid
The load bank must be greater than 100% of the inverters rated power

Adjust the inverter settings, var support, according to need. The test should
be performed at least once with the voltage support feature disabled to
provide a baseline, and with multiple reactive power/voltage characteristic

curve gradients.

Progressively limit the grid simulators output current to reduce its output

generation. The result is that the generation-to-load ratio of the test setup is

decreased and the system voltage steadily drops. SCE reduced the grid

simulator current in at least 5 second intervals allowing the voltage to settle

before proceeding to the next voltage dip. The inverter should provide a boost to

the voltage by generating vars into the test setup.

© Southern California Edison 2013

Advanced Technology ¢ 14799 Chestnut Street, Westminster, California 92683 USA Phone: (714) 934-0818

DER Laboratory Research
Page 59 of 62



Step 3: Analyze the output power of the inverter and system voltage. As previously
mentioned, this test should be performed at least once with the voltage support
feature disabled to provide a baseline and then with multiple reactive

power/voltage characteristic curve gradients for comparison.
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6.6 Test 6 — Autonomous Voltage Support (Over-Voltage)

The purpose of this test is to evaluate the inverters ability to autonomously provide

reactive power (leading or lagging) depending on the system voltage. This feature could

be useful in circuits where reactive power (vars) support is needed to prevent or minimize

negative effects such as over-voltages and under-voltages.

Step 1. Test setup

a)

b)

d)

f)

The PV simulator should be ON and connected to the inverter before this

test begins

The grid simulator frequency should remain at a steady-state of 60 Hz

before and during the test

The grid simulator voltage should be at 120% of nominal voltage and
connected to the inverter before the test begins. Limit the grid simulator
current to simulate a weak source and reduce system voltage to 100%

nominal.
The inverter should be generating full power into the grid
The load bank must be greater than 100% of the inverters rated power

Adjust the inverter settings, var support, according to need. The test should
be performed at least once with the voltage support feature disabled to
provide a baseline, and with multiple reactive power/voltage characteristic

curve gradients.

Step 2: Progressively raise the grid simulators output current limit to increase its output

generation. The result is that the generation-to-load ratio of the test setup is

increased and the system voltage steadily rises. SCE raised the grid simulator

current limit in at least 5 second intervals allowing the voltage to settle before

proceeding to the next voltage swell. The inverter should buck the voltage by

absorbing vars from the test setup.
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Step 3: Analyze the output power of the inverter and system voltage. As previously
mentioned, this test should be performed at least once with the voltage support
feature disabled to provide a baseline and then with multiple reactive

power/voltage characteristic curve gradients for comparison.
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