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Southern California Edison (SCE), an Edison International company, is one of the nation’s
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 procedure 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 procedure has not been
approved or disapproved by SCE nor has SCE verified the accuracy, adequacy, and safety of

the information.

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 procedure. 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 objective of this testing is to investigate three phase (3-®) rooftop packaged air
conditioner (A/C) units performance during voltage/frequency fluctuations and oscillations that
typically occur on the grid, in particular its stalling conditions. Additionally, it will provide an
understanding of the characteristics of these A/C’s in steady-state; such as the harmonic
distortion levels and electrical protection and controls. The test data is needed to build, test,
and/or validate 3-® A/C model for dynamic, steady-state, and harmonic performance. A
supplemental intent of this testing is to find out if these A/C’s are “grid friendly” devices and/or

what is needed to remedy any potential impacts to the electric power system.

A/C performance data is needed for validation of power system simulation models used for
power system planning studies. The inadequacy of residential load models became evident
when Southern California Edison (SCE) and other utilities in the US, and other countries,
experienced several delayed voltage recovery events after transmission or sub transmission
fault clearing. The most significant occurrence of this event in the SCE system took place on
August 5, 1997. During the fault, the system voltage dropped below 60% causing many
residential air conditioner compressor motors in the system to stall, increasing the VAR
demand, and delaying the voltage recovery. The model used for the simulation of the August 5
event was more optimistic than the measured event data (i.e. the simulation showed a slightly

faster recovery than the measured event data).
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2.0 INSTALLATION AND SETUP

The grid simulator and the A/C packaged unit will be connected as shown in Figure 2.1.1
below. The thermostat will be placed in an adjacent area. The power analyzer will record the
voltage and current at a sampling rate specified in each test. The grid simulator will generate

the specified voltage or frequency transients needed for each of the tests.

2.1 AJ/C Test bed

The test set up will have the protection devices such as circuit breakers (CB) and/or fuses
for the safety of personnel and equipment. The test equipment used in the test set up

are:

e Grid simulator (GS): supplies typical actual voltage and frequency deviations
e Equipment under test (EUT): 3-phase packaged air conditioner units

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

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

Additionally, the test beds have test panels that are used to control and protect the testing

devices.
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POWERANALYZER

PACKAGED Q%) GRID
AIR CONDITIONER %ﬁl SIMULATOR 1
6==1 — ‘

Figure 2.1.1 Test Setup Block Diagram

Sinusoidal Voltages and currents will be measured at least at the primary and secondary
side of the power contactor as shown in Figure 2.1.2 below. Additionally, temperatures at
the input and output sides of the air conditioner will be measured and recorded. It is
desired to measure the currents for the compressor separate from the rest of currents in
order to see the actual compressor performance. The RMS performance will be
processed after the testing where it will include real power, reactive power, power factor,
frequency, voltage RMS, and current RMS. All the tests must be logged into a laboratory
log notebook and maintain it as test records. An example of a log notebook is provided in

the appendix of this document.
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Figure 2.1.2 Test Wire Diagram
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3.0 DYNAMIC PERFORMANCE TESTS

In these tests, the equipment will be set as shown in Figure 2.1.2 above. The system voltage
or frequency is changed to assess the EUT dynamic performance. Each of the tests will have
to be subjected to the described tests at least three times for consistency. The grid simulator
(GS) switching shall be done as quickly as possible (0.2 ms grid simulator switching time is

used in these tests).

3.1 Test#1 — Compressor Power OFF Test

The purpose of this test is to assess the power consumption of other devices when the
compressor is OFF. The EUT and the grid simulator shall be at steady state before
starting the test. The grid simulator voltage and frequency shall remain constant at rated
voltage (208 or 480 V) and 60 Hz respectively. Data should be collected at a voltage and
current sampling rate of 10 thousand samples per second for 10 seconds, longer or

shorter when needed.
This test should be performed in accordance with the following steps and Figure 3.1.1:
STEP 1: EUT should be running at steady state

STEP 2: Shut down the A/C units by raising the thermostat temperature

EUT —3 GRID

3-Phase A/C

Figure 3.1.1 Compressor Power OFF Test
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3.2 Test#2 — Inrush Current Test

This test is performed to record the A/C behavior during start up, specially the inrush
current. The grid simulator shall be prepared to provide power to the test bed. The EUT
shall be connected to the power supply but in the OFF state, triggered by the thermostat.
The grid simulator voltage and frequency shall remain constant at rated voltage (208 or
480 V) and 60 Hz respectively. Data should be collected at a voltage and current
sampling rate of 10 thousand samples per second for 10 seconds, longer or shorter when

needed.

This test should be performed in the following manner:

STEP 1: Grid simulator shall be ON and ready to provide power to the system
STEP 2: EUT should be at the OFF state

STEP 3: Turn on the EUT as shown in Figure 3.2.1 and Figure 3.2.2

3-O A/C —— Ammeter i | Grid

I

Volt Meter

Figure 3.2.1 A/C Inrush current test
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Figure 3.2.2 Residential Load Inrush Test
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3.3 Test#3 — Balanced Under-voltage Test

The purpose of this test is to assess the EUT performance during under-voltage
transients and/or sags typically found in the grid. The EUT and the grid simulator shall be
at steady state before starting the test. The grid simulator voltage and frequency shall
remain constant at rated voltage (208 or 480 V) and 60 Hz respectively. Data should be
collected at a voltage and current sampling rate of 10 thousand samples per second for
10 seconds, longer or shorter when needed. Grid simulator switching states shall be done

as quickly as possible (0.2 ms grid simulator switching time is used in these tests).
This test should be performed in the following manner:
STEP 1. EUT should be running at steady state

STEP 2: Trigger the grid simulator to playback the voltage transients shown in Figure
3.3.1 below. These voltage sags shall have t cycles of duration time and 1 sec
(or the time needed for the compressor to reach to steady state condition) of
interval time between voltage changes. Each of the different sag voltage
duration times (t = 1, 3, 6, 9, and 12 cycles) represent switching times for some
common circuit breakers. Some additional tests are also performed on the A/C
units (t = 10, 110, 120, 130, and 10,800 cycles). Finally, the test (t=1 cycle)

represents a fast transient generated by switching equipment.

t=1,3.6.9, 10, 12,110, 120, 130 cvcles
1 Second

Figure 3.3.1 Balanced Under-voltage Test
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If this test is unsuccessful, the under-voltage transients will have to be performed
individually as shown in Figure 3.3.2. This can provide additional information such as
power contactor drop out and pickup.

208V
Vinvs or
480V

Viny = &V bt
—  ie—t=1,3,6,9,10, 12, 110, 120, 130 Cycles
t1 2

Figure 3.3.2 Balanced Under-voltage Single Test
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3.4 Test#4 — Balance Over-voltage Test

The purpose of this test is to assess the EUT performance during over-voltage transients

and/or swells typically found in the grid. The EUT and the grid simulator shall be at steady

state before starting the test. The grid simulator voltage and frequency shall remain

constant at rated voltage (208 or 480 V) and 60 Hz respectively. Data should be collected

at a voltage and current sampling rate of 10 thousand samples per second for 10

seconds, longer or shorter when needed. Grid simulator switching states shall be done as

quickly as possible (0.2 ms grid simulator switching time is used in these tests).

This test should be performed in the following manner:

STEP 1. EUT should be running at steady state

STEP 2: Trigger the grid simulator to playback the voltage transients shown in Figure

3.4.1 below. These voltage sags shall have t cycles of duration time and 1 sec

(or the time needed for the compressor to reach to steady state condition) of

interval time between voltage changes. These different sag voltage duration

times (t=1, 3, 6, 9, and 12 cycles) represent switching times for some common

circuit breakers. Some additional tests are also performed on the A/C units (t =

10, 110, 120, and 130 cycles). Finally, the test (t=1 cycle) represents a fast

transient generated by switching equipment.

]

—

1 Second

t=1,3.6.9. 10.12.110. 120. 130 cvcles

Figure 3.4.1 Balanced Over-voltage Test
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If this test is unsuccessful, the over-voltage transients will have to be performed

individually as shown in Figure 3.4.2.

2
208V —  ——t=1,3,6,9,10, 12, 110, 120, 130 Cycls
430V
VIRV = g

Figure 3.4.2 Balanced Over-voltage Single Test

© Southern California Edison 2013

Advanced Technology * 14799 Chestnut Street, Westminster, California 92683 USA Phone: (714) 934-0818
DER Laboratory Research
Page 16 of 33



3.5 Test#5 — Unbalanced Under-voltage Test

The purpose of this test is to assess the EUT performance during under-voltage
transients and/or sags typically found in the grid. The EUT and the grid simulator shall be
at steady state before starting the test. The grid simulator voltage and frequency shall
remain constant at rated voltage (208 or 480 V) and 60 Hz respectively. Data should be
collected at a voltage and current sampling rate of 10 thousand samples per second for
10 seconds, longer or shorter when needed. The grid simulator switching states shall be

done as quickly as possible (0.2 ms grid simulator switching time is used in these tests).
This test should be performed in the following manner:
STEP 1: EUT should be running at steady state

STEP 2: Trigger the grid simulator to playback the voltage transients shown in Figure
3.5.1 below. These voltage sags shall have t cycles of duration time and 1 sec
(or the time needed for the compressor to reach to steady state condition) of
interval time between voltage changes. Each of the different sag voltage
duration times (t = 1, 3, 6, 9, and 12 cycles) represent switching times for some
common circuit breakers. Some additional tests are also performed on the A/C
units (t = 10, 110, 120, and 130 cycles). Finally, the test (t=1 cycle) represents

a fast transient generated by switching equipment.

The grid simulator output line-to-neutral voltages shall be dropped to the sag voltage (¢ V)
at t1 and rise back to nominal voltage (208V or 480V) at t2 in various combinations. 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.
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Figure 3.5.1 Unbalanced Under-voltage Tests
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3.6 Test#6 — Unbalanced Over-voltage Test

The purpose of this test is to assess the EUT performance during under-voltage
transients and/or sags typically found in the grid. The EUT and the grid simulator shall be
at steady state before starting the test. The grid simulator voltage and frequency shall
remain constant at rated voltage (208 or 480 V) and 60 Hz respectively. Data should be
collected at a voltage and current sampling rate of 10 thousand samples per second for
10 seconds, longer or shorter when needed. The grid simulator switching states shall be

done as quickly as possible (0.2 ms grid simulator switching time is used in these tests).
This test should be performed in the following manner:
STEP 1. EUT should be running at steady state

STEP 2: Trigger the grid simulator to playback the voltage transients shown in Figure
3.6.1 below. These voltage sags shall have t cycles of duration time and 1 sec
of interval time between voltage changes. These different sag voltage duration
times (t=1, 3, 6, 9, and 12 cycles) represent switching times for some common
circuit breakers. Some additional tests are also performed on the A/C units (t =
10, 110, 120, and 130 cycles). Finally, the test (t=1 cycle) represents a fast
transient generated by switching equipment.

The grid simulator output line-to-neutral voltages shall be increased to the spike voltage (¢
V) at t1 and fall back to nominal voltage (208 V or 480 V) at t2 in various combinations.
The spike voltage (¢ V) level is performed by the grid simulator starting at 100% and

increased in increments of 5% until the unit reaches 135%.
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Figure 3.6.1 Unbalanced Over-voltage Test
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3.7 Test#7 — Voltage Oscillation Test

This test will help understand the behavior of the A/C during voltage oscillations typical in
the grid during disturbances. The grid simulator voltage shall be at its nominal voltage
(208 V or 480 V) before starting this test.

This test should be performed in the following manner:
STEP 1. EUT should be running at steady state

STEP 2: Trigger the grid simulator to playback the voltage oscillation shown in Figure
3.7.1 below. The grid simulator voltage amplitude will be modulated between
100% and 90%, in 1% intervals, at different modulation frequencies (f (swing) =
0.1, 0.25,0.7, 1, 2 Hz) (Figure 3.7.1 and Table 3.7.1). These different envelope
frequencies (f (swing) = 0.1, 0.25, 0.7, 1, 2 Hz) represent the oscillation of the
grid. The grid simulator frequency shall remain constant at 60 Hz. Voltage and
current data will be collected at a sampling rate of W thousand samples per

second for A seconds.

Figure 3.7.1 Voltage Oscillations Test
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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) 1.4 t(swing) 1.0 t(swing) 0.5
\ t(V) \ t(V) \ t(V) \ t(V) \ t(V)

99% 237.6 050
98% 235.2 050
97% 232.8 050
96% 230.4 050
95% 228.0 050
94% 225.6 050
93% 223.2 050
92% 220.8 050
91% 218.4 050
90% 216.0 050
91% 218.4 050
92% 220.8 050
93% 223.2 050
94% 225.6 050
95% 228.0 050
96% 230.4 050
97% 232.8 050
98% 235.2 050
99% 237.6 050
100% 240.0 0.50

99% 237.6 0.20
98% 235.2 0.20
97% 232.8 0.20
96% 230.4 0.20
95% 228.0 0.20
94% 225.6 0.20
93% 223.2 0.0
92% 220.8 0.20
91% 218.4 0.20
90% 216.0 0.20
91% 218.4 0.0
92% 220.8 0.20
93% 223.2 0.20
94% 225.6 0.20
95% 228.0 0.20
96% 230.4 0.20
97% 232.8 0.20
98% 235.2 0.20
99% 237.6 0.20
100% 240.0 0.20

99% 237.6 0.071
98% 235.2 0.071
97% 232.8 0.071
96% 230.4 0.071
95% 228.0 0.071
94% 225.6 0.071
93% 223.2 0.071
92% 220.8 0.071
91% 218.4 0.071
90% 216.0 0.071
91% 218.4 0.071
92% 220.8 0.071
93% 223.2 0.071
94% 225.6 0.071
95% 228.0 0.071
96% 230.4 0.071
97% 232.8 0.071
98% 235.2 0.071
99% 237.6 0.071
100% 240.0 0.071

99% 237.6 0.050
98% 235.2 0.050
97% 232.8 0.050
96% 230.4 0.050
95% 228.0 0.050
94% 225.6 0.050
93% 223.2 0.050
92% 220.8 0.050
91% 218.4 0.050
90% 216.0 0.050
91% 218.4 0.050
92% 220.8 0.050
93% 223.2 0.050
94% 225.6 0.050
95% 228.0 0.050
96% 230.4 0.050
97% 232.8 0.050
98% 235.2 0.050
99% 237.6 0.050
100% 240.0 0.050

99% 237.6 0.025
98% 235.2 0.025
97% 232.8 0.025
96% 230.4 0.025
95% 228.0 0.025
94% 225.6 0.025
93% 223.2 0.025
92% 220.8 0.025
91% 218.4 0.025
90% 216.0 0.025
91% 218.4 0.025
92% 220.8 0.025
93% 223.2 0.025
94% 225.6 0.025
95% 228.0 0.025
96% 230.4 0.025
97% 232.8 0.025
98% 235.2 0.025
99% 237.6 0.025
100% 240.0 0.025

Total Time | 10.00

Total Time | 4.00

Total Time | 1.43

Total Time | 1.00

Total Time | 0.50

A= 40 A= 20 A= 10 A= 4 A= 4
Y= 25 Y= 5 Y= 10 Y= 25 Y= 25
Table 3.7.1 Voltage Oscillations Test
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3.8 Test#8 — Under-frequency Test

The purpose of this test is to assess the EUT performance during under-frequency
transients typically found in the grid. The EUT and the grid simulator shall be at steady
state before starting the test. The grid simulator voltage and frequency shall remain
constant at rated voltage (208 or 480 V) and 60 Hz respectively. Data should be collected
at a voltage and current sampling rate of 10 thousand samples per second for 10
seconds, longer or shorter when needed. The grid simulator switching states shall be

done as quickly as possible (0.2 ms grid simulator switching time is used in these tests).
This test should be performed in the following manner:
STEP 1. EUT should be running at steady state

STEP 2: Trigger the grid simulator to playback the frequency transients shown in Figure
3.8.1 below. These voltage sags shall have t cycles of duration time and 1 sec
of interval time between frequency changes. These different sag voltage
duration times (t = 1, 3, 6, 9, and 12 cycles) represent switching times for some
common circuit breakers. Some additional tests are also performed on the A/C
units (t = 10, 110, 120, and 130 cycles). Finally, the test (t=1 cycle) represents
a fast transient generated by switching equipment.

4 sec typ. Zsec
BO.0 Hz s H B B B B -

55.6 Hz

55 4 Hz

5592 Hz

559.0 Hz

58 8 Hz

58 B Hz

58 .4 Hz

58 .2 Hz

55.0 Hz

Figure 3.8.1 Under-frequency transient Test

If this test is unsuccessful, the under-frequency transients will have to be performed

individually as shown in Figure 3.8.2.
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Under-Freq. ... =
Threshold + 0.2 Hz —  +—t=3691012.20
t t2

Figure 3.8.2 Under frequency transient test
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3.9 Test#9 — Over-frequency Test

The purpose of this test is to assess the EUT performance during over-frequency
transients typically found in the grid. The EUT and the grid simulator shall be at steady
state before starting the test. The grid simulator voltage and frequency shall remain
constant at rated voltage (208 or 480 V) and 60 Hz respectively. Data should be collected
at a voltage and current sampling rate of 10 thousand samples per second for 10
seconds, longer or shorter when needed. The grid simulator switching states shall be

done as quickly as possible (0.2 ms grid simulator switching time is used in these tests).
This test should be performed in the following manner:
STEP 1: EUT should be running at steady state

STEP 2: Trigger the grid simulator to playback the frequency transients shown in Figure
3.9.1 below. These frequency transients shall have t cycles of duration time and
2 sec of interval time between voltage changes. These different frequency sag
duration times (t = 1, 3, 6, 9, and 12 cycles) represent typical system transients.
Some additional tests are also performed on the A/C units (t = 10, 110, 120,
and 130 cycles). Finally, the test (t=1 cycle) represents a fast transient

generated by switching equipment.

B2.0 Hz

B1.8 Hz

E1.6 Hz

B1.4 Hz

B1.2 Hz

E1.0 Hz

B0.8 Hz

60.6 Hz i
£0.4 Hz
BO.0 Hz e — — — — —
U -—
4 sec typ. 2 sec

Figure 3.9.1 Over-frequency Transient Test

If this test is unsuccessful, the over-frequency transients will have to be performed

individually as shown in Figure 3.9.2.
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Figure 3.9.2 Over frequency Transient Test
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3.10 Test#10 — Frequency Oscillation Test

This test will provide understanding of the A/C’s behavior during frequency oscillations
typically in the grid during disturbances. The grid simulator voltage shall be at its nominal
voltage (208 V or 480 V) before starting this test. Voltage and current data will be

collected at a sampling rate of W thousand samples per second for A seconds. These
tests shall have a resolution of 100 k samples per test.

This test should be performed in the following manner:

STEP 1: EUT should be running at steady state

STEP 2: Trigger the grid simulator to playback the frequency transients shown in Figure
3.10.1 below. The grid simulator voltage’s frequency shall be modulated
between 61 Hz and 59 Hz at different envelope frequencies (f (swing) = 0.1,
0.25, 0.7, 1, 2 Hz) (See Figure 3.10.1 and Table 3.10.1). These different
envelope frequencies represent the oscillation of the system.

..... Toearaanns

Heeeeenrsennnnsns s F(SWING) b >

P
I R
e

Figure 3.10.1Frequency Oscillation Test
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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) 1.4 t (swing) 1.0 t (swing) 0.5
0 t(0) (] t(0) ] (0) 0 t(6) 0 t(0)
61.0 Hz 0.475 61.0 Hz 0.190 61.0 Hz 0.066 61.0 Hz 0.047 61.0 Hz 0.024
60.8 Hz 0.475 60.8 Hz 0.190 60.8 Hz 0.066 60.8 Hz 0.047 60.8 Hz 0.024
60.6 Hz 0.475 60.6 Hz 0.190 60.6 Hz 0.066 60.6 Hz 0.047 60.6 Hz 0.024
60.4 Hz 0.475 60.4 Hz 0.190 60.4 Hz 0.066 60.4 Hz 0.047 60.4 Hz 0.024
60.2 Hz 0.475 60.2 Hz 0.190 60.2 Hz 0.066 60.2 Hz 0.047 60.2 Hz 0.024
60.0 Hz 0.475 60.0 Hz 0.190 60.0 Hz 0.066 60.0 Hz 0.047 60.0 Hz 0.024
59.8 Hz 0.475 59.8 Hz 0.190 59.8 Hz 0.066 59.8 Hz 0.047 59.8 Hz 0.024
59.6 Hz 0.475 59.6 Hz 0.190 59.6 Hz 0.066 59.6 Hz 0.047 59.6 Hz 0.024
59.4 Hz 0.475 59.4 Hz 0.190 59.4 Hz 0.066 59.4 Hz 0.047 59.4 Hz 0.024
59.2 Hz 0.475 59.2 Hz 0.190 59.2 Hz 0.066 59.2 Hz 0.047 59.2 Hz 0.024
59.0 Hz 0.475 59.0 Hz 0.190 59.0 Hz 0.066 59.0 Hz 0.047 59.0 Hz 0.024
59.2 Hz 0.475 59.2 Hz 0.190 59.2 Hz 0.066 59.2 Hz 0.047 59.2 Hz 0.024
59.4 Hz 0.475 59.4 Hz 0.190 59.4 Hz 0.066 59.4 Hz 0.047 59.4 Hz 0.024
59.6 Hz 0.475 59.6 Hz 0.190 59.6 Hz 0.066 59.6 Hz 0.047 59.6 Hz 0.024
59.8 Hz 0.475 59.8 Hz 0.190 59.8 Hz 0.066 59.8 Hz 0.047 59.8 Hz 0.024
60.0 Hz 0.475 60.0 Hz 0.190 60.0 Hz 0.066 60.0 Hz 0.047 60.0 Hz 0.024
60.2 Hz 0.475 60.2 Hz 0.190 60.2 Hz 0.066 60.2 Hz 0.047 60.2 Hz 0.024
60.4 Hz 0.475 60.4 Hz 0.190 60.4 Hz 0.066 60.4 Hz 0.047 60.4 Hz 0.024
60.6 Hz 0.475 60.6 Hz 0.190 60.6 Hz 0.066 60.6 Hz 0.047 60.6 Hz 0.024
60.8 Hz 0.475 60.8 Hz 0.190 60.8 Hz 0.066 60.8 Hz 0.047 60.8 Hz 0.024
61.0 Hz 0.475 61.0 Hz 0.190 61.0 Hz 0.066 61.0 Hz 0.047 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 3.10.1 Frequency Oscillation Test
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3.11 Test#11 — Voltage Ramp Test

The purpose of this test is to assess the EUT performance during a dynamic under-
voltage condition (voltage ramp down and up). Contactor drop out and pick up points will
be determined. This test will help us capture I, P, Q at different voltages. This data will be
later used for model development and validation. The EUT and the grid simulator shall be
at steady state before starting the test. The grid simulator voltage and frequency shall
remain constant at rated voltage (208 or 480 V) and 60 Hz respectively. Data should be
collected at a voltage and current sampling rate of 10 thousand samples per second for
10 seconds, longer or shorter when needed. Grid simulator switching states shall be done

as quickly as possible (0.2 ms grid simulator switching time is used in these tests).
This test should be performed in the following manner:
STEP 1: EUT should be running at steady state

STEP 2: Trigger the grid simulator to playback the voltage ramp shown in Figure 3.11.1
below. This test is to ramp-down and ramp-up the grid simulator output voltage
(test bus voltage), in 1, 2, 4, and 8 seconds from 100 percent to 90, 80, 70, 60,
and 50 percent voltage. If the EUT stalls during the test, hold the voltage level
at the stall level (e.g. 70, 60 or 50) for 1, 2, 4, and 8 seconds before the ramp
up begins. This will provide information on how long the thermal overload relay
takes to operate, and if the overload has not actuated, this will provide

information on reaccelerating a hot motor.

208V

VAC = r e
480V
Vye =90, 80,

......................................... frevssnnsnnnnnnsnnnns
H

70, 60, 50% V _ :
4 124,885 b

3 t

Figure 3.11.1Voltage Ramp Test
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3.12 Test#12 — Frequency Ramp Test

The purpose of this test is to assess the EUT performance during a dynamic under-
frequency condition (frequency ramp down and up). This test will help us capture I, P, Q
at different frequencies. This data will be later used for model development and validation.
The EUT and the grid simulator shall be at steady state before starting the test, voltage
and frequency shall remain constant at rated voltage (208 or 480 V) and 60 Hz
respectively. The voltage and current sinusoidal waveform should be collected at a rate of
10 thousand samples per second for 10 seconds, longer or shorter when needed. Grid
simulator switching states shall be done as quickly as possible (0.2 ms grid simulator

switching time is used in these tests).
This test should be performed in the following manner:
STEP 1: EUT should be running at steady state

STEP 2: Trigger the grid simulator to playback the frequency ramp shown in Figure
3.12.1 below. This test is to ramp-down and ramp-up the grid simulator output

frequency (test bus voltage), in 1, 2, 4, and 8 seconds from 60 Hz to 50 Hz.

Freq=60Hz — — -

Freq=50HZ - — - c e e e e e (e e e

l¢— 1,24, & 8 sec. —p

Figure 3.12.1Frequency Ramp Test
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4.0

POWER QUALITY TESTS

These tests will provide the EUT power quality details. In these tests the grid simulator and the

residential loads will be connected as shown in Figure 2.1.2 . Voltage and current data will be

collected at a sampling rate of 100,000 samples per second within the test period or faster

when needed. (The grid simulator switching will be 0.2 ms; the grid simulator switching time.)

4.1

4.2

Test#13 — Harmonics

The purpose of this test is to assess the EUT harmonics generation. This data will be later
used for model development and validation. The EUT and the grid simulator shall be at
steady state when performing this harmonics recording, voltage and frequency shall
remain constant at rated voltage (208 or 480 V) and 60 Hz respectively. The voltage and
current sinusoidal waveform should be collected at a rate of 100 thousand samples per

second for 10 seconds.

Test#14 — Conservation Voltage Reduction (CVR)

The objective of this test is to assess the A/C performance during conservation voltage
reduction. CVR is typically used by utilities to reduce power consumption by its
customers. This test will help us capture I, P, Q at different voltages. The EUT and the
grid simulator shall be at steady state before starting the test, voltage and frequency shall
remain constant at rated voltage (208 or 480 V) and 60 Hz respectively. Data should be
collected at a voltage and current sampling rate of 1 thousand samples per second for the
time needed. Grid simulator switching states shall be done as quickly as possible (0.2 ms

grid simulator switching time is used in these tests).
This test should be performed in the following manner:

STEP 1: EUT should be running at steady state
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STEP 2: Trigger the grid simulator to playback the voltage steps of 5 seconds as shown
in Figure 4.2.1 below. Perform an additional test of 5 minutes to assess the
performance of the A/C during longer type of events. This test is to step-down
(from 100% to 90%) and step-up (90% to 105%) the system voltage (test bus

voltage).

105%

104%
—103%

102%

101%
100% 100%
98%
7%
96%
94%
93%
92%
90%

Figure 4.2.1 CVR Test
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Commercial 3-Phase Rooftop A/C Test Procedures

APPENDIX

Logging Sample Laboratory Notebook Sheet
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