Automatic Analysis of Voltage Sag \Waveforms
for Origin, Probable Cause, and Impact
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What are Voltage Sags and Their Impacts?

* Voltage sags are a brief reduction in rms voltage typically Bxample Voltage Sag

caused by electrical faults and load energization. e

« |EEE Std 1409-2012 estimates that industrial and commercial
customers experience an average of 56 voltage sags each
year.

* In 2022, the Electric Power Research Institute (EPRI)
published a technical brief that estimates that the total annual
cost of PQ events to all U.S. business establishments in may
be roughly US$145 to US$230 billion.
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IEEE Std 1159-2019 Overview

Recently completed a revision to IEEE Std
1159 Recommended Practice for Monitoring
Electric Power Quality

Describes nominal conditions and deviations
from these nominal conditions that may
originate within the source of supply or load
equipment or that may originate from
interactions between the source and the load

Discusses power quality monitoring devices,
application techniques, and the interpretation
of monitoring results.

This standard includes definitions and
descriptions of commonly used disturbance
categories.

IEEE STANDARDS ASSOCIATION b

. ece [Ories

IEEE Recommended Practice for
Monitoring Electric Power Quality

IEEE Power and Energy Society On, Sag y

Developed by the
Transmission and Di:

IEEE Std 1159™-2019
(Revision of IEEE 5td 1159-2009) ! e y
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IEEE Std 1564-2014

- |EEE 1564 identifies voltage sag indices and characteristics
of electric power and supply systems as well as their
calculation methods. IEEE Guide for Voltage Sag Indices

+ |EEE 1564 specifies methods to quantify the severity of
individual voltage sag events, to quantify the performance at a
specific location via single-site indices, and to quantify power
system performance via system indices.

IEEE Power and Energy Society

The methods are used in transmission, distribution, and
utilization eleCtriC pOWer Systems. ?E:lfrﬁir:s‘i{;v;:;D'\stribuliunCﬂmminep

« Single-site indices defined in IEEE 1564 include System
Average RMS Variation Frequency Index (SARFI), voltage
sag magnitude vs duration tables, voltage sag energy, and
voltage sag severity.
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IEEE Std 1668-2017

° Recommended Pf'aCtice fOf' VO/tage Sag and Shor‘[ /nterl’upﬁon Table 8—Recommended Type |, Type Il, and Type Il voltage-sag classifications [B1]
Voltage- .

Ride-Through Testing for End-Use Electrical Equipment Rated sag type
Less than 1000 V.

«  Developed by the Power Systems Engineering Committee
of the IEEE Industry Applications Society (IAS)

*  Specifies voltage sag ride-through performance
recommendations-and compllance testmg p;ocedures fors IQW
: voltage electrlcal equipment: :

. Deflnes testlng procedures .and test equment;reqwrements
' . for single-phase, two- phase, and three- phase-balanced and
imbalanced voltage sags.

«  Being considered by the IEEE P1564 task force while revising
IEEE Std 1564-2014.
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IEEE 1564 SARFI: System Average RMS Variation Frequency Index

SARFI-X

— SARFI-90: Count or rate of voltage sags and interruptions with
retained voltage
below 90% of voltage reference

— SARFI-110: Count or rate of voltage swells with retained voltage
above 110% of voltage reference

SARFI-Curve

— SARFI-ITIC: Count or rate of voltage sags and interruptions with
retained voltage and duration below the lower portion of the ITlI
(CBEMA) Curve

— SARFI-SEMI: Count or rate of voltage sags and interruptions
with retained voltage and duration below the lower portion of the
SEMI F47 Curve

Temporal Aggregation, Monitor Availability

Time Stamp Retained Duration

2000-07-01 09:48:52

2000-07-01 09:50:16

2000-07-07 14:20:12

2000-07-10 15:55:23

2000-07-21 09:48:52

2000-08-08 07:35:02

2000-09-02 08:30:28

2000-09-08 10:30:40

SARFI-90

SARFI-70
SARFI-50
SARFI-10
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Improved PQ Applications
Understand Voltage Variations with SARFI Index
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Analysis of Voltage Sags using Voltage Only

o VoItage Magnitude RMS Variation Magnitude Duration Scatter Plot
Event Count: 170
° Event Duration Event Count SEMI F47 Curve: 52
+ |EEE Std 1159 Disturbance
Category Where did these

sags originate?
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- |EEE Std 1668 Sag Type
*  Type |: Single-Phase Sag
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« Type ll: Line-Line Sag
« Type lll: Three-Phase Sag
ITIC Charts/SEMI F47 Charts
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Duration (s)

Schneider Electric
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Disturbance Direction
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Voltage Sag Example #1

Voltage Waveform Samples

RMS Voltage Samples
S N — No Load Impact

oA =V oo

RMS Voltage and Current Samples

Real Power Delivered to Load
AP Total =-15.35 kW (0%)

Vmax  0.9862 pu
Vmin 0.7631 pu
Duration 5.500 cyc

Vmax  0.9862 pu
Vmin 0.7631 pu
Duration 5.500 cyc
Imax 183.1

I 11 imin 137.4

I

RMS Voltage (pu)

0
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Voltage Sag Example #2

Voltage Waveform Samples

RMS Voltage Samples

Big Load Impact

BN
T
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‘\H‘\H : RMS Voltage and Current Samples
\ “ [

\

Real Power Delivered to the Load
AP Total =-200.2 kW (-99%)

o

Vmax  0.9875 pu
Vmin 0.7334 pu
Duration 5.500 cyc

Vmax  0.9875 pu
Vmin 0.7334 pu
Duration 5.500 cyc
Imax 299.8
Imin 11.31

RMS Voltage (pu)
o
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Automatic Voltage Sag Analysis

Voltage Only

Voltage Magnitude

Event Duration

IEEE Std 1159 Disturbance Category
IEEE Std 1668 Sag Type

Voltage with Current

* Disturbance Direction
* Load Impact



Downstream Single-Phase Fault

Type | Instantaneous Voltage Sag - Downstream Single-Phase Fault

la b

Max Voltage 1.027 pu
Min Voltage 0.3522 pu
Max Current 0.2808 kA
Min Current 0.02693 kA
Load Change -10.43 kW
Load Change -2.67%
RMS Duration 2813 cyc
Positive-Sequence Rotation True
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Downstream Transformer Energizing Inrush

Max Voltage
Min Voltage
Max Current
Min Current
Load Change
Load Change
RMS Duration

1.018 pu
0.9100 pu
1.353 kKA
0.5312 kA
41.66 KW
0.18%
Ocyc

Positive-Sequence Rotation True

Schneider Electric®
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Downstream Three-Phase Load Start

Type lll Instantaneous Voltage Sag - Downstream Load Start

Max Voltage 1.017 pu
Min Voltage 0.8904 pu
Max Current 5239A
Min Current 128.1 A
Load Change 98.66 kW
Load Change 106.14%
RMS Duration 9.563 cyc
Positive-Sequence Rotation False

Schneider Electric®
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Upstream Voltage Sag

Causes Downtime to Downstream Load

Type lll Instantaneous Voltage Sag - Upstream Voltage Sag

Ib

1.0 7oy
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Max Voltage 1.009 pu VA
Min VVoltage 0.4698 pu [11]
Max Current 3.083 kA
Min Current 0.6630 kA
Load Change -914.8 kW
Load Change -62.73%
RMS Duration 10.44 cyc

Positive-Sequence Rotation True
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What about transients?

Oscillatory Transient

* A sudden, nonpower frequency
change in the steady-state condition
of voltage, current, or both, that
includes both posmve and negatlve

polarlty values. : --,; ;

* AN oselllatory tranS|ent COhSlStS of a
voltage or current whose <
“instantaneous value changes
polarity rapidly multiple times and
normally decaying within a
fundamental-frequency cycle.
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Example Application with Advanced \Waveform Analysis

E t Tabl

SagiSwell Ev Alarms 4 Devices -1 % cluster_pso AP.MV.Intake_A_PM
cluster_pso/ vents cluster_

. cluster_| v_A_PM = %  cluster_pso APHV.UE FM
Sag/Swell (O i cluster_j B_PM,
cluster_pso/

cluster_pso APMV.Intake_A_PM

GG

Waveform Analysis Information

cluster_pso AP.MVIntake_A_PM

1-8of 8 Alarms Downstream Three-Phase Fault
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Summary of Waveform Analysis Information

* Probable Cause: Downstream Single-Phase Fault,
Downstream Two-Phase Fault, Downstream Three-Phase
Fault, Downstream Inrush Event, Upstream Voltage Sag,
Downstream Capacitor Charging Event, Upstream Charging
Event

t-.- w -

. Real Power: First’ éycfe and Last chle AT, gk ’ f.' :

ol -'Lo‘ad Change leference between KW of Last Cycle from
"+ kW from First Cycle (negatlve for evemts with a load impact)

- Load Loss or Load Gain in Percent

* Min/Max Voltage in per unit

*  Min/Max Current in amps

* RMS Duration: Duration of Voltage Sag, Swell, or
Interruption in Cycles



Recommendation: Enhance IEEE Std 1564

The IEEE PES Transmission & Distribution Committee just
received approval from IEEE Standards Association to revise
IEEE Std 1564. The revision work kicked off in July 2021.

IEEE STANDARDS ASSOCIATION

IEEE Guide for Voltage Sag Indices

* Indices based on:

Today Tomorrow
Voltage ‘ Voltage
Magnitude & Duration Magnitude & Duration
+
Sag Type

+ IEEE Std 1564™-2014
5097

Disturbance Direction

+

Load Impact




Recommendation: Use Natural Language PQ Event Descriptions
in Software using Voltage and Current Waveform Analysis

Upstream Voltage Sag

Downstream Inrush Event |

Downstream Load Start “ﬂ /




Waveform Event Characterization Roadmap

Electrical Faults Line Energizing
. Permanent Faults . Aerial/overhead line energizing
. High-Impedance Faults . Cable line energizing
. Fuse Operations Upstream Events
Incipient Equipment Failure ' + Upstream Voltage Sags
. Subcycle Cable Faults, Loadkp-cnengers, Fuses Hlnged Relays, . Backfed Faults; ‘.'.: 2 e b g . :
Ry e e gy ot U T Oferation | gt o
Capa.lmtor Ba"k Energ|z|ng R e T el tgea g’ - 6-Pulse, 12-Pulse, .18-Pulse, Notchlng :
;‘.“;, w: Identification of Normal Energlzmg, Backrlto Back Energlzmg a8 DER Inteaction L

“+«  Abnormal Energlzmg Magnfﬁcatlon Restnke Bjovm FL‘SGQ . Load Rejection Overvoltage

. Characteristics for Analytlcs PowerFactor Imbalance, Harmonic
Resonance

Load Startup
. Generic Load-Startup

Other Characterization
* |EEE 1159.3 Disturbance Categorization
» |EEE 1668 Sag Type and Impacted Loads

» Characteristics Needed for Voltage Sag Mitigation (DVR)
. Transformer Energizing Inrush

. Motor Starting
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Questions ?
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