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Traditional Use of Power Quality Monitoring
Systems (PQMS)

eRecord/Download PQ Events and Data Logs from PQ
Monitors Compliant with IEC 61000-4-30

— Voltage Sags/Swells, Transients, Rapid Voltage Changes
— THD, Harmonics, Imbalance, Frequency, Flicker Pst/Plt
e Analyze Single Events and Data Logs
eBuild Summary Reports for Customers
eTrack Voltage Sag Performance (IEEE 1564)
eReport on Compliance with Regulations (EN 50160)
eProvide Analysis of PQ Events and Data Logs




Expanded Use of Power Quality Monitoring
Systems (PQMS)

e Integrated Monitoring of Power Quality Monitors,
Microprocessor Relays, Digital Fault Recorders, Recloser
Controllers, Capacitor Controllers, and More

e Integration with SCADA or OMS

e Fault Analysis

e |Incipient Fault Detection

e Automated Fault Location for Permanent and Momentary Faults
e Automated Capacitor Analysis

e Notification and Reporting using Statistical Process Control
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Single Line to Ground Fault (& conEdison

Area Substation Primary Feeders Secondary Network
Transformer .

o
L{S ~F i
* PQ Monitors at Low Side of Many Area ' I
Substation Transformers : NT;
* Digital Relay Data Available at 20% of ‘

Primary Feeders )
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Example SLG Fault Recorded
by PQ Monitor at Area Substation

Operation

:59:01.6880
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Reactance-to-Fault Calculations (& conEdison
for PQ Measurement at Substation

SHERMN4N - 9/9/2012 18:59:01.6880
Voltage, Current, and Reactance Values
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Predicted Location of Fault @ conEdison

(flRTFDetail - Windows Internet Explorer M= B |

ATF Acourac
I—y% ‘ Defaultsl aet as Default | Hecalculate |

PQ View XTF |Banks |Fesder Factor
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(& conEdison

Visualized Location of Fault

{2 visual Fault Locator - Windows Internet Explorer _ O] x| |

r

Visual Fault Locator
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Distribution Fault Location Results (& conEdison
at Con Edison

e On average, use of the reactance-to-fault method
for fault location saves one hour e S
per feeder restoration job

e Mitigates use of capacitive
discharge thumpers and DC hi-pot

2009 64% 24% 5% 2% 6%
2010 67% 14% 5% 3% 11%
2011 64% 20% 8% 3% 5%

Summer 2012 76% 14% 4% 4% 1%
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Incipient Subcycle Fault Location
Using Time-Domain Estimation

Subcycle Incipient Fault
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Second Fault Detection

Plymouth ST TR2 - 7/30/2015 23:59:08.9440

Initial Single-Phase Fault
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USing SCADA and Power Quality @ conEdison
Measurements Together

Substation A
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Data Integration at Hydro Ottawa

Connections

Broadband Ethernet

» |ION Server

I

ION Enterprise
Database Server

SCADA
Servers
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PQView
Database
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Analyzing Capacitor Performance

e Capacitor Switching anomaly when new capacitor bank was put
in service Operated 70 times in 10 seconds

.ETLECTROTEK
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Automated Capacitor Analysis

Cap Name CAP_1ACIS
Operation OUT-INSERVIC

Channel  Time Status

Va 0.7417 ms Synchronous
Vb 0.5516 ms Synchronous
Ve 0.7417 ms Synchronous
Electrotek/EPRI

Voltage (%)

Current (kA)
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Cap Name

Operation

Directivity Downline
Directivity Confidence Very High
Magpnification No

Peak Voltage 1249 %
AQA -0.7552 Mvar
AQB -0.7812 Mvar
AQC -0.7689 Mvar
AQTotal -2.305 Mvar
APFA 7.21%
APFB 5.42%
APFC 6.29%
AVTHDA 0.27%
AVTHDB 0.26%
AVTHDC 0.30%

Resonant Frequency 565.5 Hz

Electrotek/EPRI
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Waveforms from Defective i Hydro
Tapchanger
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Voltage Sags and Damage M Hydro
from Transformer 1

RMS Variation Magnitude Time Scatter Plot

Transformer 1
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No Voltage Sags at Transformer 2 /dHydro

e There were no sags or
transient events recorded
during this period. 100

e \/oltage Trend data showed a 95 -
frequent number of minor rms

90 | | | |
voltage changes that were not 2 Mon 3 Tue 4 Wed 5 Thu
. . . Jan 2012 Ti
associated with current inrush ™ me
or faults.

e Transformer was taken out of  300-
service and inspected and 200 L AR

damage was found. Mia

0 | | | |
1 Sun 2 Mon 3 Tue 4 Wed 5 Thu 6 Fri
Jan 2012 Time
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N\

Hydro

Transformer 2 Tapchanger Damage
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Voltage PIt Flicker Trends
at Transformer 3
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Transformer 1 Transformer 2

Pst and PIt flicker data identified

the start of the serious damage to
the tapchanger within hours on all

three transformers. WWI%
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Future Trend: Comprehensive Power Quality
Monitoring Systems

e |Integrated Monitoring of e Automated Summaries &
Many Types of IEDs Compliance Reporting
— |EEE 1159.3 PQDIF — EN 50160, IEC 62749
— IEEE C37.111-2013/ e Fault Analysis & Fault
IEC 60255-24:2013 COMTRADE Location
- IEC61850 — |EEE C37.114-2014
*Single-Event Analysis e Real-Time and Historical Data
— |EEE 1159, IEEE 1564 Analytics
e Site-Site and System Indices — |EEE Working Group on Power
— IEEE 1564, 1453, 519 Quality Data Analytics

e Device Asset Management

24



