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from DFRs, DPRs, and CBMs

Digital Fault
Recorder

“A” and “B” contacts
Phase currents

Relay trip signal
Recloser timing signal
Breaker failure initiate

Comm. scheme signals

Digital Protective
Relay

“A” and “B” contacts
Phase currents

Relay trip signal
Recloser timing signal
Breaker failure initiate

Comm. scheme signals

Circ. Breaker
Monitor

“A” and “B” contacts
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Trip and close initiate
Trip and close currents
“X”and “Y?” coils

DC supply



Asset
Managers

Availability of CB
Cost of CB repair
Risk of using CB

Future purchases

Impact on system
reliability

Different Required by
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Maintenance Dispatchers

Repair scheduling Real-time status

Diagnostic tools Breaker failure
Failure rate Switch. sequence
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Maint. strategy Fault clearing
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Data

Interpreting CB cause
effect sequences

Making relationship
between status
changes and changes
In analogs

Better Data
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Multiple IEDs measure
CB status and analogs

Confirming CB status
based on multiple
Indications of the status
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Cumulative Data

Counting number of CB
operations

Taking into account
number or repairs and
calculating failure rates
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Multiple Data Temporal Historical
sources Analysis Assessment
CB monitors: control Sequence of control signal  Number of operations
circuit signals, vibration, initiations and changes in and assessment of the
gas pressure circuit breaker status opening/ closing times

Digital fault recorders: ~ Sequence and correlation

Consistency of “A” and
A o of changes of the status e .
A” and “B” contacts, B contacts and their
contacts and CB currents

phase current changes reliability

Timing of CB operations Assessment of the duty

Protective relays: duty ;) o rrent interruptions  cycle over long time

cycle currents, 1> o t
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particular category of users. Reports are disseminated via fax, e-mail, etc.
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New Automated
Analysis Functions PSERC

Function Name Description

Evaluates performance of the
circuit breaker based on the
analysis of data taken from the
control circuitry

Checks consistency of data from
various relay files. Verifies
correctness of data from various
relay files

Conducts automated analysis of
fault records captured by Digital
Fault Recorders (DFRs) and
disseminates event reports



New Automated Analysis
Functions PSERC

Function Name

Verification of
switching sequences
[VSSS]

Fault analysis
Including fault
location [FAFL]

Power quality meter
data analysis [PQMA]

Two-Stage State
Estimation [TSEE]

Description

Determines optimal switching
sequences for each type of fault
condition or load transfer operation.
Verifies the switching sequences

Performs local as well as system
wide analysis of the faults

Performs power quality analysis
and modeling

Detects and identifiies the topology
errors
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Automated analysis of CBM Data
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TC

Phase

Current A

Abnormal Input Signal

Output Event Report

The record indicates an opening
operation!

R1: Breaker opens!

R30: Trip coil current dip delayed!
R75: Travel time reduced!

R77: Trip latch maladjustment!

---Maintenance & Repair Information---

Check trip assembly for binding. It may
require some adjustment.



Automated Analysis of DFR Data
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Automated Analysis of DFR Data
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Primary and backup relay trip
Breaker open position
Breaker close position

Breaker failure (BF) contact

Carrier Start and Carmier Received contacts

At least two phase currents (Ia, Ib.Ic)

Residual current (Ir)
All three phase (bus side) voltages (Va, Vb, Vc¢)
Residual (neutral) voltage (V1)




Automated Analysis of DFR Data

¢, Report¥iewer v2.1 - [LOCAL Medium Priority - STP [CLEARANCE_LOCAL] on 0572771996 11:11:18.840] [ 7] ]
File Edit “iew ‘Waveform: Window Help
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Medium Priority
Recorded 05/27/1996 11:11:18.840 Event 2ize 29 cycles
{DFR Location  |STP Fault Clearing  |18.00 cycle
(Line 1D Dow - Velasco Ckt 18 Fault Instant 11.00 cycle
| Classification CLEARANCE LOCAL Feport ID 20010112_104539.RPT
|Fault Duration  |7.00 cycles DFE Type Rochester1620
|Event File{s)  |20010112_104539 dat Lacation
i 20010112_104539.cfg

i Event Description

| The middle breaker is closed all the timel The hus breaker closed in 19 cyclelLine breaken(s) open after
Hthe disturbancel The evert is a ground fault! The event is a phase © to ground fault! The fault iz cleared by
the protection at this substation!Backup relay tripped in 17 cyclel The bus breaker failed - it did not

| operate although the relay did! The middle breaker failed - it did not operate although the relay didlprimalj
|relay did not trip because the blocking signal was recefved!Primary relay did not trip, bt hac:k:up relay
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Automated Analysis o1 DPR Data
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Auteomated Analysis ofi DPR Data psexc

Fault Report
of Other Fault

Analysis
» Applications

Disturbance
Information
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Manual Input
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INTERRUPTION TIME
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I 0
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" INTERRUPTED |:|
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Cancel




Automated Analysis of DPR Data

= | Digital Protective Relay Data Analysis - PRDA
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Automated Analysis ofi DPR' Data
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AMALYSIS REPORT
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SUMMARY OF PROTECTION OPERATION:

Expected Operation

PH OIS 22 should operate at 01740 zec
Relay should trip at 01140 zec

CBOZ should open at 0.1300 sec

CBO1 should open at 0.1300 sec

CBOT should interrupt curents at 01340 zec
CBOZ should interrupt curents at 01340 zec
CBOT should recloze at 02300 zec

CBO2 ghould recloze at 0.2300 zec

CBOT ghould resume curents at 0.2320 zec
CBO2 zhould resume curents at 0.2320 zec

Actual Dperation

PH I0C operated at 0.1589 sec

Relay triped at 0.1589 zec

CBO1 opened at 01943 zec

CBOZ opened at 01745 zec

CROZ intermupted currents at 01812 sec
CROT intermupted currents at 01979 sec
CBO1 reclosed at 0.2944 zec

CBOZ reclosed at 0.2746 zec

CBOZ resumed cuments at 0.2755 zec
CBOT resumed curents at 02953 sec

PH I0C operated at 0.1583 sec

Relay tiped at 0.1589 sec

CBO1 opened at 01943 sec

CBOZ opened at 01745 zec

CBOZ interrupted cumentz at 01812 zec
CBOT interrupted curnents at 01979 zec
CBO1 reclozed at 02944 zec

CBO2 reclosed at 0.2746 sec

CB02 rezumed curents at 02755 sec
CEO1 resumed currents at 0.2953 zec

DIAGHOSIS INFORMATION:

Relay was tripped by incarrect element

<- Relay should be tripped by PH DIS £2 but it was tipped by PH [0C ™
*¢-PH DIS 22 falled to operate

¢- All the phazes of PH DIS £2 expected to operate faled to operate
¢ PH DIS £2 BC failed to operate

<-PH DIS 22 BC failed ta pick up

<-PH DIS 22 pickup characternistic seting was not comect

wHEE

CBO1 opened slower than expected by 0.0134 sec and out of tolerance
<-CB01 had mechanical problem

CEON interrupted currents slower than expected by 0.0190 sec and out of tolerance

<-LBOT had mechanical problem
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Interfacing Substation and SCADA
Topology Data Models

EMS apps

PSERC

SCADA apps

Real-time DB CIM (IEC 61970)
Breaker3.Terminal .Measurement.MeasurementType.name
P1 Pi Pn| Breaker3.Terminal_Measurement.MeasurementValue.value

IEC 61850
XCBR3.Pos.stVal

SAS apps

Gateway SCADA apps
Real-time DB

Bay Bay
Controller Controller

Switchgear Switchgear




Function Blocks

System Monitoring Local Monitoring
and Control and Control

Security Analysis '

e Routine Security
Analysis

Real-time Fault Analysis

¢ Neural Network Based
Fault Detection and
Classification (NNFDC)

e Event-based Security
Analysis

e Synchronized Sampling
Based Fault Location
(SSFL)

Security Control
e Steady State Control _ Relay Operation Monitoring

e Transient Stability
I Control I I Event Tree Analysis (ETA) I
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_ocal Monitoring and Control Techniqu%ERC

Neural Network based Fault Detection &
Classification (NNFDC)

Fuzzy ART
Neural Network
Algorithm

Data From Power
System Simulation

Data From
Substatlon Historical
Database

1. By using the ART neural network
based on unsupervised & supervised
learning, a set of clusters that

: Selection of K
Data F Real . Fault Detection,
represent the desired outputs are Data From Real ll nearest neightr Il I aul Detecton

obtained.

Prototypes of
trained clusters

2. Using the prototypes of trained clusters, Fuzzy K-nearest neighborhood
classifier can realize online analysis of unknown patterns for fault detection and

classification
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GPS Receiver GPS Receiver




_ocal Monitoring and Control TechniquggERC

Event explanation

Event Tree Analysis (ETA)

. Node Scenarios Reference Action
Design a set of event trees for each of : = —
o fault in preset zones Keep monitoring
distance relay systems to monitoring relay - Relay does not detect a faule  Stand by
Oper ations Check the defects in relay algorithm
and settings
4 Trip signal blocked by the

other device in the system

Check communication channel
Send blocking Signal if necessary

6 Circuit breaker opened by a
(2) <& trip signal
A O ¢ C ) 8 Autoreclosir.lg succeeds to
(6) restore the line
9
5 Send reclosing signal to the breaker
(10
7

1 <& S 10 Breaker failure protection trips
all the breakers at the
substation

Check the circuit of the breaker
failure protection.
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