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Data Capture and Storage 
Capabilities of SEL Products



▪ Types of disturbance monitoring

▪ Recording capabilities of SEL 

relays

▪ Time synchronization

▪ Capturing and storing disturbances 

using SEL automation products.

Agenda



▪ Fault recording

– Analog and binary signals, high-resolution, short duration

▪ Dynamic Disturbance Monitoring 

– Synchrophasors, up to 60 messages/second, continual capture

– High-resolution streaming, continual capture

▪ Sequence of Events

– Binary signals, captured during state changes only

Types of Disturbance Monitoring



High-resolution streaming



Signal path in relays

1. Digitization of voltage and 

current connections.

2. High resolution Event Report

3. Synchrophasor data

4. Filtered Event Report

5. Sequential Events Recorder 
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▪ Event report formats

▪ Contents

▪ Length 

▪ Event report storage 

▪ Filtering and sample rate

▪ Triggering conditions

Event reports



Event report formats in SEL relays

Human readable. 

Only provides 

subset of relay word 

bits.

Data available as 

filtered or unfiltered 

(raw).

Intended to be used 

with event analysis 

software.

Data available as 

filtered or unfiltered 

(raw).

IEEE C37.111 

standardized 

format. 

Unfiltered (raw) 

data only in most 

SEL relays.

COMTRADECEVEVE



Event report contents

Relay Settings

Event Summary

Analog Signals

Digital Signals



Event report contents – 3XX, 6XX, 7XX relays

▪ Analog Signals

– All analog currents and voltages 

are included in both filtered and 

unfiltered reports. 

▪ Digital Signals

– All relay word bits available in the 

relay are included in both filtered 

and unfiltered reports.



Event report contents – 4XX relays

▪ Analog signals

– Filtered events report line 

currents and voltages + analogs 

specified by ERAQ setting.

– Unfiltered events include 

individual current and voltage 

analog quantities only.

▪ Digital signals

– Filtered events include base set 

(relay specific) + bits specified by 

ERDG setting.

– Unfiltered events include base 

set + bits specified by ERDG 

setting or all bits if ERDIG = A.

Note: This information does not apply to T4XXL relays.



▪ Configurable in modern relays up to a maximum length.

▪ Maximum length varies by relay model and sometimes hardware 

version. 

Event report length



Sample rate and relay filtering



▪ Download unfiltered event data when analyzing the power system.

– Choose the COMTRADE when available.

– Otherwise, select raw CEV at highest available sample rate.

▪ Download filtered data when analyzing relay performance.

– Select the resolution that corresponds to relay’s protection processing 

interval.

How to choose the right event report 



Sample rate by relay type

3XX 4XX 6XX 7XX

Processing interval 4 spc 8 spca 4 spc 4 spc

Maximum unfiltered sample rate 128 spc 8 kHz 128 spc 16b/32 spc

spc = samples per cycle

Notes:

Data for current generation of SEL devices.

a - Generally true but with a few exceptions.

b - 710-0, 751A, 787-0



Event report storage in relays

▪ Dependent on length of event 

report (LER)

▪ Varies by relay type

▪ Not upgradable

▪ Oldest overwritten first

SEL-311C-2/3

SEL-421-4/5



Event report triggering

Relay Trip
TRI or PUL* 

command

Event Report (ER) 

trigger equation is 

true.

Event Report

*Not supported in all relays.



▪ Identify the criteria you wish to trigger for.

▪ Setup a relay element to operate at desired threshold.

▪ Add the output of the relay element to the ER equation.

▪ If a relay element is not available, determine feasibility of custom 

logic to address requirement.

Setting up an ER trigger



Relay Element 3XX 4XX 6XX 7XX

Undervoltage (27) Yes Yes Yes Yes

Overvoltage (59) Yes Yes Yes Yes

Overcurrent (50) Yes Yes Yes Yes

Over/Under Frequency (81) Yes Yes Yes Yes

Rate of change of frequency (ROCOF) No SELogic Yesa Yesab

Protective elements for ER triggering

Notes:

a – Settings range: 0.10 – 15.00 Hz/s

b –  Available in SEL-700G, SEL-751/A 



Sequential Events Recorder (SER)

▪ Tracks state changes of binary 

data (relay word bits).

▪ Which binary data are tracked 

determined by settings.

▪ Capacity is dependent on relay 

type. 

▪ First in first out (FIFO) non-

volatile memory buffer.



▪ +/- 2 microseconds

▪ With or without Local time offset

Time Synchronization 



Time protocol comparison

Time distribution                 

methods
IRIG-B NTP PTP

Communication 

 model

Master-slave

Client-server
Ethernet Ethernet

Synchronization                

accuracy
~100 ns to 1µs ~1 to 100 ms ~100 ns to 1µs

Compensation 

 for latency

Yes, using cable 

length as user input
Yes Yes

Update interval
Once per second,

100 pulses per second

User configurable, 

typically, minutes

User configurable, typically 

once per second 

Ease of 

 Implementation
Extra cable Network-wide design Network-wide design

Scalability
Hundreds of 

end devices

Thousands of 

end devices
Thousands of end devices

Aligned with

 IEC 61850
No No Yes



SEL-2731 Ethernet Switch

▪ PTP Transparent 

▪ Configurable ports

▪ Redundant power supplies



▪ IED oscillography and SOE 

collection 

▪ Distributed CT/PTs 

with multiple sensing 

options available

▪ Synchrophasor data 

generation, concentration, and 

recording – supports up to 

100 phasor measurement units

SUBSTATION-WIDE VISIBILITY

Comprehensive disturbance monitoring



Axion as a Disturbance Monitor



Fault Recording Requirements

▪ 16 samples per Cycle (<1khz)

▪ Pre-trigger of 2 cycles (.033 sec)

▪ Length of 60 cycles (1 sec)



Voltage Triggers

▪Undervoltage .85 PU

▪Over-Voltage 1.15 

▪ > 2 Cycles (33ms)



Overcurrent Triggers

▪ 1.05 overcurrent PU – Neutral

▪ 1.05 overcurrent PU – Phase



Frequency Triggers

▪ Frequency above 60.5 Hz

▪ Frequency below 59.5 Hz

▪ ROCOF 

– -0.08125 Hz/s

– 0.125 Hz/s



Continuous Recording

▪Configurable rolling local storage

▪Selectable recording

▪ 3 kHz recording = 700MB per 
stream per day



▪ Custom COMTRADE record retrieval

– RTAC webpage report 

– RTAC web API

▪ Inputs

– Start time

– End time or duration

– Channels to add to the record

Continuous recorder file retrieval



Continuous 
recording 
event 
download







Synchrophasors provide snapshot 
of power system

t1, VR1

t1, VR2

t1, VR3

t1, VR4

StreamStreamStreamStreamStream

Status?

IED

RTAC



▪ RTAC

– C37.118-2011

▪ Relays

– C37.118-2005

BACKWARDS COMPATIBILITY

C37.118 Streaming Requirements



PMU SERVER 

▪Selectable data rate

▪Supports up to 100 streams



Local Storage for PMU Data

▪ RTAC Selectable SSD drive

– 32GB – 2TB

▪ 16 GB per month per device



Continuous 

recorder

Axion provides 3 kHz data 
for every application

IEEE C37.118 

streaming

RTAC 

logic engine

IEC 61131-3 

Structured Text

EtherCAT®

RTAC 

database

Synchrowave® Operations

3 kHz 

samples



Thank you
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