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ABSTRACT

The aim of this paper is to introduce two important issues when selecting new Intelligent
Electronic Devices (IEDs) as a part of the substation automation system implementation, namely the
evaluation means and new applications. For the evaluation purposes, several digital simulator
applications are discussed together with the benefits obtained by utilizing the simulators. The
evaluation of the IEDs prior to the purchase as well as in the field is described. Regarding
implementation of new functions, the importance of the concept of data integration and information
exchange is elaborated. It is pointed out that most of the new applications require unconventional
use of data and information to yield specific benefits, which will justify the use of substation
automation systems. The scope of the paper is restricted to discussion of various methodologies and
generic tools and it is not aimed at discussing specific commercial products or services. In conclusion,
the paper points out that the use of advanced IEDs and substation automation systems requires
significantly different approach in evaluating and implementing the new solutions.

1. INTRODUCTION

Intelligent Electronic Devices (IEDs) is a generic name that covers various protection, control,
metering and monitoring devices that are implemented using microprocessor-based technology. The
devices may resemble the traditional solutions at the functional level such as individual meter or
protective relay, but quite often the functionalities of IEDs are significantly enhanced so that they
cannot be easily compared to a counterpart implemented using earlier technologies. As a consequence,
evaluation of the performance of such solutions is not straightforward due to the complexity and
performance improvements offered. As a result, new methodologies and tools are needed to perform
the evaluation.

Besides the need to better understand functionalities of new IEDs and their performance
characteristics, the designers of the future substation automation systems need to understand what
are the new benefits that may be obtained by introducing non-traditional functionalities that are made
possible through data integration and related processing at the substation level. The new functions
may require different approach to database and user interface solutions and are expected to provide
more automated means of handling the data and making related control decisions.

This paper addresses both issues: evaluation of IEDs and new functions. After a background
section, which talks about the latest IED and substation automation standards and related business
advantages, the paper concentrates on a discussion of digital simulators that may be used for evaluation
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IED Type Performance Characteristics Means of Evaluation 
Digital Relays Trip time; fault classification, selectivity; 

oscillography; fault location, operating 
character. 

Simulating variety of faults to create 
transients; replaying phasors; 
generating status signals 

Digital Fault 
Recorders 

Frequency bandwidth, triggering mechanism, 
length of the recording memory; sampling 
rate, length of the pre-fault 

Creating desirable waveforms through 
mathematical expressions; replaying 
both phasors and transients; generating 
status (contact)signals 

Power Quality 
Meters 

Classification and characterization capabilities 
in distinguishing PQ events; length of the 
recording memory; accuracy of measurement 

Implementing reference PQ algorithms 
for performance comparison; replaying 
both precise reference waveforms and 
PQ disturbances 

Circuit 
Breaker 
Monitor 

Ability to analyze different breaker signals 
and make conclusions about breaker status 

Generating trip and close signals as 
well as simulating other control circuit 
signals 
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IED Properties Impacts on new functions Expected benefits 
Digital Relay: recording of 
circuit breaker (CB)currents 

Can be used for monitoring 
circuit breaker duty cycle 

Development of Better CB 
Maintenance strategies 

Digital Fault Recorder: 
analyzing operation of relays, 
relay communication channels, 
and circuit breaker operations 

Enables definition of new 
function for automated analysis 
of fault clearing sequences 

Development of better 
protection schemes and 
applications; time savings in 
analyzing faults, relay and CB 
operations 

Power Quality Meter: analyzing 
PQ disturbances 

Enables definition of new 
function for automated 
detection, classification and 
characterization of PQ 
disturbances 

Better understanding of PQ 
disturbances and their impacts 
on customers; time savings in 
analyzing disturbances 

Circuit Breaker Monitor: 
analyzing of breaker operation 
and possible malfunctions 

Provides ability to verify the 
system topology after each 
breaker operation 

Knowing the topology enables 
more accurate state estimation 
and load flow calculations 
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Laptop 

Simulator 

GPS 

Relay 

CB 

Test set 
 

Substation Portable simulator equipment 
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Implementation Option Advantages Disadvantages 
Use simulator software with 
conventional tests set by using 
the test set interfacing language 
and hardware 

No need to purchase power 
amplifiers and interfaces 
between PC and tests set 

Performance of simulator 
software may be limited by 
performance of the tests set. 

Use of simulator software with 
conventional test sets by 
interfacing the PC D/A output 
board to the tests set amplifier 
analog input 

Full performance of the 
simulator software and speed 
of the waveform replay can be 
enhanced 

Additional cost for PC D/A 
output card has to be added to 
the cost of the software, which 
is a low cost item 

Use of simulator software and 
specialized D/A output board 
together with custom power 
amplifiers 

Full performance combined 
with full flexibility to package 
and configure the tests set 
hardware 

The additional cost includes 
PC D/A output card as well as 
the non-trivial cost of power 
amplifiers 
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CB 

CT,VT 

CB 

CT,VT 

Mux Relay 

Simulator 
With GPS 

DFR DFR 

Relay Mux 

Simulator 
With GPS 

Substation A 

Transmission line 

Substation B 

Communication 

Bus A Bus B 
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