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Abstract— This paper summarizes two digital sim-

nlator developments undertaken by Texas ALM Uni-

versity. One development was sponsored by the
Electric Power Research Institute (EPRI) and was
aimed at implementation of an open-loop, digital
simulator for relay testing. The other development
was sponsored by the U. §, Department of Energy -
Western Area Power Administration (DOE-WAPA)
and was aimed at implementation of a real-time dig-
ital simulator for relay testing. Both projects have
resulted in prototype simulator configurations that
were used to demonstrate some new concepts and
applications.
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INTRODUCTION

Digital simulators for relay testing have been
used since the early 80' [1]. Until today, several
apen-loop designs have been introduced with var-
jous performance characteristics [2-3]. Heal-time
designs have also been implemented in the early 90's
[4.5].

Development of the digital technology for sim-
ulators in the U.S.A. has been initiated in the mid-
80's with one of the first designs being implemented
by the Bonneville Power Administration (BPA) [2].
In the late 80's and early 90's, both EPRI and DOE-
WAPA initiated independent simulator development
projects. Texas A&M University was funded to
carry out both of the developments,

This paper summarizes various aspects of these
developments already described in a number of pub-
lications [6-16). A brief description of the goals, as
well as simulator hardware and software develop-
ments, is given for both projects.

EPRI PROJECT
Study Objectives
The initial study objectives were [5,13]:
# Development of Simulator Guidelines

s Application of EMTP and Digital Fault
Recorder (DFR) Files

» Specification of Test Cases

As a result of the initial study, that was com-
pleted in the Summer of 1992, an EPRI report sum-
marizing the findings was published [10]. The report
has covered detailed study of the following topics:

» Digital Simulator Requirements
Application Guidelines for Relay Testing

+ Digital Models of CCVTs

¢ Study of CT Models

» Examples of Digital Simulator Applications

In addition, a PC-based simulator design has
been built and its operation has been demonstrated.

The project has been extended from 1992 until
1995 to include further simulator developments and
relay testing applications.

Simulator Hardware

Simulator hardware characteristics are deseribed
in several papers [3,10,14). A block diagram of the
hardware is given in Fig. 1.
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Fig. 1.Simulator Hardware

A simulation computer is used to generate tran-
sient waveforms, either through EMTP simulation
or from DFR files. This computer has an elaborate
graphical interface for the operator, It also commu-
nicates with a waveform replay subsystem.

The waveform replay subsystem is a separate
computer system that is used for real-time wave-
form reconstruction. It feeds waveform samples into
the D/A subsystem. It also generates contact data.



At the same time, this subsystem interfaces to the
data acquisition equipment which captures relay and
simulator cutputs.

The DfA and contact output subsystem is used
to convert signal samples into analog waveform and
contact signals. These signals are eventually used
to feed relays for testing purposes.

The power amplifiers are needed to increase
power of the analog waveflorms to the levels present
at the secondaries of the instrument transformers.
Using the amplifiers, test signals with the charac-
teristics very close to the ones the relay sees in the
field are produced.

The D/A, digital /O and power amplifier sub-
systems are packaged together in an I/0 cabinet.
The basic characteristics of the I/0 cabinet design
are given in Table I.

Table 1. Basic Characteristics of the I/ Cabinet

ITEM SPECIFICATION
# of Biw 18
Sample Fate Fi=1.2 Lo 25 kHz
Dutpat Tmped. Voltage Channels: < 10

Current Channels: 2> SDD!'.I-. DC to EHz

Anal. Bandwidih DC—+0.45 fa

Dk, Sig. Range Vollage Chamn:> iamvﬂd“ iu~2-qp¢nt

Current Chann:> £160Apeak; £100Veeas

Anal. Chann. 17 Veliage + 12 Current”

Digit. Chana. 48 leput 4 48 Oulput™™

Channel Skew < lua

* 3 sets of 4 voltage and 4 current channels
** 1 sets of 16 input and 16 output channels
Simulator Software

Simulator software characteristics are described
in detail in reference [9]. A block diagram of the
soltware is given in Fig. 2.
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Fig. 2. Simulator Software

It shall be noted that some of this software is
commercially available, while some of the soltware

had to be developed. The software blocks marked
by an asterisk are the developed ones. A brief de-
scription of the commercial packages i given below,
while the new software developments are outlined
next.

EMTP is a well known program for simulation
of transients in power networks [17]. This package
is quite complex and requires elaborate input data
for modeling of power system faults, Extensions for
instrument transformer modeling are needed when
EMTP is used for relay testing [7,8].

MATLAB is a general purpose signal process-
ing package which allows extensive signal parameter
calculation and analysis [18). This package provides
the user with a high level command langnage which
can be used to develop various applications.

, DFR Master software was developed by DFR
manufacturers to allow for viewing and editing of
DFR files. Characteristics of these packages vary
from vendor to vendor.

The application software that has been devel-
oped for this project has been organized into four
main modules: User Interface, Signal Conversion,
Signal Analysis and Signal Processing. Each mod-
ule containg routines to perform specific tasks. The
block diagram in Fig. 3 shows the various functions
available in the software. The software was devel-
oped in MATLAB.

WAPA-DOE PROJECT
Study Objectives
The initial study objectives were [5]:

& Selecting a suitable commercial computer hard-
ware and system software for simulator imple-
mentation.

¢ Selecting a suitable high precision, high power
1/0 interface.

¢ Developing a new real-time application soft-
ware for generation of fault transients.

¢ Implementing a real-time interaction between
digital simulator and [/O subsystem used for
interfacing with protective relays under test.

The first task of selecting an appropriate com-
mercially available computer system architecture was
accomplished by running several benchmark pro-
grams on a number of different high performance
computers. After an elaborate study was concluded,
it was apparent that none of the low cost, high per-
formance parallel architectures were suitable for the
simulator application. The only remaining choice
was to select a distributed computer architecture
consisting of several low cost, high performance, sin-
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Fig. 3. Soltware Modules for Transient Testing

gle processor computers. Further evaluation led to
the choice of IBM RISC 6000 computers in combi-
nation with Sonitech DSP boards.

The second task of selecting a high precision,
high power /O interface was accomplished by uti-
lizing such a design developed under EPRI project
RP 3192-01. This equipment was manufactured,
under EFRI sponsorship, by a commercial vendor.

The task of developing a real-time simulation
software led to an in-house implementation of an
EMTP-like software customized for high speed ex-
ecation. A number of new numerical approaches
and algorithms were introduced to represent and
simulate power system components [12,16].

Finally, implementation of the real-time inter-
action between the digital simulator and the 1/O
interface was carried out by developing special 1/0
cards.

The DOE-WAPA project has resulted in an

implementation of a real-time simulator that was
delivered to WAPA in March 1994,

Simulator Hardware

Simulator hardware characteristics are described
in several papers [5,11,15). A block diagram of the
hardware is given in Fig. 4.

As can be observed, it is a distributed system
architecture with two IBM RISC computers and two
Sonitech DSP boards, each dedicated to a particular
processing task, The task allocation is such that the
user interface interaction is performed off-line, The

real-time interactions between power system net-
work, instrument transformer, and circuit breaker
simulations are achieved by a careful ecordination
among tasks executed on IBM RISC 6000/580 and
Sonitech DSP computers. Furthermore, real-time
interaction between the simulator and the relay un-
der test is implemented through the high precision,
high power interface which outputs analog wave-
forms and contacts to the relays, and takes the trip
signals from the relays back into the simulator.
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Fig. 4. Real-Time Digital Simulator Architecture

Hardware and system software are commercially
available products, The only exceptions are some
communication support software routines written as
device drives for the three 1/0 boards developed by
Texas AkM University. In Fig. 4, these boards are
identified as the 1/0 board blocks. The 10 board
block between the IBM RISC G000/530 and the
Sonitech DSP computers consists of two interface
boards, each connecting the respective computers
to the parallel communication link between them.
The I/O block connecting Sonitech DSP boards to
the high precision, high power interface contains one
interface board that converts parallel data coming
from the D5P board inte a serial communication



format used to send data out to the relay interface.

The high precision, high power 1/0 interface
is packaged in a 19" cabinet housing D/A conver-
gion boards, as well as up to 4 current and 4 volt-
age amplifiers. The DJA boards and voltage ampli-
fiers were designed by Texas ALM University, while
the current amplifiers were selected from a standard
product line of TECHRON, a division of Crown In-
ternational. A cabinet protolype was assembled and
extensively tested by Texas A&M University. After
that, a commercial version of 3 cabinets was manu-
factured and used in the WAPA simulator configu-
ration,

Simulator Software

Application software has been developed by Texas
A&M University, and customized for real-time ap-
plication. A block diagram of the application soft-
ware is given in Fig. 5.
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Fig. 5. Application Software

The GUI block diagram designates an elabo-
rate graphical user interface developed to enable the
operator to interact with the rest of the applica-
tion software in a very simple and straight forward
way. The GUI sofiware resides on the IBM RISC
G000 /320 computer.

The RTS block represents the real-time sys-
tem. This application software package consists of
a real-time transient network simulation module
which enables changes of the network topology in
real-time as a trip signal from the relay is received
[12]. The list of component models supported by
this module is given in Table Il The RTS resides
on the IBM RISC 6000/580 computer.

The SMECBM block consists of the System
Manager (SM) and Circuit Breaker Modeling (CBM)
software modules. These modules reside on one out
of the four DSP chips available on the two DSP
boards. The SM module coordinates real-time in-
teraction related to data transfers between RISC
580 computer and other DSP chips. This includes
transfer of waveforms and contacts going out of the
RISC 580 computer to the relays, and contacts re-
turning from the relays through the DSP chips. The
CBM module incorporates a full timing logic of a
breaker, Fach of the relay trip signals goes through
thie timing logic before they are transferred to the
RTS module eventually causing a change in the net-

work topology.
Table 1I. Network Components of the RTS

® Uncoupled branches: H, L, C and R =L

® Coupled R — L brasches

L] ]-_[-ﬁnqin far ahorl lines represeniaiion

® Conitanl parameier overhead transmission lines

® Trapamission lines with frequency depeadent paramelens
® Volisge sources

® Faulis

# Falays

# Switches and Clrouii Breakers

# Serbes capacitors with MOV prolection

#® Surge srresiers

The Instrument Transformer Model (ITM) block
is related to the detailed models of instrument trans-
formers. This block consists of 3 sets of modules,
each residing on one of the remaining DSP chips.
Each of these modules is comprised of 3 CCVT and
3 CT models, which are all together executed for
each time step. This approach to the ITM software
implementation enables full modeling of up to 18
instrument transformers in a three terminal protec-
tive relay testing configuration.

Al of the software residing on the IBM RISC
machines is written using the standard C language.
This software is portable to any UNIX-like environ-
ment, and in particular, it is upward upgradeable
for any new set of IBM machines that may become
available in the future. The software written for the
DSP chips is in the assembly language and can run
on any future upgrades of the TI C40 chip based
boards.

CONCLUSIONS

Based on the similar developments discussed in
the paper, the following conclusions can be drawn:

» Advanced digital simulators for relay testing
can be designed using readily available soft-
ware/hardware technology

# Open-loop simulator design requires extensive
developments of user software

» Real-time simulator design requires new design
of the real-time electromagnetic transient pro-
gram

# Both gimulator developments require new de-
gign of the /0 cabinet as well as custom de-
signed hardware and software for interfacing
1/0 cabinets to the simulation computer.
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