COMPUTER AIDED TRANSMISSION PROTECTIVE RELAYING
COORDINATION WITH INTERACTIVE GRAPHICS

Abstract

With the addition of interactivity and graphic input and output, a proven
methodology for computer-aided transmission protective relaying has been
transformed into a state-of-the-art tool for the system protection engineer,
which allows concentration on analysis rather than calculation. The
methodology does not replace the judgments and experience of the protection
engineer but does enhance his productivity. This paper provides an overview of
the results that can be attained with a proven methodology combined with new
analytical measures, and a user-friendly and powerful man/machine interface.
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Introduction

The application of computer software to the problem of coordinating
protective devices in a transmission system has existed for many
years (1,2,3,4) and the developed methodology has been proven in a large number
of case studies.(5) Although these computer simulations accurately represented
system performance and allowed the identification and correction of
deficiencies in protection schemes, they were difficult to implement from the
perspective of the end-user. This was directly attributable to the fact that
available required computer hardware and associated operating systems were
quite complicated in their structure. With the advent of inexpensive virtual
memory computers, high resolution graphics hardware and user-friendly
interactive operating systems these constraints no longer exist.

The application, setting and coordination of protective devices in a
transmission system is an activity ideally suited for interactive computation.
The relay engineer can be relieved of tedious and repetitive tasks such as the
calculation of fault currents and voltages, and the interface to specific
protection hardware to calculate device operating and clearing times. The
interactive feature allows the user control over the algorithms. The user
cannot only control the criteria used in the iterative coordination process in
making decisions but can also control the application and initial setting Togic
of the algorithm. It is in this basic way that the interactive characteristic
makes the art of coordination amenable to computerization. This allows the
judgment and experience of the relay engineer to be best utilized in the
analysis and solution of system protection problems. Interactive software
combined with graphic displays and refined tabular output summaries provide an
efficient tool for the protection engineer to use in the selection of appro-
priate protective devices, the determination of special coordination require-
ments, tradeoffs between coordination and fault clearing speed, and the
behavior of the protection system under different operating conditions. This
paper provides an overview of the results that can be attained with a proven
methodology combined with new analytical measures, and a user-friendly and
powerful man/machine interface.

User Participation in Solution Process

An immediate advantage of the application of a computer algorithm to the
protection coordination problem is the efficacy of performing system-wide
analyses. The system-wide concept of protection coordination, although a
preferred approach, may at times be an undesirable one due to an inability to
effect a change in neighboring protection schemes and/or a localized priority.
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In the batch oriented software available in the past the localization of
studies was inhibited by the mechanics of using the programs. The interactive
approach as applied to the protection problem, if designed properly,
facilitates the localization of analysis along with the quantification of its
effects to the relevant ties.

The new process allows several layers of subdivision in the solution
mode. Therefore the selection and setting of devices may be easily achieved
for subsets of the resident data base with the subsets being user defined.
Figure 1 shows a menu wherein the user interfaces in the aforementioned
process. This interactive capability provides a means to react quickly to
minor system changes and ascertain their impact on the overall protection
scheme.

**% SELECT LOCATIONS WHERE THE PROGRAM MAY CHANGE A DEVICE SETTING ***
SYSTEM UNDER STUDY (PHASE/GROUND) .............: PHASE
LOCATION SELECTION (ALL/PARTIAL) ..............: PARTIAL

- BY LOCATION

- BY BUS

- BY AREA

- ALL LOCATIONS

EXCEPTIONS

- REVIEW LOCATIONS SELECTED

- CLEAR LOCATION SELECTION TABLE
- SELECTION COMPLETE

- PRIMARY MENU
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Figure 1. Portion of Man/Machine Interface Used in Definition of
Local or Global Analysis to be Used in Solution Process.

The localized study may also serve as a confidence builder for the relay
engineer with many years of experience to build trust in the solution
methodology used by the program. In conjunction with this localization
capability the user has the flexibility to initiate the coordination process
from pre-existent settings or from a user-defined flat start.

Because the protective device coordination process is subject to the
preferred practices of individual relay engineers, any program written for
general use would be most applicable if device selection and setting criteria
were under the direct control of the program user. The program under
discussion follows generally accepted practices for determining device
settings, but gives the user access to the setting process by allowing him to
vary setting parameters. For example, the Zone 1 coverage of a phase distance
relay is wusually set to some percentage of the 1line impedance. This
percentage, commonly 90%, may be varied at the user’s discretion. This program
flexibility avoids forcing the relay engineer into a rigid procedure with which
he is not comfortable. A typical user interface to the solution criteria is
displayed in Figure 2.



**% DEVICE COORDINATION CRITERIA - PAGE 1 ***

SYSTEM UNDER STUDY (PHASE/GROUND) ...........: PHASE

- MAXIMUM NUMBER OF COORDINATION PASSES ..............coe.unt 20
- MINIMUM TIME DIAL ...ttt ittt ciee et
- MAXIMUM OVERREACHED OPERATING TIME TO COORDINATE WITH (SEC):
- MAX CLEARING TIME FOR FAR END OF LINE FAULT ............... :
MAXIMUM ZONE 2 TIMER SETTING (SEC) .........cciiiiiiiian.. :
- MAXIMUM ZONE 3 TIMER SETTING (SEC) ......cevviiieniiennn..at
- PORTION OF LINE COVERED BY ZONE 2 .....ovvivirninnnennnnnn. :
- COVERAGE OF OVERREACHING DEVICE PRIMARY ZONE ..............: 70.
- PORTION OF LINE COVERED BY ZONE 3 ........civuiivrennnnnn.ns
10 - PORTION OF LINE COVERED BY ZONE 4 (REVERSE ZONE) .......... :
11 - PORTION OF LINE COVERED BY ZONE 5 ....cvvriinnennnnnnennnnns
12 - MULTIPLIER TO LOAD AMPS FOR FUSE RATED BELOW 25 AMP ....... :
13 - MULTIPLIER TO LOAD AMPS FOR FUSE RATED ABOVE 25 AMP .......:
20 - CHANGES COMPLETE

21 - GO TO PAGE 2

90 - PRIMARY MENU

ENTER ITEM NUMBER:
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Figure 2. Portion of Man/Machine Interface Used in
the Control of the Criteria Used in the
Coordination Process.

New Analytical Measures

The user of a computer program to analyze protection systems may study
several different solutions to the protection problem. One solution might
produce faster clearing times than others while exhibiting more miscoordinated
operations. Similarly, the solution with the fewest miscoordinated operations
might require the purchase of additional breakers and other protective devices.
Thus, being able to have multiple solutions to the protection problem provides
difficulty in evaluating each solution in relation to the other choices. The
solution to this dilemma lies in the use of a figure of merit. A figure of
merit tries to capture some measure of the performance of a protection system
in a single number. It is a concept often used in calculating the reliability
of transmission or distribution systems.(6) In terms of system protection a
figure of merit could address the speed with which the devices operate.
However, a protection system is not measured only by the speed with which it
clears faults. The system must be designed so that devices closest to the
fault are the first to trip. This results in a minimum loss of load and is the
characteristic called coordination. A coordinated system might, in many cases,
be preferable to a fast system that fails to discriminate between sensing
devices. As one would expect, for the systems studied to date, a figure of
merit designed explicitly to evaluate coordination in a protection system
improves if the algorithm is given the freedom to globally determine settings
without speed constraints and correspondingly a figure of merit designed to



evaluate speed declines under the same scenario. The integration of the types
of figures of merit discussed above into a single evaluation and the
determination of the most appropriate weighting factors still needs additional
investigation. However, the advantage of any figure of merit is that it judges
all proposed protection systems against a common standard. In this fashion, it
ranks alternatives, which facilitates making a choice.

In conjunction with the development of measures of value of a protection
system, automated analytic techniques for determining the most effectual means
of improving these measures have also been developed, e.g. identifying best
location for upgrading a protection scheme.

Documentation and Evaluation

Once a group of devices and settings 1is determined by the computer
algorithm or once a digital representation of existent devices and settings is
achieved, a means of documenting the corresponding sensitivity and selectivity
characteristics is essential via both tabular and graphic displays. Since
graphic displays are 1in many instances the most effective media for
communication, a presentation of some of the more critical displays is
discussed. Evaluation of a given group of devices and their associated
settings has quite effectively been presented graphically for radial
distribution configurations. However, the mere display of device time current
characteristics for overreaching to overreached device pairs does not
necessarily display coordination characteristics of a transmission or
subtransmission network. The computer methodology addressed in this paper
allows for an effective visual display of coordination in a networked system.
Coordination is quantified via the determination of critical fault conditions
for a specific overlap coordination pair. These critical faults are selected
on the basis of those that would most severely impede coordination for the
developed overlap pairs for the system being studied. Figure 3 displays such a
graphical representation for two overcurrent devices.

Another powerful application for graphic displays is that of cause and
effect identification, i.e. determination of the event which resulted in a
known switching sequence. Graphic displays of voltages, currents, impedances,
operating times, etc. for a given fault condition on either a parametric plot
or a one-line diagram representation facilitates the problem identification.
One approach for the use of this capability would be for the user to identify
the cause of a particular switching sequence by placing a fault in his system
and moving it until device operation matches known events. Examples of these
type displays are shown in Figures 4 and 5.
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Figure 3. Device Pairs -- Overcurrent Devices

Coordination of two overcurrent relays. The relationship between
common faults is automatically indicated by dashed lines.

ENTER FAULT HO. OR FAULTED BUS WUMBER AND LIRE END/OUTAGES:

Figure 4. Device Operation Check
Display of the tripping characteristics of an impedance relay with
three forward and one reverse zone of protection. Crosses indicate
the impedance sensed by the relay for faults number 331 and 806.
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Figure 5. One-Line Diagram

The faulted bus is indicated by an "X". The diagram will display
the operating times of near-by devices.

The user also has a graphical means to display the impact of the changed
settings. This is provided by a graph that shows the average operating time
for a given set of faults under both initial and final settings. Figure 6
shows an example of performance comparison. Graphic displays alone cannot
constitute full interpretation of the results of a simulation. Certain
information is better transmitted via tabular displays. The comparison of
settings is a perfect example. After coordination is calculated and new
settings computed by the program, the user can display initial versus final
settings in tabular form. This display, which automatically shows only devices
where settings were changed, is an excellent summary of the results of the
coordination run. Refined tabular summary displays that represent device
setting and selection violations also prove invaluable in the evaluation and
documentation process.
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Figure 6. Comparison of Initial and Final Setting

The time scale indicates the difference in the average operating
times between the two settings. The bar on the Initial side means
that initial settings were slower than final settings.

Conclusions

With the addition of interactivity and graphic input and output, a proven
methodology for computer-aided transmission protective relaying has been
transformed into a state-of-the-art tool for the system protection engineer,
which allows concentration on analysis rather than calculation. The
methodology does not replace the judgments and experience of the protection
engineer but does enhance his productivity. A summary of the benefits derived
from the application of such a tool is as follows:

# Maintenance of a central source of protection system data which
is available for interactive reviewing and editing.

® Automatic integration of fault information and protection
hardware including identification and implementation of critical

fault information for the selection, setting and coordination of
devices.
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¢ Automatic determination of appropriate system devices, settings
and corresponding coordination characteristics based on defined
constraints with the allowance of user control of solution
criteria.

¢ Extensive graphic and tabular displays for documentation and
evaluation of protection system characteristics. Graphic
presentations provide simple, clear and dramatic evidence of how
the protection system 1is functioning. Tabular displays of
application diagnostics provide invaluable alerts to potential
problems.

e Analytical measures of the reliability of a protection system
and analytical techniques to optimally improve these measures.
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