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SUMMARY

Modern  substation  secondary  system  design s
becoming increasingly based on a smaller number of
integrated multi-functional digital equipments. Within
these, it iz accepted that functions that were once
historically separate, such as prodestion, control,
communications  and  instrumentation, will be
integrated in some form in the future,

The degree of functional integration within a single
hardware device will be an impoertant issue for power
companics and utilitics, with the level of acceplance
being determined by their views on costs, reliability,
maintenance and operational needs,

This paper examines those factors that will influencs
the futere configuration of Use complete secondary
systiem of EHV and HY substations, incloding:-

*  management of assets

= reliabilicy and maintenance

+ advances in digital technology, serial data
communications and information technology

» changes in the electricity market

The paper is limited to those systems that arc installed
and operate within the substation. Remode control
systems, that operate in conjunction with devices inside
the substation, are excluded The paper coociudes that
reducing the total life-Cycle costs of substations will
became the dominant force in both the design and the
rale of deployment of integrated secondary systems for
HV and EHYV substations,
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1. SECONDARY S5YSTEM FUNCTIONS

EHV and HV suhstations play a vital role in elecirical
power systems. They connect the generating plants 1o
the electrical comsumers at grid level and serve to
distribute power within the network. The secondary
system is fundamental and is nesded to ensure that:-

» faulted parts of the network can be disconnected
during an electrical disturbance, The prodestion
gystem has to detect the faulted part and top circuit
breakers o disconnect the fult a5 s00n a5 possible,

* primary cquipment can be maintained so that i
remains operational. Secondary equipment collects
data on the sans of the primany equipment,

+ regional [/ national dispaiching contres  receive
status information from cach substation. Switching
operations must be  possible. The  substation
secondary squipment handles transfer of this data,

» loval back-up control for the substation is possible
in the cuse of 3 magor remole control Gilure,

The major substation secondary functions are:-

Power system fault protection

Power system abnormal condition manzgement
Automatic control

Ciperator supervisory control

Local back-up and emergency control
Metering and instrumentation

Recording and local menitoring

Automatic data analysis
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To meet the technical requirements, mest [unclions
need o operate with both consistent and deterministic
response Gmes. As such, they are “neal time” functions,
and nesd to be designed specifically with this in mind.
Ta make maximum use of the computing resource,



software  functions shouwld be split into  differsat
response Hme categorics, 50 that each major hardware
unit can perform a  mixture of foreground and
background software tasks, Refercnce (2] idenifies
three time priontics, The fasiest, P11, has reaction tmes
up w 230ms. P2 covers response times up 1o a few
seconds, while F3 addresses all slow functions,

Functions alse operate at bay or substation level. A bay
function has inputs and cutputs within a single bay
while a substation function has inputs and outputs
within more than one bay. A few functions can be bath,

1. MANAGEMENT OF ASSETS

The management of the existing power sysiem assels is
4 major task for power companies and otilities. Several
factors emanate from the power system to influence the
configeration and the accoptable lewel of integraton
within substation secondary equipment.

1.1 Types of substations

All wtilities and companies operating power Sysiems
have a varety of existing substation designs. Some of
these variations are due 1o substation size or voltags
level: others are due to different  switchgear
technologies being deployed, such as air blast, SF6, etc,
Befors installing any new secondary techoology, end
users need to assess how well the solutions on offer fit
the variety of substations under their contral,

To understand the many variants, the Working Group
set out to partition all keown constrections info a
minimum aumber of types. The need was to wnderstand
the influence of the primary equipment § civil works
upon the oplimum design of secondary system. The
study looked at a broad range of EHY, HY and MW
substations, The major influences were found 1o be:-

= Zubstation size, small, medium or large
Type of switchgear, open terminal, GIS etc.

« Location of secondary eguipment

» Existence of a ¢comumon control J relay room

Substations divide into two main types depending upon

whether the secondary equipment is centralised in one

lecation, or decentralissd about the site. In the

decentralised case, three further subdivisions exist,

cach with a recognised construction that exisis today:

« on MV circuil breakers, the secondary equipment
can be mounted directly onto the circuit breakers

= wilh gas insulated switchgear, the secondary pancls
can be placed adjacent 1o the GIS w form a
complete primary and secondary module

# with large open lerminal substations, it is common
1o employ small buildings close to the primary plant
to house the bay level secondary equipment

Modern methods of substatlion construction favour

those fypes that demand less floor space. There is also a
preference  to maximise the work donc at the

manufacturer’s factory: the GIS mexdule being one
example of this approach. However, as the seoondary
system has o be applicable o both existng and new
subsiations, the need to consider all oypes of
consimuction remains.

1.2 Constructien opticos for refurbishment

Within these countries with linle or ne overall growih
in electricity demand, uulities and power companies
find that they are not building many new substations,
This trend will be accelerated by government and
eavironmental pressures on electricity suppliers to enter
into demand side load management. The need will shift
to upgrading existing assets in the most effective way.
This includes substations that are in need of
modernization, There are four potential approaches:-

Complete substation refurbishment

Complete secondary system refurbishment
Complete function refurbishment, £.g. protection
Individual equipment refurbishment, ‘As nesded’

The engineering  amtraction  of ol substation
refurbishmwent is somewhat obviows, in that it
represents the best long term opportunity to bring Lhe
complete substation up to medern standards. [t alsg
offers the least number of engineering consiraings
However, the costs of total refurbishment will drive the
decision makers to examine the potential of ather
solutions.

The limited #videncs available indicatss that utilities
and power companies are prone to refurbish only thoss
clements that genvinely nesd mplaciog. As it is rare for
both the primary and secondary equipment to rexch
their end of lifie a1 the same tme, then compiete
substation refurbishment is not proving to be comman,
Naote, secondary equipment has a typical Lifs of 20 to 25
years, while primary equipment can last for 50 years,
Ead users can also find that they have recently
vpgraded part of the secondary system, ez the
disturbance recorders, Tt seems illogical to throw away
such equipment, and o replace it with more modern
WETSiOns.

The evidencs availabie supports the view that each
utility will come to its own best refurbishment method.
This may even vary from subsation to substation, as
the economics of differsnl constraints ars met.

Despite the diverse arguments for and against each
approach, one firm conclusion that can be drawn is that
those designs of new secondary systems that cope well
with partial refiurbishment are likely to mest the broad
range of requirements better than those that are
aptimised solely for new substations. The need is for
fexbility to cover both new substations amd the
refurbishment of old substations.
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This gives support for a modular approach (o substation
secondary system design, where functional modules man



be installed and made operational on a ‘stand alone’
basis. ‘Whem these same  units can  later  be
interconnected by serial datn links 1o makes an
integraled system, then the benefits of both approaches
will be met, This is the optimum solution, as it meets
Lhe greatest number of the known practical consteaints.

1.3 Commercial supply

Disconoting any associated technical problems, now
integrated secondary systems could be designed to be
supplied in 1 of & ways. The commercial apUons are:-

= Fully open multi-vendor systems, where several
vendors supply mixed parts o form a system.

+ Mized vendor sub-systems, where ong vendor
supplies the complete secondary system for onc bay.

= Mizxed vendor sub-systems, where one vendar
supplies a complete function, &.g. protection.

= Single vendor systems, where the complete
secondary system is supplied by one vendaor,

It is expected that most purchasers will prefer the open
multi-vendor, or mixed vendor systems. This will
demand the publication of, and more importandly, the
world-wide  deployment of, comprehensive
international  specifications.  The work  currently
performed by TEC and [EEE in this field is therefore
important.

The more open the design, the greater the need for
standardized  communication  protocols  and  co-
ordinated dacy bages. This will demand very detailed
technical colfaboration and agresment between the
major users and manufacturers. This is unknown teday.

3. RELIABILITY AND MAINTENANCE

Given that the secondary system protects and controls
the primary sysiem, then the financial implications of a
lack of reliabiliy at secondary level represent monetary
values far in evcess of the cost of the secondary
cquipment. It is, therzfore, critical that the design of
any secondary system can match the operatonal needs,
in terms of reliability and the ability to maintain both
primary and secondary equipment Cootinuation of
supply 10 consumers, and avoidance of wnnecessary
primary equipment outages, are fundamental.

3.1 Reliability

Under normal operating conditions, every implemented
function will be performed by the integrated secondary
system, However, in the event of a fhilure, then the
secondary system will become degraded in some way,
To control the consequences of failures, it is preferable
if some less important funclions are designed to
temporarily il so that the more important tasks
remain continuously available. This means that the
reqquired reliability for each function will be different,
The Working Group has found that general values for
reliahilicy cannot be given because they depend on

variouns parameters such as the voltage level and the
layout of the primary netwark,

3.2 Dependability and security

Protection specialists divids reliability into two further
sub-classes, referred to as dependability and security.
This is because protection rarely operates, and when it
does, it has important comsequences. Basically, by
ripping circuit breakers, prodection disconnects major
parts of the grid, and any incorrect operation can lead
to an unnecessary loss of consumer supplies.

When a fiult ecours, the protection looking afler the
faulted *zone’ of the power system must operate, but all
ather protection looking after other 20nes mast restrain
from operating, Comsequently, if prolection operates
when it should, then it is “dependable’, If protection
remaing stable, and dees not operate whea it is not
meant to, then it is *sesure’. The o faciors are intes-
related, and design actions 1o improve one quality
normlly reduce the other,

3.3 Bedundancy

It has been standard practice within secondary sysiems
0 use redundancy to improve the reliability of critical
functions. I kas taken thres forms: -

= redundancy o cover stechastc events such as a
defect in 3 device

+ rodondancy within protection svstems by using
differént operating principles

+ redendancy to cover planncd outages such as
mamnlenance or software exchange

Being safety and / or power system stability related, the
reliability demanded for protection functions is usually
much higher than for ather functions, For example, an
EHV line protection function will genemlly ke
performed by duplicated equipment, cach with a
different operating principle. [n another context, the
need to have reliable primary faunlt clearince <an
demand altemative systems. A prime example being
that of breaker fail protection, This covers (he rare, bul
difficult, condition when the circuit bresker fails to
successfully open and intermepe the fault current.

Given the primary system consequences of a lack of
secondary system reliability, it is expected that end
users will continue to demand equal or better reliabilicy
in all eritical funclions, Hence, if the required lovel of
reliability of 3 particular function demands redundancy,
then full intégration within the secondary system is
very unlikely to be acceptsd by end users. Such
functions will need some form of segregated hardware.

3.4 Sell checking

With traditional segresated secondary systems, few
functions are Jost when a hardware unit fails Such
failures are likely to remain undetecied until the next
required aperation or until the unit i maintained. This
15 mol acgéplable when many functions are integrated



into the same devics. Consequently, a high level of
integration cin only be considered where the overall
availability of the hardware is improved by the use of
automatic  gell-est  and  conlinuous  supervision
techniques. Formunately, mors sophisticated supervision
facilides are becoming part of modern numerical
secondary systems,

3.5 Maintenance of secondary equipment

The maintenancs and testing of integrated secondary
equipment will b= potentially mors difficult, especially
once the substation is live, To improve matters, the
functional units of the medular software design need to
be capable of being isolated in some way from the rest
of the gystem. Each function or medale must be capable
of being fully tested, with the inputs and outputs being
clearfy identified. This fenture will have to be built inta
the design.

Being new to end users, maintemance of substation
related software is expected 0 demand special care,
Software  should  comply with the following
requiremenis:-

+ reliable, safe operation & consistent response times
+ fexible in relation fo sftware upgrading

»  sollwars documentation generated automatically

+ efficient and comprehensive diagnostic system

* ety sysiem access for modification

+  modular application programs

+ run under a real time operating system

+  provide on-line diagnostic (ools

3.6 Upgrading of software

Upgrading of application software will become more
important. Such modifications will nommally ocour
during the indtal commissioning of the system, but
could prove necessary at any time in the system's lifs.
Three categories of software changes can be identified; -

»  medifications to the site specific configuration
»  medifications to correst existing functions
= medifications 1o intreducs new fanctions

The normal preference would be 0 camy  out
modifications with the equipment off-line, However,
with integrated systems, the nesd to keep important
functions running means that on-line modification
lechniques will have to be developed. An example is
the double data base, where one is operational, while
the other can be freely modified and checked prior 1o
activation. With this technique, it 15 possible to quickly
revert to the previous “working version®. This improves
the security of making any change to a live substation,
4. DIGITAL TECHNOLOGY

Az in other indusiries, the foundation level technology
for new designe of sscondary squipment is being
dominaled by meodern digital technology, both wdthin
the individual products, and for the serial daes

communicition links that are commonly used fo
network elements iogsther. [nside cquipments, software
algorithms are rapidly moving to fully numeric
solutions, where every wvariable, suwch a3 an
instantaneous value of current or voltage, is represented
by a number. One key benefit of digiial technolegy is
that new developments, experience and techniques can
be shared from other industries. Whers possible, readily
wvailable digital technology is prefermed for inclusion in
scondary equipment designs. A review of the essential
elements follows:-

4.1 Microprocessor technology

In conventional secondary equipment, most secondary
functions were performed by smaller, lower powersd,
separate units of hardware, With limitsd computing
power, functional integration was rostricted and pot
fully an option,

In general terms, the fechnical capabilities of modern
digital technology is no longer seen as the limit 1o the
integration of fusctions within substaticn secondary
systems, For each application, there is more pomerful
chip-sots already available in the general market place,
These are being built into suitabic cquipment, and are
being deployed within new substation designs.

4.2 Communicaticns

Digital communication technelogy is essential for all
the integrated secomdary systems approaches reporied
in technical papers. Low and high speed serial data
communication lises, such as point-4o-point and local
area networks, will be needed 1o connect individual
devices and systems togsther. Paralle] lines such as the
General Purpose Instrumentstion Bus (GPIB) could
also be wtilised in the design.

Section 2.3 has jdentified that commersial preference
from the end users is expected 1o drive the substation
industry towards the solutions of fully open multi-
vendor gystems, or at least, mixed vendor subsystems.
However, the Working Growp has found that the
introduction  of standardised protocols for data
exchange between devices of different manufacturers is
Dot yef fomman practics. Without adequate progress,
the lack of switable standards will limit the co-
ordination and fanctional integration within substation
secondary equipment.

It is worth noting that recent progress has been made in
[EC between TCST and TC95 on a protocsl standard
for the informative interface for subsiation sectmndary
equipment. This will be voted upon in 1996, and
should begin resolving some of he probiems, However,
several other standards are needed to complois the
work, and new Working Groups have been established
to look into these areas.



4.3 Information technology

With increased information becoming readily available
from modem secondary digital equipment, together
with the desire to cut substation operational costs, by
cutting staff, then there is a clear opening for deploying
more information technelogy in the substation. A prime
example is the ust of a man-machine interface on the
substalion control desk, where all data and swilching
operations are cenlred. Fortzble software tools for
setfing  and commissioning functions, such as
protection, are also becoming standard options.

4.4 Further technology options

Apart from the immedialely available new digital
technology mentioned above, several ideas for further

advances are being discussed, Three that could impact
upon substation secandary systems are:-

Integrated database. Integrated functions are desipned
tor share information. Some researchers have identified
tha it is possible to crente a single real time database
for the substation, where all data would be collected,
Ewvery application function would access this database
aver a serial data link to obtain the necessary voliage
and currznl samples and status information. With this
technique it would be oo longer necessary to hardwire
every function o the primary information source, In
this way, it is claimed that the investment costs of the
secondary equipment could be reduced.

Fibre optic communications arc expected to challenge
many of the traditional arguments that have influenced
the physical location of the substation secondary
cquipment. The prime advantages include inlerference
free wransmission, wide bandwidths, plus no effective
limit ¢n the digtance (hat information <o be
transferred across the substation. This would encourage
the main computer resources 1o be in 4 common rodm,
protecied from  electromagnetic imerference. Local
analogue to data conversions would need to take place
at plant level, to ensure that electrical interfersncs from
the primary plant was controlled at source,

Intelligent Systems. With the drive to run most
substations remotely, and, therefore, un-manned, then
the value of 4 standard substation MM is limited 1o
octisional visits, such as maintenance periods. What is
needed is the intellipent and automatic analysis of data
and events. Expert svstemns offer an opportunity to de
this. They are of interest to a wide variety of industries,
and new  developments are expected 1o benefil
substation design and working practices. Intelligent
systems would operate o exiract highly concentrated
information for the wser without tansmitting a lot of
data back to the control centre,

5. CHANGES IN THE ELECTRICITY MAREKET

The changes in the market place for electricity are
expected o positively influence the rate of deplovment

of new integrated secondary systems. Many countrics
are actively deregulaling their laws governing Lhe
supply of slectricity, As in other fizlds. governments
are moving away from direct control of the elecirical
power  industry, and  encowraging more  apen
competition. This will fead 1o new pressures o reduce
both the initial cost of substations, and the tme to
build, run, and maintain them. The key factor driving
e integratien of functions within substation secondary
equipment is, therefore, the reduction of overall life-
cyele costs,

5.1 Life-cycle cost control

Substation related costs for electricity suppliers break
dewn into thres main areas; imitial imvestment,
operational, and maintenance, Cost control by using
mire automation is addressed separately,

Initial investment ¢osts: The engineering and erection
costs of new substations are lower when the amount of
installed hardware is less, while the canstruction time
reduces, Pre-testing of the sccondary equipment can be
carvied out at the manuficturer’s works, instead of on-
site. This ¢in lghten time-seales, reducs costs, and
accelerae the initial Aow of revenue.

Operational costs could b2 reducsd by the increased
availability of information about the sames  and
capabilities of the primary equipment. This would
allow higher loading of the primary system and
potentially delay primary equipment replacsment or
extension. Mew secondary investment could include
enhanced remote contral functions and ¢ or coaditon
monitgring of the primary plant

Maintenance costs, The total maintenance cost of the
primary and ihe secondary cquipment mesds to be
evaluated. The maingnanse of the  secondary
erquipment will probably demand higher skills becyuse
of the increased complexity of the syvstem, However, the
mainttenince needs of (b primary equipment should
dectease. For example, it is forecast that the
intreduction of an effestive condition monitoring
scheme for the primary plant will allow electricity
supplicrs w0 move away from relying totally wpon
regular primary equipment mainienance periods, The
altermative appreach being discussed is that of an event
driven sirategy, where the nesd for maintenance would
depend upon detecting changes in one or more
identified  measurands,  Within  the  sccondary
equipment, the maintenance philosophy will be
spporied by further developments in the emor
detection and the automatic supervision of modern
digital hardware,

Automation. It is predicted that the pressers 0 reduce
operational manpower will ereate 4 need o awtormale
more of the day to day operations within substations.
This could became a major factor in decisions to
upgrade secondary systems.  Aulomalion can both



reduce aperational costs and improve quality of supply
to consumers by cutting the average peried of
disconnection. Cality of supply is a measure that is
being introduced (0 assess eleciriciry supplicrs.

5.2 Organisational changes

Mew technology, and the need to reduce costs, is
leading 10 a re-assessment by electricity suppliess of the
best organisalion Lo specify, build and maintain
substations, Decisions on what work is done internally,
and what is contracted out, are being reviewed
Felevant issues are:-

Departmental organisation. The  iotroduction  of
integrated secondary systems offers the opportuaity (o
change the cooventional type of organisation.
Historically, this has besn led by scparate depariments
of protection,  cootred,  instrumentation  and
communications, Merging these into one secondary
equipment department iz a possibility, This would
accelerate the introduction of the oew secondary
techoology by avoiding the difficulties inhereat im
separate specifications, budgets, investment plans, etc.
Software Management. As the complexity of the
softaare increases with functional integration, smaller
utilities and power companies may not wish 1o emplay
the skilled manpower nesded to manage sebstation
refated software. The alternative will be to mly oo
mainienance  cootracts, handled  either by the
manufsctursr, or by a consultant. Tt is assumed (hat
larger concerns will prefer to employ such specialists,
Training, Many cleciricity suppliers aim (o minimisc
the pumber of emplovess 10 cut operational costs. For
the remaining stall, il will be pecessary o set up a
training programme to develop new skills, appropriate
1o the operation and maintenance of the new secondary
technology.

Configuration manapgement. [t is recognised that a
stronger focus is needed to orgamise and improve the
structure of information held in drawing and filing
systems within end wsers’ offices. The modern term
being used to describe the new methods refer to
‘configuration management’ of all the information
relating to  the secondary equipment The tao

cornersiones of the technique are the ability to trace ail

changes, and the ability to rconstrect any previous
version of hardware, software and documentaten, The
new approach aims 1o counter the problems of the rapid
increase in information availability, and the shenening
technology life-cyele,
6, CONCLUSIONS

The paper has preseoted the background o how the
intreduction of digital secondary systems in substations
will lead naturally to the integration of functions into a
lower number of hardware deviees.

It has highlighted the major influencacs that will affect
the design of the complete secondary system of the
clectrical  substation. To  maximise the perceved
benefits, the system has to integrate the functiens of
protecion, contral, instrumentation and
communications into a single system. The technology
will be based upon a complete digital solution, beth at
equipment level and for the serial data communications
that are needed to link elements together.

Faced with linle growth in electricity consumption in
many countries, electricity suppliers, in both the private
and public sectors, will oeed fo have a more active
stralegy 10 manage, and upgrade their existing physical
assets, Consequently, to mest the full requirements of
(ke end user, the solution must be equally suitable for
new sihstations, and be capable of being built imo
refurbishment programmes on a progressive item by
item basis.

It is forescen that the impact of the new secondary
system techoology will contribute 1o management
decisions to merge the once separate departments
inside power utilities and companies.,

In overall conclusion, the Working Group recognise
that the most important driving force will be the
reduction of the total costs of EHWV and HY substations,
These ‘life-cyele” costs will shape and direct what is
perceived by end users as the “best” solwion for an
imegrated secondary system, They will also effectively
govern the rate of deployment of the new techoology.
However, t© release the full values of integration
reqjuires that the s=nior managess of pewer wiilitics and
companics are willing to take a medium 1o looger term
view of the benefits, rather than a shot term
perspective.
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