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SUMMARY

When undertaking a survey into the reliability tfatrical equipment it is important to consider how
utilities/manufacturers/universities apply and barfeom the calculated availability, failure ratasd
other parameters in the survey.

Electrical networks worldwide have an increasingtyed population of electrical equipment. The
survey’s application helps the owners and operatbrihese networks to understand the impact of
aged equipment (Sfbreakers, instrument transformers, GIS, discomne&nd earthing switches) on
network performance and helps mitigate the effdatsugh proper operation, effective maintenance,
monitoring, asset refurbishment and asset replagerier new and expanding networks, the survey
will help to optimise design and help define operat maintenance and monitoring of the assets to
achieve the desired level of network performanaidihonally the survey will aid in adopting a more
statistical approach to asset management includaigtenance and replacement.

A review of survey data applications and beneitdéscribed. Two case studies are presented, pne fo
network performance and the other for asset (eqgipperformance.

Reliability data from the survey will have numerauses, both when looking at network and asset
(equipment) performance. This data is becoming nimggortant as many electrical networks have
ageing assets and many electrical networks aredaecreased development.
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Introduction

When undertaking a survey into the reliability t#atrical equipment it is important to consider how
utilities/manufacturers/universities apply and Herieom the calculated availability, failure rataad
other parameters in the survey. A summary of sudagg applications and benefits is provided by the
working group, supplemented with information frodfG&E brochure no. 211 “General overview on
experience feedback methods in the field of eleaitiequipment”and from other CIGRE surveys for
high voltage equipmeht

General

Electrical networks worldwide have an increasiragyed population of electrical equipment. This
survey helps the owners and operators of theseoneivo understand the impact of aged equipment
(SK; breakers, instrument transformers, GIS, discomngend earthing switches) on network
performance and helps mitigate the effects thrqargher operation, effective maintenance,
monitoring, asset refurbishment and asset replagerffer new and expanding networks, the survey
will help to optimise design and help define operatmaintenance and monitoring of the assets to
achieve the desired level of network performance.

Additionally the survey will aid in adopting a mostatistical approach to asset management including
maintenance and replacement.

The use of the reliability data from the survey generally be split into two main areas, eithdotik
at the overall network performance or to look gividual asset (equipment) performance.

Asset (Equipment) Performance

The performance of an asset can be split intotdges of the asset lifecycle. At each stage réiliabi
data can be used to monitor and improve the prdmesguipment users, manufacturers, regulators or
by interested third parties such as universitiesoferview of the uses of reliability data is givan
Table 1.

The data collected by the survey can be analysptbtoade a number of different basic types of
statistical data.

Absolute Failure Rates

The data can be used to derive a failure rateca@jlpithe number of failures per 100 years, for a
particular family of high voltage equipment. Thigldire rate can then be used for example at the
initial life of the asset to ensure that the aggilan of the high voltage equipment is consisteitit w

the expected failure rate. The absolute failure hais a number of uses during the operating ptiase o
the asset and for example can assist in determihingptimum number of spares.

Failure Rate with Age

The survey includes questions regarding the agieedfailed items and the age profile of the
population. This allows the failure rate for di#at ages of equipment. It should be noted that as
designs and maintenance practices change oveittisneot possible to assume that any definitive ag
profile or “bath tub” curve can be found. Howevdthacare such information should enable
maintenance to be more targeted and should hamirthe difficult decision when to refurbish or
replace an item of high voltage equipment.
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Table 1: Summary of Asset (Equipment) Performancerhprovements That Typically Can Use Reliability Data




Comparative Failure Rate (Causes, Modes and Components)

The survey will identify failure causes, modes, poments that cause the most problems. This can be
used for example to improve maintenance and taayamon failure causes, modes and components.

Comparative Failure Rates (Location)

The failure rates of equipment in different locatipfor example indoors or outdoors, can be
compared. The results could be used to designéiigtallations or to help direct maintenance.

Comparative Failure Rates (Technological Solutions)

The survey examines the failure rates for diffetenhnological and design solutions. Comparing
these failure rates will be particularly useful é@sign optimisation of equipment.

User Compares Own Designs or Equipment with Survey

A user, either a manufacturer or network owner,@aulate the failure rates of their own equipment
comparing individual designs or technological solis and compare these with the survey findings.
The results of the comparison can inform the uskvgeak areas that could be improved.

User Compares Own Overall Failure Rates with Survey

The overall performance of the utility with regatdghe reliability of the equipment can be complare
with that reported in the survey and may resuét thange in maintenance policy or equipment
specification.

Network Performance

Network reliability can be modelled by splittingethetwork into a number of parts (for example
circuits and substations) and then further spittito components (for example transformers, circui
breakers, overhead lines, etc). The reliabilitg@th component can be used to predict the retiabili
of each part of the network and then the overdalaek performance.

Typically such studies are of interest to netwagokmators, owners, universities, regulators and
suppliers of transmission systems and cover bathngld and unplanned outage considerations.

Studies can be made into structures of transmigBatribution networks. Typical studies could be:

* Feasibility and design of new networks or extensitnexisting networks

« Analysis of existing network or parts of the netks(for example circuits) to estimate
reliability and improve weak areas

e Predict future performance due to ageing of equigme

» Design optimum network and substation configuration

* Network resilience and complexity — to look at thkability of a network including the
ability to take outages for repairs and constructimrk

These studies can help a network owner to defiaedipital expenditure requirements for the future.

A brief overview of possible studies is given inbl&a?2.
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Table 2: Network Performance Issues That TypicallyfCan Use Reliability Data

Case Studies

Two case studies are presented, one for netwof&rpgance and the other for asset (equipment)
performance.

I nvestigations of Network Performance
The use of reliability data for complex studies éaeen published alreddsnd a simple example is

shown for this paper. When a user is building sstatlon there is a number of possible arrangements
that can be chosen. In Figure 1, two possible gaarents are shown that perform a similar function.
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Figure 1: Two Possible Substation Arrangements



While the substation arrangements in Figure 1 peri® similar function, they use a different layout.
The layout on the left uses more equipment tharthigalayout on the right and is likely to be more
expensive. However the arrangement on the lefoiserfiexible and should allow for a better network
performance.

Each component (circuit breaker, disconnector,iatt)e substation can be modelled mathematically
and the results from the survey can help defineesointhe model. The circuit availability and
reliability can then be calculated for a numbesadnarios to estimate the impact of each substation
arrangement.

Investigations of Equipment Performance

The second international enquiry on high voltageuii breaker failures and defects in service
compared the failure rates of hydraulic, pneumatid spring operated mechanisms.

Hydraulic Pneumatic Spring
Failure rate Major Minor Major Minor Major Minor
(failures / 100 years) 0.31 2.9 0.27 0.80 0.27 0.40

The survey suggests that hydraulic mechanismdarmmbst unreliable and that spring mechanisms
are the most reliable. This would encourage cidorgbker designers to use spring mechanisms or
improve hydraulic mechanisms and would encouragesus increase maintenance of hydraulic
mechanisms.

Conclusion

Reliability data from the survey will have numeraises, both when looking at network and asset
(equipment) performance. The results from the suwi#t enable improvements in design,
manufacturing, operation and replacement of equipraed networks. This data is becoming more
important as many electrical networks have agedsgts and many electrical networks are facing
increased development. Additionally the survey wiidl in the adoption of a more statistical approach
to asset management.
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