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Abstract: -The scope of this paper is the introduction of FET(®Power Transformer Maintenance Expert), a
new expert system application, which can be usednagfficient decision making tool in a sophistezht
problem as the optimization of maintenance procesiypreventive, predictive and corrective) of Power
Transformers. The expert system comprises a kn@&lédse and a set of production rules that procdhstéts
through the application of forward/backward chagnreasoning. The knowledge base set of data isra@ne
characterized by a complex structure in a tree favith three main branches that correspond to jtaxe
diagnostic and corrective maintainance respectiveiRME has been developed at TEI of Athens andbean
used both for engineering and educational purposes.
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1 Introduction documenting and representing human expert
Power Transformers (PTs) are an essential and knowledge [4-8] in this area. _ _
functionally critical component in Electric Power In this context, the objective of this paper is to

Systems (EPS). Considering the high reliability and introduce Power Transformer Main_ten_ance Expert
availability requirements in modern EPS, it (PTME), a new expert system application that may

becomes obvious that critical EPS equipment like Pe @ helpful tool in PT troubleshooting and
PTs should enjoy high quality maintenance, in order Maintenance (preventive, predictive and corrective)
to remain in good functional condition and meet the Such a tool may also be of great use for teaching
required reliability standards [1, 2]. The @and training purposes, as itis continuously atgla
introduction of an effective PT Maintenance for consultation (one important feature of an exper
program is a complex, time-consuming project Systeém is its ability to provide users with an
which requires experienced engineers and may lead €XPlanation of the reasoning employed to reach a
to high cost practices [2]. In addition, there is a Conclusion).

whole array of tasks that can only be carried qut b

specialists who have deep understanding of domain2 PTME application

problems and the skill to solve them. Since PTS pTME application comprises a Knowledge Base
constitute a major device of EPS with high buying and a set of Production Rules applied through
and owning cost and wide installed base, there is a forward/backward chaining procedures [4, 5]. The
great interest in the prevention and diagnosis of knowledge Base is constructed in a tree form with
damage of PTs, in early stage, via effective three main branches corresponding to Preventive,
troubleshooting and maintainance programs [2, 3, 7- predictive and Corrective Maintenance (Trouble-
11]. According to these facts, an intelligent sgste  ghooting) respectively, as shown in Fig. 1.
containing as much expert knowledge as possible  The “expert system interacts with the user
along with efficient and quick reasoning, would be  through a sequence of selected questions, requiring
very helpful to maintenance engineers. In addition, answers as essential data entry. These data ag bei

Artificial Intelligence (Al) with Expert System (BS  processed by the expert system, which finally makes
techniques can provide a significant tool in
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Figure 1. Power Transformer Maintenance Expert (PTME) stmec

suggestions, gives instructions etc., concerning
optimum maintenance timetable, localization and
type of fault (if possible) or even appropriate
repairing actions in order to keep the PT under
consideration in good operational condition. In
addition, PTME incorporates a, common to all,
three branch PT Fault and Maintenance Archive,
which keeps records of previous history of each PT
and, in cooperation with the Knowledge Base Rule
Optimization System, continuously evaluates the
system’s performance. In case of unsatisfactory
results, the system is capable of taking corrective
measures, by means of modifying the production ®
rules and changing the sequence of questions made
to the user. Moreover, Maintenance Archive
information may become useful in clarifying
reasons of damage in cases where the system meets
difficulty.
A description of PTM-Expert branches follows.

2.1 PT Preventive Maintenance Branch

The scope of PT Preventive Maintenance is
repairing or replacement of malfunctioning or aged
PT components or subsystems before they
completely fail, in order to prevent further damage

in the future which may have higher cost or even
put the PT completely out of service [2, 10]. In

order to achieve this, certain check procedures
should be followed, according to a predefined

schedule. The preventive maintenance schedule
proposed by PTME is based on specific information
such as wear-out mechanisms of components, which
are vital to ensure continuous PT operation, or
records of PT behaviour in the past. PT Preventive
Main-tenance Branch
according to figure 1:

involves the following,

Selection of the type of PT under consideration
(e.g. oil-immersed, dry type).

Each PT is broken into several groups of
components related to a specific task (e.g.
cooling system) according to its type. The
desired component group should be selected.
An example is shown in figure 2.

Maintenance intervals (weekly, monthly,
yearly) should be defined, as in figure 2.

Specific instructions about necessary actions or
measures are given (see figure 3).
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Figure 2. PTME sample screen showing PT

component groups and maintenance intervals to be

selected.
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Necessary Actions or Measures : PT Tank (monthly)

Check for excessive corrosion and oil leaks. Pay special attention to flanges and gaskets
(bushings, valves, and radiators) and lower section of the main tank. Report oil leaks

to maintenance, and pay special attention to the oil level indicator if leaks are found.
Severely corroded spots should be wire brushed and painted with a rust inhibitor.

Figure 3. PTME sample screen showing proposed
PT tank preventive maintenance actions on monthly
basis.

2.2 PT Predictive Maintenance Branch
Predictive Maintenance is based on the
determination of a PT’s condition through various
tests and measurements, which are carried out eithe
during normal operation (on-line tests) or when the
PT is out of service (off-line tests). PTME support
various standard non-destructive test procedures
such as insulating oil Dissolved Gas Analysis
(DGA), physical and chemical parameter
specification, winding and core resistance
measurements etc., as shown in Table 1 [3, 9-16].
Test results are being processed in order to
determine PT condition. Predictive Maintenance
Branch operates more efficiently, since maintenance
actions are condition-oriented and optimised, in a
way to ensure maintenance cost reduction and
maximum PT performance.
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PT Predictive Maintenance Branch involves the

following, according to figure 1:

e Selection of a standard non-destructive test
type.

e The user receives detailed test instructions in
order to carry out the selected test (if needed).

e The test results are imported into PTME and
being processed in order to determine PT
condition.

e The system outputs final test analysis reports

along with fault type determination (if possible)
and the recommended maintenance actions.

Sample screens of PTME results in the case of
dissolved gas analysis in a PT, are shown in figure
4 and 5.
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B Quit Transformer Elements Print =18 x|

Gases Concentration {sample - No2 - 7/10/2006}
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Figure 4. PTME sample screen showing dissolved
gas test analysis results according to selected
interpretation method (Key Gases).

Exercise caution. Check cooling syster. Probably it is overioaded
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Figure 5. PTME predictive maintenance overall
results of dissolved gas analysis in a PT, showing
possible fault determination and recommended
actions.
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Test type Measures Detects Requires
On-line Tests
Dissolved Gas Analysis  Concentration of dissolved Arcing, bad electrical Laboratory analysis,
(DGA) gases in oil such as GH  contacts, hot spots, partial portable gas-in -oil
[12, 13] C.H,, GH, etc., or other  discharges, overheating of analyzer
gases like O, H, conductors, oil, tank,
cellulose
Oil Physical and Chemical Moisture, Interfacial Insulating oil or paper Laboratory analysis
tests Tension (IFT), acidity, problems, pump problems
[14, 15] dissolved metals and metaletc.
particle count
Off-line Tests
Turns Ratio, Turns ratio change, Shorted windings, loose  Measuring instryments,
Across Winding winding resistance, core  connections, bad contacts, Wheatstone Bridge, Kelvin
Resistance, Winding DC  resistance leakage currents, Bridge, Megger
Resistance to Ground and unintentional grounds etc.

Core Resistance to
Ground [16]

Table 1 Standard non-destructive test procedures sugpbyt®TME predictive maintenance branch.

2.3 PT Corrective Maintenance Branch of great importance. The knowledge required for the
Corrective maintenance branch proposes the actionsPTME application has been acquired from:

that should be taken to restore a failed PT into
satisfactory operational condition within the
shortest time possible. This usually involves
replacement or repairing of specific components
that are responsible for the failure. Corrective e Data accumulated over the years from engineers
maintenance is performed at unpredictable intervals working at the power transformer industry.
because a component's failure can't always be
predicted. PTME contains empirical trouble-
shooting experience [2, 10, 11] in order to isokate
PT fault through a user-interactive process and
provide the required repairing instructions, inerd

Expert engineers working for years at the Public
Power Corporation of Greece and several
construction companies at the private sector.

Maintenance handbooks and trouble-charts
coming from the power transformer industry.

=l8ix|

to bring the PT back in service. PT Corrective s o tmsmucmes =2
Maintenance Branch requires the following actions, |~ =" |
according to figure 1:
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selected questions or suggestions (e.g. | oo
indications, checks etc.), as shown in figure 6. v || e
Corective Ations  Bad operation of Buchholz Relay

e Final report generation containing suggestions
about the required remedial measures (an

example is given in figure 7).

Figure 6. PTME Corrective Maintenance sample
screen in the case of an activated alarm of a PT
2.4 Knowledge aquisition Buchhotlz relay, which implies oil leakage.
The acquisition of knowledge needed to achieve the
desired levels of performance in an expert sysgem i
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