
Abstract - Both, on- and off-line measurements have been
performed through the last years on several large power
transformers. This paper describes the most recent devel-
opments of sensor technology, such as an electronic
Buchholz Relay, an OLTC monitoring based on the power
consumption of the motor drive and on-line PD-
measurement. The presentation of results gained from the
combination of on- and off-line methods shows, that they
are powerful tools to take decisions on the operation of the
transformers. Even more it allows to define concepts for
efficient assessment of the transformers condition.
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1. INTRODUCTION

Transformer outages have a considerable economic im-
pact on the operation of an electrical network. Therefore
it is the aim to ensure an accurate assessment of the
transformer condition. Techniques that allow diagnosing
the integrity through non-intrusive tests can be used to
optimise the maintenance effort and to ensure maximum
availability and reliability. With the increasing average
age of the transformer population there is an increasing
need to know the internal condition. For this purpose
on- and off-line methods and systems have been devel-
oped in recent years. On-line monitoring can be used
continuously during the operation of transformers and
offers in that way a possibility to record different rele-
vant stresses which can affect the lifetime. The auto-
matic evaluation of these data allows the early detection
of an oncoming fault. In comparison to this, off-line
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methods require disconnecting the transformer from the
power network and are mainly used during scheduled
inspections or when the transformer is already suspi-
cious.

2. NEW SENSOR TECHNOLOGIES FOR ON-LINE
MONITORING

Transformer outage rate statistics indicate on-load tap
changer, bushings and winding insulation as the most
frequent causes of long duration outages [1, 2]. There-
fore the installation of a comprehensive monitoring
system to warn in case of an oncoming fault is advisable
for strategically important power transformers.
A multitude of different measurable variables can be
collected for on-line monitoring. However, it is very
rarely useful to use all the available information. So the
sensor technology must be adjusted to the specific re-
quirements of a particular transformer or transformer
bank, depending on their age and condition [3,4]. This
demands a very high degree of modularity and flexibil-
ity for the hard- and software of the monitoring system.
To fulfil this requirement Alstom designed and devel-
oped the on-line monitoring system MS2000 in co-
operation with some utilities. Because of its modularity,
the system can easily be adapted to the customers needs
and the requirements of the monitored transformer. It is
possible to propose a personalised set of sensors and
functionalities. The customer may prefer to have a wide
range of condition indicators or to concentrate on spe-
cific ones. Another main advantage is that the integra-
tion of all kinds of future sensors is possible without any
problems. Retrofitting a transformer which is currently
in operation should be achieved without requiring long
wiring, and in the shortest time possible. This is realised
by the use of field bus technology, which reduces sig-
nificantly the expenditures for wiring and installation,
and allows furthermore the monitoring of several trans-
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formers in a substation by only one monitoring system
(Fig. 1). The superiority of the field bus technology for
the retrofitting of on-line monitoring systems is proven
by several on-site installations.

2.1. Electronic Buchholz Relay

The Buchholz-Relay, which has been in use for many
decades as a protection tool for oil filled-transformers,
is based on a mechanical device consisting of two
swimmers installed in a chamber normally filled with
the oil of the transformer. In case of faults in the trans-
former undissolved failure gases come up into the
chamber and replace the oil. If the gas amount exceeds a
defined quantity for example 100 up to 200 ml one of
the swimmers moves downwards and an alarm or a
switching signal is activated. In some cases a diagnosis
of the failure can be carried out by analysing the gases
collected in Buchholz-Relay and by an additional dis-
solved gas–analysis (DGA).
One of the main disadvantages of the conventional
Buchholz-Relay is its integral measuring characteristic.
It can only show, how much gas had come into the
chamber since the last emptying. If an alarm is signal-
ised it is difficult to know, if the gases were generated
by a large fault or caused by a small error emerged
during a long time period since the last emptying. Then
the result is an erroneous alarm and misinterpretation in
many cases. Furthermore the history of the gas-
development, which is important for a diagnosis of the
fault, is unknown. Beside electrical breakdown there are
a few reasons for gas generation:
• Degassing of saturated oil,
• Drawing of air because of underpressure in front of

operating oil pumps,
• Behind the oil pumps degassing by cavitation,

• Strong mechanical vibrations can cause bubbling in
saturated oil,

• Sudden temperature changes in small oil volumes,
• Sudden decrease of ambient pressure,
• Blocked air dryers can cause underpressure inside

the tank, which leads to bubbling.

A computer aided monitoring using the Buchholz-Relay
is difficult, because of its poor sensitivity. The
Buchholz-Relay in its actual form is thus only a protec-
tion device and can not be used as a diagnosis tool. Fail-
alarm and fail-interpretation is possible. To reduce the
possibility of erroneous alarms the small amounts of
gases which develop during a long time period and are
not an indication of a large failure should be emptied
out of the chamber. Only in this case a signal from the
Buchholz-Relay indicates a large failure and the signal
can be used as protection signal.
In the following a new developed sensor is introduced
in which the functions of the Buchholz-Relay are ex-
tended [5]. An incorrect alarm can be suppressed be-
cause the gas-rate can be detected, which may be used
for diagnostic purposes.
The sensor consists of a cylindrical capacitor which
usually can be installed on the top of the Buchholz-
Relay above the degassing valve. It has a volume of 10
up to 25 ml and is normally filled with the transformer
oil. Small amounts of gases entering the chamber of the
Buchholz-Relay ascend into the sensor and replace the
oil. The capacitance of the sensor changes adequately
by the gas. The change of the capacitance is thereby a
measure for the gas-amount. After measuring the gas
volume, the gases are transferred into a gas collector,
where they can be stored and analysed. The time of the
gas-detection and the amount of the measured gases are
stored in a memory. Additionally different parameters
such as temperature, pressure or the load-condition can
be stored. Beside this if the oil level decreases because
of e.g. a leakage an alarm is activated. If the sensor is
connected to a monitoring system these functionalities
can be taken over by the central control unit.
The sensor was installed for about two years on a
200 MVA, 110 kV/220 kV transformer in a substation.
On this transformer the Buchholz-Relay generated sig-
nals irregularly and therefore the transformer was fail-
ure suspicious. The reason for the gas generation was
unknown [6].
With the help of the installed sensor it became obvious,
that the gases were generated continuously with an
amount of about 6-9 ml per month in winter time and
about 1 ml per month in summer time. This finding was
in accordance with the experiences of the utility, that the
Buchholz-signals appeared mainly during winter time.
Thus it could be concluded, that the gases were not
originated from a large fault in the transformer. An
analysis of the collected gases showed, that the main
component of the gases was air (containing oxygen and
nitrogen). Further investigations allowed the assumption
that in wintertime during ambient pressure changes
gases are dissolved in the oil in the region of the flat ex-
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pansion vessel mounted on the top of the transformer.
By temperature changes the gases come into the pipes
between the expansion vessel and the transformer vessel
and can go out of solution. This effect had been sup-
ported by vibrations of the pipes thus the generated un-
dissolved gases come into the Buchholz-Relay or re-
spectively into the new sensor. After repairing the pipes
and increasing the oil volume in the expansion vessel
this failure was no longer detected.
A further example, which also demonstrates the effi-
ciency as well as the diagnosis possibilities of an elec-
tronic Buchholz-Relay, is described in the following
where the gassing behaviour of a 250 MVA transformer
with horizontal bushings could be clarified. The sensor
was installed on the Buchholz-Relay for the separated
oil volume of the 220 kV bushings. Fig. 2 shows the gas
appearance during three weeks in summer after strong
increases of oil or ambient temperature. Each gassing
consists of the small amount of about 4 ml. Cold oil has
a lower gas absorption capability as warm oil, which
leads in the small oil volume inside the bushing to gas
generation at sudden temperature changes. Because of
the small rate of gas generation it could be concluded
that this is not a critical condition of the transformer.

The new feature of this sensor to connect temporal
resolution of gas generation with operational data such
as temperature and load conditions requires in future
additional work to evaluate fingerprints of abnormal
conditions.

2.2. Mechanical Condition Assessment of OLTC

Due to the fact that serious damage to the transformer
can be expected in the event of a failure of the On Load
Tap Changer (OLTC), its condition is strategic to the
reliability of the transformer. It is therefore important to
monitor this mechanically and electrically highly
stressed element on-line.
There are a few methods to perform an on-line moni-
toring of the OLTC, e.g. the measurement of the tem-
perature differential between the main tank and the tap-
changer compartment to detect cooking contacts. To
evaluate the mechanical condition between the mainte-

nance intervals of the tap changer, the measurement of
the active power consumption of the motor drive during
an operation is implemented in the Alstom monitoring
system MS2000. Compared to other approaches this
method is more simple and reliable, while maintaining
all important information [7].
The active power is recorded by means of an Aaron
measuring circuit with a sample rate of 20 ms. Fig. 3
illustrates the characteristic curve for the operation of
diverter switch, selector and pre-selector contacts. Dur-
ing the first 300 ms of the switching process a power
peak occurs due to the starting current. The intention is
to draw conclusions regarding the mechanical state of
the OLTC from the position and the amplitude of the
following power peaks, which form a typical signature
of a specific tap changing. The entire signal consists of
three parts dependent on the components which have a
part in the specific operation. The loading of the springs
for the diverter switch is part of the active power up to
the final load switching at 4500 ms. During this period
the opening of selector and pre-selector contacts, the
revolution and the closing of the contacts take place. All
these events are represented by typical peaks in the cur-
vature of active power.

Additionally an operation with simulated problems, is
shown in Fig. 3. These faults were generated by adhe-
sive tapes, which were fixed on the metallic surface of
the selector and pre-selector contacts to simulated me-
chanical resistances while moving the contacts. The in-
correct operation can be recognised by the higher am-
plitude of the corresponding power peaks. For the appli-
cation of this method to the on-line monitoring the
complete switching operation is divided in 8 sections. In
the event that the maximum peak within one section ex-
ceeds an alarm level the monitoring system will trigger
a warning. In the case of retrofitting the alarm levels are
ascertained according to the recorded fingerprints for
each tap switching after a few weeks in service.
The load current of the transformer is also stored during
a tap changer switching with a sampling rate of 20ms.
The difference of load current before and after tap
switching is also a valuable information about the cor-
rectness of the switching operation. Furthermore in case
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of a failure during tap changing the knowledge of load
currents is of a great importance for the identification of
the causes.

2.3. On-line Partial Discharge Measurement

In the last few years extensive investigations on partial
discharge (PD) measurements at high voltage devices
have been made, leading to improvement in measure-
ment and sensor technology and also to various kinds of
algorithms for PD-evaluation. On-line PD measure-
ments on transformers can be performed using various
methods, thus beside acoustic measurements electric PD
detection methods are used. Acoustic measurements use
special sensors often based on the Piezo electric effect
for measuring the compressional waves in a frequency
range between 50 kHz and 350 kHz. Using this tech-
nique in some cases a location of the PD source is pos-
sible, but due to the high damping owing to the insula-
tion, conductors, magnetic circuit and the vessel of the
transformer the sensitivity of this technique is quite
small. Nevertheless a PD location is possible within a
radius of about 20 cm [8]. Therefore in an unfavorable
case in which a PD source is located at the edge of a
coil opposite to the neighbouring coil even the phase of
the transformer in which the PD appeared can not be
detected. Furthermore usually a lot of sensors are neces-
sary thus increasing the efforts concerning the meas-
urement equipment as well as the evaluation and the
processing of the collected data. Also the determination
of the energy of the discharge can not be performed pre-
cisely, because calibration measurements are almost
impossible. For these reasons electric PD measurements
are more preferable, because they allow the determina-
tion of the apparent charges and in some cases also a PD
location is possible. Electric PD measurements can be
divided into narrow-band and wide-band measurements.
Narrow-band measurements are characterised by a cen-
tre frequency and its bandwidth between 9 and 30 kHz
whereas wide-band measurements have a bandwidth
between 100 and 400 kHz according to the proposal for
the revision of the international standard IEC 60270 [9].
Narrow-band techniques enable due to the selection of a
suitable centre frequency a noise suppression, but often
it is necessary to choose a centre frequency of a few
MHz for an adequate noise suppression. This must not
be in accordance to the IEC 60270 where the centre fre-
quency is limited to 1 MHz, except the frequency spec-
trum of the partial discharge is almost constant up to the
chosen centre frequency. Otherwise a measurement in
the high frequency range exclusively allows only a
statement about the existence of partial discharges but
not about their apparent charge, thus the comparison of
high frequency components only is of less accuracy.
Furthermore a PD location as well as a characterisation
concerning the type of the PD based on the evaluation
of so called ϕ-q-n patterns or t-q-n patterns is difficult
and can in general only be performed with expert
knowledge.
Therefore a broadband PD detection is preferable for
on-line PD measurements, thus investigations have

shown that a bandwidth of about 10 MHz is suitable in
order to enable a location of PD sources using pattern
recognition methods [10, 11]. This bandwidth is in ac-
cordance with the revision of the IEC 60270 and de-
fined as ultra-wide-band measurement, which represents
a practical technique especially for the PD location.
Using ultra-wide-band techniques the PD signals can be
decoupled with Rogowski coils mounted at the bottom
of the bushings, capacitive dividers or measurement
taps, which are usually integrated in the bushings. The
measurement setup on site is shown in Fig. 4 where the
decoupled signal is low pass filtered and amplified be-
fore it is recorded by a digitizer and processed.

During broadband measurements on site various noise
signals influence the measurements, thus it is necessary
to suppress them by different filtering techniques. First
the continuous sinusoidal noises are suppressed using an
adaptive digital filter. In Fig. 5 a measurement on a
transformer in operation is shown before (a) and after
(b) the suppression of sinusoidal noises. In this case the
measurements on a 200 MVA transformer have been
recorded using a frequency range between 20 kHz and
10 MHz.

Afterwards it is necessary to suppress periodical pulse
shaped noises caused by e.g. thyristor drives which can
be efficiently done with adaptive correlation algorithms

Fig. 4: Measurement setup

Fig. 5: Suppression of sinusoidal noises



or frequency rejection filters. The residual signal only
contains PD signals and stochastically impulse shaped
noises caused by e. g. corona. Because these signals are
quite similar it is difficult to separate them. Therefore
directional coupling techniques are suitable, because
they determine the energy flux of the signals, thus a
distinction between signals from inside and outside the
transformer is possible [12].
Fig. 6 shows this technique applied for PD signals
measured on a 200 MVA transformer on-line. From a
comparison of the PD voltage signal Uc decoupled by
the capacitive divider and the PD current component
URog decoupled by Rogowski coils (see Fig. 6 a and b) a
selection between partial discharges and noise pulse is
possible. Because calibration measurements have shown
that pulses with voltage and current component of the
same polarity are coming from outside the transformer
the pulses shown in detail (see Fig. 6 c and d) must be
noise pulses.
Finally from the recorded signal stream only partial dis-
charges are left. This signals can be evaluated using
various kinds of pattern recognition methods in order to
find out where they have their PD origin. However, this
stage has to be performed off line because a lot of dif-
ferent algorithms are necessary to analyse the data.

Fig. 6: Separation of PD and noise pulses

3. DIAGNOSTIC BY COMBINATION OF ON- AND OFF-
LINE METHODS

The experience gained from on-line monitoring of
power transformers is increasing steadily. There is nev-
ertheless still a lack on how to integrate the information
obtained by the on-line monitoring into the actions
taken onto the service of the transformer. The combina-
tion of on-line monitoring and off-line diagnosis pro-
vides a powerful tool for the complete and economic
assessment of the transformer condition. The supple-
mentary information obtained by the off-line diagnostic
after the detection of an abnormal condition is a worth-

ful information to be integrated into future on-line
monitoring systems.
Off-line diagnosis can use same methods like an on-line
system, as this is the case for PD-measurements. On-
line PD-measurements do allow to detect PD, but it is
difficult due to the difference in the measuring tech-
nique to determine the apparent charge of the PD. Off-
line diagnosis is carried out under well controlled sys-
tem conditions, using enhanced measurement methods
like a multi-channel PD recorder, allowing the detection
and quantification of the PD.
Off-line diagnosis provides furthermore powerful tools
which allow supplementary information on the trans-
former condition, which so far cannot be integrated in
an on-line monitoring system reliably and cost effec-
tively; among these methods are for example Frequency
Response Analysis (FRA) and detailed Gas Chromato-
graph Analysis (DGA).

3.1. Frequency Response Analysis
The transfer function of a transformer winding is a
unique characteristic for each transformer or trans-
former winding. A transformer winding behaves as a
complex RLC network at high frequencies and its trans-
fer function represents according to the system theory
the characteristic behaviour of a linear shift invariant
system. Small changes in the geometry of the winding
lead to changes of the corresponding capacitances and
inductances and consequently to a change in the FRA
result. Different methods exist in order to determine the
transfer function of a transformer winding [14, 15]:
• High Voltage Impulse (HVI)

• Low Voltage Impulse (LVI)

• Frequency Sweep Analysis (commonly called
FRA)

The HVI and LVI methods are based on the same prin-
ciple, a steep impulse voltage is applied to the trans-
former terminal and simultaneously the current in the
different terminals is measured. From these two signals
the transfer function can be calculated.
The transfer function between the input and output leads
as well as the transfer function between different wind-
ings on the same limb can be calculated.
The HVI method uses a High Voltage impulse, as dur-
ing the lightning surge factory test or can be used as an
on-line measurement during switching or lightning in
the network [16]. The main inconvenient of the HVI
method is the poor frequency spectrum of the input sig-
nal and the sensitivity of this technique is not sufficient
to detect minor changes in the winding.
For the LVI method a low voltage impulse (some hun-
dred Volts) is applied to the winding. The steepness of
the applied impulse can be adjusted in order to obtain a
wide frequency band. The sample rate must be chosen
to allow measurements at the highest wished frequency.
The main problem using LVI is the repeatability of the
test results, as they are depending on environmental
noise conditions, thus it is in some cases difficult to



carry out comparisons between original signatures and
repeated measurements.
During discrete frequency measurements the impedance
of the transformer winding is measured in function of
the frequency by applying a low-voltage sinusoidal test
signal with variable frequency. The signals are meas-
ured at discrete frequencies to determine amplitude and
phase of the transfer function for the full frequency
range. The disadvantage using the FRA is the relative
long duration for each measurement compared to the
LVI method. The main advantage of the FRA is  the
good repeatability of the test results, because this tech-
nique is less influenced by superimposed noises.
The measurements presented in this paper are carried
out in the frequency range between 10 Hz and 2 MHz,
with a total of 2000 discrete sample points adjusted over
the frequency range.
The assessment of a transformer winding through FRA
can be done by comparison to an earlier recording, by
comparison of the signatures of different phases in case
of a multi-phase transformer or two signatures of identi-
cal transformers.
Fig. 7 shows the amplitude of an on-site recording of a
16.5 MVA, 90kV/27.5 kV single phase transformer be-
fore and after a series of three short circuits on site. The
first resonance frequency changed from 325 Hz to 285
Hz. With a slight amplitude increase. At low frequen-
cies the main inductance is determined by the iron of the
magnetic circuit. Differences in the residual flux densi-
ties during the different measurements lead to changes
of the magnetic permeability of the iron core material
and subsequently a change in the main inductance. This
does influence the frequency response for low frequen-
cies, but does not change the HF behaviour of the
winding.
The HF results before and after the short circuit do

match very well. The HF response is determined by the
interdisc and interturn capacitances as well as the
winding inductances. The transformer did successfully
pass the short circuit tests. Short circuit impedance
measurements before and after the short circuit con-
firmed the results obtained by the FRA.

3.2. Gas-in-oil detection
The on-line monitoring of dissolved gases in oil is
widely used within installed systems. A number of dif-
ferent sensors have been developed for this purpose.
The information of the rise of dissolved hydrocarbon
gases in oil does normally not allow a “detailed” state-
ment on the condition of the transformer. But it gives
the trigger for an off-line diagnosis in time in order to
establish a reliable diagnostic of the transformer to pre-
vent a severe failure.
Fig. 8 illustrates a detected increase of dissolved gases
using a Hydran sensor. The obtained information by the
on-line monitoring must be analysed using DGA analy-
sis in order to establish a first diagnosis of the trans-
former.
The increase of the on-line detection of dissolved gases
triggered in this case a PD measurement. PD-
measurements and their ultrasonic location allow a de-
tailed diagnosis of the transformer insulation.

Fig. 8: Evolution of dissolved gases using a Hydran 
sensor

For this purpose a multi-channel Automatic Partial Dis-
charge Recorder (APDR) has been developed [13, 17].
The APDR allows to record the signals simultaneously
on up to 7 channels with a dynamic of 120 dB. The peak
value, the polarity and the phase of each discharge is
recorded. The obtained record can be analysed cycle by
cycle for the whole duration of the test. Methods of
sorting the PD’s into clusters and their characterisation
can be applied. By applying this tool to the presented
case the supposition could be proved that the rise of the
dissolved gases was due to inception of PD in oil.

4. TEMPERATURE MONITORING AND CONTROLING
OF COOLING UNIT

The thermal behaviour of a transformer can be repre-
sented by a one-body system [18, 19]. In stationary
condition, all losses (P) are transferred to the environ-
ment via the thermal resistance (Rth) of the cooling
equipment. For the oil temperature rise, the following
applies:
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The variable k is the ratio of the actual load to rated
load. In the case of strong fluctuations in ambient tem-
perature or load, the thermal capacity (Cth) of the trans-
former has also to be taken into consideration. This, to-
gether with the thermal resistance, results in the thermal
time constant of the transformer. The dynamic charac-
teristic of the oil temperature (ϑoil) can be calculated,
on-line and iteratively, by means of the monitoring sys-
tem in accordance with equation 2. The initial and final
oil temperatures are denoted by ϑoil,act and ϑoil,∞ respec-
tively.
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By resolving equation 1 to k, the permissible continuous
load according to IEC 60354 can be calculated. The
specific constants (P0, Pk,n, Rth) of the transformer are
determined by the specific design. The ambient tem-
perature can be measured and the top oil temperatur
should be limited to 105°C for OD-cooled transformers
according to IEC 60354. In this way also the hot-spot
temperature has to be controlled, because it is limited
for normal cyclic loading to 120°C. It is made up of
ambient temperature (ϑair), the calculated top oil tem-
perature, and the load-dependent temperature difference
between oil and winding temperature, weighted with the
hot-spot factor (h). The demand to compensate periods
of high load and accelerated ageing by periods of low
load and slower ageing can be met by the on-line cal-
culation of the ageing rate and calculating the 100-day
mean-value.
This thermal model was applied to a 250 MVA grid
coupling transformer. The maximum possible continu-
ous load of that transformer, with the cooling plant op-
erating at rated load, was determined as a function of
the ambient temperature and is shown in Fig. 9. Due to
the low ambient temperature, maximum continuous load
factors of up to 1.3 were reached.

The top oil temperature, calculated under consideration
of the thermal time constant, corresponded with the
measured top oil temperature. Minor deviation of up to
2 K will occur with strong fluctuations in ambient tem-
perature and load. These deviations can be established
by the unprecise detection of top oil temperature due to

the measurement of the top oil mixture. Thus, the reli-
ability of the model is proved so that it is possible to
detect failures of the cooling system, such as failures of
pumps or fans, by comparison of measured and calcu-
lated top oil temperature.
For emergency operation of the transformer the duration
at a maximum load factor of 1.5 can be pre-calculated.
Because of the strong variations of the oil temperature
during such high load phases, it has to be borne in mind,
that for the calculation of the hot-spot temperature a
two-body system with a much smaller time constant as
in equ.2 has to be applied [19].
This thermal model is also used for a load-dependent
regulation of the cooling plant. For this purpose, the de-
sired oil temperature is entered in the software of the
monitoring system MS2000 as a control value. The
thermal resistance of the cooling plant required for
transferring the losses to the environment can be calcu-
lated as a function of the ambient temperature and the
actual load. The monitoring system determines the
number of fans to be activated corresponding to the re-
quired thermal resistance. In this way, a largely constant
oil temperature is obtained; as this reduces „breathing“
of the transformer, less moisture is absorbed by the
transformer oil. Compared with a conventional fan con-
trol, the use of this intelligent, load-dependent fan con-
trol offers a number of additional advantages:
• Use of life can be reduced by optimising the hot-

spot temperature (life management),
• Service consumption of the transformer can be re-

duced, as a smaller number of fans will operate at
lower ambient temperatures,

• The overload capacity of the transformer can be
raised by pre-cooling of the oil before a load peak
occurs,

• The selective control of fans will reduce the overall
noise level of the transformer.

5. CONCLUSIONS

The condition assessment of power transformers by the
combination of on- and off-line methods strongly re-
duces the risk of severe failures. So it provides a reliable
electrical power supply in connection with an optimum
exploitation of the active part. The most recent devel-
opments of sensor technology, such as an electronic
Buchholzgas relay, an OLTC monitoring based on the
power consumption of the motor drive and on-line PD-
measurement have been described in this contribution.
The results gained from the field application of these
new sensor technologies show the early warning capa-
bility.
A comprehensive diagnosis however requires that in
future results from on- and off-line measurements has to
be put together by better proven evaluation methods,
which have to be achieved in close collaboration be-
tween transformer manufacturer and utility.

11.11.99 12.11.99 13.11.99 14.11.99 15.11.99 16.11.99
-10

0

10

20

30

40

50
 Measured top oil temp.
 Calculated top oil temp.
 Ambient temp.

           max. Overload

T
em

pe
ra

tu
re

 [°
C

]

1,1

1,2

1,3

1,4

1,5

1,6

ov
er

lo
ad

 fa
ct

or
 (

k)

Fig 9: Calculation of oil temperature and overload
capacity



6. REFERENCES

[1] "An International Survey on Failures of Large
Power Transformers in Service" (CIGRE Working
Group 12.05, Electra, No. 88, January 1983).

[2] D.F. Peelo, et al.: "A Value Based Methodol-
ogy for Selecting On-line Condition Monitoring of Sub-
station Power Equipment" (EPRI Substation Equipment
Diagnostic Conference V, New Orleans, Louisiana, Feb.
17, 1997).

[3] S. Tenbohlen, F. Figel: “On-line Condition
Monitoring for Power Transformers” (IEEE Power En-
gineering Society Winter Meeting, Singapore,Jan. 2000)

[4] U. Sundermann, S. Tenbohlen, "Der intelli-
gente Transformator - Zustandserfassung und Diagnose
von Leistungstransformatoren" (Elektrizitätswirtschaft,
Jg. 97 (1998), Heft 10).

[5] H. Borsi; M. Urich, T. Leibfried "Das neue
elektronische Buchholzrelais" (Elektrizitätswirtschaft,
Jg. 97 (1998), Heft 13)

[6] P. Werle, V. Wasserberg, H. Borsi, E. Gocken-
bach "Kombinierte Verfahren zur Zustandserkennung
der Isolierung von Leistungstransformatoren" ETG
Tage, München, November 1999

[7] A. Krämer, et. al.: “Monitoring Methods for
On-load Tap-changers. An Overview and Future Per-
spectives” (CIGRE Session 1996, paper12-108).

[8] H. M. Shertukde, J. G. Lackey: "Interpretation
of Results obtained from Testing of Oil filled Electrical
Power Transformers in Field for several Utilities in the
World" (IEEE International Symposium on Electrical
Insulation, Vol. 1, pp. 49-52, June 1998, Washington
DC, USA)

[9] IEC 60270: "Partial Discharge Measurements"

[10] P. Werle, H. Borsi, E. Gockenbach: "Hierar-
chical Cluster Analysis of Broadband Measured Partial
Discharges as Part of a Modular Structured Monitoring
System for Transformers" (11th International Sympo-

sium on High Voltage Engineering, Vol.5, pp. 29-32,
August 1999, London, UK)

[11] D. Wenzel: "Teilentladungsmessungen an
Transformatoren im Netz mit Verfahren der digitalen
Signalverarbeitung und Mustererkennung" (Disserta-
tion, Universität Hannover, 1998)

[12] M. Hartje: " Erfassung von Teilentladungen an
Leistungstransformatoren im Netzbetrieb" (Dissertation,
Universität Hannover, 1990)

[13] C. Moreau, P. Tantin, B. Mansuy, J. Poittevin,
P. Despiney: “Monitoring and operational behaviour of
HV and EHV Instrument Transformers” (Cigre 1998,
12-101)

[14] P.T.M. Vaessen, E. Hanique: “A New Fre-
quency Response Analysis Method for Power Trans-
formers” (IEEE Transactions on Power Delivery; Vol .7
N° 1, January 1992, pp. 384 – 391)

[15] J. Bak-Jensen, B. Bak-Jensen, S.D. Mikkelsen;
“Detection of Faults and Ageing Phenomena in Trans-
formers by Transfer Function” (IEEE Transactions on
Power Delivery; Vol. 10, N° 1, January 1995, pp. 308-
314)

[16] T. Leibfried, K. Feser: “Off-line and On-line
Monitoring of Power Transformers using the Transfer
Function Method” (International Symposium on Elec-
trical Insulation, Montreal, 1996)

[17] J. Poittevin, D. Uhde, N. Foulon, J.-P. Lucas,
G. Barré: “Partial Discharge Measurements on Trans-
formers: Fingerprint Analysis” (INSUCON/ISOTEC
1998 pp; 278 – 290)

[18] IEC 60354: “Loading guide for oil immersed
power Transformers” (IEC, 1991)

[19] S. Tenbohlen, M. Schäfer, H. Matthes: “Beur-
teilung der Überlastbarkeit von Transformatoren mit
online Monitoringsystemen” (Elektrizitätswirtschaft,
Jg. 99 (2000), Heft 1-2)


	12_204E.PDF
	--> Welcome page
	================================
	--> Preferential Subjects
	--> Sujets préférentiels
	================================
	--> Digests (in English)
	--> Résumés (en français)
	================================
	SPECIAL REPORTS (RAPPORTS SPÉCIAUX)
	Group 11 - ROTATING MACHINES
	Group 12 - TRANSFORMERS
	Group 13 - SWITCHING EQUIPMENT
	Group 14 - HVDC LINKS AND AC POWER ELECTRONIC EQUIPMENT
	Group 15 - MATERIALS FOR ELECTROTECHNOLOGY
	Group 21 - HV INSULATED CABLES
	Group 22 - OVERHEAD LINES
	Group 23 - SUBSTATIONS
	Group 33 - POWER SYSTEM INSULATION CO-ORDINATION
	Group 34 - POWER SYSTEM PROTECTION AND LOCAL CONTROL
	Group 35 - POWER SYSTEM COMMUNICATION AND TELECONTROL
	Group 36 - POWER SYSTEM ELECTROMAGNETIC COMPATIBILITY
	Group 37 - POWER SYSTEM PLANNING AND DEVELOPMENT
	Group 38 - POWER SYSTEM ANALYSIS AND TECHNIQUES
	Group 39 - POWER SYSTEM OPERATION AND CONTROL
	Joint Session 37/38/39 - POWER SYSTEMS OF THE FUTURE AND CONSEQUENCES OF RE-REGULATION
	================================
	Rapports spéciaux français (sur Internet : http://www.cigre.org/fsSP.htm)

	================================
	GROUP 11 - ROTATING MACHINES
	11-101: Type-tested air-cooled turbo-generator in the 500 MVA range - JOHO R., BAUMGARTNER J., HINKEL T., STEPHAN C.-E., JUNG M. (Switzerland)
	11-102: The development of the 400 MW evaporation-cooling hydro-generator of Lijiaxia power station - GU GUOBIAO, XIONG NAN, YUAN JIAYI, TIAN XINGDONG, CHEN XIFANG, ZHU YUANCHAO, ZHENG XIAOKANG, ZHAO CHANGZHONG (China)
	11-103: The physical field computation of hydro-generators - MIAO LIJIE, LIU TONGYAN, CHI SU (China)
	11-104: Investigations into a 6000 tons thrust bearing with Teflon or Babbitt layer for the Three Gorges units - SCHAFER D., FUERST A. (Switzerland), SHEN LIANGWEI, QU DAZHUANG (China)
	11-105: High rated generator-motors for pumped storage stations - HEMERY G., FERMAUT J.M., MAZZOCCO (France)
	11-106: Design and experience feed back for 3000 rpm 1000 MW nuclear power station in China - SHEN RU GANG (China), BOOTH R.M. (United Kingdom), GUIGUES B., VERRIER M. (France)
	11-107: Recent development progress of 70 MW class superconducting generator - World's highest output, longest continuous operation of 1500 hours & first connection to 77kV power grid - AGETA T., SHIBUYA M., TANIGUCHI H., SHIOBARA R., SUZUKI K., MIYAIKE K.
	11-201: Guide to evaluate the need to rebuild hydroelectric generators - YELLE R.G., MENARD P. (Canada)
	11-201: Guide pour évaluer le besoin de refaire les alternateurs hydro-électriques - YELLE R.G., MENARD P. (Canada)
	11-202: Voltage increase in hydrogenerator circuit due to failures and disturbances - MALJKOVIC Z., UGLESIC I., KUTEROVAC L.J., VRKIC I., VUCAK S. (Croatia)
	11-203: The advanced method of rotor failure detection in large induction motors - LAZAREVIC Z., PETROVIC D., JANDA Z., STOJKOVIC S. (Yugoslavia)
	11-204: On-line PD testing on lower voltage rotating machines using high sensitivity capacitors - ZHU H., GREEN V., SASIC M. (Canada), HALLIBURTON S. (United States)
	11-301: Developments and verification tests of diagnostic methods for hydro-generators - KAFER R., EGGER H., HUMMER A., FUCHS H.R., KOGLEK H., MÜLLER F., BINDER E., DRAXLER A. (Austria), DRPIC M., HOOF M., LANZ S. (Switzerland)
	11-302: Measurement procedures and interpretation algorithms to state the residual life time of the stator winding insulation - ENGSTER F., POP O., BULEZIUC (Romania)
	11-303: Information diagnostic system for hydro-power units - ALEKSANDROV A.E., IRTEGOV J.N., NADTOCHY V.M., RODIONOV V.G. (Russia)
	11-304: On the interpretation of partial discharge patterns detected at motor terminals - RABACH G., VISENTIN M., RAZZA F. (Italy)
	11-305: On-line condition monitoring of winding insulation in turbine generators - KIMURA K., KANEDA Y., ITOH K., KOGI T., MOROOKA K., TAKASHIMA M. (Japan)
	11-306: Système de mesure en continu du niveau d'étincellement de machines électriques (MC2Me) - ALONSO RODRIGUEZ Á.M., BLAZQUEZ GARCÍA F., PÉREZ ALONSO M. (Espagne)

	GROUP 12 - TRANSFORMERS
	12-101: A major breakthrough in transformer technology - LEIJON M., JAKSTS A., SASSE C., FRANK H., FOGELBERG T., ANDERSSON T.H., FORSMARK S., NILSSON L., SJOGREN A. (Sweden)
	12-102: The short-circuit resistance of transformers : the feedback in France based on tests, service and calculation approaches - MACOR P., ROBERT G, GIRARDOT D., ARTHAUD J.P., NGNEGUEU T., CHEMIN E., RIBOUD J.C. (France)
	12-102: La tenue au court-circuit des transformateurs : le retour d'expérience en France basé sur des essais, le service et des approches par le calcul - MACOR P., ROBERT G, GIRARDOT D., ARTHAUD J.P., NGNEGUEU T., CHEMIN E., RIBOUD J.C. (France)
	12-103: Performance of transformers with split winding under nonstandard operation conditions - STUCHL P., DOLE_EL I., HRUZA J., WEINBERG O., ZAJÍC A. (Czech Rep.)
	12-104: Investigation of inrush currents during a short circuit test on a 440 MVA, 400 kV GSU-Transformer - LEBER G. (Austria)
	12-105: Short circuit testing experience with large power transformers - JANSSEN A.L.J., TE PASKE L.H. (Netherlands)
	12-106: Problems of autotransformers operation in systems with fault currents upgrowth - BOGOMOLOV V.S., KHUBLAROV N.N., LVOV M. Ju., LVOV N. Yu., NEKLEPAYEV B.N., VANIN B.V. (Russia)
	12-107: Power transmission reliability. Technical and economic issues relating to the short-circuit performance of power transformers - ILICETO F., BERGONZI L., BERTAGNOLLI G., CANNAVALE G., CAPRIO G. (Italy) DILLI B. , GULYESIL O. (Turkey)
	12-108: Design verification criteria for evaluating the short-circuit withstand capability of transformer inner windings - SARAVOLAC M.P., VERTIGEN P.A., SUMNER C.A.,SIEW W.H. (United Kingdom)
	12-201: Recent achievements in performing short-circuit withstand tests on large power transformers in Canada - FOLDI J., BERUBE D., RIFFON P. (Canada), MAGGI R., BERTAGNOLLI G. (Italy)
	12-202: Economical aspects and practical experiences of power transformer on-line monitoring - BOSS P., LORIN P., VISCARDI A. (Switzerland), HARLEY J.W., ISECKE J. (United States)
	12-203: The design, construction and operation of high temperature superconducting transformers - Practical considerations - SYKULSKI J.K., STOLL R.L., BEDUZ C., POWER A.J., GODDARD K.F., AL-MOSAWI M.K. (United Kingdom)
	12-204: Enhanced diagnosis of power transformers using on and off-line methods: results, examples and future trends - J. POITTEVIN TENBOHLEN S., UHDE (France), D. SUNDERMANN U., BORSI H., WERLE P. , MATTHES H. (Germany)
	12-205: Current limitation in high temperature superconducting transformers and impact on the grid - SERRES E., LEVILLAIN C., CAMESCASSE F.X., PICARD J.-F. (France), LAKNER M., RHYNER J., CHEN M., PAUL W., ZUEGER H. (Switzerland), BACKES J., BONMANN D.

	GROUP 13 - SWITCHING EQUIPMENT
	13-101: Cost optimisation versus function reliability of HVAC circuit-breakers - BOSMA A., SCHREURS E. (Sweden)
	13-102: Switchgear issues in deregulated electricity industries in Australia and New Zealand - JONES S., BRENNAN G. (Australia), GARDNER K. (New Zealand)
	13-103: Life cycle management of circuit-breakers by application of reliability centered maintenance - BALZER G., STRNAD A., NEUMANN C., HALFMANN M. (Germany), ORLOWSKA T. (Poland)
	13-104: Life management of circuit-breakers. A summary of the studies of CIGRE WG13.08 - JANSSEN A.L.J., LANZ W., PEELO D.F., DE RADIGUES G., MAKAREINIS D. 
	13-105: Contributions to the switchgear maintenance optimization in a local electric power system - STOICA I., COROIU N., FELEA I. (Romania)
	13-106: Technological trends in high voltage circuit-breakers - KNOBLOCH H., MARIN H., SCHRAMM H.-H., STENZEL P., KIRCHESCH P., SCHIEMANN A., DE HESSELLE M., MOLLER K., von STARCK R. (Germany)
	13-201: Superconducting fault current limiter - applications, technical and economical benefits, simulations and test results - PAUL W., CHEN M., LAKNER M., RHYNER J., BRAUN D., LANZ W. (Switzerland), KLEIMAIER M. (Germany)
	13-202: Behavior of interrupters based on principles using arc-energy in direct and synthetic test circuits - KAPETANOVI_ M., AHMETHODZI_ A. (Bosnia & Herzegovina)
	13-203: The application of new interrupting techniques to high voltage circuit breakers - HALL W.B., LOPEZ-ROLDAN J., YOUNG K. (United Kingdom)
	13-204: Development and testing of a novel design concept for high temperature super-conducting fault current limiter - SARAVOLAC M.P., VERTIGEN P. (United Kingdom)
	13-205: Testing implications of "intelligence" added to switchgear - SMEETS R.P.P., KANNEGIETER K.J., DANEN A., ACHTERKAMP M. (Netherlands)
	13-206: Electronic control of circuit breakers - KIRCHERSCH P., BAUDART C., CHETAY O., DUPRAZ J.P. (France), GEBHARDT D. (Germany) , HIRST D. (United Kingdom) 
	13-206: Commande électronique des disjoncteurs - KIRCHERSCH P., BAUDART C., CHETAY O., DUPRAZ J.P. (France), GEBHARDT D. (Allemagne) , HIRST D. (Royaume-Uni) 
	13-207: System requirements and test of super-conducting fault current limiters - FISCHER S., SCHMITT H., VOLKMAR R.R. (Germany), BRISSETTE Y. (Canada)
	13-208: Current state and future plans of fault current limiting technology in Japan - FUKAGAWA H., MATSUMURA T., OHKUMA T., SUGIMOTO S., GENJI T., UEZONO H. (Japan)
	13-209: Field test of 1000 kV gas insulated switchgear - YAMAGATA Y., NAKADA Y., MURAYAMA Y., HIRASAWA K., YOSHIZUMI T. (Japan)

	GROUP 14 - HVDC LINKS AND AC POWER ELECTRONIC EQUIPMENT
	14-101: Leyte-Luzon HVDC power transmission : commissioning highlights, performance measurements and operating experience - GARCIA M.P. (Philippines), WILHELMSSON L., EKEHOV B. (Sweden), ALLAIRE J.F., DESILETS G.L., MOREAU G., CLARKE C.D. (Canada)
	14-102: A survey of the reliability of HVDC systems throughout the world during 1997-1998 - D.J. CHRISTOFERSEN, I. VANCERS, H. ELAHI, M.G. BENNETT on behalf of SC 14 
	14-103: Technical feasibility of HVDC links in Saudi Arabia - ABDULLAH I. KHAWAJI, HASSAN J. ZAIDI (Saudi Arabia)
	14-104: Commissioning and operative experience of TCSC for damping power oscillation in the Brazilian North-South interconnection - GAMA C. (Brazil), ÄNGQUIST L., INGESTRÖM G., NOROOZIAN M. (Sweden)
	14-105: HVDC multi-terminal interconnections - A viable and optimal solution for India - SAXENA K.M., BHATELE R.P., CHANNAKESHAVA, MURTY A.S.R., MATA PRASAD, CARLSSON C.G., MONI R.S. (India)
	14-106: Investigation of FACTS applications in the Hellenic transmission system considering power flow variations including Greece-Italy HVDC link - LEONIDAKI E.A., PAPADIAS B.C., HATZIARGYRIOU N.D., GEORGANTZIS G.J. (Greece)
	14-107: Development and testing of controller for National HVDC Project of India - SINGHAL A., GERA R., KHAN M.I., TRIPATHY A.K., ADHIKARI T., SHOBHA S., SUNDERESWAR Y., DAS R.L. (India)
	14-108: Improvement of interarea oscillation damping in the UCPTE/CENTREL system as a supplementary benefit of FACTS technology application to the Polish Power Grid - ADAPA R. (United States), MADAJEWSKI K., SOBCZAK B. (Poland)
	14-109: Two HVDC schemes in close proximity: a coordination study - ABBOTT K.M., ATEN M. (United Kingdom)
	14-110: Simplifying HVDC thyristor valves whith direct-light-triggered thyristors - LIPS H.P., TU Q.B., UDER M. (Germany), LAVIER B., REYNOLDS M., LITZENBERGER W.H. (United States)
	14-111: Operating experiences in the HVDC systems of the Souterhn African power pool " Cahora-Bassa - Apollo and Inga-Shaba " - OLIVEIRA H., SINTRA L. (Mozambique), LOKALA J., PEMBELE K.D. (Dem. Rep. of Congo), LUBINI I.E., GOOSSEN P.V., BHANA S. (South
	14-201: Capacitor dynamic voltage suppression (CDVS) - CHRISTOFERSEN D.J., HOLENARSIPUR P.S.S., MOHAN N. (United States)
	14-202: Electrical system considerations for the Argentina-Brazil 1000 MW interconnection - GRAHAM J., MENZIES D., BILEDT G., CARVALHO A.R., WO WEI PING, WEY A. (Brazil)
	14-203: Back-to-back VSC devices: a new solution for the interconnection of asynchronous AC systems - PILOTTO L.A.S., BIANCO A., WATANABE E.H., AREDES M. (Brazil), LONG W.F. (United States)
	14-204: Development and field test of a multi-terminal DC link using voltage sourced converters and new control and protection schemes - HAYASHI T., SEKI N., SAMPEI M., SEKINE Y. (Japan)
	14-205: Gotland HVDC Light - The world's first commercial extruded HVDC cable system - BYGGETH M., JOHANNESSON K., LILJEGREN C., AXELSSON U. (Sweden)
	14-206: Design features of Three Gorges - Changzhou +/- 500 kV DC transmission project - ZHOU XIAOQIAN, HUO JI'AN, SUN JIANJUN, TAO YU, LIU ZEHONG (China), LAGERKVIST M., FLISBERG G., LESCALE V.F., KUMAR A. (Sweden)

	JOINT SESSION 14/33
	14/33-01: Limitation of switching overvoltages on transmission lines by using fast acting shunt reactors, controlled by means of power electronics - ALEXANDROV G.N. (Russia)

	GROUP 15 - MATERIALS FOR ELECTROTECHNOLOGY
	15-101: Handling composite insulators - AL-HAMOUDI I.Y. (Kingdom of Saudi Arabia)
	15-102: Electrical breakdown of paper-oil insulation under combined composite AC/DC fast transient voltages - SUNDARA RAJAN J., VISWANATHA C., DWARAKANATH K., MOORCHING S.N. (India)
	15-103: Performance of polymeric insulating materials under environmental conditions - NASRAT L., NOSSEIR A., RIZK M., MANSOUR S. (Egypt)
	15-201: Investigation of interfacial polarisation spectra parameters for accelerated aged oil-paper insulation and its correlation with molecular weights and Furan compounds - SAHA T.K., YAO Z.T., LE T.T., DARVENIZA M., HILL D.J.T. (Australia)
	15-202: Interfacial properties in XLPE/EPDM laminates - NAM J.H., SUH K.S., KOO J.Y. (Korea)
	15-203: Macroscopic internal interfaces in high voltage cable accessories - SCHROTH R., GOCKENBACH E. (Germany), KUNZE D., PARMIGIANI B. (Italy)
	15-204: Oil-impregnated cellulosic insulation. Moisture diffusion and equilibrium in view of interfacial adsorption water vapour by cellulose in insulation microcapillaries - VANIN B.V. (Russia)
	15-205: Long-term ageing of silicone rubber insulators due to sandstorms - AWAD M.M., SAID H.M., ARAFA B.A., NOSSEIR A. (Egypt)
	15-206: Dielectric characteristics of interfaces in prefabricated joints of extra-high voltage XLPE cables - TANAKA T., NAGAO M., TAKAHASHI Y., MIYAZAKI A., OKADA M., YAMASHITA Y. (Japan)
	15-207: Interfacial insulation characteristics in gas mixtures as alternative to SF6 and application to power equipment - TAKUMA T., YASHIMA M., ENDO F., HAMA H., MATSUMOTO S. (Japan)
	15-301: Mineral insulating oil fingerprinting: a tool for maximising oil filled HV equipment lifetime - WILSON G. , PAHLAVANPOUR B. (United Kingdom)
	15-302: Partial discharges in transformer insulation - LUNDGAARD L. on behalf of TF 15.01.04
	15-303: Application of the UHF method for partial discharge measurement to gas insulated substation monitoring - Application de la mesure des décharges partielles par UHF à la surveillance des postes sous enveloppe métallique - HARSCOËT F., GIRODET
	15-304: Partial discharges tests on GIS installation in Malaysia. Techniques and experiences - PHILIP M.L., GOH Y.S., LEONG W.H., DARUS A. SETHURAMAN M., FUAD S.A. (Malaysia), KOLTUNOWICZ W. (Italy)
	15-305: PD measurements on GIS of different designs by non-conventional UHF sensors - NEUMANN C., KRAMPE B., FESER K., FEGER R., KNAPP M., BREUER A., REES V. (Germany)
	15-306: Challenges for advanced diagnostic techniques faults undetectable by existing electrical methods - JAMES R. , BLACKBURN T.R., LEE A., COTTON M ., FINLAY B., GALEA V., ALLAN D.M. (Australia)
	15-307: Application of advanced chemical analysis techniques to the assessment of composite insulator condition - BIRTWHISTLE D., BLACKMORE P., CASH G., GEORGE G., GILLESPIE T., KRIVDA A. (Australia)
	15-308: Advanced partial discharges diagnostics as early warning system to recognise defects in gas insulated switchgear (GIS) - MEIJER S., GULSKI E., KANTERS A.J.L.M. , WESTER Ph. (Netherlands), GIRODET A. (France), RAMU T.S. (India)
	15-309: Method and instrumentation for acoustic diagnoses of GIS - LUNDGAARD L., SKYBERG B., SCHEI A. (Norway), DIESSNER A. (Germany)

	GROUP 21 - HV INSULATED CABLES 
	21-101: 150 kV underground links in Belgium. New technical stage for XLPE insulated cables - COUNESON P., BRIJS B. BECKER J., GEERTS G., DELREE X. (Belgium)
	21-101: Liaisons souterraines 150 kV en Belgique : nouveau palier technique pour les câbles isolés au PRC - COUNESON P., BRIJS B. BECKER J., GEERTS G., DELREE X. (Belgique)
	21-102: Norte Miguel Reale: a modern design of a 345kV underground power line - A.J. DE O. LIMA, KLEIN W., OLIVEIRA I.T., FRANÇOLIN L.C., ALMEIDA J.Q.P., VANNA J.R.F., MURAKAMI S.S. (Brazil)
	21-103: First 220 kV extruded insulation feeder cable in Ireland - BERGIN E., DALY J. (Ireland), B. THUNWALL (Sweden)
	21-104: EHV XLPE cables, experience, improvements and future aspects - PÖHLER S., SCHROTH R. (Germany), BISLERI C. (France), NORMAN S., PARMIGIANI B. (Italy)
	21-105: 400 kV underground links for bulk power transmission. New developments in the field of cross-linked polyethylene insulated cables - DORISON E., MAUGAIN Y., ARGAUT P., DEJEAN P.M., MIREBEAU P. (France)
	21-105: Liaisons souterraines 400 kV de fortes puissances. Nouveaux développements dans le domaine des câbles isolés au polyéthylène réticulé - DORISON E., MAUGAIN Y., ARGAUT P., DEJEAN P.M., MIREBEAU P. (France)
	21-106: Construction of the world's first long-distance 500 kV XLPE cable line - OHNO H., SAKUMA S., FUKUNAGA S., OSOZAWA K., YAMANOUCHI H. (Japan)
	21-201: Condition assessment of water treed service aged XLPE cables by dielectric response measurements - HVIDSTEN S., FAREMO H., BENJAMINSEN J.T., ILDSTAD E. (Norway).
	21-202: Cable installation: state of the art for the installation and installation design of HV and EHV cable systems - MAUGAIN Y., HUDSON P. on behalf of WG 21.17.
	21-203: Learning from high voltage XLPE cable system testing and monitoring - STEENNIS E.F., BERLIJN S.M., DE WILD F.H., VAN DEN BOOGAARD F., DE JONG C.G.N., VAN RIET M.J.M., VAN DER WIJK G.P.T. (Netherlands)
	21-204: Analysis of temperatures and daily field data on the soil thermal parameters of operating circuits - BARNEWALL G., LYALL J. S. (Australia)
	21-205: Design and development of cold dielectric (CD) high temperature superconducting cable systems for bulk power transmission at voltages up to 225 kV - NORMAN S., NASSI M., LADIE P. (Italy), POEHLER S., SCHROTH R. (Germany)
	21-301: 400 kV 700 MW fluid filled submarine cables for the Spain and Morocco interconnection - GRANADINO R. (Spain), DULCHAIN J.M. (France), GIROTTO S. (Italy)
	21-302: High power development raises mind technology to 1000 MW and further - BERGKVIST M., HANSSON O., FELIX J., NORDBERG P. (Sweden)
	21-303: The breakdown mechanism of HVDC mass impregnated cable - EVENSET G., BALOG G. (Norway)
	21-304: Installation of 500 kV DC submarine cable in Japan - NAKANISHI Y., FUJII K., NAKAYAMA K., GOTO Y., MIZUTANI K., MIYAZAKI T. (Japan)

	JOINT SESSION 21/23/33
	21/23/33-01: Dimensioning criteria and test results for a polymer enclosed gas insulated line - MEINECKE F.B.H., VESTNER M.P., SOLOGUREN-SANCHEZ D.F., BRUHL B.A. (Switzerland), COVENTRY P.F. (United Kingdom)
	21/23/33-02: Development of a directly buried 400 kV gas insulated line technology - BOURDET M., HOPKINS M., LANQUETIN P.M. (United States), MAUGAIN Y., FELDMANN D., SABOT A. (France)
	21/23/33-02: Développement d'une technologie de ligne à isolation gazeuse 400 kV directement enterrée - BOURDET M., HOPKINS M., LANQUETIN P.M. (États-Unis), MAUGAIN Y., FELDMANN D., SABOT A. (France)
	21/23/33-03: Electrical and mechanical long time behaviour of gas-insulated transmission lines - KOCH H., SCHUETTE A., HENNINGSEN C.C., KAUL G., PLATH R. (Germany)

	GROUP 22 - OVERHEAD LINES
	22-101: Reliability and upgrading studies of the 765 kV Itaipu transmission system - DE OLIVEIRA E SILVA A., DE OLIVEIRA FILHO A., CORREA DE BARROS D., MAGALHAES H.DE A., PINTO DAS CHAGAS H., DE A. MAGALHAES H., DOS SANTOS O.P., GUIMARAES FERREIRA DA SILVA
	22-102: Assessment and upgrading of transmission towers - ALBERMANI F.G.A., KITIPORNCHAI S. (Australia)
	22-103: Probabilistic based condition assessment of overhead transmission lines - ROSS A.A.H.J., RHEBERGEN B., VAN OOSTERHOUT J.P.M., DE JONG C.G.N. (Netherlands)
	22-104: Risk assessment to improve reliability of transmission facilities exposed to subtropical high wind storm events - LETCHFORD C.W., HAWES H. (Australia)
	22-105: Practical steps for increasing availability of existing overhead transmission lines - POHLMAN J.C., LINDSEY K.E. (United States), AGRAWAL L.N., KAPUR A.K. (India)
	22-106: Increasing the reliability of transmission lines rebuilt after the January 1998 ice storm - BELL N., BINETTE L., LEMIEUX N., SABOURIN G. (Canada)
	22-106: Augmentation de la fiabilité des lignes de transport reconstruites après la tempête de verglas de 1998 - BELL N., BINETTE L., LEMIEUX N., SABOURIN G. (Canada)
	22-107: Working Group Preliminary Report : Management of existing overhead transmission lines - on behalf of Working Group 22.13 
	22-201: Assessment of existing overhead transmission lines and solutions for extending their residual lifetimes - CHONE F., GAUDRY M., PARROTTA J., GOURIT L., LARRIPA B. (France)
	22-201: Diagnostic des lignes aériennes existantes et solutions pour prolonger les durées de vie résiduelles - CHONE F., GAUDRY M., PARROTTA J., GOURIT L., LARRIPA B. (France)
	22-202: Maximising the ratings of National Grid's existing transmission lines using high temperatures, low sag conductor - TUNSTALL M.J., HOFFMANN S.P., DERBYSHIRE N.S., PYKE M.J. (United Kingdom)
	22-203: Working in a market-driven electricity supply industry : modifications to UK overhead transmission line working practice - CARTER C.N., DEAS J.N., GILBERT G.R., NEVE S., MADDOCKS D. G. (United Kingdom)
	22-204: Use of an airborne laser locator to improve availability and quality of maintenance of overhead lines - MEKHANOSHIN B.I., MEDVEDEV Ye. M., RIVKIN L. Yu., SHKAPTSOV V.A., YAVORSKY Ye. A., DEMENTYEV Y.A. (Russia), URWIN R. (United Kingdom)
	22-205: Reduction of maintenance cost for overheated compression type clamps through newly developed countermeasure and improved control method - NAKAMURA K., HASE Y., YOKOTA Y., NISHIDA E. (Japan)
	22-206: Belgian experience on initiatives to improve the capability of existing overhead lines - LAMSOUL J., ROGIER J., COUNESON P., VAN OVERMEERE A. (Belgium)
	22-206: L'expérience belge sur les initiatives d'améliorer la capacité et la disponibilité des lignes aériennes existantes - LAMSOUL J., ROGIER J., COUNESON P., VAN OVERMEERE A. (Belgique)
	22-207: Diagnostic methods of non-ceramic insulators for HV lines - DE NIGRIS M., RENDINA R., TAVANO F.,ZAGLIANI F. (Italy)
	22-208: Methodology and results of 330-550 kV overhead line ageing assessment for their maintenance planning and reliability assurance - DJAKOV A.F., DIKOY V.P., LAVRENTIEV V.M., KRYLOV S.V., TIMASHOVA L.V., NIKIFOROV E.P., FEDOSENKO R. Ya. (Russia)
	22-301: Application of real time thermal ratings for optimizing transmission lines investment and operating decisions - SEPPA T.O., CLEMENTS M., PAYNE R. (United States), DAMSGAARD-MIKKELSEN S. (Denmark), COAD N. (New Zealand)
	22-302: IEEE's approach for increasing transmission line ratings in North America - DOUGLASS D.A., SEPPA T.O. (United States), MOTLIS Y. (Canada)
	22-303: Ageing of the system - impact on planning - SMITH P. on behalf of WG 37.27
	22-304: Description of state of the art methods to determine thermal rating of lines in real time and application in optimising power flow - STEPHEN R. on behalf of WG 22.12.
	22-305: Determination of the thermal rating and uprating methods for existing lines - STEPHEN R., MUFTIC D. (South Africa)

	GROUP 23 - SUBSTATIONS
	23-101: Functional specification as driver for technical/economical optimisation of substation - CARVALHO A., BOSSHART P. (Switzerland), GUERRA G. (Italy), CHRISTIANSEN U. (Germany), TANG L. (United States), OLOVSSON H.-E. (Sweden)
	23-102: Innovative substations with high availability using switching modules and disconnecting circuit breakers - SÖLVER C.-E., LUNDQUIST J., OLOVSSON H.-E., LORD W., NORBERG P. (Sweden)
	23-103: Compact substation : a comprehensive solution - DOIN Y., LEROY J.C., DURAND-LAURENT M., GENS S., THOMASSET G, TRIAY G. (France)
	23-103: Le poste simplifié : un équipement complet - DOIN Y., LEROY J.C., DURAND-LAURENT M., GENS S., THOMASSET G, TRIAY G. (France)
	23-104: First new integrated switchgear substation in service - POKARIER B., PETERSEN A. (Australia), HOEGG P., STAIBLIN J. (Switzerland)
	23-105: Cost saving by standardisation of HV air-insulated substation configurations by intelligent arrangement of conventional HV equipment in module technique - LATIF E.A. (Sudan), FRIBERG G., POSTLER H., SCHIPPEL H., GENTZ W. (Germany)
	23-106: Problems of life cycle optimization of EHV substation equipment with regard to structural and technical variations of adjoining power network - VASIL'CHIKOV A.I., DEMENT'EV Ju.A., CZAREV V.N. (Russia)
	23-107: Evaluation of total life cycle costs of GIS substation and development of portable diagnosis device - SHIMATO T., YONEZAWA H., NAKAJIMA T., IBUKI K., YAMAGIWA T. (Japan)
	23-108: Highly integrated switchgear. An innovative concept to reduce life cycle costs - BARTLETT S., MOLLER I. (Australia), HELBIG D., SCHÜTTE A. (Germany).
	23-201: The impact of deregulation on the development of power station high voltage equipment - ROUSSEL Ph., DELCOUSTAL J.M. (France)
	23-201: Impact de la dérégulation sur l'évolution des équipements électriques HT des centrales - ROUSSEL Ph., DELCOUSTAL J.M. (France)

	JOINT SESSION 23/39
	23/39-01: Measurement quality enhancement by means of measurement supervision performed at an energy management system - GARCIA MORENO J., MATA VIGIL-ESCALERA J.L., CACERES TELLEZ R. (Spain)
	23/39-02: How operation data help manage life cycle costs - DRABER S., GELLE E., KOSTIC T., PREISS O., SCHLUCHTER U. (Switzerland)
	23/39-03: 115 kV mobile capacitor bank - PONCE-VELEZ M.A., LOPEZ -VELAZQUEZ J.J., LOPEZ-TAGLE A., ARAGON-GARCIA H. (Mexico)
	23/39-04: Substation information project - Intranet trials - SILVERSIDES R.W., FITCH J.E., HUGHES J.V. (United Kingdom)
	23/39-05: Power system information issues on a deregulated market environment - PILOTTO L.A.S., LIMA L.C., SALGADO E., GAIO F.J. (Brazil)
	23/39-06: Management system for design, construction and maintenance in high voltage networks - RÖHSLER H., RÜHLE R., STRNAD A., WAEBER M., SCHMITT O. (Germany)
	23/39-07: A review of methods for the management of transmission maintenance outage risks - DAMSTRA R.D., BAYLIS J.A., HOEKSTRA H., AUPIED J., TREMBLAY P., GREENEKLEE P., SIMOENS L ., ALLISON M.R. on behalf of SCs 23 & 39.
	23/39-08: Advanced digital control and monitoring of gas insulated switchgear (GIS) - FEUCHTER B., REES V., BURGARD M., KRUTMANN G. (Germany), WEBER M. (Switzerland)
	23/39-09: The multifunctional substation based on the novel assessment management. (Application of newly developed battery) - FUSHIMI Y., TOKUDA N., ISOZAKI T., HARA T. (Japan)
	23/39-10: Outsourcing of maintenance in view of market liberalisation - EYLES T., WESTER P., BRENNAN G., WILSON A., on behalf of Study Committees 23 and 39

	GROUP 33 - POWER SYSTEM INSULATION CO-ORDINATION
	33-101: Research and development of a gapless metal oxide surge arrester for 500 kV AC transmission lines - XUESI LI, DONG XU JIA, GUOQING LU, DINGZHU ZHONG, ZIYU ZHAO, HENGKUN XIE (China)
	33-102: Optimisation of lightning overvoltage protection in HV substation - KO_I_ L., _VANCAR M., ZEMAN I. (Czech Rep.), ARNOLD A. (Slovak Rep.)
	33-103: Temporary overvoltage measurements in the 500/400 kV interconnection system - SWIDAN M., AWAD M., SAID H., RIZK F. (Egypt)
	33-104: Economical overvoltage protection by metal-oxide surge arresters integrated in high voltage AIS disconnectors. Substation integration, design and test experience - HINRICHSEN V., GÖHLER R., LIPKEN H., BREILMANN W. (Germany)
	33-105: Technical and economical efficiency of reducing the insulation level of power transformers and service experience concerned - LOKHANIN A.K., MOROZOVA T.L., SHIFRIN L.N. (Russia) SAVCHENKO A.I. (Ukraine)
	33-106: The analysis of expected thermal behaviour of MOA on a 110 kV overhead line focusing in particular the risk of thermal runaway - BABUDER M., VI_INTIN S. (Slovenia)
	33-107: Clamping characteristics of ZnO arrester element under steep front impulses - ASOKAN T., KISHORE B.N. (India)
	33-108: Degradation of metal oxide surge arresters under pollution conditions - SWIDAN M., AWAD M., TAHOUN F., NOSSEIR A., ELDEBEKY S. (Egypt)
	33-109: Principles and recent practices of insulation coordination in Japan - KAWAMURA T., KOUNO T., SASAKI S., ZAIMA E., UEDA T., KATO Y. (Japan)
	33-110: Application study of semiconducting glaze hollow insulators to substation equipment - CHIYAJOU K., KAWAKITA K., SUGIYAMA T., KISHIDA R., IMAKOMA T., SUZUKI Y. (Japan)
	33-201: New investigation on insulation failures in Iranian EHV lines located in polluted area - ARABANI M.P., SHIRANI A.R., HOJJAT M. (Iran)
	33-202: Field and laboratory testing for the choice of the optimum composite insulator design for a marine-desert environment - ENGELBRECHT C.S., EKLUND A., HARTINGS R. (Sweden), ZNAIDI R. (Tunisia)
	33-203: Evaluation of optimum composite insulator design using service experience and test station data from various pollution environments - MAXWELL A.J., HARTINGS R. (Sweden)
	33-204: Considerations on the design of composite suspension insulators based on experience from natural ageing testing and electric field calculations - SOKOLIJA K., HAJRO M., KAPETANOVI_ M. (Bosnia and Herzegovina), HARTINGS R. (Sweden)
	33-205: Insulation performance of +/- 500 kV HVDC Rihand-Dadri line in India - AGRAWAL L.N., KAPUR A.K., SACHDEVA M.L. (India)

	JOINT SESSION 12/33
	12/33-01: The Canadian contribution to the development of IEC standards on digital recorders for monitoring impulse tests on HV power transformers - MALEWSKI R., KUFFEL J., McCOMB T.R., VANDERMAAR A. J. (Canada)
	12/33-02: Detection of transformer winding displacement by the frequency response of stray losses (FRSL) - BOLDUC L., PICHER P., PARE G., DEMERS R.J., BELANGER J. (Canada)
	12/33-02: Détection du déplacement des bobinages de transformateurs par la réponse en fréquence des pertes vagabondes (FRSL) - BOLDUC L., PICHER P., PARE G., DEMERS R.J., BELANGER J. (Canada)
	12/33-03: On-line diagnostics of oil paper insulated instrument transformers - SCHWABE R.J., WHITCOMB B., ZELINGHER S., SOPATA J. (United States) FORD G.L., FUJIMOTO N., GUPTA B.K. (Canada)
	12/33-04: The transfer function method for detection of winding displacements on power transformers after transport, short-circuits or 30 years of service - FESER K., CHRISTIAN J., LEIBFRIED T., NEUMANN C., SUNDERMANN U., KACHLER A., LOPPACHER M. (Germany)
	12/33-05: Power transformer on-site condition assessment testing - NOONAN T. (Ireland)
	12/33-06: Instruments for HV insulation testing in substations - MALEWSKI R., KOBI R., KOPACZYNSKI D.J., LEMKE E., WERELIUS P . on behalf of WG 33.03
	12/33-07: A digital assessment technique of transformer winding oscillations - MALEWSKI R., DRAZBA K., SIERADZKI S., BORECKI M. (Poland)
	12/33-08: Electrical insulation for non standard wave shape lightning impulses - BERLIJN S. (Netherlands), GARNACHO F., SIMON P. (Spain), GOCKENBACH E., WERLE P., HACKEMACK K. (Germany), WATTS M., WONG P. (United Kingdom), KVARNGREN M. (Sweden), MUHR
	12/33-09: Role of Furan and DP analysis for refurbishment of power transformer: few case studies - SHRINET V., PATEL M.J., RAMAMOORTY M. (India)

	GROUP 34 - POWER SYSTEM PROTECTION AND LOCAL CONTROL
	34-101: Test and service experiences on gas insulated switching systems and substations with intelligent control - HEIL F., ENGLER F., JAUSSI A., ZIMMERMANN H. (Switzerland), REES W., SCHIEL D., SCHUMACHER M. (Germany)
	34-102: Experience on numerical substation protection and control systems in Edelca network - PADILLA E., CASTRO I., CASTILLO J. (Venezuela), THALMANN C., DE MESMAEKER I., LUCENA W. (Switzerland)
	34-103: Communication requirements for remote operation of a computer controlled substation - SUBRAMANIAN R., AL HOSANI H., ALI SALEH A., NATESH T.G. (United Arab Emirates)
	34-104: Digital communications for power system protection : security, availability and speed - SCHWEITZER III E.O., BEHRENDT K., LEE T. (United States)
	34-105: Experience in integrating protective relay communication and protocol needs in substation automation environment for the grid protection interrogation and monitoring centre - ZAINOREN B. SHUKRI., MOHD ZAINAL B. ZAHIRUN., NIK SOFIZAN B., NIK YUSOF.,
	34-106: Serial communication between process and bay level. Standards and practical experience - OSTERMEIER A. (Germany), BRUNNER C. (Switzerland)
	34-107: Concept of a generating plant substation management system based on communication systems - HALINKA A., SZEWCZYK M., WINKLER W. (Poland)
	34-108: Problems of communication in the integrated control systems for EHV substations in Russia - DJAKOV A.F., ARTZISHEVSKY J.L., GELFAND A.M., ZHOUKOV A.V. (Russia)
	34-109: A pilot project for testing the standard drafts for open communication in substations. First experiences with the future standard IEC 61850 - SCHUBERT H., HAUDE J., RUDOLPH Th., SCHÄFFLER Th., JANZ A. (Germany)
	34-110: Present state and trend of application of communication including LAN to protection and substation control - AGEMATSU S., HAYASHI M., IKEHARA S., MATSUSHIMA T., FURUSE M., TSUJIKURA Y. (Japan)
	34-111: The development of Eskom's future generation of protection and substation control - KOCKOTT M.J., NAIDOO L.M., TOPHAM G.H. (South Africa)
	34-112: Technical and economical consequences of digital technologies for EDF transmission substations - BENOIT J.M., DELBARRE J.M., HOSSENLOPP L. (France)
	34-112: Impact technico-économique des technologies numériques sur les postes de transport EDF - BENOIT J.M., DELBARRE J.M., HOSSENLOPP L. (France)

	JOINT SESSION 12/23/34
	12/23/34-01: The integration of electronic CTs and VTs in power switchgear : challenges and choices - DUPRAZ J.P., JUNG T., ROUSSEL Ph. (France), AESCHBACH H. (Switzerland)
	12/23/34-01: Intégration des TC et TT électroniques dans l'appareillage à haute tension : les enjeux - DUPRAZ J.P., JUNG T., ROUSSEL Ph. (France), AESCHBACH H. (Suisse)
	12/23/34-02: Integration of electronic CT's and VT's in very high voltage substations - MOREAU C., TANTIN P., DUPRAZ J.P., JUNG T., KIRCHESCH P., CHATREFOU D.. (France)
	12/23/34-02: Intégration de TC et TT électroniques dans les postes à haute tension - MOREAU C., TANTIN P., DUPRAZ J.P., JUNG T., KIRCHESCH P., CHATREFOU D.. (France)
	12/23/34-03: Substation control and protection systems for novel sensors - OSTERMEIER A., HERRMANN H.J., KATSCHINSKI U., MENKE J., WACHE M., MENKE P. (Germany), GROSS R., SCHMID J. (Switzerland)
	12/23/34-04: Development of an electronic instrument transformer (active/passive) - IBERO A., NOGUEIRAS J.M. (Spain)

	GROUP 35 - POWER SYSTEM COMMUNICATION AND TELECONTROL
	35-101: The PIA solution - Cost effective acquisition and distribution of information between electrical power supply companies in one integrated network - WILLIMANN A., GERMANN J. (Switzerland)
	35-102: Only an ordinary AMR system or a wider business opportunity for the utility ? - MOCNIK V. (Slovenia)
	35-201: Experience in the implementation of a telecontrol network based on the IP technology - CABEZAS R., SELGA J.M., SAMITIER C., GIMENEZ V. (Spain)
	35-202: An advanced data acquisition system for the new Italian transmission grid control system - BISCI D., GIORDANO R., DE BELLIS A. (Italy)
	35-203: Technological merging of process automation, information technology, business objectives and the Internet in the electrical industry. A Malaysian perspective - VIGNAESWARAN S. (Malaysia)
	35-204: Architectures for Internet working - SAMITIER C. on behalf of WG 35.07
	35-205: Simple and robust IP access solution with guaranteed QoS - UDD R. (Finland)
	35-301: Development of built-in OPGW and winding OPGW and applications at power utilities in Japan - YAMADA Y., HAYASHI K., IKEO S., YOSHIDA S., TANIDO M ., SHIMOI K. (Japan)
	35-302: Lightning current withstand capability of optical overhead ground wires - KARPINSKI L., MALEWSKI R., DABROWSKI J., MIKULSKI J., KOCH B. (Poland)
	35-303: The experience of Red Eléctrica de España in the construction and maintenance of its fibre optic network - MUÑOZ J., LOPÉZ J.Mn. (Spain)

	JOINT SESSION 34/35
	34/35-01: Application of broadband telecommunications and time transfer systems for teleprotection - SERIZAWA Y., TAKEUCHI A., IWATANI F., IBARAGI E., MATSUSHIMA T., OBATA Y. (Japan)
	34/35-02: Potential of new telecommunication technologies for power system protection - SAMITIER C. on behalf of WG 35.07

	GROUP 36 - POWER SYSTEM ELECTROMAGNETIC COMPATIBILITY
	36-101: Application of shielded low-pass cables in HV substations - KIRSCHVINK M., HOEFFELMAN J. (Belgium), GORABLEN-KOW J. (Germany)
	36-102: Considering electric and magnetic fields in electric power system design in Finland - KEIKKO T., KOTINIITTY J., KORPINEN L., ELOVAARA J., VANHALA P. (Finland)
	36-103: Compact and optimum phase conductor arrangement for the reduction of electric and magnetic fields of overhead lines - TSANAKAS D., FILIPPOPOULOS G., VOYATZAKIS J., KOUVARAKIS G. (Greece)
	36-104: Managing electromagnetic fields from transmission system: choice of a near-term mitigation decision - KRÓMER I. (Hungary)
	36-105: Distribution lines electromagnetic fields: management and design guidelines - FARAG A.S., BAKHASHWAIN J. (Saudi Arabia), CHENG T.C., DU Y., HU L., ZHENG G., PENN D., THOMPSON J. (United States)
	36-106: Electric and magnetic fields and radio noise from the extra high towers crossing the Suez Canal - RADWAN R., ABD-ALLAH M.A. (Egypt)
	36-107: Interference between three-phase and traction power supply overhead lines - VENNEGEERTS H., HAUBRICH H.-J., KOX A., SCHAARSCHMIDT J. (Germany)
	36-201: Summation of induction from different sources with random phases: a statistical approach - LUCCA G., SOLBIATI G.L. (Italy)
	36-202: Influence of a power line on weak current lines - ROSELLO F., MENDEZ J.M., MONTEYS J. (Spain), GREGORY B. (United Kingdom)

	JOINT SESSION 13/14/36
	13/14/36-01: Experiences with improving power quality by controlled switching - STANEK M., CARVALHO A.C., RAHMANI M. (Switzerland), SAWADA J.H., PEELO D.F., BERGMAN W.J., BOWDEN G.T. (Canada), ALATALO P., (Finland)
	13/14/36-02: Power quality concerns in Brazil - DE SOUZA L.F.W., SOLLERO R.B., ROSS R.P. (Brazil)
	13/14/36-03: SVC Light : evaluation of first installation at Hagfors, Sweden - GRUNBAUM R., GUSTAFSSON T., OLSSON U. (Sweden)
	13/14/36-04: A new method of power quality improvement in distribution networks disturbed by large industrial non-linear loads including measurement of overhead lines and evaluation of their influence on their environment - TLUST_ J., DOLE_AL J., DOLE_EL I.,
	13/14/36-05: System-wide power quality monitoring - Experience and strategies - JAAFAR A.H.A., BAKRI S., NOR K.M., AMIR B.I. (Malaysia)
	13/14/36-06: Improvement of power quality by power electronic equipment - POVH D., WEINHOLD M. (Germany)
	13/14/36-07: Power quality monitoring and control in Australia and New Zealand - MUTTIK P.K. (Australia)
	13/14/36-08: Voltage fluctuations and the concept of short-circuit power - COUVREUR M., DE JAEGER E., ROBERT A. (Belgium)
	13/14/36-08: Fluctuations de tension et concept de puissance de court-circuit - COUVREUR M., DE JAEGER E., ROBERT A. (Belgique)
	13/14/36-09: A 2MVA universal power quality conditioner - MOUTON H. du T., SMIT I., ENSLIN J.H.R., BEUKES J. (South Africa)
	13/14/36-10: Power quality. Indices, monitoring and case studies for Romanian distribution system - CRISTESCU D., CONECINI I., GHEORGHE S. (Romania)
	13/14/36-11: Impact of the application of static var compensation in a 500 kV network - YASSIN I., KHALIL H.S., MOUSTAFA F. A., SHEHATA S.A.M. (Egypt)
	13/14/36-12: Application of a 20 MVA STATCOM for voltage balancing and power active filtering of a 25 kV AC single-phase railway substation connected to the 90 kV grid in France - PLANTIVE E., JAVERZAC J.L., , COURTOIS C., POIRRIER J.P., (France)

	GROUP 37 - POWER SYSTEM PLANNING AND DEVELOPMENT
	37-101: Stratégie de renforcement du réseau d'Hydro-Québec à la suite du verglas exceptionnel de janvier 1998 : une démarche pour sécuriser davantage l'alimentation électrique - GINGRAS J.-P., CREVIER C., BREAULT S., DERY A., BRODEUR R.,
	37-102: Power flow controlled using rotary phase-shifting transformers - BAKER D.H., IHARA S., LARSEN E.V., PRICE W.W. (United States), FUJITA H. (Japan)
	37-103: Large international interconnections in South America and in Brazil - PEGADO. P.A.S., BERER R., PEREIRA LIMA Jr. M., ESMERALDO P.C.V. (Brazil)
	37-104: Transmission planning issues under uncertainty in the Mexican deregulation and privation - ENRÍQUEZ HARPER G. (Mexico)
	37-105: Development of the National Grid in India - SOOD V.K., RAMAKRISHNA V., PRABHAT MOHAN (India)
	37-106: Electricity pricing in case of independent power producers - VASTL J., STAR_ O., VA_Í_EK J., KNAPEK J., BENES M., JIRSA F., WILLMANN B. (Czech Rep.)
	37-107: Catching up the challenge of the synchronous interconnection between the two largest European systems i .e . TESIS and UPS - COULONDRE J.-M., BUSSON J.-Y., KOWAL J. (France), DEUSE J. (Belgium), GREBE E. (Germany), ARISTAKISEAN S. (Moldova),
	37-108: Benefit of transmission grid expansions in a market-based power system with CO2 quotas - HORNNES K.S., HAUGSTAD A., HAAKON FAANES H. (Norway)
	37-109: Transmission capacity planning in an open energy market - WARD C., BELL K., MAY A., RODDY P. (United Kingdom)
	37-110: Development of transmission planning techniques in a market environment and application to a project in Australia - PARKER C.J., STEWART J.R. (Australia)
	37-111: The incorporation of environmental costs into the planning of a power system interconnection in Brazil - FURTADO R.C., DACONTI J.R., SOARES F.G., BEZERRA J.M.B. (Brazil)
	37-112: Evaluation of power transfer capability in KEPCO's long-term transmission network planning - LEE B., SONG K.-Y., KIM Y.-S., KIM I.-S. (Korea)
	37-113: Developing the planning practice for the transmission system in the ELTRA area - JENSEN J.K., JØRGENSEN R.B. (Denmark)
	37-114: Uncertainties in power systems expansion planning - ALABBAS A.M. (Saudi Arabia)
	37-115: International interconnections of power systems. What trends for the next decade ? - DESBROSSES J.P on behalf of Working Group 37/39.25
	37-116: Towards a customer oriented approach of quality of supply in an open market - On behalf of WG 37.28
	37-201: Comparative analysis of transmission charging policies for the Greek electric power system - KORONIDES A., KABOURIS J., EFSTATHIOU S., MAISSIS A., BAKIRTZIS A. (Greece)
	37-202: Forecasting locational marginal prices in a U.S. ISO - BASTIAN J., JINXIANG ZHU, BANUNARAYANAN V., SANFORD M., JORDAN G. (United States)
	37-203: Alternative models for congestion management and pricing. Impact on network planning and physical operation - WANGENSTEEN I., GRANDE O.S. (Norway)
	37-204: Transmission pricing approach under evolving structure and liberalisation of the power market - ROSLI M.R., ROZAIN Y.M. YUSOF S.B., TAIB M. (Malaysia), COOK A.S. (Australia)
	37-205: Pricing of network access: how to fit investment and operating costs and allocation schemes to build a pricing system - HAUTOT A., BAUCHET S., AMANDALY F. MEYER B., VITET S.(France)
	37-205: Tarification de l'accès au réseau de tansport : mise en regard des coûts d'infrastructure et d'exploitation et des mécanismes d'allocation pour la construction d'un système tarifaire - HAUTOT A., BAUCHET S., AMANDALY F. MEYER B., VITET
	37-206: Using embedded cost recovery methodologies to provide efficient transmission pricing signals - COOKE A.J., JOHNSTON J.E., O'SULLIVAN J.W. (Ireland), MELO A.C.G. MARZANO L.G.B. (Brazil)

	GROUP 38 - POWER SYSTEM ANALYSIS AND TECHNIQUES
	38-101: Review of the Hydro-Québec system operation with series compensation - LAVERGNE J., GINGRAS J.-P., MAILHOT R. (Canada)
	38-101: Bilan de l'exploitation du réseau d'Hydro-Québec avec la compensation série - LAVERGNE J., GINGRAS J.-P., MAILHOT R. (Canada)
	38-102: A unified online security assessment system - JARDIM J.L. (Canada), NETO C.A.DA S., ALVES DA SILVA A.P., ZAMBRONI DE SOUZA A.C., FALCÃO D.M., BORGES C.L.T., TARANTO G.N. (Brazil)
	38-103: Analysis and control strategies of wind energy in the Spanish power system - CRIADO R., SOTO J., RODRÍGUEZ J.M., MARTÍN L., FERNÁNDEZ J.L., MOLINA J., TAPIA A., SAENZ J.R. (Spain)
	38-104: Use of probabilistic risk in security assessment: a natural evolution - McCALLEY J., VITTAL V., ABI-SAMRA N. (United States)
	38-105: On-line computation of physical and operational margins in bulk power systems - VAIMAN M.Y., VAIMAN M.M., ABI-SAMRA N. (United States)
	38-106: A probabilistic security criterion for determination of power transfer limits in a deregulated environment - UHLEN K., KJØLLE G.H., LØVÅS G.G., BREIDABLIK Ø. (Norway)
	38-107: Artificial intelligence techniques applied to dynamic security assessment of isolated systems with high wind power penetration - HATZIARGYRIOU N., KARAPIDAKIS E., STEFANAKIS J., GIGANTIDOU A. (Greece), PEÇAS LOPES J.A., VASCONCELOS M.H., FIDALGO
	38-108: New tools to support an innovative approach to system security - BRADLEY M.E., BURKWOOD S., BUSHNELL M.J., COLES C.L., MOHANTY R. (United Kingdom)
	38-109: Deregulated power system security assessment and management - DONG S.Y., HILL D.J., ZAMMIT M.A.B. (Australia)
	38-110: Implementation of network constraints in the Australian national electricity market - GEORGE T., EGGLESTON J., GUM GEE G. (Australia)
	38-111: Coordinated voltage control. Experience in Belgium - VAN HECKE J., JANSSENS N., DEUSE J., PROMEL F. (Belgium)
	38-111: Réglage coordonné de la tension. Expérience en Belgique - VAN HECKE J., JANSSENS N., DEUSE J., PROMEL F. (Belgique)
	38-112: Assessing and controlling system security in a new competitive utility environment - FILHO X.V., MELLO J.C.O., PILOTTO L.A.S., SALGADO E., CARVALHO A.R.C.D., COURI J.J. G., BIANCO A. (Brazil)
	38-113: Analysis of interarea oscillations in the UCTE/CENTRAL power system - GREBE E., BREULMANN H., LÖSING M., WINTER W., WITZMANN R. (Germany), DUPUIS P., HOURY M.P., MARGOTIN T. (France), ZERENYI J. (Hungary), MACHOWSKI J., DUDZIK J., (Poland),
	38-114: Voltage stability in power system assessment and control by artificial intelligence techniques - EREMIA M., BULAC C., BULAC A.-I., TRISTIU I. (Romania), TRECAT J. (Belgium)
	38-115: A simple real-time and on-line voltage stability index under test in Italian secondary voltage regulation - CORSI S., POZZI M., BAZZI U., MOCENIGO M., MARANNINO P. (Italy)
	38-116: Reactive power support as an ancillary service in voltage security assessment - DE TUGLIE E., DICORATO M., LA SCALA M. (Italy), BOSE A., LIU H. (United States)
	38-117: Reliability evaluation of digital secondary equipment systems - CZAUDERNA C., HAUBRICH H.-J., FIPPER M., BIEWENDT V., KREUSEL J., KRAMER S. (Germany)
	38-118: Evaluation, control and monitoring of the power systems' industrial safety - LYASHENKO V.S., SKOPINTSEV V.A. (Russia)
	38-119: A probabilistic approach for dynamic available transfer capability evaluation - DE TUGLIE E., DICORATO M., LA SCALA M., SCARPELLINI P. (Italy)
	38-201: Future trends on financial risk strategies in the power sector market - VIEIRA FILHO X., GORENSTIN B.G, MELO A.G., DE MESQUITA E.N., PEREIRA M.V.F., MELLO J.C.O. (Brazil)
	38-202: Contracts and financial instruments: new tools for risk management in competitive power systems - on behalf of Task Force 38.05.09
	38-203: Economic efficiency and market power issues in bid-based hydro dispatch - VIEIRA FILHO X., PEREIRA M.V.F., MELO A.C.G., GORENSTIN B.G., BARROSO L.A..N., GRANVILLE S. (Brazil)
	38-204: Dynamic analysis of power system frequency control - IHARA S., LEIRBUKT A.B., MILLER N.W., PRICE W.W. (United States), FUKUSHIMA S., SASAKI T. (Japan)
	38-205: Risk management by simultaneous optimization of hydro resources and financial instruments - MO B., GJELSVIK A., GRUNDT A., ELIASSEN O.B. (Norway)
	38-206: Electricity market and tools for financial risk management in Poland. A case study - BUJKO J., MALKO J., WERON A., WERON R. (Poland)

	GROUP 39 - POWER SYSTEM OPERATION AND CONTROL
	39-101: On efficient teamwork and interpersonal communication in control centers in the new power system environment - PAPAZOGLOU T.M., OROSZKI L., VISSER D. on behalf of WG 39.03
	39-102: Organization and justification of power system operators training - KROST G., ALLAMBY S., LEHTONEN P. on behalf of WG 39.03
	39-103: Certification and competency evaluation of system operators - JONES H., KNOPFEL R., LEHTONEN P., LUTTERODT S. on behalf of WG 39.03
	39-104: Operator performance requirements and training needs in the commercial environment - ALLAMBY S., BOGAS J., CUKALEVSKI N., FLORES G. GJERDE O., MIJUSKOVIC N.A., SPANEL U., WEISS G. on behalf of WG 39.03
	39-105: The role and importance of counter-emergency training exercises for the personnel of the power system dispatching centres of the United Power System of the Russian Federation - BALANCHEVADZE V.I., BONDARENKO A.F., VORONIN V.T., KIRIENKO E.I., KUKLEV
	39-106: Recognition of alert state at bulk substations - KÁDÁR P., KOVÁCS A. (Hungary)
	39-107: Operation assistance functions integrated in an operator training simulator - BARATELLA P., CARRANO A., CASAMATTA F., GAGLIOTI E., MOCENIGO M., SCARPELLINI P., VILLA G. (Italy)
	39-108: Operation support system for trunk power transmission network based on optimization techniques - OBATA Y., HAMABA K., YAMASHITA K., NAKAMURA S., ITAYA N. (Japan)
	39-201: The multi-band PSS, a flexible technology designed to meet opening markets - GRONDIN R., KAMWA I., TRUDEL G., GERIN-LAJOIE L., GINGRAS J.-P., RACINE (Canada), M., TABORDA J., BAUMBERGER H., LENSTROEM R. (Switzerland)
	39-201: Le stabilisateur multi-bandes, une technologie flexible pour faire face à l'ouverture des marchés - GRONDIN R., KAMWA I., TRUDEL G., GERIN-LAJOIE L., GINGRAS J.-P., RACINE (Canada), M., TABORDA J., BAUMBERGER H., LENSTROEM R. (Suisse)
	39-202: Analysis and improvement of frequency regulation - LEFEBVRE S., ASBER D., DOYLE P. (Canada)
	39-202: Analyse et amélioration du réglage de la fréquence - LEFEBVRE S., ASBER D., DOYLE P. (Canada)
	39-203: Ancillary service in deregulated electric power industry - GORENSTIN B.G., GRANVILLE S., MELLO J.C.O., MEDEIROS J.A., REGINO L.R.M., MELO A.C.G, MARZANO L.G., OJEDA J.S., MARCATO A.L.M. (Brazil)
	39-204: Aspects related to systems efficiency in the new competitive environment - GOMES P., CISNEIROS S., SOARES N.H. (Brazil)
	39-205: Calculation of reliability indices for annual units maintenance schedule - SOHRABI A.R. (Iran)
	39-206: Analytical tools for the transfer capability evaluation of Balkan interconnection - POPOVIC D. P., DOBRIJEVIC D.M., MIJUSKOVIC N.A., VLAISAVLJEVIC D.J., MIJAILOVIC S.V. (Yugoslavia)
	39-207: Generator maintenance scheduling for an actual large scale power system - RATTANACHUEN W., SIRISUMRANKUL S., EUA-ARPORN B. (Thailand)
	39-208: Advantages of coordinated secondary voltage control in a deregulated environment - LEFEBVRE H., FRAGNIER D., BOUSSION J.Y., MALLET P., BULOT M. (France)
	39-208: Avantages du réglage secondaire coordonné de tension dans un environnement dérégulé - LEFEBVRE H., FRAGNIER D., BOUSSION J.Y., MALLET P., BULOT M. (France)
	39-209: Challenges of the Brazilian system operation in search of efficiency - NASCIMENTO CISNEIROS S.J. (Brazil)
	39-210: From ancillary services to reliability products: a system operator business model - LA GRANGE J.H. (South Africa)
	39-211: Contracting for ancillary generation services - BEUNE R., MOGRIDGE L. on behalf of JWG 39/11
	39-212: Improvement of the efficiency of the system for technological control of a power pool - DJAKOV A.F., ZHOUKOV A.V., SYUTKIN S.B., GELFAND A.M., GLOUSKIN I.Z. (Russia)
	39-213: Is there market for reactive power services - Possibilities and problems - HIRVONEN R., BEUNE R., MOGRIDGE L., MARTINEZ R., ROUDÉN, VATSCHELLE O. on behalf of JWG 39/11
	39-214: Advanced information exchange between UCTE-partners using a distributed common data base - LINDEN F.-W., SPRENGER W., TILLMANN H.-B. (Germany)
	39-215: Remedial action schemes for North China 500 kV power system - GUO JIAYANG, CHU BINGNAN, WANG HUIREN (China)
	39-216: Assessment of base and weather-sensitive energy components for development of energy conservation strategies - ABDUL RAHMAN A. AL-TUWAIJRI (Kingdom of Saudi Arabia)

	JOINT SESSION 37/38/39 - POWER SYSTEMS OF THE FUTURE AND CONSEQUENCES OF RE-REGULATION
	37/38/39-101: Transmission system planning, operation and interconnection prospects in the changing process of electricity industry in China - LEI XIAOMENG (China)
	37/38/39-102: The value of the cost/security trade-off - LEBREVELEC C., PELIGRY L., BULOT M., VITET S., CHOLLEY P., TESSERON J.M. (France) 
	37/38/39-103: Transmission system voltage quality management in a deregulatd environment - FOSS A.M., DOWNS S.P., URDAL H. (United Kingdom)
	37/38/39-104: Evaluating different load-frequency control schemes for restructured power systems - DELFINO B., FORNARI F., MASSUCCO S., SFORNA M., MOCENIGO M. (Italy)
	37/38/39-105: Transmission constraints solution and ancillary services management in an open market framework. Main results of a two year's operational experience in Spain - FERNÁNDEZ GONZÁLEZ J.L., LLORENS CASADO M.L., CRESPO MARCELO F. (Spain)
	37/38/39-106: Service reliability in a competitive market - tools, criteria and new approaches for risk management and monetary evaluation - WELLSSOW W.H., BACKES J., ZIMMERMANN U., BERTOLDI O., SORG A., HAUBRICH H.-J., MONTEBAUR A., KOGLIN H.-J., SCHWAN M.,
	37/38/39-201: Regulation and the impact on system operation - POWER M. (Ireland), AMARANTE J. (Portugal), LINDSTROM K. (Finland), ARNOTT I. (Australia). 
	37/38/39-202: Restructuring the electric sector in Saudi Arabia - ABDALLAH M. AL-SHEHRI (Saudi Arabia)
	37/38/39-203: A new constitution of power system planning in a contestable market - NERY E. (Brazil)
	37/38/39-204: Premises for a well-functioning deregulated power market - KVENNÅS O., GJENGEDAL T. (Norway)
	37/38/39-205: The impact of authority regulation on system operation and development in Norway - GLENDE I., GJERDE O., SLETTEN T., VOGNILD I.H., WEEN H.O. (Norway)
	37/38/39-206: Optimising generator and network losses with respect to voltage in a deregulated market - NORBERG P., ÅHLUND E., HÅKANSSON M. (Sweden)
	37/38/39-207: Towards a liberalised electricity market within the Netherlands - KLING W.L., KLAAR D.A.M. (Netherlands)
	37/38/39-208: Planning and operation of the CIS interconnected power systems in conditions of power industry reforming - DJANGUIROV V.A., BARINOV V.A. (Russia)
	37/38/39-209: A look at the operating practices of power companies in deregulated environment - FAWZIA BOU NEIMA (Egypt), AHMED E. MELIGI (United States)

	================================
	Panel 1 - MODERN MAINTENANCE TECHNIQUES FOR EFFICIENT SYSTEM OPERATION    
	P1-01: An overview of live line working and maintenance techniques -  L. THIONE
	P1-02: An overview of live line diagnostic techniques -  L. THIONE
	P1-03: Live working and maintenance techniques - G. GELA, on behalf of Study Committee 33
	P1-04: Assessment of the state of insulators on live transmission lines - C. DE TOURREIL, M. ISHIWARI, Working Group 22.03 " Insulators " and on behalf of Study Committee 22 
	P1-05: Diagnostic techniques for surge arresters with main reference to on-line measurement of resistive leakage current of metal-oxide arresters - A. SCHEI, on behalf of Study Committee 33
	P1-06: Diagnostic techniques for power transformers - J.W. HARLEY, V.V. SOKOLOV, on behalf of Study Committee 12
	P1-07: Diagnostic techniques for power transformers - R. MALEWSKI,  M. KAZMIERSKI, on behalf of Study Committees 12 & 33
	P1-08: Contribution to the SF6 circuit-breakers (CB) diagnosis by gas analysis- H. SLOWIKOWSKA, J. STOWIKOWSKI, I. LOSIEWICZ, A. HYRCZAK, on behalf of Study Committee 13
	P1-09: Insulation coordination and on line insulation monitoring & diagnostic techniques for gas insulated switchgear (GIS) - A. SABOT, on behalf of Study Committees 23 & 33
	P1-10: Modern diagnostic methods for both paper and extruded cable systems for transmission class voltages- W. BOONE, E. PULTRUM, on behalf of Study Committee 21
	P1-11: Partial discharge diagnostic and localisation for HV AC power cables - M. MUHR, R. WOSCHITZ, W. LICK, on behalf of Study Committee  33
	P1-12: Diagnostic technique for the degradation of silicone rubber as an insulation component : an experimental study - M. MUHR, S. PACK, R. SCHWARZ, W. KERN, on behalf of Study Committee 33
	P1-13: The impact of a condition based maintenance strategy on network system operations - P. WESTER, R.D. DAMSTRA, on behalf of Study Committees 23 and 39 and Joint Working Group 23/39.14

	Panel 2 - EFFECT OF ELECTRICAL STRESSES ON INSULATING MATERIALS    
	P2-00: Special Report, by J. DENSLEY     
	P2-001: Introduction : What happens to materials under HVDC ? - R.N. HAMPTON, F. CHANG, S.B.  HOBDELL
	P2-01: Space charge behavior in HVDC insulation - T. MIZUTANI, J. HOLBELL, R. FLEMING, on behalf of Study Committee 15
	P2-02: Effect of DC steady state and transient stress on electrical insulation systems of converter transformers - U. G(FVERT, A. JAKSTS, G. JORENDAL, on behalf of Study Committee 12
	P2-03: A review of HVDC extruded cable systems - F. RÜTER, J.L. PARPAL, S.G. SWINGLER, on behalf of Study Committee 21
	P2-04: HVDC using voltage source converters - A new way to build highly controllable and compact HVDC substations - G. ASPLUND, on behalf of Study Committee 23
	P2-05: Space charge and conduction current measurements as a means to determine thresholds for electrical aging of HVDC insulating materials - P.H.F. MORSHUIS, J. BEYER, G.C. MONTANARI, on behalf of Study Committee 15
	P2-06: Voltage stresses and test requirements on equipment of HVDC converter stations and transmission cables - H.P. LIPS, on behalf of Study Committee 14



