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“SMART CHOICE”

Ill THE LEADING MANUFACTURER OF ON-LOAD AND 5
OFF-CIRCUIT TAP CHANGERS FOR TRANSFORMERS
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AREAS OF USE HOLDER OF EXPORT
Power Grids & Energy Sector Holder of Cver 200 Export to More Than 130 Countries
Chemical, Metallurgical and Patents in Tap Changer in America, Asia, Europe,
Railway Projects Design Africa and Oceania

% HM | @
r i in cooperation with Iran Exclusive Agent
et

FLEKTROMERANIY URETIM &5 TAVAN GOSTAR Co.

Sepahan Tavan Gostar Company
Factory: KESIR Main Offi

Sales Office: ( L Tehran Offic
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+——— % CaHz

IEC 1 644/98

% CgHy = x1+0ffz for x=[CzH,] in microlitres per litre

% CpHy = X1+0;’)i/z for y =[CH,]| in microlitres per litre

% CHy = X1+0;)fz for z =[CH4] in microlitres per litre
Key PD Partial discharges

D1 Discharges of low energy

D2 Discharges of high energy

T1 Thermal fault, ¢ < 300 °C

T2 Thermal fault, 300 °C <t <700 °C
T3 Thermal fault, t > 700 °C

Limits of zones

L 1S Cons 630 63w = :oaw Jgso

C,H,/CH, CH,MH, C,H,/CH, s ggs
<o/¥ PD
> o/p D
<o/p T

PD |98 %CH,

D1 23%C,H, |13%C.H,

D2 | 23%C,H, [13%C,H, [38%C,H, |29%C,H,
T 4%C,H, 10% C,H,

T2 4%C,H, 10%C,H, |50 %C,H,

T3 15%C,H, | 50 % C,H,
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Figure 9. Dissipation factor (50 Hz) as function of temperature for a
20MVA distribution transformer

and dissipation factor of an electric insulation material or an
insulation system depends not only on insulation condition
but also on temperature. When restricted to power frequency
measurements the effect of temperature is unknown.
Fortunately, most insulation materials have a simple relation
between capacitance and dissipation factor measured as a
function of temperature and as a function of frequency that
can be effectively used when predicting the temperature ef-
fect on the insulation system by measuring the dielectric re-
sponse of the insulation system as a function of frequency.
This relation become a bit more complex, but still manageble,
for an insulation system consisting of e.g. impregnated cel-
lulose and insulating liquids as it is the case in power trans-
formers.

The temperature-frequency model which takes into account

Figure 10. Relationship between dissipation factor
values at different temperatures for materials with dif-
ferent activation energy.
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the effect of temperature is essential because it makes the
dielectric frequency response measurement an accurate tool
for estimating the moisture in the cellulose of an insulation
system.

The application of dielectric frequency response can also be
used to estimate dissipation factors at other temperatures,
e.g. a reference temperature of e.g. 20° C or at a higher op-
erating temperature to evaluate the possible risk of thermal
runaway.
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Figure 7. XY model of the transformer [6]

The results are normally presented as capacitance and/or
dissipation factor/power factor versus frequency. DFR results
obtained from a variety of transformers under different condi-
tions are shown in Fig. 4.Samples of Kraft paper with vari-
ous moisture contents were measured at different tempera-
tures [11]. Results for dry paper, moisture content <0.5% are
shown in Fig. 5. The dissipation factor at 50 Hz as a function
of temperature for dry Kraft paper measured as a function of
frequency at several temperatures is presented in Fig. 6. This
analysis clearly demonstrates that the typical correction fac-
tors are not correct for an individual transformer or bushing.

The combined type insulation system of power transformers
consisting of paper/pressboard and oil requires deeper inves-
tigation. In this complex insulation system, the temperature
correction factors are a combination of temperature depend-
ence of cellulose and temperature dependence of oil. Also,
the amount of cellulose and oil need to be taken into account.
DFR measurement combined with mathematical modeling of
the dielectric response using the so-called XY model is capa-
ble of evaluating the temperature dependence of the insula-
tion system. The insulation structure of the power transformer
is represented by the relative amount of spacers (sticks) and
barriers in the cooling duct as shown in Fig. 7. Parameter “X”
is defined as the ratio of the sum of all barriers in the duct,
lumped together, and divided by the duct width. The spacer
coverage “Y” is defined as the total width of all the spacers
divided by the total length of the periphery of the duct.

The permittivity of oil, , spacers, and barriers, , are complex
functions of both frequency and temperature. The equivalent
permittivity of the XY model is given by:

Y 1-Y

z.'((u,f)Zl_X+ e +1—X+ T )

£ spacer Eparvier £l Eparvier

Using DFR for moisture determination is based on the com-
parison of the transformers dielectric response to a modeled
dielectric response. An analyzing algorithm rearranges the
modeled dielectric response and delivers a new modeled
curve that reflects the measured transformer. Results are pre-
sented as moisture content and oil conductivity for the trans-
former. An example is shown in Fig. 8. The transformer is a
20 MVA distribution transformer. Moisture content of cellulose
and oil conductivity were obtained by varying the parameters
in the model curve to the measured dielectric frequency re-
sponse at a certain insulation temperature.

Based on the model curve, the dissipation factor as a function
of temperature for that specific 20 MVA transformer is shown
in Fig. 9. Figure 10 compares the dissipation factor at power
frequency as function of temperature for oil, cellulose and for
a combined oil and paper insulation. In this specific example,
the oil temperature dependence dominates but the influence
of oil and cellulose varies case by case.

Moisture analysis (moisture in paper insulation) performed
on the same specimen at different temperatures may show
slight deviation. Combining the modeling results and convert-
ing to temperature dependence, temperature curves can be
obtained. Also, for any insulation system containing two differ-
ent temperature dependent materials, the applied conversion
considering activation energy of the system provides results
matching very close to the actual measured dissipation factor
values (tan delta) at different temperatures.

IV. SUMMARY AND CONCLUSIONS
The dielectric frequency response in terms of capacitance

Figure 8. MODS® moisture analysis for a 20 MVA transformer
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Figure 4. DFR measurement examples. our different transformers
with moisture content ranging from 0.3 to 3.4%

increase, or conversely, to higher temperature as frequency
increases. One can obtain the same effect as increasing the
frequency or increasing the temperature. The activation en-
ergy of the Kraft paper is about 1-1.05 eV [5] while mineral
oil has activation energy of 0.4-0.5 eV [6]. Increasing tem-
perature has the same effect on the dielectric response as
decreasing frequency.

The general shape of the curve is often preserved if the data
is plotted on a log-log scale. This feature allows the formation
of a “Master Curve” by shifting the curves along the frequency
axis until they form a continuous curve at a chosen reference
temperature [5]. How to obtain the master curve is shown
in Fig. 1. The dielectric frequency response of the cellulose
is measured at various temperatures. Then the curves are
shifted until all data points fall on the same curve: the master
curve. The actual fitting of the master curve is done numeri-
cally by an algorithm that allows us to take into account both
the real and imaginary part of the data. In the curve fitting pro-
cess, the activation energy is calculated. An example of find-
ing the activation energy is shown in Fig. 2.

The frequency-temperature dependence curves for three dif-
ferent activation energies are shown in Fig. 3. Equation (1)
indicates that the increase of temperature has the same effect
as the increase of frequency. To what extent they are related
to each other is represented by the activation energy. The
curves are examples showing that for a certain increase of
temperature, the material with larger activation energy needs
to be measured at higher frequency in order to obtain the
same permittivity.

lll. DIELECTRIC FREQUENCY RESPONSE MEAS-
UREMENTS

A field instrument for DFR measurements of transformers,
bushings and cables was introduced in 1995 [7]. Since then
numerous research groups have evaluated DFR technology
used for field measurement. Several international projects/re-
ports define dielectric response measurements together with
insulation modeling as the preferred method for measuring
moisture content of the cellulose insulation in power trans-
formers [8], [9], and [10].

Figure 5. Dissipation factor as function of fre-
quency for dry Kraft paper.

Figure 6. Dissipation factor (50 Hz) as function of
temperature for dry Kraft paper.
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Figure 1. Example of making the master curve [5]

Figure 2. Example of plotting of frequency shifts to find
the activation energy from the slope [5]

error [2, 3]. The DFR of dry insulation is less temperature
dependent while wet insulation is very much affected by the
temperature. The insulation of the power transformers is even
more complicated. It consists of mineral oil and cellulose
which have different temperature characteristics. Therefore,
the correction factors are usually different for different trans-
formers depending on the design and individual aging.

Il. TEMPERATURE DEPENDENCE

To be able to find the correct temperature correction factor,
the temperature dependence of the insulation system must
be investigated. The susceptibility of the insulation material
can be expressed as a function of frequency and temperature
[41:

X(o,7)=A(1 ')'F[wra(})]

A(T) is a temperature dependent amplitude factor, F(x) a

(1)

spectral function and @, [1) a characteristic frequency. A(T)
is constant for cellulose. It means that the shape of the spec-
trum remains unchanged at different temperatures. Some in-
sulation materials change the shape of their spectrum when
temperature changes.

Most insulation materials are temperature dependent and in
general, the increase/decrease of temperature makes the
dielectric spectrum shift towards higher/lower frequencies.
However, the shape is usually not changed. In the special
case of an ideal Debye function, the complex permittivity can
be written as:

Ag

: po @)
1+ jotexp(-W, /kT)

E=¢6,+

where is the activation energy, is the Boltzmann constant;
and, Wa is the relaxation time. From (2) it is clear that the per-
mittivity is a function of /¥, / k7" in logarithmic scale. The die-
lectric response moves to higher frequency with temperature

100,00

Frequency

10,00 1

100 +

Figure 3. Relationship be-
tween power factor values at
different frequencies taken at
different temperatures.

-z 9
—r=eV=0,7
—.—cVz0S

— Corresponding data points

0 10 20 30 40 S0

Insulation

. Temperature

1790l | oo jgamsl i

Vi




Dielectric Frequency Response Measurements and
Dissipation Factor Temperature Dependence
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Abstract— The condition of the insulation is an essential aspect for
the operational reliability of electrical power transformers, genera-
tors, cables and other high voltage equipment. Transformers with
high moisture content can not without risk sustain higher loads.
Bushings and cables with high moisture content at high temperature
can explode due to “thermal runaway”.

Typically, dissipation factor (DF) or power factor (PF) test at power
frequency 50/60 Hz is carried out in the field following well known
procedures. DF measured values are then normalized to 20°C for
comparisons with guidelines and trending. However, the tempera-
ture correction factor for the normalization of the field measurement
is questioned because cellulose with different moisture contents as
well as oil with different conductivity will have different correction fac-
tors. It has been proved that good insulation has less temperature
dependent response than the bad insulation.

DFR modeling, accurately taking the temperature effect into ac-
count, can be used to model the temperature dependence of DF
over a wide temperature range based on measurements over a
frequency range. Naturally, from such modeling, also temperature
correction factors for correcting a measurement values obtained at
one temperature, e.g. 32C, to a reference temperature, e.g. 20C,
can be calculated.

This paper will provide a background of DFR and its modeling
specifically applied to model the effect of temperature and calculat-
ing temperature correction factors based on actual DFR response.
The theoretical basis is backed up with several case studies of
measurement on samples as well as on real objects, e.g. bushing
and transformers at multiple temperatures.

Vo
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Keywords: Dielectric frequency response; DFR; frequency
domain spectroscopy; FDS; power factor; dissipation factor;
temperature correction; temperature dependence

. INTRODUCTION

With an aging power component population, today’s electrical
utility industry faces a tough challenge as failures, consequent
repair and revenue loss may inflict major costs. Transformers
are by far, one of the most mission critical components in the
electrical grid. The need for reliable diagnostic methods drives
the world's leading experts to evaluate new technologies that
improve reliability and optimize the use of the power network.
The condition of the insulation is an essential aspect for the
operational reliability of electrical power transformers, genera-
tors, cables and other high voltage equipment. Transformers
with high moisture content can not without risk sustain over-
loading conditions. Bushings and cables with high dissipation
factor (DF)/ power factor (PF) at high temperature can explode
due to “thermal runaway”. On the other hand it is also very
important to identify “good” units among the aging population
of equipment. Adding just a few “extra” service years to the
expected service life of an electrical device implies substantial
cost savings for the power industry. The widely accepted and
most common insulation diagnostic test is carried out measur-
ing capacitance and DF/PF at line frequency (50/60 Hz). This
test is performed whenever there is a need for investigating
insulation properties. Analysis is based on historical values
(trending analysis) and comparing against factory values.
Since insulation properties are temperature dependent, tem-
perature compensation has to be used for measurements not
performed at 20° C, this is normally achieved using tempera-
ture correction table factors for certain classes of devices [1].
However, the standard table values for temperature correc-
tion are only average values and therefore subject to some
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pressure by producing gas bubbles which cannot be de-
tected by the PRD. To detect such irregularities, a Buchholz
relay is additionally mounted along the pipe to the expansion
tank. It should not trip the circuit breaker, but only produces
a warning signal if free gases are collected. The obligatory
flap of said Buchholz relay can be additionally used to detect
unusual oil flow. It can be wired as optional protection to sup-
port the PRD.

If the OLTC protection concept for sealed tap-changers is
applied in combination with the piping shown in Fig. 3, the
solution acc. to Fig. 5 is achieved. If a separate tap-changer
gas warning is not required, the Buchholz relay of the trans-
former can adopt this function, see Fig. 6. It has to be pointed
out that, in this case, the origin of possible free gases cannot
be located. Anyhow, the OLTC protection concept for sealed
applications is fully supported. All these solutions can be
found in the field and they are working reliably.

4. Minimized piping

Fig. 6 represents an optimized implementation which fully
supports the protection concept for sealed tap-changers.
Several years of field experience have shown that VACU-
TAP® tap-changers do not produce any free gases during
normal service. Courageous users may now go without the
OLTC gas warning, as it is just optional, and not a require-
ment. The shortest possible connection between the two oil
volumes is a connection between the two pipe flanges “E2
and “Q” (see Fig. 7) on the OLTC head. “E2” opens out into
the transformer tank, “Q” ends in the OLTC compartment.
The connection can be realized by a metal plate (“connect-
ing bone”, named after its shape), which features a through-
hole between the two pipe flanges. The pipe flanges are both
closed by blind covers. The connection can be closed by a
valve screw with two gaskets (see Fig. 8), in case the OLTC
must be opened for inspection or maintenance. The valve
screw must always be open during normal operation to allow
a compensation of thermal oil expansion into the transformer
tank. The connecting plate can be applied to free-breathing
and sealed applications in the same way. Note that, with
open connection, the oil pressure inside the OLTC always
exactly equals the pressure inside the transformer tank,
which is determined by the height of the oil expansion tank
(free-breathing) or the preset system pressure (sealed).

Diffusion processes of dissolved gases between the two oil
volumes will be very low and thus are negligible, due to the
small diameter of the through-hole in this example.

As there is no pipe leading from the OLTC to an oil expan-
sion tank (or the transformer tank), the oil flow relay (stand-
ard protective device for free-breathing applications) cannot
be applied anymore. As a substitute, a PRD must be applied,
like in the protection concept for hermetically sealed OLTCs.
The PRD triggers the circuit breaker in case of an internal
flashover or severe malfunction of the tap-changer mecha-
nism. It is necessary because a sudden rise in pressure can-
not be broken down fast enough by the oil-flow through the
thin via in the connecting plate.

Conclusion

The connection of oil volumes of transformer and tap-chang-
er offers several advantages and savings, such as a simpli-
fied piping construction and the omission of a second oil con-
servator. There are different solutions available, depending
on the construction of the transformer oil expansion unit. This
can be a rubber bag, a nitrogen reservoir or an expanding
radiator. The most simple, easy-to-apply and cost-effective
solution is achieved by using the connecting bone. Note that
all solutions for combined oil volumes shall only be applied to
vacuum type tap-changers. Even if it is not really necessary,
the tap-changer oil compartments will still be manufactured
pressure tight and gas tight, no matter how the connection
is executed.
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showed a slight increase of the heating gases CH4, C2H4,
C3H8 and C3H6, between 1 and 7 ppm for each gas. In the
transformer oil, the increase of dissolved heating gases was
below 1 ppm. No C2H2 was detected in the transformer oil.
It can be assumed that the transported oil volume did not ful-
ly exchange with every cycle, which means that transformer
oil and tap-changer oil keep rather separate, as long as a 1”
pipe or a similar connection with small cross section is used.
For a network transformer, the oil expansion of the OLTC ol
which is caused by resistor heating and daily temperature
cycles of the transformer is quite low. Diffusion processes of
dissolved gases through small cross sections are very slow
and can be neglected.

In the theoretic case of a complete intermixing of “tap-chang-
er” oil and “transformer” oil, 150 ppm C2H2 in the “tap-chang-
er” oil would dilute to about 8 ppm C2H2 in the “transformer”
oil (150 - 65/1185 ppm). For real applications, the ratio of
oil volumes is much bigger than in the test (about 1:100).

Figure 7

Blind cover

\'A'% 1790 g | Jgilojgansl ys ‘

Furthermore, 150ppm C2H2 should not occur in a vacuum
type tap-changer in regular service. Such high C2H2 amount
clearly indicates a malfunction.

As a conclusion, it can be stated that it is very unlikely to dis-
turb transformer DGA by OLTC gases, as long as the cross
section of the connection is small. Several pilot applications
and field studies [4], [5] have verified this.

3. Implementations of connected oil volumes

The realized applications use different solutions to connect
the oil volumes of tap-changer and transformer. They can
be applied to free-breathing applications as well as to sealed
applications.

Fig. 3 shows a possible solution for free-breathing applica-
tions. The pipe from the tap-changer compartment which
normally leads to the OLTC expansion tank is connected
directly to the pipe which leads from the transformer to the
expansion tank. With this, the separate chamber in the ex-
pansion tank for the OLTC can be omitted, including its oil
level indicator and dehumidifying cartridge. It has to be con-
sidered that, in case of a beginning failure inside the trans-
former or OLTC, the fault gases cannot be explicitly assigned
to the transformer or the OLTC. If this is a problem, an alter-
native piping can be used which connects the OLTC pipe to
the expansion tank behind the Buchholz relay; see Fig. 3.
This also minimizes a possible gas exchange between the
two oil volumes.

Concerning sealed applications, the applied sealing tech-
nique is often unknown to the tap-changer manufacturer. De-
pending on the technique, the oil flow may be hampered, so
that the proper function of the oil-flow relay cannot be guar-
anteed. A suitable device, which operates regardless of the
applied sealing technique and independently of pipe geom-
etries, is the PRD (Fig. 4). The PRD guarantees extremely
responsive, effective protection of the OLTC which always
triggers under the same, precisely defined conditions. The
tripping characteristic of a PRD is different to that of an oil
flow relay. Incipient failures may show a slow increase in
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cover. They are not completely filled with oil, so the connec-
tion with the transformer oil does not offer concrete benefits.
In-tank type OLTCs must always be completely filled with
oil to ensure that the drive mechanism and the phase-to
ground insulating distance are covered with oil. This requires
a separate expansion tank for the OLTC oil, often called con-
servator, to compensate for the thermal volume dilatation.
This conservator can be omitted if there is a permanent con-
nection between tap-changer oil and transformer oil. Now,
it would be interesting to know how the oils intermix. Be it
that a failure develops inside the tap-changer, dissolved
gases will differ more or less significantly from the gases in
the transformer. With a permanent connection, they can be
introduced in the transformer oil and may influence trans-
former DGA.

To investigate the dimension of liquid and gas exchange,
a test has been performed, using a model setup with two
oil compartments. A small tank (65 litres, “tap-changer”)
was mounted in a bigger tank (1185 litres, “transformer”).
Both oil volumes were interconnected by a pipe elbow; see
Fig. 2, and filled with degassed mineral oil. The “tap-chang-
er” oil was then inoculated with 150ppm C2H2. The resistor
inside the “tap-changer” compartment was heated by cur-

Figure 3

rent impulses which were controlled by an electronic AC
power supply. The current impulses simulated the switching
operations and caused well-defined fast temperature rises,
representing the typical resistor heating of a tap-changer un-
der network load (T 160K) and under 1.5 times overload (T
250K). 300°000 current impulses were applied in total. The
maximum oil temperature in both oil compartments was lim-
ited to 50°C by cooling helixes to minimize a potential self-
gassing activity of the oil.

The heat energy introduced by the resistor heated the “tap-
changer” oil and so caused a thermal expansion. With each
impulse, the “tap-changer” oil volume expanded for approxi-
mately 1 ml. A temperature rise of 25K (difference between
ambient temperature 25°C and maximum oil temperature
50°C) caused a volume increase of approximately 1.2 |. This
amount of oil moved through the pipe elbow into the trans-
former during the heating period and was drawn back during
the cooling period. In total, 17 heating/cooling cycles within 1
month time were performed, causing a permanent oscillation
of 1.2 | of oil, the total transported oil volume summed up to
round about 20 .

Regular oil samples were taken from both oil compartments
and DGAs were performed. After the test, the tap-changer oil

Figure 4

comman
expansion tank

i
ol flow relay |

Buchhelz relay

diverter switch
(vacuum type)

transformer tank

il consarvator

pressure relief device

(MPreC®) .
Buchholz relay with flap

(MSafe®; gas warning)

tap-chan-ger head

to sealed oil conservator

1790 Jlgy | Jgilojgausl )5

VA



® 00 wlleo

vAa

Common Oil Expansion Tank
for Transformers and Tap-Changers

Rainer Frotscher

1. Introduction

On-load tap-changers feature an own oil compartment which
accommodates the diverter switch or selector switch and
separates the tap-changer oil from the transformer oil. This
strict separation is necessary for conventional diverter and
selector switches, because the arc-breaking operation dete-
riorates the oil in the tap-changer compartment severely and
produces huge amounts of particles, soot and gases. It must
be ensured that these deterioration products do not contami-
nate the transformer oil. For this reason, the active IEC and
IEEE tap-changer standards [1], [2] require a tightness test
or container integrity test for the diverter switch or selector
switch. This test is only passed if the tap-changer oil com-
partment is pressure tight and gas tight. Nevertheless, there
is a huge number of older units installed in the field which
may show some leakage. This does not mean that the tap-
changer oil mixes with the transformer oil to a big extent, but
at least dissolved gases are able to travel between the two
oil volumes and so may influence transformer DGA. There
are basically three pathways which are used by tap-changer
gases to diffuse into the transformer oil: via a non gas tight oil
compartment (as seen for some old OLTC types with press
paper cylinders, such as MR OILTAP® types B, C, D, E,
F, and other brands), via leaking gaskets or via a common
air space in the oil expansion tank; see Figure 1. The latter
case is often not considered, but it appears quite often, e.g.
in Eastern Europe. Dissolved tap-changer gases outgas to
the air space in the expansion tank and dissolve again in the
transformer oil, depending on the ruling gradients in partial
pressure. With respect to such cases, IEC60599 specifies
higher values for acetylene in the transformer oil (for typical
gas concentration rates and typical rates of gas increase) for
so-called “communicating OLTCs” [3].

Modern OLTC models like the MR VACUTAP® series use
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Mehdi Djamali

vacuum interrupters which encapsulate the switching arcs
and so prevent the oil from pyrolytic degradation. Carbon
particles are no more produced, only some sparks of low en-
ergy occur, due to some current commutation between the
OLTC-internal current paths during the switching process.
These sparks only produce very low amounts of sparking
or arcing gases. Inside the transformer, capacitive switching
arcs of low energy must be broken when the change-over
selector is operated. They produce low amounts of arcing or
sparking gases which, in the majority of cases, are not visible
in the transformer DGA. The ageing impact of both arcing/
sparking processes on the oil is negligible.

As a result, the OLTC oil is only thermally aged by the heat-
ing of transition resistors. Their thermal impact roughly cor-
responds to the impact of waste heat from the transformer
windings on the transformer oil.

So it can be stated that the stresses on OLTC (vacuum type)
and transformer oil are very similar, they cause similar com-
positions and amounts of dissolved gases and so allow an
exemption from the above mentioned tightness or container
integrity test.

To put it in a nutshell: if VACUTAP® tap-changers are used,
the conditions for the tap-changer oil are very similar to the
conditions for the transformer oil. For many applications,
there is no technical reason anymore to keep the two oil vol-
umes separated. So, what prevents us from joining the two
oil expansion tanks (and so the oil volumes)? It simplifies oil
handling and offers savings.

2. Gas exchange between connected oil volumes

Connected oil volumes are only reasonably applied to in-tank
type OLTCs, like VACUTAP® VV, VM, VR. Compartment
type OLTCs (like VACUTAP® RMV-II) usually don’t feature
an oil expansion tank because they compensate the ther-
mal oil expansion by using a gas space underneath the tank
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Editorial message

On 5th of July 2017, electricity consumption in Iran reached
55400MW an increase of 2500MW (4.5%) comparing to last year’s
consumption peak. While the total electricity generation capacity was
only 60000MW. Ministry of Energy managed to overcome this crisis
without any planned outages but if the ambient temperature (espe-
cially in south part of Iran which is about 10 to 15 degrees higher than
Tehran) starts increasing once again in August, the chance of first
planned outage after 15 years is high. This condition almost brought
the electrical equipment in service to its knees especially transform-
ers, which are load and temperature sensitive. With increasing of
ambient temperature electricity consumption increases and thus the
loading of transformers. Transformers fire and explosions where wit-
nessed on daily basis and in one case just a few days ago, trans-
former fire burned down a library in Ahwaz (oil capital of Iran). One
reason is that due to financial problems of ministry of energy in the
last 7 years, transformers were not maintained and serviced, as they
should have been. This plus the age of transformers (30% of distribu-
tion and power transformers in Iran are above 20 years old), largely
decreased the reliability of transformer fleet. This situation cannot last
for long or the reliability of the whole system will be in jeopardy. Minis-
try of energy knows this very well and they have to invest in projects
like transformer testing, diagnostics, life assessment, monitoring,
maintenance and service. Which is good news for foreign companies
who has good experience and high technology in these fields.
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ENERGY_ SUPPORT

Experts in providing mobile Solutions

Equipment for
Transformer Oil Analysis

G:ontamination Free Oilsampling Set)

B to get a reliable Qilsample according to
IEC/ASTM Standard

® toavoid any misinterpretation of
your Laboratory results

®  measure the Oil Temperature 280

B avoid any contamination with
ambient air or dirt particles

( TorTOGA )

m  DGA Analysis according to
ASTM D361 2/IEC 60567
m  with Autosampler 16/32
Syringe 50/100mi
= fully automatic Vaccumdegassing
m  with Analysis of 11 Gases
with high sensitivity
B with Software Package Expertsystem

i,

i
L

7 ]__.

B Portable DGA Equipment for
Analysis 9711 Gases

according ASTM D3612/1EC 60567
direct A.F‘Iﬂlj’s's of Buchulzgases BA 75/100 KV o ‘ e
with Partial Vacuumdegassing Unit

with Software Package Expertsystem

(ﬂrea kdown Voltage Measu ram&nt)

according to all usable Standards
smallest Breakdown Voltage Analysator
USE drive, Software controlled

Battery operated

(Fo:ket Tit ratorHF)

B Water content measurement R ——
using Karl Fisher Method 2 v (v s
B full automatic with high _ N
precision m = [
B measuring low i — = m  Automatic Dielectric Constant
concentrations ' Tan Delta & Resistivity
w— . Measurement
BB I ® Heating Chamber with
T - nawam | automatic Temperaturcontrol
T | B R automatic drainage of your
P Oample
- - with Printer and Calibrator

 www.energy-support.de
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Energy Support GmbH . Sperberweg 47 . D-41468 Neuss
T+49(0)21314039607 . F+49 (002131 40 3960 8 . info@energy-support.de
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AEM UNICORE®

Leaders in Wound Core Technology

Unicore’ Machinery for the efficient production of
LOW LOSS Transformer Cores from 1kVA to 5000kVA

Produce low loss wound style cores and reduce transformer productions costs

Globally renowned, with nearly 400 machines sold in over 40 countries, Unicore is the
preferred method of core manufacture for low loss distribution transformers and a
range of voltage & special purpose transformers.

NEW Automatic Duo Core Machine Model UCM440A now available
Robotic arm & gripper & automatically adjustable core stacking &
transfer system. Improves productivity, quality & safety.

Manual Unicore Machine Models UCM425 and UCM300
For General Purpose & Distribution Transformers,
UCM425-Process single strip up to 425mm or 2 strips up to 210mm each.
UCM300-Process single strip up to 300mm or 2 strips up to 140mm each.
Cost effective production for countries with high labour costs.

Transformer Core Tester Model TCT150
Core Tester for Toroids and Single Phase Unicores.
Test cores at 50 Hz, 60 Hz and up to 400 Hz.
Impress your customers with verifiable and visible quality test certificates.

www.aemcores.com.au

AEM is the holder of multiple worldwide patents protecting its products and Intellectual Property.

% I ‘E lN AEM CORES PTY LTD - ADELAIDE, SOUTH AUSTRALIA - E: sales@aemcores.com.au
®
UNICORE



Multifunction
transformer test system

TRAX

Delivering performance like no other multifunction
tester, TRAX transforms into whatever test set you
need, including winding resistance, load tap changer
measurements and turns ratio to name but a few. With
its exceptional accuracy, you can unify your test results
all from one instrument, saving time and costs. Helping
you to power on.

For further information please contact
mesales@megger.com or visit www.megger.com/trax

Megger Ltd, Archcliffe Road, Dover, CT17 9EN, T. +44 (0) 1304 502101
[ f] MeggerME

MViegger.

Power on
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ISM® TECHNOLOGY - A MILESTONE
FOR SUBSTATION AUTOMATION.

The consistent hardware and software basis for use in all automation solutions.
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With its new ISM® (Integrated Smart Module) Technology, MR has created

a pioneering and consistent basis with flexible hardware components and
universal software architecture — covering all aspects of substation automation.
I Web-based visualization in accordance with HTML 5 standard

1 Control system protocols available with client or server functionality

I Modular and efficient hardware design

www.reinhausen.com

Maschinenfabrik Reinhausen GmbH
Falkensteinstr. 8, 93059 Regensburg, Germany
Phone: +49 941 4090-0, E-mail: info@reinhausen.com

Agent Iran
Sense Eng. Co., Phone: +98-21-26202980, www.sensco.net

THE POWER BEHIND POWER.




VACUTAP® VRX - THE SOLUTION
FOR VARIABLE SHUNT REACTORS.

For the highest requirements for the regulating range.

The VACUTAP* VRX combires the advantages of the tried and true vacuim technology
with the highest requirements for the requlating range, such as with variable shunt
reactors, That means a reduction in system costs and required space in the primary
substation despite maximum regulating range. www.reinhausen.com

Maschinenfabrik Reinhausen GmbH, Falkensteinstr. 8, 83059 Hegenshprg,
Germany, Phone: +449 941 4080-0, E-mail: infogirelinhausen.com
Agent Iran, Sense Eng. Co., Phone: +98-21-26202980, www.senseo.net

THE POWER BEHIND POWER.




NEW: ECOTAP VPD.

THE COMPACT
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