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Abstract

Knowledge about moisture content in impregnated
cellulose insulation is essential for power transformers
when estimating remaining lifetime, planning operating
conditions and drying procedure. Frequency dielectric
spectroscopy (FDS) is non-destructive, convenient
method to asses moisture content of insulation. It is
important to study dielectric response of ester-cellulose
insulation due to growing number of transformers using
synthetic ester MIDEL 7131 as insulation fluid [1, 2].
The paper presents study of dielectric response of
synthetic  ester-pressboard samples with various
moisture content (from dry to 5%) measured in wide
temperature range (from 5 °C to 50 °C). Measurement
results for pressboard impregnated with synthetic ester
are compared to data of pressboard impregnated with
mineral oil. The aim of presented work is to provide
patterns of dielectric response of synthetic ester-
pressboard for accurate moisture content evaluation.

1. Introduction

The frequency dielectric spectroscopy (FDS) is a widely
used technique, recommended in insulation systems
diagnostics. It is nowadays popular for water content
evaluation in solid insulation of power transformers.
Insulation system of typical power transformer consists
of oil and impregnated cellulose in the form of
pressboard and paper. In most cases mineral oil is used
as impregnating liquid.

The evaluation of water content using FDS is based on
dielectric response patterns of impregnated pressboard
for various moisture content, which contains
characteristics of mineral oil impregnated pressboard.
Recently dielectric liquids like MIDEL 7131 — the
synthetic ester, are used as an alternative instead of
mineral oil. MIDEL 7131 have several advantages such
as fast and high biodegradation, high fire point and non-
toxicity [1,2].

It was observed that type of impregnating liquid has
influence on dielectric response of pressboard [3,4].
Using patterns of oil-pressboard in evaluation of
moisture content of ester-pressboard insulation can
lower accuracy of this evaluation. Thus, it is required to
investigate dielectric response of synthetic ester
impregnated cellulose.
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This paper presents the study of moisture and
temperature influence on dielectric response of MIDEL-
pressboard insulation.

2. Experiment

2.1. Samples

The pressboard samples, which were used for
measurements, had a thickness of 0.5 mm and diameter
of 57 mm. The examined pressboard had a smooth
surface without any pattern. Sample preparation
included: drying, moisturizing and impregnation.

First, samples were dried in a vacuum-thermal chamber
for 13 hours at a temperature of 100 °C and pressure of
50 Pa. After drying samples absorbed moisture from
surrounding air. Their weight was controlled by precise
scale. Then, after reaching desired weight (moisture
level), samples were put into container filled with ester.
Synthetic organic ester MIDEL 7131 (provided by M&I
Materials Ltd.) was used for impregnation. Parameters
of impregnating liquids are shown in the Table 1.

During the process of impregnation samples were kept
in ester at temperature 60 °C for 48 hours. After
preparation of the samples set (with desired moisture
level), moisture content of one sample was checked by
Karl Fischer titration technique. Three samples were
selected for FDS measurement. When dielectric
responses of samples were similar, measurement was
carried out for three samples connected in parallel in the
whole available frequency range. After dielectric
measurements one sample was measured by Karl
Fischer titration to confirm moisture content. It was
planned to prepare six groups of samples with moisture
content of 0,5%, 1%, 2%, 3%, 4% and 5%. The
experiment is not finished yet, so some of measurements
need to be repeated or conducted. The plan of
experiment is show in Table 2.

2.2. Dielectric measurements

The measurements were done using a Pax Diagnostic
IDAX-300 dielectric spectrometer. Dielectric response
of impregnated pressboard samples was investigated in
frequency domain in the range from 0.1 mHz to 1 kHz
in most cases at 10 V RMS. The influence of voltage on
the dielectric response was checked in the voltage range
1-140 V RMS and was found not significant.

All dielectric measurements were repeated at four
temperature levels in climate chamber i.e., 5, 20, 35,
50 °C, starting from 5°C and increasing to 50 °C.
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Afterwards, additional measurement was performed at
20 °C again to check if characteristic is stable. Before
starting the measurement, samples were kept at each
temperature at least one day.

Measurement results for ester-pressboard samples were

compared with results obtained for mineral
oil-pressboard samples [5].
Table 1 — Parameters of impregnating liquids
. Conductivity Activation Dielectric
Liquid o
type [pS/m] energy permittivity
20°C | 40°C [eV] [-]
mineral oil
Nynas
Nytro 3.7 10.1 0.40 22
10 GBN
synthetic
ester
MIDEL 12.7 444 0.49 3.0
7131

Table 2 - Plan of experiment

moisture temperature of measurement [ C]
content [%] 5 20 35 50
0-0.5 to do to do to do to do
1 repeat repeat repeat repeat
2 done done done done
3 done done done done
4 done done done done
5 done done done done
2.3. Electrodes

Water solubility in MIDEL 7131 is several times higher
than in mineral oil [1, 2]. Measurement procedure takes
several days. So it is very important to prevent moisture
migration between sample and surrounding ester.
Because of that, special three-electrode system was
designed (Fig. 1). Sample is kept between electrodes
and sealed. Measuring electrode diameter is 40 mm and
geometric capacitance of the system (for sample
thickness 0.5 mm) is about 22 pF. Electrode system was
put in hermetic container (Fig. 2) and placed in climate
chamber. Six identical electrode systems was prepared.

3. Results

Figure 3 presents influence of moisture on dielectric
response of pressboard impregnated with synthetic ester
MIDEL 7131 at temperature of 35 °C. In the low
frequency range dielectric loss €” strongly depends on
moisture content. At high frequencies moisture influence
is less significant. At 1 kHz €” for moisture content of
2%, 3% 4% is very similar. Real part of permittivity €’
also strongly depends on moisture and increases with
decreasing frequency.

Fig. 1 — Electrode system with sealing rings and a sample

Fig. 2 — Electrode system in a hermetic container
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Fig. 3 — Dielectric response of synthetic ester impregnated
pressboard at 35 C* with various moisture content: 2, 3, 4, and
5%
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Dielectric response of impregnated pressboard is highly
temperature dependent. Figure 4 shows results for ester-
pressboard samples with 2% of moisture at different
temperature  values. Characteristics for various
temperatures can be normalized by shifting along
frequency axes [6]. Activation energy for samples with
2 % of moisture was calculated to be 0.8 eV. Figure 5
presents characteristics shifted to 50 °C for obtaining
master curve.

Figure 6 and Figure 7 show the variation of the & and
€” for the synthetic ester impregnated pressboard and
mineral oil impregnated pressboard with 2 %, 3 % and
4 % of moisture content at 20 “C and 50 °C. In general
g of ester-pressboard has higher values than oil-
pressboard at frequencies above 1 Hz. It is because
dielectric permittivity of synthetic ester MIDEL is about
3.0 vs. 2.2 for mineral oil.

In some frequency ranges dielectric loss &” for ester-
pressboard and oil-pressboard is similar. In other
frequencies there is a big difference, which depends on
temperature and moisture content.
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Fig. 4 — Dielectric response of synthetic ester impregnated
pressboard with 2% moisture content at various temperature
values: 5, 20, 35 and 50 °C
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impregnated pressboard
pressboard with various moisture content: 2, 3,4 % at 20 °C
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Fig. 5 — Dielectric response (as tand) of 2 % moisture content
samples measured at different temperatures and shifted with
activation energy 0.8 eV to 50 'C and derived master curve
(solid line)
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Fig. 6 — Comparison of dielectric response for synthetic ester
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Fig. 7 — Comparison of dielectric response for synthetic ester
impregnated pressboard and mineral oil impregnated
pressboard with various moisture content: 2, 3, 4 % at 50 °C

5. Conclusion

The moisture and temperature have great influence on
dielectric response of natural ester impregnated
pressboard.

Influence of temperature can be modeled by master
curve technique.

Dielectric response has features of low frequency
dispersion (LFD) [7]. For decreasing frequency (in log-
log plot) there is almost linear increase of €”. There is
also an increase of €’, which is related to charge storage
in a system. Linear increase of €” with slope -1 reflects
conduction but the increase of €’ does not appear in case
of pure conduction.

Variation of dielectric response for mineral oil-
pressboard in comparison to synthetic ester-pressboard
is similar but not identical. For particular combinations
of temperature and moisture content the difference is
significant in some frequency range.

Accurate moisture evaluation of pressboard impregnated
with ester using FDS technique needs anew pattern
database different from that for oil-pressboard.
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