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Abstract. M easuring techniques of dielectric losses tand of high
voltage equipment are discussed and compared in this paper.
There are several methods for determining tand and capacitance
valuesin high voltage substation on site.

Simple measuring methods like GST and UST can be put into
practice without result corrections in ideal conditions. However
electrical field in substation originates negative affect on
measuring results, therefore different connection schemes of
measuring methods have to be used.
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. PHYSICAL BACKGROUND OF INSULATION DISSIPATION
FACTOR

The quality of the transformer’s insulation and #fficacy
of the moisture removal processing are evaluateslth the
results of Insulation Dissipation Factor Tests dmsulation
Resistance Tests.

The insulation level of high voltage equipnsentfor
example power transformers, is accordant to theuiregd
quality when equipment departs from
environmental pollution and natural ageing in mamatnce has
an affect on maintained equipment. There are varfaators
which have an influence on insulation of equipmenth as:
the absorption of moisture,
internal arch and disruptive discharge,
high temperature,
overload,
sludge and dust,
chemical reaction,

e ageing.

Electric power is dissipated in all dielectnnaterials,
usually in the form of heat. In a capacitor madea afielectric
placed between conductors, the typical lumped aitmadel
includes a lossless ideal capacitor in series \ithesistor
termed the equivalent series resistance (ESR) awrshin
“Fig. 1" [1]. The ESR represents losses in the capa Note
that the ESR is not simply the resistance that dooé
measured across a capacitor by an ohmmeter. Thei€8R
derived quantity with physical origins in both tbglectric's
conduction electrons and dipole relaxation phen@ndm a
dielectric only one of either the conduction elenos or the
dipole relaxation typically dominates loss [2].

In real situation, insulation is series orgi@ connected
resistance losses and the equivalent scheme dapemue

losses disposition is shown in “Fig. 1" and accotda

equations (1).
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Fig.1. Substitution schemes of connection
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For the case of the conduction electrons beingltimeinant
loss, then
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aCa)Z

where:

o - is the dielectric's bulk conductivity,

w - is the angular frequency of the AC current
¢ - is the lossless permittivity of the dielectrénd

€ - is the lossless capacitance.

If the capacitor is used in an AC circuit, tissipation
factor (DF) or dielectric losse$af) will vary depending on
the dielectric material and the frequency of thecelcal
signals. Due to the non-ideal capacitor DF is esged as the
ratio of the resistive power loss in the ESR to thactive
power oscillating in the capacitor, or

DF =wC-ESR . 2
When representing the electrical circuit paramessrsectors
in a complex plane, known as phasors, a capacitor's
dissipation factor is equal to the tangent of thgla between
the capacitor's impedance vector and the negatative axis
[2]. This gives rise to the parameter known asltiss tangent
o where:

tan5=§= DF

Xe . 3)

[I. TRADITIONAL MEASURING METHODS OF CAPACITANCE
AND INSULATION DISSIPATION FACTOR
A. Capacitance test

The easiest way of measuring capacitance in sudrstan site
is to use two vector voltmeters (VV), “Fig. 2".



Scientific Journal of Riga Technical University
Power and Electrical Engineering

DOI: 10.2478/v10144-010-0028-9

2010
Volume 27

Tax

Ucontrol

—] L]
Ux~Ix Un ~Iy
PSR
PSR PSR — phase
sensitive

uP Cx,tandx
NRe
NIm

Fig. 2. Two vector voltmeters’ measurement

The first voltmeter measures the voltage onchemark

can generate signals with values from 0 tg.4d and phase
displacement from Vto 360. The influence of substation’s
electrical field on examination object might be uedd to

minimum.

B. Dissipation factor (tand)

Dissipation factor of tested object describes:

e chemical deterioration due weather, temperature and
overheating effect,

e moisture content, effect of oil, sludge and etc.,

e various types of leakage, ionization.

Many faults can be detected by preventive gmetific
insulation tests. To determine capacitance andedhiét
losses of the object, it is necessary to know thestruction
and insulation type of the object under test, fxareple oil
type and quality. Assessment of test results mesddne
only by comparing current values with previous noeiag
results or even better with initial results befamaintenance.

capacitor G, but the second voltmeter measures the voltagehe test results can be compared with analogigakohif the

on examination object through its capacitance Those
voltages are converted to real and imaginary corpband
thereafter object's capacitance xjCand dielectric losses
(tanoyx) are determined.
applicable to detect and kxin its limits 0.1kx < Irx < 2lcx
when solid insulation of examination object is wetd
dielectric losses is abouand = 10% (without substation’s
electrical field influence).

The preventive measurements normally are dame
substation on site and it is the reason of sulostatielectrical
field influence on determined values. This influerd electric
field might be not so critical. It depends on techhcondition
of the object — iftand value is insignificant there is no
necessity to use guard method (see Tab.l. casgof)etimes
this influence of electrical field can be very niga during
decision making on object’s technical conditionhés been
noticed in practice, that due to negative influenom
measuring results distortion can reach two timéss very
important when measured values are on criticaltéinfsee
Tab.1. case B). For that reason it is acceptedséoinfluence
compensation of electrical field, principle of whics shown
in “Fig. 3".

Amplifier

Phase regulators

Fig. 3. Substation’s electrical field compensatioimciple

The module is used to repress the electridald’$
influence on the input signal. There is: networkntcol
voltage (Wonro), amplifier grade, which can be in “+” or “-”
position and 90 phase regulator. Both signals,khre and

Ucompim are compared by potentiometers P1 and P2 and

introduced in next grade. Thereby module shownFig.*3”
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data output is not satisfactory.
If tand is changing considerably after the voltage is
applied and reduced to a certain magnitude there is

This method is reasonable ampbssibility of ionization process in insulation, sl can lead

to the breakdown of the insulation. Partial capaxit’s
increase also indicates ionization process, whictuis in
empty spaces of insulation. The increase tafid and
capacitance indicates insulation’s wetting, bubiifly tand
increases that points at a thermal fault.

The measurement of insulation capacitance
dissipation factor is carried out using a capaciahridge.
The values of capacitance and their correspondahigeg of
insulation dissipation factor are measured. Eadgeabkhas
different its unique measuring range (Tab.1.) aae-fixer
values.

JFig. 4" shows the measurement of capacitaacel
dissipation factor of the HV to LV capacitance, ngsi
guarded measurements [3]. “Fig. 5" is for the l@agtound
capacitance.
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Fig. 5. Measurement of dissipation factor and cépace — LV to ground
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. PARAMETERS AFFECTING MEASURING RESULTS

A. Temperature effect

The main cause of increasetnd is increasing

temperatureTand increasing leads to the increase of heat ¢

desorbing and temperature rise. This process csuit ram
insulation breakdown.

At constant temperaturené can vary, it depends on
insulation’s technical condition. The measuremshisuld be
done at temperature 6 and above [7]. It is very important
to determine real temperature on measuring timehtmse a
coefficient of dielectric losses. Base temperatisgre20°C.

where:

tans — object dielectric losses in first measurement,

tans" — object dielectric losses in second measurement,
R, - the first measured resistance by measuring eugp,
R;-the second measured resistance by measuring eepipm
C, - object capacitance in first measurement,

C, - object capacitance in second measurement.

Near to the ideal conditions, wheésno in both polarities is
low equation (5) can be used

tand = 0Ftano +tans ") . (5)

The object surface’s temperature must be highen tha

environment temperature to avoid condensation.on it

B. Moisture effect

In case when air humidity is at 50% and sefia polluted
by industrial dirt, the measuring mistakes can &y serious.
The effect of surface’s humidity on measuring resubk
minimized in dry, sunny day, when air humidity 898 and
less. Surface’s pollution even of power transfosriaushings
with higher rated voltage level than test voltagegates
serious measuring mistake.

Dry and clean insulation must be provided tsuze
accurate measurements. The influence of surfasskabe
can be eliminate with UST (Ungrounded Specimen )Te
method [4] for power transformers’ bushings sintehas
measuring tap (output).

V.

The substation’s electrical field has an infloce on
equipment measuring results. The electrical figiffuence

INFLUENCE OF SUBSTATIONS ELECTRICAL FIELD

V. UNCONVENTIONAL MEASURING METHOD AND ITS
EFFECTIVENESS

It is very important to remember that the posdipilbf
disturbance’s elimination exists. This means tHatoat any
part of tested object could be eliminated and hadunther
affect on measuring results. Using the guard metfamduired
measuring results show the real technical condigbrsolid
insulation in many cases.

In measuring of power transformers the guasd schema
is often useful. In this case transformer tankuarded. There
is no influence of electrical field, since all phmal
S%ubstation’s equipment, which can affect on meagugsults,
is switched off by power transformer and anothegrgized
equipment is far enough from tested object (Tatae D, E).

The many schemes and methods are known imalig
world, which are used for testing the equipmentdpoed by
IEC standards. Usually majority of energy compardecide
not to maintain their equipment for the first 2Gge (guaranty
time from producer). However equipment produced3@ST

can be minimized by special measuring equipment angtandard has to be maintained and checked by ditigno

additional use of two polarities method with phasgulator
(Tab.1.). The influence of electrical field deperats field
strength, equipment’s capacitance, and dielectossds.
Adverse weather conditions amplify field influende. is
possible to gain also negatitand. It can be minimized by:

e using higher test voltage;

[ )
connections as many as possible;
waiting for congenial weather.

UST method is not so affected by electricaldi In UST
capacitive currents flow direct to ground througbwer
transformer’s high voltage (HV) winding. In GST @inded

switching off near equipment and making ground

Therefore testing with complex methods usinigage
regulator and guard to obtain real result are mstcdbed in
technical literature for various types of electri¢ut it should
be put into practice since application attemptsdpoes
suitable results as shown in the next chapterisfaaper.

VI. CASE STUDY
Dielectric lossestand is one of the main technical
condition criteria; therefore close attention ons it

measurements has to be paid. It has rate-fixeesdhr each
type of electrical equipment. Accordingly it is ionpant to
know by which method object has to be measurechamdto

Specimen Test) the similar currents flow through HV get correct measuring results.

winding, through one of measuring bridge circuitd ato
ground. The other influence of electrical field cha the

cause oftans changes in measuring with GST method. It is

the result of partial discharge between tested ablsjenigh
voltage output and other under voltage system’spaggent.
It is the reason for high¢ano [6].

If tand values are comparatively similtand values can
be calculated (4) using measurements in two pa@arnivhich
differ on 180

tand R; +tand R;  tand Cy +tand Cy

tano = - - ’ -
R; +Rg Cyx +Cyx

(4)

Before performing preventive or additional s@@ments
the specialists must know:
object’s technical condition;
previous measuring results;
the reason of the last measurements;
measuring conditions and applied method;
rate-fixer values for specific electrical equipment
General conclusion of practice shows that mnéag
results of simple methods are not correct due ¢ztetal
field’s influence. For that reason the phase regulaust be
applied. The guarding of surface minimizes the degmk
current affect on measuring results.
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To avoid measuring mistakes, simple methodST(@nd
UST) should be used in ideal measuring conditidfs:
example, 110 kV current transformer (see Tab.le dap
which is produced in accordance with GOST standtattie
end of 80s has 3.5% rate-fixer value for dielectdsses.
Measuring results obtained by traditional methaerofs out
of range, at the same time two polarities methedgresults

which aren’t out of range and with guard method the

influence of electric field is minimized. Measuringsults is
real and correct. Therefore wrong decision makibgua
technical condition is reduced.

Other previously described practical exampdéstand
measurements in substation under electrical fiafthénce
are summarized in Tab. 1.

It is important to remember that dielectricsdes of
insulating oil affect on dielectric losses of saldulation. In
that case measuring specificities do not have totaffect
ontand value.

TABLE |
RESULTS OFMEASUREMENTS
Measured quality values Insulation
Equipment Tans, Cx, level, Notes
Method (%) (oF) (MQ)
| polarity 0.65 94.0 - GST
i&g:r:{ lpolarity | 1.60 | 1056 GST
transformer -A Average 113 99.8 189000 GST
With guard UST
| polarity 3.00 96.7 - GST
110 kv lpolarity | 2.80 | 107.4 GST
current
transformer -B |__Average 2.90 102.05 31000 GST
With guard | 2.47 92.7 -==- UST
Without
phase 3.89 104.2 7600 GST
110 kV regulator
current | polarity 3.11 107.9 GST
transformer -C| |l polarity 3.65 1104 -==- GST
Average 3.38 109.15 GST
With guard | 3.05 108.8 21500 UST
Without
Power phase 0.38 168.64 254000 UST
transformer’s regulator
110 kV Without
bushing -D phase 0.26 452.38 51500 GST
regulator
Without GST,
phase 0.17 11802 39400 HV-
regulator Ground
Without GST,
L10kvipower | “ooce | 023 | 11241| 45600 | Lvi-
transformer -E
regulator Ground
Without GST,
phase 0.22 10804 37200 LV2-
regulator Ground

VIl. CONCLUSIONS
GST and UST methods are good in ideal conition

the high voltage testing laboratory and etc. To idvo

measuring mistakes while testing electrical equipmia
substation the specific measuring equipment andviguge
of substation’s field influence on measuring resuls
required.

The use of various methods gives accuratebatidvable
results. Two polarities method is the best way htow
minimize the influence of substation’s electricakld.
However if the efforts to prevent the effect ofadteal field
influence is poor anthnd value is still negative, it means that
measuring should be stopped and another fault dhbel
looked for.

Example described in Table 1 case C showghkeatise of
more complex measuring methods allows
unreasonable costs relevant with equipment replaneand
extend it remaining lifetime per some time period.
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