Open Science Index, Mechanical and Mechatronics Engineering Vol:3, No:6, 2009 publications.waset.org/1667.pdf

World Academy of Science, Engineering and Technology
International Journal of Mechanical and Mechatronics Engineering
Vol:3, No:6, 2009

Ageing & Partial Discharge Patterns in oil-
Impregnated Paper and Pressboard Insulation at
High Temperature

R. H. Khawaja, T. R. Blackburn, M. Rehan Arif

the normal allowable levels in oil-impregnated iasion [1-

Abstract—The power transformer is the most expensive3].

indispensable and arguably the most important egei item in a
power system Insulation failure in transformers caose long term
interruption to supply and loss of revenue and tmndition

assessment of the insulation is thus an importaaintenance
procedure. Oil-impregnated transformer insulationsists of mainly

Modern  computer-based partial discharge  (PD)
measurement techniques of electrical insulatiohpudvide an
instantaneous and time-resolved assessment ohsuaiion
condition in most forms of equipment. In fact, Ridnitoring

organic materials including mineral oil and cells#ebase paper and IS perhaps the most important tool available foe th

pressboard. The operating life of cellulose-basestilation, as with
most organic insulation, depends heavily on itsalireg temperature
rise above ambient. This paper reports results labaratory-based
experimental investigation of partial discharge JRBtivity at high

temperature in oil-impregnated insulation. The expents reported
here are part an on-going programme aimed at iigatistg the way
in which insulation deterioration can be monitoeettl quantified by
use of partial discharge diagnostics. Partial disph patterns were
recorded and analysed during increasing and decgepkases of the
temperature. The effect of ageing of the insulatarthe PD patterns
in oil and oil-impregnated insulation are also ¢dased.

Keywords—Ageing, high temperature,
insulation

I. INTRODUCTION

HE power transformer is the most expensive and itapb

item of capital equipment in
transmission system and its long-term operationalition is
thus of major concern to supply utility asset mamag The
insulation within a power transformer consists ity of
organic dielectric materials, including mineral odnd
cellulose-based materials such as paper and peassbithese
organic materials will suffer chemical change owre
operating lifetime of the transformer and their uilaging
properties will deteriorate as a result. Paperdrtipular may
deteriorate rapidly if the operating temperaturdigher than
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maintenance engineer to assess the condition o$ftamer
insulation [4-6]. In conjunction with dissipatioadtor testing,
PD monitoring is the one of the best method avildbr a
combination of condition assessment and ageing [2].

This paper presents the results of an experimental
investigation of partial discharge activity in @itpregnated
paper and pressboard configuration. The model \pasated
at elevated temperatures to simulate high temperatu
conditions such as may occur during abnormal (oeet)
operation of a transformer. As most transformdufas occur
in the insulation, condition monitoring (preferaldgntinuous
and on-line) of transformer insulation is requitecprovide an
early indication of any degradation that may beseduby
abnormal electrical, thermal and mechanical steesgeich
may occur during operation. In order to recognize
deterioration from PD patterns, it is necessanyaialogue and
understand the correlation of PD patterns with itisilation
condition [4-7].

A. Discharge Quantities

The analysis of the experimental results reporteck hs
focused on the examination of peak and averageiapart
discharge magnitude as well as the PD repetitide. rahe
peak discharge magnitudg.J is defined asthe magnitude of
the largest apparent charge recorded in a selected time
interval”. The peak discharge magnitude is expressed i Pic
coulombs:

Om =ma){q1!q21q31""qn] 1)

The average discharge magnitudg) (s defined asratio
between the sum of the measured discharge magnitude and the
total number of PD pulses recorded in a selected time
interval”. The average discharge magnitude is also exptesse
in Pico coulombs:
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According to the IEC 60270 Standard [7], the rdjmatirate
(r) is defined as:ratio between the total number of PD pulses
recorded in a selected time interval and the duration of this
timeinterval", and can be expressed mathematically:

== ®3)

Where n is the total number of discharges occumitlgin a
selected time interval.

The above PD parameters are calculated and disblaﬁa

automatically almost in real time by a computerdaa$D
analysis system [6].

Il. EXPERIMENTAL DETAILS

A. Test Configurations

The insulation system that was used in the worlcrilesd
here is designed to simulate the configurations atrdss
levels that occur in typical transformer insulat[@h

The test cell is made of glass containing theropregnated
paper and pressboard insulation system. The glasisc
designed to withstand high temperature and it dvel dil
within is heated by thermostatically controlled thez tape
wrapped around the lower part of the glass cele fhtural
heat convection in the oil then forces the oil icwate and
transfer the heat throughout the sample. The manxinest
temperature used during the experimental work washée
range 80-85C.

After reaching its maximum prescribed temperature
heating source was disconnected and the oil allowecbol
naturally. The ambient temperature was kept withinrange

Fig. 2 shows the details of the insulation model

(2) configuration used. Oil-impregnated paper and joess

insulate the high voltage (HV) and
electrodes.

The insulation between the electrodes has thre@ooents.
Immediately adjacent to the LV electrode are teyeis of
Kraft paper each of thickness 0.06 mm, making altot
thickness of paper equal to 0.6 mm. Immediatelyaeeslt to
the HV electrode are two layers of 0.25 mm thickper paper
making a total thickness 0.5 mm. The third insolati
component is a pressboard layer 3 mm thick sandich
between the two paper layers. Overall, the Krafiepacrepe
aper and pressbhoard combination make up a’Samea

low voltage (LV)

covered by the electrodes.

The total separation between the HV electrode and L
electrode is approximately 4.1 mm. The HV and L&célodes
are bare, plane discs made from brass with disoetir of 40
mm. The electrode configuration is large enougbenerate a
uniform electric field across the test sample. ¢ typical
voltage used, 10 kV, the uniform electrical fieldiag on the
insulation material between the electrodes will 2é4 kV/
mm.

crepe paper HY electrode

| |

presshoard

|
Pl T
| Kraft paper

LY electrode

of 23.5-25.8C. A fibre optic temperature sensor was used to

monitor the insulation sample and oil temperatdree fibre
sensor head was placed on the top surface of
paper/pressboard sample through a breathing hokheotop
of the glass cell. Fig. 1 shows the test cell usedhe
experimental investigation.

Fig. 1 The test cell
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Fig. 2 Arrangement of the test sample

the

B. Measuring Equipment

PD activity in the insulation during the experimemas
recorded using a computer-based analyser (CDA3)s Th
system provides phase-resolved PD patterns of tuagnand
number and their various statistical distributidos each half
cycle of applied voltage. It also displays the |E@egrated
quantities (discharge current, quadratic rate, distharge
power and repetition rate) [6]. The statistical neoits for
pattern characterisation (the mean, standard dewijat
skewness and kurtosis of the PD patterns) areajisdlon the
computer monitor [6]. The circuit for PD measuremand
calibration procedure follows the IEC-60270 Stadd#or
partial discharge measurement [6, 7].
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Fig. 3 Partial discharge measurement circuit

Fig. 3 shows the PD measurement circuit used. ThAC
system is contained on a circuit board within andéad PC.
The board interfaces the analogue output of a ctiorel
discharge detector and the computer recording raystes
denotes the capacitance of the test sample. Theeitapce ¢
represents a HV discharge-free coupling capacitor.

To prevent electrical interference in the measurgs)ehe
signal threshold of the CDA3 was set to reject gasknd
noise. In practice, the lower limit of PD detectimas about
30 Pico Coulombs.

I1l.  RESULTS ANDDISCUSSION

The experimental tests performed used a combinaifon
thermal and electrical stress. The voltage appbetthe model
(10 kV) was designed to give operation at eledtrteess
typical of that of working transformers. The resuteported
here give PD activity characteristics for simulatdrmal
overload conditions in a transformer. The initiabts were
done looking at the PD response when the insulatas
subject to a short duration thermal cycle with P&ivity
monitored on both temperature increase and decihaseg
the cycle. The results for the new insulation usee also
compared to results obtained on aged insulatiothéensame
configuration, with the insulation being subjectageing for
some 5 months at the specified conditions of stress

A. PDswith Increasing Temperature

In the initial test, the temperature of the sampées raised
from ambient to 80-8% and then allowed to cool back to
ambient. It was observed that during increase wiprature

from ambient to 60C the peak discharge magnitude at the

positive half-cycle was higher than the level dgrithe
negative half-cycle, as shown in Fig. 4.
In the temperature range from 60 to°C0 [Fig. 5 shows

PDs at 70C] the PD repetition rate increased dramatically : i 4

from 863pps [Fig. 4] to 4800pps [Fig. 5]. As thenteerature
reached the upper limit range of 80 to°@5[Fig. 6 shows

results at 81C] the maximum PD level changed its behaviour

and the peak PD magnitude on the negative haledyetame
larger than on the positive half-cycle. At the satinee, the
maximum and average discharge magnitude
significantly. A significant increase in the repieth rate was
also observed, as shown in Fig. 6.
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Fig. 5 PD pattern at 10 kV and @ temperature increasing

It can also be seen that there is a steady trerih, w

increasing temperature, to earlier PD inceptiorboti the PD
and repetition rate plots versus phase angle ofvtiitage
waveform.

Following the simulated overload, the PD behaviasithen
investigated during the cooling part of the thermale, with
the heater off and the chamber allowed to cool raiyuto
ambient.
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B. PDswith Decreasing Temperature

When the temperature is decreased from the peak tdv
85°C back to 86C, the largest peak PD magnitudes on both
the positive and the negative half-cycles becommsi equal .‘\

(see Fig. 7). As the temperature was, then furdleereased to )J WM‘ M

60°C, Fig. 8 and Fig. 9 show that the largest peak PD AT TR
magnitude has again shifted to be again in thetipeshalf-
cycle. Fig. 8 and Fig. 9 depict the phase-resopatierns of

PDs at 70C and 60C.
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Fig. 7 PD pattern at 10 kV and ®temperature decreasing

It was also observed during the experiment that PID
magnitude and the PD repetition rate increased initrease

.0
deg.>

World Academy of Science, Engineering and Technology
International Journal of Mechanical and Mechatronics Engineering

.0

Vol:3, No:6, 2009

UNSW-HUlab—Australia

PDrnax{pC)>: 419.17
FDauatpC): 77.80

|
300.0 L I<nAY 28 .06
O{nC2/s3: 3.87
D l R{no.ss>: 360.60
Statistical Moments

PDmax Magnitude (pC)

260.

Phase Angle <deg.>

UNSW-HUlab-fustralia

PDmax(nC>: 1.14
FDavg(pC): 333.10
IEC quantities
ICun):
RO
Q<nC2/s) @
Rino.7s) i

0.55
751.78
5204.97

Statistical Homents

Uoltcku) :
Period(s>: 3
Noise: 30
Note:

FilL Gasioo24
Record: 1

24-10/2002 19:54:20

40.0
o
|
/\VH ﬁ
“a.., "J \m’b g ﬁﬂ‘%u_u _ .Dﬁééii,,: nas10026

24-10,2002  20:30:09

90.0 180.0
Phase Angle (deg.)
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C. Comparison with Previous Testsin a Sedl Tank

It was also noted during the experiment that thepBiderns
at 10kV, 80C and 50Hz in the glass cell are somewhat similar
to those monitored during previous tests in anothsulation
test configuration enclosed in a steel tank. In tiark the test
conditions used were 8kV, 80 and 50Hz [1-3]. The patterns
in Fig. 7 (in glass) and Fig. 10 (in steel [1-3]anc be

compared. Although the voltage was different (tiness levels
are 2.44 kV/mm in the glass and 1.95 kV/ mm in sheel
tank). The general shapes of the patterns areasinailthough
there is some difference in the inception angled #me
magnitudes are different, consistent with the dife stress

of temperature between 60 to°85and when temperature levels

decreased the repetition rate also decreased. dt aiso

The insulation configuration between the HV and LV

observed at 8C was the temperature where the peak PRigctrodes in the steel tank also contained kraftep, crepe

magnitudes for both positive and negative half-egclvere

almost equal.
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Fig. 8 PD pattern at 10 kV and “@temperature decreasing
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paper and presshoard and the total separation ntssk
between HV electrode and LV electrode was also mhlas in
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Fig. 10 PD pattern at 8 kV, 50 Hz and®60

D. Testsusing Aged Insulation

The insulation structure was subjected to the wgelta
excitation for a total period of five months to @stigate the
effects of ageing on the oil-impregnated sample.8&C it
was found that the peak PD magnitude had increfresd
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1.14nC to 2.0nC and the PD average has also iredtelisvas

also noted that PD patterns in the aged samplechadged,

with discharges on the positive half-cycle startatgabout 5

degrees of voltage phase as compared to previcdtge
where the discharges were very consistent in stpet about
30 degrees.
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Fig. 11 PD pattern at 10 kV, 80 after ageing for five months

Similarly, for the test on an aged sample, diso#suan the
negative half-cycle started at around 185 degresspared
with at 210 degrees in the previous test. Fig. Adws the
phase-resolved pattern of peak PD magnitude andupiber
distribution measured during the test using thelagsulation.

E. Ageing of Oil Impregnated Insulation

The change of colour of oil from clear to light o was
also observed during the ageing process causetbdbermal
damage to cellulose materials and oxidation offég. 12 and
Fig. 13 show the colour change of the oil. The deaof
colour of the kraft paper, crepe paper and presgbhfram
light brown shade to dark brown was also observgthd the
ageing process. At high temperatures the cellufoslgmer
chains break up reduce in length and, as part ef
degradation, form water especially in the preseriaexygen.

The excessive moisture, oxygen and temperatureedabe
oxidation that result in the change of colour of tellulose
material.

Fig. 12 Color of il in glass cell before the agpprocess
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Fig. 13 Color of oil in glass cell after the agepgcess caused
oxidation of oil that result in darkening of oilloo

The effects of ageing are also very obvious froendamage
caused to the crepe paper, pressboard and kradt.figns of
water treeing can be seen on the crepe paper gnificantly
so on the pressboard. Electrical treeing can be seethe
kraft paper showing clear signs of black carbonisatucting
paths causing burning and brittleness of the paper.

The water treeing is caused when water migrateligh
stress areas and reduces the dielectric strengteahaterial
and water treeing also produces third harmonics. D
activity is present when the water trees are pteJdre water
treeing is then followed by electrical treeing.the electrical

treeing mode the PD activity starts and causes kblac

carbonised conducting paths ultimately leadinghtoftilure of
the insulation. Fig. 14 and Fig. 15 show the qualftcellulose
material before and after the Ageing Process.

th

Al

Fig. 14 Quality of crepe paper, pressboardﬂand kegder before
ageing; left is crepe paper, middle is pressboaddright is kraft
paper
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(1

(2]

(3]

[4]

(5]
Fig. 15 Quality of crepe paper, pressboard and peger after
ageing; left is crepe paper, middle is pressboadiraht is kraft (6]
paperwith black marks showing clear signs of carbonisedducting
paths causing burning and brittleness 7]

IV. CONCLUSIONS

As long-term investigations are needed to invesidaD
pattern analysis in oil-impregnated insulation aighh
temperature, a number of significant observatioesewnoted
during the increasing and decreasing temperatursgshin the
experiment.

e During simulated thermal overloading when tempegatu
increased from ambient to 80<&5 the largest peak PD
magnitude measured was initially on the positivéf ha
cycle, but then shifted from the positive to theyatéve
half-cycle and the PD levels increased with inceeaf
temperature of the insulation.

* During the cooling phase from 80-&5 to the ambient
temperature the PDs with largest peak magnitudiéedhi
back from the negative to the positive half-cydiee PD
levels decrease with the decrease of temperatuiagdu
the cooling phase.

« The peak magnitude of the discharges and the PD

repetition rate increases with increase of tempega&nd
decreases with decrease of temperature.

* Similar test configurations result in similar patti
discharge patterns at a same temperature streds lev

* The colour of the oil changed from clear to lighmbn
with ageing due to thermal stress causing oxidation

» The colour of the kraft paper, the crepe paper ted
pressboard changed from the original light browedehto
dark brown with ageing. The ageing due to PD dgtivi
can cause a burning or carbonisation effect on both
pressboard and paper and also caused the papszdmé
brittle through de-polymerisation.

The results of this investigation have shown theaglexity
involved in correlation of the effects of temperatwon PD
activity. This complexity may lead to problems in
interpretation of PD measurements on transformieusther
work is required to elucidate the impact on PD\atgtiso that
definitive indicators of aging quantification cae terived.
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