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Static Electrification of Pressboard/Oil 
Interface and Transient Phenomena 

ABSTRACT 
The static electrification phenomenon of insulating materials used in power transformers is in- 

stigated through two devices. The first is a cell with a rotating disk covered on both sides 
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ith a given pressboard and immersed in a metallic tank containing -4 1 of oil; and second 
vice enables us to measure the electrostatic charge tendency of oils. The electrostatic charge 
ndency (ECT) of insulating oils and the leakage current generated by the charge concentration 
adient at the oillpressboard interface are analyzed as function of temperature, water content 
d aging of oils, the nature of the pressboard, and the rotating speed of the disk. The influ- 
ce of the surface roughness of the pressboard and antistatic additives on the aging and ECT 
so are considered. A correlation between ECT and the physico-chemical and electrical char- 
teristics of the oil is established. It is shown that the temperature gradients and the water 
igration phenomena at the oillpressboard interface play an important role in the charge sepa- 
tion. Transient currents are strongly affected by the presence of air in the pressboard and the 
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is in relation with the s failures of power transformers, re- 

ing of the static electrifica nomenon. Indeed, the latter depends 
ly on the behavior of these materials, 

surements of the curre 

lating materials on ECT 

of the oil is attempted. 

4 
PRESSBOARDS METALLIC DISK 

Figure 1. Rotating disk cell. 

2 EXPERIMENTAL TECHNIQUES 

Two experimental arrangements are used. The first one is a cell with a 
rotating disk, known as CIGRE test cell allowing us to measure the cur- 
rent induced by the charges created at the contact of insulating press- 
boards and oils. The second arrangement enables us to characterize the 
charging tendency of oils. 

2.1 ROTATING DISK CELL 

This resulted from experimental techniques used by petroleum in- 
dustries and those used in the past by electrotechnic industries [5]. It 
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Figure 2 Charging tendency measuring apparatus 
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Figure 3 Comparison of insulating materials in aged oil. 
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Figure 4. Comparison of insulating material in new oil. 

consists of a disk of 150 mm diameter and 6 mm thickness, covered on 
both faces with pressboard and immersed in a metallic tank of 250 mm 
diameter and 80 mm height (Figure 1). The disk is placed at the center of 
the tank where it can be rotated by a small electrical motor. The tank as 
well as the rotating disk are made of aluminum. A heating system allow- 
ing temperatures between 20 and 90°C is used. This apparatus allows 
us to quantify the charge created at the pressboard/oil interface through 
a current measurement. Indeed, thanks to an electrometer inserted be- 
tween the disk axis and the ground, we measure the current generated 

by the charge concentration gradient created at the pressboard/oil in- 
terface. This current IL called ’leakage current’ is measured during a 
period of 30 min; the transient current appearing just after the start of 
the disk rotation (i.e., the first 10 min of the test) is not taken into account. 
The CIGRE cell and the electrometer are placed in a Faraday cage. 
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Figure 5. Influence of the roughness of the pressboard on electrification 
current with new and aged oils. The rotation speed is 430 rpm. 
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Figure 6. Continuous measurement during 1 h (a); 15 h (b); 260 h (c). 

The rotation speed was 130 rpm. 

2.2 CHARGING TENDENCY 
APPARATUS 

To complete the above measurement, we use another arrangement 
allowing us to measure the ECT of a given oil when it passes through a 
cellulosic filter [6] (Figure 2) .  This allows us to compare the different oils 
and to correlate their charging tendency to their dielectric and chemical 
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3 RESUI~TS AND DISCUSSION 
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Table 1. Characteristics of oils used in the tests. 
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Figure 9. Effect of temperature gradient on pressboard C2 and aged oil 

with a rotating speed of 130 rpm. 
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Figure 10. Influence of moisture on ECT of mineral insulating oils. 

elswhere by us [7] and others [5,8]. This linear increase of the current 
has been attributed to the increase of the radial component of the circu- 
lating velocity of oil on the disk. Such a linearity has been observed also 
when studying laminar flow [9, lo]. On the other hand, the pressboard 
C2 whose the surface roughness is -3x that of C1 creates a current 2.5 
to 4x higher than C1; C3 which has a surface roughness 1 . 5 ~  higher 
than C1 generates in its turn a current only 1.5 to 2x  higher than C1. 
This linear variation tends to demonstrate that the smoothness of C4 is 
responsible for the very low current observed with this material. Note 
that similar variations have been obtained on the materials C1, C2 and 
C4 on a tubular experimental arrangement [lo, 111. 

We also note a strong difference between the solid insulating mate- 
rials with both new and aged oils. For given pressboard and rotating 
velocity of the disk, the aged oil gives a leakage current ~ 2 x  that of vir- 
gin oil. Figure 5 gives the measured current os. the surface roughness of 
pressboards in both oils, for a rotating speed of the disk of 430 rpm. One 
can note that the variation of the current is also quasi-linear, indicating 
the importance of the surface roughness of the pressboard. 
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Figure 11, Leakage current vs. water content of oils with a rotating 
speed of 130 rpm. 
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Figure 12. Transient current for a dried pressboard immersed in a wet- 
ted oil with a rotating speed of 130 rpm. 

3.2 TEMPERATURE GRADIENT AND 
TRANSIENT EFFECTS 

3.2.1 STEADY STATE AT ROOM 
TEMP E RATU RE 

By carrying tests at room temperature during a period of 260 h, with 
a constant rotation speed of 130 rpm, we observe three phases in the 
evolution of the leakage current (Figure 6). During the first 10 min, an 
important peak appears on the leakage current. 

After this peak, the current increases slowly during a longer period 
(3 to 4 h). This period corresponds to the thermal time constant of the 
insulating oil. Thus the slow increase of the current probably is due to 
internal heating induced by the movement of the disk. From 4 h after 
the beginning of the test to the end of the test (260 h), the current is stable 
at a fixed value. 
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Figure 13. Transient current for a wetted pressboard immersed in a 
dried oil with a rotating speed of 130 rpm. 
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Figure 14. ECT of mineral oils vvs. the conductivity at ambient. 

3.2.2 THE INTERFACE AND 

With a new oil, the leakage current also increases with the tempera- 
ture as reported previously [7]. Figure 7 shows the influence of the tem- 
perature rise on the leakage current for different combinations of press- 
boards (C1 and C2) and oils (H1 and H2), in the range 20 to 80T, on a 
short period of 4 h with a rotating test cell of 130 rpm. 

Now, if we apply a longer heating period at 90T ,  with nitrogen gas in 
the upper tank of the cell to avoid a degradation of the oil, the behavior 
will be different. Figure 8 gives the results obtained with the new oil and 
pressboard C1. The same tests had been carried out with pressboard C2, 
and a slightly aged oil (Figure 9). 

From these tests, we can deduce that the leakage currents consists of 
three phases following a rise in the oil temperature: a strong rise of the 
current over a short period of 10 h; a slow decrease during 60 to 80 h 
and a stable value higher than that observed at room temperature. 
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Figure 17. Characteristics of aging in absence of copper and BTA: (a) 
Evolution of the leakage, rotating speed of 130 rpm; (b) Evolution of dielec- 
tric loss and charging tendency on aging oil; (c) Acidity and water content 
of oil during the aging test. 

the mean water content of the pressboard/oil couple. However, we ob- 
serve an important peak on the transient current during 4 h, before the 
expected diminution of the current. This peak may be due to the injec- 
tion of air contained in the immersed pressboard. 

3.2.4 CORRELATION BETWEEN 
CONDUCTIVITY, TEMPERATURE 

AND ECT 
The conductivity of oil is certaintly the most important physicochem- 

ical parameter. It varies enormously during the aging process. Accord- 
ing to Heydon et al. [15], the variation of the conductivity obeys an in- 
creasing exponential law in the range 20 to 90°C. 

Figure 14 gives the variation of ECT vs. the conductivity of oils at am- 
bient. We observe that the charge tendency is lower when the conduc- 
tivity is weak, i.e., for oils having weak dielectric losses and then for new 
oils. This is well verified for oils having low ECT. Such results have been 
reported by others [16,17]. 

The electric charge tendency also increases with temperature. Fig- 
ure 15 gives the variation of ECT vs. the temperature for four naphtenic 
oils A, B, C and D, where A is a new oil (virgin), B is an oil sampled 
on a new transformer, C is a moderate aged oil and D a strongly aged 
laboratory oil. Note that the increase of ECT with temperature follows a 
law similar to that of the increase of the conductivity vs. the temperature 
(Figure 16). 

3.2.5 BEHAVIOR OF AGING OIL 
To determine the evolution of the electrostatic characteristics of the 

oil and the interface oil-pressboard, simulating the aging of the insula- 
tion of several years, we carry out a simulation on a total duration of 
168 h. During this test, 3.5 1 of oils are placed in the CIGRE cell, where it 
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Figure 18. Characteristics of aging in presence of copper and without 
BTA: (a) Evolution of the leakage current, rotating speed of 130 rpm; (b) 
Evolution of dielectric loss and charging tendency on aging oil; (c) Acidity 
and water content of oil during the aging test 

is heated at a constant temperature of 100°C. Oxygen gas is continuously 
injected at a flow rate of 200 ml/min. The new oil thus is progressively 
degraded. 

During the test, we measure the leakage current for a constant rotat- 
ing speed of 130 rpm. the oil is sampled regularly to measure the ECT, 
the total acidity and the dielectric losses (tan 6). 

Three aging tests are performed. The first one without benzotriazol 
(BTA), and without copper; the second one without BTA and with a cop- 
per wire of 2 mm diameter and 4.5 mm length; and the last one in pres- 
ence of the same quantity of copper and 14 ppm of BTA. Figure 17 sum- 
marizes the test results without copper and/or BTA. Figure 18 corre- 
sponds to the case with copper without BTA, and Figure 19 corresponds 
to the case with both copper and BTA. These three tests show a first 
peak on the currrent during the rise of the temperature which can be 
attributed to the migration of water from the cellulose surface towards 
the oil. Then, at -30 to 60 h, a second peak accompanied by a higher 
charging tendency occurs. At the end of the aging, the conductivity of 
the oil is so high that the leakage current measured on the CIGRE cell 
and the ECT are very low. We also note that BTA leads to a reduction of 
the first peak on the leakage current but it seems that it does not reduce 
the ECT of the oil. The influence of the copper is quite low on the aging 
process and on the behavior of the oil-pressboard interface. 

4 CONCLUSION 
T appears from the experimental results that the leakage current char- I acterising the electrostatic charge, increases quasi-linearly with the 

velocity of the rotating disk, the surface roughness of the insulating solid 
and the temperature. The effect of the temperature gradient and the ag- 
ine of oil have been investigated. It is shown that the most dangerous 
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Figure 19. Characteristics of aging in presence of copper and 14 ppm 
of BTA: (a) Evolution of the leakage current, rotating speed of 130 rpm; (b) 
Evolution of dielectric loss and charging tendency on aging oil; (c) Acidity 
and water content of oil during the aging test 

situation, in the viewpoint of the static electrification, is the one corre- 
sponding to an increase in temperature. Transient effects due to the mi- 
gration of the water at the interface and to the injection of air in press- 
board seem to be of a great importance in the static electrification pro- 
cess. During the aging process of the oil, the charging tendency crosses 
through a maximum value, then decreases even if the conductivity con- 
tinues its increase. For very aged oils, the conductivities are high, and 
the risk of static electrification is low. 
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