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Development of Probe for Measurement of Charge Density in Oil
T. TANAKA* and N. YAMADA**
(Received October 6, 1983)

A new type of probe for the measurement of charge density in oil was developed to inves-
tigate streaming electrification phenomena in large power transformers. This probe consists
of three circular metal plates arranged in parallel. Two outer electrodes are grounded and
the center electrode is isolated electrically from the ground. The charge density in oil can
be obtained by measuring the floating potential of the center electrode of the probe immersed
in the oil. This probe enables us to measure the charge density in oil and its distribution in
large power transformers continuously, without the process of sampling the oil. It is also pos-
sible to measure the charge density in oil without being influenced by the external electric
field under energization condition of transformers, since the center electrode is shielded elec-

trically by the grounded outer electrodes.
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Fig. 1 Principle of parallel plane probe.
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Fig. 2 Equivalent measuring circuit with parallel
plane probe.
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Floating Electrode
Contour for Field Calculation
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Fig. 3 Electric field caused by charge in oil.
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Fig. 6 Waveform of floating potential measured
by parallel plane probe.
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Fig. 7 Dependence of floating potential on measur-

ing circuit impedance.
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Table 1 Leakage currents from calibration system.

(%im) P/8) B(A)  a(nA) inA)  ip(na)
24 0127 —30 22 0.0 0.3
5.5 022  —160 150 0.1 0.7
7.3 0.37  -268 249 025 0.8
122 0.647  —-59.5 50.5 0.0 6.0
T=20°C
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Table 2 Data measured by parallel plane probe.

w(m/s) is(nA)  qi(pC/m3®)  Vp(V)  gp(uC/ms)
0.127 - 3.0 75 93 36.2
0.292 ~16.0 175 202 78.7
0. 387 —26.8 220 289 112.6
0. 647 —59.5 292 370 144.1
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Table 3 Streaming electrification at probe itself
by oil flow.

(rminy Bm/8) is(nA) (,Foooy V') (o

5.6 0.30 —0.4 4.29 1.0 0.40

7.6 0.40 —0.7 5.53 0.0 0.0
10.8 0.58 -0.8 4.54 — 3.0 —-1.20
15.4 0.82 —1.0 3.90 - 7.5 —3.00
22.0 1.17 ~1.6 4.3 —11.9 —4.75
30.0 1.59 —2.25 4.50 -—17.7 —7.08
T=20°C
Average Velocity of Oil Flow V (m/s)
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Fig. 10 Dependence of streaming electrification at
probe itself on flow velocity.
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