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The Applications of Current Comparators in the Measurements on High
Voltage Insulation
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Abstract. This paper describes the basic structure of the current comparator used for high voltage insulation
measurements. Further applications for the current comparator in high voltage insulation are investigated and
developed. A measuring system for the measurement of harmonics in the loss current of water tree aged insulation is
described, as well as the principles to measure partial discharges with the current comparator bridge. A new system
for the measurement of the DC component in the leakage current of insulation is developed and presented. The
results of experiments on XLPE cable insulation are also given.

1 Introduction
Current comparators have been widely used for
measurement and calibration purposes in high voltage
engineering with the main function being the
measurement of the dielectric loss factor tanδ of high
voltage insulation. In the early 1990's, Japanese and
Canadian researchers deve1oped the current comparator
bridge further to apply it in laboratory tests for the
measurement of harmonics in the1oss current of water
tree aged XLPE cable insulation[1,2].
In this study, a current comparator based high voltage
capacitance bridge was primarily designed and built to
measure the harmonics produced by water trees in XLPE
cable insulation. During the experiments to measure the
harmonics in a service-aged cable, it was found that the
current comparator based high voltage bridge could be
used as an input unit for measuring partial discharges
occurring in the insulation.
A new and important application developed in this
study is to use the current comparator as the basis of a
measuring system to measure the DC component in the
1eakage current of insulation with the application of an
AC voltage. In the system the AC component, that is
much larger than the DC component to be measured, is
filtered out and the detection winding of the current
comparator is only used to monitor the conditions for the
AC component to be filtered or balanced out[3].

2 Basic structure of current comparator
used in high voltage

The basic structure of the current comparator core used
for high voltage insulation measurements is shown in
Figure 1.

Figure 1. Basic structure of current comparator core

For applications in high voltage, the current
comparator should be carefu11y designed to obtain high
sensitivity and specia1 care must be taken to get good
interference suppression as wel1, as the signals to be
measured during high voltage experiments on insulation
are smal1 and interference levels high[4]. The magnetic
core must have a high permeability and the detection
winding must be wound with a high density onto the core
to ensure maximum sensitivity. The sensitivity of a
current comparator is proportional to the permeability of
the core and the density of the windings[5]. The detection
winding has 1500 turns and is connected to a nul1
detector and other measuring instruments depending on
the application. To eliminate interference, two copper
shields and a magnetic shield are used to screen the
detection winding.
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3 Measurement of harmonics
In the early of 1990's, it was reported researchers that
water trees in XLPE cable insulation can produce
harmonics in the loss current when AC high voltage is
applied to the cable[1,2].

pass type with a cut-off frequency of l000Hz. The
computer is equipped with a 16-bit A/D measuring card
with sampling frequency of 5000Hz. The data is stored in
the computer and analysed with a signal processing
software program.
The experimental results of measurements on a 5kV,
service-aged, XLPE cable aged with water trees are given
in Figure 4. The cable was soaked in water and tested,
then allowed to dry out and tested again. These results
clearly shows that the harmonics in the loss current
produced by water trees in the insulation, increased when
the cable were soaked and decreased when the cable were
allowed to dry out.

Figure 2. System to measure harmonic distortion in loss current

The basic configuration of the measuring system
developed in this study is shown in Figure 2, This system
consists of a current comparator based high voltage
capacitance bridge and a computer measuring and
analysis system.
In the current comparator based, high voltage bridge,
the ratio windings Nx and Ns were wound with l000
turns[6]. The Ns winding, which is connected to a
standard high-voltage low-loss gas-insulated capacitor Cs,
is wound so that single-turn increments are available. The
Nx winding, which is connected to the capacitance Cx to
be measured, have taps at l, 2, 5, 10, 20,…,500, and l000
turns. The working principle of the bridge can be seen
form the vector diagram shown in Figure 3.

(a) The loss current and its FFT for service aged cable with
water at 9kV

(b) The loss current and its FFT for service aged cable without
water at 9kV
Figure 4. Harmonics in loss current of service aged cable with
and without water

4 Partial discharge measurement

Figure 3. Vector diagram for bridge when balanced

From Figure 3, drawn for balanced conditions, the
following can be derived:

tan   RC

C X  Cs

Ns
Nx

(1)
(2)

While the measurements of the harmonics in the loss
current were in progress, it was found that the current
comparator can be used as an input unit for partial
discharge (PD) measurement. In the application on PD
measurement, the detection winding must be connected
directly to an oscilloscope or partial discharge detector[7].
The reason why the detection winding must be connected
directly to the oscilloscope is that the filter used for
harmonic measurement is a low-pass filter with a cut-off
frequency of l000Hz. For the PD signals, the current
comparator bridge circuit is equivalent to the PD
measuring circuit shown in Figure 5, that is, the bridge is
equivalent to the RLC input unit.

In which, tanδ is the dielectric loss factor of sample to
be measured, and ω is the angular frequency.
From equations (l) and (2), it can be seen that the
current comparator bridge can be used to measure tanδ
and the capacitance of the insulation, which is the
traditional application for the current comparator bridge.
The amplifier, specifically developed for these
measurements, has a gain of l0000, and the filter is a low
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Figure 7. System to measure the D.C component of the leakage
current

Figure 5. Equivalent circuit for PD measurement

To record the experimental results of the PD
measurements on a service-aged cable, the detection
winding was connected to the computer measuring
system. The partial discharges in the service-aged XLPE
cable were measured at 8kVp. The partial discharge
signals and the applied voltage on the cable are shown in
Figure 6. The PD signals in the cable were determined to
be 60pC, as compared to a portable calibrator.

As the main component in this measuring system, a
current comparator is used and connected to a high
sensitivity null detector. The current comparator and the
nul1 detector forms that part of the system that supervise
the condition for which the A.C. component is filtered or
balanced out. For the application on DC component
measurement, the current comparator was designed with
the two ratio windings having the same number of turns,
so that the balanced condition for the current comparator
is:

I X  I S

Figure 6. PD signals and applied voltage

It must be mentioned that some signals appearing on
the oscilloscope are not shown in Figure 6 as the
computer measuring system with a sampling frequency of
5000Hz is not suited for PD measurement. This result is
significant as the possibility now exist that PD and tanδ
of insulation can be measured simultaneously by one
measuring system.

5 DC component measurement
It has been reported that the DC component of the current
in XLPE insulation while an AC voltage is applied to the
insulation can be the result of water trees and water in the
insulation material[3,6]. The measurement of the DC
component of the current in the insulation can therefore
be developed as a method for the diagnosis of water tree
in XLPE-insulated cables. The D.C. component
measuring system that was developed in this study is
shown in Figure 7.

(3)

Where:
Ix= current through Cx and its corresponding ratio
winding to the common point 'O'; and Is= current from
secondary source to the common point 'O'.
The number of turns of the ratio windings depends on
the capacitance of the sample to be measured and the
required sensitivity for the specific measurement. For
laboratory applications where measurements are done on
short lengths of cable, the number of turns for the ratio
windings can be chosen between50 and 200. For field
tests where the capacitance of the sample is much larger,
the ratio windings can be designed to have approximately
5turns.
The D.C. component produced by water trees in XLPE
cable insulation can now be measured across the
sampling resistance R. The value of R is lMΩ,the
sensitivity of the D.C. meter is lmV, giving this system a
sensitivity of 1nA for D.C.current measurements.
To verify that the measurement of the D.C. component
in the leakage current can be developed as an effective
diagnostic method for evaluating water trees[8],
comparative measurements were done on the service aged
cable and a new cable. Tests were done on the cables
after they were submerged in water to allow water ingress
between the core screen and the insulation and between
the conductor screen and the insulation. The cables were
then al1owed to dry out after which the tests were
repeated. The comparative results of the DC component
at different voltages are shown in Figure 8.
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Figure 8. D.C. components of cable at different voltages

The experimenta1 results in Figure 8 shows that the
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