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ABSTRACT
A reliable maintenance and investment strategy is
strongly dependent on the determination of the electrical
equipment’s condition and is therefore directly connected
to characteristic parameters delivered e.g. by partial
discharge (PD) and tan(δ) analyses. A specially designed
ageing system has been developed to obtain the most
accurate method for the ageing of MV PILC (paper
isolated lead covered) cables and its diagnostics. It
facilitates the control and the monitoring of the entire
ageing process and the later development of
sophisticated diagnostic criteria based on the physical
ageing process. In this paper, the results of the system
and cable pre-test, which has been lasting for six months
are presented.

INTRODUCTION
Due to the fact, that a high percentage of the cables in the
MV distribution networks of the more developed
European countries have nearly reached their expected
life time, the determination of the cable condition and
cable diagnostics have come into the focus of interest of
distribution network users [1, 2, 3, 4]. For the rightly
planning of maintenance strategy and the investments, an
early detection and prediction of service failures is
needed,[7]. Most of the existing diagnostic tools, which
serve that purpose, are based on the monitoring of the
insulation by means of a partial discharge measurement at
different voltage levels. In this paper, a specially
developed system for partial discharge (PD) and tan(δ)
measurement and data acquisition is presented. By
controlling the technical and environmental conditions of
the artificial ageing process, ageing rapidity can be
modified and increased [5]. Using a suitable set of preaged cabled samples, an ageing database is built up which
enables a statistical approach and the determination of the
actual ageing factor and the critical PD-levels.
Additionally the influence of the initial cable quality on
the PD development can be assessed.
A big part of Germany’s distribution network is made up
of cables and their equipment. As shown in [4], the
development of the different cable types and their usage
can be separated in four periods:
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1969-1989
1989-1993
1993-2005

laying of Paper Insulated Lead Covered
cables (PILC)
laying of thermoplastic polyethylene
(PE) cables and suppression of PILC
cables
laying of VPE, PE and small amount of
PILC cables
absolute domination of VPE cables.

Besides, in many regions worldwide more than 50
percent of the medium voltage systems are still based on
PILC cables. For example, at NUON Infra NoordHolland almost 95 % of the MV power cable network
consists of PILC cables [6], and in German networks
more than 30% of plants are supposed to have reached
the end of electrical equipment’s lifetime [1].
According to the study of an international cable
diagnostic and service company, it has been computed
that the replacement of a 2.5 km long 20 kV paper
insulated cable results in average costs of 175,000 EUR
(example taken from Germany). If this cable is PD-tested,
the sections to be replaced are reduced to small portions
with a total length of e.g. 20 m. In this case the total costs
represent the fees for the cable diagnostics, the
replacement of the cable portions and the necessary
joints. Therefore the savings are expected to be about
80% [9]. Dependent on the network and the area of
replacement the savings could be even more than 90%.
However, the measurement systems available on the
market are mostly suitable for cross-linked polyethylene
(XLPE), thermoplastic polyethylene (PE) and ethylenepropylene rubber (EPR) insulated cable systems. The
system described in this paper is designed to extend the
measurement and, finally, diagnostic facilities to PILC
cables.

ARTIFICIAL AGEING OF MV-CABLES
In the last two decades the number of researches in this
field has rapidly risen. An overview over the various field
test methods is shown in [10]. In [11] the information
about the accelerated ageing tests using water-filled tanks
is given.
The ageing of the insulation materials is a very complex
process dependent on numerous electrical and nonelectrical factors. It has been already shown, that
electrical stress, temperature stress and the moisture
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Fig. 1 Simplified structure of the measurement and control system

activity have the biggest influence on the deterioration of
the insulation materials. Based on these facts, the new
Integrated Cable Accelerated Ageing System (ICAAS) is
developed. The first stage in the project was the
development of the ageing equipment, which is capable
to provide electrical and thermal stress with different time
profiles over the cable insulation.

Dielectric Ageing
As it is shown in fig.1 definable voltage levels are
reached using the principle of a controlled resonant
circuit.
The coil with the changeable air gap in the iron core,
which was developed, designed and constructed in inhouse laboratories, facilitates a variable inductance. In
this way it is possible to test sets with an altered number
of cable samples, and therefore a variable capacitive
characteristics in the resonant circuit at the nominal
mains frequency of 50 Hz. Thus variable and efficient
voltage generation is supplied with a software
controllable time profile.

Control and Measurement Tasks
Additionally there are numerous measurement and
security demands. The main values that are measured,
controlled, and saved in pre-defined time interval are
shown in yellow and green in fig. 1. In order to record all
necessary data and to control the ageing conditions, a
specially designed software is developed [8]. The
“System Control” realizes the control, acquisition and
measurement of more than 100 analog and digital in- and
outputs. Furthermore, the accuracy of the measurement
system must assure the reliability of the formed database.
Besides the resolution and precision of the acquisition
system, the continuity of the ageing and the subsequent
monitoring process is of highest importance. With the
formed data base, consisting of measured data, individual
history of cable usage, and nominal data, it is possible to
implement statistical analyses. One of the key values is
the Ageing Factor - AF. It defines the ageing rapidity,
that means the rate between time to the failure under the
test conditions and the characteristic cable life for the
same cable in real operation.

Thermal Ageing
The other important ageing parameter is the cable
temperature. Temperature stress is applied by a controlled
DC current in the conductors. The ageing current must be
supplied on the aging voltage level of up to 50 kV.
Therefore, a custom-made high current transformer with
a suitable electrical strength on the secondary side was
developed. By the use of a pulse-width modulation and
the thermal cable capacity, the RMS value of ageing
current is generated.
Fig. 2: Voltage, tan(δ) and PD-acquisition and processing
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CONLUSION
In this paper the principal structure and functionality of a
specially designed accelerated ageing system for PILC
medium voltage cables is described. The focus is
concentrated on a pre-test, which was conducted to verify
and optimize the performance of the developed
accelerated ageing system. Additionally suitable ageing
parameters for the following main ageing experiment
should be derived.
The first results point out that the developed system is
capable to apply the necessary dielectric and thermal
stress conditions to the cable samples. The deterioration
of the terminators fluid indicates the principal ageing
functionality of the entire system. On the basis of the
following main ageing experiment a database should be
formed up, which delivers the fundamental criteria to
develop a diagnostic system for field studies of cable
systems.
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