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Abstract 

The undoubted advantages of cables with XLPE insulation in comparison with cables with impregnated paper 

insulation are considered. Such cables are more reliable in operation. The need for design is based on technological 

and design features, on the number of defects, on the technology to be prepared and by the minds of the operation. 

Reliability is determined by technological and design features, the absence of defects, manufacturing technology 

and operating conditions. Tests are an integral part of cable life cycle. Life cycle assessment is an important tool 

for determining the actual service life. Analysis of the data obtained during the tests allows you to assess the life 

cycle of the cable. 

Keywords: Medium voltage power cables, XLPE insulated cables, cable life cycle, cable system test meth-

ods, reliability. 

 

In recent decades, the vector of development of 

medium voltage cable distribution networks is aimed at 

the introduction of cables with cross-linked polyeth-

ylene (XLPE) insulation. Lines that use cables with im-

pregnated paper insulation have already developed 

their resource and the intensity of their failures is quite 

high. Cables with cross-linked polyethylene insulation 

have significant advantages over cables with paper im-

pregnated insulation; they are more reliable in opera-

tion, require lower costs for installation and reconstruc-

tion [5,6]. A comparison of the main performance of 

cables with cross-linked polyethylene insulation and 

cables with paper impregnated insulation is shown in 

Table 1. 

These data are confirmed by almost forty years of 

experience in the operation of such cables in most in-

dustrialized countries. For example, the proportion of 

cables with XLPE insulation with the United States and 

Canada share is 85% in Germany and of Denmark - 

95% in Japan, France, Finland and Sweden in medium 

voltage distribution networks used only cable with 

XLPE insulation. In the CIS countries, for the first time, 

the industrial production of cables with cross-linked 

polyethylene insulation for voltages from 6 to 330 kV 

was mastered in Ukraine at the «YUZHCABLE 

Works» PJSC.  

Table 1 

Comparison of the main performance of medium voltage cables with XLPE insulation and cables with paper im-

pregnated insulation. 

The main indicators 
Cables with paper impregnated insu-

lation 

Cables with XLPE insula-

tion 

Long-term permissible operating temperature, 

˚C 
70 90 

Resistance to short-circuit currents, ˚C 200 250 

Load capacity, % 

- when laying in the ground 

- when laying in the air 

 

108 

116 

 

125 

137 

The difference of levels on the track when lay-

ing, m 
15 without limits 

The complexity in installation and repairs high low 
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Durability and safety of operation of electric ca-

bles depends on their reliability. Reliability is deter-

mined by such factors as technological and design fea-

tures, the absence of defects, manufacturing technology 

and operating conditions. 

First of all, high demands are placed on cable pro-

duction technology. 

In fig. 1 shows the main and additional measures 

to be taken by manufacturers to maintain high quality 

cable products. All manufactured products must com-

ply with regulatory documentation for each type of 

product and the requirements of current legislation of 

Ukraine. In addition, it is necessary to assess the prod-

ucts for compliance with the Technical Regulations and 

Directives of the European Union, as well as product 

certification. 

 
Fig. 1. Quality control diagram for the manufacture of XLPE insulated medium voltage cables 

 

Immediately after construction, as well as during 

operation, cable lines are subjected to various tests, 

which detect weaknesses or defects in the insulation 

and protective sheaths of cables and fittings.  

The main technical characteristic of the transmis-

sion capacity of the power cable is the long-term per-

missible current under normalized operating conditions 

(100% load factor) [1]. These normalized conditions 

are: 

1) stationary load mode; 

2) normalized maximum permissible core temper-

ature; 

3) normalized ambient temperature; 

4) typical type of environment for laying (ground, 

air, special structures); 

5) normalized thermal parameters of the environ-

ment (specific thermal resistance of soil, coefficient of 

heat transfer from the surface of the cable in air, etc.). 

To ensure the reliability of cable lines, a system of 

planned and preventive tests is used. According to such 

tests, the cables are periodically exposed to a fairly high 

level of direct current with the measurement of leakage 

currents. However, such test methods not only do not 

guarantee trouble-free further operation of the cable, 

but can also lead to a reduction in cable life. 

Non-destructive methods of testing medium volt-

age cable lines are widely used in the world: 

• method of measuring and determining the loca-

tion of partial discharges in power lines; 

• method of measuring and analyzing the reverse 

voltage in the insulation; 

• method of measuring the relaxation current in 

isolation; 

• method of measuring the dielectric characteris-

tics of cable insulation; 

• method of pulse reflectometry for preliminary lo-

calization of low-impedance damage in power lines; 

• method of preliminary localization of high-im-

pedance damage in CL; 

• method of control of integrity of a cover of power 

cables and definition of places of malfunction in covers. 

In medium voltage cable lines of the main causes 

of aging of insulation during operation (reduced elec-

tric strength) is the effect of partial discharges and ele-

vated temperatures. In world practice, a direct assess-

ment of the operational capacity of the cable is used in 

the form of long tests [1], the so-called long term test, 

which is also called resource tests. Long duration (an-

nual or biennial) and significant cost make these tests 

inaccessible for use in real production conditions [2]. 
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Testing is an integral part of the cable life cycle. 

Life cycle assessment is an important tool for determin-

ing the actual service life. In the overall life cycle of 

XLPE cables, tests to verify the quality of the cable it-

self include 2U0 hot cycle tests with 50/60 Hz alternat-

ing current (AC) or 20-300 Hz alternating current 

(ACRF) or alternating current ultra-low frequency 

0.01-1 Hz (VLF), measurement of the tangent of die-

lectric loss angle tg δ and partial discharges of PD at 

(1.75-1.5)U0 [3].  

In recent years, there has been a tendency to de-

crease the level of the test voltage and decrease the fre-

quency with a simultaneous increase in the duration of 

tests and their saturation with diagnostic procedures to 

reduce the destructive effect of test voltages on insula-

tion [1–3].  

Analysis of the data obtained during the tests al-

lows you to assess the life cycle of the cable. These are 

laboratory tests for accelerated aging, and tests of ca-

bles obsolete during operation. Dow Electrical & Tele-

communication (DowE&T) has conducted comparative 

tests to maintain the electrical strength of XLPE insu-

lated medium voltage cables and ethylene-propylene 

rubber-insulated cables, laid underground and operated 

for 17 years. The results of these field and laboratory 

tests for accelerated aging in a humid environment have 

shown that cables with XLPE insulated insulation can 

last at least 40 years. 

Comparing the test results of cable materials for 

aging can be one of the reliable factors in assessing the 

life cycle of a cable product. Such tests prove that high-

quality materials manufactured in accordance with the 

standards ensure long-term preservation of the perfor-

mance of cables and, as a result, the entire power sys-

tem. 

Сonclusions: The undoubted advantages of ca-

bles with XLPE insulation in comparison with cables 

with impregnated paper insulation are considered. Such 

cables are more reliable in operation. Reliability is de-

termined by technological and design features, the ab-

sence of defects, manufacturing technology and operat-

ing conditions. Tests are an integral part of cable life 

cycle. Life cycle assessment is an important tool for de-

termining the actual service life. Analysis of the data 

obtained during the tests allows you to assess the life 

cycle of the cable. 
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