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EPOR XLPE MEDIUM VOLTAGE POWERCABLES

Ethylene propylene rubber (EP) and crosslinked polyethylene (XLPE) are the dominant in-
sulations for power cable rated 5 kV and over. Industry standardsinclude both insulations
for cablesrated at 900C operation. These ratings are reasonableon the basisof both test
data and experience. However, this does not mean that EPand XLPE insulatedcableswill
perform equally well and with the sameprobability of survival under all operating condi-
tions encountered in actual cable service.

A comparison of insulationscan be made on the basisof their physical and electrical proper-
ties established in a series of sequential tests. This information is useful to the cable en-
gineer in selectingcomponents for a new design and in monitoring materialsand workman-
ship during the manufacture of cables.

The choice of EP 01:XLPE insulated power cables by the cable user, however, should be
based upon a comparison of service history, ease of installation, and behavior in perfor-
mance-relatedlaboratory tests.

A. SERVICEHISTORY

"---' XLPE and EP insulated power cables were introduced for commercial service at 5 kV
and higher during the early 60's. Since then, many miles of both types of cable have
been installed. The service record, in general, is satisfactory.

One inherent weakness which has become evident with the XLPE cable is its propen-
sity to develop "trees" (See Cable Lore No. 40 on "trees") when installed in wet loca-
tions. Promoters of XLPE cables claim the use of an extruded conducting layer instead
of conducting fabric tapes over the conductor should decrease the incident of tree-
related failure. However,we find that such cables, exposed to long time EMA tests,
still fail due to "trees"; their life is considerably shorter than that of EPcables under
the same circumstances.

In general, EP cables in servicecan be considered more "forgiving". They are more re-
sistant to corona and sunlight and perform better at 1300C.

B. INSTALLATION

EP, becauseof its greaterflexibility,is easierto handlethan XLPEduringinstallation.
It comes easily off the reel and can readily be trained into cubicles and splice boxes.
The difference is greater the larger the cable conductor size. The stiffness of large-size
XLPEcablehasforcedsomeusersto preheatthe cableendsin the manholejustto rack
it into position for splicing. At least one XLPE manufacturer includesheating in his in-
stallation instructions.1
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Tape splices are easier to make with EPthan with XLPE because XLPE requires special
penciling tools. 'n addition, the final step of smoothing the penciled insulation with
sanqpaper produces a surface more sensitive to water and lessreliable with XLPE than
EP.2 The tendency of the XLPE to flow at temperatures above 1000C can produce
distortions and joint failures during thermal overloads.
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C. PERFORMANCE RELATED TESTS

The choice of EP over XLPE insulated cables, especially for difficult installations, be-
comes evident once their performance is compared in testswhich predict the behavior
of the cable under:

I. Normal operating conditions peculiar to:

a.
b.
c.

Above-grade appIications.
Below grade applications - either in duct or directly buried.
Nuclear generating stations.

II. Overload and/or over-voltage conditions.

Basically, power cables have two ratings: thermal and voltage. Under normal operat-
ing conditions, cable insulations are subjected to factors which tend to degrade their
ability to retain their original thermal or voltage rating. These factors may be categor-
ized into six broad areasas follows:

1.
2.
3.
4.
5.
6.

Mechanical stressesduring installation or handling.
Mechanical stressesdue to temperature changes in load cycles.
Electrical Stresses.
Oxidative stressesat ,high operating temperatures.
Stressesdue to water penetrating cables during operation.
Radiation stresses in the containment area of nuclear stations.

Selecting insulations based upon outstanding performance in one or two of these areas
is risky. Rather, a cable design and insulation should be chosen for maximum resis-
tance to deterioration during exposure to the combinations of factors characteristic
of the appl ication. The -laboratory tests that best simu late these applications are tabu-
lated below under the appropriate application:

'-.,./-'

1. Above-grade appIications

(a) Cyclic aging test

2. Below-grade applications

(a)
(b)

CycHc aging test
Long-term electrical moisture absorption test (EMA)

3. Nuclear Generating Station containments

(a) Cyclic aging test
(b) Long-termelectrical moisture absorption test (EMA)
(c) Loss of coolant accident test (LOCA)

4. Emergency or overload situations

(a)
(b)

Cyclic aging test
Impulse and AC voltage breakdowns on cables under operating
and emergency cond itions.
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A summary or review of these tests is provided below. Details of these performance tests
and the relative behavior of EP and XLPE insulated cables in these tests will be provided in
subsequent Cable Lores.

In above-grade applications, cables are subjected to electrical, mechanical, and oxidative
stresses, Normal electrical stresses are easily withstood by cables free from corona defects,
until mechanical or oxidative stresses alter their structures and properties. The "cyclic
aging" test is the most comprehensive laboratory method in common use today for estima-
ting performance reliability and cable construction integrity of medium voltage power
cables installed in the above-grade environment. The criteria for passing or failing the test
are whether there have been any significant changes in tan delta (power factor), SIC, or par-
tial discharge (corona) level.

Well designed and manufactured XLPE and EP cables with adequate shield systems have no
difficulty in qualifying to all three pass/fail criteria of this standard, but careful evaluation
of the cables after the test, shows EPwill be superior to XLPE in field installations, because
EP does not shirnkback longitudinally, expand radially, or flow under pressure from con-
ductor expansion the way XLPE does at temperatures above 10QoC.

Shrinkback of XLPE can cause joint failures. Radial expansion can break shielding tapes
and cause cable failures. Flow under pressure at bends and duct mouths can reduce the in-
sulationwallandcausecablefailures. '

Cables used in below-gradeapplications - in duct or directly-buried - are also subjected to
the electrical, mechanical and oxidation stresses seen in above-gradesituations. However,
mechanical stresses can be more severe. For example, freezing and thawing of the surround-
ing soil subjects directly-buried cables to mechanical stresses that can deform or damage
cable components. Further, dry backfill and the confines of a duct are thermal insulators,
which limit heat dissipation, increaseaverageconductor temperatures, and produce local hot
spots. This means a cable designed for duct or directly-buried applications must perform
very well in a cyclic aging test. The fact that EP does not have the longitudinal shrinkback,
radial expansion and flow characteristic of XLPE at temperatures above 1000C is even more
important for below-gradethan for above-gradeapplications.

Cables installed below-grade, whether in conduit or directly-buried, are almost always ex-
posed to water. Water, combined with electrical stress, is a harsh environment, because the
cable's resistance to thermal and electrical stressescan be reduced. The best test for evalua-
ting and predicting the survival of a cable in below-grade environment is a long-term EMA
(Electrical Mositure Absorption) test which simulates the effect of water on cable in an
accelerated manner. In this test, EP cables consistently outlast XLPEcables, usually lasting
at least twice as long. This greater resistance to water and electrical stress is another im-
portant reason for preferring EP-insulated cables over XLPE cables in below-gradeapplica-
tions.

For nuclear generating station containments. A cable must perform well in the samecyclic
aging and EMAtest used to evaluate cables for above and below grade applications. How-
ever, the choice of insulation is complicated by the presence of radiation. Radioactiveenvi-
ronments are not new to the world. We, and all the materials we use, are continually ex-
posed to radiation - not only from the sun, but from cosmic rays. The difference is the
higher radiation levels possible in the containments of nuclear generating stations. These
-levelsdeteriorate some material substantially, causing permanent changes in the physical
strength, rate of oxidation, dielectric loss,dielectric strength and electrical stability.




