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DC Field Test for Medium-\Voltage
Cables: Why Can No One Agree?

C. David Mercier,Member, IEEE,and Sid Ticker,Associate Member, |IEEE

Abstract—Industry standards for shielded medium-voltage TABLE |
cables (5-46 kV) have recently been revised, changing the dc DC FELD TEST VOLTAGES AND TEST
test voltages for field tests and test durations and limiting tests DURATION (15-KV 133% NSULATION LEVEL)
to newly installed cables. The following industry groups’ speci-
fications and standards provide different guidelines for dc field Standard insulation | _Acceptance Maintenance
tests for cross-linked polyethylene and ethylene propylene rubber
insulated cables: IEEE, Insulated Cable Engineers Association IEEE 400 EPRIXLP | 66 kV/15Min. | 46 kV 5-156 Min.
(ICEA), and the Association of Edison Illluminating Compa- IEEE 576 EPR/XLP | 66kV /15 Min.
nies (AEIC). These specifications and standards are discussed, ICEAS-68-516 | EPR 656 kV /15 Min.
showing the differences in the recommendations and why the ~ ICEAS-66-524 | XLP 66 kv / 16 Min.
differences exist. The conclusion provides a guide for dc field — ICEAS-84-649 | EPRIXLP | 64kV/156Min. | 20 kV 5 Min.
testing shielded medium-voltage cables based on these industry ~ AEICCS6-86 | EPR 64KkV/ &Min. | 51KV 8 Min.
standards. AEIC CS5-94 XLP 84kV/ 5 Min, | 20 kV 5§ Min.

Index Terms—DC field test voltages, medium-voltage cable.

listing dc test voltages for testing cables after installation. Test
|. INTRODUCTION voltages during installation are similar in these documents.
' The recommendations differ on tests made after installation
OR MANY YEARS, d(.: field tests h_ave been used t%md between the different insulation materials. The difference
I test cables. The practice of de testing extruded Cabll%sbased on the intended cable installation and the EPRI study
is carried over from paper-insulated oil-impregnated cablg? the effect of field testing XLP insulated cables. The study
Over the last 30 or so years, solid dielectric insulated cal ﬁggests that dc maintenance testing should be discontinued

has been required to be high-voltage dc tested in the factoirgr XLP cables installed in wet locations

Field tests were performed for initial proof and maintenance For comparison of the different standards, 15-kKV 133%
testing. Initial tests after installation and prior to being ®Nnsulation level test voltages are used in Tabie |. Tables are

ergized were ba_sed on 80% of the manufaciurer's factg ovided in the Appendix for 5-35-kV shielded power cables.
test voltage. Maintenance tests were based on 60% of the

manufacturer’s factory test voltage. This is the basis for many
current recommendations. [I. INDUSTRY STANDARDS AND SPECIFICATIONS
Over the years, many engineers have suspected that dc field
tests may shorten the life expectancy of solid dielectric cablés. IEEE 400 [3]
It was perceived that dc tests caused damage to the cableshe foreword of IEEE 400 [3] begins. . to say that

Many times, the cable would fail when reenergized, and titere is a marked difference of opinion on the matter of
would not have failed if left untested. An Electric POWGEab]e testing would be a decided understatement.” The fore-
Research Institute (EPRI) study on cross-linked polyethylepgyrd continues to point out that utilities tend to perform
(XLP) cables determined that dc maintenance testing on agg&eptance testing immediately after installation, while they
cables can damage the cable, resulting in premature ca@denot favor maintenance testing after the cable has been in
failures [1]. service, believing that such tests may shorten the life of the
DC high-voltage field testing of shielded medium-voltaggaple. Many industrial users, and a few utilities, perform both
cables is used extensively in the petrochemical industry. Qfeceptance and maintenance testing, believing that such testing
tests are used as an acceptance test during installation @iflcontribute to improved service reliability.
as a maintenance test to improve the system reliability [2]. |EEE Standard 400 tests are “go, no-go” tests. The system
High-voltage dc testing is used to detect gross imperfectiogsrequired to withstand the specified voltage for the specified
in cable. There are many standards and specifications availafige duration. This test will normally reveal gross imperfec-

__tions due to improper field handling, such as excessive bending
Paper PID 98-08, presented at the 1997 IEEE Petroleum and Chemical In

dustry Technical Conference, Banff, Alta., Canada, September 15-17, and g[)_alrgaps between the insulation and shield interfaces. While

proved for publication in the IEEERANSACTIONS oNINDUSTRY AppLicaTions — performing a high-voltage dc test, it is common to monitor
by the Petroleum and Chemical Industry Committee of the IEEE Industiysylation leakage current and/or insulation resistance. The
Applications Society. Manuscript released for publication May 26, 1998. . . . . .

The authors are with Southwire Company, Carrollton, GA 30119 USA. gwde notes that a decrease in current with time is generally
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of recording the insulation resistance values when performing project report TR-101245, “Effect of DC Testing on
maintenance tests. Comparing insulation resistance readings oExtruded Cross-Linked Polyethylene Insulated Cables.”
the cable to previous test readings is useful for maintenance

testing. Minimum acceptable leakage current levels should r©t ICEA

be specified, due to the many factors which can affect theBoth ICEA S-68-516 [6] and S-66-524 [7] state.‘if

output current. h | listed i voltage tests are made after installation, they shall be made
1) Acceptance TestThe test voltages listed in IEEE 400, 1eiately.” The test is a dc voltage with a duration of

are based on the circuit’s basic impulse level (BIL) ratthrs min. There is no reference to any type of maintenance

than on the type and thickness of the insulation. Because IEREt These standards are intended to be used in many types
400 bases test voltages on the circuit voltage, dc test voltages, o 1ations; therefore, they must be general and cannot

for 133% insulation levels are not provided. Other Spedf,i;iddress problems unique to specific installations.

cations are based on insulation thicknesses; therefore, these, . |cEa has prepared a new standard on medium-voltage

specifications include dc test voltages for 133% ir‘Sljla‘ti(?ﬂ)ncentric neutral underground cable [8]. Underground utility

levels. , ) durat I products are unique, allowing this standard to address issues
2 I\/:camtenance Testi_\/lalnter]?nce htesth urations - allowg,q i 1o cables installed in underground conduit or directly
times from 5 to 15 min to allow the charging current tq,,ieq This standard follows the recommended voltages of

regch steady state on long circuit;. It is noted throughout the:| - S5 for XLP insulated cables. It does differ in the test
guide that dc testing may be detrimental to cables that h Gration. 1t specifies 5 min during installation, 15 min after

been subjected to long periods of exposure to moisture. Ti&tallation and before the cable is placed in regular service,

ac breakdown voltage may be well above the ac operatiigy 5 min in service. The same test voltage is used for EPR
stress. If the cable is exposed to high dc stress levels, XLP insulated cable for the first five years, unlike AEIC
useful service life may be reduced. Whenever practical, se@§6 which has higher values for EPR. The ICEA wanted
consensus with the cable manufacturer on suitable test Iev‘él§ns’istent values for XLP and EPR: the}efore because there

is no test data showing that EPR is not damaged at the higher
B. AEIC test voltage, it was decided to stay with the lower test voltages.

Both AEIC CS5 [4] and CS6 [5] specifications state that
“DC test voltages are applied to discover gross problems SLBh IEEE 576 [11]
as improperly installed accessories or mechanical damage. DCEEE Standard 576 [11] includes recommendations on high-
testing is not expected to reveal deterioration due to aging\nltage dc testing. Recommendations are limited to installation
service.” proof testing. Voltage levels are provided to be used after
1) During Installation: Insulated cables covered by AEICinstallation and before being energized. The test values are
CS5 and CS6 specifications provide information for tests line with other industry standards. IEEE 576 includes
during and after installation. A dc test may be made at amljscussion of insulation leakage current, including how to
time during the installation for a duration of 5 min. An afteinterpret the test results.
service test, for a duration of 5 min, can be made after the cablelhe test should be run for 15 min. Generally, the voltage is
has been completely installed and placed in service any timeplied and leakage current is recorded after 15, 30, 45, and
within the first five years of service. The during installatio80 s and at 1-min intervals thereafter.
voltage is based on 80% of factory dc test voltages. The AEICConsiderable experience is needed to properly interpret dc
has removed requirements for dc factory tests. Experience kesf results. The shape of the leakage current curves is one
shown that the ac factory test detects the same imperfecti@ighe most important things to watch. In general, the leakage
as a dc factory test and will also detect imperfections a @drrent will start at a relatively high value and drop off rapidly,
test cannot detect. becoming constant at a lower value. The fact that the current
2) After Installation: After installation tests in AEIC CS5 becomes stable and levels off is more important than the actual
and CS6 for insulated cables are different. The test voltagesignitude of the leakage current. If the current does not drop
for ethylene propylene rubber (EPR) insulated cables in C86 if after dropping, it begins to rise again, a strong indication
are 65% of factory dc test voltages. CS5 test voltages for XId® trouble on the circuit is evident. The test can be stopped at
insulated cables is 25% of factory dc test voltages. For a 15-khs point before a failure or it can be continued until the cable
133% insulated cable, the test voltage for during installatidails. After failure, the weak spot can be located and repaired.
is 64 kV. The after installation test for EPR insulated cables
is 51 and 20 kV for XLP insulated cables. AEIC CS5 adds lll. EFFECTS OFDC TESTING ON EXTRUDED
an additional statement in the after installation instructions XLP INSULATED CABLES

stating, “...gfter that_timg, dc testin_g is not r_ecommended." Reference [1] is cited by AEIC and ICEA standards for
The_ basis for th'_s difference in CS5 is based on tr]ftility concentric neutral cables designed primarily for under-

following statement in CS5: ground installations. The reduction of the dc test voltage for
There is some evidence that dc testing of aged cross-maintenance testing is based on this project. The initial project
linked polyethylene cables can lead to early cable fail- was limited to XLP cables aged under wet conditions, which is
ures. Information on this subject is available in EPRI typical of utility distribution circuits. It does not include cables
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aged in a dry environment. This report is applicable only teoltages are not substantial. Up to 5-kV differences between
XLP cables in wet environments. An additional test prograspecifications and standards are due to differences in rounding
was recommended to test the effect of dc tests on aging ERRen determining the test voltage. IEEE 400 test voltages
insulated cables, but was stopped due to lack of funds. do not provide values for 133% insulation levels. It is rec-
A hypothesis is suggested to explain the effect of dc testimgnmended that the acceptance test voltage be based on the
on XLP insulated cables. It states that ‘the effect of dc, insulation level. Acceptance test voltages should be based on
if any, will depend upon the dielectric strength of the cablimsulation levels given in IEEE 576.
after aging, at the time of dc application.” This hypothesis is A 5-min duration for a “go, no-go” test duration is all that
illustrated in Fig. 1. is needed. A test duration up 15 min will not damage the
The following recommendations are made by this EPRisulation. The 15-min duration is needed when measuring
report to utility companies for 15-kV 100% insulation leveleakage current or insulation resistance.
XLP cable.

1)

It is recommended not to do dc acceptance (proof g Maintenance Testing
maintenance) testing at 40 kV on XLP insulated cables It has been shown in a well-controlled test program con-
that have failed once in service and then are spliced. |t Prog

is advisable not to do dc testing periodically at the leve ucted over a period of ten years that service failures in
y extruded cables could be greatly decreased with maintenance

of 40 kV on aged (heavily treed) XLP insulated cablei. ts performed in 1-3-year intervals [9]. Maintenance tests

2) D in n rform n a newly manuf r .

) DC testing can be perfo eq on a newly manufactu ?r%ireases the reliability of the electrical system [10]. The
cable at the factory at 70 kV in order to detect any 9r0%dncern and area of great debate is: “What dc voltage is high
imperfections in the cable construction. 9 . o /oltage 1s hig

. . ' enough to detect weak points in the cable circuit without
3) DC testing can be done at 55 kV in the field on a new_ . . T .
. o . ic&gusing an ac failure when the circuit is placed back into
cable prior to energizing, when aged cable is not spliced ", = | . )
) service?” There are not any clear answers to this question
in the system. - . - .
. . tgday. The critical areas in deciding dc test values are: “What
4) These recommendations apply only to XLP insulate : : :
t¥ e of environment was the cable exposed to during service,
cables that are aged and/or have water trees glrOwnwﬁatt e of insulation material is used, and how long has the
the insulation from operating in a wet environment. yp . o ' 9
cable been in service?
V. If the service environment is dry, there is not any evidence
+ ©ONCLUSION that dc tests are harmful to the insulation. If it is a high
_ moisture environment (wet environment), length of service and
A. Acceptance Testing insulation type need to be considered.

Acceptance testing of insulated cables during or imme-1) Service Less than Five Year: the cable has been in
diately after installation utilizing high-voltage dc tests doeservice less than five years, the cable has not aged enough to be
not damage the cable insulation. High-voltage dc tests drarmed by a dc test using voltages specified for maintenance
limiting, revealing severe problems, such as damaged caldsting. Recommended test voltages for EPR and XLP are
or improperly installed accessories. The differences in tadifferent, based on service environment.
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TABLE I
IEEE 400 FeLD TEST VOLTAGES
System Voltage Acceptance Maintenance
Test Voltage Test Voltage
(kV) {kV dc) {kV dc)
5 28 23
8 36 29
15 56 46
25 75 61
28 85 68
35 100 95
TABLE 111
AEIC CS5 XLP ReLD TEST VOLTAGES
System Volitage Insulation Maintenance
Thickness Test Voltage
100% / 133% 100% / 133%
(kV) {mils) (kV dc)*
5 90 /115 9/11
8 115/ 140 11714
15 17517220 18/20
25 2607320 25/ 30
28 280 / 345 26731
35 3457420 31739

*First five years

TABLE IV
AEIC CS6 EPR kLD TEST VOLTAGES
System insulation Acceptance Maintenance
Voltage Thickness Test Voltage Test Voltage
100% / 133% 100% 1 133% 100% 7 133%
{kV) {kv dc) {kV dc) {kV dc)*

3 901118 28136 22129

8 1157140 36744 29135

15 1761220 56164 45151

26 260 /320 80196 64177

28 2807345 84/ 100 671780

35 3451420 100 1 124 80/99

*First five years

1369

TABLE V
IEEE 576 RELD TEST VOLTAGES
Acceptance Test Voltage (kV dc)
System Voltage 100% 133%
{kV) Insulation Level | Insulation Level
5 25 35
8 35 45
15 55 65
25 80 95
28 85 100
35 100 125
TABLE VI
ICEA S-68-516 EPRND ICEA S-66-524 XLP FeLD TEST VOLTAGES
Acceptance Test Voltage (kV dc)
System Voitage 100% 133%
{kV) Insulation Level | Insulation Level
5 25 25
8 35 35
15 55 85
25 80 100
28 85 —
35 100 —

harmful to the insulation. An argument can be made that no
study exists showing that high-voltage dc tests are not harmful.

Without a consensus of opinion, standards are including
references to studies, so that the user can evaluate whether
dc testing will be harmful on their system.

High-voltage dc field tests continue to be useful tests to
check systems before they are placed into service. When used
as maintenance tests, the possibilities of damage to cable
should be considered.

APPENDIX
See Tables II-VI.
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