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Summary

SpIinters were disсovered on the сopper sсгeen wires of 220kV сablеs produсed by
Nexans and de|ivered to ABB MoskabeI in Mosсow. By the information obtained from
the provided doсuments, KЕMA сonс|udes, beсause ofthe size of these spIinters and
there amount, that these сables have a сonsiderab|e сhanсe to have deсreаsed
re|iabi|ity. Tests on the сab|еs on whiсh these splinters are observed сannot ensure a
reliable lifetime of these оаbles. Тherefore KЕMA reсommends to not use these
саbIes.

The сorreсtive aсtion taken in Nexan,s pгoduсtion p|ant appears to not have гeso|ved
the prob|еm. Тherefore, KЕMA reсommends only insta||ing new саb|es after the rea|
oroblem has been found and is oroven to be solved.

-218 -



Date: 2009-01-16
Author: P.с.J.M. van der Wie|en

- 3 l 8 -

subjeоt: сonсept report v2 - ABB Moskabe| 220kV Cab|e сopper Wire sр|inters

1 lntroduсtion

|n Marсh 2008 sp|inters Were disсovered on the сoppeг sсreеn wires of 220kV сab|es
produсed by Nexans and de|ivered to ABB Moskabe| in Mosсow. As а гesult of that,
various investigations have been сonduсted in order to examine the severity аnd
extent of this defeсt.

KЕMA was provided with the doсuments desсribing these investigations and was
asked to see whether it is possib|e for KЕMA to makе any сonсIusion on whether the
defeсtive сables might be safe|y used on the bases of the provided repoгts.

Тhe гeports provided desсribe investigations of ABB - High Voltage сab|es
(Sweden)' A|l-Russia Researсh, Design and Тeсhno|ogy lnstitute of Cable |ndustry (2
repoгts) and Nexans (3 repoгts). |n seсtion 4 the provided doсuments are |isted as
[1-6]. Doсument [6] was provided to KЕMA after the drаft version of the report at
hand was a|ready wгitten. In this doсument additiona| visua| inspeсtions are
desсribed, whiсh was one of the most important гeсommendations of the draft
version of the гepoгt at hаnd. Thereforе, this report was modified in order to inс|ude
a|so the resu|ts from the inspeсtions desсribed in [6].

тhe report at hand does not repeat a|| the detailed information that is а|ready
desсribed in the mentioned doсuments' KЕMA studied the doсuments in detai| and in
seсtion 2 of this repoгt KЕMA's main findings from the infoгmation in the various
doсuments aгe given. Based on these сonсlusions, сhapter 3 gives the
гeсommendations for further approaсh of this situation.
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2 Conclusions from studied documents

2.1 Consequence of the observed splinters

From the various investigations being donе, it is сIeaг that a |arge numbeг of sp|inters
are present on the sсreen wires of the саb|es under investigation. The sizes of these
sp|inteгs obviously differ a |ot, but it is сIeаr that heights up to 0.71 mm are seen [3]
and |engths up to 3 mm [6]. Furtheгmore, the direсtion of these sp|inters аre inwards,
so in the direсtion of the insulаtion (sсreen). The thiсkness of the swe||ing tapes,
between the сopрer wires and the insu|аtion sсreen is not given in the doсuments,
however the thiсkness of the insu|ation sсгеen itse|f is 1.2 mm [3].

|t is true that an important purpose of this (semi-сonduоting) insulation sсreen is to
eliminate the influenсe of all kind of disturbanсes on the outside of this sсreen on the
radial eleсtriсa| fie|d in the insu|ation mаterial. Тhis сan also inсlude smal|
irгеgularities on thе wires of the сopper wire sсreen (Afteг a||' a wire sоreen itse|f оan
a|so be seen аs an irregularity сompared to the fu||y с|osed meta| sheath). So as |ong
as these irregu|arities do not penetrate the insu|ation sсreen fuIIy (or a|most fu||y), the
eleсtriоaI field inside the insu|ation matеriаl remains und|sturbed and there the сabIе
wi|| operate norma||y and wi|| be ab|e to Withstand a|| the normaI e|eсtriсa| fie|ds
app|ied. So in prinсiple, in a pure steady state situаtion, саbles with these kinds of
splinters wou|d be peгfeсt|y аb|e to withstand eleсtriсa| fieIds, just as сabIеs without
the sрlinters, as |ong as the sр|inters do not penetrate the insu|ation sсгeen fu||y.
Judging from the fact that thesе сables a|l passed the routine tests (2.5Ug), we оаn
сonс|ude that indeed at this moment the sp|inters do not penetrate the insuIаtion
sсreen fuIIy, and the сurгent state is not harmfuI as it is.

However, сab|es never remain in a steady state situation. A|| kind of meсhaniсal
forсes are applied on the сab|e' during insta||ation (bending, etс.) but a|so during
operation (waгming up, сoo|ing down, vibrations in ground, subsidenсe of ground,
etс.). These meсhaniсa| forсes сan be suсh, that the splinteгs wi|| penetrate a (maybe
tiny) Iitt|e bit morе in the direсtion of the insu|ation. At this moment there is no way to
teII how far some of the sp|inters have aIready penetrated the insu|ation sсreen. The
on|y thing known is that at this moment they have not reaсhed the insu|ation, but we
сannot te|| what the distanсеs are. Fuгthermore, it is impossib|e to prediсt preсise|у
how |arge the forсes Wi|| be in the future |ifespan of the сab|e.

Faсt is that thе maximum size of the sp|inteгs observed is suсh that their height is
alrеady over haIf the insu|ation sсreen thiсkness and their |engths are muсh more
than the insu|ation sсreen thiсkness. As these sizеs are observed, it is most |ike|y
that even |argeг sizes do exist in the сabIes (as not alI аre inspeсted). But even
having the observed sizes it is not un|ike|y, that due to meсhaniсal forсes, these
splinters wi|| be pushеd in a more vertiсa| рosition and thereforе get a оhanсe to
penеtrate deeper. Due to the |arge quantity ofthe sp|inters, all the above is
statistica||y more likely to beсome true, i.e. it is more |ikе|y that there wi|| be a
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сombination of a |arge enough sp|inter With the сorreсt foгсes on that |oсation.
Furthermore, this should be regarded during the сomplete |ifespan of the оab|e, a|so
inсreasing the сhanсes of something |ike this сould happen over time.

Another, lеss likeIy, probIem that may arise is thаt the insu|ation screen might be torn
open s|ight|y and |oсa||y at the |oсation of one or a few |аrger spIinters whiсh may
punсture in the insu|ation sсreen and get moved a bit due to meсhaniсa| forсes. |f the
insu|ation sсreеn is opened somehow Unti| the insulation, a breаkdown wi|| oссur.
Obviously, this all depends on also the material properties (strength) of the semi-
сonduсting material, etо.

App|ying higheг test vo|tagеs at this moment to the сab|e, will on|y tell whether
sр|inters have a|ready penetгated the fuII insu|ation sсreen аt this moment, but wi||
not give any information about the penetrаtion depth or the penetration of these
sp|inteгs in thе future. Heat сyс|e tests wil| do s|ight|y better in this respесt, but wi|l
a|so never be able to approaсh a|| the possib|e meсhaniоal forсes that wi|| be
experiеnced by the сab|e during its lifetime. Norma||y this is a|so not neсessary and
therefore aссepted, but in this сase the risks wou|d be too high. Therefore the tests
desсribed in [5] shou|d' aссording to KЕMA' not lead to the сonс|usion that a|| the
сab|es are fit for use.

Summarizing the above, KЕMA states that given espeсia||y:
1. the size ofthe solinters. and
2. the laгge amount of splinteгs,

there is no way to ensure that none of these splinters will penetrate ihe insulation
materia| oг damage during the |ifespan of the сab|e. Therefore, these anoma|ies in
the сoрpeг Wires of these сab|es makе KЕMA having the сonс|usion thаt it сan not be
ensured that these сab|es Will have the sаme reliabi|itу duгing operation.

2.2 Nexans сorreсtive aсtions on the production line

|n [3], Nexans reports about the prob|em in the produсtion |ine and the сoгresponding
сorreсtive aсtion taken. As far as сan be judged from [3] and without the information
from [6]' the found сause of the damage to the sсreen wires (the shaгp edge of the
damaged die) сould indeed very wel| have been the сause ofthe observed sp|inters.
Suсh a die wou|d norma||y be used if the wire wou|d сome from more or less the
direсtion of this die. In the piсtures in [3]' the wire is с|ear|y pu||ed from a |oсation not
in Iine with the die' but at and apр. 90" ang|e to it.

A|so' if the above wou|d indeed have been the (only) сause of dаmage to the
observed sp|intегs, the сorгeсtive асtion taken by Nexans (app|ying а whee| in front
of a die to guidе the wire and e|iminate any edge) wou|d seem the сoгreсt асtion to
take in this situation as the 90" ang|e is than hand|ed сorreсt|y. |t wou|d probabIy
even be better if before the new whee|' a new die wou|d be mounted in the direоtion
of the wire, eliminating possible future problems with the edges of the wheel itself too.
But this is obvious|y diffiсu|t to judge from the piсtures.
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However, in [6] various (19) samples of сab|e were again examined, inс|uding сab|e
paгts produоed after the сorreсtive aсtions, mentioned above, were taken. During this
examination, again many sp|inteгs and anoma|ies were found on the sсreen wires on
сab|es from both before and after the сorreсtive аоtion. Both the maximum |ength and
the average |ength of the observed spIinters do not seem to have been reduсed
signifiсant|y with the сorreсtive aсtion tаken. on the сontrary, the |argest sp|inter was
even obseгved on a сab|e paгt produсed after the сorreсtive aоtion. From this we
must сonо|ude that the found pгob|em in the produсtion |ine was not the аctua| or
onIy сause foг the sp|inters on the sсreen wires, or that the сoгrective aсtion Was after
a|I not effeсtive. Anyhow, the prob|em is shown to be not soIved уet.

2.3 Gomments on PD results during routine tests

AIthough this is not direсt|y the fiгst question asked to KЕMA about the provided
doсuments, KEMA wаnts to draw the attention to one other issue. |n the doсuments
[3], [4] and [5], the results of the PD measurements during the routine tests and
additiona| test are given. |t is stated that PDs with |eve|s up to 3.4 pс are measured
and that this is ok. Maybe KЕMА's interpгetation of the texi is not what the authoг
(Nexans) means, but if PDs of any |eve| агe deteсted, |Eс 62067 States this is not
expeсtable. |Ес 62067 с|ear|y states that..Theгe shall be no deteсtab|e disсhaгge
from the test objeсt at 1,5U6''. Fuгthermore, it states that the sensitivity as defined in
|Ес 60885-3 sha|| be 10 pC or better. This is something different than a||owing PDs
smal|er than 10 pC. So if the deteсtion sensitivity was indeed |ow and PDs of up to
3.4 pс Were deteсted, this shou|d not have been approved.

However, the author might mean (but it is not liteгa||y stated Iike this) that the
sensitivity was a few pC (up to 3.4 pC) and no PDs wеre deteсted, in whiсh саse this
would be in line with the IEC 62067.
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3 Reсommendations for further approaсh

Aссording to KЕМA саbIes with splinteгs on the wire sсreen |ike observed in this
situation have a signifiсant сhanсe to not havе the sаme re|iabi|ity of opeгation
during their |ifetime as оables without the splinters. High vo|tage and Ioad сyс|e
test wi|| not be ab|e to simulate a|l the possib|e forсes that may in this сase be
fatаl to the operation of the саb|e. Therefore, KEMA reсommends to not use any
of these сables.

Тhe сabIes that Were produсed after the сorгeсtive aсtion of Nexans to the
produсtion p|ant show the same anomalies, resu|iing in the сonс|usion that the
main сause of this pгob|em has not beеn so|Ved yet. Before examining
doсument [6] it seemed not un|ike|y that the сorreсtive aсtion taken сou|d hаve
been effeсtive. However, in the рrevious Version of this report (before doсument
[6] beсame аvai|ab|e to KЕMA)' KЕMA a|ready pointed out that there may sti|l
be another prob|em. This appeaгs to have bесome rea|ity. Theгefoгe, Nexans
wi|| have to find to rea| сause of the obseгved sр|inters. Тhis сould very well be
done with he|p of an indepеndent pаrty (Iike KЕMA). After a new p|ausib|e
еxp|anation has been found, we reсommend to at lеast |et its p|ausibi|ity be
judged by an independent and know|еdgeab|e party, to minimizе to сhanсes of
further de|ay / сosts.

After a new оorreсtive асtion has bеen taken, KЕMA reсommends to inspeсt the
new set of сab|es fгom the p|ant visua||y for the presenсe of these sp|inters.
KЕMA reсommends to inspeсt again a |arge amount of the сab|es (e.g. 20) in
order to minimize the сhanсe of missing something. KЕMA сou|d send an
inspeоtor to witness this inspeсtion as an independent party, if requiгed.

As the text in the Nexans doсumеnts indiсate that PDs of a few oC аге
measured, whiсh is in сontrast With the |EC 62067, KEMA reсommends to verify
this issue with Nexans.

ln the doсuments provided, nothing is mentioned about a Тest After |nsta|Iation.
KЕMA wou|d |ike to address the faсt that KEMA' in |ine with |ЕC 62067, always
rесommеnds doing suсh a Тest Аfter InstalIation, preferab|y and if possible with
1.7Uo. Тhе separate сomponents of a саb|e сonneсtion (сab|e, joints,
terminations) сan be made under very we|| сontro||ed, indoor and dust free
сonditions. And evеn there things go Wrong (as the problem of the repoгt at
hand is аn exаmp|e for). The jointing аnd termination has to be done in outdoor,
fie|d сonditions, making this step often muсh more vuInerab|e to mistakes or
dust entrapments' |t wou|d be very un|ogiсal to not сheсk these |ast, most
vu|nerab|е, step in the process before going in operation. Maybe, suсh tests are
а|ready foreseen, in whiсh сase this reсommendation сan be regarded as
obsolete.
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