22162%6 NMETHOD FOR DI AGNCSI NG AN | NSULATI ON DETERI ORATI ON OF A POAER CABLE
FI ELD OF FTHE | NVENTION The invention relates to a nethod for ‘diagnosing 5
an.inSul ation deteriaoration of a power dable, ang Amr icularly to a
met hod. f or di agnosing an insulation deteéeriorati qn.bfl éﬁ cable in which
t he |nsulat|on deterioraticon of a power cable such as a rubber insulated
power” cabl e, a plastic insulated power cable 10 etc. is detected under a

state that a rate ' t age~d | i gd Fof

B ACKEROND oF T Rohos ERE! hRIThSuPalP R pERRR FoRXAL N
insulation deterioration of a pomgg gapg@Eﬁungﬁﬁ a 15 rubber or plastitc
I nsul at ed power cable i.s mainly € tion of npisture into
the solid insulation naterial to which a rated line voltage is applied. - In
t he circunst anpegrpaber ThteenvenrogNced in the insulation material, and is
t hen devel oped therein 20 to finally result in a breakdown of t he power
cabl e. Therefore, a nehboiinfentdehegtilageshec asmeahbantfdet @iagnasing
including water. tree is required to-be established, thereby avoiding the
breakdown 6f aani hashdbitdonnetederdloradrion @mma'pnwdmacabhdyamné m@be

One type of a conventional nethod for diagnosing an insulation

deterioration parbipaherlyalfie @onpthgés f@trephaﬂnqmpig/larg Ineclatghn

voltage to an insul ation of
deterloratlon of a power cable in wh1ch the 1nsulat10n

deterloratlon of a power cable such as a rubber
,).Kuf _ 1nsu1ated power cable, a plastic 1nsu1ated power cable 
10 etc. is detected under a state that a rated line .

vOltage is applied to a power cable system.

BACKGROUND OF THE INVENTION
._It-hae been clarified ‘in the art-ﬁhat an
. insuiation deterioration of a power cable such as a
15 rubber or piestic insuiated pdher cable is mainly.
caused by‘the absorption of moisture into the eolid'
.insulatidh material to Which a reﬁed line QOItage is
kefj/ : applied;' In the circumstance, water tree ie'induced in
the.insulation matefial, and is then.developed therein
20 to finally result in a Breakdown of the.power ceble. '
The:efore, a method fof detecting the insulation.
deterioration includihg Qater_treeeis required to be
esﬁablished,'thereby avoiding'the breakdowh of an -
insulation material for a power cable'in advance.
25 o -One type of a conventional meﬁhod'for diagnosing_
an.insulation deterioration of a power cable comﬁrises

'steps of applying a DC high voltage to an insulation of



' 2 t he pomér'cabre and detectrng Ieakage di rect current flomnng through t he

i nsul at.i on, -so that the insulation deterioration is dragnosed dependent. on

‘a level of the |eakage direct current. The other type ‘of -a 5

- conventional . method for diagnosing _,an insulation deterioration of a -
power -cabl e conprises steps of appl yr%g a DC vol tage to the power cable,
and anal yzing notion and state of electrons in-an |nsulat|on t hereof to

detect the ne%ﬁ&%gn %%%ﬂwcﬁﬁﬁ'ﬁgtgttﬁﬁﬁ AQMa gt a

conventi ona owever, there iIs a di sadvantage t tﬂzse nethods
are not- .appti&@ihg 8nPOUEH €RB! enka 1WiGh,a JAtakY aatk vmé@p&tiénappl i ed

to supply electriCT power to actual | oads, ‘hecause the 15 aforenentioned DC*
vol t age Whidgdrd 5i6ed ©f o nesl aﬂadhageesaapeﬁadhtl oAsal LaapPliefl tet he power

-cable. Even worse, there is a further disadvantage that the insulation -
deteriorati beakadpadlgi peapt edi t pemdsul t Thet he tiveaak doppeof o Fhea power

"~ cable'in sone case dependent 20 on a degree of ‘the insul ation .

det eri-of at | 0on vieadsiusea 1 hemelt hgdosf oy Biildnggbsmmlq age i snaprllafercbmo t he
_power cable. In view of these situations, ‘the inventors have conducted
research aretievépggtenf of =2 dPayedsi @abfl92500139rilr$§rﬁ astepsde?®ri orati on
intensively, and found that_a direct: current conpenent is ingcluded in

char gi ng crﬁ?%hl’“r‘?o%?ﬁ Y‘PI}BBQﬁ 5Q Fheuravebrarlar 3ndang hvetng

'polyethylene éﬂgglaﬁgdSQQLg o%nghggtydﬂ%efﬁﬂggr¥¥éulatlon thereof

to_detect the 1nsulat10n deterloratlon_of the power
.10 .cable. | | _ | |
| | ) In the convehtional methods, however, there is a
'_dlsadvantage that these methods are not applled to a |
power cable to whlch a rated load voltage is applied to
'supply electric powerhto actual loads,-because_the
15 aforementioned DC voltage which is determined.in
diagnosis conditions is applied to the power cable.
Even-worse, there 1s a further dlsadvantage that the

'1nsulat10n deterloratlon is badly promoted to result in

p-

the breakdown of the power cable in some_case dependent N ) F‘Se)

20 on a degree'of-the_insulation deterioration, because

| the diagnosing'bC_high'voltage ie applied'to the power
_oable.- | | | |
in-view of'these sitqations, the inventors have
conducted'research.ahd development for'a_diagnosis of

- 25 an insulation_deterioration intenSivelf, and found that
a direct ourreht'compOnent ie iﬁcluded in charging
cﬁrrent'flowing3through an insulation of a cross linked

polyethylene insulated poly—vihylchrolide sheathed



3 cabl:e (sinply defined "CV cable" hereinafter) to which an AC voltage is
applied in a case where the insulation is deteriorated by water tree. oo
‘Furt h®f, the inventors have concluded that an insulation deterioration of a °
CV 5 cable could be detected.in accordance with a. nagnitude and a '
polarity of the direct current conponent “‘under a state that the CV cable
-has supplied electric power to actual |oads connected thereto. In this

di agnosi s-of an insulati-on deterioration, a grounding conductor of 10 the

Cv cable is utiddwrd. {91 lel $CheEhAEE NEVC A" nEIRI R tRr )t S ARSI S |
method is a very safe nethod for operators. I'n a case where the insul ation

déterioration igh dcaguisetdyd N AGHY EAT 6 id taldee wiegiel thde i3k 18 okb

polarity of the direct current conponent as described above, however,

experi enced knaw aifgtsemiskated bpbesataretrequi r edrthespt dhe Anecirmors

di agnosis results. This is because direct current conponent neasured.in a

CV cabl e in an hecteiatdnc Iwded | tret sirt d msanlgetsi oA et dmiroda t2ion wifdel ¥V and

it must be decided to what extent the direct current conponent is affected

by stray ed th cab¥emncoubdpbeafekectefieio akcodidroce euthed magmidngie is
in the range of nA. A nminute |evel of the stray current flows fromthe
ground through an&c reelapi by cof £he fiyeet( gumzeat| gomponent: swdern's of
the CV cable thereto where an insulation resistance value of the
' state that the CV cable has~supplied.electric power to
actual loads cohnected thereto. In this diagnosis of

ﬂ2 \_/' - ..an inéulation deterioration, a grounding conductor of

10 the CV cable is utilized to detect chafging curréht.

"_Therefore, the diagnosié method is a very safe method
~ for operators.

| In a case where the insulafion deterioration is

_diagnbsed in accordance with the magnitude and the

15 polarity éf the direct current'cbmponent as described

above, however, experiénCed_knowledge_and much labor

are required to 6btain pfeciSe diagnosis resuits; This

is because direct current component measured in a CV

cable in an actually installed site ranges nA to pA.

- 20 widely, and it must be decided to what extent the
direct current componeht is affected by stray earth
cur;ent,'especailly, where the direct current component
is in the range of nA. A minute level of the stray

. current flows from the grbund through a corrosion-proof -
25 _layerf(generally called "sheath") of the CV cable.

thereto where an insulation resistance value of the

corrosion-proof layer is decreased down to a small



corrosi on-proof layer is decreased down to a small 4 val ue, al though the
i nsul ati on resistance value is nore than 2,000 [err] at the time  aof
manuf acture - and installation thereof. For'this reason, 'it is necessaryto
measure an insul ation resistance of tge corrosion- 5 proof layer and to :.
detect the presence or non-presence of a power source providing direct
current potential to be applied to the corrosion-proof layer. ‘This is.a
reason why vathel abéthosghetétedinsudletipnbrdsabbancel nadiuveass moeee it i s
deci ded that a nmeasured 10 current value is affected by the stray current,
. the'direct tthanen2, 08®poMBntatrdnheheti@¢ cablfe madubacsturyg @andent from
~the ground nust be separated fromeach other as precisely as possible, so °
that the irnknstalbatdenckhergpfeon Fordthgmoseadsonselt obs t pecassaepar at ed
direct current conmponent. [For this purpose, a nethod for diagnosing an
i nsul ati on Rt BPREHEEI 87 oMsplabken cEBFisEANGR| OF Fhe reeFresioRnt

conponent is precisely detected gs deterioration signal produced in a power
cobr o Hhvi e Sof CLAVEF Bk toh Setadio g | RIS AT BRP IR e SRS B0sad 1
Japanese Pat gnt eﬁgéication NO. 6%52869 2 filed on q§cenbert2-il 86
‘(Japanese h PG IR NPT B3 T S5 EWFSP PR AL §93s) . _The

et hou 19" 98, SbBERA N A0 A BOOHELIUE L9 YL g0l e 25
' reason why much labor'is needed as described above. = '
In a case where.it is'decided that a measured.  __
10.-current Vélue is affééted by'the Qtray_currenf, Ehe '55/ \\
direét current coﬁéonént'from the"cvlééble:ahd the |
-straj Currént:frbm thé:ground must.be separatéd from -
_each other as precisely as_poSSible[.so.that”the
.':iﬁsﬁléfion_detérioratibn ié diégnoéed baséa.bn the
15 separated direct current component.
| ' For.this”pﬁrposé, a méthod.fcr diégndsing.an
insdlétion de;ériorafion“éf a'powef_cablé in which a
direét gurfent cbmpoﬁeﬂf'is'precisely détected as.
deteriorétion signal pfoduced in_a'ﬁower.cable.having - K,n_}
20 water tree in an.inéuiatiOn thereof has been proposed |
~ in 3&péﬂése Patént'Appliéétion No. 61-286972 filed on-
December-z,_1986 (Japénese.Paﬁehﬁ'Laid—Open No.-63_
139261 laid-open on June 11, 1988). ‘The method for .pa
diagnosing an'ihsulafidﬁ_detéribration of a power cable
.25 'comprises Stepé 6f meaSuring'firSt_pOSitiée and
negative'direct curreﬁt.compgnénts by applying positive
and_negative'DC volféges écross a metal shieldihg layer

of a rubber or plastic insulated power cable and the



negati.we direct current conponents by applying positive and negative DC
voltages across a nmetal shielding |layer of a rubber or plastic insulated
powereable and the * 5 ground inm the presence of an. electric resistance

t her ebet ween respectively, neasuring a sgcond direct current component.

.wi thout the resistance by applying no DC vol tage across the netal shielding
| ayer and the 5 ground, and separating direct current conponent and stray
current included in charging current of ‘the rubber or plastic insulated
power cabl e ingeabad aihortiasedemenide foff sanposikicte iand resgattiareceli rect -
current conponents and the second .direct current component, so 10 that the
i Asul ati on det thevehdtoreah tdspeabliore by, phassic inignsubeatcand ghineectabl e
'i's diagnosed in accordance with the separated direct. current conponent.
Accor di ng- t o 't fernerhodompenenbgnbtheyt abhe nsesbstancecbrappbying ud a
power cable as_proposed 15 in the:Japanese Patent_ Application:No.

61- 286972, howRYelVOlitRge arecdssidrametiel eRie lshrat L anern aff chhehe
three direct current, co nents are neasured., i s troub)esone, althou $ t he
preci se measur ShBHAGhARD: SERATAE TN F2E8CE ST _FH@P&W%?Wi$$ ation
20 'in decreasipg.a calculation a nt. because the: direct current, ..
component and PRE%t EYFEEPFetn Gl 8088, SHALIRS SHEARATY | 88 iS4 on

the three direfﬁbﬁgfrgptpﬁggEQQeQEﬁulated power cable in calculation
L 5§sed:oh the fifét:pésitiVe énd'negaﬁive direct current

. \_/f _ _.compéneﬁts.and ﬁhe second_direc£.curreqt'component, s0
10 ‘that the insulation.detérioration'of‘the.fubber 6r
”plésfic insulated poWer'céble_is.diagﬁosed in
a¢¢ordance'With the separated direct curfent componént{

o Agéoraing.td.ﬁﬁé méthod for diagnosiﬁg.an
insulétién.detefiofétion'of a ﬁower cable as proposed

15 in the Japanese Patent Application No. 61-286972,
however, there aré_disédvantages that operétioh in

which the three direct current components are measured

is troubiesome, although the precise measurement

> : _ : thereof caﬁ be'realiied,.énd;that.tﬁere'is_iimitation
20 ih decreasing a calculation.amount; becausé the.dir¢ct
current compénent andlthé stray.current are separated

in the caiculafion based”on.thésﬁhree difect cﬁrfent

components.

SUMMARY OF THE. INVENTION

25 : Accordingly, it is an object of the invention to

"provide a method for diagnosihg an insulation



SUMVARY OF THE | NVENTI ON 25°

~invention

to provide a nmethod for diagnosing an insulation 6

TTTTTRRERS S e cmieen e

Accordingly, it i's an object ‘of the

deterioration of a power cable in which a working anount -in neasurlng a#

invention

si npl e cal

- direct current conponent is decreased t is a further object of the

to prOV|de a.nmethod for diagrbsing an insul-ation deteriorati on of
a power 5 cable in which stray current fromthe ground i-s calculated in a -

There'i o ELRELEPaChob8R OPSthe it AP sl R MAAAL abRBr A0 7"
pover ¢abl geggapLhS! ﬁgdlgeeeuakegeﬁleaea&nsaneuggglefe gecpgad. om o

power cabl e

rated AC voltage’is a t hr oug

a groundlng

conduct or connecired 110 a2 FiitNlers Bbgleditn b TR 19hentidrP e prodile w0 the

-+ ground, using the neasured charging current to calculate stray current

flowing freethée £66Wikdros by @rpdwenleadtion deteptopatianneoid paserund 15
detecting a direct current conponent  of said charging current,

and calsuleabmg dn whithi stiray durtehtcwrbontheogmommﬂt1hycaﬂmumuﬁedm)sard__

potentlal

stray current fromsaid direct current conponent,

deteruoratinnaus1mpagncad¢unataoaopdaﬁeeswcaﬂcuﬂatnagehm@hnzﬂ said

intrinsic

direct. current conponent. The diagnosis of the insulation

wherein said insulation

‘deterioration cadseerdingaterthe dnvenkian ithexe isspravidedasethed ubber
'plastlc etc. is based, on the, calculated.intrinsic, direct

10

‘a grounding'conductor_connected to a metal shielding layer

15

for d1agn051ng an . 1nsulation deterioration of a power cable

_compr1s1ng, measurlng charglng current flowing from said

power cable, to-which a rated AC voltage is applied, through'

of said power cable to the ground, using the measured

charging current to calculate stray current flow1ng from the

ground to sald power cable 1n accordance with ground

potential, detecting a direct.current-component of said -

charging current, and calculating an intrinsic direct

current component by subtracting said stray current from

- said direct current component, wherein said insulation

:20

25

deterioration is diagnosed in accordance with the level of

said intrinsic direct current component.
The diagnosis of'the'insulation deterioration caused

by water tree 1nduced in an 1nsu1atlon such as rubber,

plastic etec. is based on the calculated 1ntr1n51c direct

current component, Simultaneously with the calculation of

stray current, the charging.current 1s-supp11ed.to a low

pass filter through which_only a direct current component is

paSsed.'

U \



current conponent. - Sinmultaneously with the cal culation of 25 stray
current, the charging current is supplied to a |ow pass filter through

whi chonly a direct current conmponent is passed. 7 The invention will be
described in nore detail in canjunction with appended draw ngs wherein,

Fig. 1 is an explanatory diagram show ng a conventi onal

net hod for

diagnosing an insulation 5- deterioration of a power cable, Fig. 2is a
circuit diagramshow ng an equivalent circuit corresponding to a circuit

shown in Fig. 1, Fig.Thg inventdepl atisk brpedfggeaibeRodirndorel @kt hbd for
di agnosi-ng an insul ation deterioration of a_power -cable .in an enbodi nent -

according to ihecomiereiion wigh apReRdRd OFRYERITF WRETEMAr ging current,
Figs. 5A to 5C and Figs. 6A to 6C are 15 explanq%oré diagrﬁns.shoming
moti on and state.of eF&gtrohsignd®RoledP AnahorYsufafBE

t herein,

deteriorat?on BF-S p3

A™havt

and Fig. 7 is, an expl apataqry._di agtam for .expl aininp cal culation

in which st r.aycgf}l”teé’rﬁl‘?%_""' sp%%ggf’ﬁeéf°fogéfﬁ§&ﬂlsl5ﬂ 20F f—"&ﬁ%l‘:"li?alE‘D&ll ! .

EMBODI MENTS Before.explainin faansgagg égﬁlgiagnosing an insul ation
gﬂ 133b€e_|n-an !

10
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Fig. 1,

Fig. 2 is a:circuit diagram showing_an

equivalent cirCuit'corresponding to a circuit shown in

method for diagnosing an insulation deterioration of a

power cable in an . embodiment according to the
invention,

Fig.-4'shows a waveform of charging current,

Figs. 5A to 5C and Figs. 6A to 6C are

‘explanatory’ diagrams showing motion and state of

electrons and holes in an insulation having water tree

therein, and

.Fig. 7 is an éxplanatofy diagram for expléining

a calculation in which'stray current'Is is obtained.

DESCRIPTION.OF'PREFERRED EMBODIMENTS

Befbre'expiaining a method for diagnosing an .

insulation deterioration of a power cable in an

embodiménf accdrding'fo the invention, +the

aforementioned'¢onventional method as proposed in the

‘Japanese Patent Appiicatiqn No. 61-286972 will be

explained.

Fig. 3'is an explanatory diagram showing a .

RY N2 e? tree



-enbodinent'

-5 _applying positive and negative DC vol tages to the met al

layer, a |ow pass fiilger 15 EWowel eghi ngpp ad & €ais Chry enth conpankst from

according to the invention, t he af orenenti oned conventi onal
met hod as proposed in the 25 Japanese Patent- Application No. 61- 286972\M||
‘be expl ai ned. 8 Fig. 1 shows an appar at us by which- t he conventlomﬁ

met hod is carried out and which conprigses a capacitor 3 connected to a
met al shielding |ayer (not- shown) of a CV cable 2, a DC power supply 4 for

shi el di ng

charging current, and a resjstance Rd for detecting a current value of a .
direct curreshveaionant .methwl G\ cedtei&d i sut candcwhilchOcomprasgs cabl e

head termnals 2a to a high voltage bus 1. Fig.

2 shows an equi val ent

circuit mhlahcapacespmnascboneheedpparatmetaﬂ Bhge 18ingnd ayercdnptsed of a .

meter Mfor detecting a direct current-[err] flow ng 15.

fromthe CV cable =

©2, an insul shicom} esifstamn€d Rabf e Zor Bo?OnPEvF FaRR 1yf 4 h€otv cabl e
j_2, a potential difference Es between the corrosion-proof |ayer and the

ground, 5a DePPdyiadapesitige @nd negafiye DQ volbages, Lo Ebpshghed Rd,

a current

- restriction resistance R, 20 a r_su enti al
S Lehes. SwB B DS Lastin Forbod (#A 8 L 5orhS BT a%lrggfabasm

oper ati on,

10

15

20

25

e di,rect current conpone
agrect curren compog%n Trom charglng current, and a

.resistance R4 for detectlng_a_current value_of a_
direct current component. The CV cable 2 is connected

through cable head terminals'Ze'Uie high VOlteqe bus -

1.
_Fig. 2 shows an'eqﬁivaleht circuit which
corresponds to the apparatus of Fig. 1, and is composed

of a meter M for detecting a direct current Ibc flowing

-f:om the CV céble_z( an insulation resistance Rs of a
corrosion-proof layer of the CV cable 2, a potential
| difference Es between the corrosion-proof layer and the

ground, a DC resistance r-of'the low pass filter 5,.the'

resistance Rd, and étcurrentlrestrictioﬁ'resistance R,
a DC power supply potentlal E and sw1tches Sw1 and Sw2.
respectlvely 1nc1uded in the DC _power supply 4.

In operatlon, the dlrect current component. 1s

detected by measurlng a termlnal voltage across the

re51stance_Rd, In more detall,ga dlrect current

component Io’ is defined as a cﬁrrent'which flows

through the resistance Rd where the switch_Sw1 is

turned on, while the switch Swzlis_turned:off; and

~and

E and-
1In

direct cﬂrrent components I(+E) and.I(-E).are defined



detected by neasuring a termmnal voltage across the resistance Rd In nore
detailt a direct current 25 conponent lo is defined as a current which

fl ows™ hrough the resistance Rd where the switch Swl is turned on, while
the switch Sw2 is turned off,.and directg current conponents I(+E) and
| (-E). are defined 9 as p05|t|ve and negative direct current conponents
whi ch flow t hrough the resi stance Rd where the Sw2 is turned on to apply
p05|t|ve and negative DC power supply potentials Es (+E and -E) to the

circuit, whiled pbhetIWd Chn@Vhdda tivBedigidct HonererithecdhpBalenty rent
conponent lo, the positive direct current conponent |(+E), - and the

negative directyitidh eNl oGOtREBRRh khreFlr e s €ight8eRdi Whelte told eWngs -
equations (1), (2) and (3). [err] where [err] is (Rs + Rd. + r), and [err]
is (Rs + Rd + Rurnéd bn to applly pbeidhicve agdatiegstive KQ) pawdx 3),
the current components lo, I(+E) and I(-E) are values to be neasured, and
t he reS|stance$u%gly&boten¢mhre Bad(+Beabf plmetoshbplylpOUQntlMhﬂi&ue
known val ues. In experiments ever conducted, . it has been 20 confirned
that a corﬁb5|dﬂmpmmﬁtdhnﬁw1ikﬁ(innngﬁiQﬁﬁwlthat a metal shielding |ayer

IS exposed to the ground, if the value of the insulation resistance Rs |s
| ess _Here, the direct current component Io, the .

positive direct current component I(+E)¢ and the

negative direct current;component I(-E) are defined in

_ \o  the following equations (1), (2) and (3).
10 IO = Idc X R—s + §§ -oo‘.o-‘o".. ----- '..'.l...';' (1)
| Ry "Ry - ._
" I(+E) = Idc x R 4 Bs , E | PR (2)

I(-E). ._Idc x B, Es . _E (3)
where Rp isl(Rs.+ ﬁd_+ r), and RB_is (Rs + Rd +
R + r).. | | | . |
o 15 In the'above eqnations' (1), (2) and (3), the
| 'current'components'Io; I(+E)'and I(~-E) are'yalues to be
measpred, and_the resistances'Rs,“Rd, r and.R,'and the
DC power supply'potential.E'are known values.
In experiments ever conducted; it has.been
20 confirned that a corrosion;proof layer is damaged such
that a metal shleldlng layer 1s exposed to the ground,
1f the value of the 1nsulatlon re51stance Rs is less
‘than 100 KQ. Therefore, the equations (1){(2) and'(3l

are solved in the assumption that the value of the



- than 100 [err] Therefore,fthe'equations (1) (2) and (3) are solved in t he
~assunption that the value of the .10 insul ation resistance Rs is equal
to or nore than 100 [err] (Rs > 100 [err]) ‘At the same tine, the val ue~of -

the current detecting resi stance Rd |% required to be equal to or- | ess thanlzi

100 [err](Rd < 100 [err]), so that errd 5 which is induced based on a
time constant etc. can be avoided in neasurlng the direct current . =~ - o
conponents. Assuming the conditions "Rs [err] 100 K[err]" and "Rd [err] 100

[err] the egmﬂ%ﬁifﬁt%}l L3 gf Je;gg RS {bee ggaat tQNok4hortOthan 1 190 [err] In

accordance e equation e direCt current conponent c fromthe

CV cable 2 kg Qheabn%oa%«ipl | o5 t €T $dmd5t ime, theThﬂafaeoaé t@em of the
right si.de in the €quation (5) expresses stray current I's flow ng through

the. corrOSIQur@eandb@ﬁemlnb res 16V a0k RA2 i3S rdefuited ito bleeggeation (6).
Es (6) 20 - The insulation-
resistance R® afrtmes@ortrlma;nonOOprlﬁbGRd agern ANk he pot ertiatl edirbirer ence Es
bet ween t he .corrosion-proof |ayer and the ground are cal cul ated to provide
t he equdti omwdhi(ch) xﬁun48y0e§ohﬂﬁﬁdtdnaahtxmﬁ Q@msenntcsﬁpbneﬁm-b@c from
the CV cable 2 and the stray

avoided 1n measuring the direct’ current components.
Assumlng thehcondltlons_"Rs-=-100 XQ" and "Rd <

100 KQ", the_eéuation (T)'is_modified as the equation

@. - BN

1‘0 . _ . IO =. IdC +'§:—S ® s e 080 c.-o_--.._--o-'.o-' ----- .olo (4)

In accordance with the equation (4)ithe direct
current component Idc from the CV cable 2 is obtained

as follows.

"
e
O

1

Idc E_s . .- . . [ ] .--.".:--..-o..o.o_'.o'ooo (5) .
15 | The ‘second term of the right side in the
equation (5) ekpresses stray current Is flowing through .

'the corrosion- proof layer of the cv cable 2 as deflned

in the equatlon (6)
IS =E .......6..-.._....-.'..-.-._....l_..-o-‘...'.... (6)

20 The 1nsulat1on reslstance Rs of the corr051on-
.proof layer and the potent1al dlfference Es between the

" corrosion- proof layer and the ground are calculated to
provide the eguat;ons (Z)and (8), so that the direct

current component Idc from the CV cable 2 and the stray



;curremk,ls are obtained in the equatlons (5) and (6). [err] 5 As
clearl'y understood fromthe above, the aforenentioned di sadvantages are
‘never™avoi dabl e in the conventional nethod. Next, a method for diagnosing
an insulation deterioration of .a power cghle in an enbodi nrent 10 according -
'to the invention will be explained. Fig. 3 shows an apparatus for
-di,agnosi ng an insul ati on deterioration of a power cable in which a nethod
for  di agnosi ng carrientulIst iaoe dddteriredationtld equatkonsabbk amdans).
enbodi-nment according to the invention 15 is carried out. The apparatus
‘conprises a charging current dets ti'ng circuit 31 connected through a -
~conmon groundi ng condB@tGrigfﬁge—gLﬁeE§1-sHRdIdl Rg + &er +(-not. -.shdvil) of a
'CV cable 2 for detecting chargi'ng current flow ng through the CV cable 2
when an. AC‘voItage is 20 applied to the Cv cable 2, a | ow pass fllter 32
for passing a direct current conponent [err] .of the charging current,  a

stray current detecti ci geyi Rg33 _f or, . det gt i I Ny Is i
accordance with the: cﬁ%rglagwcu@riﬁﬁ %a %g Fﬂgn 83¥e tlngRgl |q 34 for

1 2 detecting the direct current conponent [err] a : (8?
15 As cleaﬁly un&erstood'frqm the above, the

afdreﬁentioned disadvantéges.are never avoidable in the

."conventional method. |
| Next,'a'method for diagnosihg an insulation
deterloratlon of a power ‘cable in an embodlment

iO, accordlng to the 1nvent10n w111 be explalned.

| Fig. 3 shows an apparatus for dlagnosing én
insulation deterioraﬁion of a power ceble in-which'a
method for diagnosing an iﬁsulatien_deterioration 6f_a
- power cable in an embodimeht aceording to the ihvention
15 is carried out. The.apparatus comprises a charging
k;é7/ __ current detecting circuit 31 conneeted through e common.
grounding conductor 37 to_a metai shielding layer (nof
" shown) of a CV caBle.Z'for detecting;charging current
- flowing through the CV cable 2 when an AC voltage is
20 applled to the CV cable 2, ‘a low pass filter 32 for
'paseing a direct current component Ipa of-the charglng
current, a stray.cﬁrrent detecting-circuit 33 for
detecting stray cﬁrrenf Is in aecordance with.the

.charging'current, a DC current detecting circuit 34 for



~calculation circuit 35 for subtracting the stray'current s fromthe direct:
~current conponent [err] to provide an intrinsic direct current conponent
and a 5 di agnosis circuit 36 for deciding'to what extent an |nsulat|0n°of
the CV cable 2 is deteriorated due tojsater tree.. The CV cable 2 is. I
‘connected through cable head terninals 2a to a hi gh voltage bus 1. Fi g. 4
" shows a waveform 41 of the charging 10 current detected in the charging
current det@etientt thycuthe31di rélet wavefmsmt 4 dvap odiest br tli-ghs , 414 and 41B
in the vicinity of peak value, when the insulation of the CV.cable 2 is-
det eri or at ecla L gutleet pons aricecof twal Br floree sublbrawt endetthié, stheny negative
AC voltage 15 53 as shown in Fig. 5A is applied to the CV cable 2

“includi ng acepnandt drs SﬁIOEnthﬁn@rl%%%tcéﬁaﬁ@tﬂﬁ/ecq)‘&?@ﬂe% Tperess- | i nked
pol yet hyl'ene insul-ation 56, and an outer seniconductive |ayer 58 in which .
wat er tree B’?°Bé@l?r and GRS iR ﬁf‘ﬁecéch‘bVé%‘?FoﬁQmBQ“ﬁ'gn gRet2ad 20

~fromti the water tree,57 yl ati,on 56. . The en positive |
AC vol t eaagogﬁowmcwg 35&%-0 SFiBE G, (hovhate Bbent dnbost i on®
of the electron 9, a nth lLde of, the water tr 57, and.
the. ot her of? %Hi 1ecltli5r% 88{3 fﬁl z&§ f’?t%{ﬂ ﬁSIegs%g’CF tPect ed

into the insyl ati pn 56. wavef.orm 41l of, t ar [rent
becones asyn?r%?mga S t%h%] év (%ret :éons AT ﬂ%’h t}) P

BteFigs. 5C -
and 6C, becﬁé@a E@ffﬂ?ﬂa@.@dzﬁt @E cﬁlé}b%oltage bus 1. '

Flg. 4 shows a waveform 41 of the charglngt
10 current detected in the charging current deteetlng'
circuit 31. 'The'waveform341 has distortions.41A'and
._41B in the v101n1ty of peak value, when the insulatioh
- of the CV cable 2 1s deterlorated in the presence of
. water tree. In more detail, when negatlve AC voltage
15 53 as shown in Fig. 5A is applled to the CV cable 2
| :including a condﬁctor 54! an innerﬂeemioonduCtive layer
55, a cross-1inked polyethylene insulation 56, and an
outer'semicoﬁductive ia&er'sa-in which water tree 57
occurs as_shoWn io Figi'SB,’electrone 59 are injeéted f ;;;Rvj
20 .from tips of the_water_tree 57 into the insulation 56.
Then, when positive_AC voltage 53 as shown in fig. 6A
is applied to-the'CV cable 2, a'portion'of the
- electrons 59 iseabsorbed-on the'side of the water tree
57, and the. other of.the_electrons_SQ is neutralized
25 with'holes'oo injected into the insulation.56; Thus,
.the waveform:41'of the.charging current becomes
asymmetricai witﬁ'the distortions 4fA‘and 41B as shown

in Figs. 5C and 6C; because motion and state of the



13 elegtrons 59 are different between the negative and positive half
peri ods of the AC voltagé 53. The charging current 41 is supplied to the
low pass filter 32 to pass the direct current conponent [err] 5
t heret hrough which is then detected in thesydirect current detecting circuit -
34. Fig. 7 shows charging current flow ng through a common groundi ng
cqonductor, ‘wherein the charging current is of an added val-ue of
zer o- phase-sequence 10. current l'o and stray current Is induced by the .
ground potentiabledt¥rdnd. 59, aeh@ii fZfa @htsbkithddmetNO negattdrvaedndl evel
of the zero-phase-sequence current. o to which the stray current Is is :
added, and a. hopbgartiate dhtilefl pepdoddB 68 fthe zACO voltlagef BBe  The
zer o- phase- 15 sequence current lo to which the stray current Is is not’
added. Furtherchargtay vaknentmiils ikosulppd izel o pitesclceqprssef tlteent
lo, and the charging current crosses the zero level line 70A at the tinme of
[err] [err] -...32 |toi tpas sassuned dhaedathe chargmy cuemeenen R0 I g 50
Hz, such that the period of the zero-phase- sequence current lo-is 20 (= 10
+ 10) m sec5 antihepe thwreuphastriseljudscetkapr dateotefodgesthre HeFectevel
line 70B with a tinme difference [err] fromthe Zero crossing points of the -
char gi ng cur r enfUrreREr debpetipg ?ﬂﬁ&?éﬁré%‘current Is.is obtained in the
eqqatlgn (9)'_ -_14 __Fig; 7 shows charging current flowing through a -
_Cdmmdn grounding_ conductor, ‘wherein the charging
- \,g | curreﬁt is of an édded vélue of_Zero—phase—seguénCe'
10" current Io and stfay current Is induced by the ground-
potential. In Fig.7, a horizontal solid line 70A is
for zero iével of the zefd;phase-sequenCé current Ib to
‘which the stray current Is is added, and a horizontal
dotted line 763-15 for zero level of the zero—phaséf
15 sequence'current Io to which the strayﬁcurrént Is is
'not added. .Further,'a peak value Im islfor'the'zero—_
.phase-seqﬁeﬁce curreht Io, and the_charging'current
crosses the zero level line 70A at the time of fo, tq,
ty ... . If'it.is assumed that the charging current is
ZQ of 50 Hé, such that'the'period“of the zero-phase-
sequence current Io is 20 (= 10 + 10) m sec, and the.
zéro—phése{sequence current Id crosses the zero levél
line 70B with a time difference At from the zero
crossing points of the charging'cufreht. Thereforé,

25 the stréy current Is is obtained-in_the equation (9L



[err] where t = 1/2 [10 -'([ert])] = 1/2.[( [err])l- 10] Accordingly;

[err] and [err] The char gi ng ‘current
detection circuit 33 in which the str

“accor dance

current conmponent J[err ro the direct current- detectlng ircuit
mp ? F

r'ent conponent

[err] The intrinsic . direct current

Ih the 15

[err] is obtained in the equation.(10).

t he
stray current Is generated due 5 t-o a potential difference between the"
-shielding layer and the ground is precisely obtained by measuring the twres

with the equation (9), and the cal cul ated result of the stray .
current Is is supplied to. t he cal cul ati on circuit 35 along with the direct

cal cul |on C|rCU|1035 the Thtrihsitc ditect cu

34.

g al so supplied to.the stray- current
@ current Is is calculated in-

~conponent  [err] |§ﬂ§9ﬂpll@d_tp 3 hgy ¢li agpe il§ €jyfuit 36 in which the CV 20
tht

cable 2 is.

_component [err] .as to mhether1;ﬁe[pﬁpss ign
deteriorated. In accordance with the abo descri bed operation, the

di agnosed 1 n accordance w

e intrinsi.c-direct current

kedi @pl yet hyl ene insul ation |s_

intrinsic direct aydemimphppnenht [seraly z&rnunt(ﬁﬁégéﬁﬁtated|dmesanples
of CV cabl es which have been actually used for durations described in Table
-1 under5a rmeal poteageadaf dﬁfrt‘é,remfet ebetmurtlmg sheeldlng layer

10

and the ground is prec1se1y obtained by measuring the

times tO' tq and t2'

The charging current is also supplied to the
stray current detection c1rcu1t 33 in which the stray-

1current.Is is calculated 1n-accordance with the

i'equation (9),_and5the calculated result of the stray

15

20

25

current Is is supplied to the calculation circuit'35'"'

along w1th the direct current component IDC from the

'direct ‘current detecting_ c1rcu1t 34. In the"

calculation circuit 35, the intrinsic direct current

component Ipey is obtained in the equation (10).
IDCI—IDC—IS --c.cn.l.-o.-'--.o-c-_a.; ------ (10)
‘The intrinsic direct current component IDCI is

supplied to the diagn031s 01rcu1t 36 in which the CvV

cable 2 is diagnosed 'in accordance with the 1ntr1n51ct

direct current componént Ipct as to whether the crOSS
linked polyethylene insulation.is deteriorated.

In accordance with the above described

operation/ the intrinsic direct current'component Ipcr.

was obtainedfin'five eampleS'of CV cables which have
been actually used for durations described in Table 1

under a rated voltage of 6 KV. After measuring the



15 intginsic direct current conponent [err] under. the actually installed
state, the CV cables were renpved fromthe installing sites to be brought
intol™ experinment rcomin whiich tthe CV cables were neasured to 5. provide
the intrinsic direct current conponent [ ] under a state that the CV

cabl es were insulated fromthe ground to prevent the stray current Is from
flLowwng fromthe ground to the CV cables. Then, the CV cables were subject
‘to an AC breakdown test, so-that the 10 insulation deterioration of the
'OV cabl es were pygpiRgdc &ipakhy. chBeeRY CabhBBNERIE @bﬁmmﬁaértqw@eck |
the generation of the water ‘tree visually. The table 1 the details of -
‘the CV cabl es, d&ubly dir Hina Ueled istattie prtd owicdb hesewdiragpemed; dd and
exam ned. as descri bed -above, and Table 2 shows the results of the

measur enent s anfirome ttlest 4 nesst g dridunged iabese.t T ABRE blr GASLE hnCABI;:EnZ

CABLE 3 CABLE 4 CABLE 5 DURATI ON 3 11 . 15 17 20
(YEARS) KINDS experiment rqpm/ in whz(gh/the Cityeables @QFQ/(HLQ@@B‘@ 6to
6.6 - 6.6_. g 150 150 38 250 _- 60
([err]) 5. provide the 1n rinsic dlrect current component Iper

under a state that the CV cables were insulated from
the ground to prevent the straylcurrent Is from flowing
from the. ground to the CV cables. Then{ the cv cahles
— \,; | :_awere subject to an AC breakdown test,_so'that'the
o 10 insulation deterloratlon of the CV cabies.were
euamined.' Finally, the CV cables were dlsmantled to
check ‘the generation of the water tree v1sually.
" The table 1 shows the detalls of the CV cables,.
the 1nsulat10n deterloratlon of whlch were diagnosed
15 . and examlned as descrlbed above, and Table 2 shows the

results of the measurements and the tests as conducted

aboVe.-
O TABLE 1
| | cABLE 1 [cCABLE 2 |CABLE 3 |CABLE 4 | CABLE 5
USED - | -
DURATION | 3 1] 15 17 20
(YEARS) . | -
KINDS cv cv | cv cv | cv
D VOLTAGE | E R

; - . 6.6 6.6 | 6.6 6.6 6.6

. (KV) o . .
SIZE |
| 150 . 150 38 | 250 60

(mm?) '




:TABLE 2 CABLE1l CABLE2 CABLE 3 CABLE 4 CABLE 5 NEASURED

[err](nA)

7 18.2 = 69 180 235 RESULTS I'N ACIUALLY ~ [efr] (nA) |
7 16 63 37 70 INSTALLING SI'TE | DCP (nA) 0%
2.2 6 43 165 [err] -I\/EASUREEEA [err] <0.1 2.2 6
43 165 RESULTS | N EXPERI MENT AC KDOWN 25 -~ 20 15
10 ROOM AFTER VOLTAGE (KV) PEMOVAL WATER PRESENCE 'NO YES  YES
YES YES TREE MAXI MUM LENGTH 2.4~ 3.0 3.5 3.5As

deterioration of a power cable according to the 5
intrinsic direct current conponent [err]

- clearly understood fromthe data in TABLRabI 2 2,

t he stray current 1s
the ground is precisely measured in a method for di agnosi ng an i nsul ation _
so that the’

“invention,
is also precisely obtained in

‘and the AC breakdown voltage is lowered thereln.

Further, the water tree becomes longer, and the AC

breakdown voltage becomes lower,

.as the intrinsic

from

the"

accor danf _ =¥
“verify that:the wa CBLES P CARLESA | FCABKE 8h
10 intrfnsStc grreqr_carrent T VET; —1t _
- breakdo e i|sIsdtr ed the t hebhat ¢r 180ce heldres] .
| onger, C _ e — - -
g ALLY I; (nA) T 16 63 | 31|
INSTALLING e — : : _—
SITE Inc, (nA) -0 2.2 6 43 165
MEASURED Ioc, (nA)- . <0.1 2.2 6 43 165 -
RESULTS IN F - ' :
.| EXPERIMENT | AC BREAKDOWN 85 25 | 20 | 15 10
ROOM AFTER | VOLTAGE (KV) - = o '
| REMOVAL . -+ — .
| WATER | PRESENCE NO YES YES . YES . YES
- | TREE —— ' ' - S
- | MAXIMUM o . —_— 3
LENGTH - 2.4 3.0 - 3.5 3.5
(mm) : s
'_As'clearly understood from the data'in the Table
2, the stray current Is from the.ground is precisely
measured in a method for diagnosing an insulation
deterioration of a'power cable according to the
5 inventibn,-SO'that”the intrinSic direct current'
'component Ipcr is also precisely obtalned in accordance
with the measured stray current Is.'
" The. dlsmantllng results verlfy that the water
“tree 1s-generated in the cables 2 to 5 in which the °
10 1ntr1n51c direct current component IDCI is observed,




br eakdown vol t age becomes |ower, as the intrinsic 17 direct current
[err]‘becones | arger.. As described above, it is understood that the

i nte+psic. direct current conponent [err] which is an insulation
deterioration signal is precisely neasurgg 5 under a state that a rat ed
"AC voltage is applied to a power cable in an actually installing site, " so
that the insulation deterioration is determned wth a predeternined
precision. Al though the invention is enbodied in.a CV 10 .cable, it may be
applied to a peieectabherdmyi ng.fnbecsweat largetr.a material such as rubber
etc. Further, it may be applle% to a single core cable or a cable having
nul ti - cabl es strandedAsndascarihed .aBbvieoudt the umdensitorchdhdechhe
described with 15 respect to specific enbodi nent for. conplete and clear

di scl osure, -t henhppasder ¢inert aurmeptt sompenenti det biRighe itH 28
construed as enbod all_nodification and alternative canstfuctions that
may occur to oh%S%iPFPQH ﬁ?qﬂﬁ§QﬂQ¢kﬁﬂ(ﬁﬂg%ﬁ}lﬁsféFPQh§ i PRBSHESTCc 20

teachlng hereln gg& Log Ste th% 0l rgﬁzd AC voltage is applied to a

power cable in an acfually installing site, so that the.
inSulaticn-deterioraﬁion'ié detefmined with a
p;edetermined'pfeCisioh.. o |
;;.\/.  - - "'Aithough.the iﬁventioh is empodied in a CvV
. | 10 cable; it may be appliedetc a-power_cablelhaving én
insulation of a material spch-ae rubber etc. Further,:.
it.may be appiied to a single core cable or'a-cable
~having multi-cables stranded in a conduit. . | |
Although the invention has been deecribed'with'
15 'fespect to specific embodiment fof complete and.clear
. dlsclosure, the appended clalms are not to thus 11m1ted
but are to be construed as embodying all modlflcatlon
and alternatlve constructlons that may occur to one
by . .. skllled in. the art which falrly fall within the basic

20 :teachlng herein set. forth.'
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1. - A nethod for dlagn05|ng an |nsulat|on deterloratlon of a power cable

conpri si ng,_measuring char gi ng- current flowi ng from sdid power 5 cabl e,

which a rated AC voltage is applied, through a groundlng conduct or

cermg e roNIPAFTALEARY

t he. ground

to said pdwef chble in 10 accordance with ground potenti al,

detectlng a direct .current conponent. of said charging current, and

calculating an intrinsic direct curr

current fr
deteriorati

~direct currqnt

deterlorail

i 8§ d Pﬁ'

ng | ayer of said power cable to the ground,
current to &l culate stray current f1ow-ng from

‘1o

Y, e

o -
-

onent by'subtractihg said stray

n1sai direct curre 15 cqnponent wherej n said insulation :
i ﬁﬁgg %&5&“&%&95\34!?Q§HQQQARR deterierakiennsic - -

A nethod for diagnosing an insul ation

oh o O‘;W%]vé?b %b?%m%%t%*rb‘?hg to claiml, wherei n sa| d stray

~current (Is) ﬁ%&ﬁ’{i‘ﬁ dd h g‘ihbo‘ﬂdl%e%@aﬂgcwge%p& B %.‘?"gfag '_m_ 3

_is the peak value

current,s T dabidle 68" waécaf SUd P e Phageaged ysn%pfﬁrerdentthf&wgd eyrl

grounding conductor connected to a metal shielding layer of

10

15

20

25

a ze sequence

said power cable to the ground

u51ng the‘measured charging'current.to calculate stray

current - flow1ng from the ground to said power cable in

accordance with ground potential
‘detecting a direct current component of said charging

current, and

calculating an intr1n51c direct current component by.f

subtracting said stray current from said direct current

component

wherein said insulation deterloratlon is diagnosed in

accordance with the-level of said intrinsic direct current

component.

2. = A method for diagnosing an insulation deterioration
of a power cable according to claim 1,
wherein sald stray current (Is) is calculated in

follow1ng equations,



and t2 are the times of zero crossing poi ntsWrent

A merhod for diagnosing an insulation 1 rioration a power
cabhebaccordlng to ctaim1, wherein said d|re ““NFnent S

obt ai-ned by passing said charging current thro &“ ter

A rrethod as claimed in claiml1, substantlleﬂly assdescrti b d W|th reference
to figures 3 to 7 of the draw ngs.

'Is = Im sin %%_ﬂ , and

At = 1/2 [T/2 - (ty - £4)]

172 [(tg - tg) - T/2]

'where Im is the peak value of a zeroéphase-
5'._sequence currenﬁ of saia charging curreht, T is thee
pefiod of Said.zero—phasé—sequence.eurrent, and tg, ty
and t, are the'tiﬁes of zero e:oesing.pointe of said
charging current.
3. 'A method fof.diagﬁosing an ihsulatiene
10 deterioration of.a powe}'cable according to claim 1;
wherein said ‘direct cu#rgnt'component is
~ obtained by paSsing said charging.cqrrent through a ibw

pass filtef.

4. A method as claimed in claim'l,_substantially as

described with reference to figures 3 to 7 of the drawings.




