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ABSTRACT

An Investigation on Efficient Maintenance by Analysis

of Failure Cases in Underground Power Cables

Kim, Seong-woong
Advisor: Prof. Kim, Nam-Hoon, Ph. D.
Department of Electrical Technology Convergence Engineering,

Graduate School of Industrial Technology and Entrepreneurship,

Chosun University

Electric raillway has used a lot of underground power cables for
high-voltage and extra—high-voltage. The underground power cables are
inspected and measured in accordance with the inspection cycle for
preventive maintenance, however, there occurs electric power—-supply failures
due to cable deterioration.

While the electric power—-supply failures except some accidental failures
should be prevented by the inspection and measurement, it is not sufficient
in the fields. Until recently, the electric railways has inspected and
measured with only the megger test of insulation resistance in the off-line,
so some causes of deterioration such as partial discharge or water tree
cannot be determined in advance.

Although Korea Electric Power Corporation has introduced the diagnostic
method of very low frequency (VLF) tan§ with operation thorough many
tests and research, which i1s not easy to introduce to the electric railway
due to various constraints. There have been several inspection methods that
can supplement the constraints in the live wire, however, they are still
insufficient to perceive the deterioration such as water tree.

In this thesis, cable wise method was proposed for a inspection method

in the live-wire state of the electric railways, which could detect not only

_iV_
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the partial discharge but also the water tree deterioration. Two—times
measurements and analyses were performed by using the proposed cable
wise method and the excellence of the cable wise method has been proven
in the live-wire sate of the electric railways. If it is introduced into the
maintenance method for the underground cable in the electric railways, it is

believed that it will greatly contribute to the stability of power facilities.
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1. XLPE AlolE9} F+x9 AFHE 7%

AeAol &2 AdAE4dd 720 wepA FR2EHY, o= ZgoE
AA 2 F2 AR XLPE(CV) AlolEc] de AEH 1 vk XLPE 7]
& 7tnl Zgogd dddrld A~ Aol E(Cross-Linked Polyethylene
Insulated Vinyl Sheathed Cable)®] <fxt= w|=ro| X = XLPE #Alo]|&o]g}al 3
Ak guldd A= CV AlelEolgta gty CV Aol &2 WEAol 314

250C e sl =2 2&oME HEHA i, 0T dHo= g

Conductr (A1)

Conducter screen (LI 2B HE)
Insuation{XLPE / TR XLPE Insulation) (& &1 =)
heulation screen (2 RUICH =

SWipe (XE5-HIO| =)

Natrdwire (XHHIZS:SHH)

SWiape (XH4:H|0] 1)

Sheath (PVC sheath / Halogen free, flame retardant
polyclefin sheath / PE sheath) (2] 1))
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Water-tree —> Electrical tree % Breakdown
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2. A 7] E 2] (Electrical Tree)
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de dade 24 FA%UA A7Edw SRy, dv)Eds 4
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¥#. 2-3 XLPE AolE9 dAAT] FFHI8]

Z.
°

Defects Name

Protrusion of inner/outer semiconducting layer

Stripping, Air gap between insulation and semiconducting layer

Voids

Amber, Black metal

Vented tree

Bow-tie tree

0e e | e | 8| e

Electrical tree

©

Moisture

¥. 2-4 XLPE 7ol &9 dAAte] W34 [8].

No. Partial Discharge Causes

Conductive mmpurities — Concentric electric field — Fever — Voids — PD

Non-conductive impurities — Chemical reaction(gas) — Voids — PD

Voids — PD — Fever — Enlargement of Voids

Water tree — Concentric electric field — Fever — Voids — PD —

Electrical tree

Protrusion — Concentric electric field — Fever — Voids — PD —

© & 0 o e

Electrical tree
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gz AAE kel R D3yt ol Xale 7o) E(Critical)®] ¢
Qe ze) eeHoR A9Au AAL uS sbvte AL ¥ S gt
® L, s10s Sound
[. insulation
@ 2 30-80s Boundary
lL layers
@ 3 200-500s Insulation defects
e.g. tree structures
a9 3-1. AAA WE-e det FE.
s b [ewiae]
- [ Critican = N
o - old
i e e
e e = l A o ]
. < l New ] ﬂu—-—-‘.
: Ve ws )
19 3-2. Alols dsttEE WHdR W3 [4]

A3l = (Aging Factor)© 2] 349} o] Wt=dZFol| 77t dAA e BAF
o HH AFA(Q9 FEZ So2 d3td ddA FEo Hd AFA(Q,
99 HEE ZAAHY dutFowm g wE dHAcEY ABFIES
3E 3-13% 2o [7]

Q
Aging Factor = ’ (3.2)
o
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F 3-1 d3tEe] wE Aol AATIE.

Aging Factor S s e
~ 16 =gt PERFECT ol 4%
16 ~ 185 mgk MIDDLE U3
1.85 ~ 23 mwk OLD 279
23 ol ~ CRITICAL =25

=S FIROWM = ol &3 I == KDA-1, CDS &
W =dEden, s dg - gAHE ) s 199795 IRC 4= o] &3 &
=

2 o]l $XHSF 7|Fow Asta tt [9]

AT Mg dgels d3t AHE Ay A ddHe siu=
VLF tans &7 e] 9l VLFE= Very Low Frequency® ¢Fol= &
ANM = 3~30kHzO F35 g on]stA| vt A= Aol &2 e

= T35 W9 001~1Hz SAFIHE u|gn. o] U
de 7H A AC AdES AgA o &l kg & FHAEA
A3t HHE EA st WHolt ol tanSv & FA AR AE
of B Ee FEAYY gFad"ge] Bz AoHv FHA A (Dielectric Loss
Tangent / Dielectric Dissipation Factor)o]2}til% H-Et} wabA tandd AH=

He gl 43 el Ao,

o
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>
Jn oo

ox Mo a4 ™
=
R
= 8
2
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L,
e
=

V2

‘ 5_@_ truepower R 1 1
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VLF tan®] 7|29 slaEnex] 32 s o83 A4 54 ¥
A3t VLFO] u# A& dgaelEel 7bste] At A7) f3as 54
stz Aol k. 1§ 3-32 dHAlelEe] 7129} tandE HER Aol A
HAolEE T” Zo] AF A AUAE Aol HFH R AE dyHs

Cable

Circuit

19 3-3. Tans9 5713 =.

7Y 34 FEC st dAE o] wEkE Bl i vk 4
BolA Ada ANAEE s82x A Lt [ AT 5408 A H9)
i, FE] ostel Watd L= AMor FASth FED A wE 9
B AtE S F, 0 98 AE ol 88k tans @ Atk whEbd dH7
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1
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Signal shift by water tree

xUo

~
Ideal

-xUol Current

L X" (w)
WE

]

(=

High voltage applied

Dielectric loss tangent. tan o

Low voltage apphed
X”(w) =constant

=

log

log Frequency [Hz]

7Y 35 #3942 A 02 tanse] W
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stAIRE LSt A = FITE SrolA W W EvE FUbskal, Tt gl
A tanSe] ghol dAGsHAl yUetu=d, I o= 3L FEVE HIAY] WEo®
A = ot a9 3-62 QA7FHSte] mE VLF tand #ke] WHEE 19O =
UeRdH Folt) Q17FAte] F71sbH VLFE tanS #9] HA= S7lsh=d], ol A
o QZbASH Aol AAel ke AskE sh&sy] wWiolth Aol
VLF tans 54 < #sto A7Hdds FsA71+ A2 Aol&59 o d3F&
WA $ev gdome esbdgtel HAd /1% dgel Aasil
- tan§ .10°
W —+— reference cable (new)
v O 1 slightly service-aged (1) ]
g —+— moderately service-aged (2) J/
& S 1 moderately service-aged (3)
€ 4 —— strongly service-aged (4) /
2
: /
g, i
-
g e
i p
(=}
0 . i v ¥ i
0 0.5 1 1.5 2 2.5 3
U/, —
a9 3-6. AlolE E3tet VLF tans o] A; oFEA.
¥ 3-2% [EEEoAl FAIHES7F ot Ao XLPE &Aool &9 S o
olHE 7|Wo g dst AABV|Ts A HE AASAL, F 3-32 ©o] #A
7S 7IHbe R g Al 2009 E3st AAVIES AHE Aolth. A

IEEEl Al AAIE 05,9 1.00, 2 200,89 AdAY oA 200,25 1< 8}

i, 1508 AHgstes tAs AT F7h2 of= Aol =4 500pC =
%

tan§ ¥73 gkl 4474] o] X et
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VLF tan§ Al§g o Aeol&

= A} A At} 9
= @t

3% 3-2. IEEE - VLF tan8§ 2 ¢te] 43347+

% Uo = 8.660kV]1 [%10 3]
s VLF tanb Differential Mean
Condition . e
Time Stability VLF tand VLF tans
Assessment
(STDEV at Uo) (1.5Uc~0.5Un) (at Uo)
No A?hﬂn < 0.1 and <5 and < 4
Required
Further
Study 0.1 to 0.5 or 5 to BO or 4 to 50
Advised
Action
- > 0.5 or > 80 or > 50
Required

3 3-3. KEPCO 2009 - VLF tan§ #&e] 4347+,

% Uo = 13.2[kV] [x10™3
Condition Differential of tand
tanf at 1.0Uo
Assessment (1.5U0—0.5Uo0)
Good < 1.0 < 0.5
Aged = 2.0 = 1.0
Highly degraded >2.0 > 1.0
Failure AL any test voltage, if VLF tand is greater than
impending 2.0%107% and unstable or continuously nereasing
# NOTE :

It has been found that copolvmer dielectric materials such

TE-XLPE or silicon fluid=treated insulations exhibit different tanb
characteristics : therefore, other criteria are wvalid,

ok 78000170 ¢] VLF tan§ Hl°olHE &A -4 3t

#Ye AT BYNEL FARAE ATE A%l
3-4% 201290 VLF tans #4717 Uehd Zelth 4 947 3¢
Aol 62HAl=Z AAe e [8]

_3‘|_
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