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Abstract — This paper analyzes the switching overvoltage occurred on 345kV underground power cable system as well
as combined transmission system using EMTP. Cable length and closing time, preinsertion resistance have effect on
switching overvoltage. Therefore, this paper analyzes the switching overvoltage occurred on conductor and sheath with
change of those parameters. Specially, the cross bonding position becomes discontinuity point because of the difference
between surge impedance of metal sheath and that of lead cable. Thus, the transmission and the reflection of traveling
wave complexly occur at this connection point. According to these influences, voltage between sheath and earth as well

as voltage between joint boxes rise.

Time to crest point of switching overvoltage is longer than lightning overvoltage. Even though the voltage induced by
switching surge is smaller than lightning surge, that voltage may have serious effect on the metal sheath. Therefore, this
paper also analyses the reduction effect of switching overvoltage when the preinsertion resistance of circuit breaker is

considered.
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Fig. 4 Traveling wave at the cross bonded point

345kV XE ¥ EE STAISAML AME e A

Trans. KIEE. Vol. 52A, No. 12, DEC. 2003

sRocRslialo

2Es
Z&ZmJ

Zs—ZmJ

oy

g 5 a2A2Cs X™e S8 =2
Fig. 5 Equivalence circuit of the cross bonded point

e, 1 m —m —(1+m)/2 0 (1+m)/2 E,
e -m 1 m  (1+mf2 —Q1+m)/2 0 E,
Colo| m —m 1 0 A+m)f2 —-(+mf2] (E.
ey 2m 0 —2m —m m 1 E_
ey ~2m 2m 0 1 —-m m E,
e, 0 —-2m 2m m 1 —m E,
6))

e ZimZw

o714, m= Az A3NZ~Z,)

2 (5)dM A4 A0 4 (1)3 & Ax| Aol M3y
2d A 1 222Rs P A 2 AR2AEE AHAAN =4
9 Al A-HZ|ZE AL 4 (6)F & (T)F o) 2 ALE
F At 9714 BA 2 CHe =AAYL Fol),

€., E

e —mE

e 1 - mE

€ 2mE

ey —2mE 6)
e, 0

€ (1-m—3m?)E

e, 3mE

e cc = mE

e, 2m(l —3mE

ey 0

e, —2m(1—3mE @

EE me 2 0.15 - 0.259 gE 7IAER A (6)% 4
(MellMd & F URe] A 1 ZAZ2B=Ho] A2 A
2 32223 Eg A4 €9 oA AR A1SE F A
Al 7t7tE 222BE APM Azdge]l g4 dE
g} olg B =89 AN E AT £ U

223 ESSHASM 7I3-XZE HE5HolAg 714

B ot

2¥ 68 EFFHAATA AT ASEY FEH
Fola 2 (D 2 2AD7] FYAAIL 7tEdz2R

oy



BARFIRLE 52A% 12¢% 2003F 128

FYE 4 e ¥ R0t SUBRERYH =A-
A2zt Agre A (8)F Zol ved F len, Alx-thA]
T AYE A (9% 2H(4).

E —>

c
Zo

=

[

”

A

2% 6 7t3-X15 FS5Ee ooz ¢ §otE 2
Fig. 6 Diagram and equivalence circuit of line—-cable joint

2Z - E
Z,<+Z AR -ZJ(R+Z) (8)

2E-R-Z |R+Z,
Z,tZAR-ZJ(RYZ) 9)

9714, Ex 7IEAz2Ry JA4s, 4 7134 A
A A A Z & AolE EA AR AMYUA Zx Aol
B A2 HA] daida RE HA dFPL ojgt, H| o)
AERoM FolAW HAYLERHY WA} HEote
ARG Apoldle 4 (9)olA Rel &b Stk wiEkA
A2 27, /(Zo+ 2.+ Z,)9) v &2 st

23 7ol oloj m 7iH mEC 24
=AM AlelE Zold wtE YA M A4S
37) 98] 345kV FHAPe] Bl MNubdHE 3
Atk A F dojy ZAZARE YRE nBstd
Zt 2.7km, 4.5km, 6.3km, 8.1km= AA3Pon, A
@71 B4 AL abde] AR ohel &g A
2o fNHEe FALS A, a2 7dMs AolE

Zo] W3l m& vd AZTEE JeEhA).

e £

g

SHan

O 7 HolZ Zo| gslol 2 Y ASE
Fig. 7 Model system with cable length

716

—uaz s e | =4x
;"%m 28247 mm 18.0
g‘gg SHAP mm 58.8
HAHNEN mm 23.4
AZ0BUWSH mm 2.7
YMESH mm 6.0
HAE mm 140
NBETAME Qfkm 0.00915
IHYEEY # [km 0.37
HABANEY we.m 27000

{OF 2000mr 2 %] [OF 2000m &J| & 4

ag 8 AHolg = ¢ MI|HF
Fig. 8 Cable structure and electric parameters

AclEL 29 89 Aol TX9 o) 2000ur OF # o]
Eol AU Hizt vidz THE] glon, FHolg
o] MEA4e 2I¥A4 Azndy a7 84 vgd A7
B4E o83 EMTP/ATPS A2+ A4l T2 I39)
ATP-LCCE &3 A3, A4 doje 300me ¢
AaA s, wEuPA Yoo a2 2By 2734y
AQHA 7 B2 E EALS B A

x 1 Aol Zol HMalol wg Tl HmotHet

Table 1 Switching overvoltage on conductor with  change
of cable length
Hol &g =& AAsjEAsgt
ZA o) 2.7km| 4.5km| 6.3km{ 8.1km

AQL(PU)| 2.14 2.18 2.23 2.15
Fad(PU) | 2.17 2.22 2.28 2.21

E loiMe 238 79 A AZdA HADr] £4A A
o8 Zo] Wl ute} MGy Fade] A HAYste
Ad Zis HAYGE Jeldgdo. B AE Rt e
Ao n& g2 FAge] BP)

A FUHAA Agslun Ye AAFdAd AQHA ER
A 154kV AEe ZA§ 2.8(PUJ°IH, 345kV A2
2.3(PUIE B4z Utk £ =5 FED Ax A A
o FAgte] 2.3(PUIE 23317 &3 Yt}

—&—Phase A
——Phase B

I
L —&—Phase C B

|
|

S/s  # #2 #3 #4 #5 #6 #7
dazy
aE 9 27km M2 4 HEEAM AA-UiX|ZE Mgt
Fig. 9 Voltage between sheath and earth at the cable with
fength in 2.7km



8000 S ———————————
—o—Phase A

5000 J— I —M—Phase B i
—&— Phase C

Al ARIITLV]

SIS #1 42 #3 #4 #5 #6 47 #8 49 #10 #11 #12 #13 #14 #15
MzP2t

33 10 5km M& 2t HEFolM AMA-X|ZF M
Fig. 10 Voltage between sheath and earth at the cable with
length in 4.5km

a8 11 63km ME Z H&EEOlM AlA-ChX|ZF Mot
Fig. 11 Voltage between sheath and earth at the cable with
length in 6.3km

[T le—PhaseA .
\ —4PhaseB !
| -aprasec§

§ § 5
% ;

| !

| '
\ |

!

|

|

i

|

AARZIHY(V)

et s oam
HaPY

08 12 81km M2 2t YKEo|M AlA-tfxjZt M
Fig. 12 Voltage between sheath and earth at the cable with
length in 8.1km

a9 9 - a% 12% #AelE dojst 4+ 2.7km, 4.5km,
6.3km, 8.1km<l Al Bl 27l £UA ZF F&F A2
71 He dAdde ZvE Jehgdch. a2gdMHE A9
@ FHHESE AzodA Hd FAgte] R glow R
o #4E HAPHA Y dgoz Alxd dAFHE A
H BRG] A7} BAhsteE S4E Rolxn Ut} E=d F

345kv ZF o EE STASAML ME npHel sHy

Trans. KIEE. Vol. 52A, No. 12, DEC. 2003

Sg&Rd WAe HY AN FAge 37E A=
ole] wasted Z7bat Utk

7

6 [
T - —
De
T4 b—
Bl Y
0]
<3
<
T 2
ey

1

0

27km 45m 6.3km 81km

#ol& Hol

a3 13 #HiolE ol Hatof w2 2o AlA JHH BpH e
Fig. 13 Maximum sheath switching overvoltage with change
of cable length

23 13904 E 7 Aol EA dAHe A Ala-dRA
AgE vwsted et addA-E 8.1km A=9
ZAHLERAM 5 77kVe A FAGe] A9 tiz] Aol
wAeta glom, AlolE Aozt FUME4E AV AR ¥
olle AFE Holm g},

IEEE £ IECAAM Aotz e EF ¥ J¥2 7Y
9] BF AIZEE 12019, BE V¥ ¥ 29 BF AL
250ps°]tt(9]. o|AYH A dd2ae H dE2d vE 4T
# 98E 7Y dEse &AL wg A iEd
Ad2e wA7IR 2 AFATAAE Ad AT | AR
d wig] A=Re v Gl vl HA veEhdrh. sy
AZEAAEY] A2oAe SVLY F2MAIAL olde =
Aol B = lon M AL HF A7ko] o A
Ao va) 47] Y ] E& ALIME A2 miae o
T2 &+ =A JdElhE £ k. §3] AolE AFely %
A R FPE = v Py RE 5, = Al
o WA E Atole) A FZo] <kl o] Alx HEo] Rz
2E2E AFFHAZAA JH AR 4G A5 stdg
2e =R EAGY AYAR A& Ama Fo] wAY
7t sitkz AtsE,

24 32A2E XFEolMe x| Hat M

a9 594 e AXNY 2z2ARc g=4E 53 A9
T A=A WMol JFoz HAFRAE o9 2819 Ago]
dASHA €9 oebd IuYedMe o Ee Jiw dda
5o oldZGe] AYE u AolE: AT AT WS
B3 E 98 A5 B3R (SVL:Sheath Voltage Limiter)
E AMgsta oy, SVL ZdAwrdd mek 2 149 e
x| 7t WA 3 mEH ] o] £2 o]l&H: it

dukA 0 2 154kV A E4AA S AL&H= SVLY &
AAI AL 3.5-5.5kV0oliL, 345kVelle 5.5-7.5kV F3t 7)A)
Aty &2 9™ A AFAA 14kVelste] AMBALE 71x]
£ SVLe] AlgE 3 Ut

7



BAPWIRHEE 52A% 125% 2003%F 12R

SVL

—
. (i
=

-
= CHIRkgl
a3 14 SVL ZH Y4

Fig. 14 SVL connection types

mata SVLE Alxo] ¥ Aol TAHE Agnrg
olu ¥ Al FUA e AFASt ojFE A2t WY
e HAE0 ALE ARANZ F oy, AdFAcz T
Agel Z717F &L A AX2Z AT TSt TN
AT AL A F&A dok. 2z A AR IF
o2 93 Alxd Jehde AYGE 250/2500us9 3 A
SANFES Al2d F71Bo 2 A|&A Tl A4 FFS
nd & glh,

Agt719l AFEPo) o|FojRle IEFEHABTAME o
T AE FAge] FIFS Ay Yl Add] FAXT
< AAsld &gz deud, AFFHAFANE YA
3 AXd g =go| dZHez HLHD YA Yok F
3l 154kV AF4AAZAME A9 HE&5H3z YA o
9, 345kV AFHAAFAANT I8 H2AME BYAFY
o] Xl oy, EYAF glo] £MFK HEx Ye
Aoz Jehta .

weta 2 =8 345kV A EFAAE g F
4 AXZE FARE o FYAY FHLo) BE N At
9] 9L BAFAT

25 TeMg Hgol mE A2 et

E AN e FYAY &g u E A JFS
chekstAl EAsE. 28 1594 RNA(E)7F F4= o)
nEld Azg AYF o Fr1E= 5 el FUAT
1A BFE AR F A97] B2 10ms oA 535t
o Ao vlxlE= WAe G 4] (10)F Zol Yeid &
ATt

o ’ ﬂ}c ¢ i} %) O3
]—-—G}J ‘
R o

E : input surge

M : main circuit breaker
A : auxiliary circuit breaker
R : preinsertion resistor
Z : surge impedance of the line
Oy 15 FUANME MBA St =2
Fig. 15 Equivalence circuit of line applied with preinsetion
resistor

718

_ Z

d714, Ece FUAT 22 Hd2d njale A2 A
olg & (10)dIXA A A=l vlAle AA AGL FIAE
(Rl 98 ZFadS ¢ 5

T 2 8.1tkm MzolM FLUXeol e oA e o™t
Table 2 Switching overvoltage of conductor with preinsertion
resistance at the cable with length in 8.1km

4G | =

20084002 | 6002 {1,000

X A A A A A

2.15| 122 | 1.44 | 1.62 1.95
(100%) | (56.7%) | (66.9%) | (75.3%)

HuAA A
EE
(PU) |

(90.6%)
221|124 147|167 2.01

(100%) | (56.1%) | (66.5%) | (715.6%)

(90.9%)

E 2= 198 79 8.1km #AolE AR 200Q, 4009,
6002, 1,00022 FAAG | e} Ao LAyste Y F
AL YTt E 204AF B4 Fe) 2Aste A
i FALE FYALE DS YolE 345kV AFER
ATe) AAMA ZTEAQ 2 3(PUIE 2343kA ok, 600
@ olste) FYATE 2AY A AAVH Faido] 24
S v HAYe 27le 4BRE ALY ¢ 5 Atk

7000

—-Ng e
5000 8- X2 2000

\ -4 F2 4009

| e-xE0Q |
,._m L% XEH1000Q '_
A S
[}

SS M 2 0 K #5 K T R F A0 A1 A2 NI N4 N5 N6 AT NB N9 N0 1 122 I3 R4 15 06 1T

dE2Tet

a8 16 8.1km AMZoA FLM e WE A|A -CfX|2}
et

Fig. 16 Voltage between sheath and earth with preinsertion
resistance at the cable with length in 8.1km

28 1694 2¥ 79 8.1km A2dA YA A&
o wa} Alxe thAjAleld] WAste FARAYLY FFE
JHz2 el aAMNE EYAge] g& o A&
9 FaA&RgN YJelvde 5.77kve FAGE FYA
g HEgoz AAEE ¢ F A FUAY fol mE F



dRHERe] AR AGE 4 200Q904 1.19
kV, 400914 & 2.2kV, 600Q49dA+ 3.1kV, 1,000Q
qMXE 4.3kVE ALEE € ¢ Utk ol TP ggo] 4
A= e BxFHe FHA B oA FAFoZH
Aze Ade A4He dFos wadnt. wax FYA
ol dAe AFFHAA2e A2AE A= 4P
7198 & UE Aoz 2o,

3. ZRSHASOIME HA HHe BN

2.249) AolE o] ¥ate] & s FHY XS F
g Aele Aeirt S/ W EA R Al 2AYHE
HFAGE F/HEE € F Ao 2 5AAYY HLew
AolE AlF T A FHAYe] v+ AddEn. &
FolMe dA SHdA AFY 345kV EX}FHFAEES
e Adr] F4A 23 =AY Ao HAGTH
FAAYS 2P B9 AZE}E AEHAT

3.1 23A4F

2 =N 2dad THEAAES oA AA &
AEQ 713X 2 345kV ACSR 480mrx2B, 7.19kmse}
Ae el Azbjgz T4 Ho) e OF 2000me] A
23%0] 8.98km¢el XFAZ7 £ e AZeltt. 2
P 1794 E M2 ABE B AR 7 AATAS
B Roloh,

ASS

#1 A2 #3 g4 #5 R6 47 #8 N9 410 #1  #12

TR
e

O:N
@D :uW

:mbaﬂng wowow : overhead line (7,193 ki)
=L : direct grounding e : pover cable (R981 k)

a8 17 EE8¥AEe 2 Asx
Fig. 17 Diagram of combined transmission system

32 AlgolM AR

2 =RAAE Aol ol BE AN AR A¥3
7) A8l 345kV FBALY Pawe AW Az dgon
2% 179 A §/Sel A27] FYA BASE EASG Ala-
WA HALE FHAAY. EXSHALEE AZEAAE
% wAAE HERge Ad Arls} EhaD A
27k ol RoiXA @7 WEe] A Ao HAFE 3
WEs AEY AR E RS Fsteh

FYAE BAA ANIYS ol gagen, F Aus]

345kV X|E ¥ ZE STASNAML HE 2T a4

Trans. KIEE. Vol. 52A, No. 12, DEC. 2003

o Y BUAIZL 0.02(sec). EFBAE 1{ms)= 4A
B3, BUAT Bxe FARIEE 3t 2003 HEAL 3
Aot

24 '!W—_O:Phase Al
| —#—Phase B [
z 2
31 ‘E;””/“'
%118
=]
w0
* 16
<
T 1.4
)
12
1

Sendingend  LINE/CABE Middle of  Receiving end
Joint cable

38 18 M2exlo mg 2z oYW T 7y mEet
Fig. 18 Conductor switching overvoltage of each phase with
location of cable

a9 182 EFSAAEY A2 X 0 4 Jd =
Aol dAste A FALE Gehlide. Aty =27
£ A S/SHA Reidez A48 Frieta glon, A 7Y
#H HAgL BalddlA 2.27(PUIE 345kV AALA EEA
< 2.3(PUIY ZA3stm Ut

6000

-~ Phase A
- Phase B
5000 -&— Phase C

4000

3000

(A2 - V]

Al
g
d

1000

0 \

CH ¥ 2 # 46 # 48 #0 #1 #3 #4 HE A7 M9 #D 42 D #5
i

a8 19 #Hol8 wZiel Z At AjA-ofx|Z} 248 2PNt
Fig. 19 Switching overvoltage between sheath and earth of
each phase at the cable section

3% 1944 A S/SUA4 A7) RYA Aoy Tl
7 Nza-gA e 2Aste A BAE adzE Y
WA 2FANAY Az-dA BAGE C/H FRHS
2o AzdA 4.8kVE Hu BAAgel A71dn AYdoE
248 BAYe A7le YA Fhdte SYL Boln 9

o,

719



WMABWIHLEE S2A% 1288 2003%F 128

33 5N g X gol ot o =AY

FAAY FEA AYHAL FHH T 10ms ol
TEste Aoz dles EFEAAE 0.7ms °l3L, FYA
g2 2zt 200Q, 4002, 600Q, 1,000Q% ALt

2.5
2 .//3 P
— N A A
g —
115 7 - »
&
LY -+ ——————¢
g
g
2 ~o—2000
0.5 ~- 400Q
—A— 6008
—-o—1000Q

Sending end  LINE/CABE Joint Middle of cable Receiving end
Hzpzh

a3y 20. £UXE Mol uE A sl DM
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resistance application
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