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Operation Effectiveness Evaluation According to Conductor Transposition
Adoption in Underground Power Cable Systems
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Abstract - Length of most underground power cable in nation is not so long. Therefore it is operated without conductor
transposition due to low unbalanced ratio. However, if cable length is long, line constant of each cable will be different.
Different line constant can induce unbalanced voltage and current of sheath. Also it can induce several induced
interference. This paper describes the operation effectiveness through steady and transient analysis on transposition and
untransposition of cable conductor. Especially sheath current and induced voltage are analyzed and compared in case of
transposition and untransposition. EMTP is used for modeling and analysis.
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Fig. 1 Cable laying types

ix 1 XLPE #Hlol& «&A
Table 1 XLPE Cable standard

=z 7 g =
Holg &7 154kV XLPE 2000mm?
Aol £xZ 6.99cm
== Z 2.69cm
XE&M™70lE 2ol 2.7km
Ye 2 L= A (D3 2ol FAdTH9]
] 1 n ) 1 [J
Li(,) = (0.05+0.4605log;)—) + Y (0.4605l0g,,——)— 1
= D, 1

AAAM Gl zk 4 AR 1, AN

Ad De ve3 2

Li+L+1,=0 Li=—(,+I,) r,=r=r,

Dnb Dbr Dra_ D (2)

21 (2E A (Dol tigshda vdztel A A Az E A 9
A9 ~= 2 3 o] A &+ Ut

1. Ip+1,

, 1
Li(y)= 0.05+ 0.4605l0g;, -+ (0.460510g105) 7.

D
= 0.05-+ 0-4605l0g,,— [mH]km] (3)
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D,
= 0.05+ 0.4605log;, T‘ [mH/km] (4)

4714 D Jekstd WEAY GMDE g ol
3

D, = /D, Dy Dy, 5)

ARALE BAANAE A7) Wiel A% D, =D

7F Hol A (6)% 2ol dn

L =0.05+ ().4605logm$[mH/km] (6)
5 A AL AS wAziAel A (37 Az A
6) A Fdsky] wZol A7F fel whE Aol
2 ik

1 1

L= 0.05+0.4605l0g,, -+ (0.460510ng—)]— (7
AB A

1 1s

5 _ ) —

+(0.4605log, , DAC) 7,

1 11
Ly = 0.05+0.460510g;,— + (0.4605log, 55— D, ) [A ®)
BA “B
1 1o
+(0.4605l0g,,—=—)—
v D, BC ]B
1 Iy
L= 0.05+0.4605l0g;,— +(0-460510g, ;75— D )T 9)
cB c
1 L
+(0.4605l0g, )—— e )I—A
C

27, 8 2 9 47 A B ¥
g og olﬁ aho] Zpgzrel Ql
?"—_]'— T /\]E]' = o A

lor dA ﬁ thu] ZHde] Figte] Aols %E ey
o Qb5 Weohx

_ Loy ) < 100 (10)

ym;g

y(wq
E 2% ek olug g WY mE QEds By
of WAF] AFHE AT AA ALHOE FFS
A, 3N A7 7kl AT e dgEs ¥

Hago] FHu 7.25%(-2.42%~4 .83%) T

637



M7|&s=2X 633 5% 20144 58

E 286U HEA EHYEE Yz g5yl 2AsHA Hd =4 A2t Zs gdds

Table 2 Inductance unbalance ratio in case of untransposition. X 7 Aold =A AF vz st AolE A
SRS UEESE o Alzel 32 AR =W gol BAste] o= F ?MW
- [mH/km] [mH/km] [mH/km] - 2 w9 ARV fredd a8y =4 ke Asdes
A 0.9327 0.9327 0.9327 -2.42% A LAY 7 3 YEl: B EC] ZAdA ¥ o
B 1.0020 1.0020 1.0020 +4.83% of wel Ao ae wA AlazF AE gdEH s w2
C_| 0937 0.9327 0937 | -2.42% o] gadd Ao

E 3 UtA oHE A 2EHYEE X 1I(1+d* +a)

Table 3 Inductance unbalance ratio in case of transposition. = (R +jx,)B1) 12)
N | ETZO 2T 2HM) 2FZHN) swss
- [mH/km] [mH/km] [mH/km] c 371 M Rg+iX, o A2 Ao e A[0/km]
A | 09327 1.0020 0.9327 0% X, EA A2 45 2982 0/km]
B 1.0020 0.9327 0.9327 0% I FAlolE =x AF[A]
C | 0937 0.9327 1.0020 0% iigi B Azo] s2E AR[A]

sa’ Oﬂ B
Lmn @ 22 B2 &3] Zol[km]
23 SEUE(NHA) A olEEA BY

3. AHolg = I w@A A EMTP 22 2

FHEMddAE A (N6 FH 9& AHE&sA veH

2t 3.1 Aol T I} w4
E 40O oS X SHYE O9 2% B omRelA AREw AolEEA vt WAL =
Table 4 Inductance unbalance ratio in case of untransposition. 233 Aor AR~ B Hxlo] ALwH XFHHA
L7ZHD) | 272HM) | 272HN) _ z = d
& =4y E
[mH/km] [mH/km] [mH/km] %
A 0.8634 0.8634 0.8634 -5.08%
B 1.0020 1.0020 1.0020 +9.22%
C 0.8634 0.8634 0.8634 -5.08%
ki 5 A7tA| QIHEHA EHYE

Table 5 Inductance unbalance ratio in case of transposition.

o | =TT 2T ZHM) 2T ZHN) o
[mH/km] [mH/km] [mH/km]

A 0.8634 1.0020 0.8634 0%

B 1.0020 0.8634 0.8634 0% ag 2 Holg TAl d7tekal

c 0.8634 0.8634 1.0020 0% Fig. 2 Cable conductor transposition
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Table 6 Differential ratio according to interval length variation.

S2AEE Cf#2 e
ezt Zolm] HSE
277H) | 272M) | 272HN) e
300 300 300 0
300 3225 2775 5
300 345 255 10
300 367.5 2325 15
300 390 210 20
300 4125 187.5 25
411 HAZIH (XM H 7 4)
ZE AR gz B o] A gle A E T
)& EMTPE o|-&3te] =dd sttt
X7, % 85 MuEANE Ay AVAlet nATAl o] A
A 2=H 7o atol7 ALl gle RS A F Ut o=
Az g el A9 7 AolE AuAYIE sdsy A=
2 B A s ARG wEe] AVRAY E YR
EHYPE A ol50] gtk wukA AiAwide A9z
TE WE A=AF Aol A9 vt
E: 7 HIATIA A|AMF
Table 7 Sheath current in case of untransposition.
iseEs AlA M RIA]
[%] #0 #1 #2 #3
0 3.65 1.87 1.86 3.51
5 7184 74.86 73.14 7212
10 146.57 149.54 147.86 146.96
15 221.41 224.32 222.69 221.98
20 296.40 299.38 297.57 296.65
25 371.53 374.40 372.41 372.01
4.1.2 ZZtH A (B2 4)

Az Aol A 19 314 i ksl o] mlte] u]

A E&H70IE2 ZAHATHLA 2 SA

fol

2AM
S

0kl

7t
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Table 8 Sheath current in case of transposition.

AHEE A2 HRIAl
[%] #0 #1 #2 #3
0 364 1.86 1.89 363
5 71.05 74.06 72.33 71.39
10 146.62 149.61 147.79 146.90
15 221.44 224.38 222.60 221.87
20 296.42 299.30 297.48 296.81
25 371.45 374.36 37243 371.90

sto] A7FAl A E 5%0A oF 833%9] AladF AgEI
Rom ) 10%e A= 7.99%, 15%°A+= 853%, 20%°lX =
8.46%, 26%° A= 8.9%<] A&EA7E ek etk 0%l A
N2AE 712 5 A ¢glom ol Iz AR v
19l 49 &73e dol7b Fdsty Al=dF7E g A
+Ay } | & o]t

r'“: J> i

oll

——H|H7
200

= —— 07
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Fig. 3 Sheath current in case of conduit type.
4.1.3 THuj L (Fojj&l)

5E 5%l oF 1892%9] AlAMF AFay glom X
55 10%oME 14.78%, 15%°lAE 15.74%, 20%°)A &
14.91%, 25%°1 4= 1569%<] Az &7k ek 22y 0%
e A2AF PFa G A9 gloy o 4em Y
A AR HAY 44 $ 2k Aoyt FdEH Al
27 F77F - A

TR Gl = 29 49 o] mdTbel Mgkl A7A]

——H2%

~ 200 -

1
0% 5% 10% 15% 20% 5% LEEMm
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Fig. 4 Sheath current in case of direct burial laying type.
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Table 9 Hybrid laying type.
Iz2A BE o722 TAHE

Case 2200 =7 2HM) 272N

Casefl 2| of =2 s

Case? Zof =l of e

Case3 2 2 T
E: 10 28t=d M&ezt Zolo e S8

Table 10 Interval differential ratio in hybrid laying.

FEAEE f327h A=z
Haets dolm) :
ET200 | 270 | 277NN (%]
300 232.5 367.5 -15
300 255 345 -10
300 2775 322.5 -5
300 300 300 0
300 322.5 2775 5
300 345 255 10
300 367.5 232.5 15

0% 5% 10%

15% XS

a3 5 XASEO U2 AlA
Fig. 5 Sheath
ratio.(Case 01)
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Table 11 Reduction ratio of sheath current(Case 01)

== H| 04 7}A| o1 7HA| <
° INESSESTY Al AT RIA] -
-15% 4145 330.12 20.36%
-10% 439.17 350.03 20.29%
-5% 467.94 372.3 20.44%
0% 501.39 400.59 20.10%
5% 528.84 428.31 19.01%
10% 561.11 464.37 17.24%
15% 600.53 502.21 16.38%
AAH o7 -15% ~ 0% 7HA AZES dAAL 0%

AL Az AZEC Faddth ot ATHN) A
g7 porel AHon ATHL) AuMTAT ATLM
B2 Pkl Wetd PasHA Azt AolA ALE
o] Zagrim ere ol

—

d

422 Case 02 (Z|of+& ojj+72{ )

"

——
—+—u| ¥t
 ao0
= R T
S

-15% -10% -5% 0% 5% 10% 15%  XESEMm

% 6 Casel2 At&E0 ME A|A™F

Fig. 6 Sheath current according to the differential ratio.

(Case 02)

a9 6 Au+u+Ag T EFEAPAY A2AFE
AzbA gk A7kAe] g mastel vebd Aolth A5 &
o] A3 flv AF AV A=A FE HATVIA A=A/
giH] 1949% A7 ARew 1 9 AEE g 7
28%E #F 124 eI
E: 12 Case 02 A|A™F HZE
Table 12 Reduction ratio of sheath current.(Case 02)

ASE H| 21 7HA] o1 7HA] NLE
-15% 463.37 343.89 25.79%
-10% 473.01 358.02 24.31%

-5% 482.61 381.41 20.97%

0% 507.24 408.39 19.49%

5% 562.60 44573 20.77%

10% 617.69 485.44 21.41%

15% 674.01 527.64 30.64%
25 g0l F4E HAZIA e v|Ete AVFA] A=A F A

FEE Ay AeEC] 0%l ZPhess Als AEo]
Sl o

s Ae &+ AT ok 0%l “HTEZ B Yol
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Fig. 7 Sheath current according to the differential ratio.

(Case 03)
= 13 Case 03 A|A™MF NMZUE
Table 13 Reduction ratio of sheath current.(Case 03)

ASE H| 4 ZHAI Q1 7HA] NUE
-15% 363.77 305.48 16.02%
-10% 372.67 318.96 14.41%

-5% 390.51 343.45 12.05%

0% 413.40 375.10 9.26%
5% 463.86 41254 11.06%
10% 515.43 456.29 11.47%
15% 568.27 501.64 11.73%

Oy 7S BEReBRAYT EFEAYAY AN2AFE
W AZA S AZbAe AS slAlste] AwE wlad Aol
a5 g0l W flv AS AVAl A=A FE HATEA Al
AR A 9.26% HAENIE Ao 1 & AFE ue
Faadsde £ 130 YEUTh ASECl S5 A7HA
AN2=dF ARFELS Ay 2A5E] 0% 7MEFs A~
AzrEe] fHAaTS & F Avk

5. =ntMet By

51 =4 7 g

2 =RoAE AelE A7t Aol Wl HIAAJES
s4s] Astel 1Y 89 2e A 2 FEA AN

XNET/L

28 8 A MF 2y

Fig. 8 Lightning current modeling.
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Fig. 9 Sheath current at each point of cable.
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Fig. 10 Sheath induced voltage at each point of cable.
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