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A Study on Energy Characteristics in Transient States
of OF Cable Systems

Byw 2EG - GES -FwFET-F RS
(Chae-Kyun Jung - Jong-Beom Lee - Je-Ho Seo - Ji-Won Kang - Dong-1l Lee) K

Abstract - This paper reviews the energy characteristics of oil filled cables in transient state such as grounding fault
and lightning surge. Artificial grounding fault test was firstly performed in 2003 for the analysis of arc voltage and
breakdown energy according to the fault current. In this paper, energy of OF cable is variously analysed at joint box
based on the actual test. Then more various conditions such as installation types, section lengths and CCPU(Cable
Covering Protection Unit) connection types are applied for the simulation using EMTP when the single line to ground
fault and direct lightning stroke are occurred on actual underground power cable systems and combined power cable
systems, respectively. Finally, the energy by the length of crossbonded lead and grounding lead as well as fault lasting

time is also calculated using EMTP simulation.
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Fig. 3 Breakdown energy at the joint of actual test
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Table 2 Source impedance according to fault current

FAF A(GEElR] FAElQ]

10(kA] 1.6002 + j16.0038 3.6576 + j36.5814
20[kA] 0.889 + j8.891 2.032 + 20323
30(kA] 0.5334 + j5.3346 1.2192 + j12.1938
40[kA] -0.3947 + j3.9476 0.9022 + j9.0234

E 39MAHRE AFAYE 2Y 49% #97 s Ha
dquxE  BAE 300kl =Eds Ae nFAF
10[kAJN A = 1.3[cyclelel T, 40[kAlI A= 28 0.18[cyclel
2 BN S

=g AAF 10KAIIAM 1000k]17HR1 9] =g A7
43[cyclel2 A7l FRHAL ofFAAT  20[KAINAE
1.37[cyclel, 30[kAlel A& 0.7[cycle], 40[kAlel A= 0.32[cyclel
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YRR AdA Ad7] F32 ojHel HLEo] BF HF
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Table 3 Energy occurring at the insulation joint box of fault
point "
TAAE BAHE A B AlzHceycle]

(kA] 1000kJ) | 300[kj] | 500[kJ] | 1000[k]]
10 0575 1.3 2.246 436
20 0.21 0.58 0.79 1.37
30 0.15 0.23 0.3 0.7
40 0.12 - 018 0.224 0.32
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Fig. 4 Analysis model for ground fault(GM-1)
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Fig. 5 Connection diagram of CCPU
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Fig. 8 Generation energy of CCPU in GM-1
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Fig. 9 Model system of GM-2
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Table 4 Source impedance of GM-2

wRa |4()eR 99ualel| 938 dvdalal]
A S/S 0.36987 + j3.22225 0.79686 + j4.33291
B S/S 0.40554 + j3.32187 1.05299 + j4.48232
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Fig. 10 Energy of CCPU in GM-2
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Fig. 11 Model system of GM-3
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Table 5 Source impedance of GM-3

MAE |BEDAE dsldalol] 94E 99d2(Q]
A S/S 0.33202 + j2.687 1.19765 + j5.9124
B S/S 0.34625 + j2.86726 1.25694 + j5.97406
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X 62 1% 119 GM-3 24, #2 T/L9] J/B #2, #10, #14
A 14 Agngoel BAYE W HAFTRIFA Z4gy
of mzt HAFREFA NN BYstE ouA AdAoct
F 6NMAYH dAZPHPAG e Hd 2FEPAY -2
olx 259kJ1= A Webgtov e At oy

x 8 GM-3 2ol XM ¢ IBAZE 2/EM %
M Bt of L X (ch X| 2HE X| kAl '

Table 8 Energy that occurs on grounding and cross-
bonded lead of GM-3(direct grounding type)

A 4xe wEd Hgon 4 TAAA S48 ddEns A=dgol § Im kN | SmkDl_| Sm kil
329 JuA BEE %4 SR DAA L&A 7 4lcycle] 4{cycle] Alcyclel
/B #1 3.29 9.88 164
1/B #2 356 107 178
E  6GM-3 2Ye HoASEIEA ofux AuH /B #3 0.25 076 1.3
. . /B #4 0.26 0.77 1.29
Table 6 Energy calculation results of CCPU in GM-3 /B 6 095 076 13
2391 || #2T/L J/B#2 | #2T/L J/BHIO0 | #2T/L J/B#14 J/B #6 0.05 0.15 0.24
J/B #7 0.19 057 0.95
T/LS  |#2T/L|#1T/L | #2T/L | $1T/L | #2T/L | 1 T/L /B #8 02 06 1
] 11 ][539 [ 065 ] 044 | 038 [ 022 [ 019 J/B #9 0.02 0.06 0.1
=172 67 | 06 | 046 | 032 | 03 | 006 J/B #10 0.26 0.79 1.32
#1154 [ 067 | 048 | 044 | 028 | 03 | 008 J/B #11 0.26 0.79 132
B 7155 [o6s [ 036 ] 056 | 019 | 035 [ 018 J/B #12 0.03 0.1 0.17
A 17 || 09 | 051 | 096 | 007 | 04 | 045 J/B #13 0.11 0.34 057
A{ 18 o7 05 | 111 | 022 | 074 | 06 J/B #14 0.11 0.34 057
w| 1310 [ 156 | 087 | 26 | 034 | 1.16 | 093 J/B #15 0.01 0.04 0.06

RIS 03 | 026 | 051 0.33 0.59 0.36

IJ13 | 031 [ 019 | 048 [ 031 17 0.31

1J14 | 027 | 0.07 | 043 0.37 341 04

1 259 21 151 5 220 84

1J2 230 1.7 141 44 140 70.3

A 1J4 187 | 46 152 7.6 768 | 57.2

] 15 7 80 | 116 50 111 | 547

A7 178 | 196 | 437 | 351 66.6 50

2| 1J8 579 | 208 110 0.2 108.1 79

wr | I1J10 || 926 | 208 | 938 1.01 44 0.7

A [ IJ11 203 | 402 | 749 0.2 51 252

x)
k)] IJ13 || 51.1 | 105 | 653 0.4 70 0.2

1J14 || 262 | 9.8 37.7 0.3 66 0.3

I 7 GM-3 2dlo] HXIM 2 IARARE 2|=EMo &
M et= ol X(m =] & Xl gk

Table 7 Energy that occurs on grounding and crossbonded
lead of GM-3(bridging non-grounding type)

g=Adol 1m [k]] 3m [k]] 5m [k]]
DA &A1 2L 4[cyclel 4[cycle] 4[cycle]
J/B #1 0.44 1.33 2.22
/B #2 3.42 10.2 17
J/B #3 3.19 9.57 159
J/B #4 0.1 0.52 0.87
J/B #5 0.1 0.52 0.87
J/B #6 1.63 4,89 8.16
J/B #7 0.18 0.55 1
J/B #8 0.17 0.54 0.9
J/B #9 0.008 0.02 0.04
J/B #10 0.3 0.9 25
J/B #11 0.3 0.9 15
J/B #12 0.02 0.06 0.1
J/B #13 0.14 0.42 0.69
J/B #14 0.13 0.4 0.67
J/B #15 0.13 0.08 0.13
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Fig. 12 Model system of GM-4
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Table 9 Source impedance of GM-4

Az [EDHE Judr(o]] 9¥E duarlo]
A S/S 0.4403 + j6.2118 1.4994 + j10.3649
B S/S 0.5831 + j7.8302 1.9278 + j14.2381
35 ¥
—o—J/B #2
30 % - J/B #7
/\ v JIB #14 k
25 —8—J/B #19
el
s sl
5 15 \
10 wanine e
e
5% - *. = | :__ A )

N N2 K4 W5 7 W8 KI0 WIT I3 14 W16 N17 W9 16200 122 W23
H&e

33 183 GM-4 2| HASHSAEX ofudX| AHAA 2}
Fig. 13 Energy calculation results of CCPU in GM-4

23 1398 GM4 2de Z 339 wE 4%
B35%A dUXE velddet oM E 2gR HelA
AAERZFAA Y A U 31kI7AA dEddey,
AP A viwdd dodez e golth Eg
AN B az28s =AM gAsE duAes & 99
A E mAo] FAF I/B #14 A HY A2 AR 7 Y
AN FdHoZ ¥& e Bojy, My Zojg 23R

&A1zl FARSE FolAR gk

x 9 GM-42] HXIM A FzARC 2I=M oldXl A
2 (DERIX] - /B #14)

Table 9 Energy calculation result of grounding and
crossbonded lead at GM-4{fault point-J/B #14)

g =X7o) 1{m] 3[m] 5[m]
e
EX‘EZ', Cﬂle? T o4 o5 | 4 o5 | 4 | o
J/B #1 017 1.3 0.52 390 0.87 6.56
J/B #2 0.18 1.38 0.55 4.10 0.97 6,92
J/B #3 0.01 0.08 0.03 0.26 0.06 0.43
1/B #4 0.16 1.24 0.50 3.70 0.83 6.21
J/B #5 0.16 1.24 0.50 3.70 0.83 6.21
J/B #6 0.02 0.15 0.06 0.45 0.10 075
/B #7 0.21 157 0.63 4.70 1.0 786
J/B #8 0.22 158 0.64 4.80 1.0 8.06
J/B #9 0.02 0.14 0.05 0.40 0.10 0.69
J/B #10 0.22 1.69 0.67 5.0 1.12 8.46
J/B #11 0.22 1.69 0.67 5.0 1.12 8.46
/B #12 0.93 7.0 2.80 21.0 4.60 35.0
J/B #13 1.90 142 570 42.8 950 71.4
J/B #14 2.80 213 850 64.0 142 106
J/B #15 1.28 9.60 3.80 287 6.40 48.0
/B #16 0.30 2.26 0.90 6.70 1.50 11.2
/B #17 0.30 2.26 0.90 6.70 150 11.2
J/B #18 0.01 0.11 0.04 0.35 0.07 0.60
J/B #19 0.30 2.20 0.88 6.63 1.50 11.0
J/B #20 0.30 2.20 0.88 6.63 1.50 11.0
J/B #21 0.007 0.05 0.02 0.16 0.04 0.30
J/B #22 0.24 1.77 0.70 5.30 1.18 890
/B #23 0.22 1.65 0.66 490 1.10 8.30

OF 70l A& R=AefAl oidX] S HE
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Fig. 14 Waveform of lightning current
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