HX|F2AAH
HelA™M 2

7|8t XI55

25 N

HAS S8 EEN
57-2-4

Fuzzy Inference System Based Distance Relay Algorithm Development for
Protecting an Underground Power Cable Systems

By EE 8w
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Abstract - If the fault occurs on the underground power cable systems, the fault current on the sheath has an influence
on all sections of cable because it's returned through earth at the directly grounded point and operation point of
SVL(Sheath Voltage Limiter) on each insulated joint box. Therefore, the earth resistance and the operation of SVL have
an effect on the zero-sequence current, and then the impedance between relaying point and fault point is increased. That
causes the overreach of distance relay. For these reasons, the distance relay algorithm for protecting an underground

power cable systems hasn’t been developed till now.

In this paper, new distance relay algorithm is developed for protecting a underground power cable system using fuzzy
inference system which is the one of ACI(Advanced Computational Intelligence) techniques. This algorithm is verified by
EMTP simulation of real power cable system, and proves to effectively advance the errors
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Table 1 Impedance data for real power cable systems
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' f i 0.9 30 J0.0369Q | 0466 | 0149 | 0.0326 | 0.0474 | 04201 | 0.086
: : i km | 60 | Xecwa | 0406 | 0149 | 00326 | 0.0479 | 04291 | 0.086
; 1 = 0.063Q
: p— 3 S YEC 90 0466 | 0149 | 00326 | 0.0476 [ 04201 | 0.086
(IR s R E) : e 0 Ruw | 0489 | 0202 | 0083 [ 0129 | 0407 | 0120
: i ol 30 0.082Q | 0483 | 0202 | 0083 | 0140 | 0406 | 0.120
; ; 60 Kacrual | 0489 | 0202 | 0.083 | 0140 | 0407 | 0120
; =2 i 90 | 0148 | 0491 | 0203 | 0083 | 0142 | 0409 | 0130
[ e B 0 Ruaus 0510 | 0251 | 0123 | 0202 | 0387 | 0041
| Caleultion Alprichm 3 3% 30 (01230 | 0509 [ 0250 | 0122 | 0199 | 0385 | 0040
: ' ' 760 | Xeowa | 0509 | 0252 | 0124 | 0204 | 0385 | 0042
: : 00 | 0212 [ st | 0249 | 0121 | 0199 | 0388 | 0039
| 0 Ruuer | 0535 | 0304 | 0166 | 0299 | 0371 | 0024
! : Al |20 J 01640 | 055 | 0304 | 0265 | 0298 | oart | ooea
i | 60 | Xeowa | 053 | 0303 | 0166 | 0208 | 0371 | 0028
T 90 | 0289 | 0535 | 0304 | 0166 | 0209 | 037 | 0024
: i [semapnsance |——— smaern 0 R | 0560 | 0354 | 0206 | 0.344 | 0.385 | 0004
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ; K 30 o20se | 0360 | 0355 | 0207 | 0345 | 0355 | 0005
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90 | 0.35Q | o560 | 0.354 | 0206 | 0344 | 0355 | 0004
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Table 5 Impedance at the relay point(Earth resistance:10)

. RO =B

23| 22 | ... | 2xaz zage | el oA

o3 |91 A A gE [actual-old] | [actual-new]
° Rag | Xog |Reee | Xt R | X | R X
0 R | 0301 | 0145 |0.0326] 0.045 0.4641] 0.082

0.9km 30 0.0369Q . | 0301 | 0.145 |0.0326( 0.0490.4641| 0.082

) 60 Kactual - | 0301 | 0.146 |0.0326| 0.0500.4641| 0083
90 | 0063 1 050 | 0145 |0.0326] 0.04904641| 0.082
0 Ru | 0524 | 0201 | 0,078 | 0127 0442 | 0.061

- 30 0.082Q | 0524 | 0.198 | 0.078 | 0.127 0.442 | 003 | |
60 Xoewat | 0525 | 0.198 | 0078 | 0127 0443 | 0058 [ 0004 ] 0013
D 0.14Q | 0525 | 0200 | 0081 | 013d04423| 006 [ 0001 | oios
0 Reewat | 0546 | 0250 [ 022 [ 0217 0423 | 004 | 000t | o002

e 30 0.123Q | 0546 | 0250 [ 0122 [ 0219 0423 [ 004 [oom | oo
60 Neewal | 0550 | 0253 | 0122 | 0219 0427 | 0043 [o00r | o008 |
90 0212 | os | 0251 [0122] 0214 0.423] coar [ ooor | oom
0 Riewt |0572 | 0301 | 0,063 | 0300 0408 | o021 | o001 | 002

dkm 30 0.164Q | 0572 | 0301 | o163 ] 030q 0408 | 0021 | ooor | ooz
60 Nt | 0572 | 0301 | 0163 ] 030d 0408 | o021 |oom | oo
90 0282 | o572 | 0301 | 0163 | 0309 0408 | 0021 | og01 | o
0 Roe | 059 | 0352 | 0205 | 0344 0301 | 0.002

5k 30 02050 | 059% | 0352 | 0205 | 0344 0391 | 0002

™™g Kaeteal - | 05% | 0352 | 0205 | 0344 0301 | 0.002

90 0.358% | 0596 | 0352 | 0205 | 0346 0391 | 0002
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