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A parameter adaptive fault location scheme based on the combination of particle swarm optimization
algorithm and least squares method

LIANG Yuan-sheng, WANG Gang, LI Hai-feng
(South China University of Technology, Guangzhou 510640, China)

Abstract: In order to eliminate the effects of transmission line parameter uncertainty and date unsynchronization for two terminals
fault location schemes, a set of multidimensional nonlinear equations need to be set up, then solved by optimization algorithms. If the
adopted optimal solving algorithm is unavailable, it could lead to fault location failure. For the limitations of conventional
optimization algorithms, this paper proposes a novel fault location scheme which combines Least Squares Method (LSM) with
Particle Swarm Optimization (PSO), so both the global optimal convergence ability of PSO and the fast and accurate convergence
ability of LSM can be well employed for fault location. In order to enhance the practicability of the proposed scheme, the paper also
researches on the problems such as low-pass pre-filter, transmission line with shunt reactors and elimination of transient components.
The simulation based on a 1000kV transmission system model is presented to demonstrate the effectiveness of the proposed method.
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Fig.1 The transmission system model of two end sources
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Fig.2 The track of the 1% dimension of particle swarm
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Tab.1 Results of fault location based on LSM

o [ 5 km 10 km 50 km 100 km 150 km 200 km 250 km 290 km 295 km

14.4°  4.999  9.999 49,999 99.998 144.312 199.998 249.998 289.999 294.99Y

A 28.8°  4.999  9.999  49.999 99.998 32.208 125.641 249.998 289.999 294,999

‘ 43.2°  64.413  69.398 109.278 99.998 112.160 10.743 266,178 289.999 294.999
57.6° 285,780 128.989 168.865 218.713 85.727 201.255 51.883 286.951 0.404

14.4° 5,003 10.005 50.008 100.002 149.998 200.002 250.005 290,002 295.002

. 28.8° 196.727 15.718 107.275 34.963 242.983 194,563 210.070 128.3559 129.971

’ 43.2° 275.402 10.867 279.538 50.993 162,377 295,608 210.070 54,663 295, 002
57.6° 218.593 136.382 244.470 63.965 127.322 230.204 203.809 134.604 43.981

14.4°  5.002 10.003 30.006 100.002 149.999 200.001 230.002 290.001 295.001

“0° 28.8°  0.488 295.897 30.006 100.002 149.999 200.001 250.002 290.001 295.001

43.2° 192,371 287.969 221.909 17.712 149.999 200.001 230,002 290.001 295.001

57.6°  59.665 154,521 181.683 100,002 149.999 200,001 230,002 144.101 24,949

xR 1NFIE T A S EER TE TR
ey BB BE IR B A B R AR, BRSPS A
0 53515 14.4°,28.8°,43.2°,57.6° , F 5 5 HeL 5 FL 3
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Tab.2 Error statistics of fault location based on PSO algorithm

#eEE 0.0, [0.1, (0.2, [0.3, (0.4, [0.5, [0.6, [0.7, [0.8, [0.9, ~1o BX
BEE 0.1) 0.2) 0.3) 0.4 0.5 0.6) 0.7) 0.8) 0.9) 1.0) T

5-0° , @=57.6°

5 14.0% 6.0% 8.0% 10.0% 3.0% 13.0% 6.0% 7.0% 5.0% 4.0% 24.0%3.419
10 9.0% 8.0% 13.0%12.0% 8. 0% 9.0% 10.0% 8.0% 1.0% 3.0% 19. 0% 2.894
50  8.0% 12.0%22.0% 16. 0% 14. 0% 11. 0% 7.0% 6.0% 3.0% 0.0% 1.0% 1.069
100 11.0%33.0%39.0%13.0% 1.0% 3.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.590
150 17.0%62.0%21.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.288
200 8.0% 17.0%45. 0% 18.0% 6.0% 3.0% 1.0% 0.0% 0.0% 0.0% 2.0% 1.214
250 6.0% 4.0% 5.0% 14.0%20.0%17.0% 9.0% 9.0% 3.0% 4.0% 9.0% 1.407
290 2.0% 9.0% 2.0% 7.0% 4.0% 2.0% 5.0% 3.0% 11.0% 6.0% 49. 0% 2. 450
295 6.0% 8.0% 4.0% 3.0% 7.0% 4.0% 8.0% 6.0% 4.0% 10, 0% 40. 0% 5. 000

=15 , @=57.6°

5 2.0% 2.0% 1.0% 0.0% 1.0% 5.0% 1.0% 6.0% 11.0% 5.0% 64. 0% 5. 600
10 1.0% 2.0% 2.0% 4.0% 3.0% 8.0% 3.0% 6.0% 6.0% 4.0% 61.0%3.288
50 5.0% 1.0% 6.0% 8.0% 9.0% 7.0% 10.0%12.0% 12, 0% 6. 0% 24. 0% 1. 748
100 9.0% 18.0%18. 0% 15. 0%22. 0% 8.0% 6.0% 2.0% 1.0% 0.0% 1.0% 1.013
150 16.0%30.0%28. 0% 17. 0% 8.0% 0.0% 1.0% 0.0% 0.0% 0.0% 0.0% 0.610
200 9.0% 19.0%21. 0% 30. 0% 12. 0% 6.0% 2.0% 1.0% 0.0% 1.0% 0.0% 0.725
250 6.0% 12.0%10.0% 11. 0% 13. 0% 13. 0% 13.0% 7.0% 6.0% 3.0% 6.0% 1.703
290 4.0% 7.0% 8.0% 7.0% 9.0% 7.0% 5.0% 10.0%14.0% 4.0% 25. 0% 2. 833
295 0.0% 10.0%12.0% 3.0% 9.0% 7.0% 10.0% 9.0% 8.0% 8.0% 24.0%2.202

5-30° , @=57.6"

2.0% 5.0% 10.0% 2.0% 5.0% 6.0% 7.0% 8.0% 4.0% 4.0% 47.0%3.200
10 2.0% 4.0% 7.0% 4.0% 3.0% 4.0% 9.0% 8.0% 2.0% 9.0% 48.0%2.903
50 2.0% 12.0% 8.0% 7.0% 10.0% 9.0% 10.0% 9.0% 10.0% 8.0% 15.0%1.719

3]

100 10.0%21. 0% 18. 0% 11. 0% 15. 0% 14. 0% 2.0% 4.0% 2.0% 0.0% 3.0% 1.375
150 30.0%17.0%23.0% 9. 0% 15.0% 3.0% 2.0% 1.0% 0.0% 0.0% 0.0% 0.752
200 15.0%31.0%21. 0% 16. 0% 12. 0% 2. 0% 2.0% 1.0% 0.0% 0.0% 0.0% 0.740
250 20. 0% 26. 0% 18. 0% 20. 0% 8.0% 4.0% 3.0% 1.0% 0.0% 0.0% 0.0% 0.741
290 11.0%33.0%21.0%10.0% 9.0% 5.0% 4.0% 4.0% 2.0% 1.0% 0.0% 0.904
205 13.0%27.0%17.0%14. 0% 9.0% 4.0% 6.0% 3.0% 3.0% 3.0% 1.0% 1.011

%3 G R AT AN, KA PSO SR AT I BE
W KR ZEACTIFREAR, R R SR A AR

P . 2 p=15° , 0=57.6° , HFEEEEAE 5 km
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Bz
5.3 REFRFE-R/ D RBSE LN EELE R
#* 3 AT ATIRBHE TR FE-B/D K
BEEIERMENEE R, K o BU57.6°, 645
HY 0°,15°,30° , IE % AL S EUR B LR S5
30%, HREISELSY BN AR R L. PIAREE L. A TE]
A= ME S, W, BETR AR R T RIBS
Y BRI BE 7 2 e AR R R R b oK AR 2 R
PRI A FE, BRI S B S H B EN B
Ko s B AR RS UL N S EE TR AN L
AR E R ES WA,
3 RFH-BI_REAELTESER (B km)
Tab.3 Results of fault location based on PSO-LSM

5 A km 10 km 50 km 100 ki 150 km 200 km 250 km 290 km 285 km

0° 4.999  9.999 49,999 99,998 149,999 199. 998 249. 998 289995 294. 999

o
15° 5.002 10,004 30,008 100,002 150,000 200. 002 230,004 290, 002 293. 001

iz
30° 5.002  10.003  A0.006 100.002 (30,000 200,001 230,002 290.001 295. 001

0° 4,999 9.999 49,999 99.99% 119,999 199,997 249,998 289, 995 294. 999

L]
[3°  5.003  10.005 30.008 100.002 [49.999 200.003 230,005 289, 991 295. 001

23]
30° 5,002 10.003  50.006 100.002 149.999 200,001 250.003 28Y. 990 285, 000

0° 4.999 9,999 49.999 99.998 149,999 199,997 249.998 289,991 294.999
Fiid

15> 5.003 10,005 50,008 100,002 149,999 200.003 250,005 289, 993 295. 001
R

30° 5,002 10.003 50,006 100.002 149,999 200. 002 £50.003 289,991 295. 000

0°  1.999  9.999 49,999 99.998 [50.000 199,998 249, 998 289, 991 294. 999

A
15° 5.002  10.003 30.008 100,002 [49.999 200,003 250.006 280.011 285. 00¢

RidR
30° 5.002  10.003 50.006 100.002 149.999 200.001 250.003 290,003 295.000
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3) AICKARIRAEE N 5 kHz, RIERFEE
H, mEZMNEGLER 50 REAATEE, 50 IRLLEHIE
BRI SR LRI, B2 REERR K
AR, TSR BE AR AL RIMEXT T 25 X
£ 50 RANER, HERAREAIAL 4, ETE
BAG A, BRI IERRE R ERAL.
i, ASCHi T EURIE ) 500 Hez BT BREEE,
FEEB) 5 H Butterworth 2R AR EAHL.

7 B4

h T RAEASCETIRMIEE AR R IERTE, BUE 1
Fr7RE) 1000 kV = R ¥ R AR A 2al, H
P REHIFIEF 5° ThA, S&EHNERMEE
9 90% I FFBREBTES, XA E ISR & #ESE
RUFE I BRI LT T £ ERIE, HXH
TR BB B AS BORAT T oA bh i, o
BREERIER 4 1k 5. & 4 R 5 FiF AR #HE
e (G 90° , 6k 18° ) RER KM L
R BRI, EWEEET, JLHEEEN S
B B R BE IR 224 3.663 km, FHXHRZEIA
B 1.22%, HHEHFRRXMEERZE SN 2.757 km,
FHXTRZEIL R 0.919% . KA RI EREIREE, &

R4 TATERBIRIEAONIELER (BRAL: km)

Tab.4 Results of fault location without pre-low-pass filter

v BRX
RE RE

WRERE 5 10 50 100 150 200 250 290 295

HAB 481 977 49.79 100.18 149.98 199.92 250.15 290.22 29520 0.088 0.231
it 594 937 5037 101.76 149.98 200.50 249.43 290.87 291.34 0.638 3.663
HiE 676 951 5031 98.88 149.99 200.49 249.68 290.43 293.16 0.517 1.841

A 588 971 49.98  99.62 149.99 200.19 249.97 290.25 294.11 0319 0.892

$AH 534 1032 49.80 9940 149.99 200.18 250.18 289.80 294.79 0.152 0.599
®HE B 487 956 5031 102.76 149.98 20032 249.83 290.42 295.11 0261 2.757
b MA 487 954 5033 102.33 149.97 200.32 249.84 290.40 295.11 0.226 2331

—A8 492 971 5005 100.18 149.99 200.11 249.93 290.25 295.06 0.101 0.286

#*5 ARAERBIEKOMESER (B4 km)

Tab.5 Results of fault location with pre-low-pass filter

T BK

RE RE

HIERR 5 10 50 100 150 200 250 290 295

HAE 477 976 4970 100.17 149.98 199.91 250.23 290.25 295.24 0.120 0.305
&0

#
TR
HE 474 985 4976 100.16 145.00 199.95 250.16 29021 295.24 0.134 0.257

M 452 946  49.65 100.25 149.99 199.89 250.19 290.44 29548 0.164 0.541

= 486 985 4978 100.11 150.00 199.96 250.15 290.14 295.14 0.113 0224

i 522 1019 49.81 10031 149.99 199.92 250.20 289.91 294.89 0.093 0.311
FHL FEA 475 975 49.76 10017 150.00 199.95 250.15 290.26 295.29 0.144 0.294
B fE 474 974 4976 100.17 150.00 199.95 250.16 290.26 29529 0.143 0.291

A 483 983 49.77 100.13 150.00 199.96 250.15 290.15 295.16 0.129 0.231

BB R AR IRE R 0.541 km, MHXREN
0.18%; wiFHIEHAIB KPIBEIRZEN 0311 km, FH
FHRZ 0.10% . XTI UFE T A SCIEE ik ERa .
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(2) REME TR TFH-B/D _REEHISH
B3 R AR R PR v, BEARIE T IRk 2 /it
XARE T SR RE s, WNmBE TS5 E
T I R ) B T R R R

(3 # 3T AT BRB k28 . BB BRI
v 2R I DL R VY B R R A A B W R AT TR
FL, FF LA 1 000 KV 45 5 s B FEL 2R 6 PO R 00 2 4 81
AT ERAE, 4RREARICRME S RHER
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