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Single—terminal Protection of AC Transmission Lines in AC-DC Network

Based on Curvature Radius of First Traveling Wave
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Abstract: The fault characteristics of inverter AC transmission lines in AC-DC interconnection networks are
quite different from those of pure AC systems. The protection scheme of traditional AC transmission lines is no longer

suitable for inverter AC transmission lines. First, based on the different topological structures of the inverter AC
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transmission line when the fault occurs inside and outside, the expressions of the first traveling wave of the down—
mode fault component current are derived, respectively, and the difference of the first traveling wave characteristics
of the AC transmission line when the fault occurs inside and outside is clarified theoretically. Then, wavelet
transform mode maximum method and Levenberg—Marquardt algorithm are used to extract the curvature radius of the
first traveling wave, and a high-reliability single—terminal protection scheme is constructed by using the curvature
radius of the first traveling wave to identify the fault region. Finally, the AC-DC interconnection network model is
built in PSCAD/EMTDC, and the protection scheme is verified by MATLAB. The simulation results show that the

proposed protection scheme is fast and effective,, has high reliability, strong resistance to transition resistance, and

good anti—noise ability.

Key words: AC/DC interconnection network ; single end protection; levenberg—marquardt algorithm; wavelet

transform mode maximum method ; radius of curvature of first traveling wave
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Fig.1 Topological structure of AC/DC interconnected power grid
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(52, 43 3 356 B 5 R, AR 50 km 100 km , 150 km
1200 km F9 5B A5, DL K 430 3% 50 Q100 Q Al
200 Q 13k HLBE , X5 AR SCRT B AR 47 7 ZE 004 T 0 L
R, 7 FAE RN SR 2 o, R4 U7 58 e T 5 U0 X
AN
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Tab.2 Fault location and transition resistance

simulation results

HOREO B Akm adPEFLEH/Q R SRR NS
50 0.096 42 ik
50 100 0.143 85 e
200 0.176 59 ik
50 0.102 35 ik
100 100 0.168 54 E
200 0.193 86 ik
50 0.153 69 IIE
150 100 0.205 34 IE
200 0.295 06 IIE
50 0.215 37 i
200 100 0.281 65 i
200 0.376 15 i

44 BETH

FESERR T AR RAE BB 5 7 A R | I
FEORAT W AG I TR AT RS A TR 2 T AT IR
12 R LA, 5 5 A2 B 45 B g 1Y T
o, X Fh T4 S A7 I OR3P 28 AE I TAER 52
T Z AR S il LM Sk 7 i 2 40
B B FH /DN e 7 R R AR 12 R A0 ME A S I A7
PR A BAR TR T SR BT RE )

Ry it — A SR A SO R R A 7 R BT RE T L (R
BRI BN I AL M R R T R AR Bl AT RS
SN AAS 1 o 20 dB 30 dB (1737 R
FEAN [ 55 B A B AN [ s 8 L BEL A 15 0 A7 05 L
I, 5 FLAE RN 3 BT /R L AR SCAY i e 12 B vk
LR Ul A — o R L R RCHERR M 1 T
o, ORAP 7 ZERE IE AU DX P AN
4.5 SHMERPFEEREITLL

SCHR[26 ] HR A28 T — b e 0 A8 Ak A AL
R PRAFT 32 v 32 B A XN 7l e ol e 73
FL UL 5 o) B AN [T E A7 5 DX B , o 5 AR S

R3 BEZMAESER

Tab.3 Noise affects the simulation results

BB km (R e/dB i P R BH/Q R, ks

50 0.106 25 ik

20 100 0.160 32 ik

5 200 0.192 31 Mk
50 0.128 43 ik

30 100 0.184 51 Mk

200 0.199 86 ik

50 0.11528 ik

20 100 0.176 42 ik

100 200 0.205 58 i
50 0.130 57 Nk

30 100 0.180 36 ik

200 0.193 86 e

50 0.160 58 e

20 100 0.236 81 E

. 200 0.315 42 i
50 0.180 54 ik

30 100 0.253 49 E

200 0.336 58 e

50 0.219 76 i

20 100 0.292 48 i

o0 200 0.386 89 i
50 0.230 54 e

30 100 0.315 74 Ik

200 0.397 58 Mk

ORI I SR E R B 2 T W A A i R

T5 SR ARICTT RIAT O FA LG, —FH A S

BH R 5 ELA5 AT b an 2% 4 PR R T A AR AL i 1Y

BUA RT3 SEAE I B R 200 QL X PN A S A AR

BRI PR 7 75 S 4R 3l 5 AR SCHT S OR-47 07 58 T IE A iR

59 DN AR 5 52 3o 902 v BELAE 056t , SRABRE A
F4 ARTERBHEERIILL

Tab.4 Comparison of simulation results of different

transition resistors

T zIﬁCFE%WFﬁ;.% IR USIApIE S
R, TR z, FS AL ISR
50 0.21537 BNk 1.26173 I
100 0.281 65 Mk 0.318 51 ik
200 0.376 15 Mk -0.429 54 i)

AR SCHT R 5 G A LMk T R I 8 AT
e B 7 R A R U A R Ak A 1 67
PH B B 1 AR P 0 Sl VR B ], 3 Bl P B
PRAPSIVE I B X LG 0 A5 R N2 5 s
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Tab.5 Protection action time comparison

s AR FN VR[] /ms AT LA SR ] /ms
Tl B2 78
AAH B CHH A BAH CHH
AG 1.27 — — 8.53 — —
BC — 1.94 1.81 — 9.85 9.68
BCG — 2.06 1.76 — 10.21 10.83
ABC 1.38 2.37 2.13 10.29 11.57 11.93

T — AR TC

5 &g

T 5 L LK P oA 30 2 A 5 O R 2 B i
B I 55 S O AR 0 1A W 22 S % S 5 U e L R
HE R PRI T 5 B A TG PRI AR L OR3P ) 22 PR A ]
FEVE AR SCHE T XN AN 15 47 10 2 S 10 Sl
b PR T T AT R AR B0 2 U LB
FEL o) 390 208 000 5 7 A L G B e DR AP T 5 A
WMTFE58

D) AT AR 5 A iy Fi 2 6 v A% R I €8 RO X
AT VAR A BRI, 3o I Fi B A8 RN R AT
BB AR, DA, R o 90 PR BEL X 5 47 e R
FARM RN —RE R .

2) A SCH /NS R AR IR AR AE A5 P B K
2, RER I B O A7 00, PR UE T %3 (9 S BE 1 sl A
T IRAT PRI TT S B RE

3) 45 HLZ5 SRR WA SO $ (R4 07 56 sl A 2
PR, AT EEPE R TR 32 R F B, SRS T RE 15k
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