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Mechanism analysis of the impact of DC system on power-frequency variation protections

CAI Donggxiao, LI Haifeng, ZHU Xinchi, WANG Gang
(School of Electric Power, South China University of Technology, Guangzhou 510641, China)

Abstract: In order to analyze the operating characteristics of power-frequency variation protections of the sending-end
AC system theoretically, the mathematical model of DC system at the rectifier side which is represented by a
power-frequency variation impedance in fault superimposed network is deduced in the case that fault occurs in the
sending-end AC system. Based on the mathematical model and the response characteristics of HVDC control system, the
characteristics of the equivalent power-frequency variation impedance of DC system are analyzed under different fault
conditions. Then the impact of DC system on power-frequency variation protections is analyzed based on the fault
characteristics of DC system. According to the analysis, when fault occurs in the sending-end AC system, the equivalent
power-frequency variation impedance of DC system is capacitive under most fault conditions, which reduces the zone of
distance protection based on power-frequency variation and results in misjudgment of directional protection based on
power-frequency variation. In the end, the result is verified by simulations on PSCAD/EMTDC.
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Fig. 1 Fault equivalent circuit of sending-end AC system
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Fig. 3 Phasor diagram of currents under normal operation
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Fig. 4 Phase relationship between bus voltage and bus current

B4 . B R E BN,
T AT 2 1200+ 20 oD 28y
AL I P, AT o AU H 0 A 7 22
2%

p=a+ul/2 3)

A ke, AU RE R HL s IS b R

= RN A W= Rl N Y E RS e LR [l =

RS (R PE, ELRAR I IR N R H
TSRS, T4

k,=U"1U

{ki =L/, =1, /1

c.eq dc.eq

4)

RO WA g, U gL, U5 I
WA ZE R @ BHRAHE TR S pT Rk R
AZ, =U'-U)/I'-1)=

(k,Ue” —Ue'* ) (kid e o€
k I ety = (5)
(kuUej% _ Uej(pu )/(kildc'eqej((pu’ﬂp') _
ku]dc.eqej(%-(ﬂ) + ku Ieja?; _ ]ej(ﬂ\.)
58 SO Ay e J 45 R 2 F s T IS ) PR R
o= —¢, G
U A+B]

i(ou—9") +

AZ, ] 6)
o
A=kk, cosp'+cosp—k, cos(p—0)—
k; cos(p'+6)
B =kk, sing'—k.sing+k, sin(p + ) — ™

k; sin(p' + 6)
M =(k sing' -k, sing +cospsin0)* +

(k,cos ¢’ —cospcos @)’

= (6)F %1, AZ, % R GeiaqT )7 2 kI LR
R RN R G S HEF . AR
BN, VR RGeS AR AN, R R
AR Al il s B 7 L s A 4 B 20 BT AZ, ) B
Rtk

4 EBERAGHREZERFHE

4.1 Ein X RAK L E RS E

AL AT LRGSR A A R I s LI I L BH
ORI, BT = AR RR, Wb B 4 TP AR R
HMUAHHLIR S R AL, AT 43

o=a'+u' /2 )

IR AT FRGE A P AH LI B A J i e
RCRREIST b T AR S 4 BEL FL R RN, A
FEATHRE RN, I B R G e v 5 —
AR WAt IS AEABL o R il e A )5 Ak 15 v
wAE, WARATIAL TR p, AR, S

k=1
{ (€))

k,—cos@=0
NGRS
{A ~sind[sin(a’+ u'/2) —sin(a + /2 — )] (10)
B =sind[k, cos(a + p/2)—cos(a'+ u'/2)]
AZ, AR AR R0 e o H i B 4 At
piASIE ]



4. ® & AEY 5

1 Vxi1,oo1
a+u/2==cos ' (cosag ———4)+ ¢ 11
#i2=2 ( z ) 5 (11)

e X hEAHESL E VAR A RUE . B2
ADFTEL, o+ p/ 2 BISERAE EE R o K500 . JX
AT ARG R E R IS, LS AR Gkl M ik A
i LAYERF FLIR AR E o I AT

{aﬂ+yvz<a+y/2 12

k,cos(a+ p/2)—cos(a’+ u'/2) <0

HITU < Iy AT M IERT%, 45 (DMK (2)
T, MRS, AZ, A

e J 45 B H RS kR DN, HLE HL R R
IERTI RN SR AR bk P PR N s e d st O (0 NS U
BELIASAEST AZ,, SN o

TN B S TERS AZ, BAH A R 1
AT50HT o B R GE R JC DA 75 G R A2
IEHIBATH U R T RARRL . b, e RELk
R gzl ToDAME g o FH T FR AT A
Lo IEAEARAEANK, BLTEIE D) AR, AT
REEN HIM ARSI IR, IS5 U’ %
Ja T I e WO RS U IR OC R AR 5 TR

[
5 BiMETRERRARE

Fig. 5 Phasor diagram of currents and voltages for

faults with high resistance
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Fig. 6 Phasor diagram of currents and voltages for

faults with small resistance
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Fig.7 Simulation results when faults with high resistance

occur in the sending-end AC system
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Fig. 8 Simulation results when faults with small resistance

occur in the sending-end AC system

250 30
] 3 co 1
= 150 3 & 2
= : =30 3
0% 40 60 50 %% 40 60 80

t/ms t/ms
B9 FRETAR TERMEFERER

Fig. 9 Simulation results under different operation modes
5 FHERMIMENE THRIFI
51 THMENEERETH
AR AR R B T AR AR Jn o L
H R, LBl S oy )
A(Jop = krelUN (17)
Hr: AU, WARGEBAS R e ik T
SERE, B 1.1~1.2; U AEBBUE . B
A (17)HE G322
|Zs+ 2| 2|z, + Z,|
, 1 1 (18)
sz = azzd + (a - I)Zs
oz, WY Z, NS Zg WRS
BB Z, BT ki R Zg 52 5 55 258 FH
Pl A8 AF, T R B TS EE
Pl Zg RN Z! e, T HL Z! 3B T RERZ Z [R50 .
R Ik I L B3 B AT b BB s ),




_6- ® & AEY 5

TEATIE H BN TRk f e s iy,
2 15 4 M WA TR AR 45 o

TEAAS M ARG, LRGPt Z, Rk, 16
THMARG T, Z, M ERSEYTAZ,, » 5%
TMAG R BIEREER, AZ, RRNE. 20 Z,
XFZ! R, Bk, =11, SSRGS
PRGN BE 2 T AE 1 7 ) g b ) Bl /R R 5
Kl 10 FroR

=V

10 TSR L S REES TR IE /5 a4 P BT B S EHFIE (R
Fig. 10 Operating characteristics of distance element based on

the power-frequency variation when forward faults occur

K10, Z, WSS ARSI, AZ,
S T ARG, C WA RGOS b
B, C, A ER AL . e 10 114,
W AZ, SN, TS LR B i 7
PRI, R0 R R

HURTT M T4, R Th AN, AZ,
WS, AU K. SR bt T,
B RS T A AT 7 U T A LR 85 76
HO R e 11 .

- ~

~
c, .~ N

11 RRIEITART TN E IR T e s E4 It E
Fig. 11 Operating characteristics of distance element based on

the power-frequency variation under different operation modes
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