€ ) B #H & B

Electric Power Automation Equipment

$£39% £5H
20195 A

Vol.39 No.5
May 2019 @

o v s A8 i 28 o B P 3 e ™ P LB BE R 22 Bl PR 71 535 1)

L

(e AKF FHRREAZABRELLTEHET, LT 102206)

THE A A ES TS ERATIES (MRS T ) B L A 404 0 3 B oy 070 1 S &) 338
Sl ARG HRE R IR (AR ERRR) G T ANE R TES, A ZEAAMEL AL T E—RAT A,
KB R RS BRAT ZHNRFIEFEO T a, FAAEREAN KBERAAED FHEBATRIKE
X AR Z SRR, AR PR 3 A K I b T R R G S e B AR R AR MR R R A

EZFCRN LA B AL W G AR BRI R A6 4 A, 3t A IR A AR R T Z S AR AP AT 4

HA Y, A7 ALERIEN T ATRFV B T 0%

KR S EM B AT R BMEWRR, 23 0R,; 2R

HESES . TM 773 XERFRIRAD: A

0 35l

VRS IR B i R A i BB i 2
— AR e (B SCRIARHR AL ) J2 7 F2 A SCIL 3R
Ge5 BT 2 [ 14 Hi g A8 e 0 o 4 O AR T LAAE
BRI 19 5 3 F s, e 2 3 A 7 e (IR
A I A R A T SR AR HhAE AT B
WA B AT R G A TR AT REE SR AL
FIRTSC I R 45 2 TR ) L A5 I, R B 7 ' )
FARESY2E | T LK A5 U A2 o % 5 e 23 Ay 48t 3 72 [
DX PN/ BN B I 5 3 728 TR 00 DX PN A7 B il s S
FHOG A M R 2, T, 0 40 i T 4 Y A 5
R YR S R 22 S R

o LR ELAL A P AR AT, A TR A R ) A A
AR A AR LR TC , HARR I B A 5 a1
DR 1 B 7 7 R 000 A B, o v 4 B
HLUEAR | H kR T /N A X BRI 1% ) AT 45 2 2l
PRAPAiR AR, B0 ER R, SCHk[ 9] T
AP ) R R A DR 11 R R S e
PR e S e S5 AR [ B 15 0 S S AR [ 4 4
RO R AR R IS T 45 U W 114 B[] 38 P X
Ui PP S AEREE B 52  SCRRL 10 ] 00 e 1o 1t 57 o]
SEES 2 D Y4B L e 5 3 A L B, 0T 2R 58 5 TR
AP A R ) Sh 2SR BRI BEA T 1 0B, (EL SRR
[9-10] R %58 T 5 FLI B T Bt A (19 AR DL £ 7
Xt ke B 0 45 U A 22 Bl P A A9F 5 UL AR X O ke
J3Hh, SCHRL 11 ] 528 1 e i A8 19 b A e, O fag o
SR A I DX N R o 2 8l R A A R A EL
RS AR S5 B3 A7 L A 5 TR0 10 05 73 B e, S

%5 B H#5:2018-05-21; 1& B H #4:2019-03-28

ESUH . BEELMANUNFTREMABRAEREEELS
(2016 YFB0900604 )

Project supported by the Key Project of Smart Grid Technology

and Equipment of National Key Research and Development Plan
of China(2016YFB0900604 )

DOI:10.16081/j.issn.1006-6047.2019.05.016

K[ 12 ] 7R SCHR[ 11 ] BYRER b 95 H b T30 0 i 2 B
i) S 308 A, DRI 380 0 2 e 00 i e i, 850l ot L V7
TESAEPOANXERR | M-S 2022 Bl IR — U I
SR, ki ] BE S RS 22 S OR3P P B, I HEAT T AH L A
D5 EA 0T B B T SCHR[ 12 ] 0P 58 N L2, Of
RSB 3 A2 1 A0 0 I 11 R 8y LA B R R A U 4
B AL BAT 25 S JE AN RS TR 4 il B PR 9 2 7 2 X
EL ST 7 TN (U T L0

ARSCNREEEAS A F1 BE , 53 B 45 i T 480 37 728 il
B AL P A LB AN AR A A A B el E
— 2B T S P AL S A 0 A 22 B R
AUBIVERETE . BIFSE 3 W 5 B A 1 ) 2 IX ARG IX
PN B 2 3 B 4 o 22 Bl R 4 47 4 30 1 XU
FEXFZIRNE AR SCHE — U I il 3l JsU B A LAl 1 2
M TR T2 Bl AL LU 0 A A 25 S R AT R
B, LA 398 BE AT R S DAYl e P 9 7 3 ol ) i B 5%
PR, B DR 22 Sh P d Ry T ek

1 HRE MR e IR

1.1 BRTEHRPEE

IUAT AR R R EL U 4 L R 48 22 R FH B WL 12
Fkshay e o R B 12 ik sh i 7 2% i i s 4
TIE5 A 12 P sh 4 i 25 AL, R 12 ik 8 () 36 3 5
PRAPIELL 1A 12 PReh¥im #5 h Soc ik T B Bl &
2 12 Kk Sh sk i a8 i OR 4P o XAH BT AR &R
Ge 0 E L R Ay, H AR 1 2 s AR P I (R RE LA
12 fkah Rkt B 1 B R aas 12 Bkshie ik
AR 22 FE YL B, PTG E B PR A 4R R 2= R
PR G e AR B /N ZE AR . SR B LR R U T R DR
g, HRTRZ R A3 T UG I 6l 8 14 22 sh A 47 4]
BiTE,
1.2 #5037 35 i 0 3 3t A PR 44

e g 2 W R AE 1 MR AHFE NG 6 Rl TH]



@ & 0 8 % w it %

%39%

Y/ YHliAE

2l [
| Btz

A O

7l

)

I
PagiAr 2 a

* * ¢ A o
2ol ©
Y/ AR

ZEB R

Ll A

KERY
1 RBEBBMRTENRIPEER

Fig.1 Differential protection configuration of 12 pulse

converter transformer
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Fig.2 Fault analysis model under State 1
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Fig.3 Fault analysis model under State 2
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Fig.4 Fault analysis model under State 3
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Fig.5 Equivalent circuit diagram of converter transformer
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Fig.6 Fault inrush current of converter transformer
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Fig.7 Waveform of currents at grid side and differential
current at different stages
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Table 1 DC component characteristics of currents at
grid side and differential current at different stages
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Fig.8 Simulation model of mono-polar operation
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Fig.9 Waveforms of external single-phase grounding fault
on valve side of converter transformer
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Fig.10  Waveforms of internal single-phase grounding
fault on valve side of converter transformer
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Table 2 Operation results of differential protection
under different durations
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Fig.12 Flowchart of locking scheme for modified
differential protection
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Fault inrush current mechanism of UHV converter transformer and

its impacts on differential protection
ZHENG Tao,HU Xin
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Beijing 102206, China)

Abstract; The inrush current caused by the unidirectional conductivity of the converter valve when the single-phase
grounding fault occurs on the valve side of the UHV converter transformer is defined as fault inrush current, whose
mechanism and variation characteristics are analyzed from the aspect of the flux variation. Taking a converter trans-
former in UHVDC transmission system as an example,the influence of fault inrush current on the operation charac-
teristics of differential protection is analyzed. The results show that the fault inrush current easily causes differential
protection of converter transformer to be locked improperly when external fault transfers to internal fault on valve
side. Aiming at this problem,further analysis shows that the unidirectional conductivity of the converter valve causes
the DC component of the differential current to be reversed from negative to positive polarity after the occurrence of
the transferring fault,based on which,the improved logic criterion of lock logic is proposed for the differential protec-
tion of converter transformer. The simulative results verify the reliability of the proposed criterion.
Key words: UHV power transmission ; converter transformer ;fault inrush current; differential current ; differential pro-

tection



I

i,
]
Lis
Ry R,
Us @ Lz[g
=

L

T1

Al FHEEITEEREMERAFHERKE

Fig.A1 Equivalent circuit diagram of transformer sympathetic inrush current under parallel operation
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