E3EE1H
2016 £ 1 A

% 0 6 # & B

Electric Power Automation Equipment

Vol.36 No.1
Jan. 2016

i e v PHL Rk R R AR IR B R RS PR

KR 125

BRI

(1. #BRXF BATRFR i L& KT 830046;2. #id TR S, 42 L& KF 830001)

AR, 43t bk FMIE B RPN IR 2B B Hrm ey P 42— A Tk g b fA 4 A /e A i
B BARY M E S UM ER AR E M A 0 R A ORI ER LR X, 2R, W X, EE
KEEEE B TP TMENR, RARDREFFEPE X, AMXE AMALT O, RAMETEETL
FIE RS HIEBRPHNE, GASIERE = R FENRRKIELEN 24% KT H%F F00 % KR
Z 14% #B KA T 55 b P sF kAR 5 W FE B AR 37 0 F AL A R

EER. AR A R, Fami, SR, AEREERY, BELRY

FESES. TM615 X ERERISAD . A

0 518§

B 5 6 IR & L A B H R 4 R 4 K
TR 6K HL I I H 35— 4% as | eIk E T
A 110 kV HL Ay — o B %, 64k B b T R
FEA 110 KV HL R fiff 22k 98 R BH 22 1R R ) i
RH BT AN BE HE fff 52 B 550 B A5 1) 7

PRA TR e vl 3 ) X645 47 B i i AF 9, 32
LA v 7R X L IR O B4 S A X e e -8
FEE R s A s D X TR R 4
2 1k VR BH 422 M R R L B 0 8 BEL T e 5 S B 1 [R)
RO i R 9 A AR 22100 ik [ 9 % I i F T A iR
AT SERHAL A R R IR 22 A9 1E TR E 1AM
AT A5 1) [ 3 0 42 M I 44k P 2 s 1 0 90 | RO B Ak
TH B AR PR TR s RS
PR, Sk [ 10 3 o xof BH B0 A8 A s i £l 3 4 il T
— Fh 3 T [ IE N BT R Y PO T I gk 2R Y
JUHR K St 7 58 T A B 1k XA 2 e I R B i R
B %) 6 | ) B DX Py g e i A7 3k U R BEL 1 BB ) 3
S, SCHR [ 11 )3 T B i H VR H 4 5 9 Ay el 3 2 [
) AR A2 O 2R A BB A 100 e YR BELATE £ | B A% 2
P L A ) et BB Y B BT | L BEL ) R 5 0E L IR )
R AR 2 D] B DR O R A AR T B Lk AR
14 Sl 0 R 1) g e vk SCHR [ 12 38 2 R L
TR 2R G5 1) B 3k 8 PR BEL 0 M oA 2 AN Tl e BEL A I
ERAS 2] 2 A AH Xl ST ) B L R BB R S
JF I P 4 2 2% b B AT Ty Ty Rz e e ik I R B

s B HA.2014-12-14 ;18 B H #3.2015-10-11

EETH.BE 8 RXAFEETHA A (51367017);2012 5 &
FERMETFHALEAAMLE LT FERESAHRA
(20126501110003)

Project supported by the National Natural Science Foundation
of China(51367017) and the Specialized Research Fund for
the Doctoral Program of Higher Education Class Tutors Jointly
Funded Project in 2012(20126501110003)

DOI: 10.16081/j.issn.1006-6047.2016.01.005

Xof 42 i I B R 1 R

{ELJR: | 3 2 SRk R A D i U R L A £ A £k
£ BERF T DROSURR AL fEL 2R 0 0 e U L 2 %
Je i P LR R, AR R B B MR AL
G2 IR AN AR 0 A AR XS A AR H 3 I 4TS
SRR AL Ge vk | AT T M ABARH F ' i A8 Ak Y
P I B AR AN RE I # s I, AR SCH H —
ol 35 T 1o 9 e BELABT AR A A T B O B AR, ol
o R A3 d 0 AT % B A U R BELAR A 0 8 A i
PR S A AR BB X, P i e AR L 3 A AR R
Bt Xy BEFECR A & i p AR i AR AL, ik —
A 53 BT R 2 A= b 3 e I £R: v 3 0% e 6 R R
T I LU ) R | SR R /N 3 A B R AR L
W& H R P 5SRO X,y [ OC &R | #F 1R FH A it
P12 A5 2o U i BEL MUt £ @ 78 Ak 5 | A 0 e BEL B 2%
#£ AZ, 506k i & B PRI SE R4 iR
BRGSO T T A U PR R A A T
F AR IT I B T8 R B AR A B AT IO
P HAEGTE TEEER  IREH 14% I E 24%),
e K Hi U /N T3 R BEL X S AR I I AR )
BHLBT A 52 M)

| BETHESEEITERMEBREBS
SREBIEZERMER X, X R

1.1 TEBEEHEMNEINEX

SR IF N RGN 1 s BRI K Mk
A 22 5k U P BE 2 b R B | e REZR M A B SRR R
FEA A Ay, PR AR 28 308 1] 0 3% 05 K1 i e L 3
Gy Ay B AL, B AL, ik o U B BE R, 1 B
WA AL

BEZ M A B R R Ar i Ay, M

Auy= (ALy+3KoAlLyy)Z + ALR; (1)
_ 22,
m‘3z



%18 B SR, % T ok BEL AR 0 6 0k 0 I I B A (31)
. fi4 y A|v HOKV/35KV E, ‘Hﬂiﬁ(?)ﬂ’ﬁl,a%a%ﬂ*ﬁ%,q%M\NWfﬁlU
™ = Ky GBI, MO 2R e AR HT AR A T VA

T e 0o RGEDER AR X, SR,

B RREBHFNREE
Fig.1 Schematic diagram of grid-connected
PV station system
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Fig.2 Equivalent network of system fault components
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Fig.3 Current variation of PV station
when grid fault occurs
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Table 1 Power generating capacity P and
corresponding equivalent impedance Xy

P/MW Xy/Q P/MW Xy/Q
10 323 4 81.1
8 36.5 2 173.4
6 50.8
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Fig.5 Phasor diagram for obtaining line
short circuit impedance
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Fig.6 Variation of transition resistance tilt angle 6
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Table 2 Simulative results when P=10 MW and R;=10 Q)

L/ Li./km MR 2E /% 0/(°)

km EGEFI ARSCH BEEE AU ek ARk
50 51.2 51.1 2.4 2.2 — -2.1
80 82.1 81.3 2.6 1.6 — -33
100 101.9 100.9 1.9 0.9 — -8.7
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Table 3 Simulative results when P=10 MW and R;=50 ()

1 Lo/ km W2 /% 9/(°)

km (AR ACHE R Ak FRAE ATk
50 47.2 51.2 5.6 2.4 — -2.5
80 71.6 80.9 10.5 1.1 — -39
100 85.7 100.8 14.3 0.8 — -10.1
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Table 4 Simulative results when P=5 MW and R;=10 ()

Li/ Ly,/ km W% / % 0/(°)

km SR AL RS A RSRS AR
50 52.1 51.1 4.2 22 — -1.6
80 835 81.2 4.4 15 — -2.5
100 1023 1008 2.3 0.8 — -7.3
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Table 5 Simulative results when P=5 MW and R;=50 ()

L/ L;,/km W TR 22 / % 0/(°)

km G5k ARSCH N GG L AU Lo ARk
50 482 51.1 3.6 22 — -1.9
80 733 80.8 8.4 1.0 — -3.4
100  88.5 100.5 11.5 0.5 — -8.9
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Adaptive distance protection based on tilt angle of transition resistance

for grid-connected PV station
ZHANG Yao'?,CHAO Qin',LI Yugiang', WANG Yibo'
(1. College of Electrical Engineering,Xinjiang University, Urumqi 830046, China;
2. Xinjiang Institute of Engineering, Urumqi 830091, China)

Abstract: Since the measured impedance of distance protection for the grid-connected PV (PhotoVoltaic)
station is affected by the transition resistance,an adaptive distance protection based on the tilt angle of
transition resistance is proposed. The results of fault component analysis show the tilt angle of transition
resistance, 6 ,is decided totally by the equivalent impedance of PV power station,Xy,which varies with the
generating capacity of PV station,P. The relationship between P and Xy is evaluated by the least square
method for determining 6,with which,the phasor diagram is applied to obtain the line short -circuit
resistance and set the distance protection criterion. The simulative results show the maximum error of the
proposed method is 2.4 % ,lower than the maximum error of the traditional method, 14 % ,which sharply
reduces the effect of transition resistance on the measured impedance of distance protection for the grid-
connected PV station.

Key words: equivalent impedance; transition resistance; adaptive distance

photovoltaic  generation;;

protection; relay protection
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