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Fig.1 Circuit structure of photovoltaic inverter
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Fig.2 Block diagram of positive-sequence control
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Fig.3 Braking curve of ratio differential protection

F 575 271 B 0 B LA A SRR IR T 00 N, AR
8 T e DX PN A X RS BT, 16 OR 38 722 45 i ) B
A R 3 YR, n] e BUIRAE HE R 2 8h
PRAPH N 1] P 83

TEARGE R GErp , (AR IR AE LR 2= Sh AR 37 P B0
T DAY L U LSRR AR R A T R R LR A I
L F R A SRARL A, T LA DX A i B L, i SR L AT
AT A AR KA S AR LI, o e R 22 3 37 RE il 5
HEVIBR IR . (AR R GErh , IR L
FRIE SR B9 3 UGE WA — R H U EL IR T A
T i L 52 007 g FIR R A5 , G ORI e 116 1 i
HLTRAR /DN, ISR LA ol R Ge s , ) R el
S A A T P AL AN O, IS O A A S 45 DX A B
I, S L O AT eI AN B e 8 LR 22 Bl 2R I
(B HE AR 22 B AR SISl PAT B, o 35 1 DX A S BT 12
IR, WU 228 T 85 B 1 2 R MR GRS E 1B 1T

N T TR EAR IR, Al LM AZ g ] DR
FH5 P 7 A R L P 1 ) SR

(1) AR GS P 718, o] AR ol g rp 5 A
BRI AR Y M I T B AR
e 1 [ 36 v B U3, 90 R A X PRl e 3
ki th 3 UOR I .

(2) BRAP I8 7 100, Hy T R O e e A A
R P et ) O AL AT R I 2R e
PR I R AR R, L R 2 s ]
FO TR T 5 T PR 0 A g 418 3L ) R B v Ok 0 W
(H— /N T 25 BUE (H, A2 M B WA . al A
TR R I R/ N K BT £ 4 3 I e 30
A O A R0 5 L T ) 3 U o
VR AL, ) R 22 0] 6 % FL 9 % 0 Rk (/N T 2 A3

(B H 8 B0AT H BB A 1] I8 £, DUIIA O 1% 3 1
AN T2 PR Sy vl U AR AR N 2R R AR LR
ZEENRA

4 {FEWIE

FIFH PSCAD {5 BLAR (A5 s an 1] 4 firs Gk &
HLIF R R S8, 100 MW SGAR HEL S 2846 A8 T+ 2 35 kV,
2T EASTE 2 220 kV, )5 S BE LI AR
15 B RLA S B S B R B,

ek | b r
oH— I-7 E‘E@ 4

E NI

220KV /35kV

B4 fHEER

Fig.4 Simulation model

AR AR B R S 17 (45 1 SR I, 100 MW
AR B 3k 3 2o A A SRR 1 BB kL
TGo I I FE 40 75 FE A il i R AR 1 0 67y 42 1) 3
W, 15 ELAIF ST 300 7% 2 iy 1 3 B I R /N B e A TR
A2 B AR I R R AT Rl R

(DPFE T 1 AR G SRR IR A 400 W/m?,
B A 25 °C, TR AR iy F Al 1A R, FE 0.5 s B R
A B AL 50 Qi I AR B 2 b I s 3672 4 £ 45 Tl
MBIk B AR T HAR

TR 25 AF G LA I O B B S i, &
HOE P L TUT L Y AR LM, R R . H R AT
UL SR FHE S H AR TR, JoTh Db i) A4 4R 35 K
FB A AR D) DR ) AR ARG R, 1
L B 2 F R IR R R ) A oy i,

FUAR LI, A7 38 (8 AR5 i ol AL A
LU LS AR A (B A AR AR

5 60 Z 07
= ~
N o
S} B
= S
= =
~ =
L -20 mo 0.5
045 050 055 0.60 0.45 050 055 0.60
W] / s ] /s
(a) AL, K% (b) LR E
Ul g i HAR T
. i EHAR 03
0.45 050 055 0.60 “0.45 050 055 0.60
mfa /s ] /s

(c) IEFFHLIRER A (d) FUFHGE 2 E
E5 FEIRI THEERESERKY

Fig.5 Electrical waveforms of inverter under Case 1
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protection under Case 1
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Analysis of third harmonic current of photovoltaic inverter and

its influence on protection
HUANG Tao', WANG Shengli**,XIE Hua',ZHAO Qingchun',GU Qiaogen',XU Xiaochun',DAI Guangwu'
(1. Nanjing NR Electric Co.,Ltd.,Nanjing 211102, China;
2. School of Electrical and Electronic Engineering, North China Electric Power University, Beijing 102206, China;
3. State Grid Xinjiang Electric Power Co.,Ltd., Urumchi 830002, China)

Abstract: When asymmetric fault occurs in the system, negative-sequence components appear in the short
circuit current and voltage,which results in 100 Hz oscillation in the DC bus voltage of photovoltaic inver-
ter. A third harmonic component will be generated in the short circuit current of photovoltaic inverter when
this 100 Hz component circulating through the control loop. The analytical expression of third harmonic cur-
rent of photovoltaic inverter is deduced. The characteristics of third harmonic are analyzed considering the
influence of current-limited feature of controller, negative-sequence control strategy and low voltage ride
through strategy. Then the influence of third harmonic current on transformer differential protection confi-
gured with current transformer saturation criterion is studied. It is pointed that the transformer differential
protection may be blocked during internal fault of transformer due to the high third harmonic component
in short circuit current, and the corresponding countermeasures are proposed to deal with this problem. A
large number of simulative results verify the correctness of the theoretical analysis.

Key words: photovoltaic inverter; third harmonic; current-limited characteristic ; negative-sequence control ; cur-

rent transformer saturation;relay protection;transformer differential protection
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Day-ahead operation plan for campus distribution network
considering uncertainty of photovoltaic output
XU Yin, LI Jiaxu, WANG Ying,LI Chen,HE Jinghan

(School of Electrical Engineering,Beijing Jiaotong University, Beijing 100044, China)
Abstract: Along with the access of massive distributed photovoltaic into distribution network ,the uncertainty
of its output have become an important factor affecting the safe and operation of distribution network,
which should be considered in making day-ahead operation plan. A chance-constrained programming model
for day-ahead operation plan of campus distribution network is proposed,which takes the minimum expecta-
tion of power purchase cost and voltage offset as its objective. GMM (Gaussian Mixture Model) is used to
describe the uncertainty of photovoltaic output,and SAA(Sample Average Approximation) method is adopted
to transform the chance constraints which express the probability of voltage over-limit into deterministic
constraints, then the chance-constraint programming model is transformed into a deterministic mixed-integer
linear programming model. The optimal day-ahead operation plan of distribution network can be obtained
by solving the model. The standard IEEE 13-bus system and the campus distribution network of a university
in Beijing are taken as examples,and the effectiveness of the proposed model and method is verified.
Key words: distribution network ; day-ahead operation plan;uncertainty; Gaussian mixture model; sample ave-

rage approximation
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Table B1 Parameters of simulation model

S8 ZHUE
SEARB AU RIAE/ (W m> 1000
SEAR LA E IR/ C 25
Th A A 5 i /MW 120
THEAZE ST/ Q j43.5
IREE LB BT/ Q 2.66+j34.44
IR P RLHT/Q 29.12+j108.64
RGBT E/ME/Q j25.133
RGBHPR KRAE/Q 62.832
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