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Fig.1 Structure of distribution network

:Y, I Bl P11
WRIR 1 g

Y, :Yz i 2
@—I:l—l— PCC @ )
TP 2 :
1 v i
Y,

Bl 2 PCC Kbl if 45550 %

Fig.2 Harmonic equivalent circuit in PCC

ARG S ST A P by A i
W, N FHE I E AT P 1 B R AE PCC Ab
BIFERERRME SRR IS I E 3 B

I,

- —y Vel
. I — )
Yoo, : Y,
T t-—e .
‘ PCC .
I .
4 j
Y FFi

P 3 S I P I S A P

Fig.3 Equivalent circuit of load harmonic current

1 T R GES I BT I /N T DAy 1 BT,
RETIIE I IR £ L PCC U M R G, e H]
PRSI R R T, IR PCC S
P O

[.]pc(:l = jl.g/; Yi L ?é 1 (3)
b, DY AR EOE I A R SR Tl
i=0

Z A,

PP 1 BB O, ST X P



TIESE, B M, R, 4. BBk ki R G R T R S ST ()] T EL AR R, 2020,39(11) :73-80. 75

SO 25 p AN PR I b T

i # 1 (4)

TEAS T AL B i b Ak, IR (4 8 L L i 3
(110 g L | P W i A e SN 17 311
FLUAL AN 7 A R B P AL A P 7= A Y
ERli R

PCC AL i AL T A R R -

(1) JHP 38 g D5 S5 A 38 0 i R AE. PCC Ak
S RGP AL il e T IR T A B
FEAE PCC A4S P R G RIS I L I 22 R GE LAY
A 308 T AH LR

(2) AREBITH o B A A I B TR,
WL TR/ N R GEM T S e R A A
S R R AL R R E

(3) RGHPUEA DI S I EESHL

4 BRYESSER

FL IR ) L 0 & P8 ( Currents” Physical Compo-
nents, CPC)Z&H 3 [H L.S.Czarnecki T 1985 442
AR S, Bk 2 Sl e i M P B A B R T
Rz —0 0 cPC BligE T 4 B S ECK =M
ST A BFE AR XA RS T T & RS
SUIATSE 63 L8 A1) T E L P € 7 2 N L e
R IESZ 3 75125, T 70 il 04 s — A 53 R A X oz
N TiDE /B BIE
4.1 235

CPC IR IL & X T =M 2 14 B4 0h
S ARy
TEERENH S 6. N,

ZPe/r

keM

G =a—
N

keM
K, M A RGEMIEW LA P, b RESIEIEA
I, | u, || 8k RS E
TRk DS MR B, N
B, - Qo : 6)
Il |l
K, Q8 b WA B TC DR,
kOB ERERBST 6, M.
Pek
G, = (7)

Sl 0

(5)

ke W B DI

P, = Re(i]Ak}:k + [.]Bk}l:k + U(Ik}:k) (8)
kR B T D%

Q.. = Im( UAk];k + UBk]t;kk + U(‘kl(*k) (9)
ke R RS LR
g 12+ g 17+ Jug 12
(10)
K, T T I8 A A B LG A kR HL
M8 U, Uy Ug 20518 A B .C =Mk KB
B s e I o P 3 [T ug I 23501008 A B .C =4
(4 & YRS HL A R0
4.2 =HBREZDHE
CPC Ty P01 W 75 i A T B FL U IE 58
Sy A DI TG R L AR I L & R LA
AL, 45 LR A AR LIRSS LA AN
], 15 L YR R R h
uy(1) =+/2Re| Y, Uye""| (11)

K, UGN A FH B RIS A 88U s 0, Ry A
(1) BYJHHR
AR i, (¢) 5 R M E e —
e, WU AR A D S A I
i,(t) = Gu, (1) =2Re{ Y, G.U, ™"} (12)

(2) TYIHR

TCHHLT 4, (o) B2 67 28 L 3L -5 Pl VR fEL S 14 A
%,

i,(1) = Byu,(1) =V2Re{ Y, jB, U™} (13)

(3) 2tk :
ZBCR I i () OB R BE BT A R, JAE
RV R TR R AR I A2 B
i(t)= ﬁRe{ 2 (G, - GC)UAkejkwll% (14)

(&) Bwg
g A H T I A7 2R BE BT AR A LR MR R AR R
i,(1) =2Re{ Y jl,e""| (15)

i, (o) WERERTL N A RBIRIES 1, N
BN b UGB IR RUE
(5) AP i
AP FL I 7, (¢) B2 = R O A RSP A
i,(1) =2Re{Z,U, ™"} (16)

(R



76 BT HLfiE BT AR

H39% 11

X, Z, IR k ISR 540
5 BERAEENITE
5.1 ERFEPRRE

HT XTSI ORI, e R IR
ORI FE R R AR T SR L R

(1) IR SR R B 1 2 A% 3 B
FEAE PCC ALY /3 A XL IR 5 A B A8 L R 58 R
JE AR SR I L E

(2) WA SIS R, B P MR 2t £ g
T R P 5 | R ) A P SCYR AR TS SR L

FE PCC AR X 43 F P IAS T) FH P 7R 4H 19 38 38 52
AR, F TR AT SR D R 2 b LAt 5 26 9T
FAIR I FRL IR 28 2R G BB ™= A 11, PRI AS 7 1 SRy A
TRk P AR I TR AT

KH CPC TR FIE A B 3, HoA Dy e i 40 i
AT 5 R G5 R () B8 78 &A1
o, e i T RS MU i R G A, 24
TR TT SO I R AR FHE P 60 38 7= A i FL G 40
T AR T S DY e R R LA T 3 D R R $4 7 B
R EARABER T, R, 2R R R R 1
BT F R 5 AR T SR Dk L R P R 25 A
KA LR R T AR A A LR R AR R B R e
AR TR R . R G0 BRI s h Ak
CEN R ENORY AT

ANV A R AL A U AN ST A P U R IR AN A
HLU ., B3k = A G0 N Ay B A i I AN S A
WL, AR ELR A = M s R 7R =AM
V) 7 5 | PO V0 AR 30 LA S A TR A5 T A 2 7= A 3 g
AR

F ORI AT ) R A R IG T R I A G O 0
LR R SR R B I AR R &R L A
AN R I S IR 0 1 OB A B e U B T R
PCC A i v 38 v 5 HH P 8 S A i e L 3
Sy AR S T I ZR Ga M il 0 5RAT
5.2 PCC miREEENL

FE PCC U0 45 108 2 1 i A9 —AH 8 i iR 47 4
fift, RGO TAT RN .

I = ]iah + Ifrh + ]is (17)

K, 1 0 PCC R RGEMIAES i AP 5 AE
WTAEHR 1, T 1, 530K PCCAREE i A
A Ty L R R 3 SO(EL  TE T E I R R U
Sy A RUE 2R A RUE

550 NHPE PCC ALY ST RN
I =/\/I§g +Iiuh (18)
o, 1 O PCCARSS @ AN P B s AR R 1,
1, 5050k PCCARER & AN FH P & A B A B AR
A ERL 3 P R I A A AU
PCC 4b55 i ASFH P i 54T p, M

i.C

pl ’ Ii,C + [i‘S ( )
PCC b R GeMIXER @ A P p, o M.
pis% =100 - p,% (20)

SR PCC b 22 G0 M A P 0] s i 3 38 74T
i, X FE T 752X PCC A = AH R I8 R 47 40, il
AN SR AR B i ) — A L R T 40
5.3 BERETESE

(1) X} PCC ARy = AHH R A5 15 26 1 v 1) — A
HL R A TR i

(2) I —ABREARNIEEELSFTDIIEP,,
R BTN Q,, .

(B)IFEEETE, P, =08, 0 kUGB
MR TES M, W ke M;24 P, <0 I, 0 k%
WHRFEETEA N, W EeN,

(4) RIS HHRELFIE T,

(5) M= (6) 2 (7) TR B B AER0R
S OB BN,

(6) IR (14) S-EIFTHE R AE B RA A

(7) AdE(12) A (13) S15) i EA I
UL T HL P RN 4 R A, O B IOHD IR o A K
1B,

(8) Sy BT RGN P i 54T

6 Efl5H

B AEEE TR 0. 4 kV K BCHL
Y FE PCC AR 3 AN, HP 1 ek d U
FEH 6k 1 YK, P 2 AT BH P E 4K, 2, =
(5+j2) Q,z,=(4+j1) Q,z,=(3+2) Q,H)" 3 JF
HrBEPE #2305 RGNS 5 15 il i L R Gl
BT SO RP G SLEA T AT

BRGMAET T S PEAT, PCC AR & L &
AR AT E U 4 (a) B, P 1 000 & H 3 M
WA 4(b) i, HEl 4 FIAT PCC AbHL %
A NS HITE S 1 R — 3, X U
B P R 2tk f 0l o R G BH P A AR TS S0
WU, DATATRT At P 7= A 5



TIESE, B M, R, 4. BBk ki R G R T R S ST ()] T EL AR R, 2020,39(11) :73-80. 77

500 >4
NN ¥
M0 1 2 1
e N E: II
508 012 014 016 T ER)
B 18 /s PIRIR
(a) PCC AT R B B 1B A%
. 200 %0
B0 ]
s | W W W 3
0 02 014 016 O eeteeey,
B 8] /s BIR IR
(b) FH P 1R R A

K4 55 UIE BAs g

Fig.4 Waveform and its harmonic spectrum

FHF 1.2 s o il 5 & 6 B, 34
FHP 09 T i T2 B g A AR 4B, PRt Serh H
S 1 A DR AMIC I e . T AR
TR T 0, P B9 A T HL U g3 TS D)
WA TIER ., HP 1R R K, e
RN F AR N 2 BB U s TP 2 B9 & A H T
ZRECE TN 0, T3 = A AR XTRR, o] 2 fif
BRI AT L 3, EL AT T8 0l AP A fEL 3 5 P 3
HAR Y, A i w4 0, XK 1
SR, P 2.3 ARE IR, 3 A H R B AR
T DL R P AT I s, R R T
SO

MAGMEH 8 VI 11 I BRI, % 4%
FHPAE 3 5t 83 b Ak i I 2 f i 64T 4 e, T 7 ~
KO FrR, T HEIEEEEA, & HP A E
UL TC RS A, T 1 B H AT Y
AIEH, TP 2 HARE IR, & A i & FEAE
AR HCH IR AR AN i A T 3 DR BELE - A
T A SO R HIFR 7 A e B it
FUAFA o, B A A St I il T
m 1ML 2 s,

*1 RESEEEHFTHIEEBRRSE
Tab.1 Harmonic current component without

background harmonics

A La,/A L,/A I /A I, /A I /A
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2 2.56 0.98 1.77 10. 00 0. 00
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Fig.5 Current decomposition of first customer without
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Tab.3 Harmonic current component under multiple
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Harmonic responsibility evaluation of distribution network containing
photo-voltaic power generators

WANG Qing-liang', GAO Mei', LIANG Pei-pei' , WANG Lei-gang’
(1. School of Electrical and Control Engineering, Xi’ an University of
Science and Technology, Xi’an 710054, China;
2. State Grid Zhejiang Power Company Yongkang Power Supply Bureau, Yongkang 321300, China)

Abstract; The high permeability photo-voltaic generators complicate the harmonic sources of common coupling
points in distribution network. In order to accurately separate the harmonic responsibility of customer and system, a
method of harmonic current decoupling and responsibility evaluation is proposed. The propagation characteristics of
harmonics at common coupling points are analyzed. According to the Currents’ Physical Components theory, the
load lumped parameters are defined; the harmonic interaction between customers is described as the secondary
background harmonic voltage. Then, the true harmonic current is decomposed orthogonally from the background
harmonic voltage and other customer’s harmonic current. The proposed method does not calculate the fluctuation
system impedance, and is suitable for harmonic responsibility evaluation of bus voltage distortion caused by photo-
voltaic power generators.

Key words: photo-voltaic generators ; power quality ; harmonic analysis ; responsibility ; background harmonic



