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Fig.1 Equivalent circuit of grid-connected photovoltaic

2 P T I R AT

V, = V.=(PR+ QX)/V, (1)
HRAETC T 3 &R v Al
Q+0,=0. (2)
B ORAK(D),Q VYV, ATFRIRN:
Q Ly by +ﬂ+() (3)

120 (3) I, A A A — 2 B B0 R OBk
FL Uk Y JCZ T Q2% T I WS FL TR VR R K 2K
Je— T H ) E AL
1.2 BRI H N3 LIREI T
HI P& 1R, SRR AE P, AT LSRR N -
P2 + QZ

P.. =R = (4)
FRAK (), A
Plass:RP-’-(?/(‘z_Qg) (5)

5.0, > 0, Fr Ak 3 % B T3 124 0 <
O, 32775 G bR v 3 W P TE T . 3 5 JE T £
SURHE B Q, M IEM . AHET I L 246k R
(TET Q, MO FFIE R KR 0, - 0, B IR BE AR
WA P 2 (3) TR A SO 4 45 V. B
% Q, WU B BAREE P, TE 0, € (010 0]
(0, H9 6 R P, 57 I W I 10 S5k T T ) 9 P
B R Y IR L 26 I e O A
AR s 5 T o 545 1 s TR TR K 9 )
% | AR W TR B (R R 2 B

s
2 THERTERGIRE

2.1 BETEREHRE

RS MG T, o3 A KOG AR H 3 5 T 91 I
FL S M (R A 7 e b o, 42 465 o2 1 e D) —H R Ty
2k BRI TE T T R A A A A DX A
AR AR M 2R AR PR AR RO . S SR E
J& , TR LR B e AR . B TE - R
FEER WL ME 2R, B p,—p, N RS
M B LA BV, R BUE - V0 Vo 5351 H
RER A R /M KRB Q. G AR L 3G T fiE
KB EKRIC . Y p, Mlp, B AR S V, AR,
IEEEGIN Sl AN

0 . » P3 P4

Quin

B2 EHEL-BETERG ML
Fig.2 Traditional reactive power-voltage
droop control curve
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Fig.3 Variable slope droop control strategy

based on head-end voltage tracking
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Fig.4 Voltage levels determined by reactive
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Fig.5 Communication structure between intelligent

acquisition device and control terminals
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Fig.6 Logic and flowchart of head-end voltage
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Fig.8 PV active power output characteristic curve
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Variable slope droop control strategy of distributed photovoltaic based on

feeder head-end voltage tracking of distribution network

SUN Min,CHEN Bo,ZENG Wei,HE Wei, HUANG Yangqi, HE Hao

(State Grid Jiangxi Electric Power Research Institute,Nanchang 330096, China)
Abstract: The relationship between the reactive power output of distributed PV (PhotoVoltaic) power sta-
tions and the voltage of interconnection point is analyzed, and the effect of reactive power absorption of
PV power station on line loss of distribution network is studied. Based on the traditional droop control
strategy,a variable slope droop control strategy of distributed PV based on feeder head-end voltage tracking
of distribution network is proposed, and the architecture and software control logic of the control system
are introduced. Based on the improved control strategy, the line voltage level is slightly higher than that
under the traditional droop control strategy,but the line loss ratio is closer to that under the optimal line
loss control strategy. Taking TEEE 33-bus distribution network system as an example,time series simulation
is carried out on OpenDSS,and the proposed control strategy is compared with the traditional droop control
strategy and the optimal line loss control strategy. Simulative results show that the improved control strategy
can sacrifice less voltage reduction effect to gain more loss reduction benefits, which verifies the correct-
ness and practicability of the proposed control strategy.
Key words: distributed photovoltaic; distribution network line; line loss; voltage regulation; head-end voltage

tracking control;variable slope droop control
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Table A1 Parameters of IEEE 33-bus system
Wl VR BT BN WA PRTARV-A) | VR WA RERGT ZREREABTQ 1 R S /(kV-A)

1 2 Li 0.2160+j0.2640 19+j6 17 18 L1y 0.1722+j0.2105 39412
2 3 L> 0.1659+j0.2027 39+j12 2 19 Lis 0.2163+j0.2228 19+j6
3 4 Ls 0.1386+j0.1694 19+j6 19 20 Lo 0.1283+j0.1322 48+j15
4 5 L4 0.1049+j0.1282 48+j15 20 21 Lao 0.1637+j0.1686 48+j15
5 6 Ls 0.1182+j0.1445 48+j15 21 22 L2 0.1480+j0.1524 39+j12
6 7 Lo 0.1810+j0.2213 19+j6 3 23 L2 0.2086+j0.2149 19+j6
7 8 Ly 0.1112+j0.1359 48+j15 23 24 L2 0.1672+j0.1723 48+j15
8 9 Ls 0.1730+j0.2115 19+j6 24 25 Lo 0.2210+j0.2277 48+j15
9 10 Lo 0.1466+j0.1792 19+j6 5 26 Las 0.1392+j0.1434 39+j12
10 11 Lio 0.1886+j0.2306 19+j6 26 27 Las 0.1484+j0.1529 19+j6
11 12 Lu 0.1044+j0.1276 19+j6 27 28 L2 0.1351+j0.1392 48+j15
12 13 L 0.1378+j0.1685 19+j6 28 29 Losg 0.1341+j0.1381 116+j35
13 14 Lis 0.1070+j0.1308 194j6 29 30 Lao 0.2163+0.2229 39412
14 15 Lis 0.1855+]0.2267 194j6 30 31 L3 0.1838+0.1894 19+i6
15 16 Lis 0.0976+j0.1193 116+j35 31 32 Ls 0.1805+j0.1860 48+j15
16 17 Lis 0.1683+]0.2057 1946 32 33 Ly 0.1351+j0.1392 48+i15




