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Fig.1 Topology of PV generation system accessing to

traction power supply system
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Fig.2 Equivalent circuit of harmonic current
in coupling system
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Fig.3 Control principle of back-to-back inverter
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Fig.4 Schematic diagram of all-parallel AT power
supply traction network
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Fig.6 Harmonic amplification before and after integration of PV
generation system under different lengths of traction network
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Fig.7 Influence of locomotive position change on distribution
of traction network voltage before and after integration of
PV generation system

7 AT B R G AT, 25| W _ETCHL
LIt w] ARG | I R AEHRF A 27.47 KV 442 5]
AP R AR 5] N R R AL 4 BB IR
FE P B I B i B AR, LR R AR T T A 5| M
HL R 8 S AT B AE AL 22 i A7 B, 2 5 22 5]
JE I —E BB B R AT XFA2 5] M
JEA VR, D B A UL R T A SO S s Y 4
IR G HA AR e, AR LR RS
J& 25| W HL S T BT 3 R AR B A 1
AL A 5 H R ST B A R G AR ) f 3 R
b T | AR T K7 5 | I E R A 0 0 R DL R AR, ) 4%
Mz s | W T, fH R TR R #E 0.05~0.14
kV Z ], ¥ A fif 42 5] ) H 8 o 0 9 L e B
29 kV,

8 Atk AT JaHL 4 B AR b X R G

J LI S A A VS I i AR R R s A O, r 1] 8 T
PAE S04 B GR35 A S GE R, 220 KV HL K
I 22 5 677 H S /0N | 432 AGAR 2R G mT LA REARR 67U
HLT , AR 3 — 2 M AMEVE R 25 A 1 7 X425 | N H e
FRoE PER Ay BT ol 0, S YMLA BRI A G i,
Ui R JERATR , DT LI A AR SR B AR BRI A S %5
25 5] A0 H S AR BN R A
S AL 2 U T I I AR A TR B 2 0.17% 5 AR
FF IR AHT, YIRS 220 kV HE AU 38
WS R B — E R LT B HLA AL B RS Bl
Xof EHL P VR B AR SR ) A RS 32 A 5 etk R ge il
iy L P DU D0 R AL SR A2 L A AR AR S R )N
YITEFRHVE R 5% 2 M .

25
ZEwS ] —
SEgS st —
IS Rt
N
05
S
3;’:%% 0.8
8%&”@( : 57.2.\.
NEHE 07
25 1.6 |
RER 1S5 o A
B 13
EE;%(QS 2.70 F
EMp //\‘
FS 265 F
Zigay 265
*EJ@E 260 L 1 L 1 1 ]
0 5 10 15 20 25 30

HLAEBEGAREA B B8 /km
—UREART, RN
B8 RBAR EMEMELTUT
RanFRERREEBTENZIE
Fig.8 Influence of locomotive position change on system

negative sequence current and harmonic distortion rate
before and after integration of PV generation system
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42 FRRHEIRITENESEHIZNN
OGRS HH BE G S5 K AR B B N AR R
GEryse ) BRI R 2 AT T XML B IR U W
AR KA 5 | L R 52, 455 LI 10,
LG HE IR T R 2 R RS e i i ds i,
00 FEL I PO D0 B s o LA I B R A LR R
M, HH & 10 (a) BN, BIL 24 BT T8 6% I A8 SR o 5 4
HEL % 398 o v 348, e Ak %) T v T A BRI, 5
9 (a) s JGAR 22 58 018 I i s ARk 2 0 Bl o
FERE B3 hn , SRt R I P AR S O, A%
SEHEY | S VR S| RN 2 L -
Tt FIHIEEE R 0.06% . 7T WLIEAR R G X HIL A B

1.50 1.43
3% N : 1.42
et 145 |-- = !

2 o] 1.41

“5* & 1.40

135, = 1.39

IS . 1.38

5 .
gl OV
(a) SHHLZABUR B I A8 2R A R IR
25| N1
B E/kV

. 275
=

H 27.4
e

ﬁ 27.3

E 272
jping

% ol 271

(b)) XF225| [0 L 52
B 10 SERME B3 ZEM RFERIF M

Fig.10 Influence of PV-side fluctuation on

locomotive-network system
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Harmonic interaction influence of PV generation system accessing to
traction power supply system and its adaptability analysis
DENG Wenli,DAI Chaohua,GUO Ai,SHI Fangli, HAN Chunbaixue, WU Mingliang, XUE Congcong
(College of Electric Engineering, Southwest Jiaotong University , Chengdu 610031, China)
Abstract : In order to analyze the harmonic interaction influence and its adaptability of PV ( PhotoVoltaic) generation
system accessing to traction power supply system, the system harmonic current analysis model is established based on
harmonic transmission theory. The united simulation model for the coupled system of PV, all-parallel AT ( Auto-
Transformer) traction network and electric multiple units is set up in MATLAB/Simulink and its accuracy is
verified. Based on this,the dynamic working conditions of traction side and PV side are simulated respectively, and
the resonance and harmonic amplification characteristics of the system, the steady-state voltage distribution of traction
network , the harmonic voltage/ current distortion of different bus sides and the resistant ability of PV inverters are ana-
lyzed and compared before and after the integration of PV generation system. The accommodation ability of traction
power supply system to PV generation is studied based on measured data,and results show that when the installed
capacity of PV generation system is smaller, the harmonic interaction influence between traction power supply system
and PV generation system is smaller,and both of them show good adaptability.
Key words : photovoltaic power generation ; traction power supply system ; back-to-back inverter ; harmonic interaction
influence ;adaptability analysis
T
(L% 180 R continued from page 180)
Optimal operation strategy of PV-energy storage system considering
revenue of voltage regulation ancillary service
YUAN Xiaodong' , YANG Xiaomei®, YU Yongzhou® ,LU Wentao® ,GE Le’
(1. Research Institute of State Grid Jiangsu Electric Power Co.,Ltd.,Nanjing 211103, China;
2. State Grid Jiangsu Electric Power Co.,Ltd.,Nanjing 210024, China;

3. School of Electrical Engineering, Nanjing Institute of Technology,Nanjing 211167, China)
Abstract ; The voltage over-limit problem of distribution network with high penetration rate of renewable energy is in-
creasingly serious. PESS ( Photovoltaic-Energy Storage System) can provide voltage regulation ancillary service for
the power grid due to its four-quadrant PQ adjustment capability. An optimal operation strategy is proposed for PESS
considering the revenue of voltage regulation ancillary service. The topology structure and flexible grid-connected ope-
ration modes of PESS are given. Considering the on-grid energy income ,the ancillary service revenue,the electricity
purchasing cost,the loss cost and the operating constraints , the optimal operation model with the maximum economic
benefit of PESS as its objective is established. Aiming at the global continuous multi-stage active/reactive power dual
decision-making problem, the multi-dimensional dynamic programming algorithm is adopted to solve the problem.
The results of case study show that PESS can respond to the price incentive of voltage regulation ancillary service to
obtain higher revenue,and solve the voltage over-limit problem of distribution network effectively.
Key words : photovoltaic-energy storage system; flexible grid-connection; voltage regulation ancillary service ; multi-

dimensional dynamic programming
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