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Optimization Algorithm for Capacitor Voltage Balance of ANPC-5L Inverter
XU Shizhou, CHANG Jinhai, FAN Jingsheng, JIA Xinxin

(School of Electronic and Electrical Engineering , Henan Normal University , Xinxiang 453007 , Henan , China)

Abstract: A method for establishing edge triggered pulse control switch state time was proposed to address the
divergence of floating capacitor voltage and DC capacitor midpoint voltage in a 5-level active neutral point clamped
(ANPC-5L) inverter using the space vector pulse width (SVPWM) algorithm in the g—h coordinate system. The
fluctuation of floating capacitor voltage and the offset of DC side capacitor voltage were reduced. The principle that
the fluctuation of the floating capacitor current causes the voltage deviation of the floating capacitor was used.
Based on the principle that the same level is output under different switch states, and different switch states cause
the current direction of the floating capacitor to be opposite, within a complete cycle, the floating capacitor current
cancels out each other, reducing the voltage fluctuation of the floating capacitor. An active power flow model was
established to balance the midpoint voltage of the DC side capacitor by reducing the voltage fluctuation of the
floating capacitor. Finally, by building a simulation platform and comparing the capacitor voltage balance of ANPC-
5L before and after the application of the proposed method, the validity of the method was verified.
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Fig.1  ANPC-5L three-phase topology
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Fig.3 ANPC-5L single-phase topology
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Design Method of Compensation Network Parameters for Bilateral LCC Topological

Magnetic Coupling Mechanism
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Abstract: Based on the principle of magnetic coupling resonance technology, a bilateral LCC topology
compensation network parameter design method was adopted. Firstly, the mathematical model of the main circuit
of the bilateral LCC topology was analyzed, and the inductance ratio of the coil self-inductance and the series
compensation inductance was set. Then, by writing an M file and building a Simulink simulation platform,
according to the relationship between inductance ratio and efficiency, found the optimal efficiency point. Finally, a
all-SiC MOSFET device system experimental platform was built for verification. The experimental results show
that the efficiency of the coupling mechanism can be maintained at about 95% and the maximum efficiency of the
system is more than 92.5% in the range of full power offset by setting the appropriate inductance ratio, which
proves that the compensation network parameter design method is effective.

Key words: magnetic coupling resonance; bilateral LCC topology; inductance ratio; SiC MOSFET device;

coupling mechanism efficiency
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Hierarchical Reactive Power Scheduling Strategy for Electric Vehicle Charging Stations in V2G Mode
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Abstract: Aiming at the adverse effects of large-scale electric vehicle charging load on the distribution
network , based on vehicle to grid (V2G) technology, a V2G reactive dispatching strategy combining the non-
dominated sorting genetic algorithm and the local optimization of global objectives algorithm was proposed. The
superstructure was based on the ordered charging strategy of electric vehicles based on the non-dominating ranking
genetic algorithm, and the standard deviation of the user's starting charging time distribution was optimized with
load mean square deviation, charging cost and voltage offset rate as the target, and the starting charging parameters
that meet the needs of users were obtained. The sub-architecture was a local optimization algorithm for global
targets, which optimizes the amount of reactive power compensation with voltage offset rate as the target for
vehicles that can provide reactive power compensation. Finally, taking the IEEE100 node system as an example to
simulate, it was found that this method can provide charging station operators with better load peak-valley
difference, charging cost, voltage quality and other charging methods, and the hierarchical scheduling strategy can
better ensure the safety and economy of the power grid compared with the single-layer scheduling strategy.
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Fig.12  Pareto solution set graph of multi-objective optimization
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Tab.4  Comparison of optimization results of charging cost index
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Capacity Configuration and Power Regulation of Scenic Hydrogen Production System

Considering Maximum Efficiency

LI Yajun', HE Shan'*,HU Bing'?, XIE Shaohua'

(1.School of Electrical Engineering , Xinjiang University , Urumqi 830017, Xinjiang , China ;
2.Engineering Research Center of Renewable Energy Generation and Grid-connected

Control Ministry of Education, Urumgqi 830017, Xinjiang , China)

Abstract: Aiming at the problems of high investment cost, low efficiency of electrolyzer operation and high
fluctuation of power input in the new energy electrolytic water to hydrogen microgrid system, the scenery hydrogen
production capacity configuration scheme with the installation cost of microgrid equipment and the comprehensive
optimization index of the system consisting of load hydrogen deficiency rate and power abandonment rate as the
objective function and the power regulation method for achieving maximum hydrogen production efficiency based
on the characteristic curve of electrolyzer efficiency was proposed. The battery was selected to supplement the
electrolyzer according to the fluctuation of the power of the scenery generation, and the elitist non-dominated
sorting genetic algorithm (NSGA- Il ) was written to solve the capacity configuration of each device in the system,
and the multi-objective particle swarm optimization (MOPSO)was used to perform the maximum efficiency power
regulation of the electrolyzer. In comparison to the scenery complementary hydrogen generation scheme, the
capacity configuration model achieved a lower overall optimization index with a similar installation cost. After
power regulation, the average electrolyzer input power fluctuation rate and electrolyzer efficiency decreased by
58.37% and 37.54%,respectively , which significantly improved the system stability and energy utilization.

Key words: microgrid ; maximum efficiency ; hydrogen production; capacity configuration ; power regulation
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Robust Configuration and Optimized Operation Strategy of Hybrid Energy Storage System
SONG Pengfei', WANG Maxiang®, YANG Guixing', LI Jichen’, KANG Pengpeng', WEN Shenghan®

(1. State Grid Xinjiang Electric Power Co.,Ltd., Urumgqi 830063, Xinjiang , China;
2. State Grid Electric Power Research Institute Co. ,Ltd. ,Nanjing 211106, Jiangsu , China)

Abstract: To enhance the economic and operational flexibility of accompanying energy storage facilities in
new energy power stations, as well as to improve the stability of supplying electricity directly to large users and the
grid-friendliness of large-scale new energy power stations, a two-stage robust configuration and optimized
operation strategy for hybrid energy storage on the generation side was proposed. In the first stage, based on the
empirical mode decomposition and Hilbert-Huang transform of demand power signals, considering the investment
cost of energy storage and the supply-demand requirements of new energy power stations and grid integration, a
robust configuration model for various types of energy storage units in the hybrid system was constructed. In the
second stage, with the first-stage optimized configuration as a constraint,an optimization model for the operation of
hybrid energy storage was developed with the objective of reducing net load fluctuations while meeting the power
supply requirements of the power station and grid integration. The effectiveness and competitiveness of the
proposed models and strategies were demonstrated through case studies using actual wind power and load data
from a certain province, providing technical support and decision-making references for the coordinated
development of new energy power stations and energy storage.

Key words: new energy power stations; energy storage facilities; robust configuration; optimized operation;

grid-friendliness
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Fig.3  The solving process of two-stage robust configuration and optimal operation of hybrid energy storage system
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Fig.4 Demand decomposition of monthly wind farm operation

AR A RE A I Y H R SR X 43 an i1 5 9
o EISH, Py B s BRI AR TR R A i,
A5 5 168 G L2 100 1 A U8 2 ) 238 i T )
FEAE 5 PRy BT R AE 5 A I B 300 3 19 75 5K 43
A G F T R B AR R B A ) R
53 F e AT
63 BEMENESEREARSN

B BCAE 5.2 /N A i R L, R 6
JIrs B F AR 37 0 T T e XU REL 37 B AR
0 0 22 Tl TP B 57 4 R R OR TR A it E R
GRS REICE .

X (12) iyl RIE AT EAET,,
WEN, N10,a, 8 60%, FEIGHT A ST
K HLATR & it RE 5 00— 28 AU RE AR S H XU
Yyt I 2576 L BB om A oL T ARG E T R
5 — kb % B R G AR s % SR 2 FiR

P 2% 2 AT HE AT FR T 68 0 H 25 1 PR 1 % AR AR
Bm  IRA i RE R — iR BB L A B AR BB AR 4R B
AR i 31.51% AHIR A fiff BE RE 08 1 & S il AN

63



BAEF 2024F F54% F 104

FINE, 5 RAE A R Y09 S B B 5 R AIE AT Rk

18F P 3
i L T TR
z -18F ) ) ) ]
= 0 200 400 600
8 s 3
= ofowtﬁ
-1.9¢ , . . ]
0 200 400 600
f il /h
5 AETUHAEHICHY ] L R4y
Fig.5 Monthly demand division for various
types of energy storage units
100
80: A 7 1 i
; | B JXL};E ﬁAﬁﬁ:
2 60t ANl A 4
B o \-\/ \.\ a 1}
i
20¢ . : . A e wesndl .
0 6 12 18 24
it [8]/h
()70 XU 37 0000 1) 25 5 A g 114 ) fi 22 175 00
-5 S0 —
L s r
=5 r L Toll AP E
CE
<g By aaan
R R e S .-_,./ L
6 12 18 24
ff i)/

(b)HILA H A Tl FH P 47 fof 75 R A7
Ko BT H HEGREE & B
Fig.6 Day-ahead generation and electricity

consumption of typical days

Iﬂfﬁiﬁ&ﬂ@ﬁj%%‘%ﬁ%,ﬁf%z%.%‘jt%m;%mﬁ%%ﬁﬁ%
IEfE 1 5B XU A B ORI L DR TR A i i
A RETE 3 R e IR R H 1R 5.54% , $2 1R 1
W 25 2Bk A T A A AR 4R A B
P 35 55 XU HRL e 8RR A A . R
FE 3 — Rk 22 50 (4 N R A 155 20 X e
F 7R, HIET7 A5 REMREE T 286
ST A H N 2 TR BRI U Y

T H AR 01:00—06: 00 B, R 5224
UG LR
70
60F -
F /e AN ,
g 4o 7\ ot .
Fobt by 4 ”
= 20F . /\\; -4 z 4
10F '}tﬁ'ﬁrf]—ﬁ[g \./’/
AAY ] H, \ -
ok 9 '\\/F ¥
_(])8:00 06 00 12: 00 18: 00 24;00

I 2
K7 ARJERT — WA R g0 0 L A U0t
Fig.7 Comparison of power consumption of integrated

power generation system in different forms
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Fig.8 Prediction and the actual output of photovoltaic electric

field at the intraday scale of random days
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tricity quantity of integrated power generation system
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AP H X H, T J T o AR Y B N
WECS = HIHF 7

RRER T, B e
(1. B/ZXEFRAZEIRFR, BB HL 710065;
2. W % THF I A PR3], B W% 710054
3.\EME KT AT, BB BHE 710121)

FEE A1 A D B 2 B2 I RUBE e 0 R 48 (WECS) B IE 3 I F W2 1T, S 8UR Ge i Hh o) SR 38 3h LA B i oy
HL I RS o S A, 78 52 PR ) A G ) 26 JRUH 2R 48 T B 2 Fh T PR30 T2 19728 A DA R A 15 2 45 T PR {73 193 4]
L BR SR AEANTA S PR A TR, QRS BOR A U G G il i i PR 2 N R Tl 3 T —Fh 6T
TR AETHOI (1 JCAE Y 3 W AR ] (MFAC) Jr 58, LG DR L I S O 8 PR S BUT PR RE R B ) R, (4l RGE AL
A EAFIGHT TR ST o oAb, SR = ST A 42 sl 12 SH ifk DRAS P67 Fi 090 b, S - 90 i L1325 114 18 B B r
WA 75 [P, 5 L %oF L SRR W, T 42 ) M A (A L AR AR ST B R i s A A s 25 PR RE L 1l B4 ™)
M RSB, RGN G PETEDAF BB &, S0k T iy Z ik

KGR AT 10 9 HL T s WECS 2 5 SR F0N s MFAC Jy 58 s ZHUR I 2 1

FESHES:TM28  XEEFRIZE:A  DOI:10.19457/j.1001-2095.dqcd25123

Research on WECS Control Based on Model-free Adaptive Control Under Unbalanced Grid Voltage
ZHAO Chencong', XIE Zhouhua*, ZHOU Feihang’

(1.School of Information Engineering ,Xi’ an University,Xi’ an 710065, Shaanxi, China;2.Xi’ an Thermal Power
Research Institute Co. ,Ltd. ,Xi’ an 710054 ,Shaanxi, China ;3.School of Automation,Xi’ an

University of Posts and Telecommunications ,Xi’ an 710121, Shaanxi, China)

Abstract: Unbalanced grid voltage will affect the normal grid connection operation of the wind energy
conversion system (WECS) , resulting in fluctuations in system output power and distortion of output current. In
addition, in the actual permanent magnet synchronous wind power system, there may be uncertainties in the
network side circuit parameters due to changes in ambient temperature and detection errors. If the parameter
changes, the performance of traditional control methods will decline. Based on this, a model-free adaptive control
(MFAC) scheme based on grey prediction was proposed to alleviate the performance degradation problem caused
by parameter uncertainty and make the control system have better anti-interference ability. Furthermore, three
independent control methods were adopted to solve the problem of grid connected output power fluctuation and
current distortion under unbalanced grid voltage. The simulation results show that the proposed control strategy not
only has good static and dynamic performance under nominal parameters, but also improves the robustness of the
system when the grid side inductance changes, which verifies the superiority of the proposed scheme.

Key words: unbalanced grid voltage; wind energy conversion system(WECS)control strategy; grey prediction;

model-free adaptive control(MFAC) scheme; parameter uncertainties
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Control Strategy for Suppressing Transient Overvoltage in Wind Farm Caused by HVDC Faults
WANG Qi', DONG Xinsheng®, HE Shan'
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Abstract: To address the issue of transient overvoltage at the sending end of the wind farm caused by faults in
conventional high-voltage direct current systems system, the impact mechanism of DC faults on transient voltage
changes at the sending end was analyzed. It was discovered that the reactive power surplus of the AC system after
the fault was the root cause of the sudden voltage rise. To address this, a reactive power coordination control
strategy based on distributed synchronous condensers and doubly fed induction generators (DFIG) was proposed. A
distributed synchronous condenser was installed at the grid-connected bus of the wind farm to stabilize the grid-
connected voltage and improve the low-voltage or high-voltage ride-through capability of the wind farm using its
unique reactive power regulation characteristics. During various severe fault scenarios in the DC system, the DFIG
participated in reactive power regulation by changing the reactive power reference value, and improved system
voltage during the fault period with the distributed synchronous condenser. The DFIG wind farm was controlled to
exit reactive power regulation during steady-state after the fault, to ensure economic operation after fault recovery.
Simulation results using PSCAD software demonstrate that the proposed reactive power coordination control
strategy effectively suppress transient voltage variations of the wind farm after faults, improving the reliability and

economy of the wind farm, particularly during commutation failure and direct current blocking in the system.
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Fault Diagnosis Method for Switchgear Based on SMOTE-SSA-CNN
ZHANG Wei

(State Grid Gannan Power Supply Company , Gannan Tibetan Autonomous Prefecture 747000, Gansu , China)

Abstract: The multi-source monitoring data of switchgear contains rich equipment operating status
information, and analyzing it can achieve switchgear fault diagnosis. A fault diagnosis method for switchgear based
on SMOTE-SSA-CNN was proposed. Firstly, based on monitoring data such as switchgear voltage, current, and
temperature and humidity , the synthetic minority over-sampling technique (SMOTE) algorithm was used to expand
the original dataset, solving the problem of severe imbalance between positive and negative samples in the original
dataset. Then, the sparrow search algorithm (SSA) was introduced to optimize the hyperparameters of
convolutional neural networks (CNN) , such as the size and number of convolutional kernels, the number of fully
connected layer neurons, and the learning rate, in order to improve the accuracy of the model's fault diagnosis
results. Finally, the performance of the established SMOTE-SSA-CNN model was evaluated through example
analysis, verifying the effectiveness of the proposed method for switchgear fault diagnosis. Compared with
traditional fault diagnosis methods, the proposed method has better convergence and higher accuracy.

Key words: switchgear; multi source monitoring data; synthetic minority over-sampling technique (SMOTE)

algorithm ; sparrow search algorithm(SSA) ; convolutional neural network(CNN)

o TR TT AR A L I B A O e e 2 — , LA

FRARBLS B 1 RGN % S f g iz T B2 EEH,
{HRTF AR LIRS A FB AT R 5 4, 7 K
BAT R AR AE R ARG (2 A2 A A )
R, 25 o 51 R R R TR, R T AL S R
W, A A0S R T AR B B2 B R,
IV B L 2 48 T AR Y as A IR, R ik o iz
AEr TR R E RS %

Bifi#5 N T2 e & )€ , BP (back propagation)

EHETE 1l EAE I (21YF56A159)

P25 ) 2 | 32 4F 1] 3 AL (support vector machine,
SVM) . & B il 28 W 2% (convolutional neural net-
work , CNN) ZEHL 7~ I A AR 4l iz I
FECAR 2 Wb . SCHR[S-614 7. 75T BP fif
25 28 B2 RS | K T SC A A I A 1
SEN ST T A SR R B Y U
o SCHR[TIR FHRE BRI 2 AL IO SCAE
JE FL AL e 5 s D R HR PR, i B AR
SRy ) F LSS T T A A [t Bt 912 W . SC

TEE R 9k EE(1989—) , B AR}, M TREIF , Email : 15101460625@136.com

83



BAEF 2024F F54% F 104

K #  & F SMOTE-SSA-CNN &) JF % AB 3 [ 4 7 o7 %

BRISIHI H 22 % BE' 22 A% IR A5 1) I S AR I 1 ik
LR G LU, 45 5 150 2R 28 030 1 R S e ) 1
B, SBT3 591 5 SCRik[9-10144
T T TR 28 X 45 11 3 AR e T AR
P I R L L U8 S P S A PR Ay i ARRAE (L,
ST T SR Ry EB I HR R U . B BE S
25 S 3R W I T AR Y 22 U5 0 T 5K s R AL 2 2
S A S AT N [ R A R o AR S
BRIz AT iy FF AR B e 2 /MR =, S 3R 1R 5L
it 45 1) 1 SOREAS LA ™ B A7, W) BRA ikl
i N T2 B IR B SR, e E R T
BLg 27 ) 43 JSRE R () oEAff 1k A ] e

ST I, AR SC LA S A 22 Y5 ) A i oy
fill, 32 T —Fh LT SMOTE-SSA-CNN Y JT e 4
HEERZ W . E AR A U B FEAS i R
R B3 XoT 2 15 A 00 5 40 4 v g A BRI R R A
HEATYF0 , B AR 4 B 4R 1 AN - 5 4R ) 3
TG4 | W S BRI 2 X 45 43 A A, 5
A o PR A 48 2R T T X B 2 I 45 1 B B R
INEBOR  EE E A U R 2 S R AT
A, 3k G A5 R 25 I 28 155 0 1 2 5008 8 1) 28
P 5 Je il BB S E T TR ik A S

1 A T SMOTE & ::3¥) #5338 &

Bt 78 2 HLIE SORERAS O A 12 5 R AR £ S
B DRI 25 21 3 S AR AL M Ay 28 RN AL R ) 110 ik
AHIHE . SRR SLPRs AT i fe b, JF AR ey
VAN R R O BT At RS Tk 0 I 2 @RI
P i R AC B 2 HAE SAOREAS LU 2R 4. SR
FHHE T TR BE 7 > B0 1 73 AR R X TE AR AR 2R
7 ) B AR AT 0 M I, SRR 45 R i 1) T 22
W, i A B R PR R A A IR

G D B A G R R (synthetic mi-
nority over-sampling technique , SMOTE ) 5 J& —
i BEALL SR AE A R E T3 3% 107 i 2R T AR L
PR h DB REAS , 3 0o LR BE ML 1 7 XA
PGB, STEL R A R SR A 3 A AR AL B
T 412 125 TR JEE =7 ) 73 S I (140 2 Az AL RE T
B DR SE A B . B P 3R
.

D) WA A IT AR SRR B s o D RO AR A 4
Sinn = 1225, .%, )6

2) 5K KR ARSI BT AR DB A «,
A K IEARFEARY = {y iy ydo

84

3)BEMLZE B K AT ABFEAR Y B m(m < K) A
FEA (i =1.2,m),

4) 2R T Bt AIL 2 M 4 11 1 7 R REAS o, Ry
AT AL BE 15 B 5 AG AR REAS R AE 1 B RE AR, 52
56 B R Y I AL o BT R AL P A Y
FEARG AN

z, =x, +(x, — v, rand(0,1) (1)
2z, B A ) D B FEAR 5 rand (0,1) 24 78
(0,1) JE N i — D BEHLEL

1 SMOTE R LY st/ B FEA
Fig.1 SMOTE algorithm expands minority class samples
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Tab.1 ~ Monitoring status quantity of switchgear
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Fig.2  Convolutional neural network structure
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Fig.3 Fault diagnosis process for switchgear
based on SMOTE-SSA-CNN
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Tab.3  Fault diagnosis results of different expansion algorithms
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Tab.4 Initial parameters of SSA algorithm
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Fig.4  Diagnosis results of switchgear faults
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Fig. 5 Confusion matrix of switchgear fault diagnosis results
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Tab.5 Evaluation index results of SSA—CNN model
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Tab.6  Output results of different models
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Fault Detection Method Research of Single-phase Four-quadrant Rectifier
LI Wei'?, LI Yingqi', HOU Leihao’, LI Junpeng’, LIU Dejian’
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Beijing 100081, China;3.Beijing Zongheng Electro-mechanical Technology Co.,Ltd. , Beijing 100094, China )

Abstract: The main circuit faults of the four-quadrant rectifier and the corresponding influences were analyzed
and summarized, focusing on the analysis of the voltage and current parameter equations in the pre-charging
process of the intermediate DC link, and the estimation method of the converter input current and the intermediate
DC link voltage was proposed. The estimated parameters were compared with the actual detection results, and the
corresponding fault detection can be carried out by using the performance of different faults in the pre-charging
process. Through simulation and experiment, different faults were simulated and analyzed, and the results show that
the fault detection method proposed is effective and feasible.

Key words: four-quadrant rectifier; pre-charging ; intermediate DC link ; fault detection
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Fig.12  Test waveforms in the short circuit condition

of intermediate DC link
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