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Design and Investigation of the Performance of a Self—-driven Cooling

System for Hydrogen Fuel Cells

LIU Yang'-?*, CHEN Yan?, XIN Gongming?,ZHANG Tong*,ZHANG Yougang’, SHEN Xiaomin'"
(1.Shandong Special Equipment Inspection Institute Group Co., Ltd., Jinan 250101, China;
2.School of Nuclear Science, Energy and Power Engineering, Shandong University, Jinan 250061, China;
3.School of Physics and Technology , University of Jinan, Jinan 250022, China;

4.Shandong Special Equipment Inspection and Testing Group Co., Ltd., Jinan 250000, China;
5.Haidriver (Qingdao) Energy Technology Co., Ltd., Qingdao 266000, China)

Abstract: The development of hydrogen fuel cells plays a crucial role in achieving the transition to clean energy , reducing
carbon emissions, and improving energy efficiency.lt is one of the key technologies driving sustainable development.Hydrogen
fuel cells operate at their optimal performance within a specific temperature range, and an efficient thermal management
system is essential to maintain the battery’s operating temperature within this range. Therefore, a high—efficiency adaptive
thermal management system based on the traditional hydrogen fuel cell structure is proposed in this paper. The system
integrates a microchannel structure to enhance heat transfer within the cell and combines the principles of a loop heat pipe ,
which can drive the working fluid to circulate within.The experiments demonstrate the feasibility of the proposed system for
heat dissipation and preliminarily realize adaptive heat dissipation.The experimental results show that the system generates a
circulation flow of the working fluid that increases with the power of the heat source.The microchannel heat transfer structure
in the cell exhibits a low thermal resistance of 0.02 K/W , achieving a maximum heat dissipation power of approximately
100 W and a heat flux density of 30 W/cm”.The system combines the high—efficiency heat transfer characteristics of the loop
heat pipe and microchannel, realizing self-driving and adaptive features, providing a new approach for energy—saving,
reliable , and effective heat dissipation in hydrogen fuel cells.

Keywords:hydrogen fuel cell ; loop heat pipe ; microchannel ; cooling system

EEWE 1 & AU KR (2022YFB4004400) 5 1L 44 H A RE 2 5 4 51 H (ZR2023ME184) 5 [ 5 HF & 5 %t 4 F A5 R 2 W BH 0 H
(SD1C2023-06) .

National Key Research and Development Program of China (2022YFB4004400) ; General Program of Shandong Provincial Natural Science Foundation
(ZR2023ME184) ; SDIC Science and Technology Project (SDIC2023-06).



45534 (5 338 18)) WLt DEL 2026 4E45 134
0 3= S DX IR FBCEAAN J2 01 it 3 PR Ry S TR T R L R
=

AH AN LR AR RE , B
K IUTA A Z A CHAR TS 50, T LU R0
i HE T, DRIk S0 RE A 1) FH R S B XUB” H A 4
R Z =1 A, S RERYHH RERS 18D XA
REVR A O , HE S REVR LN 22 ootk , JEHE 2l A
3 2o AT AR R (A XURE K AR ) Ha A 7K i B
RIS S RE B —Fh AT O S SR RE TR IR .
AL AT DU —Fh oA o £ 58 O =X, F i BB 16
SV AE T TR L )T SR e W IR B RE A T
AT EEA BE IR (A0 KURE K BH BB ) 18k ) 4 R 1] i 1 1y 1]
RIS S S ISR R H R PR O SRR
HL O AT LA e Al A R 4y H BE T R T
L ST B IR, OB Y B AT i ik
809 VA I, L T AL GE HRHLI TARR AR i
F A He AR R St (proton exchange membrane fuel
cell, PEMFC ) /2 8 i UL A SU0RE LI IS B 7 Tz
JIVADEE I R BN = W o R O S G RO T
PEMFC 9 1E# TARMRL N 60~1007CH ", FLIEH T
A () R RICR T8 H 7E 40%~60% , HAs I AU RE LAV 1Y)
A, R e AL N Y R ER fls AT R T
ok iR R R T Yl N b Ky 2, S OB R
LR KA DETRR AR T A PR IR 2, > R
G i Mo 2 B2, Al BE M REAN )
Ty A il BB = AR RS R0 PR, SRR
P VL 7 PR AR G A RO f Tt PN R 0 Y AR
I AR T B N R AT U1 B0 T, DA
R Y IS A TR A FE N 7 PEMFC /Y
R AR 2 M, B 2 B A, AR
PR R AT 2 Hhy — J2 o5 S A F AR R A £ 7
ZUBHY o 22 SR AL e B 2, JE i 3, LA
B AR . FLET, B AROS BOR R G A5
ANIET 1T BN A P B H v HE 2 S IR R e 2
BN T A 3 A 8 AR A A A LA H Y i
7 A B AR I AR A L T BB A T il R E

BB B, X T B AR GE AT T 7 1) 32 24
L S8 T 25 O AR DL RS U AR T T Y 3
B NG BB BT 2 S B S B 3G R
Y AN AARTE i IE h B e AT AN S 5 S A R

2

M P VAR M o TR B VRV B R G I R AR S R A
NS R AL B A B AR B UBRCR LA R AR
i 55, AT AT AEHLARCRE 1Y) R B8ORS, ik ) T T 2 B8CHK
FAATFENE B PR AR 3 2 47 A B T o B AR BT
RGeS F MR R G ARG O, R AR
et ZGERYH U, BRAE T IO HVE R . P,
WF5E PRI 25 R T 3R TR A TR GE i ] S PR AR
TR T A e AV K B PN T T A B AR A T
VRIS HREO AR S — 4> BT R e b o ST 1)
YK ) TR0 8 BANAE”, SRS AR T A S
Tt 5] A9 368 T P AT HECRA () I 0 e A e R AT T
BT, SR FH o R folcie 18 45 0 AR TG R e Y
BOCPICR S oA R Ge et —Jr ] AR THAK
ARG BAECR, R E AR, RGUEE T HLCR
AT, AT 1 1 SRS B R  ASAFAE PIPUBOR i e
1117 BORE A R AR GRS

YR E
H&H:0 HL&ILO0
0,&H:0 GBI
RYHUR T
ALz JF B

B 1 SUARBmHELN R EBAREN

Fig.1 Hydrogen fuel cell stack and its cooling structure
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Fig.2 Operation principle of loop heat pipe
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Fig.4 Self-driven cooling system structure
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Table 1 Evaporator and its wick parameters
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Fig.5 Microchannel module and its internal channel
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Table 2 Microchannel module and its components specific

parameters
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Fig.6 Cooling system performance testing test bench
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Analysis of Thermal Characteristics and Thermal Management

Strategy of UAV Power Batteries for Inspection in High-altitude Area
YANG Qiming',SHEN Leilei!, DOU Binglin!, XU Ruofan?, JIN Binghui?
(1.National Energy Group Haixi Photovoltaic Power Generation Co., Ltd., Delingha 817000, China;
2.Beijing Jiaotong University, Beijing 100044, China)

Abstract : In Qinghai region, drone inspection has emerged as the primary method for regular inspection of photovoltaic power
stations. Lithium—ion batteries are one of the commonly utilized battery types in unmanned aerial vehicles. However, in high—
altitude areas, due to the influence of temperature and atmospheric pressure, lithium batteries may experience a decrease in
capacity and an increased risk of thermal runaway.This study select the corresponding atmospheric pressure and temperature in
sunny regions of Qinghai as the research environment, and compare the temperature rise , internal resistance , convective heat
transfer coefficient, and entropy heat coefficient data of the battery tested under low—pressure conditions with those obtained
under normal pressure.Subsequently , the thermal characteristics of the battery are simulated and a model is built to conduct
in—depth research on the characteristics of lithium batteries. According to the simulation and experimental results, a thermal
management strategy combining thermal insulation and heating of the battery pack suitable for high—altitude and low—pressure
areas is proposed.Finally, 6 mm thick aerogel is selected as the thermal insulation material to heat the side of the battery
pack , which can effectively ensure the working performance of power batteries in extreme environments in high—-altitude areas
such as Qinghai, so as to ensure the normal operation of patrol equipment in high—altitude areas.

Keywords:high altitude ; low atmospheric pressure ; power battery ; thermal characteristics ; thermal management strategy
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Table 1 The basic parameters of experimental battery — .
BH i o I
WE AR/ 7 g:; 2
FRFRHL IV 3.7
FE L LY 42 oL LI . - -
P GER AN A 3 ——
e ) Ho3s (a)3x A& % % 0.2C
Fitit/kg 0.13kg -
TAEWEE/C -10~60 N —
3 6
o
1.3 RSEMEEMIR ﬂ\é
VBRI 2 0% (8 4 % I 01V R FE £y w3
I AR B WF 9 e AR AR T H o P PRV | o o
W 980 15 07 1., 48 LA BN T P
TR DA RE 2R SRR TC AL B ) i AV B R 5 )35 0.4
Bt 5% N T
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Table 2 The atmospheric pressure and temperature at \__‘8:
different altitudes | il
Tk m R /kPa TREE/C
0 ol " LT 75 67 58
2460 75 -1 S JE/kPa
3350 67 7 ()7 4s % %4 0.6C
4460 58 -14 20,
15 ]
1.3.1 TR o |
SRS, R TR 7 T, 2 10
JEBREE T, L3t i o BB T ), SO |
D211 IR 1 e A WA 57 A A e W 0 5 A N 0
5 TR, 51 T 38 S, TG T T P
SRR AR P 43 BIAE 101 kPa 75 kPa, ()b 15 5 % 0.8C
67 kPa,58 kPa T L) 0.2C,0.4C.0.6C & 0.8C {55 Eo REMEERNSE TR
TR, 75 BAS ] ST SR FAS [R) A 28 2R AT i Fi ) e, Fig.2 Different discharge rates and temperature rise under
LR T A TR T L A 1T 2 P o FR SR ] Z B atmospheric pressure
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Table 3 The growth rate of battery internal resistance
under different atmospheric pressures
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S JE/kPa ) ) ) ) } )
B ARI% B I% B I%
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67 29.7 8.4 28.9
75 21.7 46 20.9
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Table 4 The convective heat transfer coefficient under
different atmospheric pressures

T DX i) /°C 101 kPa 75 kPa 67 kPa 58 kPa
5~10 9.13 2.97 2.87 2.69
10~20 15.31 4.05 4.01 3.95
20~30 25.87 6.2 5.84 5.81
30~40 30.37 8.49 6.57 6.44
40~45 32.86 9.65 8.4 6.92
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Fig.6 The entropy coefficients under different
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Table 5 The specific heat capacity at different

atmospheric pressures

S/ Pa LA (J/(kg+K))
101 1020.29
75 971.12
67 964.84
58 957.03
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Table 6 The longitudinal thermal conductivity of battery

under different atmospheric pressures

“E/kPa Wi F AL (W (m-K))
101 2.38
75 1.16
67 1.08
58 1.02

AT A5, SO BRI ) T R R BTG, PR R
JE 2 58 kPa B, 9 ] 3 P4 R B AL T 0 R /b
1.36 W/(m-K) .
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Fig.9 The heating diagram
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Table 7 The transverse thermal conductivity of battery

under different atmospheric pressures

S /kPa T SR B (W/(m-K))
101 44.49
75 43.81
67 43.24
58 42.79
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Table 8 The maximum temperature difference between
cells in a battery pack

g C UE/kPa i 72/C
15 101 0.277
-1 75 0.342
-7 67 0.377

-14 58 0.431
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Table 9 The thermal conductivity of common thermal

insulation materials

MR SHEH/(W/(m-K)) E/ (kg/m?)
B 0.013~0.020 160~240
Eay i 0.039 180
REABRIIA 0.023~0.026 20~600

OISR 0.030~0.033 10~100
SRR 0.036 1661
[ZTUNN 0.038 100~400
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Fig.17 The thermal insulation effect of aerogel felt under
different atmospheric pressures
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Optimization of Power Allocation for Energy Storage Units

Considering Energy Efficiency and State Parameter Equilibrium
XU Yuefei!, WU Feifei' , CHEN Yunlong',SHEN Jinggui', LI Jiangtao?, LI Zhiyi**
(1.Hangzhou Electric Power Equipment Manufacturing Co., Ltd., Hangzhou 310000, China;
2.College of Electrical Engineering, Zhejiang University , Hangzhou 310027, China)

Abstract ;: Against the backdrop of the rapid development of electrochemical energy storage , in order to extend the service life
of energy storage power stations and reduce their operation costs over the entire life cycle, an optimization method for power
allocation of energy storage units that takes into account energy efficiency and the equilibrium of state parameters is proposed.
This method constructs a comprehensive energy efficiency model of the energy storage unit by accurately modeling the
efficiency characteristics of both the converter and the battery pack.Based on this model , power allocation strategies for energy
storage units are analyzed under different conditions taking into account the self-state of the energy storage unit.. By
establishing a bi-objective optimization model that simultaneously minimizes the system’s total energy consumption and
promotes the convergence of state parameters across all energy storage units toward equilibrium , the solution is obtained
through the implementation of the decision making—multi-objective genetic algorithm (DM~-MOGA ).The results of the case
study show that this method can not only achieve adaptive power allocation based on the state parameters of the energy storage
units , effectively avoiding the problem of the overall system performance degradation caused by the excessive aging of
individual units , but also demonstrate obvious advantages in controlling energy loss , providing a new reference for reducing the
operation costs of energy storage.

Keywords:energy storage unit ; power allocation ; energy efficiency ; state of charge ; state of health
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Fig.2 Flow chart of the power allocation obtained from the
DM-MOGA algorithm
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it 8 MEBEH I, A MEREHITIIPILR SOC . B
TIFE A B L SOH gk 1 s .

G O A B R %) PCS B R Rk AT
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Table 1 Initial state parameters of each energy storage unit

G5 SOC ST E/MWh SOH
1 0.42 1320 0.912
2 0.40 1450 0.903
3 0.54 720 0.952
4 0.61 600 0.960
5 0.62 540 0.964
6 0.58 640 0.957
7 0.51 900 0.940
8 0.47 1150 0.923
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Fig.3 Fitting result diagram
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Fig.4 Total efficiency curve of energy storage unit
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FR YA BB 19 S PR 0 37 55, FE 000 Li RS A [R] 19
TGO, 3 BT SR WL T 248 4 0~10 MW B, fiff
RE LG T A RE LTI DR FE L. B AR i
FARBEHLIT Y SOC B % 7t AR SE 95 AR e AR 4 )
A A E S5 W G RE F TN, R AR R H
s SRR S £ IMBBE PR IT I DR . SRR AT TR
AR 2 fin , R TR 4T 2 50079 1%
AE LI BN 3 iR

*2 HffgEBRTEBRMER
Table 2 Charging priority of each energy storage unit

fitt e = X,
2 17710
1 1.8247
8 1.978 1
7 2.1248
3 22525
6 24524
4 2.6303
5 2.696 0
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Table 3 The number of energy storage units participating in

regulation under different power commands

A MW SR Y0
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3 4
4 5
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6 7
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3 8
9 8
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Fig.5 The output power conditions of each energy storage

N
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£
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unit under different power commands
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Fig.6 The situations of each energy storage unit when the

command is 8 MW
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Fig.7 The output power status of each energy storage unit

i IR/MW
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under different power instructions
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Fig.8 The situations of each energy storage unit when the

command is 7 MW
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SOC AYBUE T 0.5 I, HAH AR BE 7 kb |, REAE
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T N
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SOH fFAE 1K, 78 AT Py 23 43 e iy b F vy, i LA
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Table 4 Comparison of energy losses between the two

strategies
SIS MW WOV RERE AR R AR

J/MWh 4/ MWh
4.84 0.163 0.058
4.35 0.138 0.046
3.88 0.118 0.097
3.20 0.094 0.095
3.96 0.121 0.008
6.35 0.259 0.004
6.55 0.274 0.004
6.88 0.301 0.004
7.22 0.330 0.002
10.00 0.647 0.106
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Active and Reactive Power Coordination Optimization of Active

Distribution Network Based on CVTs Spatial Partitioning

LI Bin, CUI Weijin",ZHANG Kaibo
(School of Electrical and Electronic Engineering, North China Electric Power University, Beijing 102206, China)

Abstract: The large—scale integration of distributed photovoltaics into the distribution network significantly affects the power
flow distribution and voltage stability due to the intermittency and volatility of photovoltaic power generation, leading to
problems such as voltage violations and power fluctuations , which threatens the economy and stability of the power grid.To
address this challenge, an improved particle swarm optimization algorithm based on Centroidal Voronoi Tessellations (CVTs)
spatial partitioning is proposed for active and reactive power coordination optimization in active distribution networks.Firstly , to
comprehensively consider the impact of photovoltaic integration on distribution network voltage , a multi-objective function
containing active power loss, voltage deviation , and minimum node voltage is constructed.Then, a regional adjustment strategy
based on CVTs spatial partitioning is proposed , which improves the global optimization capability and optimization precision of
the particle swarm algorithm by uniformly dividing the complex high—dimensional variable space into multiple low—dimensional
subspaces. On this basis, niche techniques and dynamic weight adjustment factors are introduced to further enhance the
algorithm " s global search capability and convergence speed.Based on the MATLAB simulation system , simulation verifications
is conducted on the IEEE 30-node system.The results demonstrate that the proposed algorithm can reduce network losses by
up to 6.7% , reduce the standard deviation of photovoltaic power fluctuation by 57.37%, effectively increase the minimum grid
voltage by 2.7%, and decrease the maximum grid voltage by 0.873%, providing an effective solution for reactive power
optimization after large—scale photovoltaic integration into distribution networks.

Keywords: CVTs ; reactive power optimization ; active distribution network ; multi—objective ; particle swarm optimization
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Two-stage Coordinated Optimal Operation Strategy for Distribution

Network and Microgrid Under Extreme Disasters
LIANG Weichen',MA Xinsheng!, LI Xuan', WU Ying?",SUN Jiazu?
(1.Electric Power Science Research Institute of State Grid Jibei Electric Power Co., Ltd., Beijing 100045, China;
2.Key Laboratory of Smart Grid of Ministry of Education (Tianjin University) , Tianjin 300072, China)

Abstract: In recent years, the frequency and intensity of extreme weather events such as floods and typhoons have
significantly increased, severely impacting rural distribution network (DN) with relatively weak grid structures, leading to
large—scale and prolonged power outages..The resilience enhancement of rural power distribution networks is achieved through
strategic deployment of microgrids (MG )in key user areas.This approach is necessitated by three rural characteristics : remote
distance from centralized power sources, extended supply radii, and geographically dispersed load distribution. Distributed
generation resources and mobile energy storage (MES) is systematically integrated to enable this infrastructure upgrade.To
address this issue , this paper proposes a two—stage optimization model for the coordinated operation of distribution network and
microgrid. In the pre—disaster phase, mobile energy storage is strategically deployed to ensure emergency power supply for
critical local users.In the post—disaster stage, a restoration resource scheduling model is constructed , considering both MES
and repair crews.Due to the different requirements of resource scheduling and grid operation , the model is formulated as a bi—
level mixed—integer linear optimization problem.The column and constraint generation (C&CG) algorithm is employed to
iteratively solve this problem, yielding optimal strategies for the coordinated operation of distribution network and microgrid
during both pre—disaster and post—disaster stages.Case studies demonstrate that the proposed method can effectively ensure
continuous power supply to rural loads under extreme weather conditions, significantly reduce the restoration time, and
substantially enhance the resilience of rural-power grids.

Keywords:rural power distribution network ; two—stage ; cooperation of distribution network and microgrid ; extreme disasters
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A Flexible Interconnection Planning Method for Photovoltaic, Energy
Storage and Charging Considering the Structural Evolution of the

Distribution Network

HOU Chenghao®, YAN Pengfei, WANG Qimin,ZHU Hui, CHEN Yaxiao
(State Grid Liaocheng Power Supply Company, Liaocheng 252000, China)

Abstract: With the continuous popularization of electric vehicles (EVs) , fast charging stations (FCSs) integrated with
photovoltaic and energy storage gradually become an important load type of the distribution network.The operation status of
integrated FCSs with photovoltaic energy storage and charging will affect the operation status of the distribution network.
Aiming at the problem of the distribution network , this paper realizes the adjustment of the power flow distribution of the
distribution network through flexible interconnection in cooperation with energy storage.And a flexible interconnection planning
method is proposed for photovoltaic, energy storage and charging considering the structural evolution of the distribution
network.This method realizes the planning in two layers.The upper layer realizes the simulation of the structural evolution of
the distribution network based on Monte Carlo simulation. And the lower layer realizes the planning of the flexible
interconnection device with the operation cost of the distribution network as the optimization objective.Firstly, taking the FCS,
energy storage (ES) and soft open point (SOP) as the research objects, a charging load model of the FCS, a charging and
discharging model of the energy storage, and a power interaction model of the SOP interconnection device are established.
Secondly, considering the load demand of the distribution network, a probability model of the structural evolution of the
distribution network based on the node degree and the connection distance is constructed. Thirdly, an SOP flexible
interconnection planning model with the operation cost of the distribution network as the optimization objective is established.
Then a two—layer solution algorithm is constructed.The upper-layer algorithm realizes the simulation of the structural evolution

of the distribution network based on Monte Carlo simulation, so as to determine the evolution structure of the distribution

BRI : [ A Uy A AR H (520611240005 )
Science and Technology Project of State Grid Shandong Electric Power Company (520611240005).

56



AR SR, 45« 2 SR L ) S5 A4 T L A0 G 8 SR 1 BRI D7 1%

network.The lower—layer algorithm makes a plan for the flexible interconnection location of the SOP based on the upper-layer

evolution structure , taking into account the charging load, the charging and discharging conditions of the energy storage , and

the power interaction conditions of the SOP. Finally, the method proposed in this paper is verified based on the 33-node

system.The simulation results show that when the proposed method in this paper is adopted , the operation cost, active power

loss and voltage violation situation of the distribution network are improved.

Keywords:soft open point ; flexible interconnection ; fast charging station ; optimization operation of distribution network
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Table 5 Active power loss of distribution network
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Corrosion Rate Prediction of Offshore Wind Turbine Blade Based on

ESN Optimized by BSO

SHU Zhengyu*, HUANG Qiyun,ZHANG Zige ,REN Guanchen,BAO Gang
(College of Electrical Engineering&New Energy , China Three Gorges University , Yichang 443000, China )

Abstract : Abstract : With the rapid development of offshore wind power, turbine blade corrosion rate prediction is extremely
important for the daily operation and maintenance of offshore turbine blades. However, most existing studies in this field
consider relatively simplistic corrosion environments , making them difficult to apply directly to the continuous operation of
wind turbine blades.To solve this problem, a corrosion rate prediction model for offshore wind turbine blades is established
based on the echo state network (ESN) optimized by improved beetle swarm optimization.Firstly , the corrosion principles of
offshore turbine blades are analyzed, and the main corrosion factors are identified and used as model inputs.Second, to
overcome the limitations of the beetle swarm optimization (BSO) , including low population diversity and susceptibility to
local optima, BSO incorporating differential evolution is developed to optimize the parameters of the ESN Finally, the
parameter optimal ESN is applied to predict the corrosion rate of offshore wind turbine blades.The results show that the
RMSE and MAPE values of the model for the leading edge and tip regions of offshore wind turbine blades are 0.188,
1.526%, and 0.177 9, 1.311%, respectively, which are much lower than those of the comparison model. These findings
indicate that the proposed model can provide decision—-making support for the corrosion protection of offshore wind turbine
blades.

Keywords: offshore wind turbine blades; corrosion protection; rate prediction; bacterial swarm optimization; echo state

network

EETE :HEZE HARAIERITH (62476153)
National Natural Science Foundation of China(62476153).

66



FPOETE, 45 B TR R A FEOLAL ESN B3 b XU ok i 4 350

0 35l

HAEr, X L RE &L A Tl L, 2 A4
R L ELAT B R T kAR R A AR T X
73 %% B AL sl e DR A A I H R AE KL B i o]
TE b o HI2 56 BRHK I 22 88 78 52 2% 19 1 31 45
T, SHBEFMERENEM S B REE— B
W5, S G OB R TH 23 Kt — B () 4T e LR
W & I 8] 2 — 2D HERS | Hh &g 2T 2k i f B UG i, JF
IENCRERV/ R SRR RN IRE R NI TR ) 1 N
PRI, R FE v e g sk 52 ) T 2R o T g 1 JXUAIL I
Jr JEE o R AR, R I 2 4 I B A G, xR i
AEAE FEws DL S ARUE M E s AT A SR
B

L ETXUHIL I 7 R T T8 ol 1 52 5 4 ),
HAE R E TASlZ— R @, S350 A
EE RS S N S (7 K R
e, E N AP B X S5 R A i R ol 3 AR T
AT T OREMSE, FEE W T7 24045 - Ml A
B 1R (A R BAE ) A S L S
Liu %55 % FH 4% 1] % 2R 24 (radial basis function,
RBF) il 25 19 46 5000 52 5 0% 2 1) JE o sl 3%, B AR 73
DT BEA P i v B HIF L R R 2 e . £k
SO0 B P A A 1 2 iR B O R R, A S ) A%
T A 28 I 28 0 52 6 B8 RE R AT T S e TN 9% U 1
JIE A 3 A PN AE 5 S IR AT B O R O
PLAETVR ek 1Y) Hashin 43 )2 28 8CHE N 4R R 43 12
I8, Ve BCSE I 22 18] 1Y JR) 8- 240 ), AR T A
A Rk JE ok A i T 3R 2% 0 Gao SFHE IR TR
AN 2 R Ak 5 1R 408 0 1Y Jre o A, DA B AR Ak
W G AR 1 B B H 55 b R A A T 5 v L P
FRESE B X AL SE BRI AT 00, 2% O
EIE AN A S N e 7 U ) N AP S
(seagull optimization algorithm , SOA ) 5 #% # fR 2% >J
BLEY AL 7 J6 sk S i B A DA R R
A B TN OR  BATAFAE — SR JE 22 4b 51
P28 W 28 KAEA G T A7 78 38 B 50 K FE B i
V) g A 5 1) it 5 r AR UF 5 22 Dy 2 6 28 Y e 2 6 R
Tt 65 ok F5 0, R g 5 SR 5L PR T RUHLI R BT I
I 1) 52 2% 3 25 T PR 85 s A AT 2 05 LR 25 B

[

AN I EEI EER S IR A

O N AN LR R R P S R 7l N o i
(improved beetle swarm optimization , IBSO ) -7 Fl [1]
ARSI 2% (echo state network , ESN) {7 XL
J I DR T ALY o 0 E BRI R
XeF I 8 B ol S ) 5 LU, K ELA G N 1 HL 4 A
] B IBSO 7% 5 ESN AR &, FI T 1BSO 531 %
ESN #EA7 28004k , i st e A2 A4 ESN 9 2% 45 44y
RS, A b AR, 7 S0 4R R AT AR R I R
i

1 BimRE

H I ER SEUR Bi 1 0 3% 55 45 4 52 G bRk R HL
I 7 2 Pk RE AN R Dl AR Tz T T A kXL
T3 R AL i3 o SR, I R 8 TR ok R
M s RS R OGN 2, UHE e E X
W& BT 5 T o W LR & B AL B 0 6 (i 32 22 )
PR SRy KM S I ' SR A | R 55 6 Tk DL R R 4R IS
A

58, K5 5 BRI B A R IR Al SO, A B
LA = AR TR B, T SO T 1 — 2B s s i
EOL) QLA AN 1) B3 R 7Y i) B s e ST L A i
FESEAE T, G T b RS T 2 i = AR KR R
=W

RCOOR’ + H,0 <25 RCOOH + R'OH (1)

HWK, Z BHYE S AN, BT A4 P 1) 755 0
T A YRR F e R T HAL 228 RE , S BW
R 5T FHEWT L 223 S RS2, AR SRR Rl
IF B ) HE RS F 5 | AU AR O, IR AR LTS VR A
e R C YN T I

SRJ , BT XU I 0 A 1 £ 55 3R 4R
W RSB K E C, 5 SO et 4 L Ts ik 4
| VAR i | (1F 87 4 4 R0 s e G [ D e
17K 73 He-5 21 4R 3R PR 4 e B R AR B AC
e S N (AT B B K AR S A 55 OH S5 4F
b iy Si0, KA RN, 3 B S P g LR
W)
-Si-0-Si-+0H —-Si-0 +-Si-0H (2)

e, WG A AL i 25 AUHIL A% 3, 3 52 1) o 25
NG RBL A T D B R AR

67



55538 (B4 3384

L g ) HA

2026 455 114

T TR T A (T Tl R AR 2 R BT, i R IR I 2
B3 F0RHILJE B 77 A A e 52 728 14 7, 5 S50 Jiig
BE Ay 204 T AR AN s P gy T
52 B KBl S o R S R AR S i
JICA i RE AR S TR REURE e JBE I A, B T A B
IS

2ot b JE il s RO, SCHRRE C R DB
SR KR Ul RE KU AR R R AR 5 TR A DA R
P AS R 24T

2 EHmNEERE

21 BERGBHAEUEX

K4 BEAL AL (beetle swarm optimization , BSO ) 4.
R 45 A& kD 7 B ML Ak (particle swarm
optimization , PSO ) 5.7 LA, 76 K 2F 45118 &R (beetle
antennae search, BAS) 511" [ KA AMAY &y
KRR Redi LB, BB e/ L
SECPR 3 R B ] R AR A RO AR
TR A TE B F 3 b ORI G ik 2506 £ ) AR R
R SRR 22 S ok the g AT E 7 ) 9 A AR LA . 7E BSO
Bk AR ARER B — U TE AR, R
A 1 S5 0 A U R A0E 36 R 20 B A B £ A 24 H A
ZARE S 5 ABER N BAE B B AL e % il
AR5 IR Z 8V B A2 a2 T, i — IR AR
(48 2R Jy ), R A R A A R AR ) . SR AE
P kAR R v, — IR AR TN B R v R A
A, R AE R 2 AN BT 1) 0% o R B A RS T, b
T ] IR L S 3 K A= AR 22 AR P AR, L 2 3 i e
T B A B8 e DL O o

BEXTUA L (R R, SCrh Hh —Bh 25 6 25 4y i AL R
P00 IBSO Bk o 22 43 HF AR A v 5 1) R AR
(0 22 73 I SRR FP A, DT ZRAG 72 57 7 LB B RTINS
Gt 28 X BB R A AR R S AL, DA
R HE I RN Z2 R | R AR AN o Jm 348 o 0 A HRE
1B iy A5 558 22 43 A SR B 45 1 2 B0 B RO i 1
HA N I TE IBSO B vk, X 2543 pE AL A
T 728 S B R A SRR R 3 AL R DA
BRAR T BN . B AR S A SO AR AN A 1
B

68

AR

PRt T —AR
Xi(k+1)

E1 HENZERZXRE

Fig.1 Adaptive mutation cross process

B8, SRR RI A 1L, IR AR P AL
IR B T AR AR T AR 5

X (k)=[X, (k)X (k). X (k)] (1)
Al X (k) 5 b YGRS @ R AR A i
X (k) WA i TN AL . FREERI IR 1L
SR, TEA e U3 AR T B AL IR 2 A 1Ak

T8 5 A48 5 B B (),
B

(k)=X,(k)+ F(X.(k)= X (k)) (2)
P 02+02r, r <e,
i_{ﬂ, o (3)

Ao X (k) X (k) (X (k) R 78 585 b RGE AR Fh

BE R RN R = H R4 Ntk e, 3

X (k)= X, (k)= X5 (k) F, M H W HLE S ©

AR SO HAR O, R O 25 5 3 A Jmy i B A

KL AT FELER, 0 < r, < 156, AR F B9HEEE

SRIG TESE B UGEARH, Dl — @ MR 8 = A i

AR AR SRR TR AR IR T 28 SCER A, B B
B, s i A E T —1L.
B, (k). r,<C"

) {Xi_j(k), Aty (4

ij



FPOETE, 45 B TR R A FEOLAL ESN B3 b XU ok i 4 350

0.2 +0.2r, r,<e,
¢ ={c§*, Hofy 5)
e € (k) Ry 58 SUR AR FER 5 B, (k) Ry 28 S5 AR
FYFER 5 CF A 38 R HLE] e 958 SR 5, 5 1
RS BEALEL, O <rpory < 156, RIHEE CT LR
13058 XF ARG | 38 20 38 N7 R oA A7 R e o
I R AR X (k + 1),
C.(k) f(C(k))>f(X(k))

{X[(k), HoAth
o (+) SRy 3 B B pR AR € (k) Ry 58 CE AL S A
(LN

B, 8 R Ty i R 4 BSO L Y R
v, (k)R E % (k) EAT BB R
T.(k)=w(k)v,(k)+c¢,R, + (P = x,(k))+

X, (k+1)= (6)

(7)
CZRuml(Ches' - xi(k))

T.(k)R,.(j1)<Ci
v,,(k+1)_{vi(k), o (8)
H(k)=x(k)+o,(k+1) (9)

H (k) P(x (k (k
alh e 1= | PP EEIPIB)
x(k), oAt

A T (k) S5 i A RAREE b YR AR i P8
JE A 0 (k) N2 b YR AUV EARCE s P D55
AR AR B P07 B 16] 5 6P O R AR 1 i
AL e, 5 e, MW TR, AT ¥ 1 4ERIBE
Bl i, HAA IO R R (5 1) B9 10, 1T BEHLEL
v (k) 95 0 A KA A RS Bk AR 8 1) i
Hi (k) 355 i A KA RS b kAR i 98 07 2 )
s (B) 3 LA RAEDRER k UGE R AL  E
P(+) i R

B A AR P i 4 IBSO B33k rh o — > Gt
SR, B W R A R R R AT O A Sk
. HBTIEACEBORME, Bkl T b A7) i 4
SRR XA B TR e 4R B 4 R i A R LR (H
i R SR AT g B B R e R R b kol
AR SR A, TR R0E AR A 3E . AR, 2158
PEAS R RGNS B0 U S AR 1) AT SR AR R XA
B B v i ERORG BE LI M S mT e O A
Hu B AR B fe A o PRI, SR FH AR 15 AN R 4 R
SR TR R B T B R B AT

PRICH A B0 19 2 JR 18 KRB T7 , T A AU AR R i
Z3 (] B 1L R AR AL , AR ek )N,
SR B 1) JRy A 2R LB v R G 2 R 74
I AEFLE

()= 0, = (0 ~0u) 7= (1)

ek, WEKEREKEG 0, 5 0, 75353 5RK
e/ IV A R
2.2 [BIFREMLE

ESN J& T3 At 4 M 2 5% 48 N T 022
P 25 T L, A 34 TE T2 o 3 A T B e B30 B 4K
P RE B85 JhE G A R B A L AR PR AL 3 RE U B
54T

ESN 2544 Q& 2 fiis , HAw 6 =2 2544, 4 3k
N AR SRR 2 A R P A SRR A
BEMLA B, — HAE AN 22, R X 25 )2 21 A
H 2 R I 2% 3% B MR 30 A7 DI 6 sk A S B T0I0
e, HACHEE N
L(t+1)=g(W,-U(t+1)+W-L(1)+ W, Y (1))12)

Y(o+1)=g, (W, [U(+ 1L+ 1D]) (13)
A L) Jyhif 55 J2 o B Z0PIR S HE I s W, i A
J2 B it A 2 10 AR R 5 W Ry i 48 22 =2 8] ) TN
TR FERUE R 5 W, i B2 2 0 RS AEL R 5
W, 2 30 2 A S RUE A s g () Rt
J2 P A 22 TS PR 2 () MBS 2 B0 1 2 1Y
B2 TCIIE BB U (1) g o B 2005 A SRR Y (1) K
o 15t 220 1y R

W AJZ U

T AJZL(D)

i AJZ V(D)

B2 ESNZHE
Fig.2 Architecture diagram of ESN

69



55538 (B4 3384

L g ) HA

2026 455 114

2.3 H&ETNEE (IBSO-ESN)

SCHURF IBSO Bk 5 ESN MBS & M EE T — AN
() IBSO-ESN Fill 571, Jext {448 BSO ik f5 ek
HE B RLA EHAE LAY 22 0 HE AL B 5 TR 4 Fif
BE, BEATFPRESEAL , B IR R AR, BEARFRRE )
R RIMER . Rl IBSO Bk 5 ESN AH4S &, i
IBSO Sk A1k ESN, I 3R BUH SC S8 (an il 4%
iy A H T RO R 28 AR ) o I e Ak )5 1 2
BT ESN, T B e 28 () 20 A5 PO A AY o 00 A5 754
TERNE 3 TR .

pieimiisty

PG ALESNETRL ) u] A8 240
AR E =0

|

| R R RESN S A

PO A R S B ESN BTN |
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E3 WiERREE
Fig.3 Predictive modeling flowchart

5 W AR BAE A T U — AR AR B T bR AR
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ESN A ] 7 S 404 0, 3 B AR BN E  LIE
= Y A R /N W
Q= (14)
o HIFIGEEE ;0 A — I E 8 0, 1 a,,
3 59 R DL S 11 e/ IN LR B KA
FWR, R IBSO 53617 ESN S40iifb. #E1t
T RE R KR 7 B T e LI AR RSB, R
A3 333 A 20 % ] B PR B A AR VR B, D AR A e
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FARE , o R RER RS BT ). kAR R R, KRR
TR AN T ) 2 LR R Ao B R RG], DA SE LS4
ORI f e BRI E TN 4R NS AT C Sl I X7 ol o
SO AR RS St AR 2 L

S5 I 38 3 A 26 AR R v I S A R A T 5%
2 MG A4 B U7 B, PEAG TBSO Bk YL ALRCR
B ESN M LS 8UE 14 8 B i LS 20 ESN
W28 o 31X —J7 AR T T A R T,
ESN Z AL it 17— Rl 2 ngnigte .
2.4 EETDE

VA BT AA A R A BRI AL ESN B B XL
T e 3 A% U ASE Y Y M RE L SCrR SR T 5 AR R
72 (root mean square error, RMSE ) | ~F Y54 X} ' 43 Ho
1% 2% (mean absolute percentage error, MAPE ) DA J& 1
TERBR = A KRR AT B AL /3T . RMSE I
MAPE 1 J T A5 B A8 P 64 7 45 4 , BEHE 2 i
J W ASE R T A 5 S PR 22 [ ) i 22 R . AL
MM, RMSE F1 MAPE B4 {6 55 T30 A% J3£ il S b X
F, BB BTG, 2 WSS A0 (0 F0 00 4 32 s o T R
U P e A A R XS PR AR i Y i R RE ), L S
BV D0 B R AE e O 2R, BB vy, 3 I A2 28 o
B LS BCR B .l X = AR AR £ AT
i, AT LA T 4 56 F IBSO S LA 1k (1 ESN A5 A
TE 1 b XCHL Iy 6 ol 3 00 A 55 b /Y P E
FKH.

. 1 2
st :/nzj_l[ym—y'(s)] (15)

MAPE:l n M

A Wl e (16)

Rzzl_zm[y“)—y(sz] (17
2 r(s)-9)

o™ O RMSE {6 ;0™ 2 MAPE {5y (s) N H
SAE AR s DBy (s) A BUE P 5 s A Bcdli 5 7
N ELSHEAF-EIE s n B A

3 SRS
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PRt i JE ik A< o SO R i 2022 AR BRI B XA
Gy AR AL P 52 D0 K 2 100 41, 3820 £l in 3k 1
FiiR e AR CI B BE (A, G BRER B A IR (A,
Dl BE A D IRGE A S IR 18] A, SR I
JLIBTE

R ABSY 2022 F KR A i EHE
Table 1 Part of the blade measurement data of wind power

plantin 2022
4 AJMIm?) A% AJSC Ad(mis) AH M
(mg/m?®) (em®H)
9.64 1153 7534 105 243 335 7421
17.37 1064  87.68 83 265 340  8.637
13.85 1238 7615 129 294 340 7716
13.29 1096 8859 56 239 345 8835
7.93 1331 6491 117 272 345 8374
10.48 1233 5973 112 283 350  7.562
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B I 3R 100 4 %5045 b i 80 2H B4k A M Il 2k
48 .20 A BREAE K 4E . R IBSO 53 %F ESN
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P4 3 1B PRI S, A N PR (L R D) 2 K Y
o
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AR EIE A 100,

25 Bk F 0 R N B 2R AN & 4 s, DA
TR DL A B 138 7 (B A 3k R TR B %
A T RIS, HLSC R T R 1BSO B3 B A A /1
BB KA T 38 Bl /N iR 25, 9F B A T4 45
BSO ik, HAE N B (E A, FORRE I 4F . Y
Wik, 1BSO 533 0 %) 4f 3 N B L IK 1% 48 BSO 5
B, Ul B 2 0 SR AR S WA RE 46 7 T A T B
5o SOA AR A PR b 1 38 4 G 119 38 o7 B {1, (H G
FHLHE Sy Wb 2T IBSO Bk . PSO Bk P 2
E 3 N B A e X3, U W L 5 32 IR T )R A e A

BAS 8553 I AR T PSO Bk, i T H At =F
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Fig.4 Change curve of fitness value
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1> 0.306.,0.114, 7€ 23 IX 38 43 5119k 75 0.289.,0.097
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Fig.5 Error in corrosion rate prediction results
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Table 2 Prediction results of blade front corrosion rate

A em?/ H
JE bR S TR
JE o R S B
ESN BSO-ESN IBSO-ESN
7.421 7.907 7.822 7.519
8.637 8.016 8.383 8.472
7.716 7.397 8.019 7.951
8.835 8.379 8.544 8.678
8.374 9.006 8.705 8.543
7.562 7.929 7.386 7.308
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Table 3 Comparative results of assessment indicators

G_RMSE O_MAPE/% R2

Jrik:

W% R miZ R miZ R

ESN 0.494  0.468 5907 6.685 0.896  0.882

BSO-ESN  0.302 0.276 4.854  4.261 0.904 0915

IBSO-ESN 0.188 0.179 1.526  1.311 0.958  0.963

4

1
&

SCHR il A 22 4 AR 1 IBSO ik,
I H 5 ESN AHZE A A 8 B XML 5 s R
TIOMIAS IS 5 A v i ol 3R 0 TR

1) 38 33 43 it ML 6 ol = T B & 3
IRk BEAEAR KARE 50 25 65 Dl R ok 3h 25
VR FEE A Ay — 0 o 0 3 0 LR M A

2) % 253 AL B 5 IBSO B A4 A . it
I i B AR ) 199 25 0 DR B E AL A A, PR R R AR 2
B, T B ARRRE b SRy i e U AR

3)FEZE o AT 1 AR S5 5T RN A8 MR T R
T35 AL , (5 5 &5 S o L0 ah et K
[ NZY

i o AT R TR H B IE , SC P BT £ IBSO-ESN
TN A AL AR v R 2 S AR IR 1 AR iR 22
a3t 5 4 HiR 25 AR B, 28 R AT 2k 4 R
0.188.1.526% , 15 M4 X 18,43 5 J9 0.177 9.1.311%,
[Fi] BN 1 22 55043 1A 0.958 i1 0.963, 2 W45 764 %o 4%
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FE MR H

(1. B 23 B3R A RS, L 201103;2. AT RF wHTEFR, =8 £YW  650500)

HE ALk —1E 22 (photovoltaic—thermoelectric generator, PV-TEG ) 2 Gt 2B T 19 A 7] BE 5 14 XU R FH , 2 4 E ml B

AR R R EZQH . AT MR A PV-TEG R4t RO X #53ME #i 45 17 (partial shading condition , PSC) F1H

157 BE 4341 (non—uniform temperature distribution, NTD) T 7" £E [ £ T2 00, I8¢ 1R 6 R GE M e f 40 AR FR %

P T —Fh 3T AZEIEA U4 5532 (human evolutionary optimization, HEOA) FTR A 22 48 MPPT k. HEOA ¥4 R &

T ARG R NSRRI A SR PN AS [] 1) B B, 5 AR P 228 R I S5 D 88 w3 0 0 5 i, G H2: A SRR W B i B RO

W B A0 e AR AR R0 Ry R R AR5 5, it v 48 2238 38 1% [] A 00l B B ARy S e DR AS o DU AR L ) 3 s B P4 T 4

F HEOA IR & R 48 MPPT J7 vk A s A I L il ad 5 (65 16 (beluga whale optimization, BWO ) Fls 2 P 4 1L 2%

(subtraction—average—based optimizer, SABO) P F ig & S VA HEAT LU /AT 2 01, 1207 1 T SR 76 D)% i I As e M SR A

TPt A0S T X YR R DA A b P i) a7 B B P A6 25 A SRR T, A — R ARL T MPPT MR e Y

KR AL AR IR B YRR 25 R G 5 SR TR BRER 5 84338 5 SimuNPS

RE 4 %S TM615;TMI13 MXERAREAS: A N EHRS :1007-9904(2026)01-0075-13

Maximum Power Point Tracking of Hybrid PV-TEG System via

Human Evolutionary Optimization Algorithm
LI Hongbiao', GAO Dengke!, YANG Bo*
(1.Shanghai KeLiang Information Technology Co., Ltd.,Shanghai 201103, China;
2.Faculty of Electric Power Engineering , Kunming University of Science and Technology , Kunming 650500, China)

Abstract : Hybrid photovoltaic—thermoelectric generator (PV-TEG ) system realizes the dual utilization of two different energy
sources , representing a significant innovation in the advancement of renewable energy technologies..In order to enable the
hybrid PV-TEG system to effectively cope with the negative impacts of partial shading condition (PSC) and non—uniform
temperature distribution (NTD) , and to improve the energy conversion efficiency and utilization of the hybrid system , a hybrid
system MPPT method based on human evolutionary optimization (HEOA ) is proposed. HEOA divides the global search process
into two distinct phases : human exploration and human development.It employs logical chaotic mapping to enhance the quality
of the initial solution.Notably, the jumping strategy utilized in the human exploration phase effectively integrates both global
and local features, thereby improving search efficiency while minimizing the risk of converging on local optima. The
effectiveness and applicability of the HEOA-based MPPT method for hybrid systems are evaluated in four arithmetic scenarios.
A comparison with two heuristic algorithms—beluga whale optimization (BWO) and subtraction—average—based optimizer
(SABO) —demonstrates that the HEOA method outperforms the other algorithms in all critical aspects, including power
output stability , solution quality, and responsiveness to rapid changes in irradiance.

Keywords: human evolutionary optimization; hybrid photovoltaic—thermoelectric generator system; maximum power point

tracking ; partial shading ; SimuNPS
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e B A 3 n . IR A 6 R - I 2% (photovoltaic -
thermoelectric generator, PV-TEG) RSt RENE B 7873 Hi
FIHIOR FHEE , FEAROGOR v v i I B2 0T 7 4 WS R DG
K (photovoltaic, PV ) Z 40 7 A= 1) 1 #AFE i RE TR AL 403k
RN SRS BRI e A B

RS RGAE BRI R F TARE R A 221
EFMT WS FEORE RGN A AR IH
S R A% RS A b s A D R R A R T
RO TIREGRGRM R CEE, I LZAED)
e K )% 4 IR BR (maximum power point tracking,
MPPT) AR L R ER IR A PV-TEG R e fEis 17
s AR R GE U i RB AT, S R BR M 11 g
S E Pt R vERE . SCHRL7 4w R B ERA
WHE T R TIRA PV-TEG R4 M H A K SL 14 Fh
MPPT 535 . 1545 1) MPPT J7 3 {51 41t 5 0 )
(perturbation observation method , P&0O) (800 ot 1orpy S
¥ (incremental conductance method, INC)!0/46 | ELAF
FERIIT TR Ry A T R S BN a7 B AR A, 75 2
T HIX SRS R AR AU, T LA S
1 e K I & S (maximum power point, MPP) [ff ¥T ¥&
D5 BRI 2 AR AL TR SR 45 A (partial shading
condition, PSC) F1 E ¥ 2 It J& 73 4ii (non — uniform
temperature distribution, NTD) i}, ££7E 24 Jar 3
K Tj 2% 45 (local maximum power point, LMPP) , & 4¢
T5 8 TovE A SR BR A JR) B KB R A (global
maximum power point, GMPP)'"" . J& % X B3 47 5L
HFRAN TAEGE T B B s R . WFSE (12 B
[13] 43 51 % 53 AR Ak 55 7% (arithmetic optimization
algorithm , AOA ) F1 5 - #1848 2 57 (atomic orbital
search algorithm, AO0S) 51B4 PV-TEG &4 1) MPPT
RIS G . (H AOA TE2 R IR EE ) FAAE )R IR
P, 2 5 B A Jey i e It 5 SCHR[ 14 125845 7 INC DR
BEDL Ak (particle swarm optimization, PSO) fil P&O —
P38 S IR A MPPT R | {H IR & 5 s 2 A ]
Ao G T L B0 52 2% B RO A S B RLAS 5 SCRiR
[15] R F 0 A% i ¥ 55 7% (salp swarm optimization
algorithm, SSA) FJ 7E 4= Jay ¥R 2 il Jmy &R 48 2% =2 ] 4%
K-, LISRARIR & PV-TEG R4 M RIR (1
FOC SO 801, BAE S 283085 T 25 5 52 B W iR i
JoT A S 5 B9 16 TR 1T T Jk T aE Ak A 28 I 2% 1Y
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G PV-TEG R4t MPPT =l £ A , 5 HLAR K],
I F g e A AL A% B9 N T8 28 W 2% (snake optimizer
based artificial neural network , SOANN )4l #5528 T
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Table 2 Summary results for all cases

RS
M2 7Y BH
BWO SABO HEOA
IRIW 350.09 320.69 350.09
. B/ (W-s) 328.28 309.02 330.25
a3l
Av™ /% 2.55 3.47 2.25
Av™/% 0.005 1 0.004 8 0.004 4
AEHE/(Wes) 1587.34 172483  1730.18
NS Av™™/% 6.36 3.62 3.59
Av™¥/% 0.008 5 0.006 9 0.006 6

F2 (&)
WA e

BWO SABO HEOA

AEH/KWh 3.69 3.49 3.79

[SEEN Av"™/% 121.82 122.96 87.50
Av™/% 25.44 31.73 24.74

fi it /kWh 1.82 1.87 1.91
AR A"/ % 267.91 322.27 243.68
Av™/% 22.63 22.97 20.08

fEHE/KWh 4.58 4.64 4.81
ik R Av™% 389.35 272.05 269.47
Av™¥/% 36.35 33.12 32.87

it /kWh 4.88 4.63 5.35
FHkE Av™™% 348.25 364.44 295.25
Av™/% 32.66 27.49 31.08

fif/kWh 3.87 3.58 3.97
TURA T Av™™/% 253.01 279.55 240.24
Av™¥/% 21.41 22.94 19.11
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Research on NO, Concentration Prediction Method of Coal—fired Units

Based on Fuzzy Clustering and Deep Belief Neural Network

FENG Linkui' ,FENG Yaofei', LU Ke!", XIE Shenglu', LIU Ke?
(1.State Grid Gansu Electric Power Research Institute , Lanzhou 730000, China;
2.State Grid Shandong Electric Power Research Institute , Jinan 250003, China)

Abstract : Aiming at the prediction of NO, concentration at the inlet of the selective catalytic reduction (SCR ) reactor in coal—
fired units, a NO, concentration prediction method based on fuzzy clustering and deep belief neural network is proposed.
Firstly, the variables that have a greater impact on NO,_ concentration are selected through mechanism analysis and feature
weight analysis. Secondly, the fuzzy clustering algorithm is used to partition the operating conditions of the unit, and the
distribution of NO, concentration at the inlet of the SCR under different operating conditions is analyzed.Finally, based on the
selected auxiliary variables, historical operating data under different operating conditions are extracted, and a NO,
concentration prediction model is established based on the deep belief neural network(DBN).The method is verified by actual
data from a 660 MW circulating fluidized bed boiler, and the results show that the NO, prediction model based on fuzzy
clustering and deep belief neural network can accurately predict the NO_ concentration in the nonlinear time — series

combustion process.

Keywords:fuzzy clustering ; deep belief neural network ; NO, concentration
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Table 1 Related variables of NO, concentration
prediction model
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Table 3 Feature data clustering center
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Secondary Control Strategy of Isolated Grid Distributed Voltage Based

on Model Predictive Control Algorithm
CAI Zixuan'",LIU Yili', QIU Jiyang?> ,ZHANG Yanli*, LAN Danyang®
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Abstract : In traditional droop control, the difference in output line impedance of the converter can lead to uneven distribution
of output current in distributed power sources , as well as the deviation of DC bus voltage from its reference value.To address
this issue, a distributed voltage secondary control strategy based on model predictive control algorithm is proposed.Firstly, the
recursive least squares algorithm is used to estimate the line resistance.Next, the optimal voltage quadratic compensation value
is added to the primary control, and the objective function needs to be minimized to optimize the prediction coefficient. In
addition, two penalty terms are set in the objective function, taking into account both the voltage drop caused by line
impedance and the voltage drop generated by the droop coefficient itself during the droop control process, to improve the
performance of the proposed control strategy.The above model is built on the MATLAB/Simulink simulation platform , and the
simulation results show that it can accurately allocate the output current and stabilize the DC bus voltage at the reference
value , verifying the effectiveness and superiority of the strategy.

Keywords: DC microgrids ; recursive least squares ; distributed voltage secondary control ; model predictive control
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Abstract : Energy storage systems have a huge market prospect in the new power system, which can greatly improve the power
quality and stability of the grid , and the reliability of the power supply.In recent years, energy storage converters , integral to
energy storage systems , have undergone rapid development. Among these , the modular multilevel converter with energy storage
systems ( MMC-ESS) has emerged as a prominent choice for energy storage power stations. MMC-ESS contain a large number
of switching elements , which puts a great burden on electromagnetic simulation , and the utilization of MMC—ESS increases the
number of electrical nodes, so how to equate MMC-ESS to improve the system computation speed is an urgent problem that
needs to be solved nowadays. Addressing this pressing issue, this study proposes an innovative MMC-ESS submodule
equivalence scheme based on trapezoidal integration and Thevenin equivalence methods. This article proceeds by initially
outlining the topology of MMC-ESS. Secondly, considering that the energy storage system is connected to the sub—module
through the DC/DC converter, MMC-ESS equivalent method is given in detail.Finally , the MMC-ESS equivalent model is built
on the PSCAD/EMTDC platform to verify its feasibility and accuracy. Compared with the existing methods, the proposed
scheme retains the simulation speed and accuracy while considering the practical application of MMC-ESS.
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