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Research on Ship Multi Time Scale Energy Management System
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Abstract: In recent years, with the increasing shortage of energy, the ship power system is transitioning
towards new energy upgrading. However, the uncertainty of new energy output has also brought new challenges to
the economic and safe operation of the system. Therefore, traditional ship energy management is no longer
applicable, and there is an urgent need for a comprehensive energy management system suitable for modern ships.
In response to the above situation, a comprehensive energy management strategy using energy optimization
scheduling was proposed, coordinated control at the upper level, and a combination of intelligent algorithms. A new
energy ship microgrid system model was constructed, and four different operating conditions of the ship on the
corresponding simulation platform were simulated, including accelerating navigation, normal navigation,
decelerating navigation, and berthing. Finally, simulation models of various parts of the system on the Matlab/
Simulink platform were built, and the simulation results verify that the strategy proposed can achieve an efficient
balance of power supply and demand on both sides while maintaining the DC side bus voltage and system stability.
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Fig.1 Topological structure diagram of new
energy ship microgrid system
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Fig.2  Control structure diagram of diesel generator set system
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Fig.3 Energy storage unit and its control block diagram
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Fig.4  Control block diagram of photovoltaic power generation unit
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Fig.6  Vector control strategy of permanent magnet synchronous motor
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Fig.7 Integrated control structure of energy storage battery
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Tab.2  Configuration parameters of onboard power supply equipment
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Tab.3  Parameters of binary particle swarm optimization algorithm
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Tab.4  Cost comparison of different strategies

Fom YeW LA, JEIRAAS,  BERERLAS,  ELRLAR/
Ji G Ji G Ji G Ji G
e (FF) 3.6 1.36 0.45 531
ffime (FE) 1.28 1.36 1.47 4.11
Preapso 1.36 0.66 3.82
ik
Pt st 1.36 0.51 3.66
PSo itk

47



WA 20245 FS54K B TH

MRS A S b ia RE AR T2 A GAT A

MG ELAT BB A5 MR 4k, 0 AR 4
A HEAT AL B REAE A 280k /) 28 5 e A, X
FLSEIM D T4 BT 7 58, RUSAS BEAG I8 /D 123
30%

5

L ik

A

R AL AR B A ) RGO S
MR A Al AR A AR BE IR IR G, 7R RE
5 5¢ U HLIL AL IR E | D7y 4 B[R] I PR UE AR 28
BARREIBAT o AN SCEER AN ZE &
T R GEHATIIE AT ER & B T R GRS
At LABRER R T U5 2l 0 2 I ) I a0 2 o SR s LA B
R GEA A A B4 BRI

ARSCHUAT I 2B PEIFTE SR AR

DB R FR AR G5 T 2848 /Y T
Bl WFFE T SR HL AT 0, = O Y O 42 1 SRS
filf B8 A TC AT I 55 S0 HCH 2 1) LA OB AR & v BT
LT HL A A MPPT R, I HL3E i B0
UE TR R R 2L B R, R ST RENE IR Fy

2) 0 Tl R RE AT RERIER 21 T —
P T PSO AT XU 1 BE DA B, L2 5 1Y
REN B AR, 22 75 SR AL 25 00U 0n fie I 7 2
DAL TR SR HEA T LAY, (15 A SRR MR
P77 1 AT LA RGNS o

S 30k

(1] EBL R AR 5 I RE IR S 2 ) RYE K
FOCHEEOR D). MR A A, 2020,42(9) :6-11.
WANG Kai, LU Bowen, LI Renxiang, et al. Research progress
on multi-clean energy hybrid system and the key technologies
of ships[J]. Ship Science and Technology ,2020,42(9) :6-11.

(2] FEg 2RI, 2 01, 45 56T PLECS MR R B SR &
LT R G0 PSR IUTRLA4E R, 2016, 38(7) : 87-92.
CHENG Yinzhong, LI Lihong, YAN Yang, et al. Research on
simulation of shipboard MVDC integrated power system based
on PLECSIJ]. Ship Science and Technology,2016,38(7) : 87—
92.

(3] Fhi, PR . A ELUR ol B 7 SR A R . Bl R 5 T
#,2020,20(27):10979-10988.
SUN Qiang, QIU Chen. Hierarchical control of direct current
microgrid on ship[J]. Science Technology and Engineering,
2020,20(27) : 10979-10988.

(4] SHARIT . IARERG 0 ) R GE T RO HLHL R R AEOR ], iR
TR, 2015,10(4) :3-10.
MA Weiming. Electromechanical power conversion technolo-

48

[8]

[10

[11

[12

[13

[14

[t}

|

]

]

=

gies in vessel integrated power system[J]. Electrical Manufac-
turing,2015,10(4) :3-10.

FEAE . BT DC AR AR AA SO L 10 it B R S LA AT 5211,
JUARRL A, 2020,42(22) : 79-81.

CHENG Qian. Optimization of marine microgrid energy storage
system based on DC converter[J]. Ship Science and Technolo-
gy,2020,42(22) :79-81.

CUPELLI M, PONCI F, SULLIGOI G. Power flow control and
network stability in an all-electric ship[J]. Proceedings of the
IEEE,2015,103(12):2355-2380.

VTR, 3 VEBOH , A5 . AL AR ST 5 1k A1 RE IR AE
B4 e A ST A v 22 R LA D], R BL T R A
2018,38(S1):45-52.

SUN Shitong, HE Yingfa, WANG Zhixun, et al. A multi-objec-
tive planning model for ES charging stations considering the
power quality and fossil energy consumption[J]. Proceedings of
the CSEE,2018,38(S1) :45-52.

HOU J, SUN J. Control development and performance evalua-
tion for battery/flywheel hybrid energy storage solutions to miti-
gate load fluctuations in all-electric ship propulsion systems[J].
Applied Energy,2018,212:919-930.

TR, T FET R T A 0 A R B
HLURZERI]. H A% ), 2021,51(15) :39-44.

DING Yu, YU Aiqing. Grid-connected DC microgrid bus vol-
tage control based on adaptive droop control[J]. Electric Drive,
2021,51(15):39-44.

CHEN X,ZHOU J,SHI M, et al. A novel virtual resistor and ca-
pacitor droop control for HESS in medium-voltage DC system
[J]. IEEE Transactions on Power Systems,2019,34(4) :2518-
2527.

EUR L, B SR, 5RA2 %5, 55 BT 2 A A RE D) A IR 15 Y B
AP 1 v, PR 5 ) R[], LR AE 57, 2023, 53(3) 1 48-
55,63.

YAN Chengshan, QIU Mingquan, ZHANG Lijun, et al. Voltage
stability control strategy for DC microgrid based on multi group
energy storage unit dynamatic regulation[J]. Electric Drive,
2023,53(3):48-55,63.

ALAFNAN H,ZHANG M,YUAN W J, et al. Stability improve-
ment of DC power systems in an all-electric ship using hybrid
smes/battery[J]. IEEE Transactions on Applied Superconductivi-
ty,2018,28(3): 1-6.

T, EIEAR I  5F L B R E b A A B A LA
At B R BT BT, i I L TR 24, 2020, 40(23) -
7566-7578.

FANG Sidun, WANG Hongdong, ZHANG Shenxi, et al. Opti-
mal management of shipboard energy storage system consider-
ing battery lifetime degradation[J]. Proceedings of the CSEE,
2020,40(23) : 7566-7578.

TREFS WIS, X, A5 . SR BT RS R R I 1o
WA AR R RER ,2016,40(6) : 1717-1723.

ZHANG Biling, HU Lingxiao, LIU Yong, et al. Short-term

scheduling model for micro-grids with improved discrete parti-



T 5 AR B et ia) R E AL R & 2 A AR

BAEF 2024F FS54% FTH

[15]

[16]

[18]

[19]

cle swarm optimization[J]. Power System Technology, 2016, 40
(6):1717-1723.

SHANG C,SRINIVASAN D. Economic and environmental gen-
eration and voyage scheduling of all-electric ships[J]. IEEE
Transactions on Power System,2016,31(5) : 4087-4096.
BREIR AL, MRONI T, 45 T 5 R S SR i XU/ 58
FINR BN BB AT R LA S (). o e L TR
#%,2018,38(4) : 1045-1053,1281.

WEI Fanrong, SUI Quan, LIN Xiangning, et al. Optimized ener-
gy control strategy about daily operation of islanded microgrid
withwind/photovoltaic/diesel/battery underconsideration of trans-
ferable load efficiency[J]. Proceedings of the CSEE, 2018, 38
(4):1045-1053,1281.

FANG S, XU Y. Two-step multi-objective management of hy-
brid energy storage system in all-electric ship microgrids[J].
IEEE Transactions on Vehicular Technology, 2019, 68 (4) :
3361-3373.

SORYE WO . R O R P ] ) 13 H 19 ST P R ek
FRAERE[)]. b H LT RA] L 2019,39(3) :721-730,951.
XIA Chaoying, MIAO Haili. Real-time energy management
strategy for micro-grid based on the quadratic optimal control
theory[J]. Proceedings of the CSEE, 2019, 39 (3) : 721-730,
951.

2R R . S A LA A B R N L S AMEEROR B 5
[D]. WG - I R 3 Toll ey, 2014

[20]

[21]

[22]

(23]

LI Wenkang. Modeling and research on power compensation
technology for diesel generator system[D]. Harbin: Harbin Insti-
tute of Technology,2014.

ML, H AR, 2R, 45 . LR BRI 3R ). IR
2016,40(3) :743-745.

SUN Hang, XIAO Haiwei, LI Xiaohui, et al. Review in photo-
voltaic cell model[J]. Chinese Journal of Power Sources, 2016,
40(3) :743-745.

W, Bl s, R 7 ), 45 MR B R S S AR AR Y
R ERE LAY TR (7). v ) R I 1 B k2241, 2020, 32
(4):35-41,50.

YAO Gang, MAO Zhongdong,ZHOU Lidan, et al. Home energy
management strategy for co-scheduling of electric vehicle and
energy storage device[J]. Proceedings of the CSU-EPSA, 2020,
32(4):35-41,50.

ZENR. MMC MU AS Wi P2 1) S O RGE PERFSEID). B3t 1l
A8 K2, 2019,

LI Xin. Research on control and stability analysis of MMC wind
power converter[D]. Shanghai: Shanghai Jiao Tong University,
2019.

LAN H, WEN S L., HONG Y Y, et al. Optimal sizing of hybrid
PV/diesel/battery in ship power system[J]. Applied Energy,
2015,158:26-34.

Wik H #1:2023-05-24
Bk H 1 :2023-06-13

3333333 IFIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIIIIIIIIIIIIIIIIIFIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIZIIIIIIBIIBD

(EEF317)

(5]

[6]

ters[J]. IEEE Transactions on Power Electronics,2022,37(1) :
426-439.

WEIT W, AV IGBT BB 45 7 $A BHL P T3 0k 5T
(1. A% 41,2017, 47(6) :66-70.

YAO Fang, HU Yang, WU Weitao. Study on a fast calculation
method of junction-to-case thermal resistance of IGBT modules
[J]. Electric Drive,2017,47(6) :66-70.

A=, kit ST, 45 TRER IGBT 3 5 145U IGBT
RREHLFABH IR 7 500 LEWFEL]. B REL M), 2016,4(7) :631-
638.

DENG Erping, ZHAO Zhibin, ZHANG Peng, et al. Compara-
tive study on the method of thermal resistance measurement for
press pack IGBT and IGBT module[J]. Smart Grid,2016,4( 7):
631-638.

SMIRNOV V, SERGEEV V, GAVRIKOV A, et al. Measuring
thermal resistance of GaN HEMTSs using modulation method|J].
IEEE Transactions on Electron Devices, 2020, 67(10) : 4112—
4117.

LU S,ZHANG Z,BUTTAY C, et al. Improved measurement ac-
curacy for junction-to-case thermal resistance of GaN HEMT
packages by gate-to-gate electrical resistance and stacking ther-

mal interface materials[J]. IEEE Transactions on Power Elec-

[91

[10]

[11]

[12]

tronics,2022,37(6) : 6285-6289.

ZHANG G C,FENG S W,ZHOU Z, et al. Evaluation of thermal
resistance constitution for packaged AlGaN/GaN high electron
mobility transistors by structure function method[J]. Chinese
Physics B,2011, 20(2):027202.

SHAN Y, GAO W, HUANG Z, et al. Test methods and princi-
ples of thermal resistance for GaN HEMT power devices[C]//
2020 21st International Conference on Electronic Packaging
Technology (ICEPT),2020: 1-4.

CHEN S H, CHOU P C, CHENG S. Evaluation of thermal per-
formance of packaged GaN HEMT cascode power switch by
transient thermal testing[J]. Applied Thermal Engineering,
2016,98:1003-1012.

WEIY , Lo . T Vih Fl Vee (19 IGBT S5 IR it J7 2454 He
WF5EL]. Bk 3h,2022,52(11) :24-28.

ZENG Xiaotong, WANG Rongmao. Comparison of IGBT junc-
tion temperature measurement methods based on Vth and Vce

[J]. Electric Drive,2022,52(11) :24-28.

e fe H 4. 2023-06-13
Bk H 1 :2023-08-17

49





