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Abstract: In the highway DC microgrid, the time
characteristics and charging mode characteristics of electric
vehicle charging behavior may cause varying degrees of impact
on the DC bus voltage, and the high-penetration rate of
electric vehicle loads presents new challenges to the
coordination control of the “source-load-storage” system. By
analyzing the traffic load characteristics and micro-source
characteristics of the highway DC microgrid, a multi-source
coordinated control strategy based on DC bus voltage bias for
electro-hydrogen coupling system is proposed. This control
strategy uses the battery as the core component of voltage
regulation to achieve coordinated and self-consistent operation
by detecting the fluctuation of the DC bus voltage at the
inverter port, without the need for communication to achieve
power balance of the system. To avoid the battery exiting
operation due to the crossing of the state of charge (SOC) , a
multi-source adaptive droop controller is designed, enabling
the hydrogen unit to actively respond to SOC changes, reduce
the unbalanced power caused by battery SOC management,
suppress the speed of SOC approaching the boundary value,
and achieve dynamic balance of SOC. Finally, the
effectiveness of the proposed control strategy is verified in
Matlab/Simulink.
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Fig.1 Structure of DC microgrid system for island
highway
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Fig.2 Schematic diagram of multi-source

coordinated control
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Fig.3 Block diagram of multi-source coordinated control
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Fig.4 Surface graph of the variation of droop
coefficient of each unit with K and SOC

YRR B B R TBUE (B, B A AL T
FERVIRAS, 77 I SOC 5 T 8U7E fH, X BWR 7
WA FL RERRZS | NI Ry I LADS/INE HE
WA FERL D, Ry IO 38 R LA K H ) o)
DA A BE I SOC IR T8 {8, X R & i Y
FEAR L RERD , PRI Ry, I8/ K38 W T 1Y
FERLINA AN 4 (a) I 4(c) P, Y EFLHE
2R AR TR (I, 3 st A T IR 2 2 i
i) SOC I T8 (H, 33K 5 IR 35 HL T 0 770 Pl RE K
A IR Rygs IO 38 DR A D/ 365 L Tt A A PR DD 56
Ry JO7 18 I LR 420kE F 1t a1 2 365 37 b i
SOC & FHUE [, IX R E b A7 RER 22,
DR R s, JOL 080/ T8 L Tt P T FRL B 256, A ]
4(b) MIE 4(d) Prose btk M, 20 H &
IV otk HRE R TR et IPSNE

1P 4 Al 75 SOC i 2 e (I, K HUE
/N, IR R B AR BOR, I R AL N - K Ay
WS SOC HCSIGEE . BEAh, 24 ASOC, &/
I, R SR A AR RE SR TAL T SOC 47 i 401, K
A BUE LT AN 22 52 i 25 B0 T T 28 800 B (L

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



AL SERINT, 45 5146, %51
Electric Machines & Control Application, Vol. 51, No.5, 2024

7

I, 2 ASOC, BRI, B SOC $2iT i U8, R 4E
AbF SOC A1 I 91, eI K MRU{E BN, T 38 &
HUB AR B SR, SOC 1y e SIGH B st e, 9K
7, FESEBR I A KA R Z R R BRI, O K
KRR ZFEAE SOC Hiy i 1Aty B2, 1 KR/ 2
TECSOC ¥y ffy ) 7 B2 o PR, IF ] R 2 BUR S dk
B, R KA HRE R A2 7 2R X AR A

4 HESHH

4.1 FHERE
DAy 6 T i 22 TR AR SR AN ) 7 5

AT R, AS SCHE T Matlab/Simulink #5221 40
P LT 73S 014 L SR I 2 85 LA o L TR0 7 LA
B o FFARE A X YA 5k 10 o0 A, BE T P AR
JRGHR ' B A A 2 45 - v XU 3EE A s O R (0 ~
60 s) e KU LR (60 s ~ 120 s) (IR KU Al
ROLAR (120 s ~ 180 s) L K A KL 2 Al g O iR
(180 5~240 s) . [R]A 72 AR KU R ' B3R B T
KR L A 48 2 3R G 8 3l , DIBEILE 25 3R 058
T EV SRR o IR XU e SR R
TN 2 Fr7R o FEZ R0 00 T Bk 22 U ] A b
JE4EH BES, Fil BES, [) SOC ) itk 43 il i &
S 80% F1 75% , A AL F K B2 0.1,

®2 RERBERNERAGEKRER

Tab.2 Light intensity, wind speed and load demand
fHDyA fHIR

i i ,
B /s ’(tngrf; (Tfj) L ﬁﬁg}ﬁﬂ
BV HAW
0~30 1 000 12 720 28 3
30~60 1 000 12 360 28 5
60~90 800 10 450 28 5
90~120 600 9 810 35 3
120~ 150 400 8 990 35 5
150~ 180 700 9 900 14 3
180~210 900 9 540 14 2
210~240 900 8 90 7 2

4.2 B SOCHETZEMEAEIBELR
MG 2 Fri oL, 4815 = SOC BB T £ 4
PR i EL A S, B 5 FroR. 7E 0~ 30 s,
60 s~90 s F1 180 s~240 s HfH], BB E U,
IbF U, F1 Uy Z 0], REE LR 2 3217, BES FOT
5 EL BOTAH B, 76 ) S0 0 [R] B [ 2 4 B i
BE i R, KOG B 5T TAE T MPPT #15; 7¢
30 s~60 s HiME], EIm PR U, & T U, &4

DI 13847, BT B0 B2 b DR P Fi i 1, X
JeHT i MPPT 45 HI LA A Dy Il , pdib 1wl
FLL R ARRE, EL LA R K 2%, |
U RRZR L Tl BES BTN DG BT 3L A 247 18
90 s~180 s i), i B HLE U, AL T Uy AU,
2], R LKL 3 5547, FC BT il AR LB DT
T T R, T R R S s, 5
BES HITIE[FIERE B BRI AR E

5 ®SOCHETEZREMEFEFHHESR
Fig.5 Simulation results of multi-source coordinated

control in a high SOC environment
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Fig. 6 Comparison of simulation results between multi-

source adaptive droop and traditional droop in mode 2
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Fig.7 Simulation results of multi-source coordinated

control in a low SOC environment
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Fig.8 Comparison of simulation results between multi-

source adaptive droop and traditional droop in mode 3
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the

characteristics and charging mode characteristics of

In the highway DC microgrid, time
electric vehicle charging behavior cause varying
degrees of impact on the DC bus voltage. And the
loads

presents new challenges to the coordination control of

high-penetration rate of electric vehicle
the “source-load-storoge” system.

By analyzing the traffic load characteristics of
high-speed service areas and the characteristics of
micro-source, a multi-source coordinated control
strategy based on DC bus voltage bias is proposed.
This the

fluctuation of the grid, alleviate the transmission

control strategy can balance power
congestion of the system, reduce the switching times
of converter control strategy, and realize the stable
operation of DC microgrid on isolated highway. The
the

component of voltage regulation, realizes coordinated

control strategy takes battery as the core
and self-consistent operation by detecting the voltage
fluctuation of DC bus at the converter port, and
realizes the power balance of the system without
communication.

At the same time, in order to avoid the battery

S1

out of operation due to the state of charge (SOC), a
multi-source adaptive droop controller considering the
energy storage SOC is designed. Through the real-
time power distribution of the electric hydrogen
coupling unit, the hydrogen energy unit can actively
respond to the SOC change, which can effectively
alleviate the unbalanced power caused by the battery
in the SOC management process, and make the SOC
approach the set value, so as to improve the service
life of lithium battery and the utilization rate of
renewable energy.

The simulation results show that the proposed
control strategy can achieve coordinated control
among multi-source  under various operating
conditions, stabilize the DC bus voltage fluctuation,
and maintain the source load power balance in the
system. By comparing the traditional droop control
method with the proposed multi-source adaptive
droop control method, it is verified that the proposed
method can effectively alleviate the unbalanced
power caused by the battery in the SOC management
and

process, realize SOC balancing and load

sharing.
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