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Abstract: Traditional coordinated control strategies for DC
microgrid often overlook the dynamic changes in the power
output boundaries of energy sources in droop control, which
affects the system, and the mode switching control structure is
complex, leading to non-smooth transitions. To address this
issue, this paper proposed a unified grid-connected and off-
grid coordinated control strategy for a solar-hydrogen-storage
DC microgrid. First, a dynamic adaptive droop control
strategy was proposed, which utilized the least squares
method for data fitting to dynamically adjust the current
boundaries, achieving adaptive regulation of the droop
coefficient and power source operating state, thereby
simplifying the traditional mode switching process and control
structure. Second, in combination with practical engineering,
an improved grid-connected and off-grid switching control
strategy was proposed, which integrated pre-synchronization
and outer-loop switching control, effectively reducing impact
oscillations during the switching process. Finally, the
adaptive droop control and improved smooth switching control
were integrated into the proposed coordinated control strategy,
and simulations of multi-source, multi-condition mode
switching were conducted. The simulation results verified the

effectiveness of the proposed coordinated control strategy.
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Fig.1 DC microgrid system structure diagram
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Fig.2 Schematic diagram of mode switching for adaptive droop control strategy

2.1 ETHBLBEHEE
2.1.1 BRAEEX

B AR SR B T R R R AR5 T
R, N R ST B R B (1)
A= (2) FroR .

Uige = U — 1 (1)
R Uifmax - U'fmin (2
- ]i min Ii a; )

K. U, . 534 X EITX B DC/DC 78 3t 2
L&A EEE, U, NEHWRNESHRE;r, W&
AT 2ER TN N 1 3 R A 1, R 45 53 A ST
I LI s U, UL e 9350 48 50 A1 R T
SRR KN e/ ME 1 T, 939 R 5
A 2R T A R R A R/ IME

GRS A TES WP a1 B
[F] i 1, 2 5 Wi F, P ) Jo

BT 78 E HL R Y 5% 3 LN 6
HIRBREESEE U, 05085 A X 235
Xof g i S UL O H P 4 s AT R (AT 3
Fis

K3 .0, o 3N RCAR B/ B R
LR RN T bat_max j‘JZEB/’[EE“j(%UEH RV P
Ly i 23 RORR L M B R /N HE LT, AN ()
B I DON A B N NSRSy SR G2
AR IR R B RS, o oA =
PSR 0y Dy A5 A B X I A (TR

TEHL S 2T 42 i SR g b, 2 AR

3 BESETEEHIREE
Fig.3 Principle diagram of voltage hierarchical

droop control
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Fig.4 Maximum output current for photovoltaic fitting
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Fig.5 Dynamic adaptive droop control strategy for

photovoltaic unit
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Fig.7 Maximum discharging current fitted under
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Fig.8 Dynamic adaptive droop control strategy for
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bus voltage amplitude
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Fig. 15 Pre-synchronization process for voltage phase
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Fig.22 DC bus voltage waveform under

scenario C
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scenario D
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The global transition towards green and low-
carbon energy has entered a new phase of rapid

As

application, microgrid provides a feasible solution

development. one of the forms of energy
for energy transition and sustainable development.
Among them, DC microgrid has gained widespread
application due to its excellent charge and discharge
characteristics, high energy conversion efficiency,
and flexible coordinated control.

This paper focused on a solar-hydrogen-storage
DC microgrid to explore the stability of the DC bus
voltage in the microgrid and, by combining both
off-grid

proposed a coordinated control strategy based on bus

grid-connected  and operation modes,

voltage hierarchical control for unified grid-
connected and off-grid operation. The DC microgrid
system under study included a photovoltaic unit, a
battery storage unit, a fuel cell-supercapacitor
hybrid energy storage unit, and a grid-connected
unit. The system’ s rated DC bus voltage was 1,500
V, and the rated AC grid voltage was 380 V.

In DC

characteristics ,

microgrid  systems  with  droop
the power output bhoundaries of
energy sources vary with changes in the external

environment, which affects the quality of the DC bus

S2

voltage and system stability. To address this issue, a

dynamic adaptive droop control strategy was
proposed. This strategy used the least squares
method to determine the current boundaries of the
power sources and adjusts the droop coefficient of the
sources in real time to adaptively regulate the
operating state of the power sources and the power
distribution of the system. This simplified the mode
switching process and the control structure. Next, in
combination with practical engineering considerations
and taking into account large-scale grid failures as

off-grid

conditions, an improved control strategy integrating

well as planned grid-connected and

pre-synchronization and outer-loop switching control

was proposed. This strategy achieved smooth
switching between grid-connected and off-grid
modes, effectively reducing impact oscillations

during the switching process. Finally, the adaptive
droop control and improved smooth switching control
were integrated into the coordinated control strategy,
and multi-mode switching simulations under multiple
sources and operating conditions were conducted.
The simulation results verified the effectiveness of

the proposed coordinated control strategy.
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