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DC Hierarchical Control System for Microgrid Applications
Lu Xiaonan'  Sun Kai' Guerrero Josep2 Huang Lipei1
1. State Key Lab of Power Systems Tsinghua University Beijing 100084 China
2. Department of Energy Technology Aalborg University Aalborg 9220Denmark

Abstract In order to enhance the DC side performance of AC-DC hybrid microgrid, a DC
hierarchical control system is proposed in this paper. To meet the requirement of DC load sharing
between the parallel power interfaces, droop method is adopted. Meanwhile, DC voltage secondary
control is employed to restore the deviation in the DC bus voltage. The hierarchical control system is
composed of two levels. DC voltage and AC current controllers are achieved in the primary control
level. At the same time, droop method for DC side is adopted to reach load sharing. Secondary control
level is employed to restore the deviation caused by droop control. Common PI controller with low
bandwidth communication is used in the secondary control level, which meets the requirement of the
distributed characteristic in the microgrid system. In this paper, the detailed design method for each
control level is introduced. Theoretical analysis of the low bandwidth characteristic of secondary
control level is also realized. Theoretical results are validated by both simulation and experiment.

Keywords: Hybrid microgrid, parallel interface converter, hierarchical control
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Fig.1 Typical structure of a hybrid AC-DC microgrid
Vdcref Fo#4: AR ¥

LA kel | BB

P oy = v

-

: Vdcref
Ldc e _+ ++
VEBHE

NEN g

o il

s
ELU A 3

PWM
FEAE T

AT UL AR Tl

K2 HRDEEH RS

Fig.2  Structure of the DC hierarchical control system
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Fig.3 Control structure of the AC current loop
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Fig.4 Root locus plot of the AC current loop
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Control structure of the DC voltage loop
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Fig.6 Root locus plot of the DC voltage loop
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Fig.7 Control structure of secondary control
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Fig.8 Close-loop dominant poles of secondary control level with different communication bandwidth
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