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Abstract—DC microgrid contains a large number of tightly 
regulated closed-loop converters, which performance for the 
constant power loads and may cause stability problem of bus 
voltage when used as a load since they trend to draw constant 
power. In order to improve the stability of DC microgrid, this 
paper proposes a method for stabilization the DC microgrid 
based on the state feedback. By introducing the state feedback 
signal, this method increases the damping of the system and 
ensures the stable operation of the whole DC microgrid. The 
feasibility and effectiveness of this method are verified by the 
simulation results. 
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I.  INTRODUCTION 

In recent years, in order to solve problems of the energy 
shortage, the environmental pollution and other issues, the 
distributed power, the microgrid has gained more and more 
attention and application [1-3]. According to the different types 
of bus voltage, microgrid can be divided into DC microgrid 
and AC microgrid. Compared with the AC microgrid, DC 
microgrid has the advantages of simple control, high 
efficiency and high reliability, so it is gradually being 
increasingly concerned about [4-8]. However, the DC microgrid 
contains a large number of load converters, whose 
characteristics are constant power loads and may cause 
instability of the DC micro grid bus voltage [9-13]. 

Some of the existing papers analyze the stability of the DC 
microgrid and introduce some methods to improve the stability 
of DC microgrid. In paper [14], the equivalent impedance of 
the converter which was connected to the Grid was changed 
by increasing the active damping signal, which can improve 
the stability of the DC microgrid. However, this method only 
can be used for microgrid in grid connected conditions. A 
method for improving the stability of DC microgrid by 
introducing the virtual capacitor into the load point is proposed 
[15] , but the method is only suitable for the case of single 
load the single load. In this paper, the state feedback technique 
was introduced to improve the stability of the DC microgrid. 
The method is simple and convenient to implement. 

II.  SYSTEM MODELING AND STABILITY ANALYSIS 

Typical DC microgrid structures are shown in Figure I, 
which contains a large number of power electronic converters. 

One of the AC/DC or DC/DC source converters connects with 
DC microgrid and maintains the bus voltage. When the load 
point converters work in the constant voltage mode and the 
control performance is good, the load point converters 
performance the constant power loads (CPLs) to the DC 
microgrid [16]. And in ordinary climatic conditions, in order 
to make full use of renewable energy, the PV, wind power and 
other distributed power generally work at the maximum power 
tracking (MPPT) mode. At this time they can be regarded as 
constant power source [6]. 

 
FIGURE I.  SCHEMATIC DIAGRAM OF A DC MICROGRID 

When the AC large power grid fails, the source side 
AC/DC converter stops working and the DC microgrid runs in 
the isolated mode. At this time, a distributed power source 
maintains the DC bus voltage through the DC/DC converter. 
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FIGURE II.  THE SIMPLED MODEL OF A DC MICROGRID WHICH 

SUPPORTS BUS VOLTAGE BY THE BUCK CONVERTER 

To analyze simply, the case in which the Buck converter 
was used to maintain the DC microgrid bus voltage was taken 
as the example to study system stability. The simplified model 
of the DC microgrid is shown in Figure II. Where E is the 
input voltage of Buck converter, L is the filter inductor of the 
Buck converter, C is the equivalent capacitance of all the 
capacitances which connect to the DC bus, R is equivalent 
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resistance of all the resistant load, and the PCPL is the 
equivalent constant power load, which value is the sum of the 
input power of all the constant power loads subtract the sum of 
all the output power of the constant power sources. 

By using the state average method, the circuit equations 
can be written as  
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Where d is the duty cycle of the Buck converter, and in the 
open loop control mode it is a constant. The equilibrium point 
of the system can be calculated by the following equations  
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By linearization of equations (1) at its equilibrium point, 
the characteristic equation of the system is calculated to be 
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Applying the Routh–Hurwitz stability criterion, the system 
stable condition can be deduced  which was  
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From the equation (5), it can be seen that in order to make 
the DC microgrid stability, the power of CPLs must be less 
than the power of resistive loads. But In the actual DC 
microgrid, the loads usually include 75% - 80% of the CPLs 
and 20-25% of the resistance loads [14]. Therefore usually, the 
system is not stable, and some technique needs to be used to 
improve the system stability. 

III.  THE STABILIZATION METHOD FOR ISLANDED DC 

MICROGRID BASED ON THE STATE FEEDBACK 

From (5), it can be known that the negative incremental 
impedance characteristic of constant power loads reduces the 
system's damping, which leads to the instability of the system. 
In order to increase the damping of the system and ensure the 
stability of the system, the state feedback signal can be 
introduced in the duty cycle signal, which makes the duty 
cycle signal as follows 
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From (6) it is known that the introduction of the state 
feedback signal does not change the equilibrium point of the 
system. Considering (1) and (6), the circuit equations can be 
written in the form of 
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From (7), the characteristic equation of the DC microgrid 
is calculated to be 
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The roots of (8), which are the poles of the system, can be 
analyzed using the Routh–Hurwitz method. Such an analysis 
shows that if (9) are achieved, the DC microgrid is stable. 
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IV. THE SIMULATION EXPERIMENT 

To verify the effectiveness for the proposed method, the 
simulation model was built by Matlab/Simulink, which 
structure was shown in Figure III. 

 
FIGURE III.  THE DC MICROGRID WITH TWO GENERATORS AND 

TWO LOADS 

The source converter 1 was the Buck converter which 
maintains the DC bus voltage. The source converter 2 was the 
converter in the constant power control. The parameters of 
simulation system are as follows: E=400V, d=0.5, L=8mH, 
C=0.5mF. The output power of the constant power source was 
500W, and the power of CPL was 2500W.So the value of the 
equivalent constant power load PCPL was 2000W. The value 
of resistive load R was 40Ω. The switching frequency of the 
converter was 10kHz. Simulation results are shown in the 
Figure IV and Figure V. 
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When the system did not join the state feedback signal, the 
eigenvalues at the equilibrium point (200V,15A) are 
25±j499.37 by calculation from (4). The bus voltage uC and 
the buck converter inductor current iL were shown in Figure 
IV. Because the real part of the eigenvalues are greater than 
zero, the bus voltage uC and inductor current iL diverge. Until 
the inductor current decreased to zero, the bus voltage 
maintains greatly oscillation. 
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FIGURE IV.  THE BUS VOLTAGE AND INDUCTANCE CURRENT OF 

DC MICROGRID SUPPORTED BY BUCK CONVERTER 
WITHOUT THE STATE FEEDBACK SIGNAL 

When the state feedback signal is added, The DC bus 
voltage uC and the inductor current iL are shown in Figure V. 
In order to satisfy (9), it can be selected that k1=0.005 and 
k2=1. From (8), the eigenvalues of the system at the 
equilibrium point (200V, 15A) are -37.50±j706.11. As the real 
parts of eigenvalues are less than zero, the system is stable. 
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FIGURE V.  THE BUS VOLTAGE AND INDUCTANCE CURRENT OF 

DC MICROGRID SUPPORTED BY BUCK CONVERTER WITH 
THE STATE FEEDBACK SIGNAL 

As seen from the Figure V, it can be shows that adding the 
state feedback signal can enlarge the system’s damping and 
counteract the adverse effect of the constant power load, 
which make sure the stability of the DC microgrid. 

V. THE CONCLUSION 

In aim to the stability problem of the DC microgrid which 
was caused by the CPLs, the state feedback technique was 
introduced. This technique was used to counteract the 
destabilizing effect of the CPLs by adding the state feedback 
signal to the duty cycle of the source converters, so as to 

realize the stability of DC microgrid. This method only need 
use the signal of DC bus voltage, and the realization is simple. 
The validity of the proposed method has been verified by 
simulation experiments. 
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