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Abstract- This work is aimed at considering the area of 
instability in a microgrid system when the system is 
operated with a non-ideal energy source. This problem 
can occur in the power supply system of both 
autonomous consumers and in emergency power supply 
systems. In this study, a microgrid system with a DC bus 
with an active-inductive type of energy source is 
considered. A synchronous generator with permanent 
magnets acts as such a source, and a double active bridge 
acts as a semiconductor converter, in the form of 
simplified equivalent circuits. The system is considered 
in a quasi-steady process, which corresponds to its long-
term operation, and also allows excluding from 
consideration the electromechanical processes occurring 
in the generator. To analyze the stability of the system, 
both the load parameters and the parameters of the 
transformation and the electrical parameters of the 
generator are used. The Rauss-Hurwitz method was used 
for stability analysis. As a result, using it, surfaces were 
obtained. The analysis of these surfaces made it possible 
to obtain groups of parameters that describe the 
boundaries of the stability of the system. An analysis of 
the obtained stability boundaries made it possible to 
establish the ratios of the system parameters at which the 
system is transferred to an unstable region. These results 
can be used in the synthesis of regulators of the voltage 
stabilizer control system to cut off the stable operation of 
the system. 
 
Keywords: DC Microgrid, DC/DC Converter, Stability 
Analysis, Stability Boundary, CPL. 
 

1. INTRODUCTION 
Modern trends in the development of the energy 

industry associated with distributed generation and the 
use of green energy force the use of semiconductor 
converters in power supply systems for an autonomous 
consumer. This is due to the fact that the consumer must 
be the provision of high-quality electrical energy. At the 
moment, there is a wide variety of power supply systems 
for an autonomous consumer [1-4]. But the task of the 
considered power supply system’s architectures is to 
ensure a reliable and stable power supply.  

The types of architectures vary depending on the 
power consumption, but three types can be distinguished: 
AC system without intermediate bus, systems with 
intermediate DC bus, system with AC intermediate bus 
[2-4, 9]. Depending on the type of consumption, one or 
another system is selected. The most widely used system 
is with an intermediate DC bus, since this architecture 
requires synchronization only by voltage amplitudes and 
is necessary in the development of phase synchronization 
systems. 

But as mentioned above, not only a reliable power 
supply is necessary, but also a stable one. The issue of 
stability in these systems can be considered from several 
angles. The problem of system stability becomes 
especially acute when the system is operating in an 
isolated mode and it is not possible to deal with it in any 
way due to external resources [4-10]. The first, when only 
the behavior of the consumer affects the system`s 
stability, and the second, when the stability of the system 
is influenced by all subsystems of the object. In this 
paper, the authors propose to consider the stability 
analysis of a microgrid autonomous object with a 
common intermediate DC bus, taking into account the 
type of energy source and the relationship between the 
parameters of the primary and secondary sides of a 
DC/DC converter with a load of the constant power load 
(CPL) type. 
 

2. MATERIALS AND METHODS 
To analyze the stable operation of the generating cell 

of a microgrid system with an intermediate DC bus, 
which includes equivalent circuits of a synchronous 
generator with a permanent magnet, presented as an EMF 
source with an active-inductive nature, a rectifier, DC/DC 
converter with input and output filters, we set a typical 
block diagram shown in Figure 1 [11-13]. 
 

 
Figure 1. Energy supply system [11]
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The system consists of PMSM, rectifier, Bidirectional 
H-Bridge DC/DC converter input filter, output filter, 
CPL, which the mathematical description contains the 
structure [11]: 
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where, E is the EMF, and gR , rR , 1R  are the active 
component of the resistances of the genera-tor, rectifier 
and the active resistance of the primary side of the 
DC/DC converter, gL , rL , 1L  is the inductive 
component of the resistances of the generator, rectifiers 
and the impedance inductive resistance of the primary 
side of the DC/DC converter, gI  is generator current, 

1,U  2U  are voltage on the primary and secondary side 
of the DC/DC converter, 1I , 2I  are current in the 
primary and secondary part of the DC/DC converter, 1C , 

2C  are capacitance of the input and output filters of the 
DC/DC converter, and nP  of CPL, 1nR , 2nR  are active 
component of the load resistance driven to the primary 
and secondary side of the DC/DC converter 

To simplify the analysis, namely the influence of the 
load on the stability of the system, we bring the 
parameters of the secondary side to the primary side [11]: 
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2 1C aC=  (4) 
where, a  is a coefficient describing the ratio of input and 
output DC/DC converter. 

For analysis from system (1) and taking into account 
the accepted parameters (2)-(4), a small signal model in 
(5) [11]: 
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General transfer function [11]: 
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where, 
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0 1 1( )nT K R R= −  (10) 
To determine the stable performance of the system, a 

general transfer function of the entire system is 
characteristic (6). For further analysis, we compose the 
equation of the first determinant 0a  of the Routh-Hurwitz 
matrix [11]: 
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Since the analysis and construction of a four-
dimensional space is difficult, we will analyze its three-
dimensional projections on each of the axes. Also, to 
simplify the analysis of three-dimensional figures, which 
are projections of a four-dimensional space, we will 
divide them into a set of surfaces. Thus, we can say that 
in order to evaluate the nature of a four-dimensional 
spacer`s behavior. It will be necessary to project it onto 
three three-dimensional spaces, and then the resulting 
three-dimensional figures, which will be divided into the 
n-th number of surfaces [11]: 
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To determine the exact boundary of the stability of the 
system, it was solved to find the curves describing the 
intersections of the surfaces of zeros with the 
corresponding surfaces [11]: 
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i.e., we obtain a curve describing the intersection of two 
surfaces for different values of the constant coefficient 
with the zero plane. To determine the functions of these 
surfaces, we interpolate in the boundary`s region of the 
surfaces intersection of the systems. 
 

3. RESULTS 
To implement this, we will set a discrete step for 

changing the constant parameters and variable parameters 
of the function. In the first case, the change in the 
coefficient of dependence of the output capacitance on 
the input a, a constant parameter. It will be in the range 
from 1 to 10 with a step of 1, and the variable coefficients 
of the function, transformation ratio K from 0.5 to 3. The 
equivalent active resistance of the power consumption Rn1 
in the range of recalculation of the power consumption 
from 1 kW to 75 kW. In the second case, the change in 
the transformation ratio K, a constant parameter. It will be 
in the range from 0.5 to 3 in increments of 0.5, and the 
variable coefficients of the function, the coefficient of 
dependence of the output capacitance on the input a  
from 1 to 10. The equivalent active resistance of the 
consumed power Rn1 in the range of recalculation of 
power consumption from 1 kW to 75 kW. 

In the third case, the change in the equivalent active 
resistance of the power consumption Rn1, a constant 
parameter. It will be in the CPL range from 1 kW to 75 
kW in increments of 5 kW, and the variable coefficients 
of the function. The dependence coefficient of the output 
capacitance on the input a from 1 to 10, and the 
transformation ratio K is from 0.5 to 3.  

Figures 2-7 show the surfaces for two extreme values 
of the constant parameter when using the system of 
Equations (12) and (13). 
 

 
Figure 2. Surface 0 ( , )na f K P= , for 1a = [11] 

 
Figure 3. Surface 0 ( , )na f K P= , for 10a =  [11] 

 
 
 
 
 
 
 
 

 

 
 

 
Figure 4. Surface 0 ( , )na f a P= , for 0.5K =  [11] 

 
 

 
 
 
 
 
 
 
 
 
 

Figure 5. Surface 0 ( , )na f a P= , for 3K =  [11] 
 

      
Figure 6. Surface 0 ( , )a f a K= , for 1nP =  kW [11] 

 
Figure 7. Surface 0 ( , )a f a K= , for 75nP =  kW [11] 
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In all three sets of surfaces, a system instability zone 
appears, and when any constant surface parameter 
changes, this zone changes, namely, the system instability 
zone increases. 

When considering the proportional capacitance 
coefficient as a constant parameter of the system, it can 
be seen that the instability zone of the system occurs at its 
minimum value, as shown in Figure 2. With an increase 
in the coefficient, a nonlinear the area expansion of zone 
occurs both in terms of the parameter transfer coefficient 
and in terms of power consumption, as shown in Figure 
3. Comparing the zones of instability with a minimum 
conception of the proportional capacitance coefficient, 
the instability zone expands by about 8 times. In this 
case, the maximum allowable trans-mission coefficient at 
which the system is stable at maximum power decreases 
from 2.3 to 0.7. The value of the transmitted power at the 
maximum transmission coefficient decreases from 68 to 
61 kW [11]. 

If we take the transmission coefficient of the 
converter as a constant parameter, then a similar effect is 
observed. At the minimum value of the transmission 
coefficient, the system does not have a zone of instability, 
as shown in Figure 4. Its increase leads to the appearance 
of this zone, as shown in Figure 5. In the previous case, a 
non-linear expansion of the instability zone occurs, as 
shown in Figure 5. The instability zone occurs at a 
transfer coefficient of 1. When the coefficient is increased 
to 3, the capacitance proportional maximum coefficient 
increases from 5 to 0, i.e., with a trans-formation ratio of 
3, the system cannot be stable at a maximum power 
consumption of 75 kW, so the coordinate of the 
maximum is shifted to a point to 68 kW. The maximum 
transmitted power at the maximum capacitance ratio 
changes from 67 to 61 kW [11]. 

When considering the power consumption as a 
constant coefficient, it is clear that with a minimum 
power consumption, the system is stable in its entire 
range of parameters, as shown in Figure 6. In the first, the 
instability zone appears at 60 kW and begins to rapidly 
increase in size until reaching 75 kW. With the maximum 
capacitance ratio, the transfer ratio of the pre-distorter 
changes from 1.2 to 0.8, and at the maximum transfer 
coefficient, the value of the capacitance proportionality 
coefficient changes from 1.5 to 0. In order to ensure the 
minimum value of the transfer coefficient at which the 
system can be stable, it is necessary to reduce the transfer 
coefficient to 2.7 [11]. 

After constructing the surfaces and obtaining the 
intersection curve of the surfaces, the curves were 
obtained. These curves describe the stability boundary of 
the system for different values of the coefficients of 
proportionality of the output capacitance of the input 
capacitance when the load and transmission coefficient 
change, a set of curves is shown in Figures 8-13. 

 
 

Figure 8. Stability limit’s function 0 var ( )aa f K==  for constnP =  [11] 
 

 
 

Figure 9. Stability limit’s function 0 var ( )aa f P== for constK = [11] 
 

Analyze Figures 8-7 to determine the patterns of 
behavior of the system's stability boundary. The figures 
describing the behavior of the resistance stability 
boundary under the condition constP = , the functions on 
Figures 8 and 10, it can be seen that with an increase in 
the power consumption, the instability boundary expands 
both in terms of the gain parameter and in terms of the 
capacitance proportionality factor. The same behavior of 
the stability boundary can be traced under the condition 

consta = , functions on Figure 11 and Figure 6, and 
under the condition const,K =  the functions on Figures 
9 and 7. 
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Figure 10. Stability limit’s function 0 var ( )Ka f a== for constnP =  [11] 

 

 
Figure 11. Stability limit`s function 0 var ( )Ka f P==  for consta = [11] 

 

 
Figure 12. Stability limit’s function 0 var ( )Pa f K== for consta = [11] 

 

 
Figure 13. Stability limit’s function 0 var ( )Pa f a==  for constK = [11] 

 
The results obtained demonstrate that an instability 

zone appears in the DC/DC converter system. The region 
of the instability zone is affected by three indicators that 
connect the primary and secondary sides of the DC/DC 
converters. Since, as a result of the analysis, 6 sets of 
curves were obtained that describe the movement of the 
stability boundary, it is necessary to determine the most 
convenient class of curves for synthesis of control system. 

According to the authors, the most convenient for the 
synthesis of the control system will be the curves given 
by the condition consta = , such sets of curves are the 
functions on Figure 11 and Figure 12. Use as the 
reference parameter of the coefficient a is explained by 
the fact that this coefficient has a constant value and is set 
at the stage of system development. From Figure 11 it 
can be seen that from the coefficient of proportionality of 
the capacitance in system, distortions arise in 
monotonicity of decrease in the functions of the stability 
boundaries of the system. 

At 4.5a = , an extremum appears in the system at a 
value of 2.5K = . At 6.5a = , two inflections of the 
function appear in the system at 2K =  and 2.5K = . 
And within the boundaries a from 7 to 10, an extremum 
is observed in the system at the point 2.5K = . Figure 12 
shows that the class of functions has an identical form of 
monotonicity over its entire range of definition. A point 
stands out from the general form of monotony at a power 
of 68 kW. At this point, there is a local minimum of the 
function, and at the point of 69 kW there is an inflection 
point for all functions. Moreover, it should be noted that 
with an increase in the coefficient, a, there is a decrease 
in the value of the maximum deviation of the gain at the 
point of 68 kW, relative to the general nature of the 
decrease in the function. 

As can be seen from the behavior`s description of the 
functions class of the system`s stability boundary, the 
simplest in terms of the formation of a generalized 
mathematical function of the upper boundary of the 
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power factor is the curves class shown in Figure 12. 
Based on this description, it is possible to develop a 
nonlinear controller of the form ( )K f K=  , for known 
fixed a. This controller will limit the energy transfer 
coefficient K  between the primary and secondary side of 
the DC/DC converter to ensure a stable mode of 
operation of the system. 
 

6. DISCUSSION 
The results obtained demonstrate that an instability 

zone appears in the DC/DC converter system. The region 
of the instability zone is affected by three indicators that 
connect the primary and secondary sides of the DC/DC 
converters. Since, as a result of the analysis, six sets of 
curves were obtained that describe the movement of the 
stability boundary, it is necessary to determine the most 
convenient class of curves for the synthesis of the control 
system. According to the authors, the most convenient for 
the synthesis of the control system are the curves given 
by the condition consta = ; such sets of curves are the 
functions 0 var ( )Ka f P== , as shown in Figure12, and 

0 var ( )Pa f K== , as shown in Figure13. The reference 
parameter of the coefficient a is explained by the fact that 
this coefficient has a constant value and is set at the stage 
of system development. From Figure 12 it can be seen 
that from the coefficient of proportionality of the 
capacitance in the system, distortions arise in the 
monotonicity of the decrease in the functions of the 
stability boundaries of the system. At 4.5a = , an 
extremum appears in the system at a value of 2.5K = . 
At 6.5a = , two inflections of the function appear in the 
system at 2K =  and 2.5K = . Within the boundaries of 
a from 7 to 10, an extremum is observed in the system at 
the point 2.5K = . Figure 13 shows that the class of 
functions has an identical form of monotonicity over its 
entire range of definition. A point stands out from the 
general form of monotony at a power of 68 kW. At this 
point, there is a local minimum of the function, and at the 
point of 69 kW there is an inflection point for all 
functions. Moreover, it should be noted that with an 
increase in the coefficient, a, there is a decrease in the 
value of the maximum deviation of the gain at point of 68 
kW, relative to general nature of decrease in the function. 

As can be seen from the behavior`s description of the 
functions class of the system`s stability boundary, the 
simplest in formation generalized mathematical function 
terms of a of the upper boundary of the power factor is 
the class of curves shown in Figure 13. Based on this 
description, it is possible to develop a nonlinear controller 
of the function of the form ( )K f K= , for known fixed 
a. This controller limits the energy transfer coefficient K 
between the primary and secondary side of the DC/DC 
converter to ensure a stable mode of operation of system. 

The study of the influence of this additional controller 
on the control system will be carried out in the next work 
of the team of authors. An analysis of the structure of the 
control system with its use will also be carried out. This 
will make it possible to perform structural optimization of 
the system control algorithm. 

7. CONCLUSIONS 
As a result of this work, it was found that an 

instability region can occur in a microgrid system, taking 
into account the nature of the behavior of the energy 
source and the internal parameters of the semiconductor 
converter. The influence on the given region of instability 
of the system of the power of the consumer, the 
transmission coefficient and the coefficient of the ratio of 
the capacitance values of the filters of the lower and 
upper sides was analyzed. As a result of this analysis, 
stability boundaries were obtained, which depend on two 
of the above parameters with a constant value of the third. 
From the analysis of the behavior of the stability 
boundary curves, it was established that the system 
instability boundary is in the upper boundaries of two 
variable parameters, but when the value of the third 
parameter remains unchanged, it increases and tends to 
the values of the lower boundaries of the variable 
parameters. These results demonstrate the emergence of 
an instability zone in the microgrid system, which 
depends not only on the power and behavior of the 
consumer, but also on the parameters of the converter 
itself and the parameters and behavior of the energy 
source. The use of these results is possible in the 
synthesis of the voltage stabilizer control system. The 
implementation of these results and the study of success 
of their application will be a topic for further study. 
 

NOMENCLATURES 
 

1. Acronyms  
DC Direct Current 
AC Alternating Current 
CPL Constant Power Load 
EMF Electromotive Force 
 
2. Symbols / Parameters 
E : The EMF 

gR : The active resistances of the generator 

rR : The active resistances of the rectifier 

1R : The active of the primary side 

gL : The inductive resistances of the generator 

rL : The inductive resistances of the rectifier 

1L : The inductive resistances of the primary side 

gI : The generator current 

1U : The voltage on the primary side 

2U : The voltage on the secondary side 

1I : The current in the primary part 

2I : The current in the secondary part 

dcI : The load current`s 

1C : The capacitance of the input filters 

2C : The capacitance of the output filters 

nP : The CPL 

1nR : The active component of the load resistance on to 
the primary side 
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2nR : The active component of the load resistance on to 
the secondary side 
a : The coefficient describing the ratio of input and 
output filter capacitance  
p : The differential operator 

3T : The time constant transfer function 

2T : The time constant transfer function 

1T : The time constant transfer function 

0a : The first determinant of the Routh-Hurwitz matrix 
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