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Abstract – In this paper, the interconnection of islanded DC mi-
crogrids are discussed. The interconnection increases the power 
supply reliability since a power shortfall in one of the microgrids 
can be supplied by the others. The islanded DC microgrids are 
interconnected through a bi-directional DC-DC converter. A high 
frequency transformer isolation is used in the converter. For 
interconnecting more than two microgrids, a multiple winding 
transformer is used. The interconnected system is studied for 
both equal and unequal capacity DC microgrids. A detail de-
scription of the interconnection technique is provided with simu-
lation results and illustrations. 

I.  INTRODUCTION 
odern power system is expanding rapidly. This rapid 
expansion is increasing the complexity of the system 
and giving rise to several problems like, increasing the 

reactive power loss, affecting the power quality and stability 
of the system. The idea of DC system came as a possible solu-
tion to many such problems an AC power system is presently 
going through. DC system is not only simple in nature but also 
free from problems like reactive power loss and power quality 
issues. As a result DC system is installed extensively for bulk 
power transmission. The current trend is to have DC systems 
in the distribution levels as well. 

 In distribution level DC microgrids are increasingly 
drawing attention due to DC loads like LED lighting, comput-
er loads and variable speed drives [1]. DC microgrids do not 
go through several AC/DC or DC/AC power conversion .This 
results in high efficiency and reliable performance [2].Because 
of its reliability and efficiency, DC microgrids are seen in 
building electrical systems, data centers and plug-in-electric-
vehicles [2]. A DC microgrid is equipped with AC/DC 
sources, DC loads and battery storage systems [3]. Hence, it is 
capable of operating both in islanded and grid connected mode 
[2, 4]. A microgrid operates in grid connected mode to supply 
excess generation or to draw power from the main grid [2]. 
Islanding occurs due to grid disturbances, abnormalities in 
grid operation or to supply power to the loads, far away from 
the main grid [5-7]. 

 DC microgrids are mainly integrated with renewable 
sources [2, 8]. Hence, a storage system may not be sufficient 
for uninterrupted power supply. Therefore, remotely located 
islanded microgrids may need to be interconnected for conti-
nuity of power supply and reliability. Microgrids are intercon-
nected through power converters [5, 9]. DC microgrids are 
connected through DC-DC converters [5]. 
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As in this study DC-DC converter is used to interconnect 
islanded DC microgrids, the selection of the DC-DC converter 
is the most important task. Several DC-DC converter topolo-
gies are present in literature. Few of them are buck, boost, 
buck-boost, push pull, cuk, forward and flyback converter 
[10]. DC-DC converters can be with or without high frequen-
cy transformer isolation [10].Isolated DC-DC converters have 
several advantages over non-isolated converters. Isolation 
separates the interconnected system. It works more efficiently 
than non-isolated converters, if large voltage step-up or step-
down is required. By adjusting the turns ratio of the transfor-
mer, the input and output voltage can be varied over a wide 
range. Multiple secondary windings with different number of 
turns can help to get multiple outputs at different voltage le-
vels [11]. These characteristics of isolated DC-DC converters 
are ideal for interconnecting different capacity DC microgrids. 
Among different isolated DC-DC converters, flyback conver-
ter is the simplest in nature. A high output voltage is achieva-
ble with this converter which is independent of the transformer 
turns ratio. Multiple outputs can also be obtained by using 
multiple windings in the secondary of the high frequency 
transformer [12, 13].Due to these above advantages a flyback 
converter is used to interconnect DC microgrids. 

In this work, a brief description of the structure of a DC 
microgrid and flyback converter is provided. The interconnec-
tion scheme is explained elaborately. Finally interconnection 
of more than two DC microgrids, through a multiple winding 
transformer is proposed. 

II.  SYSTEM DESCRIPTION 
A.  Structure of a DC microgrid 
In this study first two islanded DC microgrids are inter-

connected through a bi-directional DC-DC converter. As 
shown in Fig.1. It has been assumed that each DC microgrid 
consists of several DC, AC sources and DC loads. The load 
power is shared among generators based on the following 
droop equations [7]. 

nnrefdcn ImVV −=                              (1) 

Where, n=1, 2, 3….k. In (1), Vdc is the generator voltage. 
Vref is the reference voltage. I is the generator current. This 
reference voltage Vref is nearly equal to the DC bus voltage. m 
is the droop gain and it depends on the generation capacity of 
each generator. This implies that m dictates the ratio of the 
power sharing amongst generators. n is the generator number, 
participating in the power sharing and k is the number of gene-
rators. 

B.  Interconnection of two islanded DC microgrids 
During the time of power shortfall in a microgrid it can be 

connected to a neighboring microgrid that has a power sur-
plus. These two interconnected microgrids can be of different 
capacity and they can be operating at different voltage levels. 
For example in this work the voltage levels of the two inter-
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connected microgrids (microgrid-1 and microgrid-2) are at 
500V and 600V, respectively (Fig.2). 

 

 
Fig.1. A DC microgrid. 

 
Fig.2. Interconnection of islanded DC microgrids. 

C.  Bi-directional DC-DC converter [14, 15] 
A bi-directional flyback converter is used to interconnect 

the DC microgrids.  

 
Fig.3. Interconnection of islanded DC microgrids through a flyback converter. 

Fig.3 shows the diagram of a flyback converter, intercon-
necting two DC microgrids. VP and VS are the voltage levels of 
microgrid 1 and 2, respectively. NP and NS are the number of 
turns in the primary and secondary winding of the transformer, 
respectively. IP and IS are the current through the primary and 
the secondary winding of the transformer, respectively. Lm is 
the transformer magnetizing inductance. 

d
dV

N
N

V P
P

S
S −

××=
1                      

(2) 

Here, d is the duty ratio of the flyback converter. 
dIVP PP ××=1                              (3) 

P1 is the average input power, (over a cycle) of the flyback 
converter. (Let, power is flowing from microgrid 1 to 2) 
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T is the time period. T=1/f, f is the switching frequency of the 
flyback converter and the base frequency of the transformer. 
ΔIP is the peak to peak ripple of the current IP. 
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Kr is the ripple factor. Hence, from (3), (4) and (5) we get 
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To avoid saturation of the transformer magnetic core, the 
value of Lm is calculated for maximum value of d (dmax), max-
imum value of P1 (P1max) and minimum value of VP/Vs (de-
pending on the direction of power flow). The specifications of 
the transformer are given in the Table I in the Appendix. 

Active switch S1 and diode D1 are turned on in a comple-
mentary manner when microgrid-2 draws power from micro-
grid -1. Similarly, active switch S2 and diode D2 are turned on 
in a complementary manner when microgrid-1 draws power 
from microgrid -2. A detail description of the power exchange 
scheme is provided in the next section (Sec III). 

III.  INTERCONNECTION STRATEGY 
As stated before, if a microgrid has a power shortfall, it 

will be connected to the other microgrid, provided that it has a 
power surplus. Let us denote the power demand in a microgrid 
by Pdc(2), while its generation capacity by P*

dc. A reference 
voltage signal V* is generated to draw the required power from 
the other microgrid as 
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Assume there is a power shortfall in microgrid-
1(Fig.3).This microgrid will generate a reference voltage sig-
nal V* depending on its power requirement (7).This voltage is 
used as the reference voltage signal to control the voltage 
across the capacitor CP (Fig.3).and the error signal is send to a 
PI controller, as shown in Fig.4. In Fig.4, VP is the voltage 
across the capacitor CP. The output of the PI controller is 
compared to a 10 kHz saw tooth waveform. The output signal 
of the comparator is used to fire the active switch S2. 

 
Fig.4.Firing signal for active switch S2. 

In the similar manner to draw power from microgrid-1 to 
supply microgrid-2, the voltage across the capacitor CS, i.e. VS 



(Fig.3) is regulated and the active switch S1is fired. Three case 
studies are performed, which are discussed below. 

Regulated power exchange between two interconnected 
microgrids is studied. It is assumed that microgrid-1 and mi-
crogrid-2 are operating at different voltage levels, 500V and 
600 V, respectively. The capacity of microgrid-1 and microgr-
id-2 are also different, 45 kW and 40 kW, respectively. Mi-
crogrid-1 consists of three generators, Pg11, Pg21 andPg31. 
The capacities of these three generators are 10kW, 20kW and 
15kW, respectively. Microgrid-2 also consists of three genera-
tors, Pg12, Pg22 and Pg32, having capacity of 5kW, 20kW 
and 15kW, respectively. The system data used are listed in 
Table II in the appendix. 

A. Case-1: Islanded mode of operation: Prior to study an 
interconnected system, a brief study is carried out with the 
islanded microgrids, where the load demand of each microgrid 
is supplied by its generators following DC droop line. The 
results are shown in Figs. 5 to 7. In Fig. 5, PL1 is the load 
demand inmicrogrid-1, which is nearly 41 kW. This demand is 
shared among all three generators according to their droop 
coefficients. The power generated by the three generators is 
9.1 kW, 18.3 kW and 13.6 kW, respectively. 

Fig.5. Generator power and load power in DC microgrid-1. 

In Fig.6, PL2 is the load demand in the microgrid-2, which 
is nearly29 kW. This demand is shared among all three gen-
erators, which are supplying nearly 3.6kW, 14.5 kW and 11 
kW, respectively as per their droop gains.The voltages of the 
two islanded microgrids, 1 and 2 are 410 V and 530 V, respec-
tively. 

Fig.6. Generator power and load power in DC microgrid-2. 

Fig.7. Voltage levels of DC microgrid-1 and DC microgrid-2. 

B. Power shortfall in microgrid-1: In this section intercon-
nected microgrids are studied during power shortfall in micro-
grid-1. Microgrid-2 will supply the demand of the intercon-
nected system. Microgrids will be disconnected as soon as the 
demand comes back within the generation capacity of micro-
grid-1. The results are shown in Figs. 8 to 10. The load de-
mand in microgrid-1 increases at 1 s to a level, which is 
beyond the cumulative power generation capacity of its gene-
rators. This is shown in Fig. 8. As can be seen from this figure, 
at 1 s, the power supplied by all the generators reaches their 
respective peak values. However the load demand in this mi-
crogrid causes a power shortfall of nearly 10 kW. The power 
demand reduces to the previous level at 4 s. 

 
Fig.8. Generator power and load power in DC microgrid-1. 

To supply the 10 kW demand of microgrid-1, microgrid-2 
is connected to it at 1 s and gets disconnected at4 s. The power 
flow in microgrid-2 is shown in Fig. 9. Nominally the three 
generators in this microgrid are supplying 2.5kW, 10kW and 
7.5 kW. Once, this microgrid gets connected with the other, 
the supply power increases to 3.7 kW, 15 kW and 11 kW. The 
load demand in this microgrid remain almost constant, albeit a 
slight drop due to the drop in the voltage, as can be seen from 
Fig. 10 (a). Fig. 10 (b) shows the duty ratio of the flyback 
converter. Nominally this is zero. Only when the power ex-
change takes place between the microgrids, this becomes non-
zero. 

 



 
Fig.9. Generator power and load power in DC microgrid-2. 

Fig.10. (a) Voltage levels of DC microgrid-1 and DC microgrid-2.(b) Duty 
ratio of the flyback converter. 

C. Power shortfall in the DC microgrid-2:In this section 
the power shortfall study described before is repeated for mi-
crogrid-2. This study is carried out to validate the bi-
directional nature of the flyback converter. The load demand 
in microgrid-2 increases at 1 s and comes back to its nominal 
value at 4 s. The power through the two microgrids is shown 
in Fig. 11.  

 
Fig.11.(a) Generator power and load power in DC microgrid-
1.(b)Generator power and load power in DC microgrid-2. 

 
Fig.12. (a) Voltage levels of DC microgrid-1 and DC microgrid-2.(b) Du-

ty ratio of the flyback converter. 

The behavior in this case is similar to the previous case, 
where the generators in microgrid-2 supplies their maximum 
rated power, while the rest of the power is supplied by micro-
grid-1. The voltage levels of the two microgrids and the duty 
ratio of the flyback converter is shown in Fig. 12.  

The studies made in this section validate the bi-directional 
power transfer capability of the DC-DC converter. It also 
shows that the excess power generated by a microgrid is 
shared among its generators following their capacity. Moreo-
ver, this study proposes a regulated power exchange scheme 
between the interconnected microgrids. 

IV.  INTERCONNECTIONOF MULTIPLE DC MICROGRIDS 

In this section more than two islanded DC microgrids are 
interconnected through a flyback converter. A multi-output 
flyback converter is used for this interconnection, as shown in 
Fig.13. It is assumed that microgrid 1 is supplying power to 
both microgrids 2 and 3. The flyback converter contains a 
three winding transformer with N1, N2 and N3 number of turns. 
Then from mmf balance we get [14] 

0332211 =×+×+× iNiNiN                   (8) 
which implies 

332211 iNiNiN ×−×−=×                    (9) 

where, i1, i2 and i3 , respectively are the current supplied by 
microgrid-1 and current drawn by microgrid-2 and microgrid-
3 that flow through the transformer windings. For this study 
we have considered that all three microgrids are operating at 
the same voltage level (600 V). Therefore 

1:1:1:: 321 =NNN                            (10) 

 
Fig.13.Multi-output flyback converter. 

Combining (9) and (10), we get 
321 iii −−=                                    (11) 

Assume that the capacity of a microgrid is P*
d, while its 

demand is Pd. Then in case of a power shortfall in this micro-
grid, the following PI controller is used. 
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Where, KPD and KID are the proportional gain and the inte-
gral gain of the PI controller, respectively. The quantity i* (12) 
is the reference for the current the microgrid is required to 
draw when Pd>P*

d. Now assume that microgrid-1 needs to 



supply both microgrids 2 and 3. Then the reference current of 
this microgrid needs to compute from the sum total of the ref-
erence currents of the other two microgrids, i.e. 

*
3

*
2

*
1 iii −−=                                   (13) 

This reference signal i*
1 is compared to i1 and the error 

signal is send to another PI controller. The controller output is 
compared to the sawtooth pulse train of 10 kHz frequency. 
The output of the comparator is used to switch the active 
switch S1 of the flyback converter. This is shown in Fig. 14. 

 
Fig.14. Firing signal for active switch S1. 

To verify the three microgrid connection, it is assumed that 
initially all three microgrids are operating in islanded mode. 
At 1s, there is a sudden power shortfall in both microgrids 2 
and 3. As a result, at that time microgrid-1 is connected to the 
other microgrids through the flyback converter. The simula-
tion result is shown in Fig. 15. It shows that before 1s, there is 
no power exchange between the microgrids. At 1 s, the power 
shortfalls in microgrids 2 and 3 are 5.8 kW and 8 kW respec-
tively. Therefore microgrid-1 supplies nearly 16 kW power to 
these two microgrids. 

Fig.15. Excess power in microgrid-1, microgrid-2 and microgrid-3. 

V.  CONCLUSIONS 
In this work, interconnection of DC microgrids is studied, 

where 2 or 3 neighboring microgrids can be connected togeth-
er. For power sharing between two remotely located microgr-
ids, they are interconnected through an isolated bi-directional 
DC-DC converter. It is found that this interconnection does 
not affect the power sharing among generators inside the mi-
crogrid. This work includes the regulated power flow scheme 
among interconnected DC microgrids of different capacity, 
operating at different voltages. This study also concludes that 
more than two microgrids can be interconnected for controlled 
power exchange, through a multi-output DC-DC converter. 
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APPENDIX 

TABLE I TRANSFORMER SPECIFICATION 
VP 500+ 20% V 

VS 600 +20% V 

dmax 0.5 

P1max 10 kW 

Kr 0.2 

Lm(secondary) 1.44 mH 

f 10 kHZ 

TABLE II GENERATOR DATA 
Generator Capacity (kW) Droop Gain 

Pg11 10 4 
Pg21 20 2 
Pg31 15 2.7 
Pg12 5 10 
Pg22 20 2.5 
Pg32 15 3.33 
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