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Abstract- The use of dc technology was almost discarded in
the power transmission systems. DC power systems have been
used in applications like avionic, automotive, marine, rural areas,
telecommunication
infrastructures
and
point-to-point
transmissions over long distances or via sea cables and for
interconnecting ac grids with different frequencies. This Paper
describes a new application of single-ended primary converter
(SEPIC) and Cuk converter for dc bipolar network. A dc–dc
converter configuration based on a combination of both
converters is proposed. In the resulting topology, the switching
node is shared by the SEPIC and Cuk converter since they have
the same instantaneous duty cycle. The main advantage of this
topology is that synchronization of various switches is not
required and control terminal is connected to ground which
simplifies the design of the gate drive. On the other hand, this
configuration allows the connection of renewable energy sources
to microgrids (MG)-type bipolar dc link and to cover the current
needs of new distributed generation units with efficient,
economical, and easy way. To verify its performance,
MATLAB/Simulink platform is used.
Index Terms- DC-link voltage balance, PMBLDCM, power
quality (PQ), Air conditioner (AC).
I. INTRODUCTION
The use of dc technology was almost discarded in the power
transmission systems. DC power systems have been used in
applications like avionic, automotive, marine, rural areas,
telecommunication
infrastructures
and
point-to-point
transmissions over long distances or via sea cables and for
interconnecting ac grids with different frequencies. Today’s
consumer equipment such as computers, fluorescent lights or
LED lighting, households, businesses, industrial appliances, and
equipment need the dc power for their operation. However, all
these dc loads require conversion of the available ac power into
dc for its performance. The majority of these conversion stages
typically use inefficient rectifiers. On the other hand, most of
renewable energy units generate in dc form or they have outputs
voltage/frequency variable, which requires power electronic
devices to adapt its output to network conditions. These dc–ac–
dc power conversion stages result in substantial energy losses.
Therefore, in many cases, it is justified to use dc microgrids since
it would avoid all this conversions. DC microgrids have mainly
the following advantages over ac microgrids [1]–[5]: more
efficiency and more power transmission, require few wires, more
stable, no reactance in the line, frequency is zero (so no need of
frequency monitoring), no transient stability problems, no
electromagnetic interference, and have lower line resistance. In a
dc microgrid, energy can be transmitted with single cable, two

cables, or even three cables, what leads to consider three dc-link
types: Monopolar, Bipolar, and Homopolar. Of all these
topologies, bipolar dc link is one of the most used. Bipolar dc
link has two wires (see Fig. 1): one with positive polarity and one
with negative polarity. In normal operation, the current through
ground is zero. It has two voltage levels allowing fault conditions
a monopolar operation.

Fig. 1. Bipolar dc link.
It is also possible a metallic return with appropriate control
strategies. This topology has a higher technical complexity and
cost than the monopolar dc link, but has going for it the
following advantages: the current through the return wire in
normal operation is smaller, so the power losses are reduced;
when a failure occurs in one of the lines, the other continues to
operate normally; for the same transmission power, in a bipolar
dc link, the current is half; and this topology allows to have two
different voltage levels. This is useful when some loads consume
high power because the current drawn is reduced. On the other
hand, some renewable energy units generate in a dc way, so it is
necessary to use dc–dc converters for connection to the
appropriate network conditions. For bipolar dc link [6], these
units use two or four controlled switches depending on whether it
is a half-bridge and full-bridge converter. The advantages of
microgrids are causing an increasing number of networks with
this topology in the world. Initially, it was used in large data
center, such as the Intel Corp., in USA with a bipolar dc link
of+/−200 V or UPN AB of IBM in Sweden of+/−190 V, with
power greater than 5 MW. Today, its applications are expanding
dc distribution networks in low voltage (voltage below 1 kV)
which include distributed generation since bipolar dc link has
proven advantageous from the point of view of efficiency. In this
paper, a new application of SEPIC and Cuk converters in lowvoltage bipolar-type dc microgrid is presented by means the
combining of both configurations. Main advantage is that with an
only switch it is not necessary synchronization among switches.
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Moreover, the control terminal is connected to ground which
simplifies the construction of the gate drive.

converters provide the same conversion relation
by

given

II. PROPOSED CONFIGURATION
DC–DC converters are widely known that can increase or
decrease the magnitude of the dc voltage and/or invert its
polarity. This is accomplished by the pulse width modulation
(PWM) technique, usually to a constant frequency. Switching
dc–dc converters are important power electronics systems widely
used in a huge applications variety [7]–[9]. Several conventional
single inductor dc–dc converters, such as buck, boost, canonical
switching cell, and buck–boost single inductor converters, and
also well-known two-inductor topologies, Cuk, SEPIC, and Zeta
converters have been studied from different viewpoints (voltage
gain, operating principle, voltage and current stress, and
efficiency) for years [10], [11]. The combinations of these basic
converters, such as boost–buck–cascaded converter and buck–
boost–cascaded converter (two-switch topologies) [12], and
buck–boost–zeta converter, SEPIC–boost converter, zeta–
flyback converter [13], and SEPIC-Cuk converter have also
described in the literature. An interesting combination of SEPIC
and Cuk converter provides the ability to be used to create two
outputs with the same voltage but with different polarities. This
is particularly useful for powering the two rails in a low-voltage
bipolar-type dc microgrid. An individual analysis of each
topology gives some advantages and disadvantages for this
application. The conventional SEPIC and Cuk converters (see
Fig. 2) are formed by two inductors (L1andL2), link capacitor
(C1), switch (S1), and diode (D). The Cuk is a negative output
converter, while the SEPIC is a positive output converter.
Assuming SEPIC and Cuk converters without losses, and that the
switching ripple magnitudes are small compared to their
respective dc components, the relation between the input voltage
and the output voltage can be obtained both in continuousconduction mode (CCM) and in discontinuous conduction mode
(DCM). CCM means that the current through the inductor is
continuous, while in DCM, this current is discontinuous. CCM is
preferred for high efficiency and good utilization of the converter
switches and passive components. Both

….(1)

…….(2)
The duty cycle (D) is the ratio of the conduction time (TON) to
the switching period (TS). Both topologies present very similar
characteristics: They use the same number of components,
submit the same stresses to the power switches, and provide
similar efficiency. From an analytical point of view, Cuk and
SEPIC topologies are also similar. However, in the SEPIC
converter, the average voltage across capacitorC1 (VC1)is equal
to the input voltage (Vg), while in the Cuk converter, the voltage
at the capacitorC1is the addition of input and output voltage (Vg
+Vo). Therefore, the size of this capacitor in the SEPIC converter
can be smaller than the Cuk converter. In both topologies, input
currents are non pulsating. On the other hand, the output current
is non pulsating in the Cuk converter and it is pulsating in the
SEPIC converter. If SEPIC and Cuk configurations are
compared, it is observed that have identical front end. Both
converters have the same voltage conversion ratio with opposite
polarities. Hence, it is possible to combine the two structures to
build a bipolar-type converter, as it is shown in Fig. 3. As can be
seen, the two combined structures share a common ground
reference switch and an equivalent inductor at the input. The
main advantage of the proposed configuration is that it allows
implementation bipolar dc link with only one controllable switch,
which simplifies the implementation of control strategies since it
is not necessary

Fig. 2. SEPIC and Cuk converters. (a) SEPIC converter. (b) Cuk
converter.

Fig. 3. SE-CuCC.
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synchronization of various switches. Moreover, control terminal
is connected to ground which simplifies the implementation of
the gate drive. In a static way, the circuit operates as follows (see
Fig. 3). When the switch S is turned ON, the energy supplied by
the generator is stored inL1 (where L1 is equivalent inductance
of the two inductors at the input with value 2L1); inductors L2
andL3 also stored energy due to the discharge ofC1 and C2.
During this interval, the freewheeling diodes (D1 andD2) are
OFF and the energy supplied to the loads is provided by the
output capacitors labelled with C. When the switch S is turned
OFF, inductors recharge capacitors C1 andC2 through the
freewheeling diodes (D1 andD2) and supply power to the loads.
From Fig. 3, the performance of SE-CuCC can be evaluated in
terms of devices stress, low input ripple, and size of magnetic
components [12]. It is assumed that SE-CuCC is operating in
CCM. Table I summarizes aforementioned properties. Note as
the SEPIC side requires a larger current across inductor L2,
moreover, Cuk side requires a larger voltage across capacitor C2.
The inductor L1 and the switch can be operated in parallel for
higher power ratings and can be easily reconfigured to obtain
different ratings.

Fig 4(b)
C. Simulation Circuit of secucc converter

III. SIMULATION RESULTS
The proposed cuk, sepic and secucc converters performance is
studied in MATLAB/SIMULINK platform. The fig 4(a), (b) and
(C) shows the simulated circuit of cuk, sepic and secucc
converter. The switched boost inverter output line to line voltage
and current, stator current and back EMF of motor, speed and
torque of motor are presented .it is observed that the inverter
output and currents are having the THD of 1.92%.the speed of
the PMBLDC controlled by controlling dc bus voltage. The time
delay of 0.1sec is allowed in the simulation to study the starting
characteristics of the Motor.

Fig 4(c)

A. Simulation circuit of cuk converter

Fig 5:cuk output current

Fig 4(a)
B. Simulation Circuit of sepic converter

Fig6:cuk output voltage
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IV. CONCLUSION

Fig 7: sepic output current

Fig 8: sepic output voltage

In this paper, a converter prototype for dc microgrid applications
has been presented. This converter consist the combination of
SEPIC and Cuk topologies (SE-CuCC). Both converters have the
same voltage conversion ratio with opposite polarities.
Therefore, it is possible to combine the two topologies to build a
bipolar-type converter. The two combined structures share a
common ground reference switch, and an equivalent inductor at
the input. The main advantage of the proposed configuration is
that it allows implementation bipolar dc link with only one
controllable switch, which simplifies the implementation of
control strategies, since it is not necessary synchronization of
various switches. Moreover, control terminal is connected to
ground which simplifies the implementation of the gate drive. An
experimental prototype has been developed and subjected to
changing load conditions. Experimental results show its voltage
regulation capacity even in unbalance cases. The proposed SECuCC allows us to cover the current needs in new distributed
generation units with economical and easy way. Highlighting
three aspects of the prototype developed: simple structure since it
uses an only switch and fewer passive elements, a driver circuit
more simple due to there is only one switch to be controlled and
it does not require isolation, and control circuit is simpler since
they can be regulated dc bipolar voltages with an only controller.
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