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Abstract—This paper presents a new ideology of bidirectional
switched mode converter which allows bidirectional power han-
dling capability. A bidirectional AC/DC converter is proposed
to improve power factor and to reduce the losses. DC power
based applications like space, telecommunications and computer
systems are using the bidirectional converters as it is compact,
smaller and efficient. A single converter unit is necessary in-
stead of two uni-directional converters since it is capable of
bilateral power flow. The system consists of a converter and an
inverter which converts AC supply to dc supply and vice versa.
MOSFET’s are used in this paper instead of IGBT as it has
advantages of higher commutation speed and greater efficiency
during operation at low voltages.

Index Terms—Power factor, switched mode converters

I. INTRODUCTION

Both converters and inverters are a vital part in every alter-
nating and direct voltage conversions. Low voltage application
such as charging batteries, PV industry and home appliances
requires DC voltage whereas industrial system, and other
large voltage application requires AC voltage. In recent years,
different conversion techniques have been developed as the
demand for industrial motor drives increasing day by day. The
conventional AC/DC rectification is not satisfactory. Hence,
that system approaches a method using a full wave bridge
accommodated with a bulk capacitor is unsuitable because
of unwanted input current harmonics [1]. Harmonic emission
techniques are passive filtering, power factor correction, and
active filtering [2-11]. Due to the large capacitor bank the size,
weight and cost of converter equipment will be high. To dissi-
pate the regenerative energy, braking resistors can be used but
it reduces the overall efficiency of the drive system. To avoid
the use of link capacitor and braking resistor a new concept
implemented where the regenerative energy can be absorbed
by the supply [7-8]. A bidirectional converter introduced which
combines both converters and inverters. Bidirectional converter
topology usually consists of four fully controlled switches. The
new converter allows the stored energy in loads regenerate
back to the supply. This feature leading to not only in the
reduction in size, but also an increase in overall efficiency in
the system. Power factor improvement using the bidirectional
feature together with the switched mode converter can be
employed in industrial motor drive systems. Bidirectional flow
capability along with several ideologies were developed using

Fig. 1. Block diagram of proposed system

SCR, IGBT and GTO [7-8]. SCR has advantages such as low
cost and highly robust as well as it commutate naturally. But
SCRs are not preferable since it is unidirectional. In this paper,
bidirectional converter accompanying MOSFET as switches
are employed. MOSFET has advantages of higher commu-
tation speed, and greater efficiency when compared to the
IGBT. There are many drawbacks in the conventional system.
Conventional converter has additional diodes and switches in
ac to dc conversion which increases losses. In DC to AC
conversion additional switch S2 needed to reverse supply.
Conduction losses are more due to the additional switches.
Less efficient circuit due to the presence of these additional
components.The proposed converter system can be operated
with unity power factor for bidirectional power flow conditions
and thus can reduce harmonic pollution of ac drives.The
direction of the current flow in the inductor is the same
under both motoring and regenerating conditions. A particular
way of switching implemented which requires lesser number
f switches and thus it reduces overall switching losses and
increases its efficiency. Power factor correction in both power
flow directions can be achieved using a simple control method.
In AC to DC, conversion stage boost converter developed using
inductor, capacitor and switch. Gate PWM pulses of variable
duty cycle are given to the switches for proper commutation.
In this paper bidirectional converter modified and practically
demonstrated.
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Fig. 2. Circuit diagram of proposed system

II. PRINCIPLES OF OPERATION

Fig.1 shows the block diagram of the proposed bidirectional
switched mode converter.The modified system consists of four
fully controlled MOSFETs (S1,S2,S3,S4), a series inductor,
a capacitor to reduce the voltage ripple and resistive load.
Modes of operation can be divided n to two based on the
status of converter switch 1) Motoring mode 2) Regenerating
mode. Fig.2 shows the circuit diagram of the proposed power
factor improvement using bidiectional switched mode con-
verter.Motoring mode or regenerataing mode selected based
on the application. Modes of operation determined from the
signal generated by the controller.

A. Motoring mode

The input voltage is stepped down using transformer for
conversion and it gets rectified to produce DC output. Switches
S1 and S2 turned on during positive half cycle. S3 and S4
turned on during negative half cycle. MOSFET with the body
diodes perform boost operation and power factor achieved by
modifying output voltage w.r.t current. Inductor get charged
and discharged during switching operation for boosting. [3]In
the positive half cycle, AC-DC conversion takes place S1 and
S2 turned on then inductor get charged . Current flow through
voltage source Vs , Inductor L, S1 ,S2 . When switch turned
off inductor get discharged through body diode D1 of switch
s1, load and body diode D3.In the negative half cycle S3 and
S4 turned on inductor get charged through the switches. When
switches turned off[6] current flow through D2,load, D4 and
source. PWM gate pulse generated by the control unit and thus
inductor current follwed the rectified form of input voltage.
Feedback current and reference current compared through out
the operation.

B. Regenerating mode

MOSFET along with body diodes perform DC to AC con-
version. In regenerating mode (DC to AC) S1,S2,S3,S4 turned
on diagonally as similar to that in existing system during
positive and negative cycles accordingly.During positive half
cycle from load, S1, inductor, source and S4.During negative
half cycle S2 and S3 turned on accordingly. S1,S2,S3,S4 are
switched in anti-phase with the operation in motoring mode.

Demands for eco-friendly vehicles are increasing day by
day. Based on electricity many vehicles have been developed
and their leading feature is the ability to recover significant
amounts of barking energy. fuel economy get improved by
implementing such vehicles. So the basic idea focused during
acceleration and reused that stored energy without additional
sources.After having studied and understood Bidirectional AC-
DC power converter with power factor correction, the circuit
design can be addressed.

III. DESIGN CONSIDERATION

The task of designing Bidirectional AC-DC power converter
with power factor correction involves certain criteria. The se-
lection of inductance value for bi-directional AC to DC power
converter circuit is based on current ripple and maximum
current in the inductor.The value of C is determined by consid-
ering the maximum ripple voltage on the Vdc is the equivalent
circuit in motoring mode Parameters Of Bidirectional AC-DC
power converter with power factor correction Vi = 12V
fs = 40kHz
Is = 25µs
iripple = 10 % of Is
V0 = 24V
Value of inductor L(2,3) is,

Lmin =
MVmTs
4Iripple

(1)

is =
500

12
√

2
= 58.7A (2)

Lmin = 1.6mH (3)

IV. SIMULATION RESULTS

The converter has been tested with resistive load. The
computer aided performance of A bidirecional AC-DC power
converter with power factor correction is simulated using
Matlab Simulink using Simscape toolbox and discrete time
sampling. In ac to dc conversion boosting occurs hence output
voltage of 24V obtained for the given input voltage 12V.
Simulated the dc to ac conversion. 16.7 V is obtained as
output for the given 24V input voltage.The matlab simulation
of the converter is done using these parameters. The matlab
simulation of the system with R = 100Ω is simulated. Current
waveforms of AC-DC and DC-AC conveter are shown in Fig.3.
and Fig.4.respectively.

V. CONCLUSION

The bidirectional AC/DC power converter is studied, imple-
mented and the design performance is validated with simulated
results. It has the ad- vantages of the proposed converter which
can be operated with unity power factor for bi-directional
power ow conditions. Thus, it can reduce source side current
harmonic content and the power factor corrected AC/DC con-
verter uses a phase controlled thyristor rectifier. This converter
is robust and low cost. Since the converter has bidirectional
power ow capability, the energy storage requirement and the
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Fig. 3. Output voltage waveform of the converter

Fig. 4. output voltage diagram of DC-AC converter

size of the dc link capacitor is reduced. The direction of the
current flow in the inductor is same under both motoring and
regenerating mode. This proposed model makes the current
control simple. The proposed operation provides a low cost
and reliable operation for AC motor drive systems that require
frequent regeneration .The control strategy adopted in the
demonstration is simple and commonly used in current con-
trolled power converters. The power factor correction feature
of the new converter operation therefore does not require a
complicated control system.
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