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Abstract

This paper proposes an ac-dc converter that gives multiple outputs capable of feeding both high and low power applications. The input ac
supply is converted to dc by a diode bridge rectifier, filtered and fed to a modified multiport converter (MPC). This paper focuses on the
design of the modified multiport converter that has a cascaded combination of zeta and a buck converter. This is designed as a single
input and multiple output converter (SIMO) structure which can operate two loads, one with a high power and other with a low power
application, depending on the time instant. The need for opting a multiport converter, reduces the number of switches utilized, thereby
reducing the switching losses in the circuit. The zeta in the MPC boosts the input voltage and the buck converter reduces the input volt-
age and is accordingly fed to the need of the load. The design of the components have been analysed through steady state. MATLAB
Simulink has been used to simulate the converter circuit and the varied outputs of the zeta and buck modes are compared. A hardware
prototype of the ac-dc converter has been implemented and their results have been shown.

Keywords: Multiport Converter (MPC); Single Input Multiple Output (SIMO); Zeta Converter; Buck Converter; High Frequency Isolation Transformer.

1. Introduction - .
2. Proposed modified multiport converter

With the available ac supply, many new ac to dc converters are ) . .
being designed to utilize it for dc loads. The advent of new topol-  The block diagram shows the conversion of ac to dc by using a
ogies for ac to dc conversion has solved many issues related with ~ Multiport converter. ) ) N ) )
switching stress, losses and efficiency. The rectifier converts ac  1he ac input is fed to a diode bridge rectifier and filtered using an
supply to dc, which is then filtered and fed to a modified multiport ~ LC filter. The fl_Itered output is fed toa modified multiport con-
converter (MPC).This MPC has a cascaded combination of zeta  Verter. The_ multlport_ converter consists _of a zeta and a buck con-
and a buck converter, that supplies dc load of two different power ~ Verter that is sequentially controlled to give multiple outputs.
ratings. Power factor correction is done using zero voltage switch-
ing, in an isolated AC-DC converter [1] [5].Current injection
method is employed to remove the ripples in tha ac supply. The
output voltage ripple helps to generate these current injection RECTIFIER
pulses, in rectangular form [2]. An ac—dc converter, capable of ACINDUT AND
applying it for aircraft system has been designed using 18 pulse R
converter [3]. Active power filter helps in compensating harmon-
ics in the converter [4]. This requires 12 pulse for its conversion.
In most of these cases, the circuit employs more number of
switches.

This paper [6] proposes a zeta and a buck boost converter, result-
ing in higher switching losses, because of more number of switch-
es. Multiport converters employing renewable energy sources are
converters with low cost [7] [8]. An adaptive active capacitor
converter, stabilizes the cascaded system and detects the bus volt-
age, employed in high voltage applications[9].[10] Proposes a
resonant converter with dual output by adding an auxiliary switch
in the circuit.,proving higher efficiency, with more voltage stress.
A double ended output structure with buck,boost and inverted
output is constructed in [11], [12], resulting in stress in inductor.
Smooth control was impossible.
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Fig. 1: Block Diagram of the Ac-Dc Converter.

Thus the modified multiport converter is designed as a single in-
put multiple output (SIMO) structure. The outputs obtained from
the multiport converter are of different power levels, one with a
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low power and the other with a high power. This helps in applying
a single ac-dc converter to feed two different dc loads.

The ac to dc conversion is carried out using a diode bridge rectifi-
er. The pulsating dc with harmonics are filtered out using LC fil-
ter, Lf and Cr. The modified converter is developed using a two
switch zeta converter and a buck converter, using an isolated high
frequency transformer (HFT).The paper focuses on designing of
the modified multiport structure. The diodes D1 and D2 are the
clamping diodes. The two switches are made to operate in discon-
tinuous conduction mode (DCM) ie the switches are turned on
such that, the inductor current goes discontinuous, hence this in
turn improves the quality of power.
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Fig. 2: Circuit Diagram of the Proposed Ac-Dc Converter.

For a wide range of operating power, discontinuous mode of oper-
ation is more suitable. Using a suitable controller, the switches S1
and S2 are alternately turned on to suitably operate in zeta mode
and in buck mode. The zeta converter probably acts as a buck-
boost converter and gives a larger output voltage, than the input
voltage and the buck converter reduces the input voltage fed to
multiport converter.

2.1. Modes of operation

Three operating modes of the proposed multiport converter.Ss, Sz,
Sz are ideal switches and the supply voltage is constant. fs =15
kHz, the switching frequency and f=50 Hz, the line frequency.
Mode-I: During this interval, both switches Siand Sz are turned on
and D1, D2 are turned off. The transformer inductance, Lm in-
creases magnetically. Hence the current in Lo also increases line-
arly. Ssis not turned off and diode Do is reversed biased now. C1
discharges through the load R.

Mode-I11: During this mode, both the switches S1 and S, are turned
off by the controller and and the diodes D1 and D2 now conducts.
The magnetizing energy in the isolation transformer is fed to ca-
pacitor Co. Now this forces diode Do to forward bias and hence the
total voltage across the load increases now. Sz remains in turned
off condition only. The current through the inductor current iL,,
gradually reduces and falls down to zero, since the zeta is now
being operated in discontinuous mode.

Mode-I11: In this mode, both the inductors will have the same
magnetising energy, at a particular instant and reverse biases the
output diode, Do. iLo now increases and holds a maximum value
now. Co is now holding a larger value that is applied across the
output load. Thus by operating the converter in discontinuous zeta

mode, a larger output voltage is obtained, thus applicable for high
power applications.

Mode-IV: In this mode Sz is operated with D1 and D2 on. The ca-
pacitor is in discharge mode. Hence the load current now flows
through Ss, Lo and to the load. The output voltage now decreases,
operating in buck mode. Thus the converter is now acting as a
buck converter.

The operation of the multiport converter has been briefed in detail.
The output of the converter has varied power capabilities, depend-
ing on the mode of operation of the ac-dc converter.

3. Design of the converter

Using volt-sec balance topology, the values of the components in
the converter were designed. By applying proper gating signals to
the switches, the converter is operated both in zeta mode and buck
mode. The gate pulses needed for triggering the switches in the
converter are generated by PWM technique. The components were
designed for a duty cycle ratio, D of 0.2.
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The magnetizing inductance can be calculated using the following
formulae:

n?R,
Linmin = — (6)
2Df,

Magnetizing inductance should be lesser than its minimum value:
Lm<<<]-‘mmin (7)

1
Lrotal = Lf + 2Ls —5— (8)
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4. Simulation of the ac-dc converter

The ac-dc converter has been simulated in MATLAB Simulink
environment. The rectified and filtered output is fed to the multi-
port converter and operated in zeta discontinuous mode. In fig 3,
an output voltage of 13V, 28A and 364W output power was ob-
tained, for the simulated circuit. This output could be used for
lighting applications.
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Fig. 3: Output Voltage, Output Current and Output Power of Zeta Con-
verter.

The switch Sswas triggered at suitable instant and was operated in
buck mode. The plot below in fig 4, shows the output of multiport
converter, when it is operated in buck mode. The converter deliv-
ers an output of 1V, 5A and 5W.
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Fig. 4: Output Voltage, Output Current and Output Power of Buck Con-
verter.

The fig 5,shows the comparison plot of the output voltage in zeta
and in buck mode. The converter when operated in zeta and buck
modes ,shows that the ouptut voltage of buck converter shoots
upto 7V for a few sec and drops down at 5V.and settles there, that
can applied for battery charging, etc.

NG a

Fig. 5: Comparison of Output VVoltage of Zeta and Buck Converter.

5. Hardware implementation

The circuit has been implemented and tested for two different laod
conditions, i.e. for high and low power applications.

Table 1: Shows the Values of Different Parameters/ Components Used In
the Circuit

Parameter / Components Value
Supply Voltage, Vs 230V
Input Filter Inductor, Lf 7.5mH
Input Filter Capacitor, Cf 2200 pF
Switching Frequency , fs 15 KHz

Turns Ratio, N1/N2 3.6

Output Inductor of Zeta Converter, Lo 350 pH
Output Capacitor of Zeta Converter, Co 36mF
Output DC Voltage of Zeta Converter, Vo 13V
Output DC Current of Zeta Converter, lo 28 A
Output DC Voltage of Buck Converter, Vo 5V
Output DC Current of Buck Converter, lo 1A
Output Power in Zeta mode, Po 376 W
Output power of Buck mode,Po 5W

The hardware circuit board includes, the rectifier and filter circuit
called the supply circuit. This is followed by the main circuit, the
multiport circuit. The switches are triggered by the pulses obtained
from the driver circuit. A PIC microcontroller PIC16F877A con-
trols the entire circuit. It generates the necessary pulses at suitable
instants and operates the converter in both zeta mode and buck
mode.

Fig. 6: Controller Circuit.
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The fig 6 shows the controller circuit, through which the switches
in the converter are controlled.

The fig 7and fig 8 shows the output voltage recorded from the ac-
dc converter, when the multiport converter is operated in zeta
mode and buck mode respectively. When operated in zeta mode, it
displays an output of 16.12V dc and when operated in buck mode,
it shows an output of 7.58V. The former can be applied for larger
power applications and the latter mode could be applied for low
power applications.

Fig. 8: Output Voltage of Buck Converter.

6. Conclusion

The proposed ac-dc converter involves a single stage conversion
that could result in giving two different outputs, one with a high
power that could supply for lighting purposes and the other with a
low power for battery charging applications. The circuit internally
provides over current protection. The circuit is capable of giving a
constant output voltage, even if there are input supply variations.
The switching stress is lesser during this conversion process. The
PI controller tunes the circuit suitably thus feeding different loads.
The multiport converter involved in the dc-dc conversion gives a
constant output voltage, even if there variations in the supply side.
The circuit is adaptable for multiple outputs that could feed multi-
ple loads.
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