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Abstract—

Resonant switching DC-DC converters
are currently replacing hard switched converters
for power supply in many applications due to
their divergent advantages such as high efficiency,
high frequency operation, compact structure, low
EMI, etc. The paper deals with the design and
simulation of SISO ZVS Pushpull converter for
R, RL, RLE and DC servo drive using MATLAB/
Simulink in half wave mode. The salient feature
of ZVS is that the switching devices is switched
on at zero voltage , so that switching losses are
zero, switching stresses and volumes are reduced
and power density is increased. These features
increases the efficiency of the converter applied
for robotic applications. The centre tapped
transformer of the pushpull converter also
functions as an isolation device between the
source and the load.

Keywords— Quasi resonant converter (QRC),
Zero voltage switching (ZVS), Zero current
switching (ZCS), Single input single output
(SISO).

I. INTRODUCTION

Nowadays major constrain in selection of
power supplies for any application is its size. Lesser
sized power supplies have more advantages like
light weight, less space, high power density, etc.
Lesser size demands smaller sized components
especially inductor and transformer sizes. This could
be possible only at high frequencies, which has more
switching losses in switches for hard switching [11 —
13]. Various soft-switched converters using either
zero-voltage switching (ZVS) or zero-current
switching (ZCS) have been proposed in the
literature[1- 6], and high frequency operation with
reduced switching losses and EMI is achieved. The
salient feature of QRC is that the switching devices
can be either switched on at zero voltage or switched
off at zero current, so that switching losses are
ideally zero. Switching stresses, volumes are
reduced and power density is increased. This feature
increases the efficiency the converter. Several
single-output converters are now available, based on
zero-voltage-switched (ZVS) half-wave (HW)
topologies. In this paper single output push pull
ZVS-QRC was proposed which has two switches

that helps in reducing the control range of
frequencies providing better efficiency [10]. The
push-pull topology is preferred since resetting of
magnetic flux in the transformer core is in built in
the converter operation itself. This allows a higher
duty-cycle of the switches and a greater power
density of the equipment [7 — 9].

In this paper the design and simulation of
the SISO ZVS pushpull converter in half-wave mode
for robotic applications is carried out. The servos are
used for precision positioning. They are used in
robotic arms and legs. Servo refers to an error
sensing feedback control which is used to correct the
performance of a system. Servo or DC servo motors
are DC motors equipped with a servo mechanism for
precise control of angular position. Hence simulation
is carried out to validate the performance of the
converter for a DC Servo load and results obtained
are discussed in detail.

Il. ANALYSIS AND DESIGN OF PUSH
PULL ZVS QRC

The working of the converter and the
design is explained in this section.

A. Circuit Diagram

The push-pull converter is a topology
derived from a forward converter. It is basically 2
anti-parallel forward converters were each forward
converter operates for one half of the cycle. This
operation of the converter makes it possible to
operate in | and Ill quadrant of B-H curve. Hence
the power delivered to the load is twice that of the
forward converter. To reduce the size of the
transformer and inductor used for the converter, high
switching frequency is selected as the operating
frequency. The major drawback of selecting high
frequency of operation is high switching losses in
the switches. To reduce this ZVS is introduced in the
switches by connecting a resonant capacitor in
parallel with the switch and resonant inductor in
series with the switch. This combination forms a
series resonant circuit which ensures zero voltage
when switching ON, increasing the efficiency of the
converter by reducing the switching losses. The
idealised resonant waveforms of the converter
shown in Fig.1 for one switching cycle are shown in
Fig.2.
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B. Modes of Operation

Whenever there is a switching action, the
circuit configuration changes. This configuration has
6 such operating modes as explained below

Lz m

)
Fig. 1.Circuit diagram of push- pull ZVS-QRC

Mode 1 In interval Ty, S; and S, are off.
Initial conditions are L= 1y, Voo = 2V In the
secondary circuit diode D, is forward biased and D,
is reverse biased. This interval is known as power
transfer interval. During this interval power is
transferred from primary to secondary.

Mode 2 Interval Ty, begins when S, is
turned ON, S; is OFF. In the secondary circuit diode
D, is forward biased and D, is reverse biased. This
interval is known as resonant transition interval.

Mode 3 In interval Ty3, S; is OFF and S, is
ON. In the secondary circuit diode D, is forward
biased and D; is reverse biased. This interval is
known as resonant transition 2 interval. Resonant
inductor current, i, is negatively charging and
resonant inductor current, i, is positively charging.

Mode 4 In interval Ty, S; is OFF and S, is
OFF. In the secondary circuit diode D, is forward
biased and D; is reverse biased. This interval is
known as power transfer interval Resonant inductor
current, i, is negatively charging and resonant
inductor current, iLr2 is maintaining its charge.

Mode 5 In interval Tgs, S; is ON and S; is
OFF. In the secondary circuit diode D, is forward
biased and D, is reverse biased. This interval is
known as resonant transition 1 interval. Resonant
inductor current, i, is positively charging and
resonant inductor current, i, is positively
discharging.

Mode 6 In interval Ty, S; is ON and S, is
OFF. In the secondary circuit diode D, is forward
biased and D, is reverse biased. This interval is
known as resonant transition2 interval. Resonant

inductor current, i, is positively discharging and

resonant inductor current, i, is positively
discharging.
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Fig.2 Theoretical resonant waveforms of push-pull
ZV/S-QRC.

C. Design
The design procedure is explained for push-
pull ZVS-QRC with the following specifications:

Input voltage Vg =15V
Output Voltage Vo =5V
Switching frequency f; =50kHz
Power rating Po =5W

The characteristic impedance Zo= sqrt (L,/C;)

The resonant capacitors are assumed to be equal
C;=Cy= C;,=0.047uF.

The resonant inductors are assumed to be equal
L= Ly=L,=0.16mH.

Power = T* ©
Torque = 0.5 N-m

o =10rad/s or N=95.49rpm

I11. OPEN LOOP SIMULATION RESULTS

Digital simulation of the converter is
carried out in MATLAB 2010A and the simulation
results are presented below. The simulation is
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carried out for different loads like R, RL, RLE, DC
servo motor. The simulated waveforms of the circuit
shown in Fig. 3 are presented from Fig. 4 to 9 for all
loads as shown in table I. The gating pulses applied
to switch S; and S, and the corresponding resonant
capacitor voltage and resonant inductor current is
shown in Fig.4. This waveform resembles the
theoretical resonant waveforms as shown in Fig.2.
From Fig.4 it is clear that each switch is switched
ON when the voltage across the capacitor connected
in parallel to the switch is zero. For example S, is
ON when V; = 0 (i.e) at the end of T, interval.
Similarly S, is ON when V., =0 (i.e) at the end of
Tq interval. This ensures ZVS and hence less
switching losses. It was observed that the resonant,
output voltage and current waveforms obtained for
all the loads were the same as shown in fig.4 and
fig.5.From the resonant waveform presented in Fig.4
it is apparent that the peak capacitor voltage is 50V
and 40V respectively in upper and lower half of
primary of transformer and inductor peak current
being 2A & 1A in upper and lower limbs of the
transformer. From Fig.6 it is experiential that the
peak voltage and current through both the diodes are
15V and 1.5A in diode 1 and 15V and 2A in diode 2
respectively. The voltages across the primary and
secondary of transformer are as shown in Fig 7.

Fig.8. shows Zero voltage switching during
turn ON. ZVS is achieved, if the switch is turned on
when the voltage across the switch is zero (i.e) the
body diode of the switch is conducting and hence the
voltage across the switch will be zero. From the fig.9
it is seen that just before the time of turn-on the
switch current is negative. This indicates that the
body diode is conducting. So the switches S1 and S2
are operating in ZVS during turn-on. Characteristics
of the DC servo drive are as shown in Fig 10. The
simulation confirms that the converter produces
rated armature voltage of 5V and armature current of
1A. It is further obvious that the rated speed of
10rad/sec and rated torque of 0.5Nm is achieved as
per the requirement.
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Fig. 3. Simulation circuit of SISO-ZVS pushpull
converter fed DC servo motor drive.

TABLE |
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LOAD SPECIFICATIONS

R LOAD

5Q

RL LOAD

R=4Q

L=0.81mH

RLE LOAD

R=25Q
L=0.81mH
E =2.499V

DC Servo
motor

Armature resistance,
R,=2.5Q

Armature

L,=0.81mH

inductance,

Fig 4. Resonant waveforms
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Fig.7. Transformer primary and secondary voltages

Fig. 5.0utput voltage and current

with switching pulses.

Fig.8.Switchl waveforms with its switching pulse.

Fig.6. Diode voltages and currents with gate pulse.
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Fig.9 Switch2 waveforms with its switching pulse.

Fig.10 Characteristics of DC servo drive.

IV. CONCLUSIONS

Modelling of SISO ZVS Pushpull converter is
done and Simulation was successfully carried out in

MATLAB 2010 for all loads as shown in Table I.
This paper proposes a SISO ZVS Pushpull with
resonance in primary side of transformer for DC
servo drive. Fig. 10 proves the efficiency of the
converter for feeding a DC servo drive for robotic
applications. Fig.4 confirms that each switch is
switched ON when the voltage across the capacitor
connected in parallel to the switch is zero.. This
ensures ZVS and hence less switching losses and
higher efficiency. Implementation of this topology is
simple even for high frequency operation. Switching
stresses get reduced since voltage and current
waveforms have lesser slope as shown in Fig.8 and
Fig.9. Power density is increased since the volume is
reduced. From all the above said features the
converter fed Servo drive is a viable alternative for
robotic applications.
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