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Abstract—A Zero Voltage Switching (ZVS)Cuk converter is presented in this paper to reducethe switching losses of main switch. An
auxiliaryswitch and a clamp capacitor are connected inparallel with the main switch to absorb all theenergy stored in the leakage
inductance of thetransformer. The ZVS operation of main switch isachieved by the resonance with the resonantinductor and output
capacitor of main switch. TheZVS operation of auxiliary switch is achieved bythe resonance with the resonant inductor and theclamp
capacitor. Therefore, both switches areturned on at ZVS. The principle of operation,system analysis and design consideration
arepresented. Finally, simulations based on an 270W(18V/15A) are provided for the proposedconverter.
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1. INTRODUCTION

Switching mode power supplies are widely used in the
personal computer, LCD monitor, charger and
telecommunication applications. However, the converters
with hard switching techniques result in low efficiency and
high voltage and current stresses on the power
semiconductors. Soft switching techniques for power
converters have been proposed to improve circuit
efficiency, increase power density and reduce voltage and
current stresses on the switching devices. The
asymmetrical PWM techniques [1-3] were proposed to
achieve ZVS turn on and to increase circuit efficiency. The
drawback of the asymmetrical converter is that the voltage
and current stresses of switching devices are related to duty
cycle. The full-bridge converters with phase-shift pulse
width modulation (PWM) technique [4-5] have been
proposed to regulate the output dc voltage and to achieve
ZVS operation of power switches. However, the high cost
and narrow ZVS range for the lagging leg of the phase-
shift full-bridge converter are the main disadvantages.
Resonant converters [6- 7] based on the resonant inductor
and the resonant capacitor have been proposed to achieve
zero voltage switching (ZVS) turn-on or zero current
switching (ZCS) turnoff. However, the voltage stress on
the power semiconductor is the main drawback in the
resonant converters especially for the high input dc voltage.

Higher voltage or current stresses increases the
conduction losses compared to the hard-switching
techniques. The active clamp techniques [8-11] based on
auxiliary switch and clamp capacitor were proposed to
reduce the voltage stress of main switch and to increase
efficiency of the converter. The active clamp converter
uses the transformer leakage inductance and output
capacitance of main switch to achieve resonance and to
absorb the surge energy stored in the transformer leakage
inductance such that the ringing voltage at the transformer
primary side is suppressed. The system analysis, circuit
design consideration and implementation of a ZVS Cuk
converter are presented. The active clamp topology is used
in the ZVS Cuk converter to reduce the switching losses on

the power switches and to limit the peak voltage stress on
the switches. The soft switching of switches is achieved by
the utilization of transformer leakage inductance. The
adopted active clamp circuit is connected in parallel with
main switch in order to recycle the energy stored in the
transformer leakage inductance. The operational principle,
analysis and design consideration of the proposed converter
are discussed and analysed. Finally, the simulation results
are presented to demonstrate the circuit performance. The
proposed converter is used in arc welding equipment,
motor drive control and in telecommunication applications.

2. ZERO VOLTAGE SWITCHING CUK CONVERTER

A. Design

Fig.1 shows the proposed design of the ZVS Cuk
converter. L1, L2, S1 and S2 are input inductor, output
inductor, main switch and auxiliary switch respectively.
The capacitors C1 and C2 are medium for transferring
energy from the source to the load. Cr, Cc,CO, Lm and Lr
are resonant capacitor, clamp capacitor, output capacitor,
magnetizing inductor of the isolation transformer and
resonant inductor respectively. D is the freewheeling diode.
Active clamp circuit based on the auxiliary switch S2 and
the clamp capacitor Ccachieves ZVS operation and limits
the peak voltage stress of main switch S1. In the proposed
converter, main switch S1 and auxiliary switch S2 are all
turned on at ZVS turn on.

B. Principle of Operation

The Fig.2 shows the key waveforms of the proposed
converter. There are five operating stages of the proposed
converter in a switching period. Fig.3 gives the equivalent
circuit.

In this First stage, main switch S1 is turned on and
auxiliary switch S2 is turned off. The input current charges
inductor L1. The input currentiLl increases linearly. The
capacitor voltage V, = Vg ¢s =0. The magnetizing inductor
voltage Vim=-Vuln/(Lm*tL;) =-V.The magnetizing
current i, decreases linearly. The main switch current is
given by ig=i 1 +i =i 1 +ic;. The secondary winding voltage
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of transformer Vs=Vcl/n. The diode D is turned off. The
inductor current i ,=ic, and increases linearly. The positive
current i, discharges capacitor C2. This stage ends at time
t=t2 when the main switch S1 is turned off and the input
inductor current reaches the maximum value.

In the second Stage, at time t=t2, main switch Slturns
off. The input inductor current iL1 and capacitor current
icl charge capacitor Cr from 0 to Vcc. The primary side
voltage V| n=(VCr-Vcl)Lm/(Lm+Lr)= Vcr-Vcl. The diode
current at the secondary side iD=0. At time t=t3,the
resonant capacitor voltage Vcr=Vcc, and the primary side
voltage VLm »VCc-VC1=nVc2. The diode D turns on at
time t=t3.

In the third Stage, at time t=t3, the anti-parallel diode of
auxiliary switch S2 turns on and the diode Dat the
secondary side turns on. The secondary side voltage Vs =-
VC2. Before the current iCc is negative, the auxiliary
switch S2 should be turned on to achieve ZVS operation.
The input inductor current iLldecreases linearly. The
voltage across the primary side VLm=nVc2. The capacitor
voltage Vcl is assumed to be a constant value in this stage.
The resonant components in this stage include Lr and Cc.
Before the clamp capacitor current iCc becomes negative
value, the auxiliary switch S2 turns on at ZVS. The diode
current iD =i0-iC2. The clamp capacitor current iCc will
change sign from positive to negative. When the current
iCc becomes negative, the clamp capacitor Cc begins to
discharge. The capacitor voltage Vcr equals clamp
capacitor voltage Vcc. The input and output inductor
currents iL1 and iL2 decrease linearly. This operating stage
ends when auxiliary switch S2 turns off.

In the fourth stage, auxiliary switch S2turns off. The
capacitor current iC1 is positive and greater than input
inductor current iL1 so that the switch current isl is
negative and discharge resonant capacitor Cr. The primary
side voltage VLm=nVC2 and the magnetizing inductor
current increases linearly. The negative switch current isl
discharges capacitor Cr from Vcc to 0 in this stage. To
ensure ZVS operation of main switch S1, the capacitor
voltage Vcr should reach zero before the end of this stage.
Therefore the energy stored in the resonant inductor Lr
must be greater than the energy stored in the resonant
capacitor Cr. At time t=t5, the resonant capacitor voltage
Vcr=0. The diode D at the secondary side is in the
freewheeling mode. This time interval is very short.
Therefore the primary side and secondary side currents are
almost constant.

In the fifth stage, at time t=t5, the resonant capacitor
voltage Vcr=0 and the anti-parallel diode of main switch
S1 turns on. The secondary side diode is still in the
freewheeling mode. The input inductor current, primary
current and main switch current increase linearly. Before
the switch current islbecomes positive, the main switch S1
should be turned on to achieve ZVS operation. The
secondary side diode current ID decreases until to zero. At
this moment the stage 5 ends and the circuit goes to the
operating stage 1. This stage ends at t=t1 when diode
current ID is decreasing to zero.

Research script | IJREE
Volume: 04 Issue: 01 January 2017

IJREE - International Journal of Research in Electrical Engineering

ISSN: 2349-2503

L, i © Lo i icz C L o
— == = M—
— —
N1 LT
_l nCo
i H - i
Vg t}j( f Lng %g ] €3 §R
] i
isl, ‘:E wel [ Tl
is2
Fig.1 ZVS Cuk Converter
DT
‘y.r]gs —
Vaa| ——————
“'|=‘v.e].d.'" w_‘l : -
¥ T
/

Ll 4
L Tl Ll
(]
LIl

Ver g il
4 '

l:-, ;1 Lt
Fig.2 Waveforms of ZVS Cuk Converter

3. ANALYSIS AND DESIGN

In the system analysis of the ZVS Cuk converter, the
following assumptions are made:(1) Cc>> Cr; (2)Lr<<Lm;
(3) All semiconductor components are modeled as ideal;
(4) The turn ratio between the primary winding turn of
transformer and the secondary winding turnispsn=n/n;
and (5) The energy stored in the resonant inductance Lris
greater than energy stored in the resonant capacitance Cr to
achieve ZVS operation. In this analysis, the voltage second
product across the input inductor when main switch and
body diode are turned on equals the voltage-second product
when both main switch and body diode are turned off.

Vin DTs =(Vcc'vin)(1'D)Ts
Where D is the duty cycle of main switch S1 and Vin and
Vcc are average voltage value of input voltage and
capacitor.
The clamp capacitor voltage Vcc, capacitor voltages Vcl
and Vc2 and output voltage VO are expressed as:

1
Vcc = Evin
V= Vi
D-D
Vo =V02 = e in
n(l_ D+ Dloss)
Where Dloss is the duty cycle loss of the proposed

converter. When switch S1 is turned on, the current ripple
on the magnetizing inductor is given as follow.
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AiLm — (D — DLoss )Tsvcl VA (D B DLoss

L., " L.,

The ripple currents on the input and outputinductors L1
and L2 are given as:

)Tsvin

Ail_l — DTsvin
Ll
. A-D+D )TV
Ai, = - L 9
2

If the ripple currents on the input and output inductors are
given, the input and output inductance scan be obtained as:

L, = %
Al
(1_ D+ DLoss )TSVO
L, = :
Al,

The turns ratio between the transformer secondary side and
primary side is equal to
n= (Dmax — DLoss )Vin
(1_ Dmax + DLoss )Vo
Where Dmax is the maximum duty cycle when input
voltage Vin is minimum. To achieve ZVS operation, the
time period is equal to

{ = L,.C,

‘ 4
If the resonant capacitance Cr is given, the resonant
inductance Lr can be expressed as
4’
T C,xz?
One half of the resonant period is approximately equal to
the turn off time of main switch

I L JCC. —a-—D)T

Lr

2
Therefore the clamp capacitance can be obtainedas:
2
L,

4, SIMULATION RESULTS

Fig.3 shows the simulation circuit of the proposed

Converter using PSIM.

Fig. 4 Waveforms of input voltage, input current, outputvoltage and
output current.
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Fig.4 gives the simulated waveforms of input voltage Vin,
input current lin, output voltage VO and output current
10.The output voltage of the proposed converter is less
sensitive to the load variations. The measured efficiency of
the proposed converter is 96% at the rated output power
(18V/15A).

5. CONCLUSION

This paper presents the system analysis, circuit design
consideration and simulation of a ZVS Cuk converter. The
active clamp circuit is used in the proposed converter not
only to recycle the energy stored in the transformer leakage
inductor but also to increase the circuit efficiency. The
mathematical equations of the proposed converter are
analyzed. The design consideration of the converter is also
included. Finally, the simulation results based on a circuit
with 18V/15Aoutput are provided. From the simulation
results, the ZVS operations of main and auxiliary switches
are achieved.
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