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Abstract- A Simple Current fed Quasi-Resonant Push-Pull
Converter with Reduced Components and Improved Efficiency
is presented which is suitable for low-voltage solar power cell
conditioning system. The presented topology contains inherent
advantages of voltage conversion ratio is high and low input
stress of conventional push pull converter. At light load power
switches can obtain soft switching improving the overall
efficiency. Similar feature can be achieved with fewer
components with the dynamic clamped current fed type push
pull converter and current fed type push pull resonant
converter, which enables to reduce the cost and system
reliability..Proposed topology with design operations, output
characteristics and proposed converter is simulated using
MATLAB Simulink model at 100kHz and presented in the
paper.

Keywords- Current-fed, push-pull converter, fewer compo-
nents, step-up.

1. INTRODUCTION

Renewable energy resources have become an
important aspect in present scenario as it helps in achieving
environ-mental friendly energy. This is possible as it reduces
fossil fuel dependence which leads to harmful emissions
affecting health and environment. Renewable energy resources
achieve regeneration ratings quickly on regular standards
considering the usage over indeterminate time period.

Solar energy is heat and light energy obtained from
Sun. This energy is harnessed utilizing several developing
technologies like photo voltaic, molten salt power plant, solar
heating, artificial photo synthesis etc. Its harnessing
technology can be broadly classified as either active solar or
passive solar based on how this energy is captured, converted
and distributed.

The solar energy which can be utilized varies
depending on geography, cloud cover, time variation etc. This
energy is not uniformly distributed over the entire globe and
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thereby is affected by geography. For example, solar radiation
is more in regions near to equator than in regions away from
equator. However, for regions that are far from equator, usage
of Photovoltaics having capability to follow the sun’s position
can considerably increase harnessing of solar energy .

Durinﬁ night time availability of solar energy is
very less for PV panels to absorb energy and hence time
variation affects solar energy potential limiting amount of
solar energy that can be captured per day by solar panel.
Similarly cloud cover affects solar energy potential as clouds
tend to block light coming from Sun and thus reduce
availability of light to solar cells.

For generation of electricity using solar energy the
output of PV cells are generally low and thus step up dc-dc
converter with higher frequency, low input current ripple,
higher conversion ratio and galvanic isolation to obtain higher
voltage for interfacing PV cells to the grid.

Among the various dc-dc converters, step-up
converter are available for solar cell application. They may be
categorized as voltage fed converter[2]-[3] or current fed
converter type[4]-[6].The significant property of voltage-fed
type has the lower switching voltage rating that allow
usage of devices which has low Rg. This is enormously
valuable in the high current low voltage application.

Another advantage of this converter is that , it
doesn’t have a self start problem which in turn reduces the
system complexity. Even though with all the advantages
mentioned above, the voltage fed converter has some of the
limitations in the applications of solar cell, that is it contains
high transformation ratio, which will result in higher leakage
inductances which leads to greater duty cycle loss, greater
pulsating input current, which will require an Inductor-
Capacitor filter effecting in additional size and power loss |,
high circulating current through primary switches, and severe
ringing of the secondary diodes.
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To overcome the limitations of voltage fed converter
, current fed converters are utilized. The Current fed type
converter will naturally have low input ripple and High
frequency transformer with low turns ratio due to which input
inductor will provide voltage boosting and filtering, rectifier
diode with lower rating because of negligible ringing of diode
and effective clamping of voltage, no difficulty in duty cycle
and lower risk of transformer saturation. Thus current fed type
converters are found to be preferable than voltage fed type
converters specifically for high current low voltage input
applications. Usually there are many types of current fed
converter topology are Full bridge converter[6], L-type Half
bridge converter[7], Dual Boost converter[8] and Push-Pull
converter.[9]-[11]

rectifier diodes.

Above mentioned converters have their own
advantages and disadvantages. However Push-Pull converter
is found to be more attractive because of simple circuit design
with two switches only at the primary side as well as galvanic
isolation, improved utilization of transformer and high
conversion ratio of voltage. Nevertheless typical current fed
type push pull converter has many disadvantages such as High
frequency transformer leakage inductance results in high
voltage spikes of switches, high voltage ratio, high reverse
recovery effect of rectifier diode of the secondary side, power
loss is increased when power devices are switched in hard
switching mode.

A simple current fed quasi resonant push-pull
converter with reduced components and improved efficiency
is presented in this project work for low voltage applications.
The presented topology is current fed type quasi resonant
push-pull converter.

The typical current fed push-pull type converter
mitigates the disadvantages of voltage fed type converter as
mentioned in previous section. However typical current fed
push-pull converter as many disadvantages such as high
frequency transformers leakage inductance it will cause high
voltage spikes in switches, high voltage ratio, reverse recovery
effect of secondary rectifier diodes and power devices
operating in hard switching mode will cause increased power
loss.

The presented topology helps to resolve these
problems as well as preserve default advantages of typical
current fed type push-pull converter such as voltage
conversion ratio is high and input current stress is low . Also ,
this topology offers soft switching of active power switches
for light loads resulting in improvement of overall efficiency.
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1. WORKING PRINCIPLE
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Fig. 1. Current Fed Push-Pull Quasi Resonant Converter

Figure 1 represents the schematic diagram of
proposed converter. The main components of the presented
topology are two main power switches S; and S, , one
auxiliary switch S; input voltage source Vin, clamping
capacitor C, and input inductor L, located at the transformer
primary side . The primary winding Ny Ny, and secondary
windings Ns represented high frequency transformer Tr. The
leakage inductance of transformer is referred to secondary side
by L. Voltage doubler rectifier circuit comprising of diodes
D,; Ds and capacitors C;C,,C, constitutes the output. Diodes
D;D,D; are the anti-parallel body diodes of power switches
S1S,S3 respectively.

Following are few assumptions considered. They are,

Power switches S; S are assumed to be ideal switches having
anti-parallel body diodes D; D3 and body ca-pacitors C; Cs.

1) Capacitors Cy and C, are considered to be very large
such that the voltage across them is constant.

2) Cy=C,=C, and C; = C; = C;3 so that symmetric
working is realized.

3) Diodes D4 D5 are assumed to be ideal.

4) The turns ratio of transformer is Ns:Np1 = Ns @ Npz =
N, and magnetizing inductance is Lyn; = Lz = Ly;
here magnetizing inductance is higher than leakage
inductance.

5) The inductor L, at the input side is assumed to be

large enough such that input current flowing through
it is constant during switching interval.

Interval 1: (t, =t< ty)
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Fig. 2. Equivalent circuit for Interval 1

During time interval t,, switch S 3 is ON by means of
ZVS, S; is ON, S 2 is made OFF and diode D, gets forward-
biased and results in free-wheeling. Consequently, power is
supplied from source to load. Due to the effect of voltage
clamping V. on primary winding Ny resulting nV. across
secondary winding, Ns. Owing to voltage difference between
nV. and v, leakage inductor, Ly resonates with Crand Cy.

gy — e —Ver1(t) (1)
(1) = c% _c, d’d% @)
Vo = veri(t) + vera(t) (3)

where

V¢ = voltage across Cyy

V¢ = voltage across Cy,

Solving above equation , we get,

ig(t) = | 7

| sinwy(t —t) = Lepear sinwy (t — t,)

)

T.(.'?“ll:‘f,\] = ”]"n = [”]'r - f'{'r‘l[to]] cos wy(t — ts) (9)

where, lspea = peak value of i

Z and %, are given as

| Lk
ZJ. ‘VI ECT
1
e =
' 2L Cr

where,
Z, = Resonant impedance
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@ = angular resonant frequency

Since C,; = Cy, and half-bridge circuit is similar to
voltage-doubler rectifier, C,,s charging current and C,,s
discharging current flow through D4 together as shown below

. , ig(t
iL m[f} = —tor2 = I:.; J‘I (8)
iLm = Transformer Magnetizing Current.
irand iz are switch currents and given as,
y : = I"I(t = f|:|wfI
iLm(t) =trmi1(t) =ipmi '::fn) =+ !— (9
~ 1T
i(t) = nig(t) — Irp(t) (10)
ig(t) = ict) —iLs(t) (11)

where input current of inductor reduces linearly which results
in the difference of voltage between V,, and V.. Such as

(Vin — Vo)(t —to)
Ly

“:I.-:’j(t} — jbh...m‘ G i3 (12)

where I smax = peak value of i , when secondary
current (i) resonates to zero at t = t;. iy is switching
current which reaches magnetizing current i m; and
switch current iz the inductor input current i,

Interval 2: (tlgt < t2)
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Fig. 3. Equivalent circuit for Interval 2

When t=t1 , is is the secondary current reduces to
zero and the diode Ds is made off with current being zero, in
order to eliminate the reverse recovery problem . The iy
current reduces with same slope as interval 1 and magnetizing
current flows through the switch S;. The currents iy and i3 can
be expressed by
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13(t) = irm1(t) — irs(t) (14)

When currents i, and iy reach to their maximum
and minimum values I, and I_pmi, respectively , at
that time t = t, the switch is made OFF and interval is ended.

Interval 3: (t2 == t3)
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Fig. 4. Equivalent circuit for Interval 3
During time t = t2 switch current iz direction is
determines either the voltage across C; will be charged to V,
that further results in the two cases .

Such as

Case 1 : Positive current iz implies that I & I smin discharges
C, and charges C; it can be shown as

Im._I TMin t—t &

'l-'(jg(t) =V, — { L L;C ){ 2) (15)
{I m _I TLATL (t — 1

ves(t) = )t —t2) (16)

During the time t = t3, voltage vz increases to V. and
V¢, decays to zero, then D, conducts providing ZVS condition
for S,.

Case I1: Switch current i3 is negative, that also means I, &

ILomin - In that case , the input current flows through anti
parallel body diode D5 until the next interval occurs.

Interval 4 : (t3 == t4)
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Switch S, is made on with ZVS in the condition
mentioned in interval 3 Case I, while S, is made on with hard
switching and current which has been passing across D; flows
into S,. Since the main power switches S; and S, are made on
voltage across the transformer winding is zero and input
current iy, increases linearly which is given as

Imein =5 I'er {t =ne tS)

17
T (17)

iry(t) =

Due to the transformer flux balance relation and zero
winding voltage, the magnetizing current is provided by two
windings. Current iLm1 decreases from I.m to ILn/2 and imz
increases from zeroto  -1./2 reversely.

The input inductor current iy is equally divided and
flows into S;and S, and therefore , il and i, can be
obtained as

.i.[;b[t) +1Iim in(t) = iLb(t) —Irm

3 18)
2 2 2 (

i1(t) =

The secondary rectifier diodes D, and Ds are reverse
biased and the output capacitor C provides energy to the load .
The voltage across the secondary diode D4 which is given by

i

"o _ ;'AI‘{:T-

—

Ypg = (19)

IO|

where V, = maximum capacitor voltage ripple, which can be
derived from average voltage

I,T

AVir = ——
Q('C?L e C?Z)]

(20)

Interval 5: (t4 == t5)
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Fig. 6. Equivalent circuit for Interval 5
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During the time t = t5 I, reaches to its maximum
value lpmex and turned made off. The current through S; is
diverted into the auxiliary switch path causing the capacitor C,
charges to 2V and C; discharges to zero quickly. Then , Ds
conducts providing ZV'S turn-on condition for Ss.

During this interval, the magnetizing current that had
been flowing through the winding N, transfers to N, and
secondary current is starts slowly rising reversely due to the
decrease of primary current i;.

After t = t5, Sz is turned on with ZVS and the half
cycle interval begins working, and the operation principle is
similar with that of the former half cycle.

A. Control Strategy

PWM controls the output voltage with consistent
switching frequency. In order to drive the main switches S;
and S,, and a complementary pulse with S1 and S2 to drive the
auxiliary switch S3 gating signals are provided with two 180
out of phase with equal width owing the duty cycle more than
50% Main purpose of maintaining the duty cycle more than 50
% of main switches S; and S, to prevent the increased
circulating current through auxiliary active clamped circuit.
Operating duty cycle lower than 50%results in unwanted
conduction power loss and low efficiency.
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5 off on off |55
b ‘
54l on off on ¢
54 on aff on off on off'
" 3 ilias [ Tl
iz TRl i =t "
S, | BT ki

itm

- L0 0.2 |
Tim2 >

#H},

3

i

"('J'E;—-\\
»

dorl
i *
o 7 -~ d

3 =
Vnd * >t

| 0 DT, I B2t f-lf‘f.s (DT, |

Fig. 7. Theoretical waveform of proposed converter

Fig. 7 represents the waveforms of the presented
converter operating at the steady state, where Ts is the
switching period of main switches. The overlapping region
varies with duty cycle, which varies with the input voltage
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changing. Each switching period in the steady-state operation
can be separated into ten phases. Because of the symmetry of
the topology, only the former five stages are analyzed at
length here and the corresponding equivalent circuits for each
stage are illustrated in the intervals.

1. OUTPUT CHARACTERISTICS

From the equation (5) we know that the average
voltage value of vy is nV, and v, has the same average
value. As the addition of vq and v, is Vg , relation between
V. and V, can be given as

V0 =2nVc (21)

According to the volt-second balance principle of
inductor Ly during the half switching period, then Vj, and V,
can be related as

Vi(D - 0:5) + (Vin- V(L -D) =0 (22)

by solving equation 22 voltage V¢ can be written as

_VYin
V.= 2(1-0) (23)
Hence, voltage gain can be give as
nVig
Vo= 10 (24)

From equation (24) shows that voltage gain becomes
hat of boost converter. It clarifies that the presented converter
functions as step up converter in order to interface solar cell
for the purpose of conditioning power.

A. Input Ripple Current
From the analysis of steady state operation, the input

current iy, increases with slope of V=L, and time duration is
(D-0.5)Ts. Hence the current ripple can be obtained by

%
Alpy = (D — 0.5)T (25)
Ly
with equation 24 and 25.we can written as
Vo(1 = D)(D —0.05
Alpp= ( )( ) (26)

nlyfs
where f; = switching frequency.

IV. SIMULATION

www.ijsart.com



IJSART - Volume 4 Issue 4 — APRIL 2018

Simulation is carried for open loop Current fed Quasi
resonant Push- pull converter for fuel cell application is shown
in figure 9 and Closed loop Current fed Quasi resonant Push
pull converter for solar cell application is shown in figure 11.

The components parameters are Vi, = 50V, L, = 45HH, C,
=10HF and C, = 470LF.

Fig. 9. Open loop simulation model for the presented
converter topology

Page | 2614

ISSN [ONLINE]: 2395-1052

Fig. 11. Closed loop current fed quasi resonant push pull
simulation model for solar cell application
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Fig. 12. Output Waveform of closed loop simulation model for
solar cell application

V. EXPERIMENTAL RESULTS

Fig. 13. Hardware Model

TABLE | COMPONENTS AND KEY PARAMETERS OF
THE PROTOTYPE
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Components Parameters
Input voltage 12%
Cutput Voltage 24V
Switching Frequency 100kH=z
Cutput power 126 W
Input Inductance I, =45HH
Primary Switches S - 53 FDPF190N13A
Secondary Diodes Dy ad | SF3A400H
Ds

Besonant capacitor 04THE
Ca. Ca

Cratput filter capacitors C, 470HF

The experimental result for output power and input
voltage condition is shown in the table. Hardware model
implementation gives the analytical study about steady state
operation mentioned in the section 1.

V1. CONCLUSION

A simple high step up quasi resonant push pull
converter for solar cell was presented in this paper. By
adopting the features of current fed structure and voltage
doubler rectifier , voltage conversion ratio of higher standard
is obtained without large turns ratio of transformer. Voltage
doubler circuit helps to eliminate the reverse recovery problem
of rectifier diodes and voltage spikes are suppressed by active
clamped circuit and recycled energy is been stored in the
leakage inductance. However compared to reported
topologies, presented converter realizes the similar features
with fewer components.
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