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ABSTRACT

The rapid development in large scale renewable energy sources and HVDC grid, it is necessary to connect the

renewable energy sources to HVDC grid with pure DC system. To achieve constant DC system with high

power high voltage DC-DC converters are the key equipments. To transmit electric energy DC-DC converters

are used. This paper presents resonant step-up converter which is well suitable for grid connection of

renewable energy sources. This proposed converter can achieve high voltage gain using a parallel LC resonant

tank. In this proposed converter zero voltage switching for turn-on and nearly zero current switching during

turn-off can be achieved for main switches. The voltage doublers circuit that used in this converter also

achieves zero voltage switching during turn-off period. In this proposed resonant step-up converter the voltage

stress across the main switch and diodes are very less compared to the other resonant converters. The operating

principle and selection of resonant converter parameters are discussed in this paper. The working principle of

the resonant step-up converter has been successfully verified by simulation results and experimental results.

Keywords : Zero-Voltage, Zero-Current, Renewable Energy Source (RES), Voltage Stress And Step-Up Voltage.

I. INTRODUCTION

Nowadays we are facing power cuts because of
lacking of proper energy sources. The generation of
power is mainly by the fossil fuel like coal and crude
oil etc. Today universe facing many problems caused
by global warming and pollution effect become the
important consideration for alternative energy.
Renewable resources are considered as a
technological option to get clean and safe energy.
Among them, solar energy system has received a
great attention as it appears to be one of the most
upcoming renewable energy sources. Recently, due
to its rapid development and reduction in cost, PV
system becomes an effective solution for the global

environmental problem.
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Photo voltaic system cannot make as a constant
Direct Current source because its output power is
varied depending on the temperature, irradiation and
load changes. The generation of power at the PV
terminal is DC voltage and the generation is very low
The

generated power must be step up by using the

in terms of few wvolts to thousand wvolts.

conventional converter and then again it has to be
converted to AC voltage. Here in conversion process
there are many be power loss problem. These power
losses should be minimized by using soft switching
technology and zero voltage switching, zero current

switching.

II. METHODS AND MATERIAL

1. Soft and Hard Switching
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In SCR the conduction losses account for significant
part of total losses. Now a day’s fast converter operate
at much higher switching frequency to reduce the
size and weight of filter components. As the
switching frequency is high the switching losses tend
to predominate causing the junction temperature to
rise. So to obtain loss less turn-on and turn-off we are
the The
converter consists of both controlled devices and
(diode).

responsible for the conduction losses. The losses

adopting soft-switching techniques.

uncontrolled devices Both devices are

corresponding to each can cause the temperature rise

of module.
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Figure 1. Losses in semiconductor devices

turn-off

2. Conduction Losses

The conduction losses are caused by the forward
voltage drop when semiconductor is ON. The fig 2

shows the conduction losses.
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Figure 2.Typical characteristics of semiconductor
W = ce(sat) * I (1)
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3. Switching Losses

The switches designed in switching converters are
not for linear operation. It means switching time
intervals are short. The switch can undergo turn-on

and turn-off, losses occur during these switching

intervals.
energy losses
at switching(7)
Eoff
Eon
Exr
Ic/lg (A)

Figure 3. Switching losses in semiconductor devices

4. Soft Switching

The converters have vast applications in industry.
The challenge faced by the designer is the size. So
the size of the switched converter should be reduced
without affecting the efficiency. This can be
achieved by high switching frequency. Because
Frequency and magnetic component is inversely
proportional. In high switching frequency the
switching losses are high. To reduce the losses at
higher frequency we are going for switched
resonance. From the above converter achieve lower

size, weight and cost.

Therefore, the cost of the auxiliary switch and its

gate drive circuit increases. Quasi-resonant

converters are a category of soft-switching
converters that do not use any auxiliary switch. In
this method, soft-switching condition is provided by
adding resonant elements to the main converter.
These converters are controlled by changing the

switching frequency.
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Figure 4.Zero voltage switching

Figure 5. Zero current switching
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In the converter part inductor of switching converter
is the main to the size, weight and cost of converter.
In Switched resonator converters, soft-switching
converters that only use a small resonant inductor.
The main drawback of these converters is employing
more than one switch in their topologies. Where it

can increase the overall converter cost.

The zero voltage switching can be obtained during
the turn on process and nearly during the turn of
process. In proposed converter the voltage stress
across the switches is low compared to conventional
full bridge converter and single active bridge. Here
in proposed converter he voltage stress of upper leg
switches are at the input voltage and bottom leg

switches are at the value of half of output voltage.

5. Zero-voltage and Zero-current switching

To reduce the size of the transformer and filter
components we are going for higher switching
frequencies in the megahertz range, even tens of
megahertz. The use of high switching frequency
leads to cost reduction, size and weight of power
electronics converter. If we design for such high
switching frequencies then only the problem of
switching stress, switching losses and EMI can be

overcome. The switch stress can be reduced by
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connecting simple dissipative snubber circuit in

series and parallel to the switches.
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Figure 7. Comparison of soft & hard switching

6. Classification of resonant converter:

The resonant converters are classified based on the
combination of converter topologies and switching
strategies i.e. zero voltage switching or zero current
switching.

Load resonant converter

Resonant switching converter

Resonant dc-link converter

High-frequency-link integral-half-cycle converter

7. Design specifications of resonant converter

The design specifications of proposed converter are
discussed in below. In the design specification the
the

parameters of the resonant tank i.e. L,, C, and the

gain of resonant converter depends on
time period of switching frequency. If the switching
frequency is not taken into consideration the voltage
gain can be infinite. The voltage gain can be derived
from the time delayt,.

_ (a=lo)Lyr
T, = .

m

TsloLy

T3 :2 Vo
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1 2v;
T, = —cos (=2
4 = g cos T G
The voltage gain can be derived from the equation

and it will depend on the resonant frequency and

time period.

Vo 2
Vin N cos(WyTy)

Where resonant frequency is given as

PR
" 2n/LC

From the above equation the value of resonant
inductor is given in below equation and resonant
capacitor valve is obtained from resonant inductor or
can be obtained from the voltage gain equation. The
duty ratio for the switches can be obtained from
resonant frequency and the minimum and maximum

values of duty ratio are given in below equation.

1
T erf)2e,
C. = P(Vo—V1)
T nV2F
1Yo
Ty
D.. =
min TS
D %—AT
max TS

9. Operation of resonant step-up converter

The proposed resonant step-up converter consists of
full-bridge converter in which four switches are used,
LC parallel resonant tank and a voltage doubler
circuit and two input blocking diodes. In proposed
resonant step-up converter the high gain can be
obtained by resonant tank impedance. When the
resonant inductor and resonant capacitors are in
resonance then the maximum gain can be obtained.
The operation of proposed converter also depends on
the resonant frequencyF, and switching frequencyF;.
In proposed converter the switches Q1 and Q4 can
be turned-on and turned-off simultaneously. The
fallowing assumptions are made in order to simplify

the analysis:
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The components that are used in the converter
operation are ideal i.e. all switches, diodes, inductor
and capacitors.

In proposed converter the output filter capacitors
that are used in operation are large enough to meet
the output voltage during the switching period.

The structure of proposed converter is shown in
below fig: 8. The operational modes are explained in

the fallowing stages.
D1 D:;l c2

\ D4 c3

Figure 8. Topological structure of the proposed
resonant step-up converter
Mode (1): During this mode of operation the
switches S1 and S4 are trigged using gate pulse. And
the current flows through the S1, resonant inductor
and S4 to complete the operation. The positive input
voltage is appeared across the LC parallel resonant
tank. In this mode the converter operates similar to
the boost converter and the resonant inductor acts
boost inductor as like boost converter. The below

fig:9 the mode 1 operation.
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Figure 9. Mode-1 Operation

i

The current through the resonant inductor starts
linearly from the steady state valuel,. In this mode
the load is powered by the output filter capacitors.
After the completion of this mode the resonant

converter is given as

Iy = o + 22

In this mode the energy transferred is given as

1
Ein = ELr(Ilz - Ig)
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Mode (2): During this mode the switches §;
and S,are turned off at zero voltage and after that the
resonant inductor L, resonates with resonant
capacitor C, . The resonant capacitor voltage V,,

decrease from input voltage V;;, and the resonant

inductor currenti;, increase from /; in resonant form.

For better understanding of the converter during this
mode consider parasitic output capacitors of S§;
throughS,, the junction capacitor of blocking diode
D, and the equivalent circuit after t; is shown in
below fig: 10.

Cdb2
| |
I

Db2
i

Cs2

— —Csl
Lr
Y Y Y

__an _| I—' p

Cr

|+

— —Cs3
Cs4

Figure 10. Equivalent Circuit of Mode 2

From the above fig:10 the capacitorsCpy,, Cs; and Cgy
are charged where as the rest of the capacitors are
discharged. To realise zero voltage switching for
S,and S; an additional capacitor is connected in
parallel with respect to Cg; and the value of the
capacitor is ten times the value of the capacitorCs,.
The value of resonant capacitorC, is much larger
than parasitic capacitances; hence the voltage across
the switch S; and S, increase slowly. So the switches
S1 and S4 are turned off at almost zero voltage in this

mode.
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When the voltage across the resonant capacitor
decrease to zero then the resonant inductor current
reaches to its maximum magnitude. After that
resonant capacitor voltage increase in negative

direction and ij,- declines in resonant form.
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Figure 11. Equivalent Circuit of Mode 3
At time period t; V,,, = =V}, and the voltage across

switch S; and S, reaches to input voltageV;, as a
result the voltage acrossS,, S fall to zero and it can
be turned on under ZVS condition.As the switchesS,,
S5 are turned on but there is current flowing through
them because the gate pulse is not triggered. After t,
the resonant inductorL, is continues to resonate with
resonant capacitorC, and the voltage across V- keep
on increase in negative direction. The voltage across
the switch S, is continues to increase from V;, to half
of the output voltage and the switch voltage across S;

is kept at the input voltageV;,.
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Figure 12. Mode-2 Operations

|+

From the above fig: 12 the voltage stress across S; is
at input voltage and the voltage stress across S, is the

value of half of output voltage. During this mode no
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power transfer from input source to load and whole
energy is stored in LC resonant tank. The fallowing

equations represent the flow of power.

1 1 1 1 Vi

SLeI2 +2CVE =L IE +1C (2)

. Vin .

() = Z_rsm[(t — t)W,] + I cos[(t — ) W]

Vcr(t) =Vin COS[(t - tl)w/r] - Lz, Sin[(t - tl)w/r]

Where

W, = —

JLCr

Mode (3): In this mode the triggering pulse is given
to the switches S; and S;. The inductor current
The

capacitor voltagel, increase in positive direction.

decrease in negative direction. resonant
The switch voltages in this mode is given as across
the switch S, is input voltage and voltage across the
switch S3 is the half of the output voltage. Therefore
the voltage stresses across the switches are input

voltage and half of output voltage.
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Figure 13. Mode-3 Operations

The fig: 13 show the mode of operation. The voltage
across the output capacitors are the half of the output
voltages. The voltage doubler circuit doubles the

voltage of V. .

Mode (4): In this mode of operation the switch S3
and S, are turned off by zero voltage switching
the

capacitor and the stored energy is delivered to the

condition. The inductor is resonant with
load. In this mode the current flows through the D,

and to the load capacitors.
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The voltage across the output capacitors are not equal
i.e. V.4 # V., because the average current flowing
into C; will be higher than the average current
flowing through the C, and vice versa. The capacitor
C; and C, share the same power hence V., decrease
and V,, increases and finally they will share the same

output voltage.
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| =
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Figure 14. Mode-4 operation

Wy

From the above fig it is clear that the power flow to
the load is fed by the stored energy in the LC

resonant tank.

III. RESULTS AND DISCUSSION

Experimental Results

The hardware components specification and its
rating given in the Table: and these specifications are
the maximum ratings of the component and the
storage components inductor and capacitor are the
critical values of converter. These specifications and
components are given based on the design of

converter.

Gate Drive Circuit

Fig: 15 shows the circuit diagram of gate drive circuit
for switches used in proposed converter. MOSFETs
are voltage-controlled devices and very high input
impedance. The gate draws a very small leakage
current, in the order of nanoamperes. The turn on
time of an MOSFET depends on the charging time of

input or gate capacitance.

The gating circuit is an integral part of a power
converter that consist of power semi-conductor
devices. The output of a converter depends on how

the gating circuit drives the switching devices is a
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direct function of switching. Therefore, the
characteristics of the gating circuit are key elements
in achieving the desired output and the control

requirements of any power converter.

The design of a gating circuit requires knowledge of

gate characteristics and needs of device such as

/ g o TR

thyristors, bipolar transistors, and MOSFETs. Because . ) i o
. . . . Figure 17. Hardware implementation of proposed
power electronics are increasingly wused in
L i ) . ) converter
applications that require gate drive circuits with i .
. . . The fig:17 represent the input voltage and output
advance control, high speed, high efficiency, and . .
. . o voltage waveforms. In this waveform when the input
compactness, gate driver integrated circuits are oo . . .
) ) ) voltage is given to converter and the gain obtained is
becoming commercially available. ) . )
eight times greater than the input voltage. The pulse

: is given to the switches with the 30% duty ratio so

23
un T i = that the control of the circuit is easy.
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Figure 15. Gate driver circuit for switches 2o [ [ I [] e
CH3
Fean
. . . . . A0.0%
The hardware implementation of gate drive circuit = CHA
rean
shown in Fig:15 and circuit uses to boost the supply 513
CHz
voltage for turning on the MOSEFET using PIC kit ™ fos b

CH2 5.00% i 1.00rms

and connected directly to the gate terminal of the = 000 =fe Biee M

switch as shown in Fig: 4.6. Figure 18. Input and Output voltage of converter
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Figure 16. Hardware implementation of gate driver P T SO TR

. 't Push an option button to change its measurement
circui
Figure 19. Input voltage and current of converter
The below fig:16 show the experimental set up of a
resonant step-up converter. In the diagram testing of
a circuit by the PIC micro controller for the

generation of pulse to trigger the main switches.

Volume 3, Issue 1, January-February-2018 | www.ijsrcseit.com | UGC Approved Journal [ Journal No : 64718 ] I_l 27




Tek 1 Trig'd kA Pos: 00005 ME&SURE
-
o | ] N [«
CHe
Pk—Pk
2408
CH2
Freq
ax 393.9Hz ¥
FMATH Off
hean
CH2 20,04 i 1.00ms CH2 .~ 56548
CH4 2,004 10-kar-16 03:11 399.536Hz

Figure 20. resonant inductor current of the converter

IV. CONCLUSION

A novel step-up resonant converter is suggested in
this paper, which can achieve high voltage gain
through the parallel LC resonant tank and it is well
suitable for high-power high-voltage applications.
The converter uses the resonant inductor to deliver
power as that of boost converter. The resonant
inductor charges from the input and discharges at the
output. To achieve zero voltage switching during
turn-on, turn-off for the active switches and zero
current switching for rectifier diode the resonant
capacitor is employed. From the analysis the
converter can operate at any gain (>2) with proper
control of active switch. The maximum switching
frequency of the converter can be achieved from the
parameters of resonant tank. And it also determines
the range of switching frequency and current ratings
of active switches and diodes. The proposed resonant
converter is operated at constant switching
frequency. The operation principle and selection of
resonant parameters can be verified by simulation

and experimental results.
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