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Abstract—In this work PV fed Modified Resonant Voltage
Multiplier Rectifier (RVMR) has been proposed for the hybrid
renewable energy system. PV source energy is maximized in
the modified RVMR scheme by applying the perturb and
observe (P&O) based MPPT method. To incorporate modified
RVMR for PV grid-connected systems and observe the
improvement in dynamic response and voltage gain. In the
proposed work, voltage gain and efficiency are analyzed and
evaluated in the MATLAB/SIMULINK environment.

Index Terms—converters, maximum power point trackers,
photovoltaic cells, perturb and observe method, resonant
converters.

I. INTRODUCTION

Many modifications have been applied to the
conventional boost converters for high-gain converter
design. Those modifications are required to obtain adequate
voltage gain and efficiency. Numerous reforms are being
done to form a step-up high gain conversion for improving
the voltage gain ratio. These can be categorized as isolated,
non-isolated, and mixed-mode systems. Interleaving
structures are one of the most utilized conversion topologies
for achieving a high gain ratio. They have a dual conversion
stage that suits the higher power conversion with a simpler
phase shift control. There are various configurations of the
step-up structures found in the literature and they utilize the
interleaved manner to obtain higher gain with efficiency.
The converters are being modified from the traditional boost
converter for obtaining a higher voltage step gain by the
addition of transformers and voltage multipliers [1].

A coupled inductor is used to boost the step-up gain of a
boost flyback converter. This is a simple method for
increasing the step-up gain. This converter has a leakage
current at the load side since it resembles the active clamped
flyback converter [2-3]. To raise the voltage, an interleaved
boost converter with a voltage-lifting capacitor is used.
Interleaved technology with a voltage lifting scheme is used
in this approach. The voltage-lift capacitor provides
additional voltage gain, and this, in turn, reduces the input
current ripple. For PFC and high-power applications, it is an
excellent choice. As time went on, a new step-up converter
was proposed that combines the best features of all three
converters. Voltage lifting and step-up gain with a minimum
duty ratio control are among the advantages of both. Using a
voltage-lift capacitor, coupled inductors can have a greater
turn ratio, increasing the voltage gain ratio [4-6]. With low
input ripple current and low conduction losses, this
converter is suitable for high-power applications. The output
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terminal receives the energy from leakage. The main switch
is protected from large voltage spikes. There is a significant
difference in the main switch voltage stress and output
voltage stress in the converter. A voltage multiplier module
was proposed by [7-9] that interleaves high-step-up
converters with voltage multipliers. Two coupled inductors
and two switched capacitors make up the voltage multiplier
module. The modified boost flyback forward interleaved
configuration is incorporated between two conventional
interleaved boost converters. Flyback conversion occurs
when the switch on one phase is turned off, while forward
conversion occurs when the switch on the other phase is
turned off.

There is a series and parallel connection between the
primary and secondary windings of the coupled inductors
with N, and N; turns to reduce input current ripple. There are
no differences in turn ratios between the coupled inductors.
Power switches' duty cycles will be 180° out of phase if the
converter runs in Continuous Conduction Mode (CCM).
There are more duty cycles than zero in this case. It is later
integrated with an interleaved boost converter and a voltage
multiplier module, which is comprised of switchable
capacitors and inductors. It is possible to increase the step-
up gain by using coupled inductors and switched capacitors.
Switching one of the switches will release energy from the
magnetizing inductor into three separate paths. When diodes
are turned off, the current through them is reduced to zero
before the diodes are turned on, thus reducing conduction
losses. Diode reverse recovery losses will be reduced by
this. It was recently reported by [10] that they have
developed a high-step-up DC-DC converter that has been
coupled with an inductor and voltage doubler. In this
converter, low voltage stress is applied to the power
switches while achieving an appropriate duty ratio. In
addition, the coupled inductor's leakage inductor can be used
to recycle energy back to the output. According to [11], fuel
cells can convert DC energy into DC energy when they are
run with high step-up DC-DC converters. In order to
achieve high step-up voltage gain, the proposed converter
makes use of a multi-winding coupled inductor and a
voltage doubler. Energy stored in a leakage inductor is
reclaimed by a clamping voltage on an active switch.
Because of this, the voltage stress on the active switch is
reduced and the conversion efficiency is increased. Low-
input-voltage fuel cell power conversion can use the
proposed high step-up converter. Hsieh et al. have proposed
a new high-step-up DC-DC converter for a distributed
generation system [12-15]. Two capacitors, two diodes, and
a single coupled inductor make up this circuit. The coupled
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inductor charges and discharges two capacitors in series. It
is possible to achieve a high gain voltage step-up with an
appropriate duty ratio. A passive clamp circuit reduces the
voltage stresses on the main switch and output diode. This is
why it is recommended to use the main switch with a low
resistance R. Diode reverse-recovery issues are alleviated,
and the efficiency can be increased even further. A new
interleaved high step-up converter is created by combining
the WCCI concept with voltage multiplier cells [16-17]. The
WCCIs have prolonged the voltage gain and reduced switch
voltage stress. As a result of the circuit's voltage multiplier
cells, low-voltage MOSFETs with high performance can be
used in step-up and output voltage applications with low
peak current ripple. WCCIs' leakage inductance has also
reduced reverse-recovery losses, lessening the output diode's
reverse-recovery problem. To progress the efficiency and
decrease switching losses, power switches implement Zero
Current Switching (ZCS) turn-on.

With the incorporation of transformers, they have created
a new way to integrate low-voltage inputs into traditional
step-up converter configurations, which were previously
modified. The transformers are the primary focus of the
design, and as a result, the issues of efficiency and isolation
between the source and the load must be taken into
consideration [18-20]. In general, the output voltage of a
photovoltaic system is low and remains constant over time.
The DC voltage rises when the panels are linked together in
a series. However, the voltage imbalance at the module level
is caused by the cascading of panels. Due to the varying
output of solar panels, they must be used as frequently as
possible. The cascading of panels can be enhanced with
high-gain converters. The converters used for high-gain
conversion should have high voltage gain ratios and
excellent efficiency. Recently, DC-DC converters with high
static gains have become one of the most popular topics of
research because of the growing demand for low-voltage
systems, such as those powered by renewable energy or
batteries.  Static  high-gain, high-efficiency DC-DC
converters are employed in the proposed work for better
power conversion. This aids in obtaining the desired result
while also integrating low-voltage input sources into the
grid. Step-up Non-isolated boost converters, DC-DC
converters are the most common type. Due to its relatively
high output voltage and duty cycle of 0.8, this device can
generally perform well in both dynamic as well as static
conditions. For significant voltage gains, boost converters
need large adjustments of duty ratios in addition to their
inherent efficiency. It's a lot of stress on the boost switch
when the duty cycle is high. To maximize efficiency, lower
duty cycles are required, while parasitic resistive
components limit voltage gain. There is a concern about
reverse recovery because diodes conduct only briefly. The
efficiency of the converter degrades with increasing input
current and output voltage [21-24].

Figure 1 depicts a typical PV-based renewable energy
system. A converter is considered if its static gain (gq) is
equal to or greater than 10. This work is intended to increase
the static gain and improve the gain equal to or greater than
10. For improving efficiency and high power results various
techniques have been utilized, here a non-isolated structure
is applied.
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Figure 1. Typical PV-based renewable energy conversion system
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Due to eclement resistances or leakage inductance,
traditional step-up converters such as the boost converter
and flyback converter cannot accomplish a high step-up
conversion with good efficiency. Furthermore, traditional
single-switch step-up converters are inadequate for high-
power applications. These converters have a lot of voltage
pressures. As a result, they are inappropriate for use in high-
load applications with substantial input current ripple, which
increases conduction losses.

II. RESONANT VOLTAGE MULTIPLIER RECTIFIER AND
MODIFIED ISOLATED RESONANT CONVERTER OPERATION

In isolated converters, transformer-based isolation is
crucial to their efficiency. This is why high-step-up
converters with galvanic isolation are preferred. Without
transformers, it is impossible to calculate the isolation
component. In order to provide the most power, the
transformer must be operating at its optimum resonant state
at all times. In isolated converters, transformer-based
isolation is crucial to their efficiency. This is why high-step-
up converters with galvanic isolation are preferred. The
higher harmonic voltages are eliminated by the resonant
network circuit. Zero Voltage Switching (ZVS) or zero
current switchings (ZCS) is possible because of the resonant
quality of the input current (ZCS) [25]. Thus, switching
losses can be significantly reduced, and much higher
switching frequencies can be attained. Passive equipment
can be made smaller while power density is increased. A
boost converter that operates in boost mode may have a
higher conversion efficacy and voltage choice than an
isolated Boost converter when it comes to efficiency and
voltage range. To achieve maximum efficiency at the typical
input voltage using a resonant Boost converter, it is not
necessary to compromise efficiency at the highest or the
lowest possible input voltages. All of this points to a
successful implementation of high-step-up conversions
using resonant converters. An improved converter is
presented here that features high RVMR, constant frequency
switching, and secondary side phase shift control.

III. RESONANT VOLTAGE-MULTIPLIER RECTIFIER

Figure 2 shows the different structures of RVMR. The C,;
and C,, are capacitors used in the designing of resonant
tanks [26]. Also, four diodes are used in this circuit 1 and 3
act as output diodes, 2 and 4 diodes are regenerative diodes,
and S1 and S2 are used to design the resonant tank with help
of a high-frequency transformer (7). The N-type and P-type
are shown in Fig. 2(a), whereas in the P-Type RVMR, the
two switches are connected with the positive potential of the
functioning principles of the two RVMRs are identical as
illustrated in Fig. 2.

Unlike standard types, the RVMR's resonant tank always
runs at the resonant frequency defined by Equation (1).
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(a) (b)
Figure 2. Conventional resonant voltage multiplier rectifiers: (a) N-Type,
(b) P-Type
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As discussed earlier, the resonant tank will act as a boost
inductor while turning on the RVMR. In the reverse case,
after switching off the RVMR power regulation is occurred.
So, owing to this operation high-frequency voltage is
created on the primary side, i.e., the voltage-fed full-bridge
circuit depicted in Fig. 3.

I (M

(a) (b)
Figure 3. Primary-side circuit: (a) Full bridge and (b) Three-level

The resonant circuit was designed using the primary of
Lm and secondary of L, in the ratio of 1:n with the help of
Switches and diodes this was shown in Fig. 4. The voltage
source used here is V},, and the input voltage is amplified
with help of a high-frequency transformer is n times, which
was taken from the output source ¥, which also acted as the
load for the circuit.

Figure 4. A modified full-bridge resonant converter based on the N-type
RVMR

IV. MPPT CONTROL OF THE PROPOSED CONVERTER

Photovoltaic (PV) cells are used to convert sunlight
into electrical energy. PV energy generated from the sun
depends on the temperature and light illumination. In the
proper irradiance and temperature, it gives good current-
voltage waveforms, it is known as maximum power. To
ensure maximum power, we need to introduce an algorithm
called Maximum Power Point Tracking (MPPT). After
employing the MPPT we can extract maximum power at
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every instant in the PV array.

The PV panels are subjected to environmental variations;
In order to maintain maximum power tracing, the duty ratio
of the converter is varied as PV panels are installed on the
front side of the full-bridge controller. The maximum power
to be extracted from the PV panels is done by altering the
duty ratios of the full-bridge converters which are triggered
with an alternative duty control.

The traditional P&O system is employed to abstract the
maximum power. The P&O controller requires the voltage
input and the solar irradiance along with the current. The
input power and the output power are related to the
converter to identify the power change. The method
differentiates the change in the power fluctuations caused by
the cyclic power variations. The change in voltage and
power are compared by the P&O controller and then the
perturbation direction is determined. When the PV panel
operates in the MPP region the duty ratio is regulated. But
instead, when PV panels are under non-MPP zones the
deviations of the period size are varied in a larger
magnitude.

V. IMPLEMENTATION OF MODIFIED RVMR FOR PV

INTEGRATION
] I FULL VOLTAGE

-p ISOLATED
o BRIDGE I pesonan MEPMULTIPLER
SOURGE ] l CONVERTER ] I TANK ] RECTIFIER

i
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Figure 5. Block diagram of modified RVMR for PV integration
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Thus, the controller always regulates the photovoltaic
panel to extract its maximum power point under any
condition. The block diagram of the modified RVMR for
PV integration is shown in Fig. 5.

The modified RVMR for PV integration input voltage
range of 40 V to 60 V has been taken into consideration. For
this model, output has been taken in the range of 400 V with
load consideration of 400 W and switching frequency in the
range of 100 kHz. While designing these, L, and C, are the
main factors for the resonant tank and output power which
was obtained from Equations (2) and (3). The maximum
ripple voltage is lesser than the inductor value.

C, > Po—Tg 2)
2V

By substituting V,=400 V, P,=400 W, and T¢=10 ps,
C>12.5 nF is obtained. Resonant inductor L, should satisfy
Equation (3):

Vs
207 R,

By substituting the parameters into Equation (3), L,<101
pH is obtained. But in practical cases, S5, S, and diodes D;
and D, the voltage stresses on these devices will be
(0.5V,+AV¢,). The higher value of C, will increase the size
and volume of the resonant capacitance. In a practical case,
two 22 nF capacitors were used to design the resonant

L. >

(€))
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capacitors. From Equation (2), the peak voltages of Ss, Sg,
and D,;, D, are about 414 V and 400 V. The resonant
inductor Lr should be 57.4 uH and the input voltage is 50 V
after substituting in equation 1. By substituting the above
values the transformer turns ratio (n) is carefully chosen as 4
considering V;,=50 V. From the primary side switches, the
magnetizing inductance L,, output capacitance C,~1 nF of
the transformer is selected with the help of ZVS.
Meanwhile, the dead-time TDT is set to 70ns and then, the
calculated result is L, <52 puH.

From the consideration of secondary-side switches and
diodes, 400 V rated can be used for D; and D, because, the
peak voltage on the two diodes is about 414 V, whereas 600
V rated diode is used for D, and D,. After applying the
above design parameters the voltage stress has been on the
two diodes is 400 V.

VI. FULL-BRIDGE LLC RESONANT CONVERTER DESIGN

A two-carrier modulation technique is used to control the
converter's operation. Full-bridge LLC resonant converter
block diagram is depicted in Fig. 6. Phase shift angles can
be determined from the PI regulator, which has two carrier
signals. dS is in the secondary side switches because the
controlled voltage V. is greater than V, which is the
output of the secondary side switches phase shaft modulator.
Fig. 6 shows a typical resonant converter. Since soft-
switching devices can be used to implement both the LLC
converter and the existing converter, only the conduction
losses are examined in this study. The voltage conversion
ratio must be maximized by decreasing LLC resonant
converter magnetizing inductance, L., because the
circulating current introduced by L,, is significantly greater
than that suggested. Primary-side switches, transformer
winding, resonant inductor/capacitor, and resonant
inductor/capacitor are subjected to greater current stresses
and conduction losses in the LLC resonant converter than
those in the proposed converter.

Figure 6. Full-bridge LLC resonant converter

However, the conduction losses of the rectifier diodes are
lower in the LLC resonant converter because there are only
two switches in the proposed RVMR, as opposed to four in
the LLC resonant converter. The secondary-side current is
significantly reduced in the current converter due to the
higher output voltage.

As a result, there is less strain on the rectifying diodes of
the LLC resonant converter and its two top diodes, D; and
D,, as well as the two switches. Reduced conduction losses
and improved switching performance of low voltage-rated
diodes and switches can then be used to reduce the amount
of power lost. A DC-DC converter model was built to test
the proposed converter's performance, and the secondary
control stage was designed with a single source. Table I
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shows the results of a simulation model with a working
prototype that tested the proposed converter's functionality.
All of the converter's critical functions are put through their
paces in a variety of conditions.

TABLE 1. SYSTEM CONSTRAINTS OF RVMR CIRCUIT

Parameters Values
Input voltage 40V-60V
Output 400V/400W
Switches S1-S6 MOSFETs
Inductor S6uH
Capacitor 22nF
Mutual Inductance 45uH
Turns ratio n 4:1
Diodes D1 to D4 Schottky Diodes

VII. RESULTS AND DISCUSSION

When V;,is 50 V and V is 380 V, it does a boost as in
Fig. 7. There are two switches on the primary side: S; and
S4. They both work 50 percent of the time, and S, and S;
work 30 percent of the time. The secondary side switches
work about half the time.

600 T T T T

500

400 -

Voltage (V)
8
S

200

100

0 L L I L I I I I L
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 01

Time (s)
Figure 7. The output of the Boost mode changes when it is turned on.
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0
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Time (s)
Figure 8. Waveforms of the boost mode

0.0496 0.0497 0.0498 0.0499 0.05

The resonant inductor, resonant capacitor, and driving
voltages of S; and S; in the boost mode are shown in Fig. 8
and Fig. 9, which show the steady-state waveforms at the
same time.

Voltage (V)

Time (s)
Figure 9. The soft switching waveforms of the switches S1 and S6
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In this example, it can be observed that the driving signals
of S; and v, are delayed in comparison to the driving
signals of S5 and v, which indicates that d,»<1 has been
achieved and the converter is operating in boost mode.

The soft switching patterns of the primary side S; and
secondary side S are shown in Fig. 9. These patterns work
with the static zero voltage switching pattern, which
increases the efficiency of the primary conversion when the
secondary reaches zero.

400 T T T T T T

300 = 1A AAAC N

0
0.02 0.0201 0.0202 0.0203 0.0204 0.0205 0.0206 0.0207 0.0208 0.0209 0.021

Vgs6

100 | 4

0
0.02 0.0201 0.0202 0.0203 0.0204 00205 0.0206 0.0207 0.0208 0.0209 0.021
Time (s)

Figure 10. Resonant state waveform patterns

When the converter is in boost mode, the converter
displays steady-state waveforms and voltages for a resonant
inductor and capacitor.

As a result, the driving signals for Ss, Ve and Vg, are all
behind the driving signals for S;, which means that ds>0.
Dg>0 can be seen in the converter because g5 and V6 are
lagging behind S; and V,,; in terms of driving signals. S5 and
Vess signals are behind schedule when compared to S; and
Vg riding signals, which indicates that dg>zero occurs
inside the converter as shown in Fig. 10.

Input Voltage Vs. Output Voltage
600

400

200

1 2 3 4 5

e npuUt Voltage(V) e QOutput Voltage(V)

Figure 11. Input voltage and output voltage

A duty ratio control is depicted in Fig. 11 by displaying
the input and output voltages. Using the secondary aspect
voltage control, it is possible to maintain a constant voltage
by increasing the voltage in the entrance aspect, much like
the output voltage does.

In Fig. 12, where the efficiency curves are shown, more
than 96 % efficiency was found for a wide range of voltages
and loads. G=1 is the normalized voltage gain for
high performance under 50 V input voltage.

When the voltage advantage G is greater than 1, the
converter's performance suffers in the same way as a
conventional buck-boost converter.

The converter's excessive light-load efficiency is
demonstrated by the fact that it operates at 96 % efficiency
even when the output load is only 15 % as shown in Fig. 12.
The input and output voltages are 50 V and 300 V,
respectively, under constant irradiation shown in Fig. 13.
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Figure 12. Input voltage and efficiency
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Figure 13. Input and Output voltage pattern with constant irradiance
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Figure 14. Input and the output power patterns of the P&O tracking scheme
with constant irradiance
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Figure 15. Tracking efficiency of the MPP scheme
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Figure 16. Input and the output power patterns of the MPP tracking scheme
with step variations

The dissipated power and output power of the proposed
control circuit are shown in Fig. 14, which is closer to the
uniform radiation power supply.

The efficiency of the constant radiation converter is
shown in Fig. 15, the maximum power is set to about 95%
and the tracker manages the maximum efficiency without
fluctuation in a minimum time. of 0.2 seconds.

Figure 16 shows that the gradual change in power
indicates the efficiency of the proposed algorithm. The
proposed technique shows a better control speed compared
to the existing tracker standing for about 0.2 seconds, and
when changing the step, the tracker adjusts the efficiency
near the maximum point, adjusting much faster.
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Figure 17. Solar irradiance vs efficiency under step change irradiance
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Figure 18. P&O under constant irradiance
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Figure 17 shows a schematic diagram of the change in
sunlight with a periodic efficiency of about 0.15 s, and the
efficiency without high-level oscillations under the change
in radiation is set at 0.1 s. P&O MPPT is shown in Fig. 18
and shows that the converter operates at the high efficiency

of 94 % in a minimum installation time.
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Figure 19. When the input voltage is 10V, the RVMR output voltage will
be 76
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Figure 20. When the input voltage is 20 V, the RVMR output voltage is
153V
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Figure 21. RVMR output voltage 230 V when the input voltage is 30 V
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Figure 22. RVMR output voltage when the input voltage is 40 V
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Figure 23. 50 V input voltage produces a 390 V RVMR output voltage

The change of the output voltage concerning the input
voltage is shown in Table II and also in Fig. 19-23.

TABLE II. INPUT VOLTAGES AND THE CORRESPONDING BOOST VOLTAGE

Input Voltage (V) Boost Voltage (V)
10 76
20 152
30 228
40 307
50 384

TABLE III. INPUT VOLTAGES AND THE CORRESPONDING CONTROL GAIN (G)

Input Voltage (V) Control Gain (G)
10 7.56
20 7.62
30 7.63
40 7.65
50 7.68

RVMR output voltage is represented in Fig. 24 as a
function of input voltage in this diagram. Fig. 25 depicts the
relationship between the circuit's gain determined by the
input voltage.

Input Voltage vs. Output Voltage

o nput Voltage(V) —e=Boost Voltage(V)

[ee]
400 /
200 =
-‘il—""——’
0 —
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Figure 24. Variation between an input voltage and output voltage
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Figure 25. Variations of input voltage and control gain
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VIII. CONCLUSION

The photovoltaic network is integrated with the modified
RVMR. According to the results of the simulations, the new
characteristics of the RVMR ensure a steady rise in voltage
and high efficiency. With the proposed RVMR, a high
voltage can be increased for a variety of voltage levels by
using a connected capacitor and a voltage multiplier in
tandem. In real-time applications involving cascading
photovoltaic modules, this topology provides the fastest
dynamic response and highest voltage amplification. DC-
DC amplifier converters will undoubtedly enable more
powerful and advanced power converter solutions for state-
of-the-art power conversion schemes.
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