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Dual Input DC-DC Converter for Renewable
Energy Systems

A. Lavanya*, Nivas J ayaseelan**, J. Divya Navamani  and Vij ayakumar.K****

Abstract: This paper proposes a dual input high step-up boost converter for grid-connected photovoltaic power
generation system. Four different DC-DC converters are considered for analysis. From the result of the analysis,
the converter with reduced component count and current ripple is identified and proposed for the grid connected PV
power generation system. Next, the mode of operation of the proposed converter is discussed along with its circuit
modeling and performances are analyzed in detail. The proposed converter is analyzed using MATLAB simulations.
The proposed converter includes multiplier cells which boosts the converter to a high step voltage. Finally, closed
loop control is performed with a PI controller. This is done in order to keep the output voltage constant.

Index Terms: High voltage gain dc-dc power electronic converters, closed loop control, PI Controller.

1. INTRODUCTION

Finding renewable and clean energy sources is important for the gradual depletion of primary energy
and environmental problems. Since renewable energy is cleaner and more reliable, renewable energy
generation has attracted more and more attention and research. Recently, the grid-connected PV power
generation system has been developed promptly, especially in Europe [1]. Also, the newly opened
solar power plant in Tamilnadu is the largest solar power plant in the world in terms of area and power
generation capacity. It has been expected to be one of the most important power-generated modes in the
foreseeable future.

Multiple-Input energy sources have the capability of diversifying different energy sources and increasing
the reliability of the system. MI converters can combine the advantages of different sources, such as
photovoltaic cells, fuel cells, batteries, ultra-capacitors, and other renewable energy sources, with different
voltage and current characteristics for optimal energy/economic use. A lot of research has gone to analysis,
modelling, and utilizing MI converters in applications such as grid-connected integrated hybrid generation
systems, fuel cells, micro-grid based telecom power systems, uninterruptible power supplies, and electric
and hybrid electric vehicles[2].

The main focus of this paper is to design a multiple-input hybrid energy conversion topology with
closed loop control in order to get a constant output voltage.

This paper is organised as follows. The topology of the high step-up boost converter with dual input
is presented in Section II. The mathematical modelling of the proposed converter is presented in Section
II1. Design of the proposed converter is presented in Section I'V. Section V calculates the current ripple of
the converter topology. Section VI explains the closed loop operation and need. Experimental results with
230 V output is given in Section VII. Section VIII summarises the conclusions drawn from the proposed
converter topology.
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2. TOPOLOGY
The topology of conventional boost converter is shown in Figure 1. The gain of the conventional boost
converter can be represented as

M=—— (1)

Where D is the duty cycle
L1

D1
g

1+ —
= V1 ) S1 Cc1 == LOAD§
|_

Figure 1: Conventional Boost Converter

Capacitors can be used as a voltage source since the ripple of the voltage across the capacitor can be
neglected when compared with its DC value. A voltage source cannot be substituted directly with a capacitor.
Doing this may not be advisable since the converter cannot operate in steady state, due to its inability to
satisfy the ampere—second balance requirement of the capacitor. Eventually, the converter will be damaged.

The proposed converter is a high step up boost converter with dual input and contains two switches
and is shown in Figure 2.
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Figure 2: High Step Up Boost Converter with Dual Input

When S1 is ON and S2 is OFF, C1 is charged, when switch S1 is OFF and S2 is ON, capacitor C1

is discharged. Here, it is possible to satisfy the ampere—second balance requirement of C1 in one switch
period Ts

Figure 1 shows a high step up boost converter with one voltage multiplier. Depending upon the gain,
it can step up the voltage. Gain for the proposed converter can be calculated by the formula shown in (1).
It can be noted that the gain is double than that of the conventional boost converter.

2
M=1"p )

The pulses used in the proposed circuit a pulse width of 70%.

The pulse width is chosen as such since the utilization factor of the switches is the highest at 70%. For
the dual input boost converter, the utilization factor can be calculated by,
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Figure 3: Pulses given to the switches

P,
U= load 3
e 3)

S is the switch stress and it can be calculated by,
k
S=Y vl (4)
j=1

The utilization factor is calculated for various duty ratios and is represented in the Figure 4.

When the input voltage is set at 35V, the output voltage obtained is 230V. This value is almost equal
to the theoretical value calculated from (2). The output voltage waveform is shown in Figure 9.
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Figure 4: Utilization Factor

3. MATHEMATICAL MODELING OF THE PROPOSED CONVERTER

Modeling has been done using the current and voltage equations in order to compare the results of the block
simulation with modeling simulation results. (5) and (6) show the voltage equations

ViDy=(Vo=V, -V -Dy (5)
ViDy = (Ve = Vo)1 - Dy) (6)
The capacitance voltage is given in the (7). (8) calculates the output voltage of the circuit.
V,
Vcl = 1 (7)
(1-Dy)

V, V.

Vo 1 . (8)

= +
(1-Dy) (I-D,)
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Since both the duty cycle is kept constant at 70%, both of them are equal. Hence,

D,=D,=D 9)
Similarly, the voltages are also kept constant. Hence,
V,=V,=V (10)
From the above equations, the following equations are obtained. They are labeled from (11) to (14)
dl,
dl;,
o (Va = V,)D+ V,(1-D) (12)
—=—0-D)+|1;;,-——|A-D 13
% R (1-D) ( LR ) (1-D) (13)
dVv,
dtCI =I,-D)+1I,(1-D) (14)

The above equations from (11) to (14) are used to construct model blocks. The modeling connections
are shown is Figure 5 and 6.
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Figure 5: Voltage Input and Pulse Generation

The two inputs and the Pulse is given to the main circuit which has been kept inside the subsystem.
The Pulse generation is done using PWM generation. The repeating sequence is the key factor to creating
the pulse. The content inside the subsystem is shown in the Figure 6.

The Output Voltage of the modeled circuit is obtained through a scope and recorded. The output voltage
is similar to the simulated waveform and is 230V.

4. DESIGN OF THE PROPOSED CONVERTER

Assume the value of the output power to be S0W and the output voltage to be 230V since the application
of this converter requires connecting to the grid.

P
1 =2 15
[0} Vo ( )



Dual Input DC-DC Converter for Renewable Energy Systems 915

O——a

]

Product

<
S
A2
5
)

Vo(1-D)

CH—>| | :E
_ Uc1(1-D)

V1(1-D)

a
: z
Figure 6: Modeling Connections

I, is calculated to be 0.22A. Now input current should be found.

VI=V], (16)
\%
L[ =1 17

1 V o ( )

1

Input current is calculated to be 3A. Assume current ripple to be very low around 0.2A and an average
voltage ripple around 20V. Inductance and capacitance can be calculated with the formulae.

%D
Lo _YixD (18)
1 %Al
Y
- Yo (19)
R x f, Xx AV

The Inductance and capacitance value is found to be 4.7 mH and 2.6 uF respectively. These values are
used to find the actual output of the circuit.

5. CURRENT RIPPLE

Ripples are mostly formed as a result of rectification of ac power into dc power. But, since rectification
does not take place in the proposed circuit, it is not the cause of the ripple. The power is directly obtained
from the DC source in the circuit. However the source of the ripple in the circuit is due to the parasitic
capacitance and inductance obtained from the Capacitors and Inductors respectively. It is also known as
ringing.

Both current ripples and voltage ripples are obtained, but current ripples is the concern since it is highly
undesirable. High ripples also shorten the life of electrolytic capacitors. Hence the circuit with lower
current ripple should be selected. The proposed circuit is shown to have a lower current ripple. The ripple
is calculated theoretically and also simulated and has been found to be the same value.
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The ripple in the current can be calculated by the
V,, xD

A= ST

(20)

The Supply Voltage is 35V. Since, a duty ratio of 0.7 was considered to be optimum from Figure 4,
the value has been selected. Supply frequency should be high, so 30 KHZ is selected. During the design,
inductance of 500uH had been selected. Substituting these values in the equation, we get,

35x%0.7
Al = 30000 x 500e — 6 21
Al =1.63 A (22)

When the circuit is simulated, the current ripple is taken and shown in Figure 7. The current ripple in
the simulated waveform appears to the same value as in the theoretical calculation. This value is lesser
then the other converters that has been studied during the project.
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Figure 7: Current Ripple

6. CLOSED LOOP TOPOLOGY OF THE PROPOSED CONVERTER

The input to this converter would be renewable energy like Photovoltaic cells or wind turbines. Hence,
the input voltage to the converter would be inconsistent and would have lots of wavering. This will cause
the output voltage to change. The output is connected to grid applications and hence requires a constant
output. To get a constant output voltage V , a feedback system is necessary.

PI controllers can be used as a feedback system to keep the output voltage constant by using a reference
voltage.

The closed loop control is done using a PI controller. The output voltage is taken and compared to a
reference value and creates an error. This error is used as an input to the PI controller. PWM is used to
create the pulses and given to the switch as a gate pulse. Whenever the voltage changes, the output voltage
will also change, but the error in voltage change will alter the pulse given to the switch, hence keeping the
output voltage constant. The construction of the closed loop control is shown in Figure 8.

There are two methods performed to see if the closed loop control works:
e By keeping the load constant and varying the voltage.
e By keeping the voltage constant and varying the load.

A. Line Regulation

Since the voltage sources are renewable energy sources like solar and wind, there is large chance that
the input voltage will keep varying. For grid connecting applications, maintaining a constant voltage is
mandatory. To ensure that the output voltage remains constant, PI control is performed.
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Figure 8: Closed loop control of the converter

I/

After the simulation starts, the input voltage is varied to see if the output voltage changes. Each of the
voltage source is kept constant and the other voltage source is varied with constant load. The results are
tabulated in Table 1 and 2. The output remains constant even when the input voltage changes.

Table 1
Varying voltage 2 with fixed load
v, v, v,
25 250
30 250
35
35 250
40 250
Table 2
Varying voltage 1 with fixed load
v, v, v,
25 250
30 250
35
35 250
40 250

B. Load Regulation

Due to grid connection, load fluctuations would be common due to loading and shedding of the load. But
the output voltage must remain constant even when the load is changing. To check this, different loads are
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connected to the simulation with switches. Since load cannot be changed when the simulation is running,
two different loads are connected with a switch in series with each load. The switches are switched
automatically to check the output voltage.

Table 3
Varying load with fixed input voltages

Load (Ohms) v,
100 250
66.67 250
200 250
66.67 250
100 250

7. EXPERIMENTAL VERIFICATIONS

The output voltage of the open loop system obtained is 230 V. The voltage waveform is shown in Figure 9.
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Figure 9: Output Voltage

The current in inductors are affected by the pulses. Whenever the amplitude of the pulse increases,
the current also increases and when the pulse decreases, the current decreases. The current of inductorl
is affected by P1 and current of inductor 2 is affected by P2. The Inductor current is shown in
Figure 10.

It can be noted that the inductor currents are same for both the inductors in terms of amplitude and
pattern. But the diode current and switch currents are different. (i.e) I,; and I, are different. Similarly
Ig, and Ig, are different. This is due to the fact that the both are unsymmetrical since both carry different
current values. I, 1s wider than I, because it carries more load. Similarly, Ig; carries more loads since the
diode current passes though this S1 and no diode current pass through S2. Both diode currents and switch
currents are shown in Figure 11.

After connecting PI controller, the output remains constant and takes the value of the reference in PI
controller. Once the reference value and the output value get loop locked, the output value remains constant
even when the input voltage is changed. Two examples have been shown. When the reference value is
fixed at 200V, the output stays at 200V after the loop lock and this is shown in Figure 12. Similarly, the
output waveform for 300V reference value is shown in Figure 13.
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Figure 10: Inductor Current

Diode Current 1

MM N i

0.1001 0.1002 0.1003
Diode Current 2

Ampere
o

Ampere
c o >
§

-10

20 T T

10 —

Ampere

0.1003

oo
-
=]
-
o
[=3
=
=]
-
=3
I=3
<3

10 T T

Ampere
(=] o
I T
| |

Tima

Figure 11: Diode and Switch Currents

8. CONCLUSION

The closed loop controller topologies for the proposed dual input boost converter has been described in
this work. Four converters has been compared and analyzed. From the result of the analysis, the converter
with reduced component count and current ripple has identified for the grid connected PV power generation
system. The proposed converter has 1.24% lesser ripple and slightly higher gain of 0.3% than the parallel
connected boost converter. The mode of operation of the proposed converter has been discussed along
with its circuit modeling and performances are analyzed in detail. A PI controller has been implemented in
order to maintain the output voltage constant to the reference value. The output response of the proposed
open loop and closed loop has been studied. It is inferred that the output is maintained constant with respect
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to input variation in the closed loop topology due to the propotional integral action of PI controller. The
operation and performance of the converter has been done using MATLAB simulations.
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Figure 12: Output Voltage (Reference 200V)
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Figure 13: Output Voltage (Reference 300V)
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