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ABSTRACT: Recently, Inter Leaved Boost Converter (ILBC) has been developed as an alternative between the PV
system and the load. DC level is increased using a boost regulator. ILBC is utilized to escalate the voltage gain. The
objective of the suggested closed loop ILBC system is to enhance the dynamic response of ILBC using FOPID
controller. Simulink models are developed for Pl and FOPID controlled ILBC systems. The results of Pl and FOPID
based ILBC systems indicate that the voltage response with FOPID is superior to Pl controlled ILBC system.

KEYWORDS: Coupled Inductor - Pl Controller-FOPID Controller- MOSFETS - Inter leaved boost Convertor(ILBC) -
PIE Filter- PIC MicroController 16F84.

I. INTRODUCTION

Fuel cell stacks and photovoltaic panels generate low DC voltages and these voltages need to be boosted before
converted to AC voltage. Therefore, high step-up ratio DC-DC converters are preferred in renewable energy systems. A
new topology to boost the input voltage to desired levels with low duty ratios, utilizing coupled inductor and to achieve
high step-up voltage gain with an appropriate duty ratio have been proposed [1], [2]. In addition, a passive clamp
circuit reduces the voltage stresses on the main switch and Output diode; therefore low resistance RDS (ON) for the
main switch can be adapted to reduce conduction loss.

The key factors for renewable energy power conversion systems in industrial applications are Efficiency, power
quality, and reliability. Du [3] suggested a novel scheme to improve performances of high-voltage large-capacity
photovoltaic power stations. The power conversion of the photovoltaic system is divided into two stages, i.e. DC/DC
power conversion and DC/AC power conversion. In DC/DC stage, many power units are connected in parallel, each
one of which includes a photovoltaic array and a non-isolated DC/DC converter. The DC/AC power conversion is
equivalent to a voltage source in series with a current source. A family of a single-switch three-diode DC-DC Pulse
Width Modulated (PWM) converters operating at a constant frequency and a constant duty cycle is presented by
Ismail[4]. It’s described that the converters are different from the conventional DC-DC step-up converters, and they
possess higher voltage gain with small output voltage ripples.

However, A high step-up converter with high step-up gain and low diode voltage stress, suitable for green
power source conversion by employing acoupled inductor and switched capacitor, achieves high step-up conversion
ratio without adopting extremely high duty ratio or high turns ratio. The voltage spike that occurs on the power switch
is alleviated allowing a low-voltage-rated power switch with low RDS(ON) and thus reduces the conduction losses is
presented by Kuo-Ching Tseng[5],[6],[13].

High Step-Up Trans-Inverse (Tx-1) DC-DC Converter for Distributed Generation System is presented by Yam
[7]. The topology utilizes magnetic coupling for boosting its output voltage, unlike other converters with coupled
magnetic and reducing its magnetic turns ratio increases voltage gain. The name “Trans-inverse (Tx-1 )" is used for
representing this inverse operating principle of the converter. The converter draws a continuous current from the
source, and suitable for many types of renewable sources. Its leakage energy from the coupled magnetic has further
been recycled and transferred to the load by an integrated regenerative snubber circuit. Moreover, the use of DC-
current-blocking capacitors has also helped to prevent core saturation.

Ching[8] proposed a novel high step-up converter for fuel-cell system applications. They illustrated a two-phase
version configuration. First, an interleaved structure is adapted for reducing input and output ripples. Then, a Cuk-type
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converter is integrated to the first phase to achieve a much higher voltage conversion ratio and avoid operating at
extreme duty ratio. In addition, additional capacitors are added as voltage dividers for the two phases for reducing the
voltage stress of active switches and diodes, which enables one to adopt lower voltage rating devices to further reduce
both switching and conduction losses.

A novel two-switch high step-up isolated converter with voltage lift is proposed by Liang [9]. In this paper; the
proposed isolated converter utilizes a transformer with low turn ratio to achieve high step-up gain. The secondary
winding charges two boosting capacitors in parallel as switches during the switch-on period, and two boosting
capacitors are discharged in series during the switch-off period. Thus, the converter has high voltage gain with
appropriate duty ratio. In addition, by using two clamping diodes and capacitor on the primary side, leakage energy is
recycled and the voltage spikes of the two active switches are clamped, thereby improving conversion efficiency.

A novel high step-up DC-DC converter is presented for renewable energy applications [10]. The suggested
structure consists of a coupled inductor and two voltage multiplier cells, in order to obtain high step-up voltage gain. In
addition, two capacitors are charged during the switch-off period, using the energy stored in the coupled inductor,
which increases the voltage transfer gain. The energy stored in the leakage inductance is recycled with the use of a
passive clamp circuit. The voltage stress and the conduction losses of the power switch are reduced.

Review of Non-isolated High-Step-Up DC/DC Converters in Photovoltaic Grid-Connected Applications is
given by Li[11]. He suggested it in the residential PV grid-connected system. The PV parallel connected to the
configuration can be employed rather than the series-connected configuration due to the safety and the PV array utility
rate consideration. Moreover, the non-isolated high step-up converters are introduced in order to reduce the system cost
and to improve the converter efficiency since the common mode current with the large PV area in these applications
can be solved effectively. The limitations of the conventional boost converter in high-step-up, low-cost, and high-
efficiency PV grid-connected system are analyzed. Most of the high step-up topologies with a three-level boost
converter, Cascade boost converter, High step-up boost converter with a coupled inductor and switched capacitor, High
step up interleaved soft switching converter are summarized and classified into several categories based on the circuit
structure.

Interleaved High Step-Up ZVT Converter With Built-In Transformer Voltage Doublers Cellfor Distributed PV
Generation System is presented byWeichenLi[12]. In this paper, the concept of built-in transformer voltage doubler cell
is derived to generate an improved interleaved high step-up converter for distributed photovoltaic generation
applications. The proposed built-in transformer voltage doublers cell is composed of three transformer windings, two
voltage doublers diodes, and two voltage doubler capacitors. The voltage doubler capacitors are charged and discharged
alternately to double the voltage gain. The switch duty cycle and the transformer turn ratio can be employed as two
controllable freedoms to lift the voltage ratio flexibly. The power device voltage stress can also be reduced to improve
the circuit performance. Furthermore, the active clamp scheme is adapted to recycle the leakage energy, absorb the
switch turn-off voltage spikes, and achieve zero-voltage switching (ZV'S) operation for all active switches.

Il. SYSTEM DESCRIPTION
The block diagram of the closed loop ILBC system is appeared in Figure 2.1. A constant DC is changed over to

a variable DC utilizing ILBC and its output is connected to the DC stack. The Control circuit creates pulses for the
ILBC.

nC —
SOURCE [ ILBC system o

FOPIDcontroller

Figure 2.1 Block diagram of the closed loop ILBC system
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I11. ANALYSIS

Equivalent L and C are expressed as follows:

= vb
Lot 1)

=2

S-SR 2
Output of Pl is as follows:
Vo= Kje + K, fedt + Ky de/dt.... ?3)
Efficiency is calculated as follows:
ﬁ:V2|2 / Vlll ....................... (4)

IV. SIMULATION RESULTS

The circuit diagram of the conventional interleaved boost converter is shown in Fig 4.1. The input voltage is
shown in Fig 4.2 and its value is 15V. The Switching pulse for the switches M1 and M2 are shown in Fig 4.3 and its
peak-to-peak value is 1V. The Switching pulse for the switches M1 and Vds is shown in Fig 4.4. The value of M1 is 1V
and the value of Vds is 75V. The output voltage is shown in Fig 4.5 and its value is 75V. The Output ripple voltage is
appeared in 4.6 and its value is 72.650V. The Output current is shown in Fig 4.7 and its value is 0.11A. The output
power is appeared in Fig 4.8 and its value is 8 watts.
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Fig 4.1 Circuit diagram of the conventional interleaved boost converter
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Fig 4.2 Input voltage

DOI:10.15662/1JAREEIE.2018.0703012 1070


http://www.ijareeie.com

; ISSN (Print) : 2320 — 3765
| ISSN (Online): 2278 — 8875

International Journal of Advanced Research in Electrical,
Electronics and Instrumentation Engineering

(A High Impact Factor, Monthly, Peer Reviewed Journal)

Website: www.ijareeie.com

Vol. 7, Issue 3, March 2018

¢ T T T

IR RIRIRIR

RIRIRIRIRIE!

i I i ] | i
(10655 (10655 110655 (10655 00655 (10656

Fig 4.3 Switching pulse for Mland M2
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Fig 4.4 Switching pulse M1 and Vds
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Fig 4.5 Output voltage
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Fig 4.6 Output ripple voltage
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Fig 4.8 Output power

The circuit diagram of the proposed interleaved boost converter is appeared in Fig 4.9. The input voltage is appeared in
Fig 4.10 and its value is 15V.The switching pulse for M1, M2 are shown in Fig 4.11 and its peak-to-peak value is 1V.
The Switching pulse M1 &Vds is appeared in Fig 4.12. The value of M1 is 1V and the value of Vds is 125V. The
output voltage is shown in Fig 4.13 and its value is 120V. The output ripple voltage is appeared in Fig 4.14 and its
value is 114.7112V. The output current is shown in Fig 4.15 and its value is 0.13A. The output power is appeared in
4.16 and its value is 17 watts. The comparison of output voltage ripple, output voltage, and output power is given in
Table-1.

Fig 4.9 Circuit diagram of the proposed interleaved boost converter
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Fig 4.10 Input voltage
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Fig 4.11 Switching pulse for M1,M2
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Fig 4.12 Switching pulse for M1&Vds
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Fig 4.14 Output ripple voltage
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Fig 4.15 Output current

Copyright to IJAREEIE DOI:10.15662/1JAREEIE.2018.0703012 1073


http://www.ijareeie.com

ISSN (Print) : 2320 — 3765
ISSN (Online): 2278 — 8875

International Journal of Advanced Research in Electrical,
Electronics and Instrumentation Engineering

(A High Impact Factor, Monthly, Peer Reviewed Journal)

Website: www.ijareeie.com

Vol. 7, Issue 3, March 2018

I | |

0 01 n2

i ! |
03 04 08 il ny

Fig 4.16 Output power

08 0s 1

Table -1
Comparison of output voltage ripple, output voltage & output power
Interleaved Voltage Vo Po
boost ripple
converter
Conventional 0.01v 72V 9w
Proposed 0.0002v 110V 16W

The circuit diagram of the open-loop system with disturbance is appeared in Fig 5.1. The input voltage is appeared in
Fig 5.2 and its value is 20 V. The output voltage is appeared in Fig 5.3 and its value is 150V.
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Fig 5.1 Circuit diagram of the open loop system with disturbance

The output current is shown in Fig 5.4 and its value is 0.28A. The output power is appeared in Fig 5.5 and its value is

40 watts.
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Fig 5.3 Output voltage

Fig 5.4 Output current

Fig 5.6 Circuit diagram of the closed loop system with PI controller
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The circuit diagram of the closed loop with PI controller is appeared in Fig 5.6. The input voltage is appeared in
Fig 5.7 and its value is 20 V. The output voltage is appeared in Fig 5.8 and its value is 120V. The output current is
shown in Fig 5.9 and its value is 0.18A. The output power is appeared in Fig 5.10 and its value is 20 watts.

Fig 5.8 Output voltage
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Fig 5.10 Output power

The circuit diagram of the closed loop system with FOPID controller is appeared in Fig 5.11. The input voltage
is appeared in Fig 5.12 and its value is 20 V.
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Fig 5.11 Circuit diagram of the closed loop system with FOPID controller

The output voltage is appeared in Fig 5.13 and its value is 120V. The output current is shown in Fig 5.14 and its value
is 0.19A. The output power is appeared in Fig 5.15 and its value is 20 watts. The comparison of time domain
parameters is given in Table-2.
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Fig 5.12 Input voltage
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Fig 5.13 Output voltage
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Fig 5.14 Output current
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Fig 5.15 Output power
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Table -2
Comparison of Time domain Parameters
Controller | Rise Peak | Setting | Steady

time time time state
(s) (s) (s) error
Pl 0.32 0.33 0.52 2.9

FOPID 0.31 0.32 0.40 13

V. CONCLUSION

The PV fed ILBC system is successfully modeled and simulated and the case studies with Pl and FOPID
controllers are exhibited in detail. It is noticed that the settling time is reduced from 0.3 to 0.23 seconds and the steady-
state error in the output power is reduced from 2.8 to 1.9W by replacing the PI controller with the FOPID controller.
The results indicate that the FOPID based ILBC gives the best dynamic response. The hardware results are similar to
the simulation results for the ILBC system.

The studies indicated that the ILBC system is a viable alternative to the existing converters. The advantages of
the suggested system are high voltage gain and reduced steady-state error. The disadvantage of the recommended
system is that it is suitable for low power loads only.

The scope of the present work is to compare Pl and FOPID based ILBC systems. The comparison with multi-
loop control systems will be done in the future.
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