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ABSTRACT

Photovoltaic (PV) energy and wind energy are

important renewable energy sources utilized foi
easy access, availability, n@olluting, noiseless ar
maintenancdree. Another source Fuel ( (FC) is
utilized to generate controlled energy source
battery used as a backup unit. Hybrids systems
superior compared to single sourced systems pr¢
high quality and adequate power. These system
having a complex system topology, sigcant power
losses, high initial cost, inefficient energy corsien
and large size. In this paper, good performanagh
quality, low harmonics, and efficient integrated -

DC boost converter for renewable power conver
system with minimum switches ahalyzec

KEYWORD: Photovoltaic, Fuel Cell, Proportional
Integral Derivative controller, Space Vector
Modulation, Zero Voltage Transition, Total Harmonic
Distortion.

l. INTRODUCTION

The traditional converter operates on hard switg}
the pulse of currenand voltage signal either go
from high to low value or viceersa. During thi
transition period, switching loss occurs and creat
large value of electromagnetic interference. Taifie:
this, soft switching technique is adopted
switching losses are reduced.

A Proportional-IntegraBerivative (PID) controller i:
a feedback mechanism of control loop usec
industrial control systems with voltage deviati
noise and error measurement leads to oscillatic
the duty cycle in steady state condit To overcome
this, decoupling network is designed using states

modeling and controllers are properly designed
this multi-input multioutput converte

In the conventional boost converters, stress or
switch is more which in turn reduces tlifecycle of
the switches and increases the losses. It ma
reduced by proper design of circuit topology
inductors arrangement.

The poor quality of output power due to
harmonics can be improved in the m-port DC-DC
boost converter fed Spacesctor Modulation (SVM
inverter.

The objectives of analysis i-

» To develop a new converter topology and
control method, this will be effective and efficie
to harvest maximum energy without undue |

» To address the problem of power requiremer
the future and the challenges for power gener:
using renewable energpurces

» To study the fundamentals of available renew.
energy sources, existing converter topologies
its controller design.

» To design, analyze and control the most effic
multi-port DCDC boost converte

Several power converters are proposed in this fay
overcome the constraints of PV systems. A prodi
device that was highly efficient, little stress tre
devices and less current ripple -DC converter is
used forsolar power systems [

Despite the advantages of PV system, the conve
technologies used in solar energy generation
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costly, in addition to having scalability problertst __Storage
is inherent to support a complete energy systemA2] Main

Inverter

Zero Voltage Transition (ZVT) based power converter
is used with two inputs, PV and battery acts as a
voltage source [3].

)
s i

)

-, Storage
A renewable energy system is designed with PV MMJ:[ 1
array, wind turbine and FC that can operate as grid | cource de-de ? Inverter
connected and stand alone models. In their models, )
independent power processing stage is deployed tc (b)
process each power source before being delivered t §
the DC bus [4]. _

::IUT; de-de Inverter }

A soft-switching interleaved boost converter is

S . e —

consisting of two shunted elementary boost o
conversion units and an auxiliary inductor [%. ' ;g‘ Bidirectional
novel multi-input DC-DC converter based on the dede

transformer flux additively concept is used [6]. comverter

()

Subsequently, researchers proposed design forFigure 1: Different storage positions in a hybrid
bidirectional converters to connect to the storagePOwer source showing (a) Parallel with main source
Nevertheless, these models are found to be hightRy) On the main power flow path (c) Connected to DC
complex with a high cost attributed to it becauée o Pus through a bidirectional DC-DC converter. [9]
the several conversion stages and devices which wer
used between the individual converters. B. Multiport Structure

The multiport structure is emerging as an alteveati
A three port converter is used as a multiple caiever for hybrid power sources. It is different from the
and they have superior system efficiency, fastépnventional one [10]. The whole system is viewsd a
response, compact packaging and unified power fld Single power processing stage that has multiple
management [7]. A three input novel DC-DC boodtterfacing ports as shown in figure 2. A multiport
converter used for hybrid energy generatioRC-DC converter is used to interface numerous
applications can able to create current source itypePoWer sources and storage devices. It regulates the
the input side sources that may control the respectSystem voltages and manages the power flow between

input voltages [8]. the sources and the storage elements.
)

In this paper, three input DC-DC converter for grid
connected hybrid power system fed from full bridge —
inverter with bidirectional flow is utilized.

-
A. Methodology Multiport
In the conventional structure, there usually exsts : bidirectionial Regulated
common high-voltage or low-voltage dc bus . » de
interconnecting multiple sources. Separate dc-d de-de . outputs
conversion stages are often used for individug E converter
sources. The main structural concern of a hybri |
power source is the position of the storage like
batteries. An advantage of this configuration &t tith N
iIs possible to choose an optimal voltage for the -
storage. _Flgure 1 shows the different storage iposit ’
in a hybrid power source. Figure 2: Multiport system structure
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. Proposed Converter Topology autonomous working of input power sources and
In this paper, a DC-DC boost converter that uses timcreased output voltage. The input power are
wind, PV, FC and battery input sources for hybridistributed both to the load and battery is done
power system is proposed. The proposed convertetependentlyTherefore, the proposed converter can
structure consists of three unidirectional inputt®o be used as powerful substitute for the multiplerces!
which acts as the input renewable sources; aad battery hybrid power systems.

bidirectional input source as a storage elementaand

output to load as shown in Figure 3. A. Modes of Operation
[ pra— [ - ][ ——— ] In the first mode of operation, power is suppliedhe
= \ load by wind and PV cell, without FC and battery
[12]. At this point, switches$S, and S are switched
DC-DC Boost Converter 3 Bhase VS ON. The duty ratio of switch;Sshould be less than
duty ratio of $ and 3.Turning ON of all switches
accordingly charges the inductors; Land L.

ISwitching OFF of three switches, discharging of

Figure 3: Block Diagram of the Proposed Convertemductors through the diodes Bnd D to the load.

Photovoltaic cell and Fuel cell input ports areiragt
as constant current source as well as to buildhep
input voltages. This is a unique arrangement o fi
power MOSFET switches; each switch uses differe

duty ratios thereby controlled individually. Thecess . X :
I8 switched OFF, then the switcheg &d $ are

power generated through the PV and FC is given 10 .
~ . switched OFF. The current flows through the diodes
the battery for storage. Based on energy utlllzatloQa and Oy, by discharging. the energy stored in

{(ﬁ]r operating modes of the converter are des'gnmductors & La.

n the second mode, the load receives power from PV
&C and by discharging the battery. The switchgs S
§f and g are switched ON and thus charging of the
Inductors L, and Ls. In the beginning, the switcheg S

In the third mode, the load receives power fromdwin
and FC. The switches; SS, and S are switched ON
resulting in charging of inductors;Land Lls.The
current flows through the diodesiDand Iy by
discharging the energy stored in inductorsdL 3.

DFIG .

Wind E i 2$

Small signal modeling of the mode-1 operation is,
c, 2y ‘;—‘; =iL,(1—d,) +il,(1—d,) (01)

AC/DC .

Figure 4: Proposed DC-DC Boost Converter

Topology Small signal modeling of the mode-2 operation is,

di2
Figure 4 shows the proposed DC-DC boost converterLZE +r, iL,

topology. To make efficient input sources, the shvit = (d, — dg)Vpv

S, and $ should not be turned off before; $ + (1= dy)(Vpv — V) + dg(Vpv
switched off. Otherwise 4 and Ls will continue to +Vb) 1 0 7
store energy evem $ switched off and produces the (02)

unwanted output. To ensure thatr8main off before
starting $ and S, the duty ratios 2 and 3 should be

greater than duty ratio 1. Similar to conventiotyple L3E + r3 il;

boost converters, diodes;,CD, and I3 conduct with — (s — dWVEe + (1 — d) (Ve —V
corresponding switches 1S & and § in a +c(1 [(}Vfc _i)ng ( 4 (Ve — Vo)
complementary mode. 5 03)

The advz_;mtages are, bidirectional power ﬂOW. Bmall signal modeling of the mode-3 operation is,
battery, simple structure, low components, cerzeal dvo . V,

control, transformer less operation, stabléa & TR iL(1—dy) +il3(1—ds) (04)
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Compared to mode 1, the peak load demand is met i

mode 4 and the switches, S5, S5, & and § are
switched ON. During this period, the inductors L,
and L are charged. At first, the switch B switched
OFF to keep the duty ratio;0ess than the others.
Afterwards, the switches,@nd $ are switched OFF
for enabling the battery to move into the charging
mode with extra power. Finally, the switchesa®d

S; are switched off and the current flows through the
diodes O, D, and 3 by discharging the energy stored
in inductors Ly, L, and Ls.

Converter Performs
voltage regulation

Tumn off wind

Tum on FC &
Discharge Battery

. . . . Turn of f PV L
Small signal modeling of the mode-4 operation is,
di,

(dZ - dB)(VpV - Vb) (05) Perform
Mode-2
(d4 — d3)(Vfc — Vb) (06) Tumn on Wind & PV
Vs Charge Batterv
% E — i _ 3 _ : _ Converter Performs ¥
Cl dt + Ro - lLl(l dl) + 1L2(1 dZ) + 1L3(1 voltage regulation No Perform
d3) (07) | Mode4
Where, d, d, & and d are duty ratios of e
corresponding switches.pV, Vw, Vic and \4 are the Retum to
voltages in the PV, Wind, FC and battery Mode-1
respectively. Figure5: Power Management flowchart
B. Power Management C. State Space M odeling and Control

The power management flowchart is shown in Figute this converter topology, a control variable opit
5. Consider the initial load demand of 750 W. Asffi differs from one mode to another mode. To reduee th
simulation mode, the wind energy and photovoltadifficulties associated with controller design difist
cell meet the load demand of 750 W. converter, multi input - multi output controller sign
is used. The average state space modeling value is
If the wind availability is very less for satisfgiioad obtained by taking the duty ratios, db, &, d; and @
demand, then the wind energy source is shut dows control variables. During the mode -1 operation,
fully in the first mode. In the second simulatiowde, i, ii» and \, are considered to derive the state space
fuel cell is switched on and discharging of battesy model. The system was investigated by using Matlab
started. If the availability of sunlight is verysketo simulation software [14].
meet out the load demand, then the solar energy
source is shut down fully. In the third simulatiorStable operation of this converter is obtained gisin
mode, fuel cell is switched on and in fourth sintigla  properly designed closed loop control system. For
mode, the power generation is done by wind, PV atebp K=0.81765 the phase margin of°68nd gain
FC in order to meet the maximum load demand up t@argin of 10db is obtained. Graphical user intexfac
1500 W. In the fourth mode, extra power generated imodel is used to represent the closed loop transfer
these sources is utilized for charging the battg8y.  function of boost converter. This transfer functisn
obtained from input 1 to output 1 and its respcase
shown in Figure 6. The increased loop gain makes th
system to be unstable. Similarly, the stable of the
converter is obtained in all the operating points.
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Figure 8: Efficiency comparisons with Proposed
Converter

In mode 4 operation, the boosted voltage from DC- o ]
DC converter is around 515 V. to meet the peak pow'ghe current Total Harmonic Distortion (THD) for the

demand as shown in Figure 7. During this mode, tREOPosed system is calculated from FFT analysis and

maximum power generated is 1500 W.
& \ \ \ \ \ \ \

iy : VW(N\‘iNNWN\\\Wf¢$T(6NW\\\\W\‘_(WV¢J¢(fFFNWWMvvV\N((JJNWMNM\MMNWNNM\\WWf)I$IM_FW\\\\WMMM‘J‘MW i

i
J WW‘
i

t | | | | | | | |

Tine s

Figure7: DC Link Voltage of Proposed Converter

In this proposed multi-port DC-DC converter, th

it is proved that the performance of proposed
converter is improved with fewer harmonic present i
the output.

IV. CONCLUSION

In this paper, the design of multi-port DC-DC boost
converter with different operating modes is
investigated. The small signal modeling and state
space modeling is analyzed for stable operaticinef
converter. In this proposed multi-port DC-DC boost
converter for hybrid power conversion, 1% of
efficiency improvement is achieved. Further the
quality of output voltage is improved with fewerlwa

of THD when compared to existing system.
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