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Abstract:

The proposed converter can boost the voltage of a low-
voltage input power source to a controllable high-voltage
dc bus and middle-voltage output terminals. Moreover,
middle-voltage output terminals can supply powers for
individual middle-voltage dc loads or for charging auxil-
iary power sources (e.g., battery modules). In this study,
a coupled-inductor based dc—dc converter scheme uti-
lizes only one power switch with the properties of volt-
age clamping and soft switching, and the corresponding
device specifications are adequately designed. As a result,
the objectives of high-efficiency power conversion, high
step up ratio, and various output voltages with different
levels can be obtained. A fuzzy controller is designed to
reduce the ripples.
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1. INTRODUCTION:

The natural environment of the earth has been protecting
by developing the clean energies without pollution ,play-
ing the major role from the last decades. By dealing with
the issues of global warming, clean energies such as fuel
cells, photovoltaic and wind energy etc., has been rapidly
promoted. Due to the electrical characteristics of clean
energy, the power generated is critically affected by the
climate and has slow transient responses, and the output
voltage can be influenced by load variations and the auxil-
iary components such as storage elements, control boards
etc has usually requires the proper operation of clean en-
ergies. For example,the fuel cell generation system is one
of the most efficient and effective solution to reduce the
environmental pollution problems. In addition to the fuel
cell stack and the other auxiliary components are the bal-
ance of plant (BOP) includes electronic control board, an
air compressor and a cooling fan are useful for the normal
work of FC generation system.
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The generated power of the FC stack should also satisfy
the power demand for the BOP.Thus, the various voltage
levels should be required in the power converter of the
FC generation system. the single-input single-output dc—
dc converters with different voltage gains are combine to
satisfying the requirements of various voltage levels, so
that the system control is more complicated and the cor-
responding cost was expensively high. The motivation
of this study is to design a single-input multiple-output
(SIMO) converter to increase the conversion efficiency
and the voltage gain, to reduce the control complexity and
the manufacturing cost.

2. SIMO converter:
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Fig 2.1 system configuration of SIMO converter
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Fig 2.2 equivalent circuit of SIMO converter
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Fig 2.3 characteristics of proposed SIMO converter

Operating Modes

This converter works upon the six modes of operation
which are in cyclic process that means after the comple-
tion of the mode 6 , the operation begins from model. The
operating modes are:

Mode 1 (t0-t1)
Mode 2 (t1-12)
Mode 3 (t2-t3)
Mode 4 (t3-t4)
Mode 5 (t4-t5)
Mode 6 (t5-t6)

Explation of the Operating Modes :

MODE 1 (t0-t1)

At the time t=t0. In this mode, the main switch S1 was
turned ON and the diode D4 turned OFF. Because the po-
larity of the windings of the coupled inductor Tr is posi-
tive, the diode D3 turns ON. So, the secondary current iLLs
reverses and charges the middle voltage capacitor C2.
When the auxiliary inductor Laux releases its stored en-
ergy completely and then the diode D2 turns OFF, this
mode ends.
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Fig2.4 operating model (t0-t1)

MODE 2 (t1-t2)

At time t = tl, the main switch S1 is persistently turned
ON. Because the primary inductor LP is charged by the
input power source, the magnetizing current iLmp in-
creases gradually in an approximately linear way.At the
same time, the secondary voltage vLs charges the mid-
dle-voltage capacitorC2 through the diode D3 as seen in
model.Although the voltage vLmp is equal to the input
voltage VFC both at modes 1 and 2, the ascendant slope
of the leakage current of the coupled inductor (diLkp /dt)
at modes 1 and 2 is different due to the path of the auxil-
iary circuit.Because the auxiliary inductor Laux releases
its stored energy completely the diode D2 turns OFF at
the end of mode 1, it results in the reduction of diLkp /dt
at mode?2.

Fig2.5 operating mode2 (t1-t2)

MODE 3 (t2-t3)

At time t = t2 , the main switch S1 is turned OFF. When
the leakage energy still released from the secondary side
of the coupled inductor, the diode D3 persistently con-
ducts and releases the leakage energy to the middle-volt-
age capacitor C2.
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When the voltage across the main switch VS 1 is higher
than the voltage across the clamped capacitor VCI1, the
diode D1 conducts to transmit the energy of the primary-
side leakage inductor Lkp into the clamped capacitor C1.
At the same time, partial energy of the primary-side leak-
age inductor Lkp is transmitted to the auxiliary inductor
Laux and the diode D2 conducts.Thus, the current iL aux
passes through the diode D2 to supply the power for the
output load in the auxiliary circuit.When the secondary
side of the coupled inductor releases its leakage energy
completely the diode D3 turns OFF, this mode ends.

.

L

Fig2.6 operating mode3 (t2-t3)

MODE 4 (t3-t4)

At time t = t3, the main switch S1 is persistently turned
OFF.When the leakage energy has released from the pri-
mary side of the coupled inductor, the secondary current
iLS is induced in reverse from the energy of the magnetiz-
ing inductor Lmp through the ideal transformer, and flows
through the diode D4 to the HVSC.At the same time, par-
tial energy of the primaryside leakage inductor Lkp is still
persistently transmitted to the auxiliary inductor Laux,
and the diode D2 keeps conducting.Moreover, the current
il aux passes through the diode D2 to supply the power
for the output load in the auxiliary circuit.
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Fig2.7 operating mode4 (t3-t4)
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MODE 5 (t4-t5)

At time t = t4, the main switch S1 is persistently turned
OFF, and the clamped diode D1 turns OFF because the
primary leakage current iLkp equals to the auxiliary in-
ductor current iL aux. In this mode, the input power
source, the primary winding of the coupled inductor Tr,
and the auxiliary inductor Laux connect in series to sup-
ply the power for the output load in the auxiliary circuit
through the diode D2. At the same time, the input power
source, the secondary winding of the coupled inductor Tr
, the clamped capacitor C1 , and the middle voltage ca-
pacitor (C2 ) connect in series to release the energy into
the HVSC through the diode D4 .

Far

+ + +

Fig2.8 operating modeS5 (t4-t5)
MODE 6 (t5-t6)

At time t=t5, this mode begins when the main switch S1
is triggered.The auxiliary inductor current il aux needs
time to decay to zero, the diode D2 persistently conducts.
In this mode, the input power source, the clamped capaci-
tor C1 , the secondary winding of the coupled inductor
Tr , and the middle-voltage capacitor C2 still connect in
series to release the energy into the HVSC through the
diodeD4.Since the clamped diodeD1 can be selected as
a low-voltage Schottky diode, it will be cut off promptly
without a reverse-recovery current.Moreover, the rising
rate of the primary current iLkp is limited by the primary-
side leakage inductor Lkp.Thus, one cannot derive any
currents from the paths of the HVSC, the middle-voltage
circuit, the auxiliary circuit, and the clamped circuit. As
a result, the main switch S1 is turned ON under the con-
dition of ZCS and this soft-switching property is help-
ful for alleviating the switching loss.When the secondary
current iLS decays to zero, this mode ends. After that, it
begins the next switching cycle and repeats the operation
in mode 1.
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voltage clamping circuit and switched capacitor we get
desired output voltage level, low voltage output(Fig.4.2
) and high voltage output( Fig4.3) waveforms. A modi-
fied circuit of the system with single phase inverter is also
designed which is shown in Fig.4.8. the inverter output is
also shown in fig4.9.

=R

conclusion can be made.

Fig2.9 operating mode6 (t5-t6) l ﬂ
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ing steps

Fig.4.1. 1 t f SIM t
Step 1: Fuzzification of input variables. % open loop system of SIMO Converter

Step 2: Application of Fuzzy operator.(AND, OR, NOT) T T T T T
In the IF (antecedent) part of the rule. sl

Step 3: Implication from the antecedent to the consequent

(Then part of the rule). x';

Step 4: Aggregation of the consequents across the rules. i

Step 5: Defuzzification. il

Generally there will be a matrix of rules similar tot eh
ES rule matrix for Ex: There are 7MF for input variables
‘x” and MF for input variable ‘y’ then there will be all
together35 rules. —_

: Ime ot 0 ]
— Fig.4.2. Low Voltage Output(28V DC)
Input Ouput e
FlI:rrﬁ:m NEL:‘F(:LM -Ij wk
=r) ! fergp ) ot
5 1k
ey ) Decision-guaking unit ‘E] ] 8
D eeeeeenesenroemeeeeeeeseeresenamere} 0}
|/
ﬂ];_f
3.1 Fuzzy controller 9| U OO SO SO NN OO SO
4.SIMULATION DESIGNS t
4.1.Simulation design of Open loop: 4
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A simulation design open loop system as shown in Fig.4.1 Tt e
is implemented in MATLAB SIMULINK with the help of
coupled inductor, Fig.4.3. High voltage output(200V DC)
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4.2. Simulation Design of closed loop using PI
controller:

A simulation design closed loop system as shown in
Fig.4.4 is implemented in MATLAB SIMULINK with
the help of coupled inductor, voltage clamping circuit and
switched capacitor and PI controllers we get desired out-
put voltage level, (Fig.4.5 ) low voltage output and high
voltage output(Fig.4.6) waveforms.
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controller

Fig.4.5 low output voltage(28V) of closed loop circuit
of SIMO converter with PI controller
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Fig.4.6 high output voltage(200V) of closed loop cir-
cuit of SIMO converter with PI controller
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4.3.simulation design of closed loop using
fuzzy controller:

A simulation design closed loop system as shown in
Fig.4.7 is implemented in MATLAB SIMULINK with
the help of coupled inductor, voltage clamping circuit and
switched capacitor and FUZZY controllers we get desired
output voltage level, low voltage output (Fig.4.8) and
high voltage output(Fig.4.9) waveforms.
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Fig.4.7. closed loop circuit of SIMO Converter with
fuzzy controller
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Fig.4.8. low voltage output (28V) of closed loop SIMO

converter using fuzzy controller
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Fig.4.9. high voltage (200V) of closed loop SIMO con-

verter using fuzzy controller
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5. CONCLUSION:

This project consists of a high-efficiency SIMO dc—dc
converter, and this coupled-inductor-based converter was
applied well to a single-input power source plus two out-
put terminals composed of an auxiliary battery module
and a high-voltage dc bus. The input to the converter is
given by a solid oxide fuel cell. The controllers used are
pi controller and fuzzy controller. The results obtained by
using pi controller is compared with fuzzy logic control-
ler. The ripple content is reduced by using fuzzy logic
controller.
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