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ABSTRACT: This project proposes a new multi-
input isolated DC-DC converter for hybrid electric
vehicles application. In this work, fuel cell and
energy storage system are utilized as the input
sources for the proposed system. Fuel is considered
as the main power supply. Utilized to charge the
battery, increase the efficiency, reduce fuel
economy and supplying the output load ,charging
and discharging the battery can be made by the FC
and PV sources simultaneously or individually.
The main advantage of proposed converter is that,
the proposed multi input converter has a capability
of providing the demanded power by load in
absence of one or two resources.

Index terms: Hybrid electric vehicles(HEV), Multi
input converter, power management

I. INTRODUCTION
Due to increasing diligence on energy crisis and
environmental protection, the Hybrid Electric
Vehicles (HEVs) are received lot of attention in
recent years. Petroleum is used world-wide at a
higher rate due to the wider requirement of
transport. It plays a major role in modelling the
vehicles with minimum and without consumption
of petroleum. And therefore the alternate
propulsion technologies have been increasingly
engaged by the automobile industries and this
hassled to the increased exploitation rate of HEV.
One of the main advantages for the HEV drive is to
improve the efficiency of the motor drive. The key
components of the traction systems in hybrid
electric vehicles are the multi input bidirectional
DC-DC converters. Multi input bidirectional
converters have combine the different sources, such
as batteries, ultra capacitor, photovoltaic cells, fuel
cells, and other renewable energy sources, with
different voltage characteristics.
The designs characteristic of the induction motor
are used in HEV (1-6), the overview of HEV are
discussed. By applying suitable starting frequency
and voltage for the inverter fed induction motor
low starting current and high starting torque can be
obtained (7). Using high frequency transformer to
connect different sources, where each source is
connected by full-bridge cells using 12 switches for
three sources (8). A current fed half-bridge

topology has been proposed in [9] to reduce the
ripple current in the battery using phase shift
modulation. The stability analyses of multiple input
isolated buck—boost and forward converters along
have been presented in [10]. In these types of
converters, power sharing between various sources
is difficult to control. In [11], energy flow between
number of different sources and the dc link are
discussed. In this topology, it is not possible to
transfer energy directly between dc sources, and
also, a higher number of devices are being used. In
this paper a new type of multi input bidirectional
DCDC converter will be proposed in order to
integrate various energy sources. The proposed
circuit will be analyzed, modelled, designed,
controlled, and simulated. Due to the advantages
like low cost and compact structure multi input
bidirectional DC-DC converter are reported to be
designed for HEV application. DC-DC converter is
an electrical circuit which provides varying voltage
levels that differs from the supplied voltage. DC-
DC converter is employed in variety of application.
The unregulated DC voltage is given as the input to
the DC-DC converter. That converter produces the
regulated output voltage even though the input
voltage is changing.

Due to the fact that initial cost of PVs is high and in
order to increase the extracted power from the PV
panels, MPPT algorithm has to be utilized. In [22],
a general comparison is made between different
MPPT techniques with respect to tracking factor,
dynamic response, PV voltage ripple, and use of
sensors. The other way to improve the efficiency is
to enhance the efficiency of the electric
components [23].

Multi-input DC .
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Fig. 1. General structure of the multi powered
HEV.
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Fig. 2. Three-input dc—dc boost converter.

In this study, a novel three-input dc—dc converter is
proposed to merge a PV, a fuel cell, and a battery
and connect them to the grid. Furthermore, dc gain
is enhanced in respect of conventional converters.
Meanwhile, MPPT can be obtained for PV. The
battery can be charged and discharged in order to
achieve power management. In the following two
sections, the proposed structure is studied and
different operation modes are discussed.

I PROPOSED CONVERTER TOPOLOGY

The structure of the proposed three-input dc—dc
boost converter is depicted in Fig. 2. The converter
is formed of two conventional boost converters,
substituting extra capacitor in one of the converters,
and a battery to store the energy. Characteristic of
the converter is suitable for hybrid systems. In this
paper, behavior of the converter in terms of
managing the sources is analyzed in power
management and control part. Then, vey and vec are
two independent power sources that output is based
on characteristic of them. L1 and L2 are the
inductances of input filters of PV panel and fuel
cell. Using L1 and L2 as in series with input
sources change PV and FC modules to current
sources. rl and 12 are vPV °S and vF C °’S
equivalent resistance, respectively. RLoad is the
equivalent resistance of loads connected to the dc
bus. S1, S2, S3, and S4 are power switches.
Diodes D1, D2, D3, and D4 are used to establish
modes, which will be described. Capacitor C1 is
used to increase output gain and output capacitor
Co is performed as an output voltage filter. System
is operating in continuous-conduct mode to
produce smooth current with least possible amount
of current ripple.

111 OPERATION MODES
In this section, principles of the proposed converter
are discussed. Operation of the converter is divided
into three states:
1) The load is supplied by PV and FC and battery is
not used.
2) The load is supplied by PV, FC, and battery, in
this state, battery is in discharging mode.
3) The load is supplied by PV and FC and battery is
in charging mode.

A First Operation State (the Load is Supplied by
PV and FC While Battery is Not Used)

In this state, as it is illustrated in Fig. 3, there are
three operation modes. During this state, the system
is operating without battery charging or
discharging. Therefore, there are two paths for
current to flow (through S3 and D3 or D1 and S4).
In this paper, S3 and D3 is considered as common
path. However, D1 and S4 could be chosen as an
alternative path. During this state, switch S3 is
permanently ON and switch S4 is OFF.

Mode 1: (0 < t < diT ): In this interval, switches
S1, S2, S3, and diode D3 are turned ON. Inductors
L1 and L2 are charged via power sources VPV and
VF C, respectively [see Fig. 3(a)].

Mode 2: (d1T <t < d2T ): In this interval, switch
S1is turned OFF and D2 is turned ON and S2, S3,
and D3 are still ON. Inductor L2 is still charged
and inductor L1 is being discharged via VPC — VF
C [see Fig. 3(b)].

Mode 3: (d2T <t < T): In this interval, S1 is turned
ON and S2 is turned OFF and S3 and D3 are still
ON. Inductor L1 is charged with VPV and inductor
L2 is discharged via VPV + VC 1 — Vo[see Fig.
3(c)].

By applying the voltage—second balance low over
the inductors L1 and L2, voltage of capacitor C1
and output voltage can be obtained as follows:

Ly dy []'"'1’\' _”"il} t(dy - dy) [VP\' — T, _V('l]

‘|‘ (]. —n‘fj) [lpﬁ. —J"lf-f_]: = ”
1

Ve — Vev —riir,
! da — dy

O]

Lg : ff-_} [].-";:(' - f'jfl,[._.] + (1 - ffg] “"'}'(' + 1(] - r-_};'[._, - IrJ =0

®)
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(dy —d1) (Ve = raip, ) + (1= dy) (Vee —rig, )

(1-dy)(dy —:flj

(4)

Fig. 4.3. Current-flow path of operating modes in
first operating state. (a) Mode 1. (b) Mode 2. (c)
Mode 3.

Also, by applying the current—second balance low
over the capacitors C1 and Co, voltage of capacitor

C1, we have

Cl a ((.I‘IQ f(fL)le — (l f(.fQ)i”Lg = 0
, (5)
.['I{J
Co: (1=dy)ig, =
RLuad
(6)
In this case, battery is not used and so we have
thatt = 0
Phatr = 0.
(7)

B. Second Operation State (the Load is Supplied
by PV, FC, and Battery)

In this state, as it is illustrated in Fig. 4, there are
four operation modes. During this state, the load is
supplied by all input sources (PV, FC, and battery).
In first mode, there is only one current path.

However, in other three modes, there are two
current paths (through S3 and D3 or D1 and S4). In
this state, current flows through D1 and S4. Switch
S4 is permanently ON during this state.

Mode 1: (0 <t < d1T ): In this interval, S1, S2, S3,
and S4 are turned ON. Inductors L1 and L2 are
charged by VPV + vBattery and VF C + vBattery,
respectively [see Fig. 4(a)].

Mode 2: (d1T <t < d2T ): In this interval, S1, S2,
S4, and D1 are turned ON. Inductors L1 and L2 are
charged by VPV and VF C , respectively [see Fig.
4(b)].

Mode 3: (d2 T <t < d3T): In this interval, S2, S4,
D1, and D2 are turned ON. Inductor L1 is
discharged to capacitor C1 and L2 is charged by vF
C [see Fig. 4(c)].

Mode 4: (d3T <t < d4T ): In this interval, S1, S4,
D1, and D4 are turned ON. Inductor L1 is charged
by VPV and inductor L2 discharges C1 to the
output capacitor [see Fig. 4(d)].

By applying the voltage-second balance low over
the inductors L1 and L2, we have

Ly di [Vov + Voare —riir, | + (dy —di) [Vov —riir, |
+(dy — dy) [Voy — iz, = Ve, | + (L= d3) [Voy =iz, ] =0

(C))
And then
Vi = 1’}"\ + (jl Hm[l - f.ll
aG=s -5
dy —dy

XLy :dy [Vre + Voars — rair, | + (ds — dy) [Vee = raig,
+(1=d3) [Vre + Ve, —raig, =V, =0.
©)
10 =

(ds—d2) (Ve +di Voare—r2iz, ) + (1 = d3) (Vev+di Voate —r1ir, )
(] - Urg) (d:i - igj] '

(4.10)
Also, by applying the current-second balance low
over the capacitors C1 and Co, voltage of capacitor
C1, we have

C] : (fj;-; —dz}’le — (1 - fj;g)'.‘:LE =10

(4.11)

v
CU (1= d; L, = .
( ;) = RLUH'.I

(4.12)
In this state, the current and power of battery can
be calculated as (4.13) and (4.14), respectively

ibatt = dy (ig, +1r,)
(4.13)

Available online: https://edupediapublications.org/journals/index.php/lJR/

Page | 3424



https://edupediapublications.org/journals
https://edupediapublications.org/journals/index.php/IJR/

o ® International Journal of Research
Available at https://edupediapublications.org/journals

e-ISSN: 2348-6848
p-ISSN: 2348-795X

4

Volume 05 Issue 12
April 2018

lett - 1l’lmtt [dl ( tr, + "-Ll )]
(4.14)

C. Third Operation State (the Load is Supplied
by PV and FC While Battery is in Charging
Mode)

In this state, as it is illustrated in Fig. 5, there are
four modes. During this state, PV and FC charges
the battery and supply the energy of load.

0]
Fig. .4. Current-flow paths in different operation
modes of second state. (2) Mode 1. (b) Mode 2. (c)
Mode 3. (d) Mode 4.

Fig. 5. Current-flow path of operating modes in

In the first- and second-operation modes, there are
two possible current paths through S3 and D3 or
D1 and S4). The path D1 and S4 is chosen to flow
the current in this state. During this state, switch S3
is permanently OFF and diode D1 conducts.

Mode 1: (0 <t < d1T ): In this interval, S1, S2, S4,
and D1 are turned ON. Inductors L1 and L2 are
charged by vPV and vF C , respectively [see Fig.
4.5(@)].

Mode 2: (d1T <t < d2T ): In this interval, S2, S4,
and D1 are turned ON. Inductor L1 is discharged to
capacitor C1 and inductor L2 is charged by vF C
[see Fig. 4.5(b)].

Mode 3: (d2 T <t<d3 T ): In this interval, S1, S2,
D1, and D3 are turned ON. Inductors L1 and L2 are
charged by vPV — vBattery and vF C — vBattery ,
respectively [see Fig. 4.5(c)].

Mode 4: (d3 T <t<d4 T): In this interval, S1, S4,
D1, and D4 are turned ON. Inductor L1 is charged
by vPV — vBattery and inductor L2 is discharged
by vF C —vC 1 — vo[see Fig. 4.5(d)].

By applying the voltage—second balance low over
the inductors L1 and L2, we have

Ll ( ﬂ/p\-' IL]+ g-dl [Lp\- '-1-1/1]
(1 d)“p -1‘1 hntt]'[]

(15)

Vi = 1[fl:".' - {1 - dz} 1";:rmtt - rljlj
C1 dg - dl

(16)

g1t Voo =i, | + (0 = o) Vg =iy, = V)

F(L=d5) Ve Ve, ~mig, = V] =0

(17)
V= (Vee = (dy = d2) Viarr = 1aiL,)
“I:P‘.' - {l - di} I;:hatt =T i‘LJ }
(dy —dy) 1

(18)
By applying current-second balance low to
capacitors C1 and Co, we have

third operating state. (a) Mode 1. (b) Mode 2. (c) Cl . (dz - d1 } fLJ - (1 - d;i } tru[ g — 0
Mode 3. (d) Mode 4. (19)
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Co: (1=dy)ig, =

(20)
In this state, the current and delivered power by
battery can be obtained as (4.21) and (4.22)

ibatt = (dii _ﬂlf}{fﬁz + le}+ {l —

(21)

letl = 1F':h;m [[dii - ﬂli) ('i.'-L_, + "i-'-il ) +

(22)
Fig..6 illustrates switching pattern for each state
and each mode. To fulfill switching operation, a
saw-tooth wave as a carrier is compared with
signals d1, d2, d3, and d4, which can independently
control on state of power switches. Without
considering output voltage utilized power of each
sources PV, FC, and battery can be controlled using
di, d2, d3, and d4 signals. The voltage gain of the
proposed converter is compared with the converter
proposed. As shown in this figure, the voltage gain
of the proposed converter is higher than the
converter proposed in [24]. Benefiting from high-
voltage gain, the proposed converter achieve the
specific output voltage VO with less duty cycles in
comparison with the converter proposed in [24]
which increase the efficiency of the proposed
converter. It is worth noting that in this figure, the
inductor resistances are ignored and the voltage
gain is compared in the first operation mode. Input
voltages are also considered the same.

1IV. DYNAMIC MODELING AND CONTROL
In order to control and analyze dynamic
performance of the proposed converter, it should be
modeled. As it has been mentioned, the presented
converter operates in three states that first state is
made of three modes and second and third states
are contained of four modes. Each state operates to
provide particular goals, which will be explained.
In first state, output voltage and only one of the
input power sources can be controlled. Due to this
fact in this paper, we decide to control PV power
source, which can be replaced by FC source as
well. In second state because of interference the
battery, output voltages and input sources power
rate can be controlled. Third states’ control
parameters due to interference the battery is same
as second state.

As mentioned previously interference the battery
consists of two states, which in one of them battery
will be charged and in one of them battery will be
discharged. Selection of proper state (without
battery, battery charging, battery discharging) is
depends on power managing algorithm. Dynamic

model of the proposed converter for each state is as
follows.

First state: In this state, d1 and d2 as control
variables, control output voltage, and power rate of
one of the input sources that is consider PV in this
paper. State-space model of converter for first state

is
di : , -
L]i = v + (dl - ({j)l’f('l mAUA
dt
(23)
i _ o 4 NV =i
!T = L"F(' - (1 -d-_})l’(‘] + [f{j = 1”‘}; =Tl
(
(24)
il v
Cu_”= 1-d,)i , = "
dt ( r_JIL_ RLond
(25)
leﬂi = (dy = dy)ipy = (1 - dy)iga.
dt
(26)

Second state: In this state, three control variables
dl, d2, and d3 are used for controlling three state
variables. In this state, the state-space model of
converter is

di , : r '
Ll % = \«"]’v\' T dlh)sm T (d3 - dii) L“ =~ T
(27)
lip o |
!W = L"F(' + dlh:am + “ - ({:l)ll’('l 1 ((13 - 1)
HJ =T '{Lf
(28)
v, v
C{J_”= 1- !" . ? :
dt ( : i}‘TL_ Load
(29)
Ve ST
G % = (dy = dy) iy = (1-dy)igy.

(30)
Third state: In this state, same as second state, three
state variables are controlled by three control
variables d1, d2, and d3 controlling. State-space
model of the converter in this state can be written
as follows:
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dipy . _ |
L Y = Vpy +(dy = 1) Vyur + (dy = da) Vey = iy
31)
dipy ' _
LEF = Vie + (dy = dy) Voayy + (1= d3) Ver 4 (d3 = 1)
Vo =rains
(32)
dv, v
C, % (1 —ds)ip, —
dt (1 —d3)iL, o -
(3 3) *}: 1 E~t (|
, dVen _ | 4l
—— = (dy —dy)ig, — (1 =d3)ipa. "
dt
(34)

Tt FIG 7 The load is supplied by PV and FC while

P VY battery is not used First operation state

. . P . 1 —
dT 4T T dT &I AT T 4T 4T 4T T!
1a) {b) (8]

Fig. 6. Switching pattern for three states. (a) First
state. (b) Second state. (c) Third state.

V SIMULATION RESULTS

FIG 8 Switching pattern for first operation state
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FIG 9 At inductor currents IL1 and IL2 WAVE
FORMS

FIG 11 vsl vs2 vs3 vs4 WAVE FORMS
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T

FIG 10voltage at diodes Vd1 vd2 vd3 vd4 WAVE
FORMS

Fig 12 output voltage and capacitor votage V out
and vcl WAVE FORMs
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The load is supplied by PV,FC and Battery
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Fig 15 IL1 and IL2 charactersitics
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Fig 13 The load is supplied by PV,FC and Battery
in this state battery is in discharging mode
Simulink diagram

Fig 16 Battery current (ibat)

Fig 14 Switches pattern for second operation state
s1 s2 s3 pulses

Fig 17 Vsl vs2 vs3 and vs4 waveforms
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Fig 20 The load supplied by PV and FC while
Battery is in charging mode

Fig 18 Vout wave forms
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Fig 21 Switches s1 s2 s3 wave forms

Fig 19 output voltage Vout and vc

Fig 22 Inductor current ILL AND IL2 wave forms

Third operation state
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Fig 23 Battery current waveforms

Fig 24 V/s1 vs2 vs3 vs4 Fig 26 Output voltage

Fig 25 output voltage and capacitor VVci and Vout
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5 Fig 29 Voltage at fuel cell Vfc current ifc and
[ ' battery current ibat

==
.
.

[k
S Y

Fig 30 Vdclink vout

Fig 27 simulink diagram of extension dc-dc
converter

Fig 31 Vo sinusoidal waveform

Fig 28 voltage at Vb2 waveform V CONCLUSION

The multi input bidirectional DC-DC converter was
designed to integrate more than two DC sources with
different voltage levels which finds application in HEV.
The multi input bidirectional converter can control the
power flow between each pair of sources. The required
voltage to drive a three phase induction motor is obtained
by photo voltaic cells and multi input bidirectional DC-
DC converter. MPPT control technique is used to extract
the maximum power from solar irradiation. Instead of
using individual converter in hybrid system using multi
input bidirectional DC-DC converter is reduces the
system size and cost. Therefore proposed converter
provides the better efficiency but harmonics presents in
voltage source. The performance of the system has been
verified by simulation using MATLAB/SIMULINK
environment.
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