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Abstract - A novel Solar Photo Voltaic Powered dual output DC to DC converter with the Quadratic Boost Converter as the core element,

typically for Electrical Vehicle applications has been proposed and validated in this work. The proposed system harvests the solar power and

charges a 12 V battery, supplies power to a 12 V load, using the buck feature of the proposed converter. A second channel of 48 V output is

derived using the boost channel and the 48V output is meant for driving the traction motor as well as any other load that requires a regulated

48 V. The proposed converter can operate in three different modes. For the purpose of voltage regulation at the 48 V and 12 V output

channels and for the Maximum Power Point Tracking, applicable to the Solar Photo Voltaic source, individual Sliding Mode Controllers are

used. The proposed idea has been validated using simulations in the MATLAB SIMULINK environment and an experimental prototype.

Keywords: harvesting solar photo voltaic energy, quadratic boost derived converter, multiple output dc to dc converters, sliding mode

controllers, dual output converter

1. INTRODUCTION

Electrically powered vehicles of all ranges of power
ratings are encouraged globally. The EV sector includes
all transportation systems from the E bike to the elec-
trically actuated city buses and so on. EVs are also in-
cluded in the fleet of garbage management systems in
big and smart cities as well as industrial transportation
systems. The electrically actuated two wheeler bikes,
which can carry two persons, use BLDC motors which
require 48 V DC. The three wheeler type garbage col-
lecting EVs used in major cities use the BLDC motor
or the DC motor as the drive element and it is rated
at 48 V. In the case of three wheeler type garbage col-
lection and transportation system the main source of
power is the Solar Photo Voltaic (SPV) panels mounted
on the top and sides of the body of the vehicles. There
is a standard battery backup of voltage rating 12 V
and of nickel ion or lead acid type. These vehicles also
have charging facility using which the battery can be
charged directly from the utility AC source when the
vehicle is parked in the standby condition. [1 - 4] Es-
sentially these systems have three entities namely the
SPV source, the battery and the BLDC motor. Although
the SPV panels have a certain rated voltage and cur-
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rent, because of the changes in the solar irradiance and
temperature the terminal voltage of the SPV panel will
have to be maintained at the optimal voltage for en-
abling maximum power point tracking system. Thus
the SPV panel becomes a variable voltage, variable
power output source. This variable DC voltage source is
used by a DC to DC converter to charge the battery that
is nominally rated at 12 V. The required operating volt-
age of the BLDC motor is 48 V. The BLDC motor may use
either a voltage controlled speed control mechanism
or a current controlled PWM scheme for the speed con-
trol. Thus three different voltages are involved in the
system. Therefore a DC to DC power conversion sys-
tem converter that can deliver the required voltage to
the 12V battery from the SPV panel or from the utility
source and the required 48 V to the BLDC motor drive
system is required.

In [5] the authors have developed an off line battery
charging system and in [6] the authors have developed
an electric vehicle for a typical school bus application.
Since an automobile, especially an electrical vehicle
uses a number of electrical systems which require dif-
ferent voltage levels, DC to DC converters with multi in-
put multi output features are required. The main drive
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system may use a higher DC voltage while the control
systems, lights, AC, video monitors, navigational sys-
tems etc. may require diversified DC voltage levels.

Since many of the electrical vehicles use drives which
require at least 48 V, when the backup sourceisa 12V
DC battery, high voltage gain DC to DC converters are
required. In [7] a switched reluctance motor based drive
system has been developed and the system uses a high
voltage gain DC to DC converter. In [8 -9] the authors
have adopted a hybrid DC to DC conversion system
that combines the topologies of the Quadratic Boost
converter and the Cuk or with the SEPIC converter. The
Quadratic Boost Converter (QBC) has also evolved as a
high voltage gain DC to DC converter. The authors in
[10] have developed and validated the concept of QBC.

Considering the non linearity and the variable struc-
ture nature of the power electronic converters the
Sliding Mode Controller (SMC) is encouraged. Several
researchers have used the SMC for parameter regula-
tion as well for maximum power point tracking of the
renewable resources [11 - 13].

A proliferation of multiport DC to DC conversion sys-
tems are available and the authors in [14] and [15] have
presented multiport DC to DC conversion systems us-
ing hybrid energy sources.

The authors in [16] have presented a bidirectional
power conversion scheme that has proved to be com-
paratively more efficient. The authors in [17] have
developed a non-isolated high step- up DC-DC con-
verter featuring soft switching for hybrid energy sys-
tems. Quadratic boost converter is discussed in detail
in [18]-[21]. A combination of an isolated and a non
isolated multiple output topology was proposed and
validated by the authors in [22]. A multi input SPV en-
ergy harvesting system with a DC to DC converter has
been demonstrated in [23]. The authors in [23] have
also included an MPPT feature in this work. An inter-
esting power flow control scheme for a dual input in-
terleaved converter with buck and boost features has
been demonstrated by the authors in [24]. An AC link
converter topology for a solar powered inverter was
proposed and validated by the authors in [25]. The
high frequency resonant AC link enables zero voltage
switching leading to reduced switching losses and in-
creased power conversion efficiency. The authors in
[26] have proposed and validated a battery charging
system for the nanogrid using a set of multiple sources
governed by a common control. Further in [27] a two
stage bidirectional AC/DC converter that uses a renew-
able energy source governed by a suitable control loop
design has been proposed and validated. In a similar
development, a bidirectional micro inverter with a dual
active bridge scheme with ultra capacitor based en-
ergy storage system powered by modular SPV source
was proposed and validated in [28]. In the article [29] a
novel bidirectional converter for the support of a resi-
dential DC distribution system with a grid interface for
the SPV source has been presented. The same authors
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as in [29] have made another contribution [30] wherein
a novel grid interface with a two stage power conver-
sion scheme has been promoted.

To this end, a review of the literature suggests that a
solar power harvesting system with high voltage gain,
bidirectional power transaction, energy storage and
backup feature and multiport outputs are an absolute
necessity in the modern electric vehicle industry. In this
work a novel Quadratic Boost Derived Multi Output
Converter(QBDMOC) is designed and is used to deliver
a 48 V boost output and 12 V stepdown output. . The
control scheme adopted uses the Sliding Mode Con-
troller (SMC) and this ensures the harvest of maximum
power from the solar PV system for the given solar ir-
radiation.

The paper is arranged as follows. Next to this brief
introduction, in section 2, an outline of the proposed
system is presented. The state space averaged model of
the QBC is presented in section 3. The realization of the
proposed system in MATLAB SIMULINK environment
is given in section 4. The details of the experimental
verification and the results obtained in simulations and
in the experimental verifications have been discussed
about in section 5. The conclusion and the references
section follow.

2. OUTLINE OF THE PROPOSED SYSTEM

The general structure of the proposed system is
shown in Fig. 1. It draws power from the SPV source and
optionally the utility source can be used. There are two
output voltages and they are maintained at 12 V (LV)
and 48V (MV). Fig. 1 shows the configuration in which
the 12V battery, a load for the LV bus and a load for the
MV bus are used. Across the MV bus bar, an R or RL load
is used or as shown in Fig. 2, typically a BLDC motor can
be used. The features of the proposed system are it can
generate a 48 V DC supply from a battery or from the
SPV source or from the Utility source. Depending upon
the availability and the strength of the different sourc-
es and the requirement of the load, the different modes
are selected. The topology of the core power electronic
converter used in the proposed system is similar to a
Quadratic Boost Converter.

Source Selection
Manual

Switching
SPV

Fig. 1. Proposed dual output DC to DC converter

In addition, the system uses an additional power
electronic switch for delivering a stepped down volt-
age output, typically 12 V for either charging the bat-
tery or for delivering power for the 12 V load. With
reference to the circuit diagram shown in Fig. 3 there
are two individual switches SW, and SW, and a set of
switches grouped as GS. SW, can connect or discon-
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nect the external source to the converter unit. The
switch SW, can be used to connect or disconnect the
48V load denoted as Load 2.

Source Selection
Manual
Switching

SPV

Fig. 2. An Application of the proposed system
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Fig. 3. Schematic of the proposed system

The switch group GS can be used to connect the bat-
tery to the rest of the circuit for charge or discharge
modes of operation. Using the switch group GS, the low
voltage load, denoted as Load1, can be connected or
disconnected to the battery or to the converter. Some
of the important modes of operation which could be
realized using these are,

Mode. 1. The input source voltage is available. (Buck
Mode) (SW10n; SW2 Off; GS: Battery connected to
converter). In this mode only the battery gets charged.

Mode. 2. The source voltage is not available. (SW1
Off; SW2 On; (GS: battery connected to converter).
The boost converter draws power from the 12 V bat-
tery and drives Load 2 with 48 V regulated supply. The
battery is now discharging.

Mode. 3. The main input source is available. (Buck
and Boost (QBC))

Load 1 and load 2 are operational. The battery can
also be charged.

3. THE DETAILS OF THE SUBSYSTEMS

3.1 STATE SPACE ANALYSIS OF THE
QUADRATIC BOOST CONVERTER

Since the QBC is the heart of the system the state
space analysis of the QBC is developed and consider-
ing the steady state condition from the state equation
the voltage gain of the QBC is derived. The voltage gain
of the GBC and the QBC are shown in equations (1) and
(2) respectively
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Fig. 4. Voltage gain variation of boost converter
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Fig. 5. Voltage gain variation of proposed converter

Fig.4 and Fig. 5 shows the duty cycle D versus volt-
age gain of the generic boost converter and proposed
converter respectively. With reference figures 4 and 5 it
can be seen that the voltage gain of the QBC is much
higher than that of the GBC.

L1 D1 D3 +
D2 L2
—YYY
Vo stk , c2== 3R2
Cl==
s ¥ c3.|. R1

Fig. 6. Topology of the Quadratic boost derived
hybrid converter

The topology of the proposed system is given in Fig.6

3.2 THE SOLARPHOTO VOLTAIC SOURCE

Here, the SPV source is the primary source of power.
Six numbers of similar panels are used in parallel. The
VI and the VP characteristics of one of the SPV panel are
shown in Fig. 7.

With reference to Fig. 7 it is clear that the solar power
output will be maximum, for any given solarirradiation,
if and only if the terminal voltage of the SPV subsystem
is maintained at a specific valuewhile it delivers a spe-
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cific current as well. In this work the SMC technique is
used for MPPT. The advantage of the SMC technique is
that, unlike the perturb and observe algorithm and the
incremental conductance algorithm for MPPT, the SMC
based MPPT scheme requires only the terminal voltage
of the SPV unit need to be monitored.

In MPPT system, as applied to SPV systems, the set
or the desired value of the controlled parameter is a
dynamic one. Since the power electronic switches can
be switched at high frequencies the SMC can track the
desired level easily.

VI and VP Characteristics of a Single SPV Panel
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Fig.7. VI and VP characteristics
of one of the SPV panels

3.3 SMCAS A MPPT CONTROLLER

The ratio between Vpmax and Voc is a constant of the
panel, which we denote as G, and the operating termi-
nal voltage of the SPV panel should be adjusted in real
time that the constant G is always maintained.

The algorithm for the SMC based MPPT is as follows.

Keep the power converter in the OFF state.

2. Measure the Open Circuit Terminal Voltage of
the SPV unit. (V_)

3. Turn on the power converter.
4. Measure the Terminal Voltage of the SPV unit

(V).
pv
5 s (va /V, )< G (Gisthe constantand is Vel
V).
6. If yes, turn OFF the power converter and go to
step 1.

7. Else keep power converter ON and go to step 4.
3.4 SCHEME OF CONTROL

There are some operational modes selected manual-
ly, as given earlier in the outline section. Besides, there
are some requirements to be fulfilled automatically by
the proposed control systems. The automatic closed
loop control schemes have been built to satisfy the fol-
lowing requirements or objectives.

«  There must be a provision for MPPT.

«  The voltage across Load 2 should be maintained
at48Vv
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- The load across Load 1 should be maintained at
12 V.

In the proposed system the switch S1 is primarily
meant for buck operation to deliver a 12V supply across
Load1 or charge the 12 V battery. The switch S2 is pri-
marily meant for the boost operation. There are two con-
trol sub systems and they are meant for the buck and the
boost converter switches S, and S, respectively. For the
boost converter a fixed duty cycle of 0.6 is used. This will
provide a voltage gain of (1/(1-0.6)?) = 6.25. If the source
voltage is as low as 10 V the maximum possible output
voltage could be 62.5 V. The duty cycle of the buck con-
verter is 0.8 and if the source voltage is as low as 15V the
output voltage could be 12 V.

Set Point Boost (48 V) Set Point for Buck (12V)
jlj ‘MP"T Flag MPPTFLAG

Buck Manual Control Bit

Boost ManuaI Control Bit

Fig. 8. Control subsystems.

Fig. 8 shows the control scheme adopted as realized
in the MATLAB SIMULINK environment.

3.5. INTERLOCKING CONTROL SCHEME

In the proposed system, for the QBC based boost
mode of operation the switches ST and S2 should be
operational. It is possible that the voltage across load
1 reaches the 12 V level earlier than the instant the
voltage across Load 2 reaches 48 V. In this scenario ac-
cording to the control scheme logic switch S1 will be
turned off. This will stop the functioning of the QBC
and the voltage across Load 2 cannot be built up to the
required 48 V level. According to the control system,
only S2 will be getting the required switching pulses.
This will enable the capacitor across Load 1 to act as a
source and the S2 along with the inductor L3 and the
diode of S1 will form a generic boost converter trying
to pump power to the 48 V load. This causes the volt-
age across the Load1 to become little less than 12 V
level bringing again S1 also to be functional and the
QBC comes back to form. This process continues until
the voltage across Load1 and Load2 reach 12V and 48
V level respectively.

3.6. DIFFERENT MODES OF OPERATION
AND POWER BALANCE

Mode 1: The different modes of operations and the
corresponding circuit arrangements are shown in Fig.9
to 11. Fig. 9 shows the battery charging mode or the
12 V load driving mode. In this mode the 48 V load is
turned off. The power control switch S, is operational in
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the buck mode. The diode inside S, is used as the free-
wheeling diode. The control system regulates the load
side voltage at 12 V. In the same mode of operation,
if an SPV is used for the source and a battery is used
for the load then the battery is charged satisfying the
MPPT requirement.

v
v
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‘ D2 L2
e YYYY
—»C2|R2

¥

SHE} L3 T3

Cl=— shAlALY
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&
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<+

Fig. 9. Buck mode of operation

Fig. 10 gives the circuit arrangement of the buck and
the boost mode of operation. The S, and S, are opera-
tional and the load side voltages of 12 V and 48 V are
regulated across the respective loads.

A d

> > >
> = > = >

b L1 L D1 "~ 4D3 +
{ D2 L2 |
—YYYY\
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II+
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Fig. 10. Buck and boost modes of operations

A

Fig. 11 shows the scenario when the external source
is absent and the 48 V load is operational. The battery
supplies the required power to the 48V load. The circuit
obeys the voltage gain equation of the generic boost
converter.

b 4

C2|R2| v

Vin —

< <

Fig. 11. Boost mode powered from the battery
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4. REALIZATIONS IN MATLAB SIMULINK AND THE
RESULTS

The proposed system has been realized in MATLAB
SIMULINK and the various subsystems are presented in
Fig.12 to 14. Fig. 12 shows the SPV and the MPPT sub-
systems. Fig. 13 shows the internal structure of the SMC
based MPPT scheme. The constant 0.857 is the con-
stant of the solar panel used and it has been derived
using equation (3)

_ Vpmax _ E _
G= Voc 302 0.857 3)

1000

Insolation
Control
% Flag
Temperature PV Aray ‘
MPPT
Fig. 12. SPV Subsystem
SPV Terminal V
SPV Panel Constant :._@
[ Flag

Voc of the SPV

Fig. 13. MPPT subsystem

Fig. 13 shows the MPPT subsystem. To start with, the
control system monitors the open circuit voltage of the
SPV and calculates the required voltage to be main-
tained across the SPV subsystem. Then the power con-
verter is actuated until the terminal volts falls down to
the Vpmax level from the Voc level. Once the terminal
voltage across the SPV falls just below the Vpmax level
the converter is switched off. The SPV voltage now rises
back to the same Voc level or a new Voc level depend-
ing upon the current solar irradiance. The Voc is noted
down, the new Vpmax is estimated and then the con-
verter is again turned on. The process continues and
the required voltage across the SPV panel is thus main-
tained with a mild chattering and the maximum power
harvest is achieved.

Fig. 14 shows the implementation of the proposed
system in the MATLAB SIMULINK environment. The two
MOSFETs S1 and S2 get the required switching pulses
from the control system discussed in the earlier section
and shown in Fig. 8. The results of the simulations have
been recorded for different modes of operation and are
presented herein.
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Fig. 14. MATLAB SIMULINK realization of the proposed system

4.1 MODE 1 OPERATION: BATTERY CHARGING
FROM EXTERNAL SOURCE

In this mode of operation the battery is charged
from the external source. The active part of the circuit
is highlighted and is shown in Fig. 9. As a result of a
solar irradiance of 1000 W/m?, the battery is charged.
The related waveforms are shown in Fig. 15 to 21. Fig.
15 shows the solar irradiance of 1000 W/m?. The cor-
responding terminal voltage across the SPV panel is
shown in Fig. 16. The terminal voltage across the SPV
panel which is nearly 25 V is buck converted to charge
the 12 V battery and the battery gets charged with
charging current shown in Fig. 18. As a result the State
Of Charge of the battery gets increased and is shown in
Fig. 19. The voltage across the battery is nearly 12.5V
and is as shown in Fig. 20.

Solar Insolation

0 0.5 1 1.5 2
Time (seconds)

Fig. 15. Solar irradiance of 1000W/m?2.

Terminal Voltage of SPV Panel

0 0.5 1 1.5 2
Time (seconds)

Fig. 16. Terminal voltage across the SPV

Terminal Voltage SPV Panel

1.001 1.0015 1.002

Time (seconds)

1 1.0005

Fig. 17. Ripple in the SPV terminal votlage
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Battery charging Current

0
A
w-10
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-30
0 0.5 1 1.5 2
Time (seconds)
Fig. 18. Battery Charging current
State of Charge of Battery
. 50.01
X
3
& 50.005
50
0 0.5 1 1.5 2
Time (seconds)
Fig.19. Rise of SOC while charging
Terminal Voltage (Battery)
10|
a |
o
> 5|
0
0 0.5 1 1.5 2
Time (seconds)
Fig. 20. Battery charging current
Step Change in Solar Irradiation
«~_ 800
£
P
£ 600
=
400

0 1 2 3 4
Time (seconds)

Fig. 21. Step change in solar irradiance

SPV Terminal Voltage
30 h

0 1 2 3 4
Time (seconds)

Fig. 22. SPV terminal voltage
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SPV Panel Output Current

Time (seconds)

Fig. 23. SPV panel output current

A5 Terminal Voltage of Battery
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Time (seconds)

Fig. 24. Rise of Battery voltage

Fig. 21 shows the case of a step change in the solar ir-
radiance from 900W/m?to 400 W/m?. All the related wave-
forms have been recorded and the important waveforms
are shown in Fig. 21 to 24. The change in solar irradiance
occurs at time instant 3 sec. and correspondingly the oth-
er waveforms reflect. It is observed that there is negligible
impact on the loads when there is a step change in input.
The transient response of the SPV reflected in terms of the
SPV voltage and the SPV output current have been record-
ed and are as shown in figures 22 and 23. The fall in the so-
lar irradiance results in a fall of the terminal voltage across
the SPV terminals and the sudden dip in the SPV current at
3 seconds while the solar irradiance suddenly falls.

4.2 MODE 2: DELIVERING POWER
TOTHE 48V LOAD

In this mode of operation corresponds to the circuit
arrangement shown in Fig. 11. The external source is
not used. The battery supplies the required power for
the 48V load.The SOC of the battery falls with time. The
terminal voltage across the load and the battery dis-
charge current are shown in Fig.25- 27. The discharge
current from the battery is positive.

Terminal Voltage Across RL Load

0 0.5 1 1.5
Time (seconds)

Fig. 25. Terminal voltage across Load2

The proposed system is intended to deliver an output
votlage of 48 V in the high votlage output channel. The
transient response of the ouptut votlage, when a com-
mand is given at time instant 0 is given, is shown in fig-
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ure 25. the rise time of the output votlage was observed
to be 0.02 second. The peak overshoot was observed to
be 49.5V and the steady state error was found to be 0.05
as the output voltagte was regulated at 48.05 V.

Fall Of State of Charge of Battery

50
49.995
&)
(]
? 49.99
0 0.5 1 1.5
Time (seconds)
Fig. 26. SOC of battery
Battery Current
30 =
20
17
g 10
<
0
-10
0.2 0.4 0.6 0.8 1

Time (seconds)

Fig. 27. Battery current (Discharging)
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o
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0 0.2 0.4 0.6
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0.8 1

Fig. 28. Solar irradiation
Terminal Voltage of SPV

20
2
S10
0
0 0.2 0.4 0.6 0.8 1
Time (seconds)
Fig. 29. Terminal voltage of SPV
SOC of battery
50.0015
52 50.001
3
b3 50.0005
50
0.2 0.4 0.6 0.8 1
Time (seconds)
Fig. 30. SOC of the battery
SPV Output Current
30
320
£
<10
0
0.2 0.4 0.6 0.8 1

Tlon lmmmmen PP

Fig. 31. Output current of SPV
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Fig. 32. Voltage across Load 2
" Battery Current (Charging)
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Fig. 33. Battery charging current

Battery Terminal Voltage
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Fig. 34. Battery terminal voltage

4.3 MODE 3: BUCK AND BOOST
MODE OF OPERATION

In this mode both the loads are operational. Fig. 29
to 34 correspond to the case of the external source de-
livering power to the 48 V load as well the battery is
charged. The circuit arrangement shown in fig. 10 cor-
responds to this mode of operation. With a solar irra-
diance of 1000 W/m?, the maximum power harvested
is shared among the loads without any wastage. Table
1 & 2 gives the specifications of the components used
and the values of some important parameters.

Table 1. Nominal parameters and specifications of

components
Parameter / Component Specification
Power Electronic Switches MOSFET
Inductor L, 500 pH
Inductor L, 500 pH
Capacitor C, 2200 pF
Capacitor C, 2200 pF
Nominal Input voltage 12to 19V
Buck output for Battery 12V
Boost output for Load 48V
Nominal load @ 48V 500 W
Nominal load @ 12V 300W
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Table 2. Specifications of the SPV Panel
and the battery

SPV panel Specification

Max. Power rating of panel 120W

Open Circuit Voltage 30.2V

Short Circuit Current 5.15A

Voltage atP 259V

CurrentatP 4.63A
Number of panels in series 1
Number of panels in Parallel 6

Storage Battery
Type Lead Acid
Nominal Terminal Voltage 12V
Capacity 35 Ah

5. HARDWARE DESCRIPTION

The major components of the setup include the SPV
panel, the battery the proposed converter system and
theresistive loads for the 12V and 48V channels of loads.
The SPV system can deliver a maximum power output of
125 W at a solar irradiance of 1000 W/m? and 25 °C. The
battery is rated 12V and 35 Ah. An R load of 50 Q / 50W
is powered by the system. The excess energy harvested
is stored in the battery. When the SPV is not available
the battery supplies the load. The system therefore has a
buck mode of operation and a boost mode of operation
happening simultaneously. The buck converter charges
the battery while the boost converter supplies the re-
quired 48 V to the load. The proposed system uses an
SMC for the maintenance of the 48V across the load. The
switching pulses produced by the SMC drives the MOS-
FET through the opto coupler.

Fig. 35. Photograph of the proposed system

The algorithm can be implemented in the PIC Micro
controller. The PIC Micro Controller 16F877 A has built
in ADCs using which the terminal voltage of the panel
and any other analog quantities to be considered could
be read into. In the case of the quadratic boost derived
hybrid converter topology, it is necessary that the pow-
er electronic switch be applied with a square pulse of a
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fixed duty cycle that can produce the required output
voltage and MPPT.

The power electronic switches used in the buck and
the boost sections are of type IRF 540 and they are pro-
tected with snubber circuits. The hardware prototype
uses an optical isolation between the control circuit
and the power circuit. The control circuit consists of the
micro controller. The power circuit consists of the main
source of power, the load, the battery and the power
electronic switches and the storage elements like L and
C which form the topology.

The specifications of the system under consideration
are shown in table 3.

Table 3. Specifications of the Proposed System

Parameters Specifications
Capacity of SPV Source 125W
Open circuit voltage 222V
Short Circuit Current 7.75A.
Voltage at Pmax 17.2V
Current at Pmax 7.25A.
The MOSFETs IRF 540
Opto Coupler MCT2E

The wave forms of the various currents and the volt-
ages have been recorded and are presented herein.Fig.
35 shows the terminal voltage of the SPV panel when
there is no load on the SPV panel. It has been observed
that for the given climatic conditions the open circuit
voltage of the SPV panel is 9.1 V. With the battery as
the load, for the available solar irradiance the battery
gets charged. The switching pulses applied to the buck
converter switch SW1 is shown in Fig. 37. The charging
current is shown in Fig. 38.

Voltage (V)
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Fig. 36. SPV panel terminal Voltage with No load on
the SPV (Low Solar Irradiance; Vpv = 9V)
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Fig. 37. Switching pulses applied to the buck
converter.
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Fig. 38. Battery while charging. (Scenario 1)

When the quadratic boost converter is in action the
two inductors L, and L, play important role in boost-
ing up the voltage from the SPV panel which is as low
as 15.2 V as shown in Fig. 39, to a load side voltage of
48 V. Fig.41 shows the load side voltage of 48 V when
the system is fed directly from the SPV panel, without
the support of the battery. In this mode of operation
switches S, and S, should work and the voltage across
the series combination of ST and S2 is shown 40.
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Fig. 39. SPV terminal votlage
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Fig. 40. Voltage across the switch STand S2
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Fig. 41. Voltage across the load =48V

When the SPV source is not available, the battery is
the only source and it gets discharged while supply-
ing power to the 48 V load. In this mode of operation,
the generic boost converter operation takes place with
L, as the boost inductor and SW, as the power control
switch. The inductor current L, current has a continu-
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ous component and a pulsating component. The in-
ductor L, current is the input current now, and it is the
battery discharge current also as shown in Fig. 42.
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Fig. 42. Battery discharging while no SPV
(Scenario 2)

The proposed system can be operated in standby
mode also when the SPV power is just used for charg-
ing the battery. During this period the loads will not
be operational. The power electronic switch S, alone
works and the internal diode in S, acts as the free-
wheeling diode. The buck action charges the battery
and the battery terminla votlage rises. The battery ter-
minal votlage is as shown in Fig. 43.
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Fig. 43. Voltage across the battery while charging

The control system meant for regulating the out-
put voltage for load 2 at 48 V can be used to regulate
any desired load side voltage by just changing the set
point. A typical case of regulating the voltage across
load 2 at 30V is shown in Fig. 44.
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Fig. 44. Voltage across the load when the set value
is30V

Different scenarios are shown in table 4.

With reference to the tables showing the different
scenarios it is clear that when the SPV power is avail-
able and if it is more than the demand of the load the
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excess power available is routed to the battery through
the buck converter. The battery gets charged. It was ob-
served that, for the case when the SPV power generated
is 43 W with a terminal voltage of the SPV panel is 14.7 V
the SPV currentis 2.96 A. Out of this power, the battery is
being charged with a terminal voltage across the battery
being 12.72 V and the charging current is 3.27A and the
total power harvested is routed to the battery.

Table 4. Scenario 1: SPV available Load 48 W

Connected.

Source Power Voltage Current
SPV 116 W 19.2V 6.04 A
Battery 50 W 12.2V (Cﬁ;aor:;ﬁg)
Load2 48 W 48V 1A
Load 1 124 W 122V 1.016A
Efficiency 95.19%

Table 5. Scenario 2: No SPV Source but Load

Connected
Source Power Voltage Current
SPV ow ov 0A
Battery 65.8W 1.9V (Disiﬁ:rging)
Load2 48 W 48V 1A
Load 1 11.8W 11.9 0.991 A
Efficiency 90.87%
Table 6. Scenario 3 SPV Source
Available but No Load
Source Power Voltage Current
SPV 43 W 147V 296 A
Battery 40W 12.72V (Cﬁ;‘:zr;i/:g)
Load2 ow 48V 0A
Load 1 ow ov 0A
Efficiency 95.5%

With reference to the tables showing the different
scenarios it is clear that when the SPV power is avail-
able and if it is more than the demand of the load the
excess power available is routed to the battery through
the buck converter.
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The battery gets charged. It was observed that, for
the case when the SPV power generated is 43 W with
a terminal voltage of the SPV panel is 14.7 V the SPV
current is 2.96 A. Out of this power, the battery is being
charged with a terminal voltage across the battery be-
ing 12.72 V and the charging current is 3.27A and the
total power harvested is routed to the battery.

6. CONCLUSION

A novel dual output DC to DC converter built around
a QBC has been presented. The mathematical model-
ing using the State Space averaging technique has
been presented. The open circuit behavior of the
proposed QBDMOC has been studied. The proposed
converter has been powered by an SPV source. SMC
scheme has been used for the MPPT as well as for regu-
lating the output voltages. The different modes of op-
erations have been simulated and the proposed idea
has been validated. An experimental prototype has
also been developed and the proposed idea has been
verified successfully. It has been observed that both in
the simulation and in the experimental verification the
proposed topology exhibited the expected function-
ality by delivering a regulated 48 V output at the high
voltage channel and a regulated 12V output at the low
voltage channel. The MPPT scheme using the SMC has
proved to track the changes in the solar irradiance and
helps to harvest the maximum power at all solar irra-
diances. Efficiency can be improved by designing ad-
vanced controller. Novel converter can be designed by
interfacing n number of converters to get n number of
multilevel outputs.
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