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ABSTRACT

This paper proposes an implementation of Solar/Electric/Reduced Fuel consumption(IC Engine) Hybrid Powered
Vehicle (SEFPHV) technology which is the combination of multi sources. The Vehicle will run with help of solar
power, electric power and less amount of fuel energy used to charge the batteries and to drive. Rechargeable
batteries are used to drive the BLDC motor into vehicle. Batteries are charged with the help of solar power, plug-in
and altered IC Engine with generator. In sunny days, solar panel is used to charge the batteries. Inspite of using IC
engines very less amount of fuel energy is used to charge the battery in rainy seasons. This multi charging vehicle
can charge itself from both solar power, altered IC Engine with generator and plug in. For controlling speed of the
motor, a switch was designed with two tapping, giving different values of resistance at each tapping. The
performance of the SEFPHV was found to be satisfactory for the load of two people with the average speed of 45-50
KM/hr to a mileage of 60 KM with reduced charges. Simulation and Experimental results shows that the
performance of SEFPHV to confirm the theoretical analysis and their control schemes has been analyzed and
validated. Copyright © IJRETR, all rights reserved.

Keywords: Solar module, PMDC generator, BLDC hub motor, Rheostat Control, Step-down Transformer, IC
Engine, Diode rectifier and Battery Bank.
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I. INTRODUCTION

Now a day’s Non Renewable energy sources are being destroyed. Due to this more consumption of fossil fuels for
automobiles. Increasing awareness of air quality and interest in innovative vehicles stimulate the research activity to
improve the propulsion systems by reducing the vehicle emissions[1].Vehicles which predominantly use Electric
batteries for energy storage ,Electric motors and controllers for their operation are known as Electric
vehicles[2].Electric vehicles are speedily gaining importance once again in today’s world. Owing to mainly three
reasons; they do not produce exhausts and toxic gases, they are noiseless vehicles; and limitations of non renewable
resources, and they are promising vehicles for future [4]. The brief study of hybrid solar vehicle of efficient in our
daily life because now day’s pollution and fuel rate is very big problem many people having fuel vehicles. Use of
solar vehicle is being used for vehicle, less consumption of fuel, hybrid solar vehicle are effective reducing global
warming and environment problem in big frame. Various advantages for hybrid vehicle by using solar technology

[3].

1. Reduction in fuel demand.
2. Give clean energy which will reduce the carbon dioxide emission.
3. Minimizing the pollution problem.

Electric vehicles use batteries and motors as their normal operating components. They are many times supplemented
with other energy sources such as IC Engine, Solar cells, Plug in etc,depending upon their type. The Electric
vehicles can be classified into following kinds, based on their sources of power and their utilizations;

Battery Electric vehicles.

IC Engine- Electric Hybrid Vehicles.
Fuelled Electric Vehicles.

Electric Vehicles using supply lines.
Solar powered vehicles.

A e e

In this paper, Solar/Electric/Reduced Fuel consumption(IC Engine) Hybrid Powered Vehicle (SEFPHV) technology
will be introduced. This hybrid vehicle will run with the help of solar power, plug in and less amount of fuel energy
used to charge the batteries. SEFPHV system which is combination of three sources. The Sources are

(1) Solar power
(i1) Plug in Electric power supply
(i) Reduced Fuel consumption - IC Engine.

Solar/Electric/Reduced Fuel consumption(IC Engine) Hybrid powered Vehicle (SEFPHV) have the potential of
sustainably reducing petroleum consumption and vehicular CO2 emissions relative to conventional vehicles. The
mechanical energy produced by the IC Engine is to transferred to PMDC generator and convert Electrical energy.
The produced Electrical energy is applied to charge controller and output of the charge controller is given for
charging the battery. Two Solar panels each with a rating of 230 Watts are connected to the top of the vehicle to
grab the solar energy and then controlled it with a help of charge controller. During sunless conditions, household
Electric supply of 230V is reduced with a step-down transformer to 48V and then it is converted into DC with a
rectifying unit to charge the batteries. Using the above additional methods are implemented and to reduce the fuel
consumption in automobiles. The power from the additional sources is fed to the charge controller.

The paper is organized as follows. The system configuration and overview are discussed in section II. The
Specifications of proposed system are discussed in section III. Section IV discusses the overall design charge
controller & altered IC engine specifications of proposed system. Section V gives the design procedure of simulation
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setup of proposed system. Section VI gives the overall hardware implementation of proposed SEFPHV. Section VII
concludes the paper.

Il. SYSTEM CONFIGURATION AND OVERVIEW

The proposed integrated system consisting of solar module, charge controller, PMDC generator, BLDC Hub motor,
IC Engine, Rectifier unit and batteries are required for the vehicle.
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Figurel: Overall Design of System Configuration

In Fig.1. Shows the schematic diagram of the multisource Solar/Electric/Reduced Fuel consumption(IC Engine)
Hybrid powered Vehicle (SEFPHV). The SEFPHV tends to use the solar panel as the main energy source, two
stroke IC engine as the auxiliary energy source and the plug in as the backup energy source. In Electrical energy
stored in battery are used to drive the BLDC motor. Where BLDC motor is the rear wheel of this vehicle and the
control of the motor (BLDC) is processed through the motor controller which gives the electronic commutation to
the windings of the motor. Speed of the motor is drived using the electronic accelerator. It is sense the current in the
motor and applying triggering pulse to the gate terminal of the controller circuit. The battery when get discharged,
IC Engine coupled with the PMDC generator. It will be used to start the charging the battery. To control the output
of the generator, charge controller is used to control the input of the battery. In this method, very less amount of fuel
will be consumed to drive the vehicle. Charge controller regulates the current from the main energy source, auxiliary
energy source and backup energy sources and fed to the power into batteries. Charge controllers are able to reduce
the noise and produced during power generation. The hybrid vehicle different modes of operation are represented as
shown in Table-I

Table-1: Modes of Operation

MMode Energy Source Trype of Energy Storage Device
Source
Mode -1 Solar energv-230Wartts(two Main Energw Batterv banlk
panels} Source
MNMode -2 Two stroke IC Engine Auxiliary Energwv Batterv bank
Source
Mode -3 Plug in energwy source (with Back up Energwv Batterv banlk
step down transformer &diode Source
rectifier)
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In mode 1, solar energy source acts as the main energy source. The battery is charged from the main energy source
and the controller circuit controls the power supply to the motor and directly controls the translation speed of the

vehicle.Fig.2.shows the mode 1 operation of the vehicle with energy storage.
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Figure2: Mode 1-operation of vehicle with main energy source.
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Figure 3: Mode 2-Operation of vehicle with auxiliary energy storage.

In the mode 3, plug-in power supply acts as the back up energy source. The battery is charged from the backup
energy source and the controller circuit controls the power supply of the motor and directly controls the translation
speed of the vehicle. Fig.4. shows the mode 3 operation of vehicle with energy storage
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Figure 4: Mode 3-Operation of vehicle with Back-up energy storage.

I11. SPECIFICATIONS OF PROPOSED SYSTEM

I. BLDC HUB MOTOR SPECIFICATIONS

Some of the problems of the brushed DC motor are eliminated in the BLDC design. In this motor, the mechanical
"rotating switch" or commutator is replaced by an external electronic switch synchronized to the rotor's position.
BLDC motors are typically 85-90% efficient or more. Efficiency for a BLDC motor of up to 96.5% have been
reported, whereas DC motors with brush gear are typically 75-80% efficient [13]. A Brushless DC Motor (also
known as a BLDC Motor), is a synchronous Electric motor powered by a direct current. The Brushless DC Motor
consists of a rotating rotor, Neodymium Iron Boron magnets, and a stator. Brushless DC Motors are considered to be
an “inside-out” version of a Brush DC Motor; the commutator and brushes are nonexistent, and the windings are
located externally, connected to the controller. There are typically two different construction types for the Brushless
DC Motor: in runner and out runner configurations. The in runner configuration consists of three stator windings
located around the rotor, with permanent magnets as a part of the rotor. The out runner has a reversed relationship
between the magnets and the coils. The permanent magnets rotate inside a suspended rotor surrounding the core of
the BLDC motor. A Brushless DC Motor is operated by means of an electronic six-step commutation system.
Selecting the appropriate Brushless DC Motor requires knowing the requirements of the application, such as torque,
speed, size, power and length. New structure of BLDC motor applied for a wheel-hub motor for an electric vehicle.
Today the physical structure of BLDC motors is dominated by a massive stator with salient poles as a framework for
the windings. This construction results in high weight and in significant energy losses caused by eddy currents and
hysteresis losses in the stator material [7]. The Brushless DC (BLDC) motor is used as the drive motor for the
vehicle. It’s a permanent magnet square wave motor. BLDC motor uses feedback directly of the rotor angular
position so that the input armature current can be switched among the motor phases in exact synchronization with
the rotor motion [9].

In this paper, BLDC hub motor is located on the rear wheel of the vehicle. BLDC hub motor can able to run the
vehicle at a speed of 40km/hr. BLDC hub motors are compact and weight less motors and it has good inertia for free
running. It is operated by applying 48 V DC source with the help of SLA (or) VRLA batteries [14]. Brake for this
motor is placed in its outer casing and a brake for this BLDC hub motor is same as that of ordinary vehicles. Control
of this BLDC hub motor is easier. Input for this motor is given from batteries whereas the motor takes the DC as
input to the controller and the controller converts the DC to controlled AC and applies the AC supply to the
windings of the BLDC motor. Power controllers with the hall sensor signals are used to vary the speed of the motor.
Fig.5. shows the Experimental Setup BLDC hub motor of vehicle with energy storage.
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In Table-II Represents the Specifications of the BLDC hub motor used in this paper are as follows:

Table-11: BLDC hub motor specifications

5.110 parameter Fating

1 Power 00w to 1000w
2 Voltage 48w

3 Current 13-20A

4 Torque 0.92Nm

3 Speed 400EPM

Figure 5: Experimental Setup BLDC hub motor

ii. BATTERY SPECIFICATIONS

Charge Controller limits the rate at which electric vehicle current is added to or drawn from the electric batteries [8].
The prime purpose of using the Charge Controller is to prevent against overcharging and deep discharging of a
battery. For the 12V/35 Ah battery, 12V/6A charge controller is an ideal choice. According to the rating of the
battery and solar module, IC engine and Plug-in supply are the selection of the charge controller is done.

In this paper, four numbers of 12V 35 AH batteries connected in series to obtain 48V, 35 AH to run the BLDC hub
motor. Fig.6. shows the Equivalent circuit of 35 AH/12 V battery.

I
ANMAA i

Co ;E Vbam*ry

156



International Journal of Renewable Energy Technology Research
Vol. 2, No. 5, May 2013, PP: 151 - 169, ISSN: 2325-3924 (Online)
Available online www.ijretr.org

Figure 6: Equivalent Circuit of Battery

Cp — Polarization Capacitor in Farad

Cb — Variable battery Capacitor in Farad
R; — Internal Resistor in Ohms

Vhbattery — Battery Voltage in volts
Ibattery — Battery Current in Amps

The correct dimensions of battery establish the of Solar/Electric/Reduced Fuel consumption(IC Engine) Hybrid
powered Vehicle (SEFPHV) technology. The goal is to search for a suitable relation among weight, volume, life
time, cost, energy density and environmental impact. These factors must be expressed in the lowest possible weight
and volume of the SEFPHV.

In Table-III Represents the Specifications of the Battery used in this paper are as follows:

Table-111: Battery specifications

5.10 Parameter Fating
1 Voltage 12V

2 Capacity i3AH

3 Length 7 inches
4 Height Jinches
3 Width dinches
6 Number of batteries used 4

iii. PMDC GENERATOR SPECIFICATIONS

A Generator is a machine that converts mechanical energy into Electrical energy by using the principle of magnetic
induction. Whenever a conductor is moved within a magnetic field in such a way that the conductor cuts across
magnetic lines of flux, voltage are generated in the conductor. Direct current (DC) is the flow of an Electrical charge
in one direction. PM motor magnet can either mounted on the rotor surface or buried inside the rotor circuit, the
surface mounted machine construction is simpler and use for the low speed. These motors are considered small
saliency thus having practically equal inductances in both axes [10].

In this Paper, the PMDC (Permanent Magnet Direct Current) generator operates with the basic principle of
Fleming’s left hand rule. When two stronger permanent magnets are placed around the rotating conductor the direct
current will be generated. The polarity depends on the direction of the mechanical input given to it. Mechanical
input for the generator is given by the IC-ENGINE. Power from the engine is transferred to a belt based
transmission between the belt wheel and the PMDC generator’s axle. Using this transmission, to generate a power of
200 watts continuously from the generator. Fig.7. shows the Equivalent Circuit for PMDC generator of vehicle The
generator's VGen and RGen parameters can be determined by measuring the winding resistance (corrected to
operating temperature), and measuring the open-circuit and loaded voltage for a defined current load & Fig.8. Shows
the Experimental Setup for PMDC generator of vehicle with energy storage.
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Figure 7: Equivalent Circuit of PMDC generator
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Figure 8: Experimental Setup PMDC generator

Using this PMDC generator, to generate the require power to charge the battery. Input for the dynamo is given by

the IC-engine where as the output is given to the controller and the controlled output is given to battery. From this
generator, 300 watts of power and 48 V DC as the output. It can be operated as a bidirectional operating generator
and as per the requirement of clockwise directional rotation is performed to take the output.

In Table-IV Represents the Specifications of the PMDC used in this paper are as follows:

Table-1V: PMDC Motor specifications
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5 No Description Fatings
1. Voltage snAY
2. Current 4836 A
3. Speed 3000 Rpm
4. Power 230 Watts
3. Torque 0.62m

IV. CHARGE CONTROLLER & ALTERED IC ENGINE SPECIFICATIONS OF
PROPOSED SYSTEM

i. SPECIFICATIONS OF CHARGE CONTROLLER

A. CONTROLLING THE OUTPUT OF PMDC GENERATOR

Power output from the PMDC generator is up to 55 V, 6A dc; it is connected to the controlled rectifier circuit which
regulates the output current and voltage. Three NPN transistors are used to divide the voltage equally and regulate
the current; to a maximum voltage of 110 V it allows only 48 V as the output from the circuit. The noise signal from
the PMDC generator is reduced by using the capacitor and filter circuit of rating 100uf and a resistance of 2002 and
with the use of Zener diode and a MOSFET controlled power is fed to batteries. The battery gets completely
charged, input to the battery has to be kept opened. To keep the charging circuit open an IC 6308 is used to attenuate
the input supply to the batteries and it indicates the charging using light emitting diodes [11].

The charge controller in this Paper, is for controlling the electrical power output from various sources, such as solar
panel, Plug-in, and IC-engine. Controlled output from the charge controller is fed to charge the batteries. In this
paper, solar power is one of the sources to charge the batteries. The DC output from the solar PV panel is supplied to
the controller circuit which has a power of 80watts. The control circuit used for regulate the current and to stabilize
the voltage from the solar panel. Fig.9. Shows the Experimental Setup of Charge Controller for PMDC generator
and solar array.

DC Input Terminals
(green wire)

|AC Input Terminal|

egulating and
ectifier circui

i PN

Figure 9: Experimental Setup of Charge Controller for PMDC generator and Solar array

B. CONTROLLING THE OUTPUT OF PLUG-IN Supply
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To charge the batteries using grid power plug-in chargers are required and Plug-in supply are reduced to 230/48 V
AC with the help of step down transformer and Converted into DC through Diode Rectifier. Before this conversion
the fact that is to be considered is to step-down the single phase 230v AC supply to 48v AC using a step down
transformer. The output from the step down transformer is connected to the rectifier circuit and it is again connected
to the control circuit to charge the battery. Fig.10. Shows the Experimental Setup of Charge Controller for Plug-in

supply.

Step down |
Transformer|
Rectifier

Circuit

Figure 10: Experimental Setup of Charge Controller for Plug-in supply

Table-V: IC Engine and Vehicle specifications

SNO Description Fating
1. IC Engine Tvpe 2 Stroke air cooled
2. CC 490 CC
3. Maximum Power 2H1IEW
4. Maximum Torque 3.0 @ 3000 FPM
3. Wheel Base 1222 mm
6. Twre Size 25%16
7. Fuel Capacitv 3 Lit
8. Height 1730 mm
9. Width 930 mm
10. Ground Clearance 700 mm
11. Drum brake 110 mm
12. Cvlindrical Bore 46 mm
13. Total Weight(including Sclar panel, PMDC_ | 166 kg
BELDC hub, Batterv, Charge controller and
Step-down Transformer)

V. SIMULATION RESULTS OF PROPOSED SYSTEM

In our proposed system, the simulated output of PV array modeling and Charge controller modeling using the
MATLAB/ SIMULINK software is to be done. In Fig.11 shows the simulated circuit characteristic of the PV
module, which controlled the MPPT using Rule base for the MATLAB/ SIMULINK software. At 5 Sec, this
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converter starts estimating the maximum power point. After 7 Sec, the MPPT is completed. At this time, the
simulated PV module reaches the maximum power of 230 W, and then, the output voltage and current of simulated
PV module are 48 V and 5.2 A, respectively. In Fig.12 shows the Waveforms of the output voltage in volts. In
Table-VI Represents the Specifications of the simulation parameters of the proposed system are as follows:

Table-VI: Simulation Parameters

S NO | Parameters Fating
1. Temperature 25 deg
2. irradiation 224 32 W/MZ2
3. Short circuit current (Iscn) 316 A
4. Open circuit voltage (% ocn) 329W
= input Step
a. Switch NMOSFET
7. Lon 1=10-°H
8. Eon 0.001 ochm
Q. Cutput voltage 48 WV
10. Cutput current E-14 A

Fi= Edt View Smulstion Format Tooks Hep

DedS = P oo 05 [homd 0 || EEBE REE®

el I;D_l._Ru-LEP e QUTPUT OF THE CONTROLLER1

e |

| SOLAR ARRAY JV"\T_I

ot p—rd Disceet

o E— —3—
Cument Measurement  owtput cument
PULSE GENERATING UNIT
Ready 100% ode1Ss
— = = =
Pagetofl | Wordsd | (D EEEREE e i )

5 §
P e e T ~Pak [ “Moosei. | iJ.:“I 740 A0

Figure 11: Simulation Setup of PV array for charge controller using Matlab/simulink software

Fig. 13 shows the Waveforms of the output current in Amphere and Fig. 14 shows the waveforms of the Phase to
Phase voltage in volts using Matlab/Simulink Software. Output of the charge controller can be connected to the
vehicle to drive.
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Output Voltage in Volts

Time in Secs

Figure 12: Waveforms of the output voltage in volts

Current in Amps

Time in Secs

Figure 13: Waveforms of the output current in Amphere

Phase to Phase Voltage in Volts

Time in secs

Figure 14: Waveforms of the Phase to Phase voltage in volts

VI. HARDWARE SETUP OF SEFPHV

Hardware implementation of proposed Solar/Electric/Reduced Fuel consumption(IC Engine) Hybrid powered
Vehicle (SEFPHV) technology are represented as shown in Fig.15 (A,B,C & D).
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In this paper, Speed control switch are connected to the accelerator contact. The speed control of the PMDC motor is
the essential part of the implementation of Solar/Electric/Reduced Fuel consumption(IC Engine) Hybrid powered
Vehicle (SEFPHV) technology. For controlling speed of the motor, a switch was designed with 2 tapping, giving
different values of resistance at each tapping, hence limiting the current that flows in the motor. The switch has been
provided with two terminals; one for the motor connections and the other for the battery connections. The
arrangement of the switch is more (or) less like a rheostat. The different tapping act as resistance points. With each
increase in tapping valve, the valve of resistance decrease, thus at the last tapping the motor will run at the highest
speed as the limiting resistance will be minimum whereas the high torque condition of the motor will arise when the
minimum tapping will be used. Since the limiting resistance will be maximum. The mechanical energy produced by
the IC Engine is to transferred to PMDC generator and convert Electrical energy. The produced Electrical energy is
applied to charge controller and output of the charge controller is given for charging the battery. Two Solar panels
each with a rating of 230 Watts are connected to the top of the vehicle to grab the solar energy and then controlled it
with a help of charge controller. During sunless conditions, household Electric supply of 230V is reduced with a
step-down transformer to 48V and then it is converted into DC with a rectifying unit to charge the batteries. Using
the above additional methods are implemented and to reduce the fuel consumption in automobiles. The power from
the additional sources is fed to the charge controller. Solar module mounted on the top of the vehicle is used to
charge the batteries via charge controller.230watts solar module is used to charging the batteries and start the load
on the motor is nearly 160 kg including the weight of two people driving and travelling it. The motor after starting
acquires the maximum speed of 45kmph. The batteries get charged always from the solar panel and so it provides
the power to run the vehicle. During the sunless conditions, electric supply are stepped down and converted to DC
Power with help of diode rectifier and it is used to charging the battery. It provides the continuous run for the
vehicle.

The specifications of entire SEFPHV system in this paper are represented in Table-VII

Table-VII: Integration setup of SEFPHV

Solar Panel-230 BLDC hub PMDC Charge Diode Step down
watts for simgle | motor (600 to generator controller rectifier transformer

panel(2 panels ) 1000 watts) (250 watts)
Ay I vV I Ay I Ay I i'p o/p i'p o/p
] (A) v (A) v (A) N (A} v V) 2 V)
24 £.10 48 13-18 55 48 48 24 A8V [ 48V | 230V | 48V
AC DC AC AC

Fig.16. shows the waveforms of the comparison between the energy consumption in TVS-50 over SEFPHV. Fig.17
shows the waveforms of the Comparison between the Speed in Km/hr VS Battery voltage in volts. Fig.18 Shows the
No .of batteries VS Distance in KM — SEFPHV. Fig.19 shows the waveforms of the efficiency calculations between
the energy consumption in TVS-50 over SEFPHV. Fig.20 (A,B,C,&D) shows the waveforms of the comparison
between the energy cost versus the distance for different energy sources. Fig.21 shows the waveforms for
comparison of different energy sources
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Figure 15: (A, B, C & D) Hardware Implementation — SEFPHV
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VII. CONCLUSION

In this paper, a new implementation of Solar/Electric/reduced Fuel consumption (IC Engine) Hybrid Powered
Vehicle (SEFPHV) technology is proposed and investigated and its solves many problems related to the
environment and is the best pollution free method. This multi charging vehicle can charge itself from solar power,
IC Engine (reduced fuel consumption) and electric power. Solar/Electric/reduced Fuel consumption (IC Engine)
Hybrid Powered Vehicle (SEFPHV) technology is continuous running during all intervals. The vehicle is altered
out of a TVS-50, by adding its engine with a 600 watts BLDC hub Motor, two 230 watts PV Panel, four 12 V/ 35
AH Battery and 250 watts PMDC generator. For controlling speed of the motor, a solenoid control switch is
designed with two tapping, provided with different values of resistance at each tapping and it acts as a speed control
switch for SEFPHV. The Solenoids are acting as the speed control switch. Initially, First accelerator contact is
triggered, solenoid-I activates and two batteries are connected to the motor. When the second accelerator contact is
triggered, solenoid-II activates and the four set of batteries are connected to the motor. This type of technique is to
reduce the running cost and increasing the running efficiency of the vehicle. If the price is compared to petrol driven
TVS 50 Vehicle, the cost per KM travelled will be Rs. 1.25. Here the distance covered by the SEFPHV in a 60 KM
when the batteries are fully charged, then cost per KM travelled will be 0.45 paisa per KM. The efficiency and
running time of the Solar/Electric/reduced Fuel consumption (IC Engine) Hybrid Powered Vehicle (SEFPHV)
technology was improved and verified by simulation and experimental result.
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