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CHAPTER 1 

SOLAR CARS                                                                           

 

1.1 INTRODUCTION 

A solar car is a solar vehicle used for land transport. 

Solar cars only run on solar power from the sun. They are very stable and can come in 

different sizes. To keep the car running smoothly, the driver must keep an eye on these 

gauges to spot possible problems. Cars without gauges almost always feature wireless 

telemetry, which allows the driver's team to monitor the car's energy consumption, solar 

energy capture and other parameters and thereby freeing the driver to concentrate on driving. 

Solar car combine technology typically used in the aerospace, bicycle, alternative energy and 

automotive industries. The design of a solar vehicle is severely limited by the amount of 

energy input into the car. Most solar cars have been built for the purpose of solar car races. 

Solar cars depend on a solar array that uses photovoltaic cells (PV cells) to convert sunlight 

into electricity. Unlike solar thermal energy which converts solar energy to heat for either 

household purposes, industrial purposes or to be converted to electricity, PV cells directly 

convert sunlight into electricity. When sunlight (photons) strike PV cells, they excite 

electrons and allow them to flow, creating an electric current. PV cells are made of 

semiconductor materials such as silicon and alloys of indium, gallium and 

nitrogen. Crystalline silicon is the most common material used and has an efficiency rate of 

15-20%. The first solar family car was built in 2013. Researchers at Case Western Reserve 

University, have also developed a better solar car which can recharge quicker, due to better 

materials used in the solar panels. 

 

1.2 LITERATURE SURVEY 

History of Solar Cars 

At the engineering department at Tel Aviv University in Israel, Arye Braunstein and his 

colleagues created a solar car in 1980. The solar car had a solar panel on the hood and on the 
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roof of the criti car compromised of 432 cells creating 400 watts of peak power. The solar car 

uses 8 batteries of 6 volts each to store the photovoltaic energy. 

The 1320 pound solar criti car is said by the engineering department to have been able to 

reach up to 40 mph with a maximum range of 50 miles. 

In 1981.Hans Tholstrup and Larry Perkins build a solar powered solar racecar. In 1982, the 

pair became the first to cross a continent in solar car, from Perth to Sydney. 

The GM sun racer in 1987 completed an 1866 mile trip with an average speed of 42 mph, 

since this time many solar cars invented at universities for competitions such as Shell Eco 

Marathon. There is also a commercially available solar car called the venture astrolabe. Solar 

car uses technology typically used in aerospace, bicycle, alternative energy and automotive 

industries.  

Solar car are often fitted with gauges as seen in conventional cars. In order to keep the car 

running smoothly, the driver must keep an eye on these gauges to spot possible problems. 

Cars without gauges almost always feature wireless telemetry, which allows the drivers team 

to monitor the cars energy consumption, solar energy capture and other parameter and free 

the driver to concentrate on driving. Solar car depend on PV cells to convert sunlight into 

electricity. 

Unlike solar thermal energy which convert solar energy to heat for other household purposes, 

industrial purposes or to be converted to electricity. PV cells directly convert into electricity, 

when strictly covert PV cells, they excite electrons and allow them to flow, creating in 

electric current. PV cells are made up of semiconductor materials such as silicones and alloys 

of indium, gallium and nitrogen. Silicon is the most common material used and has an 

efficiency of 15-20%. 

During the 1990s, regulations require an approach to ‘Zero emissions’ from vehicles 

increased interest in new battery technology. Battery systems that offer higher energy density 

became the subject of most research by federal and auto industry scientists. Solar car were 

built by universities and manufactures. The sun energy collector cars prove to be too large for 

consumer cars, however that is changing. 
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Advantages 

1. One major benefit when it comes to solar powered cars is that they work silently and 

produce no noise pollution. The energy that comes from the sun is free and has 

unlimited lifespan, but solar panels don’t and they don’t come very cheap. 

Nevertheless, the prices for solar panels have been declining and as the technology 

evolves, it will become an affordable technology for almost anyone. Also, the lifespan 

of a solar module is of approximately 30 years, which is more than enough considering 

the lifespan of a regular car. 

2. A solar powered car is gasoline independent, thus it will help protect our budget as 

well as the environment. Driving a regular car is the most air-polluting act, while• 

driving a solar powered car that is very quiet, very low maintenance, has zero harmful 

emissions and does not need expensive fuels is the best option. Though it will take 

time until solar energy cars can be used on a large scale, it is still a very promising 

alternative to regular cars.  As technology advances and improves the performance of 

solar powered cars, someday soon we may be able to purchase one at the nearest car 

dealer. 

3. A solar car works on the same principle as a house powered by solar panels. 

Photovoltaic cells (made up of semiconductors that absorb the light), which harness 

the energy from the sun and convert it into electricity, are placed on the car. Some 

solar cars direct the electricity straight to an electric motor and some use the obtained 

electricity to fuel a battery that runs the car’s motor. If solar energy is used to power all 

of the vehicle’s propulsion that means that the car will continuously run on it and you 

do not need to spend another penny on fuel. But still, how can you drive a solar car by 

night? Solar energy car designers are striving to improve the mileage this 

transportation device could get, by installing a solar roof that provides electricity for 

the engine while the sunlight is abundant, but kick it to the battery once it goes down. 

Limitations 

1. Solar cars don’t have speed or power that regular cars have. 

2. Solar powered cars was operated only for limited distances 

3. If it is dark out for many days, the car battery will not charge. 

4. The car was not reliable. 

5. Solar panels take a lot of time to charge the batteries. 
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6. Low efficiency 

Applications 

 In industries for in-house transportation 

 In railway stations, airports and hospitals to maintain pollution free environment 

 Commercial vehicles like cars and buses for towns and cities with traffic congestion 

1.3 OBJECTIVES 

i) To restore an obsolete petrol car and convert it into a solar powered car with DC drive 

motor 

ii) To study the performance of the restored solar vehicle. 
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 CHAPTER-2 

COMPONENTS OF A SOLAR CAR 

  

2.1  SOLAR PANEL 

Essential solar panels are groups of silicon cells used to convert light energy into electricity. 

Solar panels are thin silicon cells that are grouped together into a simple frame with some 

wire works. The panel harness day light and process it for human use by absorbing electrons 

from sun’s rays. These electrons help to extract energy from the silicon which is unstable due 

to a chemical combination of boron and phosphorus combined in each cell. When the silicon 

heats up from the sun it reacts with the other chemical additives and become unstable. Then 

the electrons in the sun are absorbed by the silicon and the unstable silicon is forced through 

the wires established in the panel this becomes D.C energy 

2.1.1 Functions of Solar Panel 

Not only is the sun, the source of heat & light also the source of electricity tool for solar cells 

also called photovoltaic cell, are used to convert sunlight to electricity. Solar cells are used to 

provide electricity all kind of equipment, from calculator and watches to roadside emergency 

phones and recreational vehicles. Solar cells are most commonly made from silica, the same 

material used to make computer chips. Silicon is one of the Earth’s most common elements 

and a most common element, and is a major component of sand and much kind of rocks. A 

solar cell is built like a sandwich, with two layer of silicon separated by a thin layer of 

insulating materials. All three layers work together to convert sunlight into electricity. When 

sunlight falls on the solar cell, it produces a small electric charge like a battery, the charge is 

positive on one side of the cell and negative on other .A wire connects to the side of the cell 

allowing electricity to flow. This flow, or current, of electricity can be used to power a small 

light bulb, turn an electric motor, or recharge a battery. 

Solar cells are often used in locations where there isn’t any electricity and where electricity is 

needed in small amounts. In such case, solar cells are usually connected to battery, allowing 

electricity to be stored for use during times when the sun isn’t shining.  
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A single solar cell is able to produce a small amount of electricity. But solar cells can be 

connected together on a multi-cell panel to produce larger amount of electricity. As with 

batteries more cells are connected to one another, the greater the current of electricity that can 

be produced. Solar panels can produce enough electricity to power satellites, recreational 

vehicles and equipment of other applications where electricity is used in large amounts. 

2.1.2 Photovoltaic Cell 

To capture and convert more energy from sun, photovoltaic cells are linked to form 

photovoltaic arrays. An array is simply a large number of single cells connected by wires. 

Linked together in an array, solar cells can produce enough electricity to do some serious 

work. Many buildings generate most of their electrical needs from photovoltaic arrays.  

Photovoltaic cells are becoming a familiar sight along roadsides, on farms, in the city, 

whenever potable electricity is needed. They are commonly used to produce power for 

portable construction signs, emergency telephones and remote industrial facilities. They are 

also becoming popular as a way of supplying electricity for remote power applications such 

as homes and cabins that are located away from a power line, for sailboat , recreational 

vehicles, telecommunication facilities, oil and gas operations and sometimes entire villages 

in-tropical countries , for example. 

How Photovoltaic Cell Work? 

Photovoltaic cells are marvels of sub-atomic physics. They are constructed by layering 

special materials called semi-conductors into thin, flat, sandwiches, called solar cells.  These 

are linked by electrical wires and arranged on a panel of a shift, non-conducting material such 

as glass. The panel itself is called a module. A ray of light consists of a stream of photons-

tiny packets of light energy moving along at round 300,000 kilo meters per second. When 

these energy packets strike the top layer of a solar panel, they bump electrically charged 

particles called electrons away from “parent” atoms. These electrons are collected by another 

layer in the sandwich and passed along to wires that connect to batteries and other appliances. 

The amount of electricity the panel can produce depends on the intensity of light. 
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2.2 BATTERY 

A solar car uses the battery pack to store energy, which will be at a later time. The battery 

pack is made up of several individual modules wired together to generate the required system 

voltage. The types of batteries include: 

 Lead – Acid 

 Nickel-Metal Hydride (NMH) 

 Nickel-Cadmium (NiCad) 

 Lithium ion 

The Ni-Cad, NMH and lithium batteries offer improved power to weight ratio over the more 

common lead-acid batteries, but are most costly to maintain. 

The battery pack is made up of several individual modules wired together to generate to 

required system voltage. Typically, our team uses system voltages between 48 and 60 volts, 

depending on their electrical system. For example, Tesseract uses 512 items li-ion batteries, 

broken down into twelve modules, which are each equivalent to a car battery, but only 

weighs 5ibs each. Through an innovative pack design, the batteries are ventilated with even 

air-flow to minimize temperature between the modules.  

2.2.1 Charging System 

Charging system of the battery basically consists of a two way charging process. One is 

charging by solar panel using a solar retrofit (it converts the solar heat energy to electrical 

energy) and the second is direct charging. Our charging system consist of a step down 

transformer that converts the power to three voltages using voltage regulator the three output 

voltages are 48v, 50v,and 52v. The output voltage is dc but the input is ac so a rectifier is 

used to convert the AC current to DC current 

2.3 MOTOR 

Brushless Direct Current (BLDC) motors are one of the motor types rapidly gaining 

popularity. BLDC Motors are used in industries such as Appliances, Automotive. Aerospace, 

Consumer, Medical, Industrial, Automation, Equipment’s communication; instead they are 
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electronically commutated. BLDC motors have many advantages over Brushed DC motor 

and induction motors. A few of them are; 

 Better speed versus torque characteristic 

 High dynamic response 

 High efficiency  

 Long operating life 

  Noiseless operation 

 Higher speed ranges 

In addition, the ratio of the torque delivered to the size of the motor is higher, making it 

useful in applications where space and weight are critical factor. In this application note, we 

will discuss in detail the construction, working, principle, characteristics and typical 

applications of BLDC motors. 

2.3.1 Construction and Operating Principle 

BLDC motors are a type of synchronous motor. This means the magnetic field generated by 

the stator and magnetic field generated by the rotor rotate at the same frequency. BLDC 

motor does not experience the “slip” that is normally seen in induction motors. BLDC motors 

come in single phase, 2- phase and 3-phase configurations. Corresponding to its type, the 

stator has the same number of windings. Out of these the 3-stage motors are most popular and 

widely used. This applications note focuses on 3-stage motors. 

 

Figure 2.1 Motor 
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2.3.2 Comparison of BLDC Motors with Other Motors 

Compared to brush DC motors and induction motors, BLDC motors have many advantages 

and few disadvantages. Brushless motors require less maintenance, so they have the longer 

life compared with brushed DC motors. BLDC motors produce more output power per frame 

size then brushed DC motors and induction motors. Because the motor is made of permanent 

magnets the rotor inertia is less, compared with other type of motors. This improves 

acceleration and deceleration characteristic, shortening operating cycle. Their liner 

speed/torque characteristics produce predictable speed regulation with brushless motors, 

brush inspection is eliminated, making them ideal for limited access areas and applications 

where servicing is difficult. BLDC motors operate much more quietly than brushed DC 

motors, reducing electromagnetic interference (EMI). Low voltage models are ideal for 

battery operation, portable equipment and medical applications. 

Table 2.1 Comparison between BLDC Motor and Brushed DC Motor 

       Features  BLDC motor Brushed DC Motor 

Commutation Electronic commutation 

based on Hall position 

sensors. 

Brushed commutation 

Maintenance Less required due to 

absence of brushes 

Periodic maintenance is required 

Life Longer Shorter 

Speed/Torque 

characteristics 

Flat-Enable operation at 

all speed with rated load 

Moderately flat-At higher speed, brush 

friction increases, thus reducing useful 

torque. 

Efficiency High-No voltage drop 

across brushes. 

Moderate 

Output power/Frame 

size 

 

 

 

 

  

High- Reduced size due to 

superior thermal 

characteristics Because 

BLDC has the winding on 

the stator which is 

connected to the case, the 

heat dissipation is better. 

Moderate/Low-The heat produced by 

the armature is dissipated by the air 

gap. Thus increasing the temperature 

in the air gap and limiting spaces on 

output power/frame size. 

Rotor inertia 

 

 

 

Low, because it has 

permanent magnets on the 

rotor. This improves the 

dynamic response. 

 

Higher rotor inertia which limits the 

dynamic characteristics. 

 

 

Speed range 

 

 

Higher- No mechanical 

limitation imposed by 

brushes/commutator. 

 

Lower-Mechanical limitation by the 

brushes. 
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Table 2.2 Comparison between BLDC Motor and Induction Motor 

Speed/torque 

characteristics 

Flat-Enables operation at all 

speed with rated load 

Non liner- Lower torque at 

lower speed 

Output power / Frame size High-Since it has 

permanent magnet on the 

rotor, smaller size can be 

achieved for a given output 

power. 

Moderate-Since both motor 

and rotor has windings, the 

output power to size is lower 

than BLDC. 

Rotor inertia Low - Better dynamic 

characteristics. 

Poor – Poor dynamic 

characteristics. 

Starting current Rated – No special stator 

circuit current. 

Approximately up to seven 

times of rated – starter circuit 

rating should be carefully 

selected. Normally uses a 

Star- Delta starter. 

Control requirements Controller is always 

required to keep the motor 

running. The same 

controller can be used for 

favorable speed control. 

No controller is required for 

fixed speed; a controller is 

required only if favorable 

speed is required. 

 

2.3.3 Hall Sensors 

Unlike a brushed DC motors, the combinations of a BLDC motors is controlled 

electronically. To rotate the BLDC motor, the stator windings should be energized in a 

sequence. It is important to know the rotor positioning in order to understand which winding 

will be energized following the energizing sequence. Rotor position is sensed using Hall 

Electric noise 

generation 

 

Low 

 

 

 

Arcs in the brushes will generate noise 

causing EMI in the equipment nearby. 

 

 

Cost of Building 

 

 

Higher- Since it has 

permanent magnet, 

building costs are higher. 

 

Low 

 

 

 

Control 

 

Complex and expensive 

 

Simple and inexpensive 

 

Control requirements Controller is always 

required to keep the motor 

running. The same 

controller can be used for 

favorable speed control. 

No controller is required for fixed 

speed; a controller is required only if 

favorable speed is required. 
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Effect sensors embedded into the stator, Most BLDC motors have three Hall sensors 

embedded into the stator on the non-driving end of the motor. Whenever the rotor magnetic 

poles pass near the HALL sensor, they give a high and low signal indicating the N or S pole 

is passing near the sensors. Based on the combination of these three HALL sensor signals, the 

exact sequence of commutation can be determined. 

Note: Hall Effect theory: If an electric current carrying conductor is kept in a magnetic field. 

The magnetic field exerts a transverse force on the moving charge carriers which tends to 

push them to one side of the conductor. This is most evident in a thin flat conductor. A 

buildup of charge at the sides of the conductors will balance this magnetic influence, 

producing a measurable voltage between the two sides of the conductor. The presence of this 

measurable transverse is called the Hall Effect after E.H. Hall who discovered it in 1879. 

2.3.4 Stator 

The stator of a BLDC motor consists of a stacked steel laminations with winding placed in 

the slots that are axially cut along the inner periphery. Traditionally, the stator resembles that 

of an induction motor; however, the windings are distributed to different manners. Most 

BLDC have three stator windings connected in star fashion. Each of these windings are 

connected with numerous coils interconnected to form a winding. One or more coils are 

placed in the slots and they are interconnected to make a winding. Each of these windings are 

distributed over the stator periphery to form an even numbers of poles. There are two types of 

stator winding variants: trapezoidal and sinusoidal motors. This differentiation is made on the 

basis of the interconnection of coils in the stator windings to give the different types of back 

Electro Motive Force (EMF). As their name indicates, the trapezoidal motor gives a back 

EMF in trapezoidal fashion and sinusoidal motor’s back EMF is sinusoidal. In addition to 

back EMF the phase current also has sinusoidal and trapezoidal variations in the respective 

types of motor. This makes the torque output by a sinusoidal motor smoother than that of a 

trapezoidal motor. However, this comes with an extra cost, as the sinusoidal motors take 

extra winding interconnections because of the coils distributions on the stator periphery, 

thereby increasing the copper intake by the stator windings. Depending upon the control 

power supply capability, the motor with the correct voltage rating of the stator can be chosen. 

Forty-eight volts or less voltage rated motors are used in auto motives, robotics, and small-

arm movements and so on. Motors with 100 volts, or higher ratings, are used in appliances, 

automation and in industrial applications. 
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2.4  CONTROLLER 

The HY3408AP is a heavy duty brushless DC controller. It is specially designed to run the 

motor which is used in our project. This controller can run with 48 or 60 volts depending 

upon the given input. Its operating current is 90 ampere. Unlike other controller it has also 

protection classes. This has IP 33 protection class. This controller has operating temperature 

between -20 to 80 degree centigrade.  

Unlike its predecessors it does not feature separate drive circuit’s supply and ground pins, 

brake input, or fault output signal. Include in the MC33033 are protective feature consisting 

of under voltage lockout, cycle-by-cycle current limiting with a selectable time delayed 

latched shutdown mode, and internal thermal shutdown. Typical motor control function 

includes open loop speed, forward or reverse direction, and run enable.  

The over and under operating temperature is 68 and 42 volts respectively. The HY3408AP is 

designed to operate brushless motors with electrical sensor phasing of 120°/240°, and can 

also efficiently control dc motors. 

 

Figure 2.2 Controller  

MOSFET (Metal Oxide Semiconductor Field Effect Transistor) 

Electronic motor control for various types of motors represents one of the main applications 

for MOSFET drivers today. This application note discusses some of the fundamental 

concepts needed to obtain the proper MOSFET driver for your application. The bridging 
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element between the motor and MOSFET driver is normally in the form of a power transistor. 

This can be a bipolar transistor, MOSFET or an Insulated Gate Bipolar Transistor (IGBT). In 

some small brushless DC motor or stepper motor applications, the MOSFET driver can be 

used to directly drive the motor. For this application note through we are going to assume a 

little more voltage and power capability is needed than what the MOSFET drivers can 

handle. 

The purpose of motor speed control is to control the speed, direction of rotation or position of 

the motor shaft. This requires that the voltage applied to the motor is modulated in some 

manner. This is where the power-switching element (bipolar transistor, MOSFET, UGBT) is 

used. By turning the power-switching element on and off in a controlled manner, the voltage 

applied to the motor can be varied in order to vary the speed and position of the motor shaft. 

Through 5 show diagrams of some typical drive configurations for DC Brush, DC Brushless, 

Stepper, switch Reluctance and AC Induction motors. 
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CHAPTER-3 

TECHNICAL SPECIFICATIONS 

 

3.1  CHASSIS AND BODY – DAEWOO MATIZ 2001 EDITION 

 

 

Dimensions  

Length 3495 mm 

Width 1495 mm 

Height 1505 mm 

Wheelbase 2340 mm 

 
Suspensions, Brakes & Steering & 

Gear 

 

  

Suspension Front Independent McPherson Struts 

Suspension Rear Isolated trailing links 

Front Brake Type Disc 

Rear Brake Type Drum 

Minimum Turning Radius 4.5 meters 

Front Tyres 155 / 70 R13 

 Capacity   

Doors 5 Doors 

Seating Capacity 

 

5 Persons 

 

Number of Gears 

5 Gears 

 

 Transmission Type 

Manual 



MODERNIZATION OF A PETROL CAR INTO SOLAR CAR 

 

P a g e  | 15 
 

3.2 Drive Motor – 3kW BLDC Motor Specifications  

 Type                                       :  Permanent Magnet BLDC                             

 Voltage (Volts)                       :  48/60 

 No load Current (Amperes)   :   6 

 Rated Current (Amperes)      :   67 

 Peak Current (Amperes)       :   100 

 Rated Speed (RPM)               :   2500±100 / 3000±100 

 Rated Torque (Nm)                :   9.6 

 Max Output Torque (Nm)      :   400℅ of rated value 

 Rated Power (W)                   :   3000 

 Max Output Power (W )        :   4000 

 Efficiency (η)                         :   >87% on full load and full rpm 

 Protection class                     :   IP 33 

 Motor weight (kg)                  :  14 

 Insulation class                      :  B 

 No of Rotor poles                   :  8 

 No of Stator poles                  :  12 

 Star connected windings for higher torque 

 Winding wire gauge (AWG)                          :   24 (Copper with B class insulation) 

 Operating Temperature (degree centigrade) :  -20 to 80 

 Hall Sensor arrangement                               :   (Three sensors at 120 electrical deg.) 

 Type                                 :   Bipolar Hall Effect Digital Position Sensor IC (SS41)                                                                                                                              

 Wide operating Voltage Range (Volts)            :   4.5 to 24 



MODERNIZATION OF A PETROL CAR INTO SOLAR CAR 

 

P a g e  | 16 
 

 Very low current consumption(Mille Amperes :  2  

 Operating Temperature (degree centigrade)    :  -40 to 150 

Table 3.1 Motor Test Parameters 

 
 

 

Sl. No Voltage (V) Current (A) Speed 

(RPM) 

Torque 

(Nm) 

Power (W) 

1 50.5 4.5 3000 0.2 35.7 

2 50 7.5 2993 0.9 197 

3 49.5 15.8 2984 1.57 543 

4 49 20.9 2978 2.63 750 

5 48.5 26.7 2970 3.32 1078 

6 48 35.8 2965 4.19 1435 

7 47.5 43.8 2957 5.29 1750 

8 47 57.2 2951 6.77 2290 

9 46.5 64.5 2946 7.86 2566 

10 46 73.7 2943 8.53 2870 

11 45.5 82 2940 9.6 3100 
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Figure 3.1 Motor Performance Curves 

3 kW BLDC Motor Features 

 High Efficiency & High torque 

 Quite operation (or low noise) due to absence of brushes 

 High Precision & High Speed 

 High power to weight ratio 

 Splash Proof 

 Smaller motor geometry 

 Forced Air cooling for higher heat dissipation 

 Optimal current consumption 

 Long life as no inspection and maintenance is required for commutator system 

 Low hysteresis loss material used (Silicon steel) 

 High power Neodymium Magnet 
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Figure 3.2 Motor Dimensions 

 Sealed high quality bearing used 

 Hardened Shaft with keyway slot 

 High quality heavy duty multi-stranded (53 strand) wire used 

 High temperature resistive coated wires used 

 Air gap –1mm 

 It has no mechanical commutator and associated problems 

 High speed of operation even in loaded and unloaded conditions due to the absence of 

brushes that limits the speed 

 No lubrication required 

 Higher dynamic response due to low inertia 

 Less electromagnetic interference 

3.3.  MOTOR CONTROLLER  

3.3.1 Features 

 Speed limiting 
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 Anti-theft Protection 

 Rotation Direction Reversing Functionality 

 Speed Output for digital Meter 

 Ignition Lock Facility for On and Off 

 Compatible Batteries-SMF, Automotive, Tubular batteries, Lithium Ion 

 Heavy Duty Aluminium Heat Sink for better heat dissipation 

 Dimensions (L*W*H) (mm):310 * 130 * 70 

 Weight (Kg):3.3 

3.3.2 Protections 

 Over Heat Protection 

 Battery Low and high voltage protection 

 Over Current Protection 

 Throttle error protection 

 Hall sensor failure protection 

3.3.3 Heavy Duty MOSFET Features 

 Number of Mosfets                                                      : 36 

 Type of Mosfets                                                           : N-Channel Mosfet(HY3408AP) 

 VDSS (Drain Source Voltage)(Volts)                          :  85  

 Maximum Junction Temperature(degree centigrade) : 175 

 Id (Continuous Drain Current) (Amperes)                  : 140 

 Maximum power dissipation (Watts)                           :  250 

 Operating Temperature (degree centigrade)               :  -50 to 175 
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 Braking Type                                                            :  High level Braking / Low level 

Braking 

 

Figure 3.3 Controller Dimensions 

3.4  BATTERY PACK 

 No. of Batteries        :  4 

 Make                       :  AMARON 

 Voltage                    :  12 V(each) 

 Weight                     :  36 kg 

 Warranty                 :  24 Months 

 Battery Type            :  Lead Acid Battery 

 Capacity                  :  100 AH 

 

Figure 3.4 Battery Pack 
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3.5  CHARGER 

 Make                      :  Prime Electricals and Electronics, Bapuji Nagar, Bhubaneswar 

 Input                       :  220-240V, 50-60 HZ AC 

 Output                    :  48V,50V, 52V , 50AH  

 Weight                    :  10 kg 

 

 
 

Figure 3.5 Battery Charger 

3.6   SOLAR PANEL 

Four numbers of solar panels with the following specifications are fitted to the roof of the 

vehicle.  

 Make                                                                : Frontech 

 Model No.                                                        :  ECO 075 

 Rated Maximum Power (Pmax)                       :  75 W 

 Tolerance (TOL)                                              :  0 to +3% 

 Voltage at Pmax (Vmp)                                    :  18 V 

 Current at Pmax (Imp)                                     :  4.17amp 
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 Open circuit voltage(Voc)                               :  21.6 V 

 Short circuit current(Isc)                                 :  4.62 A 

 Nominal operating cell temperature(NOCT)   :  47 +/-  2 degree Centigrade 

 Maximum system voltage                                 :  600 V 

 Maximum series fuse rating                             :  10 A 

 Operating temperature                                    :  - 40 to 85 degree Centigrade 

 Application class                                             :  Class A 

 Cell technology                                               :  Polly-Si 

 Weight                                                             :  7.2 kg 

 

Figure 3.6 Solar Panel 

3.7 SOLAR CHARGE CONTROLLER 

Table 3.2 Technical Specifications 

 

 

 

 

 

 
Electrical 

Rating  48 volt 

Model MSCC 48 

Technology MPPT/ PWM 

Precise Control Micro controller based 

 Recommended Panel 36 Cells 

SPVmax (Voc) 90V 

Operating Range 68V-89V 
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Properties 

 

 

 
 

Solar(SPV) 

 

Low Cut 52V+-2V 

Low Cut Recovery 66V+-2V 

 

Battery 

 

Battery Nominal 48V 

Bulk/ Boost 58-59V 

Float/ Trickel 52-53V 

Equalize Voltage 60-61V 

Equalize period 28 Days 

Available Current 10A, 20A 

 

Display/ 

Indications 

 

LED 

Parameters 

SPV On GREEN 

Charger On GREEN 

Battery Full GREEN 

Battery Low RED 

 

 

Physical 

LCD 16*1(Optional) 

Cabinet Type Metallic 

Cabinet Dimensions(L*W*H)(mm) 220 *240 *150 

Weight 3.5 kg 

Cabinet Colour Seimens Gray 

 

 

Environment 

Operating Temperature 0 to 50 degree Centigrade 

Storage Temperature -10 to 70 degree Centigrade 

Max. Relative Humidity 

(Non-Conditioning) 

 

5 to 95% 

Ingressive Protection IP-20 

 

 

Figure 3.7 Solar Charge Controller 
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3.8 ADDITIONAL COMPONENTS 

Table 3.3 Specifications of Additional Components 

Sl. 

No. 

Components Specifications Description Quantity 

 

 

1 

MCB 

(Miniature 

Circuit 

Breaker) 

32 Amp Single Pole 2 

2 MCB 63 Amp Double Pole 1 

3 Nuts  Mild Steel As per 

Requirements 

4 Bolts  Mild Steel As per 

Requirements 

5 Screws  Mild Steel As per 

Requirements 

6 Wires 16mm2,4mm2, 

2mm2 

Copper Wires As Per 

Requirements 

7 M.S. Angle  25mm× 

25mm& 

3mm thick 

 45ft 

8 M.S. Flat  1mm thick  10ft 
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CHAPTER-4 

 CONVERSION PROCEDURE 

 

4.1  BODY AND CHASSIS  

First the engine of Daewoo Matiz was detached from the body along with its accessories like 

fuel tank, shafts, U-joints. Then the gear box, clutch plate, mountings, knuckles were 

dismantled from its body. 

4.2. MOTOR TO TRANSMISSION CONNECTION 

The drive motor is connected to the transmission system of the vehicle through a series of 

intermediate elements like Damper pulley, Flywheel, Clutch plate etc.  

4.2.1 Damper pulley 

A damper pulley, commonly known as a crankshaft pulley, is a pulley mounted at the front 

end of the crankshaft. It drives the accessory belts, which in turn drive the alternator, air 

conditioning compressor, power steering pump, water pump etc.  

The damper pulley is subject to wear and requires changing periodically. Its function is to 

dampen out the vibrations in the crankshaft in the same way as that of a balancing shaft. The 

damper pulley is part of the belt drive system.  

 Damper pulley for the project was custom made to meet specific requirements. The pulley 

was machined on a lathe machine with bore 20 mm and boss diameter 63mm. It has 6 holes 

of 8 mm diameter each for connection with the flywheel. The pulley is mounted on the drive 

motor with an interference fit. 
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Figure 4.1 Damper Pulley     

4.2.2 Flywheel  

A flywheel is a mechanical device specifically designed to efficiently store rotational energy. 

Flywheels resist changes in rotational speed by their moment of inertia. The amount of 

energy stored in a flywheel is proportional to the square of its rotational speed. The way to 

change a flywheel's stored energy is by increasing or decreasing its rotational speed by 

applying a torque aligned with its axis of symmetry. 

It takes energy to get a wheel (any wheel) to rotate. If there is little friction (good bearings) 

then it will keep rotating a long time. When energy is needed, it can be taken from the wheel 

again. So it is a simple mechanical means of storing energy. The amount of energy stored is a 

function of the weight and the speed of rotation - making a heavier wheel rotate faster takes 

more energy. Another factor is the radius (size) because the farther from the axis a part of the 

wheel is, the more energy it takes to make is rotate.  

For example, some buses have a fly-wheel that is used for stopping and starting. When the 

bus stops (e.g. at a traffic light), the fly-wheel is connected to the wheels, so the rotational 

energy is transferred to it, so the bus will slow down while the fly-wheel speeds up. Then, 

when the bus has to start moving again, the energy is transferred back to the wheels. Of 

course, you wouldn't want to lug a heavy wheel around on a bus, so it is made of a lighter 

material that can withstand stresses at high rotational speeds.  
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Figure 4.2 Flywheel 

4.2.3 Clutch Plate and Pressure Plate 

A clutch is a mechanical device which engages and disengages power transmission especially 

from driving shaft to driven shaft.In the simplest application, clutches connect and disconnect 

two rotating shafts (drive shafts or line shafts). In these devices, one shaft is typically 

attached to an engine or other power unit (the driving member) while the other shaft (the 

driven member) provides output power for work. While typically the motions involved are 

rotary, linear clutches are also possible. 

In a torque-controlled drill, for instance, one shaft is driven by a motor and the other drives a 

drill chuck. The clutch connects the two shafts so they may be locked together and spin at the 

same speed (engaged), locked together but spinning at different speeds (slipping), or 

unlocked and spinning at different speeds (disengaged). 

 

Figure 4.3 Combined Clutch and Pressure Plate 
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Definition of pressure plate: a plate in an automobile dry disk clutch that is pressed against 

the flywheel to transmit propulsion torque to the wheels. 

The pressure plate is like a spring loaded clamp that is bolted to the flywheel. It has a metal 

cover, heavy release springs, a pressure ring that provides a friction surface for the clutch 

disc, and a thrust ring or fingers for the release bearing and levers.  

The combined action of pressure plates and Clutch that links the engine/motor with the 

gearbox, transfer the engine / motor to the gearbox. The pressure plate, which is bolted onto 

the flywheel, presses the clutch plate against the friction plate. 

4.2.4 Operating Principle of the Vehicle 

The motor connection with the transmission system has been discussed before. When the 

power is supplied to the motor through the battery pack the motor starts to rotate in the clock 

wise direction. The direction of the motor can be reversed if needed. Thereafter, the damper 

pulley mounted on the motor shaft starts rotating with the same speed as that of the motor 

shaft. The flywheel also starts rotating. The clutch and pressure plate rotate freely. This 

condition indicates neutral position of the vehicle. When gear is engaged, the clutch plate 

engages and rotates the transmission shaft as input. This process is repeated every time 

during changing gears.  

 

Figure 4.4 Motor Connection with the Gear Box 
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4.3. ELECTRICAL CIRCUIT 

The batteries are connected in series to provide supply of 48V and 100Ah are placed at the 

trunk of the body (behind the rear seat} on an iron frame to hold the same firmly while the 

car is in motion. The charger is set by the side of the battery inside the trunk. The battery 

charging circuit is described below: 

 First the input wires are inserted into the rear connector junction of the charger. 

 One of the any two wires is routed through a MCB for the safety of the charger and 

equipment. 

 The other wire from charger and the wire coming out from the charger is set at the 

outside panel of the car using an industrial 32 Amp socket. Using an industrial 32 

Amp plug and 2 core wires a charging wire was made to connect the industrial socket 

or the charger unit to the supply current (AC). 

 Wires coming from the front of the charger carrying DC output are clamped to the 

terminals of 48V battery pack (series connected) i.e. one at the negative terminal of 

the first cell and other at the positive one of the last cell of the array. 

 This above set of connections comprises the circuit for charging the battery pack. 

 

 

Figure 4.5(a) Circuit Diagram 
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Figure 4.5(b) Circuit Diagram 

Now 16 mm2 wires were connected in the terminal of 48V battery (i.e. negative from the 

battery 1 and positive from battery 4 of the series connected battery pack) and the wire was 

hooked and driven to the front of the car. And this provides a 48V DC current to the front. 

Let this set of wires of 48V is named SET1. 

Another wire of 6mm2 from the positive terminal of battery 1 is driven to the front and one 

earthing is provided to the body from the negative terminal of the battery1.This set provides a 

12V output for the horn, indicator, light etc to the front of the body. 

Now the provided SET1 wire of 48V is so connected to controller and motor. 

 The two wires of 48V are set into a double pole MCB (i.e. both positive and negative) 

for the safety of the equipment. 

 The wire coming out of the MCB is connected to the controller. 

 The positive wire is connected to the positive terminal and negative wire to the 

negative terminal and a positive wire is also connected to the lock wire. 

 Then the clips of the motor are connected to the controller and the accelerator pedal is 

also connected to the controller. 
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CHAPTER 5 

PERFORMANCE STUDY 

 

After completing all the connections of the drive motor, at both input (power supply) and 

output (transmission system) ends, routine checks of the lubrication and braking systems 

were carried out. The duly modified and restored car was then test driven. Initially, it was 

detected that the vehicle could run only in first and reverse gears. The motor circuit tripped 

due to unusual heating of the connecting wires. Subsequently, the 10mm2 connecting wires 

were replaced with 16mm2 wires to rectify the problem. 

 The use of adapter plate preferred over the chain drive enhanced the transmission 

efficiency of the car and it was found able to carry 5 persons including the driver. 

 In first gear the recorded speed is 15kmph while moving uphill and speed increased 

to 20kmph while moving downhill. 

 In the second gear the vehicle speed reached up to 30kmph. 

 In third gear it achieved 40kmph. 

 In fourth gear it reached up to 50kmph. 

 In the fifth (final) gear average speed recorded was 55 kmph. 

 The car can run at a maximum speed 60 kmph with fully charged batteries.   The mileage of 

the vehicle is around 45-50 Km. per charge 

 4 numbers of batteries each of 12V and 100 Amp are connected in series so that the voltage 

of the system increased instead of current. The custom made charger used can give output 

voltages of 48, 50 and 52 Volts but current of 50 Amp. Hence, time required to charge the 1st 

battery (100 Ah) of the pack will be 1 hour. So, all the 4 batteries of the pack can be charged 

fully in 4 to 5 hours approximately through regular power supply. This implies that the 

vehicle can be charged overnight and kept ready for the next day. 

In addition, solar panels have been used to replenish charge of the battery pack while the car 

is running or parked during daytime. 4 numbers of 75W and 12V solar panels have been 

provided for back up. Time taken to charge all the batteries of the pack through solar panels 

alone is estimated to be 2 day. 
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CHAPTER 6 

CONCLUSION 

  

The eco-friendly and noiseless solar car developed in-house at Orissa Engineering College, 

Bhubaneswar was test driven successfully at a peak speed of 60 kmph and mileage of 45-50 

km per charge. Due to budgetary constraints, motor is run through a pack of lead acid 

batteries. However, a pack of lithium ion batteries could have enhanced the efficiency of 

charging and performance of the car. Conventional solar panels can also be replaced by light 

weight flexible solar panel of higher efficiency. With the cost of lithium ion batteries and 

flexible solar panels coming down quickly, the use of such advanced components in solar 

cars is likely in the near future. Flexible solar panels give a better look to the car in addition 

to aforementioned advantages.  

 


