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Abstract— In this document, we've outlined the process for designing and calculating the structure of a 6-seater electric car, including the choice of the chassis type, measurements, transmission, force, and torque calculations. Calculations for the front and back suspensions, the steering system, the motor requirements, and the type of brakes needed are all included. For the base of the car, a modified omni chassis and floor have been taken into consideration because the pre-existing frame exhibits high strength and durability. Additionally, it enables us to modify the vehicle's existing rear-wheel and differential set-up to better meet our requirements by integrating the electric motor into it.
In order to give the vehicle a very high torque output for the needs of our project, we have coupled a 2Kw BLDC motor to a 10:1 reduction gear. This allows the vehicle to transport a higher maximum payload at the expense of a higher speed. The emphasis of this design is on cost effectiveness and relative simplicity, enabling better total driving efficiency with the chosen 2kw motor.The vehicle was created with the needs of the university in mind, taking into account the clearance, a maximum passenger weight well above our established limits, a road gradient of up to 20%, and a turning radius of 4.45m.

Keywords; Electric car, Electric motor, Cost Effectiveness;
I. Introduction 
   Transportation is essential for modern life, but the traditional gas engine is becoming less popular due to the damage it does to the atmosphere. A sizable percentage of the world's greenhouse gas emissions come from the transit sector, and gasoline and diesel-powered cars add to pollution and climate change. To combat this, governments and manufacturers around the world are pouring money into all-electric vehicles that run on batteries or fuel cells and have no pollution whatsoever. Better energy economy, lower running costs, and fewer greenhouse gas pollution are just a few of the ways in which electric vehicles excel over their gasoline-powered counterparts. Improvements in battery technology are also lowering the cost of electric vehicles and expanding their driving range, making them a more viable option for daily driving.

   The rising popularity of electric vehicles is encouraging news for those who hope to lessen the environmental effect of the transportation sector, despite the fact that these vehicles still face some difficulties, such as the need for more charging infrastructure and lengthier charging periods. Fully electric vehicles (EV) are much healthier for the terrain and emit no emissions from their tailpipes. You can participate in the revolution brought on by electric vehicles. Compared to an original petrol or diesel vehicle, the operating costs of an electric vehicle are significantly cheaper. An electric motor in an electric automobile is powered by energy held in batteries. Conversely, conventional automobiles rely on petroleum or diesel motors, which consume fossil fuels to generate mechanical force. Electric vehicles' superior energy efficiency over conventional vehicles is one of their main selling points. About 60% of the energy held in an electric car's batteries is converted into power to move the car, while only about 20% of the energy in petroleum or diesel fuel is converted into power to move the vehicle. This means that electric vehicles are more cost-effective than gasoline or diesel vehicles because they can drive further on the same quantity of energy.
   That represents an 80 or so loss. Although fully electric cars have no emissions from the tailpipe, when electricity production is taken into consideration, gasoline or diesel cars actually emit nearly three times as much carbon dioxide as the average EV. Because PHEVs and all-electric vehicles run entirely or partially on electricity, their energy efficiency is evaluated differently from that of conventional vehicles. A hundred kilometers of driving in an electric car will use up about 100 kilowatt-hours (kWh) of energy. How much juice the car's electronic engine drank to get it going. The smaller the kWh/100-mile figure is, the more energy efficient the electric car is. How far an electric car can go on the same quantity of energy that is found in one gallon of gasoline is measured in terms of its "miles per gallon of gasoline equivalent" (MPEGs). Electric cars and gas-powered vehicles can be compared using this measure. If the MPGe rating is greater for an electric vehicle, then it uses less energy to move the same distance as a fuel vehicle.

   Light-duty electric vehicles (BEVs) and plug-in hybrid electric vehicles (PHEVs) in electric mode can currently achieve 130 MPGe or higher. So, they can drive 130 miles on the energy equivalent of one gallon of fuel. These cars are also more efficient than their gasoline or diesel counterparts because they only use 25 to 40 kWh of energy to drive 100 miles. Electric cars have undergone numerous improvements that have increased their capacity and charging speed, preparing them for an increase in demand, particularly in the last ten years. It has resulted in the discontinuity of a wide array of electric vehicles, from small, two-wheelers to massive, heavy-duty automobiles. An increase in their uses coincides with the expansion of EV types. Starting from a standing position and operating at lower gears or pets of operation cause traditional cars to use more energy and emit more pollution. Therefore, vehicles that are used to travel short distances frequently, such as golf carts, payload and equipment transport vehicles, and in-lot use vehicles, use more energy than a typical car. Many industries, including healthcare, tourism, manufacturing, warehouses, and vibrant large buildings, have embraced electric vehicles as their main mode of transportation in an effort to combat this. In this report, we've provided all the information needed to build and construct a 6-seater electric vehicle for use on the council lot demesne. We've also proposed a design for an EV based on a golf wain design and modified for lot conditions. All of the limitations, financial considerations, and specialized elements were established during design in a thoroughly detailed way in accordance with the most recent advances in assiduity. A conventional gasoline-powered car's moving aisle is significantly larger than that of a battery electric vehicle (BEV). Oil paintings or liquid powers are not required. You won't experience gearbox or timing belt failure. Additionally, the majority of the IC machine's saving costs are not included. Regarding an electric golf club, customer needs and conditions are of utmost importance in terms of comfort, high dependability, profitable and performance, and lengthy availability. During the designing stage, a lot of engineering and rear engineering techniques were used, and numerous changes and variants were made to improve the design. All crucial components have undergone CAD and construction.
II. Literature Survey
We have consulted a number of Scopus indexed study papers written by authors from all over the world in order to construct a 6-seater, lightweight electric vehicle. The research from the different papers is presented below.
A. A model based on fuzzy knowledge has been developed for predicting the traction force of an electric golf car
The key factors considered in models for vehicle dynamics are the separation between the tire and the road and the resistance to rolling. However, many of the current models do not take into account how these factors are related and how external factors such as environmental conditions can affect the vehicle's ability to maintain traction. Traction regulators improve a driver's ability to control a car in challenging situations, such as on a slick or wet road. Preventing the bus from slipping can greatly improve the vehicle's steerability. Wheel slip significantly affects the measurement of tire-road traction. Because the traction control system is largely nonlinear and the road conditions change considerably over time, it is challenging to set up, particularly for off-road vehicles. An attractive fuzzy-sense control strategy is warranted by the traction control's query and nonlinearity.
B. The design of the steering axis for an electric golf car's turning angle can be improved by measuring its geometric and kinematic properties
     Poor performance and decreased safety may result from the LIPI electric golf car's design, which does not take into account the geometric and kinematic characteristics of the handling system. There is an asymmetry between the vehicle's right and left sides and its front and rear widths along the length of the vehicle's chassis. Ackerman or kinematic steering is suitable when the vehicle is turning at a slower pace and the tyre performance graphs show that less slip angle is required to reach the apex of the lateral force as the wheel load rises. The front wheels of the LIPI electric golf car spin left and right to activate a four-wheel steering device that regulates the vehicle's direction. The LIPI electric golf vehicle has a mechanism that allows it to spin reasonably well without jeopardizing the shift at each tire. A vehicle's steering system is a device that controls the direction of the car by deflecting the front wheel. Today, steering gear with a rack and pinion and recirculating ball is a common variety. The front wheel's movement is crucial, in addition to dampening vibration inside the vehicle and lowering road shock.

Hydraulic power, also known as hydraulic power steering (HPS), is used by mechanical technology to turn a car, while electric technology is typically referred to as electric power steering (EPS).
C. A regenerative anti-lock braking system designed for low vehicle speeds.
    In response to the global oil shortage, energy conservation is being prioritized across the globe. Tehrani et al. suggest that up to 34% of total traction energy is lost during braking in a metropolitan drive cycle. This loss of energy can be explained by the principle of energy conservation, which states that energy cannot be created or destroyed, only transformed from one form to another.
.
D. Design of Braking System for Electric Golf Cart 
   The process of designing brakes is challenging, particularly for a multi-seat electric car; reducing overall weight increases efficiency; and using motorcycle calipers rather than bulky hat calipers has many benefits. Weight was reduced significantly without affecting braking efficiency. In order to lighten the load on electric cars, an actuator was used in place of traditional knuckle materials in some cases, such as aluminum.
E. Optimizing the passive suspension system of a vehicle using Harris Hawk.
     To improve riding performance, it is crucial to create the ideal unresisting car suspense system. The most dependable and affordable method is the unresisting suspense system. The architecture of an unreliable vehicle suspense system was optimized in this study using the Harris Hawk Optimization (HHO) algorithm. The best-explored results are enhanced by HHO's colorful exploitation schemes and effective disquisition, which both increase the diversity of the results that have been published. The book presents a novel method for improving a vehicle's passive suspension by means of a gauged multi-objective function, which incorporates hitherto ignored criteria such as lift comfort and road holding. Standard suspended systems and those improved with different algorithms, like the particle swarm optimization (PSO), the genetic algorithm (GA), and the firefly optimization algorithm, are contrasted with the optimized system (FA). The outcomes prove that the HHO algorithm-optimized system is more reliable and produces higher-quality results than any alternative algorithms. HHO optimization of the system is shown to decrease body acceleration by 16.5% and body relegation by over 25%, leading to a rise of more than 7 in dynamic tyre freight from the baseline traditional system. Increased comfort and safety while driving is the product of a suspension system that has been fine-tuned to minimize unwanted body movements and boost vehicle steadiness.
F. Electrically-powered golf cart chassis modelling and analysis by finite element method
     There are increasing demands for components with higher performance, longer life, and lower weight in order to satisfy fuel economy criteria at an affordable cost while maintaining safety standards. This is currently the biggest issue facing the auto business. This study's goal is to develop and assess the golf cart chassis that will be used on Ukurova University's campus. The engine, tyres, axle assemblies, brakes, steering, and other machine parts are all attached to a chassis, which is a framework similar to a skeleton. It provides the vehicle strength and stability under various conditions. The chassis' major function is to keep the planned connection in place while also supporting any cargo that is mounted on it, such as the engine, body, passengers, and luggage.
G. Design of Research and Development on Golf Car

     The golf car was developed especially for the golf venue and is a battery-powered, environmentally friendly passenger vehicle. The choice to use a specific engine, battery, transmission, drive axle, steering system, brake system, and other components has been carefully considered. And the corresponding parameters of the golf car have been checked to create a design to suit the needs of the body.
H. Design of Braking System for an Electric Golf Cart

     Perhaps the most important component in any vehicle used to impede the car is the stopping mechanism. It should function effectively for the driver's and passengers' protection. In this work, estimations and examinations for the stopping mechanism for an electronic golf truck are managed along with planning and research for the controlling knuckle.

According to the driver's request, a pressure driven plate stopping mechanism is designed with four-circle rotors for each tyre to stop the car in the shortest amount of time possible. Since there are six seats in this electric car, weight reduction is a crucial issue that needs to be addressed. The guiding knuckle is then designed to sustain each power, which comes after. The computation of powers and the design of the directing knuckle are also completed in this article. It was decided that each of the four wheels should be equipped with cycling rotor plates and calipers. Creo 3.0 has been used to complete the planning for Directing Knuckle, and ANSYS 18.0 has been used to complete the studies.

III. Research Gap

· To create a 6-seater electric campus shuttle with an appropriate frame and structure.

· Creating a suitable vehicle body to meet our unique requirements by retrofitting older vehicles to reduce costs while keeping the structural integrity required for the vehicle's smooth and safe operation.
· Increasing the vehicle's cost-effectiveness by modifying the mechanical parts that were already there and adding a gear reduction system to boost output power while keeping the top speed within reasonable bounds.
IV. Objective

· The goal of this project is to develop and construct a 6-seater electric car's frame, which contributes to the reduction of dangerous air pollution from IC engine vehicles' exhaust emissions. There are no emissions from an electric car.

· Electric vehicles are more cost-effective to operate because the cost of the energy needed to charge them is roughly 40% less for diesel and about 50% less for gasoline.

· Because an electric vehicle has significantly fewer moving parts than a normal petrol or diesel vehicle, it requires less frequent maintenance and is generally less expensive to operate.

· When using an electric car, harmful exhaust emissions are reduced, which is good for the environment and our health.

· Compared to cars with conventional IC engines, electric vehicles are also quieter, which reduces noise pollution.
V. Methodology

     For any engineering endeavor, the plan development period is crucial. The engineering team's main concerns at this point are the design's needs, limitations, and implementation strategy. Market study, client wants, and technical specifications are all taken into account during this procedure.

     The demands and requirements of the final product informed the establishment of the design standards for the 6-seater, lightweight car. The group set out to design a car that could be easily transported around campus and used by both students and faculty. The team set rigorous standards and limits for the design in order to realize these objectives.

    The lightweight nature of the car was a central tenet of the design requirements. In order to move around campus with ease, it was crucial that the car be as light as possible. In addition, the carbon impact of a vehicle can be reduced and its sustainability ensured if it is not overly heavy.

     The presumption was also made that the truck could carry up to 1080 kilograms. The maximal load was determined by adding the weight of the frame, battery, and engine together (600 kg) and adding the weight of any passengers (420 kg). The crew came up with this weight restriction to make sure the car would be road-worthy and functional without being overloaded.

     They probably did a lot of study and analysis to get the car to the right dimensions and numbers. Different materials, components, and systems' performance traits, as well as alternative design combinations, would have had to be analyzed for this purpose. The group may have used CAD software and other tools to model and test the vehicle's behavior in a variety of scenarios.

     Research, analysis, and modelling were probably all part of the process used during the concept creation phase of the project. The team was able to create a detailed plan for the vehicle's design that took into account the requirements of both pupils and instructors, was movable, lightweight, and ecologically sustainable because of the established design standards and guidelines.
VI. CHASSIS
    Frames, or lattices, are the structural backbone of any moving car. It's like the turtle's tough carapace, which shields and sustains the animal's inner workings. Since the 1930s, almost all vehicles have had a different structural chassis, analogous to how a turtle's shell is separate from its body. There are, however, some cases where this is not the case. The Maruti Omni is just one example of an automobile with a grid that is designed to be completely concealed from view. Because of this, we have decided to adapt the grid of a Maruti Omni for our design.

    Compared to a standard arrangement, this modified lattice may be heavier, but it also has greater strength and longevity. It's like travelling with a reliable friend who won't abandon you no matter how difficult the landscape gets. Our vehicle's engine configuration is simplified by this sturdy lattice. According to our calculations, this grid will add no more than 600 kg to the overall mass of the building, and we think that this is a fair price to pay for the security that comes from knowing that it will stand the test of time. In the same way that a turtle's skin provides protection and structural support, the grid of our vehicle will do the same for our design.
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Fig. 1. Ladder Chasis Frame

VII. Fabrication

    For Bender: It is not clear from the text what Bender refers to. It is possible that it is a software tool used for the design process, but without more information, it is difficult to say.

   CAD/CAM modelling software like Fusion360: CAD stands for Computer-Aided Design, while CAM stands for Computer-Aided Manufacturing. Fusion360 is a software tool that combines both functions, allowing designers to create 3D models and simulate manufacturing processes. By using CAD/CAM software like Fusion360, designers can create accurate and detailed models of the car before building it, reducing the risk of errors and saving time and money.

    3D to-scale model: A 3D to-scale model is a digital representation of an object that is scaled to the correct size. In this case, the designers created a 3D model of the car that accurately represents its dimensions and features.

    Blender: Blender is a software tool for creating 3D graphics and animations. In this case, the designers used Blender to create a final visualization of the car model.

    Tire: The text mentions that the designers used a standard 12-inch Bridgestone 145/80 R tire for the car. This means that the tyre is 12 inches in diameter and has a width of 145 mm and an aspect ratio of 80%. The designers lifted the tyre design from websites like grab cad, which is a platform for engineers to share CAD models.

    Omni steering system: The omni steering system is a type of wheel configuration that allows the car to move in any direction, including sideways. The designers used this as a blueprint for other common components, like the steering system.

    MS sheet metal in gauge 18: MS stands for Mild Steel, which is a type of carbon steel that is easy to work with and has good mechanical properties. Gauge 18 refers to the thickness of the sheet metal, which is 1.214 mm. The designers used MS sheet metal to construct the chassis and exterior of the car.

    Square tubular pipes: The designers used square tubular pipes with a side length of 1 & 1/2 inches for the floor supports. This type of tubing is commonly used in construction and engineering because it is strong and easy to work with.

    Solid extend tool: The solid extend tool is a feature in Fusion360 that allows designers to extend or shorten the length of a solid object. The designers used this tool to model the battery compartment and the covering for the seats.

.
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Fig. 2. 3 D Chasis Frame

VIII. TRANSMISSION
    A transmission is a device that transfers energy and allows for controlled use of that energy. In plain English, a transmission is a collection of gearboxes that convert speed and torque from a moving power source to the output using gears and gear trains.

    Our gearbox assembly's key parts are a Steady Decrease Reducer Worm Gear

A. Calculations
Torque on wheels = motor torque × gear reduction

                              = 6.2× 10 = 62 Nm

For the above forces and moderate velocity target of 5 m/s, minimum power required
                            P = FROLL × velocity

                               = 529.74 × 5

                               = 2648 Watt

Therefore, a minimum of 2kW motor is to be provided

For a 2kW motor, The maximum velocity possible at flat road

                     Surface = P/ FROLL

                                  = 2000/529.74

                                  = 3.8 m/s

At grade (100)

             = P/(FROLL+FGRADE)

         = 2648/(529.74+2012)

                                   =1.04 m/s

Torque at wheels

For flat surface (without acceleration)

                                   T = F × r

                                       = 529.74 × 0.2

                                       = 105.94 Nm

For full grade (without acceleration)
                                   T = F × r

                 = (529.74+2012) × 0.2 
  = 508.34 Nm

IX. BRAKING SYSTEM
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Fig. 3. 3 D Model of Drum Brake

A. Brake Calculations
The maximum force required to stop the vehicle which is running at a velocity

‘v’F = 0.5 x m x v2/d

Where m = mass of the vehicle

                =stopping distance

             v = velocity of the car before braking

As vmax =6.5 m/s and assuming d = 3m

We get 
           F = 0.5 x 700 x (6.5)2/3

           F= 4929.16N ~ 4.93 KN 
of breaking energy should be provided to stop the

motion of the vehicle.
As the force required to stop the vehicle is approximately around 5KN, which could be easily allowable by the “drum brake system “only. So, Drum Braking System has been incorporated in our vehicle.
X. SUSPENSION
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Fig. 4. 3 D Model of Transmission

A. Suspension Calculations
a) Front suspension

As we get in the market,
We have decided to use a spring and damper shock

absorber system. The parameters are as follows:

Rod diameter    = 9.5 mm

Length              = 12-inch

Spring rate        = 96N/m

Load capacity   = 15097 N

Weight              = 3.05 kg

As we are using a spring and damper based shock absorber which can withstand the load

Of around 1500 kg. The Ride quality of the vehicle will be much stable and cushioned.

b) Rear suspension

Parameters – Standardly used rear leaf suspension:

No of full-length leaf    = 1No of

Gradual leaf                  = 2

U bolt length                 = 5-inch

Allowable Stress           =1520/2
                                      = 760 Mn/m2

As we are using the spring which can hold more than 400 kg than required, the design is safe.
XI. STEERING SYSTEM
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Fig. 5. Steering System

A. Steering Angle Calculations
Wheel Base (b)       = 3150 mm

Track width (c)       = 1200 mm

cot φ - cot θ            = c/b

φ - Angle turned by outer wheel, θ – Angle turned by inner wheel

φ = 40.50 (assumed according to perfect steering condition of Ackerman geometry

                     = Cot φ - cot 40.5

                     = 1200/3150 θ 
                             = 32.910

Ackerman inside angle

                           β = tan-1
                [(3150) / (3150/tan θ) - 1200]

                              = 40.80

Now Ackerman (%) = Inside angle φ/Ackerman inside angle β *10040.5/40.8*100 = 99%

This shows our geometry is 99% close to being true Ackerman.

Calculating ‘m’ which is the distance between the icr of Ackerman and the bottom left tire center with the help of outside angle.

                        tan θ           = b/ (width + m)
                        tan (32.91) = 3150/1200+ m)

                                           = 3667.3 mm

The turning radius of the vehicle is,

                        R2 = (0.4b)2 + (w/2 m)2
                        R = 4449.42 mm

XII. Results And Discussion
    Performance, efficiency, safety, and cost-effectiveness are just some of the metrics that can be used to evaluate a modified college car in contrast to a stock Maruti Omni.It is important to note that the efficacy of a modified campus car is highly variable. It's possible that the car could outperform a stock Maruti Omni if a more potent electronic powertrain or engine were installed. However, the vehicle's performance may suffer if the only changes made are to increase gasoline efficiency.

   Fuel and energy efficiency: A school car with the appropriate retrofits should be better than a regular Maruti Omni. The reason for this is that the vehicle's changes were made to better conserve energy or increase fuel economy. The extent to which productivity is improved, however, will be determined by the nature of the adjustments made and the quality of their implementation. Retrofitted college vehicles may or may not be as secure as a factory-fresh Maruti Omni, but safety is always a top priority. Whether or not the alterations meet with safety standards will determine the vehicle's viability on the road. As an illustration, if the car is upgraded with a more secure stopping system or suspension, it could be better on the road than the original design. But if the vehicle's safety features or structural soundness are compromised in any way, it may no longer be as secure as the factory model.

   A vehicle's speed or efficiency can be enhanced at a low expense through retrofitting. However, the savings in gasoline or energy usage that can be anticipated from changes will determine how cost-effective a retrofitted campus car will be. However, if the price of the upgrades is too expensive, the retrofitting process may not be worthwhile. It is also important to think about where and how you will get replacement components for your retrofitted car.

Comparison between Retrofitted campus vehicle vs standard Maruti omni

TABLE I.  Comparison between campus and standard 
[image: image6.png]Component Standard Omni Retrofitted campus car
Curb Weight 785kg 600kg
Transmission Manual Automatic
Torque 60Nm 120Nm
Horsepower 34bHp 2.68bHp
Fuel Cost 10.02 Rs/Km 0.35/Rs/Km
Maintenance Approximately Rs.3000 for No such costs

every 4000Km





XIII. CONCLUSION

· After performing a thorough market analysis, the electric golf cart was created, and it achieved the desired results.
· The cart's distinctive appearance and remarkable strength and balance were achieved after the chassis design was finalized and various pipe diameters and shapes were tested.
· 30-35 km is a decent range provided by lithium ion batteries. Under the presumptive values, the performance of the entire vehicle, including its speed, braking distance, and turning radius, was accomplished.
· The cart can ascend fully loaded in muddy or grassy terrain with a 10% incline, as intended, thanks to the gear reduction ratio of 1:10 which provides the coupled motor with the most optimal output.
· The majority of the cart's weight is carried at a low level even when a passenger is seated because the batteries are heavy and put below the seats. This gives the entire thing a very low roll centre, which reduces the likelihood that the cart will roll when travelling over uneven ground.
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