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Abstract  

 

Electric vehicles embody the future of the transportation industry. Their simple functioning 

and their environment-friendliness render internal combustion vehicles obsolete, especially in 

a time in which global warming and depletion of natural resources are alarming concerns. That 

said, as a capstone project, we suggest the adoption of low-speed solar-powered electric 

vehicles for commute within the campus of Al Akhawayn University. More specifically, this 

project entails the analysis, design, implementation and testing of a small electric vehicle 

powered by a mounted-on solar panel. To that end, in the present report, we lay down the 

context, motivations and the methodology followed to tackle the problematic as a first step. 

Then, we move on to analyzing the impact that this project could have on its direct environment, 

at different levels. We also review some literature on the environmental state of road 

transportation in Morocco, as well as on the benefits of electric cars and their basic components. 

Design criteria based on readily available and affordable material are tackled, in addition to 

theoretical calculations to reach the specifications of the vehicle’s components based on the 

mechanical power and energy needs. A brief introduction to aerodynamic drag is also included 

in order to justify the design of the body of the vehicle. We then move on the 3D design and 

structural analysis simulation using Autodesk Inventor. Finally, we tackle some safety 

considerations and suggest a basic financial analysis of the project. 

Keywords: Low-speed Electric Vehicle, Solar Energy, Structural Analysis, Autodesk. 
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I. Introduction 

1. Context and Motivation 

The problematic that this project aims to modestly tackle can be divided into two distinct 

parts. The first one concerns the remoteness of the main gate compared to the residential and 

academic areas of the university. The second one – which is more of an ambition than a concern 

– stems from a desire to generate an innovative and concrete student project in partnership with 

middle-schoolers from ASI (Al Akhawayn School of Ifrane). 

Previous capstone projects conducted at the university [1] include surveys validating that 

overall, the main gate is not considered easily accessible by students. The issue lies in general 

when students are dropped off the main gate with heavy items and no means to carry them to 

their rooms other than relying on their own physical strength. In addition to that, regardless of 

the weight carried, rough weather conditions which are not rare in Ifrane might also make the 

commute strenuous and troublesome. For these reasons, we brainstormed the engineering of a 

vehicle that would enable students (as well as staff and faculty) to commute conveniently. 

At this stage, the project is not concerned with a large-scale implementation (i.e. producing 

several units of the said vehicle). Rather, the emphasis is on the learning process within the 

framework of an engineering design project. In other words, the aim behind this project is the 

analysis and design conducted in collaboration with ASI students, and what we manage to learn 

from each other and from our research in the process, besides the tangible end result (i.e. the 

vehicle). 

 The practicality and environmental implications of this mode of transportation led us to 

consider an electrical vehicle powered using a mounted solar panel. The choice of a solar panel 

was made since solar energy is the most abundant type of renewable energies and it is readily 

available in the region of Ifrane.  

APPENDIX B provides an initial rough vision of the shape of the vehicle. 
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2. Methodology 

In carrying out the specifications and meeting the requirements of this project, the reference 

in terms of methodology is the professional engineering design approach which emphasizes 

Analysis, Design, Implementation and Testing as crucial aspects. 

Accordingly, in the analysis phase, we conduct a literature review on the emergence and 

development of both solar energy and electric vehicles both outside and in the Moroccan 

context, as well as the state-of-the-art technology now adopted in both fields. In the design 

phase, we specify the criteria for the design of each component of our vehicle by performing 

theoretical calculations as to the power input required to operate our vehicle at the specified 

speed and conditions. The physical implementation and testing phases that we initially planned 

are replaced by a 3D simulation for the structural analysis of the vehicle, using Autodesk 

Inventor 2020. 
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II. Overview of Impact and Literature Review 

1. STEEPLE Analysis 

We consider the STEEPLE implications of this project on the external environment, in order to 

determine its strategic positioning within this said environment. 

Socially, this project targets the AUI community in making the main gate and other remote 

areas easily accessible. In other others, professors, staff, and students will be able to use this 

service to facilitate their commute on-campus, specifically in rough weather conditions. 

Additionally, this project may help reduce the stigma against electric cars; that they are not 

efficient and not worth the investment as opposed to internal combustion engine vehicles. This 

service may also prompt potential users to get their driving license to be able to drive the 

vehicle. A possible drawback is that local mechanics might be at a disadvantage economically 

since electric vehicles do not need much maintenance. 

Technologically, this project will delve into the application of solar-energy charging on a 

moving vehicle, in addition to the regular technological aspects of an electric vehicle (namely, 

the battery, electric motor, charger and controller technologies). The former could still be 

considered as a technological innovation since it is not widely used in the existing electric 

vehicles models. Additionally, this project may spark new interest in advancing electric vehicles 

technology through research and testing, whether on or off-campus. 

Environmentally, this project and variations of it, if adopted by the university, will 

decrease its imprint on the environment and its noise pollution. This will be done by replacing 

most if not all current university vehicles (e.g. those used by Security and Ground & 

Maintenance) by these electric carts and providing some for student and professor mobility on-

campus. On a local level, the city of Ifrane will register less air pollution. 

Economically, electric vehicles practically do not require any maintenance. This translate 

to a decrease in the cost of maintaining cars on-campus. Moreover, our solar-powered electric 

vehicle will garner its power from a sustainable source of energy. Filling the gas tanks of the 

vehicles on campus and being at the mercy of the price fluctuations will therefore no longer be 

a problem. Thanks to that, the payback period for such investment will be relatively short. 

Politically, at the national level, this project will not spark any resistance from the 

government since the vehicle is intended to be used inside the premises of the university. At the 

local level and considering the university management as a small scale government for the AUI 
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community, we will make sure to meet minimum safety requirements, as well as abide and 

impose the driving rules on campus (e.g. respecting speed limits, not honking, etc.), so as not 

to be met with a rejection of the project large-scale implementation on campus. 

Legally, each component of the vehicle and their assembly must abide by automotive safety 

standards. These include conducting crash tests, pedestrian tests, etc. Moreover, the vehicle 

must be equipped with the basic safety technologies such as seatbelts, airbags, laminated 

windshields, headlamps, reflectors, crumple zones, etc. In the present project, the focus will be 

on adding obstacle sensors and lowering the speed range to prevent accidents. 

Ethically, the engineering of the vehicle will respect intellectual property by giving credit 

to authors for borrowed ideas, and consider all ethical implications of the project on the 

community as part of the Honors requirement (example of questions include: will this project 

create a divide between the people who can and those who cannot afford this service? etc.). 

2. Renewable Energies in the Moroccan Road Transportation Context 

Renewable energy devices harness energy from sustainable sources. These can be classified 

as followed: solar, geothermal, hydroelectricity, wind, tide/wave/ocean, biofuels, and municipal 

waste [2]. The emergence of this type of energies stems from a global sustainability concern 

due to threats such as global warming, pollution, climate change, depletion of natural resources 

coupled with an increase in energy consumption, etc.  

In the Moroccan context, the road transportation sector accounts for about 15% of the total 

greenhouse emissions in the country as of 2014. The growth rate for motor vehicles is about 4-

5% per year, with the year 2014 registering 3.4 million combustion motor vehicles, two thirds 

of which are more than 10 years old. This growth is escalating with the momentum that the 

automotive industry in Morocco is encountering due to an increase in investments from private 

investors and car part makers, in the region. These combustion vehicles contribute to air 

pollution through mainly through exhaust fumes released in the atmosphere. Consequently, 

epidemiological studies conducted in the regions of Casablanca, Safi and Mohammedia have 

established a direct link between air pollution and respiratory diseases [3]. 

A switch to electric vehicles or a transition to hybrid means of transportation could 

drastically reduce greenhouse emissions and pollution in Morocco. Coupling electric 

automotive alternatives with renewable energy sources to harness the needed electricity input 

would prove even more beneficial in terms of environment and innovation. And once further 
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technological advancement is achieved, the practicality and user-friendliness of this type of 

alternative would no longer be questionable. This vision aligns with the national energy strategy 

launched in 2009 in Morocco, that emphasizes energy efficiency and renewable energies with 

the bold goal of sourcing more than 52% of its electrical energy needs from renewables by 

2030. In terms of solar energy, Morocco has worked towards this goal by establishing multiple 

solar power plant such as the Ouarzazate Nour projects. And in terms of the expansion of the 

electric vehicles sector, Morocco aims producing about 700 000 electric vehicles by 2030 [4]. 

3. Why an Electric Vehicle? 

Surprisingly, the electric motor was invented before the internal combustion engine, and 

electric vehicles have been around since the 1800s, only to decline in the face of cheap and 

readily available gasoline. The electric motor and battery system was then borrowed from the 

electric vehicles as a starter system for the internal combustion engine. Nevertheless, some 

offshoots of the electric vehicle such as subways, trains, cable cars, submarines, elevators, etc. 

continued to be of us until our present time [5]. 

In addition to being the cleanest form of transportation (zero or very little emissions if we 

take into account the emissions of the power plants used to produce electricity), electric vehicles 

are also cost-effective in the sense that they have only one moving part and thus they require 

less maintenance (e.g. oil and filters changes, new spark plugs, etc.). Efficiency is also a key 

advantage of electric vehicles such that about 75% of the battery energy reaches the wheels of 

the vehicle while only about 20% of the fuel in an internal combustion vehicle is used to 

produced useful work. Electric vehicles are virtually silent as well compared to their 

counterparts [5]. 

As mentioned before, the most important argument in favor of the electric vehicle is its 

(near) zero-emission property. Indeed, internal combustion engines nowadays still rely on a 

carbon-based combustion that not only produces toxic polluting gases, but toxic liquid waste 

(e.g. antifreeze, grease, oil spills, etc.) and solid waste (e.g. filters, spark plugs, etc.). On the 

other hand, electric vehicles do not cause any air pollution and do not emit any greenhouse 

gases (even the power plants that generate the input electricity from coal are held at high 

standards of environment-friendliness), they only require water and electricity to operate and 

they do not generate any toxic liquid or solid waste (batteries are about 99% recyclable) [5]. 
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Unlike an internal combustion vehicle which require ignition, cooling, exhaust, fueling, 

mechanical and drive parts and systems, electric vehicles only require a battery, an electric 

motor, a charger, a controller and a drive system (e.g. brakes, transmission shafts, etc.). We 

look at the first three components. 

 

Figure 1 Simplified Diagram of EV Components [3] 
 

3.1.   The Battery 

Nowadays, we are surrounded with countless devices that require a battery. Batteries 

transform chemical energy into electrical energy; they are in our cell phones, laptops, remote 

controls, flashlights, etc. They are either rechargeable (i.e. they can be connected to a power 

source to recover their capacity) or non-rechargeable (i.e. they are disposed of once emptied). 

Among the types of rechargeable batteries, we find lead-acid batteries, nickel metal hydride 

batteries, and lithium-ion batteries. This later type is considered as the most efficient type of 

batteries. However, lithium-ion batteries are still an expensive technology that hopefully will 

become more affordable in the future as more electric vehicles are produced. An adequate 

alternative is the lead-acid battery, which is reliable, performant and durable if properly 

handled. In other words, this type of batteries can maintain a stable output unless dropped, 

completely discharged, or dropped. The battery can also fail if badly maintained (i.e. not 

checking the electrolyte level in each cell can cause it to go dry). Fortunately, this last 

recommendation does not apply to the newer type of sealed lead-acid batteries [5]. 
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3.2.   The Electric Motor 

      Similar to the battery in its pervasiveness, the electric motor is convenient in transforming 

electrical energy into motion that is further virtually adjusted into useful work. An electric 

motor typical has two constituents: a rotor (or moving part) and a stator (or stationary part). 

This simple layout makes electric motors reliable and less prone to failure. In a typical vehicle, 

electric motors can be found in the windshield wipers, door locks, air conditioner, windows, 

etc. [5].  

      Electric motors are one of the most efficient mechanical devices since they typically only 

include three moving parts, namely the rotor and two bearings. In other words, electric motors 

can be efficient to up to 90% (i.e. 90% of the electric energy put into in will be transformed into 

mechanical energy). There are two types of electric motors: DC and AC motors. While AC 

motors are highly in use because of the ease at which they transform high transmission voltage 

into low use voltage, series DC motors are preferred because of the availability of controllers 

that can easily operate with this type of motors as opposed to AC motors. The types of DC 

electric motors include series, shunt, compound, permanent magnet, universal and brushless 

[5]. 

3.3.   The Controller 

Controllers are basically the technology that enables the size of computers to shrink to desk-

size. This same technology enables us to precisely control the speed of our electric motor(s) and 

thus of our vehicle [5]. 

The main challenges that electric vehicle face from a user point of view are the range, speed, 

and cost (initial investment). But from the viewpoint of this particular project, we do not need 

to concern ourselves with proving or disproving this claim. Indeed, our desired electric vehicle 

is a low-speed vehicle with a limited range (i.e. AUI campus) and, for now, we are only 

concerned with the engineering of one unit with readily available material (i.e. material which 

may not be considered efficient or state-of-the-art). 
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III. Design Specifications and Theoretical Calculations 

In this section, we consider our power transfer diagram (Figure 2). We first determine the 

mechanical power and corresponding energy needed for our vehicle to move at a maximum 

velocity of 20 km/h or 5.56 m/s. Then we work backwards to determine the specifications of 

our vehicle components based on our need. 

 
Figure 2 Simple Schematic of the Path Electricity Travels [7] 

 

1. Mechanical Power and Energy Needed 

 

 

 

 

 

 

 

 

 

θ = 10° 

W 
Frolling 

Facceleration 

Fdrag 

x 

y 

Figure 3 Free Body Diagram of Motion of Vehicle along an Incline 
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As shown in the diagram above, we map the forces exerted on our system {electric vehicle 

going up} while in upward motion with an average constant velocity v = 5.56 m/s. 

Along the x-axis, the net force is: 

    F = Facceleration - Fdrag - Frolling – FW 

Facceleration Acceleration force (= 0, since the velocity is constant) 

Fdrag Force opposing motion caused by the deformation of the tires 

Frolling Force opposing motion caused by the air surrounding the vehicle and moving 

opposite to it as seen by a reference frame attached to the vehicle 

FW Force due to the total weight of the vehicle  

 

1.1.   Finding Fdrag 

We know that:    Fdrag = 
2

1
 ρair A Cd vr² 

ρair          [kg/m3] Density of air at specified altitude  

A         [m²] Frontal area of the vehicle 

Cd            [-] Coefficient of air drag 

vr         [m/s] Velocity of the vehicle relative to that of the wind  

 

Determining ρair 

Density of gases, and air specifically, is dependent on altitude, temperature and weather 

conditions. Thus, we attempt to approximate the value of the air density for the region of Ifrane 

which is at an altitude of 1665m above sea level (from RETScreen). We interpolate the value of 

air density between 1000m and 2000m of altitude in Figure 4. 
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Figure 4 Properties of Air [8] 

By interpolation, we get:  

    ρair = 1.112 +  
1.112−1.007

1000−2000
(1665 − 1000) = 1.04 kg/m3 

 Thus, we take the following data inputs in order to calculate the air drag force: 

 

 

 

Thus,    Fdrag = (1.04 kg/m3)(0.64 m²)(0.25)(5.56 – 3.1)² = 5.03 x 10-1 N  

1.2.   Finding FW 

We have:      FW = MT  g sin θ 

MT        [kg] Total mass of the vehicle  

g        [m/s²] Gravitational constant 

 θ           [rad] Road Slope Angle 

 

We approximate the total mass of the vehicle as estimates of: 

MT = M(driver) + M(body) + M(chassis) + M(battery) + M(solar panel) + M(motor) + M(wheel) 

➔ MT = 60kg + 350kg + 8kg + 12kg + 20kg +2*1kg+4*1kg = 456 kg 

2

1

ρair 1.04 kg/m3 

A 0.64 m² 

Cd 0.25 

v 5.56 m/s 

1665m 

v
air = 3.1 m/s² 

(RETScreen) 
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We have θ = 10° ≈ 0.17 rad 

Thus,      W = (456 kg)(9.81 m/s²)sin(0.17) = 1530 N  

1.3.   Finding Frolling 

We know that:     Frolling = Cr W cos θ = Cr m g cos θ 

Cr         [-] Coefficient of road rolling friction  

W      [N] Total weight of the vehicle 

 θ           [rad] Road Slope Angle 

 

Determining Cr 

At low speeds, the rolling friction varies linearly with speed such that: 

Cr = 0.012*(1 + v/100); v is the speed in miles per hour 

v = 5.56 m/s = 11.18 mph, thus 

Cr = 0.012*(1 + 11.18/100) = 0.013 

Therefore,   Frolling = 0.013(456 kg)(9.81 m/s²)cos(0.17) = 58.2 N 

1.1.   Finding the Power and Energy Need 

From the previous results,  F = Facceleration - Fdrag - Frolling – FW  

➔ F = 0 – 5.03 x 10-1 N – 58.2 – 1530 = 1588.7 N (along negative x-axis) 

Therefore, the power needed is: 

P = FV = (1588.7 N)(5.56 m/s) = 8.8 kW 

The corresponding energy needed, assuming the car is operational 5 hours per day is: 

E = P∆t = (8.8 kW)(5h) = 44 kWh 

2. The Electric Motor 

From the previous section, we concluded that the power corresponding to the average 

velocity of the vehicle on a 10° incline is P = 8.8 kW. Since our vehicle will mostly be operated 

on a flat ground (i.e. θ = 0°), the effect of its mass will be minimal (P = 326.4 W and E = 1.63 

kWh). Thus, we take the power that the two DC motors should supply to be:  

                                      Pout = 1.5 kW 
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Therefore, to achieve a power of  
1.5 𝑘𝑊

2
= 750 𝑊 (since we will be using two motors to turn 

the front wheels), a possible choice would be the electric motor shown in Figure 5. 

 

Figure 5 NEMA56C 750W 12V DC Electric Motor 
 

Assuming that the motor has an efficiency of 90%, the power input needed is: 

Pin = 
1.5 𝑘𝑊

0.90
 = 1.67 kW and Ein = (1.67 kW)(5 h/day) = 8.35 kWh 

3. The Battery 

From the previous section, the battery which is directly connected to the DC motors needs 

to supply a total of 1.67 kW. Furthermore, we assumed that the vehicle would be operational 

for 5 hours per day, thus: 

Eout = (1.67 kW)(5 hours/day) = 8.33 kWh/day 

We now assume that we would like our battery to have an autonomy of 2 hours, and that 

the depth of discharge of our battery should not exceed 80%. The minimum battery capacity is 

thus: 

    C = (
2

24
 day)*(8.33 kWh/day)*

1

80%
 = 868 Wh 

We convert this capacity to Ah. For that, we choose a battery with a voltage of 12 V. Thus: 

                                                        C = 
868 𝑊ℎ

12 𝑉
= 72.3 𝐴ℎ 

Therefore, by choosing a 40Ah 12V sealed lead-acid battery type, we need two of these. One 

possible choice would be the battery shown in Figure 6. 
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Figure 6 Sealed Lead Acid Battery (AGM) 12V 40Ah B.B. Battery BP40-12, 197x165x171 mm 

4. The Solar Panel 

In order to determine the power peak of our solar panel, we first look at the daily solar 

irradiation in the region of Ifrane. To that end, we first generate the monthly irradiation for the 

year 2016 (most recent data) using PVGIS (Photovoltaic Geographical Information System) as 

shown in Figure 7. 

 

Figure 7 Monthly Solar Irradiation Estimates (Ifrane, 2016) 
 

The monthly average for the year 2016 is thus 177.23 kWh/m². The daily average is thus 5.91 

kWh/m². 

The formula to calculate the power peak of the PV panel is: 

Pp = 
𝐸∗𝑅𝑠

𝜂 ∗𝑅𝑎𝑣𝑔
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E      [kWh] Energy 

Rs    [W/m²] Standard value of irradiance  

η      [-] PV yield and efficiency 

Ravg  [W/m²] Average daily solar irradiance 

 

Therefore, assuming the PV panel can charge the battery entirely in 5 hours,  

 Pp = 
(868 𝑊ℎ)∗1 𝑘𝑊/𝑚²

0.8∗5.91 𝑘𝑊ℎ/𝑚²
 = 183.6 W 

Therefore, the Newpowa 200W 12V Monocrystalline Solar Panel fits our specifications. 

5. The Charge Controller 

A charge controller prevents the battery from overcharging by regulating the power 

transmitted from the solar panel to the battery. In the previous section, we established the peak 

power of the solar panel Pp. Thus, the desired current for our controller is (we multiply the 

current by 1.25 to account for variations in power output: 

I =1.25 
𝑃𝑝

𝑉
 =1.25 

183.6 𝑊

12 𝑉
= 19.1 𝐴 

Thus, the ALLPOWERS 20A 12V/24V Solar Charger Controller fits our specifications. 

 

Figure 8 ALLPOWERS 20A 12V Charge Controller 

6. Material Chosen  

The material used to design the chassis and the body of a vehicle is crucial in that it impacts 

the overall weight of the vehicle. Weight in turn affects energy consumption. Indeed, as we 

have seen in the theoretical calculation of the power output required, the weight of the vehicle 

account for about 96% of the energy consumption of the vehicle, on a 10° incline. As the slope 

of the road becomes steeper, the weight has an increased impact on energy consumption. 
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Therefore, in order to minimize the weight of our electric vehicle, we opted for light material 

such as acrylic, which covers the top part of the vehicle. Indeed, acrylic is a polymer with a 

density of about 1050 kg/m3. The lower part of the vehicle is made of carbon fiber which has a 

density of about 1800 kg/m3. These densities as significantly low compared to other materials 

such as steel which has a density of about 7700 kg/m3. 

Likewise, the chassis is made of light material to minimize the total weight of the vehicle. 

The frame is made of PVC pipes which has a density of 1500kg/m3, and the cover of the frame 

is made of plywood which has a density of 680 kg/m3, as suggested by Navin Khambala [6]. 

As for the tires, they are made of rubber so as to keep the vehicle stable, especially when 

roads are slippery. 
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IV. Aerodynamic Analysis 

In automotive design, aerodynamic considerations are mainly concerned with minimizing 

the drag force in order to reduce fuel consumption (and thus pollution) specifically at high 

speeds. Aerodynamic drag, 40% of which is located at the rear, accounts for more than 50% of 

a vehicle fuel consumption at high speeds [9].  

Within aerodynamic drag, we distinguish between pressure drag and skin friction drag. 

Pressure drag accounts for more than 80% of the total drag, and it is caused by the separation 

of the boundary layer from the rear and the formation of a wake; pressure flow is thus dependent 

on the geometry of the vehicle. Accordingly, the methods of reduction of aerodynamic aim at 

preventing or delaying the separation of air flow at the rear of the vehicle to achieve their goal. 

These methods range from passive to active flow control techniques. The former consists of 

modifying the geometry of the vehicle to reduce the drag, while the latter does not require design 

modifications [9]. 

The most aerodynamic shape being that of a thin airfoil (with a coefficient of drag of about 

0.07), in our current project, we try to design the body of the car such that the streamlines 

approach that of an airfoil. 
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V. Simulation and Testing 

For this phase, we make use of Autodesk Inventor for the design and structural analysis of 

the chassis. To do so, we sketch the components of the vehicle, choose the appropriate materials, 

then we assemble them to get a rough 3D model of our vehicle. 

1. Design of Components 

Using Autodesk Inventor, we first design all the parts needed, namely: the chassis, the car 

body, the wheels, and the solar panel. The final assembly is also shown. 

 

Figure 9 Body of the Vehicle 
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Figure 10 Vehicle Chassis and Plywood Base 
 

 

Figure 11 Vehicle Wheel 
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Figure 12 PV Solar Panel 

 
 

 

Figure 13 Assembly of Vehicle 
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2. Structural Analysis of Chassis 

We now conduct a static structural analysis on the chassis to make sure it can withhold the 

weight of the driver only, following the chassis design of inventor Navin Khambhala. 

To do so, we first mesh our structure and apply the forces. The forces shown in the figure 

below account for the upward forces applied by the wheels, the weight of the chassis itself and 

the weight of the driver (at the far back). 

 

Figure 14 Applying Forces on Meshed Structure 
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Figure 15 Structural Analysis: Displacement 

We notice from the displacement analysis (Figure 15) that the rear is subject to large 

compressive forces (we took the overall mass of the driver and the seat to be 70Kg) particularly 

high at the furthest end. The maximum value of this displacement is 89.67 mm. This is an 

expected result considering the flexibility of the material chosen (i.e. PVC piping), and the 

portion of the chassis withstanding the weight of the driver. 

 

 

Figure 16 Structural Analysis: Von Mises Stress 

As for the von Mises stress analysis (Figure 16) which depicts the scalar distribution of stress 

throughout the chassis, as well as the maximum stress for fracture or failure to occur. In our 
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case, the back of the chassis, which withholds the weight of the driver and withstands the 

greatest displacement, seems to be subject to less than 12.88MPa. On the other hand, the elbows 

are subject to the most stress (ranging from 12.88 to 38.63MPa). However, even though the von 

Mises stress analysis does not point to any risk of imminent yield or fracture concerning the 

back of the chassis, frequent displacements due to the load of the driver may induce fatigue and 

thus eventually cause failure, specifically seeing the nature of the material. Thus, for now, we 

may consider that our chassis can carry a mass of 70 kg, in addition to its own mass. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



23 

VI. Safety Considerations 

Within the framework of ethics and morality, safety should always be at the forefront. In 

this project, the analysis and design are exploratory rather than practical or rigorous. It is for 

this reason precisely that we have not suggested the production of more than one unit of our 

vehicle as it is. Rather, if the design or any of the aspects of this project are modestly deemed 

innovative or eye-catching, they may be reproduced by a professional who would make the 

necessary adjustments. 

Considering now safety in the context of our vehicle as an exploratory project, we concede 

that vehicle conversion would have been preferable than building the vehicle from scratch. For 

instance, making use of the chassis of a licensed vehicle (even an old one) would ensure that 

the proper tests have been conducted to ensure the safety of the driver and their passengers. 

Moreover, besides the chassis, the top of the vehicle, which we chose to be made entirely 

of acrylic. This polymer has a relatively low strength and impact resistance. Thus, further 

considerations and studies should be made in order to ally the aesthetic decision of using only 

acrylic for the top cover of the vehicle with rigorous safety considerations. 
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VII. Financial Analysis 

In the table below, we detail the materials and the components selected as well as their 

respective costs or estimates of the cost in order to draw a simple financial analysis of the 

project. 

Table 1 Respective Costs of Selected Materials 

Material or Component Cost 

Sealed Lead Acid Battery (AGM) 12V 40Ah 

B.B. Battery BP40-12 
2 x 900MAD = 1800MAD 

ALLPOWERS 20A 12V Charge Controller 180MAD 

Newpowa 200W 12V Monocrystalline Solar 

Panel 
1700MAD 

NEMA56C 750W 12V DC Electric Motor 2 x 1000MAD = 2000MAD 

Plywood 200MAD 

Car Body (Acrylic + Carbon Fiber) 4000MAD 

4 Wheels 100MAD 

Bearings and steering wheel  100MAD 

PVC Piping 200MAD 

TOTAL 10280MAD 

The cost of shipping of items, as well the cost tied to welding the PVC pipes and 3D 

printing (or constructing) the body of the vehicle should also be taken into consideration. 
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VIII. Conclusion 

All in all, this study enabled us to conduct the analysis, design, implementation, and testing 

of an electric vehicle provided with electricity by a mounted PV solar panel. By first exploring 

the simple yet reliable components of an electric vehicle, we achieved a greater understanding 

of what we had to design and implement. Starting off from the power output needed that we 

calculated by conducting a simple mechanical analysis of the motion of the car on an incline, 

we determined the specifications of the needed components, namely: the electric motors, the 

batteries, the solar panel and the charge controller. We also introduce aerodynamic drag in order 

to explain the shape design of the body of our vehicle. Then, we delve into the 3D design and 

the structural analysis of the chassis using displacement and von Mises stresses as metrics. 

Finally, we present some safety recommendations, the most important of which is to consider 

conversion rather than construction from scratch, and we conclude with a simple financial 

synthesis of the chosen components. 

In terms of obstacles, the main challenge that this project encountered is the change in its 

core objective due to the global pandemic outbreak. Indeed, initial ambitions are usually cut 

short by constraints. And as it happened, the global pandemic outbreak rendered the physical 

implementation and testing phases, as well as the collaboration with ASI students and my 

supervisors, hardly possible. Moreover, a considerable amount of time has been dedicated at 

the beginning of the project for the gathering of proper material and the start of the physical 

implementation, and these efforts cannot be reflected through this report 

Nevertheless, it is important to try to make the best out of what we have. 
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APPENDIX A: Initial Specifications  

  

BENBOUBKER Ghita  

EGR 4402 01 

ENGINEERING OF A SOLAR-POWERED ELECTRIC VEHICLE FOR ON-CAMPUS 

USE 

BENTAMY A 

SPRING 2020 

  

The main objective behind this capstone project is to analyze, design, implement and test a 

solar-powered electric kart for on-campus use. The idea was considered to specifically make 

the main gate and other remote areas on-campus easily accessible to students, predominantly in 

rough weather conditions. 

  

The analysis phase will be split in two parts. The first part consists of the study of the operating 

and functional principles of the components of an electrical vehicle (Weeks 3-5). The second 

part consists of the study of the aerodynamic design criteria for modern vehicles, considering 

driver safety (Week 6-7). Then, the design phase of the solar-powered electrical kart will be 

carried out (Week 8-10). The implementation and testing phases of the project will be carried 

out simultaneously to troubleshoot any complication that may arise (Week 11-12). 

  

Identified steps of this capstone project are as follow: 

- Study of operating principles of an electric vehicle; 20th February 2020 

- Detailed operating principles and aerodynamic design of the kart; 10th March 2020 

- Simulation and criteria of the electric kart; 20th March 2020 

- Implementation and definition of the tests to be conducted; 10th April 2020 

  

A minimum subset of the objectives, the achievement of which will be regarded as acceptable, 

is as follows: 

- Detailed operating principles and components of an electric vehicle, in addition to 

aerodynamic design considerations;  

- Simulation and design criteria of the electric kart;  

- Clear identification of the tests to be conducted;  

- Discussion of the societal and ethical implications of the work. 

  

As for the ethical and social implications of this project, we must consider the effect on the AUI 

community in terms of access to this service, safety, and health considerations due to decreased 

exercising induced by the kart. 
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APPENDIX B: Initial Vehicle Layout 

  
First vehicle layout and body brainstormed: 

 

 

  
 

 

 

 

 

 

 

 

 

 


