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= ABSTRACT- The power for a standard electric tricycle used for transportation comes from a battery, which can lose power
after a certain amount of time. In this regard, the standard tricycle in the proposed concept will have a battery that will be charged
by solar panels mounted on a stand on the rear of the tricycle. A solar-based renewable energy source is also used along with the
traditional charging mechanism to make a hybrid system. The proposed tricycle is more stable in braking turns because it has a
lower center of gravity compared to a bicycle. The proposed tricycle has movement in both directions, i.e., forward and reverse, for
disabled persons. The proposed model was validated using the finite element analysis approach in solid work for different points of
the frame and different types of loads. Also Electric motors have a great efficiency of operation, but they create a lot of heat
depending on the torque and speed they need to run. As a result, an effective motor cooling system is required to keep the temperature
within restrictions. Although the coolant pump and radiator fan in a conventional motor liquid cooling system do an efficient job,

they are also energy hogs. The FEA approach was used to identify the maximum stress, displacement, and safety factors.
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1. INTRODUCTION

Automoblles buses, trains, and motorcycles are all modes of
transportation that have a number of negative consequences for
their users and the environment. The expense, air pollution, and
health hazards associated with these difficulties might all be
different[1] [2]. According to the Washington Post, 13 billion
people do not have access to electricity around the world. This
is due to the high cost of electrical sources, which many
countries are unable to afford to offer their Ccitizens.
Furthermore, car exhaust contributes to air pollution, which is
harmful to the environment. Furthermore, long-term use of
automobiles, motorcycles, and various forms of public transit
will result in obesity due to the lack of activity that these modes
of transportation provide. In fact, the World Health
Organization estimates that about 650 million individuals are
obese. Bicyclists utilise their tricycles to get from one point to
another all over the world, and many of them use tricycles to
travel. As aresult, it's critical to devise a method for these bikers
to relax during their long-distance journeys. As a result,

developing a new clean, renewable, and healthier mode of
transportation is one of the most pressing issues facing
engineers today. As engineering students, we think that using
solar energy and a dynamo to power a hybrid (electric and
manual) tricycle can be a cheap and easy way for people to get
around on a daily basis[3].

The Central Mechanical Engineering Research Institute in
Kolkata designed it as an alternative to auto rickshaws powered
by IC engines. A solar-powered charging system was also
incorporated into the prototype[4]. One shock absorber and a
flashlight were included in the suspension system to make night
time riding more comfortable. This could also be beneficial in
a foggy or rainy environment to improve visibility.
Additionally, the back wheels could be driven manually or by a
motor. The vehicle had a maximum weight capacity of 200 kg
and a maximum speed of 15 km/h[5].

The major drawback of conventional wheelchairs is their
characteristic feature of the necessity of manual operation with
a handheld rotary pedal [6] [7]. Hence, the electric wheelchair
was introduced to overcome the necessity of manual operation
with a handheld rotary pedal. However, an electric wheelchair
requires rechargeable batteries to be operated, and his major
drawback of an electric wheelchair vehicle is its incapability to
travel longer distances due to inadequate battery life. In
addition, disabled people operating the electric wheelchair
vehicle may not be able to plug in the charger to recharge the
batteries. Hence, in this paper, a three-wheeler hybrid electric
vehicle based on solar energy is proposed.

These approaches include air cooling, liquid cooling, heat pipes,
and hybrid cooling are some examples of these methods. Air

Website: www.ijeer.forexjournal.co.in

Design and control of a tricycle with a hybrid electric


http://www.ijeer.forexjournal.co.in/
http://www.bput.ac.in/
https://doi.org/10.37391/IJEER.110229
https://ijeer.forexjournal.co.in/archive/volume-11/ijeer-110229.html
https://orcid.org/0000-0003-3405-056X

FOREX

Publication
Open Access | Rapid and quality publishing

conditioning is simple to build and set up, but it may not provide
enough cooling. An additional drawback is the inefficiency and
impossibility of direct control of a cooling fan that is often
attached to the motor shaft [8],[9]. The liquid cooling system's
coolant pump and radiator fan use a lot of energy, despite the
system's efficiency. However, the addition of liquid cooling
lines increases both the system's size and complexity. The
amount of heat that can be carried by a heat pipe is limited by
parameters like the capillary limit, fluid characteristics,
operating temperatures, and so on, even if heat pipes may
function passively in the presence of a temperature gradient.

In this proposed tricycle, a power converter and microcontroller
are used for energy management between solar PV, battery, and
load. Where the bicycle is operated manually. For disabled
people, the proposed tricycle allows vehicle movement in both
directions, i.e. forward and reverse. The bicycle, on the other
hand, can only move forward. Further, a solar-based renewable
energy source is used along with the conventional charging
mechanism, which forms a hybrid energy system. In contrast,
an energy source is used in bicycle batteries. In comparison to
a bicycle, the proposed tricycle is more stable in braking turns
by reducing the Centre of gravity. It is built to provide safety,
shelter, and comfort to the rider, but bicycle safety is lacking. A
BLDC hub motor mounted in the front wheel housing powers
the solar-assisted tricycle, whereas a PMDC motor mounted
separately on the rear wheel powers the bicycle.

The key contributions to the work are as follows:

1. In the present invention, a conventional electric mobility
locomotive for disabled people (partially or completely) is
redesigned as a hybrid electrical tricycle in order to provide
an uninterrupted travelling experience to the user, which
fulfils the need of the hour in society.

2. Further, a solar-based renewable energy source is used
along with the conventional charging mechanism to form a
hybrid system, which is disclosed.

3. Create a battery-operated, electric-motor tricycle capable
of 25 kilometres per hour in speed.

4. The goal of this redesign was to create a tricycle with a
lower centre of gravity, making it much more stable during
braking bends.

5. Also, solar power generates almost 108 units annually,
which results in a reduction of 58.104 kg of coal and
116.177 kg of CO, emissions.

6. Prior to production, a finite element analysis evaluation of
the frame's structural integrity is performed. Safety,
ergonomics, weight reduction, and chassis production cost
were all factors that were taken into account.

7. To make the production vehicle wheelchair-free for people
with disabilities who have problems with their legs.

# 2. PROPOSED DESIGN AND
IMPLEMENTATION

In an embodiment of the present disclosure, a hybrid electrical
tricycle is disclosed. The A hybrid electrical tricycle
predominantly comprises of a solar panel, two 12V, 14Ah
batteries, one 12V, 12Ah battery, a 250W hub motor positioned
at the front wheel, a right-side rear wheel positioned at the right
side with a crank gear using a drive chain, a left rear wheel, left
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throttle, right throttle, motor controller, and an LED light with
a key lock battery indicator.

Figure 1 portrays the hybrid electrical tricycle unit devised as
per the embodiment of the present disclosure and the controller
architecture for a hybrid motor cooling system. In the present
disclosure, an electric tricycle unit comprises mechanical and
electrically powered elements. Whenever the user tries to move
the electric tricycle without unlocking the key, an anti-theft
alarm is activated through the buzzer. Further, when the electric
tricycle is unlocked using a mechanical key, the motor
controller gets ready to drive the hub motor. Subsequently, the
right throttle needs to be operated at the desired speed levels
using a speed level switch. Further, a sound horn is provided for
alerting others while driving the electric tricycle. Significantly,
the electric tricycle made it more reliable to operate manually
using the pedal connected to the crank gear through the
crankshaft and drive chain. Moreover, three metal bolts are used
to fix the seat of the electrical tricycle unit.

R e— T

(b)
Figure 1: Tricycle chassis as a tool for (a) design exploration (b)
Controller architecture for a hybrid motor cooling system

2.1 Mathematical Models

Mathematical models of the electric motor, heat pipes, and air
and liquid cooling subsystems have been created to describe the
heat transfer and removal processes of the proposed electric
motor hybrid cooling system. Developing the models required
some educated guesswork.

Al: We disregard the resistance of thermal contacts.

A2: The insulation around the motor is second to none.

A3: The effect of the fin cover on convective heat transmission
is disregarded.

A. Thermodynamic Model of a Reduced-Order Electric
Motor

Figure 1(b) depicts the components of a typical electric motor,
including the stator through windings, the rotor through
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permanent magnets, and the casing. The motor's internal
temperatures at various phases of operation should be
predictable using the thermal model. Zhou et al. designed a
thermal model of a lower order for use in electric motor drive
powertrains. Wang et al. developed a more precise thermal
model by accounting for air-gap heat convection inside the
motor. The internal temperature field of a 40-state stator and 20-
state rotor UQM Power Phase 145 electric motor was
investigated. Initial state space matrices were constructed using
finite element analysis (FEA).

As can the stator windings often reach the motor's greatest
temperature owing to the strong current flow there. In order for
convective heat transfer to occur, an air gap must be present
between the rotor and stator. The internal passion transfer of an
electric motor may be represented by the following expression:

d (Z—f) —kV?T =gq 1)

Where T represents the temperature and d, k, and Kk,
respectively, represent the specific heat and thermal
conductivity of the material. The heat flow, denoted by g, is the
input variable into the system.

By using finite element analysis methods, we may further
discretize equation (1) into an ordinary differential equation, as
follows:

D-o+K—>=> (2)
T T q

In the finite element mesh, the matrices D, K represent the
precise heat and thermal conductivity, while the scalar matrix T
represents the nodal temperature. Factors such as the conductor,
the core, friction, the permanent magnet, windage losses, and
convective heat transfer at the machine's edges all have an
impact on the excitation vector g of an electric motor. The motor
stator (ts) and rotor (t;) vectors may be used to rewrite eq. (2) in
state space with a different basis and lower model order.

>=A;—> + B;—>
Xs Xs ds

== (s> +Dg = 3)
Xs Xs ds
-=A,-+B, >
Xr Xr ar
D= Cp > 4D, - @
Xy Xr qar

Where xs, As, Bs, Cs, and Ds are the standard vectors and
matrices of a state space.

The rotational speed and torque of the motor inform the heat
flow vectors, gs and qr, which are used as inputs to the model.
The temperature distribution of an electric motor may be
calculated in terms of gs and gr using FEA. The problem of
varying temperatures throughout a grid may be addressed.

B. A Thermal Model of a Heat Pipe

The thermal cradle has heat pipes arranged in a circle to
dissipate the heat produced by the electric motor. In order to
derive a model with a single set of parameters, one must first
determine the thermal resistance, Rera, expressed as
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tcra
Rcra - AcraKcra (5)

This formula includes the cradle thermal conductivity K, the
average radial interaction area Acr,, and the cradle thickness tera.
It is necessary to represent both the vapour movement and heat
transmission in a heat pipe. The compressible version of the
Navier-Stokes equation describes the motion of Vapour. However,
the heat transfer mechanism is of primary relevance, hence the
fluid dynamics will not be described. A thermal cradle is used
to hold the heat pipe evaporators. The thermal resistance of the
cradle and the E-motor thermal model may be used to determine
the temperature of the cradle.

A simplified expression for the heat transmission between the
heat pipe shell, the wick structure, the interior Vapour, and the
connected fins is

pC,VT +V,= Q,
q=-kvT (6)

The density, C,, fluid (heat pipe Vapour) velocity, thermal
conductivity, and heat source are all represented here by p, u, k,
and Q, respectively.

The sintered copper powder and water in the heat pipe wick
construction create a porous substance. By introducing the idea
of an effective thermal conductivity, or Kes, we might be able
to simplify how heat moves through a wick, which would lead.

2+k*—2®(1—k*))

Kepr = ks ( 2+k"+9(1-k") (7)

The thermal conductivity of copper is denoted by ks and that of
water by Kl; the ratio of the two is denoted by k. The symbol
denotes the wick's porosity. Because they use phase change and
latent heat, heat pipes are classified as superheat transfer
devices. Infrared heating wick, the proposed location of the
phase change is at the point of contact with the vapor. Latent
heat may be calculated using the mass flow rate of evaporating
and condensing water.

With the help of the connected fins, heat may be dissipated by
convection. For this reason, the heat flux output may be written
as

Gout = Nair (T — Tamp) (8)

Where Tamb iS the ambient air temperature and T is the heat
exchanger temperature (the fins and heat pipe condenser shell).
The Nusselt number and heat exchanger shape are two
examples of how the convective heat transfer coefficient, or
"Hair," changes.

NyKgir
hair = s ©)
The distance between two neighbouring fins, denoted by S, and
the thermal conductivity of air, denoted by K., are other
important characteristics. The Nysseit number, in the case of

natural convection, may be written as
0.75

35
_1 S Ra()
Nup = =R () <1 — eRa( ) (10)
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Ra is the Rayleigh number, and L is the length of the fin in the
direction of gravity. The nusselt number for forced convection
is given by [22]

—0.33

N, = L4 ! : (11)

Un (0.5+RePr)
(0.664+/RePr0-33 /1+3.65/\/Re)

The Reynolds number, which is represented by the symbol Re,
depends on how fast the air is moving (Va), how far apart the
fins are (b), and how sticky the air is (V).

Itis possible to represent a single heat pipe with fins by making
use of symmetry. Conditions such as air velocity, evaporator
temperature, and room temperature are sent into the system. By
integrating the heat output flux from eq. (8) over the entire fin
surface area surrounding the heat pipe, it is possible to
determine the amount of heat the system extracted. Qnp is the
total amount of heat rejected by all of the heat pipes in a system,
and it may be calculated by multiplying n, the number of heat

pipes.
th =n f QOutaAfm (12)

The amount of heat extracted is calculated using a 3D lookup
table that takes input from the system.

C. The Model of Liquid Cooling

The electromechanical actuators in the liquid cooling subsystem
are the water pump, which may be adjusted in speed, and the
radiator fan. Since the four motors are all operating at the same
speed, torque, and temperature, the coolant flow may be
considered to be distributed equally among them. Therefore,
this research focuses on only one kind of motor.

Cradle liquid is cooled by a spiral coolant jacket on the outside
of the support structure. Because of this, Tcs, the average
surface temperature of the cradle's exterior, rises.

Tera = Tso — thRcra (13)

Where Tso is the stator surface temperature and Qpy is the heat
pipe efficiency in equation (12).

Tin and Tou are still taken into account even if the coolant
temperature within the motor casing varies. One possible
method of calculating the heat transfer from the electric motor
to the coolant is as follows: Qmc.

— Ty} (14)

Where the heat transfer coefficient of the coolant (hjiq) and Cpw
is the coolant's heat capacitance. The symbol mmq Stands for the
mass flow rate of cooling fluid for one motor.

ch = min{hlip (Tcra - Tin)' vamr.not(Tcra

As a way to express the predicted increase in coolant
temperature, we may use the formula

dTout — ch
dt MymCpw My

Mm

:nt (Tout - Tin) (15)
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Where the mass of the jacket's coolant (Mwm). The quantity of
coolant in the outerwear Together, the four motor streams exit
and enter the radiator.

Qiig, the heat transfer rate for liquid cooling, may be determined
using the following formula:

Qlip = hlipATmAcra (16)

Where T is the coolant temperature and Tm is the average
logarithmic temperature difference between the thermal cradle
and the coolant,

ATm - Tin—Tout (17)

m[(Tin—Tout)/Tera—Tin)]

Since Qrem is cooling system removes all of the heat it generates
concluded heat pipes and perhaps coolant motion,

Qrem = {th

th + Qlip'mpump >0

s Mpymp = 0 18)

Where mpump is the fluid flow rate of the coolant pump, which
is four times that of Mmot.

D. Estimating the Energy Use of a Cooling System
A knowledge of the cooling system's power consumption is
necessary for any evaluation of its effectiveness. The cooling
fans and pump use the most power. If you want to calculate how
much energy that centrifugal fan consumes, you may do it as
follows:

3
Efan = Cfan (Ngg.n) (19)
And Nran is the number of revolutions per minute of the fan.
Shaft speeds may be used to describe the flow rates and power
consumption of the coolant pump and the radiator fan.

_ NpDispw

e
pump 60 '

Cp,‘rad

—p 3 Mp)?
Epump - Dis Pw <Aflow + prp,pipe> (6_5) (20)

. Drfan3cflowN‘rfanpa

m
a 60

— 5 Nyfan 3 2
Erfan - Drfan Cflowcprespa (T) ( 1)

l

The values of Afiow, Criow, Cpres, Cppipes Dis, pa and pware
considered constant.

2.2 Finite Element Analysis (FEA)

Solidworks is the software used to create the CAD model and
run the simulation. SolidWorks allows you to create both 2D
and 3D models. Part design is the first phase of component
design, followed by assembly[10] [11]. Surfaces, edges, and
faces can be used to create 3D geometries in SOLIDWORKS
component models. The tricycle model made with 3D
geometrical tools has beams, weldment joints, surfaces, edges,
and other parts in it.

The tricycle's frame is comprised of hollow pipes joined
together with welded connections. The front pipe, which will
give interior space for the steering pipe, must bear a greater
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weight than the other pipes, hence it is larger. The vertical pipes
linked to the vehicle's rear side, which will carry the rider's load,
are likewise made larger than the other pipes. Further analysis
would show that all of the other pipes are smaller and that they
are sufficiently strong. The frame's design is depicted in figure

-

Figure 2: 3-D model of tri cycle body frame

2.3 Material for frame

For the frame's construction, aluminum alloy was used. The
most commonly used metal for frame construction is aluminum
alloy. Steel is another commonly used component material. In
comparison to structural steel, however, aluminum alloy may
be less expensive, lighter in weight, and more reliable in table
1. The frame must be able to handle loads such as bending,
torsion, lateral loads while braking, and distant loads while
steering [12] [13] [14].

“Z Table 1. Properties of Aluminum Alloys

Properties Value Units
Elastic Modulus 70000 N/mm?
Poisson’s Ratio 0.33 N/A

Modulus of Shear 25900 N/mm?
Density of Mass 2680 Kg/m3
Tensile Strength 290 N/mm?

Compressive Strength N/mm?
Yield Strength 255 N/mm?
Thermal Expansion 2.38e"% /K
coefficient
Thermal Conductivity 137 W/(m.k)
Specific heat 880 J/(kg.K)
Material Damping Ratio N/A

2.3 Control Strategies

The controller maintains a safe stator temperature in the electric
motor by adjusting the speeds of the pump and fan. This has the
added benefit of lowering the systems overall power
consumption. The electric motor state-space thermal model
takes as inputs the stator and rotor heat fluxes, gs and qp,
respectively. Since the internal rotor of the motor is not
connected to the cooling system in any direct way, gr cannot be
regulated. The two heat exchangers in the cooling system need
a mode switching plan[15],[16].
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The heat pipes are cooled by a centrifugal fan, whose speed is
modulated by a classical controller.

Nfan = p(Tref - Tsh) + K, f(Tref - Tsh)dt (22)

Where Tsh represents the average of the stator hot temperature,
which is the state vector elements numbered two through
twelve. K and Ki are the controller gains. Since the voltage
across the fan motor is related to the rotational speed of the fan,
once the fan speed is known, the actual control input (such as
the fan motor voltage, V), may be calculated.

A liquid cooling subsystem may be engaged to remove excess
heat from the motor if the heat generation rate is too high for
the heat pipes to manage. For the most part, the stator windings
of an electric motor are where the heat is concentrated. The
optimal heat removal rate may be determined while
simultaneously decreasing the size of the temperature vector at
the thermal model's output. The cost function, J, for which an
optimum controller is developed is as follows:

=1 (Gmre(z-r)rarg) @)

Where T is a temperature vector used as a standard by electric
motors. Positive diagonal weighting matrices, Q and R, are
what we're talking about here.

_._{PQ;i=jr12<i<12
Q;j = 0; otherwise

Prii=j=1245
RU—[ Li=j=3 (24)
0; otherwise

In which Pg and Pr are positive quantities. As shown in this
research, Q is meant to maintain a consistent temperature in the
electric motor stator between the indices 2" and 12",
Similarly, the sole modifiable output is the third component of
the input vector q s, which signifies the heat elimination flow
by the cooling method.

The ideal architecture of a controller looks something like
Hc_l = (Q(4s — BsFo)_1 F, = R_lBsTP

— -1 . 5 —
9o _CSHC g __Fox+qo
Td  dideal

(25)

Where P is the answer to the Riccati calculation. The thermal
removal rate (Qicea) Of an ideal heat cooling system may be
determined using the following formula:

Qidear =[00100] — Agq (26)

dideal

Where Qigeal iS the theoretical maximum heat flow. Using eliq
and a time derivative, we can calculate the tracking error for
heat rejection during liquid cooling:

delip
€lip = Qideal — Qrems & _keelip (27)

In this case, Ke represents a positive control gain. The time-
derivative of heat loss from liquid cooling, as calculated by
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dQlip _ d(Qideai—Qnp)
dt dt

+keelip (28)

In eq. (16) and (17), the derivative of the rate of heat loss due to
liquid cooling is shown by the log mean temperature.

dQlip _ ahlip OMmot
dt OMmmor  dt

dATy,
AcraATm + hlipAcra T (29)

Plugging these values into a control law for the coolant mass
flow rate yields eq. (29) into eg. (28), yielding. Since mass flow
rates are proportional to pump and fan speeds, we may get them
from eq. (20) and eq. (21), respectively. Based on the
proportional relationship, the actual control inputs (such as the
voltages of the pump and fan motors, Vpump and Visan) may be
calculated once the pump and fan speeds are known.

2.4 System Design Calculations
Diameter of the wheel is 600mm = 0.6m
Radius of the wheel r=0.3m

Average speed of the tri-cycle=\VV=25km/hr
Force calculation

Force F=m*g in Newton

Where g=9.81 is the acceleration.

2.5 Analysis of Co2 Reduction through the Solar

Array
One kilogram of coal emits 2.86 kg of COg, thereby increasing
the carbon footprint which in turn contributes to global warming
[17] [18] [19].CO- Emission by Three-wheel HEV is 116.177

kg .

=: 3. RESULT AND DISCUSSION

The results of all the analyses performed with Finite Element
Analysis methodology include mesh element results, bending
case results, Torque case results, sum of Human weight and
battery weight also with torque case results, sum of Human
weight and battery weight also with torque case results, sum of
Human weight and battery weight also with torque case results,
and solar panel load case results. Furthermore, the frame FEA
methodology yields maximum stress, maximum displacement,
and a factor of safety.

Static Analysis

i. Model meshing

ii. Fixed boundary condition

iii. Boundary condition applied in the form of loads

iv. Results Study (a) stress Analysis (b) displacement analysis

3.1 Model of Mesh

Without meshing, a simulation cannot be run. Meshing is the
first step in the simulation process, since it is what generates the
finite elements that make up a finite element model for use in a
FEA. Model meshing is the process of dividing up your
geometry into smaller pieces, or finite elements. Now, let's
establish some terms:

In contrast to limitless, finite refers to a specific amount.
Element: A simple, present shape component or block.

The model's essential components are the elements. Meshing
breaks down a complex problem into a finite number of parts
(finite) of a shape that can be easily calculated (elements).
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In Solid Works Simulation, creating a mesh is simple. To begin,
right-click on the mesh icon in the Simulation Tree and select
Create Mesh from the menu that appears. You don't look at any
alternatives or even numbers when doing a quick mesh. Only a
slider for controlling the density or size of the elements is
visible. In terms of element size, fine is to the right and coarse
is to the left. A fine mesh will have smaller elements than a
coarse mesh, which will have fewer or larger elements.

PREAPEF-©-v- OH-T

Mactineds1

sRR[eTE] >

" SOLIDWORKS Educational Product. Fer Instructicnal Use On! y.
@)
® L v -
ER¢[e ‘ ‘
A NP
B
G
E 'y K
E P il
I
H

A=Fixed Support at Frant Wheel.
B,C,D,E,F,G=Fixed Support Down Tubes.
H,1,3,K=Fixed Support at Back Wheel.

(b)
Figure 3: (a) Fixed Boundary Conditions (b) Fixed Boundary
Conditions with Points

For FEA approach, boundary conditions of CAD model of
attempt cycle Frame Solid Works are used to perform Finite
Element Analysis on the frame of an electrical tricycle.
Two studies are performed on the CAD model of the frame that
is stored in SOLID WORKS. Stress, displacement with and
without deformation cases (true and automated cases) are the
names given to both analyses. Different analyses were carried
out with various forces and fixtures shown in figure 3(a)-(b).
Figure 4 depict the Vehicle speed, Motor Torgque and Constant
Motor Temperature using Hybrid cooling system at constant
Temperature using hybrid cooling system.

Vhicle Speed
T T T T

o a0 ] o ]

I I L L L
100 2 0 a a0 =) 0 o

Figure 4: Vehicle speed, Motor Torque and Constant Motor
Temperature
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3.2Sum of Solar panel, human, battery, and

Motor Torque loads

Figure 5(a) - (e) depict the sum of the solar panel, human,
battery, and motor torque loading modes of a tri-cycle frame.
The boundary condition is the pre- and post-constraint degrees
of freedom of the frame in the X, Y, and Z axes, respectively.
Torque from the engine, the weight of the battery and solar
panels, and body mass all contribute to the static strain on the
frame. The torque of the motor is 24.13 Nm, the battery is
29.43N, also solar panel weight 19.62N and the human's weight
is 637.67N. At the center of the seat, the load was provided with
a focused force of 667.08N. It is composed of human weight
and battery life. The most common working torque is 24.13 N-
m, as shown by the all-load ANALYSIS result. According to
the total deformation, maximum stress, and factor of safety, the
results are depicted in figures 5(a) - (€). The maximum stress
when applying torque, solar panel and sum of human and
battery load is 25.05 MPa, and the smallest stress is nearly zero.
The maximum deformation was 92.02 mm, and the maximum
safety factor was (2.550e+008/2.505e+007) = 10.179 86 shown
in table 4. All values were within the allowed range for a safe
design.

sBrRlele

[
% Solar Panel Load

— >

Human Load

Battery Load

&80 9
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(d)

(€
Figure 5. Sum of Solar panel, Human, battery, and Motor Torque
loads (a)All load, (b) True stress (without deformation), (c) Stress
with deformation (with deformation), (d) True Displacements, (e)
Automatic Displacements

3.3 Comparison table of Different Loads
As listed in table 2, the maximum stress (MPa) is increased as
the load increases and the safety factor is decreases.

i Table 2. Boundary condition and Results of tricycle

Name of load position | Directio | Maximu Factor
n m Stress of safety
(MPa)
1.Motor Torque | Front Positive 12.2 20.86
load wheel Z- Axis
2.Sum of Human | Sitting Negative | 24.48 10.41
load and Y-Axis
battery  load,
Motor Torque
load
3.Solar panel | Top Negative | 25.05 10.179
load, sum of | frame of | Y-Axis
Human load | sitting
and battery | position
load, Motor
Torque load.

4. CONCLUSIONS

A solar tricycle for disabled communities was successfully
constructed. The BLDC hub motor on this solar-powered
tricycle provided the forward motion. The purpose of this
research was to improve a conventional tricycle. Because the
electric tricycle is a hybrid, it can run both electrically and
pedally, providing people the same exercise as riding a tricycle.
Therefore, the present disclosure offers a three-wheel hybrid
electric tricycle unit that is efficient, economical, effective, and
flexible for providing of an uninterruptible travelling
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experience to a user by providing the capability to recharge the
batteries of the locomotive itself with an automated cut-off
mechanism, which would be helpful for physically challenged
people. The proposed tricycle is more stable in braking turns by
reducing the Centre of gravity compared to bicycle. The
proposed tricycle has the movement in both directions i.e.,
forward and reverse for disabled persons. A CAD model was
created in PTC Creo 3.0, and a finite element model was
generated in SolidWorks. There were two primary
considerations when designing the vehicle: simplicity of design
and a hybrid powertrain. Efficycle design and construction will
help people to learn more environmentally friendly ways to get
around.
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