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Abstract
This work is aimed at designing and developing of a light 
weight multi-utility electric vehicle hub motor transmission. 
The proposed vehicle is capable of doing versatile operations 
in small scale industries, workshops, institutes and many more 
by carrying medium-heavy loads in the premises or the campus, 
also this vehicle can also be used as a personal mobility vehicle 
for short distance transportation purpose with ease. With the 
basic calculations of mechanics, the components are designed to 
achieve the optimum performance. This vehicle helps to increase 
productivity by reducing human efforts at affordable rates. The 
need of alternative source of transport is increasing with the growth 
of population with pollution which can be solved in best possible 
way by electric vehicle.
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I. Introduction
The history of Electric Vehicles is propelled back to 19th century, 
but the interest in electric vehicle has increased with the growing 
concerns of damage of enviourment by internal combustion engine 
vehicles from 21st century. It is also understood that electrification 
is the most viable way to achieve clean and efficient transportation 
that is crucial to the sustainable development of the whole world. 
Considering present scenario, our team decided to develop, design 
and fabricate a multi-utility three wheeled hub-motor propelled 
vehicle. This vehicle has a great edge over load carriers it can be 
used as personal mobility vehicle with load carrier as primary 
function.
The proposed system is nothing but the integration of the electric 
scooters with the industrial load carriers into a single vehicle so 
that the customer using it can get the privilege of using it for both 
the transportation purpose and also for load carrying. And the 
proposed model is lighter in weight, requires less maintenance 
and economical so that can be afforded it easily.

Aditya Ganjapure et. al. suggests the idea of compact three-
wheeled foldable electric moped. Based on their work maximum 
speed, maximum acceleration and braking distance achieved was 
13.17 kmph, 1.805 m/s and 1.6m respectively. Generally, speed 
range of e-mopeds working on 250watts motor and 24v 7ah battery 
varies from 17 kmph to 21 kmph and acceleration range varies 
from 2 m/s to 3 m/s. The testing was done on inclined road of 30 
degree and radius of wheels is quite small, little deviation from 
desired value is obtained. Value of braking distance obtained was 
very much satisfactory. With 18 km range on a single charge, a 
top speed of 13 kmph and an ability to fold small enough to fit 
next to you in a train or a bus [1]. Prof. Firoz khan et. al. describes 
the idea of light weight multi-utility electric scooter using hub 
motor transmission. They have tried to implement regenerative 

power system and, restored the 30% of battery discharge by series 
connection [2].

Advanced power train technology for heavy vehicles includes 
full electric, hybrid electric, hybrid hydraulic and plug-in hybrid 
electric systems. For on-road vehicles, the hybrid electric power 
train is the most common, but all of the above-mentioned power 
train technologies have some market presence. Carlo Mol et al. 
describe the electrification methods of a heavy-duty vehicle. The 
market research describes that the need of hybrid technology is 
rising. Electrification of heavy duty drive systems can lead to a 
higher increase in system efficiency [3].

II. Development and Construction

A. Frame
Frame is the most significant rigid structural member that carries 
the various components of the vehicle in proper orientation. Basic 
types of frames are:

Tubular frame:• 
 Single cradle frame, double cradle frame, backbone frame.

Pressed steel frame.• 
Tubular frame is easy to fabricate as compared to pressed steel 
frame. Our vehicle is designed using the simplest form of double 
cradle frame. This helped us in decreasing the number of members 
to be used in the frame and thus keeping the mass to the lowest 
and most desirable value.

1. Design of Frame
The chassis is the component in charge of supporting all other 
vehicle’s subsystems taking care of the driver’s safety at all the 
times. The chassis design should withstand impacts created by 
crash or rollover. It must be very strong and durable taking into 
account the weight distribution for a better performance.

2. Material of Frame
Material selection of the chassis plays crucial part in providing the 
desired strength, endurance, safety and reliability to the vehicle. 
To choose the optimal material considering the properties good 
bending stiffness, minimum weight and maximum strength for 
the pipes from Mild Steel, Stainless Steel and Aluminum. Along 
these lines, post-retail investigation on cost, accessibility, and 
properties of these three material. The material finalized was Mild 
Steel with the grade of M.S. IS1239. of the following dimensions: 
outer diameter 25.4mm and thickness 3mm.

3. Evaluation of Material for Frame
Based on results of Universal testing machine, availability, 
requirements and comparisonbetween aluminum, mild steel and 
stainless steel we found mild steel to be the most appropriate 
material to be used for our vehicle, but even in Mild Steel there 
are many grades. Out of which we preferred to use MS IS1239.
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Table 1: Comparison of Material Properties

Properties Mild 
Steel Aluminum Stainless 

Steel
Machinability

Availability 0 0

Strength 0 X

Cost X X

Corrosive X 0

Weight X 0

Weld ability X 0

Brittleness 0 X
Ratings 5 3 2

Nomenclature:
X: Minimum, 0: Moderate, : Maximum

Table 2: Mechanical Properties of MSIS 1239
Parameters Metric values
Density 7870 kg/m3

Brinell Hardness 126
Knoof Hardness 145
Hardness Rockwell B 71
Hardness Vicky 131
Tensile Strength (Ultimate) 440 MPa
Tensile Strength (Yield) 370 MPa
Elongation at Break (in 50mm) 15.0 %
Reduction of Area 40.0 %
Modulus of Elasticity 205 GPa
Bulk Modulus 140 GPa
Poisson’s Ratio 0.290
Machinability Easy
Shear Modulus 80.0 GPa

Table 3: Chemical Composition of MS IS 1239
Elements Amount (%)
Carbon 0.39
Iron 99.522
Phosphorus 0.044
Sulphur 0.044

B. Fork Steering
A fork connects a front wheel and axle to its frame. The upper part 
of fork is connected to the handle bar. The handle bar with fork 
steering is the simplest steering mechanism. There are a number 
of fork steering systems:

Simple fork1. 
Telescopic fork2. 
Trailing arm fork3. 
Leading arm fork 4. 

Out of all these types of forks three forks excluding the first have 
suspension systems linked with it. Out of all these types of forks 
we have used the simple fork steering. The reason behind using this 
type of fork is reduced weight, ease of manufacture and reduced 
cost but only at the cost of suspension. In our vehicle, we do not 

need the suspension at front as the vehicle is made for indoor 
purpose and other surfaces which are not rough, hence it possible 
to use simple forks.

C. Brake
Brake is the most important control device of our vehicle. The main 
function of brake is to stop the vehicle within smallest possible 
distance which is done by converting the kinetic energy of vehicle 
into the heat energy which is dissipated in surrounding.

In our prototype, we decided to use drum brake because of its 
various advantages such as light weight, high brake factor and 
easy actuation mechanism. As the speed of the vehicle is low 
thus we have only used drum brake in the front wheel containing 
hub motor. 

D. Wheels and Tires
Wheels and tires are the most important components of an 
automobile because in the absence of an engine, a vehicle can 
be towed but towing is not possible in the absence of wheels 
and tires.

The selection criteria for wheels and tires of our vehicle is lighter 
weight, lower cost, effective performance and longer life, so in 
order to fulfill the above requirements we selected one aluminum 
and magnesium alloy wheel with hub motor as front wheel and 
two solid wheels as rear wheels. In the trolley, we decided to use 
four solid wheels.

E. Trolley
A trolley is a permanent or detachable part of a vehicle which is 
used to carry load. In case if a trolley is detachable, it is hinged 
or pivoted at the rear of the vehicle. Commonly used trolleys 
are of rectangular shape and they are generally made of hollow 
circular or rectangular parts. Generally solid wheels are used in 
a trolley if its operation is to run on smooth roads and pressed 
steel disc wheels with radial tires are used if they are to be run 
on rough roads. In our prototype we decided to use solid wheels 
because our vehicle is to be used in workshop and in college 
premises which have smooth surface for rolling the wheels they 
are less expensive.

F. Electric System
The motor is known as the ‘heart’ of an electric vehicle. The motor 
takes the power from the battery and powers the driving wheel. 
Brushless DC hub motor is the one which we have decided to 
use due to better efficiency and compactness. It is a permanent 
magnet DC motor with brushes replaced by rotor position sensors 
and semiconductor switches. As this motor is placed directly in 
the wheel, smooth torque is obtained.
Frictional losses, wear and tear are minimized. Specification of 
motor to be used: Power: 1 KW, Voltage: 48 volts.

Battery packs are like ‘fuel’ which provides the power to thevehicle. 
Based on availability and cost, lead acid battery proved to be fitting 
with the requirements of the vehicle. Deep discharge lead acid 
battery was chosen for the purpose. These batteries are sealed and 
don’t require any water to be filled up. Battery packs are rated in 
volts (V)and ampere-hours (AH) of energy.

Controller can be considered as ‘brain’ of the electric vehicle, as 
it provides output into the motor as per the input provided by the 
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driver. Controller basically controls the current flowing into the 
motor from the battery based on proper communication with the 
accelerator. The controller used in our prototype provides overload 
protection. Similar to petrol vehicles, our project vehicle is also 
equipped with the accelerator to control the speed.

III. Calculations

A. Motor Calculations
Power output of motor 
= 1000 watt
Efficiency of motor 
= 80%
Power input to motor Pi 
= 1000/0.8=1250
 Watt Load torque 
= (output power)/ (2πN) =1000*60/(2π*500) =19.098 N.m.
Load current
= Pi/ V= 1250/48 = 26.04 A
Speed
= (π*D*N)/60= 3.14*0.4064*500/60 = 10.634 m/s = 38.282 
kmph
Force
= T/r= 19.098/0.2032= 93.986 N 
Rolling friction
= 31.49 N
Force – Rolling friction= mass*acceleration
Acceleration a
= (93.986 - 31.49)/22.43= 2.787 m/s2

B. Battery Calculations
When batteries are connected in series, 
Terminal voltage V 
= 12*4= 48 Volt
Ampere-hour of batteries 
Q = 33 Ah
Power input for charging
Pi = 290 Watt
Time required for charging
= (V*Q)/ Pi = (48*33)/290=5.462 hrs.
= 5 hr. 27 minutes

C. Total Power Consumption
We have only BLDC hub motor for power consumption in our 
vehicle so power consumption is 1250 watt only.

Discharging time for battery 
= (V*Q)/ (total power consumption)
= (48*33)/1250 = 1.2672 hr
= 1hr 16 min

D. Brakes Calculations
Load distribution of our vehicle is 43:57 there for load on the 
both axles divided are:
Static load on front Axle 
= 43% of 219 Kg= 43*219/100
= 94.17 Kg 
Static load on Rear Axle
=57% of 219 Kg=57*219/100
=131.4Kg

Dynamic weight transfer of our vehicle while, Braking 
condition
= (mass of vehicle) *(Max. Dec) *(height of C.G from the 
Base) 
=22.32*1*9.81*25/45=121.64 N
=12.43 kg

Dynamic load distribution of the front axle and rear axle while 
the braking condition:
Dynamic Front axle load while braking:
= 12.43+94.17Kg
= 106.6kg
Dynamic rear axle load while braking:
 = 219-106.6kg
 = 112.4kg

Net braking force is produce while braking is: 
 = mass*deceleration= 219*1*9.81  
= 2148.39N

Net power absorbed of the wheel during braking:
= (mass of vehicle /2) *((velocity2)/ (time for change velocity))
= (219/2) *((11.112)/1.13) 
=11960.8 9J/s
 
Time for velocity Change:
= Velocity/Maxi. Dec.= 11.11/1*9.81
= 1.13 seconds

Maximum Temperature rise
= (Kinetic energy in Ft.lbs)/ (weight of rotor in Lbs) = 1472.92/6.613 
= 222.83°F
= 106°C

Stopping distance:
= v2/2*α = (11.11)2/2*2.37
=26.040m

IV. Vehicle specifications and CAD modelling:
Table 4: General Specifications of the Vehicle

Specification Values
Wheelbase 51”
Wheel track 34”
Frame Material MS IS 1239
Material dia. & thickness 25.4mm & 3mm
Brakes Drum

Wheels and tires

Front Wheel:
Dia:16” & Width- 3” 
Rear PMV Support Wheels: 
Dia.- 6” & Width- 2”  
Trolley Support Wheels: 
Dia.- 4” & Width- 2”

Motor

Type: BLDC Hub Motor 
Power: 1KW 
Volts: 48V
Efficiency: 80%

Battery Pack Type: Deep Discharge Lead Acid 
Voltage: 4 x 12V

Vehicle Weight 94 Kg

Vehicle Load Carrying 
Capacity ½ Tone
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Fig. 1: Isometric View

Fig. 2: Side View

Fig. 3: Front View

Fig. 4: Top View

V. Simulation and Results
The trolleyneeds to be strong enough to carry the desired load as it 
is used as load carrier. Trolley is designed to sustain themaximum 
load of 500 kgs. For the optimized design, it is necessary to perform 

a Finite Element Analysis. The Finite Element Method gives the 
most accurate results considering various conditions among all 
other numerical techniques. It uses the decentralization approach 
which divides the whole model into small elements. The boundary 
conditions are shown in figure. The verticalload is applied on 
the top face of the trolley and the fix condition is applied in the 
wheels.

Fig. 1: Boundary Condition of Trolley

The result of stress acting on the trolley has shown in the figure 
while conditions being static. Here, the stress described is a Von-
Mises stress. Form the figure it can be clearly seen that the stresses 
generated during the maximum load are very much lower that the 
allowable stresses of the material. So, we can conclude that the 
design is safe for the given conditions.

Optimization is one of the key processes of design. With various 
topological optimizations, one can finalize the design of any 
component so that it will have the minimal use of material and a 
reduced weight. With thereduction of material, the overall cost 
of the component is reduced. Here with topological optimization, 
the trolley design has been finalized. 

Fig. 2: Stress

The figure below shows that the maximum deformation occurred 
while applying the maximum force. The value of maximum 
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deformation is way below the limit of allowable deformation. So, 
while carrying the maximum load the trolley won’t be subjected 
to any kind of failure. 

Fig. 3: Deformation

VI. Fabrication

A. Chassis 
First of all, a fixture for the base of the vehicle was made and 
the pipes were cut according to the fixture and welded together. 
Later on a fixture of seat mounting side member was made and 
then the pipes were cut and welded accordingly. Finally, the base 
frame and seat mounting side members were welded together 
after which the seat was mounted. Battery mounting was prepared 
on the base frame itself, below the seat for proper utilization of 
available space.  

Fig. 4: Chassis

B. Trolley
The trolley frame was constructed by cutting the L-section plates 
of suitable size and welding them together. Later on various cross 
members were welded to the trolley frame which acts as the load 
carrying members of the trolley. Finally, a wooden ply was placed 
on trolley in order to facilitate proper placement of goods.

Fig. 5: Trolley

C. Wheel Mounting
Once the roll cage was ready both the wheels (front and rear) 
were mounted simultaneously to save time and distribute the 
work among the team member. After mounting the PMV wheels, 
mounting of trolley wheels was carried out.

Fig. 6: Front Wheel Mounting

Fig. 7: Rear Wheel Mounting.
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Fig. 8: Trolley Wheel Mounting

D. Motor Mounting
As the hub motor is used in the vehicle so motor mounting was 
itself done by mounting the front wheel in the vehicle. The hub 
motor was mounted in the steering fork of the vehicle.

E. Battery and Seat Mounting
It is a load carrier vehicle so driver seat is not comfortable but it 
is good enough to seat on it to ride a vehicle. Battery mounting 
is exactly bellow the seat mounting to utilize the space which is 
below the seat. It is a small vehicle for a single person drive so it 
is beneficial to utilize a space. 

F. Steering and Brake Mounting
As we have to steer only one wheel so steering fork with handle 
bar is used as it provides riding comfort. Generally, these types 
of handle bars are used in rickshaws and bikes. We used drum 
brake which is mounted in front wheel. It is an integral part of 
hub motor itself. We used only one brake in vehicle which is in 
front wheel.

Fig. 9: Steering and Brake Mounting

Fig. 10: Without Load Carrier.

Fig. 10: With Load Carrier.

VII. Conclusion
To conclude, the concept designed by us is just a prototype which is 
hub motor propelled vehicle with multi usage like a load carrier and 
personal mobility vehicle, designed keeping in mind handicapped 
people also, can be best utilized at many places like airport, college 
and university premises and many more with additive advantages 
of low cost, high efficiency, pollution free, low maintenance and 
compact in size. This prototype can be more developed considering 
the mass production and safety parameters as it has a leading edge 
over mechanical propelled vehicle in near future.
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