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Abstract - Over the recent years, the need for vehicles that
have greater efficiencies along with minimal carbon
footprint have arisen significantly which led to increase in
demand for Human Powered Vehicle such as bicycles. In this
project we have designed a Human Powered Vehicle which
can act as an alternative to conventional bicycles,
additionally providing better comfort, higher speed and
maximum safety. The objective was to find a solution for
sustainable transportation for short distances. Our vehicle
has been designed as semi recumbent and includes front
wheel drive mechanism with 8 speed gear transmission,
both front and rear brakes along with a meticulously
designed fairing. The vehicle has a carbon fiber structural
chassis with 3mm thickness; it has been designed in such a
way that it reduces stress concentration and bends thus
allowing the manufacturing of precise fixtures that can be
used to construct multiple frames quickly and efficiently.
The fairing weighs 12kg (118N) and the vehicle weighs 8kg
(without fairing). A combination of experimental and
analytical tools was used to design a safe, practical bicycle.
The vehicle is designed and analyzed with the aid of CAD
tools such as Solid Works 2020, and analysis package ANSYS
2020 R1.
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1. INTRODUCTION

The vehicle has been designed after diligent evaluations of
the designs and materials and the best available option
has been selected. The design of the vehicle has been done
on Solid Works 2020 and to ensure the safety and integrity
of structure different analysis has been done on ANSYS
2020 R1. Aerodynamic analysis has been carried out to
provide a vehicle with aerodynamic fairing which will be
useful at high speed.

2. ALTERNATIVES AND EVALUATION

The basic layout of the vehicle is selected with the help of
evaluation of alternative designs. All the various
alternatives were considered for different options
available and were then compared using a scoring system
on various criteria and the best option is chosen in table-3.

2.1. Drivetrain configuration

Drivetrain configuration is an important parameter to be
considered as it affects the overall power that can be
delivered along with the complexity of the vehicle. Front
wheel drive and rear wheel drive were compared on the
basis of efficiency, weight, complexity of assembly,
traction in table-1. Front wheel drive was selected as it
provides better efficiency and reduces the overall weight
of the drivetrain of the vehicle.

Table -1: Drivetrain Configuration

Effici | Weight | Compl | Traction | Total
ency exity
Front |5 4 3 3 15
wheel
drive
Rear 3 3 4 4 14
wheel
drive

2.2. Vehicle style

Vehicle style decides the number and configuration of
wheels that will be used and also affects the overall weight
and handling. We considered three main types of HPV; 2-
wheel, tadpole, delta. They were compared on the basis of
stability, weight, maneuverability in table-2. Two-wheel
design was chosen for superior maneuverability, and
lower weight.

Table -2: Vehicle Style

Stability | Weight | Maneuver | Total
ability
2-wheel 4 5 5 14
Tadpole 5 4 4 13
Delta 5 4 3 12

2.3. Rider positioning

Rider positioning deals with the safety and the power that
can be delivered by the rider. Recumbent, semi recumbent
and upright were compared for stability, safety, power
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delivery in table-3. Semi-Recumbent position selected as it
provides more safety to the rider and has more power
delivery and provides better performance ergonomically.

Table -3: Rider positioning

Positions Stability | Safety | Power Total

delivery
Recumbent | 3 4 4 11
Upright 3 3 4 10
Semi- 4 4 5 13
Recumbent

2.4. Material

Material is one of the most important parameters to be
selected and it majorly affects the total weight and cost of
manufacturing. The materials considered were Aluminum
6063, AISI 4130 Chromoly, and Carbon fiber. They were
then compared on the basis of cost, strength, weight, ease
of use, etc. in table-4.

Table -4: Materials

Cost | Stre | Weig | Ease | Acce | Tot
Materi ngth | ht of ssibil | al
al use | ity
Alumin | 4 2 4 3 3 16
um
6063
4130 4 4 3 4 3 18
Chrom
oly
Carbon | 3 5 5 3 3 19
fiber

3. DESIGN DESCRIPTION

We started our designing process by researching and
fixing some parameters like wheelbase and ground
clearance and then we started working on the design of
main frame, the center line of our main frame is spline
which help in optimizing the shape of vehicle and reduce
stress concentration points all over the body, rather than
straight line with fillets we optimized our vehicle design
for better ergonomics and structural strength. Also, after
finalizing the design of main frame, we compared
rectangular, circular and elliptical cross section it is
observed that elliptical cross-section has the highest
bending strength and differing major and minor axis
structural properties, in addition we have used multi cross

sections as can be seen in figure, it is done to reduce the
overall weight of the frame and for the better usage of
material (fig-1). We have applied more material at critical
points and joints. Carbon fiber provides us freedom to
build a vehicle with multiple cross sections.

*all cross sections are scaled up for isibility

. & N - i all dims are in mm
Fig -1: Cross-Sectional Dimension

4. MATERIAL

The material selected for this year's vehicle’s is plain
weaved carbon fiber with an epoxy matrix as it provides
excellent properties such as strength and lightweight. This
resulted in a light frame which has enough strength to
handle all the loads that it might experience. Its increased
price is justified by its advantages and it also provides. The
mechanical properties and accordingly the polar
properties of the carbon fiber fabric are given below.

Polar Properties

?5 QRe+04

Ry

S dd44e+04™,

Fig -2: Polar Properties of Carbon fiber fabric

Table -5: Mechanical Properties of Carbon Fiber Fabric

Density 1.41g/cm3
Ex 59.16GPa
Ey 59.16GPa
E. 7.5GPa
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Gxy 3.3 GPa
Gy 2.7 GPa
YTSx« 513 MPa
YTS, 513 MPa
Vxy 0.04

Vyz 0.3

Vxz 0.3

As can be observed in table-5 this material provides high
stability and rigidity thus it can absorb large amount of
impact energy which help in increasing the safety of rider
as well as vehicle. It can be also observed that it has least
amount of density among all the available materials with
same structural strength.

4.1 Composite Ply Structure

We have chosen a 120, 60, 0-degree ply structure as this
gives superior tensile properties and the distribution is
uniform as can be seen in the polar chart (fig-3). With the
help of this structure, we needed to use only 3 layers on
the place of conventional 4-layer structure which is 0 45 0
45, thus saving material.

Stackup.1 PP,AP Polar Properties
1.5 B il
E1 e \*\\
s E2 / 90~/ *19e+0
Fabric.1, a=0.0 ) / 3 1;49":&?
£ o5 “/ / 21e+04
s / , N
g o [ 1.05e+04
8 Fabric.1, a=600 || 180 ‘, i 0
MEER E——
Stackup.1, a=0.0 \ N G 5 if
4 KON 4
Fabric.1, a=120.0 X [ //
% S0 3

-1.5

Fig -3: Ply Structure and Polar Properties

5. STRUCTURAL ANALYSIS

Different analysis has been carried out to ensure
maximum safety for the rider. All the analysis was carried
out on ANSYS 2020 R1. To carry on with the analysis there
were some assumptions that have been made such as:
Interface between metal (seat mounting points) and
carbon fiber is of bonded contact type. Default fine
meshing along with local mesh refinement on critical
curves, eg. Fillets, was applied. Target factor of safety is 2
and maximum deflection is 5.

5.1 Body Weight Analysis

Body weight analysis has been carried out to analyze the

structural integrity of the carbon fiber frame; to ensure

that it could withstand the weight of the heaviest rider of
the team (80 kg =) which was applied vertically
downwards on the seat mounts.

Head tube and rear fork were considered as fixed points.

Fig -4: Load constraints

H: Static Structural
Total Deformation

26 PM

0.777714 Max
0.69132

L{
000 400.00 (mm r4

[ SE—
20000

Fig -5: Deformation

20412
43162 Min
Lo

20000

Fig -6: Factor of Safety

Results:
e Maximum elastic deformation after applying a
weight of 80 kg is observed to be 0.777 mm.
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e  Factor of Safety is 4.3162.

5.2. Bottom Bracket Analysis

Bottom Bracket Analysis has been carried out to ensure
structural integrity of the bottom bracket when the
expected maximum force on pedal is applied.

The assumed maximum pedaling force is taken as 300N.
For analysis moment of 52500 N-mm is applied on the
bottom bracket in ant-clockwise direction. Moment is
calculated by the formula: Moment = Pedal force x crank
length =300*175mm = 52500 N-mm.

D: Static Structural
BOTTOMBRACKET
Time: 1.3

1/19/2021 11:42 PM

[ Moment: 52500 N-mm
. Fixed Support

L

0.00 400.00 (mm)
L SE—
200.00

Fig -7 Load constraints

D: Static Structural
Total Deformation

Type: Total Deformation
Unit mm

Time: 1

1/19/2021 11:42 PM

1.0769 Max
095728
083762
0.7M7%
05983
047664
035808
023932
0.11966

0 Min

L

0.00 400.00 (mm)
| SS—
200.00

Fig -8 Deformation

D: Static Structural

Safety Factor

Type: Safety Factor (Unaveraged)
Time: 1

1/19/2021 11:42 PM

1000 Max
153.74
100.01
T2.74
58901
460
30166

5.579 Min
0

L

0.00 400,00 (mm)
L S—
200.00

Fig -9 Factor of Safety

Result
e Maximum elastic deformation is 1.0769 mm.
e Factor of safety is 5.579.

5.3 Bump Analysis

Bump Analysis has been carried out to check the
structural integrity during a bump. A force of 981 N was
applied on the head tube in the vertically upward
direction. Seat belt mounting points were considered as
fixed points.

F: Static Structural
BUMP Test

Time: 1.5
1/19/2021 11:43 PM

W Force: 981N
- Fixed Support

000 300.00 (mm)
L S—

150.00

Fig -10 Load constraints
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F: Static Structural

4.7631 Max

42339

3.7047
175

Ll
00 500.00 (mm) -

L SE—
25000

Fig -11 Deformation

F: Static Structural

Safety Factor

Type: Safety Factor (Unaveraged)
Time: 1

1/19/2021 11:44 PM

1000 Max
824.9%

L’.
0.00 500.00 (mm) 3

L SE—
250.00

Fig -12 Factor of Safety

Result
e  Maximum elastic deformation is 4.7631 mm due to
bump.
e  Factor of safety is 2.198

5.4 Side Impact Analysis

Side Impact Analysis has been carried out to check the
structural integrity during side impact. This is the impact
on the first point of contact when the vehicle is tilted
sideways during inspection or when the vehicle undergoes
failure during crash or accident; the force exerted is 100kg
to be on the safe side.

E: Static Structural
SIDE Impact

50.00

Fig -13 Load constraints

200.00

Fig -14 Deformation

averaged

Fig -15 Factor of Safety

Result

e Maximum elastic deformation was observed to be
0.6855 mm.

» A minimum factor of safety is 5.879

6. AERODYNAMIC ANALYSIS

Flow simulation was tried on the bare frame with the rider
to analyze the air flow and calculate the drag, this was
done via Solidwork’s Flow Simulation. For the meshing of
the fluid volume, local mesh was done with 4 level of
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refinement which help in accurate yet fast solution. For
the general setting of the flow simulation, the walls were
considered to be adiabatic and the surface roughness of
500 pum, along with the surrounding temperature of 25°C
and a global pressure of 1 atm, and lastly max flow speed
of 40km/h (11.11m/s) was considered. This setup was
used for all the flow analysis and the velocity contours
were noted.

Fig -16: Meshing in solidworks flow simulation.

Observing the bare model air drags 3 different fairing
were modeled which are most commonly used and can be
manufactured and then aerodynamic analysis of these
fairings was carried out to determine the design which
have the least amount of drag.

Fig -17: HPV without fairing, the drag came out to be
17.567N

To calculate the reduction in drag HPV without any
aerodynamic device has been analyzed (fig-17) and
drag is noted down which came out to be 17.567N

Fig -18: HPV with TORPEDO fairing, the drag came out to
be 12.562N

Next, analysis is carried out on TORPEDO fairing (fig-18),
this fairing design is compact and requires less material in
addition with the simple design but it resulted in only
small amount of drag reduction from 17.56 N to 12.56 N.

Fig -19: HPV with BUBBLE fairing, the drag came out to be
8.95N

Next, analysis is carried out on BUBBLE fairing (fig-19),
this fairing design is having superior aerodynamics along
with more leg space for driver and it resulted in significant
amount of drag reduction from 17.56 N to 8.95 N.

Fig -20: HPV with WEDGE fairing, the drag came out to be
11.31N

Last analysis is carried out on WEDGE fairing (fig-20),
these fairing designs is compact and has enough leg space
for driver in addition with the simple design and it
resulted in considerable amount of drag reduction from
1756 Nto 11.31 N

= = unfaired

— wedge fairing

— torpedo fairing

Resistance(w) ->

—— bubble faring

[} 5 10 15 20 25 30 35 40

Velocity(km/h) ->
Chart -1: Resistance v/s Velocity Graph

The graph above shows the resistance offered by 3 designs
with respect to velocity of vehicle and as observed earlier
bubble fairing stands out with the least amount of drag
and is correct choice for the type of fairing that should be
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used. With the help of above graph and analysis data the
bubble fairing has been selected for the vehicle as it
reduces the drag by approximately 50 percent and provide
lesser resistance with increase in speed as compared to
other fairings. Here is a 3 view drawing of the final vehicle
with fairing (fig-21).

2730

1150
.,
_

1100

>

Fig -21: 3 view model of the vehicle
7. CONCLUSION

In this project, design and analysis of Human
Powered Vehicle has been carried out. The design
process was done very meticulously to obtain best
performance and have highest safety for riders.
Structural analysis results satisfy the minimum
factor of safety of 2 and maximum deflection of 5mm
conditions; thus, it can be concluded that the
designed vehicle is safe. Aerodynamic analysis
results are used to select perfect aerodynamic device
for the vehicle which will help in reducing overall
drag and help the driver to attain more speed with
maximum safety.
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