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Abstract

An attempt has been made to develop asmall compact and easy to carry mobile charger
which utilises windenergy to charge mobile phones with ease during travelling. It minimises
the dependability on conventional chargers. It utilises a fan connected to a DC generator,
abridge rectifier which minimises fluctuations. It works effectively between vehicle/wind
speed of 40kmph and 80kmph. It can be easily installed in the window of the car/bus/train
etc and mobile phone can be charged. The charger canberotatedon its axis to facilitate the
direction of the wind. The charger consistsof minimum number of parts making it cheaper
and affordable. As an added feature a small solar panel is provided at the top to harvest solar
energy in the absence of wind energy or when we are not travelling. Also a small
rechargeable battery is also provided so that it can save energy when both wind and solar
energy is available and can provide alternate source of power when both are absent.
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1. Introduction

Wind energy is the energy present in moving air. This energy can be utilized for more
useful purposes like running a windmill, pumping water from a well, sailing boats etc.
while we are travelling in train or in any other vehicle this energy is being wasted or at
least we tend to ignore this energy.

In the proposed work an attempt has been made to develop a model by which wind
energy can be used to charge mobiles while we are travelling especially by train or by
any other vehicle. It utilizes a fan coupled to a generator and housed in a frame capable
of rotating on its axis. It can be easily installed in the window. As the train starts moving
the wind enters the compartment and hence the fan rotates .The generator produces
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enough energy to charge a mobile .This minimizes the dependency on other source of
power and makes travel pleasurable and hassle free.

A simple and portable devise which can be carried anywhere and used anywhere. It
consists of minimum number of parts making it cheaper. The clamp provided at the
bottom eases fixing within few minutes. It does not require any special skill to install
and use. Additional features provided like the solar panel at the top and a rechargeable
battery at the bottom makes it more users friendly. The solar panel provides an alternate
source of power when we are not travelling or when the wind is not sufficient to run the
generator. When both wind energy and solar energy is present and we are not charging
our mobiles this energy can be comfortably saved in the rechargeable battery and during
the absence of both like nights are when it’s raining or when the atmosphere is such that
we cannot open the windows this provides an alternate means to charge our mobiles.
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Figure 1.1 physical diagram of the system

2. Product development methodology[1]:
To develop a new product it is very important to know the needs of the customers. For
this purpose numbers of customers are selected from different categories as shown in the
customer selection matrix.
Table 2.1: Customer selection matrix for wind powered mobile charger

Market Lead users Users
Sellers (shop owners/salesmen) 10 16
Users (repair shops/friend/relatives etc.) 28 24

For my interview total of 78 customers are selected so that needs can be gathered in a
more effective way and a better product can be generated. The customers include general
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public, mobile and accessory sellers, students and frequent travellers. Based on their
opinion metrics are developed and target values are set as shown in the table 2.2
Table 2.2 Target specification for wind powered mobile charger

Specification
SI No. Metrics units | Minimum Maximum

value value
1 Total weight Newton 2500 3000
2 Speed of fan/generator Rpm 500 1000
3 Unit product cost Rs 150 200
4 Materials Plastic/GI/MS
5 Ergonomic consideration Subjective
6 Time to charge mobile Minutes 30 45
7 Safety Subjective
8 Time to fix/clamp Minutes 1 2
9 Size mm? 3x10° 12x10°
10 Type Semi-Automated

2.1 Concept generation [1]:

Considering the targeted values and the metrics different concepts were created and a
best concept is selected which satisfies maximum needs of the customer. The selected
concept has better ergonomic features, simple in construction, easy to use and carry
facility. It can be fixed easily in the window frame or bar either from inside or outside
and can be tilted to facilitate the wind direction. Parts can be easily assembled and dis
assembled. Different data cords can be used to charge different mobiles.

3 Design of wind powered mobile charger:

3.1 specification of fan
Table 3.1: Design Specification of Fan

SL NO PARTICULARS VALUES
1 Area 2033mm?,
2 Speed 2000 rpm
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3 Hub Diameter 12mm

4 Fan Diameter 62 mm

5 Number of Blades 4

6 Blade Thickness 1mm

7 Blade Length 25mm

8 Blade Width 25mm

9 Desired Capacity 300 Pa

10 Material PVC

3.2MATERIAL PROPERTIES OF PVC

Table 3.2: Material properties of PVC

SINo | Property Value

1 Young’ Modulus 3378 Mpa

2 Density 1.3 g/cm2

3 Compressive Strength 65Mpa

4 Poisson’s Ratio 0.3

5 Ultimate Tensile Stress 31 MPa
3.3ALLOWABLE STRESS

Yield stress of the material =31 Mpa

Factor of Safety = 3
yield stress

FOS

Allowable Stress = 6= (3.1)
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31
6=—
3

6 =10.33 Mpa

Allowable stress or design stress of the fane is 10.33Mpa. After applying the external
pressure of 300 Pa to the fan, the vonmises stress value has to come below the allowable or
design stress of the frame, and then only the frame is safe under external loading.

3.4 ALLOWABLE DEFLECTION

Fi®
Zzb th\[(Equation No0.11.32, Page No 144A, Design Data Hand Book)
(3.2)

Deflection =y =

At a maximum wind/vehicle speed of 80kmph (22.22m/s) the pressure acting on the fan is
300pa

Therefore the force acting on each blade
F= pressure x area of each blade

Pressure =300pa

Area of each blade = 480mm?= 4.8x10* m?
Therefore F= 300 x 4.8x10*= 0.144N

Cz =Constant = 4

F = Force acting on each blade = 0.144 N

| = Length of blade = 25 mm

E = Young’s Modulus of Materials = 3378 N/mm?
b = Maximum Width of Blade = 25mm

h= Thickness of Blade = 1mm

c, FI?
Ebh?

Deflection =y = (3.3)

_ 4H0.144X2 57
"~ 3378Xx25X12

y =0.106mm
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Allowable deflection for the fan is 0.106mm. After applying the external load of 0.144 N
to the fan blades, the deflection value has to come below the allowable deflection of the
frame, then only the fan is safe under external loading

3.5 BOUNDARY CONDITION AND LOAD ON FAN BLADES

AN AN

Figure 3.1: Load on fan blades

In structural problems we normally come across the boundary conditions. Figure 3.1 shows
the load on fan blades. In the present problem the structure is fixed in all degrees of motion
at the bottom and a pressure of 300 Pa is applied on the blades.

3.6 VONMISES STRESS ON FAN

AN — AN
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Figure 3.2: Vonmises stress distribution on fan blades

The figure 3.2 shows the Vonmises stress distribution on fan blades. The maximum
Vonmises stress of 5.225 Mpa due to applied load. The maximum stress occurs at fan blade
root. This stress is less than the allowable stress of the material 10.33Mpa.
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3.7 DISPLACEMENT ON FAN
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Figure 3.3: Displacement on fan blades

The figure 3.3 shows the displacement on fan blades with external loading 0.144 N
Maximum deflection of 0.008616 mm can be observed in the problem as shown in the status
bar. The deflection developed is less than the allowable deflection of 0.106 mm.

3.8 RESULT ANALYSIS OF FAN

Table 3.2 Structural Analysis Result

Particulars Allowable Desired FEA
Vonmises Stress 10.33 MPa 5.225 MPa
Displacement 0.106mm 0.0008616mm

3.9 speed of the fan/generator:

Assuming the speed of the vehicle/wind as 40kmph,
Absolut velocity of entering air V=40kmph=11.11m/s
Outer diameter of the blade/fan D=62mm=0.062m
Angle of the blade at outlet=0=65°

Velocity of whirl at outlet =Vw1=0

Flow ratio=0.6 (assumed)
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We know that Flow ratio FR = % = % =06 (3.4)
Where Vi= velocity of flow at inlet
Vs = velocity of flow at outlet
Therefore
Velocity of flow at outlet Vi1 = FR xV
=0.6x11.11
Vi =6.67m/s
From outlet velocity triangle
v
Tan @ = -2 (3.5)
u.
Where u;= velocity of vane at outlet
Therefore uj=—1*
Tan &
_ 667
" Tanés
ui=3.1m/s
Also we know that U= % (3.6)
Where N — speed of the blade/fan -rpm
Therefore N = ——t
T
_ 60x31
" mx0.052
N =957.5rpm
The following table shows speed of the fan at different wind speeds.
Table 3.3 Velocity of Wind v/s fan speed
Slno Velocity of | Velocity of | Speed of the
Wind (kmph) | Wind (m/s) | fan/generator (rpm)
01 30 8.33 718
02 40 11.11 957.5
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03 60 16.67 1436
04 80 22.22 1915

3.10 Design of center bolt:

Assuming the maximum wind speed to be 80 kmph (22.22m/s).

According to storm shield pressure conversion chart .The pressure at this speed is equal to
P = 300pa

This pressure is acting directly over the surface of wind charger frame having an area of
A=0.12x0.1=0.012m?

Therefore the force acting on the surface of the charger
F=P XA (3.7)
=300x0.01 =3.6N

The bolt is under single shear and made of MS having a working stress of 60n/mm?

Faid®

Therefore 1= (3.8)

Where d —diameter of bolt

Therefore diameter of boltd = 0.24 mm

From standard table diameter of bolt is taken as 4mm

3.11 Design of front cover:

It is a rectangular plate of 200mmx120mm with a circular hole of diameter 80mm
Therefore the area of plate

’ 2
A= (0.1x0.12) - %) = 7x10° m?
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Assuming a maximum wind speed of 80 kmph (22.22m/s) and a maximum pressure of

300pa.

The force acting on the plate
F = PxA = 300x 7 x10°3 (3.9)
F=2.1N

To find the thickness of plate:

The plate will be under compression and is made of hard plastic. Assuming the safe
compressive stress of 65mpa. The thickness of the plate will be
F
t=—o (3.10)

lo,

Where | — length of the plate along the smallest side ie 200mm

Therefore thickness of the plate

t 21
"~ 0.1x65

=0.32mm.

Thickness of plate taken is 2mm

To find the induced bending stress on window rods:

Maximum bending moment M= 2.1 x 30= 63N mm

Area of each rod (for square cross section) = b x t =10 x 10 = 100mm?
Moment of inertia  I=—— (3.11)

10x103
= =833.33 mm*

63x5

= =0.37n/ mm?=0.37Mpa  (3.12)
833.33

For a rod of circular cross section having diameter 8mm

Tl 2
Area of rod A:T
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A =50.26 mm?

] ] md?
Moment of inertia |l=—
64

_ ot
T 64
1=201.06 mm4

Therefore bending stress

63x4d

T 201.06

6p=1.253 n/ mm?=1.253Mpa

Conclusion: As the induced stresses are less than the allowable stress (100 Mpa for steel
and 45 Mpa for glass) the window rods are safe.

3.12 Calculation of charging time:
Normal capacity of the mobile phone battery = 1600mAh
Normal output of the charger = 300mA

Therefore the time taken for charging
1600

300

T=5.3hours

Assuming an efficiency of 80%, then the time taken for charging a completely drained
mobile phone battery

1600x0.8
T 300

T=6.66 hours
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3.13Assembledview of the product

Solar panel

DC generator

Clamp

Battery holder «—— Screw

Figure 3.4: Details of wind powered mobile charger

4 Validation:

The testing of the prototype is carried out at M/s alpha technologies yelahanka Bengaluru.
The fan is tested under a wind/vehicle speed between 30kmph and 80kmph. It is found that
the fan starts running at a speed of 30kmph and starts generating enough power (i.e. 3.7volts
at 300mA) at a speed of 40kmph. The charger works effectively even at 80kmph as the
maximum output of generator is 6volts. The voltage developed at different speeds is as listed
in the table 4.1 as shown below.The solar panel can be effectively used to either charge the
cell phone directly or charge the rechargeable battery. It produces an output of 6volts and
500mA of current at maximum sun light. During the absence of wind energy and sun light
(during night times or when it is raining etc.) it provides an effective means of charging

Table 4.1 voltage at different speeds

SIno | Speed (rpm) | Voltage (v)
01 620 2.1
02 860 2.4
03 924 3.9
04 1225 4.3
05 1850 4.9
06 1964 5.0
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Figure 4.1 Validation of prototype

5 Conclusion:

Use In this work a wind battery charger has been investigated to charge the mobile phone or
battery while travelling .This technology can help to meet the emergency power requirement
when grid electricity is not available. The wind driven mobile charger is also portable, cost-
effective and energy efficient .By further suitable modifications, the system could be used to
charge gadgets for daily use.

The mentioned design uses this wind energy and converts it into useable power, which can
be directly feed into the mobile phone .To accommodate the frequent change in the wind
direction, a joint has been given in it allowing it to rotate in any direction. It can be
completely disassembled, thereby making it lighter in weight and portable, fulfilling its
basic function of being a travel charger.

For making it more users friendly a solar panel has been fixed at the top which provides an
alternative source of energy for charging mobiles in the absence of wind energy or when we
are not travelling. Along with this a rechargeable battery is also provided which works as a
stand by source of power when both wind and solar energy is not present say during nights.
When we are travelling or when enough solar energy is present and when we are not
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charging our gadget the rechargeable battery gets charged and provides an added advantage.
The intension of this project is to make travel hassle free and minimize dependency on
regular power supply for charging gadgets.
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