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Abstract— The aim of this thesis is to make a smart umbrella
which can reduce human effort due to its functionality and
can target the market due to its unique design, is really
important in modern society at risk of rainfall and wind
without coverage in place. The purpose of this project is to
make such an umbrella that is really sensitive in the
incidences of rain and sunlight at domestic and market
level. Specifically, in summer season the floor of open areas
gets so warm due to sun light that makes difficulty for
working. This umbrella covers the entire hall during the
rain and sunlight. This umbrella operates with the help of
different sensors like temperature sensors, water sensors
and wind sensors. The opening and closing of umbrella is
being controlled through a motor. Motor can give a quick
and instant response to the shaft so that shaft can play a
major role of power transmission for opening and closing of
umbrella. Motor provides required rpm to the shaft.
Whenever temperature of the atmosphere goes above 35°,
temperature sensor sends signal to Arduino which is control
unit box. Then Arduino sends signal further to the motor so
that motor may activate and deliver required rpm to the
coupling shaft. This project is a cost-effective way of
providing automated controlled shade from high intensity
sunlight and rain. So, the problems of open and vast areas
can be solved by using such types of automated umbrellas.

Keywords— Temperature sensors; Water Sensors; Wind
Sensors; Shaft Arduino

. INTRODUCTION

An umbrella is a folding canopy (overhead roof) supported by
metal or wooden ribs that is usually mounted on a wooden,
metal or plastic pole. It is designed to protect a person against
sunlight and rain. Umbrellas and parasols are primarily hand-
held portable devices sized for personal use. The largest hand-
portable umbrellas are golf umbrellas. Umbrellas can be
divided into two categories: fully collapsible umbrellas, in
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which the metal pole supporting the canopy retracts, making the
umbrella small enough to fit in a handbag, and non-collapsible
umbrellas, in which the support pole cannot retract and only the
canopy can be collapsed. In summer season temperature of the
atmosphere rises to high level and it’s not bear able. People are
looking out for shady places because sun’s temperature is so
high. Temperature in summer days is normally above 35°C so
there is need of a system which provide shadow. Generally, sun
shading big umbrellas are used at beaches, swimming pools or
in courtyards, a lot of coffee shops or restaurants also use sun-
shading big umbrellas on tables and rain-shielding but also for
providing a good mood of being in the surrounding. Therefore,
the big umbrellas are quite practical. For such types of
purposes, an automated umbrella is required which is equipped
with modern technology.

The vision is to make a optimize structure which is of low cost
that fulfills the need of the people working in open areas. The
main function of an automated umbrella is protection from
sunlight. This umbrella meets these needs by using multiple
sensors and a set of DC motors to automatically track the sun to
maximize shading where it is being used. DC motor is used for
direct and Instant response of a current having single phase. The
selection of DC motor depends upon torque. It operates
whenever sun rises in morning, sensors detect light and activate
the motors of umbrella which further drives the shaft to open
and close the umbrella. Now a days these types of umbrellas are
also be used for car parking.

The purpose of doing this is to feel comfortable while working
in open areas and to make a design which is really reliable for
domestic and industrial purposes.

An automated umbrella means that it works flawlessly. In 1928,
Hans Haupt invented the pocket umbrella. In Vienna, Hans
Haupt was a student studying sculpture when she developed a
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prototype for an improved compact foldable umbrella for which
she received a patent in September 1929. The umbrella was
made by an Austrian company. In Germany, the small foldable
umbrellas were made by the company Knirps. At the US
University of central Florida students worked on automated
umbrella. They designed an automated umbrella that worked
with the help of a control system. The umbrella canopies of the
1600's were woven out of silk, which provided limited water
resistance when compared to today’ s rain umbrellas, but the
distinct canopy shape was unchanged from the earliest
documented designs., even rain umbrellas were still considered
a product only for distinguished women, while men facing
ridicule if they were seen with one. Hanway came up and took
the rain umbrella on the streets of London in 1750. Infect, in the
late 1700’s and early 1800’s, a "Hanway" evolved to become
another name for a rain umbrella. [4] Through the 1800’s until
the present time, the materials used to make rain umbrellas have
evolved, but the same basic canopy shape remains. One of the
most important discoveries came in the early 1850s, when
Samuel Fox took the idea of using "U" molded metal rods on
the ribs and stretcher to make a simple, stronger frame.
Previously, English umbrellas were made of cane or
whalebones.

Modern umbrellas are made by a hand-assembled process that,
with the exception of a few sensitive areas, can be made by
skilled workers. First, a shaft - whether of wood, metal, or
fiberglass - is made, and the ribs and tails are attached. Next,
the nylon canopy is hand-stitched in sections. They were large
and unpopular. Ribs and stretchers are often seen only today on
parasols and patio umbrellas. Advances in metal technology
have made round metal ribs and holes easily accessible, but
some manufacturers are producing umbrellas with these
features. Current rain umbrellas are made of fabrics (nylon,
most commonly) that are resistant to rain that draws, dries
quickly, folds easily, and is available in a variety of colors and
designs. Whalebones have been replaced with wood, then steel,
aluminum and now fiberglass to manufacture the shaft and ribs,
and now-a-days nylon fabrics have replaced silks, leaves and
feathers as a more weatherproof option [5] [6].

Nylon fabric is smooth, clean, soft, lightweight and quick
drying properties. Nylon is a common family polymer that is
made, based on aliphatic or semi-aromatic polyamides. Nylon
is a thermoplastic silky material that can be melted - processed
into fibers, films or shapes. Nylon polymers can be combined
with a variety of materials to achieve a wide variety of
materials. Nylon polymers acquire important commercial
applications in textiles and yarns (clothing, floor reinforcement
and rubber reinforcement. Due to the weather-resistant
properties of nylon and high density of taffeta nylon, taffeta is
extremely durable and useful for outdoor applications. This
material is usually used for tents, jackets, bags, storage covers
and bags. A wide range of sheets for this content is available in
the market. Temperature absorption is related to color. The
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darker the color the more the heat will absorb the umbrella so
we will choose the right color depending on the intensity of the
sun. [7]

Fig 1: Synthetic nylon fibers material sheet

Pongee is a soft Chinese cloth that is made of silk and other
threads. Pongee color is black and matte. Very high-quality
fabric. Sounds like cotton touch. It is a medium-sized and
balanced body because it is tightly woven. Pongee is more
expensive than polyester and the quality is better. A medium
and high-quality umbrella often uses a pongee cloth. Rain Slide
is easy from Pongee's fabric and keeps the umbrella dry. [8]

Fig 2: Kind of fabric blended material or interwoven with
cotton wheels and cotton stretched

PVC & PoE plastic materials allow manufacturers to create
clear umbrellas. Similarly, the PVC cover will stick when
overheated during travel or storage. When mass is produced, all
PVC umbrellas need to put talcum powder inside to avoid this
problem. And currently umbrella manufacturers are using better
PoE materials instead. EVA is an opaque plastic material; it is
softer than PVC and does not stick when umbrella closes. [9]

Fabric made from dyed cloth is different in its style compared
to printed fabric, physical characteristics are the dynamic
physical parameters of fabric. Most of the strength and
durability of the fabric are characteristics and not properties.
There are four main categories of fabric characteristics that
interest the manufacturer. They are:

e Style characteristics
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e Utility characteristics

Durability characteristics

Product production characteristics

you can't go wrong with its brightly colored look and non-fade

quality.it is often used in the look-up but it is expensive. [10]

A. Rainfall Monitoring Using Acoustic Sensors

An acoustic sensor is used to measure the environment and
converts this information into a digital signal. The sensor can
transfer information records to a web server and can trigger a
SMS caution when rainfall information surpasses security
limits. Rainfall information from the sensors are diagramed,
broke down. It reports, out of the blue, the execution of an
acoustic rain sensor. Furthermore, a tipping pail in a similar
gadget is coordinated with an Android telephone. This new
arrangement demonstrates the distinction between an ongoing
acoustic rain sensor and a tipping basin, which is an aggregation
sensor. The investigation highlights and execution of the
acoustic sensors coordinates the improvement of minimal effort
gadgets for social occasion rain information, which can
supplement standard rain estimation gadgets.

B. An Intelligent Control System of Curtain Based on Arduino

Design for an intelligent control system of curtain based on
Arduino portrays an insightful control arrangement. Although
distinguishing and examining the components that incorporate
the daylight, time, temperature, stickiness and outside natural
conditions, the microcontroller consequently decides the
opening and shutting of window ornaments. By tests, it is
demonstrated that the clever control arrangement of the shade
has the high practicability and amazing manipulative. [13]
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Fig 3: The Arduino mega 1280is a microcontroller board
based on the ATmegal280

C. Environmental Change Sensing

An environmental sensor device is electrically connected
to a power source and installed in the shading system for
detecting environmental changes of the shading system. The
active controller is electrically connected. The device has a
natural sensor and basically controls the awning frame, where
the active controller receives the command signal from a natural
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sensing device, the awning frame is adjusted accordingly
regulate the area of its shadow. [14]

D. Electric Servo and Detector Motion

The functional controller comprises an electric servo which is
electrically linked to the power source and is operatively
controlled by the functional controller to automatically and
selectively actuate the awning frame between an unfolded
position that the sun shelter is expanded to maximize the
shading area and a folded position that the sun shelter is folded
up to minimize the shading area t. As a result, the electric servo
is electrically connected to the wind detector and the motion
detector so that the awning frame is capable of timely
responding to the environmental change surrounding the
intelligent outdoor Sun shading device.

E. Automatic Umbrella Control Mechanism

It is the main object of the present invention to provide an
automatic umbrella control mechanism, which enables the user
to open and close the umbrella automatically by switching on a
button. A temperature sensor is installed to the circuit which
senses the atmospheric temperature and sends signal in the form
of waves to the control box. Control box is controlled by
Arduino which further send signal to the motor coupled to the
shaft of the umbrella. Motor transfers its motion to the coupled
shaft so that shaft may rotate. Shaft rotates the drums. A nylon
taffeta sheet is attached with guided lines with the help of O-
rings. One end of the umbrella sheet is attached with slider and
slider moves with rope which is passing through the drum and
pulley. As the drum rotates anticlockwise, rope moves in
forward direction with slider and umbrella sheet opens. For
closing of umbrella, drums rotate clockwise then rope starts to
move backward direction and hence umbrella closes. The
clockwise and anticlockwise directions of motor are controlled
by Arduino.

F. Chain and Sprocket Mechanism

The output from power sources such as electric motors, car
engines and wind generators are rotary motion of a drive shaft.
Common ways to transfer movement and force from a
removable drive shaft is as follows:

Gears

Belt and pulleys

Chain and sprockets

Crank

Coupling

A sprocket is a toothed wheel that is used to transfer movement
and torque from one shaft to another. Chains that are used to
transfer movement and force from one sprocket to another are
called energy chains. Unlike gears that have space to transfer
movement and torque from one gear to another, blocks can be
set apart. The sprockets are connected by a chain.
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Fig 4: Roller chain

There were four sprockets and two shafts are requiring for
mechanical transmission system. But this mechanism was not
optimizing because it requires proper lubrications ones in a
month. Moreover, it is applicable for only 1.5 m distance. [15]

Fig 5: Sprockets and chain system

G. Pulley and Rope Mechanism

Second design was using pulleys and rope mechanism for
transmission purpose which was light weighted and cost
effective but eventually after some practical implementation
that the prescribed system cannot bear the environmental
conditions of the region at all. There were some serious issues
regarding bending of umbrella sheet during transmission.

RIVER
PULLEY WHEEL

Fig 6: Pulley and Rope mechanism

Although using light weight sheet was an alternative solution
but such type of sheet is costly and can be tear out when force
will apply on it.

Some advantages are:

It is one of the simplest tools for heavy lifting.

It provides great support for the object.

Moveable pulleys may also design so that it can move
along the load.

Forces can be applied in any direction; it helps to
change the direction force and movement.
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In order to control the above problems, and to make optimize
design the drum drive and clump system is used. These systems
can bear high amount of load and provide smooth transmission.
[18]

Ill.  METHODOLOGY AND DESIGN

Our methodology must be more convenient and simpler that a
feasible and low-cost umbrella can be made. The plan is to
design structure first and then a source of power to open and
close it i.e. motors of suitable torque, rpm and other
specifications.

The structure will simply consist on columns (vertical supports)
and beams (horizontal supports). An initial frame structure is
already available due to ceiling fans in the yard of the Mosque.
We have to rely on this structure instead of making a new due
to following reasons.

There will be an increase in width of umbrella because
vertical supports will be placed outside the Mosque as
there is no space inside the yard to do so.

High strength pipes would be bought which will
increase the cost.

The horizontal pipes in the Mosque are exactly fitted
on the beam (most strength full part of any civil
structure) of roof. It is almost impossible to install new
pipes at somewhere else in order to achieve high
strength.

Extra fabrication cost.

After visualization we came to know that there are 4 horizontal
pipes in the yard. Each pipe (total 20 vertical pipes) is
supporting 400N of point load due to ceiling fans. The pipe at
the last position is our desired horizontal support on which we
will place some mechanical transmission mechanism for the
movement of umbrella.

After this a simply supported beam (shaft) will place on the roof
of the Mosque. This beam will like a circular rod (shaft) and
ball bearings will use to support it from both ends so that it can
easily rotate to roll and unroll the umbrella. Power will transmit
from DC motor to beam through some suitable transmission
mechanism i.e (pulleys).

A uniform distributed load in form umbrella sheet will apply on
the beam so all the design calculations will be made according
to the nature of the beam and the applied load.

A suitable sheet will be selected according to the weather
conditions of the region. Material of the sheet will be nylon
taffeta because it is smooth, fine, soft, lightweight and have
quick-drying properties.

A temperature sensor will use to operate the motor and it will
also control the motor movement When temperature will
exceed from 35 the sensor will operate the motor and umbrella
will open. Similarly, vice versa.
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Electrical energy will be given to the motor through battery and
this will be a dry battery charged by solar panel. Solar panel
will be placed at the roof of the Mosque so that sunlight can
directly act on it. At the last before starting the practical work
we will make a prototype for illustration according to the
methodology given below.

A. Drum drive mechanism

A drum drive mechanism is a motor drive enclosed within a
steel shell providing a single component driving pulley for
conveyor belts.

A

[C]

Fig 7: Shaft attach to motor by coupling and drums are
mounting on the shaft

Advantages of drum drive system over a pulley are as
following. [20]

The large crown angle provides superior belt tracking
capabilities.

True concentric machining provides maximum contact
with the belt.

Consistent belt content discharge.

Less deflection of shaft.

less stress on the bearings

The thick pulley will absorb more stress.

B. Carbon Steel Wires

These wires have a very high tensile strength and flexibility and
can increase the strength of any structure up to the desire limit.
These wires can bear stress up to a high frequency and are
available in circular section or flexible metal rod. Such wires
are also used to carry electrical loads or electrical and
telecommunications signals. The wires are usually constructed
by drawing the metal through a hole in a die or pull-out pan.
Wire curtains come in standard size, as expressed depending on
the gauge number. The word 'wire' is also used with great care
in referring to a large number of such fibers, such as in the "bulk
wire", which is properly called a wire rope for a mechanic, or a
cable in electricity. [21]
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8:

Fig
include alloy steels

After that a suitable sheet will be selected according to the
weather conditions of the region. Material of the sheet will be
nylon taffeta because it is smooth, fine, soft, and have quick-
drying properties. Here are some properties of nylon taffeta
sheet given below:

Nylon taffeta fabric is a lightweight lining material
made out of synthetic nylon fibers.

Material: 100% Nylon Taffeta Fabric.

Width: 57/58", 57'58'
Feature: Breathable,
Windproof.

Yarn count: 40D*40D, 68D*68D.

Density: 128*102.

Weight: 60gsm, 60gsm.

Composition: 100%

The absorbance of heat depends upon the color. Darker the
color more will be the heat absorbed by the umbrella so we
select green color because this color filters some extra blue
content in sunlight and reduces brilliance. The intensity of
green color is 530 nm which is away from the range harmful for
eyes (415-455nm).

After this a shaft will attach on the roof of the Mosque. The
shaft will act like a continuous beam supported by two ball
bearings and coupled to a DC motor.

Down

proof, Waterproof,

C. Components

1) DC Motor and Coupling

In our project, DC motor is used to provide the necessary
rotational motion to the shaft because they have higher starting
torque, quick starting and stopping, reversing, variable speeds
with easier and cheaper voltage control. Three types of motors
generally used are direct current motors, servos and stepper.
The direct current (DC) motors are fast, continuous rotating
used for anything that needs to be rotate at high rpm for example
car tires, fans etc. Servo motors are fast, high torque and rotate
accurately within a limited angle designed for robotic arms /
legs or cycle control etc. Slow-moving steppers motors have
more direct rotation, easier setup and control. Advantage of DC
motors over servo motors is control in temporary management.
These motors are designed for 3D printers and similar devices
where the position is to be located.
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The correct motor can be selected based on the specific
details. Along with these specifications motor for this project
must have some extra characteristics.
Low voltage (less than 8.4 volts)
Low amperes (less than 1.0 amp)
Low cost (less than 15000Rs)
Light weight (less than 70 kg)
High initial torque (higher than 18.60 N-m)
PreC|se controllable and resist against any type of weather.

il i

2) Spiral Springs

An alternative of motors is torsional spiral spring used for
folding and unfolding applications of fabric sheets although it
operates manually but by using accurate design considerations
desirable outcomes can be gotten. A torsional spiral spring is
a spring that works by twisting its end along its axis that is a
flexible elastic object that stores mechanical energy when it is
twisted. The limitation or disadvantage of this mechanism is
that it can only be used for manual transmission. Coupling has
been used to transmit the torque of motor to the shaft. Rigid
coupling is used to connect two shafts in perfect alignments or
it is used when axis of two shafts are in same line. Sleeve or
muff coupling is the simplest type of rigid coupling so it is more
convenient to use this coupling.

3) Sleeve or Muff Coupling

It consists of a hollow sleeve or cylinder made of mild steel or
cast iron. This type of coupling is like a box (also called sleeve)
and the shafts to be connected are enclosed in this box. The
sleeve is like a pipe and the inside diameter of the sleeve is
precisely equal to the diameters of the shafts to be connected.
Inside keyways are also present in the sleeve so that torque can
be transmitted and relative motion can be controlled between
the shafts and sleeve. Normally both shafts are connected by
means of a Gib head key because this key can easily be attach
and removed due to its head.

Fig 9: A coupling is a device used to connect two shafts
together at their ends for
the purpose of transmitting power.
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Sr. Properties Values
no

1 Voltage 12/24 v
2 Current 05A
3 RPM 90

4 Power 220W

Table 1: Permanent DC motor
4) Block Bearing

Bearing is always used for supporting purposes. It provides grip
to the rotating shaft. It is mounted on a parallel shaft and
perpendicular to the center line of rotating shaft. In our project
we have used 6310 number bearing. This bearing is self-
aligning pillow block bearing, we can adjust or replace the
bearing easily. The bearing has a wide inner ring with set screws
for attaching to the shaft. [22]

5) Water Sensor

A water detector is an electronic device designed to detect the
presence of water for purposes such as providing timely
awareness to allow for water leakage prevention. To detect rain,
we used a water drop recognition module. It contains a series of
similar cables. When water droplets come in contact with these
wires, the rotation terminates and provides a signal to the
microcontroller chip (Arduino) to control the flow of motion.
[23]

ARDUNOUNO RS

water sensor
sensor output = 2610 volt when detect water

Fig 10: Water sensor

6) Arduino

Arduino is an open source electronic source software based on
easy-to-use hardware and software. Arduino boards can read
input - light sensor, fingerprint, or a message - and then take it
out - activate the system, turn on the LED, and publish
something online. It can control the main circuit board what to
do by sending a set of instructions to the microcontroller on
board. To do so we use Arduino programming language
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(Wiring-based), and Arduino Software (IDE), based on
Analyzing.

Over the years Arduino has been the central unit of thousands
the electronics and robotics projects , from everyday objects to
sophisticated scientific tools. A global community of
practitioners - students, programmers, and professionals - have
gathered in this open source forum over the last few years. It
provides incredible amount of information and a great help for
professional automated projects.

#6538 WIW.ARDUINO.CC — MADE IN ITALY|

- -

7) Motor Driver Integrated Circuit (L293D)

The motor driver is an integrated circuit chip commonly used
to control motors in autonomous robots. The motor driver acts
as a link between the Arduino and the motors. ICs are widely
used by motorists from L293 series such as L293D, L293NE,
etc. These ICs are designed to control 2 DC motors
simultaneously. The L293D has a dual H-bridge. The H-bridge
is a very convenient circuit for controlling low current rates so
the IC driver only drives the L293D. The L293D has 16 pins.
[25]

Fig 12: Integrated circuit

D. Movement of Umbrella Frame

It operates both manually and automatically. A handle will
available on the front wall of RCET Mosque which can provide
ease to open umbrella manually. This is the second option to

124

open the umbrella by hand by rotating the handle attach to the
shaft. Automatically it operates by sensing the temperature of
the atmosphere and provide signal to the control box. Motor
starts by taking the signal from the sensor and this all
phenomena is taken and control by Arduino system. Shaft is
attaching above the roof of hall . Motor transfer power to the
shaft so that shaft rotates and open the umbrella sheet.

E. Circuit Diagram

Fig 13: Whole circuit diagram

Motor DCs usually have only two indicators (leads), one
positive and one negative. This lead is very similar to the logical
implementation of the strategy. The following table controls the
movement of the motor on the basis of logic insertion. When
we connect the two components that lead to the battery, the
motor rotates. When you change direction, the motor shaft
rotates in reverse direction. To control the spin of a DC motor,
without changing the way the connectors connect, you can use
a circuit called the H-Bridge. A H-bridge is an electronic circuit
that converts the electric current used in a certain load. It is
often used in robots and other systems.

F. CAD Model
1) Main Body

This is the area where we have to put our project. There is shaft,
motor and transmission power system on the roof. The pulley
system is placed on back.
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Fig 14: Isometric view of area o
Fig 16: Dimensions of Pulley

2) Curtain

The curtain will be used to cover the area. This curtain is of 30
by 30 feet. The curtain contains O-rings which moves in
guided lines.

]
]
i

[ 4,00 - - 1

X Fig 17: Dimensions of Pulley Support
Fig 15: Dimension of Curtain
4) Drum
3) Pulley

Drum is installed on shaft which rotates with shaft. The rope
Pulley is located at back side on which rope passes through. The  passes through drum and goes to the pulley. The drum drives
pulley is being used with drum for opening and closing of  the rope clockwise for closing the umbrella and anticlockwise
umbrella. for opening the umbrella.
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Fig 20: Dimensions of Shaft
Fig 18: Dimensions of Drum 7) Assembly
5) Drive Unit for Curtain

Drive unit is used to drive the curtain in forward and
backward direction for closing and opening purposes of

umbrella. This drive moves in guided lines and one end of
curtain is attached with drive unit.
D100
-‘zx-sms’»/:‘ h_zxé.z.w :H_—_(‘AOX-T'OOHJ
=== "2t &
- e S
SCALE1:32
/A\ ‘ Fig 21: Final Assembly
- - - L.SO
IV. CALCULATIONS
—f=00 é
= OO 40
DETAIL:.{ }-550 B .
SCALE] ;32 364.97in
Fig 19: Dimensions for Drive Unit .
60in
6) Shaft 10°
Shaft is being used to drive the drum which is installed on the C| 360in . A

shaft. Shaft is coupled with motor when motor rotates
clockwise, it starts to rotate in that direction. When motor

rotates anticlockwise, it starts to rotate in _anticlockwise Fig 22: The slope between drum and pulley
direction, hence drum changes its rotation with shaft. The
diameter of shaft is 4 inches. Using Sl units in calculation.

Dia of pulley = 3inch = 0.0762m
Dia of drum = 6inch = 0.1524m
Mass of sheet = 35kg

5kg mass due to rain/dust

Total = 35+5 = 40kg
h=5ft=15m
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6 =10°

To approach B from A the work needed is the combination of
Wac + Wec

Wgc = mgh

= (40) (10) (1.5) = 600J

Wac = F X d

Here,

F = frictional force = u x N
N =W =mgcos10°
=40x10x0.984

= 394N

A. Calculation for Total Force Require by the Motor to Pull

the Sheet:

Force applied by
motor .

e i
~__ * Frictional
force

wSinSI-

Fig 23: Resolving Components

N

WcosB

Wsin® W

Fig 24: Resolving Components

M between mild steel and low carbon steel is 0.5

F=pxN
F=05x39%
F=197N

Taking 2 times of the force F for actual case
Fa=2x197 =394

d = Distance = 9m (from fig)
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Wac =F xd
=394 x9

Wac = 3546 )

Power = W/t

Total work = W = Wac + Wgc
= 3546 + 600

W =4146J]

T = time require to open or close umbrella suppose
1min = 60sec

Power = 4146/60

Power = 69watt

Mass of pulley = 6kg

Mass of drum = 8 kg

Weight of drum =8 x 10 = 80N

Mass of shaft = 17kg

Diameter of drum = 6in

Outer diameter of shaft = 4inch = 100mm
Inner diameter of shaft = 45mm

For dynamic loading motor will pull the sheet towards itself and
the require force will be equal to

F = force require by motor

F, = frictional force

Wsin® = component of weight of sheet

F =F + wsin®
Fr=pN

m = 35kg (m=mass of sheet)
Weight = mg = 35 x 10 =350N
From above Fig

N = mgcos©

6=10°

N =35 x 10 x cos10°
Fr=pux35x10x cos10°

W = coefficient of friction between mild steel and low carbon
steel. There is a sliding contact between ring and steel wires.
Material of rings is M.S and steel wire is low carbon steel

u=05

F.=172N

F=F + Mgsin©

M = mass of sheet + mass of shaft + mass of 2 drums +mass of
pulley

M = 35+17+16 +6 = 74kg

= 172+ (74)(10)sin(10°)

F=172+129

F=301N

Force require by motor = 2 x F = 602N
(in actual case)
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Fa = 602N

T=Faxr (radius of shaft = 0.0381m)

_2nNT _ 2mNXFaxr _ 2mwx90x602x0.0381
60 60 60

P

= 220 watt (at 90rpm)

B. Calculation of Net Force Acting on Shaft in Downward
Direction:

When dynamic load will apply on shaft force F will resolve into
two
components

Dynamic loading

80N

Fig 25: Resolving Components

Fret = weight of drums + weight of shaft +Fsin© + weight of
pulley

Fsin© = 602 x sin10°

=105N

Weight of shaft = 17x10 = 170N
Weight of drums= 2x8x10 = 160N (no of drums =2)
Weight of pulley = 6 x 10 = 60N

Net force in downward = Free = 105 + 170 + 160 + 60
Fnet = 495 N

C. Design for Shaft

Pulley or )
sheave Bearing 1
Drum 1 Drum 2

Shaft

10ft 10ft

Fig 26: Shaft

Calculating reaction forces Rzand R¢ and using Sl units

Y, Mb =0 (taking clockwise moments +ve and anti-clockwise —
ve)

-60(0.1524) — 80(2.74) + 105(4.27) + 80(5.79) — R (8.53) =0
Rf=131.5N

Y. F =0 (upward force +ve & downward force -ve)
-60-80-105+1315+R, =0
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R = 193.5N

Calculating moments at all points

Ma = 0 (no force before A point)

(taking clockwise moments +ve and anti-clockwise —ve)
Mg = -60(0.1524) = -9.144 Nm

M. = 193.5(2.74) — 60(2.9) = 356.19 Nm

Mb = Ry (4.2) — 80(1.524) — 60(4.42)

=193.5 (4.2) — 80(1.524) — 60(4.42)

Mp = 439.125 Nm

Me = Ry(5.79) — 60(5.94) — 105(1.524) — 80(3.048)

= 193.5(5.79) — 60(5.94) — 105(1.524) — 80(3.048)
360.105 Nm

Mg = Ry(8.53) — 60(8.7) — 105(4.27) — 80(2.74) — 80(5.79)
Mg = -2.195

Now the highest moment is at point D = 439.125 Nm
Applying flexural equation at point D to calculate maximum
bending strength

Sb

M
I

M=bending moment

y= vertical distance away from the neutral axis = do/2 = 3/2 =
1.5in

Sh = max bending strength

I = moment of inertia around the neutral axis = i(do“-di“)
= 5—4(34-1.84) =3.46 in*
Taking M = Mp=439.125Nm = 3886.5 Ib-in

_ 3886.5x15
Sh=
3.46

= 1685 psi

Material of shaft is cold rolled mild steel having following
mechanical properties.

Sut = 58000 psi

Sy = 53700 psi

Uncorrected endurance strength = Se’ = 0.5(Su)
= 0.5 (58000) = 29000 psi
COI’I’ECtEd endurance Ilmlt = Se = Cload Csize Csurf Ctemp Creli Se’

Cioad = 1 (for bending and torsion)

Csize = 1 (assumption)

Csurf = 0.84 (for cold rolled machine finished shaft)
Ceemp=1 (operating temp < 450°)

Creli =1 (for 50% reliability)

Se = (1)(1) (0.84)(1)(1)(29000) = 24360 Psi

Ks=1+q (Kt -1)
Kf: 2.25
Kts=1+q (K - 1) (9=0.57,Kts=2 for torsion)

(9=0.5, Kt=3.5 for bending)
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Taking Ma = maximum bending moment = Mp = 3886.5 Ib-in
Tm=Fxr

Where F= force applied by the motor = 602N = 135.335Ib

r = outer radius of shaft = 1.5in

Tm=135.335 x 2 =203.0025 Ib-in

Now using ASME method to calculate factor of safety of shaft
d={ 32Nf Kf xMa)2+% (Kfsr;lyme)z]05}1,3

n L Sf
3= { 32;<TNfr 2.25 ><3886.5)2+
Nf: 7.38

2 ¢

4

1.57 X203.0025
53700

)2]0.5}1/3

N 24360

So, design is safe as N¢>1 shaft is safe having outside diameter
of 3in.

D. Deflection in Shaft

Applying equation of elastic curve EI d2y/dx? = M(X)
Maximum moment is at point D so finding deflection at point
D. To find M(x) we have to consider a distance before the point
on which we want to find the deflection as shown in fig. 27

60N 105N

Sft |

Fig 27: Deflection
Performing above calclation in SI units

M(X) = -60(x-0.15) — 80(x-3) + Ry(x -0.3)

-60x + 9 — 80x + 240 + Ryx — R, 0.3

-60x + 9 — 80x + 240 + (193.5)x — (193.5) 0.3
=190.95 + 53.5x

El d?y/dx? = 190.95 + 53.5x

El dy/dx=190.95x + 53.5x%/2 + C; (1)

(performing 1st integration)

El y= 190.95x%2 + 535x%6 + Cix + C;
(performing 2nd integration)

@

At x=0, y=0 so applying this condition on (2) C,=0
Atx=L,y=0applyoneq2 C;=-1239

where x=L= distance between two bearing supports = 28ft =
8.5m

Finding the deflection at point D so using x=4.6m , C,=0, C;=
-1239, E = 186Gpa, 1=1.35E-6m* in (2)
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y = 0.01m = 0.39in

E. Calculation for limits of save cycles of revolution:

In above calculations units for stress are Mpa and diameters in
mm

Using eq(6.5 a from book)

Sé = 0.5 Sut

= 0.5 (58000)

Sé = 29000psi

The part is larger than the test specimen and is not in square
Cross section so equivalent
Diameter be considered as internal dia of hollow shaft.

Degquivaint= 45mm

Ciize = 0.869 X (45)0097
Csize=0.6

Ceurf = A Sut?

A and b for cold rolled shaft

A=451 b=-0.265
Caurt = 4.51 X (400)0265
Csurr=0.92

Cremp = 1 (because operating tem < 450°C
Creliability = 0.753 for 99.9% reliability

Se = Cload Csize Csurt CTemp Creliability Se

Se = (1) (0.6) (0.92) (1) (0.753) (29000)

Corrected endurance limit =Se = 12078psi
Estimated strength = Sy, = (0.90) (58000) (Eq 6.9)
=52200psi

S(N) =a NP
b=-1/3log( )

b= - 1/3log(>)

b=-0.21

log (a) = log Sm—3b

a = log (52200) — 3(-0.15)
a= 222675

N = (Save cycles of revolutions)

S(N) =a NP
Taking S(N) = S,

S(N) can also be taken as Sut or Se when desired rpm output is
checked at endurance or maximum tensile strength limit
respectively.

12078= 222675N 01

12078
N-0-21=
222675

N = 1.06E6
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So, failure will not occur up to E6 revolutions.
F. Selection for Ball Bearing

For 100mm bore dia of bearing
Bearing No. is 6310

C =10600 Ib

Co=8150 Ib

Fatigue life of bearing = L1 = (2)°

Where p =radial force acting on the ball bearing = F sin© = 602
X §in10 =105N

_ (10600,4
=)

Li0=1.03E6 revolutions

Life of roller bearing with selected failure rate = Ly = Kr Lo
Failure factor = Kr= 0.62 at 5% failure rate

Ly=0.62 (23E5) = 14.3ES5 revolutions

V. ANALYSIS

Ansys develops and markets simulation software for use
throughout the product life cycle (25.) Ansys analytics software
is used to simulate computer models of structural, electronic, or
mechanical components for power, durability, and heat
distribution. Electronics, water flow, and other features. Ansys
is used to determine how a product will perform in a variety of
specific applications, in addition to testing products for building
or performing crash tests.

The Ansys Workbench program is one of the main products of
Ansys. Significant analysis which is useful in this work are
discussed below.

A. Deformation Analysis

Total deformation calculated is 0.39in and obtained from Ansys
is 0.15 in.

000

_zs.w:_mo:|
Fig 28: Total Deformation of Shaft

50.00 100.00 (i)
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Model (A4) > Explicit Dynamics (A5) > Solution (A6) > Results

Object Name | Total Deformation | Equivalent Stress

State Solved
Scope
Scoping Method Geometry Selection
Geometry All Bodies
Definition
Type | Total Deformation | Equivalent (ven-Mises) Stress
By Time
Display Time Last
Calculate Time History Yes
Identifier
Suppressed No
Results
Minimum 0.in 0.37319 psi
Maximum 0.22889 in 2018.4 psi
Information
Time 3.s
Load Step 1
Sub step 1

Iteration Number 1

ntegration Point Results

Averaged

Display Opticn |

Figure 29: Table for Analysis

B. Stress Analysis

Stress calculated is 1685psi and obtained from Ansys is
1909psi.

246
0.37319 Min

0.00 5000 100.00 (in)

25.00

Fig 30: Resolving Components

75.00

Model (Ad) > Explicit Dyr (A5) > Solution (A6) > Results

Object Namel Total Deformation | Equivalent Stress
Slatel Solved
Scope
Scoping Method| Geometry Selection
Geometry | All Bodies
Definition
Type | Total Deformation | Equivalent (von-Mises) Stress
By Time
Display Time Last
Calculate Time History Yes
Identifier
Suppressed No
Results
Minimum | 0.in 0.37319 psi
Maximum|  0.22889in | 2018.4 psi
Information
Time 3.s
Load Step 1
Sub step 1
Iteration Number 1
ntegration Point Results
Display Option| Averaged

|
Fig 31: Table for Analysis
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VI.
A. Deflection in Shaft

RESULTS

The maximum deflection calculated on Ansys is 0.23in and
from manual calculation it is 0.39in. The difference in both
results is due to the material properties and approach used. In
manual calculation we have applied a differential equation of
2" order (equation of elastic curve) and consider the highest
value of moment on shaft to calculate the maximum deflection.
In Ansys there might be some difference in the approach the
software is using for solving the differential equation and how
the software consider the sense of the load applying on the shaft.
Another reason due to which results are different is that when
we calculate bending moments in a shaft or a beam we consider
2D geometry but when we perform an analysis on a simulation
software the complete 3d model is under consideration. The
sense of the applied load on the given geometry can be changed
as the load applied in all three axes of the design.

To calculate the maximum deflection in the shaft or beam we
take the maximum value of the bending moment which is acting
on the beam. After that a point before the max bending moment
is selected which is an assumed value. The above point can be
selected at any cross section of the beam before the max
bending moment point. This distance is taken from the fixed
support of the beam and is generally denoted by X (as mentioned
in the above calculation). The way which software used might
be different for the above considerations so that manual and
simulated results can be different.

B. Stress on Shaft

The bending stress calculated manually is 1685 psi and obtained
from Ansys is 2018.4 psi. The difference in results is due the
approach used for calculation. In manual calculation we have
applied flexural formula to calculate bending strength in which
neutral axis of the shaft requires a great attention whereas the
software is considering the complete 3d part so the sense is
changed because twisting effect also include in the component.
When the software takes the whole shaft for analysis then
preciseness will increase and definitely, we will get greater
value than the actual case.

C. Safety Factor of Shaft

The fatigue safety factor calculated manually is 7.38 for shaft
but from Ansys it is 15 which is almost 2 times. This difference
is quite large. The reason is that in Ansys we have to choose a
small analysis time. If we set large analysis time the software
takes too much time to solve even sometimes after solution the
results are unacceptable. In manual calculation we have set the
time 60sec where as in Ansys it is 3sec due to hardware
limitations of operating system. In manual calculation we have
adopted ASME method to calculate factor of safety in which
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additional modification is considered to specify the full
specification of the complete aspect of safety from fatigue
under symmetrical loading, using non-statistically significant
safety factors (according to load) and fatigue (with emphasis on
amplitude). In this approach of design, we assume that the
loading has stopped, and the combined number of cycles is
large enough to assume the maximum fatigue of the cycle. On
the other hand, simulation software might be using some other
approach to do so.

VII. CONCLUSION:

After completing our project successfully, we have concluded
that our project is a cost-effective way of providing automated
shade and shelter from high intensity sunlight and rain. This
type of automated umbrella could be widely used for various
purposes. It could be installed in large open spaces where shade
and shelter are required. Further modifications can be made to
get better result. If we use a powerful motor having larger
torque with larger umbrella, i.e. café size umbrella, it may be
an effective way of proving shelter on wide open spaces. A
specifically designed umbrella may also be used with improved
integrated circuit. The cost analysis for such umbrella varies
with components being used.
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