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Abstract

In this project we design an automated that included high-pressure, friction-free, water- and
chemical-vehicle washing system is self-contained and has a lightweight aluminum frame that can
be connected to a floor by adjustable leg supports, making it easy and fast to install into any self-
service or automatic car wash bay. The system is operated by high air pressure and the washing
spray head is adjustable in perpendicular directions enabling the spray head to scan for any possible
spot within the machine's own boundaries. Photo-electric infra-red rays senses the existence of the
vehicles being washed; ultrasonic signals are sent to a programmable controller and directs the
spray head to look for the dimensions of different sized vehicles. The system maintains a secure
but efficient washing distance between the spray head and the vehicle surface after the vehicle
dimensions are determined by contact between the sensors and the programmable controller. A
system is provided for indexing the spray head, which allows the spray head to rotate exactly
ninety degrees for each corner of the vehicle.

s el JeasSll oLl Jlanls s cll€inl (53 ehniall e aUai (paily Sile si5) ola aransd o5 ¢ 5yl 130 i
e Lo ¢ Jpanill AL Ja )Y cilele s dasd 53 ia )Y e 48 (S 055l i o aia sl la) 4l 4ty Jiiua

o) s Laimy Sleall L o 25030 Zailly et 3 S0a 5331 ) ot e 6 i) 5 A gy 4t
53a Jals (Kan @dse gl o Canlly (31 ) s Lo 233 gee il 8 @ jata (31 Jase Gl 5 Liansd o 50
I LYY Ja i el oy A5 ) 2 5a o Jail <l LS A geall (358 ) saY) b Ju i Lgnsds 43Sl
8okl abagl dast o jaey Adlisal) alaa ) 3 LS al) Sladd e il (5N Gl dun 5 s e ll ALE oS3 B0a
G oy o At 5 Al J Ailasa e A0S Ll el AL ASatll 5m 55 i)y Jlai¥) e

Bolnd) U5 e sl IS (A Aa o Cpmad o3 abeny (3 GO Gl 4pa 5T 4001 8 58 25 5 jlaual) el



Table of contents

ADSTFACT. ...t I
LASTOF FIQUIES. ... VI
LIST OF TADIES......ce s IX
L INEEOAUCTION. ... 1
1.1 Methods Of Car WaShing .....u.eeiiuuuriie ettt e e s e e e e s snrreee s 2
2.Work principle of car washing maching ..o 4
21 INEFOUUCTION. ...ttt bbbt b bbbt e et e bbbt bt e 4
2-2 Project idea and a0VANTAGES. ......c..oiviiirierieieie ittt ettt 4
2-3 PrOJECE ODJECLIVES ...ttt bbbttt bbbt 4
2-4 Recognition OF the NEEM..........oiiiiiiii e 4
2-4-1 Quality of car washing Machine ...........cciiiiiiiiii e 4
2-5 Maching WOrking MeCHANISIM.........uiiiiiiiiieite bbb 4
2-5-1 Entering the car in the car-washing place...........cccoiriiiiiiiiii e 5
2-5-2 SEArtING WASHING. ....cviieitieieee bbbttt b bbbt n e 5

3 MEChANICAI DESIGN.......oiiiieice et 9
31 REQUITEIMENLS. . . .. ¢.ettiiieisieete ettt bbbt bttt e e b s e nb e e nbe e e be e neenne s 9
3-2 CONCEPLUAI HESTGN. ...ttt bbbttt nb e bbb ene s 9
3-3 Contents of car Washing MACNINE...........couiiiiiiiiiieieee e e 10
331 FTAMIE. et h bbbttt r e nne s 11
332 AT bbb bbb e bt 12
3-3-3 INOZZIE SPIAY ... ettt bbbt bbbt 12



334 IMIAIN SNATT. e ettt et e et e e e 13

3-3-5 TranSMISSION SYSTEIM......ccviiiiiieciecie ettt e st e e e s reesreeeesraesteeneesneenrs 13
33551 WNBEIS.....iee e 13

K LA =T L[ USROS 14
3353 PUIIBY Sttt ettt et et e b re et a e re e e e nn 14
3354 TR DRI ..o s 15
A Table Of result. ... ..o 16

A EIECIFICAl DESIQN......coiiiieiicee et 18
A1 INEFOTUCTION. ...tttk bbbt bbbt b et e bt nb e e 18
4-2 AN BIECLICAI MOTOT ...ttt 19
A-3 AT TAN MOTOT ...ttt bbbttt b e 20
A4 SEIVO IMOTOT .. ..ttt bbb b e e e see e 21
I AT L= (T 01111 o P UPROTRPOPRRPPRN 22
4-6 Variable SPEEA AFIVET..........ciiiieiie ettt et et e e sreeste e e e teenee e 23
AT CONTACTON ...ttt e bbb e b ek e bt r e e 24
4-8 Thermal relay (OVErI0ad) ..........coeiiiiiiii e 24
4-9 Phase sequence ProteCtion FEIAY............coveiueiie it 25
4-10 UIErASONIC SENSO ......cueititieeueitisteeete sttt sttt b e et b e bbbt b et benn e b 26
A-11 LIMIESWITCI. ...ttt 27
4-12 EIECHICAI CITCUIL.......eitiiiitiiieiee bbb 27
5 CONTIOI DESIGN......oiiiiiciiicsee et 28
51 INEFOTUCTION. ...ttt sttt b bt s et e bt aneesbe e teereenbeenbesneenneas 28
5-2 Open 10op CoONtrOl SYSTEM ......uiei it 28



5-3 Arduino controller SOTtWATLE. . ... oot e e, 28

6. Manufacturing and assembling..............cccooooii i 31
6.1 Main frame. .. ..ot e 34
6.2 Bearing and PUIIBYS. ... 32
LG TRC 11 [0 (o =] o] o Lo 1 32
B.4 TN AN e 33
8.5 ASSEIMDIY ... 33

7 Conclusion and Recommendations................ccooeveiiiiiiiieei e 37
T L CONCIUSION .. e 37
7.2 RECOMMENALIONS ...\ttt aeaas 37
T3 RULUIE WOTK. . ..o e 37

8 Time and Cost Managements. ............coooviiiiiiiie e 38
8-1 EStimated Project COSt. .. .ouientitt ettt et ettt et et et e et e e e e e e e e 38
8-2 FeasiDIlity STUAY .. ...e ittt e e e e e e 39
8-3 The project time schedule............ooiiiiii e 39

O APPENIX A 41

L0 APPENAIX B ..o 63

11 REFEIENCES. ... i, 71

List of figures



Figure 1-1 Washing car by rolling in 1950s.........c.oouiiiiii e 1

Figure 1-2 Washing car by high pressure water in 1950s..............ccoooiiiiiiiiiiiiiiiee e, 1
Figure 1-3 Washing car by high pressure water in 2000S..............ooevriieiiiiiineeeee e, 2
Figure 1-4 Washing car by rolling in 2000S. ..ottt 2
Figure 1-5 Traditional Washing Car..............c.ouiiriiiii i e 3
Figure 1-6 Rolling car washing machine.................coooiiiiiiiiii e 3
Figure 1-7 Chemical car washing machine...................ooiiiiiii i e 3
Figure 1-8 Steam car washing machine...............c.ovuiiiiiiiii e 4
Figure 2-1 Car position in the machine...................ooiiiiiiiii e 7
Figure 2-2 High pressure wash for under chassis and wheels....................ocooiii 7
Figure 2-3 Sprayed water by smart 360° rotate arm .............coovriiiiieiniiiie e 8
Figure 2-4 High precision proportioning technology.............ooiviiiiiiiiiiiiiii e, 8
Figure 2-5 Magic color thick Shampoo............oiiiriiii e 9
Figure 2-6 Soft water with crystal Wax COat..........ouvuiuiiiiitiiit i 9
Figure 2-7 Unique embedded fast drying System...............coeuiuiiiiiiiiiiiieeeenen 10
Figure 3-1 The dimension of Machine. ............o.iiiiiiiii e 12
Figure 3-2 Mechanical design..........ouiuiiiiiiiii i 13
Figure 3-3 Mechanical L shape of arm...............oooiiiiiiiiii e 14
FIgUre 3-4 Spray NOZZIE ... 14
Figure 3-5 Themainshaftof wWheels. ... e 15
Figure 3-6 Slider wheels of axiS MOtioN ....... ..ot e, 15
Figure 3-7 The bearing of Wheels. ... ... e 16
Figure 3-8 Pulleys for transmit motion formmotors .............cooiiiiiii i 16

Vi



Figure 3-9 The belt that transmit motion from pulleys to the wheels .................ooooin, 17

Figure 4-1 Hardware COMPONENLS. ........iutint ittt et ettt et ettt et e 20
Figure 4-2 Schematic AC Electrical mOtor. ... .. ..o.oivitiiiii e 21
Figure 4-3 Schematic of servo motor with Arduino controller ...................ocooiiiiinn.. 23
Figure 4-4 Schematic Of PUMIP. ... e e e 24

Figure 4-5 Typical connection of driver.............coooviiiiiiiiiiiii i eieeeeeeeeeeeiea e a2 0002 20

Figure 4-6 Typical connection of the contactor.............cooovviiiiiiii i 27
Figure 4-7 Phase sequence proteCtion relay...........o.ovoeniiriit it 28
Figure 4-8 Schematic of UItrasoniC SENSOT ...........oviirii i 29
Figure 4-13 Limit switch and ArduinO CIrCUIt ... 29
Figure 4-14 Electrical CITCUIL. ... ..ttt ettt e 30
Figure 5-1 closed 100p CONtrOl SYSTEIM ... ..uutieiit ettt ettt e et e e e eaiaaes 31
Figure 5-2 Flow chart of machine program ... 32
FIQUIE B-L FraImIE ..o e e e e 34
Figure 6-2 AXIS OF MOLION ... .. e 35
FIQUIE 6-3 MOTOE SUPPOIT ...\ttt e e e e e e e e e, 35
FIQUIE B-4 ThE @I Lo e e e e e et e e e et aaeaas 36
Figure 6-5 Bearing house and SCreW iN X-aXIS .........o.euinieririiit et e e eeeeieean 37
Figure 6-1 Bearing house and SCreW IN Y-aXIS .........ouiiierinitetieet et et eaeaaaes 38
Figure 6-7 Coupling in screw shaft ... ... e 38
FIQUIE B-8 TNe A, .o e e e e 39

VII



List of tables

Table 3-1 Name of COMPONENT .........cooiiiiiee e e e e 13
Table 3-2 Table OF rESUILS. .. .ot 18
Table 4-1 Nameplate 0f AC MOTOT..........ooii i 21
Table 4-1 Nameplate of air fan MOTOr...........uvuiuieiiiee i 22
Table 4-3 Nameplate 0f SErVO MOLO.........cooiiiiiiiiiicce e e e e e e e e e e e e e eanaaas 23
Table 4-4 Nameplate of PUMP MOTOT..........uuuueiiieeee e e e e e e e e e e e 24
Table 6-1 Connecter parts 0f Maching ......... ...t e, 36

VI



1. Introduction

Car wash is a facility used to clean the exterior and, in some cases, the interior of
vehicles. It can be done automatically or manually. The automatic method is faster and more
comfortable, while the manual method requires the use of a soap, gloves, buckets and plenty of
water, but automatic method only requires placing the car in a car wash. Also, it takes only five
to ten minutes, which is much less than the time required in the manual method. In simple words,
car wash is the act of cleaning vehicles, since human tends to live in a clean environment, it can
be said that car wash began since the advent of cars in the late nineteenth century, since then it
has grown to become a multi-million-dollar industry.

In the early 1900s, the manual car washing was a pioneer and it required a great effort
of men to complete this process. However, in this period there an urgent need to develop a tool
for washing cars [1].

In 1946, the first semi-automatic car wash was operated using an automated pulley
system and then manually washed. A lot of development happened to the carwash industry in
1955. Dan Hanna opened a first automated car wash (Rub-a-Dub) in Oregon-united states. By
1957, Hanna Enterprises had thirty-one carwashes in American, Figures (1-1) and (1-2) shows

2].

Figurel -1Wwashing car by rolling in 1950s [4] Figure 1-2 Washing car by high pressure water in 1950s[4]

However, in 70’s the car washing industry was not developed as expected due to the drop
of sailing of car in USA. But, in 80's this industry was re-development since the sailing of car was
increased. Australia was also seeing big success with car washes. By the end of the 80’s there were
automated car washes in 56 countries including Australia. [3]



Recently, the global boom in car washing has taken place with the development and
expansion of technology, the Hanna Enterprises now (Hanna-Sherman International) biggest
global car washing factory in the world, Figures (1-3) and (1-4) shows. [3]

'\ -

1.1 Methods of car washing

Car wash has many conventional methods. The most important of these methods can be
summarize methods as:

-Hand wash methods; in this method, the cars are washed manually by the human labor,
but as any manual method, the disadvantage of this it is a time consuming, and the end results
depends on the human labor efficiency, Figure (1-5) shows.

.y

Figure 1-5 Traditional washing car [7]

-Rolling method; in this method, a machine uses rolls to wash the car, the rolls are moved
forward and backward on the body of the cars, but it is found that it causes scratches in the body
of car, Figure (1-6) shows.



Figurel-6 Rolling car washing machine [8]

-Chemical car wash; in this method, chemicals are used with no water. However, the
main disadvantage of this method that it can affect the paint of car,
Figure (1-7) shows.

Figure 1-7 Chemical car washing machine [9]

-Steam car washes; in this method, steam jet and fiber towels are used, but, in some cases
it can cause harm to the control system, the electronic engine, and the car's ignition system,
Figure (1-8) shows.

Figure 1-8 Steam car washing machine [9]



2. Working principle of car washing machine
2.1 Introduction

Taking into account the disadvantages of existing car washing methods (at section 1.1), the
new developed tool of a car-washing system is size of the ground that need.. In this project, we
design a system that accomplish the needed task effectively and economically. To do this, we
suggest a car-washing system to overcome the problems of the commonly used systems.

2.2 Project idea and advantages

The idea of project is to design and implement an automated Arduino controlled machine
that wash the car by an automatic method.

This idea has many advantages compared to traditional methods including: Reduce the
effort and number of workers, more accurate than traditional method, and increase the quality of
washing, ensure safety and health for workers and save the time space, water consumption and
electric consumption that needed for washing the car.

2.3 Project Objectives
1-To build an automated machine for car-washing without touch the car.
2-To develop a used technology with less cost.
3-To increase the quality of washing cars with high features.

2.4 Recognition of the need

2.4.1 Quality of car washing machine

In the local market and other markets, there is a need for production of a machine that
provides high quality of washing the cars, this means, the machine must provide the cleanliness
and maintain the water and the electrical consumption. In addition, the machine must reduce the
time, space and effort that needed to do the same work.

The suggested machine must have the following features:

Friendliness use, High safety factor, easy to maintenance, simple working mechanism and
environment friendly.

2.5 Machine Working Mechanism

In our project we will show the new technology in washing cars using fully automated
machine controlled with Arduino. This car wash method guarantees less water and electricity
consumption, and is more accurate for washing.

In order to know the proposed machine, we shall identify how the machine works and how
the processing stages pass through it to get washed-car final. Car-washing processes can be divided
into two stages:

1) homing the car in the machine house.
2) Starting the machine, and washing the car.



2.5.1 Homing the car in the car-washing house.

In this stage, the driver drives the car to the washing place and push the bottom that start
the machine, the machine will not start unless the cost of the washing is guaranteed Figure (2-1)
shows.

. Fiure 2 -1 Car position in the machine [10]

2.5.2 Starting washing.

When the driver drives into machine, a sensor checks if it is in the right place or not. After
paying for the service, the customer must push the starting button.

Firstly, when the machine starts, the sensor measures the size of the car and gives the
reading to the Arduino and sends the message to the motors to take the safe distance between the
car and the machine arm. Then finally the machine washes the vehicle in the following order (High
pressure pre-wash for under chassis and wheels, smart 360° rotate, flush car body 360° and spray
various washing liquid, high-precision proportioning technology, soft water with crystal wax coat,
unique embedded fast drying system).

Step 1: High pressure pre-wash, water is pumped through a nozzle for under chassis, body
sides and wheels to remove dirt, Figure (2.2) shows.

Figure 2-2 High pressure wash for under chassis and wheels[10]
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Step 2: The smart 360° arm is rotated by controller around the car to be sprayed by water
and washing liquids from a nozzle fixed on the arm to achieve the sufficient pressure. The full
rotation is done within less than a minute, which saves water and electricity by 50% and 60%
respectively. Figure (2.3) shows.

Figure 2-3 Sbrayed water by smart 360° rotate arm[10]

Step 3: Special chemicals are sprayed from an upper nozzle on the vehicle to dissolve stuck
dirt and oils. Only sufficient amounts of chemicals are used, which makes it costly efficient. Figure
(2.4) shows.

Figure 2-4 High precision proportioning technology[10]

Step 4: Magic color thick shampoo is applied on the body so the cleaning maintenance
component contact with dirt, thereby improving the efficiency of decontamination of dirt, which
moisturize the paint colors and gives a shiny luster, the used technology is non-corrosive for the
car paint. Figure (2.5) shows.



Figure 2-5Magic color thick shampoo[10]

Step 5: Soft water with crystal wax coat is applied on the car, which gives a shiny gloss
and better look for the car paint. This coat also provide protection for the paint against acid rain,
pollution and erosion. Figure (2.6) shows.

Figure 2-6 Soft water with crystal wax coat [10]



Step 6: The vehicle is dried with a unique embedded fast drying system composed of
high-speed air fan motors to be able to effectively finish the drying process in short time with
least power consumption. Figure (2.7) shows.

Figure 2- 7 Unique embedded fast drying system[10]



3. Mechanical Design

3.1 Requirements
1- Five to Six minutes are needed to complete the cleaning process.
2-The machine is 3350 mm high ,3850 mm wide, and 7600mm long.

3-Max Allowed car size to be used (length=5900mm, width=2090mm, and
height=2050mm).

4-The body of machine is made from stainless steel, but the piston pump is made from
copper.

5-Water consumption in the system is 50% less than traditional washing methods.
6-Electrical consumption in the system is 60% less than traditional washing methods.
7-Automatic and manual modes can be used to run the system.

3.2 Conceptual Design

When the driver drives the car at a specific place in which the machine that equipped with
a unique chassis and fan hub flush function, eighty bar high pressure water effectively removes
dirt on chassis, body sides and wheels. Figure (3-1) shows.

Then, the car stops at particular place, in this place the process of washing the car is done,
then a smart arm rotates the car 360° so the car body is flushed 360°e and sprayed with various
washing liquids. The machine can Complete 360° rotation within 28 seconds, 50% water
saving50%, and 60% electricity saving. Length and width of vehicles are automatically detected.
Up to 85 bar high pressure water is used, which can easily remove the dirt. Only [twenty-fifty] mL
magic color thick car shampoo is used for washing one car through high precision liquid
proportioning system.

Secondly, machine is use high-precision proportioning technology, was only [twenty-fifty]
mL soap consumption for washing one car through high precision liquid proportioning system,
save material and cost efficient.



Figure 3-/ The dimension of machine [11]

3.3 Contents of car washing machine.

As mentioned previously, the car washing machine consists of three components, we will
now go in details of this components.
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3.3.1 Frame

The job of main frame is carrying all parts of the machine: motors, gears, arm and

bearing Figure (3-2) and Table (3-1) shows.

Figure 3-2 mechanical design[12]

Table 3 -1 Name of components

1 2 3 4 5 6 7 8 9
push Fram | Thecar | Arm | Body of | Tank of | Box of Car Sewage
button(Start) machine | water wax | position | drainage

11




3.3.2 Arm

The mechanical L shape arm is one of the main parts of the machine. It carries some of the
neatly arranged nozzles spray, which gives the required pressure for pushing water and soap. The
arm allows the nozzles spray to rotate at 360° degrees and cover all parts. Figure (3-3) shows.

Rotate arm block
304 stainless steel

/

Rotate arm
304 stainless steel

Rotate arm cover
original color PE

Rotate arm
304 stainless steel

Figure 3-3 Mechanical L shape of arm [11]

3.3.3 Nozzle spray

A spray nozzle is a precision device that facilitates dispersion of liquid into a spray. Nozzles
are used for three purposes: to distribute a liquid over an area, to increase liquid surface area, and
to create impact force on a solid surface. Figure (3-4) shows.

Figure 3-4 Spray nozzle [13]
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3.3.4 Main shaft

The main shaft serves as the holder wheel. The main shaft has a circular shape in the
position of wheels’ holder, a groove along the shaft, and special position for main bearings.

Figure 3-5 The main shaft of wheels [14]

3.3.5 Transmission System

3.3.5.1 Wheels

Caster heels are being used to carry on the machine's body and move it at both directions
on a base frame.

Figure 3-6 Slider wheels of axis motion [15]
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3.3.5.2 Bearing

Bearing are used in the wheels into the shaft of the machine permit the rotational motion
of the shaft without affecting the wheels or the frame as Figure (3-7) shows. Dimension of bearing
in Appendix A in Section (3.4.3 and 3.4.4), page (45 and 46).

Figure 3-7 Bearing of wheels [16]

3.3.5.3 Pulleys

The rounded moving parts of the machine which responsible to the movement process of
the machine, it's existing at both sides of the belt, motor side and the machine side. Figure (3-8)
shows

Figure 3-8 Pulleys for transmit motion form motors [17]
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3.3.5.4 The belt

Transferring the movement power from the motor to the machine depends on the existence
of a belt, which is connected to some pulleys from the motor side to the machine side. Type of belt
is dryer drive .

Figure 3-9 The belt that transmit motion from pulleys to the wheels [18]

15



3.4 Table of Results

All the computational results required for this machine are summarized in the table (3-7)
below, taking into account that the calculations and equations used to obtain these results are
present in the appendixes.

Table 3-2 table of results

_ Required Result Unit

Section
Mass of body machine 500 kg

Al Weight of body machine 5000 N

Page 42
Forces act on columns 833.3 N
(Fy = FB_: Fc =Fp =Fg =Fp)

Moment in the beam (M) 3.1248 KN.m
The reaction force in the two sides of shaft 833.3 N
A2 | (R1,R2)

Page 43 Length of beam (L) 3.75 m
Maximum allowed deflection (¥pax) -8*1073 -
Dimension (a) 0.25 mm
Dimension (b) 0.25 mm
Bending stress on the longitudinal beam (o3,) 21.6014 ksi
Longitudinal Force (F;) 1.47 KN
Vertical Force (F,) 0.833 KN

A3
Radial load on the bearing (F, 1.528

Page 45 ! ing () KN

catalog rating (C;¢) 15.2 --
6

shear stress (7) 5510 Mpa

Factor of safety of bearing (n) 4 N

Inner diameter of bearing (d) 9.3 _

Bearing dimension

Calculating data of beating | 7777

16




Mass bearing (m)

0.35

Gram
Force on each bolt in frame (P) 0.333 KN
A4 Stiffness for each Bolt (k;) 466.8 MN/n
Page 53 -
Member stiffness (k,,) 1379 MN/m
Stiffness constant of the joint (C) 0.253 .
Bearing in bolt loaded (F) 296 KN
A5 Bearing in member (F) 188.01 KN
Page 53
A6 Force of shear between two members (F) 400 KN
Page 54
A7 Force of shear of member (F) 91.256 KN
Page 54
A8 Force of tensile yield (F) 472 KN
Page 55 | Force of member yield (F) 370.34 KN
A9 buckling force (F) 3.788 KN
Page 55
A10 acceleration of the belt (a) 0.571428 m/s?
Page 57 | angular acceleration of the belt (8) 1.27 rev
All The motors torque(T) 789.4 N.M
Page 59
Velocity of the fluid through the outlet(V) 60 m/s
Al2
Change in pressure(AP) 3197.5 Pa
Page 60
Flow rate of the fluid(Q) 000 m3/s
TL (torque of shaft servo motor) 0.0023 N.m

17




4.Electrical Design
4.1 Introduction

This chapter shows how to select the electrical components that will be used in the project,
Generally, Figure (4-1) shows the hardware components that will be used in the project and
interaction between them.

L1 S
L2 Ground
L3

Relays and drivers

Figure 4-1 Hardware component

In the following, we explain the functions of each part and what role does it play in the
overall project.

18



4.2 Electrical motor

The speed of the electrical motor always depends on the properties of the electrical signals
(voltage and frequency) that comes from drivers which are connected to the controller. It is used
to transfer the motion to the belt to the pulleys to rotate forward or reverse. Thus, the pulleys
transfer the motion from the belt as Figure (4-2) shows.

3-phase 480 VAC
input power

l_|_|

|

1
VSD
(AC motor drive)
oL 4 T

@

AC motor

Figure 4-2 Schematic AC electrical motor [19]

In this project, we will use a three-phase AC motor, Table (4-1) shows the nameplate
information of the used motor and its specifications, which is selected based on torque needed to
transmit the applied load calculated in chapter 3.

Table 4-1 Nameplate of ac motor

Voltage 380V
Power 5.36 hp
Speed 500 rpm

19



4.3 Air fan motor

Air fan motor pumps the air quickly enough to dry the car after washing in a short period
of time.

Table (4-2) shows the nameplate information of motor.

Table 4-2 Nameplate of air fan motor

Voltage 380V
Power 2.6 kW
Air flow rate 6.3m3/sec
Frequency 50 Hz

4.4 Servo motor

It is a rotary actuator or linear_actuator that allows for precise control of angular or linear
position, velocity and acceleration.

We will use it to rotate the arm around the car by (90°) angle in each corner of the car as
Figure (4-3) shows.

- 5V Power Supply

Figure 4-3 Schematic of servo motor with Arduino controller [21]
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By use servo motor, Table (4-3) shows the nameplate information of the used motor and
its specifications, which is selected based on torque needed to transmit the applied load calculated
in Appendix A.

Table 4-3 Nameplate of servo motor

Voltage 220V

Power 1lhp

Speed 3000 rpm

Frequency 50 Hz
4.5 Water pump

We use high pressure water pump to get appropriate pressure that will clean the car and
remove all stains and dirt as Figure (4-4) shows.

Mozzke

chickwahe chickwake

water

Figure 4-4 Schematic of Pump [21]

Table (4-4) shows the nameplate information of motor that we choose it by depend on the
pressure that enough to remove all stains and dirt.

Table 4-4 nameplate of pump motor

Voltage 380V
Power 5hp
Max Head 186 m
Frequency 50 Hz
Speed 2950 rpm
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4.6 Variable Speed Driver

A variable speed drive (VSD) as shown figure (4.6). Also known as a frequency converter,
adjustable speed drive or inverter, is an electronic device that controls the characteristics of an
electrical supply of a motor. Therefore, it is able to control the speed of motor, achieving a better
match with the process requirements of the machine.

A VDS works by converting the incoming electrical supply of fixed frequency into a
variable frequency output. This variation in frequency allows the drive to control the way in which
the motor operates a low frequency for a slow speed, and a higher frequency for a faster speed.
The output can also be changed to enable the motor to generate more or less torque as required.
So, the motor and drive combination might be used for turning a large load at fairly slow speed,
or turning a lighter load at high speeds maximizing efficiency [23]. When considering fitting VDS
to a motor, there are a number of issues to consider:

1-Type of torque
2-Size required
3-Type of control needed

Figure (4-5) shows the typical connection of the driver.

' w2 U2 V2
HOTOR 3 PHASE q

Figure 4-5 Typical connection of driver

4.7 Contactor

It is an electrically controlled switch used for switching an electrical power circuit, similar
to a relay except with higher current ratings and a few other differences.
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4.8 Thermal Relay (Overload)

It is a protector that uses the thermal effect of current to cut off the circuit. When the thermal
relay is used for overload protection in the motor, it often works with ac contactor to form an
electromagnetic starter, and then to be used in the control and protection circuit of the three-phase
asynchronous motor[26.

Figure (4-6) shows the typical connection of the contactor and Thermal Relay.

1 N 1

AVOTIIAO

YOLOVINOD
][]

€1

s
Bt [l (e

]
(=]

dOLS

|

Figure 4-6 Typical connection of the contactor

H LAVLS

4.9 Phase Sequence Protection Relay

It is an electronic changeover type relay, which provide normally open or normally closed
type output, when the correct phase sequence of a three-phase system is interrupted. They are
widely used in three phase power monitoring applications, where we have to monitor and control
the raw power supplied from the source. To understand the insight of a phase sequence relay.

Maintaining the correct phase sequence is very important. Conventionally, the RYB phase
sequence is called as positive phase sequence. Major industrial loads such as three phase induction
or synchronous motors are connected in positive phase sequence with the supply. However, if the
phase sequence is reversed from the supply side, that is “BYR” instead of “RYB”, then the motor
will start rotating in reverse direction [23].
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Phase Sequence Protection Relay as Figure (4-7) shows.

SR L1L213

Tt T

CASSE2NLS INPUT =
® @6 | —
OFF
DISPLAY OR INTERNAL
INDICATOR CIRCUIT g d ¢
KM\ -\ oow

ﬂ g % OUTPUT ﬁ.BK[)L'

for AC380V control circui

p—v—"

PHASE SEQUENCE RELAY

Figure 4-7 Phase Sequence Protection Relay

4.10 Ultrasonic Sensor

Ultrasonic sensors are characterized by their reliability and outstanding versatility.
ultrasonic sensors can be used to solve even the most complex tasks involving object detection or
level measurement with millimeter precision, because their measuring method works reliably
under almost all conditions [28].

by use it to detect the distance between the car and the nozzles, to take the safety distance;
that will not cause scratch in body of car. Ultrasonic Sensor as Figure (4-8) shows.

Figure 4-8 Schematic of ultrasonic sensor [29]
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4.11 Limit switch

Limit switch is a switch operated by the motion of a machine part or presence of an object.
They are used for control of a machine.

In our project there are two limit switches, one to check the level of water in the tank of
water and another to check the chemical in the tank of chemical. Limit switch as shown as in
Figure (4-9)[30].

Figure 4-9 Limit switch and Arduino circuit

4.12 Electrical circuit
The following Figure (4-10) shows the electrical circuit of the machine system.

Three Phase
a3

1 Single Ph: | \
Q ngle Phase f
u

GND

4 Variable Frequency Drive

i

Contactor '
|
T

RC1

{

P

o~ < I S "‘. oo T
| O
e 18 SRS
¢ I =

Fuse or Air Switch

HL

Figure 4-10 Electrical circuit
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5.Control Design
5.1 Introduction

The controller acts as the brain of the machine system. All parts (electrical and mechanical)
of the controller are integrated together to serve the machine task of the controller which is to
receive digital signals; a signal that represents a sequence of discrete values, from a computer and
translate these signals into mechanical motion through motor drivers.

This chapter shows the controller design and the software program which will be used to
control the movement of the actuators.

Open loop control system will be used to control the machine since we use stepper motors.

5.2 Closed loop control system

Closed loop system in Figure (5-1) is a type of continuous control system in which the
output has influence of effect on the control action of the input signal. In other words, in a closed
loop control system, the output is measured and feedback for comparison with the input. Therefore,
the output signal nautically follows the input with feedback signal.

input that happend when sensor detect
the car autput

Figure 5-1 Closed loop control system

In the closed loop control system, the controller receives the order from sensors before the
controller creates the necessary motion and direction signals to perform the desired task and sent
it to the motor driver. The driver leads the motor to rotate.

The driving and controlling system include two AC motors and servo motor for driving a
washing machine for washing a car and a controller between the motor and a power system to
control power to be supplied to the motor.
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5.3 Arduino controller program

To inference with the output and input the address of each part must be known and named
in the software.

Figure (5-2) shows the program of microcontroller, can receive the desired commands from
the computer. The microcontroller converts these commands to electrical signals, these signals are
sent by microcontroller to the motor drivers which moves the motors.

Ultrasonic sensor Pump running and Ultra sonic position Pump running and
detect the carin the spray water from sensor detect the spray water form

entrance entrance nozzle arm nozzle

Y-axis Motorrunning

Y-axis Motor running
untilsensor send a

Servo motor rotate the .
== until sensorsend a

armin 90 degree CW

Servo motor rotate the

. armin 90 degree CW .
signal to stop = signal to stop

Y-axis Motorrunning
untilsensorsend a
signal to stop

. Y-axis Motor running
Servo motor rotate the il |
. =% untilsensorsenda
arm in 90 degree CW :
signal to stop

Servo motor rotate the
arm in 90 degree CW

The system will execute this program three times. X-axi:
In first round the system spray cold water. Arm
In second spray soap. I

In first round the system spray hot water.

Final round

Air fan motor running

Y-axis Motorrunning
and spraywater from
entrance nozzle

until sensor send a
signalto stop

Y-axis

Figure 5-2 Flow chart of machine program
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6.Manufacturing and assembling

This chapter explains the process of machine setup that is used in the project. Five steps are
used to build this machine; cutting, welding, drilling, finishing, and coating. In the following, we
explain each process for each part of the machine.

6.1 Main frame:

Three steps are followed to build main frame. First, cutting the sheet steel with the
scale dimensions, then welding the cut sheet based on the scaled shape, finally, cleaning and
coating it. figure (6-1) shows the main frame in the coating process.

28



6.2 Bearing and Axis

Three steps are followed to build x-axis and y-axis motion system.
Running aluminum plate with the scale dimensions using cutter machine, finishing and drilling

them to be fixed with the screw and the bearing as Figure (6-2) shows. oo
-axis

A

Y
>

Figure 6-2 Axis of motion \
Y-axis

6.3 Motor support

Three steps are followed to build motor support. Cutting the square steel tubes with the
scale dimensions, drilling and welding the cut pieces inside frame as Figure (6-3) shows.

. Figure 6-3 Motor support
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6.4 The arm

Three steps are followed to build the arm. Cutting the pipe with the scale dimensions,
bending the pipe in the needed shape, and welding the arm with motor shaft as Figure (6-4) shows.

Figure 6-4 Arm

6.5 Assembly

After producing the car washing machine components, the following components are
needed for assembly as Table (6-1) shows.

Table 6-1 Connecter parts of machine

Item Part Figure shape Number
number name of parts
1 Bearing -~ 4

30



2 Screw Shaft 2
3 Bearing house 4
4 Nut of screw 4
5 Sliders 4

Four steps are needed to assemble the machine:

1- Start with pushing the screw in bearing house as Figure (6-5) shows. Press slightly to push
the ball bearing house; the ball bearing should slide easily in place without using a hummer
or any other metal object to push the ball bearing in the bearing house.

Figuré 6'—?3 Bearing house and screw in x-axis
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2- Repeat this process one more time to put the screw in bearing house as Figure (6-6)
shows.

Fig>ure 6-6 Bearing house and screw in y-axis

3- Take one coupling in the screw shaft, and another in the motor as Figure (6-7) shows, and
repeat this process for another motor and the shaft of stand that holds the motor.

‘ Figure 6-7 Coupling in screw shaft
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4- Connect the arm with the shaft of motor as Figure (6-8) shows.

Figure 6-8 Arm
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7.Conclusion and Recommendations

7.1 Conclusion

The project is a mechanical device setup that is used to wash the car collectively,
when placing a car to be washed, a sensor transmits the signal to Arduino controller which
transmits a signal to the motor to operate so the washing process begins.

The project is selected to achieve many benefits. Among them, washing cars without the
touching which protect the car body from scratches, good cleaning by using chemical materials
that remove all dirt from the car body, the whole process is done in short time and low electrical
and water consumption, and the construction of this project is easy to use and accessible to
everyone, safe to operate and easy to maintain.

7.2 Recommendations

We recommend taking these points into consideration before implementing the full-scale
project.

The prototype was built with a scale of (1:7.5), so some dimension adjustments were made
to fit the model. Stepper motors are used in the prototype because it’s low cost, easy to find, and
easy to use, instead of three phase motors which must be used in the full-scale project. Moreover,
the applied load in the prototype is very low compared to the real load in the full-scale project, so
it’s not necessary to use three phase motor, stepper motors are sufficient to operate.

The main problem we faced throw implementing the project was financial problem, and
obtaining some of the parts of the projects, so we recommend that the projects funds should be
provided at the beginning of the project.

7.3 Future work
The following tasks are suggested as future work:

1- Increasing the safety in the machine by building a system that can determines if the window
of the car is open or not and stop the machine if the window is open or somebody is out of
the car or near it.

2- Reduce consumption by building water filtration system to recycle used water to clean
cars, and modify the code to move the machine depending on the dimensions of car.

3- Increasing the machine space to be able to wash vans and trucks.

4- Developing the machine to be able to wash inside of cars.
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8.Time and Cost Managements

8.1 Estimated project Cost.

In this section, we will explain the approximate cost needed to build the Automatic car
washing machine system. Table (6-1) shows the parts and equipment needed to build the

machine and their estimated costs.

Table 6-1 Cost table

Elements Number of elements Cost
Induction motor (3ph) with-(5hp) 2 900 Nis
Servo motor - (1hp) and servo driver 1 1500 Nis
Motor pump with 5hp 1 1800 Nis
Air fan motor 2.6kw 3 1000 Nis
Variable speed driver 1 700 Nis
Contactor 3 400 Nis
Thermal relay (overload) 1 130 Nis
Phase sequence protection relay 1 200 Nis
Ultrasonic sensor 3 300 Nis
Arduino 1 250 Nis
Power supply 1 500 Nis
Steel - 3000 Nis
Nozzle 22 400 Nis
Other Parts - 3000 Nis
Total - 14110 Nis
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8.2 Feasibility study

This table (6-2) shows the capital recovery period of the project.

Table 6-2 Feasibility study

Quantity Nis
Number of cars washed daily 30 -
The cost of washing one car - 20
Water consumption of one car 120 L 1.44
Total power consumption of one car | 9 kw/h 5.22
Other consumption - 5
Total revenue per day 600 Nis

Water consumption per day

120*0.1*30 = 36 Nis

Total power consumption per day

9*0.58*30 = 156.6 Nis

Other consumption per day 150 Nis
Daily Place cost 53.7 Nis
Total consumption 396.3 Nis
Net profit 204 Nis

The time that needed to back the total cost = Total cost/net profit

14110
204

t = 66.69 day
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8.3 The project time schedule

In this section we will shows time plan of the introduction of project during the first
semester (twenty-two weeks) as shown Table (6-3). Some tasks are done in parallel and some are
done respectively.

Table 6-3 Time table

Number |[{1/2/3|4|5/6/7(/8/9/10|11 /12|13 |14 |15/16 /17 18 /19|20|21
Of
Week

Tasks

Identification
of Project Ide

Writing
Project
Proposal

Introduction
Chapter 1

Work
principle of
car washing

machine

Mechanical
Design
Chapter 4

Electrical
Design
Chapter 5

Control
Design
Chapter 6

prototype
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Appendix A

1 2 3 4 5 6 7 8 9
push Fram | Thecar | Arm | Body of | Tank of | Box of Car Sewage
button(Start) machine | water wax | position | drainage
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Al Forces in each column of farm (2).

This machine is based on six columns, each column supports the machine, so that each
column has a specific force to withstand, and this force should be evenly distributed over the
columns, so we start by calculating these forces in the columns.

M= 500Kg

W=M=xg (3.1)

W: the machine weight.
M: the machine mass.
W =500 10 = 5000N = 5KN.

Force

Reaction force Reaction force

Figure 3-10 reaction force

The weight of the machine is dividing equally on the two sections of the frame.
w
r=r =¥ (3.2)
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Then;
FA =FB =FC =FD =FE =FF=833.3N.

E,, Fg, F¢, Fp, F, Fr: The forces acting vertically to the supporting frame Columns.

A2 Dimension of the beam

As previously indicated, we have seen that this machine contains six columns, and the
total force has been calculated on these columns, through these forces and by reference to the

metal material data tables we can find the dimensions of the columns of the structure that support
the machine.

Step 1: calculate the reaction force from the equation (3.3).

Force

-

Bending Moment

Shear Force l’

Figure 3-11 shear force and bending moment

Z F,=0 (3.3)
R, + R,=W
Where, (R, R,):The reaction force in the two sides of shaft.
Ri=R —W—5000—8333N
TP e 6 T

R]_:RZZFA:FB
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Step 2: Find the moment in the beam from equation (3.4).
M=FxR=FxL/2 (3.4)

L: Length of the beam = 3750(mm) = 3.75(m)
M = 833.3 % 3.75 = 3124.8(N.M) = 3.1248(KN. M)
Step 3: Now using equation (3.5) to find the deflection of the beam.
__Fxv (3.5)
Ymax = 28+ E+]
Where;

Ymax- The maximum allowed deflection of the beam, and we calculate it by the following

equation: Ypa, = % where:

Yau: The allowable deflection for the beam.

n: the factor of safety=2.5

l=05L

E: the modulus of elasticity.

E= 200 GPA

Step 4: compute the moment of inertia by equation (3.6).

I: The moment of inertia about the natural axis of the beam.

1 1 (3.6)
—_ 3_ 3 .
I =5 bh* — = bihi

Figure 3-12 front view of beam
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Where:

b: The Width of the beam.
h: The Height of the beam.
b;: The width — thickness.
h,: The Height — thickness.

Step 5: applying the equation (3.7):
o, = 2& (3.7)

1

Where:

oy the bending stress on the longitudinal beam, and we calculate it by the following equation
op = “%V were:

S,:the yield strength, and from Table A-20:

S, for steel (1095) equal 460 Mpa.

n: the factor of safety equal 2.5
Now starting with equation (3.5):

Fx[3
Ymax = 5o - o . 7
48 x E x|
_ Yall
ymax - n
Ymax = —2 X 10_2/2_5 = —8*10"%m
Calculating I:

1—1bh3 1bh3
T 12 12 11

1 1
I= [ﬁ X 0.25(0.25)3] - [E x 0.234(0.234)3| = 3.255 x 10™*

Then,
56.25 x 0.125
3.255 x 104

From tables the [o,;;] of steel equal to 24 ksi, so [ a3, < 0, ], we conclude from this
value that the material is in the safe mode with these dimensions.

oy = [ ] = 21.6014ksi

42



A3 The bearing affection

It is certain that this machine will run on wheels, and these wheels need bearing, so it is
necessary to know the dimensions available for the wheels to can carry the machine, see (figure
(3.3.3.1): the free body diagram of one bearing.

Figure 3-13 the bearing

Step 1: using equations (3.8), (3.9), (3.10) and (3.11) to compute the resultant force in the
bearing.

Fx='u*N+m*a (38)

N =py,*9 xg (3.9)
n:The coefficent of friction between the belt and the roller, and equals 0.05.
N:The normal Force affected on wheel.
pw: The maximum density of the handing body.
IJ¢: The maximum volume of the trunk.

a: acceleration of the belt, equals 0.

Do = M (3.10)
w _'9t
500 0.4545g
Pw =17000 ~ ~ em3

N = 0.4545 % 11 % 9.8 = 49N
E, = 0.05 x 29429.4 = 2.45N

833.3
F, = —— = 416.65N
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E= () +(5?) (311)

F. = /(1.471452) + (0.416652) = 1.528KN

Now, calculation the design radial load from (3.12):
Fp =a;*V *F, (3.12)

Fj:Design Radial load.
V: Rotation factor, and equal 1.2 (rotating outer ring).
F,.: Radial load on te bearing.

as: Application factor used because loads are often variable (non-steady) and may
increase during operation, and equals 1.2 (machinery with no impact).

Fp =12%1%1528 = 1.8336 KN.
Then now the find the X, and using equation (3.13):
Lp (3.13)

X, =
P Ly

Lp
Xp=—00
D™ 1 %106

Xp:Life ratio.
Lp:Designe life, and equals 30000(generaly industrial machinery).

L,o:Number of revolutions, and equals 1 = 10°( based on 90% reliability).

¥ _30000*14*60_252
b= 1 % 106 e

Now, calculate the required catalog rating (C;,) and using equation (3.14).

ClO = Xé/a * FD (313)

a: 3 (ball bearing).

C1o = 25.2Y/3 ¥ 4503.6 = 13203.63N = 13.203KN.
Now, check the catalog and select a suitable bearing.
From table 11-2.
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Cio = 7.02, Bore=12mm, OD=32mm, C, = 3.1,E2.6201-27.

Here we find the diameter the bearing bore, using the low of factor of safety [equation
(3.15)] and shear stress [equation (3.16)].

S
n=2Y (3.15)
T
T: shear stress.
S,:The yield strength and from Table A-30: S, For high carbon steel is 220Mpa .
n: Factor of safety and we have chosen it to be 4.
220 = 10°
TE—p = 55 % 10°Mpa
L F (3.16)
A
A: Area of bearing bore.
1528
T =
T2
74
e 4 * F, 4 4 %3753 9.3 » 10-3
= - = —_—mmmm . E3
T*T % 55 % 106 m
d = 4.66mm.

These table show us the available dimensions for the bearing which is used in this
machine. Dimensions

Table 3-Error! No text of specified style in document.-1 dimensions [33]s

> : i ge

]

D 30 Mm 0D 4

B 10 Mm . @

L

d» 15.3 Mm

u

Figure 3 -Error! No text of
specified style in document.-1 dimensions of
bearing
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D2 25.28 Mm

Q

r,2 min. 0.6 Mm

Calculation data

Table 3-Error! No text of specified style in document.-2 calculation data

Basic dynamic load rating C 1.528 kN
Basic static load rating Co 0.764 kKN
Fatigue load limit Py 0.1 kN
Reference speed 500 r/min
Limiting speed 1000 r/min
Calculation factor Kr 0.035
Calculation factor fo 12.9

Mass

Table 3-Error! No text of specified style in document.-3 mass of bearing

Mass bearing 0.35
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Bolt design
Load factor [n]:
The weight of the machine = 30000N=30KN
The number of plots is 48, The Force (P) calculated by using the equation (3.17):

_F (3.16)
P=x

p= 2 — 0.0333KN = 333N , for each bolt.

The up plate was fixed on the wall and the down plate was fixed with up plate by bolts.

D =20mm
E = 25mm

Figure 3-Error! No text of specified style in document.-2 fixed plate by bolts

The length and the threaded length of the bolt can be calculated from equation (3.17) and (3.18):
=1+ (3.17)

[l =20+ 25 =45mm

From table A-31 at d=12mm — H=10.8mm.
Standard threaded length.

Ly=2d+6 (3.18)

L =2(12) + 6 = 30mm
The total length mustbe L > 1+ H — L > (45+ 10.8) - L > 55.8mm
Standard size from (Table A-17):
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L =60mm

Figure 3-Error! No text of specified style in document.-3 dimension of bolt

Now, with reference to the figure shown:
ld = 60+ 30 = 30mm

Threaded length in the clamped zone:
l; =45—-1; =45—30 = 15mm

Cross sectional areas:

_ m(12)?
17 4

= 113mm?

Table 8-1: A, = 84.3mm?
Bolt stiffness:
113(84.3)207
b~ 113(15) + 84.3(30)
Calculating member stiffness: 72

= 466.8MN /n

There are three frusta as shown in the figure, where

d, =1.5(12) = 18mm
D, = 2(20tan30°) + 18 = 41.09mm
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Upper Frustum:

t=20mm
D = 18mm _
d = 12mm - ky =4470MN/m
E = 207GPa
Central Frustum:
t = 2.5mm
D =41.09mm _
d = 12mm - k, =52230MN/m
E = 100GPa
Lower Frustum:
t =22.5mm
D = 18mm _
4 = 12mm - k3 = 2074MN /m
E = 100GPa

Total member stiffness:

1 1+1+1 . (1+1+1)‘1
—_— = -— —_ > =|— e e
km ki ks k3 o \ky kg ks

. _( 1 N 1 N 1 4\7"
™ \4470 ' 52230 2074
Stiffness constant of the joint:

kp + ko

o 4668
"~ 466.8 + 1379
Table 8-11: for 1SO class 8.8 we have:

S, = 600MPa

= 0.253

Assuming reused connection:

F; = 0.75F, = 0.755,A, = 0.75(600)(84.3) =

Figure 3-Error! No text of specified style in
document.-4 member stiffness

(3.19)

) = 1379MN/m

(3.20)

37935N = 37.9KN
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Factor of safety guarding against bolt yielding:

" =Tcp
600(84.3) — (37.9 x 10%)
n, = 3 =473
0.253(10.6 x 103)
Factor of safety guarding against joint separation:
= Pa-0)
37.9 x 103

4.79

"0 =706 x 105(1 — 0.253)
Overall factor of safety of the connection:
n = Min (n,,ny ) =4.73

A4 Bearing in bolts loaded:

(3.21)

(3.21)

We calculate them for bolts that tie between the upper structure and columns using

equation (3.22).

F S,

O-b=ﬁ=nd

F
2

(3.22)

—:is transmitted by each of the splice plates, but since the areas of the splicr

plates are half of the center bars ,the stresses associated with the plates are

the of center plates.

t: Thickness of the member and is 1.6(cm) = 0.6272(in)..

1(in) = 2.45(cm)

d: diameter of the bolt and is 2.4(cm) = 0.936(in)
Sp:From Table 8 — 9 is 85ksi.

From equations (3.21) and (3.22) :
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2tdS
F=—22°
Nng
2%0.6272 % 0.936 * 85
F= 15

= 66.533kpsi = 296KN

A5 Bearing in member, all bolts active.
Now, using equations (3.21) and (3.22) but use [S, ] instead of [S,,] as following:
gt 5 (3.23)
2td Ng
Sy: The yield strength for steel, and from Table A-20, it is 54 kpsi.
By applying the equation in (3.23):

o thSy _ 2%62.72%0.936 54
B Ng B 1.5

= 42.27kip = 188.01KN

A6 Shear in Bolts, all bolts active

_ _ S (3.24)
v = o = 0577

The force doesn’t affect on the toothed part of the bolt because it is the weakest part of
plot, but on the other part.

A, Area of the cross section of the bolt.

S 85
F = 0.577nd? n_p = 0.577 * 7 * 0.9362 * 15~ 70kpsi = 400KN
d .

AT Edge shearing of member, at low margin bolts.

The force doesn’t affect on the toothed part of the bolt because it is the weakest part of
bolt, but on the other part, the shear from equation (3.25) equal:

F (3.25)

T=—-
4xaxt
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T: Shear.
a: the dimension shown.

—W—D—z—l = 0.3936(in)
a=—=5=5=1m=0 in).
W: Width of the member shown.
But the force can be calculated from (3.26):
F=4*a*t*0.577*5y (3.26)

Ng

P 4 %x(0.3936 x 0.6272 * 0.577 * 54
- 1.5
F = 20.51 = 91.256kN

Figure (...) demonstrates the edge shearing of member.

Figure 3-Error! No text of specified style in document.-5 the edge shearing of member [34]

A8 Tensile yielding of member across bolt holes
Start of calculating the area of the member from equation (3.27):

Amemper =W * t (327)

Amemper = 2.3in?.
Apemper: Area of the member.

w: width of the member and equal 3 (cm)= 1.2(in)

Sy, F Sy xA ‘
0=—=—->F=——=107.25kpsi = 472kN.
Nng A Ng

3.3.4.6 Member yield
_W*t*Sy_ 1.18 * 1.96 = 54

F = = 124. | = 34kN
o 1T 89kpsi = 370.34k
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( 296(kN) based on bearing in bolts.
188.01 (kN) based on bearing in member
400 (kN) based on shear in bolts shear in shank
91.256 (kN) based om edge (shearing of member)
472 (kN) based n tensile yielding of member across the bolts
\370.34 (kN)based on tensile yielding of members away from the bolts

Limiting value of force is 91.256 KN
91.256 kN > 30 kN
We chose the smallest force, so that the press force is not above it;

In addition, the press force is much smaller than the bolt force.

A9 Buckling on the column

Now we will find the buckling force that the column of the frame that carry the machine
from equation (3.28):

pom Bl (3.28)
sV

E: Elasticity Module=2.1*10° (N/mm?) (steel).
V: Factor of safety=3.5.
I = 1: Free Buckling Length (mm).
I: Area moment of inertia (mm*).
Calculating the area moment of inertia:
A; = 20(1.6) = 32 mm?

y; = 0.8mm

I, =—x12 x 1.6 = 4.1mm*
12

A, = (0.8)16.8 = 26.88mm?

1
I =5 X 1.6 X 16.8” = 632.2mm*

y, =10 mm
A; = A; = 32 mm?
1
I3 = W X 12 x 1.63 = 4.1mm*
y3 = 19.2mm
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I=L+L+1 (3.29)

I = 640.4 mm*
Now, Finding the Buckling Force:

3 2 % 2.1 % 10° * 640.4

= 3.7 N
12 % 3.5 3.788k

F
f:

x-
f: the critical force without occurring buckling.
x': the load factor and it’s equals 20.62.

13400
"~ 20.62

= 0.00151N

Buckling analysis as shown as in figure ():

Study: "Buckling” Study: "Buckling”
Relative Displacement, magnitude Relative Displacement, magnitude
Buckling Mode 8 - Load Factor: 20.62 Buckling Mode 5 - Load Factor: 16.75
n0.0010ss 0001087
100009261 l00009513
+ 0.0007938 + 0.0008154
+ 0.0006615 + 0.0006795
| + 0.0005282 [+ 00005436
+ 0.0003969 - 0.0004077
+ 0.0002646 - 0.0002718
IDDDD1323 i00001359
1]
3 ?

b

Figure 3-Error! No text of specified style in document.-6 Buckling analysis [35]

-

The rod can withstand the Buckling force, because its less than the pull force. Depicted in
Figure (3.3.5.1) The four Buckling cases.
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A10 Angular velocity.

we want the machine to move from the start to the end of car in 7 second, the time is
important for calculate the angular velocity of the motor which is move the machine using the

equation (3.30):

Direction of rotation

Figure 3-Error! No text of specified style in document.-7 angular velocity and direction of rotation [36]

S¢ the distance from the middle to the end of frame.
S;: the initial distance, and equal (zero).

V;:Initial velocity of the belt.

a: acceleration of the belt.

3.5 =1/,a(3.5)?
a=0.571428m/s?

a=260
6: angular acceleration of the gear.
r: radius of the gear.
§=2 (3.31)
T
v 0.571428 _ 2085
025 7
lrev - 2nd
? -2
?77? 1% 1.27 t
?7rev = 2m025) - rev/meter.
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rev 1Imeter 60sec

1.27 =10.919rpm = 11rpm

meter * 7 second * 1min
The specified motor is shown in fig (3.3.6.1).

To have a minimum speed of 11 rpm the motor must be with a speed of 1200 rpm and
there will not use gears, but will use pulleys but equal to gear box with ratio of 1:100.

A1l The motors torque

The free body diagram of the conveyor pulley is depicted in figure (3.3.7.1), then to
calculate the motors torque in this machine, we should use these equations [(3.32), (3.33), (3.34),
(3.35) and (3.36)] as following:

ZM =J§ (3.32)
T=J0+W*N+m=a)r (3.33)
m = 3000kg

N = 29429.4N = 29.4294KN ~ 30KN
uxN = 0.05%29429.4 = 1471.47N

Mpulley = P *V (334)
A=m(doys — din)2 (335)

A =m(0.5—0.3)2 = 0.04m?
V=AxL
V=05%0.02=8x10"*m3
Mpuiiey = 7850 * 8 X 107* = 6.28kyg

(3.36)

] = E 7npulleyR2

1
] = 5(6.28)(0.5)2 = 0.785kg.m?

Mpuiiey: the mass of the pulley.

m: the maximum total mass of two pulleys.

p: Density of high carbon steel and equals 7850kg/m3
V: volume of the pulley.

d ¢ the outer diameter of the pulley.

d;,: the inner diameter of the pulley.
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«~ T = ((0.785 * 0.1436) + (1471.47 + 3000  0.0357) = 0.5)
T = 78.94N.M
P = 3.987kW

Torque of shaft servo motor: -
Tl =Tw *% N.m

TL: Motor Shaft Conversion Load Torque [N-m]
TW: Load Torque[N-m]

Gear (Deceleration) Ratio G = Z1/Z2

Z1: Number of Gear Teeth on Motor Side

Z2: Number of Gear Teeth on Load Side

n: Gear Transmission Efficiency

TL=2.3 N.m

Power of motor = 0.723 kW

Al2 Nozzle

Nozzles are frequently used to control the rate of flow, speed, direction, mass, shape,
and/or the pressure of the stream that emerges from them.

Figure 3-4 Spray nozzle [13]
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The nozzle used in this device is of the type of "Flat High Pressure Even Sprayer".
Selection of the Nozzle

Provides high and uniform impact capabilities. Even spray pattern eliminates the need to
overlap patterns from adjacent nozzles.

Spray Angle - 50 to 650.

Velocity of the flowing liquid through the nozzle can be calculated with the help of the
equation of continuity.

Equation of continuity (3.37):

a1V = a0 (3.37)

Where: -
a,, a, . are area of cross-section of the nozzle inlet and outlet resp.

vy, U, © are velocity of the fluid or liquid flowing in and out through the nozzle.

Formula that can be used in this device for various calculations of the numerical
parameters.

The flow rate of the fluid can be calculated with the help of the following formula as in
these equation (3.38):
Q = P *n/AP (3.38)

Where the various parameters are:

Q : Fluid flow rate in m3/s.

P : Power of the pump in watt.

n : Efficiency of the pump.

AP : Change in pressure in Pa.

The change in pressure for the nozzle inlet and outlet can be calculated with help of the
Bernoulli's equation, which can be given as in following equation (3.39):
AP = ((v)? — (v11)?)/2 + AZ * g + APstatic /d (3.39)

AP : Change in pressure in Pa

V1,7, Velocity of inlet & outlet fluid in m/s.
AZ : Change in height in m.

g : Acceleration due to gravity m/s2.

d : Density of the fluid in kg/m3.
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APstati : Change in pressure at static condition in Pa.
Specifications for the nozzle:
Velocity of the fluid through the outlet:

r; = 20mm 5 =5mm
a; = 3.14*20*20 a, = 3.14*5*5
= 1256 mm2 =78.5 mm2

v; =5 m/s (for the inlet) v, = (al*vl) /a2 = 80m/s

Change in pressure for inlet and outlet:
AZ=1m (considering height of 1m).
APstatic = 0 (at static condition pressure diff. is 0).
AP=(6400-25)/2 +1*10 + 0
=3197.5 Pa

Flow rate of the fluid:

Efficiency n, = 60% Power of the pump for one nozzle = 1361.93
For (11) nozzles = 11*1361.93=5 HP
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Appendix B

A.1 Dimensions of Bearing

TABLE 11-2

| Dimensions and Load Ratings for Single-Row 02-Series Deep-Groove and Angular-Contact Ball Bearings

Fillet Shoulder Load Ratings, kN
Width, Radius, Diameter, mm Deep Groove Angular Contact
Cio o Cio

10 30 9 [LX] 12.5 27 507 2.24 494 2.12
12 i2 10 (LX) 14,5 23 6,89 3,10 7.02 A5
15 35 11 LU 17.5 Al T80 3.55 8.0 365
17 40 12 (LX) 19.5 34 Q.56 4.50 0.95 4,75
20 47 14 1.0 25 41 12,7 . 20) 13.3 635
25 52 15 1.0 30 47 14.0 695 14.8 7.65
a0 2 16 1.0 35 55 19.5 10,0 0.3 | 1.0
35 72 17 1.0 41 65 25.5 13,7 27.0 15.0
40 20 18 1.0 46 T2 0.7 16.6 iLe 18.6
45 5 19 1.0 32 T7 33z 18.6 5.8 21.2
50 E ] 20 1.0 56 R2 351 19,6 EY N 28
55 104} 21 1.5 63 Q0 43.6 25.0 46.2 28.5
) 110 22 1.5 T L 47,5 28,0 35.9 35,5
(i 120 23 1.5 74 10 559 34.0 637 41.5
0 125 24 1.5 9 114 6l.5 7.5 659 435.5
75 130 25 1.5 Sy 19 0.3 40,5 7.5 49.0
£ 140 26 2.0 93 127 T0.2 45.0 B0.6 55.0
g5 1540 28 2.0 L 136 512 3.0 90,4 .0
90 (141 30 20 1 146 95.6 620 1046 73.5
95 170 32 2.0 110 156 108 69,5 121 85.0
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A.2 Mechanical Properties of steel 1080

Table A-20

Deterministic ASTM Minimum Tensile and Yield Strengths for Some HotRalled (HR) and Cold-Drawn (CD) Steels
[The sirengths lisied are estimaled ASTM minimum values in the size range 18 1o 32 mm (3 1o 1} in). These
sirengths are suitable for use with the design factor defined in Sec. 1-10, provided the materials conform fo
ASTM A6 or A568 requirements or are required in the purchase specifications. Remember that a numbering
syslem is nol a specification.]  Source: 1986 SAE Handbook, p. 2.15.

y 3 | 5 [ 7 ]
Tensile Yield
SAE and/or Proces- Strength, Strength, Elongationin Reductionin  Brinell
AlSI No. sing MPa (kpsi) MPa (kpsi) 2in, % Area, %  Hardness
G10060 1006 HR 300 (43) 170 (24) 30 55 86
CD 330 (48) 280 (41) 20 A5 Q5
GI10100 1010 HR 320 (47) 180 (26) 28 50 Q5
CchD 370 (53 300 (44) 20 40 105
G10150 1015 HR 340 (50) 190 (27.5) 28 50 101
CD 390 (56 320 (47) 18 40 111
G10180 1018 HR 400 (58) 220 (32) 25 50 116
CcD A40 (64) 370 (54) 15 40 126
G10200 1020 HR 380 (55) 210 (30) 25 50 111
cD 470 (68) 390 (57) 15 A0 131
G10300 1030 HR A70 |68) 260 (37.5) 20 42 137
CD 520 {78) 440 (64) 12 35 149
G10350 1035 HR 500 (72) 270 (39.5) 18 40 143
cD 550 (80) A&Q (67) 12 35 163
G10400 1040 HR 520 {78) 200 (42) 18 40 149
CDh 500 (85) 490 (71) 12 35 170
G10450 1045 HR 570 (82) 310 (45) 16 A0 163
CD 630 [91) 530 (77) 12 35 179
GI10500 1050 HR 620 (90) 340 (49.5) 15 35 179
CD &R0 (100) 580 (84) 10 30 197
G10600 1060 HR 680 [98) 370 (54) 12 30 201
G10800 1080 HR 70 112) 420 (61.5) 10 25 2729
G10950 1095 HR B30 (120) 460 [66) 10 25 248
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A.3 Figure (19-1): single-strand Roller Chain Selection Chart

]
Jumbery Stamds CHAIN NUMBER
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A.5 Service Factors K

Table 17-6: V-belt service Types of driver
factors, K, Soft starts Heavy starts
AC motors: High torque®
AC motors: Normal torque? DC motors: Series-wound,
DC motors: Shunt-wound compound-wound
Engines: Multiple-cylinder Engines: 4-cylinder or less
Load Type Driven machine <6h 6-15h >I5h <6h 6-15h >15h
type per day per day per day per day per day per day
Agitators, blowers, fans,
Smooth centrifugal pumps,
light conveyors 1.0 1.1 1.2 1.1 1.2 1.3
" Generators, machine tools,
Light Shock mixers, gravel conveyors 1.1 1.2 1.3 1.2 1.3 14
Bucket elevators, textile
Medium Shock machines, hammer mills,
heavy conveyors 12 13 14 14 1.5 16
High Shock Crushers, ball mills,
o e hoists, rubber extruders 1.3 14 1.5 1.5 1.6 1.8
Heavy Shock | Any machine that can choke 20 2.0 2.0 2.0 2.0 2.0

FOR SPEED - INCREASING DRIVES OF,

Speed ratio 1.00to 1.24 :
Speed ratio 1.25to 1.74 :
Speed ratio 1.75 to 2.49 :
Speed ratio 2.50 to 3.49 :
Speed ratio 3.50 & over :

Multiply service factor by 1.00
Multiply service factor by 1.05
Multiply service factor by 1.11
Multiply service factor by 1.18
Multiply service factor by 1.25
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A.6 Horsepower Rating of single Strand Roller Chains, No.40

Table 19-5(c): Horsepower ratings of single strand roller chain, No. 40

it Revolutions Per Minute - Small Sprocket
omeet| 10 25 50 100 180 200 300 500 700 900 1000 1200 1400 1600 1800 2100 2500 3000 3500 4000 5000 6000|7000 8000 9000
1 | 006 014 027 052|091 100 148 242 334 425 470 560 649 557 466 370 285 217 172 141 101 077|061 050
12 | 006 015 020 056|099 109 161 264 364 464 513 611 709 634 531 422 325 247 196 160 115 087|069 057
13 | 007 016 031 061|107 119 175 286 395 502 556 662 768 7.5 599 476 366 279 221 181 129 098] 078
14 | 007 017 034 066|115 128 188 308 425 541 598 7.3 827 799 670 531 409 341 247 202 145 087
15 | 008 019 036 070|124 137 202 330 455 580 641 764 886 886 743 580 454 345 274 224 12097
16 | 008 020 030 075|132 146 215 352 48 618 684 815 045 976 818 649 500 380 302 247 134
17 | 000 021 041 080140 155 229 374 516 657 727 866 1004 1069 896 741 548 417 331 271 [194 147
18 | 009 022 043 084|148 164 242 396 546 695 769 917 1063 1165 976 775 597 454 360 295|211 160
19 | 010 024 046 089|157 173 256 418 577 734 812 968 1122 1264 1059 840 647 492 391 320|220 009
20 | 010 025 048 094|165 182 260 439 607 773 855 1048 1181 1342 1144 907 699 531 422 247
2t | 011 026 051 098|173 191 283 461 637 811 898 1069 1240 1410 1230 976 752 572 454 266
2 | 011 027 053 108|181 201 296 48 668 850 040 1120 1299 1477 1319 285
28 | 012 028 055 108]190 210 310 505 698 889 98 1171 1358 1544 426 305
24 | of2 030 058 112|198 219 328 527 728 927 1026 1222 1447 161 454 087
25 | 013 031 060 117|206 228 336 549 750 966 1069 1273 1476 1678 482
% | 013 0% 08 122|214 237 350 571 789 1004 1141 1324 1535 17.45 512
28 | 014 035 067 131|231 255 377 615 850 1082 1197 1426 1653 18791894 1508 1157 880 699 572
30 | 015 037 072 141|247 274 404 650 941 1159 1282 1528 1771 2101 1667 1284 976 775 634
2 | 016 040 077 150|264 29 431 708 971 1236 1368 1630 1889 244 1837 1414 1076 854 141
35 | 018 043 084 164)|288 319 471 769 1062 1352 1496 1782 2067 2630 2101 167 1230 976
4 | 021 050 09 167330 365 538 879 1244 1545 17.10 2037 2362[2685 3006 2567 1976 1503
45 | 023 056 108 211|371 410 606 989 1366 1739 1024 2292 2657[3020 3382 3063 2358 553
TYPE A LUBE TYPE B LUBRICATION TYPE C LUBRICATION
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A.7 Preferred sizes and Reynard (R-Series) Numbers

Table A-17 Fraction of Inches

Polored Susoand iyt B Bkt b fo b bt D6 T 11,220

Moo 2},23,3,3},3}. 33, 4,4}, 4}, 43,5, 51, 55, 53,6,64,7,7},8,8,9, 9},
10, 104, 11, 118,12, 124,13, 13,14, 140, 15,151, 16, 161,17, 173, 18,

[When a choice can be 2 ? ? 7 7 Vi 7 2

1 1
made, use one of these 183, 19,195, 20

sizes; however, not all Decimal Inches

parls of lems are 0.010, 0.012, 0.016, 0.020, 0.025, 0.032, 0.040, 0.05, 0.06, 0.08, 0.10, 0.12, 0.16,
available in dll the sizes ) 50 094, 0,30, 0.40, 0.50, 0,60, 0.80, 1.00, 120, 1.40, 1.60, 1 80, 2.0, 2.4, 2.6,
shown in the table.) 28,30,32,34,36,38,40,42,44,46,48,50,52,54,56,58,60,70,75,

85,90 95 100,105, 110, 11.5,12.0, 12.5,13.0, 13.5, 140, 14.5, 15.0, 15.5,
160, 16,5, 170, 17.5, 18.0, 18.5, 19.0, 19.5, 20

0.05, 0.06, 0.08, 0.10, 0.12, 0.16, 0.20, 0.25, 0.30, 0.40, 0.50, 0.60, 0.70, 0.80,
090,10,1.1,12,14,15,16,18,20,22, 25,28,30,35,40,45,50,55,
6.0,6.5,7.0,80,9.0,10,11,12, 14, 16, 18, 20, 22, 25, 28, 30, 32, 35, 40, 45, 50,
60, 80, 100, 120, 140, 160, 180, 200, 250, 300

Renard Numbers*

Ist choice, R5: 1, 1.6, 2.5, 4, 6.3, 10
2d choice, R10: 1.25, 2, 3.15, 5, 8
3d choice, R20: 1.12, 1.4, 1.8, 2.24, 2.8, 3.55, 4.5, 5.6, 7.1, 9

Ath choice, RA0: 1.06, 1.18, 1.32, 1.5, 1.7, 1.9, 2.12, 2.36, 2.65, 3, 3.35, 3.75,
4.25,475,5.3,6,67,7.5, 85,905

*May be muliiplied or divided by powess of 10.



A.8 Specifications for steel Bolts

Table 8-9
SAE Specification for steel Bolt

Size Minimum  Minimum  Minimum

SAE Range Proof Tensile Yield

Grade Inclusive, Strength,” Strength,® Strength,*
No. i kpsi kpsi kpsi Material Head Marking

1 i-1 f 33 &l 36 Low or medium carbon O
5 }_45 55 74 57 Low or medium carbon
13 33 60 36

4 -1l 65 15 100 Medium carbon, cold-drawn O
5 1__| 85 120 92 Medium carbon, Q&T

1314 74 105 81
52 %—I 85 120 92 Low-carbon marnensite, Q&T @
7 -1l 105 133 115 Medium-carbon alloy, Q&T @
8 4l—| _l 120 150 130 Medium-carbon alloy, Q&T @
8.2 11 120 150 130 Low-carbon martensite, Q&T @
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A.9 Bending Properties of Fillet Welds

Table 9-2
Bending Prosperities of Fillet Welds

Weld Throat Area Location of G Unit Second Moment of Area
1. d3
T A =0.707hd =0 I = —
G ) 12
5 i y=d/2
2. d3
A=1414hd F=b/2 ="
F=dj2
3. . bd?
A =1414hnb T=5b/2 IM:T
F=df2
* A=0707h(2b + d) i= s I *d2(6b+d)
ki Y= 2%h+d : =18
y=d/2
s, ) o N .
A =0.707h(h + 2d) F=b2 Iy= 5= =2d°5 + (b +2d)3
O — dz )
Y= v
6. d2
A= 1414hb + d) x=bf2 ]H:?(gtb-k-d)
y=dj2
7. kb 243
i ﬁTﬂ_ A =0.707h(h + 2d) F=bh/2 ly=—- 2425 + (b +2d)y>
¥ 5 2
ol 42
G d y=—
Y= bt2d
X
8. h 2
kg A= 14140 + d) i=b/2 Iy = %(3b+d)

-t §=d/2

d

J 01

9. @ A=1414nhr ly=mr
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