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We have designed packaging machine of sugar bags with
one kilogram, which contains 3 phase motor with 120 watt to drive the
conveyor (2 meters) which moves the filled bag to package,

The bag on the conveyor reaches 2 double acting cylinders
to make the first close and put the glue on. After that bag will reach to
glue bottle that is beside the conveyor, here the glue will be put in the bag
by some mechanism. Finally the bag moves with some techmque to be
packaged. And this will happen by using "PLC" contreller.
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Chapter one

Introduction

1.1 Introduction

1.2 Reasons for choosing the project

1.3 Project Description




1.1 Introduction:

Long ume ago people used to be simple and live in a4 sumple way, but they
began 1o develop slowly till this era which evervihing is goes quickly in every parts of
hife ke agricullural, industnial figld .. etc

Manual old classical machine needs to development m order Lo work with this
peniod. As we know the manual classical method of control face a lot of problems
which reduces the amount of production. waste a lot ol ime without achieving higher
accuracy, and efficient perlformance. And because it depends on human Lactor who
g2is tired that reduces working ime. Here we need a lot of workers in order lo make

the producmy process

Fillmg and packagimg machines at past designs were manually controlled but

now mestof them awlomatically comrolled

Autvmalic control method using Industrial Automation, meodem technology i
order 10 increase the producthion amount in a shorl me and higher accuracy without
the need of o many labors and works more hours than tradiional.

And =0 the fead back to the factory will be better and il lower costs by reducing
e number of laburs

1.2 Reasons for choosing the project:-

The new and developed rechnology has now been part of the
Palestinian local industrial society and 16 walk with development era through
comverting the manual machine into automatic machine by using comfortable
=chmique

Walking with the neads of this time and solving the problams which are

faced by factorics in order to get larger amount ol producis with good quality

b,




This project has bieen chosen to serve production in the local Palestnian

community. Another group tried ko design a project like it bul untortunatelv il Bulad

Because of the market need of such a machins we have chasen this project to

wide local production of sugar bags.

To get rapid production, low time and cost for this machine 11 should ke
translated from manual machine to full automatic machine using PLC. And so petting

enhancement machine by high performance and efficiency
1.3 Project Description:-

The protect consists of

* Canveyor which carnes the emply bag 1o the tilling part

= Filling part; when the empty bag reaches the sansor buill on the valve it gives
an order 1o slop the conveyor and al the samic time the bag is filled on with a
specalic amount of sugar, when it is tilled the same conveyvor takes il 1o the
packaping side.

= Packaging part; the filled bag enters into a machanism which makes the
packaging process.

This process will be controlled by PLC (Programmable Logic Contriller)




Chapter two

General block diagram
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The details of above diagram will be described in the following:

3ph
JZOV\SOHZ.
= 1 Running
conveyor
= Contaclor Chver load 3[111. M
M
iy 0 o —

Limit switch |

Figure 2.2: Running Conveynr

The first operation is switching on the 3-ph motor in fig (2.2). and then the
~UIIVEYor starts to run. this conveyor carries the filled bags to achieve the packaging
operation.

Alfier that the motor wall stop for moments and this will happencd because of
exsslence the limit swilch in the first side of the packaging operation. then it will run

Aagain 10 receive a new filled bag and so0 on




1 Packaging

ﬁvllnglni:{l Double acting operationl .A
i e cvlinder
valve v1
PLC
Limit swateh =
Figure 2.3: Packaging Operationl. A
6 bar
Packaging
| - operation |.B
Double ouble acting
Solenoid cvlinder
PLC valve y2, y3 —

-
I

|7LHTL1[ swilch |

Figure 2 4 packnging operationl.B

Infig (2.3, 2.4) the second operation 15 packaging operation: which includes
twe double acting cyvlinders (cvlinder controls cylinder) when the bag reaches the
limit switch it gives the PLC an order o stop the motor for 2 moment: where the first
cviinder moves the second evlinder (to achiave the initigl discourage of the bag) unti]
reaches the mavimurm flow out and this will happened by using limit switch, then the
second cylinder activaled (to get the discourage the bag as desired form) until reaches
the maximum flow out and this wall activate limit switch 1o make the motor runs

again, afler few moments the second eylinder i fig (24) will flow in and then the

first evlinder in fig (2.3) will flow in




Operanng Conditions

Conveyor Running

Packaging Conditions

Packaging Packaging Oparation

.

| Glue Glue Operation

Figure 1.5: Flow Chant

Figure. (2.5) presents complete packaging operation [rom the hezinning 1o the
end. and show the operations that the bag will pass through it,

St here don't have any actions.

pul (operating conditions): here the emergency free. stop push bution also free, and
e siant push button activated

Lemvevor Running, after all input operating cenditions.
=put (packaging condilion): here reaches the limal switch that will stop the motor and
achieve the packaging operation,

Fackamng operation: after all input packaging conditions,




Glue operation: this will happened afier the packaging operation without anv put
conditions

End. the bag is ready




Chapter Three

Programmable Logic Controller "PLC"

3.1 Introduction:

3.2 Typical Programmable Logic Controller-base Control

System

4.3 The Role of the Programmable Controllers (PLC)

3.4 Programmable Controller

4.5 Conventional Control Panel and Its Difficulties

3.6 A Systematic A pproach of Control System Design
using a Programming Logic Controller

3.7 PLC program
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3.1 Introduction:

In general. a Control System is a collection of electronic devices and
sgquipmenl which are in place o ensure the stability. accuracy and smooth
transition of a process or a manufacturing activity. 1t tokes any form and
vanes in scale of implementation, from a powsr plant 10 a semi- conductor
machine. As a resull of rapid  advancement of technalogy, complicated
control tasks accomplished with u highly automated contral system, wiuch may
be m the form of Programmable Contraller (PLC) & possibly a host computer.
. Besides signal interfucing to the field devices (such as operator panel,
molors,  sensors,  switches, solenoid  valves and etc.). capabilities in
nelwork  communication  enahle a big scale implementaton and process
co-ordination  besides providing  greater flexibility in realizing  distributed
control system. Every single component in a control svstem plavs an imporiant
rele repardless of size For instance. as shown i Fig (3.1) the PLC would not
know the happenings around it without any sensing devices. And i necossary,
&0 area host computer has 1o be in place to co-ordinate the activities in
= specific aren at the shop floor
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42 Typical Programmable Logic Controller-base Coantrol System:

Fig (3.2) 1= a typical application of a Gantry Robot Control Machine,
It is used in a pick and place operation. The whole process sequence s
contralled by a PLC. The various input devices such as selector swilches,
push buttons, lopele swilches, sensors arc Comnected m the input of the
FLC via the inpul terminal block The output devices such as the
=volving light, indicators, relavs. contactors and solenoid valves are
comected to the cutput lerminals of the PLC. The whole process is

sontrolled by a ladder propram loaded into the PLC CPU memory. The

program will execute o sequence automatically according to the pre-defined
4




sequence of operations. Manual operations are algo provided to allow
aperator o activaie the machine manually by the switches, emergency push-
button for the purpose of safety in case you need to stop the operation
abruplly. In this application, the control svsiem operates as a stand-alone
Operation,

3.3 The Role of the Programmable Controllers (PLC):

In an automated svstem, the PLC is commonly reparded as the

heart of the control system. With a control application program (stored

within the PLC memory) in execution. the PLC constanily momtors the
state of the system through the feld input devices” feedhack signal Tt
will then based on the program logic o deermine the course of

achon to be caried outl al the field oulput devices.
The PLC may be used lo contral a simple and repetifive task. or @
few of them mav be interconnecied together with other host

controllers  or  host computers through 2 sort  of commumication

netwaork,  order 1o integrate the control of a complex process

3.3.1 Inpur Devices:-

Intelligence of an automated system s greatly depending on the
ability of a PLC to read in the signal from various.

Push-butions, keypad and togele switches, which form ihe basic man-




maching interface. are types of manual input device as shown i fig (3.3).
On the other hand. for detection of work mece, moniorng of moving
mechanism, checking on pressure and or liquid level and many athers.
the PLC will have 1o tap (he signal  from the specific automatic
sensing  devices like proximity  swilch.  limut switch, photoelectric
sensor, level sensor and so on Tvpes of input signal to the PLC
would be of ONJOFF lopic or anglonue.  These input signals are
mnlerfaced to PLC through various types of PLC input moduls,

o«

Photoeleelnc
Switeh

Roray EntudaJ Provimity Switeh

Figure 3.3; input devices




arput devices:

An aulomatic system s incomplete and the PLC system is virtuallv
Bty red without means of imerface 1o the field oulpul deviess, Some of the
s commonly controlled devices are motors, solenoids, relavs indicators.
Wwosers and eic Through activation of motors and solenoids the PLC can
e from a simple pick and place system to a much complex servo
EsSeeane  system. These type of outpul devices are the mechamsm of an
mmemmag svstem and so ifs direct effect on the svstem performance

However, other outpul devices such as the pilol lamp, buzzers and

s are merely meant for notifying purpose.  Like inpul sienal imerfacing,

feal Som output devices are interfaced to the PLC through the wide range
L sutput module

OUTPUT
@B.5 L -5

LR

- oo (ED - 3%

LED DEPL AT f Emm
= L2 T} i = .
== m i ==

Figure 3.4: pulpul devices
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3.4 Programmable Controlles:

A PLC consisis of a Central Processing Unit (CPL) contatning  an
application program and Input and Output Interface modules. whick is direct]y
comected to the field 'O devices. The program controls the PLC so that when
an nput signal from an mput device tums ON, (he appropriate response s
made. The response normally involves turning ON an Quiput spmal 1o some g0

of output devices.

—>
Sigvals Cervizal

dom | Lot Frocssem
Seitchey =

Usnt EEE E}
Seisior Imtesfacs =
b= —— klaminy

Figure 3.5: Block Diagram of PI1.C




Central Processing Unit:

The Central Processing Unit (CPU) is a microprocessor that co-ordinates
e activilies of the PLC. Svstem. Il executes the program, processes 10 signals
& communicates with external devices.

Memory:

There are various types of memery unit. 1t is the aren that holds the
sprEing system and user memory. The operating system is actually a syslem
Siftware that co-ordinates the PLC Ladder program. Timer and Counter Values
== stored in the user memory., Depending on User's need. various ypes of

memory 15 avalable for choice:

‘8 Rzad -Only Memory (ROM)
ROM is a non-volatile memory that can be programmed only once; It is therefore

ssuitable. 11 1s least popular as compared with others memory lype.

18 Random Access Memory (RAM)

®AM is commonly used memorv tvpe for storing the user program and dala. The
S22 n the volatile RAM would normally be lost if the power source is removed
However, fhis problem is alved hy backing up the RAM with o hattery.

1<) Erasable Programmable Read Only Memory (EPROM)

EFROM holds data permanently just like ROM. 1t dose not require battery backup.
However, its contenl can be erased by exposing it 1o ultraviolet light, A prom
wiiter 15 required to reprogram lhe memory,

1) Elecirically Erasable Programmable read Only Memory (EEPROM)
EEPROM combines the access flexibility of RAM and the non-volatility of
EPFROM in one. Iis contents can be erased and reprogrammed alectrically,
Sowever, 10 a limit number of time




3.%2 Conventional Control Panel and lis Difficulties:

251 Caontrol panell

In the beginming of the Industnal revolution, especially in the 1960 &
1970, sutomated machines wera controlled by eleciromechanical relays.  These
relays were all hardwired topether mside the control panel. In some cases, the
control panel was so huge (hal 1t could cover the entire wall. Every connection in
the relay logic must be connected.  Winng 1s not always perfect. 1l takes fime 1o
roubleshoot the svstem, This is a very time consuming afTair. On top of that, the
relays have limited contacts, If modification 15 requred, the miachine has to
be stopped, space may not avoilable and wiring has to be wraced w sccommodate
changes. The control panel can only be used for that particular process It cannat he
changed immediately 1o a new system. It has wo be redone. In terms of maintenance,
an electrician must be well tramned and skillful in troubleshooting the control

svsiem. Inshort, conventional relay control panel are verv inflexible

A tvpical example of the conventional control panel is shown in Figure (3.6)

Figure 3.6: Typical Conventional Control Pamel




352 Disadvantage of Conventional Control Panel:

In this panel we can ohserve the following points

* there are loo many wirning work in the panel

* Modification can be quite difficult.

¢ Iroubleshooting can be quite troublesome as vou mav reguire a
skiltful person,

* Power consumption can be quite high as the coil consumes power
= Machine downtime is usually long when problems oceur, as it
takes a longer ume to troubleshool the control panel

* Drawings are not updated over the vears due to changes. It causes

lenger downtime in mamtenance and modilication.

453 Programmable Controller Control Panel and Their Advantages:

With the arrival of programmable controllers, the control design

=d concepl improve tremendously There are many advantages i using the
programmobie controllers.

A tvpical example of the PLC control panel is shown in Fig (3.




Figure 3.7: Twpical PLC Cantrol Panel

3.5.4 Advaotagss of PLC Coniral Panel:

Here are the major advantages that can be distinguishably realized:-

» The wiring of the system wsuallv reduges hy HO% comparad o
conventional relay contral system.

= The power consumption is greally reduced as PLC consumes much
less power.

¢ The PLC self diagnosic functions enable easv and fast
troubleshooting af the system.

* Modilication of control sequence or application can easily be done
b programnung through the console or computer software
withoul changing of /O wiring, if no additional Input or Output
devices are required.

& In PLC System spare parts for relays and hardware timers are greatly

reduced as comparad to conventional control panel.




¢ The machine cycle ume 15 improved tremsndously due to the spead

of PLC operation is 0 mstter of milliseconds, Thus, productivity

Increasas.

* It cost much less compared to conventional system in Situation

when the number of IOs is verv large and contral funclions are

complex.

limers.

The reliability of the PLC is higher than the mechanical relavs and

¢ An immediate printout of the PLC prosram can be done in minutes.

Therefore, hardcopy of documentation can be casily maintained

Here are some compansons belween soma types of controller as see below
in the table (3.1).

Tihle 3.1: comparison between dilferent types of controllers

. Comparison |  Relay Svstem Computers PLLC Systems
Price per unit Fairly low High Low
Physical size Bulky | Fairly eomipact Very compact
 Operating speed Slow Fairly [ast Fasl
_ Noise immunity | Execallent Fairly good Good
Tuistallatiin Time consuming in | Time CONSUming in Easy in all phases
all phases programming
Lﬂm;!“ Nong Yes Yes
| aperaton
___ Ease of change Very difficult Quite simple __Very simple
' Eagy ol Poar-large Mo of Poor-several Guod-few standard
___ maintenance contacts custom bonrds cards




3.6 A Bystematic Approach of Control System Design using a Programming

Logic Controller:

The concepts of controlling a control syslem are a very simple and casy
task. It involves a svstematic approach by followme the operation procedure.

|. Determine the Machine Sequence of Operation

‘Fustly, vou have to decide whal equipment or system vou wanl 1o
control The Ullimate purpose of the programmable controller is to contrel an
external svslem. This svatem to be controlled  can be machine equipment. or
process and is often generically called the controlled system The movement of
©e contrelled system i3 constantly momitored by the mput devices that cive a
specified condition and send a signal to the programmable controller. In response, the
programmable controller owtputs a signal to the external vuipul devices which
sctually controls the movement of the controlled system as specified and thus achieves
®e extended control action In simphcty, vou need to determine the seguence
operation by drawing out the flowchart

Asagnment of Inputs and Qutputs

Secondly, all external input and output devices t© be connected to
B¢ programmable controllers must be determined. The input devices are the
sarious switches, senses, ete. The output devices are the solenoids, eleciromagnetic
valves. moler induclors etc.
Afler adentifving all the varrous INPUT and OUTPUT dewvices, assigned
Se numhbers eorresponding 1o the INPUT and OUTPUT number of the partcular
programmable controller you will be uwsing. The aciual wiring will fallow the
sumbers of the programmable controller The assignment of INPUT  and




OUTPUT numbers must be carred oul before wriling the ladder diagram
Secause the number dictare what is the precise meaning of the contacls in the
ladder diagram.

Writing of the Program-

Next, wrie the ladder digram program by [ollo wing thecontrol
Sslemsequence of operation as determined by step one

frogramming into Memory

Now, ¥ou can apply power to the proprammable controller
Bepending on the Wvpe of programmable  controller. vou may have to do a
SO generation 1o prepare the system confipuration After that, vou can enter your
pozram in the memory either by prosramming console or by computer aided lndder
software ool After completion of the programming, you should check for any
Sding errors by means of diagnostic function. and if possible simulate the whole
Speration 1o see that it is alright

5 Runming the Sysiem

Belore the start push-button is pressed, tharoughly ensuse that the input and
Dwtput wiring are correctly  connecled according to the IO Assignment Once
ssmfirmed, the actual operation of the PLC can now be started. You may nzad lo
S=wge along the way and fine tune the control system if necassary. Test run thoroughly
==l it 15 safe 1o operate by anyone.




47 PLC Program;

PLC eontroller takes the trouble of controlling many operations within the
machine such as filling, packaging preparation. and packaging operation

The plc connection af all vperaton is shown bolow inFig (3.%)

g1 &2 63 sl =5 =]

el o [ 12[514 A

K1Y1Y2Y3 H1H2

Figure3.8: PLC connection of all operatinn




Allocation table of the PLC program that has baen used for oparations comtrol.

Table 3.2: Allocation Table for Inpasts

36 activated - solenoid valve (Y3) activates |

(86=1)

Input Symbol Logic allocation
|
Emergency 83 S3: is activated afl operation are OFF (EM=1) |
Start Sl S1 15 pressed motor ON (S1=1)
Stop 52 8§25 pressed motor OFF (S0-0)
Limit switch 54 84 activated = solenoid valve (Y1) activates
(54=1)
Limil switch 55 835 activated < solenoid valve {(Y2) activales
(85=1)
Limit switch 86




Tuble 3.3: Allocation Table for Outputy

Output Svmbol Logic Allocation
Molor's contactor K1 K1=1 < motor running.
| Solenoid valvel Yl Y1=1 = Cvlinder] activates
(flow oul).
" Solenoid valve2 Y2 Y271 2 cylinder2 acrivates
(fow our).
~ Solenoid vaives Y3 Y3=1Scvlider? retum (o state
normal (Do in)
~ Green lamp HI H1=1 - start packaging
aperation & motur 15 mning
| Red lamp H2 H2=1 - end packaging operation
| & the motor 15 siop.

3.8 Block diagram of plc program :

)
83




On delay time




54

S3L#28

Cno delay time

S i

Py

TZ

31

Yl




Chapter Four
Drive
4.1 Introduction,

4.2 Relationship of Motor Speed and Torque

4.3 Mechanical Caleulations



41Introductiion:

AC molor drives are widely used Lo eontro] the speed of convevor svstems.
blower speeds, pump speeds, machine tool speeds, and other applications that
require variable speed with variable torque. The complata svstem consists of an ac
voliage input that 1s put through a diode bridge ractifier to produce a de output
which aeross a shunt capacitor, this will, in tum, feed the PWM inverter. The PWM
mverier is controlled Lo produce a desired sinusvidal voltage ar a particular
frequency, which is filtered by the use of an inductor in series and capacitor in
parallel and then through 1o the squirrel cage induction molor.

A modern adjusiable speed AC machine system is equipped with an
adjustable frequency drive that is a power slectronic device (o speed
control of an elecimc machine. [1 controls the speed of the elecinc machine by
converting the fixed voltage and frequency of the grid o adjustable values on the
machine side. There are many types of inverters. and 1h ev are classified
according to number of phases, use of power semiconductor devices.

commutanon principles, and output waveforms,

This research interest in three-phase inverter circuit that changes DC input
voltage to a three-phase variable-frequency variable-veltage outpu Three-phase
mveriers are also used in appheations in which AC with a controllable {Tequency is
required. In thiz application, three-phase AC is rectified inte DC and then filtered 10
sumimize the ripple content. The DC link is generally used for this purpose. This is a
variable DC obtained by employing threa-phase full controlled power Transislors
Bndge. This controlled DC is converted into controlled pulses by means of as voltage
0 Irequency converter. These controlled pulsas are fed Lo the inverter bridge for
producing the vanable voltage vanable frequency outpul This output is fed 1o the
three-phase induction motor for controlling its speed
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4.2 Relation ship of motor speed and torgue:

Lecked fotor froue
— (REFUNE Torgue)

g fargine
Loulkin}

Tall-Yrea omase s

Ng-ioaf spasd — "

e
Prreconl of SYRchionous s fad

figure 4.1 ; The Delicate Relationship of Motor Speed und Torque
{This is a typical torque-speed curve for a standard AC induction maotor)

I's important to understand some details of molor performance as shown by a
typical Torque-Speed curve in the Figure (7 1) 1o the nght, The plot shows what

happens in lerms of output rorque and motor speed when a motor 18 started with full
voltage applied.

The motor 15 inthally at zero speed and develops locked-rotor torque (Point A).

As the motor accelerates, some motor designs produce a slight dip in torque. If they

do. the lowest point on this curve is called the pull-m or pull-up torque (Peint B). As
the speed increases further, the torque generally increases Lo the highest paint on the
curve (Point C). which is called the pullout or breakdown torque. Finally. when the
motor is loaded 1w its full-load torque, the motor speed stabilizes (Point 1)




4.3 Mechanical calculations:

a= (1/30)*(1/2)
R=3¢m

]

] =

|
3ph Induction Gear box ’ Conveyor
Motor o
2m

Figure 4.2: Mechanical design

4.4.1 Total momeni of inertia:

The mertia can be calculaed if the dimensions and weights of the load and

motor are known, for the figured 2 the mass M Totale aboul axis Z with an angular

dcealeration (¢ ) All particles of fhe body move in paralle|
rotation axig Z The particle dm accelerate with tangent
the second Mewton low of motion the resuliant
(rad.)

planes that are normally to
acceleration (r.e) and from
tangent lorce affected 1w dm equal
the moment of this force about ais 7 equal (rudm). finally we express the

ttal moment of the mass M around axis 7 by I*""m for the rgid bodv g ig the

same for all radial lines and Muy we take out of the inegral sign. then

the moment of
nertia dafine as:

" =Ir2c&ﬂzpjfzdp’

Where:

J: moment of meria (kem®),




r: distance between part of the mass and axis's of rolation at angular(m)
acceleration( e ) revisec®)

m: mass of the rignd body(kg).

p+ density of the rigid body (kefm’).

dV: part of the velume.

Figured 3: Raller (or
any uniform cyvlinder)

I'he mertia of the uniform cvlinder can be denvative from equation (4.3)
Arpund Z axis, and given by

Jdiy = l_mr Y e e e (4)
2

Where:
Jz. moment of inertia at the center of the roller (umiform cvlinder) (ke m’)

r: radivs of basa roller (m).

m: mass of roller (kg).

3




AW =T T T et Ryt

J.=05%m ¢rikem’y ... i e (4.6)
{moment of inertia at rotor the motor)

=0.5%5%0.08 J_
dy  kgm’=0075

=3kg (mass of the rotor) m.
=3cm (radiny of rotar) [

R e A e e e T Ja=J .
(moment of inertia at gear (ke m”)),
J; =0.5Em%r? . . e R R

(moment of nertia at roller (kg.m)).
m=10kg (mass of the moller)
Jl’

il

— 0.6k m”

7.4.2 Mechanical torque of the motor:

(Gear efficiency) =0.65 »,
(Roller efficiency) =0.65 7.
V=0.0299m/s  (conveyor speed)

R=Zcm {roller radius)
L
W - —=
a
=) § (gear ratio) «
=1/50a
LSS o e vaparsase sep e et eaniaes s vess KWROY Fy = HLE
=5 ke (mass 10 be mavedi)
=30N A

=02NmT
‘tension on the roller 77

o BT S v R
=1.2Nm (Iriction torque o roller)




A A +-—L 5 (412
7 M
W

= =y, = (4.13)

& i a
& | angular geceleration (rad/sec)

s aceeleration wrgue (Nm) 7

acceleration time Iy

=131,

rad fsec” =1/1=1=

Tuble 4.1: Resulis of calculitions

! ‘ W Wi, i " E e Power of
. mator
m/s 1/s I/s kem* ‘ N.m watt |
0.0229 | | 44 | 14967 e ‘ (.82 123 ‘
|

AT L * w, Power of molor =

Name plate of the molor:

m ——— ———— S————
Tvpe 156B4 Nr2 103598 |00

S1 serv @l prot IP 55
[ vayxy | hp E pm ANY
240/4 8 l L 5{1—' ' 012 —_I - ;w 0.9/0.5

i

E

[ 1360

0.8/ 45
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Chapter Five

Pneumatic

5.1 Introduction

5.2 Components of Pneumatic System

5.3 Valves

S.4 Pneuwmatic System Design

5.5 Pneumatic Design for the Project




51 Introduction:-

Pneumatics has long since played an important role as a technology in the

performance of mechanical work. It 1s also used in the development of automation
solutions.

The pneumatic cylinder has a significant role as a linear drive unit, due to it
Relatively low cost, ease of installation, simple and robust construction and
seady availability in various sizes and stroke lengths.

Some indusirial applications employing pnenmatics are listed below:

General methods of material handling:

— Clamping

— Shifling

~ Positioning,

— COnenting

- Branching of material flow

General applications:

- Packaging
— Filling
— Metenng
Locking
— Dnving of axes
Door or chute control
— Transler ol matenals
— Tuming and inverting of parts
— Sorting of parts
~ Stacking of components
- Sitamping and embossing of components




Pneumatic systems consist of an interconnection of different groups of elements:-

Signal fiow Classification af Components
| Command execution f Power eamponent l
i ]
|
[ Signal output r Adjusting mmpnnentJ
[ i
| -
e Proceesing component
[_ Signal pracessing | (Cantrol alement)
|
‘ Signal input ‘ Signalling elemant

Figure 5.1: signal flow

This sroup of elements forms a control path for signal Now,
starting from the signal section (mpui) in figure (5.1) through to
the actuating s¢otion {autput)

Control elements control the actuating clements in sccordance
with the sivnals received from the processing elements.

Ihe primary levels ina pneumatic systcm are:
= Energy supply

* loput elements (sensors)

*  Processing ¢lem ents( processors)
= Control elementy

* Power components (actuators)

4]




The elements in the SYstom are represented

elemenr

-1 Pows

by symbols which indieate the funcrion of the

PﬂﬁERCDHF‘DHEHT —f

fi
F B e, mmauc cyfinders
EXECUTION Visual indicalorg
SIGNAL aUTPUT ’ CONTROL ELEMENTS . ey
— _‘_r_‘_ | Birectional contrel vahes Sl <
PHqussmfs
f ELEHEHTE
Diractiona nml:uj valvas
{ SiGHAL PROCESSING Nen-rafum valves
LU W, ‘ m mrwul Walves
mm
- LN _'__ == H'IIHJT ELEIEH'FS
h-button valves
SIGNAL INPUT Rollar laver valves
Praximily switches

-

ENERGY SUPPLY

Figure 5

U

Servioa unit

SUPPLY EI.,EIEHT 5
Compressor

Resanair

Prassiuma regulating valve

== |1 L

5.2: Pneamatic conirol system




S.2 Components of a pneumatic system:-

Elements of 2 basic pneumatic system:

1. Compressor a pump which COmpresses air, raising it to a higher pressure. and delivers it

to the pneumatic system {sometimes, can also be used to generate 3 vacuum),

2. Check valve: one-way valve that allows pressurized air to enter the preumatic systenw
but prevents backflow (and loss of pressure) into the compressor when it is stopped

3. Accumulator. stores compressed air, preventing surges in pressure and relieving the
duty eyele of the compressor

4. Directional valve: controls the flow of pressurized air from the source (o the selected port.
Somie valves permit free exhaust from the part not selected. These valves can be actusted
either manually or electrically (the valves typically provided in the FIRST kits use dual
solenoids to change the direction of the valve, based on input signals from the control

system),

3. Actuator: converts encrgy stored in the compressed air into mechanical motion. A linear
piston is shown.  Alternate tools include retary actuators, air tools, expanding bladders, etc




5.3 Valves:

The function of valves is to control Lhe pressure or flow rate of pressure media
Depending on design, these canbe divided into the following categories:

= Dircctional control valves
Input/signaling elements
- Processing elements
- Control elements

Non-return valves

Flow control valves
Pressure control valves
Shut-off valves

5.4 solenoid valve:

There are many different types of solenoid valves available, and many companics that
make them.

A solenoid 1s u coil of wire that becomes magnehized when clectricity is rn through it

Selenoids often have a hole in the middle and a protruding metal rod that is pushed or
pulled by magnetism when power is applied.

A solenoid valve uses a solenoid to actuate a valve. This Jets you control the flow of
Water, air, or other things with electricity.

When selecting a solenoid valve, vou must pay attention lo:

Coil voltage, cument. AC or DC. and intermittent versus continuous duty.

valve type

Eperture size

pressurc ratimg, such as "50 PS]|"

matenials (medium) that it can control, such as "air/water"

fype of connection to each port, such as "1/4" NPT"




5.5 Pneamatic System Design:-

As we design a pneumatic system of the type used in the FIRST competitions, we want to
imow three things:

- How much force can an actuator apply
- 15 that foree sufficient 1o move the desired load,

- [ow fast can the load be moved

To determine how much foree an actuator can apply, we need to calculate the Theoretical
Force For a pneumatic piston actuator (shown in figure (5.3)), thal is determined by

multiplving the surface area of the moving piston by the pressure applied. Tn other words,

for a round piston:

Fy=p*DI4~P, BERY

Where D is the diameter of the piston and P is the

wuorking pressure of the injected air  Note that on

The reverse stroke of the piston, the available surface

e Areu af the piston is decrcased by the area of
. the piston rod. In thal case:
Figure 5,3;
preumatic piston
actuator

Fe=p*(D2-dyd=P . (52)

Naote this does not aceount for inellictencies in the actuator due to friction berwean the

sston and the cylinder wall, the piston rod and the packing gland, stiction forees, ete. For




available force from the actuator. The load ratio j
Load ratio = (Required Forced ! Theoretical
In theory, the load ratio mus; be 100% or lower
applications. the load rario should be 85

Force) = 1o i U 3.3)

1o be able to periiirm the task. In practical
% orlower Alzg note that if the actuator g able tn
needed to move the load, then the excess force

accelerate the load [y other words:

Fa) = Theoretical Force (F,) - Required Force (F,). (5 4)

the distance to be traveled (the stroke of the

for the object 10 move from rest to the end of the
piston stroks (remember thar the value of G is determined by the weight of the object

deliver more forge than the minimym

delivered by the actuator is used 1o
Aceeleration Force {

Knowing the acceleration of the object and

piston), we can calculate the time required

divided by acceleration dye 1o gravity; 32 fHsec? for English units, or 9.8 m/sec 2 for
metric). Note that this theoretical accelernti

instantanesus supply of compressed arr, and there is no back

the piston. Each of these factors limits the Practical accelorat
The effects of these limiting factors can be reduced by apply

Pressure on the back side o
ion of the load,
ing a number of strategies

when designing the PREUMAtIc systom. A very complex set of calculations can be used to




5.5 Pneumatic design for ihe project:

The project mcludes pneumatically operations for perlibrming filling,
preparation. packaging, and wlue operation.

5.5.1 Pneumatic design fro Packaging operation:

Coamprestad Ay Supply

LFH-EE-—Q—

Alr Serdcs Jnit

Figure 5.4: Pneumtatic desipn for Pickaging operation




Table 5.1: elements of Pneumaric desien for packaging operation

'Designation Component Description
| 5/n Way Valve

Couble acting cylinder
Couble acting cylinder

5/n Way Valve

7] Valve solencid

| ¥3 Valve sclenoid

Y1 Valve solenoid
54 Make switch
85 Make switch

Electrical connection OV

Electrical connection 24V

53 Make switch

| Air Service Unit Air service unit. simplified representation
Comprassed Air Supply | Compressed air supply

One-way flow control valve
One-way flow control valve
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Figure 5.5: Control circuit of pneumatic design for packagine operstivn

Ihe [illed bag enters the packaging operation. When the filled hag reaches 1o
cylinder] the limil switch detects the bag and gives an order lo activare cvlinderl
(ow out) 1o ensure discouraging eperation as shown in Fig (5 4),

The elements used in this preumatic circuit are shown in tahle (5.5).
When using the solenoid valve then it should be comrolled by electrical signal taken

from PLC controller as shown i figure (3 6)

(> e gy Taar )

( i-* Fninrctine nu;:::r:u Univarsily

l ==2 —The |irary V- L T - |
Lﬂ'.lq;--..s ............................ st MI‘—‘JJ I
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Chapter Six

Mechanical Design

6.1 Intreduction

6.2 Motor and Conveyor

6.3 First Level of Packaging
6.4 Second Level of Packaging
¢.5 Third |.evel of Packaging
6.6 Last Level of Packaging
0.7 Final Form of the Machine

6.8 design explanation

S0




6.1 Intreduction

Thas section talks abeut mechamcal machine parts and elements used,
then how the implementation mathad 1s to be construcied. Also there are detaled
dimenstons of the whole elements used with directed positions

The mechanical system in this project has main parts, this parts are combined
tngether to form mechamea] unils, and those units are combined also together for
forming the machme. Following 15 & briel discussion about sach one of the
COMPODRNLS.

6.2 Motor and Conveyor

- AL

Figure 6.1: Moter and Convevor

Fig (6.1) explains the connection of the motor wath the conveyor through
the reduction gear




6.3 First Level of Packaging

Figure 6.2: First Level of Fackaging

Fig ( 2) here bag will prepare for the second level hy nearing the up parties to
each ather and passing through the path.




6.4 Second Level of Packaging

Figure 6.3: Seeond Level of Packaging

53




of packaging which inchydes tyq

double actng
when the bag reaches e

limit switch i Dives
mEimm Now ey !
eviinder activatad (10 2et the di 82 as desired form) ug) reaches the
maximum flow oyt and thus i ' Imit &wj

Figure 6.4: Thieq 1eyel uf Packaging

Fig (6.4) shows the third love] and hers the closed end b
Slueon i,

ag parties will have (ha



6.6 Last Level of Packaging

Figure 6.5: Layt Level of Packaging Operation

Fig (6.3) explams how the bag will moves under the path which is shown in the
fipure to pet ready and packaged.

6.7 Final Form of the Machine

Figure 6.6: Final form of the machine.

Figure (6.6) shows the whole machine with all pats and final form.




6.8 Design Explanation

Explain

Design

First level packaging
operalion;

Show the first level of
packagming operanon (o

prepare the upper parts of
the hag then moves fo the
secand level operation




Second level of packaging
operation :

here the bag reach to the
second level of packaging
to make the first close by
using twi double acung
cvlinders as shown beside

When the bag reaches (o
the limit swiich shown, the
motor will stop and the
cvimders will activate by
Lome arranpemenl

A

Cylinder |

Cvlinder 2

Limut
swilch

it gives the
Pl.C an
order to
stop the
motor and
10 activale
the
evlinders




Shows the bag
afier get out from
second packaging
operaton o
become ready 10
put the gluc on the
first close




Criven - Form

|| Glue aperation \ |

here the bag reaches 1o Lhe
glue bottle, and it will be

glued due t presence the tire
on the glue

Tire carnies _—
#hag 10 the

upper part

ol the bag

The last packagine
operation ;

After ending the glue
aperation Lhe bap will enter
the last level, here the bag
will forcad 1o move under
the conditivn that is shown
beside.




Shows the motor commection
with comactor (K4) and
overlpad protecton (O.L).
Contactor responsible on
running the motor after it
takes an arder from PIC
Overload is adjusung on
rated currenl exactly wimch &
taken from the name plate

P

From PLC

Here two solenoid valve i1
takes sapnal from PLC and
operates the two double
acting cylinders

Takes sipnal
from PLC




PLC Inputs -

PLC Outputs

control panel
inclizde start, slop, mnd
emergency push bultons,
signal lamp and inpul
foutput PLC

Stop Push Button

Start Push Bulion

Emergency Push Button

ON when the system

off

ON when the system
on

Here is the PLC which
responsible about
controlling the whole
operalions

PLC Type
Siemens, S200,
57

6/6 mpul. oulpul

S




Fig. beside explan
how 10 connect the
molor with reduction
LEar,

Ciear with convevor
through chain

Serew negsseary o ——
the belt calibration
of the conveyor

[




The Final Form of the
Machine




Chapter seven

Protection and Switches
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7.1.2 Contactor

7.1.3 Overload

7.2 Introduction to Switches
7.2.1 Limit Switches
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7.2.3 Emergency Switches
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7.1 Introduction to protection!

Tha pewer circuit of an aulomalic control svstem must parform the [unction

of 1solation, salety control, function cantrol and electrical protection. which detected

averloads and short circut,

Protecion device must be used in electrical control cireuit detect any

electrical and mechanical problems, which cun oceur in the load,

Any proteciion device must allow the mator to start but also protect the motor

by preventing its operation when an over cutrenl occurs far too long a time period.

7.1.2 Contacior

Fipure 7.1: Contactor.

A contaclor is an elecirically controlled switch (relay) used for switching a

pawer circuit. A contaclor is activated by a contral input which is a lower voliage /




current than that which the contactor is switching Confaclors come in mimny forms
wilh varving capueities and features, Unlike a circuil hreaker a Contactor is not
intended 10 interrupt 2 shont cireuit current

Contaclors range from having a breaking current of soveral amps and 1190
volts to theusands of amps and many kilovolls. The physical size of contactors
ranges from a few inches to the size o a small car.

Contactors are used fo control electric motors. lighting, heating, capacitor
banks, and other electmical lpads

Comactors used for starting clectric motars are commonly fitted with
overload protection to prevent damage (o their Ioads. When an ovarlaad is detected
the contactor is iripped. removing power downstream from the contactor.

Contactors are designed to be directly connecied 1o high-current load deviges,
not other control devices, when current passes through the electromagnet, a magnetc
field is produced which attracts ferrous objects, in this casa the moving core of the
contacror is attracted to the stationary core Since there is an air gap initially, the
eleciromagnet coil draws more current mitially until the cores meet and reduce the

gap. increasing the inductive impedance of the circuit




7.1.2 Overload

Figure 7.2: Overload.

Unlike other consumers such as filament bulbe. Hludrescent tubes and
heuling resistors. motors may he subvject 1o overloads. These kinds of
overloads arse [or several reasons, for example,

* Becanse the friction conditions of the driven machines change,

= Bacause pumps have 1o work against different pressure heads,

* When the tool engages more powerfully and the transport carriage has o
greatar load.

* Because startups or braking operations are too long

* Due 10 blocked rotors




L_ Overload j

[ Over Currents | Over 'I_et;lpﬂl'ﬂtui‘a

A
|

—

{r' Overload currcnts ? rL Short circuit _}

Figure 7.3: Different categories of overload

Mutors that are designed for a specific relationshi p between the loads,
startup mme and switch ol time can also be overoaded if (he startup me is
tengthened or the switch ofT time is reduced whilst the current consumpuon is
kept constant These kinds of time changes can also change 1orgue
characteristics. If the torgue increasas. the current COMSUMPLON increases as
well, leadinyg to an increase in motor temperature wWith every increase in

wrent

A long period of increased current consumption mav damage or
destroy the insulation of the motor windings
The life span of motors depends very much on the observance of temperature
limits, Examinations have shown that the lifespan of moters is comsiderably
reduced with even the Slishlest continuous over temperaturg ghove the
permissible continuous tfemperature limit As a roush guide it can be assumed
that the lifespan of a winding insulation is reduced by 30 % with every over
lemperature of 10 =C

ST




£ L2 L3

Vg o Wg
vy
Figure 7.4: Mutor Connection.

In figure {4.2) shows the motor connection with contactor (K1) and overload
protection (O L). Contactor responsible on running the maotor after it takes an order
from PLC. Overlead is adjustng on rated current exactly which is taken from the
name plaie.

7.2 Introduction in switches

Swilches are commonly emploved as mput devices 1o indicate the
presence or ghsence of a particular condition in & system or procass that is
being montored and/or controlled. In motorized eleciromechanical svstems,

7.2.1 Limit switch

Limit Switches & Limit Switch Informanon: A mechanical Timit
switch interlocks a mechanical mation or position with an elecirical circuit. A
goed starting point for lunii-switch selection is contact arrangement,

%




I'be most common limit switch is the aingle-pole contact block with
one NO and one NC set of contacls, however, Jimit switches are available
with up to four poles.

Limit switches also are available with time-delayed contsct transfer
Fus type 15 useful in detecting jams that cause the limit switch lo remain
actuated bevend a predelerminad time mterval,

Other limit switch contact artangements include neutral-posilicn and
two-step. Limit switches feature a neuiral-position or center-o[7 type transfars
one set of contacts with movemenl of the lever in one diraction. Lever
movement in the opposite direction transfirs the ather set of contacts. Limi
switches with a two-step arrangement, a small movement of the lever
Iransfers one set of contacts, and further lever movement in the came
direction transfers the other set of contacls,

Maintained-contact limil switches raquire a secand definite reset
mabon. Thess il switches are primarily used with IeCIprocating aclualors,
or where posilion memery or manual reset is required. Spring-retum Hlimit

switches automaucally reset when aclustimg fores 15 removed

Fipure 7.5: Limit Switch.

7.2.2 Push button switch

A push butten switch is used 1o either close ot open an electrical

circuil depending on the application. Push button switches are usad in varioys

T




applications such as indusinal equipment control handles, outdoor controls.
mobile communication terminals, and medical equipment, and etc. Push
button switches generally include a push butten disposed within housin g The
push button may be depressed to cause movement of the push button relative
lo the housing for directly or indirectly chanpmae the state of an elecirical
contact 1o open or close the contact Alsp ncluded in a pushbutton switch
may be an actuator. driver, or plunger of some type that 13 situuted within a
switch housing having al least two comtacts m communicarion with an
electrical circuit wathin which the swiatch is incorporated. Typical actuators
used for contact swilches include spring loaded foree cap actuators tht

reciprocate withm a sleeve disposed within the canister. The actuntor iz
lypically coupled (o the movement of the cap assembly, such that the actuator
translates in a direction that is parallel with the cap.

Figure 7.6; Pushbutton,

7.2.3 Emergency switch

In factories and the like where industrial machinery is installed, in
order lo ensure the safelv of un operator in cases such as where a faull eccurs
during operatien of machinery, an emergency stop switch for emergancy stop
of the machinery is necessarilv provided. A maching i typically powered by
an clectrical power source and tvpically has an on/off switch for use during

71




normal operating conditions. For safety reasons. a machine will usually also
include an emergency stop switch for terminaling elecinical power to the
maching in an emegrgency situation, 'The emergency switch is activated under
circumstances demanding an immediate cessation of operntion of the
machine. Most of the conventional exercise apparaius driven by elecric
molor include an emergency stop switch in the cireuit controller for an
immediate cutofl of the power supply o stop the motor, therehy ensuring the
salety of the aperntor. An emerpency stop safety switch as commonly used in
machinery or exercise equipment utilizes either a push-button or pull

configuration.

Figure 7.7: Motor Connection,




Conclusion
Fhis project opernted as we designed. the bag moves in the convevor as well as we

designed during to existence lhe iron supporters that are baszad beside i, The fwo

double acung evlinders with the suitable conngction o5 we did performed good bag

preparing 1o put the glue on it, We controlled the maching as we want by using "PLC"

controlle;




Recommendation

us project nead 1o some developments and enhancements in some areas:

|- Adding the filling part to this project

2. Adding the packaging preparation par

Lk

It has capability 10 replace our elue mechanism by pneumatic spray of elue.

4. This machine can be used i other food materials such as salt. colTee, tea, ., ale by

control the highest of the packagine operations due to type ol the material
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Appendix A

Programmable Logic Controller "PI.C"
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Appendix B

Pneumatic
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Appendix C

Motor




STANDARD 3-PHASE
INDUCTION MOTORS

D3 Brook Crompton, 3 Phase Motors

PRODUCT LIST
May 2007

ELECTRIC MOTORS
|

Pago T ofd

DF Brouk Crompmn, 1 Pliase Mofors - T Sanfes




Motor Range 3

Dimensions 5-6
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specification suitable for most industrial applications. It is

The T range is a high quality range of electric motors with a
manufactured in ISO 9001 approved factories.
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D3 Brook Crampton, 3 Phase Motors
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STANDARD MOTOR RANGE
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DIRECTIVES / STANDARDS / SPECIFICATIONS

Directives
The T" rangs complies with European Directives in tha fallowing manner

Compliance with Eurepean Directives

3 B Machinery Efectramagneic id
Lhreciive NG Compatibility {EMC) o
B
Relorerics Humbers TAZNEEG FRIMLESC BTISEES =
B3EREEC SVSEAEEC SZF EEC H
TYEED CIGHEEC =
Maotar CE Marked Yos No o =™
Ltenaords EN g0 Fot epplicatbie EN 35081 Partz ] and 2 ks
Emizsiona =
EH 0082 Parts 1 and 2 g
ALY [+
Documantaiinn for custamers D fuimtion of confotmity Cartfisalo of inoompasaticn Stutamant * E
fechmoal Mo E
| Su'dy instuctione with ey moler You i Vi 2
Commerd Relevant electrical Cormponant Companant =
Equpment oparsting E
batween 1
50 1o 1000 vells AZ -
| - |
* Motors apevating from e comectly appled, sinussioed (80 Supaly meead (e e merts of e EMO diective sod sne !
Withn e Nmits spmcSed i slaniards EN 50081 and EN 5082 lor inguskaal [Part 2) and reaidentiel, commers sl and fipht
wnclasiriel amdminmars (Pe 1)

Parformance 1EC 0031 !
Dimansions IEC 800721 =
Mounkng 1EL 800347 |
Enclosurs Pratection IEC 800345
Wibratian IEC 6000414 (gruce M)
Chtzits ans shaft diamators are afsn |n secardance wih Ihermistor proteston
BE 5000 Par 10, Apcendix A Anti-condunsation healars
* Fhnige mouiing bole
Fosion in scoormiance Wit 85 S000 Fart 10 For other aption:, please sngufrs
Frame WMet F3-20 plummurm >
90-132 alumirn ium Castiron
160-250 castirony -
Fam Caver Stas| with dmm grid -
Enciosira 1AEE :
Velage 3 W and below 220- 240380415 Zpot veltage v the-rango
£ ¥V and abave 380 S1S/EED- 720 113 40 500V
Fratpusnay S0 Hz &0 Hz
Lubrication £2=150 double-shiskied bearings
200-250 through grassing
lreibalion Clags F -
Temporature Rige Cless B Class F
DCrain Halaa BA-100 — ngne Avallabie
200250 = pravided -
Searing Location Drve gnd

03 Brewh Cramphon, 3 Phazs Marors — T Senies Bage £ of 8
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Appendix D

Limit switch




Electric Limit Switch
for hozordous areas
Type 4744

Apglication
Limit switchas in fvpe of prolection & 1l 2 G EEx od IIC 16 for

atfiochment % preumofic  control  volves sccording o
IEC £0534-6-)

Far valve travels from 7.5 o0 150 mm c€ @

The limit swilch supplies a lim# signel when an adjusted limil |s
exceaded in either direction, especiclly when o conirol vahe
hes reached a finol positian. This signal is suitasl far revarsing
centrel signals, intieling visual o audible alorms and for con-
nection o central esnlbrol ar alarm syslems,

® Oina or fwo electric limit switches which can be overridden

* High lood capocity, for exampls, alemating current up o

S0V 10 A
Aftachment to confrol valves with cost yokes or rod-ype yokes A . AP
accarding o IEC 60534-6-1 o NAMUR recammentlafion. o ke
Varsions

= Type 4744 [Figs. | and 2) Limit switch with ane or two mo-
merdury-conbact limit switches designed os o position switch
conforming fo EN 50041
Each caniact is squipped with one NC comloet end ana MO
conbadt, acling os snop-ocfion swikch, o also swilchabla a5
singlespole double theaw switch [SPOT)

Type of pretection *Flomeproof Enclosure® 41 2 G EFx ed 11C

16 occording ta test cerfificates PTB 01 ATEX 1053 and 1 2D IP

3 180 °C according o LCIE ATEX 4308, Fig. 2 - Type 4744 Fleciric Limil Swirch with

= Type 4744-2 (Fig. 3} - Limit-switch with one omemiary-oan- hwe mamentary condoct swilches and predective
tact switch for mounting lo o rod-lype yoke of V2041 Saries coer romoved
Volvas

Type of protection *Flameproof Enclasure 42/ | 2 G EEx d IIC T4

according le PTE 00 ATEX (093 .

Principle of operation of Type 4744 (Fig. 2

When the limit switch is attoched to the control valve, the valve 1 My
fravel is fransmitied in the switch lever vio the lever. The switch Fig. 3 - Type J?“;El'?ﬂ': i
lever ocluotes the snap-tichion conloct of ane of the memmn- prefurabsly for Sariss V2001 Valves
tery-contoct limil switchas when fhe adjustd limil valus i
ranched, This switch can be averridden and is equipped with an
overrange prolechon. For coare adjusiment {switching paint], Type 4744 Typa 47447
the mementary-toniact bmit switch is shified on the base plate.
The adjusiment screw i wsed for Fine adjustment. The termiinal
carinections defermine whether the |imil swilch 7s ussd aither as
an NO canoct, an NC centact or o changeover contect {Fig. 4)
Reter b Information Sheet T B350 EN for salaction ond oppiico-
lien of pasitioners and fimit switches

¢
BL
BEa =1

Fig- 4 - Flectrical sonnechion J

Associaimd Information Sheet T 8350 EN Edition Februory 2006

Data Sheet T 8367 EN
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