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Abstract

MNowaddys, we are facing many problems of manual separating thyme from stalk process,
These problems are difficult to produce big amounts of thyme in a short time and lack of
production and high cost. Because of lhese problems. our idea i= to design full automatic
systern thal works on separate thyme [rom stulk by using technology and moedem

techniques, to produce separated thyme high etficient and fasl low cost production.

During this project it wis running the most important part of the svstem and is (Zig-7ag
Chaneal) and control via the logical contral progrummer (PLC) in addition to the
construgtian of the electrical panel contsining contral eircuits and power circuits, which

will supply the machine needed for its encrgy.

There is a closed air Ouw eyele imside the system via the suction moters, the air glow s be

eant ollad by controlling the speed of the suction motors by using the Variable Fréeguency

Dirivers (VELD).
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Introduction




1.1 Overview

Phis chaprer illustrates an introduction to the projeel, the ohjectives and motivition of the

projecl.

This chapter also shows the methodology used to build and complete this syslem. the parts
of the system is mentioned. some ol risk management. results and problems  are

mentioned, the estimated cast is modificd, after that, the control of the repart is shown,

1.2 Introduction

Nowadays, industrial machine is very important in the dailv life, get the task to be dune
very fast than before thus: the production line for the product is given mare and bigger.
Now the intelligent computers and intellisent control system is introduced 9 3 machine to
inerease its accuracy and safety when doing work. it is alsa important for the production

process that is complicated to deal with,

Thyme machine, with its new design help the industrial companies to produce clean thyme
with short time compared with a human work time. This new desipn decreases the number

ul warkers 1o do the task.

1.3 Project Idea and Quality

The iden of the project is to design and implement a machine that produce a thyme hv an

automatic wiy and is controlled by a programming PLC.

In Palestine and other Arab world countrivs, there's necd for machine thal gives a hiph
quality of thyme. our praject will give higher quality than all current wivs of traditional

production methods. by vsing a moder method of producticn that will concerned

cleanliness of the product and an elaborate form of the product,
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According to the questionnaire, the machine must huve the follewing leares:

1. Luow noise,
2. Ease forse:
3. High sufety factor, safe for worker.

4. Keeps clean and healthy

1.4 Project Ohjectives
This project sims w achieve the following:
* Increase supplying thyme product to markets.

by separating leaves out of sicms using thyme Separation machine,

*  Rid of traditional wayvs ol thyme separation,

Implement a new technology to the machine in order ta increase jis deeuracy,

safery, and reduce the losses.

1.5 Time schedule for the project

* Siage | : Select the [dea

Neterming the idea of the project, the motivation and the main ohjectives that intend to be

achieved,

* Stage 2 : preparing for the project and collecting data

In this stage, more and deeper determination of the tasks and steps are done, and more

information about the project is prepared.

¢ Suage 3 :project Analyvsis

In this step, a study of all possible design option to determine the design process.

To produce thyme leaves with high purity. with less unpurities and croshad stems,




o Stage 4 : Determine the projeet requirement

After determine the project desipn scheme, the entire necded requirement detailed
mathetnatical model for the system Is speeilied, software and hardware and try to bring

them to be ready for the implementation stage.
& Stage 5 Documentation Writing

Documenting the project is beginning from the first stage (o the last stage.
= Stage 6 | make the hardware available

In this stage. the needed hardware devices are hrought for the next steps. motors, PLC. and

gears,
¢ Stage 7 :build up the machine and finishing

All the machine equipment and devices bought it therz is an available source in the

market or il nol, going to the lath to inroduce the mechanical parts.
s  Stape 8: lesting the machine

Detect if there is an error vccurred and making a report abour thar,
= Stage 9 : finishing the graduation final report

All documentation has imade is to be checked and done in this stage. every change in it is

10 be added and 1o be nuticed thal something 15 changed,

* Stage 10: preparing for the linal presentation

I'he presentation will prepare 1o shosw the project and its parts




Table (1.1): l'iming plant of the first semester

Task WIiw wlwlw wliwlw |w |w |W | W
] .l

o |1 |12 3 |14

kS ]

Stage ]

Staps 2

Shage 3

Stare '

B

Table (1.2): Timing plant of the second scmester

Task wlwiwiwlwlw | wilwlw [wilw w|W W
6 [17 |18 |18 | 20|21 |22 |23 |z 25 |26 a7 |=2¢ |29

Stageh 1

!

Blage 7

Stage 8

Slace ¢
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1.6 Total cost for the project

Tuble (1.3): Totwal Cost

Components FricelNIS) Cuzanioies Tatal CostiNIs)
Contactors a0 & 6L
PLC(Fatck) : &00 l A0
(hverfoads e 150 3 750
Motors 300 5 [ S04
Suction Motors &0 2 1200
Invertey: - = 500 2 1200
Gears 250 3 1250
switches B 25 225
Cyelane ; Lo 2 200
Pipe = 150 5 150
Bady : 2000 - 20010
= sl

Ullll.'rjfif"ﬂnprm&ms 800
i Tatl Cost= 0675 MIY
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2.1 Introduction

In this chapter we will show all of main wehnigues it will used in the desired design, and it
will be discuss the raditional ways of separativn and sieving thyme, Aller using this
technologies and knowing how the traditional ways working an scparate thyme we will

finally design our machine acconding on it

2.2 Zig-Zag Sepurator

Zigzay uir classification is a separution process in which particles are classificd mainly
according Lo their falling behavier in airflow. Figure 2.1 shows a Zigzag air classifier. The
channel consists of rectangular seetions joined together at an angle to create a zigzag
shape. A dispersion of particles is fed to this channel, Ihe aerodvnamically “light"
particles are carried to the top by the airfllow that is led through the classifier. The "heavy”
particles fall Lo the bortom. In principle, many channel configurations are possible. Some

of these have been pulented. Differences in configuration are for instance, 'V

ar 1o
.'=‘|t"°“"’"

i 5 _E
gﬁ cyclone of turbulent 3
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Figure (1.1): Geometry of ®0 degrec of zig-zag sepurator.




Lig-Lag air separator the foed materiul is conveved onto an airpronf item (o the separaror
channel. According to the mulliple-cross flow-separaling process, light iaterial is _i

separatcd [rom heavy meterial. The air{low required for separation is blown through the

separation channel from button to top. Lisht material is carried by the airflow, Heavy

malerial is carricd by the airflow. Heavy marerial falls through the airflow and is
discharged through the separator base, The light malerial transported by the airllow to the
cyclone is separated there and i= discharged via rotary gate valve, Zip-Zag Air Separator
Flants are usually operated in recirculation air mode, whereby the cleaned sir is returned
via blower to the scparator base. In ease of dusty or muist praducts the operation of the
plant is also possible in pactly air circulation or suction mode. A radial hlower generates

the required airflow and pressurs.

Application of the Zig-Zag air separator:

*  Very precise separation due to by multi-stape-cross-tlow separation (8 1o 15
separation stages).

¢ Based on drranged upon another separation steps and the consequential multiple
impacts of the mass flow, the desapglomeration and release of product knots is
ersured,

¢ Toreach stable operating condilions, we use a special designed ventilator rotor
disk. Constant product guality is provided via regulation of airfiow and -control
(option).

* Due t0 additionul cleaning valves in the scparator channel. the plant can be cleaned
easily,

* In the air recirculation mods exists no emission source.

*  High availability due o robust construction and no rotating parts in the separslor,

& Sturdy desizn.

2.3 Cyclone air separator
JCyelone separators or simply eyelones are separarion devices thut use the principle of
mertia to remove particulate matter [rom fue gases. Cyclone separators are part of a group

of air pollution contral devices known as recliners as they are gencrally used to roughly

remove larger pieces of particulate matter, This prevents finer filttation methods from




faving to deal with large. more abrasive paricles later one. As well, several cvelone
scparators can operate in paraliel, and when this is set up the system is known as & multi

cxclone,

'l is important to note that cyclones can vary drastically in their size. The size of the
cyelone depends largely on how much flue gas must be filtered, and thus larger operations
tend 1o need larger cyelones. For example. several different models of one cyclone type
can exist. and the sices van range trom a relatively small 1.2-1.5 meters ] (ahout 4-5

feet) to around 9 meters or about 30 feet (which is about as tall as a three story building),

How it works: In a cyclone separarar, dirty fluc gas is ted into a chamber. Inside this
chamber cxists a spiral vortex, similar to a tomado. This spiral formation and the
separation are shown in Figure (2.2). The lizhter compenents of this gas have less inertia,
so it is casicr for them o be influenced by the vortex and travel up it. Unlike these
particles. larger eomponents of particulate matter have more inertis and are not a5 sasily

influenced by the vorte, I

Cyelans Saparator
Farticles

Figure (2.2): Cyclonic separator.




Because these larper particles have diffieulty following the high-speed spiral motion of the
gas and the vortex, the particles hit the inside walls of the container and drop down inlo o
collzetion hopper. These chambers are shaped like an upside-down cone to promote the
collection of these particles at the bortom of the container. The cleaned flue pas escapes

out the top of the chamber.

Most eyclones are built to control and remoeve particulate matter than is larger than 10
micromelers in diameter. However, there do exist high elliciency ¢yclones thal are
designed to be effective on particles as small as 2.3 micrometers, As well, these separators
re not cffcetive on extremely larpe particulaie matter. For particulates around 200

micraneters in size, gravity settling chambers or momentum separators arve a better option.

Dut ol all of the particulate-control devices, vyclone separators gre among the least
cxpensive. They are ofien used as a pre-treatment before the flue gas enters more effective
pollution contrel devices. So, cyclone separators can be seen a8 "rough separators” before

they reach the fine lltration stages.

Cyclone separators are gencrally able to remove somewhere betweesn 50-90%% of all
particulate matter in flue gas. How well the eyelone separators arc actually able 10 remove
this matter depends largely on particle size. [f there is a larpe amount of lighter particulate
matter, less of these particles can be separate nut. Hecause of this, cyvclane separators work

best on flue gases thar contain large amounts of big particulate matter.

There are several advantages and disadvantages in using eyelone separators, Firsl, evelene
separaters are benclicial because they are not expensive to install or maintain, and they
have no moving parls, This keeps maintenance and operating costs low. As well, the
removed particulate matter is collected when drv, which makes it easier 1o dispose of.
Fimally, these units take up wverv little space. Altheugh effective, there are also
disadvantages in using cyclone separators. Mainly, the stunderd models are net able o
colleer particulate matrer that is smaller than 10 micrometers effectively and the machines

arv unable to handle sticky or tacky material well.

2.4 Electrieal Components

This scetion contains the cleetrical component specifications {contactors. and frequency

inverter) and electrical protection from Tailures.
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1.4.1 Programmable Logic Controller (PLC):

A programmahle logic eontroller (PLC) or programmable conteoller is a digital computer
used for automatian of clectromechanical processes. PIC is designed for multiple inputs
and outpul arrangements, extended temperature ranges, immunite to eleetrical noise and to

vibration and impact.
PLC consists of

& Central processing Unit (CPTT).
»  Power Supply Unit.

o Memory Unit,

¢ Inputioutput Interlace

¢ Programming Device.

These components are shown in figure (2.3).

el laputs

Bush ———
Bulton =Ty ﬂmwpm ——
Limit i I
Hanlicy

il M )| cru
Eiiteh

Wi s u LGER DATA
Pt T MEMORY MEMORY
Bution

== SERIAL POAT

R

| PROGRAMMING DEVCE |

Figure (1.3): PLC Components.

2.4.2 Variuble Frequeney Dirive (YFD).

A Variable Frequeney Drive (VD) is a type of motar controller that drives an electric

motor by varying the frequency and voltage supplisd to the cleetric motor. Other names




for a VD are variable speed drive, sdjustable speed drive, udjusrable frequency drive, AC

drive, micro-drive, and inverier.

Frequeney (or hertz) is directly related to the mator's speed (RIPMs). In other words. the
faster the frequency, the faster the RPMs go. It an application ducs not reguire an electric
motor to run at [ull speed. the VFD can be used 1o ramp down the froquency and voltage
t meet the requircments of the electric motor’s loud. As the application’s motor speed
requirements change, the VFD can simply turn up or down the motor speed W meet the

speed requirement.

Oy adjusting the [requency and voltage of the power entering the motor, the speed and the
torque may be controlled. The actal speed of the motor, as previously indicated, is
determined as Ns=((120 x D/ Py x (1 - S) where: N = Motor speed: £= Frequeney (12 P
= Number of Poles; and § = Slip. Figure (5.2) shows the circuit of VFD and how linally

eels 1 variable voltage and variuble frequency. 'l

AC to DL oe DL o AC
Conyerier Bun +BE50VdA:  Invener
- VR
ssov A % A

A

; = M
7 i P /\

C

- I /
/ } OVde _ '
fl_ﬁ'.f

AN Vatatarel: beii 1 7 |
i 'r | FYyYyYny | |

Figure (2.4): Convert [rom constant AC to variable AC.




2.4.3 Protection

Circuit Breaker (CB):

It a power surge occurs in the elecirical wiring, the breaker will trip thizs means that a
breaker that was in the on pesition will Mlip W the off pasition and shut down the elecirical
power leading from the breaker. Essentially, a circuit breaker is a safety device. When o
cirenit breaker is tripped it may prevent s fire to stam in overloaded circuil, it can alse

prevent the destruction of the device that is drawing the electricity. As shown in figure
(2.5).

Figure (2.5); Circuit breaker

Overload relay:

Orverload relays shown in figure (2.6) are imended 10 protect motors, controllers and
Sranch-cireuit conduclors against excassive heating due Lo prolonged motor aver currents
up o and including locked rotor currents. Protection of the motur and other branch-circuit

wumponents from higher currents, dug o shorl circuits or groumds, is a tunction of branch-

14




cireuit fuses, circuit breakers or motor short-circuits protectors. The sysiem needs rwo

overloads to protect the vibrations motors.

Fizure (2.6): Overload relav.

Emergency-Stop Butron:

Emergency-Stop Button is shown in figure (2.7) provides safety for humans and the
machine: it offers a wide range of safety compunents for the protection of humans,

machine and production goods in emergency siluations.

It 3s the purpase of emergency-stop device to deflect or minimize the risk as quickly as

possible and optimally in the event of an emergency arising,

Figure (1.7): Imergency-Stop Bution

1s




Earth leakage:

An Earth-leakage shown in fipure (2.8) is a salety device used in electrical installations
with high carth impedance to prevent shock, It deteels small stray voltages on the metal
enclosures of elevtrical equipment. and internupts the circuil if a dangerous voltage is
detected. Oave widely used. installations that are more recent instead vse residunl cursent

circuit breakers thal inslead detect leakage current directly,

=10 i
ki REL W 4
el o ‘ﬁ‘ |

e N ] .
=

Figure (2.8): Earth |eakage.

2.4.4 Cuntactors

Conmactars are an electrically controlled switch used for switching a power circuit similar

o arelay except with higher current ratings,

A contactor is controlled by a circuit that has 2 much lower power level than the switched

CHCULL.

Caontactors come in many forms wilth varying capacitics and [eatures. Unlike a circuit
brewker, a contractor is nol intended 10 interrupt & short eiveuit eurrent, contactors range
from several amperes to thousands ol amperes. The physical size of contactors ranges

fom # device small encugh to pick up with on hand o large device as shown in figure

(2.9, In this project, we used two contactors for lwo vibrating motors.




Figure (2.9): Comtaclor.

2.5 Gears

A gear moter is a specific type of electrical molor that is designed L produce high torgue
while maintaining a low horsepower. or low speed. motor outpul, Gear maotors can be
found in many different applications, and are probahly used in many devices in your

home,

Giear motors are commanly used in devices such as can openers, garage door openers,
washing machine time contral knobs and even cleetric alarm clocks. Common commercial
applications of 4 gear motor include hespital beds, commercial jacks, cranes and many

other applications that are too many to list.

A gear mator shown in figure (2.10) can be either an AC (alternating current) or a DC
tdirect current) electric motor. Most gear motars have an output of between akourt 200 to
1,600 revalutions per minute (RPMs). These types of motors also have two different speed

specificalions: normal specd and the stall-speed torque specifications.

Cear motors are primarily used to reduce speed in « series of gears, which in turn creates
muore torque. This is seeomplished hy an integrated series of gears or 2 oearbox being
stiached to the main motor rotor and shaft via a second reduction shaft. The second shafl s

then connected to the series ol gears or gearbox to create what is known as a serics of

17




reduction pears. Generally speaking, the longer the train of reduction gears. the lower the
output of the end, or final. gear will be.™

Figure (2.10): The Gear

1.6 Traditional method of sieving thyvme,

I'he only way of sieving thyme is the traditional way, it's just a sieve as shown in figure

(2-11) the thyme is put on it alter thal the sieving he shaken to get pure thyme (withour
stalk).

Figure (2.11): Traditional sicve,

18




This traditional way for sieving thyme has many drawbacks the most important is:

1. When it is required to praduce a large amount of pure thyme the radirional way
will fail, because the process will take long time 1o end the task.

4. Humun drudgery: the thyme is sieve by a traditional sieve sa its need many of
workers. Therefore, this way increases human drud Lery,

4, Low productivity: nowadays the population is increasing (hat is meaning the

demand is rising. Therclore. this does not work in this case.

¥ Traditional methad process:

They get thyme from farmers as shown in this figure (2.12);

Figure (2.12): Thyme [rom farmars,

After that. they use big holes sieve to red of the large size of stalks as shown in figure
(2.13)

Figure (2.13): Removing large stalks,




Anc then they use thyme that get cul from the first sicve process and put it inside the

grinding machine to make the leal sofier sieve it by smaller holes sieve as shown

In figure (2.14) and figure (2.15), we can see the grinding machine and smaller sieve:

Figure (2.14): Grinding machine.

Figure (2.15): Smaller holes sicve.

24




As we describe before, they use the smaller holes sieve and repeat sieving thyme many

times to gt the pure thyme withaour any small stalks as shown in figure (2.16).

e T - ey - i . .
= :.‘ L LR m}h} o W e R =
b A i L
! o L R o

Figure (2.16): Pure thyme.

2.7 Automated Method of Production.

The airflow required for separation is blown through the separation channel from button 1o
top. Light material is carried by the airflow up stream in to ¢yclone and through rotary
sack in Lo sack on to the next conveyor, Heavy material cannot be carricd by the airflow,
Falls through the airflow, and is discharped through the separator hase,

“he light material transported by the airflow to the cyelone is separated there and is

Jischarged via rotary gate valve,

21




Zig-Zag Air Separator Plants are usually operated in recirculation air mode, whereby the
cleaned air is returned via blower fo the separator hase. Tn case ob dusty or moist produers.
the operation of the plant is also possible in partly air circularion or suction mode, A radial

blower pencrates the requircd airflow and pressure. Shown in figure (2.17).

The rerinieg thim
LT R R
riione

G

The lighT matena| carfies ' b it
catlahg

nlet o iriited prodlial = Cytione

Thizsgfl —pretivma
Easaur ol Paching

fromihe nozzls
I'E-L—;T;ra —

Tty ot ain Enugof s
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Figure (2.17): Principle of operation in our machine.

1.8 Block diagram

ke block diagram ns shown below explains how the thyme move inside the machine step

&% step into slages to reach the final destination. As shown in figure (2.18).
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Chapter Three

Mechanical Design

3.1 Intrnduetion.
3.2 Proposed System Description and Specifications.
3.3 Conceptual Desian.
34 Mechanical Design.
3.4.1 The gates.

3.4.2 The Zip-Zag air scparalor.

3.4.2 Cyclone air separator.




3.1 Introduction

in this chapter, we will tlk about the mechanical parts, the elements used and the
construetion of the implementatian method. Moreover, there are deteiled dimensions af

the whaole elements used with directed positions,

The mechanical system in the project has major part. those parts are combined together 1o
[orm mechanical units, in addition these units are combined together for forming the

machine.

The proposed design depends on the sequence of mechanical mevement in the machine.

starting from entry gate passing through Zig-Zag channel and ¢velone sepurator,

3.2 Proposed System Descriptivn and Specifications

This chapter demonstratc how to design the machine, and how 1o make 2 solution for
current. problem, in our project we will show the new technology in separating thyme
using air cleaner and using a full automated machine programmed with a PLC, 1o ensure

that the product will be pure (without stalk) as possible.

Machine 15 bind as shown in figure (3.1),

Figure (3.1): I'he machine in 3.
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The dimensians of whele maching are 2.45m height and 3. 44m width as shown in figure
(3.2).

Suction
Mator

Figure (3.2): The machine in 2D.

1.3 Coneeplual Design

s desired 1o design and produce a thyme separator machine [ully automated and
controlled, the process sturls when the user, After study many design and strategies of

Jillerent machines and visited companies thats work in herbs and oregano production. so

we reach te design that containg many strategies of sieving thyme to meet requirement of

marker.
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In cur design the machine is divided into two stages, every stage consist of two parts:

1. Thyme feed system.

(|

. Lip=Lap air separalor.

3, Cyclone air separator.

Since the machine is used [or production of thyme and in order t& pet the product clean

and pure from stalks.

3.4 Mcchanical Design
I this section, each block will he explained in details:
2.4.1 The pates.

We have anc inlet gate for thyme, three outlet gate for deference outpur of thvme in

machine, and one transmission gate that transmil the material betwaen the two stages.
L. Inlet gare

The first step in the whole operation starts in the inlel gate as shown in fisure (3.3), the

main task of gare move thvme inlo zig-zag withoul any infiltration of airevele in svstem.

Figure (3.3): The inlet gate.




ke demetions of the inlet gate are shown in ligure (3.4),

Figure (3.4): The dimensions of inlet gate,

=. Outiet gates;

'n the machine there is three outlel gates, the main funcrion to zet the material oul of
machine without any infiliration of air cycle in system. each one have deferent oulput, the
first one in the first stage il is get the stalk cul, the second one in second stage al the
Sullom of second zig-zag to get the heavy leaves out ol machine, the third one its pasition

sfter the cyclone in the second stage 1o get the very-soft thyme out of machine. The shape

of outlet pates is shown in figure (3.5).




Figure {3.5): Cullel gales.

The outlet gates dimensions are shown in figure (3.6).

Figure {(3.6): Outlet gales dimensions.




3. Transmission pate:

There s a gate belween the two stages of zig-zag, its deliver the thyme comes from firs
stape 1o the second stage without any infiltration of air in each cyelone. Shown in figure

(3.7},

Transmijssion gate

Figure (3.7): Transmission pate.

3.4.2 The Zig-ZLag air separalor,

In our project we have two symmetrical Zig-£ag channel each one consists of rectangular
sections joined together at an angle is equal 90 degree w create a zigzag shapes shown in
figure (3.8). A dispersion of particles is fed to this channel. The asrodynamically “light"
particles are varried to the op by the air flow that is led through the classifier, The "heavy™

parlicles Call wy the bottom.




Figure (3.8): Zig-Zag Shape.

3.4.3 Cyclone air separator.

We have two corresponding eyelones in each stage. the Inside of cvelone make a
spiral vortex similar to a tornade the funclion of cyclone is separate the particles
withoul using any filters. The cyclone is shown in [igure (2.9) with its dimensions,

since the cyclone sustains until 1.5hp.

Figure (3.9): The Cyelons.




The technical paranielers of cyclone are:

1, 'The air valume is | 74-280 nt® /m.

2. Wind pressure is 2.5-22 kpa.
3. Wind spead is 18-28 m/s,
4. The duost particle is 0.3pm-40mm.
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Chapter Four

PLC Programming

4.1 Iniroduction,

4.2 PL.C Programming.
4.2,]1 PLC Characteristic.

4,22 PLC in State Graph.

4.3 Ladder code




4.1 Introduction

I'he scparating thyme System is controlled system and the process is performed
sequentially, this can be achieved by using PLC (Programmable Logic Controller). This

made adding aulomation capabilily and safely precautions possible.

The PLC 15 chosen o be used on the svsiem rather than the Microcontrollar because the
first one has an operating system and user program you can change its pragram easily, in
PLC the inputs and outputs are scanned in sach ¢veles each part of proeram is exceutud
separately, but in Microcontroller run from first line to the end. Table (3.1) is showing a

comparizon benween PLC nnd Microcontrolier.

And this chapter contains the electrical component specification (motors, sensors, and
pe :

transformer). contral and power circuit, and protection,

Tahle (4.1): PLC VS Micracontroller,

PLC Microcontroller
1 Less initial cost NO YES
i Less total ¢ost YES NO
 Build in modules YES NO
"~ Faster response NO YFES =i
Fase in programming YES NO
i Work at 220 V YES NO =i




4.2 PLC Programming

in this section. we will show the PLC program in manual operation and sutomalic, in
ladder and state graph programming and connection, we will explain ¢ach symbal in

program, and the PL.C Characteristic.
4.2.1 PL.C: Characteristic

Programmable Togic Controller (PI.C) is a digital computer used far automation of
electromechanical process, such as control of machinery on facrory assembly lines, PLCs
are used in many indostrigs and machires. Lnlike genzral-purpose compurars, the PLU i3
designed for multiple nputs and outpul armangement. extended temperature range.
immunity 1o electrical noise, and resistance to vibration and impact. Programs to control
machine operation are Lypically stored in batlery-backed-up non-volatile memory. A PLC
i5 an example of a hard real time svstem since output results must be produced in respense

w imput conditions within a limited time. otherwise unintended operation will result,

I our controlling design it is destrable to use a PLC with 8 input and 9 outputs mention in

the table (4.2) below, it must be compatible to use with220 voll.

Tuble (4.2); Logic Allocation,

mput Symbol Address Logic allocation

Ph(start) start X0 Start the uperation

Ph{stop) Stop X1 Stop all gperation

“Select switeh | AUTOMATIC | X2 If the select switch in the
right

position the operation mude
15

Automatic.

Select switch Maunual x3 If the select switch in the lefi
position the aperation mnde
is

manugl
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Emergency EMG X4 Turn off all process.
switch{NC)

Swilchl Mntor_1 X8 Turn on motor_l=1and
motar 1=1.
Molor 2
Turn on motar 1 and motor2
- Switeh 2 Motar 3 Xa Turn on motor_3=1 and
muotor 4=1.
Motor 4

Turn on motar 3 and motord

Switch3 Mpotor S X7 Turn vn motor_5=1

| Turn on motor 5

output Symbol | Address Logic allocation
Motor 1 Mutor_1 Y0 Motorl run

Motor2 Motor_2 Y1 Motord run
Matord Maotor_3 % Motord run r
Motor4 | Mator_4 Y3

Motor 4 run
Motor5 Motor 5 Y4 Maotor 5 run
Lamp 1 H1 Y5 H1 on when start operation
Lamp 2 H2 Y6 ' H2 on when select Automatic
Lamp3 H3 Y7 H3 on when select Manual
Lampd H4 Y3 H4 on when stop operation

The "Fatek FBs-24MCR2” PLC has 14 digital inputs, with 10 digital outputs, This device
= good for owr application because we don't need mare inputs or ourputs. We used five
mputs o control the operation with eight outputs to turn on the contactors & to turn on the

famps in front of the electrical board 1 Shown in figurs {4.1).
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Figure (4.1): PLC Hardware.

Power Supply has an input of 220V AC and an outpul ol 24V DC. We will use this power

supply to protect the PLC & to provide enough power for the coils of the contactors.shown
fizure(4.2).

Figure(4.2): Power supply.




The software tor “Fatek FRs-24MCR2” Winproladder Programming software as
Shawn in the figure (4,31,
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Figure (4.3): Winproladder Programming software.




The PLUC canncelions inpurs and outputs are shown in the fizure (4.4).
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Figure (4.4): PLC conneetions.




4.2.2 PLC in state Graph

The machine will has twa operation mode manual mode and automatic mode, 1'he Manual
mode is udded for incrensing the safety of the machine with the addition of the CINCLECHCY
switch znd to allnw the user to clean the machine. The selection between two modes can
b made by using the switch: the translormation between the two modes can he
implemented at any stage i an eorer is happened. The stale graph Shown in lgure (4.5),

=Automatic mode “and Manual Mode™.
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Tigure (4.5): The state graph.
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The initial step (FO) comes afier pressing the (Swrt) push burten Depends on the user of
choosing belween two kinds of operating, aulomatic operating or manual operaling. If the
uscr chuose automatic opernting the system will sctivate first step (FI) to turn on (st
contactor, sccond contactors & first timer, The system will continue and after the delay
fram timer 1 (T1), it will activate second step (F2) to turn on third and fourth contactor
beside first two contactors with a secand timer. After the dulay from timer 2 (T2). it will
activate third step (F2) o lum on five contactor beside first twe contectors & the third
contactor, There is a possibility 1o stop any action hy pressing the (Stop) push buton or
the emergency swilch. il pressed one ot this owo switches, the system will return to initial

slep (TO).

I the user select the Manual operating, the svstem will set the forth step (F4), At this step,
the user will select one of three switches (o start any svstem. If the user selects Switch 1.
the system will set up fifth step (F5) 10 wm on tirst and seeond eontactor for the frst
svslem. When selecting the second switch, the system will sat up step 6 (F6) to tum on
another lwo contactors alone for the second system. Bul when selecting the third switch,
the system will set up step 7 (F7) to tumn the fourth and titth contactors. I the user want 1o
- turn off the system wherever it is, it can be done by pressing the (Stop) push button, active
the emisrgency stop switch or ta switch the selector to Zero, then the whole svstem will

stop and za back o the initial step (FO).

4.3 Ladder Code

1o build program for this system we used 1.DR language or ladder logic is widely used o
program PLCs, where sequential control of process or munufacturing operation is

required. Ladder logic is useful for simple but critical control systems or 1or reworking ald

hard-wired relay circuits. The ladder code is shown in figure (4.6).




Figure (4.6); Ladder ende.




Chapter Five

Electrical design and Protection.

31 Inteoduction.
3.3 Motars and its caleulations,
5.2.1 Gates Motars.
3.2.2 Suction Molors,
3.2 The Variable Frequency Inverters (VEDs),
3.4 Pawer circuit and control eircuil.
5.4.1 Power circuit.

5.4.2 Contrel circuil,

- 3.5 Electrical panel.




5.1 Introduction.

Lhis chapter electrical component specifications (overload, eurth leakaze, circuit breaker.

ete. ), conlain motor and its calculation power and control circuit, and protection.

5.2 Motors and its caleulations,
5.2.1 Gates maotors,

We have five moters for the gates. the motors are similar so we will ealeulate for one

motors.

We need the speed of pates is 30 rpm therelore the caleulations as follew:

B Chptt Speeadrinpaitapeed . s R R A e R S T (1)
Where:

a: is the gear ratio,

a= 50 1504)

a— 0033,

2N -
A e e e e e e I T L A DA A )

A
Where:
w: is the motor spead in rad/s.
N: is the motor speed in rpm.
W= (2Fr*1500)60
w=157.08 rad/s,

i A R e e e P et S R T W SR SR (3)

Where;




m: the mass (kg
¢: Gravity acceleration {Q.Bﬂ?mr'sé}.
M = M M-
o B I
m=33Tkg
F=3.37%9.807

F=33.04N

Where

11 the torque load (N.m)

I 15 the foree (N)

r: is the rudius of rod

T, =33.04*0.018

T =059 N.m

3 3R R BT T o SRR | e S T R {5)
Whers ﬁ-}c-erﬁclerm}- of the gear is 0.7

So,

L = (0.59%0.33)/0.7

I =0278 Nom

Po: = 0.278%157.08
P, = 43.66 walt
The safcty factor is 1.13. So, the Py equal:
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P D R R A e R R o))
Fou =43.66%1.13

Poue = 494 watt

Py — 0.067 hp.

So the power of the mator must be al leasl 0.067 hp. So we select the motors single phasze

| 500 rpy and 0.25 hp for the gates motots,

£ 2.2 Suctions Motors

The machine has bwo suclivn motors: one mater for each stage the suction motor gives #
suttuble air Now in the channel of zig-7ag and in the cvelone o make the scparation

process, the motor is 2800 rpm-and | hp. As shewn m ligure (3.1).

Figure (5.1): Suction Motor,




5.3 The Variable Frequency Inverters (VFDs)

Frequency converters are used to change the frequency and magnitude of the constant arid
voltage 1o 4 variable load voltage, Frequency converters are especially wsed in variable

Irequency AC motar drives,
VIDOTE2ZIT Delta VFD-E input | phase 220 V ourput iphase 0-380V 4,24 0. |-600HZ

0.7SKW Ihp irverter VFD AC meotor drive with keypad .The VFD is shown in figure
(5.2).

Figure (5.2): Variable Frequency Drive.




5.4 power circuit and control circuit

In this seetion we will take about the power and control cireuit designed for our machine.

£.4.1 Power circuit

. i & | =i |

e
A
PE

Figure (5.3): Power Circuit.



Since there is twe suclion melors are three phase. we will use frequency converters o
contral the speed of airflow of motors. Depending on the full load rated currents ofall the
motars we will use a 16A circuil breaker 45 2 main circuit hreaker. Then there comes the
residual current device, which is a two pole breaker, iU is important to protect the user if
there is any leakage in the circuit or in the motor’s coils. I the leukage is more than 30mA

it will switch off & the whole circuit will stop working,

In our panel. since we have a power circuit with a control circuit, we used five colors of
cables wirth a thickness of 1.3mm. The main cable for the whole machine will have a
thickness of 2.5mm. hecause thiz cable can carry as maximum 164 and with all moters are
turned on with the maximum rated current. The colors will be brown for Line, blue for
Neutral & yellow and preen for the earth system. For the conwol ecircuit, we used Lwo
colors only, Red [or the +24VDC & black [or the Zero DC. These two cables will deliver
the NC voltage 1o the coils of the contactors and o the dedication lamps.

Contactors in our eireuil will have & eoil of 20-60 VDC, hecause the output voltage from
the PLC is 24VDC, so we can deal with contactors without using any external device like

a relay with a ¢oil of 24VDC.

Overload, it bas a thermal averload & current overload, We choose the suitable overlagd
depending on the rated [ull cwrent lor every molor. The connection af the contactor with

an overload will be like figure (5.4).

W1 32 58

[LICIL]

Sy N
E I [
21 42 &ma

Figure (5.4): Three phaze overload.
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5.4.2 Control circuit design
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Figure (5.5): Control Circuil
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5.3 Electrical panel

Inside the electrical buard there are S rows, in arder ta arrange similar devices in a single

oy,
First row hes a Bus bar, Circuit breakers & the PLC,

*  Busbar: It's a disteibution line. we used it to distribute the line cable and the neutral
cable o the devices that needs AC power,

* Main Circuil Breaker: A protectrion device with a rated current of 16A,

¢ Residual Current Dievice: Protection deviee with a sensitivity of 30ma.

* Circuit Breaker: A protection device for the PLC and the Powar Supply with a
rated current of HA.

*  PLC"Faick (TRs-24MARZY™: A Contral device that has a 14 inputs & 10 autpuis,

Second row has the main mini-contaelor, two pawer contactors & a power supply,

¢ Main mini-contactor: We will use this device 1o activate the PLC & the external
power supply. It has a coil of 220V AC, It's called the main heeause il itc's nat
activated the whole machine will stay off,

® Power Contaclors: Fach one of this contactors will be activated by a signal fram
the PL.C, it has 4 coils that can work with a range frum (20 to 60) VDC.

* Power Supply has an input of 220V AC and an output of 24V DC. We will use this
pewer supply to protect the PLC & o provide enough power lor the eails of the

contactars.
Third row has the Frequency converiers.

* Frequency converlers will be used to conlrol the speed of the motors, The
Irequency converters will have a rated power of 2 horss pawer [or the for the twy

suction motors.
Fourth row has theoverloads for the niotors

s Overloads: We will use the G2 overloads, bacause it has a Thermal Overload and
o Current overload in the same device. This kind of overloads has a wide range and
we can choose the overload depending on the rated current of each motor. 1ts much

better than putting a thermal averlnad alone because it can be avaluated at the rated
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current of the mator, so we don’t need 10 put a another circuil breaker far cach

motor,
Fifth row has a Terminal Connectors.

*  This connectors will be used (o connect the main cable & the motor’s cables,

Qutside the electrical board there are another 4 raws.
First roww has & four detection lamps,

¢ Fust lamp will turn on when the PLC is active,
*  Second lamp will turn on when motor] and motor2 on.
*  Third lamp will tura ¢n when motor 3 and motor 4 on,

= Tourth lam will turn on when motor 5 on.

Second row has a sclection switches,

*  First Selector is a three position selection switch, it can let the user select the Lype
of operaling, Manual operation. Autcmatic operation or stavs al Zero,

* Second selector is a two position selection swirch, it will he used in the manual
vperation to activale motor | and motor 2.

»  Third selector is a rwo position selection swileh. it will be used in the manual
operation 1o active motor 2 and motor 4

* Foutth selector is a two position selection switch, it will be used in the manual

cperalion to active motor 5.

Third raw has 2 push buttons.

*  Tirst push butlon (Green) is a normally open hutton, when the user push this button
the PL.C will turi on.
= Second push button (Red) is 2 normally closed buton, it will tuen ofT the machine

if' the user pushs ir.
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Fourtih row has the emergency button only. When this hutton is pressed. it will turmn

off the PLC and the power supply,

Fignre (5.6): Exterior design of the pancl electric.
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Chapter Six

Experimental Result & Recommendations

6.0 Introduction
6.2 Experimental Resull

5.3 Recommendations




6.1 Tntroduction
This chapter provides experimental result and some recommendations from the wark learn
for this project. In this chupler we are listing some goals hope W be acéomplished or  at

least under attention.

Figure (6.1): The final machine.




6.2 Experimental Result

We mude some experiments on parts of our project and these are some of results:

et

We tried to check the [irst stage and see how the air flow inta machine with small
amaunt of thyme. the air evele move carrectly,
The air flow iz not envugh 0 move the thyme inta cvelone in the first stage
bucause the Zig-Zag channel is tall due to suction motors thal used,
There is some losses of air tflow that last in pipes and cyclones. So we could’|

reach the desired resulis.

6.3 Recommendations

These recommendations are recorded to people who can create opportunities for student to

make something new and useful, in order to make difference in our country Palestine:

b

=
Ay

Such projects should be handled among ditterent departments according o the
praject nalure (we had lats of mechanical problems that might solve without
having enough previous knowledge).

The Zig-Zug must be suitable with cyclone and the air low.

The machine must not infilrare afy amount of air to ensure gerting the required

flow.
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APPENDIX A

Ladder Language

Ladder logic was originally 8 written method to decarment the design and censtruction of relay racks s
tsed in manufacturing and process control, Each device in the relay ruck would be represented by a
vmbol on the ladcer disgram with connections betweer thase deviess saown, In addition, other irems
extertial tothe refay nick such as pumps, heaters, and so forth would alss be shown on the ladder diagrem,

See relay logie,

Ladder logic has evolved intoa progremiiing language thal represents a program by a eraphical disiream
based on the: circuir disprams of reiay logie hardware. Ladder logic is used 1o develop sollware for
progeanumubie logic controllers (PLCs) used in industrial esnteol applications, The name is kased on the
Shservation that programs in this language resemble lndders, with twe yerical mails and & seriex of
Borizontal rings betwoen them. While ladder diagrimy were once the only available notalion for
recorcing programmable contraller procrams. today oder forms are standasdized in IEC 61123123 (Far
example, as an alternstive e the eraphical ladder lepic farny, theps is also a more asscmbly language liks
format called Tnstruction list within the LEC 6113 -3 stamdard, ),

Overview

fart ol's ladder dingrum, meluding cuntacts and coils, compares. timers ard constable multivibraiors

—2dder logic is widely used to prosrem PLCs, where sequential comirel of a process or manufacturing
“perution is required. Ladder logic is useful for simple -but crilical comtrol svstems or far resvorking ald
ardwired relay dircuits, As pregrammahle lugic, controllers becams more sophisticated it has also been

=ad In vy complex sutomation systems. Ofi=n the ladder legie program is used in conjunction with ar

SMI propram aperiting on a campler workstation,




The motivation for representing sequential confrol logie in a ladder diagram was 1 allow factary
=nzincers and technicians to develop software without additionas inimg 1o lsem a languag: sueh as
FORTRAN or other zeneral-purpose computer language. Development, and CAINIENANCS. Wty stmplilted
Secuuse of the nesemblizes 0 tamiliar relay hardware systems [2] Implementations of ladder lngit have
sharacteristics, such as sequentis] exscution and suppor: for conirol flow features, thes maxe the analegy
® hardware somewhar ingeeurae This armument hes become less roleyant 2iven that most |adder logic

FROETamTers have g sofluwsara bazkuround in more conventional Programming languages.

Ledder lomc can ba thowght of as 4 mule-hazed Ineguage rather thar o procedural Tangunge, A "riEE" i
e ladder TEpressnts 4 rule, When irmplemented with relavs and other elsctromee hanical deviges, the
Varnnus rules "exeeyya! simulianeously and immedigtely, When implemented in a progranunabie logic
sontrofier, the rulis are lypically executed sequentially by softwars, inoa continuous foop (scan). Dy
Sicling the lTeop fast enctigh, trpically many times Per sceond, the efeot of simultanesus amd
mmediate execution is achioved, it cunsidering intervals grealer than the "scan time" required sxecuting
2l the rungs of the Program. Proper use of programmakle contrallers. requires understanding the

amitations of the exeention giisr of rungs,

Example of a sim ple ladder logic progrum

The lanenage itself can be e 25 a4 set of connectinns between logical checkers contacts) and dctuators
<oils]. Il'a parh wum be traced betwesn ihe left side of the rung and the cutput, through asserted (trye or
“closed") contuors, the g s e and the enput coil slarage bit is esserted (1) or rue. Ifap path.can |
Faced, then the eutput is false (0} and the "coil" by analogy to electromechanical relays is considered “deo-

smergized”. The analo €Y between legical propositions and relay comtact status is due to Clauds Shannon,

“adder lopic bas contacts that make or ereak circults 1o control coils. Exch coi] or contact corresponds Lo
= statis of a sioele bit in the programirmisble contrpllers meniory. Unlike electromechanical Ieluys, a

adder program can refer any numper of timeas (o the status of 2 single bit, eanivalant ta 4 relmy with an

=dafinitely lurge number of contacts,




So-called Vzonmens” mey reler to physical ("hard") mputs to the programmable contreller from phoslenl
devices such ay pushbumons and limit swirchas via an integratad or external input module, or may

represent the statas of intermal storage bits, which may be generated clsewhere in the program.

Each rung of ladder language typically has ane codl &t the far right. Some manufuwturers may allow more

than one output eoil on a mng.

Rung Input: Checkers (contacts)

— [ ] nemmally open cottact, dlosed whenever its correspending coil or an input which controls it is
energired. (Open conluct at rest)
- [\] — vormally elesed ("not") contact, closed whenever itz corresponding coil or & input, which
centrols it, is not enerzized. (Closed contact at rast)
Rung Outpul: Actusiors (coils)
—{ }— normally inactive coil, energized whenever 3t tung 1s closed. [ Inactive at resz)
R

— ) — marmally active ("not") coil. energized whenever its rune is open. { Active at rest)

Tne "eoil” (ouipul of a rung) may represant a physical cutput which operatss some device eonnectad Lo

the programmable controller. or may represent an intermal storags hit for 52 elsewhere in the program.

A way e recall these is to imagine the checkers (contects) as 2 push button input. and the actuators (coils)
as 1 Light bulb sutpus. "Ihe presence of a slash within the chackers or actuarors would indicats the delfult

srate of the device at rest,

Logigal AND
e [l e B [)

KiwSwiteh |  EKevbwitchZ  Door Mator

The above realizes the function: Deor Metor = Key Switch | ARND Key Swich Z




This eircuit shews two key switches that securiy guards might use to activate an eleetric motor on g hank

vault dear, When the normelly open contacts of both switches closa. electricity 1s able te flow to tho
mator, which opens the door.

Logical AND with NOT

Clasz Dodr Obstruction Door Motor
The above realizes the fuction: Doar Motor = Close door AND NOT (Ot Liem).

This circuit shows a push button that ¢ioses 3 door, and an obstruction derector thit senses if something 1s

in the way of the closing door, Waen ths normally open push butten contact closes and 1he normally

closzd obstruction detector ie clnsed (no chelruction detected), gicelrienty 15 able to flow lo the motoe

which closes the door.
Lisical OR
| Exterior Unleck | Urlock
Fammmman| et
Interior Unlozk

I'he above realizes the function: Unlock = Interior Unlock OR Fxterior TInloak

This circuil shows the two thitigs thal can trigger 4 car's power door lecks. The retmole recetver is always

powerad. The unlock solenvid pefs power when sithar set of contacts is clased.,




Industrial STOP/START

I eommeon industrial latching slurt/ston fngic we have 4 "staer” buitton to furn en & motor CONEEOT, Bnd o

“stop" button 1o turm off the COTIfACTOr.

When the "start” button is pushed the input goes tree, via the "stop" button NU contact. When the "run"
put becomas true the seal-in "run” NO contsct in parullel with the "star" NO' contact will cloge
maintaining the input logic mue (iatched or sealed-in), After the vircnit is latehed, the “stop" button My
be pushed causing its NC contact to apen and consequently the input 1o go false. The "run" NG canlact
ien opens and the cireuir logic returns to its inactive state.,

S S

start| slep run

Run mactar

I'he above realizes the fimetion: rus = {start OR rum) AND (NOT s1op

Mole the use of parenthasis 1o group the logical OR funetion befare eval ting the logical AND fupetion
iwkich bas a higher order of apesalion priovity). Also. note the use oF NOT Lo represcnt the “stop” NC

contact logie.

This iateh configuration s & commen idiom in ladder fogic, 1n ludder logic, it is refemed to as veal-in
logic. The kev to understanding the latch is in recognizing that "start” swiwh is a mcunentary switch [onee

diz user relenscs the baron, the swirch is apen Aain). As soon s the "un” solenotd engaves; it closes fhe

“un® NO eontact, which latches the solencid wr. The seer' sudtel vpenifie up then has ne effect.




For salety reasons, an Cmergency Stap and/or Stan should be bardwired in series with the Start switch,

and the relay logic should retlect this.

[t Tt )
ES Stop |[Stam| Mator
|
i Jed
Run
Complex lozic

Here is #n cxample of what two rungs in a ladder logic program might look like. Iz real world

erplications, thers may be hundreds or thousands of sungs.

Typically, complex ladder lagic is read’ left to right and top 10 boitom. As each of the lines (or rungs) are
avaluated, the autpit cofl of a rung may feed inlo the next stage of the ladder 25 an input. In & comolex

svetem, there will be muny "rungs" on & ladder, which ars numbered in order of evaluation.

e T formboee|
Swiich Hitemp: | A€
I
e[ ]+
Hunid
2 e [J e P e ~0)
ANC Heat Cooling

Line 1 realizes the function: A/C = Switch AND {ITiTemp OR Humid)




Line 2 realizes the function: Conling -~ A/C AND (NOT Heat)

This represents a slightly more complex svstem for rung X Afier the first line has been evaluated, the
output coil "AC* is fzd inlo Tung 2. which is then evaluaed and the output enil "Cooling” could be fed
into an autpur device *Compressor” or imo rung 3 on the ladder. This system dllows very complex Togic
gesigns to he broken down and evaluated.

Additional functionality

The PLC manufacturer as a special hlock can add additional functionality to a ladder logic
implementation, When the special block is powered, it executes code on predelermined
arguments. These erguments may be displaved within the special block,

i ] L G——
Femote | Inlock e T
Roemote Counter
S SEE e,
Interior unlock TG ST
[nterior countsr

T
SR S e e e

[Faba

Adder




In this example, the system will count the number of times that the intador and remate unlock buttons are |
pressed. This information will e stored in memery lecations A and 8. Memory locaton © will hold the

toral number of times that the dodr has heer unlocked electronically,

PLCs have many types of special hlocks, They include timers, arithmelic operaters and comparisons.
table lookups, text processing, PID control, and Ghering functions, PLCs that are more powerful can
operste on a group of intermal memory locations and execute an operation on a range of addrosses, for
example, 10 simulate a physical sequential drum contraller or a finite siae machine. In some cases, users
can define their own specia! blocks, which effsctively are subroutines or macres, |'he largs Lbrary of

special blocks aleng with high-speed execution has allowed use of PLCs to implement very complex

sutomation systems.
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[ Hardware]

Chapter 1 Introduction of FATEK FBS Series PLC

Itz FATEK FES Sates BLC 15 = naw genarstior of micre 2LG equopsd with exesient furchions comparable o mesium
o large FLC, With up te five cemmunication parts. The masimum WO numbars sre 258 soints for Digital Input (D) ana Dot
Outoul (00}, 54 wasrds d=r Nurmerz Input {NI} and Numeric Cutno (MDY Tha Msin Units of Fs apa BYAIEDIE in thres tvres WA
Ecanomy Type), MG (High-Paromancs Typ=), 2ndd MW (High-Sosed NE Type). With the coribination of 1O soin renges form
0 1 60, 8wl of 47 models are avaflable. Fifleen CICO and 18 NINO mogals are guaichis o Exparaion UnaMosdes
dith Interface opticng in R2232 RES425 Lsh Ethernar, CANopen, Zighes sns GEM, the communiiston pedpnese ==
Svziabie with 15 boards and mogules.

1.1 Appearance of Man Ui

= 52 Main Units of FBE-BLE have the same physical siusre. The only differance is the case wilh Thers are foor 5By
=22 szes, which are 60mm, S0mm, 130mm. ard TrEmm, Tha fgure be'ow wil use ha Main Unil caee of fhe FBs 2440 ==
= exarrple for ibusiration:
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| ’ H (Pitoh 7.62mm)
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f Cover piate of BLIkP fommicn cabion gan (Part 20

(Frens view with CB=27 Rasrd nstalied)




Indicaizrs for transmit (TH and recaive (RX) status of bulin communicasion pert (Pord)
Indicansr fr Digital inpud (Xn)

= () em)

=

Incizater for Cigital Cutout (Yn) {
Ireticator for systam slatus (POW, RUM ERR! |
"D cutout expanson header covar [units of 20 odintz or bwond anlyl, with eethetic purpese anc cagsbia of secunng
awpanzion cabie,

FEs-CB2E Communication Bosrd (CR)

FH2-CB22 C8 cover plate (sach CF has s own spanific cover plass)

= (1
e

[ra

Screw ~oles of communication beard

Cennsstor for communication board (for 7 types £3 of GE2, 0B2Z, CBS CBSS CE25 CHE, UBCAN 3 typas AlD
of B204A B2AD, B4AD, #na 2 tyoes DAR of EDAP and EPER)

Left side {cormmunicstion) expansion neage- (only available In MCMN model, for OM22, CMZ5, CMES, CM2SE
CMESE, snd CMGSM connesction),

‘B Connecier far Mamary Past.

2 Connecior far buib-in communization port (Part 0) (\With USB snd RS232 aptianzl, shown n the figure is for RS222)

B Right side (110 output sxpansion header (only avallable in units with 20 paints o beyond), for connecting with
catles from sxpasson unisimodules

@ @B

L=l

12  Appearance of Expansion Unit‘Madule |

Them gre three types of cases for expansion uritemodules, One type uses the same cass a8 man Unit that of $e Some
30mm, and 175miy, whie (be cther two nave thinner 40mm and S3mm eszas, which g for Epansion madules. Al
=spansion cables (ief) of exsanzien unitsmadules are flat rinbon czbles (Som leng), which wers sodemes dirsctly on the FCE
27 e exzarsion headsr [HAght) is a 14Rin Haader, with this to connest the Aght adjacent exssnemn unik'moduiss. In the
Slowing, each of the tnree ypes of expansion unite'madutes s desarbed as 2n 2ampe

* BEwpangion unitmodule with S0mim, 130mm, o 175mm widlh sgge! [ 24570 - &, 408y 5 - T (L S i

~16RTE]
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® Expansion uridmocdule with 80mm width zase [FIEXYD, S5, 30X

Screw hole IV terminal black Cutoit axpension
wadSxe slat covar pisls
Dbt i : 4
PUtEpansion it 7 Front wisw choalout excansion siat
x wiln cover plate remowved
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Quiput expansion shol

Expansion casle b
Cannacios I termeinal bhock DIN RAJL tab

Expanzicn module with 40mm width case [ =B Y -8Y0, B BAD, 204, 4DA .gann <2BATC,

2A4RTD,TEGT TSGZ, -2TC, BTC ERTD, -CMEH, -BNTG, 4PT
LT, -1HLE, VOM |
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*  Expansion module wilh 40mm widih case [ -24X, 24¥T -24v], 320G |
CuripUt expansion slot
Elzewhn.le Sovet prate
S e
[ iTaamts | ,-' )
R 7 Front weer of olto cvraneion
= o e S 3
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1.3 Appearance of Communication Expansion Module |

Tra Communication Mesule (CM) of FBs-PLE kas a 3 width case, which can e used n the tellcwing seven modules:
-CM2Z -CM25, -CMES, -CM25E. -CMESE -CMZEC, -CMaER:
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1.4

List of FBs-PLC Maodels

Meodule Name

Specifications

P BE-TOMA A

& polnts 240D5 dgial mpdl (2 oonile high sceed 100Kz, 2 panls medur speed 20KHzZ 2 pamis |
mEdium 2oeed izl Sz 4 paicts relay o trangisior culowl 72 gointe migh. speed 100KHz, 2 poirke

Fie- | 4MA7 a~Tmr

FEE-ZOM A A~

_mivddivm spaed 20KHA 1 RE232 or LUSE pdnlesnandatie 4p 1o 3] V0 e ol expandshis

nedium spsed 20KHL) 1 RS232 or LSs ponisspandable up to 3 A0 e not manandabi o
2 ndinte ZAVDC diglal inaut (2 painta rah EpeEC TO0KHz 2 points modiom spesd 02A, 4 neine
mediim speed 1efal BKHZL 8 points ralay ar Lensistor oulput (2 poir high speed 100KFZ. 4 ouins

14 puicls 20T digile] npul (2 pointe Tagh speee 100KH: 4 anime medun soeed 209HL 6 pairts
maelum epead toil SKH2: £ pants PEHRY OF Fansslor putput (2 puims high spesd 100Kz, 6 poiris
mMigdium sneed 20KH2; 1 RSZ32 or LiSA purtisxpassabic ug o 3

4 bwints D4VDE digtal npul (2 poiniz righ 2peed *20KH:, & ponts medinm speec 20Kz B paints

uf:’sm s Fas-2dMAA-D medium spoec iotal SKbxi 10 points relay of tanssior oo (2 paints hige speed 1AUKEL, 6 polnts
= Uni medivm speed 20KE2) 1 BR332 -r LISE portioapandshlie up 12 3)
FRs-I8MAC A (22 poinls 2400 dighal ingot (2 pairts high sceed 100kHz & partis-meglum speed I08Hz 8 coin
bl U ST - |mEdium gpeed lolgi EKHZ) 12 odinte FeiEy ar transistor adlpdl (2 peints high epeed 100KH:z 8 pains
FB3-32MBC -5 reciun speed 20KH), 1 RE232 or LSE oor lexgardah'e Jpto i) (MB 3 detachable letminal Block:
FEs-40MA -4 -3¢ |9° POInis 22VDC dighal inpUt (2 nointe Fign spese 100KFz, & pecils medium soeed Z0KH2, 3 poris
At mesum sseed |otal SkH= 16 points relay or rarsisior DUtpar (2 poirls lgh spead 100KHZ, & poinis
FES 4OMBCA-P-C  |mediyr: sgesd ZDKHz); 1 RR232 or USB parliexpandshle uo to 3), (MB is detachable tenmina’ 2:ack)
Fos-80MACA-— |92 points 2400 rrlgit-':lnlll'lpul & panla high soeed TO0KHz. 8 poirts medium specd 2okHz, & pointe
whm e (mediumEpeed tolal SKHZ: 24 points raley or iransiston clpel (2 pelnts nigh gppnd 10CKKZ, B aoints
[ESBOMECA~E-C  medium epead 30KHz) 1 2822 or USA pOMtexpancasie Lp to 3, M3 is datachable lermiral blesw)
£ poirts 28VLIC mgita Input (2 pords Plgh speed 200KHz 2 punts masir speed 20Kz, 2 poinls
FE=OME AT medium epesd el SKHz) 4 ponis relay o tansitar ouiput (2 peints high speed 200KFz, 2 poirls
masium speed 20K1 7)) 1 RE232 o USH pon Iexpandablie up be 53 oulli-an BTG 0G5 not sxoandasle
8 points 2&VDC digital inpul (2 points higk epeed 200KFZ, 2 Cairte mediom sposd 20KHE, 4 poins
FBs- 184G a—m medim 2peed fota SKHE) B points relay o tremelstor cuipUt (2 ooinis Hign speec 200KHZ & points
mediim spesd 2UKHz) 1 BR23E o USE poft fexpatidehis Up da 655 bullln BTG 1D ks rot aapandabis
12 ‘peints: 2400 cigital Inpit 14 poinls igh spead 200K =, 2 poinls megium spesd P0RHFE, & pEinls
FEE-20MEA-R rrisdiuty spead tomal S5Hsh 3 pointe - refay o kransister autot (& painls’ el specd 200Kz, 4 paints!
Je medium sosed J08H | RS2I2 or USE par (expandsbie up ta 53 bulit-in BT detachatle leimingl Hask
ESvantend 1% points 24VOC digite! imput (4 poirks high spesd PCORLE 4 poirte medium spesd 20FEz. 8 poirts,
W= Unite FRE-2d MO i TeCIU spaed 1otal SKHEE 10 paints mizy 50 rarsistor oulpet (4 poinis figh specd Z0ORNE, ¢ podnls
) Mmidium spes 20KHz) 1 HS232 or USB oo fexpancabic L 5 Bullt-in BTG delackahie tenmina bior
20 points Z4V0C digial input (5 painis high speed 200%Hz, 2 paine medionm 3pEed MEHz, 5 pointe
FEs=22MC o - midlum speac sl SKHz) 12 points ralay of besnsialor ouipot 5 ponls hign gmeed 2pUxHs 3 azlnts
Medium speed 20KH:Y | R5232 or LSE peil (eepareabis ug 5] built-r TS detaslable farming blocs
24 poinks 2400 dighal ingul (6 ponis high apeed P00KHz, 2 pointz medium spoed DKMz, & poonts
FEE-2OMC A medium spoed ol BXHZ). 16 peink: Temy B renmsloe cotput 5 pointa Nigh spead 200Kz, 2 paicks
mecivin sossd 20KHz | RELEZ or USE pan (Sxsandabie up | 5§ Euiltin FTC; delachzne tarminz] block
3% points 2ev00 digitz] npul (2 paints Aigh spect 200Kz, B pone nadiam gpesd fofal SKiz); 24 aoint
Fog-E0M0: - reley or traneietar aulpul (2 poinls figh soeed 200KHz), 1 75232 or \USE corl (expardabie U o B
| Baill-in RTC: cefzchable torming biock . ]
2 seie (1 ads) 020Kz EVEC digital dif=rsmal Inpr, 10 peints 24O Jighal inpul (4 palits Boh spaed
S 200X H:, 8 palnts medium spesd izl BX=a 7 setr (1 aozh DO0<Hs SVOE digital uiilarartal cutput &
o - S moinls rakay o iransisior outpul (Svarage high soced 200K ) 1 RS252 o USH not [Expandable o e 5
] Buil-ie BTE; detachasle teoms! Bhck -
=zsitonirg 4 Sels (2 anasl S30KH2 BYEC digits! differential o, 15 paints Z440C digita! inout (4 4uints high soesd
S Linis F A8 32MN Bt 200KHz, & pointa medium speed w0tel SKEZ) 4 sats (2 arew 320}H SyoD digile! o Ferantiz) etipul, F
Gy R Rt se By Cr IFARSiston olepul (4 cointe %igh speed 200KHE): 1 RS 232 0r USH mon (Expandsbie up-to 55
BAM-In BT, detachabis trrrinal bicgh '
o 3808 (4 axes) SMRHz VDT digltsl diffcreniel rput, 20 points ZAVED diehkal inpat (B painls medium
FRESZAMN: A~ speed lital SHZ) B sets (s axes) Y20KHr VDG digitel oifesential autoat 8 soints reley of low spesd
barsistor puips 1 RE233 or WSE part (sxpandabie up 1 5. bbby RTT; detachable termiral tack 3
B Powar | e Fuwar supoly of 100-2400A0 or 2eVDC 1put for essansicn (modals: 3 sate Sutoll perwar with SvDg,
FESEFW-ACID2A 10D, ahd 24VEC, 14 sapacy
I {FBe-2aX Y i T4zoinie 24VOC digital ingut. 10 naints relay o tensistor Qulpul. buitte pawer supcly
__:___': o P L ST 24 polntz 24VDC digial inot, 18 paints ralay ar transitar actaut SuUlltn power supoly
_ |rEe-BONYC_un 24 painla 2% digtal input, 24 pointz veeay o Fansistor outant oLt power supaly
[EELEN B points 74 VO diaktal ingul
FBs-6r B wnints ralay st irensiston sulaul -
\FHa-02YC 4 oointe 24VDC dighizd inpul 4 2alnky reidy or iransisicn cutpul |
:LE_.E- 16% 15 pofns sy orirensister nofpat
Seeaigan (DR 1EEYS 3 pornds 23y 00 wigital input, & poinis relay of Farsslor akpr
Wtalez Fas 200 |20 peinty 2000 diglal Input
T 14 poirts 2AVDC digital el 70 polnts eley or Lansstor autpl
[FEE-40XY 24 pointe PAVTIS digital inps, 18 palnis reday ar frangk=far ouput
FBr-BUAY 36 paints AeVDD digial Inpar, 24 poinls relay or frar sistar i pLe |
FRE-24% &4 noints Sigh-density 24vDC digtal nput, 30 pns meader with Izetsh

Fag. 24T

Ed pomme highdanaity aneistaer SINEITY ar SCURCE) output (0 14 max.) -+ 30 PINg Escar Witk -sich

Hi-5




F-_lnv‘.f_luh Name

mowhe sailch

Specifications
£ SE13 4 digils [lotal 32 aIgHE] Thumivses] ewich (6f 128 paints ndenendant Sweitza) Tlbip e Il

sedule FEs-dalel meaule 30 gine Feader connschor
- 1 56l 0 dighs 7isegment's diglis 1é-IHEEI'|:"m|I. LED cisplay (o7 6% Dolms Indeconoer: LED) outpdt oiEr
LT . FERATE : g | + LED) output oieplay
=gmant LED g medule. 18 ping heeder connacior =
Sy modules Fle 7oom < 1zly B dgiis F-segmentd cigts tE-segment LED display (or 124 pointa, incepandend LED) autpit
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VFD mlli? EL 43
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Veslon numbe:
A-ztandard

| npul voltage
21=230VAC 1H 23-230VAC 4
A3=LDAVAC
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Carrisr frequancy 3 kHz 212

ENC-Filter = Bulit-in
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DC-Bus conneston Ll Yes

Braie chopper . s No : =
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= With extemal NUTEZ01 5 bk chopper
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ﬁkhELTd Datashee! VFD-EL

400V 0.4 - 3.7k

Type number VFDI T GMEf_EMN?ELuMm5EL43A!-DEEEL43A|03?EL43H
Rated power w | 604 0.75 1.5 22 | A7
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SRR exdernal BUTA0037 hrata chopper

e See dimensionl drawinge nelow,
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W 3
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Frame W W H H1 D o =]
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