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Abstract

"Development of panel Plastic Pipe line operation”

Plastic pipe ol industria] products that cannot be dispensed with where there is
a lurge consumption ol them, they are used in many arvas of life, including: electical
projecis and sanitation projects.. ele. So there became a need 1o produce huge
quantities of these tubes.

However, there are multiple problems in the production line of plastic pipe: First,
thifficulry in mamtenance process and error tracking, Secondly, the large size of the
control panel and the large numbers of wires. Finally, the time and effort are not
clfective. We worked on the development of industrial technology to improve the
automated production line; to overcome (hese problems,

Our project came by Mdustrial integration organization, where we developed the
plastic pipe production line thar exists in Roval Company. we used progranung PLC
in order to facilitate the connection processes with the pipe production line and this is
A way 1o control on all system, in addition there will be u conmect berween the system
and workers by using touch screen which is called (HMI).
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1.1: Literature Review

The main idea of this project 18 the development of control in the production line
contrel from classic technology to modem technology .

1.2: Statement of the problem

There are ditferent types of problems that can be taced with this project. The
impaortant problems are: the ditficulty in tracking the errors in the system, As well as
the presence of large amounts of wire on the production line and this leads to
thfficulty in the maintenance process a8 well, and that cannot be easily controlled. In
addition there is difficulty when runnmg the production line and calibration of pars
Linge, These things lead to the loss of time with no gusmimlee exit outpul as reguired.

1.3: Mativation

The motivations are shown in some points such as cngaging in labor market by
knowing how the production line is working and how use the pieces in the project,
also can improvement our pessibilities of maimntenance and building avtomation
programs.

1.4: Needed Technology

We need for high lechnology W be able to armange the sequence of our syslem. s0
thal we worked with high precision systems like PLC o communicate with the bine
wsing this program, the tvpe of this technology 1s (Siemens PLC S200), and we used
human machine interface (HMI). in addition to that we need lo have some software
programs such as Matlab program, and Cady Basic .

L.5: Project Description

This project is to improvement the plastic pipeline by using PLC program and
HMI to make this work like modem technology. the controlling will include all of
parts m the production line such as moters, vacuum pump, heaters, and pullers. Also
we controlling the beat.




1.6; Time Table

Table (1.1); The timeline of the project,

Ed
| I}

1.7: Expected OQutcomes

With the completion of the work we will have a production line capable of
sunnmg modern face of previous technology problems.




Chapter two; Plastic material

_2.1: Plastic material definition
2.2: Type of plastic material
2.3: PVC plastic material
2.4: Plastic behavior in extruder

=1 (3| U




2.1: Plastic material definition

Plastic is the generul common term for a wide range of synthetic or semi-
symibetic materials used in a huge. and growing, range of applications from packaging
0 butldings; from cars Lo medical devices, tovs, clothes ele.

The term V'plastic™ is derived from the Greek word "plastikos” meaning il for
moulding. and "plastos” meaning moulded. 1t refers to the material's malleability or
plastieity durmg manufacture thal allows it 1o be cast, pressed. or extruded into a
vanety of shapes - such as films, fibers, plates, wbes, bottles, boxes, and much more,

There are two broad categories of plastic malerials; thermoplasties and
Sennoselting plastics. Thermoplastics can be heated up to form products and then if
Sese end products are re-heated, the plastic will soften and melt again. In contrast,
Scrmoset plasties ean be melted and formed, bul unce they rake shape after they have
solidifisd, they sy solid and, unlike thermoplastics cannot be remaltad [1].

2.2: Type of plastic material

Everywhere you look you will find plastics, We use plastic praduets to help make
our lives cleaner, easier, safer and more enjoyable. You will find plastics in the
clothes we wear, the houses we live in, and the cars we Lravel in. The toys we play
with. the televisions we watch, the computers we use and the (s we listen to contain
plastics.  Even  the (othbrush you wse every day contains plastics!

Plastics are organic, the same as wood, paper or wool. The raw materials for
plastics production are natural products such as cellulose, coal. natural gas, salt and,
of course, crude oil, Plastics are today’s and tomorrow’s materials of choice hecause
ey make 1l possible to balance modern day needs with environmental concerns,

The plastics [amily ix quite diverse, and includes; ABS/SAN, Epoxy resins,
Sxpandable  Polystyrene.  Fluoropolymers. PET, Polycarbonate, Polyolefins,
Polystyrene, PVC, PVAC. Styrenic polymers, and Unsatorated Polvester Resins
LUFR).

All these types of plastics can be grouped into two main polymer families;
“hermoplastics, which soften on heating and thon harden aguin on cooling, and
Thermosets which never soften when they have been moulded.

Sxamples of thermoplastics;

1) Acrylonitrile butadizne styrenc — ABS
2) Polvcarbonate - PC

3) Polyvethylene —PE

4) Polyethylene tercphthalate — PET

5) Polyivinyl chloride) - PVC

61 Poly(methyl methacrvlare) — PMMA




7} Polypropylene PP
&) Tolystyrene — PS
%1 Expanded Polystyrene - EPS

[xamples of Thermosets:

1} Epoxide (EP)

2) Phenol-formaldehyde (PT)

3) Polyurethane (PUR)

4y Polytetraflluoroethylene - PTFE

5) Unsaturated polyester resins (L)

A range of addinves are used to enhance the nawral prepertics of the dilferent
types of plastics - to soften them, color them, make them more process able or longer
lasting. Today not only arc there many different types of plastics, but products can he
made rigid or flexible, opaque. transparent, or coloured; insulating and conducting;
fire-resistant ete., through the use of additives.

1.3: PVC plastic material

PVC (Polvvinyl-chloride) is ome of the earliest plastics, and is alse onc of the most
cxlensively used. It s derived from salt (57%) and oil or gas (43%), PVC is made
from chlorime  produced when salt water 13 decompnosed by electrolysis — with
cthylene, which is obtained from oil or gas via a “cracking’ proocss, After scveral
steps. this leads to the production of another gas: vinyl chlonde monomer (VCM),
[hen, in a further reaction known as polymerisation, molecules of VOM link to form
2 line white powder (PVC). This powder is mixed with additives (stabilizers and/or
plasticizers) to achieve the precise properties required for specific applications as
show tn figure (2.1). The resulung PVC granules (compounds) or ready-to-use
powders (pre-mixes) sre then converted inlo the nal product. As see in Ngure (2.2).

Figure (2,17 A vancty of PVC material.




Figure (2.2): Plastic pipe made from PVC malerial.

The benefits of PVC

PVC's combination of properties enables it to deliver performance advantages
that are hard to match. This material is durable and light, strong. fire resistant, with
excellent insulating properties and low permeability, By varying the use of additives
o the manufacturing of PVC products, features such as strength, rigidity, color and
samsparency can be adjusted to meet most applications. includmg:

') Building products, including window frames and other profiles, floor and wall
coverings. roofing sheets, limings for tunnels, swimming-pools and reservoirs.

21 Piping, including water and sewerage pipes and [iltings, and ducls for power and
telecommunications,

31 Coatings. including tarpaulins. rainwear and corrugated metal sheets,

<) Insulation and sheathing for low voltage power supplies, telecommunications,
applancas, and automoelive apphicabons.

=) Packaping, pharmaceuticals, food and confectionery, water and fruit juicss, lahels,
presentation travs,

) Automotive applications, including cables. underbodv coating and interior

mmnmings.
¢ Medical products, including blood bags. transfusion tubes and surgical gloves.
&0 Leisure produets, including parden hoses, footwear, milatable pools, tents.

2.4: Plastic behavior in extruder

Although there is no difference from the injection molding until a material is
s=pplicd. when the material is heated plastic in the heating eylinder, the position of
screw 15 fied. in generul. Therelore, 4 resin which 1s made plastic s discharged
comtimuously from the die. The discharged resin is molded into the basic shape and




=iy formed with the sizing dic and cooled and solidified. The recciving equipment
serves an auxiliary lunction to receive extruded products.

The producty are cut or wound up aceording to their churacteristics and purpose of
e This molding method is most suitable for maolding pipes. sheets, and films with
aaform cross scetions. Figures (2.3) and (2.4) explain that

lli—“—.lm

Figure (2.3): Dxtrusion molding process.
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Fipure (2.4); Mono-axis extruder.

Saw material process and Quality control of materials.

I'he forming materials have unexpectedly large non-uniformily of guality.
“though the non-uniformity of quality of gencral purposc materials which are
sepphied contimuously may not be very conspicuous, it should be assumed that this




non uniformity of engineering plastics is very large in baich production. Therefore,
control of products and material lots should always be made.

Although the non-uniformiry of quality may not ba a serious problem for injection
molding, it is an important (actor for extrusion molding.

The sizes of pellets also influence the torming property significanty, In particular,
when pellets are used in the flake form. attention should be paid as much as possible
10 the uniformity of size and mixing ratio.

Coloring is generally conducted in a scparate process. However, when the coloring
quantity 15 large, coloring may be carried out by mixing coloring pigment with the
screw (hopper blending).

Quantity of coloring with the master batch may not reguire much attention. hut
when a dry color or a liquid color is used, and then it is necessary to take the color
change procedure into secount.

IT pellets in the form of Hake or pellst of extremely different sizes are trunsferred
with the hopper loader or the dryer hy combined use of the hopper loader, there is n
possibility of causing scparation of pellets resulting in defective molding [2].
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3.1: Power circuit

Power cireuit is the main part i any production line. that are considered
~fFective portion which can be seen at work. Also il is consists of huge machines;
cuch as heaters, washing machines....ele. In addition, the current flowing in this
circuit is very high compared to the control eircint,

31.1.1: Induction motor

The reason for the name “Squirrel cage”™ is because of the type of rotor used in
ese motors. Almost 959 of the induction motors used is of squirrel cage type. figure
(3.1).

S

Fipure (3.1): Squirrel cage rotor canstruction

The three-phase squirrel cage nduction motor is the most widely used moror
s in the industry because of its good self-starting capability, simple and rugged
wructure. low cost and reliability [31.

[he principle of operation of the induction mator is bascd on generaling a
swesting constant magnetic ficld. Within a 3 phase motor. this is achieved by
ewentating the three coils 120 physical degrees apart in space. and imposing 3 phase
witages on the windings also separated in hme by 120 clectrical degrees. This results
= = constant ampliude magnetic flux rotating al the frequency ol the supply for a iwo
pole motor,

The rotor will run at a speed slightly legs than the synchronous speed. The
sesting magnetic field s rotating at the synchranous speed. This leads to a relative
sesd between the magnetic field and the rotor, which is termed the slip, so the
smchronous speed of an induction motor is [4]:

120

lﬁ?d;” B

(2.1)
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Wherz the synchronous speed is the spead at which the magnetic figld is
rotating. Also the difference in speed between the synchronous spead and the actnal
rotor speed, 15 relerred (o as the shp (s), the ship 1s:

e — umnak (2.2)

Reynch

The frequency of the currents and voltages in the rotor is scaled down by the
value of the slip. If the motor is ar standstill, the frequency in the rotor is equal to the
frequency in the stator; if the motor is runming exactly at synchronous speed. the
frequency 1s zero, In general, the frequency of voltage and current in the rotor is:

E=yxf (2.3)

Now, the mode] of an induction motor (with the roter components reflected ento the
stator) 18 shown in the [igure (3.2).

Rx
=

.x ¥ .x - nr
‘r" &n\' /Wl'm_m

Figure (3.2): Model of the induction motor.

And after make the suitable analysis to Derivation of speed torque squation for

= aduction motor, you get on the [ollowing cquation (4):
o Ry
W~

Iis) = = AT (2.4)
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2.1.2: Vacuum motor

A vacuum pump as shown In figure (3.3) is a device thal removes pus
malceules from a sealed volume in order to leave behind a partial vacuum,

Figure (3.3): A cutaway view of Vacuum pump.

Vicuum pumps are used ro reduce the gas pressure in a certam volume and thus
e zas density, Conscquently consider the gas particles need to be removed from the
solume. Basically differentiation is made between two classes of vacoum pumps:

N scuuin pumps where — via one or several compression stages — the gas particles are
semoved from the volume which is to be pumped and gjected into the atmosphere
Ccompression pumps). The gas particles are pumped by means of displacement or
sulee fransfer, Also Vacuum pumps where the gas particles which are to be removed
condense on or are bonded by other means (e.2. chemically) to a selid surface, which
often is part of the boundary forming volume itself [5].

2.1.3: Pump

Centrifugal pumps are best suited for large volume applications or for smaller
selumes when the ratio of volume to pressure is high, The selection of the proper
pump will depend on the system throughpul. viscesily, specific gravity. and head
seguirernents for a particular application. Where a variety of products with different
wsaracteristics arc handled, it may be necessary to wtilize multiple pumps either in
wenics or parallel. or a series—parallel combmation, or pumps with variable spesd
=smanilities to achisve the desired throughput at |east cost

The aperating pressure is of significant for the arca of application of punps.
Pk pressure is specilied. However. this should arise only briefly see figure (3.4) as
enwise the pump will wear out prematurely,
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Figure(3 4):operation prossure.

3.1.4: Heater

Band heaters: of all types are used to heat cylinders. they are used on the plastic
syvoruder, it consist from an clectrical resistance nbbon, which arc prescnt between
swo sheots of mica, it are the combination of the matenals dielectrie strength which
we present between resistance ribbon and outer surface, of the component either mild
sec! or stainless steel

The expected maximum operating temperature of the heater 15 the major
seesideration in choosing the resistance alloy. the mica type. and the sheel melal
2oy For optimum healer performance and lifetime, the Must be the surface heated
= nder on smooth and without bumps and the inside diameter must be suitable. there

st he g contict between heat surfaces and extruder surfaces, for good heat transfer.

Thete are just three basie causes of shortened life; The conductive material
ks a path berween the resistance and outer surface or between the resistance laps,

S causing an electrical shorr, Centaminants are water, oil, and plastic. Also over-
Semreratire is exceeding the design maximum emperature of any heater.

. 1.5: Heat exchanger

A hear exchanger is a deviec that is used for twansfer ol thermal energy
Cealoy) between two or more fluids, between u solid swface and a fluid, or
wen solid particulates and a fluid, at differing temperatures and in thermal

sact. usually without external heat and work nteractions [6].

The heat transfer surface 1s a surface of the exchanger core that is in direct
4 with Nuids and through which heat is transferred by conduction. The portion

14




of the surface that also separates the fhuds is referred to as the pnmary or direct
surface. To increase heal transler arcs, appendages known as fins may be intimately
soanceted to the primary surface to provide cxtended, sccondary, or indirect surface.
Thus, the addition of fins reduces the thermal resistance on that side and therchy
mereases the net heat tramster from/ to the surface for the same lemperature
SSfeTence.

And as shown in figure (3.5), you can see prineiple of heat exchanger between
seating and cooling eperations [7].

.Nr\-rt

Figure (3.5); principle of heat exchanger.

3.1.6: Frequency converters.

Frequency converlers are used to change the frequency and magnitude of the
somstant grid voltage to a variable load voltage. Frequency converters are especially
weed m varizhle freguency AC motor drives.

W oekinge Prineiple of Frequency Converters:

Convert from AC to DC "Converter”: Through uscd six diodes we can convert AC
seitage 1o DC voltage, they allow current o [low in only one divection.

%s shown in figora (3.6); when A-phase voltage is more positive than B or € phase
weimazes, then that diods will open and allow current to flow. When B-phase becomes
were positive than A-phase, then the B-phase diode will open and the A-phase diode
w0 close. The samte is true for the three diodes on the negative side of the bus. Thus,
W =0t six current “pulses” as each diode opens and closes.




'Iﬁ Wl

Figure (3.6); Convert from AC to DC "Converter".

=) DC Bus figure (3.7); We can get rid of the AC tipple on the DC bus by adding a
c=pacitor. This capacitor absorbs the ac ripple and delivers a smooth de voliage.

o i
vorrvatLLL e

Figure (3.7) IXC Bus.

= Convert from DC 1o AC "Inverter': Through used six wransistors we can convert
S8 voltage to AC voliage, they allow us to make any phase be positive. nezative, or
w0 It control by pulse width medulation as shown in figure (3.8).

When we close one of the top transistors 1n the mverter. that phase of the motor is
enected 1o the posilive de bus and the veltage on thal phasc becomes positive.
When we close one of the bollpm Iransistors in the converter, that phase 18 connected
W the negalive de bus and becomes negative. Thus, we can make any phase on the
=etor become positive or negative al will and ¢an thus generale any [requeney.

16
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Figure (3 8): Convert from AC to DC "Inverter”,

Srequency Converter is an important part in any electrical drive system, so it can do
“hout it never and it have many benefits, including:

. Reduce Energy Consumption and Energy Costs: Electric motor systems are
s=sponsible for more than 63% of the power consumption in mdustry today. any
seetication that does not need to be run at full speed, and then vou can cut down

ey costs by contrelling the motor with a frequency converter,

Seemizing motor control systems by installing frequency converter can reduce
mersy consumplion in your facility by as much as 60%. Additionally, the utilization
A Sequency converter improves produet quality, and reduces production costs,

~ =eorease Production through Tighter Process Control: By operating vour motors al

e most efficient speed for your application, fewer mistakes, and production levels
R EcTERSs.

= Swiend Fguipment Life and Reduce Maintenance: The Irequency converter will
Sor better protection for your motor from issues such as:

N Fhase protection” under vollage & overvoltage”,
Electro thermal overlaads,

b Phase failure,

7t Solid state relay

Sobid state relays serve the same function as mechanical relays hut have no
=z parts (hence the name solid state), They are semiconductor devices that either

=% or allow the load current to flow depending en the input to the relay. The inputs
‘St S5R's are isolated from the load. This means the circuit that triggers the relay
1 Bave 10 be referenced to the same ground as the load (e, isolated), Since there

17




s 1o electrical connection between the mput and the output it is unlikely that the input
cireunt eould be damaged by a spike in the cutput circuit [8].

A simplilied block diagram of an oprically solated SSR is shown in fipure
13.9). Any vollage on the input above three of four volts sends enough current through
e LED lo generate light (photons), The photons travel a short distance in the relay
and hit a photodiode, phototransistor, or other aptical v electrical conversion device,
1he oulpul switch is triggered by the currenr from the photodiode, pholotransistor, or
whalever.

Figure (3.9): A simplified block diagram of an optically isolated.

2.2 Control ¢irenit

Contral gireuit 15 considered a vital part in any industnal system, and without
e control circuit the system will not be effective, as well as procuction machines
Wil remain fixed, so it is impossible neglect the coatrol circuil

Mereover, the flowing current through control cireuit very small compared with
e power cireuit, as previously shown. In addition to that, there are two types of
somtrol eireuits: the traditional control and automatic control. In our project we will
e sutomatic control.

32.1: PLC

Programmable Logic Controllers (PLCs). also referred to as programmable
~mmrollers, are in the computer family. They are used in commereial and industrial
wwications. A PLC monitors inputs, makes decisions based on its progrom, and
Seirols outputs to automate a proeess or machine,

I'he 87-200 (shown in figure 3.10) 1s referred Lo as a micro PLC because of its
sall size. The 87-200 has a brick design which means that the power supply and 1/0
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are on-board, The 57-200 can be used on smaller, stand-ulone applications such as
clevators. car washes or mixing machines. It can also be used on mare complex
ndustrial applications such as bottling and packaging machines. And in our project
w2 will use this tvpe of PLC.

Figure (2.10): The §7-200 P1.C.

The 57-200 PLCs are expandable, Expansion modules contain additional inpiits
#=¢ outpuls as shown in figure (3.11). These are connected to the base unil using a

EOOn connector,

Figure {3.11): CPU with an Expansion Module.

PLLs must also work with continuous or analog signals. Typical analog signals
== W VDC or 0 - 20 mA. Analog signals are, used to represent changing values
= speed, Temperature weight, and level, A PLC cannol process these signals in
wslog form, The PLE must convert the analog signal into a digital representation.
smansion module, capable of converting the anal og signal, must be used,

The 57-200 analog modules convert standard voltage and current analog values

& [ Z-bit digital representation. The digital values are transferred to the PLC for
= meaister or word lncations [9].

= addition, analog modules are available for use with (hermocouple and RTD
used in to achieve a high level of accuracy in temperature measurement.




3!2!2: Hi“l

An HMIL or Human-Machine Interface. 18 a device or goftware thal lels users
communicate with 4 machine or automation systemn. Besides translating complex data
mlo useahle information, an HMI relays the user's commands,

By providing information, alerts, commands and other tools, an HMI conncets

the user with the process being controlled. So the more adapted the tools are to the
usar

32.3: Contactor

Contactors (as shown in fipure 3.12) are useful in industrial applications,
saricularly for controlling large lighting loads and motors. One of their hallmarks is
schabihity. However, like any other device. they are not infallible.

As contactors ars used for high-current load applications they are desipned to
semtrol and reduce the arc produced when the heavy motor currents are interrupted.

Other than the low current contacts. they are also setup with Normally Open
weetacts. These are devices which handle more than 20 Amperes cwrent and over
0 Eilo Watt's power.

The contactor has an AC/DC supply driven catl mput, This will depend on the
ent. This coil will mostly be controlled by a lower voltage PLC. They can
== controlled by the motor voltage. The motor may have series of coils connected
control the acecleration or even the resistance.

When current is passed through the contactor. the electromagnet starts to build
socucme a magnetic field. Thus the core of the contactor starts to wind up. This
Belps in energizing the moving contact. Thus the moving and fixed contacts
3 short circuit. Thus the current is passed through them to the next circuit. The
coil hrings in high current in the initial position. This reduccs as soon as the
ore enters the coil. When the cwrent is stopped, the coil gets de-energized and
contacts gel open cireurted [10]

Figure (3.12): contactor device.




3.2.4: Sensors

A sensor, {also relerred (o as o transducer) is an input device that provides a
usable output in response W a physival input For example, a thenmocouple gives 2
voltage output that is diectly related to the temperature it measures.

The following censidets a typical range of sensors, which you may come across
i distributed control system environments [11].

3.2.4.1: Thermocouple sensor

In production control systems, temperalure measurements arc very comimon.
Awarencss of temperature 1 particulurly important in siwatons where volatile
chemicals or flammable materials (e.g. oil, gas) are involved.

Thermocouple is consists of two dissimilar connectad conductors as shown in
“awre (2.03), which produce a voltage when heated, The voltage produced being a
“oction of the difference in temperature between the connection point (hot junction)
s other parts of the cireuil (cold junction).

The thermocouple like any deviee maybe have Advantages; such as scll-

semiained and cheap and it maybe have disadvantage such as; accuracies betier than |
- are difficult to achicve. And in our project we will wse thermocouple type 1.

Melal B

Figure (3.13): Example ol Thermaocouple devices.



3.2.4.2; Encoder sensor

Figure (3.14) shows a picture of a typical incrememal encoder, which is
nermally altached to the shaft of a rotating machine. Usually, an enceder is used (o
determine the spead of the machine and the dircction of rotation, As the machine
rotates. the mcremental encoder produces a series of square wave pulses, The number
of pulses produced by the incremental enceder during one complete revolution of the
attached shaft is referred fo as the encoder resolution. Internally, incremental encoders
operate by rolating & glass disk in the path of a beam of licht. The glass disk has a
serics of blacked out areas, or lines. on its surface as shown in Figure 15. On the
apposite side of the disk resides a phota detector,

Figure (3.14): Incremental Encoder.

in practice. meremental encoders usually have two pulse generatng channels.
setrred o as quadrature channels; A & B, These two channels are identical, but offset
= W degrees. This allows tha user to determine the direction of rotation in addition
W e speed. When the shall is rolating in a pesitive direction, channel A will lead
enc! B, However when the shaft rotates in the epposite dircction, channel B will
e channel A.
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Existence of the protection circuits is very necessary thing, also it connor be
<ispensed wilth in any application; whether in industrial applications or in commercial
spplications or whatever, because the protection circuits prevent rom the oceurrence
of any risk such as fires or shocks, also it is protecting all the human resources and
material resources| 12].

several techniques commonly provide isolation when designhing clectronic
scupment. Fuses or circuil breakers, for example, can protect both the equipment and
= operator from avervoltage conditions or surges of hich-voltage enersy. And now
%l be shown equipment’s which used in the prorection circuits.

<.1: Isolation Transformer

Adequate isolation hetween a power source and a user of cleetronic equipment
smsures the salety of that equipment. Given the high voltages that exist in modem
Sectronic vgmipment, proper isolation proteels an operator from contact wilh
seccssive electrical energy should a short eircuit vecur in the equipment. Isolation
“aesformers have represented o rraditional solution for providing high iselation in
secrronic crrewitry. Fven with the incrensed use of cfficient. switched-mode power
sseplies (SMPS), isolation transformers can improve the overall isolation of an
sectranic design wilthout severe penalties in added size, weighl, and cost,

Bolation transformers enable a varicly of electronic syslems to mest safery
sserements. Such systems include medical diagnostic equipment, compuler systems.
W felecommunications equipment. The systems may incorporate lingar power
e, SMPS, and sometimes a combination of both, A single isolation transformer
== Seip an electronic design mect all of ils isolarion fequircments. With proper
' Seiom design, an isolation fransformer can also help reduce the size and cost of the
wr-clectronics comiponents following it in a design.

A0 solabion transformer is considerably more effective than a full-wave bridpe
S5 in sereening electronic equipment from high input veltages. Untortunately, an
0 transtormer can add cost, weight, size, and increased cooling requirements to
=een. But 1t represents a reliable solution for inereased igolation. even for systems
Pz switching power supplies.

“= solation transformer can prevenl higher-order harmonic signals from
s the performance of adjoining circuilry. This is espeeially important in
e or other equipment incorporaling microprocessors, which relv on
smscally rich, high-frequency elock sipnals for their timing. Improparly isolated.
samonic signals can appear as interference to other functions in the system.
S=alting in excessive output-voltage ripple in the power supply.




Solation translormers are specified in terms of the amount of isolation that they
ede. usually miven as Lhe root-mean-sguare (RMS) voltage, as well as the power
eee m terms of volts-amperes (VA). Additional specificarions include efficicncy
o0 percent) and the lolerance of the voeltage regulation (in petcent).see figurc(4.1),

AC line Isoluted circuit
AL output

load

Figure(4.1): Schematie of an isolation ranstormer in a circuir,

Fuses

The fuses to be considered are current sensitive devices designed to serve as the
mtonal weak link in the electrical cireuit. Their function is to provide protection of

st components, or of complete circuits, by reliablv melung under current
=ead conditions,

Fuse characteristics: This characteristic of a luse design refars to how rapidly it
seds 10 various currenl overloads. Fuse charucteristics can he classified into three
s calegories: very [ast-acting, [ast-acting, or Slo-Rlo Fuse, The distinguishing
ot of Slo-Blo fuses s that these fuses have addilional thermal inertia designed to
sormal inilial or start-up overload pulses [13].

e choose fuse 7

mr=ms | operating current.
cation voltage (AC or DC).
sent lemperalure,
srioad current and length of time mowhich the fuse must open.
svenam available fault current,

ses. Surge Currents, Inrush Currents, Starl-up Currents, ind Circuit Transients.
sl size limitations. such as length, diameter. or height,
Seemey Approvals required, such as UL, CSA, VDE. METL, MITI ar Military.

See features (mounting type/form factor, casc of removal, axial leads, visual

B cie.) -

Suse holder features. if applicable and associated rerating (clips. mounting bloeck
g eeunt PC board mount, R.F.L shielded, cic.).

spication testing and verification prior to production.
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4,3: Larthing system

The earthing system plays a Very important role n a network. On pecurrence of
an insulation fault or 4 phiase heing accidentally curtied, the values taken by the fault

cutrents, touch voltages and overvoltage's are closely related to the type of neutral
carthing conmection.

A solidly earthed neuiral helps to limit avervoltages; however, it generates very
high fault currents. On the other hand, an isolated or anearthed neutral hmits Fault
cnrrenis to very low values but encourages the pecurrence of high overvallages.

In any installation. service centinuity w the pressnce of an ingulation fault also
depends on the carthing system. An unearthed neutral allows contimunly of service in
medium voltage, as long as the security al persons is respecred. On the other hand, a
solidly earthed neutral, of low impedance-carthed neutral, requires ipping © ralke
place on OECUTTENCE of the first insulation fault,

The extent of the dumage L0 SOMC equipment, such as MO0 and ponerators
having an imternal insulabon fault. also depends on the earthing system

The choice of earthing system. as much in low voltape as in medium voltage.
depends both on the lype of installaion and network. 1L i¢ also influenced by the type
<% louds, the service continuity required and the limitadon of the level of dislurbance
soplied 1o sensitive gquipment.

& 4: Circuit breaker (MCB)

A cireuit breaker 15 an automatically operaed clectrical switch designed to
—sect an eleclrical circuil from damage caused by overload or short circuil, fts hasic
Section is to detect a fault condition and inierrupt current Mlow.

An MCB 15 a modem allernative to (uses used in Consumer Units (Fuse Boxes).
Thev are just like switched which switch © when an overload is detected in the
weeuit. The advantage of MOBs over fuses is that if they frip, they can be reset . they
W offer 4 more precise ripping value, See figore (2.16)

o

Figure (4.3): Single phase cireuit breaker (MCDB).




4.5: Over load

Many peeple plan their motor protection around a fuse or breaker. Fuses and
freakers look at short-circuit current that happens afier the molor has failed.

Their job is o protect the power system [rom damage due to the level of short-
circui! current. When they go, it's already too late for your motor. For motor
srolection, you should ook to the overload relay in vour starter.

Overload relays (figare 4.4) are defined by thew protection Class. Protection is
sased on the amount of time it takes the overload to trnp al locked rotor current. A
Class 10 overload is faster that a Class 20 or Class 30 overload.

Figure (4.4} Motor Overload Protection

Another important feature is the overload ability wo recognize a single-phase
SeemSnon and trip faster. Many overloads have twe trip curves covering symmelrical
W= s=gle-phase tripping: most replaceable heater overload relays do nol,

The biggest mistake T see is the application of overload protection ar the motor
soale current, That assumes the motor 15 completely loaded. Many metors mun at
w 9% load. The owvercurrent protection should be applisd sliphtly abowve
SNING load current. nol full Toad current. This allows the overload telay to tell

semctiimp 15 wrong when you exceed normal running load current but hefore you
full load current. Take care not to get too close to the running load current in
0 reduce nusance lOppmy.

Seat xink

W many clectronic applications, temperature becomes an important factor when
¢ 2 svstem. Switching and conduction losscs can heat up the silicon of the

swone 115 maxmum Junction Temperamure (Tjmax) and cause performance

Sreskdown and worst case, fire. Therefore the temperature of the device must
Smed not to exceed the Tymax. To design a good Thermal Management
= T should always be kept at the lowest operating temperame,
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Heat sinks figure (4.5) are devices that enhance heal dissipstion from a hot
surface. usually the case of a heat generating componenl o a cooler ambient, usually
air, For the (bllowing discussions, air is assumed to be the cooling fluid. In most
siluations, heat rranster across the interface between the solid surlace and the conlunt
ar s the lead efticient within the system, and the selid-air interface represents the
areatest barrier for heat dissipation. A heat sink lowers this barrier mainly by
mereasing Lhe surfuce area that is in direct contact with the coolant, This allows more
Scal 0 be dissipated and/or lowers the device operating temperature. The primacy
purpose of 2 heat sink is to maintun the device temperatare below the maximum
allowable temperature specified by the devics manofacturer [14].

When selecting a heat sink, it 1s necessary to classily the air low as natural. low
Sow nuxed, or high flow forced convection.

Heat-Sink Types :

L Stampings: Copper or aluminum sheet metals are stamped into desired shapes.
They are used in traditional air cooling of electronic componenis and olTer a low cost
sation to low density thermal problems. They arc suitable for high volume
seodduction, and advanced tooling with hiph speed stamping would lower costs .

= Extrusions; These allow the formation of claborate two-dimensional shapes
cmable of dissipating large heat loads., ,
= Bonded/Fabricated Fins: Most air cooled beat sinks are convection limited, and
S overall thermal performance of an air cooled heat sink can often be improved
s ficantly if more surface area can be exposed to the air strcam .

& Castings: Sand, lost core and die casting proecsses are available with or without
“scwum assistance, m aluminum or copper’bronze.

= Folded Fins: Corrugated sheet metal in either aluminum or copper increasecs
Sartace aren and, hence, the velumetrie performance.

Figure (4.5 Aluminum heat sink.




4.7: Cooling fan

Fan motor is widely used to extend life ol your svstem by cooling ofT heat of the
system that many clectrical components are mounted in a very high density and
Sissipating heat. Figure(4.6) show cooling fin shape.

We can ronpghly divide fan into two types which are AC and DC. AC fan have this
prosperities: High performance, High reliability, and Salcly. Bul DC [ins have the
Sellowing prosperities: Low power consumption, High serformance, Low vibration.
Low leakage of flux, High relizbility.

“o choose the suitable fan, vou should followed the [ollowing steps:

1) Determining of vour svstem specifications and conditons.
2) Calculating the Required Air flow for Cocling.

3) selecting the Fan.

4) Confirming the Selscted Fan.

Figura(4.6): Cooling [an thal using i heaters




Chapter five: Design of the system

S.1:Motors parameter Calculations

5.2: Heaters parameter and calculations | 32
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S.1:Motors parameter:

Tahle(3.1): Name plates of the motors,[13]

We colleet the name plate for motors that used in production line in table (5.1).

Motor V AY FHz PilW rpm A AY Connecrion
roctmeetonl)s ok so L B ) i ) s il
Serews motors 400/690 50 37 2950 | 642537 A
B cxchaneeetor | ishien 150" Lo o oaes | enE | A
EImROE | a0 22 | 2s90 | 433 A
Feedermotor | ey | S0 e SR O oS e
g waaoo | so | 22 | 10 | sams Y
R B e ST W o el
Calenlations of motors
%-Heat exchanger for heaters,

Il = In = 4.94 eq.(3.1]

JIMCB =125+ In (3.2
= 12549 = 6.14

31 Size a contactor or frequency converter = 1.1 « Pin "icl” eq.(5.3)

=1.1=18=2iW

Wz complete the calculations processes for all motor and then putting the values in

Ehie (5.2).

Tanle (5.2): Sizing a protection elements.

2 OLAA MICBEA Contactor size KW
15 ) e
. 1.6 2 1
= 1360 = == s
1.6 2 1
S M olior || B I 4.3 i 25 i
B exchanger [or healers 49 fi 2
o exchanger for Screws molors. TR i S e s R S
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5.1: Heaters parameter

There are twelyve heater in the system and all heater work in the same power
and voltage, but the twelve heaters consists from three types that depend on diffarent
temperanures. Table(5.3) explain the power and voltage values for heaters.

Table(3.3): Name plates of the heaters | 15].

Heater Power/kW Voltage'V
@gﬁﬁﬁmmgﬁ Jili e = s SRS = o o=l 5. 1) PRSI s =)
Single phase heater 2 220
Calculations of heater:

A) 'T'hree phase heater:

FPOWET (W) g0

- Current = T 404 eq.(5.4)
- Fuse size = 404
- Size a solid state relay = 1.6 # curvent = 1.6 + 40 = 644 eq.(3.3)

B) Single phase heaters:

P 2000
}-Current = ;:-—E—;E- =04

2- Fuse size = 94

& Size n solid state relay = 1.6 » current = 1.6 +9 = 154




Chapter six: Analysis of the system
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6.1: Block Diagram

The work principle ol production line depended on the machine outputs, where
we have some levels o complete production operation, figare (6.1) explained the
zencral block diagram and show the main molors and actuators that are sharing on the
same PLC and HML In the following levels explained in block diagram how levels
work.

Three phase heaters system

Appendix "A"

1
Siemens s7

One phase heaters system

Appendix "A"

Heat Exchanger for Haters
Appendix "A"

Fans Systemns
Appendix "A"

Screws Motors
Appendix "A"

Heat Exchanger Screws Gear
Appendix "A"

Feeder Motors

Appendix "A"

Human Interface Machine "HMmI"

Vacuum Maotaors
Appendix "A"

Tracker Motors
Appendix "A"

Programmable Logic Controller "PLC"

Figure (6.1): The general block diapram.
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As we see in Tioure (6.1) there are several outpurs: heaters, serew mofor, cooling
lang, heat exchanger for serow gear, and heal exchanger for heaters. [eeder mator. and
iracker motor.

And for more details ahout the outputs and the main processes that relate with
outputs, vou can reter to appendix A which represent a block diagram for the system,

The outputs in block diagram are arranged as a sequence dependent on the priority
of works, block diagram begin in heaters, and the haaters are main condition Lo start
processes of the system, here m production line there 12 heaters used w converl the
PVC from solid state to liquid stale by using three type of heaters: barrel (on
cylinder), joint, dic (Heaters head). where used solid state relay o control in running
of the heatess |, heaters depend on special sensor which is called thenmocouple sensor
wsed as input with PLC | by thus scasor you can know the actual value of temperalure
on heaters (each heater has thermocouple sensor ),

After munning heaters, the heat exchangor works directly, o save tempareture of
Beaters. the heat exchanger runs depend on contactor. alsu the conling fans and
vacuum depend on contactors to mn.

There are three molors work by frequency converter, to be able on changing the
speed valucs as designed . the three motors are: screw motors which used to push Lhe
VO material, feeder motor used Lo tansporl the PVC o heaters. tracker motor used
@ pulling the plastic pipe. and tracker motor is connected with encoder scusor that
senid] cutting signal to cutting tools.

In the other hand there 13 funchional block diagram that explain the approach of
= production line, as we saw in figure (65.2).

Teecer Screw Tracker
motor mator
] Hesters o3yl Hesd =3 cocer

l anradnr

Cutting tools

figure (6.2): Functonal block diagram.




6.2: Flow chart

We can s¢e the sequence ol operalions, that cxplain the steps of productiom hine, and
appendix B shown these steps as Mow charl

Through the graph it is clear o us that the operation ol healers is the main condibion
for the start of the work of the produetion line, and then the screw moty is runting as
long as the temperature of the heaters higher than 150 degrees. aller these lwo phases
there are several oulpuls run Lo complete the work properly, such as coohing lans and
Beat exchangers. Then comes the [eeder motor running phase which does nol work
onby 1171t Teaches the speed of the screw to &) mun, and [hus works vacuum. And then
vou can run the tracker, Towever, the lracker works manual or Super automatic where
it works manually in case of maintenance and cleaning. [t should he noted that there
encoder sensor s used o measure the length of PVC pipe, which sends a signal to
cutter. And so on for every time,

6.3: Control Circuit design

Control circuit used w deseribe the basis of the work, where the PLC considered
the main part of the control circuit, that is made up of several Modules; whether
{Digital) or (Analog). And as we sce in appendix C which explaing several things:
first, it shows the presence of iselation wansformer that scparatc between 380V AC
and 220V AC o protect the power supplies, whether PLC power supply or another
power supply. Also used circuir breaker for protection processes. secondly. the phasc
line which transport from page one 1o page six to run the centactors by signal send for
(normally open) relay, and contactors work only if the overload of (normally closed).
Thirdly, CPU of PLC is consisting from digital (inputs/outputs) and analog pins, the
digital inputs are: first two pins used to connect encoder sensor, and the third pin
connect with emergency switch, the remaining pins are used to send an alarm signal
for the PLC, And the digital outputs are commected with solid stare relays for twelve
heater and others are connected with relays for different acmators, alzo we wonld use
another module {digital mput and cutput): because the pins in CPU are not enough,
fourthly, the input and output analog modules are used for different functions
cepending on modules tvpe, The tollowimg points explain this:

) Analog Input Module '"EM221' is connected with the currenl pins in Legueney
converter to read the actual current values.

2 Analog Input Module 'EM235 iz connected with voltape pins in frequency
converter to read the actual speed values for screw, feader, and traclker motors.

21 Analog Output Module 'EM232" is connceted with frequency converter, which it
wsed w grve the set speed value for motors,




4) The last three modules (Temperature Madulel "EM231") are used 1o read the actual
temperature in heaters. where it cannected with thermocouple sensar.

It should be pomied w the use of an insulator wires for connection herween
modules and between {fequency converters; in order to keep the eleetrical signal from
heing lost as a resull ol'a specific defect, such as the mipact of the magnetic figld,

6.4: Power Circuits design

The power circuit is representing the motors and heaters in the production ling, it
should has important parts cannot neglected, like main circuil breakers, overloads,
fuses, and freguency converter, you can tefer to appendix C to understand 10

The motors i power circuil are separating for two sections: meotors mn by
contactors and mators run by frequency converter, this is depending on application,
the frequency comverler use in analog applications. but the contactors are using in
digital applications.

6.5: PLC Tmplementation

We will address in this section a group of job titles that relate to the controller
and programming language,

6.5.1: PLC Hardware configuration

3 ! v v
G | 5 = 2
= 8 g g
T B i &
S w o =
B o 2 E £
E% T il [T}
z3 = 8 .
B

Figure (6.3): Hardware configuration ot PLC.



When we connect any thermacouple sensor in PLC device, we should know the
lype of that sensor. where exist many type sensor such as; J, K. T, E, R, S. and N.
because cach sensor has different hardware in DEP-switch at temperature module,
And you can see the different here in table (6.1).

Table (6.1} Thermocouple type to select configuration.

Thermoecouple type SW, SW2 WS,

= i) me—. il =

K i 4] 1

| KA | [l 0

E () 1 1

R | 0 Ll

= ] ] |

- N 1 i 0

F-BOmY 1 | 1

Now, we need to choose the sinlable ranges for your module model
[ UN 235-0KD2Z-0XA0) to Tull inpul. where you can do that by using DIP- switeh,
depending on table(6.2) 1o be able chose.

Table (6.2 DIP swilches conliguration Lo select the suilable mmge for Analog oatput
module.

Modules model | WS; | WS; | WSy | WSy | WSs | W8, Full Input
' 1=y DTy 1 UF [T =Sy
0 I 0 1 0 1| (0= 100) mV
| l BE D ] ] 1| (0 —500) mV
0 | 0 0 | I =YV
1 D& NIl IESN) 0 L -5V
] 0 0 0 0 L] (0 =20) mA
- - |0 T B I [ =R
UN 235-0KD22- || 0 0 ] 0 0 [=+25) my
OXA0 0 1 0 VST ) 0 | (—450) mV
' 0 0 1 | 0 0 | (=+100) mV
| 0 0: | 0 | 0 | (=+250) mV
0 1 0 0 | 0 | (=+500) mV
i L R T e [ 2 3 )
1 0 0 { B 0 |-+ V
I 0 e o [ 0 0 |=+5v
0 0 | 0 0 0 | (=Hnv




The CPL use in our project is CPU 224XP, And in tuble (6.3) explain the
muodules that use with CP1I and specified the modules addressas.

Table (6.3): PLC modules addresses

CPU 224XP EM223 | BEM231 | EM235 | EM232 | EM231 | EM231 | EM23
_AD-1 | AD-0 | DO | DI ATWE [ ATWI2 | AQWS | AIw20 [ AlwzE | ATW36
0.0 | Q0.0 [ Q2o 00| atws | ATWi2 | AQWI10 | ATW22 | ATW30 | ATW3SR
0 | Qo | Ql| 00| ATWE | ATWIG L |LAIW24 | AW | ATWAD
02 | Qo2 | Q22 | 100 [ ATwin | AIwls AIW24 | ATW34 | ATW42
03 | o3 [ealwe
04 | QU4 | Q24 | 100
105 | Q05 [ Q2500 ;

we | Qo6 | Q26| 100
T | gog [Qe7 ] 100 « :

Ho | oo | 930 | 0.0

il QLL 3l 10.0 i
2 | o2 | e32 | 0o

IEEEN R = : e

i1.4 0Ol.4 34 | 0.0

N Y OIS0 ngi o=l = = : = I i

¢ Ol | Q36 | 100
11.7 O ;@3‘3'—' e = = =
W0 | AOWD
1 MQWE' = = o 1l

6.5.2: Symbol table

Through a symbol table ( in appendix D | we can know the vanables of the

system and understand what each variable meaning, and we can refer to the address of
variable in PLC program by using it.

6.53: PLC program

The extruder program is existing i Appendix F. youcan referto in




6.6: HMI Implementation

The HMI is the sereen which used to connect between the syslem operations and
the workers 1n the production line. i consists of several sercens: the main screen,
heaters screen, mamtenance scroen, inverier screen, cutting screen. alarm screen, and
maintenance screcn. And cach sereen has specific function and works, he screens of
FMT 15 simulation for the program in PLC.

Figure(6.4) explained the main screen that include the production line { extruder)
with main components . such as ; heaters, cooling fans, vacuum, heat exchanger,
mators, feeder mator, and screw miotor, Also contains on swilches that moving from
main screen to other screens. In main sereen exist push-button used 1o run all
program, and without il the machine will nat work

Figure (6.4): Main screen,

Figure (6.5) show the heaters measurcment screen, this screen consists of push-
suttons for running heaters, referenee and actual vialues of the hearers temperature,
mclude also on push-butron used to ser reforence lemperature value for all heaters,




this way only uscd in the mtial stage of running the production line, and if you want
to enter the reference temperature value for speeilic heaters, vou must not usc sct
value push-button.

e L

HEATERS:

(S N

Figure (6.5): The heaters measuremeant screen.

W can control the speed of the motors by using frequency converter and as shown
i figure (6.6) there are three motors, The reference speed value and actual spesd
value must be almost cqual. Alzo exist twao ratios: the first, hetween screw and feeder.
Sceond, berween serew and tracker. And that ratio using for calibration processes.




Variable Changing Sal Valus Actual Value

Irackor Motnr (FF

Trackes Beverse LB

I o FEnw "'-‘l|_|l.;_|-r (N33 “
LOAD 0y CLIRAENT m

Figure (6.6): lnverter screcn.

Figure (6.7) explain the responsibility of the screen that runs motors on ov ofT;
such as, vacuum, heat exchangers. Where mutors maybe worked automatically or
manually, Depending om the corditionals work,

MATNTENMANCE

Figure (6.7): Maintenance screen,




Afier the completion of the previous stages, comes the stage thar cut plastic pipe

which happened by using encoder, figure (6.8) shown how to enter the reference
distance which is calle
cutting tool.

d desired distance value, at this vilug the encoder will run

Figure (6.8): Cutting screen, ‘

crrars that may be happenad through the wark.

Figure (6.9) explain the list of
the error when it happens. There is a lamp which

Where the crror signal appear beside
= lit when the errors happen.




Figure (6.9): Alarm screen.




6,7: Practical circuit of the system

In this section we will explain the clectrical and mechanical part in the system,
and we will compare between the previous shape and the present shape.

Figure (6.10) display the traditional components that use control panel. where the
panel consists of many push-buttons, measurement deviees, and many unimportant
patts in the new panel. And as shown in Ggure (6.11) thal explain the Chaos inside
panel.

Figure (6.11): The cennection inside the control panel.



After we design the cantrol circuit and power cireuil we hegan using miany steps,
the first step is building and choosing the suitable Elecirical cabinet to complete the
next steps. Seeondly, collecting all the parts that will be used in connection thirdly
connecting the power circuit and control cirewmit , [ourthly we should check the
connechon by using the digital multi-meter (DMM) deviee |, finallvy putting the
symbels for cach parts, Figure (6.12) show that.

Figure (6.12): Electrical cabinet .




Chapter seven: Results and Conclusion

Conclusion
After we finished from our project, conclusions are:

Any production line consisl ol several functions and equipment's, so analysis the
production ne and know the system paris ( inputs. processes, output) censidered the
unportant step i the project. And separate the project for many section 1s help us to
achieve the main peints, for example; temperature calibration and speed control. And
then we collect these sections o form the complete project.

Results

The production line processes mmproved from classic controlling to modem
technology controlling. by using the PLC program and HMI sereen. Now. most of the
previons problems in productiom line has been disposed of, the mainicnance process
becume easv, und the tracking of wire 15 not difficult as it were. In addition. when the
productiom line s runming, the workers will calibrate the machines without big cffort,
therefore saved time.

The controlling includes all the parts in production line such as motors, vacuum
pump, heaters, and pullers. Only by the human machine interface (HMI).

We are able to understand and analyze PLC programs and the machines, as well
a5 our ability to engage in the ficlorics and the industrial labor market, and we have
ability to leader any other project. and this the best result,




Challenges and Recommendations

Challenges

We faced many challenges during the implementation phase of the project, and we
tricd 1o oot rid of these challenpes as follows:

1} Hardware contiguration of PLCL
The PLC-87 200 15 configuring without need o do that as other PLCs.
2} The TTMI screen.
We faced several of challenges in HMI: First, we spent many of time to
brought the HMI program. Secondly, choose suitable series cahle which is
transporiing the data [rom PLC 0 HMI and vice versa. Finally, error in the
transporting process due to dilference in baud rate between PLC and HML
3) Frequency canverters.
We used three different Lypes of frequeney converter, and each frequency
converter has special software,
4) PLC program
Converter process of data [rom real W mieger and vice versa by using sculing

lihrary.

Recommendations

We have many recommendations that can contrthute to the provision of
improvements to the project, could have been done, but this need many time, These
recommendations ¢an be summarized in the fallowing points:

1) Use Tachozenerator sensor to mcasure the motors speed instcad of used
frequency converter becanse 1t is not accuracy like Tachogenerator.

2) Add the synchromization process between the main motors: serew, feeder,
tracker, because this process make the controlling process 1s very simple.

3) To complete implcmenting the PLC program by adding sika machine.
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Appendix B: Flow charts
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Appendix B: Flow charts
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Appendix C: Designed circuits
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Appendix D: pLC symbol tabje

S5ymbal ; Comment
SSRI

Solid Stare Relays
| Solid State Relaye
Solid State Relay7
| Solid State Relayg
| Solid State Relayg
SSR10 Qil.1 Solid State Relay1p

11 | ssR11 Q2.0 Solid State Relay11
Solid State Relayi2
; SCREW INVERTER OUTPUT FORWARD
14 | F_RUN Q2.3 FEEDER INVERTER OUTPUT FORWARD

15 [T _RUN Q2.4 TRACKER INVERTER 0UT P T FORWARD '
16 | T RUN Rev Q25 | TRACKER INVERTER OUTPUT REVERSE
o o W ot 2UTPT ReveRs:
18 | FaN2 | 027 FANZ OUTPUT
e e g

20 | FANA Q3.1 | FAN4 ouTPUT

21 | VAC out f Q3.2 | VACUUM GUTROT ’
| 22 AEAT EX1 OUT | o33 | WOTAR HEAT EXCHANGER1 OUTPyT
! HEAT £X2 ouT lu3;4

24

| OIL HEAT EXCHANGERZ 010 e
ALARM_OUT Q35 | ALARM OUTPYT

25 | euT ourt Q35 CUT OUTPUT
26 |cHi 0.0 CHANNEL1 FOR ENCODER
4 o 10.1 CHANNEL2 FOR ENCODER

28 | RESET 0.2 | ENCODER RESET
0.3 | EMERGENCE
30 | INV.S ALARM [ 0.4 isnnﬁwlwml'ﬁﬁ ALARM

| 31 ’rww_F ALARM  [1a 3 fFEEnEmmnTmm.am

32| INV_T ALARM | 106 [TRACHERIWERTERALARM

FANT A L10.7 FAN1 OVERLOAD ALARM

1.0 | FANZ OVERLOAD ALARM

1.1 | FAN3 OVERLOAD ALARM

FANG A 11.2 | FAN3 OVERLOAD ALARM

VACUUM A ‘ 2.3 VACUUM OVERLODE OVERLOAD ATARM '
HEAT EX1 A |14 | WOTAR HEAT EXCHANGERT OVERLOAD

HEAT Ex2 & |15 | OIL HEAT Fxcia NGERZ OVERLOAD '

(37

51

AIW20 | SENSOR]
52 AW2) | SENSORZ i
|

=Y
-ﬂﬂ%




e

[ No | Symbal ' Addres: | Comment -
'}2 53 Al'W24 | SENSOR3 7
43 |52 AIW26 | SENSOR4
44 | 55 AlW2s SENSORS
T AIW30 | SENSORg |
46 |7 AW32 | SENSOR7
47 |s8 AlW34 | SENSORg
48 |59 AlW36 | SENSORo
49 | s10 Alw38 | SENSOR10 y
[50 [s11 AIW40 | SENSOR1T i)
152 [s12 AlW42 | SENSOR12 _
52 | SPEED cong AQWO SCREW INVERTER SPEED CONTROL |
23| SPEED CONZ | Aawio | FEEDER INVERTER SPEED CONTROL
E& SPEED CON3 [ AQWE | TRACKER INVERTER SPEED CONTROL
56 | SPEED _FEED1 | Alvva SCREW INVERTER_SPEED FEEDBACK =
57 | SPEED FEED2 | Miwe FEEDER INVERTER SPEED FEED BACK
58 | SPEED FEED3 WE | TRACKER INVERTER SPEED FEEDBACK
|59 | CURRENT FEED | ALWI3 SCREW INVERTER. CURRENT FEEDBACK
B0 | H1 RUN MO.0 HEATER1 ON FROM HM|
61 | H2_RUN Mo HEATER2 ON FROM HM] =]
62 | H3_RUN M0.2 HEATER3 ON FROM HM][
ﬁjﬂ H4_RUN MO3 | HEATER4 ON FROM HMI
| 64 | H5 RUN MO.4 | HEATERS ON FROM HMT
€5 | H6 RUN M85 | HEATERG ON FROM HMI
66 | H7_RUN MO6 | HEATER7 ON FROM HMI B
67 | H8 RUN MO.7 HEATERS ON FROM B
68 | HI RUN M1.0 HEATERY ON FROM HM]
69 | H10 RUN M1.1 HEATER10 ON FROM HM]
70 | H11_AUN M2,0 HEATER11 ON FROM HMI ]
71 | H12 RUN M2.1 HEATER12 ON FROM HM]
72 |'s_run M2.2 SCREW INVERTER RUN FROM HM]
|73 _[[F RUN M2.3 FEEDER INVERTER RUN FROM BM]
74 | T RUN M2.4 TRACKER INVERTER RUN FROM EivI
|75 [T REV M25 | TRACKER INVERTER REVERSE FROM HMT "
| 76 | FANI RUN M2.6 FAN1 RUN FROM HM]
[ 77| FAN2 RUN 27 | FANZ RUN FROM fnj 1
78 | FAN3_RUN M3.0 | FAN3 RUN FROM HM]
[ 79 | FAN4_RUN M31 | FAN4 RUN FROM BM]
|80 | vAC_RUN M32 | VACUUM RUN FROM ra ]
81 | HEAT Ex1 M3.3 WOTAR HEAT EXCHANGERT RUN 1iMi
82 | HEAT Ex2 3.4 OIL HEAT EXCHANGERZ RUN HMI
83 | RUN_FLAG Ma4.0 RUN ALL MACHINE FROM HM]
84 | MAC ok M4, 1 MACHINE BEGIN IN WORK B
85 [Ems LM61 | EMERGENCE SOFTWARE FROM HMI i




—*

No | Symhbao| Address Comment i)
86 | | S1 REF VD4 SENSOR1 REFERENG VALUF FROM HMI
B7 |52 REF VD12 SENSORZ REFERENC VALUE FROM HMI
88 | S3 REF VD20 SENSOR3 REFERENC VALUE FROM HMI f’
89 | 54 REF VD28 SENSOR4 REFERENC VALUE FROM HM] |
90 |35 Rer YD35 | SENSORS REFERENC VALDE FROM HMI [
91 | 56_REF | VD44 | SENSOR6 REFERENC VALUE FROM HM]
92 | S7 ReF VD52 | SENSGR7 REFERENC VALUE FROM HM] )
53 | s8 RerF VD60 | SENSORB REFERENC VALUE FROM HM[
94 |59 REF VD58 | SENSORoD REFERENC VALUE FROM HMI
(95 |S10_Rer | vD76 | SENSOR10 REFERENC VALUE FROM HM]
{is; |'511_gEF | VD84 [ SENSOR1T REFERENC VALUE FROM Hmi
87 |512 ReF (vpoz | SENSOR12 REFERENC VALUE FROM HM] 1
98 |s1 acT VDO SENSOR1 ACTUAL VALUE TO Hpip
99 |52 acT VDS SENSOR2 ACTUAL VALUE TO HM] |
100 |s3_act | VD15 | SENSOR ACTUAL VALUE To HM] q
[ 101 |'s4 acT | VD24 | SENSOR4 ACTUAL VALUE TO HM]
P 02 |55 acT | VD32 | SENSORS ACTUAL VALUE TO M j
103 | s AcT | VD40 | SENSORSs ACTUAL VALUE TO Hm)
104 [ 57 aAcT | VD42 | SENSORT ACTUAL VALUE TO HM[
105 | s AcT | VDSE SENSOR8 ACTUAL VALUE TO pj
‘ 106 | 59 acT | VD64 | 'SENSOR9 ACTUAL VALUE TO HM] 4/
107 |s10 act | VD72 | SENSOR10 ACTUAL VALUE To a1 ]
108 | 511 AcT VD80 | SENSORT1ACTUAL VALUE T0 HM] 1
109 [ 512 act VD88 | SENSOR1Z ACTUAL VALUE TQ HM] |
110" | S SPEED REr VD100 | SCREW INVERTER_REFERENSE FROM HM|

111 [ F SPEED REF | vpiog FEEDER INVERTER_REFERENSE FROM HM]
112 | T SPEED REF | Voios TRACKER INVERTER_ REFERENSE FROM HMI

| 113 S SPEED Fep | VD112~ | scREwW INVERTER_ FEEDBACK TO HMj f
(114 |F_SPEED Feg [ VD116 | FEEDER INVERTER_ FEEDBACK TO HM] j
1 115 |7 seeeD rep [ VD120 | TRACKER INVERTER_ FEEDBACK TO HM]

| 116 | 5 CUR FED | VD124 | SCREW INVERTER FEEDBACK TQ HMI j
| 117 | Enc ger | ¥0122 | ENCODER REFERENSE VALUE FROM HM] 4}

[ 118 [ENC acT | vb13z ENCODER ACTUAL VALUE TO HMI




Appendix E: PLC program
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TNV _T_ALAFM 38 TEACKER INVERTER ALARM
LM na | VADULIM DVERLIAD




Malwork 22

||W ' F ALARM s
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Mach_ok MY S ALARM &_ALARM
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1 I 1 | N
“Symbo fiddegs | Comment A
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LHach ok M1 rschine EBegin i woee = =
|5_ALaAM | MER — [HwiouTRUT Sl =
Metwork 23
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Hetwork 30

[ et w1 alamn
tach ok HEAT EX.1 HEAT_EX7_A
| | | l 4 :I
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| Syrmbial | Address Cemment
[HEAT EXTA ~ MED HHI DUTPUT
[HEAT EX1 1.4 HEAT EXCHANGER FOR REATERS DVERLDAD
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