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ABSTRACT
DESIGN AND CONTROL OF JI SILICONE DISPENSER MACHINE

In this thesis, design and control processes ailidbne dispenser machine that
automatically executes the siliconizing operationL&€D modules that are the main

vision equipment of LCD TV’s, are studied.

The content of this study can be grouped into twainmtopics; namely,
mechanical design and automation system desigmechanical design processes,
firstty 3D modeling of the developed machine waawdr and according to 3D
modeling of the machine and specified criterionsd amethods, mechanical
equipments such as linear mechanisms, rotationathamesm, support and
connection equipments were selected. In parallelthis selection procedure,
manufacturing of the auxiliary equipments were exed. Finally, by using the
selected and manufactured equipments, mechaniceitraction of the developed

machine was completed through the mechanical adggmidzress.

In automation system design, firstly the automatemuipments such as HMI
(operator panel), PLC, servo motor sets and sengems selected. According to the
device terminals, wiring project was drawn and @mtions of these equipments
were done. Finally, the control devices were progred with ASD soft (for servo
drivers), WPL Soft (for PLC) and Screen Editor (Fivil) programs.

Keywords: Autonomous systems, Mechanical systems, PLC, cSenetors, Jl
process in LCD technique
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JI SILIKON SIKMA MAK INESINiN TASARIMI VE KONTROLU

Bu tez camasinda LCD TV Uretiminin temel parcasi olan LCDdilerin Ji
surecindeki silikonlamagllemini otomatik hale getiren Jl silikon sikma masmin

tasarim ve kontrolU anlatiimaktadir.

Bu calsmanin icergi mekanik tasarim ve otomasyon sistemi tasarinmaklaki
ana balik altinda toplanabilir. Mekanik tasarim surecindk olarak makinanin ¢
boyutlu modeli cizilmgtir ve makinanin ¢ boyutlu modeline ve belirli taslar ve
yontemlere gore Jl silikon sikma makinesinde kultaasi uygun olan diusal
mekanizmalar, doner mekanizma, destek vgldd ekipmanlari gibi mekanik
ekipmanlar secilmtir. Se¢im sirecine paralel olarakger yan ekipmanlarin Gretimi
gerceklatirilmi stir. Sonuc olarak secilen ve Uretilen ekipmalad&ularak mekanik

montaj sureci ile makinanin mekanik yapisi tamamigtr.

Otomasyon sistemi tasariminda, ilk olarak HMI, Plsgrvo motor setleri ve
sensorler gibi otomasyon ekipmanlari segitmi Sonrasinda cihaz terminalleri
dikkate alinarak kablolama projesi ciziktii. Son olarak control cihazlari ASD soft
(servo motorlar igin), WPL Soft (PLC icin) and Seme Editor (HMI icin)
programlari ile programlanstir.

Anahtar Sozcukler: Otomasyon Sistemleri, Mekanik sistemler, PLC, vBer
motorlar, LCD teknginde JI streci
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CHAPTER ONE
INTRODUCTION

The humankind has started to use several toolsdardo survive in the nature
since its existence in the world. Then these tbaig turned into simple mechanisms
in the length of time. During this transformationogess, by the change of the
priorities in human life, human has started to tise mechanisms for several
different purposes such as; to survive in the ratiar make the life conditions better,
to make a job by using minimum manpower and minimemergy. At the 21th
century this development process goes on with thvaraced machines. (Séylemez,
E, 2000).

Industrial automation that came to order in meckation process of the world in
recent years, minimizes the human factor in anpadiy the help of mechanisms or
machines. Industrial automation consists of indaistontrol and industrial sensing
equipments. At the present day, with new develogsén industrial automation
techniqgues, machine design and manufacturing heante easier and efficient. The
two main concepts in manufacturing sector sucthagjtiality and speed forced the
companies to prefer the machines that were desigvitd industrial automation
techniques. (Nitzan, D. & Rosen C.A., 1976).

By the new developments in industrial automatiahi®logies, there have been
important exchanges in both of industrial contnodl andustrial sensing equipments.
For example, the systems that are controlled tayseshnd by specific control circuits
have generally many disadvantages, in terms of costplex structure and difficult
fault determination so people tried to overcomes¢helisadvantages with new
techniques. Besides developments in automationnigebs, with the accordance
between hydraulic, pneumatic equipments and in@dlisautomation techniques,
industrial automation concept has become more &aokepin every production
sector fields. (Hametner, R. & Zoitl, A. & Semo,,\2010)



Industrial automation concept has gradually becaffective in engineering
fields. In the past, engineering was built on gahéranches which are indirectly
related with industrial automation such as electiectronic and mechanic but today
there are some specific branches directly concettm imdustrial automation such as
automation engineering, industrial design engimegri control engineering,
mechatronic engineering. In these branches, systedeling and automatic control,
robotic systems, kinematics, power electronic, elded software, industrial control
system design, industrial sensing, image processiydraulic, pneumatic, artificial
neural networks, artificial brain etc. techniques anainly investigated. Industrial
automation systems that are based on these tedspigere developed in order to
use in several basic industry branches such asnsiefeautomotive, electronic
household equipments. For example, in 2007, SyedAtaned realized a successful
study that contains to transform an injection muddimachine with relay control
panel into micro controller based control systerhr(®d, S. F., 2007). In 2003, Kay-
Soon Low and Meng-Teck Keck developed a prototyyaeipion linear stage that
has a positioning accuracy of 1 micrometer and &imam speed above 1 m/s. A
permanent magnet dc linear motor was used in thieisyas the actuator to eliminate
the need for mechanical transmission from the ydtatinear motion. In order to get
a fast and accurate closed loop response, theylopexk a state space predictive
controller and a dynamic friction compensation sgsfor the precision stage. (Low,
K. & Keck, M., 2003). Pla, F. et.al have developeslystem about intensive fruit and
vegetable sorting that is a common task in proglactiegions. The produce is
classified according to quality levels that areatedl with maturity degree, weight,
size, density, skin defects, etc., in order to miet market standards. They
mentioned that the most important of these taskmiire the automatic visual
inspection. A distributed and scalable system éotisg automation was consisted of
a central control unit, a user interface and s@magt, a set of weight modules, a set
of vision modules, a set of output control uni®la( F.& Sanchiz, J.M.& Sanchez,
J.S. , 2001). Anwar et.al discussed Human Machmerface (HMI) system and
OLE for Process Control (OPC) and their roles, dowmtion and functionality in

industrial automation technology.



They mentioned that HMI basically consists of th@mponents that represent
industrial devices e.g. motors, pumps, valves,dardpers etc. This study shows the
place and the importance of HMI devices in an imdais automation system.
(Anwar, M.R. & Anwar, O. & Shamim, S. F. & Zahid,.AA., 2004). Hanlon
discussed several typical applications of AC driviesndustrial automation. The
specific applications are related to requiremeatsdfrive performance and features
and also the capabilities of AC drivers such asnghey the speed and torque
according to process conditions. This study showes advantages of the motor

drivers in automation technology. (Hanlon, D. , 200

LCD TV manufacturing is one of the biggest sectoelectronics and industrial
automation is used in several applications in thiédd. The most important
component is LCD in LCD TV manufacturing sector.akidition to LCD, there are
some special components such as COF (chip on &hd)PCB. A special system is
used in order to bond electronic components sudtCiy COF, PCB to each other.
This technique is generally called as “JI procasg’LCD TV manufacturers. The
purpose of this process can be summarized as lgptidenhundreds of conductors
placed on LCD, COF and PCB components within 20cameter sensibility. There
is no doubt the manufacturing system that exedtisgprocess should consist of top
level equipments and techniques. This system ikedas “JI bonding line”. JI
bonding line that is shown in Figure 1.1, generblg 13 units placed sequentially in

a typical LCD module manufacturing factory.

Figure 1.1 JI bonding line



In JI bonding line, LCD’s that are called as puedl are given into the machine.
Some operations about micro level bonding are dredcan pure cells. After the
bonding operations of PCB, LCD and COF, pure LCl@doees LCD module that
has all the parts that it needs to show an ima@® module is as shown in Figure
1.2.

Figure 1.2 An example view of LCD module

LCD modules are taken by process control membeth @$d (electrostatic
discharge) protected clothes from unloader unitldfonding line. Although bonding
quality of PCB, COF and LCD is checked by imagecpssing techniques in JI
bonding line, some mechanical tests should alseafygied to modules. Image
guality of modules is checked with test patternsl aadhesion force of the

components is checked with mechanical tests byggsocontrol members.

There are 6 operation steps that were executed fopekess control members in
manual test and siliconizing process. When an LGidute came to unloader unit of
JI bonding line, as the first step, one of the teembers goes to take LCD module
from unloader unit and then brings LCD module &t tables as the second step. As
the third step, test members apply visual and mechhtests to LCD modules then
as the fourth step, they place them to test-oletalAs the fifth step, member that is
responsible for manual siliconizing, brings thenthte manual silicone machine and
as the sixth step member executes manual silicaninperation and place LCD
module on siliconized LCD module table. These socpss control operations are as
shown in Figure 1.3.
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Figure 1.3 LCD module test and siliconizing ggsses

Manual silicone machine is used to siliconize thedoles by using image
processing technique with millimetric sensibilipfanual silicone dispenser machine

is as shown in Figure 1.4.

Figure 1.4 Manual silicone dispenser

There are two main reasons to siliconize LCD maslu@ne of them is to fill the
gap between COF and LCD conductors. In this gaf) k@nductors are open to air

influence, this situation can cause oxidations @DLmodule conductors.



Silicone also called as “tuffy” prevents this oxida and also possible problems that
can appear on signal transmission. Second reasseiidonize LCD modules is to

increase adhesion force between COF and LCD’s. In@idule with silicone and

LCD module with no silicone are given in Figure.1.5

- - c0 Silicone {tuff
COF leads Uncovered Gap COF leads flutty)
covered area

AN N

LCD leads

LCD leads

Adhesive Adhesive
ACF

ACF
Figure 1.5 LCD modules before and after silizing operation

Silicone should be injected to cover whole COF'gyate and source edges. Since
some parts of LCD module are not effective on digremsmission, silicone is not
injected on these parts. This application prevenéssential siliconizing. Target
areas for siliconizing operation for 32 inches L@Ddule is as shown in Figure 1.6.

Source side
PCB silicone line

Source
side cof

Gate side
silicone line

Gate -
side cof

Figure 1.6 Target areas for siliconizing operafmm32” module

If we consider a Jl bonding line with 23.5 secomgsle time, these manual
operations will repeat almost 2400 times and carsea big loss of manpower and

time. It is obvious that it is necessary to make thixpss more efficient and fast.



For an efficient and fast carrying and siliconizimgpcesses, a machine that makes
manual operations automatically must be developkdilicone dispenser machine
was designed with purpose of full automating fonoed operations. Making manual
operations automatically with a machine providetaseduce process control and
silicone operator quantity from 4 to 2. There Wil only 2 pieces test members with

no silicone operator.

In this thesis, a JI silicone dispenser machinelde®n designed, constructed and
controlled through the use of the main elementaroindustrial automation system.
The developed Jl silicone dispenser machine catidoeissed in two different topics;
namely, mechanical design and automation systemgrdé&/e explain the details of

these topics and give the summary of subpartsisthiesis in the following:

1) In mechanical design, the mechanical operations of JI silicone dispense
machine are described and the mechanisms that texdgmmachine operations are
selected according to basic working principles loém. 3 dimensional drawing,
mechanical hardware selection, equipment manufagt@nd mechanical assembly

are the main parts of our mechanical design.

* In 3D dimensional modeling part, draft drawing is drawn with Solidworks
drawing program by considering specified basic wuaglprinciples and estimated
dimensions of the equipments. Mechanical partyfieze drawn separately, then
these parts are assembled in the same programrdhegao 3D draft drawing,
there are 5 basic mechanical parts as 1 pieceyraxss and 4 pieces linear axes.

* In mechanical hardware selection part, primarily technical expectations for
mechanical moving equipments are defined. These eaapons are
controllability, positioning accuracy, speed, séguand cost. We specify our
purpose to catch the best conditions for these @apens. Mechanisms in Jl
silicone dispenser machine are chosen for 5 diftg@nts as 1 piece rotary axis
and 4 pieces linear axes. With these joints machwuie able to move in

cylindrical coordinate plane.



In equipment manufacturing part, equipment manufacturing and preparing
operations that executed in workshop for LCD modigivery tables and screw
holes of motor flanges are discussed.

In mechanical assembly part, connection methods of mechanisms to floor and
each other were mentioned. In addition, the equigenthat were used in order to

reach optimal conditions in vibration and balantenachine were mentioned.

Ii) In automation system design, working principle and structure of automation

equipments used in machine manufacturing and pmograg details of these

equipments are mainly studied. The details aboetsilection of control devices

such as PLC, HMI and motor drivers and sensingpeqgents, electrical connections

and software are given.

In control devices and sensing equipments selection part, selection principles of
industrial control devices as PLC, motor drivereigtor panel and industrial
sensing equipments as sensors are discussed. Bynhdipe of criterion in
automation equipment selection, specific standardsdeveloped for Jl silicone
dispenser machine.

In wiring project and connections part, drawing steps of wiring project that was
made by using Cofaso as one of the most preferisdgyprogram and wiring
project drawing standards that helps people who teeewiring project to
understand it easily, are realized. In additionwining project, basic wiring
principles and operations as numbering of the calile wiring project,
determination of cable types used in both panel asdote equipments are
determined.

In software part, programming details of industrial control devigeslI silicone
dispenser such as operator panel, PLC and senersliare implemented.



The rest of this thesis is organized as follows:

In chapter 2, we discuss the mechanical desigrs stépleveloped Jl silicone
dispenser machine. 3D modeling, mechanical hardwealection section, auxiliary
equipment manufacturing and mechanical assemblytregemain topics that are
explained in detail.

In chapter 3, we discuss the automation systengmaseps. Control equipments
and sensing equipments selection, wiring projeatvdrg, connections and software
of the control devices are the main topics thateam@ained in detail.

In Chapter 4, we discuss the improvements that beemwed after we developed
JI silicone dispenser machine. We consider the Stesuch as sensitiveness,
manpower, production speed, employee cost, def#wd, relectronic/mechanical

based malfunction.

In Chapter 5, we discuss the results and possiigpeavements that will affect the
cost, safety and accuracy of the developed Jbsiddispenser.



CHAPTER TWO
MECHANICAL DESIGN

In this chapter, we focus on the mechanical construction of the developed Ji
silicone dispenser machine. Essential subtasks of Jl silicone dispenser machine in

terms of mechanical design, can be given asfollows:

) Takes LCD module from the unloader unit of JI bonding line,

i) Moves the LCD module in order to contact to silicone injector,

1) Moves LCD module in order to siliconize the gate edge of it,

iv) Moves LCD modulein order to siliconize the source edge of it,

V) Rotates the LCD module in order to place it on module delivery table.

In order to accomplish these sub-tasks, we provide following mechanisms:

1) A linear mechanism in order to bring LCD modules horizontally from
unloader unit of JI bonding line

i) A linear mechanism in order to move LCD vertically.

iii) A linear mechanism in order to carry the mechanisms that was mentioned
ini,ii,v and siliconize the gate edge of LCD module.

V) A linear mechanism in order to siliconize the source edge of LCD module
horizontally

V) A rotational mechanism that places LCD modules on module delivery
tables.

The flow chart that illustrates the mechanical design steps of our proposed
industrial machine is shown in Figure 2.1. In the following subsections, we discuss
each step in detail.

10
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l l
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|

Figure 2.1 Mechanical design flow chart

2.1 3D modeling of the developed machine

3 dimensional design has been came into use imeegng studies with CAE
(computer aided engineering) principles in recemfarg. According to CAE
principles, engineering studies are executed witasic steps as design, analysis and
manufacturing. Design step of CAE is executed WikD (computer aided design)
programs such as Autocad, Catia, Proengineer, 8alid. In this study, 3
dimensional draft drawing is performed by Solidweodtawing program. According
to 3 dimensional drawing principles, first mechahiparts are drawn with “parts

modeling” methods and then these parts are assémble

In 3 dimensional design of JI silicone dispensechirge basic purpose is to create
and determinate mechanical joints of the machiaé ¢bnvert manual operations to
automatic machine steps after the unloader unlt bbnding line. Since all details of
mechanical parts might change, to create a cemaubels of parts with real sizes is
not a purpose of 3 dimensional drawing. Therefoopplsion methods and bearings

in mechanisms are not shown in 3 dimensional dirafiving.
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In draft drawing, mechanisms of Jl silicone disggnmachine are designed to
develop faster, practical and reliable machine #hadcutes target processes. After
assembling of the parts, JlI silicone dispenser madhecame capable of moving in
cylindrical coordinate plane.3D model of developédilicone dispenser machine is

as shown in Figure 2.2.

Figure 2.2 3D model of JI silicone dispenser maghin
2.2 Mechanical Har dwar e Selection

Technical criterions were primarily identified forechanical equipments in order
to determination of mechanical hardware in defBile most important criterions

while choosing the mechanisms of JI silicone dispermachine were specified as

follows:
)] controllability
1)) positioning accuracy
i) speed
iv) safety
V) cost

We specified our purpose to reach the optimal ¢awdi for 1 rotary axis and 4
linear axes with the guidance of these criteriadhsilicone dispenser machine with

its 5 axes was designed with a motion capabilitgyiimdrical coordinates.
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Detailed investigations about these axes were maquain the following 2

subsections; namely, linear motion mechanisms atational motion mechanisms.
2.2.1 Linear Motion Mechanisms Selection

In this subsection, firstly the types of the lineaechanisms of JI silicone
dispenser machine were discussed. Pneumatic andr rpadpulsion mechanisms
were compared in terms of controllability, positiwy accuracy, speed, safety and
cost.

The most widely used linear mechanisms in the siracof small and middle
sized industrial machines are pneumatic mechanamselectric motor propulsion
mechanisms. These two basic linear mechanism tyees investigated and then
compared with the criterion of controllability, ptisning accuracy, speed and safety

by leaving the cost criteria to end.

In pneumatic mechanisms, motion elements suchsasmp(cylinder) and gripper
are moved by compressed air from an air pressunesoPistons are linear motion
mechanisms working with the compressed air thatliegpto its air inputs.
Compressed air is directed by pneumatic circuitmelats such as valves and
venturies. Pneumatic valves control the compressedvith logic signals. Unless
proportional valves are used pneumatic motion egaigs can be controlled only
with logic commands. This deficiency prevents tontcol acceleration and
deceleration motions continuously especially in tcadnof main carrier linear
mechanism that has high load inertia. In additlogic based controlled pneumatic
mechanisms can not support fast start-stop anealefh operations. Therefore a
mechanism that has a problem to stop at targetiposiecause of high load inertia
is also doubtful for safety, it would be a sericdmmages in machine parts and
serious injuries for workers. Beside safety, pdssipositioning problem of
mechanisms can cause errors in siliconizing opmratince siliconizing operation
needs high accuracy in positioning, even millineejpositioning errors for linear
mechanisms would cause problems such as loss efand manpower, deceleration

of production line.
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If we consider cost, it can be said that pneunmlat&ar mechanisms are cheaper
than motor propulsion mechanisms. However, if tteeimme construction had been
assembled with pneumatic mechanisms, we would haed feedback equipments
such as proximity sensor and linear scale. In sifigation, we would develop a
control circuit like a motor driver to drive linearechanisms continuously. The cost
for sensing and control equipments used in pnegmachanisms would bring away
the cost advantage of pneumatic mechanisms. Inlegion, in determination of
linear motion mechanisms of JI silicone dispensachime, motor propulsion linear
mechanisms are proper than pneumatic linear mesingniaccording to the
controllability, positioning accuracy, safety anueed criterions. When we consider
driver advantage of electric motors and all disadizges of pneumatic based linear
mechanisms, it is obvious that the cost of motaspplsion mechanisms is in
acceptable level. In conclusion, pneumatic moti@tinanisms are not proper to use
in JI silicone dispenser machine but pneumaticahwig equipments such as valve
and venturi should be used for compressed airfeats special equipments such as

silicone injector and stage vacuum points.

After determining linear mechanism types as motapplsion mechanisms, it
should be determined which type motor propulsiorcimeisms should be used in
machine. When we investigate motor propulsion meisihas, it can be said that
linear motors are the most advanced mechanismsn\Whkeconsider general linear
motor structure that is shown in Figure 2.3, we sayithat stator of a standard motor

is distributed onto a line.

In standard motors rotation supplied by magneticédetween stator and rotor.
In opposition to standard motors, motion is sugbhg the magnetic force between
stator and mover (linear motion stage) in lineartar® Structures of linear motors

provide them advantages at start-stop and accelerd¢celeration motions.



15

Stator Assembly

Magnet Assembl_y |
T

Figure 2.3 Linear motor structure (http://www.aayamuhendislik.

com.tr/lineermotor.pi2®11)

Linear motor mechanisms exceedingly meet contriiyab high positioning
accuracy, safety and speed criterions but the adtthe procurement problems of
linear motors prevent to choose this mechanismJfailicone dispenser machine.
Therefore other linear motion mechanisms were itmyai®d.

Linear motion mechanisms used in industrial machranufacturing generally
were composed of bearing elements on aluminum attbmelements that move on
bearing elements. The main principle of linear motmechanisms is to convert the
rotational motion supplied by motor shaft to a fiasls linear motion. In this case for
a faultless linear motion, it can be said that oh#he most important parts of a linear
mechanism is the guide. If linear guide is not gendugh, linear motion will not be
as we expect. The parts that used as guide a@ lia# and shafts. The stage on the
linear guide is connected from holding points te fuide. Mover stages should be
mounted on linear guide in form that stage canwimtate or leave from the guide
while stage move on guide direction. An examplelioéar guide structure is as
shown in Figure 2.4.
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Figure 2.4 Linear guidelanover stage (http://www.makina-market.

com/tr/dogrusal-hareketamleri/blok-yataklamlar.html, 2011)

2.2.1.1 Main Carrier Mechanism Selection

At the present time, small and middle sizedustrial machines assembled with
the linear mechanisms that were based on lineadegstructures. Jl silicone
dispenser machine mechanisms are based on linade gnethod, have been

determined according to the following specificaion

)] Bearing type

i) Maximum speed
i) Load capacity

V) Propulsion method
V) Length

Vi) Section

vi)  Cost

The first investigated mechanism of JI siliconepdizser machine is main carrier

linear mechanism. It was planned to carry 3 difietmear mechanisms as shown in

Figure 2.5.



17

Figure 2.5 Maiarrier mechanism

Main carrier linear mechanism was designed withppses as to take LCD
modules from unloader unit then to siliconize traegside of LCD modules and
finally to bring siliconized LCD module to LCD moldudelivery tables. In our case,
when limit sensor margins are added to motion desteof the mover stage, whole

length of main carrier mechanism is calculatedG®cntimeters.

A linear motion bearing can be done practically gassing the linear guides
through linear bearings placed into the mover stagehown in Figure 2.6. This type
of linear bearing would have a little cost. Howeverachine parts make same
motions 2400 times in a day with 23.5 second ciioie.

In addition to loop quantity in a day, when we thabout 200 centimeter length
of main carrier linear mechanism , it is obviouatth deflection would occurs on
guide shafts and ball screw with the effect ofltbe on mover stage. In this type of
bearing, millimetric positioning errors occur. Tafre bearing with unsupported

linear guide shafts was not preferred in the mamier linear mechanism.
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Figure 2.6 Bearimigh unsupported linear guide shafts (http:
/Iwww.makina-marketm/tr/dogrusal-hareket-sistemleri/profil

-ici-yataklamlamtit 2011)
Instead of using unsupported guides in bearingorder to solve deflection

problem, it had better to fix them to the stagearf3®y with supported linear guide

shafts are as shown in Figure 2.7.

Figure 2.7 Bearing witipported linear guides (http://www.makina-
market.com/tr/dogrusatdieet-sistemleri/modul-yataklamalar/174-
dkm-32-vidali-modul.htn2i011)

In investigation about linear mechanisms,ddition to linear ball bearing based

mechanisms, it can be said that linear mechanibatsstas composed with carts are

also popular bearing equipments.
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Inner surface of these carts are covered with lba@dirings and they can move on
several sized linear rails. The typical carts aeslaown in Figure 2.8. (Can, M. &
Gavas, M. &lpek R., 2004).

Figure 2.8 Lineartdaall bearings (http://www.redomayer.com/

lineer.htm, 2011)

The bearing type that has shown in Figure®roller type bearing. In this type

there is no ball bearing, mover stage is placechdnvith rollers.

Figure 2.9 Roller type bearing (http://www.kozanlinendislik.com/
index.php?MenulD=94, 2p1

3 bearing types that were discussed are the me$trped bearing methods in
industrial machine design and these methods apepto use in Jl silicone dispenser
machine but the best one of them must be foundoatg to investigation about
bearings, mechanisms with linear bearings are sldaen the other mechanisms

with average 2 m/s max speed.
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Bearing in linear mechanisms is very important abagidity. As shaft length
increase, strength of shaft to vertical loads deswe so deflection on shaft increases.
Although guide shafts are fixed to the stage, d&fi@ occurs also depending to
shaft section and load. Since deflection in maimi@amechanism for siliconizing

operation, both linear bearing methods were elected

Mechanisms with roller type bearing are fadtean mechanisms with linear
bearing with average 2.5 m/s max speed. Howevdlersoare connected to rail
directly therefore failures can be seen on movihgtage depending on deformations

on rollers.

Linear carts allow mechanisms to move fadtantother two bearing methods
with average 2.5 m/s max speed. In addition, loggiacities of mechanisms with
linear carts are higher than mechanisms that dook@ther bearings. Finally, if we
consider the cost, it seems that linear cart egeigsare not the cheapest method
among the bearing types but when we consider tier @idvantages of linear carts, a
little difference in the cost seem to be acceptalbleeonclusion, among the bearing
equipments, linear cart method was preferred to insmain carrier mechanism

depending on the criterions such as maximum lopdaty, speed and cost.

Choosing of support profiles that was gengralbde with aluminum are very
important in linear mechanisms. The section of supprofile used in main carrier
mechanism was determined as 90 mm*180 mm dependindength of the
mechanism and load. Preferred section of profilenisugh to prevent the vibration

that occurs during the motion of mover stage.

There are two basic propulsion methods used imtingtion mechanism such as
trigger belt-pulley and ball screw. When screw Isallicture is examined, there can
be seen a shaft that was shaped as a screw andhanball screw passes through it.
As working principle of ball screw, depending onat®mn of a motor shaft that was
connected to ball screw, nut will move linearly hwia linear guide. In this case,

rotational motion of motor shaft is converted toelr motion.
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In order to decrease the friction between nut aaltl drrew, balls were placed on
inner surface of nut. Balls can move through spefennels and help nut to move

easily.

In ball screw propulsion mechanism that is showirigure 2.10, there are two
important equipments such as motor side and ersl mbese fixed nuts are chosen
depending on ball screw section but at the same, fitnts very important to fix these
equipments to mechanism well. If we don not pagraibn to fixing position and
strength to stage of nuts, it causes noise anddaerages on nuts and affects linear

motion and maintenance frequency of mechanism.

Figure 2.10 Ball screw equipments (www.nskeurope.tdcps/

rde/xchg/eu_tr/hgusinler-vidali-miller.html, 2011)

In application of ball screw, there are feweasions such as maximum dynamic
and static load capacities, critical speed andtitwgsfactor. Depending on these
criterions length, section of ball screw is detered. Because of critical speed, ball
screw based mechanisms can not be moved verylLfastations about speed, load
and twisting factor prevent the manufacturing & tall screws more than 1 meter
length. Instead of manufacturing long and thickl lsafews, generally trigger belt-

pulley pair is preferred.
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In a trigger belt-pulley mechanism, tense triggeit bs placed around fixed
pulleys. Trigger belt is passed through a movegesthat as placed on a linear guide
with a bearing. Similar to gear-chain mechanism,thes motor shaft rotates the
pulley, mover stage make a linear motion with teplof linear guides. An example

of trigger belt-pulley mechanism is shown in Figar&1l.

Figure 2.14ddgger belt-pulley mechanism (http:
Iiwww.makingarket.com/tr/dogrusal -hareket-

sistemlertgidama-ekipmanlari.html, 2011)

Load on mover stage is calculated 25 kg by consigaall equipments on main
carrier mechanism. In this case firstly, an in\gggtion was executed if a trigger belt-
pulley based mechanism can carry this load witltesg or not. Depending on the
application direction to mover stage, maximum loagacities of a linear mechanism
that has a profile with 90mm*180mm section, areshewn in Figure 2.12. This
mechanism has a load capacity as 550 kg in vedicattion to mover stage. In this
case this mechanism can carry the load of mainecarrechanism as 25 kg without
any problem. In addition, equipments on mover stagee total of 60 cm length.
Even the situation that the gravity center of teipments are on top point of the
equipments on stage, moment on mover stage (25GM*& 150 Nm) remains less
than MZ moment (209 Nm).
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Figure 2.12 Loadlanoment data of 90mm*180mm section
linear mechanism (http://www.makina-market.cofdtigrusal-
hareket-sistemleri/modul-yataklamalar/triger-t&lmnoduller

/43-lineer-trigeadul-90x180.html, 2011)

After we see the disadvantages in ball screepylsion mechanisms, about
maximum speed capacity of trigger belt-pulley baedar mechanism that has

profile with 90mm*180mm section was investigated.

Linear mechanism that we have considered,5ha¥/s maximum speed. This
maximum speed value is almost twice ball screw dasechanisms that have same
sizes. Beside the speed advantages, trigger bidtypased mechanisms capture

attention with low cost.

After all investigations depending on criterion mmximum speed and load
capacities, propulsion method , length , profiletiom , cost, a trigger belt-pulley
based mechanism with 90mm*180mm profile section agwoved to use for main

carrier mechanism.

2.2.1.2 XU Sde Slicone Mechanism Sl ection

In order to siliconize from 26 inches to 3¢hes modules, length of source edge
silicone mechanism was determined as 1.2 meteraritbe remembered from the
research results done for main carrier mechanistlémgth of a ball screw based
mechanism more than 1 meter is not appropriatesto bn this case source edge

silicone mechanism should consist of trigger beltgy.
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In order to choose this mechanism as a triggerpadley based also will make it
very fast. The load that is carried on mover stafjesource edge mechanism is
almost 1.5 kg therefore to use a mechanism withr880mm profile section will
be proper. There are mechanisms that have les8@mam*80mm profile sections as
45mm*45mm but since source edge of 37 inches modulery long, in order to
prevent the vibrations on silicone injector, settal aluminum support profile was
determined as 80mm*80mm. Since the length andlpreéction of the mechanism
are small, to use a linear cart as the most reliabaring equipment does not cause
very big cost. In conclusion, a linear trigger Hmilley based mechanism with
80mm*80mm profile section was preferred for souedge silicone mechanism as

shown in Figure 2.13.

Figure 2.13 XU side silicone mechanism

2.2.1.3 LCD Module Carrier Mechanism Salection

Instead of using a mechanism to take LCD mesiditom JI bonding line and
carry them to test tables, a fixed stage with 18@timeter length could be used .
However even a possible deflection in vertical cdien as 1 mm could cause the
silicone operation to be unsuccessful. In ordeprevent this problem, when a 100
centimeter fixed stage that is made even with abwmi with 100cm*40cm*3cm
sizes, cost of the fixed stage will be equal toadincost of a linear motion. In
addition to cost, it is not certain that there widit occur deflection and vibration in
time. Because of the risks as cost, deflectionvamichtion issues, fixed stage was not

used.
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Instead of using 100 cm length fixed stage¢c®0ength linear mechanism with a
60 length mover stage was preferred. Depending ostlyncost factor linear cart
based mechanism was used and support profile ghéohmanism was preferred with
45mm*90mm section. A linear mechanism with 45mm*®@mrofile section can
prevent effects of the vibration caused by motidrmain carrier mechanism, on
LCD modules. Since the length of the LCD moduleriearmechanism that is as
shown in Figure 2.14 is less than 1 meter and tlser® speed problem for 60 cm

length, propulsion method of this mechanism is meitged as ball screw.

Figure 2.14 LCD moduabarier mechanism

2.2.1.4 Vertical Motion Mechanism Selection

Vertical motion mechanism make its motion agato gravity force that caused
by equipments on this mechanism. In ball screwdasechanisms, it is very hard to
move the stage by applying the force on mover stagee only the ball screw based
mechanisms help to hold mover stage against tatgriorce, ball screw propulsion
is preferred for vertical motion mechanism. Veitigaotion mechanism was
determined with a capability to carry rotational tan mechanism, LCD module
carrier mechanism and other support and assembhblpregnts.

In addition to load capacity, rotational motions\artical motion mechanism are
a very important factor in determination of thisananism. When we consider the
rotational motions that repeat 2400 times in a dkais obvious that there will be

rotational strains on the fixing points of moveagd# connected to linear guides.
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In this case, to use a roller type bearing seelogichl. Beside this, the length of
vertical motion mechanism is 40 cm and to make ibgaof the mechanism with
linear cart method is also proper for the cost.eAm motion mechanism with
45mm*90mm profile section that is as shown in Fegw.15 is preferred by

considering propulsion method, bearing method aadhanism length.

Figure 2.15 Vertical motion mechanism

2.2.2 Rotational Motion Mechanism Selection

In this subsection, rotational motion mechanisndlodilicone dispenser machine
was determined. We have tried to reach optimal ection in order to create a long-
lasting and durable mechanism. A motor shaft carbaacoupled to a load directly,
there must be a transfer and buffer element betwkenload and motor shatft.
Rotational flange is used for a proper connectmmrétational motions. Flange has
two sides as motor connection and load connection.

Flange transfers the rotational motion of motorfsha load with minimum
friction by courtesy of balls in its structure. llmad side of flange, load contacts to
flange with several screws, this makes the conoredtetween load and flange strong
and reliable. In this case, a possible strain acoufoad side does not damage motor
shatft, strain affects on only connection screwmadl. Rotational motion mechanism
that was made by using flange is as shown in Figuré.
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Figure 2.16 Rotational motion mechanism

2.2.3 Mechanical Support Equipments Selection

In mechanical support equipments section firstly teducers was investigated.
Working principle of reducers and types of the e=is that are used in mechatronic
systems were mentioned. After our researches, talsepecifications of reducers
were defined. In this section in addition to reduselection, the places and the
structure of mechanical support equipments thaewsed in order to reach optimal

working conditions without vibration in steady statvere determined.

2.2.3.1 Reducer Selection

The working principle of reducers basically deperais gearwheel working
principle. In gearwheel as shown in Figure 2.17 daatio between the diameter and
speed of wheel. According to gearwheel working @gle, while the wheels in
contact turn together, speed of wheel that haslst@heter is higher than speed of
wheel that has large diameter. However, momentlggppy the wheel that has large
diameter is higher than moment supplied by the Wilest has small diameter.
Gearwheels allow us to work with high loads by gpm low force but there is no
change for energy or work.
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Figure 2.17 A gear wheel structure (http://egyraordpress.

com /2011/04/%Lglecark/, 2011)

In many mechanical systems, since high load, sewdraels might be used. In
gear wheel mechanisms rotation direction can bengddh In a gearwheel
mechanism, if the diameter of a wheel is 5 timggér than a diameter of any
wheel, when the large wheel turns 1 times, sma#eblwill turn 5 times. Reducer is
a gear box which has several gearwheels in itetstre, increases the moment of
motor shaft that we couple it to. In many smalhaddle sized industrial machines,
moment is more important than speed for motorsaechanisms. If an electric motor
can not correspond to load moment, motor need sik@esurrent. By the rise of
current, motor fuse blow out or if exist, an alamessage about excessive load
occurs on motor driver and this causes stoppagewndchine. Reducers firstly were

developed to solve torque problems as mentioned.

A reducer was decided to use in main carrier mashaafter an instability that
was caused by high load was noticed in motion ofenstage of mechanism. In
order to supply enough torque to load a reducen Wil5 reducer ratio was coupled
to motor shaft. In this case, torque of the medmanincrease when the speed of
mover stage decrease. In order to increase spleethiemotor has a high nominal
speed was used. Since speed limit of main carreshanism is 5 m/s, there is no

problem to adjust high speed values for mover stage
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If main carrier mechanism was selected as a bedhsbased mechanism instead
of trigger belt-pulley based mechanism, reducer ldiawt be used but motor size
would be selected higher in order to meet the ®rdo this case, main carrier

mechanism would be a slower and high-cost.

There are several types of reducers but planedagr reducers is the most
preferred ones for mechatronic systems. Planeta&ar geducers are preferred
because of their advantages as low noise, to ggferhoment with small size, easily
greasing and maintenance. There are 4 basic egoipnie this type reducer as
shown in Figure 2.18. Sun gear got its name becaydaced in the center of other
gears. Sun gear can be as fixed and motion trasEmi®lement or according to

motion it can be used as input or output element.

Planet gears turn around the sun gear and theragoighat connect planet gears
each other is planet carrier. Ring gear that iddhgest gear, covers the sun gear and

planet gears.

planet gear
planet carriel 1
ring gear .

sun gear

Figure 2.18 Planetary gear (http://www.obitet.gadhiL.tr/obitet

/sasi_ve_guc_aktarma_organlari/planet_disli_sis.Bi 1)
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Since our purpose to increase moment of motor immarrier mechanism, a
reducer that increases the torque was selectede Hne several methods in torque

increase mode:

- When sun gear is fixed, ring gear is used asamahput and carrier is used as
motion output, rotation directions of sun gear aadrier become same. Moment

increases but speed decreases.

- When ring gear is fixed, sun gear is used asamahput and carrier is used as
motion output, rotation directions of sun gear @adier become inverse. Moment

increases but speed decreases.

- When carrier is fixed, sun gear is used as moiiput and ring gear is used as
motion output, rotation directions of sun gear @ngd gear become inverse. Moment

increases but speed decreases.

One of the most important property of planetaryrgeducers is minimized gear
gap. In planet gear reducers used in current mextiatsystems are used with
Standard gap as 0.25 degree, low gap as 0.08 dagdeminimum gap 0.05 degree.
The more gear gap decrease the more positioniliggar motion become accurate.

Reducer in main carrier mechanism is as shownguargi2.19.

Figure 2.19 Reducer in main carrier mechanism
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2.2.3.2 Support Blocks Selection

In this subsection, the places and the structum@exthanical support blocks that
were used in order to reach optimal working condgi without vibration in steady
state, were determined. Mechanical support blodky pnportant role to reach
optimal performance in machine.

Support blocks that were not properly selected assembled often might cause
lost on cost, time and manpower. Iron support bltek hold whole equipments
together on main carrier mechanism and iron suggodk that hold rotation flange
Is shown in Figure 2.20. Iron blocks increase dasllon main carrier mechanism but
these blocks are very important to prevent posslbféection on support blocks and

to provide stability on vertical and horizontal noois.

Figure 2.20 Iron support blocks on linear meisias

2.24 Pneumatic Panel and Pneumatic Equipments Selection

In this subsection, the equipments in pneumaticeparere introduced and the
working principles of pneumatic equipments suchvesturi, valve, silicone vessel

and silicone injector were mentioned.

It has been mentioned that pneumatic motion equigsne@ould not be used in Ji

silicone dispenser machine before.
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Pneumatic equipments except motion equipments wszd for functions that were
controlled by pneumatic panel such as to fix LCDdules to mover stage of module
carrier mechanism, to transfer pressurized silidbaé came from pressure vessel to
silicone injector. Compressed air is supplied teypnatic panel as shown in Figure
2.21. Air is directed 3 branches to silicone vespakeumatic valve that is used to
switch the air on silicone injector input point anehturi(vacuum generator). Analog
display placed on pneumatic panels show air predsuels of these 3 branches.

Figure 2.21 Pneumatic panel

LCD modules stay on mover stage of modulei@amechanism after they are
taken from Jl bonding line until leave them to L@iddule delivery tables. During
the siliconizing and carriage processes LCD modalast be fixed well on mover
stage because of positioning accuracy for silicoperation and also for safety. In
condition that a possible problem occurs on vacotimodule carrier stage, modules
can fall off and can cause injuries. Therefore uacdevel on module carrier stage
must be checked. The sensor that provides us tokchecuum level is called as
digital pressure-vacuum sensor. Low and top lircéis be specified with this sensor
and it gives a logical output signal to inform PalBout the problem in vacuum level.

The pressurized air that came from pneumaditepto venturi is converted to
vacuum with a converting method as shown in Figug2. According to working
principle on this method, pressurized air is transid to a channel with small
section.
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In this case, speed of pressurized air increasés i pressure decreases in channel
that has small section. By the decrease of therassure in channel with small
section, air flow begins from outside to other aielnconnected with the channel
with small section. This inverse air flow is dibuited to all vacuum points on

module carrier stage. LCD modules can be held fckathg all operations.

Figure 2.22 Working principle of venturi orodule carrier stage (venturi, 2011)

In order to make siliconizing in acceptableelein addition to success of motion
mechanisms, silicone grade is also an importanbfaSince our purpose is to cover
conductors that are in contact with air directlge tflow speed and pressure of
silicone must be in a specified level. In this ¢askcone vessel as shown in Figure
2.23 is used as a source for silicone injectoic@ike vessel with its manual valve
supplies an adjustable pressurized silicone anahafog display that we can follow

the pressure level in vessel.

Figure 2.23 Silicone Vessel



34

The valve that is as shown in Figure 2.24 allowdlaw to silicone injector when
it gets a digital signal from PLC, depending ongveon steps. 2 PLC steps as source
and gate edge siliconizing steps require to enididevalve. When the valve directs
air pressure to silicone injector, silicone flowgmtarget lines of LCD module.

Figure 2.24 Cortimat between pneumatic valve and silicone

injector

The silicone injector that is as shown in Feg@.25, consists of an adjustment
screw and silicone output pin. The most importhirtg of silicone injector is contact
to LCD module correctly, because silicone pin massplaced on LCD module with
no pressure. If pin presses to module surface sthjsilicone density on module do

not be as expected. Therefore position of injectiom must be adjusted well in
vertical direction.

Figure 2.25 Silieinjector
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2.3 Equipments Manufacturing

In this section, equipment manufacturing mdshand manufactured parts of Jl
silicone dispenser machine were mentioned. In imdlianachine manufacturing,
most of the mechanical equipments are purchaseehdam on design. In addition,
some special parts that were self-manufacture athma producers decrease the
mechanical cost. At the present time, self-manufaag is done with lathe and
milling as classic workshop mechanisms and alsth WiNC (computer numerical

control) techniques that depend on CAM (computéedimanufacture).

Motor flanges were not ready to assembly whvengot it, since they had no
screw holes. Screw holes creating and other opasasuch as drilling, shaping on
many connection equipments has been realized ikshop conditions. In addition,
in order to decrease the cost, esd(electrostatichdrge) protected LCD module
delivery tables that are as shown in Figure 2.2&ewnanufactured in workshop by

using idle metal parts.

Figure 2.26 LCD mtaldelivery table

2.4 Mechanical Assembly
In mechanical assembly section, connectiorhatst of mechanisms to floor and
each other were mentioned. In addition, the equipsméhat were used in order to

reach optimal conditions in vibration and balantenachine were mentioned.
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In mechanical assembly as the last step of mechladesign, mechanical parts
are connected to machine floor and each other suitable connection equipments,

in a form that there would not be any vibrationamy part during the motions.

The most preferred connection equipments used @enasly of Jl silicone
dispenser machine are corner type fitting equipnanshown in Figure 2.27. In
assembly of LCD module delivery tables, main carrieechanism and balancing
legs profile nuts were mostly used.

Figure 2.27 Corner type fitting equipments amfife nuts

Although whole mechanical parts were seleced assembled carefully, there
can be occur some problems on machine balanceastembly ended. The purpose
to use the legs that is as shown in Figure 2.28ake LCD module plane adjustable.
Any problem that occurs on machine balance in toze be removed by using the
adjusting screws under the legs. Balancing leggeausadicates one of the most
important point for mechanical equipments as adhibty, because even you use the
best mechanisms or techniques in your machine, éthanical parts are not
adjustable, you must change them when a problemr®chn this case, parts that can
not be adjusted cause loss of time and money.
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Figure 2.28 Balancing legs

Another practical application in JlI silicone dispen is mobile source edge
silicone mechanism. Movement capability about 1emet provided to source edge
silicone mechanism by courtesy of the rails thatsvown in Figure 2.29 in case of
maintenance operations in unloader unit of JI bemdine. In addition, by removing
XU side silicone mechanism from unloader unitcsitie operation can be executed

manually like before we made JlI silicone dispemsachine.

Figure 2.29 Thisraf source edge silicone mechanism

In order to connect the motors to mechanisms, teeessary equipments such as
motor flange and coupling were used. Coupling edus connect the motor shafts to
motor connection points of the mechanisms, flasgesed to connect motor trunks

to motor connection points. Flange is generally enadh aluminum.



38

Flange usage is not an obligation, because flarege @nnect another fixed
equipment except mechanism trunk. In a motor cdioreccoupling is placed into
the holes in flanges. Motor flange that is showrFigure 2.30 is used to connect
motor to source edge silicone mechanism. Couplinganges sometimes need
adjustment from their set screws. Screw holesamg# help us to adjust coupling set
screws.

Figure 2.30 Motor connection of source edge sikcorechanism

Couplings are manufactured according to sectionth@fmotor shafts. If motor
shaft is wanted to connect a mechanism directlypliog must be used. Couplings
with the spring in their structure, provide a flele connection between motor and
mechanism shafts. This flexible connection is browdth a little force and protects
the motor shafts against to damages. Direct commmeeiquipments such as flange
and coupling are used in vertical motion mechanismdule carrier mechanism,
source edge silicone mechanism. In main carriethar@sm, since there is a reducer
connected to motor shaft, trigger belt-pulley tisashown in Figure 2.31, is used to
make motor connection.



Figure 2.31 Motamnection of main carrier mechanism
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CHAPTER THREE

AUTOMATION SYSTEM DESIGN

In automation system design of JlI silicone dispenser machine, working principle
and structure of automation equipments used in machine manufacturing and
programming details of these equipments were mainly mentioned. In this chapter,
according to automation system design flow chart , there are sections about the
selection of control devices such as PLC,HMI and motor drivers and sensing

equipments, electrical connections and software.

Similar to the chapter of mechanical design, the chapter of automation system
design was composed with sequential sub-headings that were explained in detail.

Industrial automation system design steps of Jl silicone dispenser machine are as

Avutomation System
Design

Avutomation
System
Equipment
Selection

shown in Figure 3.1.

WWiring Project
And Connections

Software

EMND

Figure 3.1 Automation system design flow

chart

40
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3.1 Automation System Equipment Selection

Determination of automation equipments is very ingoat to prevent possible
problems that occur during the assembly and softvyaocesses. Especially not to
purchase industrial control and sensing equipmewctording to their technical
specifications causes extra costs. Determinatiandafstrial automation equipments
of JI silicone dispenser machine was discusseddnibranches as industrial sensing
equipments and industrial control devices. Indaktsensing equipments are the
sensors and industrial control equipments are ndriver and motor, operator panel
(hmi), PLC.

3.1.1 Control Equipments Selection

In control equipments section, selection of congguipments such as PLC,
motor, HMI was explained. In motor selection sulisec the motors that are used in
automation technique were compared in order tacselagtimal motor type. In PLC
selection subsection, basic information about PLaZid the required specifications
about PLC of automation system of JI silicone disge machine were mentioned. In
HMI selection subsection, importance of HMI usageutomation systems and the
required specifications about HMI of automationtegs of Jl silicone dispenser

machine were mentioned.
3.1.1.1 Motor Selection

When we consider the cost of motors and driverscavesee that motor costs are
more than half of total industrial control equiprheast therefore we can understand
the importance of motor selection better. In maelection pre-selection criterion

such as positioning capability, speed and torgligegaand size are used.

In standard automation systems, servo, step, asymatis motor and partly dc
motors are used. In investigation about motoiis, fibticed that dc and asynchronous
motors are mostly used in conveyors and lifting Ina@isms instead of industrial
machines. It can be also said that dc and asynchsomotors are not proper
according to motor pre-selection criterions. ( Brk. & Orak, S. , 2008).
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The most preferred motor types in industrial autbomasystems are servo and
then step motors. These type of motors that ar@epréor motor pre-selection
criterion should be investigated also in detaildoynparing step by step before use

them in machine.

Step motors are designed not only for continuousandut also for systems that
require high accuracy for positioning. Step motane smaller than the other motors
with same capacity. Step motors can move by stegsaark with low positioning

errors in steps.

Positioning errors of each steps are specific andat accumulate by steps. Step
motors are basically brushless dc motors and amgosed of two parts similar to
other dc motors. Rotational part that consistsesfrfanent magnets is called as rotor,
fixed part that contains coils is called as staidre basic structure of a step motor is

as shown in Figure 3.2. (Step motor ve surilmex /2.

J:SQ H /
e B
i

Figure 3.2 Step motor structure (http://www.scrdmsn/doc/

57082143/motorDoian, 2011)

The permanent magnet in the middle turns with ¢fééthe magnetic force on the
coils that were placed around it. In order to mdke rotor, S1, S2, S3 and S4
switches should be turn sequential and one by Siep. angle is the angle that occurs

with one switching and it depends on pole quaistitiestep motor structure.
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Since it has 4 coils, step motor that is shown igufe 3.2 has step angle as 90
degrees, it turns 90 degrees with one switchingvéd@r 90 degrees step angle is not

enough for precise positioning. (Motor nedir?, 2011

At the present time, step motors with step angte8.6, 1.8 and 0.9 degrees are
used in many applications that require high positig accuracy. Step motors are
named with step quantities in one turn. As an exejgmotor with 200 step turns
has a step angle as 1.8° (360/200 = 1.8°). The mherestep quantity in a turn
increase, the more the positioning precision also #he motor cost increase. The
other important terms about step motors can beaggd as below:

- Step Accuracy: This term explains positioning aacyras percentage of step
angle.

- Holding Torque: When motor has zero speed, mot@aftsis under the
influence of holding torque. If motor shatft is tfieo rotate manually, holding
torque prevents the rotation but in condition t#ay load achieved to rotate
the shaft, holding torque disappears.

- Torque — Inertia Ratio (TIR): TIR represents théeeiveness for a step
motor. TIR = Rotor Inertia / Holding torque

- Dynamic TorqueDynamic torque which is shaft torque during the iomis

always lower than holding torque even motor is vedrkn low speeds.

Step motors work with commands sent by stepondriver that can make high
speed switching. Step motor driver sends pulsestator coils according to input
signals that came from an encoder, PC or PLC. Tkeveral control pins on step
motor driver as motor phase pins, driver enable girection pins and pulse pin.
Since there is no display and control menu on siefor drivers, these drivers are

not user-oriented devices, control of step mot®reainly based on programmer.

It is obvious that the main purpose in usirfgstep motors is to get high
positioning accuracy. When we deal with the torgapacities of step motors, it can
be seen that step motors have limited torque ameso Load inertia and friction of
the mechanism step motor was coupled with, canecpasition errors in open loop

control of step motors. Speed-torque curve is as/shn Figure 3.3.
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In speed-torque curve, it can be seen that mo®ithea highest torque that is called
as holding torque when motor does not rotate. Hewdlie more motor speed
increases, motor torque decreases significantly.

MT34FN31060M8 | —1=8.0 A -V = 70 Vdc - Full step
Parallel Connection | —1=8.0 A - V=110 Vdc - Full step
—1=8.0 A -V =150 Vdc - Full step |
= &
E
£ 4 x
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Figure 3.3 Step motor speed-torque characterigiitys://www.robosan.

com.tr/step/mt34fn31.htr@12)

If the speed-torque curves of step motors @esidered, in speed as 50
steps/second (150 rpm), dynamic torque is 80 pexfemolding torque. However in
speed as 2000 rpm, dynamic torque is 50 perceholding torque at most. In this
case, especially in selection of the motor of n@rrier mechanism that is planned
to move with motor speed as 2000 rpm, half of tlwdihg torque must be

considered as dynamic torque.

The word “Servo” takes its name from the wtBeérvant”. Therefore the word
“Servo” makes us consider the servo motors asdhasts that move only according
to commands. Moreover servo motors execute segemamands as position, speed,
torque commands or a combination of these threeramds. The close loop systems
that have no step motor are called as servo systéhesefore an AC induction
motor that is connected to speed controller candlled as servo motor. (Krishnan,
R. 1987).

Thyristor based circuits as the only control methwdre used for high currents
many years. The more transistors were developedddor high currents and in high

frequencies, the more the usage of servo motorease.
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Servo motors have the basic specifications below:

- Generally power motors are designed with specidijgeled but servo motors
are designed to work in a wide speed ranges.

- Servo motors have high speed response, and thgefgyorequire servo
motors to have low rotor inertia rotor thereforervee motors are
manufactured with low section and longer.

- Servo motors can work in low or zero speed withthipgsitioning accuracy.

- Speed can be changed fast in other words even setars have small sizes,
high torque can be generated by servo motors.

- Dynamic rotational torque of servo motors is higid ahey can work with
twice dynamic rotational torques in a short pewétime.

- Speed can be specified easily to any value betweamd 10000 rpm. They
can work in position and torque control with everpth speed.

- Frequency of start and stop operations do not @fifiecmotor stability.

- Servo motors can be used in robots, CNC, automegiding machines, press

machines, packaging machines, high speed assenaclyimes.

Servo motors are manufactured two types as AC a@dTbe working principle
of DC servo motors is same with working principfestandard DC motors. DC servo
motors have two basic coils on stator and arma@ogh of the coils are connected
to different DC sources. DC servo motors are martufad from a few watts to a
few hundred watts but generally are used in apipdica that need high motor power.

(Servo motor ve surtculeri, 2007).

At the present time, AC servo motors are used it lmd low and high power
applications. The structure of AC servo motorsispée and they have low inertia.
In addition it is known that generally they havendimear structure and in opposition
to DC servo motors speed-torque curves of AC sergtors is not ideal and torque
capacities of AC servo motors are lower than D@csenotors.

The most preferred motors in automation system#@rservo motors. Therefore
AC servo motors should be compared with step matomsder to use in Jl silicone

dispenser machine.
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The speed-torque characteristic is an importargrdening criterion to compare the
step and servo motors. Speed-torque curve of arsé&@o motor is as shown in

Figure 3.4.
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Figure 3.4 Spéedjue curve of an ac servo motor

(ASD-A2 Seriesdd Manual, 2011)

According to graphic in Figure 3.4, servo motors/éha great acceleration-
deceleration and continuous work characteristicther words, motor torque does
not change from start to high speeds. Therefoieabvious that servo motors have
more torque advantages than step motors to udeeimechanism that has varying
speeds. In addition to advantages about speedeatuparacteristics of servo motors,

there are several advantages of servo motor drarefsnotors as below:

- Servo drivers can communicate other industrial mbevices.

- Servo drivers have a display that shows alarm ngessand a control menu
that provides the user to adjust the parameters.

- Programmers do not have to lead all servo opemtignPLC commands by
courtesy of parameter adjustment property of sdnxer, PLC programs are
created easier.

- Servo drivers can detect the load characterisiyic&uto tuning operation.

- Servo drivers can detect the position and the spafedervo motors
continuously by courtesy of internal encoders orarso
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- Servo motors can contain internal mechanical bthlke¢ works with PLC
commands

- Servo drivers can lead automatically referenceaifer of servo motors

- Servo drivers can direct the motors to internalitposs that were specified
by user.

- Servo motors can be worked as step motors withepuisat were sent by
servo driver.

- Servo motors can be worked in different basic madeposition, speed , and

torque control modes.

According to specifications above, servo motor $etge all the advantages of
step motor sets, in addition servo motor sets hewae advantages about
programming and using conditions. In this casehaaijh the step motor sets are
cheaper than servo motor sets, AC servo motor reett be used in Jl silicone

dispenser machine.

5 motors will be used in JI silicone dispenser niaehEspecially motors of main
carrier mechanism and vertical motion mechanismnawst be selected with high
torque limits. Torque values for motors that aredusn JI silicone dispenser
mechanism can be calculated with the formulationsAppendix 1. Torque and
power values of the motors in linear mechanismsewalculated as 2.39 N.m
(750W) for motors of source edge silicone mecharasith main carrier mechanism
(with 1:15 reducer). In vertical motion mechanisnd anodule carrier mechanism
motor torque and power values were calculated 28 l.m (400 W). JI silicone
dispenser machine was assembled with selectedr Imeahanisms and motors as

shown in Figure 3.5. (Oriental motor general cajaiy 2009).
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Figure 3.5 Jlailne dispenser machine

After torque and power values of motors were spagtifa detailed investigation
was executed for servo motors and servo driverka?eC servo set that was shown
in Figure 3.6 was selected for all mechanisms exauprovides all specifications
about a servo set with the lowest cost. In thectire of Delta servo motors, there
are basic motor components such as motor powet epadi encoder signal output
points and also encoder, bearing and shatft.

Figure 3.6 Delta servo set (http://www.fastltd.net/

asd-a2isel94_tr_cd.html, 2011)

Delta AC servo driver is a device that works witimusoidal pulse width
modulation and can make signal processing withagnahd digital signals.
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A rotary encoder as a feedback device is usedrsesthe rotation of shaft in servo
motors. Internal rotary encoder that was connettednotor shaft converts the

rotation data to electrical signals with a spedifiesolution.

As an example, encoder that is as shown in Figutevdorks with light sensing.
The light that come form led source passes thrahgtholes on a disk and falls on a
photo sensor. In this case, when disk is connetctedotor shaft, disk rotates with
the effect of the shaft and light situation on gheensor changes logically. The
output signal of photo sensor that occurs withtligh counted and sent to servo
driver.

Figure 3.7 Signals of a rotary encoder (http://wenvementor.com

[/rotary-encoders-dinéar-encoders, 2011)

20 bit internal encoders that has 1280000 ppr(pudseotation) resolution is used
in Delta servo motors. The signals that are pravidg encoder is transmitted to
servo driver and position of motor shaft is defineith two form as absolute and

incremental. AC servo motor feedback system iasa in Figure 3.8.

position = g 2 o

commands
Positioning Servo controller
PLC m— Controller —- (Amplifier) il

t »
-
Feedback

(Encoder)

Figure 3.8 AC servo motor feedback system (httpuidatryplc.com/
(http://www.tryplc.coiaticles/Servo%20motor%20control%20by

%20PLC%20programminght2011)
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Servo motors can work with external encoder, lingzale by courtesy of their
internal full close loop. Linear scale is a feedbdevice that is as shown in Figure
3.9. Similar to encoders, these devices send gmalkihat is caused by the change on
the position of motor shaft, to servo driver. As thost important difference between
encoder and linear scale, in opposition to rotangoeer, linear scale is not coupled
with motor shaft, linear scale senses the changemwmwver stages of linear

mechanisms.
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Figure 3.9 Linear scale working principle (httpWw.gobizkorea.com

/blog/ProductView.do?hltgdongsahn&id=800485, 2011)

3.1.1.2 PLC Selection

In classical control systems, switching componerdgsee composed according to a
program and circuit diagram. In this case, evergng/e in program and circuit
diagram causes modifications on connections ancgpoasnts. This problem affects
the cost and time that are spent for control circBLC (programmable logic
controller) that was developed to solve these gl was firstly manufactured in
the late 1960s. First PLC that was called as Madbigital Controller (MODICON)
was introduced to american car manufacturers byds@di\ssociates (Bedford, MA)

Company.

The other companies introduced their computer basatrollers in those years
but MODICON 084 placed to people’s memories. At firesent day, PLC and
expansion module sizes smaller than the sizesstfdontrollers. PLC and expansion
modules that are used in today’s automation systemas shown in Figure 3.10.
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Figure 3.10 PLC and expansion modules (http://wasilfd

net/sv_serisi-485cd.htm, 2011)

According to PLC diagram that is shown in Figurgl3.there are 4 main parts in
order to use PLC. Input modules take the signad$é tome from sensors. These
signals are sent to CPU (central processing ungut signals are processed with the
program commands that were sent by programming imachkinally CPU sends the
output data to output modules according to progreonditions on CPU. A
Programmer who uses the programming machine to g@mdhands to CPU of PLC
must use some special program languages as LaBB&, STL. Many current
PLC’s can work with all these programming langualgesthe more programming
language is simple, the more technique members naakk understand PLC
programs easier. Therefore Ladder diagram as thelest programming language is

preferred in PLC programmin{Maslar, M., 1996).

Sensors|  |nput CPU (central
Modules processing
unit)

Output

Actuators
Modules -

Programming
Device

Figure 3.11 PLC structure
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There are some criterion such as ram capacity,epsitg speed, quantity of
special modules and memory bits, property and giyaof communication ports.
Ram capacity of PLC identifies the maximum commagndntity on PLC program
and a wide Ram capacity is an obligation for adednoontrol systems. (Vieritz, H.
& Yazdi, F. & Schilberg, D. & Jeschke, S. & Gohner, 2011)

Speed is one of the most important property of PRfcessing speed of CPU
identifies the scanning time of whole PLC progrditne more CPU processing speed
increase, the more PLC directs the outputs acogrthninput signals fast. In this
case, processing speed is a big advantage for pragams and prevents the faults
that depend on delays of PLC output signals. (Reshd. & Graham J., 1993).

According to system that is PLC used in, some sp@sodules can be desired as
HSC (high speed counter), pulse generator etcdditian, this is an advantage for a
PLC to have wide range for expansion digital andl@pn modules. Quantity of

special memory bits as timers, counters etc. s alfactor to prefer a PLC.

In an automation system, property and quantity o€ Rommunication ports is
very important. Beside RS-232 serial port, therestmioe Ethernet, RS-485 etc.
additional ports in order to use communication @cots as modbus, profibus etc.

According to criterions about PLC, Delta 28 SV typleC was selected to use in
automation system of JlI silicone dispenser machWe could prefer more advanced
PLC’s but it would not be economical. In additiencdost advantages of Delta 28 SV
PLC. General specifications of Delta 28 SV PLCasdelow:

16K Ladder logic program capacity

- 512 Digital input/output

- 4 pieces 200 kHz pulse generator output

- 4 piece 200 kHz high speed counter input

- 2 axis interpolation capability with servo motors

- Internal 16 DI 12 DO on CPU

- RS-232, RS-485, Modbus RTU/ASCIlI communication port
- NPN-PNP preference for inputs
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- Relay-Transistor output preference for digital exgpan modules
3.1.1.3 Operator Panel Selection And Control Panel

In automation systems information flow is wanted be high between
operator(user) and manufacture lines or machindk.parts of machines and
manufacture lines must be controllable and obsésviap operator because of their
structure, PLC is closed to operator interferen8asce an information flow must be
provided between operator and automation systeirsdlyfthis requirement was
provided with the equipments as button, lamp. Hawefor the equipments such as
button and lamp, a control panel that is as shawFigure 3.12 must be composed.

It can be said that control panel is uneconomida¢nvconsider its data transfer
capability and the cost of the equipments on itadidition to make a change on
control panel is very hard, for example if we wémtadd even a button to control
panel, we will make a new hole and wiring for oolye button. Qperat6r paneller,
2007).

Figure 3.12 @ohPanel

In order to provide the control of automation sgstey operator, operator panel
that is called as HMI (human machine interfacedhat same time, was developed.
The most important basic specifications of thesaogs are as below:

- Alarm messages that were sent by PLC can be seEiVion

- Many parameters can be sent to PLC with recip@eg.o
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- Manual controls of machine can be done on HMI

- Operator panels provide to users ease of usingpagtamming

- Operator panel can communicate with temperaturé&r@ters, motor drivers
etc. industrial control devices without using PL@hwits communication

ports.

Delta operator panel that is as shown in Kg®&13, has all the basic
specifications above and was selected to use ionaiton system of Jl silicone

dispenser machine.

INLINE JI SILIKON DISPENSER

Figure 3.13 Oqerganel of JI silicone dispenser machine

5.6 inches Delta operator panel that was tsddor Jl silicone dispenser machine

has specifications as given below:

- ARM9 32-bit RISC CPU

- Arithmetic and logical processing capability witlaono commands

- Serial communication ports as USB, COM1(RS232), @GRMOM3 (RS-
485/RS-422/RS-232)

- TFT LCD monitor with 65536 color

- Recipe upload/download operations

- Online/Offline simulation function

- Alarm identifying

- Security level according to users and passwordtimmc
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Control system of JlI silicone dispenser maching ithas shown in Figure 3.14,
was assembled with selected PLC, HMI and Servo nsais.

n RS-232

HMI PLC
| RS-485

Al ) x: ::i ]

Figure 3.14 @ohsystem of JI silicone dispenser machine

(ASD-A2 Seridser Manual, 2011)
3.1.2 Sensing Equipments Selection

In sensing equipments subsection, according toeuplges and purposes of the
sensors we tried to select optimal sensor typekisinial sensors such as capacitive,
inductive, limit sensors etc. were investigated pamtively. Industrial sensing
equipments that can be used in Jl silicone dispemsehine are mostly proximity
and safety sensors. Proximity sensors can detecktistence of target materials
contactless. These sensors emit electromagnedeotrostatic field and according
to changes in detect field, sensors generate alocama digital output signal. In
industrial control systems the most preferred sensoe inductive, capacitive,
magnetic, optical proximity sensors and lately refiee sensor that is called optical

limit sensor at the same time. (Omron electror2@)5)

Optical proximity sensors detects according to gearon the light grade that falls
on their detection components as photo transiddorking principle of optical
proximity sensors are based on two methods astamtdbe light that reflects from

target material and detection the light that coma® a light source.
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Inductive proximity sensors detect the metals. Tipegvide an economical
solution to sensing requirements of industrial nr@eh Inductive proximity sensors
that are have a great resistant against to heattrieal noise and water. Magnetic
proximity sensors detect the changes in their magfield. They are used to detect
the magnets that were placed on moving parts ofrthehines, working only with
magnets prevents the effects of metal parts onose(Sensorler ve transduserler.
2007).

Capacitive proximity sensors are also contactlemssas that are used in
detection of metallic and nonmetallic materialshaétn adjustable detection field.
Capacitive sensors have a great resistant againstust and water but their

sensitivity and accuracy are not reliable enoughs®in most industrial applications.

The sensors were investigated in detail in ordenae the optimal selection for a
safe control on JI silicone dispenser machine rdleioto detect the existence of LCD
module, a proper sensor must be used on modulércanechanism and LCD
module delivery tables. Since the target matedah LCD module, capacitive and
optical proximity sensors were investigated. Altbbuthe detection distance of
capacitive sensors is adjustable, it can be vemnge®us to use the capacitive
proximity sensors that have lower sensitivity argtusiacy, in sensing of LCD
module that is a high cost and fragile materiaktdad of capacitive proximity
sensor, an optical sensor can detect LCD modulgeikae FSV 11 optical proximity

sensor that is as shown in Figure 3.15, were usddtection of LCD modules.

Figure 3.15 FS-V11 optical sensor on lcd modulévdey table (http://egurcay.wordpress.com

/2011/04/12/disli-cark/, 2011)
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In order to detect motions of linear mechanismsratational motion mechanism,
inductive proximity sensor or optical limit sensn be used. Both of these sensor
types are widely used in position detection in stdal automation systems but if we
consider possibility of positioning faulty, opticdimit sensors are better than
inductive proximity sensors to use for high speettinme parts. Therefore all of the
motion control sensors were selected as opticdl semsors.

In optical limit sensor that is as shown in FiglBd6, there are two main
components as light source and photo transisteiverc Light source sends the light
to receiver continuously and if any material foaeple a slim metal pin cuts the
light, photo transistor detects the change on Jigimd sensor generates a digital
output signal. Limit sensors are mostly manufaature normally closed form. By
courtesy of this method, a possible problem thaumon sensor can be detected
when sensor output signal becomes OFF. A pin onomaghechanisms is used to

provide position detection of mechanisms by sensor.

Photo
Transistor
Reciever

Light
Source

Figure 3.16 Working principle of optical limit semqhttp://octopart.com/ee-sx671-omron-1317,

2011)

The warning leds and safety sensors should betedlagth appropriate sizes and
also they should be placed appropriate points.tpafea sensors that are as shown
in Figure 3.17, detect any passing into the workerga of machine while

mechanisms are moving in automatic mode of machine.
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In JI silicone dispenser machine and JI bonding, lisafety area sensors and
warning leds especially are used in the points ltlaae a possibility about collision

of mover mechanisms and possibility about persomjiady.

Figure 3.17 Safety area sensor usage (http://wwakatkina.com/p/zz-Other-Security-Safety/

Laser-Sensor-and-Laser-Area-Sensor-171291.8011)

3.2 Wiring Project And Connections

In this subsection, wiring project programailst and general wiring principles
were mentioned. In PLC connection and servo driv@nnection sub-sections,

cabling methods used in PLC and servo driver weptaeed.

After the selection of all industrial autonwatiequipments, the wiring project of
JlI silicone dispenser machine was drawn. Wiringgmtacan be drawn with several 2
dimensional drawing programs such as Autocad. Hewethe drawing programs
that have a library with industrial automation gauéents images that were specified
with international standards, are mostly preferiredrder to make wiring projects.
The most popular programs can be counted as EpldnCafaso. The important
point while making the wiring project with theseograms is to obey international
wiring project rules. IEC (international electrontommission) standards are the
most used standards in wiring projects. The wipngjects that we made by obeying
the wiring rules and standards provide a big coiarere in possible fault detection.

A page of Jl silicone dispenser machine wiring @cbjis as shown in Figure 3.18.
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The whole wiring project that was prepared with &af project program is as shown
in Appendix 2. (Cofaso kullanim kitaggisurim 6, 2008)
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Figure 3.18 A page of JI silicatispenser machine wiring project

After we completed the wiring project, we haseecuted the cabling process.
cabling process, according to cable connectionsifsge in wiring project basic
wiring principles and operations such as numbeahthe cables and determination
of cable types used in both main panel and renoig@ments, were mentioned. The
basic principles that should be considered in ogltirocess of JI silicone dispenser

automation system can be explained as below:

- Cables from main panel to remote equipmentsaneed in cable channels that are

shown in Figure 3.19.
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Figure 3.19 Cable charretlveen main panel and remote equipments

- In order to collect the cables on motion mechasi flexible cable channels must
be used. In addition to flexible channels, cablessphrough these channels must be
resistant for continuous bending and twisting. Tiexible cables on motion
mechanisms of JlI silicone dispenser are placetkxibie channels that are as shown
in Figure 3.20.

Figure 3.20 Flexible mabhannels of JI silicone dispenser machine.

- In assembly process of fiber optic capfdser optic cables of fiber optic
sensors such as FSV 11 must be cut with fiber matiote cutter material. All cables
must be connected in a single piece. Although thetréical insulation of addition
points is made well, cables that are combined kjingdthe little cables are not
preferred.
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- Communication cables of JI silicone disggr machine were selected as
shielded cable. Communication data on these typmloies can be transmitted safer

than the cables without shield.

- Devices in main panel must be placed wspecified intervals in order to
prevent the effects of temperature on devices. mlimy placement distances for

Delta servo drivers are shown in Figure 3.21.
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Figure 3/inimum placement distances for Delta

servo drivers (ASD-A2 Series User Manual, 2011)

- Cable colors were preferred as red for +24 V calbie for 0 V cables and for the
power cables; brown for 220 V phase cables andfolueeutral voltage cables were

selected.

- We worked according to all wiring standards aonkks. It will be advantage for

error detection in wiring.
3.2.1 PLC Connections

Almost all the plc types require 24 V DC powepply for its CPU and expansion

modules.



62

As we remember from PLC selection section, PLC withrnal input-output points
and 4 input-output expansion modules were seleet2d.V output terminal of DC
supply was connected to common S/S terminals of B expansion modules. In
this case, input terminals of PLC and digital exg@an modules become to work
with 0 V DC. Since all of the inputs terminals oE® and expansion modules
support 0 V DC signal, all of the input signal sligqs as sensors and buttons should
be NPN type with OV DC output. This terminal fortrat requires 0V DC to input

terminals, is called as “SINK” and is as shown igure 3.22. (PIc ve montaji , 2006)

DC signal output

Ry

Sink mode 5
2VDC to common S/5

Figure 3.22 Digital signal input to PLC and expansinodules

in sink form (Del8 sv plc, 2011)

If we want to get digital output signal from PLCdadigital expansion modules,
0V DC terminal of DC supply is connected to comn®@rterminals of PLC and
expansion modules as shown in Figure 3.23. Indhasge, output terminals of PLC
and digital expansion modules become to work withDC. Since all of the outputs
terminals of PLC and expansion modules support DG/signal, all of the devices
that are controlled with PLC output signals shoutitk with OV DC.
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Figure 3.23 Digital s&d output to PLC and expansion modules

Delta 28 sv plc, 2011)

3.2.2 Servo Driver Connections

Delta servo driver has several connectorsdhatas shown in Figure 3.24 but for
our application 5 basic connectors as CN1,CN2,CiNBjer power input, motor
power output are used effectively on servo driv@N2 connector is used to get
signals from internal rotary encoder. CN3 conneiassed as communication port
and this connector supports several communicayipestas RS 232, RS 422 and RS
485. In driver power input, 220 V AC power is applito driver with R, S, T and
L1C, L2C terminals. In motor power output, servotongower is supplied with U,

V and W phase terminals.
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Figure 3.24 Delta servo driver connectorditites (ASD-A2 Series User Manual, 2011)

CN1 connector is used for direct command transomsbetween PLC and servo
driver. In CN1 connector, there are 8 pieces irtpuninals that are connected to
PLC output terminals. PLC uses these terminale&o the motion of servo motor.
These 8 input terminals are used to get PLC commasdiriver activation, motion
start pulse, position definition, safety conditioak. There are 5 pieces output
terminals that are connected to PLC input terminélsese 5 output terminals are
used to send servo motor data to PLC as positicstatgs, reference operation status

etc. CN1 connector pin sequence is as shown in&ig25.
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1 |Doa+ |Digital ouput 26 [DD4-  |Digital cutpu
2 |pos- |Digital output 27 [D0s-  [Digital cusput
3 |[DD3+ |Digital ouput 28 [DDS+ | Digital cutput
1 ooz~ |Digital output 70 [HPULSE [High-speed
5 D02+ |Digital output position putse | [30 foia- [Digital input
¥
& JDO1- |Digital cutput 31 - |Digital inpan
Teon Digital pwiput 2 pe [Dgtal mpot
a D4 |Digital input 13 fois- Digital inpast
a fi1-  |Digital inpas 31 fi3a- | Digital inpu
10 [pi2-  |Digital input 35 [PULL  [Pulse applied
11 JCOM+ |Power input HI_S  Jpower (SIGN) | [35 [isiGN [Position sign
(12-24V) (SIGH) o
12 |GND  (Analog input 37 |SIGH Paosition sign
signal ground | T EnD [ Anatog inpa =) 38 |HPULSE|High-speed
14 |[NC Mo Connection signal ground | 139 [pPurL Pulse applied position pulse
HI_P  |Powsr (+
15 [MONZ [Analog PULSE) |(PULSE) 40 [HSIGN [High-speed
16 [MON1 [Analog monitor Ay 41 [PULSE  [Pulse input (+} [position sign
oastput 2 b
output 1
17 VDD [+ 24V power 42 [V_REF |Analog speed
output (For f T input (+}
18 |[T_REF :::_:109 torque - al 10} 43 [PULSE |Pulse input ()
19 [GND  [Analog input 41 [GND  |Analog input
20 [WCC  [+12V power signal ground | Tge feom. [voogzaw signal ground
out put
3 71 [0A  |Encoder Lt 46 |HSIGN |High-speed
{for analog A pul ground . .
command) pulse [position sign
output (+)
22 oA |Encoder 47 [com-  [voozaw
i pulse outpit| 153 108 (Encoder /8 power 28 [0CZ  |Encoder Z
pulse (groand [pulse open-
24 [0 |Encoder/Z ouput 40 [COM-  [vDD(24V) colloctor culpul
putse 25[0B  [Encoder B [power 50 [0z Encoder Z
output pulse iground pulse line-
output driver output

Figure 3.25 CN1 connector pin sequence (ASD-A2eSddiser Manual, 2011)

Main panel contains PLC and expansion modfsgs, servo drivers, terminals,
relays, cable channels and cables. Firstly powlesas connected to main panel by
main panel power switch then 220 V phase cablesisilolted to servo drivers and
DC supply. DC supply is connected to all equipmehist work with 24V DC
voltage such as PLC, sensors etc. When we do #ikafonnections in main panel, it
becomes as shown in Figure 3.26.

e aped

equipments

power
SnpoiU uolsueddya

servo diivers

sAR|2I

terminals

Figure 3.26 Mainel general view
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3.3 Software

In software section, programming details of contd®vices in Jl silicone
dispenser machine such as Operator panel, PLCend drivers were explained. In
automation systems software and parameter adjustpreness of PLC, HMI and
motor drivers are specific a subject. Control systd JI silicone dispenser machine
firstly depends on the commands from operator padeérator defines the products
properties on HMI then sends the data about definé® module type. PLC
processes the LCD module data in its program aewl $ends the commands to servo
drivers. Servo drivers execute always the samdraamnis loop for each model. The
difference that is change for each model is spaedspositions of mechanisms and
also the time. Industrial automation system comnwirettion is as shown in Figure
3.27.

| —— | PLC

Continuous Loop
____________

v v f v !

Servo Servo Servo Servo Servo
Driver Driver Driver Driver Driver

Figure 3.27 Antation system command direction
3.3.1 PLC Programming

In this section, PLC program configurations, symhaible settings, automatic
operations diagram, step method details were engadailn a PLC program, before
all of the operations communication adjustmentsdarge. Communication protocol
details as com port, data length, quantity of gdvits, quantity of stop bits, baud rate
and station address are defined in communicatitimgs window that is as shown in
Figure 3.28.
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Communicaktion Setking

T Cotmnection Setup
Type |Rz3z =l

rComnadcation Setting

CO Port Icom1 vI Lo w i
Diata Length I? vI " RTU (2 bits)

Parity Crdd -
Stop Bits m qutD-Detectl
Baud Rate Fa00 -

Station &Address |0 i’ Defanlt I

Figure 3.28 Plcgommunication settings

Symbol table that is the second step of PLC progreng, contains input-output
names and their definitions that were specified gsggrammer. Definitions in
symbol table were created as abbreviations. Thaitdehs in symbol table helps to
programmer to remember the program in future arddshihe other programmers
who want to understand PLC program. If we give gangple to the definitions in
PLC program of JI silicone dispenser machine; inpi# was defined as
“btn_sys_auto”. It means: button that is connedte&4 input terminal of PLC is
used to change the machine mode from manual to. &ywmbol table of PLC

program is as shown in Figure 3.29.

State Identifiers Dievice Comment

* bin emgl Z000ag bin emgl

* bin emgl 0001 hin emgl
bin home pos 000z bin home pos
bt sys bon 0003 b sys bgn

* bin sys auto 0004 bin sys auto
bt sys tman 0005 bin sys mman
bin sys cont Z000é b sys cont
bin sys ref 000y bin sys ref

Figure 3.29 Symtadile



68

3.3.1.1 Automatic program blocks on plc program

Industrial machines are mostly used in mariufatg sector. Because of the
speed factor in manufacturing sector, machines raoe stopped except the
maintenance and error conditions. In addition, rreeh must work independent
from human factor as much as possible, this i®dak full automatic principle. PLC
program of JI silicone dispenser machine works @ting to continuous loop with
automatic principle. JI silicone dispenser macharecutes carrying and siliconizing
operations and places LCD module on LCD modulevdgfi tables automatically.
Tester personnel or any person are not a factonanhines automatic operations.
Therefore a continuous loop algorithm that repeiggelf automatically, was
developed for JlI silicone dispenser machine. PLGraatic operations diagram is as
shown in Figure 3.30. (Basile, F. & Chiacchio, PG&rbasio, D. , 2010)

In PLC automatic operations diagram 3 basidmns are shown. According to
diagram, to execute the automatic operations safetyditions, home position
conditions and program step conditions must beigeal In other words, automatic
program steps start when the machine parts areaf|® sn home position and
motionless. PLC program executes automatic opemticontinuously with the

support of these conditions.
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'
Block A Block B Block
Safety Home Step
condition position condition
datas datas datas
Test of safety Test of home Test of step
condition datas position datas condition datas

1

Sum of safety, home
Block D possition and step
condition tests

all
conditions
ok?

H

Execution of

program steps

by the support

of testresults
T

Figure 3.30 PLC automatieigtions diagram

In Block A that was shown in Figure 3.31, signal2eemergency stop buttons
and limit sensor data on mechanisms of JI silicdispenser were tested in PLC

program.
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Block A

Emergency stop
buttons datas

emyg button
datas ok ?

Datas of limit
sensors of
mechanisms

H Limit sensor
datas ok ?

Safety

conditions
are 0K

Figure 3.3afety conditions flow chart

Safety conditions are represented with a mgrnibrthat is defined as “Safety ok”
in Figure 3.32. “Safety ok” bit was composed witte tdata that are come from
emergency stop buttons and limit sensors. In thisec safety condition can be
provided in condition that all data from limit semns and emergency stop buttons are
ok. In following row, “Safety ok” bit was used tma&ble servo drivers. Any manual
or automatic operations about servo motors carbaatxecuted unless “Safety ok”
bit is ON.
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— | /1 /1 /1 /1 /1 /1 /1 /1 /1 [ b=t w0 )
ktn_emgl  sns_wert_| sns_wvert_g sns_rot_ge sns_rot_il  =ns_main_i sns_main_g sns_LCDcrr sns_LCDorr sns_WUskn btn_emg2 | Safety ok
leri_lmt eri_lmt ri_lmt eri_lmt leri_lmt eri_lmt _geri_mt _ileri_mt  _geri_lmt -~

WMo ¥ xa3a
— R
[Fafety ok | Erv_Xslkn zrv_vert_e
| refda mg_gign
(S & B
=rv_vert_e
nbl_sign
®30
| {12 )
[ty _LCDerr srv_rot_em
| refda o_sign
(%13 )
srv_rot_en
bil_sign
¥4
— ¥ { Y22 )
[ _vert_t ¢ _ImaEin_e
Efda mg_sign
{ Y23 )

Figure 3.32 Safety conditions on plogyram

In addition to “Safety ok” bit, reference datheach servo motor th

Sy _main_e
nkl_sign

at came from

servo drivers, are used to enable servo driversessovely. According to Figure

3.33, when “Safety ok” bit is ON, if the user préssference button
seconds, T19 bit that was named as “referans mibgtidmes ON th

" on HMI 3

en it enables

the servo driver of XU silicone mechanism. After9T&nables servo driver, it

executes the reference operation of servo motorXdf silicone

automatically. When servo motor of XU silicone macism completes

mechanism

the reference

operation, servo driver generates a bit that wamedaas “srv_XUslkn_refda”

become ON then this bit enables the servo driveredical motion mec

hanism. This

sequential enable loop finishes when rotationaliomoservo motor completes its

reference operation.
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Figure 3.33 Reference operations on plc program

In addition to test for safety conditions, in Blo8 home position conditions
were also considered. Home position is the stasitipa of automatic steps of PLC
program. JI silicone dispenser machine executesribigons with a sequence and
when all the moving parts complete their motiongchine is on starting position
and can executes automatic loop again. In Jl siicdispenser machine, home
position conditions of moving parts were detecteith wosition sensors on the
mechanisms. Home position conditions flow chardldsilicone dispenser machine is

as in Figure 3.34.
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Block B

i |
Main carrier LCD carrier
mechanism mechanism_
backward position backward position
sensor data sensor data

main carrier
mechanism on
back position?

LCDcarrier
mechanism on
back position?

Rotative Vertical motion
mechanism mechanism
hackward position hackward position
sensor data sensor data

Rotative
mechanism on

back position?

ertical motion
mechanism on
back position?

by

XU Side Home Position
Silicone Mechanism Conditions are OK
Servo driver
Position data

XU Side
Silicone Mechanism
on back position

Figure 3.34 Home position conditions flolact

In condition that “Safety ok” bit is ON, if all dhe mover stages of mechanisms
are ON, M3 that was named as “home pos” is ON. B&“tome pos” as a starting

condition for automatic steps. Home position candg were placed on plc program
as shown in Figure 3.35.
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] 4B #42 ¥52 w43 12
— 1 — | ()
Fafety ok sns-manh sna-rot-ha sns-LCDcrr ary_XUskn sna_vert g home: poz
Omepos  mepo:  -gerkpos  _posda etk
] M M85 W72 M3 W75
— 1 b e L
Bafety ok Sysedy  bin-dop-ma btn-dop-do] home pos | bn-cop-cu stent -main
n_alto iU bacat r_idvm tounload
g \
}_
Sy Bon-mh

r

Figure 3.35 Home position conditions on plc progra

In addition to test for home position condiso in Block C that was shown in

Figure 3.30, step states of automatic program wested as in step conditions flow
chart that was shown in Figure 3.36.

Block C
/ Flag data /
For Step1

I= Flag <lata of
Step1 OFF 2

Flag <lata
for Step2

I= Flag <lata of
Step2 OFF 2

Flag «data
For Step2dé

I= Flag «data of
Step2d OFF

Step
conditions
are Ok

Figur@8 Step conditions flow chart
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A memory bit that is called as “Sysrdy” is quosed with automatic step data and
it represents all of the steps status. Sysrdydawion incase users might start the
automatic operations by mistake. By courtesy ofr@yseven we press start button

while machine executes the operations, automagssioes not start all over.

After we created the required tests for autmreteps such as safety conditions,
home position conditions and step conditions. lacBID that was shown in Figure
3.30, we composed automatic steps. PLC programmetio steps can be explained
with a flow chart as shown in Figure 3.37. (DavidsG. & McWhinnie, J. 1997)



Block D

=3]
b

Sum of safety, home
possition and step
condition tests

all
conditions
ok ?

H

In order to reach closest point to J line,

Main carrier mechanism goes to unloader unit of Jl line
until forward position sensor of main carrier mechanism
detects it.

Has
position sensor
detected the

mover stage?

In order to get under the LCD modul that has been still in
unloader unit of J line , mover stage of LCD carrier
mechanizm moves to the end point of its motion way
until forward position sensor of LCD carrier mechanism
detects mover stage

__Has
position sensor
detected the
mover stage?

H

Figure 3.37 PLC prograutomatic steps
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In order to lift LCD modul, mover stage of vertical motion
mechanism moves forward until forward position sensor
of vertical motion mechanism detects mover stage

Has
position sensor

H
detected the

mover stage ?

In order to take LCD modul to siliconizing position, mover
stage of LCD carrier mechanism moves backwards, until
bhackward position sensor of LCD carrier mechanism detects
mover stage.

Has
position sensor

H
detected the

mover stage ?

In order to carry LCD carrier mechanism to smconizing position,
mover stage of main carrier mechanism moves backwards, until
servo driver of main carrier mechanism detects that the mover
stage reached the siliconizing position.

Has
servoe driver

N detected mover stage

position ?

Figure 3.37 PLC program automateps (continue)



In order to contact LCD modul to silicone injector, mover
stage of vertical motion mechanism moves forward, until
servo driver of vertical motion mechanism detects that
mover stage reach to silicone injector contact position

Has
servo driver

B detected mover stage

position ?

In erder to siliconize YL side of LCD modul, mover stage of
miain carrier mechanism moves backwards, until servo
driver of main carrier mechanism detects that mover stage
reached end point of YL side of LCD modul and compeleted
siliconizing.

Has
servo driver

H detected mover stage

position ?

Figure 3.37 PLC program automatéps (continue)



In order to siliconize XU side of LCD maddul, mover stage of XU
side silicone mechanism moves forward, until servo dirver of
main carrier mechanism detects that the mover stage reached
end point of silicone area of LCD modul XU side,

Has
servo driver

H
detected mover stage

position ?

Since smconizng operation completed after smconizing of XU
gside, silicone injector and LCD modul surface can be left. Mover
stage of vertical motion mechanism moves backwards until
forward position sensor detects mover stage.

__Has
position sensor

H
detected the

mover stage ?

In order to carry LCD carrier mechanism to front of testers tables,
mover stage of main carrier mechanism moves backwarrds, until
backward position sensor of main carrier mechanism detects the

mover stage

Has
poesition sensor

H
detected the

mover stage?

Figure 3.37 PLC programosudtic steps (continue)
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Rotative motion mechanism rotates LCD carrier mechanism %0 degrees

in order to hold LCD modul above an empty testers table, until servo
driver of rotative motion mechanism detects that mover stage rotated
G0 or -9 degrees.

Has
servo driver

H
detected mover stage

position ?

In order to carry LCD modul above the middle of testers table,
mover stage of LCD carrier mechanism moves forward, until
forward position sensor detects the mover stage.

Has
posttion sensor

H
detected the

mover stage?

In order to leave LCD modul on testers table, vertical motion
mechanizsm moves backwards, until backward positon
sensor detects the mover stage.

Has
position sensor

H
detected the

mover stage?

Figure 3.37 PLC program autbonsteps (continue)
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]

In order to reach home position condition for LCD carrier Tn ordef to reach iome position condition for XU side silicone
mechanism, empty mover stage of LCD carrier mechanism mechanism, mover stage of XU side silicone mechanism
moves backwards, until backward position sensor or LCD moves backwards, until servo driver of XU side silicone
carrier mechanism detects mover stage. mechanism detects that mover stage reached home position

Has
servo driver
detected mover stage
position ?

_ Has
position sensor
detected the

mover stage?

i

In order to reach home position condition for rotative motion
mechanism, mover stage of rotative motion mechanism rotates
back to O degree position, until 0 degree sensor of rotative
motion mechanism detects the mover stage

~ Has
position sensor
detected the

maover stage?

H

(o

Figure 3.37 PLC program automatic steps

In creation of automatic step of PLC programsgrammers can use specific
methods but “step method” is the most preferrechotkthat is used for the software
of machines work with continuous loop. Since Jiceihe dispenser machine works
with continuous loop, step method was preferredp &tethod depends on separating
the automatic operations of machines and main serpoto compose PLC program
easily and to make it more understandable. PLCrprogallows to start automatic
operations according to the data of safety conakticstep conditions and home
position as shown in Figure 3.38.
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If the safety conditions, step conditions and hgmosition are ok and the operator
has pressed buttons of HMI such as “btn-dop-doragplal’ that starts the loop, “btn-
dop-dur_dvm” that allows paused steps to resunt;l@n-dop-man-auto” that turns
the machine status to auto mode, M7 bit that wasedlaas “stepl-main to unloader”
becomes ON and main carrier mechanism moves forimandder to reach unloader

unit of JI bonding line.

Mover stage of main carrier mechanism goes on ingaches the target position
that we defined on servo driver but incase movagestdoes not stop on target
position because of high load of mover stage, wedl us position sensor that was
called as “sns-main-ileri pos”. In this case mos&ge moves forward until the

sensor “sns-main-ileri pos” detects the mover stage

In addition, while mover stage of main carrier mmusm moves, backward
position sensor of vertical motion mechanism shod&tect that LCD carrier
mechanism is still on proper position in vertidahally if the user does not press the
pause-resume button that was called as “btn-dopeldun” M8 that was called as
“step2-LCDcrr forward” is set and at the same tinmempleted step that was
represented with M7 (stepl-main to unloader) i®tteBy using step method, 15
steps of JI silicone dispenser were realized. Tée Boint of step method is to
determine the finish condition of related step #mel caution conditions during the
motion. All the conditions of any step are conndderially in PLC program so that

step stops when any condition is OFF.
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Figure 3.38 Execution of automatic steps witlp steethod

] hi1 13 172 M175 1185
— e E
[Eafety ok Syardy home poz n-dop-da ptn-dop-du btn-dop-ma stept -main
ou baslst f_dvm n_auto to unload
hid
Sy Bogn-mh
¥
M7 a4 K] [
— | { | { | |} SET Ma
itepd -main | sns-vert- sns-main- bBtn-dop-du step 2-LCD
tounload | eri-pos leri pos r_dvim Crr foraar
RST My
stepd -main
to unload
[ Had w47 M1 7S
— | | | | | !} il i
tep 2-LCD | sns-vert-g  sns-LCDorr bin-cop-cu step3-vert
irr forvear |eri-pos -lleri-pos r_dvm Lp
RST Ms
step 2-LCD
crr foraar

Automatic operations of JI silicone dispenser maehiere defined with 15 steps.

Instead of composing PLC outputs from automatipsstdirectly, firstly virtual

outputs were composed with memory bits. The purpbés®mposing virtual outputs

is to use PLC outputs as multi. Virtual outputsresgnt only automatic steps but

PLC outputs must represent both of manual and aattoroperations. Composing

the virtual outputs from automatic steps is as showFigure 3.39.

M7

— |

Istepd -main
to unload

{ M30 )
virt-zr-mai
n-pioz0-ilr

{ M3 )
vit-sr-mai
n-piosd -y

[

— |

{ M29
vit-sr-mai
ni-ctrig-il

Istep 2-LCD
It farwear

h13

{ M35 )

wit-LoDarr
~pE1 -ilr

I
[tepl 2-LCD
lorr franered

hi14

_| l_
[stept1-rot
ftion

Figure 3.39 Composing the virtual outputs frortoaatic steps

( M33 )

wit-LoDarr
~ctrg-ilr
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Virtual outputs of automatic steps and manopkration commands were
connected in parallel form as shown in Figure 3A€cording to Figure 3.40, there
are 3 virtual output memories control one plc otitpiese virtual outputs belong to
3 different steps but all of them make Y7 that wased as “srv_vert_posl_sign”
ON. Y7 is one of a plc output defines a positiorséwvo driver of vertical motion

mechanism.

W25
— | { ¥
H-sr-ver sy _vert_p
Jt-poz1 -ilr ozl _sign

W93

—

et ta us
t=nsr-pos
129
_| |_
ert snzlP
z0n-pos]
W40
— | { v )
rt-wvert-p sy _vert_p
p0-geri oz0_sign
W7S

_|

H-himps-y
Ert

Figure 3.40 Composing of plc outputs with virtoatputs and manual commands

In PLC program of JI silicone dispenser machiivsily the position definition
commands “posO and posl” were sent to servo drimedsthen with a delay about
300 milliseconds the motion start pulses that vasined as “ctrg” were sent. This
method prevents the mistakes in servo drivers abdatnal position addresses.
Composing of servo driver commands is as shown in
Figure 3.41.
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Figure 3.41 Composing of servo driver commands
3.3.1.2 Serial communication blocks on plc program

In order to provide a communication network betwewtustrial control devices
such as PLC, HMI and servo drivers several comnatioic interfaces are used such
as RS 232, RS 485, ethernet, usb. The differenoem@ these communication
interfaces can be counted as wiring, connectorctstre and max allowed
communication distance. Therefore communication erfates are not
communication languages that are called as pratoswstly. For example, two
people can talk in different methods as face te fand on phone. Regardless of
method, these people must speak with same langtageske a conversation. If we
consider this example for automation devices, theglage is communication

protocol.

RS 485 interface allows safer communication withgler distances and we
preferred this interface in serial communicationwoek between PLC and servo
drivers. Serial communication connections of indaktontrol system are as shown
in Figure 3.42.
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Figure 3.42 Serial communicattmnnections of industrial control system

Modbus communication protocol that was usedammunicate PLC and servo
drivers, is one of the oldest communication protoddodbus protocol was
developed by Modicon company in order to use fomganies own PLC models in
1978 but this protocol became a standard in seosahmunication of industrial
automation systems in time. At the present timds lof industrial device
manufacturers use modbus protocol in their aut@natievices beside with their
own communication protocols as profibus, asi eiccdmmunication of automation
system of JI silicone dispenser machine Modbus ASdtocol was used in
communication network between RS 485 port of PL@ @N3 connectors of servo
drivers. In order to communicate with servo drivefsstly modbus protocol
parameters were set as shown in Figure 3.43. Werezhta hexadecimal number
“H86” into the register of “D1120” in order to daB communication protocol as
“9600-7-E-1", it means PLC sends the data with gheed of 9600 bit per seconds
and the data is composed with 7 bit as informalibé and 2 bits as parity bits and 1
bit as stop bit. In order to define communicatianet out we entered a decimal
number “100%into the D1129 register and in orderdefine PLC communication
address we entered “1” into D1121 register. Finally reset the communication
steps from s1 to s5. Modbus communication settingse executed for only one
scan. Modbus protocol parameters settings on glgram is as shown in Figure
3.43. (Modicon inc., 1996)
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After we completed all the communication settingeC becomes ready to send
the position and speed data to servo drivers. ISeammunication starts when
operator presses the button of HMI that was reptesgewith “M100 bit” register on
PLC.

1002
I T Hat oz |
120 only fo COMIIRS-48
1 scan a 51 Communi
pacr K100 prizs |
RE-485 tim
e-out et
pacr K1 D1921 |
PLC commun
ication ad
[zrsT 51 520 |
vertical = main pos a
ErvO oS & yarlan
k4100
— | SET =1
Communicat vertical =
on puls EFV0 RI0S &

Figure 3.43 Modbus protocol parameters settimgglo program

After we set the “sl1” register that represents ¢bexmunication operations of
servo driver of vertical motion mechanism, the camoth“MODRW?” executes data
transfer as shown in Figure 3.44. In “modrw comniam® represents the servo
driver communication address and “K16” represertedfwrite function code and
“H604” represents the position parameter addreds'2800” represents the plc data
address that we sent the position data from HMI ‘&t represents the position
data length that is 32 bit.
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Figure 3.44 Position and speed data sgnelith modbus protocol on plc

PLC communicates with HMI by using RS 232 port. “M2 register was defined
as “alarm message” address on HMI so this regisésrused to send alarm messages
of automation system on plc. As we see in Figu#b3if the signal of any
emergency button becomes OFF because of pressitiggesa buttons, plc enters “1”
into M240 register. Since we define M240 registeradarm message register on
HMI, an alarm message occurs on HMI display abauergency button status.
Alarm message helps to operator to notice tharghson that stops the machine is
caused by emergency buttons, not from any otherpemnt. If we release the
pressed emergency buttons, plc enters “0” into M24fister and alarm messages on
HMI disappears. Similar to emergency button alaressages, in order to inform the
operator we used limit sensor alarm messages lftmall sensors of mechanisms of
JI silicone dispenser machine. As we see in Figutg, if the signal of limit sensors
of vertical motion mechanism that were representeith the registers *
sns_vert_ileri_Imt” and “sns_vert_geri_Imt” becon@B8F because the mover stages
pass the motion limits, plc enters “2” into M24Qyister. Since we define M240
register as alarm message register on HMI, an ataessage occurs on HMI display
about limit sensors of vertical motion mechanisntard message helps to operator
to notice that the reason that stops the machinmused by the signal of limit

sensors of vertical motion mechanism, not from @iimgr equipment.
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If we solve the problem about limit sensors, plteesn “0” into M240 register and
alarm messages on HMI disappear. Alarm messagéagisg is the same for the
other mechanisms and operator can notice all tfetyseeasons and can solve these

problems about any equipment in a short time.

X0
/1 !MO\-" [ Kaniz40
btn_emgl himi alarm
inpt
1
—1/1
ptn_emg2
X0 X1
| P [ KD Kdh240
— 1T 1
btn_emgl  kin_smg2 himi alzrm
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Figure 3.45 Communication blocks for hmi conmication on plc
3.3.2 Operator Panel Programming

In this section, Screen editor HMI program faguration, communication, alarm
and recipe settings were mentioned. Before all bé tsoftware details,
communication settings were done in HMI. In orderréach a smooth and fast
communication, base communication port of HMI wasedi to connect PLC.

Communication interface and protocol are definedrasvn in Figure 3.46.
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General COM port

Control Block

ZOM port Add elete | Move U B Commumpallon Parameiay s
Printer Sektup g HiMI Station ID j
Default M adity Marve Dowin ||y erface RS232  x
Other
= COM1 Data Bits 7 Bits -
B COM2
- Stop Bits 1 Bits -
Lo COM3
Baud Rate 9600 -
Parity Even <

— Controller Settings

o YN

Cantraller

Delta OWF PLC

FLC Station

Pagsword 12345678

Comm. Delay Time(ms) m

Timeaut(rms) 300 -
[~ Comm. Interrupt Rty Count |3 3:

i~ Optimize

I 3 3: times then ignore

Figure 3.46 Operator panel communicatiotirsgt

HMI that is used in JlI silicone dispenser maehhas 3 pieces com port. Since
PLC uses its RS 485 com port to connect servo &vieS 232 port of PLC is
available for HMI connection so Com2 port of HMhths as shown in Figure 3.47
was used to data transmission with PLC. Therefaselwom port of HMI is used in
mode 1 that allows RS 232 connection.

COM1 Port (Flow Control destekler)

Baglanti
COM Port PIN RS.D3D
1
PIN1 2 RXD
3 TXD
—m 4
5 GMND
- - :
T RTS
8 CTs
9
Not: Bos pin = Baglanti yapiimaz.
COM2 ve COM3 Port
MOD 1 MOD 2 MCD 3
COM Port PIN com2 COM3 CcomM2 COoM3 COomM2 COoM3
RS-232 | RS-485 | RS-485 | RS-485 | RS-232 | RS-422
1 D+ TXD+
2 RXD RXD
3 TXD TXD
s 4 D+ D+ RXD+
5 GND GMND GMD
[ 6 D- TXD-
&1 ) 7
. g
9 D- D- RXD-

Figure 3.47 Operator panel com pekection table (dop b kullanim klavuzu, 2011)
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Screen editor program is an HMI software that ddpeon programming with
visual objects on monitor. JI silicone dispenserchi@e HMI software was crated
with Screen editor program and the functions amdviBual buttons were separated
to 7 pages. The most important functions in HMIgsgre to show alarm messages
that came from PLC, to send the manual button camisido PLC with visual
buttons and to send LCD module position data bipeeto PLC. In the first page of
HMI program of JI silicone dispenser machine, themes texts that define the project
and the company that we created the machine faddiition, we placed the date and
time displays and a visual button to pass followpages.The first page of HMI
program of JlI silicone dispenser machine is as shovirigure 3.48.

o1 x| Propery o
|Text 004 {  VESTEL} e =
VE S T E L Font WESTEL :|
Text Size 48
Font Lrial
il i Tho El — (255, 255, 255)
INLINE JI SILIKON DISPENSER] |ty

Transparent Ho
Sranothing Yes

[ wmme ; .
¥ H
High 15

Figure 3.48 Screen editor program work page

In the second page of HMI program of JI silicongpeginser machine, there is an
alarm message box. In control of JI silicone disgermachine, alarm messages are
one of the most important data group. PLC progrands the alarm messages that
were created by PLC program and HMI displays thenaimessages according to the
definitions in alarm setup window that is shownFigure 3.49. In order to provide
the detection of alarm messages by operator pdr@ldeldresses of alarm bits are
defined in alarm setup window. Alarm messages d@natgenerated by PLC are the

limit sensor signals and emergency button signals.
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As we remember from Figure 3.45, plc sends alarnssages with “mov”
command that executes data transfer into “M240fsteg We defined the “M240”
register also in HMI in order to get plc signalsittmepresent alarm messages. For
example, when plc sends decimal “1” to M240 regjsk#MI displays “acil stop
butonlar basili” that means “emergency stop bt still pressed” and when plc
sends decimal “8” that is equal to binary “0000T0QOHMI displays “XU
silikonlayici limit sensérlerinde sorun var” thaeans “ there is a problem about the

limit sensors of XU side silicone mechanism”.

zl
—Alarm Sefing———————————————— ~Alarm Moving Sign
Delete
Address || 1@mz40 _| Enble = ] 4|
Sean Time (secand) m ot Top RCY |
Direction Left

Max Records 10 Wiarig e 1 M

I~ Hold Hiil - Interval () 100 Export |

[~ cav Farmat Backgound Color | —— (292,252, 232) [ o« |
Mo, | Message Content | Text Calor | F’roper‘ty| Guoto Screen ﬁl
[ 1 [=cil stop butonlan basil BRGEID, 0. 01 On None

2 |ana tasivic limit sensarlering. @RGEQ, 0. O On MNone

3 | ®U silikonlayier limit sensarle lRGBO, 0, O) Cn Mansa

4 |dikey hareket limit sensarlerin @RGB0, 0, O) Cn Maone

5 |dandurme tablasi limit sensar MRGBD. 0. O) Cn Mane

& |LCD tasima limit sensarlerind lRGBO, 0. O Cn Mansa

7 BRGE(0. 0. O) on Naone

a8 BRGE(0. 0. O) on None

g BRGED. 0O On Maone

10 BRGED, 0.0 on Mone

11 BRGED, 0.0 on Mone

12 BRGEID. 0O On MNane

13 WRGEB(D. 0. O n MNaone

14 BRGED, 0.0 on Mone |

Font  fArial | Ratio [100% -]

Size 12 =

Figure 3.49 Alarm messadefinitions in alarm setup window

In the third page of HMI program of JI silicone piemser machine, there are
manual control buttons that control some bit regsbn plc program and also there
are buttons for passing the previous and followpages. In order to create a visual
button on HMI we mostly selected “momentary buttcasd a proper button symbol
for it. For example, when we consider Figure 3th@re is a button that was named
as “referans aldirma” that we use to execute tfer@rce operations of servo drivers.
In property window of this button, we defined itsrite address” as “1@M170".
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This definition means that when we the operatos$in this button, M170 register
of plc that was numbered with address number “1¢obees ON. We used this
register in order to enable reference operationseofo drivers on plc. By using
same assigning method for buttons on HMI, the otisral buttons of HMI defined
for several operations such as “home pos yaptirimaton that executes home
position operation and “dongu ghat” button that executes cycle start operation for
automatic steps and “modul vakumu” button thatvatéis vacuum on LCD module
carrier mechanism and “silikon valfi” button thattizates silicone flow from
silicone injector and “duraklat-devam” buttons thetecutes pause and resume
operations on automatic steps.

ES - Screen_3 ;lglil [ F'fDPertv ax

[omentary 004 () =l =
Wiite Address | 1@MIT0 | =
Read Address Hone

On Macro 0

Off Ilacro 0

Text

Text Size 12

Font Arial

Text Color - (0,0,0)

Blink Ho

Bank $3DCButton pl

Picture Harne CBUTTON_112bmp

Transparent Effect  Ho 1=
Transpatent Color S (0,0, 0)

Foreground Coly - £ (180, 180, 130)

Style Standard

Function Momentary

Push Time 0

User Secunity Level 0

Set Law Secwity  Ma j

Figure 3.50 The first page of manual oarttuttons

One of the most important function of operator pgng recipe function. Data
with the length as bit, 16 bit and 32 bit, can eetsn HMI. In addition to single data
transfer, recipe function allows to send long dataups to PLC together at once.
LCD modules with different sizes such as 26", 32da37”, are operated in Jl
silicone dispenser machine. In this case, motistadce and speed of machine parts
change. Instead of sending target positions of am@sim to PLC one by one,
sending the data by courtesy of recipe functianase practical.
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Therefore position data that was defined as 32ahat specified for module sizes

such as 267,32” and 37" and target addresses gktdata in PLC were entered in

“32 bit recipe setup window” that is shown in Figu8.51. Recipe start address is

“D300, it means that position data that belongrtg module type are entered plc by

starting from “D300” register. For example, sincespion data require 32 bit

registers, the first position data of vertical matimechanism is sent to plc with

“D300+D301” registers and the second position @&tzertical motion mechanism is

sent with “D302+D303” registers and similarly alalb the position data of other

mechanisms are sent to plc sequentially.

Hl Recipe32 =
|0 = & 88 [[1@p00 &R [rn =]
B1-1 53 |
Dl D2 DS DAr4 DTS DWa IBLE
1 10001200 | 32001200 | 4a340000 | 32001200 | 120010000( 212600 A0040000
2 10001200 | ZE001200 | 46340000 | 32001200 | 220444000 212600 0040000
3 10001200 | 32001200 | 4a340000 | 32001200 | 260508000 212600 0040000
=
Address |
Length | 15 —
Group I 3 ﬁ
Diata Format IUnsigned Decimll
Intearal Digits I 3 ﬁ
Fractional Digits | 2 =
(a1%4 I Cancel |

Figure 3.51 Recipe function settings

Delta operator panel requires us to select onerggpipe among 32 bit and 16 bit,

since we selected 32 bit recipe we sent the mesimaspeeds that require 16 bit

registers to PLC by visual input elements of HMéls@as “numeric input”. The speed

data was entered into the registers of plc by usingeric input elements on HMI.
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We send the servo driver speed data that we eniiet@ehumeric input registers by
pressing a visual button makes M100 register of POBI” and M100 register

activates the modbus blocks on plc program. Speda definition is as shown in
Figure 3.52.

M 7-Screen_7 I [ B3 [Property O x
[ Momentary 002 {} =
Write Address | 1@MI00 | L=l
Read sddress Hone
On Macro 2
Cff Iacro 1]
Text
Text Size 12
Font Arial
Text Color - (00,0
Blink Mo
Bank $3DSButton pib
Picture Hame SButton 08 brap
Transparent Effect Mo b
Transparent Color S (0,0, 0)
Faregronmd Coloy  ©=0 (180, 130, 150)
Style Standard
Function Ilommentary
Push Time i
Tser Security Level 0
Set Low Security Mo LI

Figure 3.52 Sending the speed data to plc

3.3.3 Servo Driver Programming

In this section, servo driver parameters settingseevmentioned as following:

)] Auto Tuning Function Settings

i) Motor Control Mode And Rotation Directions Settings
1)) Acceleration And Deceleration Ramps Settings

Iv) Input And Output Terminal Settings Of CN1 Connector
V) Homing (reference operation) Mode Settings

Vi) Speed And Paosition Definitions Of Internal Positon

vii)  Communication Settings Of Servo Driver

Servo drivers that are used in Jl silicone dispemshine allow three data input
methods to programmers.
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These methods are setting with “ASD soft” servovelriprogram, setting with
manually on servo driver menu and setting with HBY courtesy of serial
communication. Since setting must be done fastpaadtical, ASD soft program is
not used. The most preferred setting method ofosenivers are manual setting
method and setting with communication method. Mweep there are auxiliary
software functions for special applications in ASBft servo driver program. We
executed the auto tuning auxiliary function withral setting on driver menu but
for continuous mode parameters we set the parasneidt communication. (ASD-
A2 Series User Manual, 2011)

3.3.3.1 Auto Tuning Function Settings

In servo driver programming one of the mostduguxiliary function is “Auto
tuning”. Position and speed gains and the ratidoafl inertia to motor inertia are
calculated with Auto tuning function. In “Auto Gairuning” window of auto tuning
function, after we move servo motor in jog mode rfoel mode) servo driver detects
the load characteristics and position-speed gaidglze ratio of load inertia to motor
inertia are written to motor parameters that amwshin Figure 3.53.

s 3 Kute Gain Tuning l_?_]@
Off- line Computation @) HELD ¥ Enahle Gain Contrel Panel
J Servo On Servo ON
A 1 Heset Ho Alarm
Motor Type ]ADD Wi = Rigid Holding: |1 Lj

Brandwidth: |SDD Hz Ratio of ineria: |0 %1 &ee, Timie 200 Dec. Time (200
S-curve Time ]20
Jog Spesd |100 B EE |

Compute Upload = ‘ oo |
Calculation ==
P1.37 Load Inertia Ratio : Fosiion 1| 2 LEL!
P2-00 Position Loop P gain : 471 <<= | | Pasiionz] D 8073
P202 Position Feedforward : 5000
P204 Speed Loop P gain : 1884 | Present Positian “ m
P206 Speed Loop | gain: 300 = ‘ Time Cycle {353 ms Stan ]
P2.25 OSC. Reject filter : 0 — I
max 381
P2-26 External Meise Raject : 44 Est JLAdm i]
Bandwidth: H=
Neotching Filter
P2.23 Notch filter Freq : 1000 | Hz (0~ 1000 )
P2.24 Motch filter Gain : 0 dB(0-~32 )

Figure 3.53 Auto tuning function window
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After we executed Auto tuning function, we can dmm@uto tuning parameters
with manually on servo driver menu and setting wkHMI by courtesy of
communication. Proportional position loop gain tigtone of the most effective
parameter for servo motors, mainly affects thediem and steady-state position
characteristics of motors. Instead of setting propoal position loop gain manually,
we firstly executed auto tuning function then cheahd¢KPP. In this case, we set the
driver for proper positioning without causing irstay. The effect of KPP on

positioning is as shown in Figure 3.54.

FPosition

+ Fosition .
- - = L
rFa -amrmand o
KPP e
- -
(32D " (1)
-

':._h Aciuvual posilicn curve
will charmnge from (1)
to {3 following the
INnCreasing KPP valua

= Tirme

Figure 3.54 The effects of KPP on position{#gD-A2 Series User Manual, 2011)

3.3.3.2 Motor Control Mode And Rotation Diliect Settings

According to LCD module types, position and speathdor the mechanisms of
JI silicone dispenser machine were sent to serixemdr by serial communication
from HMI. All the parameters that were explainedservo driver programming
section, except speed and position of mechanisres entered manually to servo

drivers with servo driver menu.

In Delta servo drivers, there are several controtles such as Pt mode (driving

with external pulse), Pr (driving with internal @osns), speed control and torque
control.
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In JI silicone dispenser machine, speed and toajutne mechanisms do not
continuously change during the motion so thereiseed to drive servo motors with
speed or torque control modes. Since the positibomechanisms continuously
changes, servo motors were driven in position obnimode. Mechanisms of Jl
silicone dispenser machine move to specified posstiwith specified constant
speeds. Therefore Pr mode that allows to definernat positions in servo drivers
was chosen for all servo drivers. Control mode sedscted with servo driver control
mode selection table that is shown in Figure 3A&&cording to Figure 3.55, we

entered “01” into “A” part of parameter P101.

IA: Control mode settings |

BREHEELE [afe]s]1]s]™

Single Mode Dual Mode

00| A 06 A A

01 A 07 A F

02 A 08 A

03 A i} A A

04 A oA Ala

05 A 8 CANcpen Mode
Mutiple Mode oC Reserved

OE | & | & | & oD | & | i | | | |

OF | a4 A

Figure 3.56&rvo driver control mode selection table

(ASD-A2 SesiUser Manual, 2011)

After control mode selection, rotation directionseres defined for all servo
drivers. When the rotation directions were detesdimas forward and reverse
rotation, servo driver wants from the programmethva warning message on its
display to connect the forward and reverse limitsees to specified driver terminals.
When we connect the limit sensors, servo driveptess ready to drive servo motor
according to specified rotation directions with coands from PLC. Selection of
rotation direction of motor must be done as showrFigure 3.56. According to
Figure 3.56, we entered “1” into “B” part of paramereP101.
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|B: Torgue output direction settings |

Direction 0 1
Forward - - { i’"‘}
cow “cw
& G,
Reverse 9 ’] Mol
“ew oW

Figure 3.5de®#on of rotation direction of servo motor

(ASD-A2 Serigser Manual, 2011)
3.3.3.3 Acceleration And Deceleration Ramps Sedting

The ramp function of servo drivers that is as showrFigure 3.57, helps to
prevent position errors especially in mechanisnas tarry high loads. In addition,
ramp function prevents the vibrations in triggeltipeilley based mechanisms during
acceleration and deceleration. The reason of tiesations is high inertia of mover

stage because of high loads.

If we consider the mover stage of mechanisms aararamp function can be
thought as the brake control of an experiencededri€onstituents of servo driver
ramp functions are as shown in Figure 3.57. Acemydo Figure 3.57, we entered
“200(milliseconds)” into parameter P134 and P13%] 4250 (milliseconds) into
parameter P136. These ramps values are properke atlathe mechanism motions

stable.
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Speed

Time
i (ms)

TELI2  TACC TEL/2 T5L12 TDEC  TSL2
TACC: P1-34, Acceleration time

TDEC: P1-35, Deceleration time

TSL: P1-36, Accel [Dece! S-curve
Total acceleration time - TACC + TSL
Tetal deceleration time - TDEC + TSL

Figure 3.57rStituents of servo driver ramp functions

(ASD-A2 Serigser Manual, 2011)

3.3.3.4 Input And Output Terminal SettingsODfl Connector

There are 8 input terminals of CN1 connector. Aliio there are several input
definitions more than 8 in Delta servo driver we ckefine 8 pieces. Therefore we
determined the most essential ones. Accordingrtoit@l definition function that is
shown in Figure 3.58, 1 emergency stop , 3 positefinition, 2 limit sensors
signals, 1 position pulse and 1 servo driver atitwaterminals were determined for

CN1 connector.

Servo motor can be moved to 8 different positiopsdurtesy of 3 pieces position
definition terminals. In order to define an inpetriinal, we used the parameters
P210 to P217. In order to define the first inputrti@al as “servo on” that activates
the servo driver when we enable it, we entered ™l@fo parameter P210 and
similarly in order to define second in put termirga “ctrg” that is a motion start
pulse for internal positions, we entered “108” iperameter P211. In order to define
the third input terminal as “pos0” that is the ffilst of internal position definition
function, we entered “111” into parameter P212oider to define the fourth input
terminal as “posl” that is second bit of internalsiion definition function, we
entered “112” into parameter P213. In order to reefihe fifth input terminal as
“pos2” that is third bit of internal position defiion function, we entered “113” into
parameter P214. In order to define the sixth inpuhinal as “emgs” that we use to

input safety condition signal to servo driver, weezed “21” into parameter P215.
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In order to define the seventh input terminal asl®t¢hat we use to input backward
limit sensor to servo driver, we entered “22” ip@arameter P216. In order to define
the eighth input terminal as “ccwl” that we usertput forward limit sensor to servo

driver, we entered “23” into parameter P217.

Ex3 -

Detault: 101 Related Section: Table 8.A
Apphcable Control Mode: ALL

Unit: N/A

Range: 0 ~ 015Fh

Data Size: 16-bit

Digital Input Terminal 1 (DI1) ‘ Address: 0214H, 0215H

Display Format: Hexadecimal

Settings:

The parameters from P2-10 to P2-17 are used to determine the functions and statuses of DIT ~
Dla.

A
L =B
not used

A: DI (Digital Input) Function Settings:

For the setting value of|P2- 10 ~ P2-17| please refer to Table 8.A.

B: DI (Degital Input) Enabled Status Settings:
0: Normally closed (contact b)

1: Normally open {contact a)

Figure 3.58 CN1 connector inpighals (ASD-A2 Series User Manual, 2011)

2 pieces of CN1 terminals were defined as outplthodgh there are several
output definitions more than 2 in Delta servo driwge can define 2 pieces.

Therefore we must determinate the most essentésd.on

According to terminal definition function that i®@wvn in Figure 3.59, 1 piece
servo motor position data and 1 piece servo mattarence operation data were
defined. These output terminals generate a sidralis used to inform PLC when
servo motor reaches the target position and coegléte reference operation. In
order to define the first output terminal as “TPQ4t we use to inform when servo
motor reaches to target position, we entered “lffJ parameter P218. In order to
define the first output terminal as “HOME” that wee to inform when servo motor
completes reference operation, we entered “109’parameter P219.
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m |D01 |Digital Output Terminal 1 (DO1) Address: 0224H, 0225H|

Default: 101 Related Section: Table 2B
Applicable Control Mode: ALL

Unit: MJA

Range: O ~ 01 3Fh

Data Size: 16-bit

Display Format: Hexadecimal

Settings:

The parameters from P2-18 to P2-22 are used to determine the functions and statuses of DO ~
DO5.

J

-
— =B
L » not nsed
A: DO Function Settings:

For the setting value of P2- 18 ~ P2-22] please refer to Table 2. A.

B: DO Enabled Status Settings:
0 Mormally closed {comtact b)
1: Normally open {contact a)
0: Mormally closed (contact B)

1: Normally open (contact a)

Figure 3.59 CN1 connector outgighal (ASD-A2 Series User Manual, 2011)

3.3.3.5 Homing (reference operation) Mode Settings

Homing mode (reference operation) definitions #féct positioning accuracy of
the mechanisms directly, were realized with paranseP504, P505 and P506. Delta
servo motor with its internal encoder sends thatiposdata to CN2 connector of
servo driver but firstly motion start point of sermotor must be defined in order to
convert encoder data to significant form. Homingdedunction defines the motion
start point of the motor. In all of the servo matan JI silicone dispenser machine,
reverse limit sensors were used as home sensergnek sensor). When servo driver
is activated from drivers CN1 terminals by PLC,veemotor starts to rotate in

reverse direction in order to find home sensor.

Motor continues to rotate unless mover stage ofni@ehanism comes in the
home sensors detection area. When home sensotsdéteanechanism, motor stops
and then rotates in forward direction in order & gut from home sensor detection
area and then motor stops. Servo driver definedasteposition of servo motor as
home(reference) position that is also 0 pulse poinintérnal encoder. In this case,

all of the motions of servo motor can be calculaecbrding to reference point.
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Forward and reverse speeds in reference operatewa defined by entering “100
rpm” into parameter P505 that controls the forwardtion of reference operation
and by entering “40 rpm” into parameter P506 ttwattols the backward motion of
reference operation. We entered “21” into paramet&d4 in order to define motor

motion that is shown in Figure 3.60.

maotor speed {J

N

,]. l \ / motor
position

reference cwl sensor '
operation as home
start point sensor

|‘1;otor speed (+)
Figure 3.60 &eince operation in homing function

3.3.3.6 Speed And Position Settings Of InternaltiPos

Speed and position data were sent by coudésgcipe function on HMI and
positions were defined as pulse with 32 bit range speeds of mechanisms were
defined 16 bit range. Position and speed defirstimn internal positioning can be set
manually also. We set the speed values of servombetween the parameters P561
and P564 and for the position definitions we usadameters between P602 and

P609. Position definition for internal positionirggas shown in Figure 3.61.
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m PDAT1 |Data of Path 1 Address: 0606H, 060TH

Deafadt: O Related Section: Section 7.10

Applicable Control Moda: Pr

Linit: NAA

Range: -2147483648 ~ 271474835647
Data Size: 32-hit

Display Format: Decimal
Seftings
Data of path 1:
Bit 31-28 | 27~-24 | 23-20| 18~16 | 1572 | 11~8 T~4 3i-0
Function DATA (32-bit)

The parameter PE-02 is used to determine the atiributes of definiion of Path 1 and parametar
PE-03 is used to set the data (target position o7 jump path number) cormasponding to P&-02.

Figure 3.61 Position definition for interrmdsitioning (ASD-A2 Series User Manual, 2011)

In addition to speed and position definitions, whaamsider that the internal
encoders on servo motors generate 1280000 pulsesrpéation, it can be said that

Delta servo motors has a big positioning accuracy.

However, servo motor target positions are defineth van error margin. For
example, if the target position is 15000000 pulses| if error margin was selected
15000 pulses, mover stage of mechanism stops amy o14985000-15015000
puls range and servo driver detects that servarbir shaft position as on target
position. In order to reach a proper positioningsge“the position completed width”
with the parameter P154 as “5000 pulse”.

3.3.3.7 Communication settings

Servo driver accepts the data form PLC with ses@hmunication. Instead of
entering the position and speed data of mecharsnservo driver control menu, we
preferred to send these data with serial communitdtom HMI to PLC and then
PLC to servo drivers. In this case, the operatdmse Wwave no technical knowledge
about parameter settings of servo driver can chdrgparameters for different LCD
modules on HMI by courtesy of communication netwbetween control devices.
We used the parameters between P300 and P305 ém twrdset servo driver to

modbus communication specifications that we defineLC.
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The parameter P300 that is shown in Figure 3.62yiges us to define
communication addresses of servo drivers. We ahtadelress numbers of servo

drivers between 2 and 6 into P300 parameters.

m |ADR Communication Address Setting Address: 0300H, 0301H
Default: OxTF Related Section: Section 5.2
Applicable Contol Mode: ALL
Unit: N/A

| Range: 0x01 -~ 0x7F |
Data Size: T6-bit
Dasplay Format: Hexadecimal

Setings

This parameater is usaed to set the communication slave address in hexadecimal format. This
address is an absolute addrass which represents the servo drive on a RS-232/485 or CANDus
network.

Figure 3.62 Communication address settings on pd@@meter (ASD-A2 Series User Manual, 2011)

In order to achieve a serial communication, sonmarpaters as communication
protocol, baud rate and data transmission speetl lmusame for all devices in serial
communication network. Baud rate was defined a®096or all servo drivers as

shown in Figure 3.63.

m |EI:RT Transmission Spaed Address: 0302H, 0303H
Default: 0x0203 Related Section: Section 9.2
Applicable Control Mode: ALL

Unit: bps
Range: OxD000 ~ 00405
Data Size: 16-bit
¥: Baud rate setting
0: Baud rate 4800
| 1: Baud rate sE00 |
2: Baud rate 19200
3: Baud rate 38400
4: Baud rate 57600
5: Baud rate 115200

Figure 3.63 Communication speed settings on petemP301 (ASD-A2 Series User Manual, 2011)
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We defined the communication protocol as 7 inforarabits and 2 parity bits

and 1 stop bit similarly to plc communication segs. In order to define protocol

specifications we entered “1” into parameter P3®hd-igure 3.64.

m |F'TL |Cnn1n1-|.rnic:atiun Protocol | Address: 0304H. !}SDEH|
Ciefaudt: & Related Section: Section 9.2
Applicable Conrod Mode: ALL
Lhnit: MNGA

Range: 0 -8

Diata Sire: 16-bit

This parameter is usad to set the communication protocod. The alphanumenic characters
represant the following: 7 or B is the number of data bits; M, E or O refers to the parity bit. Non,
Even or Odd; the 1 or 2 is the numbers of stop bits.

0: Modbus ASCI mode, =7.N.2=

1: Modbus ASCI mode, <7.E. 7> |

Modbus ASCH mode, =7.0.1=

Modbus ASCH mede, <B.M.2 =

Modbus ASCI moede, <B.E, 1=
: Maodbus ASCH mode, <8.0,T>
: Modbus RTU mode, <B.M.Z2=

bW N

;o

Figure 3.64 Protocol definition on parameter PASD-A2 Series User Manual, 2011)

The parameter P305 that is shown in Figure 3.65iges us to define com ports

as RS-48

5 that is available for long distance comioation. We entered “1” in order

to select RS-485 communication interface.

Figure 3.

After a

CMM Communication Selection Address: 030AH, 030BH
Detault: 0 Related Section: Section 9.2
Applicable Control Mode: ALL

Unit: N/A

Range: OxD0 ~ Ox01

Data Size: 16-bit

Display Format: Hexadecimal

Settings:

Communication interface selection
0: R5-232

Mutltiple communication modes R5232 and R5-485 cannot be used within one communication

ring. Point-to-point connection or multidrop connection can be selected.
65 Communication port settings foveedriver (ASD-A2 Series User Manual, 2011)

Il of the settings of software of controksgm, software trials on Jl silicone

dispenser machine was executed. During softwaais tfiirstly machine was worked

in manua

| mode in order to test if PLC outputs @mtions are correct or not.
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If there are not seen any problem on manual caobPLC, machine is worked
in automatic mode. In automatic mode all of thetdng and sensors must be
switched on in order to prevent possible software laardware based problems. All
of the mechanical and industrial automation equiptsief JI silicone dispenser were

tested before it integrate to JI bonding line.



CHAPTER FOUR

OBSERVATIONS ABOUT THE PRODUCTS OF JI SILICONE DISPENSER
MACHINE

In order to discuss the improvements of silicone situation on lcd modules after we
developed Jl silicone dispenser machine, we consider the items such as sensitiveness,
manpower, production speed, employee cost, defect ratio, e ectronic/mechanical
based malfunction.

Sliconizing sensitiveness. There must be 1 mm width silicone area on LCD modules.
It means that the sensitiveness of the developed machine should be better than 1mm.
According to our measurements, the developed machine can put the silicone on
target area perfectly, but because test members move LCD modules while silicone is
still wet, silicone line can loose its shape a little and there can be seen that there are
some parts with different width. It makes the sensitiveness of the developed machine
about 0.2 mm sensitiveness on average. This sensitiveness was the same with LCD

modules that were siliconized with manual operation. We can see the similarity of

the automatic siliconized and manual siliconized LCD modules in Figure 4.1 () and
Figure 4.1 (b).

@ (b)
Figure 4.1 Comparison of manually and automatic siliconized modules according to silicone width

(8) Manually siliconized lcd module, (b) Automeatically siliconized Icd module

108
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If we consider the silicone line situation on diiet LCD modules that were
siliconized with JI silicone dispenser machine, ve® see that silicone area is in a
continuous line form. There are some bubbles acosié line but it is not a problem
for its endurance against to time and mechaniaae®on COF that is the chip on
Icd. Silicone situation on different Icd modulesasshown in Figure 4.2.

(a) (b)

(© (d)

Figure 4.2 Silicone situation on different Icd méetu(a) Silicone situation on 40000cd module,
(b) Silicone situation on 6008dcd module, (c) Silicone situation on 8080idd module (d) Silicone
situation on 100000Icd module

Manpower: Before we developed Jl silicone dispenser machimezet were four
process control members for manual silicone, ogeriand test processes. We need
two members for only test operation. Since we hsaeed two members form Jl

process these members can be charged for othieakoperations.

Production speed: When we apply manual siliconizing to LCD modules)ce
process members executed the carriage and silmoe@tions manually, siliconized
LCD module production speed was almost 80 pieces/ho
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JI silicone machine does not loose any time wheh@@D module came to unloader
unit of JI bonding line by courtesy of sensor tatects the LCD module existence
on unloader unit. This detection and then carriaige siliconizing operations make
Jl silicone dispenser as fast as JI bonding lirtb W25 pcs/hour production speed.

Employee cost: In addition to its manufacturing cost advantagesilidone dispenser
machine has also provided a big employee cost deerelThe employee cost of 4
members that were charged for manual silicone jagg@rand test processes, was
4000 $. Since we have saved two members, the esmwlmyst decreased to 2000 $.

Defect ratio: There are two basic defect type that occur dutivg carriage and
silicone operations such as “glass broken” andctsile flow to carriage tray”. If
LCD modules do not carried correctly, it can bekiero especially on the edges of
LCD modules and this defect is represented by d#fi@ition of “glass broken”. After
siliconizing operation, silicone on LCD module rens still wet and if LCD
modules are carried vertically, the silicone on L@Ddule can flow to carriage tray
and this can be failure for siliconizing operati@ilicone flow and glass broken
defect ratio were on average 6/10000 and by couxégll silicone dispenser this
defect ratio decreased to 3/10000.

Electronic/mechanical based malfunction: Jl silicone dispenser showed a big
performance since it started to work. There is necteonic or mechanical
malfunction or equipment change since it was marufad. The developed machine
produced 120000 pieces siliconized LCD modulesautlany technical problem.

We can see our comparison items on a table. Tablshbws us the performance
of JI silicone dispenser machine. This table prowes the developed Jl silicone
dispenser machine, in addition to advantages abouatanufacturing cost, meets our
criterions such as sensitiveness, manpower, primatuspeed, employee cost, defect

ratio, electronic/mechanical based malfunction.



Table 4.1 Comparison table of manual silicone drgilidone dispenser silicone operations

Manuel silicone

Jl silicone dispenser

Item operation machine
Sensitiveness 0.2 mm 0.2 mm
Manpower 4 2
production speed 80 pcs/hour 125 pcs/hour
employee cost 4000 $/month 2000 $/month
defect ratio (silicone flow +glass
broken) 6/10000 3/10000
electronic/mechanical based

malfunction 0/120000 pcs
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CHAPTER FIVE

RESULTSAND SUGGESTIONS

In this thesis, a J silicone dispenser machine was designed and controlled
according to machine manufacturing and automation principles. A siliconizing
operation that requires high performance in positioning accuracy, speed and safety,
was realized with an industrial machine instead of a robot manipulator. In addition to
advantages about cost, this study has proved that an industria machine can be
designed and manufactured in workshop conditions by using the automation

equipments that can be got easily.

The developed JI silicone dispenser machine executes siliconizing of an LCD as
the last operation of JI process by working in coordination with J line. This
coordination shows us the integration capability of industrial machines with
sophisticated systems. Industrial machines can be used not only for single functions
but also in harmony with advanced systems with proper mechanical and electronic

connections.

If JI silicone dispenser machine was designed by a professional machine
manufacturer, it would cost 278000 dollars and similarly if we use a robot
manipulator for siliconizing, it would cost aimost 100000 dollars. By courtesy of our
original design and control techniques, the cost of our JI silicone dispenser machine
was realized about 17000 dollars.

At this point we would like to emphasize the main experiences/observations that
we gain during the development process. In the following, we itemize these
experiences/observations:

1) This study shows us the necessity of using the servo motors in industria
automation applications. Servo motors provided us setting and programming
flexibility. By courtesy of servo driver we could change working conditions of

motors and a so the mechanisms of machine easily.
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i) Optical limit sensors that we used in start @mdl points of mechanisms provided
us an excellent reference position accuracy. Tthssatage proves that optical limit
sensors should be used instead of proximity serisdige applications that require

high level sensitiveness.

lii) The vertical motion mechanism lifts LCD moduleCD carrier mechanism,

rotational motion mechanism and also the verticah isupport block. We choice a
ball screw based mechanism in order to supportribir of this mechanism about
torque. In addition, we used a motor that has kebom its shaft. This brake prevents
motion of motor shaft unless we apply a 24 V sigmalelectromechanical brake
coils. It shows us the importance of equipment cdigle according to load and

mechanism working conditions. We provided both adiponing accurate and safety

with the brake connected to motor shatft.

iv) Since there is 25 kilograms load on main cammeechanism, mover stage starts
motion with a vibration. We solved this problem hwiteducer with 1:15 reduction
ratio. Therefore, the reducer that we used on mamier mechanism is not only

effective in steady state torque but also effeativigansient motion of motor.

v) We observed that silicone flow is not good wheffirst starts. Therefore we
adjusted the working level of the vertical motioeghanism and silicone injector air
pressure. They show us the importance of equips®acttion and the importance of

adjustment according to observations.

vi) Although we could use a control panel with ba, we used an operator panel
that has recipe, alarm message and several visa#lot functions on it. Operator
panel usage provided us a professional control grgkrvation on machine. We
made the machine usable by any member that hateelmyical knowledge about the
developed machine. This is the most important aidegn of operator panels for

industrial machines.

vii) Since the mover stage of unloader unit andilitone dispenser mechanisms
have a common area for motion, we have used posgasors in order to detect the

mover stage of unloader unit of JI bonding line.



114

When the mover stage of unloader unit is on comarea, main carrier mechanism
waits until the mover stage of unloader unit leatresscommon area. We prevented

any crash of the mechanisms by these sensors.

viii) When we consider serial communication netwofkthe control equipments of
JI silicone dispenser machine, it is obvious thdustrial machines can be designed
not only for simple machines but also for advansgsgtems that execute several

operation with several control equipments. .

iX) At the beginning of this study, we plan to usgage processing technique to
improve the accuracy of positioning. But, by theurtesy of stable mechanical

equipments and proper drive techniques, the degdlopachine has high accurate
motion capability without using image processingchteques. Since we have not use
image acquisition and processing in our designhawee got the opportunity for a big

cost reduction.
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APPENDICES
Appendix 1
a) Calculation of required torque of vertical motimechanism

Since LCD module carrier mechanism is a ball scteased mechanism, we

calculated required torque by using the ball sdi@wulas.

oupling

i 1 Slide Guid
A ||

Total mass of table and load .......... m : 16 kg
Ball screw pitch ........................ Pb: 5mm
Ball screw efficiency .................. nb: 0,9
Ball screw shaft diameter ............. Da: 20 mm
Ball screw friction factor .............. po: 0,3
Table friction factor .................... put: 0,3 M
Acceleration due to gravity ........... g: 10 m/s?
Safety factor ................ooee i, sf:2

Load torque : TL

Load torque with safety factor : TL_sf
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F=puput. m.g = 0,3.16.10 = 48 Newton

TL= F.Pb /(2 nb)+po.F.Pb/ (1)

TL= 48.5/(2.3,14.0.9)+0,3.48 .5/ @14)

TL= 42,46 + 11,46 = 53,92 N.mm

TL_sf=sf. TL=53,92.2=107,84 N.mm = 0,10m

According to this calculation, ASD A2 type 200 Wnse motor that has 0,60 Nm
torque is proper to use for vertical motion mechamni Since there is a little cost
difference between 200W and 400W servo motors,vaece 400W servo motor that
has 1.27 N.m torque. We choice a motor with medariirake in order to support
motor against to load and in order to prevent sjddf the mover stage down when

motor stops.

b) Calculation of required torque of main carrieeainanism ( trigger module

with 90mm*180 mm section)

Trigger module gear diameter .......... D : 64 mm,

Trigger module belt roller efficiency .... ub: 0,90 -u

Reducerratio .........covvveviine i

Reducer efficiency ............c.c.oooen . pr:0,90  -pg
Table friction factor ..................... pt: 0,3 -M
Total mass of table and load ........... m : 25 kg
Acceleration due to gravity ............ g: 10 m/s?

Belt displacement per a rotation ....... a =200 (mm)

Beltspeed ..........cooooiiiiiiiiiinn, V = 2000 (mm/sec) = 20@D.(mm/min)
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Nominal motor speed.................... Vm = 3000 rpm
Motor rotation speed .................... r(rpm)
Safety factor .........ccocoviiiiiiinn sf:2

Load torque : TL

Load torque with safety factor : TL_sf

Load torque with reducer : TLr

Load torque with reducer and safety factor: TLr_sf
F=puput. m.g =0,3.25.10 = 75 Newton
TL=F.D/(2.pb)=75.64/(2.0,8) = 3086hm = 3 Nm

TL sf =sf. TL=2.3=6Nm .......... with no reckr . | means we must use at
least 1500 W servo motor that has 7,16 Nm torquetedd of using 1500 W motor
that has high load capacity and also high costusesl reducer in order to decrease

required torque of the motor.
V=a.r .... 2000.60=200.r
r =600 rpm

i =3000/600=5 ; This reducer ratio is thmimum ratio, we choice a standard

planet reducer with 1:15 reducer ratio then;

TLr=TL/(.pur)=3/(15.0,9) =0,222 Nm. TLr _sf=sf. TLr = 0,444
Nm

According to this calculation, ASD A2 type 200 W tmothat has 0,60 Nm torque is
proper to use for main carrier mechanism. But igger belt mechanisms, If the
reducer ratio is not enough, there can occur \matacceleration and deceleration

of the mover stage therefore we choice 750 W semwtor that has 2.39 Nm torque.



Appendix 2

Wiring Project Of Automation System Of JI Silicobespenser Machine
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Tesis tanimi : Bonding
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Olusturma tarihi © 01.11.2010 Sorumiu En ylksek sayfa
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