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ABSTRACT

Today high efficiency, low environmental footpriaind good personal working
conditions of production lines are important objpes for factories in the world. This
master thesis work aims to create a simulation mafda food processing line based
on gqualitative and quantitative data. Using moddiacrete event simulation as main
approach, a model able to quantify effects on petditly and noise level from
production line alterations is produced. To aid ti@dular approach, a framework of
how to represent common machines in a fast movamgumer goods line is formed.
The simulation model is used to analyze suggestainalterations to the flow of
products. By reducing the supply of products coniintg the system, and reducing the
variance in the supply to the bottleneck machities,collisions could be reduced by
65% and the productivity could be raised by 0.6%.
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1 | ntr oduction

Today high efficiency, low environmental footprimind good personal working

conditions of production lines are important objees for factories in the world. The

designs of those lines are mainly based on engihegperience together with rough
cut calculations and in many cases without comedeluction line perspective. An

optimal design of those production lines is a kastdr to achieve the aforementioned
objectives.

A way to ensure the performance of a conceptua &nd to reduce the risk of
unexpected layout mistakes is to bring the useimfilation tools into the design
process. Simulation has been found to be both usefd powerful as a tool for
designing and analyzing production systems. (La@720n industry simulations are
used as one-offs for example to design a new factas well as for improvements
where models can be reused. Few companies usa rhaadatory tool. (Skoogh, 2011)

1.1 Background

FlexLink is the world leader of high end productidwgistics solutions for the
Healthcare, Consumer Goods (FMCG), Electronics @&udomotive industries.
Headquartered in Gothenburg, Sweden, FlexLink haserthan 800 employees and
operates in 26 countries across the globe. The aonynig part of Coesia, an industrial
group including companies in advanced automatedhmewy, industrial process
solutions and precision gears sectors of industry.

FlexLink are seeking a way to integrate the ussimulation tools in their engineers’
daily work of designing production lines. In thisg R&D department of FlexLink is
running several projects for the enhancement of siewulation tools for production
line efficiency optimization in cooperation with @mers University of Technology,
together with in-house efforts to aid the use ofidation tools.

Research has shown that a modular approach todbeseévent Simulation (DES) can
divide the needs for expert knowledge in simulatind in manufacturing systems. This
allows for a simulation expert to produce validateddules that can be used by a
manufacturing systems expert to model a produdiie These modular simulation
blocks can be re-used, which can also decreasée#itetimes for model creation
(Johansson, 2006). Examples of simulation bloocksarious machines and conveyors.

With this approach in mind FlexLink have chosemfivgare and started to develop an
add-on to fit their needs. As for now this add-®mian early stage of development and
the use and knowledge of the software as well asifioulation projects in general is
limited among the engineers at the company. Agp@tst spread the knowledge about
simulation projects in the organization and atshme time test and demonstrate the
new software this master thesis is conducted.

The project is conducted together with a food poialy company and is applied on
their production system that produces food filledjliass jars.

1.2 Purpose

This master thesis will focus on the modelling giraduction line at a food producing
company using a discrete event simulation softwareprder to improve the line
efficiency and assess a problem with colliding meid causing a high noise level and
increasing the risk of food hazard due to brokeasgljars. While performing this
simulation, modular blocks will be created that pport application engineers
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around the globe in their layout design work anthgwnication with colleagues of
other professions. Furthermore, a framework forasgnting a number of different
types of machines will be created and analyzedderao create flexible and reusable
blocks.

The modelling of the production line will includeaysis and modelling in the software
3DCreate, together with FlexLink Design Tool, whishthe add-on to 3DCreate
developed by FlexLink. As the add-on is under dewelent, some testing of the
applicability of the software to similar engineeyiproblems is included in the work.

The simulation model will cover the entire prodaatiline, from the supply of raw
material to the palletizing of finished goods. Toeration will need collection of data
from the factory.

1.3 Goa

* Create reusable blocks that can be used for communication between different
professions.

e Build a simulation model of the studied production line, based on collected data that
can predict productivity and number of collisions.

¢ Do experiments to the model to try find a solution that minimizes the collisions at
the line while maintaining at least the same productivity

1.4 Delimitations

This project will not create blocks for represeiotaiof robots or conveyors, as such are
already present in libraries available for the ctj
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2 Theoretical background

In this chapter all relevant theory for the projecpresented regarding manufacturing
simulation, the studied production system, and stiguspecific frames.

2.1 Manufacturing ssmulation

Discrete event simulation (DES) is a simulationgeature where the system state
variables change value instantaneously at certaintin time. The points in time
when the state variables change value are decigdadhén events occur in the system.
In this way DES has the ability to capture dynabebaviors which makes it suitable
to use for simulation of the dynamics of a produttsystem. (Law 2007, Fishman)

A couple of different classic DES methodologiegehbeen developed. In common for
the different classical methodologies is that ausattion project carried out according
to these methodologies requires the work of a satrar expert and it is likely that each
new model has to be created from scratch (Johan2666).

2.1.1 Modular discrete event ssimulation

Modular DES is a methodology aimed to reduce theuwarhof time needed for a
simulation project and also to enable for non-satiah experts to use the tool of
simulation. This is reached by modifying the claasDES methodology to cater for
reusability of modules from previous simulationjputs.

One of the most well-known classical DES methode®dgs Banks’ methodology
which can be seen in Figure 1.

‘ Problem formulation

I

Settings of objectives and
overall project plan
I
+ 1
‘ Model building ‘ ‘ Data collection

4—‘ Coding |

— Verified?

4—{ Experimental design |
‘ Production runs and analysis |-7

l

Document program and report
results

I

‘ Implementation |

Figure 1. Stepsin a simulation study proposed by Banks based on Johansson (2006).

CHALMERS, Product and Production developmgehaster’'s Thesis



In the modular DES methodology proposed by Johan&Xa06), the required coding
of logics and functionalities in the model has beken out of the actual building loop
of the simulation model and placed in a separate lor building modules. The
proposed methodology for module

building is presented in Figure 2. Figure

show the steps in model building. | P’°"'e””‘i”"”'a“°” ‘

Settings of objectives and
overall project plan

[
v ¥

Model building I I Model data collection

’ Module Definition ‘ Validated?

|
{ 1

4.{

Module Building | ’ Module Data Collection }“

| I
1 4-{ Experimental design
4-1 Module Coding ‘ l

Module
Verified?

{ Production runs and analysis

Module

Validated?
Document program and report
results

‘ Module Library ‘ [ Implementation I

Figure 3. Method for module building based on Figure 2. Method for model building based on
Johansson (2006). Johansson (2006).

The idea is that the module building is taken adrby simulation experts that builds
general modules which easily can be modified thihopgrameters to fit the properties
of different production systems. These modulestiaea placed in a digital library
where others can access them to build simulatiotiefsoIn this way the time to build
a model is reduced as the logics are already imgiésa in the modules. This makes it
possible for someone to build a model even thowdtbaing familiar with the internal
parts or the code of the modules. The modular DEShaodology is mainly aimed for
companies building similar manufacturing systemeroand over again, containing
different combinations of modular components. Exispf such companies are line
builders, machines builders and system integrgfmisansson, 2006).
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2.1.2 3DCreateand FlexLink Design Tool

3Dcreate is a simulation software developed by 8istomponents. The software is
offering highly detailed 3D simulations as wellasirag and drop interface to place
components in the simulation environment to buikinaulation model. The latter is a
prerequisite for modular DES (Johansson, 2006).r&@t€ is part of a series of versions
based on the same simulation engine where theditfeersions gives the user more
or less functionality as editing capabilities amdlgsis tools to work with. 3DCreate
enables the user not only to drag and drop comgsrieom a library to build a
simulation model but also to create new componenéxpand the library.

When creating new components in 3DCreate the gegnaed functionality of the
component has to be defined. The geometry canfoeedeeither by importing a CAD
model to use in 3DCreate or by creating the gegnuitectly in 3DCreate using simple
design tools. The functionality is defined throwagkding behaviors and parameters to
the component through the graphical user interfBebaviors give the component the
simulation functionalities needed to representaitoeluction system.

The most relevant behaviors in this project ardpathich move products inside a
component, interfaces to connect components witth esther, sensors to detect
products and other components, signals to commignicéernally and with other
components, and python scripts to control the bgftthe component. The python
script can also be used to manipulate parametdrseadther behaviors. Properties is a
function which is used for giving the user the poifisy to assign new values for the
components’ parameters.

FlexLink Design Tool (FLDT) is an add-on for 3DCreavhich is developed internally
by FlexLink. The tool provides a fast and easy vediybuilding and configuring
conveyor layouts using FlexLink’'s own product ranged a user-friendly user
interface. The FLDT add-on together with the caligiof importing layout drawings
facilitates the foundation for the simulation mqddle conveyors that transport the
products.

2.1.3 Input data for manufacturing ssmulation

Manufacturing simulation is about building a congritzed model of a production
system with the purpose to imitate the operatidresreal world facility. Input data for

simulation models can be quantitative or qualigtiwhere the quantitative data is
collectable in form of numbers and qualitative deéa be collected in form of for

example logical relations or rules. In order toegatrize what input data collection
activities that are needed, Robinson and Bhati@X)}Lpresents a classification of raw
data in three steps, see Table 1.

Table 1: Classification of data (Robinson and Batia, 1995)

Category A Available
Category B Not available but collectable

Category C Not available and not collectable

CHALMERS, Product and Production developmgehaster’'s Thesis 11



2.1.3.1 Quantitative data

In order for the model to be an accurate imitatibtie real world system it is dependent
of quantitative input data that makes good reprasi@ms of all parameters necessary
to include in the model. To generate good represiems for those parameters the
quantitative input data should consist of as mwsh data as possible, especially for
those parameters that tends to vary. A rule of thisrio collect at least 230 samples
for those variable parameters. The reason whygtieigt amount of samples is preferred
is that they are used to create statistical distiobs over the variations. Typical
parameters necessary to include in a manufactagisigm simulation model are; cycle
times, time to failure, time to repair and convegpeeds. (Law 2007, Skoogh and
Johansson 2008)

In order to transform quantitative data to inforiroatneeded for input to a DES model,
five important methods for adding value to the data are presented in Table 2.

Table 2: Important methodsto add valueto raw data (Skoogh et al. 2012)

Contextualization Knowledge about what purpose data was gathered for

Categorization Knowledge about units of analysis or key components of the
data

Correction Errors are removed from the data

Calculation Mathematical calculations or statistical analysis of the data

Condensation The data have been summarized in a more concise term

2.2  Theproduction system

The production system studied in this projectpgaduction line for pickled herring in
Sweden. The line is fully automated and consistseokral machines connected by a
conveyor system. At the beginning of the line, gngiass jars are fed into the system
by a robot cell. From there the jars are travelhirgughout the conveyor system to get
to different machines. The machines are mainly eoted in a serial flow. The only
place where the flow is divided into parallel floissvhere herring is filled into the jars
by two similar machines. Even though working in glied, the machines form the
working station with the least capacity in the lidgart from the herring the jars are
also filled with spices, vegetables and sauce hed fitted with labels and lids before
the products, consisting of a glass jar filled witie actual product, are washed,
scanned, bundled and packed on euro pallets. Tba@ugtion line is capable of
producing between 160 and 180 products every miepending on the product size.
Two sizes are produced, big and small. The usetthpis decided by the recipe. One
recipe is produced at a time, but a great amoudifferent recipes can be produced.
When changing recipe, the line needs to be runeapd then stopped to allow for
setup. An overview of the process can be seenguar€&i4.

12 CHALMERS, Product and Production developmgehaster’'s Thesis



Loadlr?g of Labeling Filling process I,"d ! Washing Backing
glass jars ‘ application process

Figure 4. Principal flow of the production system.

The production system is set up so that conveyadsother machines run at a higher
speed than the herring fillers are capable of adeoto keep the herring fillers busy.
Buffering occur on conveyors, as products can clasen each other. This is the
definition of accumulation. During normal productithis accumulation is present in
big queues in front of the herring fillers whiclvegs rise to much noise as the glass jars
are constantly colliding against each other. Hlgd a problem with jars breaking due
to the collisions, both in the production line aafter the production is finished. A
broken jar in the production line causes a bigudisince to the production process, as
the line needs to be shut down and thoroughly elédrom fragments of glass which
could otherwise compromise the product and caued ftazard. Broken jars post
production causes claims from customers and alsstalthe stacking of products on
pallets a broken jar compromises the entire pabetibatch. There are also two
accumulation tables on the line, one downstreamm fitee herring fillers in the filling
process, and one between the washing and packicggzes.

2.3 Industry-specific frames

To be able to use the simulation model for commatioa between different
professions present in the industry, industry-dpegiethods for representing machine
control logics and measuring productivity will beplemented.

231 Pack ML

Packaging machine language (PackML) is a standatdimnachine language for

automated machines developed by the OMAC Packaglakgroup. The standard

aims to provide a common “look and feel” togethéthva common way to structure

the control logics of machines across the plardrfia packing industry. Included in

this standard is a state model which defines l#estthat together represent the
operational sequencing of the automated machi@4AC, 2014). Figure 5 illustrates

the operation sequencing.

CHALMERS, Product and Production developmgehaster’'s Thesis 13
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Figure 5. The Pack ML state model based on Automation World (2014). The color coding show the type of
activity performed in the state.
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When a machine is producing it is situated in thgesExecute. Ifit is starved or blocked
it enters the state Suspended, and if it is paligges into the Held state. A fault in the
machine sends it into the state Aborted. For &léotime when the machine is up but
not producing it is situated in either of the staBtopped, Idle or Complete. Not all
machines requires all 17 states to define theiraimmal sequencing. PackML also
include a standardized way of communication betweachines in a packing line

(Automation World, 2014).

232 OEE

Overall Equipment Effectiveness (OEE) is describgdBadigeret al. (2008) as a
general measurement aimed to improve plant perfioceen any kind of manufacturing
organization. The measurement focuses on threerfacAvailability, Performance
efficiency, and Quality rate, which all are cructal maintain in order to maintain
effective operations. Tied to these three factoessax major losses, namely:

1. Equipment failure/breakdown losses.
Setup and adjustment losses.

Idling and minor stop losses.
Reduced speed losses.

Reduced yield losses.

Quality defects and rework.

o v A wWN

The first two losses are known as downtime losses are used to calculate the

availability factor. Loss three and four are caligaeed losses and determines the
performance efficiency. The last two losses, caflefict losses, are used to calculate
the quality rate. The OEE measurement does notagspecific reason why a machine

is not running as efficiently as possible but itpseto detect the possible areas for
improvement. The traditional way of calculating OSEhown in Figure 6.

14 CHALMERS, Product and Production developmgehaster’'s Thesis



Equipment Efechueneeslloss OEE Factors Overall Equipment Effectiveness
Availability x Rate of Quality
Planned Production Time =
Total Time — Planned Down
Time
— Equipment Failure  —
Availability =

€ o . .
Operating Time e — w —

okF Planned Production Time

e Setup and Adjustment —

—— Idling and Minor Stoppag; —

Performance Efficiency = Overall

Net - »
4
Operating ?g’; g (Theoretical Cycle Time X Processed Amount) X 100 Ehibment
Time w3 Running Time q ’_)
L Reduced Speed - Effectiveness
§ DefectsinProcess Rate of Quality Products =
Valuable | 2|
Operating |Z| (Processed Amount — Defect Amount) X 100 |1 |
Time E Processed Amount
9|
= Reduced Yield

Figure 6. Traditional OEE calculation.

2.3.2.1 Modified OEE

Badigeret al. (2008) have proposed a modified way of calcula®iE by adding a

fourth factor, Usability, to the OEE measuremeihie Tunction of this factor is to divide
the unplanned downtime into equipment-related dowmatand process related
downtime. In this way the final OEE value will stile the same but it will provide a
clearer view of what is causing the losses. Figurshows the modified way of
calculating OEE.

Equipment Effechencssiloss OEE Factors Overall Equipment Effectiveness
x Usability x Efficiency x Rate of Quality Products
Planned Production Time =
Total Time — Planned Down
Time Availability =
(Operating Time) X 100 —
i i — o i Reanisindd
Equipment Failure Planned Production Time
€ o
Operating Time 2 £
0
_ Setup and Adjustment and Usability =
Minor Stoppages
(Running Time) X 100
oo (Operating Time)
G S
Running Time | 2 E Overall
— Idling — .
i Equipment
Performance Efficiency = Effectiveness
& Net i 42 || (Theoretical Cycle Time X Processed Amount) X 100
{ v
pTEi:an & é "l Reduced Speed — Running Time
9 Defects in Process [ Rate of Quality Products =
Valuable § _— (Processed Amount — Defect Amount) X 100 -
Operating g Processed Amount
Time L)
o
N | Reduced Yield —

Figure 7. M odified OEE calculation based on Badiger et al. (2008).
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3 M ethodology

This chapter presents the methodology for the ptojene project has been carried out
in several steps where the subsequent activitiee haen dependent of the previous
activities to be finished before it could be stdrtParallel to this, the data collection
was performed. An overview of the projects procegslican be seen in Figure 8.

Backgro:r;l bMICZ‘,lUIe& Validation of Model Validation of B iments
resee_m_: & Modules building Model P
Training Framework

<>
Data

collection

Figure 8. Project overview.

3.1 Research and training

The project has been based on known simulation adetbgy, data collection
strategies and ways to do performance measurenheisier to achieve the necessary
knowledge, a literature study was carried outfaststep of the project. As mentioned
in the theory chapter, manufacturing simulatiorurezs good knowledge about all parts
of the manufacturing system. Knowledge in machitamdards and production line
configurations were provided by experts at FlexLamd basic knowledge about the
specific line was acquired by thorough on site istsicbf the production line and
discussions with the staff at the food producingipany. The software 3DCreate with
the FLDT add-on had been assigned for the projedt reecessary training in the
software was taken through tutorials.

3.2 Datacollection

Alongside the module and model building a dataeotibn was carried out to retrieve
necessary input data for the modules and the mételdata collection was carried out
both manually and automatically and both quantigatand qualitative data was
pursued. As a first step, the overall behaviohefline was studied to find out if some
of the machines were similar enough to be repreddny the same module. The base
of these modules are defined as frameworks andstsmg identifiable and measurable
features. With the framework definitions as foummat a classification of data
availability was performed. Category A data wasilatée in some form, and different
methods presented in 2.1.3.1 had to be used. dtegary B data, raw data had to be

CHALMERS, Product and Production developmgehaster’'s Thesis 17



collected in order to support the DES model, armeghentioned methods had to be
applied.

3.2.1 Quantitative data

Quantitative data needed to be collected were édvid two distinctions; high frequent
events and low frequent events. Examples of intiegesvents can be seen in Table 3.

Table 3: Categorization of events by frequency

Cycle times Failures
Deadplate disturbances Repair times
Bounce disturbances

Acceleration curve

Deceleration curve

As the two types of events differ highly in theatare, two separate approaches were
chosen to collect the data.

3.21.1 High frequent events

The method used to collect high frequent data sethaon manual identification and
recording of events. As the frequency of evenksgh, around three events per second,
video recording of the process was used to betaldtidy the process slower than real
time. Events were identified during the video stadg time stamps relative to the start
of the video recording were noted in a spreadsfidettime between events were then
calculated to transform the data to the informat@eded and categorized using the
correct Sl unit. Each data collection point wastegtualized through using a separate
tab in the spreadsheet identifying the data point.

3.2.1.2 Low frequent events

As the low frequent events happen seldom, a matatal collection was not practical
as it would require too much time. An automatiadatllection system was set up using
the Programmable Logic Controller (PLC) controllittee line to identify when a
machine broke down and started up. To find stops Were independent from the
production line dynamics, modifications to the &xrig PLC logics were implemented
to identify a stop as when the machine is not nugiaind at the same time is not blocked
or starved. The logics implemented in the PLC salized in Figure 9.

18 CHALMERS, Product and Production developmgehaster’'s Thesis



Not
producing

. ‘=> n => m

Not blocked

Figure 9. Logicsfor stop identification implemented in PLC.

An existing device for automatic stop collectiordarategorization, connected to the
PLC was used for recording and for contexualizatbrthe data. The setup of the
automatic data collection regarding implementatiothe PLC, connecting the PLC to
the device for automatic data collection and expbdiata from the device for automatic
data collection to a spreadsheet was done by experthe system.

Time stamps of starting time and ending time focheatop was recorded in one
spreadsheet for each data collection point. Aftenés recorded in non-scheduled time
and events affected by changeover activities warecied, calculations to find the
duration of the stops and the time between stogspgdormed. The information was
then transferred to the corresponding tab in theesspreadsheet used for high frequent
data.

3.2.1.3 Validation of automatic data collection

The automatic data collection system was validbatefdrcing stops for each of the data
collection points on the production line in ordercontrol if the system recorded an
event on the time of the known stop.

3.2.2 Qualitative data

Each modelled machine was studied using both factaits and digital camera
recorded films to identify the overall behaviortbé machine, as well as the control
logics. Experts on the actual production systemelkas experts in production systems
in general was interviewed in order to focus theadallection on the most important
factors to study.

3.3 Framework

Key properties and adjustabilities commonly neettedyenerate general reusable
modules for all different types of machines pressate identified through on-site
studies of the production system. The criteriasklecting these key factors were that
they should be observable and measurable. Thigovaske it possible to collect the
necessary data to adapt the modules to the sitfispnditions, which was the aim
with the module. The framework is based entirely abservations made on the
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machines at the food producing company and therexue of the project team in
3DCreate gained through this project. The obseaddstabilities used as a base for
the simulation modules can be seen in Table 4.

For simple machines, typically machines that do malve the products from the
conveyor and do not have an in feeder, the praseidientified as important to include
are dimensions, time between failures, time toirepgcle time and outlet behavior.
Dimensions are important to include so that theutedan be modified to replicate the
size of different machines. Time between failured ame to repair as well as cycle
time needs to be adjustable so the module canJsn ghe unique parameters of a
certain machine. Even though the cycle time carepeesented without any variance,
the distance between products on the conveyor aae Yariance due to bounces and
other disturbances, thus outlet behavior existsta®to be included in the module.
Machines at the food producing company that caodmsidered as simple are the lid
applicator and the dishwasher.

For more complicated machines there are more piepéhat may have to be included
in the module. Except for the properties necessargimple machines also inlet logics,
and ramps for acceleration and deceleration mag babe implemented. Start/stop
logics needs to be implemented and has to be afljesso the module can be set up
according to the operation of the machine to mimlicthe infeed to the machine is
controlled by an infeed screw this behavior hasg¢enodeled and made adjustable. If
the machine has significant ramps for acceleradioth deceleration these should also
be implemented as adjustable properties in the troMachines at the food producing
company that holds any of the above behaviorstedabelers, the scanner and the
filling machines. The filling machines holds allthie above behaviors.

For mergers and diverters the behaviors found sacgso include in the module are
dimensions, inlet logics, switch logics and outlehavior. The dimensions, inlet logics
and outlet behavior should be implemented in tmeesaay as for the machines. The
switch logics needs to include adjustable pararadtarstopping of flow, switching
time and rules for making diversions.

In order for all modules to work well with FLDT theshould have a functionality to
shap directly to an existing conveyor. Any appliimas which are used together with
sensors should be modeled in a way that givesgaethe opportunity to connect the
sensors and specify their functionality. For maekia functionality to momentarily
take down a machine to study certain behaviorsms@nient. Also, to aid the analysis
of the flow, each machine is equipped with an OBIEwdator based on the Pack ML
states.
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Table 4. Key factorsto form the framework for simulation modules

Dimensions

Failures and repair
times

Cycle time
Start/stop logics
Infeed logics
Outfeed behavior
Speed dynamics

Switch logics

3.4 Modulebuilding

In advance of the actual module building, during tn-site studies at the food
producing company, it was identified which machitiest needed to be represented
through a new module and which machines that doeletpresented using the modules
already available in the standard library in 3D@edo be able to evaluate collisions
between products at the line, the flow of productthe final model needs to be very
accurate compared to the real system. This putsdeghands on the level of detail of
the modules and the way they are representingdiedf products. It was found that
for the robot cell in the beginning of the line diod the packing process, which both
are not interesting from a collision perspectiveduies from the standard library were
enough. For all other machines new modules hae wdnated.

Building of the modules were carried out accordiogthe modular discrete event
simulation methodology proposed by Johansson (2006 xid usability when using
the modules to build a model the machines withlanities in behavior and design were
modeled as one adjustable module. Also for the mesdo interact well with FLDT as
well as to imitate the real world installationgla food producing company they were
given a functionality to snap on to an existing\eeyor system.

3.4.1 Validation of modules

The validation process was divided so that valatetvas carried out separately for the
modules and the model according to the methodgbogyosed by Johansson (2006).

The general functionality of the models were firalidated together with a production
systems expert at FlexLink, comparing the behasfidhe modules with his experience
of similar machines. Especially the flow of produtitrough the machines was studied
and that the modules were prepared to replicate distyirbance found in each
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application. It was then validated that the adjoititst of the modules were sufficient

to capture the site specific prerequisite at thelfproducing company by comparing
their behavior using the specific parameters filledwvith the functionality of the real

machines in the production line.

3.5 Modd building

With modules ready work continued with building thdel. 2D drawings of the
production line were imported into FLDT and the weyor layout was built on top of
those drawings using the built in FLDT functionelt Figure 10 shows an example of
conveyors built on top of a 2D drawing. This wasritified as the fastest and easiest
way of building the conveyor layout as conveyorsilddbe built with a few clicks
instead of pulling modules from a digital librarging drag and drop functionality. This
method also ensured that the layout was built @icgrto the right dimensions, as
functions as total length of a conveyor and ret@apwsitioning are included in FLDT.

Figure 9. Example of a conveyor being built on top of a 2D layout. Thethin lines are parts of the 2D layout,
and thethick, whitelines arethe conveyors.

With the conveyors in place the machine modulesvesapped on to the layout at
correct places and adjusted to mimic the site fipaoachine it was representing. Then
the sensor modules were snapped on to the conveymrsconnected to the right
machines. A picture of a machine together with emted sensors can be seen in Figure
11. The buffer tables placed in the conveyor sysseenrepresented by a standard
module from the 3DCreate module library.
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Figure 10. M achines snapped on conveyor s with connected sensors.

The loading cell at the beginning of the line csetsdf a robot loading empty glass jars
from a euro pallet on to a wide conveyor that mahnlesstarting point of the conveyor
system. The model of the robot cell can be sedfigare 12. This part of the model
was built using the existing modules embedded en3DCreate module library as a
base, but with some alterations. To overcome ddtion in 3DCreate, which does not
allow moving several products in parallel at onevayor the products fed into the
model were adjusted to look like an entire rowlafg jars. To solve the representation
of the functionality where the glass jars are reced to a single line and fed into the
narrower conveyor a new component had to be credtesl component replaces the
products looking like rows of glass jars by singlass jars that continue to move
throughout the layout. In order to control the wogkcycle of the robot as well as to
make the robot lift the correct amount of prodweash time slight modifications had to
be made to the inner functionality of the moduletoalling the robot. Due to the highly
customized functionality of this component it wag modeled as a general changeable
module.
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Figure 11. Model of therobot cell in the beginning of theline.
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The packing process at the end of the line wag baoihpletely with standard modules
from the 3DCreate library. To get a close enougheagentation of the functionality of
the real packing process, the process is built witbdules placed in a certain
combination. There were no modifications done ®itiner functionalities of any of
these modules. The model of the packing procesbeaeen in Figure 13.

Figure 12. Model of the packing process.

3.5.1 Validation of mode

When validating the model all machine specific pagters as stated in the framework
for each machine at the line had been implemerdgsddon the collected data, except
for the failure and repair data. Validation of time@del was performed together with
experts on the production system, in the rolesias $upervisor and technical
responsible engineer.

3.5.1.1 Validation of logical connections

The actual validation process consisted of valndgtine logical connections controlling
the start and stop of the machines. As those lbga@anections dictate the flow in the
line, a valid behavior was fundamental both for greductivity analysis and the
collisions analysis. As an indicator, accumulatieas studied before each machine to
make sure queues appeared on the correct plates model.
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3.5.1.2 Validation of diversion and merge points

The operation of the diverter was studied to enthakthe effects of priority of one of
the herring fillers was modelled correctly. At thieysical line there is a negative effect
on the supply of products to the second herringrfilmaking it more likely to be
starved. At the merge point the behavior when acdation occur downstream was of
great importance. For the second herring fillez,dbnveyor connecting it to the merger
is very short so disturbances downstream will affiee productivity rapidly as there is
small capacity for accumulation.

3.5.1.3 Validation of system boundaries

As a mean to speed up the simulation execution, tiheeintention is that simulation
runs are performed only on a part of the producsgstem that include the part
including the filling process to the accumulatiable after washing. To be able to do
that, the assumption that the capacity is good gimopstream of the simulated part of
the production system needed to be validated. , Alssumptions regarding the capacity
downstream was of interest.

3.6 Experiments

To find suggestions to minimize the collision andh& same time at least maintain the
level of productivity a series of experiments weoaducted on the simulation model.
The experiments were first applied on the base imode by one, and finally an
experiment including all suggestions of improvem&as conducted.

3.6.1 Collision detection

To be able to detect collisions, a built in funatio 3DCreate called collision detection
was used. The collision detector was set up toctiet@llisions in the model only
between a chosen product and the two productsghigfore and after on the conveyor.
During the collision detection tests, one produaswhosen to be sampled for collisions
each 10 seconds. Then all collisions encountergtddproduct along the studied route
was recorded. To record a collision, two events todtappen; first two products had
to have contact, and then be released. The cdlletata consisting of one entry for
each sampled product, chronologically ordered, tvas exported to a spreadsheet and
plotted.

3.6.2 Productivity

The productivity was measured using the OEE caloullauilt in the herring fillers.
During the experiment, the accumulated OEE for éwrhing filler was recorded each
10 seconds. The collected data consisting of oty &r each sampled time, sorted
per herring filler and chronologically ordered, when exported to a spreadsheet and
plotted.
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4 Results

In this chapter all results from the project aregented. The project have been carried
out in several smaller steps, all which have leddosidual results. Together the results
fulfill the aim of the project. Below follows a @entation of each of the results.

4.1 Created modules

When applying the framework three groups, defirgimgilar machines, were identified.
The most advance group of machines was the fillireghines which are the only
machines at the line that moves the products offifthe conveyor system. Due to the
complex behavior of these machines all subpartseoframework had to be taken into
consideration when creating a module for that groupe other machines could be
divided between simpler machines with and withofeed screw. For these machines
only parts of the framework had to be taken intasideration. Apart from the machines
also modules for diverters, mergers, loose infem@vg twister and sensors were
created. All the modules created in the projectpaesented more in detail below.

4.1.1 Filling machine

All filling machines at the production line wereeypting in the same way and had
roughly the same behavior which made them suitablenodel as one adjustable
module. The machines are built up of three rotadiisgs, one smaller infeed disk, one
bigger main disk and one smaller outfeed disk. atteal filling is performed at the
main disk without stopping the constant motionhaf tlisks. Products are fed into the
machine by an infeed screw.

The module created for the filling machines reqiimeany adjustable features in order
to imitate the design and behavior of the real nmesh All dimensions had to be
adjustable so that the module could be used forhmas with different outer
dimensions and different sizes for the disks. Thoelube also had to be possible to
mirror to accommodate being placed on either sice apnveyor. For the operational
properties the speed, acceleration and deceleradéidrio be adjustable as well as time
between failures, time to repair and disturbanoethe outlet dynamics. An interface
for connecting sensors to the machine also had to place to enable for the start/stop
logics.

To aid usability in companion with FLDT the modbias been given a functionality to
snap directly to a conveyor and to support staibgathering the module is operating
in the PackML states and is equipped with an OE&uG#or. There is also a possibility
to manually take down the module during simulatidhe full module specifications
for the filling machine module can be seen in Appen.

4.1.2 Simpler machines

Except for the filling machines all other machirssthe production line could be
considered as rather simple. These machines wittred bn top or at the side of a
conveyor which were running through the machines Téduced the complexity of the
flow going through them and meant that modulesesgmting the machines could be
built where only parts of the framework had to &leeh into consideration.

There were two modules created to represent thag@es machines, one with an
infeed screw and one without. Except for the infeetew and start/stop logics the
modules have the same features. They both havediffigrent designs to choose
between and are adjustable in all outer dimensisngell as made able to mirror so
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that they can represent machines with differenéssiand design. For operational
features they had to support adjustable paramitespeeds, time to failure and time
to repair as well as outfeed disturbances. Forniaehines with infeeder screw,

start/stop logics and the possibility to connectsses was included. There were no
identifiable acceleration or deceleration ramperig of the simpler machines. This part
of the framework could therefore be left aside.

Like the filling machine module these modules wegren the functionality to snap
directly to a conveyor, are operating in the Packdates, are fitted with an OEE
calculator, and are possible to take down manuallying simulation. Full
specifications for these modules can be seen ireAghg || and Appendix Il1.

4.1.3 Divertersand mergers

There were two kinds of diverters and mergers atffdlod producing company. There
were manual ones which were set to a fixed posdiaing changeovers to direct the
flow in a certain way and there were static oned #utomatically changed position
during production to divert the flow into two seat# lanes or to merge the flow from
two separate lanes into one lane.

The manual diverter and mergers work in the samg, \&wa both basically divert

products from one conveyor to another. One modwde wreated to represent both
functions. The only parts that are included frora framework are dimensions and
switch logics. For the manual diverter, the switolgics is basically the manual

movement of the diverter arm from one positionnother.

The static diverter also include a stopper to mtevinlet logics and is used together
with a diverter controller unit providing switchdims and an interface to connecting
the diverter, the stopper and the sensors.

A merger controller unit was used together with manual diverters, two stoppers and
a sensor for merging two flows on two conveyorsatthird conveyor. The merger
controller unit provided switch logics, and an nfeee connecting the diverters,
stoppers and the sensor.

All diverter components are prepared for end-to-eonection to be able to use the
built in function for space utilization, which mesathat they are not prepared to snap
on to the conveyors. Full specifications for theedier and stopper modules can be
seen in Appendix IV and Appendix V.

414 Looseinfeed screw

The loose infeed screw is operating in exactlyséi®e way as the infeed screws fitted
to some of the machine modules. The reason whyrtbdule is needed is because there
were two machines in the production line whereittieed screws were placed some
meters in front of the machine and the simplest iwagplicate this is by having a loose
infeed screw to place on the line together withaciime module without any infeed
screw.

The loose infeed screw is a quite simple moduleoiitains functionality to snap it

directly to a conveyor and to connect sensors fiar ithe start/stop logics. It also have
an adjustable parameter for the speed of the moBulespecification of the module

can be seen in Appendix VI.
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415 Twister

The twister is an application where the jars arghpd through a spiral that turns the
jars over to make sure they are empty. It has alsifunctionality and thus is also
represented by a simple module.

The module has adjustable parameters for lengthspeed and a functionality to
connect sensors for the start/stop logics. It ¢sm lae snapped directly on a conveyor.
Full module specifications can be seen in AppeMix

416 Sensors

There were a lot of sensors fitted to the produclioe. The sensors were controlling
the flow of the line by detecting products and segdignals to either start or stop
machines or other equipment. The sensors workeisdame way throughout the entire
line and were modeled as one module that coul@dbeeacted to any kind of equipment.

To see when the sensor is detecting or not dunnglation the module has been given
a functionality to change color. When the sensalei®cting it turns red and else it is
green. To aid usability the module has also beeanga functionality to snap directly
to a conveyor. Connecting a sensor to another neadudone from the user interface
of that module. Full specifications of the moduds e seen in Appendix VIII.

4.2 Base model measurements

To form a base line to use for comparison of redottm experiments, the productivity
of the simulation line herring fillers was recorgdédgether with the total number of
collisions encountered by sampled products alopgraof the simulation model, from
the start of the filling process until just befone diverter.

The simulation was run for 5430 seconds, and diafwres of 60 seconds each was
induced on the first machine in the line after 1%@@onds and 3860 seconds. The
measured productivity can be seen in Figure 14tldneasured number of collisions
can be seen in Figure 15.
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Figure 13. Accumulated OEE values per herring filler. The horizontal axis indicate sample number and the
vertical axisindicatesthe OEE percentage.
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Figure 14. Number of collisions encountered for sampled product. The horizontal axis indicates the sample
number and the vertical axisindicates the number of collisions encountered.

4.3 EXxperiments

Experiments were conducted in order to decreaseuinder of collisions and increase
the productivity of the herring fillers.

4.3.1 Experiment 1, lessinflow of products

To reduce the number of collisions, the first expent was conducted using an inflow
of products close to the maximum capacity of theihe fillers, as opposed to the
significantly higher inflow of products than the pegity of the herring fillers

experienced in the base model. The simulation was for 5430 seconds, and
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disturbances of 60 seconds each was induced dimghmachine in the line after 1900
seconds and 3860 seconds. The productivity measaredhe seen in Figure 16. The
measured number of collisions can be seen in Fijore

OEE, Experiment 1
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Figure 15. Measured OEE values per herring filler. The horizontal axis indicate sample number and the
vertical axisindicatesthe OEE percentage.
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Figure 16. Number of collisions encountered for sampled product. The horizontal axisindicates the sample
number and the vertical axisindicatesthe number of collisions encountered.

4.3.2 Experiment 2, faster diversion and merging

In the previous experiment, applying a strategylests inflow of products, it was

obvious that herring filler 2 tended to be stardee to the logics and functionality of
the diverter dividing the flow between the herriillgrs. To encounter this problem a
concept with a fast switching, dynamic diverter avéested. This diverter changes
position every 0.4 seconds without stopping the/fldbhe simulation was run for 5430
seconds and two disturbances of 60 seconds each imtenduced, one after 1900
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seconds and one after 3860 seconds. The prodyatieasured can be seen in Figure
18. The measured number of collisions can be seEigure 19.
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Figure 17. Accumulated OEE values per herring filler. The horizontal axis indicate sample number and the
vertical axisindicates the OEE percentage.
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Figure 18. Number of collisions encountered for sampled product. The horizontal axis indicates the sample
number and the vertical axisindicatesthe number of collisions encountered.

4.3.3 Experiment 3, dynamic control of machine speed

After experiment one and two the model still did perform an OEE value as high as
the one measured in the base model. In an attenmpirease the OEE value, controllers
were applied to the machines in front of the herfilers as well as for the infeed of
products. The controllers looked one step ahedderprocess and changed the speed
of a machine to either be the same as the comlisipeeld of the herring fillers, 20 %
above that speed or 20 % lower than that speedspéed was changed depending on
if the machine downstream had normal, too muchoor less accumulation. The
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simulation was run for 5430 seconds and two distiocks of 60 seconds each were
introduced, one after 1900 seconds and one aftéd 38conds. The productivity
measured can be seen in Figure 20. The measurdoenwincollisions can be seen in
Figure 21.
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Figure 19. Accumulated OEE values per herring filler. The horizontal axis indicate sample number and the
vertical axisindicates the OEE percentage.

Collisions, Experiment 3
120

100
80
60 o
%
. .
40 s
° o o: o%
[ [ J o
2oii!’ g“ lad 'M
@ ..
o
0
0 50 100 150 200 250 300 350 400

Figure 20. Number of collisions encountered for sampled product. The horizontal axis indicates the sample
number and the vertical axisindicatesthe number of collisions encountered.

4.3.4 Experiment 4, added buffer in front of herring fillers

As a fourth experiment a buffer was added in fadrthe herring fillers. This was done
to catch the OEE loss happening during a break ddnvthe base model there are
accumulation on all conveyors in front of the hagrfillers so when a break down occur
on a machine the herring fillers are still fed wgifoducts from the conveyors. In the
experiment model this is not the case as the haaeymulation of products on the
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conveyors is taken away. Therefore the bufferesdhio keep feeding the herring fillers
with products during a break down upstream. Ingéijgeriment the machine controllers
are set up to order the machines to run in higkedpeode if the added buffer contains
fewer than 175 products, which is the same amotiptalucts as the conveyers are
accumulating when full. The simulation was run3dB80 seconds and two disturbances
of 60 seconds each were introduced, one after 48@@hds and one after 3860 seconds.
The productivity measured can be seen in Figurd B2 measured number of collisions
can be seen in Figure 23.
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Figure 21. Accumulated OEE values per herring filler. The horizontal axis indicate sample number and the
vertical axisindicatesthe OEE percentage.
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Figure 22. Number of collisions encountered for sampled product. The horizontal axis indicates the sample
number and the vertical axisindicates the number of collisions encountered.
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5 Discussion

The used method and the results from the simulating are discussed in order to draw
conclusions on the goals for the project.

5.1 Simulation results

Each simulation run is discussed separately as egphriment was performed to
address different problems. As the experiments wenglucted in succession, where
each experiment aimed to address issues identifigte last experiment, they are
discussed in the same way. The final experimeaiss discussed in relation to the base
model results.

5.1.1 Basemodd

From the base model simulation run, it could b&skat both herring fillers had a high
productivity, reaching OEE values over 90%. At thimer hand, most products
encountered over 60 collisions passing the areaemwlisions were monitored. The
induced disturbance had a direct impact on theymtodty, causing the OEE to drop
slightly. As the number of products entering thstegn was higher than the number of
products leaving the system, the accumulation enctinveyors increased until the
disturbance. The accumulation led to more collisjavith some products experiencing
more than 100 collisions.

5.1.1.1 Validity of theresult

The base model is validated for productivity antligion detection purposes. As there
are no stochastic disturbances included in the mdoley time simulations are not
useful but tests of different cases are. The resafjarding productivity are to be seen
as an indicator for the performance of the baseaiaad the absolute accuracy is not
validated in relation to the production system. Todected collision data is only
regarding the number of collisions. As collisiomstbe line happen in different relative
speeds, some collisions are worse than other. DHected data does not include
information of the relative speed of the produntgoived in the collision.

5.1.2 Experiment 1

As the number of collisions grew when the accunmutatvas spread in the system, the
inflow of products to the system was decreasedmsam to lower the accumulation of
products on the conveyors. As a result, a drogadyrctivity could be experienced on
herring filler 2. Herring filler 1 is prioritizedni the diversion of products and that can
be seen in the productivity that is still over 90%he lower inflow of products
eliminated the accumulation of products upstreartheffirst machine, causing much
lower numbers of collisions. Most sampled produetscountered less than 20
collisions.

The effect on the collisions from the disturbanees obvious. When the first machine
was not producing, the inflow of products accunmedatipstream of the machine
causing the numbers of collisions reaching whatccbe observed in the base model
results.

5.1.3 Experiment 2

From experiment one an uneven workload betweentlwe herring fillers were
experienced. To deal with this an experiment widiséer diverter were conducted. The
experiment was fruitful in terms of evening out therkload but also slightly lowered
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the amount of collisions in the system due to s tliverter not stopping the flow
when changing position. As the diverter changedtiposevery 0.4 seconds the short
conveyor leading from the diverter to herring fille was no longer a problem. Thus
the priority set for herring filler one in the diter could be scrapped. This also lead to
an increased OEE in relation to experiment 1, klitless productive than the base
model.

514 Experiment 3

The third experiment conducted was to apply colareito the machines in an attempt
to increase the OEE value. The experiment showdwlatly higher OEE value than
the previous experiment but still not as high astifie base model. What was more
fruitful was the effect on the number of collisioi$e model showed a much faster
recuperation to a steady state with low numbeiotifsions after a disturbance.

Another potential benefit with the dynamic contwbthe machines is that the machines
are not starved or blocked during normal producéisthey are in the base model. This
enables the machines to run without starting aodpstg during normal production
which can have a positive effect on the performari¢be machines. The only scenario
where the machines are forced to stop is when #neystarved due to disturbances
upstream or blocked due to a disturbance downstream

515 Experiment4

The fourth and last experiment showed an increaseBEE value to a level slightly
above the level of the base model and a numberoltiions not as low as for
experiment 1, 2 and 3 but still significantly lovtkan for the base model. As the buffer
constantly holds the same number of products aac@@mnulated on the conveyors in
the base model during normal production, the ptmte®f the herring fillers against
disturbances upstream is at least the same aseimabke model. For disturbances
occurring to machines close to the herring fillkwes protection of the herring fillers will
be better than in the base model as more produetsudfered near these machines.

As the accumulated products are situated in a el@fjplace in the system in this
solution, that gives greater possibilities to cohtine collisions and noise level derived
from the accumulation. E.g. this can be done bggisi collision free buffer or cover
the buffer to reduce noise.
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5.2 Using the chosen method

The used method include a way of working that neatty affected the final result. The
method also include the use of a specific softwHnese are the most significant factors
regarding the method.

5.2.1 Modular discrete event smulation

When building the model with the pre-validated mledu there were some issues
regarding the validation. As the modules are géneaidation is harder as the models
can be used in many ways. For example, when tivegfinachine module was tested
the start/stop logics were tested to handle aihitw of products making the upstream
conveyor filled with accumulated products. The dosion was drawn that the module
could handle accumulated product. Later, when thdule was used in the simulation
model, in one case products were already accunauelten they reached the machine
which caused the start/stop logics to fail. In asslcal simulation approach, that
problem may have been discovered and handled reditie positive was the reusability

of modules, which was proven by the model whichtamed seven filler machines that
used the same module, but with different paramefdss, roughly 50 sensors are used
in the model and all use the same module. The modipproach also meant that
FlexLinks library of conveyors could be used. Sfieaily, the visual impression was

enhanced as the time needed to create conveydasdoas close to reality was not

available in this project.

5.2.2 Problemsencountered regarding the software

While building the base model there were some prablencountered which required
different sorts of workarounds. It was found thia¢ tprocessor fields used in the
modules to enable for the snap on functionalityangelittle unstable. To get around this
the conveyors were split up into smaller sectiohen® machines and sensors were to
be snapped on so that all sensors and machinesnagsped on to individual conveyor
sections. In this way it is still possible to useDH for building and configuring
conveyor layouts but it takes some more plannirggtap the layout in a special manner
where the machines and sensors are supposed tadeéd.p

Another problem also related to the snap on funelity of modules on to the
conveyors is the mismatch between processor feehdisflow fields which cannot be
combined in the same module without interferinghwataich other. To overcome this
the flow field had to be abounded for the snap oxutes and the flow of products into
the module was instead handled using the grabiumdtnlike the flow field however,
the grab function do not consider if there is ftapacity on the destination path or not
which means that if it is full, the products wileé up occupying the same space. This
was no problem for modules that were stopped whmuraulation was created
downstream but for diverters and mergers wherematation of products all the way
through the module can happen the use of flow dieMhs necessary. Thus the
possibility to snap these modules on to an existiogveyor system was lost. This
meant that when creating the conveyor layout sgagls had to exist where the merger
or diverter later could be placed. The easiestwalo this was found to be to build the
conveyor as one full conveyor where small convesgations were placed roughly
where the gaps needed to be. In this way all sestio the conveyor could be
configured to have the correct speed through tliedeive. When this was done the
small sections were taken out of the conveyor apthced with the merger or diverter
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module. To make it fit properly the length of the@rsunding conveyer sections was
adjusted as a last step.

A drawback discovered when building big layouts mehets of products are inside the
system at the same time is that the highest pessji#ed to run the simulation in is
significantly slower than for many other simulatieoftware. For the layout created in
this project the maximum simulation speed was rbughx to one compared to real
world time. The number of products in the systesoalaused memory problems as
products entering the system use system memoryrbdticts leaving the system does
not return the used memory causing the simulatimr@nment to crash when a certain
amount of system memory usage is reached. In tmelaiion model used for
simulation runs, a closed loop of products is ugddhe start of the simulation run a
number of products is created into a buffer. Prtglace then introduced to the first
conveyor at a controlled rate, and when they éwatlast conveyor they return to the
buffer. As the number of products introduced to béer is based on the space for
products in the model, it does not affect the ftesul

5.2.3 Automatic data collection

The chosen approach to collection of low-frequertadvas based upon the assumption
if a machine is not producing and at the same tsmet blocked or starved are good
enough conditions to define an independent stop.VHEtidation of the automatic data
collection only covered the discovery of a stop.eWlthe data collection was finished
the collected data did not pass a sanity checketivere a significant amount of short
stops recorded on all data collection points, whiels not experienced in real life. The
extra stops could be a result of poor implementatidhe control logics in the machine
causing the signal to bounce. There is also a stiggethat there is a superior system
controlling the logics, which can cause the machingtop even though not blocked or
starved. As the data collected did not representehlity, it could not be used in the
simulation. This affected the result greatly aclséstic disturbances to the line could
not be used. The base model herring fillers produnc®EE figure close to 100% on a
one hour run, while the real system has a sigmtlgdower OEE.
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6 Conclusions

¢ Several reusable modular blocks representing machines present on FMCG lines were
created in the project. As the modular blocks are based on a framework of features,
a simulation user can determine the validity of the modules to the simulation task
and also determine which data needs to be collected to support the simulation.

¢ Asimulation model that can predict productivity and number of collision was
created. The validity of the model in relation to the real production system could not
be granted in absolute numbers, as fundamental data on disturbances could not be
included in the model.

¢ The number of collisions in the model of the production line could be lowered by
65% and the productivity increased by 0.6% by producing only what is consumed in
the next process and protect the bottleneck station with a buffer and a more
effective diversion of flow to lower variation in supply.
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Appendix I: Specificationsfor filling machine module

l. Description of module

The filling machine module is built to represent tiidvanced filling machines at the
food producing company. These machines are builbfuiinree spinning disks, one
smaller infeed disk, one bigger main disk and analer outfeed disk. The products
are held in compartments in the disks and arefteenesl from one disk to another where
the disks intersect. The actual filling is perfodra the main disk without stopping the
constant motion of the disks. To make the prodemstsr the machine at the right speed
and time to match with an empty comportment initieed disk the machine operates
in companion with a infeed screw. To decouple thfead screw from variance in
product arrival rate a queue is held upstreamrtfezd screw. This queue is controlled
by sensors that sends signals to start and stom#ohine. In the same way sensors
after the machine sends signals to stop the machines blocked and start it again
when cleared. The module can be seen in Figure I-1

Figurel-1. Filling machine module.

Il. Adjustable parameters

To be able to use the module for representaticewdral different machines it has been
given a range of adjustable parameters. The paeasnedn be seen in Table I-1.

Tablel-1. Parametersfor afilling machine module.

Conveyor height [mm]
Machine length [mm]
Machine width [mm]
Filler disc radius [mm]
Infeed disc radius [mm]
Outfeed disc radius [mm]
Machine speed [mm/s]
Mirror [yes/no]

Use failures [yes/no]



-MTBF [distribution of [s]]

-MTTR [distribution of [s]]
Use outfeed disturbances [yes/no]

Use acceleration [yes/no]

-Time 0-100 percent [s]

Use deceleration [yes/no]

-Time 100-0 percent [s]

M. Layout building and simulation

For the module to integrate well with FLDT it haseln given the functionality to snap

directly onto an existing conveyor. To control 8tag and stopping of the module it

needs to be connected to four sensors, one stebrsand one stop sensor in front of
the module, and one start sensor and one stoprsafteothe module. This is done

through buttons implemented in the module. Theads# between the start and stop
sensors defines the start/stop ratio. The grapifitise module is done in a solid grey

color for the base, solid white color for the disasd a transparent top to visualize the
flow of products in the machine. When the moduleggdown the top color changes to
transparent red to indicate a failure. The modale loe taken down manually during

simulation.

V. Output data

The module is operating in the PackML states aectthirent state is displayed during
simulation. The output data is collected in termigime spent in each state which
together with a specified theoretical cycle timesed to calculate the OEE value. The
OEE definition implemented in the module is the snggested by Badiget al.(2008)
and values for OEE, availability, usability and fpemance efficiency is displayed
during simulation. Scrap is not considered dueh® tase at the food producing
company. The built in function in the software emgrate charts over the state statistics
can be used with the module.



Appendix Il: Specifications for simpler machine
module

l. Description of module

The simpler machine module is built to represeatrtiost simple machines at the food
producing company. These machines are built ar@odnveyor that goes through
them. The conveyor is carrying the products throtighmachine and the machine is
operating without taking the products off from tbenveyor or changing the pitch
between the products. Machines at the food prodummpany that can be represented
by this module are the lid applicator, x-ray scanaed the dishwasher. The module
can be seen in Figure 1I-1 and Figure 1I-2.

Figurell-2. Simpler machine set up on the side of the conveyor.

Il. Adjustable parameters

To be able to use the module for representatiaewaéral different machines it has been
given a range of adjustable parameters. The paeasnedn be seen in Table II-1.



Tablell-1. Parametersfor a ssmpler machine module.

Machine design [standard/side mounted]
Conveyor height [mm]
Machine length [mm]
Machine width [mm]

Use conveyor speed as machine speed [yes/no]

-Machine speed [mm/s]

Mirror [yes/no]

Use failures [yes/no]

-MTBF [distribution of [s]]
-MTTR [distribution of [s]]
Use outfeed disturbances [yes/no]

M. Layout building and simulation

For the module to integrate well with FLDT it haseln given the functionality to snap
directly onto an existing conveyor. The graphicsh& module is done in a solid grey
color for the base and a transparent top to vigedhie flow of products in the machine.
When the module goes down the top color changesatsparent red to indicate a
failure. The module can be taken down manuallyrdusimulation.

V. Output data

The module is operating in the PackML states apctthirent state is displayed during
simulation. The output data is collected in termgime spent in each state which
together with a specified theoretical cycle timesed to calculate the OEE value. The
OEE definition implemented in the module is the snggested by Badiget al.(2008)
and values for OEE, availability, usability and foemance efficiency is displayed
during simulation. Scrap is not considered dueh® tase at the food producing
company. The built in function in the software tmgrate charts over the state statistics
can be used with the module.



Appendix I11: Specifications for smpler machine with
feeder module

I.  Description of module

The simpler machine with feeder module is builtdpresent the machines at the food
producing company which have a conveyor going thinothem and operates with a
infeed screw that creates a certain pitch betweemtoducts going in to the machine.
To ensure a certain pitch between products in taehine a queue is held in front of
the infeed screw to decouple it from variance iadoict arrival rate. This queue is
controlled by sensors that sends signals to starstop the machine. In the same way
sensors after the machine sends signals to stopabhine if it is blocked and start it
again when cleared. The products never leave theegor while inside the machine.
Machines at the food producing company that carepeesented by this module are
the labelers, check weight, and some simple fillEh& module can be seen in Figure
[1I-1 and Figure IlI-2.

Figurelll-1. Simpler machinewith feeder module set up to transport the products through the machine

Figurelll-2. Simpler machine with feeder module set up on the side of the conveyor.

II.  Adjustable parameters

To be able to use the module for representatieewdral different machines it has been
given a range of adjustable parameters. The paeasnedn be seen in Table IlI-1.



Tablelll-1. Parametersfor a smpler machine with feeder module.

Machine design [standard/side mounted]
Conveyor height [mm]
Machine length [mm]
Machine width [mm]

Use conveyor speed as machine speed [yes/no]

-Machine speed [mm/s]

Mirror [yes/no]

Use failures [yes/no]

-MTBF [distribution of [s]]
-MTTR [distribution of [s]]
Use outfeed disturbances [yes/no]

M. Layout building and simulation

For the module to integrate well with FLDT it haeseln given the functionality to snap

directly onto an existing conveyor. To control 8tag and stopping of the module it

needs to be connected to four sensors, one stebrsand one stop sensor in front of
the module and one start sensor and one stop safteoithe module. This is done

through buttons implemented in the module. Theadist between the start and stop
sensors defines the start/stop ratio. The grapfitise module is done in a solid grey
color for the base and a transparent top to vigedlie flow of products in the machine.

When the module goes down the top color changesatsparent red to indicate a

failure. The module can be taken down manuallyrdusimulation.

V. Output data

The module is operating in the PackML states arectthirent state is displayed during
simulation. The output data is collected in termigime spent in each state which
together with a specified theoretical cycle timesed to calculate the OEE value. The
OEE definition implemented in the module is the snggested by Badiget al.(2008)
and values for OEE, availability, usability and fpemance efficiency is displayed
during simulation. Scrap is not considered dueh® tase at the food producing
company. The built in function in the software emgrate charts over the state statistics
can be used with the module.



Appendix 1V: Specificationsfor Diverter module

l. Description of module

The diverter is a component that diverts flow adgarcts from one conveyor line to

another. In the real world system, that is perfatmplysically by an arm that guide the
product from one conveyor to another. The divecan be used both with manual

operation and static operation. In the static dasecombined with a stopping function

that stop the flow of products during a time to idveollision between products and

products or guide arm. A diverter operating in botlits states can be seen in Figure
IV-1 and Figure IV-2.

FigurelV-1. Diverter module diverting the flow to output 1.

FigurelV-2. Diverter module diverting the flow to output 2.

II.  Adjustable parameters

To be able to use the module for representatieewdral different machines it has been
given a range of adjustable parameters. The paeasnedn be seen in Table IV-1.



TableV-1. Parametersfor diverter module.

Conveyor height [mm]
Arm length [mm]
Output 1 offset [mm]
Output 2 offset [mm]

Divert [yes/no]

M. Layout building and simulation

To use the model together with FLDT, the conveyaeds to be broken up and connect
to the diverter. The operation of the diverterastcolled by the Divert parameter. When

the value is false the flow of product go to outpuand when the value is true the flow
of products go to output 2. To have static opengtibe diverter has to be connected to
a diverter controller. The diverter arm is visuatlizn a grey color, and the visualization

shows where the flow is diverted.

V. Output data

The diverter module has no output data.



Appendix V: Specificationsfor Stopper module

l. Description of module

The stopper module is built to represent the stagppethe food producing company
that stops the flow of products when diverting @rging flows. The module is built as
one generic stopper that can be connected to ag @hodules built in this project that
needs stoppers in order to operate. The stoppmEmmnunicating with the connected
module through Boolean signals. The module careba & Figure V-1 and Figure V-
2.

Figure V-1. Stopper module not stopping the flow.

Figure V-2. Stopper module stopping the flow.

II.  Adjustable parameters

The stopper module does not have any adjustabéensders
M. Layout building and simulation

For the module to integrate well with FLDT it haseln given the functionality to snap
directly onto an existing conveyor. Connectinggkasor module to another module is
done through the other module. The graphics ofntleelule has a solid green color
when the sensor is cleared and a solid red colenvitre sensor is blocked.

V. Output data

The stopper module gives no output data.






Appendix VI: Specifications for loose infeed screw
module

I Description of module

The infeed screw module is built to represent tireetionality of the infeed screws at
the food producing company. The module operatesxactly the same way as the
infeed screws included in some of the machine mexdblut is built as a separate
module. The module is intended to use in compawitim a machine module without
infeed screw for those occasions where the macteeres a certain pitch between the
products but there is not enough space on thetbnplace the infeed screw in
connection to the machine. To ensure a certairh fotween products leaving the
infeed screw a queue is held in front of the infsex@w to decouple it from variance in
product arrival rate. This queue is controlled bgsors that sends signals to start and
stop the infeed screw. In the same way sensonstatanachine sends signals to stop
the infeed screw if the machine is blocked and s$ker infeed screw again when the
machine is cleared. The module can be seen iné&igli.

Figure VI-1. Looseinfeed screw in operation.

II.  Adjustable parameters

To be able to use the module for representationfeéd screws with slight differences
it has been given a couple of adjustable paraméikesparameters can be seen in Table
VI-1.

Table VI-1. Parametersfor loose infeed screw module.

Conveyor height [mm]
Use conveyor speed as machine speed [yes/no]
-Machine speed [mm/s]

Mirror [yes/no]



M. Layout building and simulation

For the module to integrate well with FLDT it haseln given the functionality to snap

directly onto an existing conveyor. To control 8tag and stopping of the module it

needs to be connected to four sensors, one stebrsand one stop sensor in front of
the module and one start sensor and one stop s&ftsothe machine module. This is
done through buttons implemented in the module. dis&ance between the start and
stop sensors defines the start/stop ratio. Thehgzaf the module is done in a solid
grey color and the flow of products going by thedwle is visualize.

V. Output data

The module is operating in the PackML states aractthirent state is displayed during
simulation. The output data is collected in terrh§rmae spent in each state. The built
in function in the software to generate charts dkierstate statistics can be used with

the module.



Appendix VII: Specifications for twister module

l. Description of module

The twister module is built to represent the fumadility of the twister at the food
producing company. The twister consists of a stapand a spiral. The twister is not
driven which is why it needs a queue upstream phahes the products through the
twister. This queue is controlled by sensors tlesitds signals to start and stop the
twister. In the same way sensors after the tweads signals to stop the twister if the
twister is blocked and start it again when cleafidds is to avoid too high pressure on
the products in the twister. The module can be se&igure VII-1.

Figure VII-1. Twister modulein operation.

II.  Adjustable parameters

To be able to use the module for representatiaonare than one unique twister it has
been given a couple of adjustable parameters. arameters can be seen in Table VII-
1.

Table VII-1. Parametersfor twister module.

Conveyor height [mm]

Twist length [mm]
Use conveyor speed as machine speed [yes/no]
-Machine speed [mm/s]

Mirror [yes/no]

M. Layout building and simulation

For the module to integrate well with FLDT it haseln given the functionality to snap

directly onto an existing conveyor. To control 8tag and stopping of the module it

needs to be connected to four sensors, one stebrsand one stop sensor in front of
the module and one start sensor and one stop s&ftasothe machine module. This is
done through buttons implemented in the module. dis&ance between the start and
stop sensors defines the start/stop ratio. Thehgzaf the module is done in a solid
grey color and the flow of products going througa tmodule is visualize.



V. Output data

The module is operating in the PackML states arectthirent state is displayed during
simulation. The output data is collected in terrh§rmae spent in each state. The built
in function in the software to generate charts dkierstate statistics can be used with

the module.



Appendix VIII: Specifications for sensor module

V. Description of module

The sensor module is built to represent the seradre food producing company that
detects products as they go by at the line. Theuhead built as one generic sensor that
can be connected to any of the modules built & phoject that needs sensors in order
to operate. The sensor is communicating with theneoted module through Boolean
signals. The module can be seen in Figure VIII-1.

Figure VIII-1. Sensor modulein operation.

VI.  Adjustable parameters

The adjustability for the sensor module is limitedone parameter. This parameter is
the threshold value which is a scaling factor usedecide when the sensor should
signal that it is blocked. The sensor automaticadliculates the time it takes for one
product to pass the sensor at normal speed andduggning a low or high threshold
value to scale this time value the sensitivityledf sensor is determined. The threshold
value cannot be lower than one.

VII. Layout building and simulation

For the module to integrate well with FLDT it haseln given the functionality to snap
directly onto an existing conveyor. Connectinggkasor module to another module is
done through the other module. The graphics ofmibelule has a solid green color
when the sensor is cleared and a solid red colenvitne sensor is blocked.

VIII. Output data

The module gives no output data.






