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ABSTRACT

The objective of this project is to develop a model, simulate and analysis a
manufacturing system using ARENA. The scope of study is focusing on an automotive
manufacturer, specifically on the automotive part component stamping line. The aim 1s
to provide the best method to improve the workstation process efficiency and to
ascertain 1ts limitations and problems to achieve production target. The procedures
include data gathering, model building, simulation, verfication, and validation and
performance analysis. To improve understanding about ARENA, a case study is camed
out to make a simple simulation model. Then the model is simulated using the actual
stamping productions data gathered which include the production index daily, process
specification, parameters, production schedule and machine breakdown, The output of
the simulation is generated in a form of report. The report 15 organized into sections
which summarized across all replications. The results show that the percentage error of
ARENA model is less than 5% as targeted. This model would be used as a decision
support system for the investigation of improving the process by implementing several
decisions like line balancing and simplifying operation. “What-if” analysis 1s applied to
give a review on the decision 15 presented. The findings confirm the qualitative

behaviour of the manufacturing system in response to the different decision options.
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CHAPTER 1

INTRODUCTION

1.1 Background of study

Due to rising manufacturing costs and the globalisation of market economics,
increasing attention has been placed on improving the manufacturing lines. The need
to simulate and redesign manufacturing processes to allow decision makers to explore
various options and scenarios are important. Simulation has been identified as one of
the best means to analyze a manufacturing process. In Malaysia, although many
companies are involved in analysis of the manufacturing processes, still in most cases
the analysis is performed based on experience and intuition and not many analytical
models and design tools have been used. The main objective of this project is to
develop a model of an automotive part assembly line using ARENA. The main is to
improve the process in term of its efficiency and to ascertain its limitations and

problems to achieve a production target.

1.2 Simulation in manufacturing system

ARENA, the world's leading simulation software has been used successfully by
organisations the world over to advance the efficiency and productivity of their
business [5]. ARENA is designed to provide the power required for successful
simulation within an easy-to-use modelling environment. Automotive manufacturers
and their suppliers have persistent process requirements throughout their facilities
from corporate functions to shipping completed assemblies [3]. ARENA can be

applied through the whole scale area of automotive manufacturing system including:



e Press Room

Automotive manufacturer must meet the demanding and growing requirements

involved in stamping, forming and fabricating of metals {8). For over 60 years,

ARENA has been helping automotive manufacturers with their metal forming

automation control needs, including a complete line of standard and custom press and

autoration control solutions for the pressroom including:

it.
ii.

1v.

Press controls and Clutch/Brake
Robotic automation part handling
Tandem line controls

Sheet metal feed motion control

In die servo transfer motion technology

* Body Shop

Through ARENA a quality solutions to automotive body shop can be achieve to

problems such as:

ii.

iil,

iv.

Vi,

Vil

viil.

X

xii,

Reduction of wiring (and associated costs) via single network connections to
robots and welders and safety networks

Usable process data from robots and welders

PDS (Upload/Download, Programming and Configuration) for robots and
welders

Process Data/System Health (cycle time, idle time, blocked/starved)

Material Call and Andon systems

Part Tracking and Build Scheduling

Flexible manufacturing systems

De-coupled Conveyor Systems

Safety Systems as productivity tools

Control System Performance — every millisecond counts!

Scalable Solutions to leverage Engineering Resources and Common
Programming tools across product families

Life Cycle Cost Reduction



xiii.  Integration into Plant IT Systems
xiv.  IP 65/67 10 and Motor Control

e Paint Shop

Today's automotive paint shop is a key focus area within the assembly process.
Understanding the complexities and interrelationship of the process parameters is
critical to developing an efficient and cost-effective environment. Humidity and
temperature control, paint flow, viscosity, body temperature is just a few of the areas
that factor into a smoothly-run facility [8]. ARENA enable antomotive manufacturers

to recetve best-practice knowledge and technology regarding

i.  Addressing the new Clean Air Act regulations
ii.  Understanding and incorporating the latest paint technologies
iii.  Reducing Total Lite Cycle costs

iv.  Relieving competitive pressure to improve quality at less cost

In the midst of a fiercely competitive market, profitability depends upon how well
resources are managed from supply chain to shipping at every step along the way.
And survival means improving efficiencies faster than models and part numbers
change [1]. ARENA can improves bottom line manufacturing by optimizing paint
shop performance. This Solution integrates manufacturing, plant floor systems and

materials linking the supply chain directly to the production and finishing processes.
Arena’s proven simulation results can help automotive manufacturer in all areas of

i.  Process Equipment
ii.  Application Equipment
iii.  Conveyors

iv.  Monitoring, Scheduling, Routing and Tracking



* Powertrain

Manufacturers of Powertrain components, such as foundries, engines, tfransmissions,
axles, brakes and steering gears, utilize ARENA to provide automation solutions that
maximize their operating efficiencies. ARENA provides solution for the application

sectors that are typically found within a Powertrain facility, namely:

i.  Machining
ii.  Assembly
iii, Test
iv.  Material Handling

v.  Safety and Information Systems

1.2.1 Advantages of simulation




1.3 Problem Statement

In most manufacturing company, production and equipment improvements and
development are usually implemented directly onto the system. Rarely the uses of
simulation techniques are applied. Therefore, the manufacturing is done 24 hours
within two or four shifts in a day. Technicians and operators especially have to work
overtime in order to reach targeted production rate in case if the output is rather low
or the defects are high. Normally, manual analyses are developed, and lots of
statistical experiments are conducted. It is very costly to change to an experimental
layout that might not work out anyway. This technique is time consuming and

practically is not the best method to solve defects issues.

The automobile industry is under enormous competitive pressure to enhance
productivity while reducing production cost. Doing so requires efficient management
and control of complex, large-scale processes. Vast amounts of information about
production, material handling, and quality must be effectively transferred and shared
across the entire plant [3]. To increase productivity, production line downtime must
be minimized. The typical automotive assembly line consists of 40 to 60 workstations
aligned in sequence. If a failure occurs at any workstation for example, running out of
materials, having the wrong or poor quality parts, performing the process incorrectly
or out of sequence, the operator must shut down the entire production line [11]. To
improve daily output, these errors need to be resolved immediately and kept to a
minimum. However, supervisors often have difficulty identifying what caused the

problem and where it originated.

Material logistics must also be managed carefully. Any materials handling
system must be able to support multiple vehicle models and minimize material
shortage that can cause line stoppage. To ensure the production line runs smoothly,
clear communication must exist between the material centre and production shops.
The material status at each work station must be continually monitored to ensure

quick response to any shortages.

To reduce costs, quality must be closely monitored and controlled. Product

quality data must be gathered throughout the production process. This ensures quality



issues are resolved upstream, eliminating the costly waste and rework to fix and
reasserible a finished product. However, the main target is to lowér production costs
while improving product quality. To come out with a solution, they need to collect
and analyze production data so they could better manage the production process,

clarify  responsibilities, and continuously improve performance 7]

With an animated ARENA simulation model, the aim is to design the facility
and make changes to the model and "test drive" it before the changes are implemented
onto the actual system. Then purpose of modelling and simulate is to compare
operational strategies and confidently select the best one from the simulation results
and crystal report. This is a useful tool where we can communicate to all concerned
with the success of the project {from the management team who sign off on the
decision, through to the people on the shop floor who will "drive" it) exactly how it
will function and what implications specific variations might have [3]. Therefore, data
gathering and parameter identification process 1s required for the model to be build.
The data must be valid which so that the model is a mimic of the actual manufacturing

system.



1.4 Objectives and Scope of Study

The objectives of the study are:
i.  To design and build a model of manufacturing system
ii.  To simulate the model of manufacturing system

iii.  To generate the optimum changes in performance measures of manufacturing

process

The typical performance objectives are:
i.  Increase productivity
ii.  Reduce cycle time
i, Reduce cost

tv.  Eliminate waste

The scope of study is to generate a manufacturing system simulation mathematically,
to study its properties and operating characteristics and finally to draw conclusion and

propose a decision based on the results of the simulation,



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

There are about seven types of simulation. There are the discrete distributions,
continuous distributions, probabilistic simulation via Monte Carlo technique, and time
dependent versus time independent simulation, simulation software, Visual simulation
and object-oriented simulation. Visual Interactive simulation use computer graphics to
present the impact of diﬂ'efent management decisions. kit can be integrated with GIS
and users perform sensitivity analysis with static or a dynamic (animation) system. It
gives the decision makers interact with the simulated model and watch the results

over time [10].
2,2 Simulation Language for Manufacturing System

Research also covered about other commercial simulation software which has
quite similar functions and application with ARENA. The purpose of this research 1s
just to see how wide is the application of simulation software had been used globally
and the varieties of available simulation software that we could purchase from other

company.

Flexsim Software Products has been in the simulation software and consulting
business since 1993, Taking twelve years of experience with simulation and using the
latest advances in software technology they have developed a completely new, object-
oriented, simulation-modeling tool called Flexsim [6]. It allows total customization of

modeling objects, views, guis, and pretty much anything else you can think of’

ShowFlow Simutation is developed from the renowned Taylor II system. T2

models are fully compatible with ShowFlow which has ALL the capability of T2.



ShowFlow can be linked to Microsofi® Excel® to store simulation input and output
data. ShowFlow are using optimised Simulation Algorithm Technology (OSAT) and
the model can run in 2D full animation, 2D statistics animation, 3D wire animation,

3D solid animation and 2D scalable bitmaps [12].

SIMULS was first used in industry in 1995, It is now used by thousands of
engineers in enterprises and many smaller organizations too to make hundreds of
important decisions year on year. The SIMULS customers are from around the world
such as Ford, Hewlett Packard, Intel, Honda, Johnson & Johnson and many more.
Until now, SIMULS8 has given almost 800 licenses to organizations and company

throughout the globe.
2.3 Modeling Using ARENA

A review of the 2006 WSC Proceedings, the proceedings of the world’s
leading conference on discrete-event simulation—the Winter Simulation Conference
shows that over 300 papers were submitted for this year’s conference [6]. The search
numbers of papers that discuss the various simulation packages, those numbers are
quite revealing. The numbers aren't even close. Clearly, ARENA is the undisputed
tool of choice among serious users of business process simulation. This comparison
from the 2006 WSC Proceedings inciuded the following products: ARENA,
AutoMod, ProModel, Extend, Simul8, Any Logic, Enterprise Dynamics, Flexsim,
CSIM, Micro Saint, eM-Plant, SIMSCRIPT, Witness, and iGrafx. The result shows
that ARENA has been the most simulation products presented at WSC 2006 by 48%

[6]. This empirical evidence means ARENA is the world leading simulation software.
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Figure 2.1: Pie chart of simulation products presented at WSC 2006

As an example, the Company Ford Automotive Corporation which is one of
the largest automobile manufacturers in the world, wanted to achieve greater market
share in South America, and decided to build a new plant dedicated to the production
of Ford’s Endura engine, The engine was to be produced in Brazil specifically for
Ford’s Fiesta compact car model, which was soon to be introduced to the South

American market [5].

In order to achieve the desired high-volume goal, the manufacturing
engineering team of Brazilian and European engineers asked several questions during
the plant design phase: What is the optimal plant layout? What equipment will be
needed? Where will we locate the needed resources? What will be the impact of
future plant expansion? Since the Endura plant was a new facility in a new market,
there was no precedent that would help to answer these questions [3]. Due to great
capital investment and the considerable risk involved in the project, the team turned to

Systems Modelling ARENA simulation software to help determine the best outcome.

Many aspects of the plant were included in the ARENA model: Different floor
layouts using various machine resources were compared; likely bottlenecks were
located; the efficiency and effectiveness of the plants processes, such as material

handling, were assessed; and the impact of future plant expansion was determined.
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The team was able to test drive the plant with multiple concepts and alternatives in the
model, before investing in capital. Additionally, several members of the engineering
team were trained in ARENA so they would possess the knowledge needed to address

tuture modifications to the original engine plant simulation project.

ARENA succeeded in helping the Ford engineering team design the Endura
engine plant from the ground up, using simulation to lay out the plant floor and its
corresponding processes and determine how to use equipment and labour [5]. The
simulation assured substantial savings on equipment and provided precise
performance statistics and reports on machine utilization, labour utilization,
throughput, WIP and other measures for available choices and production levels.
After the team ended this project, it continued to work with the original ARENA
model, adding deeper detail of each manufacturing process. Concurrently, Ford Brazil
adopted simulation widely throughout Ford’s Power train Operations, using ARENA

on many other projects.

Figure 2.2: Endura engine assembly plant simulation model

11



RSConsulting Application Services was asked to provide a workable and
affordable solution. RSConsulting developed a user-friendly simulation model using
Rockwell Software’s Arena® simulation software. The highly-detailed model
evaluated the dynamic flows of products through the system, evaluating material
handling as well as production operations. The high level of detail was required to
capture the system sensitivities. A major manufacturer of household appliances
wanted to redesign a significant portion of its refrigerator-liner final assembly
process, as well as create and impleinent an effective and appropriate production

schedule for that process.

The system under evaluation produces various sizes of refrigerator liners;
transfers those whole liners to an area where they are cut, taped, and pressed; then
transfers them to an insertion area. Limited resources require that the appropriate mix
of liners enter the “press” area to maximize system equipment since changeovers
require significant time. A buffer area prior to the press area provides the space to
“bank™ liners for later use during off-shift or slow production due to upstream failures
or bottlenecks. More buffer space was needed for overflow storage and additional
floor space had to be located for new equipment purchases. The company was willing
to invest a significant amount of equipment and manpower staffing to a plant
redesign; however, the amount of equipment and manpower was not known for the
production operations in the system. The analysis clearly showed the amount of buffer
space that was required for various production scenarios and for multiple equipment
layouts. A detailed animation of the system provided validation of the model by
displaying each liner as it traversed the system {and system botitlenecks), as well as

the dynamic status of the buffers.

By running an anticipated production schedule, RSConsulting was able to find
a design with the minimum system resources necessary to meet production goals.
Various cost tradeoffs were calculated with the model, balancing equipment and

conveyor costs versus production throughput and volume.

With the successful stories on simulation and modelling to improve system
and productivity, it is expected that in this project, the system could be improved to

achieve an optimum production capacity. This may lead to possibilities of downsizing

12



the man power and increasing efficiency of equipment performance and cycle time

[11]. The overall goal is to boost productivity within the economical ways as possible.

13



CHAPTER 3

METHODOLOGY

3.1 Methodology/Project Work

Figure 3.1: Flow chart of project work

Data gathering is the main tasks in this project. This step ensures the correct
mode! is build. It involves meetings and discussions with the engineers and
technicians of the manufacturing plant to understand the behaviour of the
manufacturing processes. Then, system faulis and problems can be referred and
pointed out. More particular details also need to be included such as the cycle time,
machine downtimes, assembly times, process time and other specification parameters

are needed to build the exact imitation of the actual system.

14



Then the model is build and must be verify using the current production data
as comparison. The verified model is then validated by the manufacturing plant
expertise such as simulation analysts or engineers. During validation steps, changes
are made to the manufacturing system and modelled again. After the model is valid, it
is then improve using ARENA simulation tools to give a variety of alternatives to
improve productivity and reduce cycle time but mostly a beneficial outcome. Finally,

the project’s data is documented for records and references.

3.2 Methodology for System Simulation

A Development Process for Systems Simulation

1. Descriphive Analysia

Yalidated , Verified Base Model

2 - Prescriphve Anabysis

roal Seeking Prohlem Opitimization Prohlem

ERARE PN PR RN AWE O S NS CEF FEP ISP IR TE NS T 5T SmE u R E Y PN AN PNF OMF DA LIRS UM R NS R Rk NER UER FN4 M R SN HEP NS IR BT URE UNEENFANT SR AR AMI FELURE RS 2

3 -Post- Presaiphve
Analysis

Stab ility and the What If Analysis

Figure 3.2: A Development Process for System Simulation
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ARENA is a discrete event system (DES) and a dynamic system which evolve in time
by the occurrence of events at possibly irregular time intervals. ARENA abounds in
real-world applications. Examples include traffic systems, flexible manufacturing
systems, computer-communications systems, production lines, coherent lifetime
systems, and flow networks. Most of these systems can be modelled in terms of
discrete events whose occurrence causes the system to change from one state to
another. In designing, analyzing and operating such complex systems, one is
interested not only in performance evaluation but also in optimization '), There are

two types of analysis:

a) Descriptive Analysis: Problem Identification & Formulation, Data Collection and
Analysis, Computer Simulation Model Development, Validation and Calibration, and

finally Performance Evaluation.

b) Prescriptive Analysis: Optimization or Goal Seeking. These are necessary
components for Post-prescriptive Analysis: Sensitivity, or What-If Analysis. The
prescriptive simulation attempts to use simulation to prescribe decisions required to
obtain specified results. It is subdivided into two topics- Goal Seeking and
Optimization [12].

controllable
—
input
uncontrollahle
input

Figure 3.3: Block diagram of general system

Problem Formulation: Identify controilable and uncontrollable inputs. Identify

constraints on the decision variables. Define measure of system performance and an

16



objective function. Develop a preliminary model structure to interrelate the inputs and

the measure of performance.

Data Collection and Analysis: Regardiess of the method used to collect the data, the
decision of how much to collect 15 a trade-off between cost and accuracy [12]. In
addition to discussing the proposed processes to build the desired components, the
visits also helped to understand each resources capabilities, product range, and
capacity availability. These site visits added quite a bit of time to the project. The
visits had to be set up at mutually convenient times for the engineers and hence had o

be done over two months during the semester break.

Simulation Model Developmeht: Acquiring sufficient understanding of the system
to develop an appropriate conceptual, logical and then simulation model is one of the

most difficult tasks in simulation analysis.

Model Validation, Verification and Calibration: In general, verification focuses on
the imternal consistency of a model, while validation is concerned with the
correspondence between the model and the reality. The term validation is applied to
those processes which seek to determine whether or not a simulation is correct with
respect to the "real” system [12]. More prosaically, validation is concerned with the
guestion " Are we butlding the right system?” Vertfication, on the other hand, seeks to
answer the question "Are we building the system right?" Verification checks that the
implementation of the simulation model (program) corresponds to the model.
Validation checks that the model corresponds to reality. Calibration checks that the
data generated by the simulation matches real {observed) data. A high accuracy of
validation, verification and calibration will leads to very low model error. Thus the
acceptable ARENA model error used by the certified analyst from Rockwell

Automation is +£5%.
Validation: The process of comparing the model's output with the behavior of the

phenomenon. In other words: comparing model execution to reality {physical or

otherwise).

17



Verification: The process of comparing the computer code with the model to ensure

that the code is a correct implementation of the model [13].

Calibration: The process of parameter estimation for a model. Calibration is a
tweaking/tuning of existing parameters and usually does not involve the introduction
of new ones, changing the model structure [13]. In the context of optimization,
calibration is an optimization procedure involved in system identification or during

experimental design.

Input and Output Analysis: ARENA models typically have stochastic components
that mimic the probabilistic nature of the system under consideration. Successful input
modeling requires a close match between the input model and the true underlying
probabilistic mechanism associated with the system [12]. The input data analysis is to
model an element (e.g., arrival process, cycle times) in a discrete-event simulation
given a data set collected on the element of interest. This stage performs intensive
error checking on the input data, including external, policy, random and deterministic
variables. System simulation experiment is to learn about its behavior. Careful
planning, or designing, of simulation experiments is generally a great help, saving
time and effort by providing efficient ways to estimate the effects of changes in the
model's inputs on its outputs. For this project, statistical experimental-design methods
are used in the context of simulation experiments and an input analyzer to analyze the

distribution data to generate the fittest distribution.

Performance Evaluation and What-If Analysis: The "what-if' analysis is at the very

heart of simulation models.

Optimization: Traditional optimization techniques require gradient estimation. As
with sensitivity analysis, the current approach for optimization requires intensive

simulation to construct an approximate surface response function.

Gradient Estimation Applications: There are a number of applications which
measure sensitivity information, {i.e., the gradient, Hessian, etc.), Local information,

Structural properties, Response surface generation, Goal-seeking problem,

18



Optimization, What-if Problem, and Meta-modeling [13]. For this project, the “What-
if” Problem is applied.

Report Generating: Report generation is a critical link in the communication process
between the model and the analyst. ARENA generates the recorded statistic in a
crystal repot with .pdf as its extension. The report can be exported to the pdf file. The
crystal report covered all statistics through at least a minimum of five replications for
accuracy purposes. Therefore for every simulation, five replications are used for every

simulation.

3.3 Basic skills of ARENA software building and simulation mode!

For a beginning, 1t is important to create an understanding of how a
mode! is described and it concepts basically. Process build in ARENA are called
modules. Modules are the flowchart and data objects that define the process to be
simulated. All information required to simulate a process is stored in a modules. The
basic process of any modules 15 CREATE, PROCESS and DISPOSE. CREATE
module is the initial point for flowchart modules which define the entities that will
generate by modules. Entities then leave the module to begin processing through the
system. PROCESS module describes the main processing method of the modules.
There are two types of PROCESS module which are the standard and the Submodel
processing. Standard processing signifies that all logic will be stored within the
Process module and defined by a specific action while Submodel signifies that the
logic will be hierarchically defined in a “Submodel” that consists of unlimited number
of logic modules. This module simplifies modules within a process which simplifies
the simulation model. The ending point for entities in a simulation model is
represented by the DISPOSE module where entity statistics may be recorded before
the entity is disposed.
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Figure 3.4: The basic process of modules

'.1.E.uhm:ndel ?[ Z - .

Figure 3.5: Nested-Submodel exampie

Submodel views can be accessed in different ways. The Navigate panel is one
method. When using the Navigate panel, ARENA allows direct access to each
Submodel view. This means that in a situation where there are nested sub models, we
can directly moves to a Submodel that is many levels deep in the hierarchy, Double
clicking on a Submodel object in the model window is another method of accessing a
Submodel view. In the case of nested sub models, we need to double-click on each
successive Submodel object to get that far into the hierarchy. A third way to access a
Submodel view is to right-click on the Submodel object in the model window, and

selects “Open Submodel” from the menu.

From the ARENA’s online help and the topic of “Automating ARENA”, there
is a complete listing of the ARENA Object Model. It shows that ARENA offers the
ability to automate certain functions using Microsoft Visual Basic for Applications
(VBA). This is an advantage for users who are familiar with Visual Basic which

allows custom routines to be inserted into a model. Thus it allows user interaction
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with the model, allow manipulation of variables or delay times, change the number of

replications, and many other useful functions {9].

At the very end of the simulation model, ARENA will generate statistic
reports which summarized across all replications executed accordingly into various
sections. The sections are the key performance indicators, activity area, conveyor,
entity, process, queue, resource, transporters, station and user specified. From
observations, ARENA will mainly generate reports according to the numbers of
replications which altogether are referred as the crystal report. Each categories
overview report is broken down by replication. Then each statistics for each
replication are organized into sections. The summary section provides information per
statistic per section. This section lets analysts compare all the statistics value for each
replication. Mainly, this crystal report gives great insight on the process performance
and behaviour, Then analysts can make usetul of this report to analyze system with
different entities or replication. From it, analysts can make predictions and then
improve on the weakness by spotting the inefficiencies of the system form the statistic

generated by viewing at various section or aspect [11].

However, the report is useless if the model iself does not valid or not
describing the actual manufacturing system, Thus, most effort must be put into the
model building process. Therefore, more tutorials and training are needed to improve
software skills so that ARENA simulink and panel tools can be fully use. Then,
improvement can be made on the mode! by including animation. This may create a

better understanding by presenting modules with image and picture animation.

3.4 Data Gathering

There are numbers of manufacturing companies around Malaysia especially in
Free Industrial Zone. Approval letters need to be submitted to the Human Resource
Department for data gathering for modelling and simulate their process system in their
manufacturing facilities. An example of approval letters are attach in Appendix IL
The challenges faced 1s that most company did not interested with Arena software

itself as it will consists of their most confidential data and manufacturing system
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truth or falsity of data depends solely on the application [12]. Data represent or
"model" aspects of reality as defined in a specification. Like any model, data can

never be absolutely correct for all purposes.

There are four basic types of data that support the modeling, development, and

validation of 2 model or simulation [13]:

a) Reference data

-- Descriptive information (metadata) about all the data used by the model, simulation
including data characteristics (e.g., resolution, fidelity, accuracy, completeness,
relevancy, unit, appropriateness); specifications to which the data were developed or

are provided; and factors describing data quality.

b) Hard-wired data

-- Data values implemented as part of the model (e.g., constants, set parameters).
Hard-wired data include the data values incorporated in the algorithms used to
mathematically articulate the actions/reactions/interactions of the resources in the
system. Although data such as constants are included in this category, the
resolution/fidelity assumptions of a simulation may require additional “facts” to be

treated in this way [12].

c) Instance data

-- Data values comprising the baseline set of conditions (and allowable dynamic
updates) under which the simulation is initiated and executed [12]; input data (e.g.
reject rates, product ranges, machine limitations, movement rates, conveyor speed);
and output data. Instance data, commonly called input and output data, are data values
that are stored and accessed separately from the model settings. They are usually
found at the intersections of rows and columns in a relational database and are the
facts used to initialize a simulation before it starts and to update it dynamically during

execution.

d) Validation data
- Actual measurements from the real world or “'best guess" information provided by

subject matter experts that are used to validate that the results of the simulation are
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specification. Sometimes, the manufacturing facilities itself give an approval but top

management will decide whether it is appropriate or not.

Data collecting 1s the main tasks in this project. This step ensures the correct
model is build. It involves meetings and discussions with the engineers and
technicians of the manufacturing plant to understand the behaviour of the
manufacturing processes. Then, system faults and problems can be referred and
pointed out. . Therefore, the following are the needed data to build a complete

manufacturing system model:

»  Physical Layout

*  Production shift schedule

*  Number of pallets

» Station; cycle time, breakdown, repair time and set up time.
» Conveyor : capacity, transfer times

*  Production rejection

* Layout diagram with flow and logic identified

" Activity cycle diagram

*  Flow chart

3.5 Types of Data Used in Models and Simulation

The vast majority of models and simulations are critically dependent on data. The
overall usefulness of any modeling and simulation application is limited as much by
the quality of the data as by the quality of the model or simulation involved. Whether
a model or simulation is used for analysis, training, or acquisition, the data involved
in its preparation and execution should be subjected to the same kind of scrutiny as

the model or simulation itself [13].

Data are symbolic representations of factual information to be used as a basis for
reasoning, discussion, comprehension, comrmunication, prediction, or calculation.

However, although "factual” implies truth, "data" merely denotes information: the
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"correct enough" for the simulation to be useful. Note that validation data do not
directly support the model or simulation itself, but are involved in the verification,
validation, and calibration. Validation data are the real-world facts used for
comparison to validate the results of a simulation. They come from empirical sources
such as test ranges, live exercise results, or historical records; from outputs of other,
previously validated simulations; or from the production previous month, year or a

range of some period.
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CHAPTER 4

SIMULATION RESULTS

4.1 Familiarization with ARENA: Case study of a mortgage application process

The objective of this case study is to examine a simple mortgage application
process to illustrate how to model, simulate, visualize and analyze with ARENA. First
step 1s to build the flow chart process of receiving and reviewing a home mortgage
application. All the entities are defined for each process panel. All process panels are
defined by c]icking the panel to open the module and enter the entities that were

defined under its specific name. Below is the flow chart of the mortgage review clerk.

Figure 4.1: Mortgage review flow chart

The flow chart is run for simulation. At the end of the simulation, ARENA will ask
whether to view reports or not. By clicking yes, the Category Overview Report will be

displayed in a crystal report, as shown in Appendix L.
This report summarizes the result across all replications. The performance of

the mortgage review clerk can be analyzed from this crystal report for each

replication. Then the most interesting part is to embellish the graphical animation to
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gain further insight onto the process dynamics [9]. Animation is a great advantage in
enticing audience to be interested with the flowchart. For starting, two animation
components were added to the mortgage model which is the Mortgage Review Clerk
working at a desk, either in busy mode or idle mode and a dynamic plot of the work-

in-process (WIP) simulation variable graph. The enhance model are shown as below.

0.0 20.0

Figure 4.2: Mortgage Review Clerk visualization process enhancement

When modelling the Mortgage Review Clerk as a practice, there are many
methods can used to simplify the flowchart into a simple process that audience might
understand just by viewing the model. However, the toughest part is to create the
Submodel within a process which can downsize the model. The construction of the
model is time consuming compare to the simulation process. It needs a lot of
experiiment and test to create a smooth flow which represents the actual system. All
details are analyzed at the end of simulation to be compared to the exact statistic of

thc real model.

Animation enhancement makes the model more interesting and understandable
by audience who does not have any knowledge about what mode! simulation 1s all
about. Audience tend to focus only at the animation of the clerk. Thus it is important
to improve the model by represent complicated process or equipment with a picture or

image.
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Arena has a lot of advantages especially to the manufacturer if they want to
improve their system by visualizing it first using a simulation model. These are the
advantages of simulation from the analyst point of view:

1. Theory is straightforward
2. Time compression
3. Descriptive, not normative
5. Model is built from the manager's perspective
6. Manager needs no generalized understanding. Each component represents a real
problem component
7. Wide variation in problem types
8. Can experiment with different variables
9. Allows for real-life problem complexities
10. Easy to obtain many performance measures directly

11. Frequently the only DSS modeling tool for no structured problems

4.2 Automotive Manufacturing System

4.2.1 Company and Product Background

§ 1 1

alnVanTeCH

UMW Advantech Sdn Bhd (formerly known as UMW Engineering Sdn Bhd),
provides innovative engineering soluttons for the Auto Component, Transportation,
Petrochemical, Oleo chemical and Oil & Gas sectors. Its Auto Component Division
supplies OEM and genuine replacement filtration products to Proton, Perodua,
Toyota, Honda and other automotive assemblers in Malaysia. It also manufactures
domestic and international private label automotive filters, With over 30 years
manufacturing experience, proven track record and backed by strong R&D
capabilities, it has become the supplier of choice for reliable and high quality

products.
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Lubrigation System

0if Filter - Ol filter in the lubrication system traps impuriti

This prevents contaminants in the engine lubrication-system from damaging
Tengine parts. The fittration of oil in engine is essential 101 ephancing longevity

@i performance

Figure 4.3: Lubrication System — Oil filter

The company’s Specialty Equipment Division offers engineering solutions — design,
fabrication, installation and commissioning of specialty equipment and structures. It
has its own Aircraft Ground Support Equipment line under the Aerex brand, serving
various Asian airports. The division also designs and manufactures Process
Equipment and Structures for the Oil & Gas, Petrochemical and Oleo chemical
sectors. Auto Component Division (ACD) design, manufacture and supply parts and
components to the automotive (OEM and Replacement) and industrial sectors.
Products include filters, coolants, brake fluids, brake pads, and metal/plastic

components.

4.2.2 Problem definition

The company has been involved in the manufacturing of oil filter. The
company also produces four out of seven of the oil filter components. To cater for the
increasing demand for oil filter, the assembly line throughput has been increased from
800pcs/hour to 1400pcs/hour. However, the problem is the inventory is out of control
where they are having more inventory than required. It is proposed to investigate this

problem with a simulation model.
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4.2.3 UMW Objectives

1.
Z

LJ

To improve productivity and efficiency through lean technique
To evaluate current stamping process (canister) using Arena software

To identify an efficient parts supply (canister) schedule

Scope of study:

To study current process for stamping line (canister)
To apply lean manufacturing technique. Lean manufacturing is a management
philosophy focusing on reduction of the nine wastes to improve overall

customer value

Transportation

Inventory (having more inventory than required)

Motion (workers moving more than required)

Waiting time (machine queue or waiting for parts)

Over-production (making more or earlier than needed)

Processing Itself (standalone processes)

Defective Product (Scrap in manufactured products or any type of business.)
Safety (unsafe work areas creates lost work hours and expenses)

Information (age of electronic information and enterprise resource planning

systems (ERP) requires current / correct master data details)

By eliminating waste, quality is improved; production time and costs are reduced. In

this project, the studies will emphasize on canister stamping line which daily run the

DC593 4G9 Canister.

Figure 4.4: DC593 4G9 Canister
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Process time {sec)

No Process Resources Task Min | Value | Max
Feeding the metal
1 | Feeding Machine | sheet into the trimming | 0.90 0.92 | 094
machine
2 | Stamping Machine | Sr2mp the metalinto ) g0 1 5 g5 | 5 gy
canister figure
3 | Trimming Machine Trn_n the tip of the 1.45 1.51 1.66
canister
4 | Loading Machine | -03d canisterontothe | 33 | 40 | 4 g3
trimming machine
Unload canister from
5 | Unloading | Machine | stamping machine onto | 4.80 482 | 4.90
the conveyor 1
. . Unload canister from
6 | Unloading 2 Machine L ) 2.70 277 | 2.80
trimming machine
Quality Che(_:k the canister' 335+
7 checking Operator | quality and fill canister 1.65*BETA{0.533,
© into the metal basket 0.321)
Arrange canister in 0.213 + LOGN(0.506,
8 | Amange Operator row by batch 0.31)
Convey canister from
9 | Convey 1 Conveyor | stamping machine to 18.36
trimming machine
Convey canister from
10 | Convey 2 Conveyor | trimming machine to 3.86

quality station
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Process time (sec)

No Process Resources Task Min | Value | Max
Feeding the metal
1 | Feeding Machine | sheet into the trimming { 0.7 0.94 1.2
machine
2 | Stamping Machine | Siamp the metalinto |, o1y g7 | 34
canister figure
3 | Trimming Machine anp the tip of the 1.2 1.52 2.0
canister
4 | Loading Machine | O3] canisteromothe |, )y 4 | 43
trimming machine
Unload canister from
5 | Unloading 1 Machine | stamping machine onto | 4.9 5.1 53
the conveyor 1
6 |Unloading2 | Machine | Urioad canisterffom [y o) 555 1 59
trimming machine
Quality Che(?k the canister. 3.54+
7 checking Operator | quality and fill canister 1.47*BETA(0.628,
into the metal basket 0.318)
Arrange canister in 0.61 + LOGN(0.506,
8 | Arrange Operator Fow b? batch 0.41)
Convey canister from
9 | Convey 1 Conveyor | stamping machine to 12.56
trimming machine
Convey canister from
10 | Convey 2 Conveyor | trimming machine to 5.99

quality station
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Below is the process flow for ca-niste_r.staxﬁping line: -
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Figure 4.5: Process flow for canister stamping line.



Shift Element: (22days - 24hours Production)

chedil

Working Time

Rest Time

8.00-10.00 am

10.00-10.15 an

10.15-1.15 pm

1.15-2.00pm

2.00-3.30 pm

3.30-3.45 pm

3.45-7.50 pm

7.50-8.00 pm (Shift change)
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The Input Analyzer is provided as a standard component of the ARENA
environment. This powerful and versatile tool can be used to determine the quality of
fit of probability distribution functions to input data. It may also be used to fit specific
distribution functions to a data file to allow you to compare distribution functions or
to display the effects of changes in parameters for the same distribution. In addition,
the Input Analyzer can generate sets of random data that can then be analyzed using

the software’s distribution-fitting features.

To run the Input Analyzer, double-click on the Input Analyzer icon or select

the Input Analyzer command from the Tools menu in ARENA,

The data files processed by the Input Analyzer typically represent the time
intervals associated with a random process. For example, the Tnput Analyzer might be

used to analyze a set of interarrival times, or a set of process times,

4.2.8 Preparing Data Files Manually

To prepare a set of data for use within the Input Analyzer, simply create an ordinary
ASCII text file containing the data in free format. For this project, text editor is used
for this purpose. The individual data values must be separated by one or more "white
space characters”. There are no other formatting requirements, ARENA uses a default

file extension of .dst for data files.

After the data file has been loaded and displayed as a histogram in a data fit
window, the next step is to fit a probability distribution function to the data. To do
this, first select the F7f menu item. A drop-down menu displays all of the available

distribution functions.

The Input Analyzer will then determine the parameters that will fit the
distribution function to the data. As soon as the curve-fitting calculations are
complete, the resulting probability density function is drawn on top of the histogram.
Information characterizing the curve-fit, including an expression that could be

included in an ARENA model, 1s shown in the bottom section of the window.

35



The quality of a curve fit is based primarily on the square error criterion,
which is defined as the sum of { fi - f{xi) };, summed over all histogram intervals. In
this expression fi refers to the relative frequency of the data for the ith interval, and
Jfixt) refers to the relative frequency for the fitted probability distribution function.
This last value is obtained by integrating the probability density across the interval. If
the cumulative distribution is known explicitly, then f{ xi ) is determined as F{(xi) -
F(xi-1), where F refers to the cumulative distribution, xi is the right interval boundary
and xi-1 is the left interval boundary. If the cumulative distribution is not known

explicitly, then f(x1) is determined by numerical integration.

The results of Chi-square and (for non-integer data) Kolmogorov-Smirnov
goodness-of-fit tests are also shown. These results are presented in the form of p-
values; the p-value is the largest value of the type-I error probability that allows the
distribution to fit the data. In general, the higher the p-value, the better the fit. For
example, if the p-value is greater than 0.10, then we would not reject the null
hypothesis of a good fit at level = 0.10. Below shows the stages of how the nput

analyzer fit a distribution onto a sets of data:

Figure 4.7: Summary of distributional choices
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The Kolgomorov-Smirnov test can be used to see if the data fits a normal, lognormal,

Weibull, exponential or logistic distribution. Below 1s the result for data by using the

Kolgomorov-Smirnov test:

Figure 4.8: APEC20T downtime

Figure 4.9 APEC30T Downtime
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Figure 4.11: APEC30T Uptime

Following are the distribution summary and data summary that best fit for the uptime

and downiime of machine resources:
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Table 4.6: Distribution summary/data summary for machine uptime and downttme

Distribution/Data Summary
Machine Uptime Machine Downtime
Statistie Apec 20T Apec 30T Apec 20T Apec 30T
Distribution: Beta Normal Lognormal Weibull
[Expression: T+14*BETAD.7, 0524) | NORM{16.7,5.95) | LOGN{2.38,2.08) | -0.001 + WEIB{0.505, 0.779)
Square Error: 0.032971 0.00187 0.022824 0.01894
Kolmogoerow-Smirnoy Test
Test Staistic 0.207 0.169 0.162 0.259
Corresponding p-value >{.15 >0.15 »0.15 0.0899
Number of Data Poinis 22 22 22 22
|Min Data Value 7.58 4.83 0.25 0
[Max Data Value 208 302 558 45
Sample Mean 15.1 16.7 226 0.584
Sample Std Dev 5.39 8.16 153 0.936
|Histogram Range 7o 21 410 31 Oto 6 -0.001 to 4.85'
[Number of Intervals 5 5 5 5

Raw data is almost never as well behaved as we would like it to be.
Consequently, fitting a statistical distribution to data is part art and part science,
requiring compromises along the way. The key to good data analysis is maintaining a
balance between getting a good distributional fit and preserving ease of estimation,
keeping in mind that the ultimate objective is that the analysis should lead to better
decision. In particular, we may dectde to seitle for a distribution that less completely
fits the data over one that more completely fits it, simply because estimating the
parameters may be easier to do with the former. This may explain the overwhelming
dependence on the normal distribution in practice, notwithstanding the fact that most

data do not meet the criteria needed for the distribution to fit.

4.3 Automotive System ARENA Model

The model consists of the Basic Process modules, Advanced Transfer modules and

Advanced Process modules. This project consists of application block from all panets.
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Figure 4.14: Advanced Process Panel
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Figure 4.15: Basic Process Panel Figure 4.16: Flow Process Panel

Because of both canister stamping line have same process flow, therefore their
process module is similar. However the parameter and specification is totally different
from one another. Below is the simulation model of APEC 20T and APEC 30T:

Figure 4.17: APEC 20T and APEC 30T simulation model
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Table 4.7: Modules used in ARENA Model

Module

Function

| Create module is intended as the starting point for
entities in a simulation model. Entities are created

using a schedule or based on a time between arrivals.

[ Process module is intended as the main processing

| method 1n the simulation. The process time 15 allocated

!
to the entity and may be considered to be value added, |

| non-value added, transfer, wait or other.

| The Station module defines a station for a set of
|

' stations) corresponding to a physical or logical location

| where processing occuis.

| The Access module allocates one or more cells of a
| conveyor to an entity for movement from one station to
| another. Once the entity has control of the cells on the

conveyor, it may then be conveyed to the next station.

The Convey module moves an entity on a conveyor

from its current station location to a specified

destination station. The time delay to convey the entity
| from one station to the next is based on the velocity of
the conveyor (specified in the Conveyor module) and |
the distance between the stations (specified in the

Segment module).

|The Exit module releases the entity’s cells on the
| specified conveyor. If another entity is waiting in queue |
for the conveyor at the same station when the cells are

released, it will then access the conveyor.

The Delay module delays an entity by a specified

amount of time
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Decide module allows for decision-making processes in

the system. It includes options to make decisions based
‘ -
| on one or more conditions (e.g., if entity type is Gold
' Card) or based on one or more probabilities (e.g., 75%

‘ true; 25% false).

‘5 Entities arriving at the Batch module are placed in a
:‘ queue until the required number of entities has
\

| accumulated. Once accumulated, a new representative

entity 1s created.

| This module is intended as the ending point for entities

| in a simulation model. Entity statistics may be recorded

before the entity is disposed.

| A clock is animated by clicking on the clock button

' from the Animate toolbar.

|
".-\ variable is animated by clicking on the variable

| button from the Animate toolbar

| Use the Ildentifier field within the Picrure Placement
| dialog to indicate which resource the picture(s) will
| represent. Since resource animation is such that during
w: the run the resource picture changes based on the state
| of the resource, a different picture can be associated
' with each resource state (Idle, Busy, Inactive, Failed, or

\ "
" some user-defined state).

The characteristics of a segment path object may be
specified while adding the segment to the model using
the Animate Transfer toolbar, or by double-clicking on

the segment after it has been placed.
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4.4 Animation in System Simulation

Animation in systems simulation is a useful tool. Most graphically based software
packages have default animation. This is quite useful for model debugging, validation,
and verification. This type of animation comes with little or no additional effort and
gives the modeller additional insight into how the model. This type of animation
comes with little or no additional effort and gives the modeller additional insight into
how the model works. However, it augments the modelling tools available. The more
realistic animation presents qualities which intend to be useful to the decision-maker
in implementing the developed simulation model. There are also, good model
management tools. Some tools have been developed which combined a database with
simulation to store models, data, results, and animations. ARENA provides all of
those capabilities. Following figures are the ARENA animation model for developed

by using the clip art provided by ARENA tools:
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4.4.1 Validating the Simulation Model

Before the new model could be considered reliable by UMW manufacturers, it had to
be validated. The validation process confirms that the model generates results that
reflect the actual world of UMW manufacturers. The validation compared the
production, and environmental profiles generated by the model to the known data
tracked by UMW. Below 15 the calculation for the model error based on the

simulation results:

Formula:

Percentage of Model Error (%) = | Simulation Value — Actual System Value| x 100%

Actual System Value

For APEC 20T (Refer to Appendix for crystal report),
Simulation productivity per hour = 55 batch x 10pcs/batch = 550pcs/hour
Actual average productivity per hour = 547pcs/hour
% of Model Error = |550 - 547| x 100% = 0.5484% < 5%
547
Simulation productivity per day = 822 batch x 10pcs/batch = 8220pcs/day
Actual average productivity per day = 8241pcs/day
% of Model Error = (8220 — 8237| x 100% = 0.2064% < 5%
8237

For APEC 30T (Refer to Appendix for crystal report),
Simulation productivity per hour = 52batch x 10pcs/batch = 520pcs/hour
Actual average productivity per hour = 512pcs/hour
% of Model Error =520 — 512 | x 100% = 1.5625% < 5%
512

Simulation productivity per day = 747batch x 10pcs/batch=7470pcs/day
Actual average productivity per day = 7374pcs/day
% of Model Error = | 7470 - 7374| x 100% = 1.30187% < 5%

7374
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Table below summarized the simulation result for the average output production over

five replication simulation:

Table 4.8: APEC20T Validation Info

Specified production
500 3000
rate
Actual production rate 547 8237
Model production rate 550 8220
Actual error
9.4000% 2.9625%
(based on target prod
rate)
Model error _
0.5484% 0.2064%
{(based on actual prod
rate)

Table 4.9: APEC30T Validation Info

Specified production
300 8000

rate
Actual production rate 512 7354
Model production rate 520 7470
Actual error

2.4000% 8.075%
(based on target prod
rate)
Model error

1.5625% 1.5774%
(based on actual prod
rate)
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* The acceptable error for ARENA Model used by certified analyst from Rockwell

Automation is £5%.

The specified production rate is the setting for all the machines resources.

Based on the simulation result, it i1s observed that the actual output of production is

higher than the specified production rate for both production lines, This may be the

main factor that contributes to the problems which UMW is facing which inventory is

overflowing. The factors that were identified are:

The engineers use 500pcs/hr production rate as reference to calculate how
many hours they should run the production line but the actual production rate
is higher than 500pcs/hr. The simulation model simulates the average
production rate over many replications. Thus engineers can simulate the
production rate in hours, minutes, days or months. The simulation had proved
that the production rate per hour is higher than the specified production rate.
Therefore they have inventory overflowing due to inaccurate production rate.

Apec20T is running at 550pcs/hr and Apec20T is running at 520pcs/hr.

Production schedule is calculated without including the machine breakdown.
Thts is due to no proper reference of breakdown history and breakdown
patterns for each line. Then they could not estimate the hours they needed to
cover up the demand when breakdown occurred accurately. The simulation
results 1s simulate with the breakdown patterns added where the distribution
data techniques id applied to estimate the patterns of breakdown time for all
machine. Thus it gives a more accurate interpretation on how many hours

needed to cover the demand if breakdowng occurred.

Estimation and calculation are based on experience which not accurate and
prectse as they do not have the tools like ARENA to do the interpretation and
experiment. The simulation results are based on data history generated by the
real system. No estimation is used when modelling the system as statistical

and established methodical approach is taken count. Thus it is proven by
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validating the model with the APEC20T and APEC30T production data up to
30 days.

Using the model, it can tackle the problem because:

» The simulation results simulate the average output production rate over many
replications which identified the output production rate for each production
line but also the production rate for each machine. Engineers then can
calculate and estimate the production schedule time correctly to produce
output according to demand more accurate and precise. Therefore output
would meet demand without overflowing. Following is the recommended

calculation that can be used for scheduling purposes.

Takt Time & Standard Work
Takt Time

Fre-requisites to line balancing

Calculate Takt

CUSTOMER 11

Standardise

Takt Time is the production "Drumbeat" based on customer demand
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Takt time

&

Takt = total time available’
total customer demand

Simulation duplicates production processes on a computer, allowing users to
experiment with different scenarios without disrupting production or incurring
any of the costs of actual implementation. Since simulation models duplicate
production processes, they allow tracking of specific activities that otherwise
would be aggregated into over production. These models can be designed to
allow the user to try out any number of variables, such as the number and type
of operations, the sequence of operations, production volumes, and process
times. Engineers can simulate the output for the whole production line or
machine when breakdown occurred. By specifying the breakdown time in the
model, engineers can simulate the production hour’s total time needed to cover
the demand rate. The simulation result will recorded the entire statistic in the
crystal report. The simulated output production rate is based on the machine
behaviour which mimic the current system by modelling using the system
parameter setting, breakdown patterns data, rejected output data and etc.

which gives the overall operation performance of each resource.
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4.5 Line Balancing Method

Assembly Line Balancing, or simply Line Balancing (LB), is the problem of assigning
operations to workstations along an assembly line, in such a way that the assignment
be optimal in some sense. Ever since Henry Ford’s introduction of assembly lines, LB
has been an optimization problem of significant industrial importance: the efticiency
difference between an optimal and a sub-optimal assignment can yield economies (or

waste) reaching millions of dollars per year [ 14].

4.5.1 Definitions of Line Balancing

The classic OR definition of the line balancing problem, dubbed SALBP (Simple

Assembly Line Balancing Problem) by Becker and Scholl (2004), goes as follows
[15]. Given a set of tasks of various durations, a set of precedence constraints among
the tasks, and a set of workstations, assign each task to exactly one workstation in
such a way that no precedence constraint is violated and the assignment is optimal.
The optimality criterion gives rise to two variants of the problem: either a cycle time
is given that cannot be exceeded by the sum of durations of all tasks assigned to any
workstation and the number of workstations is to be minimized, or the number of
workstations is fixed and the line cycle time, equal to the largest sum of durations of

task assigned to a workstation, is to be minimized where:

e Everyone is doing the same amount of work

» Doing the same amount of work to customer requirement
e Variation 1s ‘smoothed’

e No one overburdened

* No one waiting

* Everyone working together in a BALANCED fashion
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Figure 4.21: Simple example of line balancing

Here we see operator number | over-producing, thus creating the other 6 wastes. We
simply re-balance the work content (Re distributes some of the work), using a line

balancing board or Yamazumi board as it is often known [14].

Promotes ol | Iinimises the 7
plecs FLOW ‘ =osles

Figure 4.22: Simple example of line after balancing
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4.5.2 Do Not Balance but Re-balance

Many of the OR approaches implicitly assume that the problem to be solved involves
a new, yet-to-be-built assembly line, possibly housed in a new, yet-to-be-built factory.
To our opinion, this is the gravest oversimplification of the classic OR approach, for
in practice, this is hardly ever the case [15]. The vast majority of real-world line
balancing tasks involve existing lines, housed in existing factories — in fact, the target
line typically needs to be rebalanced rather than balanced, the need arising from
changes in the product or the mix of models being assembled in the line, the assembly
technology, the available workforce, or the production targets. This has some far-

reaching implications, outlined below.

s  Workstations Have Identities

As pointed out above, the vast majority of real-world line balancing tasks involves
existing lines housed in existing factories. In practice, this seemingly “uninteresting”
observation has one far-reaching consequence, namely that each workstation in the
line does have its own identity. This identity is not due to any “incapacity of
abstraction” on part of the process engineers, but rather to the fact that the
workstations are indeed not identical: each has its own space constraints (e.g. a
workstation below a low ceiling cannot elevate the car above the operators’ heads), its
own heavy equipment that cannot be moved spare huge costs, its own capacity of
certain supplies (e.g. compressed air), its own restrictions on the operations that can
be carried out there (e.g. do not place welding operations just beside the painting
shop), etc [16].

» Unmovable Operations and Zoning Constraints
The need to identify workstations by their position along the line (rather than solely
by the set of operations that would be carried out there) is illustrated by the typical

need of line managers to define unmovable operations and zoning constraints. An

operation is marked as unmovable if it must be assigned to a given workstation [15].
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This 13 usually due to some kind of heavy equipment that would be too expensive to
move elsewhere in the shop. Zoning constraints are a generalization of unmovable
operations: they express the fact that an operation can only be assigned to a given (not

necessarily contiguous) subset of the workstations in the line.
» Cannot Eliminate Workstations

Since workstations do have their identity (as observed above), it becomes obvious that
a real-world LB tool cannot aim at eliminating workstations. Indeed, unless the
eliminated workstations were all in the front of the line or its tail, their elimination
would create gaping holes in the line, by virtue of the other workstations’ retaining of
their identities, including their geographical positions in the workshop. Also, it is
often the case that many workstations that could possibly be eliminated by the

algorithm are n fact necessary because of zoning constraints [16].

e Need to Equalize Loads

Since eliminating workstations cannot be the aim of the optimization of the line, as
pointed out above, 1t is the equalization or smoothing (indeed “balancing”) of the

workload among workstations that should be the practical aim of LB.

It is worth noting that the classic objective of minimization of the cycle time, i.e.
minimization of the maximum lead time over all workstations, is not necessarily the
same objective as load equalization. The aim of the latter usually translates into
minimization of the squared differences between workstation loads, which means that
a small increase 1n the maximum lead time may yield a substantial reduction in load

misbalarice, 1.e. a better equalization of workload.

The important practical point to be made here is that the line’s cycle time 1s almost
always given by the company’s marketing that sets production targets. The maximum
cycle time set by marketing cannot of course be exceeded by the line (otherwise the
production target would not be met), but it is typically useless to reduce the line’s

cycle time below that value. In this context then, minimizing the cycle time is only
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required as long as it exceeds the target — once that objective is met, equalization of

the workload should be pursued instead.

e Multiple Operators
In many industries, in particular automotive, the product being assembled is
sufficiently voluminous to allow several operators to work on the product at the same
time. Since that possibility does exist, not exploiting it would lead to unnecessarily
long assembly lead times, implying a reduced productivity [15]. 1t is therefore often

the case that several operators are active on the product simultaneously.

Once a workstation features more than one operator, the workstation’s lead time
ceases to be a simple sum of durations of all operations assigned to it. First of all, the
workstation as a whole will need the time equal to the lead time of its “slowest”
operator to complete all operations assigned to the workstation [15]. Needless to say,
since operations are indivisible chunks of work, this is certainly not equal to the sum

of durations divided by the number of operators.

More importantly though, the precedence constraints that nearly always exist among
the operations assigned to a workstation, may introduce gaps of idle (waiting) time
between operations, whenever an operator needs to wait for another one to finish a
task. These gaps significantly reduce the efficiency of the workstation and must
obviously be reduced as much as possible. This transforms the instially trivial
computation of a workstation’s lead-time (i.e., a simple sum of operation durations)

into a full-fledged scheduling problem [16].
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4.6 Line Balancing Results

Key outputs from the simulated performance were tracked to understand the
behaviour of the production line. From the simulation, it can be seen that we have a
bottleneck in some station. By observing the crystal report at the parts waiting time,
the station that has the most parts waiting can be determined for line balancing. The
bottlenecks in the flow were identified and the associated capacities adjusted in
consultation with the engineers until a smooth flow was achieved. For APEC 20T,
stations conveyor 2 and unloader have the most number of canister waiting or in other
terms bottleneck are occurring while for APEC 30T, stations Conveyor |, stamping
and unloader have the most number of canister waiting, This line jam can affect the
rate of production. Thus line balancing has to be carried out to smoother the

production.

The number of parts waiting at the unloader and trimming machine is
dramatically reduced. Number of throughput is very high and we can lower it down to
get a clean operation without waiting parts at any station. After line balancing

exercise was conducted, the parts waiting have been reduced in numbers to be less
than 10 parts waiting at every station, This is an example of a smooth production.
Below is the number waiting for APEC20T and APEC30T:

Table 4.10: APEC20T, before line balancing

Number Waiting ) Kdinipum HMavimum Mt Maxirmm
Average Haif Width Averags Average value valte
Access Conveyor 1.0ueue 4.6380 TEO2 G.2947 215627 0.00 60.80
Aceess Sonveyor 2 Qpete 475.38 484 78 §1.4050 442 407 0.00 151400
Arrange Queie 0.004868704 0.64 200 002911928 0.00 31.00608
Feeding Process Gusue 14,7748 26,88 0.00 £E.3833 FERH 916,00
Load to Trimming Maching. (.3001 210 D.0233743%4 38234 a.00 BE 000G
Queue
Pick And Fill Queus 05428 .87 .00 {5882 £.60 320000
Stamping Process.Queue 18.2620 14.98 0.00 33.27482 .00 12800
Ten Cueue 4.4228 014 42860 4 5042 .00 10,0000
Trimming Process Quete 24 0643 6580 on 152 200 TR8300
Linigad from Stamping Maching. 29,1398 Bag ¢od 727478 4.0 H68.00
Clusue
gﬁload from Trimwming Machine. 321870 3436 3.00 B2 5472 4.60 906.00
eve
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Table 4.11: Apec20T, after line'balancing

4 1

Numnber Waiting : 1 ) DHnimum Faximum WnimiLm naimL
g Avenne Half Widin Average Average Wi Walue
Access Comveyar 1.GLew : 0.4651 0.05 01244 02503 4.00 1.0000
Access Conveyor 2.(lueus : 01588 | .Gt 8.1514 01675 4.00 1.0800
Arrangs Qusus ; 0.00518042 0.4 (.00 3.02266751 0.00 34 0060
Feading Process Queue ‘ 7EME 14.04 n.oo 38 8408 0.00 45600
féﬂad 1o Trivming Machine. 000621026 | 4.0z 000 004347179 ERHE 200000
il : : .
Pick And Fill Gueue ! 0.1762 t 0.25 400 07228 Q00 34 0000
Stamping Process. (iueue H o4y §.895 0.00 222013 0.00 ITLO0
Tan.fuete i 4 50085 0.06 44275 4 8178 4.00 100600
Trirnming Frocess Qliele g 1.9468 ;J #£.73 0.00 135515 .00 35100
Unload froim Stariping Machine. "; AL 8.3 .00 Q7827 0.60 72 0000
g:ﬁni?i from Teimming Machine. 185068 338 .00 o711 000 2B2.04
Cluee 3 N
Table 4.12: Apec30T, before line balancing
Numbsr Waiting i Fgxirnupm Kttt Tasimum
Average Halr Widin Average Ayarage Ve Valte
Accass Conveyor 1.0ueus 1534 64.36 35,9058 174,01 (.00 FH82.00
Access Conveyor 2.Queus 222014 B81.63 .00 101 000 B32.00
Armange Guele 14.7762 158.23 87173 35.3128 400 22500
Faoding Frocess. OQusus 138065 37.28 .00 BT HOTG 0.00 IS0
Load to Trimming Maching. THETE2 24.454 0040 46.8055 .G 958.00
Queue
Pick And Fill Queue 85425 17.06 71546 37.5853 0.00 23600
Staraning Process Quets 733873 8.8 400 23228 4.00 1551.08
Ten Queue 4 2267 .66 27882 4 BB03 000 H1.8000
Trimming Process.Quede 477425 1132 0.00 21098 000 1530.00
gnioad from Stamping Machine. Z3a4 24613 457287 544 52 4.00 1642.00
ele
ugidaii from Trimming Machine. 551874 164,30 0.0 29554 .00 2352.00
{lusle
Table 4.13; Apec30T, after line balancing
E ,
y
MNuraber Waiting ;; o - Siniir (LS EHY AT Naimieny
; Average b HaltWidh Average Average Valug wahue
Accass Conveyor 1.Queus Foothi 13258 0.3182 23882 0.00 212800
Accass Conveyor Z.Queue . 4874 L 180 0.1904 20.2681 0.00 345 04
Arrange Queug Pooooed [t .00 0322 .00 1200
Feeting Process,Quels ; 18,9277 ;. 4714 000 85614 100 1241.00
gjari o Trimming Maching. ; 113.03 127335 0.06 S08.21 .00 164800
uele !
Pick Asd Fill.Guete ; 15856 ; d44 400 I Y0) 0.00 R EALY
Stamping Process Queus v 724440 ; 46,70 0.00 247 a0 AEREARYY
Ten Qusue 4140630 .93 34395 K710 0.00 100060
Trimmirg Process (usto ©O7BO303 ¢ 19623 (.06 38087 0.00 1687.00
Einfoad from Stamping Machine, ‘2‘ 15844 137400 42 2323 2364 .06 1503.00
Glusue ;
Unioad from Trimming Machine. En‘ 89835 o 2494 0.40 44 4702 {.00 821.80

Cueue

b4
iy

.
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Improvements were made in terms of reducing the unnecessary delay such as:

The rolling delay station is deleted as it is not necessary to use the shde to roll
the canister into the operator station. This is because only one operator
handling the end station. Therefore there is no need to roll into the canister to
the station which its capacity is more than the capacity that can be handled by
an operator. A single operator can handle not more than 10 canisters at one
time but the table can accommodate about 100 canisters. Therefore it would be

a waste there.

The conveyor length also is decrease as it took longer time to transfer the
canister where else the exact distance from stamping machine to trimming
machine is less than the conveyor length. Also the conveyor 2 length which
transfer the canister from the trimming machine. The conveyor 2 is either its
length 1s decreased or its speed is increased. In this project, conveyor 2 speed
18 increased two times its original speed. It will eliminate the operator idle
time as from the observation, operator have idle time due to waiting for the

canister to be transferred and rolled to the operator’s station.

Line balancing method is applied to all resources. Synchronization is made

between machine and machine and human and machine.

The results show that the bottleneck of each station is recognized and

minimized. This shows smooth production rates are achieved. Before the decrease of

the time waiting, the resources show a slow productivity. Operator, being humans will

have lower utilization rate compare to the machine resources. But now, the average

utilization rate 1s shown in the following figure:
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Figure 4.24. APEC20T, after line balancing
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Figure 4.26: APEC30T, after line balancing

The resources utilization has increased slightly. From above figure we can see
that some stations have higher utilization than others. For a more detailed
improvement, manpower can be added at these stations to improve the productivity
and reduce downtime resulting from manpower fatigue. Below show the summary

and the analysis of utilization before and after line balancing:
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Table 4.14: Line balancing summary

Feeding
Machine

Loader
Stamp ing
machine
Trmming
Machine
Unloader
I
Unloader

-
&

01424 06811 0. 1469 0.8769

0.6835 03708  0.6024 0.4067
0462 05563 04611 0.6642

0.2299 04326  0.2008 0.4263

0.7339 05316 0.7378 0.6520

0.4155 04326  0.3606 0.4546

| 0.8000

D.7000 |

I 0.6000

0.5000 1

¥ D.4000

D.3000

0.2000

0.1000 1

0.0000

Feeding Machine

ApecZ0T . Belore and After Line Balancing T Apec20T Belor:
20T At
— Lper. Mov. Avy (Bpec20T Belore)

—2 put. Mov. Avg (Apec20T After)

]

Loader Stamping machine Trimming Machine Unloader 1 Unloader 2

Resources

Figure 4.27: Apec20T utilization bar charts comparison
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Apec30T:Before and After Line Balancing

‘i—.\w_wr Bafor i
BN Apet MT Al

i — 2 per Mov Awg (Apec3OT Bafnra;|
= por_Mow Avp [ApecdlT After)

Feeding Machine Loader Stamping machine Trimming Machine

Resources

Unloader 1 Unloader 2

Figure 4.28: APEC30T utilization bar charts comparison

Comﬁsop of Resources Utilization After Line Balancing
i Percentage (%) 1 Apec20TBefore
| I Apec20TAfer
” == Apec30T Before
1.0000 . | S Apec30TAfer
0.9000 | —| =2 per Mov Avg. (Apec20TBefore) = -
0.8000 '4 - K —— 2 per. Mov. Avg. (Apec20T Afier) .
3 | [ = -2per. Mov. Avg. (Apec30T Before)
0.7000 | == *2per Nov Avg. (Apec3OT Afer)
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o0 e — | -
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0.4000 \ = =
o.m . r L— 1 . — b . 7: == ===
02000 +— |- —1 | | I : L ot 5
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0.0000 - ' _
Feading Machne Loansr mnmu‘;’nmm Macrire Unioacter 1

Figure 4.29: APEC20T and APEC30T Ultilization rate after line balancing
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4.7 "What-if"" Analysis Results

The simulation models are often subject to errors caused by the estimated
parameter(s) of underlying input distribution function. "What-if" analysis is needed to
establish confidence with respect to small changes in the parameters of the input
distributions. However the direct approach to "what-if" analysis requires a separate
simulation run for each input value. The model allows several “what if” scenarios to
be simulated. The model used is the improved line after line balancing method is
applied. For example Line APEC20T was improved by increasing and decreasing the
cycle time of the machine resources. The conveyor speed is increased doubled from
its original speed. Output is increased by 11.813%. Below is the best result chosen

after conducting several what-if simulations:

Table 4.15: Production rate after what-if analysis

Output el ! % increase
Apec20T 8237 9210 1]1.8125531]
Apec3T 7354 9130 2415012238

4 What-if:Production Output ® Before
J pcsiday = After
10000

ﬁ Apec20T Line Apec30T

Figure 4.30: Graph of What-if production output for APEC20T and APEC30T
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The increase of the production 1s high but cannot be increased further because
it means that the output is coming in at a very fast rate and it will take up more
workspace at each station. We want only a minimal increase to meet the objective

without unnecessarily spend money on expanding the floor.
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 Conclusions

Model and simulation process need a lot of practice on manipulating and make
use full of the tools and panel of the ARENA. The simulink tools make it easier for
analyst to create a model which represents the actual system accurately. Several of
commercial simulation software also provides a simulink tools and extra features like
3D animation, mathematical analysis report and etc. Therefore, no wander that a lot of
big organizations and institution has make useful of simulation software in a means to
tmprove their system and increase profit. For this project, the objectives of simulation
is to enhance productivity of the manufacturing system by decreasing the cycle time
and eliminate waste, to evaluate manufacturing system productivity and to create an
effective part supply schedule to prevent inventory overflowing. This project

reaffirmed the following major guidelines for the simulation process:

. Commit enough resources to gather the required data in a timely fashion. This
study took longer than expected primarily due to the extensive effort needed to

collect the data.

. Use the right level of abstraction for the simulation model. Too much detail will
unnecessarily bog down the analyst in an extensive effort to collect data and
build the model. Too little detail results in a model that doesn’t provide the

needed answers.

»  Spend data collection effort for critical data elements. Initially build the model
with data that 1s easily available. Exercise the mode! to understand the impact of
the major factors. Spend time improving the accuracy of the data that has a large

impact on the outputs.
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»  Focus on key outputs. Simulation models can generate multitudes of data. The
key performance metrics for the decision should be identified upfront and the

model output reports designed to generate those parameters.

«  Verify and validate the model as much as possible. Build internal cross checks
for verifying the model code. For example, the validation calculations were
carried out in two different ways and compared to ensure that model was
working as designed, which are by pieces’hour and pieces/day. For a model of
this nature where there is no operating system with which to compare, the model

is validated based on expert reviews (a consultant from Rockwell Automation).

From the discussion, both ARENA model for APEC20T and APEC30T has
error less than 5% for productivity per hour and productivity per day by comparing
with the actual system data production index daily. For APEC20T, the percentage
error for productivity per hour is 0.548446% and error for productivity per day is
0.24548%. For APEC30T, the percentage error for productivity per hour is 1.5625%
and error for productivity per day 13 1.5774%. Therefore the ARENA model can be
used to evaluate the line performance and improvement can be made on the system

based on the ARENA model.

5.2 Recommendation

e There are further work to be considered both is the development of the model
and experimental design

» Expand model to include the assembly line and outsource line (paint) of the
filtration products.

»  Perform additional validation and testing to determine improvements that can

be made in the model, the planning process, and in the larger system.
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APPENDIXES

Appendix I: MORTGAGE REVIEW CLERK CRYSTAL REPORT
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Appendix V: APEC 20 T CATEGORY OVERVIEW CRYSTAL REPORT
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Appendix VI: APEC 30 T CATEGORY OVERVIEW CRYSTAL REPORT
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00:50:53 Category Overview February 15. 2008
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Appendix VII: APEC 20 T CRYSTAL REPORT AFTER LINE BALANCING
AND WHAT IF ANALYSIS
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Appendix VIII: APEC 30 T CRYSTAL REPORT AFTER LINE BALANCING
AND WHAT IF ANALYSIS
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