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Abstract

This article presents decision-support methods and tools for assembly system sales engineers
using 3D visualisation, component-based simulation, other equipment efficiency analysis and
novel cost analysis methodology. The objective of modern assembly processes is to produce
high-quality, low-cost products. To ensure that an assembly system is appropriately designed,
system measurement schemes should be established for determining and understanding design
effectiveness. Measurements can be classed in two categories: cost and performance.
Understanding manufacturing costs is the first step toward increasing profits. The authors
have developed an analysis method that integrates factory simulation, Overall Equipment
Efficiency (OEE), and economic analysis methods. Advanced cost calculation includes Cost
of Ownership (COO), commonly used investment evaluation methods, discounted cash flow
techniques, Net Present Value (NPV) and Internal Rate of Return (IRR). The idea is to
integrate these methods with simulation analysis to be used in the assembly system sales
process. These methods can also be used to improve the design of flexible, modular
reconfigurable assembly systems. The development of the Total Cost of Ownership (TCO)
analysis tool is based on industrial standards and the authors’ own experience in modular
assembly system design, economic analysis and production simulation. The TCO
methodology is useful in system supplier and end-user communication and helps in trade-off
analysis of the system concepts.

Keywords: Decision support, component based simulation, system performance,
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1 Introduction

This article presents a decision support system
designed especially for system sales engineers (Fig.
1). Ideally it could be used by the system end-user, the
customer, the systems integrator and the sales
engineer. The presented approach is based on
component-based simulation, system visualisation,
calculation and analysis of key performance indicators
(KPT) and advanced cost analysis methodology.

The objective of modern assembly processes is to
produce high-quality, low-cost products. To ensure
that an assembly system is appropriately designed,
system measurements should be established to provide
understanding of design effectiveness. Measurements
can be classified in one of two categories: cost and
performance [1]. Understanding manufacturing costs
is the first step toward increasing profits. Throughput,
utilisation, and cycle time continue to be emphasised
as key performance parameters for existing operations
and for the planning of new assembly systems, but the
cost issues need to be analysed also, as early as
possible in the system design phase. The purchase cost
of the system is just one parameter to consider in
performing a cost of ownership analysis. Operating
cost, other variable costs, throughput of the system,
yield and scrap cost, and the useful life of the system
are other factors affecting the cost efficiency of the
system.

2 Methods

There are many methods for decision support in
selecting a production system: strategic approaches,
analytic approaches, value analysis, mathematical
analysis, experimental analysis and economic
approaches. A list of potential justification methods is
presented in Fig. 2. Strategic approaches are beyond
the scope of this paper. The focus is on experimental
analysis using discrete event simulation, value
analysis using Overall Equipment Efficiency (OEE)
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(COO) and discount cash flow methods, Net Present
Value (NPV) and Internal Rate of Return (IRR). Some
other capital budgeting methods are merely listed in
the text.

‘ Justification
Methodologies

Strategic Approaches
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Score Cards
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Fig. 2. Justification methods, inspired by Wiktorsson
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Fig. 1. Intended use of the VIT TCO Analysis Toolkit, MS2Value decision support method
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2.1 Decision support

The authors have developed a decision support system
for assembly system sales engineers. Decision Support
Systems (DSS) are interactive computer-based
systems intended to help decision-makers use data and
models to identify and solve problems and to make
decisions. The DSS framework has five major
categories [3]:

e Communications-driven
e Data-driven

e  Document-driven

e Knowledge-driven

e  Model-driven DSS

The following chapters present the theories used in the
development. A longer list of potential methods is
given in Fig 2. There are many relations between the
methods that are not shown here.

2.2 Simulation

Manufacturing systems, processes and data are
growing and becoming more complex. Manufacturing,
engineering and production management decisions
involve the consideration of many interdependent
factors and variables. These often complex,
interdependent factors and variables are too numerous
for the human mind to cope with at one time; therefore
simulation  modelling could Thelp. Discrete
event/material flow/factory simulation is commonly
used in the manufacturing system design phase to
evaluate concepts and optimise system solutions,
sometimes also by training operators or selling ideas
to potential customers, using a "virtual factory".

Reconfigurable and modular solutions for final
assembly systems need equally modular design tools.
Each modular building block of the real system needs
to have a digital component for use in simulation
model building, reconfiguration and analysis. Earlier
development of simulation tools supporting modular
production system design was presented by Heilala
and Montonen in 1998 [4].

Component-based simulation software with 3D
capabilities is ideal for the design and configuration of
modular reconfigurable systems. The simulation
platform should support discrete events analysis, like
material flow, machine and also robotics simulation.
There is at least one commercial software that has
these features on a single platform (3Dreate® and
3DRealize®, [5]). Many manufacturing simulation
tools are available on the market with different
features. Many of the commercial tools are suitable for
production system design evaluation and support sub-
model merging; thus simulation library models can be
created. The authors’ latest development was based on
a commercial 3D simulation tool shown in Figs. 3 and
4.
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Fig. 3. Component based simulation supports modular
system design [5]
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Fig. 4. Simulation component features

The simulation component shown in Fig. 4 is an
image of real world equipment with geometry,
behaviour and interface definitions. These components
have a high re-use value but they do change the model
building process. The design of a modular production
system is like selecting suitable modules from an e-
catalogue and placing them in the right order to
achieve the correct process flow and system layout.
This really speeds up the design and evaluation
process, if the needed simulation components and data
are available.

The other advantage of using 3D simulation is
visualisation of the system, which improves
communication. The end-user and system integrator
can configure the virtual system during the sales
meeting and evaluate the customer’s future needs,
since modifying the simulation model is a rapid
process. However, this does require some homework
before the meeting.

Simulation analysis provides many performance
indicators. The common aim is to identify problem
areas, and quantify or optimise production system
performance such as:

e  Throughput under average and peak loads

e Utilisation of resources, labour and machine,
staffing requirements, work shifts

e Bottlenecks and choke points, queuing at work
locations, queuing and delays caused by material
handling devices and systems

e Effectiveness of the scheduling system, routing of
material, WIP and storage needs

There are many excellent textbooks on simulation [6,
7, 8, 9] that provide guidelines for simulation projects,
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model validation and verification and simulation
analysis. These issues are not covered here.

2.3 OEE

Overall Equipment Efficiency, (OEE) is a
performance evaluation method. Analysis is normally
used for running system performance analysis.
Practically it is more suitable for machine level
analysis; on the production line we first need to find a
bottle-neck machine that can perform the OEE
analysis. Development efforts to expand OEE to
production line and factory level are ongoing [10].

OEE is an all-inclusive metric of equipment
productivity. It is based on time analysis and
classification of reliability (MTBF), maintainability
(MTTR), utilisation (availability), throughput, and
yield (see Fig. 5).
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Fig. 5. OEE, from total time to number of good units.

All the above factors are grouped into the following
three sub-metrics of equipment efficiency. The three
sub-metrics and OEE are mathematically related as
follows [11, 12]:

OEE, % = Availability Efficiency x Performance
Efficiency x Quality Efficiency x 100%

Definition of sub-metrics:

1. Availability Efficiency: The fraction of total time
that the equipment is in a condition to perform its
intended function = (Equipment Uptime)/(Total
Time)
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2. Performance Efficiency: The fraction of equipment
uptime during which the equipment is processing
actual units at theoretically efficient rates =
(Operational Efficiency) x (Rate Efficiency).

- Operational Efficiency - The fraction of equipment
uptime during which the equipment is processing
actual units = (Production Time)/(Equipment
Uptime).

- Rate Efficiency - The fraction of production time
during which the equipment is processing actual
units at theoretically efficient rates = (Theoretical
Production Time for Actual Units)/(Production
Time)

3. Quality Efficiency: The theoretical production time
for effective units divided by the theoretical
production time for actual units.

- Effective Units = (Actual Units) - (Scrap Units +
Rework Units)

In the system design phase, OEE analysis is a
systematic way to analyse system performance and
also calculate the number of good products produced.
OEE provides a systematic way to classify and study
equipment efficiency and time related losses. It helps
to identify the actual time the system is producing
good units. OEE can be used for evaluating different
production work time and work shift arrangements
and at the same time identify and evaluate the OEE
losses shown in Fig. 5. This is useful if both the
system vendor and the customer feed the information
together and create a common understanding of
system performance. Later, the same metrics can be
used for monitoring the real system.

The OEE analysis used by the authors is based on
semiconductor industry standards SEMI E10, E79 [11,
12] now applied to another industrial branch.
Simulation and OEE type analysis can be integrated as
shown elsewhere [13]. Simulation run results can be
shown using OEE methodology, since the simulation
model can provide the same information as a real
system.

24 LCC

Life cycle costs (LCC) are summations of estimated
cost from inception to disposal for both equipment and
projects. LCC methodology is commonly used in the
process industry, and also often applied to energy
technologies and building projects. LCC can be
applied to other types of application; there is no limit
to the use of the method.

The objective of LCC analysis is to choose the most
cost effective approach from a series of alternatives so
the least long-term cost of ownership is achieved
while considering cost elements which include design,
development, production, operation, maintenance,
support, and final disposition of a major system over
its anticipated useful life span [14]. LCC analysis is

Copyright © 2007 EUROSIM / SLOSIM



Proc. EUROSIM 2007 (B. Zupancic, R. Karba, S. Blazic)

also covered in COO calculations (see Chapter 2.6).
The LCC method normally uses discount cash flow
methods, if the income can be estimated. NPV and
IRR are discussed in Chapter 2.7.

2.5 TCO for information technology

Originally, Total Cost of Ownership (TCO) modelling
was a tool that systematically accounted for all costs
related to an IT (Information Technology) investment
decision. TCO models were initially developed by
Gartner Research in 1987 and are now widely
accepted. Simply stated, TCO includes all costs, direct
and indirect, incurred throughout the life cycle of an

asset, including acquisition and procurement,
operations and maintenance, and end-of-life
management.

A similar TCO concept is also widely used in the
automobile industry. In this context, the TCO denotes
the cost of owning a vehicle from its purchase,
through its maintenance, to its sale as a used car.
Comparative TCO studies between various models
help consumers choose a car to fit their needs and
budget. The TCO methodology can be used for vendor
selection and sourcing evaluation [15, 16, 17].

2.6 Standardised COO

Cost of Ownership (COO) is a semiconductor industry
metric to evaluate the unit cost effectiveness of
semiconductor equipment based on standard SEMI
E35 [18]. COO was originally developed to address
the economic and productive performance of a wafer
fabrication tool by estimating the total life-cycle cost
of a specific process step [19]. The standardised
method has become a common reference between
equipment suppliers and equipment users in the
semiconductor industry. There are dedicated
commercial tools on the market [20]. COO
methodology has also been used in optoelectronic
factory automation evaluation [21]. The difference
from LCC or traditional TCO is that SEMI COO
evaluates all the life cycle costs, including cost of bad
quality and rework, and shows the results also as unit
cost of acceptable assemblies.

The basics of COO is simple: all the costs during the
system life-cycle are divided by the number of good
units produced [18, 21]. Thus COO depends on the
production throughput rate, equipment acquisition
cost, equipment reliability, throughput yield, and
equipment utilisation. The idea is to calculate unit
cost. The basic COO is given by the following
equation:

COO per unit = all costs/number of good products

_ FC+VC+YC

_ perrerc g
L*THP*Y *U

Cco0o

Where:
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FC = Fixed costs (amortised for the period under
consideration), purchase, installation, training,

VC = Operating costs (variable or recurring costs,
labour costs), maintenance, materials, ...

YC =Yield loss costs

L = Lifetime of equipment
THP = Throughput rate

Y =Yield

U = Utilisation

Throughput, yield, reliability and equipment
utilisation can be analysed with a simulation model or
OEE calculation model. The most difficult issue is
getting proper data for analysis.

2.7 Discount Cash Flow methods

A production system is an investment project, and
there is also a need for capital budgeting analysis.
Some of the suitable methods are listed here. The most
used discount cash flow analysis methods are Net
Present Value (NPV) and Internal Rate of Return
(IRR). The other cash flow techniques are: the
Modified Internal Rate of Return method (MIRR),
Real Options methods (RO) and the Equivalent
Anmuity method (EA). Techniques based on
accounting earnings and accounting rules are:
Accounting Rate of Return (ARR) and Return on
Investment (ROI). Simplified and hybrid methods are:
payback period and discounted payback period.

Net Present Value (NPV) is an important economic
measure for projects or equipment taking into account
discount factors and cash flow. Using the NPV
method, a potential investment project should be
undertaken if the present value of all cash inflows
minus the present value of all cash outflows (which
equals the net present value) is greater than zero.

Ct

(1 + r)t

N
NPV =3 -C, )
t=1

Where:

t = the time of the cash flow

N = the total time of the project

r = the discount rate

C, = the net cash flow (the amount of cash) at time t

Cy = the capital outlay at the beginning of the
investment time (t = 0)

A key input is the interest rate or “discount rate”
which is used to discount future cash flows to their
present values. If the discount rate is equal to the
shareholder’s required rate of return, any NPV > 0
means that the required return has been exceeded. The
project with the greatest NPV is usually the winner.
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The Internal Rate of Return (IRR) is defined as the
discount rate that gives a net present value (NPV) of
zero. The IRR method will result in the same decision
as the NPV method for independent (non-mutually
exclusive) projects, in the usual cases where a
negative cash flow occurs at the start of the project,
followed by all positive cash flows. In the most
realistic cases, all independent projects that have an
IRR higher than the hurdle rate should be accepted.

Production system purchase is an investment, and it is
a project the profitability of which needs to be
evaluated. The literature shows how to use NPV [22]
and IRR [23] in project comparison. There is a need to
use both NPV and IRR methods, since they can give
different final results, even from the same data [24].
For example, depending on the size of the investment,
a big investment can have higher ranking with NPV
evaluation, whereas the IRR evaluation ranking
remains small. NPV is theoretically stronger and IRR
is well suited for cyclic investment.

2.8 Other investment evaluation

Return on Investment (ROI) is also a performance
measure used to evaluate the efficiency of an
investment or to compare the efficiency of a number
of different investments. To calculate ROI, the benefit
(return) of an investment is divided by the cost of the
investment. The result is expressed as a percentage or
a ratio. ROI is a very popular metric because of its
versatility and simplicity.

Payback Period: the length of time required to recover
the cost of an investment. All other things being equal,
the better investment is the one with the shorter
payback period. For example, if a project cost
$100,000 and was expected to return $20,000
annually, the payback period would be $100,000 /
$20,000, or 5 years. There are two main problems
with the payback period method: 1) It ignores any
benefits that occur after the payback period and,
therefore, does not measure profitability; 2) it ignores
the time value of money.

For these reasons, other methods of capital budgeting
like NPV, IRR or other discounted cash flow are
generally preferred.

3 Integration of methods

The novelty here is in the integration of methods.
Earlier development steps have been presented
elsewhere [25-30]. Now that new features are being
developed, discount cash flow techniques like NPV
and IRR will be included. The decision support
methods comprise the VIT TCO Analysis toolkit (see
Fig. 6).

Integration methods are being improved in the latest
version. The authors are also aiming to use a different
simulation software version. Instead of 3DCreate® as
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shown in the earlier development, they are hoping to
use 3DRealize®. More details about the software are
available on the vendor web site [5].

In the current prototype tool, the authors have
integrated component-based simulation with an MS
Excel analysis workbook. Developers are using a
COM interface, Python scripts, and Excel-internal
links.

Visual Components 3D Realize® TCO in MS-Excel, rev 2

[ COO, NPV, IRR
£
2
k=g —
N
5iE=
£
. a €5 e
i VTT TCO

Analysis toolkit e
"MS2Value"
@/\JVV\ 7 < -

Simulation run results

Excel workbook

Fig. 6. Integration of methods

3.1 Hybrid method integration

A hybrid simulation and analytic model is a
mathematical model that combines identifiable
simulation and analytic models; this is clearly the case
in the development presented.

An analytic model is a set of equations that
characterises a system or a problem entity, and a
simulation model is a dynamic or an operating model
of a system or problem entity that mimics the
operating behaviour of the system or problem entity.
The analytic model tends to provide exact and static
information, while the simulation model provides
approximate and dynamic information about the
system of interest or problem entity [31].

Hybrid simulation and analytic models can be
classified into the following six categories, the first
five of which are presented elsewhere [31] (see Fig.
7):

| Parallel n Integrated &Embedded \V  Serial
Analytic Simulation Simulation model Simulation
model model model
% Analytic -
p¥ ot
[Solution |
1l Parallel v Embedded VI Serial
Analytic Simulation Analytic model Analytic
model model model
Simulation Simulation
@ @ model model

Fig. 7. Hybrid methods

Class I: A model whose behaviour over time is
obtained by alternating between independent
simulation and analytic models.
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Class II: A model where a simulation model and an
analytic model operate in parallel over time with
interactions through their solution procedures.

Class III: A model where a simulation model is used
in a subordinate way for an analytic model of the total
system.

Class IV: A model where a simulation model is used
as an overall model of the total system and requires
analytic solutions as input parameters from the
analytic models.

Class V: A model where simulation output is used as
input to an analytic model.

Class VI: A model where analytic output is used as
input to a simulation model.

The hybrid method presented here is basically Class 1.
The independent static analytical analysis, OEE,
COO, NPV and IRR calculation is used parallel to
discrete event simulation. It can also be used in serial,
Class V type simulation runs; the results are used for
OEE and COO analysis. In the integrated version it is
like Class III, since using simulation software
interface engineers are able to manipulate some
analytical calculations.

4 VTT TCO Analysis toolkit

The solution concept presented here is a hybrid DSS
solution. The user uses complex multi-criteria models
to provide decision support. The solutions use data
and parameters provided by decision-makers to help
analyse the suitability of production line concepts and
to compare different solutions. The system can be
called model-oriented or model-based decision
support systems and the simulation model is an
essential part.

Development is ongoing, and currently a functional
prototype is being validated and debugged. The
current most advanced development phase is shown in
Fig. 8.
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Fig. 8 Integration of simulation and mathematical
analysis in Excel format
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4.1 Use of the VTT decision support system

Integration of the different methods presented in the
previous chapters has resulted in VIT TCO Analysis
toolkit methodology. In the methodology, component
based simulation is used for layout visualisation,
system configuration and production simulation
analysis, like finding bottleneck machines, line
balance and system throughput studies. OEE analysis
shows loss factors and productive time. The OEE and
simulation studies are partially overlap. COO
calculates different cost issues, unit cost and life cycle
costs. Finally capital budgeting methods, NPV and
IRR are also used to present data for decision making.

Analysis workflow
Parallel, Serial or

Simulation model configuration,
layout to fullfil process flow,

Modules in
eCataloque

equipment, labour Integrated
] ]
szs::c'" Fill Fill Fill Fill Fill
pec. Recipe ici r# Price_t i F i [l coo
and
scenarios

COO, unit cost,
sensitivity,
IPR,NPV,...

OEE, Results;

Volume, | efficiency,
@ Losses |6 big losses
| Analytic calculation

Key input parameters:

- cycle times,

- bottleneck machine

- production program, recipe
- efficiency data, work time,...

Results; system life
cycle cost, investment,
operational cost,

Key cost input parameters:
- system price, other fixed cost
- labour cost, country

- component costs,
<What if, iterations ‘

Fig. 9. Analysis workflow

At Bottleneck machine

There are several steps in the analysis workflow and it
is an iterative process (see Fig. 9). Simulation model
configuration and assembly system layout design
starts the definition of some cost issues. Each
simulation component added to the model increases
the purchase price function, and, similarly, every
added human operator to the model increases the
labour cost function. The selection of country sets
country-specific salary data. Other data is either given
by default values or the user may enter data manually
in the specific places in the Excel workbook.

In the most advanced existing prototype, the model
builder sees interactively the effects of his or her
selection in the simulation software user interface (see
Fig. 8). Most of the data is stored in the Excel sheets
and the simulation model can read and write the
specific cells. Internal links and macros in the Excel
workbook update the data for calculations. Some of
the data used for analysis are default values, which are
user editable.

The TCO Analysis Toolkit Excel workbook can also
be used without the simulation as an independent
analysis tool, while the user is entering all the
necessary data manually.

There are many parameters to study before evaluating
the assembly systems baseline solution or comparing
with other system configurations:

e Different baseline  solutions,
automation, factory location (salary)

degree  of
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e Bottleneck, capacity & utilisation analysis, OEE
calculation (availability, performance, quality),
identification of OEE and other losses

e Economic analysis, COO, NPV, IRR

e Scenario comparison, same baseline, variations in
work time, quality, efficiency, ...

e Life-cycle scenarios - modifications - upgrades

e Risk management (min - max), sensitivity

Year 1 Year 2 Yearn S

Fixed costs:
- Acquisition, . .
 Facilities, Upgrades, re-configuration
-D i

Recurring cost:

- Factory interface

- Equipment Management
- Maintenance

- Control

- Inputs

Operation labour

Capacity/volume, utilisation,
worktime, quality, ...

JBY)0 ‘SjusW}Say|

Quality/Performance, Yield
- Scrap/Rework

uononpoud a1040q s)s00 | §

Number of good units, OEE . o .
a:awsis goodun! Loss indentification

COO, NPV, IRR, ‘ ‘ ‘ ‘

Fig. 10. Analysis covers the system life-cycle

The system life cycle can be analysed as shown in Fig.
10. As a default, many parameters are linear or fixed,
but by entering additional data in the proper places on
the Excel worksheet, also equipment upgrades and
volume fluctuation can be analysed. There are really a
lot of other factors and parameters that could be
entered into the calculation, but are currently not used
automatically. For example, studies on flexibility,
system re-configuration and incremental investment
need a lot of manual interaction.

4.2 TIllustrative examples with a fictitious case
study

Some earlier fictitious case studies without the latest
development in NPV and IRR analysis are discussed
elsewhere [25-30]. An earlier example of use of the
methodology  covers assembly line concept
comparison, as well as system life cycle analysis.
Pending debugging and methodology validation, new
case studies with the latest developments are not yet
available.

5 Discussion

This paper presents a hybrid decision support system
for assembly system sales engineers. Different
methods have been integrated to aid engineers in the
design and sales of a modular reconfigurable final
assembly system. The sales engineer can justify the
solutions using simulation, efficiency analysis, unit
cost, and system life cycle cost and discount cash flow
analysis methodology. The theory behind the analysis
is also briefly explained. The developed VIT TCO
Analysis toolkit is a prototype and current proof of the
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concept. The calculation engine in Excel can partly be
used alone without simulation modelling.

Cost of Ownership (COO) provides an objective
analysis method for evaluating decisions. COO
provides an estimate of the life-cycle costs (LCC). The
analysis highlights details that might be overlooked,
thus reducing decision risk. COO can also be used for
evaluation of processing and design decisions. Finally,
COO allows communication between suppliers and
users. They are able to speak the same language,
comparing similar data and costs using the same
analysis methods. Both suppliers and manufacturers
can work from verifiable data to support a purchase or
implementation plan. There is also a need for
investment calculation methods, discount cash flow
methods, NPV and IRR. These methods are especially
important for upper management decision making.

The lifetime cost of ownership per manufactured unit
is generally sensitive to production throughput rates,
overall reliability, and yield. In many cases, it is
relatively insensitive to initial purchase price. With
correct parameters an engineer can justify investments
in flexibility and automated equipment, or at least
determine threshold values.

Overall Equipment Efficiency (OEE) is usually a
measurement of single-machine performance. Here
the calculations are used for a bottleneck machine, and
in practice the Overall Throughput Efficiency of the
assembly line is calculated. With a serial line and
single product, this can be quite simple. The analysis
is more complex with mixed production and layout
with parallel operations. Simulation studies can
pinpoint bottleneck equipment. One of the limitations
of OEE analysis is that the analysis is process or
equipment-centric and the material flow or work in
process (WIP) is not analysed, another reason to use
factory simulation.

The authors believe that COO and OEE are becoming
increasingly important in high-tech decision-making
processes. Capital budgeting analysis and discount
cash flow analysis are always important, since money
(€ or $) is a very strong measure of a successful
project. There is also a need to increase the acceptance
of simulation within industry. Component-based
simulation methods are on the right track, since they
speed up modelling and thus also the analysis cycle.

Predicting the future is always difficult. An engineer
can design a very cost-effective assembly system, but
in real life will there be customer orders as planned,
and will the planned life-cycle of system be as long as
estimated before system re-configuration? Easy-to-use
combined, hybrid and integrated methods with
simulation modelling as shown here are a new way to
define information and data for decision making. If
analysis is easy to carry out, most likely engineers will
analyse more scenarios. This is also needed for risk
evaluation and sensitivity analysis.
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Users should remember that, as with all simulation
analysis, this kind of simulation is sensitive to input
data, and that input of false information does not
produce the right results. The real challenges are in
getting data for analysis; to some extent, economics
models need company-confidential data. Are end-
users ready to share this data with system sales
engineers? The challenge is also getting other correct
data, and how to estimate yield and future production
volumes. Knowing this, the authors are not aiming at
absolute results in the design phase but, rather, at
obtaining data for comparison of design alternatives.
Later on, real factory data and accounting data can be
used to verify the models and thus improve the results
in the next evaluation round and new system designs.

6 Summary of the future

The intended use of the VTT decision support tool is
in the sales process of modular, re-configurable
assembly systems. Naturally, use of the toolkit can be
expanded to other areas as well.

For future development, real case studies with
industrial partners are in progress. The aims are to
improve integration of the analysis into the
component-based simulation software, and to obtain
analysis data from simulation input data files and the
results of simulation runs with minimum effort from
users. The aim is a user-friendly system.
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