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ABSTRACT information and in actual execution of the control
instructions by the manufacturing system.
This paper reports on a project in the area of simulation
based decision support (SBDS) at the operational level of 1.2 Problem
the manufacturing system. The purpose of the project was
to explore and describe the possibilities to use a standardTypically in a manual assembly line context the scarce
discrete event simulation package for capacity planning production resource in the short term is labor (Lindau,
purpose in a situation where labor was a primary and 1995). This could be problematic for management of the
scarce production resource. This has been done through groduction system. Absenteeism of labor due to illness,
case study at a Radio Base Station (RBS) assembly line ateducation, meetings etc., will affect the daily production
Ericsson Radio System, Gavle. Results from the study are acapacity significantly. In a customer order driven
conceptual structure for a SBDS system and a prototype production system the sensitivity will increase further. This
simulation system tailored for the RBS-2000 assembly is especially true when the time between point of order and
line. The system has been tested in a simulated point of delivery decreases. The traditional leveling buffers
environment and results indicate a delivery precision in the manufacturing system are eliminated in today’s
improvement of eleven percent. Conclusions from the factories and the only possible way to cope with variations
study are that this kind of tool for operational decision in demand is to construct the system with an inherited
support offers a flexible decision support environment and overcapacity. However, if two assembly lines with
that the need for high quality information and information different products are run close to each other, there exists
collecting systems are crucial for the success of such tools. an opportunity to share labor between the two systems.
This strategy will focus on cost efficiency in the way that

1 INTRODUCTION when overcapacity exists in one system, resources could be
redistributed to the other system. Such a design will,
1.1 Background however, call for high quality information regarding

current status of the two systems, and the available labor.
The dynamics and flexibility of manufacturing systems are Traditional methods to handle situations like this are based
of increasing importance for companies in the global upon static priority rules, heuristics, and rules of thumb
market. Two main strategies to gain competitive (Vollman, 1992). The problems with such methods are that
advantages are cost efficiency and superior value adding tothey don’t take the dynamics of the production system into
customer (Christopher, 1992). To succeed in these account. Actually, there exists a strong relationship
strategies they must permeate all level of the company. At between the different components in the production system
the operational level one important aspect of this process isand action taken at one moment will affect the future status
the operational control of the manufacturing system. of the system. This indicates a need for more realistic tools
Typical activities in that process are short-term capacity for analysis of different decision alternatives. Research has
and resource planning, scheduling and sequencing ofshown that simulation can be a promising technique for
customer orders. These activities are often characterized bythis kind of problem (Jacksson, 1997).
a high degree of uncertainty both in needed input
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1.3 Aim and Scope
The aim of this study can be stated as:

To explore how discrete event simulation can be used in an
operational decision situation regarding daily labor
assignment in a customer-driven assembly line.

From this aim three objectives have been derived:

To describe the role of discrete event simulation in
manufacturing and how it can be used in operational
decision situations.

To develop a conceptual framework for the structure
of a SBDS tool.

To develop a prototype SBDS-system for the RBS
2000 assembly line.

The following statements define the scope of the study:

The assembly system is studied in isolation from
upstream and downstream systems. This simplification
makes it possible to study the specific question and
avoid including too much uncertainty and complexity
into the simulation model.

Discrete-event simulation will be used. The main
reason for this choice is that the real logistics- and
manufacturing systems under study all can be
described in terms of states that change erratically in
time, Harrell et.al., (1995). For example, a product
enters the assembly line, an operation is finished, a
customer order arrives etc. This implies that from now
on when referring to simulation, this should be thought
of as discrete-event simulation.

The simulation model is used to forecast delivery
precision and resource utilization on a day-to-day
perspective under given circumstances.

supervisor of the workforce.

EMERGENCE OF OPERATIONAL
SIMULATION

Schriber (1987) defines simulation as ‘the modeling of a
process or system in such a way that the model mimics the

understanding the behavior of the system and/or evaluating
various strategies for the operation of the system’.

Historically simulation of manufacturing and logistics
systems was concerned with strategic and tactical
problems. Typically simulation was used to analyze why a
disaster occurred in a production system or as a tool for
testing a newly designed system before investing in it
(Kelton, et.al 1998). Characteristic of these projects was
that the simulation models used were of a “throw away”
type. In the 1980s with the introduction of the personal
computer, simulation software became easier to use.
Commercial simulation software was developed and
distributed and large corporations started to use the
technique in a more extended way. It even became a formal
requirement before approval of any capital investment.
However it continued to serve as a tool for strategic and
tactical decisions.

The real explosion in the area of simulation came in
the middle of the 1990s. The reasons for this can be
explained by: extended animation, ease of use, faster and
cheaper computers, integration capabilities of the
simulation packages to other software, and the evolution
from general simulation languages to simulators. However,
until now the most effort is still given to system design and
system analysis.

One interesting area of simulation is the operational
simulation (Savén, 1990). This concept covers short term
planning and control of manufacturing and logistics
systems by use of simulation models. This type of
simulation presumes that simulation models are highly
detailed and that they have a much longer lifetime than
models from traditional simulation studies. Further they
demand that the effort to update the model in accordance
with the real system can be done in a time and cost
effective way. With this type of model and with the
integration possibilities to other information systems it is
possible to run the simulation in real-time and in parallel
with the real system. Further, by accelerating the
simulation time analysts can look into the near future of the
modeled system and hence test different decision
alternatives.

The kinds of problems where operational simulation

The user of the developed SBDS is assumed to be thecan be used are e.g. Scheduling, Capacity planning,

Transport logic decisions, and FMS control. Jackesa.
(1997), Czarnecket al. (1997), Drakeet al. (1996), Savén
(1990). According to Banks (1997) these types of
simulation are still in their infancy, but show great promise
for the future.

response of the actual system to events that take place over

time’. Pegden etal. (1995) define simulation as ‘the
process of designing a model of a real system and
conducting experiments with this model for the purpose of
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3 THE ASSEMBLY SYSTEM
Figure 1: Logic of the Assembly Process
The assembly system studied consists of a PLC controlled
line with one Climate assembly station, fourteen main
assembly stations, which operate in parallel, six test
stations, one repair station, one final control station and a
scanning station for product traceabillity purpose. The
workforce consists of two shifts working eight hours each.
The dispatching to the assembly line follows the actual
customer order inflow and is communicated to the
assembly line supervisor daily through a production
schedule. The maximum number of products in the
assembly process has not been fixed. Because of
confidential reasons no information about operation times
are presented in the paper. The day-to-day capacity of the
assembly line will vary because of absenteeism in labor.
Hence, the supervisor of the shift will face a decision
situation every morning as to whether people should be
rescheduled from other assembly lines in the same facility.

Climate
assembly

Select assembly statior
Send product to assembly

———————p| Select test station

Send to test station

4 THE SIMULATION BASED DECISION TOOL
DEVELOPMENT

Test result
OK?

The development of the SBDS followed the general
methodology for simulation studies drawn by e.g. Kelton
al. (1991) with some adjustment to the specific situation.
The steps are listed in brief below:

No

New test
needed ?

Repair at
test station

[ Rework ) [ Send to control ]

» Formulation of problem and planning of the study i
+ Data collection and conceptual model development Send torework { oo ] [ smmepw]

» Validation of data and conceptual model
Yes

* Interpretation of conceptual model to simulation
model
Finished

Select rework
station

» Validation of simulation model

e Development of interfaces to other systems

» Validation of final SBDS tool

e Implementation of the SBDS tool at supervisor's
computer

4.1 Data Collection and Conceptual Model Development 4.2 Validation of Data and Conceptual Model
The data from the external time study was already accepted

The data used in the model were collected from interviews ; . > :
as valid from production technicians and was in use for

with supervisors and assembly operators, and from
documents. The main source was an external time study.Other purposes at _the company. Data cpllected from (_)t_her
This study was used to fill the model with mean operation sources like Interviews were checked with people f_am|I|ar
times. Additionally a new time study was performed with With the specific process. This was the case with e.g.

the purpose of understanding how the manual assemblyS¢@nning and climate assembly times. The conceptual
line coordination affected the flow time of the overall Model was also checked with people knowledgeable in the

assembly system. It was also used to decide upon theproduction and the technical aspects of the assembly line
distribution of the é)peration times operation. This resulted in a few modifications.

The following models describe the assembly system:
» A Conceptual layout of the assembly line (not shown)

* A Logical model as a flowchart of the assembly
process (Figure 1).
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4.3 Interpretation of Conceptual Model to Simulation
Model

A simulation model was built, based upon the information
collected in the interviews and time data collections
(Figure 2). It was developed in the simulation package
Taylor Il for Windows (F&H Simulations Inc.), and

consisted of 100 elements and 10 subroutines. The
response variables of consideration were delivery precision

of separate production orders and utilization of labor and

4.5 Development of Interfaces to Other Systems

Three systems where identified as interacting with the
SBDS, they were:

e The human system (Decision-maker)

e The Manufacturing, Planning and Control System
(MPCS)

The Physical Assembly Line System

operation stations. The input data to the model was The simulation package Taylor Il offers litlle user-friendly
suggested assignment of assembly, test and controlinterface to the decision-maker. Hence a graphical user
personnel, divided upon the two shifts. Further the current jnierface was developed in MS Excel for this purpose. By

delivery/production plan and the real time status of the
assembly line was imported to the model in the beginning
of every simulation run.

B Taplor Il - [sbds_sbs]

[_[O[x]
~=1B|x]

il Fle Model Simulste Hesuls View Settings Tooks Window Help

R =55 s [ T ] o D

[ i ][Run simulation

oo:01:00.00.0 B4
1

RBS 2000 Assembly Line Model

Skl 1 Shilk 2

‘. »

Figure 2: Screen-shot from the Simulation Model

4.4 Validation of Simulation Model

The simulation model was verified against the logical
flowchart by help of Taylor’s tracing tool. Further test runs
were accomplished with one product at a time. Animation

was used to eyeball the behavior of the simulated system

and was found in accordance with specification.

The purpose of this study was not to come up with a
working system but rather to explore the possibilities of
using a commercial simulation package like Taylor Il as a

component in an operational decision support system.

Thus, the throughout validation of the simulation models

the use of dynamic data exchange (DDE) the
communication between Taylor and Excel was
accomplished. This method facilitated the possibility to run
Excel macros, which in turn launched instructions to the
simulation software. In the same way Taylor Il used DDE-
functions to report simulation results into the Excel
workbook.

From the MPCS input was needed regarding the
current production plan. In the planning process the
company used MS Office. It was then a natural step to use
Excel as the bridge for all data communication.

The status of the physical assembly line system
(presence of parts in the different stations and the time they
have been there) must also be communicated to the
simulation model. In the initial moment this data was kept
by a PLC system which controlled the line. The only way
to reach the data was through a local PC at the assembly
line. However the SBDS was not supposed to be run on
that computer but on the supervisor's PC. To solve this
problem an Excel spreadsheet with links to the PLC
program was placed on the PC at the assembly line. Then
Microsoft NetDDE was used to reach this spreadsheet via
external references from the supervisor’'s PC.

4.6 Graphical User Interface

The Graphical User Interface (GUI), was built in the MS
Excel environment. This choice will facilitate exchange
between the chosen simulation software, Taylor Il, and other
systems as well. One important aspect of the GUI was that it
should be very easy to understand for the supervisor. This
resulted in a final version shown in Figure 3.

output related to the real assembly line has not been given

first priority.
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Simulation Based Decision Support System

Humber of fitters

Hurnber of testers

Select labor assignment

Number of controlers

Report

Disconnect

The input data to the two simulation models were: Daily
production volume DU(4,24), Available number of fitters
DU(5,14), and Available number of testers DU(4,6).

shit1 [a =l e e =l
shitz [14 =l [s = =l 6 RESULTS
\9’ Simmulation is camplered | ¢ T . . . .
— L The results from the experiment indicate that there exists
tart the Simulation — . . . .
4”, Correct o an opportunity to improve delivery precision performance

without increasing the total amount of resources when

J / using the SBDS in combination with the decision structure

described. Figure 4 shows the simulated delivery-precision
for the eight weeks before and after the rescheduling
procedure.

Figure 3: Graphical User Interface

The main idea is that the user will not need to know
anything about the simulation software at all. Window
scroll bars and buttons control everything. The decision-
maker just selects a number of available persons for
assembly, test, and control. Further, by clicking the start "
button automatically the day will be simulated with current
delivery plan and system status. After the simulation run
the little “enlightened” man tells that the simulation is
ready. Reports in shapes of tables and graphs are
automatically generated and presented to the decision-
maker.

B 0riginal Delivety Precision® Delivery Precision After Reschedug’mrooeduré

©
S

Delivery Precision (%)

P
S o

5 THE RESCHEDULING EXPERIMENT 1 2 s 4 5 6 7 8
Week

To explore the value of the SBDS, it has been tested in a
simulated environment for eight weeks. The scope of the
study has concerned only one of the two assembly lines atThe average delivery-precision during the eight weeks
the facility. To make it possible to evaluate the potential of jmproved from 73 % to 84 % using the same staff but
the tool it was assumed that the parallel line was identical redistributed. The reason why there are no improvement in
to the one modeled. This is a restriction in validity but the \yeek one, two and six are due to the fact that both lines
principle question whether the tool could support the were exposed for contemporaneous peak demand.

decision-maker in the effort to maximize delivery precision The work with this case has furthermore resulted in the

Figure 4: Results from the Rescheduling Experiment

will not suffer from this simplification. The two lines were
simulated on a day to day basis. Five replications of each
day were simulated and the decision-maker noted the
average of the response variables: Labor utilization, and
Delivery precision for the two lines. If the delivery
precision fell below 100 percent the decision-maker took
actions in accordance with the following rules:

1. |If the parallel line performed well, i.e. 100 percent in
delivery precision, consider borrowing labor.

2. Reschedule labor but never more than the over-
capacity line will have a calculated labor utilization of
65 percent.

3. Simulate the day with the rescheduled staff.

4. |If results are not satisfying iterate and fine tune from
step 2.

5. Establish the new labor schedule.
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conceptual structure of a Simulation Based Decision
Support System shown in Figure 5. This framework
represents a flexible system with the advantage of the
standard MS Office software for PC’s. The flexibility is
achieved through the modeling features in the easy to use
simulation software Taylor II.

The structure in Figure 5 could be described as
follows: The decision-maker has a set of decision
alternatives. He communicates these to the simulation
model via a graphical user interface. The current status of
the studied system is further reported to the simulation
model via the same interface and then the simulation model
starts to run. After the experiment the results are reported
back to the interface and are communicated to the decision-
maker, who takes a decision and executes it.
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Alternative ; -
Decision- SBDS GUI L PPETINk  ['Current Information Systerh
—> <«
maker Decision (Excel,VBA) Simulation
support | input data
) Report modulg
Execution
decision

Simulation model
- Experimental
Assembly lin results

and labor

Figure 5: Conceptual Framework of a Simulation
Based Decision Support System

The structure in Figure 5 could be described as standard simulators like Taylor 1l and standard
follows: The decision-maker has a set of decision spreadsheets like Excel.
alternatives. He communicates these to the simulation
model via a graphical user interface. The current status ofe  The combination of standard spreadsheet software and
the studied system is further reported to the simulation a standard simulation package offers a flexible
model via the same interface and then the simulation model decision support environment for evaluation of

starts to run. After the experiment the results are reported  decision alternatives in a labor-rescheduling situation.
back to the interface and are communicated to the decision-

maker, who takes a decision and executes it. + To have practical use of such systems reliable
information systems must exist and allow
7 DISCUSSION AND CONCLUSIONS communication with the SBDS.
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