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ABSTRACT

Discrete Event Simulation is widely used in mangaar
both in industrial and non-industrial ones. It ¢enused

as an operational tool or as a planning tool. Hictdly

it is most used as a planning tool. Focusing discre
event simulation as a planning tool, generallysitised

as a tactical planning tool, and its results shoogd
implemented in days, weeks or months. There arerfew
cases that employ discrete event simulation asng lo
range planning tool. This works is regard a longge
planning study of an expedition system by means of
discrete event simulation of a factory that produce
customized metal sheets (special steels). Aftestiey
was performed it was possible to confirm that thigal
configuration works for the forecasted growth ajfvil

of the expedition system and that discrete event
simulation can also be used as a long range plgnnin
tool.

Keywords: Discrete Event Simulation, Long Range
Planning, Expedition System

1. INTRODUCTION

Discrete Event Simulation is widely used in mangaar
such as Public Systems (health care, military),
manufacturing, call center, transportation systems,
computer system performance and others (Banks. et al
1996). It can be used as an operational tool @sga
factory scheduling tool) or as a planning tool (to
validate a new system configuration for example).
Historically it is most used as a planning tool,entthe
simulation project is punctual and is used to suppo
decision. After they supported a decision they “ban
thrown away”. But there are also “operational
simulation models” in which the model should bedise
in an ongoing basis, i.e. they are reutilized. Refe
Pidd and Robinson (2007) for a detailed classificat

of simulation model practices.

Focusing discrete event simulation as a planning
tool, generally it is used to validate a conceptter
optimize the performance of a system before its
implementation. So it is generally used as a taktic
planning tool, and its results should be implemeérnie
days, weeks or months. There are fewer cases that
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employ discrete event simulation as a long range
planning tool, with the results to be implemented i
years.

This works is regard a long range planning study
of an expedition system by means of discrete event
simulation of a factory that produces customizedame
sheets (special steels). For confidentiality then@aof
the company should remain unmentioned. The major
concern here is to answer if the proposed expeditio
system will support the growth of volumes until R02

The scope of simulation comprises the entrance of
the expedition trucks (there are 3 basic kindsuwdks)
inside the border of the factory, the entrance g
process (at the balance), the loading processtriick
cover process and the exit weighting process (at th
balance). The actual expedition system has 1 bajdnc
pit for loading and 1 pit for covering the truckhét
configuration of the truck used demands to covaftér
the loading process). The proposed system for 6235
growth of the flow would be 1 or 2 balances, 3 [hits
loading and 2 pits for covering, and this should be
confirmed. The team decided to confirm this projegct
means of discrete event simulation.

This paper is organized as following: section 2
makes a brief review of simulation methodology;
section 3 presents the conceptualization phasedatad
collection; section 4 describes implementation essu
section 5 deals with the analysis of simulatiorultss
and section 6 makes the conclusions.

2. SIMULATION METHODOLOGY

Simulation Methodology or Process, describes the
steps of activities that the modeler should perfanm
order reach a successful outcome. A classic one is
described in Law and Kelton (2000) and it is degzidn
figure 1.

Briefly, step 1 is problem definition, when it is
necessary to define the objectives of the studycdnelr
specific issues. Step 2 concern with the data ctidie
(if exists) and the creation of the conceptual nho8ep
3 validates the conceptual model, while step 4
implement the model (i.e. create a computerized
model). Runs should be made (Step 5) and a validati
process should take place (step 6) to guarantédhba



model represents the real system. Experimentagon i
focus of the steps 7 to 10 with the documentatiodt a
presentation of the study in step 10.
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Figure 1: Process of Simulation
(Adapted from Law and Kelton, 2000)

However, in practice, a simulation study does not
advance in such a linear and step by step wayadh f
there are parallel activities such as implementatd
the model and verification, and returns. For inséan
the conceptual model or the data collection (om)pot
should be reviewed if the validity of the model lwbu
not be proved. Robinson (2004) confirms this non-
linearity presented in simulation studies, despitéhe
simulation text books shows always linear processes
Another point is that all of this systematic precean
be of no use, if the problem is no well understaod
identified (Paul et. al 2005).

In this project we used the simulation methodology
by applying the following steps: development of
conceptual model, data collection, model building
(actual), model verification and validation, model
building (future) and analysis. It can simply beided
into 3 parts, such as: model conceptualization, ehod
implementation and model analysis. So the in thd ne
tree sections, we will cover each of these ma@psst
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3. MODEL CONCEPTUALIZATION AND

DATA COLLECTION
So first the conceptual model was discussed with th
project team in a meeting of almost 5 hour (thgquto
team was composed by an external simulation
consultant, 2 company’'s engineers and 1 logistical
supervisor).

Basically the model took into account the
expedition flow of trucks and the flow of raw maads.
In this latter case, despite the focus of the stigsdihe
expedition trucks, the raw material and adminigteat
material trucks will be also considered in the mpde
because they share the same resources (balance).
However they will have an overall permanency time
inside the simulation, instead of the detailed nfiade
of its logistic process. Therefore the main proogas
of the expedition trucks and it comprehends the
following steps:

1. Entrance of the expedition trucks (there are 3
basic kinds of trucks) inside the border of the
factory;

Entrance weighting process (at the balance);
Travel time to the pit

the loading process, at the pit;

the truck cover process, at the cover point;
Travel time to the balance

Final weighting process (at the balance).

Nogokwd

As other factors that affects directly the resolts
the simulation were: the time window for the artio
trucks, seasonality factor (to consider the corredion
of flow at the end of the month), and the growtttda
(as described before this would reach 235% by dwe y
2020). In this model it was also considered thekru
limit inside the expedition area, which controls flow
of trucks (if the number of trucks reached thisitjm
they should wait outside). It was also considereel t
rain profile, since when it rains, the covering qess is
made inside the loading pit, thus affecting it$izdtion.
This was considered by defining the probabilityraih
in each hour trough the day. Regarding the prafle
arrivals during the day, we waited to the data ysiglto
see how it will be modeled.

After defining the conceptual model, the data
collection phase took place. In fact as mentiongd b
Pidd (1996), it is the model that drives the datd aot
vice versa. So we began to collect only data afier
scratch of the initial conceptual model.

This lasted a period of 2 month and the following
data was collected: trucks arrival flow (both exgied
as raw materials trucks), time for the weightingqass
(with empty and full loaded truck), total permangnc
time for raw materials trucks, travel times (frohet
balance to the pits and vice versa), time for Ingdind
time for covering (considering all kinds of truckd)
was found that the pattern of trucks is almost tamts
during a day (there was no peak concentration) was
modeled simply with an exponential distribution.



These raw collected data were processed into a After the data was collected, we discussed alsoesom

fitting software (Stat:fit) which generated the
mathematical distributions. Figure 2 shows somé&fiita
analysis.
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Figure 2-Stat:Fit Analysis

The profile of the rain of Sdo Paulo Region was
found in Pezzopane et al. (1999)able 1 shows the
basic rain profile considered, in the months ofudam
and February, that corresponds to the months \mith t
highest pluviometric rate.

Table 1: Basic Rain Profile
Rain Probability

from 00:00 to 1:00 9.7
from 1:00 to 2:00 11

from 2:00 to 3:00 9.4
from 3:00 to 4:00 8.1
from 4:00 to 5:00 9

from 5:00 to 6:00 9

from 6:00 to 7:00 7.7
from 7:00 to 8:00 6.8
from 8:00 to 9:00 6.1
from 9:00 to 10:00 4.8
from 10:00 to 11:00 5.5
from 11:00 ao 12:00 6.8
from 12:00 a 13:00 8.1
from 13:00 to 14:00 12.3
from 14:00 to 15:00 14.5
from 15:00 to 16:00 16.8
from 16:00 to 17:00 14.5
from 17:00 to 18:00 16.8
from 18:00 to 19:00 18.7
from 19:00 to 20:00 19.7
from 20:00 to 21:00 18.1
from 21:00 to 22:00 15.8
from 22:00 to 23:00 14.2
from 23:00 to 24:00 12.3
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considerations:

» Loading resources (man, forklift trucks) will
be modeled without constraint, i.e., they will
always be available at the pit.

* The travel time from the balance to the pit can
be considered equal to the return (from pit to
balance)

e The weighting time does not depend on the
truck but on the state of the truck (empty or
full)

e For the sake of the analysis it was considered
the typical mix of trucks, i.e:22% of small
truck, 62% medium truck and 16% large truck.

Next step was model building. This was done with
the aid of Simul8 Simulation Software; which can be
seen in next section.

4. MODEL BUILDING AND V&V

So the model of the actual configuration was dgwedb
(1 balance, 1 loading pit and 1 covering pit) im8Ii8
Simulation Software vs. 2007. Since this model d$ n
complicated it took around 8 hours to build it &igure

3 shows the initial configuration of the model, {ghi
table 2 shows the input data, which can be custuniz
by the user. In this case all the times insidentoslel
was migrated from Stat:fit to Simul8, but we makenh
not customizable for the client (they cannot aitsr
value).

—
Y
o
) uﬂm“ v o]
B B M
gwae
L
Bl Simiifgte”
p— ——
Lo 2
o

Figure 2 — Initial Model

Next phase was to validate its results against real
world. It was set up a validation meeting with team
which last 3,5 hours. All the performance measures
such as waiting times, queues size, utilizationsewe
validated except one — the waiting time for loadifibe
simulation was shown that the truck waits less timan
reality. So it was necessary to recollect the data,
specially this measure to verify what went wrondteA
one and half week of recollecting data, two poinés
discovered: that the initial queuing time was not
measured and calculated by difference and that exis
some wait due to other factors that the loadingetim



These factors are many, including the time spenthéy
driver to make other duties, time to wait for tlekfift
trucks, but since we hypothesize that there will loe
any constraints at the pit in the future configionat
these “waiting times” was not considered for thedeio

At this point the model was validated and we can
proceed to the analysis phase. So the initial model
expanded to account for the extra number of pitd an
cover area. This is shown in figure 3.

Table 2 — Input Data Table

Simulation Data
Expedition Truck Flows
Average Truck per Hour 1.6
Time Window (from-to) 2 23
Raw Material Truck Flow
Average Truck per Hour 1.7
Time Window (from-to) 6 21
Sazonality Factor 1.2
Growth Factor 1
Mix %
toco (1) 22
truck (2) 62
carreta (3) 16
Truck Limit inside pit area 4
Enable Rain? 0
Rain Profile
see table 1
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Figure 3 — Future Model

5. ANALYSIS
For the results analysis the main measures of
performances adopted were:

e Minimum, Average and Maximum Time in
System;

e Average and Maximum queue Size and
queuing time for the balance entrance queue;

e Average and Maximum queue Size and
queuing time for the balance exit queue;
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e Average and Maximum queue Size and
gueuing time for the wait outside the factory (if
the limit is reached);

 Average and Maximum queue Size and
gueuing time for the pit queue;

 Average and Maximum queue Size and
gueuing time for the cover area queue;

» Balance utilization;

»  Pit utilization;

» Cover area utilization.

Figure 4, depticted these main results of one aaly
providing the confidence interval for 20 replicaitso

Results [w)(£]B])B]E][ e J[o ]
Low 35% Range Average Resul High 35% Range
Saida de Caminhes Minimum Tine in System 1328 1418 1507
Axverags Time in System 5775 5996 6218
Maximum Tine in System 308,80 43951 s70.82
Fila Balanga Chegada Average Gueting Time 238 259 281
Maimum Queuing Time 2724 38 3553
Average cueue size 012 013 014
MMM ey size =74 435 498
Fila Balanga Saida Average Gueding Time 168 187 208
Maimum Queuing Tine 2027 2340 2653
Average cueue size 008 010 LET]
Maximum aueue size 382 3q0 438
Area Espera Fora Average QueLing Time 181 397 612
Maimum Queuing Time 4458 180 7301
AyErage queue size 007 013 0z
Maimum queve size 278 365 454
Fila para Doca Averags QuEUn Tims 238 1053 1186
Maximum Queuing Tine 5485 T35 785
AYSHagS UBUE SIZ6 027 03 035
Maximum queue size 300 300 300
Fila Para Enlonar Average Gueting Time 272 301 33
Maimum Queuing Time 2978 3414 3852
Average cueue size 008 009 010
MMM ey size 23 260 284
W_balanga Working % 3598 3704 3808
W_Carrega wiorking % 4758 4955 51.51
W_enlona Working % 3510 3647 3784
& X

Figure 4 — Simulation Results

The first analysis performed was a saturation amsly
and this tries to answer the following question:
“Considering the actual configuration (1 loading gid

1 covering pit), how much increase of traffic ddke
system support”. We found that the actual confitiora
can be sustained for 3 years, and after that the
performance of the expedition will degrade. Thea th
model was expanded to consider up to 3 loading pits

to 2 covering pits and up to 2 balances (see Figure

Several scenarios was build to account to the
combination of the following variables: increase of
flow, number of balances, number of loading pits,
number of covering pits, presence or absence of rai
rain profile (normal or heavy) and mix of trucksnll,
medium and big). Since the Basic Rain Profile (Wwhic
we called normal) affects little the utilization e pits,
we decided to create a scenario with “heavy raiméf
increases the probability of rain within a giveruhof
the day.

The results showed that with the growth of flow
forecasted to 2020, it was necessary 2 balances, 3
loading pits and 2 covering pits (exactly the
configuration initially proposed). In this casewé not
take into consideration some exceptions, the system
performed very well - utilization of pits is arous®%



and waiting times is around 1 min (medium) and 30
minutes (maximum). Only in some very particular
circumstances when there are heavy rain or thereaar
concentration of arrival of big trucks the systeecdme
saturated, but in normal operation (98% of the Jjrttee
system is well sized.

6. CONCLUSIONS AND FINAL TAUGHTS

This paper covers the study of the expansion of an
expedition system of an industry that produces meta
sheets up to 2020. This study was conducted by snean
of discrete event simulation. After applying the
simulation methodology, it was possible to asst t
the initial configuration will work for the forectesl
growth of flow of the expedition system, confirmitige
engineers’ expectations. It is also confirmed that
discrete event simulation can also be used as @ lon
range planning tool.

The model was given to the company and they can
run it on the Simul8 Run Time Version — Simul8 Viwe
So they can perform further analysis beyond thesone
covered in this study.

REFERENCES

Banks, J, Carson, J.S. and Nelson, B.L. 1@%6crete-
Event System Simulation, 2" edn. Upper Sadle
River, NJ: Prentice-Hall.

Law, A. M., and Kelton W. D. 2000Smulation
Modeling and Analysis. Third edition. Boston:
McGraw-Hill.

Paul, R. J., Eldabi, T., Kuljis, J., Taylor, S.J.E.
problem Solving, or Simulation Model Solving,
Mission Critical, Proceeding of the 2005 Winter
Smulation Conference, pp. 547-554. December 4-
7. Orlando-FL (USA).

Pezzopane, J.E.M, Sentelhas, P.C, Ortolani, A.A.
Moraes, A.V.C. 1995. Hourly Rainfall Pattern for
three sites in the State of S&o Paulo, Brazil: A
Subsidy to Agricultural Practices Planning: Sci.
Agric. Piracicaba, 52(1):70-77, jan/abr.

Pidd, M. 1996. Five simple principles of modelling,
Proceedings of the 1996, Winter Smulation
Conference, pp. 721-728. December 8-10,
Coronado (CA)- USA.

Pidd, M. and Robinson, S. 2007. Organizing Insights
into Simulation PracticeProceeding of the 2007
Winter Smulation Conference, pp. 771-775.
December 9-12. Washington D.C (USA).

Robinson, S. 2004. Simulatiofthe practice of Model
Development and Use, John Wiley & Sons, Ltd.

AUTHORS BIOGRAPHY

LEONARDO CHWIF graduated in Mechanical
Engineering (Mechatronic Specialization) in 1992hat
University of Sao Paulo and achieved his M.Sc. éegr
in 1994 and his Ph.D. in Simulation in 1999 frone th
same University. He spent a session at Brunel
University as a research visitor at the Centre for
Applied Simulation Modelling. Upon graduation Dr.
Chwif joined the Brazilian branch of Mercedes-Benz

67

truck manufacturer and then he joined the Brazilian
branch of Whirlpool Corporation. Currently he i€

of Simulate Simulation Technology, a consultancy
Simulation Company located in S&o Paulo, Brazik Hi
e-mail address isleonardo@simulate.com.br>

AFONSO CELSO MEDINA graduated in Naval
Engineering (Transports Specialization) in 1988hat
University of Sao Paulo and achieved his M.Sc. elegr
in 1996. Currently he is a researcher of the Nawval
Ocean Engineering Department of the Universityad S
Paulo. Mr. Medina also is a associate of Simulate
Simulation Technology. His research interests itelu
simulation of transportation systems and facility
location problems. His e-mail address s
<afmedina@uol.com.br>

JOSE ARNALDO BARRA MONTEVECHI is a
Titular Professor of Instituto de Engenharia de
Producédo e Gestédo at Federal University of Itajiina,
Brazil. He holds the degrees of Mechanical Engineer
from Federal University of Itajubd and M.Sc. in
Mechanical Engineer from Federal University of $ant
Catarina, and Doctorate of Engineering from
Polytechnic School of University of Sdo Paulo. His
research interest includes Operational Research,
Simulation and Economic Engineering. His e-mail
address ismontevechi@unifei.edu.br>.

MARCOS RIBEIRO PEREIRA BARRETTO
graduated in Electronic Engineering in 1983. He
achieved his M.Sc. degree in 1988 and his Ph.D. in
1993, both from the University of Sao Paulo. Hais
professor and researcher of Mechatronic Departament
from University of S&o Paulo. His email is
<mrpbarre@usp.br>




