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Abstract. The competition among the coffee industries and the customer demand for differentiated products has
increased substantially. To suvirve in this market, the companies need to know very well its manufacturing capacity
and its possible improvements. The company which the study took place is a manufacturer of coffee, which required an
analysis of its manufacturing operations in an attempt to increase its resource utilization and to detect its bottlenecks.
Therefore, the purpose of this paper is to describe the use of simulation to analyse and to improve the manufacturing
process efficiency of a coffee industry. Arena software was chosen to develop the simulation. Arena is a powerful easy-
to-use simulation tool for modeling of manufacturing processes. The initial model was developed to produce an
accurate simulation of the existing system and later the model was used to experiment with three differents scenarios.
The simulation results that were obtainded from this three scenarios gave an important support to the decision-makers
and provided important knowledge to the company about how its manufacturing process works.
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1. INTRODUCTION

Nowadays manufacturing industry is facing probleh®t have been growing in size and complexity dkerlast
several years. Increased demands for high qualdgycts and services, shorter lead times, reduosts,cavailable
new technology and market globalization have eragenl manufacturing organizations to introduce charig the
processes to improve efficiency. Simulation hasob®e a popular technique for analyzing the effe€these changes
without actual implementation or assignment of meses. Many world manufacturing processes can kéyeand
adequately analyzed with simulation models.

The competition among the coffee industries andcitomer demand for differentiated products hadeised
substantially in the last years. To survive in thiarket, the industries need to know very wellntanufacturing
capacity and its possible improvements. The congzsanéed to identify the potentialities of the mawtiring process
and the customer’s necessities and to satisfy fastrand efficient.

The company which the study took place is a marufac of coffee, which required an analysis of its
manufacturing operations in an attempt to incréseesource utilization and to detect its bottlekse Therefore, the
objective of this paper is to describe the useiofukation to analyze and to improve the manufaomirprocess
efficiency of a coffee industrylTherefore, the purpose of this work is modeling rt@nufacturing process to identify
bottlenecks and to enhance process performaneemstof resources utilization.

Arena software was the tool chosen to develop ithelation. Arena is a powerful easy-to-use simolatiool for
modeling of manufacturing processes. The simulatody with Arena provides a picture of the mantifeing process
performance under different possible scenafioist, it was developed a real simulation modet thaised to observe
the manufacturing process and later the model vezsl uo experiment with three different scenariolse Three
scenarios are done by changing the configuratioth®fmanufacturing process and analyzed in termsraduction
capacity and resource utilization.

This paper is organized as follows: Section 2 prissa description of simulation (definition, whemald be used,
advantages and disadvantages, manufacturing pretesgation and software Arena). Section 3 deserithe case
study (manufacturing process description, dataiafadmation collection, simulation model developmevalidation
and verification, experimentation, discussion @utes). The last part provides the final considerat.

2. SIMULATION
2.1. Definition of simulation

Simulation is the process of design a mathemaligatal model of a real system and experimentinthvthis
model on a computer. Thus simulation encompassesdz! building process as well as the design amdeimentation
of an appropriate experiment involving that mod®R(TSKER, 1986).

Simulation is the imitation of the operation of eakworld process or system over time. Simulatiovolves the
generation of an artificial history of the systeamd the observation of that artificial history toaw inference



concerning the operating characteristics of thé sgstem that is represented. Simulation is ansimelisable problem-
solving methodology for the solution of many reafld problems. Simulation is used to describe andlyae the

behavior of a system, ask what if questions ablmaitréal system, and aid in the design of real syst®oth existing

and conceptual systems can be modeled with sironlé8ANKS, 2000).

For Harrel and Tumay (1997), simulation is an agtiwhereby on can draw conclusions about the biehaf a
given system by studying the behavior of a corradpw model whose cause-and-effect relationshipsta same as
(or similar) those of the original. Simulation usascomputer program to actually mimic causal evertd the
consequent actions in a system.

Shannon (1998) define simulation as the procesesifjning a model of a real system and conductipgrements
with this model for the purpose of understandirg ltlehavior of the system and/or evaluating varsiteegies for the
operation of the system.

According to Keltoret al. (1998), simulation refers to methods for studyéngide variety of models of real-world
systems by numerical evaluation using softwaregiesl to imitate the system’s operations or charstites, often
over time. From practical viewpoint, simulatiorttie process of designing and creating a computerizedel of a real
or proposed system for the purpose of conductingerical experiments to give us a better understandi the
behavior of that system for a given set of cond&icAlthough it can be used to study simple systé¢nasreal power of
this technique is fully realized when use it todst@aomplex systems.

For Maria (1997), simulation of a system is therafien of a model of the system. The model candoenfigured
and experimented with, usually, this is impossild®, expensive or impractical to do in the systemepresents. The
operation of the model can be studied, and henagpepties concerning the behavior of the actuatesysor its
subsystem can be inferred. In its broadest seimaladion is a tool to evaluate the performanca sf/stem, existing or
proposed, under different configurations of intesesl over long periods of real time.

2.2. When should simulation be used?

According to Maria (1997), simulation is used befan existing system is altered or a new systeth, bwuireduce
the chances of failure to meet specifications litnieate unforeseen bottlenecks, to prevent und@ver-utilization of
resources, and to optimize system performance.

For Carson Il (2004), simulation is most usefulhia following situations:

= There is no simple analytic model, spreadsheet hrardback of the envelope” calculation that is fatiéntly
accurate to analyze the situation.

= The real system is regularized, that is, it is e¢frdotic and out of control. System components eaddfined
and characterized and their interaction defined.

= The real system has some level of complexity, &ugon or interdependence between various compsnent
pure size that makes it difficult to grasp in itgieety. In particular, it is difficult or imposdi® to predict the
effect of proposed changes.

= You are designing a new system, considering mdjanges in physical layout or operating rules irxisting
system, or being faced with new and different desnan

= You are considering a large investment in a neexisting system, and it represents a system matiific of
a type for which you have little or no experienoe aence face considerable risk.

= You need a tool where all the people involved cgre@a on a set of assumptions, and then see (both

statistically and with animation) the results affées of those assumptions. That is, the simulggimcess as
well as the simulation model can be used to gehalhbers of a team onto a (more) common undersigndi

= Simulation with animation is an excellent trainigugd educational device, for managers, supervisogneers
and labor. In fact, in systems of large physicalecthe simulation animation may be the only wayhich
most participants can visualize how their work citmttes to overall system success or problems.

In accord with Bertrand and Fransoo (2002), sinmutats used in case the model or problem is toopterfor
formal mathematical analysis. This type of reseageherally leads to lower scientific quality resulban research
using mathematical analysis, but the scientifievahce of the process or problem studied may béntigher. This is
because computer simulation can deal with a mudemiariety of scientific models than can matheozdtanalysis.

2.3. Advantages and disadvantages of simulation
Simulation has a number of advantages over analytc mathematical models for analyzing systemané&o

simulation advantages are cited for Banks (200@nkB8 (1998), Banket al.(1996), Schriber (1991), Law and Kelton
(2000) e Centeno and Carrillo (2001):
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= The basic concept of simulation is easy to compréhend hence often easier to justify to manageroent
customers than some of the analytical models.

= Simulation models do not require the many simptifyassumptions of analytic methods.

= |t can be used to explore new staffing policiegrafing procedures, decision rules, organizatistrattures,
information flows, etc. without disrupting the ongg operations.

= Simulation allows identifying bottlenecks in infoation, material and product flows and test optifams
increasing the flow rates.

= It allows us to test hypothesis about how or whyase phenomena occur in the system.

=  Simulation allows us to control time. Thus we caaraine an entire shift in a matter of minutes oroaa
spend two hours examining all the events that seduduring one minute of simulated activity.

= [tallows us to gain insights into how a modeledtsyn actually works and understanding of whichalaés
are most important to performance.

= Simulation's great strength is its ability to Istexperiment with new and unfamiliar situations smdnswer
"what if" questions.

The disadvantages of simulation include the folloyvi

= Simulation modeling is an art that requires spé&mdl training and therefore skill levels of praotiers vary
widely. The utility of the study depends upon thelity of the model and the skill of the modeler.

=  Simulation results may be difficult to interpret.

= Simulation modeling and analysis can be time comsgrand expensive.

= Gathering highly reliable input data can be timastoning and the resulting data is sometimes highly
guestionable. Simulation cannot compensate foreigadte data or poor management decisions.

= Simulation models are input-output models, i.eytyield the probable output of a system for a gireut.
They are therefore "run” rather than solved. Theyait yield an optimal solution; rather they seagea tool
for analysis of the behavior of a system under tan specified by the experimenter.

2.4. Manufacturing process simulation

In according Korret al. (1999), simulation tools for production systenasdn been developed focusing on various
aspects and problems in modern manufacturing sgstéhe simulation of an entire production systeimugation of
specific manufacturing processes, scheduling, gngupnd resource allocation problems. In generalulgtion tools
often allow the user to manipulate parameters ef simulated system. This can sometimes lead tontemactive
experimenting process with the simulation modelalvhwould not have been possible with the real-weyistem.

The realistic simulation modeling becomes very metake and effective for designing and managing of
manufacturing process. Simulation has been commaseyl to study behavior of real word manufactupnacess to
gain better understanding of underlying problent @mnprovide recommendations to improve the pracéssobserve
real manufacturing process is very expensive amtetmes cumbersome. Therefore, a simulation madeahieasier
way to build up models for representing real litersarios to identify bottlenecks, to enhance systenformance in
terms of productivity, queues, resources utilizatioycle times, lead time, etc (ALl and SEIFODDIR0Q06)

The principal benefits that the simulation can grior manufacturing processes are the need fotfaduantity of
equipment and personnel, performance evaluation evaduation of operational procedures. The mostoitgmt
performance measures estimated by simulation aseighput, time in system for parts, times partdpen queues,
gueues sizes, timeliness of deliveries and utibradf equipment or personnel (LAW and MACCOMAS 999.

According to Banks (2000), production bottlenecksegmanufacturers headaches. It is easy to forgat t
bottlenecks are an effect rather than a cause. weEwéy using simulation to perform bottleneck gsi, you can
discover the cause of the delays in work-in-procieésrmation, materials, or other processes.

2.5. Software Arena

Arena is a flexible and powerful simulation softedool from Rockwell Software Corp. that allows nsse create
animated simulation models that accurately reptegemially any system. Designed modules are afbéglao construct
the model, and custom modules can be created éaifgpuser needs (ALI and SEIFODDINI, 2005).

For Keltonet al. (1998), Arena software combines the ease of mdggh-level simulators with the flexibility of
simulation languages, and even all the way dowgetoeral-purpose procedural languages. It doesbthisroviding
alternative and interchangeable templates of geapsimulation modeling-and-analysis modules tis&rican combine
to build a fairly wide variety of simulation modelsor ease of display and organization, modulegygieally grouped
into panels to compose a template. By switchingptates, user gain access to a whole different Esinoulation
modeling constructs and capabilities. In many casesdules from different panels and templates canmtixed
together in the same model.



3. A CASE STUDY

This paper was carried out in a middle size manufaty coffee industry with approximately two huadrand fifty
employees and demand for 2.000.000kg roaster andegrcoffee for month. The monthly production leé industry is
below the market demand (approximately 1.750.000%g)h this problem, it comes up the necessitynipriove the
production capacity and the resources utilizatidnti® manufacturing process, eliminating the baotlkks and
verifying the necessity of new investments.

3.1. Manufacturing process description

The manufacturing process is divided in two linépreduction in accordance with the packing: coff@eeuum line
and coffee bags line. In the coffee vacuum lin& iglaced oxygen inside of its packing and this hasonsequence: a
stated period of bigger validity (1 year) and highéces. In the coffee bags line that is placegigex, the validity
stated period is lesser (3 months) and lower pri¢ae production of coffee bags line representual86% of the
industry production. The coffee bag line has a fgrepresentation in the invoicing of the compaimg tletailed study
and the search for improvements in its manufaogupiocess are of extreme importance.

In the manufacturing process of the coffee bagdireproduced two types of coffees: type A and §p&he coffee
type A represents about 70% of the coffee bagpimeluction. The processes of the two types of esffere similar.
The process is divided in roasting, ground coffeppers, grinding, powder coffee hoppers and packadihe daily
manufacturing operation involves three shifts ofhei hours each. As shown in Fig. 1 the flow chafttie
manufacturing process of the coffee bag line.

The roasting process is carried out for two roastéth same production capacity. The roasting pedmsically
consists roasting of the raw coffee for one deteimgi time. Each roaster has an operator that d@tesithe beginning
and the ending of the roasting and monitors cotigtaome variation or failure in the roasting prsg@nd determines
in which ground coffee hopper will go the roastoaffee. The second process is the storage in groafide hoppers.
The ground coffee hoppers are reservoirs of stomsgere the coffee stay after the roasting for ecapliThe
manufacturing process is composed of five grourfttedhoppers with same capacity (5.000kg).

The third process is the grinding that is carriatifor two grinders with same production capadigch grinder has
an operator that determines the beginning and tiding of the process and monitors constantly soaréation or
failure in the grinding process and determines lvictv powder coffee hopper will go the grinding eaff The fourth
process is the storage in powder coffee hopper.pbheler coffee hoppers are reservoirs of storagerevthe coffee
stay after the grinding for cooling. The manufaittgrprocess is composed of four powder coffee hoppéth same
capacity (4.032kg).

The last process of the coffee bag line is the pgicly process. This process consists of a machiae t
automatically fills the package with coffee and dlad There are three types of packing format in plaekaging
process: 100g, 250g and 500g. The packing form@g 26presents about 60%, the packing format 10pesents
about 25% and the packing format 500g represerdatatb% of the coffee bag line production. The nfiacturing
process is composed of six packaging machineshtinag varied speeds in accordance with the packingdt. The
production of each packaging machine varies in @ar@e with the packaging speed and the packingabrAs
illustrated in Tab. 1 the production time of eaebaurce of the coffee bag line.

Ground
— — Powder | .
(lioffee | coffee | Packaging O[L
obper . Hopper
Ground Grinder | (ockacing ob
Roaster | | Coffee [ Powder ackaging
Hopper — Coffee
Hopper -
Ground Packaging 0B
| Coffee [] Powder
Hoppe —| Coffee —{Packaging Of
Roastr Ground Grinder Hopper
Coffee [ ] Bowder — Packaging 0b
Hopper — Coffee :
Ground Hopper — Packaging 0p
— Coffee [~
Hoppe

Figure 1. Flow chart of the manufacturing procesthe coffee bag line
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Table 1. Production time of resources in the coffeg line

Resource Data Parameters Resource Data Parameters
Roasters 21+ 1.05 min Packaging Machine (55 packages/min for 100g bags
45 packages/min for 2509 bags
Ground Coffee Hoppers 60 min Packaging Machine (35 packages/min for 250g bags
35 packages/min for 500g bags
Grinders 33+ 1.65 min Packaging Machine 475 packages/min for 100g bags
65 packages/min for 2509 bags
Powder Coffee Hoppers 60 min Packaging Machine 565 packages/min for 250g bags
Packaging Machine 1{ 55 packages/min for 100g bagsPackaging Machine |85 packages/min for 250g bags
45 packages/min for 250g bags 50 packages/min for 500g bags

3.2. Data and information collection

For the initial simulation model development, colien of data and information in the coffee indystras carried
out. During the period of two months the manufaotyiprocess of the coffee bag line was observaéniiews with
personnel at the company were also carried outplgnamong operators, maintenance personnel andstinalu
engineers. The main reason behind the interviews twaunderstand the manufacturing process and dissitpe
problems that can occur to achieve information afailures.

The main data and information collected that weseduas base for the initial simulation model dewelent are:
production capacities of the resources, monthlydpction for type of coffee and format of packingsaources
utilization, total time of failures, time betwedretfailuresand total time of setups.

3.3. Simulation model development

The initial model was developed based in the rgsiesn of the coffee bag line that is decomposefblésning:
initially, a production order (with predeterminebgduction quantities) is emitted. After that, tHerd of raw coffee is
sent for one of the roaster that the processeprtituction order, the two roasters are indepenietween themselves.
After the roasting, the roasting coffee goes toghmund coffee hopper where it stays stored duairitked period of
two hours. After the period stored in the grountfemhopper, the coffee goes to one of the grimdeare is carried out
the grinding process, the two grinders are indepentletween themselves. After that, the coffee godhe powder
coffee hopper where it stays stored during a figedod of two hours. The last process of the masléhe packaging.
The packaging is carried out after the period ofsgle powder coffee hopper.

The simulation model was developed using softwarena 5.0. A simulation model was generated by sageand
allocating the required modules of the templatdri@na. For the initial model construction were defi: the resources,
the variables (global and local) and the attributes

In the construction of the initial model were regwoed the significant details of the real system as

= Production Order: three types of production ordeasl been considered (order of 1.008kg, 2.016kg and
4.032kg). These three types of production ordegreesent 90% of the types of production order ifembag
line. The production order of 4.032kg representsuatb0%, the production order of 2.016kg represahtaut
30% and the production order of 1.008kg represabtsut 20% of the coffee bag line production. These
production orders are processed in each resourdafter it is finished the resources becomes adailto
process a new order.

= Setups: the setup had been considered in changacking format in the packaging machines. The setip
the packaging machines that produce the formab6§35s longer because this format is more commitaif
adjustments in the machine. As shown in Tab. Z#teps to the three types of format.

= Failure: the failures had been considered in allrésources (roasters, ground coffee hoppers,aggngdowder
coffee hoppers and packaging machines) in accoedaitt Tab 3. It had been determined downtime (&am
frame when failure starts and until it ends) angktbetween downtime (TDBT). The packaging machines
and 3 have more failure than the packaging mackingsand 6 because they are older.

Table 2. Setup Packaging Machines (min)

Packing Format 100g 250g 500g
100g 0 25 25
2509 25 0 25
5009 30 30 0




Table 3. Resources Failure

Resource Failure (min) Resource Failure (min)
TDBT Downtime TDBT Downtime
Roasters Expo(2.880) Expo(60) Packaging Machine 2 Expo(@)88 Expo(40)
Ground Coffee Hoppers - - Packaging Machine 3 Expo(2.88D) Expo(30)
Grinders Expo(4.320 Expo(40) Packaging Machine 4Expo(5.760) Expo(30)
Powder Coffee Hoppers - - Packaging Machine 5 Ex[760) Expo(30)
Packaging Machine 1| Expo(2.880) Expo(4Q) Packalylaghine 6 Expo(5.760) Expo(30)

A variety of measures may be used to evaluate ¢hi@pnance of manufacturing processes. This sinalahodel
has been taken into account two measures of peafuzen

= Production Capacity: this measure the performaifiteeomonthly production capacity.

= Resources Utilization: this is the proportion ahd that a resource is busy doing useful work. Es®urce
utilization measures the percentage of time a mesois in its active state. Therefore a resource he
highest active percentage is the bottleneck. Tloweabyo measures of performance are in common usage
evaluating the performance of a manufacturing sses.

The following simplifications have been includedli initial model:

= That wasn't considered time between the transpont storage raw coffee to the roasters.

= The special coffees had not been considered dem&dl representation (2%) in the production of tbéee
bag line.

= That wasn't considered setups between the two tgpesffee (A and B) because the coffee types lsawdar
compositions, not being necessary to carry ouincless in the resources.

3.4 Verification and validation

One of the most important steps of the simulatfowallidation and verification. If the model doeg reflect the real
system, outputs of the model has badly affect enrétiability and quality of the decision. The madlea of model
verification is to ensure that the conceptual mddeleflected accurately. Validation is concernethwhether the
proposed model is indeed an accurate representafidhe real system. Some techniques are used dlidating:
animation, comparison to other models, degeneests,tevent validity, extreme conditions testse faalidity, fixed
values, historical data validation, historical nueth, internal validity, multistage validation, optonal graphics,
parameter variability- sensitivity analysis, preilie validation, traces, turing tests (SARGENT, 2D0In according to
Kelton et al. (1998), the simulation software Arena is userig for testing model in visual way and every step
helps to the user to controle the steps

The model was verified and validated to developutation model correctly reflects the manufacturipmgpcess
behavior. The verification and validation of thé&ial model were carried out in diverse stages,fmginvolved people
made familiar to the process, historical data dsdronthly production in accordance with the typeaffee and the
format of packing. In the end of the model develeptmwith all the considered factors, it was go#@@ninitial model
very next to the real system.

3.5 Experimentation

Many different experiments in the case study weagied out. Experiments in the initial model indax that
resource roasters were considered the currenehettk in the process. The bottleneck was identbigdtudying the
simulation while it was running and it was verifilte statistics from the model. Measurements atidrecare then
implemented to increase productivity where theleoéick has been discovered. Changes are done tyadnd the
results are checked to verify improvements. Thigalnmodel and each scenario run independentlysiiormonths. It
was used the average of the estimated performagsasure from the individual runs to the results.

The variations carried out in the three scenariesevthe following:

= In the first scenario, it was increased productiapacity of the two roasters in 10%.

= In the second scenario, it was increased productpacity of the two roasters in 20%.

= In the third scenario was inserted one third roastth the same production capacity of the others teasters
existing. The results of the three scenarios weeeribed in the following Tab.4 and Tab.5
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Table 4. Resources Utilization (%)

Resource Initial Model Scenario 01 Scenario 02 nSde 03
Roaster 1 98.03 97.70 97.03 91.62
Roaster 2 97.53 97.15 96.78 90.35
Roaster 3 - - - 91.24
Ground Coffee Hopper 1 65.52 69.97 71.25 63.06
Ground Coffee Hopper 2 58.86 63.25 64.95 59.60
Ground Coffee Hopper 3 35.95 41.25 43.70 53.78
Ground Coffee Hopper 4 11.46 15.46 21.34 43.54
Ground Coffee Hopper 5 1.66 2.82 6.52 27.06
Grinder 1 55.84 63.53 70.42 85.91
Grinder 2 67.92 72.70 77.38 87.65
Powder Coffee Hopper 1 69.26 73.98 77.27 85.31
Powder Coffee Hopper 2 54.77 59.21 62.52 70.30
Powder Coffee Hopper 3 33.98 39.91 44.95 55.42
Powder Coffee Hopper 4 14.47 19.54 22.88 35.19
Packaging Machine 1 63.70 70.77 72.06 85.87
Packaging Machine 2 53.66 62.03 66.24 85.94
Packaging Machine 3 46.40 53.09 62.34 65.51
Packaging Machine 4 72.09 74.57 78.54 98.25
Packaging Machine 5 64.23 67.68 70.30 74.99
Packaging Machine 6 51.92 58.71 63.32 76.18
Table 5. Production Capacity (month)
Resource Production Capacity (kg)
Coffee A Coffee A Coffee A Coffee B Coffee B Coffee B | Total Coffee
100g 2509 5009 100g 2509 5009
Initial Model | 324.072 750.960 197.568 112.392 300.04B 4 9188
Scenario 01| 354.480 824.040 199.728 141.288 341.37p 0 81592
Scenario 02 356.832 899.472 239.736 152.208 365.232 90.048 2.103.528
Scenario 03 422.016 997.240 275.184 191.520 440.496 123.312 2.449.768

3.6 Discussion of results

The Tab. 4 and 5 show that the introduced chang#seiinitial model had brought important improventsefor the
manufacturing process in the three considered sioasndn all the three scenarios had a signifigamgrovement in the
resources utilization and the monthly productiopaaity.

In the first scenario it was proposed an increabedproduction capacity of the two roasters in 10%is increase
of production capacity is possible with small imgements using setups techniques, more traininfeobperators in
the resources, reduction of the failure and timavben failures. This scenario results in an impnoest in the
production of 179.088kg, which means, the productiapacity was improved in 10.17%. The percentagth®
resources utilization didn’t change significantly.

In the second scenario it was proposed an increthgedroduction capacity of the two roasters in 20% obtain
this increase of production capacity, it is a neitggo verify all possible improvements in the mnt bottleneck. This
scenario has done an improvement in the producti@44.064kg, which means, the production capagitg improved
in 19.55%. The percentage of the resources ufiizdh this scenario was better than the one bedackit attends the
present market demand.

In the third scenario was inserted one third roasi¢h the same production capacity of the otheo twasters
existing. This scenario presents an improvemenhefproduction capacity better than others scesaia the initial
model. This scenario has done an improvement irptbduction of 690,304kg, which means, the productapacity
was improved in 39.23%. With this scenario, the afacturing process shows that the resources utdizavere more
uniform. This scenario attends the present marketathd and rests 449.768kg, which means that th@amyncan
increase their sales or make stock. In this scen@ts a need to consider an investment in a neaster and it
represents a new investment for the company.

The performance improvements (production capacit/rasource utilization) represent the consolidatkfits of
the changes incorporated in the manufacturing pod#/ith these three scenarios, the decision-malearshoose the
best solution for eliminate the bottleneck andratte the customer’s necessities faster and effitigie



4. FINAL CONSIDERATIONS
During the accomplishment of this work there weayme difficulties as:

= At the moment of the process of observation, thehime operator had better performances than thenador
one, which means that they had been influencetidoptesence of the observer.

= During the collection of data it had difficulty measure the average time between failures of 8wmurees. To
carry out this collection was developed a spesificcad sheet and written down the beginnings anshés of
all the failures.

The accomplishment of the work also had positiveigo The production area was compromised in imipigpthe
company and taking care of the necessities of Ustomers. The high administration also was compsedhito the
work, demanding of its commanded the biggest persie possible, also establishing dates and knowlieg
systematization.

The initial model and the three scenarios are dgearl to compare the performances such as producijoacity
and resources utilization. The three scenarios gymsgibilities to eliminate the bottleneck and radtéo the customer’s
necessities faster and efficiently. The simulatresults that were obtained from these three sitEnayave an
important support to the decision-makers and pexidmportant knowledge to the company about how its
manufacturing process works.
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