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ABSTRACT

The ETO production environment (Engineer to Ord@eharacterized primarily by customer
interaction level since the product design. Anothé#ribute of this is the high level of
customization of products, a fact that directlyleets the organization of production. The
study aims to analyze the estimation method of ycdn time in an industry with ETO
environment. For this was found in the literatusihliographies and studies that guide the
process of estimating production times, observing practices that most resemble the
company's focus of work. Finally, the data collestiwas carried out, focusing on the
comparison between the Predicted Time and Reapradliction, starting this analysis found
the effectiveness of the applied process. Thusag found that method adopted in the focus
of the work company achieved convincing and favierabsults.

Keywords: Production Times. ETO Industry. Method Validation.

RESUMO

O ambiente de producédo ETO (Engineer to Order)a&ctarizado principalmente pelo nivel
de interagdo com o cliente desde a concepc¢ao diutroOutro atributo disso é o alto nivel
de customizacao dos produtos, fato que refletdadimente na organizacdo da producéo. O
estudo tem como objetivo analisar o0 método de asitten do tempo de producdo em uma
industria com ambiente ETO. Para isso, foram emados na literatura, bibliografias e
estudos que orientam o processo de estimativang@tede producdo, observando as praticas
gue mais se assemelham ao foco de trabalho da samter fim, foi realizada a coleta de
dados, com foco na comparagao entre 0 Tempo Ryewiat Producdo Realizada. Iniciando
esta andlise, verificou-se a eficacia do procepsioa@o. Assim, constatou-se que o método
adotado no foco da empresa de trabalho obteveadsslconvincentes e favoraveis.

Palavras-Chave:Tempos de Producao. Industria ETO. Método de ¥eéd.
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1 INTRODUCTION

In a production environment with high variability jproducts surrounded by an even
greater range of production processes, it can ioetlsat there is a difficulty in establishing a
reliable method of estimating production times. Ppheject is the presentation of this method
developed in an industry in the metal-mechanicosantthe north of Porto Alegre, which has
the ETO (Engineer to Order) system as a charatiteoisits production environment.

In an organization with an ETO production modeg lavel of process standardization
is very low and the products that enter the pradacsystem have a high level of variability.
In the ETO environment, the stages of design, mbengineering and production are carried
out on demand, that is, with the customer's guidaiocha; Scavarda; Hamacher, 2005;
Americo; Costa, 2019). In this environment, themlj in most cases, follows the definitions
of the product design being offered, the productmmocess that will be adopted to
manufacture it and the deadline for delivery of cbenpleted work.

Because it is an environment with a high rate oidpct variability, where processes
need to adapt to production, it is necessary td firays to seek patterns to facilitate and
organize the different information that changesoatiog to the changes in products entering
the factory environment. It is extremely importaimat an organization seeks alternatives to
standardize and organize its processes.

In the studied company, some ways of standardizivey production process are
observed. An example is the organization of theoldywhich varies according to the
characteristics of each productive sector of themany, in this case, the organization divides
its production into four productive sectors, theg:&reparation, focus sector that will have
its process of estimating production times analyaeavhich it adopts the layout by process,
Boilermaking and Final Assembly with positional ¢ay and the Painting sector with mixed
layout (by process and positional). Another impatrtsssue to standardize the production
process is the definition of a production scriptdéach piece and for each set, thus creating a
standard flow of information regardless of the typie, time and process in which the
product is entering the manufacturing process own.

Several studies have been developed in recent.yeaibustrate this, we highlight the
work of Silva et al. (2024), where the authors gyoalhow improving production efficiency
through pull-based systems from Lean manufactufsyuch as TPS) aims to optimize
production and reduce waste. In this context, dpéectof customization versus standardization

is also discussed: the research leans towardsastiination (Lean, TPS), where the goal is to
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A Methodological Approach to Estimating Production Times in Engineer-to-Order Industry 47

streamline processes and reduce waste. Even istantzed environment, Lean principles,

such as waste reduction and continuous improvensantpe adapted to improve production
time accuracy. Thus, tools and methods are studibdoader production system approaches,
such as Kaizen, JIT, and VSM, within the same metea

In this regard, the process of determining standapérating time in an ETO
environment becomes a complex factor, but it canolve a competitive advantage in relation
to competitors working in the same production emvwinent if executed well. To cover the
various parts and assemblies that enter the faetiovironment of the studied company, the
determination of standard operating time is basedhe chronoanalysis process, which was
applied to characteristics that could change prodlidcimes, such as thickness, area, weight,
number of holes, set size, number of operatorsiwed) among others. The production time
estimation model developed at the company will les@nted in this project.

The study is focused on solving the proposed rekeproblem with the following
question: Is it possible to develop a method fdmesting production times in an industry
with an ETO environment?

In this sense, the methodology applied in the rebeaill take place through a case
study focused on data collection, analysis andtifiestion of the variables that guide the
General Objective which is defined as: Analyze itiethod of estimating production times,
adopted in a industry with an ETO environment, he nhorth of Porto Alegre. In order to
explain it, the items described in the Specific €@bives were unfolded, (i) demonstrate how
the method of estimating production times is pend in the equipment of the Preparation
sector of the target company; (ii) verify the effeeness of the method and present the results
obtained; (iii) propose improvements to the timeinestion process at the company in

question.

2 PRODUCTION ENVIRONMENT ENGINEER TO ORDER

The main way to differentiate a production envir@miis according to the way in
which customers interact with the final productréBj 2004). There are basically four
production environments: Make to stock (MTS) - prctibn to stock, Assembly to order
(ATO) - assembly to order, Make to order - prodorctio order and Engineer to order (ETO) -
design (engineering) and production on request.

The production environment explained in this reseds (ETO). In this model of

production environment the customer orders the Idpmgent and possible changes in the
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product, that is, the products are produced aceogrtti the requests and specifications passed
by the customer. In this system the products avallysunique, therefore, because they have
never been produced and their processes are nopeahaphere is often no history of
production on these (Stefanelli, 2010).

The industries that work to order, have specifiaralteristics, in which they have a
direct influence on management, which are: (i) lkmgd Time, from the moment of the
development of the commercial proposal until tmalfiassembly; (i) risk and costs linked to
each contract signed, starting with the developnwénthe proposal; (iii) accounting and
finance focused on contracts (Saia, 2009).

The ETO system can cause some interference inaittery and in the progress of
programming activities, since the production systdra company focused on ETO products
presents a high degree of uncertainty, in viewhef high degree of customer interference
during the development of the product, while thetday needs to anticipate information on
capacity allocation and product specifications tocphase raw material. In addition, the
construction site has a number of players that a#fect the previously established
construction sequence (Da Silva Etges; Viana; Fean@014; Gallo et al., 2021). In this
sense, an understanding of the logistical procegssential to assess the alignment between
the production of components by the factory anéstsembly at the construction site (Silva et
al., 2019).

An ETO product is often innovative solutions makiitga unique prototype, but
because it is a totally new project, the overlagph the organization's sectors can generate
instabilities. An example is the raw material pash process without the engineering stage
having been completed, another factor is that adyation evolves, there may be a need for
engineering changes, thereby generating new neegsifchase of materials and changes in
the production schedule (Saia, 2009).

Another issue that should be highlighted is theclstdevels present in this
environment. As the variety of products that carrdmpiested by the customer is very large,
most organizations decide that they cannot stoyghang, that is, they wait for the order to
enter and only after that trigger the purchaséhefrtecessary inputs for production. Because
of this, an industry that relies on the ETO envin@mt cannot rely on strategic stocks, at any
level in its production system, so it needs toridarreact and monitor all market variability,
so that its sectors can be supplied to meet theadésnof these (Correa; Gianesi; Caon, 2001;
de Brito Nogueira et al., 2023)
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2.1 VARIETY OF PRODUCTS IN THE ENGINEER TO ORDER EN VIRONMENT

Industries with an ETO environment have the charattc of customizing their
products, so that their project is personalized@rsfomer oriented.

The great variety, present in this production emwinent, generally impacts products
that have both the production sequence and thele ¢ynes with a high degree of difference,
in which they use the same productive environm8tefanelli, 2010).

Regarding the volume-variety ratio, it describes thypes of processes in
manufacturing operations, where each type of psoesults in a different way of organizing
operations activities. Relating to the company thdhe focus of this project, the concept that
best fits is the Project Processes: in this theuf@aturing process deals with very customized
projects, where the period of time to make the pcbds very long (Slack, 2006).

Another factor, takes into account that at the twheéhe definitions in the product
design, if poorly defined or with some uncertairttye consequence of this can be changes
during the production process itself. In this psxcthe work has well-defined start and finish
activities and depending on the physical structofréhe product, the resources that will
perform this task must be organized in a special fea each case. Operations with a high
variety of products that generate low volume, \kidlve more demanding consumers with

regard to processes, than operations that proeida gproducts and standards (Slack, 2006).

2.2 ALTERNATIVES FOR MANAGING THE IMPACT OF VARIETY OF PRODUCTS ON
PRODUCTION

Operations look for alternatives that make the odgiroducing a high variety viable
by standardizing their products, services and @eeE® (Amaral et al., 2018). The
standardization of an operation helps to reduce dbmplexity of the products. Some
alternatives can be verified to manage the impaased by the variety of products in the
production (Slack, 2006).

Basically, the physical arrangement of a productivea defines the location of the
transformation resources within the available ptsisspace. The adequate disposition of
these resources directly influences the flow ofamals and people and affects the overall
efficiency of production. The definition and adjusnt of the type of physical arrangement

starts from the type of process and this is theatheristic of volume-variety (Slack, 2006).
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The layout is one of the main decisions that watetmine the efficiency of the
organization in the long run, if it is effectivecan become a competitive advantage in relation
to competitors, for this the layout needs to beghesl in a way that meets the company's
competitive requirements. They argue that in afiyasion the definition and organization of
the layout should seek to define the following legments: (i) greater use of space,
equipment and people; (i) better flow of infornwatj materials or people; (iii) better
employee morale and safer working conditions; bejter interaction with consumers and
customers; (v) flexibility (whatever the currenydait will need to be modified) (Slack, 2006).

The project's focus company divides its produciida four macro productive sectors:
Preparation, Boilermaking, Painting and Final Askmthe order is in accordance with the
sequence of the production flow. The sectors omgattieir production using basically two
types of physical arrangement, so these were ceregidor the realization of the project.

The Painting sector uses two types of physicalngement: physical arrangement by
process and physical positional arrangement. Inatka where the line painting process is
carried out, where the pieces move to the pairdneg, it adopts the physical arrangement by
process. For large sets, where it uses a statiqranting booth, the physical arrangement
adopted is the positional one. Another alternatpresent in the project's focus company, to
manage the impact caused by the variety of prodadise Production Roadmap. This tool
assists in guiding the flow and sequencing of petidn, it distributes the operations inherent
in the process, for the manufacture of a cert@mjtin the various work centers arranged in
the factory environment.

The production roadmap for a product describesdoessary sequence of operations
to produce a particular part or component. The magad sheet highlights the entry for each
operation that must be performed on the item begrgduced. Another important factor
present in the production script is the raw maltergeded for product transformation (Slack,
2006).

The production script is the path that the mateakés along its production process, in
them are present the necessary operations to @armhe task, its sequencing and other very
relevant factor and the presence of the task eiectime. Therefore, the production script is
a document generated for each component and etaspessfying which operations must be
carried out, in which order and which resourced el responsible for them, this document
accompanies the raw material until the final pradueady for dispatch. All of this

information creates a workflow, organizing and ontg the entire “mix” of products that
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enter the factory, from this it becomes a tool @nage the impact of the variety of products
on the factory environment (Slack, 2006).

2.3 ESTIMATED PRODUCTION TIMES IN AN ENGINEER TO OR DER ENVIRONMENT

Due to the high diversity of products in an ETO iemvment, it is difficult to have
extremely precise standard times for operationseMiteceiving the order under order, the
script should be detailed, including the expect@@rating times to carry out its work.
Depending on the product and even its productidaree, the estimation of production times
can be performed through the analysis of similavdpcts previously produced, in this
process, you must have your production times actishgual, filed in a database, with this, the
comparison stage becomes more secure and orgdBiefdnelli, 2010).

The study of times and movements can be used @ndiete the standard operating
time in a time estimation process. Through it itpsssible to determine the time that a
qgualified and properly trained person uses to perfa certain task, working and normal
conditions. The most common process used to measur@perator's work is timing. The
operation to be studied is divided into elementd aach of these elements is timed. A
representative value is calculated for each elerardtthe addition of the elementary times
provides the total time for the execution of thee@pion. The speed used by the operator
during the timing is evaluated by the observer @ngdselected time can be adjusted so that a
qualified operator, working at a normal pace, casilg perform the work in the specified
time. This set time is called the normal time. Tafees for personal needs, fatigue and
waiting are added to the normal time, thus resgltim the standard time for operation
(Stefanelli, 2010).

The study of times serves to determine the standasis of the products, this
information is very important for the elaborationtiee budget of sale of the product having a
safe commercial proposal with respect to the cédtaloor involved in the product being
offered to the client. The person performing tmeetiestimation must know the requirements
necessary to carry out a reliable study such adergtand and know the production process,
know how to handle and use time tables and grapdls Whe measure delivered in an
estimate of production times usually takes plackaar / man or hour / machine, so the cost
department multiplies this data by its unit coStefanelli, 2010).

This further reinforces that the longer the timerdggo perform the estimate, the more

accurate the result of the analysis will be, howdhe person responsible for the analysis
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must determine an optimal time for the study teetako account the final application of his
work, that is, , an estimate for high volume prddut must be extremely accurate, while an
estimate for determining a manufacturing devicedpobion time, for example, can be
roughly performed.

There are two methods of estimating production $infg estimation by comparison;
and (ii) detailed estimate. The comparison estomathethod uses similar products as a basis
on which its production time is already known, ihigh case it is up to the person responsible
for the analysis to carry out weightings on simitdraracteristics, thereby resulting in an
increase or decrease in time and, consequentllgeicost of the product. . In an industry with
an ETO production environment, the products sugdplg it usually have a high range of
components, so in most cases an estimate is regusioene of the components that make up
the new product have already been produced inabegnd has its production costs stored in
a database. This results in an agile and reliadtienate, considering that only a small part of
the product will need a more elaborate estimatefégelli, 2010).

In the company that is the focus of this projelt project is to use the method of
estimation by comparison in the sectors that aspamsible for the aggregation of parts to
form a component set of a final product, theseasedre the Boiler and Final Assembly. The
detailed estimation method seeks to more accuratiyy the production costs of a given
product, but because it is a process with a hignegeof criticality, it needs some information
such as: drawings, material list, adopted prodeah of manufacturing, etc. This process
can result, for example, in the delivery of theatoAmount of hour / man required to
manufacture a given product in a given sector.

As in an industry with an ETO production environmdhe data collection process,
due to the high variety of products, is very compla order to carry out a process to estimate
production times, the sequence of activities armtlpet characteristics can make it easier to
carry out the analysis. These sequences can balisEkas: (i) carrying out the collection of
processing times for some products; (ii) definitiohthe variables of these products that
interfere with processing times (such as thicknessight, length, for example); (iii)
elaboration of a mathematical formula that lists pinoduct variables whose processing times
have not been collected; and (iv) checking theatimm between processing times calculated
by the defined formula and measured in the progessder to verify the formula's margin of
error (Stefanelli, 2010).
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3 METHODOLOGICAL CHOICES

The present research was carried out through atorexpry case study, in the
company TMSA - Tecnologia em Movimentacdo. SA. Cstsely is a method in which it
allows the researcher to retain characteristicgrganizational and administrative processes.
Unlike other research methods, the case study tsimtended to demonstrate specific
characteristics on a subject, but rather, a gleteal of the problem and to show the factors
that influence or are influenced by it (Gil, 2018).

The data collection process took place through tsm@ous observation, in which the
researcher, remaining unaware of the communityumror situation he intends to study,
observes the facts that occur there. It is suitdtweexploratory studies, as it favors the
approach of the researcher as the researched pkanar(Gil, 2018).

As this is a case study, all data collected during process are analyzed and
interpreted in parallel with its collection. In shiway, the analysis starts from the first
observation record, with that the information eng@sbeing processed and compared in real
time, thus becoming a useful tool for the resear(@é, 2018).

The case study was applied at TMSA - Tecnologidvlavimentacdo. SA. Located in
the north of Porto Alegre, capital of the statdRad Grande do Sul, the company founded in
1966 has approximately 600 employees. The orgaoizas an industry in the metal-
mechanical sector, characterized by being one efmifain suppliers in MERCOSUR of
equipment for port terminals and handling of sblidk in high capacities and long distances.

TMSA has a very diversified participation in sevarsarket segments such as: Port
Terminals; Mining; Energy; Coal; Fertilizers; Sug#gribusiness. Due to its high supply
line, combined with the high level of customizatwints projects and products, TMSA fits its
production environment as the ETO (Engineer to ©rdehrough this production method it
provides customized solutions, oriented and acogrth the requirements of its customers.

The first stage of the work was the realizationtbé present project, using a
bibliographic search based on articles, books aelsites in which the relevant subjects of
the work guide. This bibliographic search basedttan keywords: Production times; ETO
Industry; Method Validation.

The second stage of the work will be the identtfara and analysis of the method of
estimating production times adopted in the Preparasector of the focus company. The
sector has ten workstations, each with specificatttaristics for determining operating times.

The characteristics and necessary informationbeilinvestigated in the work.
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The third stage involves the validation of the noeltlusing the timing process, in the
main Workstations in the Preparation sector. Theedi time at the Workstation can be
compared with the standard forecasted time availablthe database spreadsheet. At this
stage of the work, based on the analysis descebede, the method of estimating production
times can be validated.

As a form of evidence, graphs and tables compdestgnated Time (database) and
Realized Time (timed) will be used. For this, witlgard to the display of data, the matrices
are arrangements made up of columns and rows theklyg enable the comparison between
the data (Gil, 2018).

4 RESULTS AND DISCUSSION

The Preparation sector of the company that focosethe work, has the function of
manufacturing parts for the other productive sectnir the company. This organizes your
production using the process layout.

Each process, with similar characteristics, isd#di into ten Workstations. Their assignments

can be seen below, in Table 1.

Table 1 — Assignments per Workstation of the Prepation sector

Stations Stations attributions
P1 Thermal and mechanical cutting of the plates.
P2 Cutting and stamping of profiles from punching.
P3 Cut, mechanical and punctured, profiled.
P4 Turning, milling, drilling and threading of ligharts and equipment.
P5 Drilling, countersinking and cutting of plateslgrofiles.
P6 Bending and bending operation of sheets, psofitel tubes.
P7 Stamping operation by eccentric presses.
P8 Bending and shaping of plates by turning machine
P9 Turning operation of heavy equipment and parts.
P10 Machining operation (milling and threading)rbgchining center.

Source: research data

For better understanding, the sector's Workstat@ve been numbered, according to

the floor plan layout shown in figure 1. It is wonboting that Workstations 4, 6, 9 and 10
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appear dotted in the layout because they are irptheess of development the timing and
consequently the determination of their productivees, not being objects of the data

collection.

Figure 1 —TMSA Preparation Sector Plant

Source: TMSA — Tecnologia em Movimentacao SA.

The data collection process took place at Worlatatil, 2, 3, 5, 6, 7 and 8, which
were sampled for verification the quantity of appnaately ten Production Orders, with items
(pieces) and various lots. The intention of usingredom sample related to the quantities of
parts and batches of the Production Order is tk $eehigh production variability existing in
the sector, which reinforces the presence of th& Hiroduction environment in the
organization.

In each workstation, the most common process wed tes assess the time taken for
the task. To determine the expected operating tithe, Manufacturing Timesheet was
adopted, available in the company's system dingciidnis tool uses the main characteristics
of the Workstations as a basis for preparing thmesi, which directly influence the operating
time. After the survey of the Realized Time datiefined by timing - and Estimated Time -
calculated by the Manufacturing Timesheet availablthe company's database - these will
be presented and analyzed through the comparatiestand graphs.

In order to highlight the data collection processmparative tables and graphs were
created for the analysis. These bring the Estimaiete, generated by the Manufacturing

Rev. FSA, Teresina PI, v. 22, n. 1, &tp. 44-60, jan. 2025 wwwa.fsanet.cafmdvista KX988



R. A. Francelino, S. V. Bonato, E. F. Z. Pereira Juor, C. M. C. F. Lopes, F. K. Leite 56

Timesheet. Another data evidenced is the Realizete,Tgenerated by the timing process.
Each Workstation analyzed generated a table amdpdh glescribing the comparison between
the times.

After having the data analysis process completeda ameans of verification, it was
created and is presented below, in Figure 2. Tsigabéishes the consolidation of all times
(Expected and Accomplished) raised and analyzdaeistudy.

Figure 2 —Time Consolidation Chart - Workstations

Preparation.
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Source: research data

When analyzing the chart, a reliability patterntie Estimated Time stands out in
most of the Workstations, however Workstations 8 @nstill have small divergences when

considering their times, which was reported asgpodunity for improvement in the method.

4.1 PROPOSED IMPROVEMENTS FOR THE METHOD OF ESTIMAT ING PRODUCTION
TIMES

Among the improvements applied to adapt the mettomdhe ETO production
environment, present in the sector, the updateémtay of measuring the setup time at Work

Station 1, responsible for the thermal cutting pss; stands out. Previously, early in the
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development of the method, each piece sent to Waiiate 1, counted a setup time of 14
minutes, this time generated by the timing procé&hkss factor started to distort the Estimated
Time in relation to the Realized Time of setup.

Based on this problem, a process was developednpoove the accuracy in the
Estimated Time of setup. Basically, the update &sc formula the direct weighting of the
part area with the raw material area (plate), Usedhe thermal cutting process. As it is a
relatively new method in the organization, it i8l stndergoing expansion and development.
From the progress of data collection for the pmpjéic was possible to see a series of
opportunities for improvements to the proposed petidn time estimation method.

To this end, the following opportunities stand qgit:to define a method to estimate
the time for moving parts in Workstations P2, P8 &7; (ii) to create a factor of aggregation
of productive time for activities that involve maitean one operator at Work Station 8, with
this the guarantee of the hourly / man data inrés@urces of this station will become more
reliable; (iii) to develop a method of Estimatiory I Comparison for the sectors of
Boilermaking and Final Assembly; (iv) to developetbetailed Estimation method for the

Painting sector; (v) to use the production hounniéasure the Estimated Time of operation.

5 FINAL CONSIDERATIONS

This study addressed the method of estimating mtamtutimes adopted in an industry
with the ETO production environment. A process xifeme complexity, due to the high rate
of customization of products combined with the higlniability of production existing in this
production system.

The method was analyzed in the Preparation settinedarget company, from there
the detailed estimation process was evidencederd#ta collection. In it, it was possible to
observe that characteristics that directly inflieerioe time of operation, such as thickness,
dimensions, area, amount of drilling, height, etce the basis for the development of the
result of the Predicted Times in all analyzed Wtatsns of the sector, where each of them
uses characteristics inherent to their processedetermine the most suitable standard
operating time.

From the data analysis, the effectiveness of théhodewas verified. It is worth
mentioning that some Workstations need to have thethod of estimating production times
more refined, as highlighted in figure 21, whichnigs the consolidation of the Estimated

Time in relation to the Time Realized in all Woikisbns.
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The study also brought opportunities for improvemanthe method, topic directly
addressed in the specific objectives of this papkis fact proved to be extremely important
for the development, expansion and maintenandeegptocess. From it, the critical points are
highlighted and defined as a priority for futurdi@ss.

The limitation of this work was to deal with thesgt variability of production existing
in the TMSA factory environment. Due to this, sommets idle resources in Workstations,
made data collection impossible. On the other hdagending on the production mix present
in the manufacturing environment, the large nundfgparts hindered the timing process in
bottleneck resources. In this sense, the grealectya of the work was to find ideal gaps for
the safe performance of data collection.

For future work, it is suggested that the sectbet temained as an opportunity for
improvement to create the method of estimating ycodn times, Boilermaking, Painting and
Final Assembly, be analyzed and validated. Witls,tlall the productive sectors of the
company that is the focus of the study will havatmethods defined and validated.

Another suggestion is, from the determination & Estimated Times for the other
sectors, to monitor a product, checking its proaunctimes in all the productive sectors of the
organization.

It can be concluded that the study met the propasedarch problem. Yes, it is
possible to develop a method of estimating produactimes in an industry with an ETO
environment. For this, it is important to devel@getbrs that allow working with the great
variability of products and the unpredictabilitymoduction existing in this environment. The
clear knowledge of the various products, the adjast of an appropriate and specific
physical layout for each process involved, the ustdading of the physical characteristics of
the products that directly influence their prodostitimes, combined with a reliable
chronoanalysis process, thus bringing confidencal&ermination from a detailed estimate,

you can determine an extremely reliable produdiimes estimate.
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