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Abstract: Competitiveness on the automotive sgatesses auto parts suppliers to be
more agile on the manufacturing and assemblingaofsp Moreover, they are expected
to present low costs of production (and low pricégsthe products), good quality
(according to the established by their costumebsyh productivity and flexibility,
among other requirements. In the search for tealmsqto reach these requirements,
auto part suppliers are working on the layout tdimpze and improve their results.
Layout is an important component of the manufantuisystems, once the functional
organization of layout can arise a lot of benefdthe manufacturing system. This issue
analyses the process of layout change that wasumed in an auto part supplier
located at Campinas — SP - Brazil, that produced frumps. The change of layout
included requirements like the way that milk runcws, people ergonomics and
products flow, and resulted in a reduction of lgade of production, increase of the
production capacity, in the reduction of area odedlh among others significant
results.
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Introduction

The search for competitive advantages, particulerlyhe automotive sector, has led
Companies to seek production methods that imprdwe performance of their
manufacturing systems in general. Since the 50@n@anies, who have been working
with the methods that have revolutionized the potidn processes of the automotive
sector inserted by Taylor and Ford in the earlyntreth century, have undergone major
changes because the high volumes of stock, pass fpoorly designed, poor quality,
delays in production, which inter alia representesl reality of production, are factors
that reduces the competitiveness of enterprises.

According to Slack (1995), companies must have tegets to stay and be more
competitive in the market, namely: Quality, Codexibility, Productivity and Speed;
these targets are important in a globalized matkehis scenario, stands out even more
the need for mechanisms that seek greater effigiamcl lower costs in production
processes, not only to reduce this, but for theigak of any company.

Some companies have turned their focus to layotimgation techniques, which are
increasingly being employed in the manufacturingcpss in order to adjust the



processes efficiently and rationallyne way to reduce these problems is to define the
layout to fit properly to the type of productionssgm; thus, one should make a careful
study of form and layout and location of equipmegB8YAKASOGLU & GOCKEN,
2008).
Fiedler (2009) states that the study of the layswatf fundamental importance to ensure
a clear rapport and an internal harmonious funstpmf the environment. This same
author also reinforces the idea that a work prepapimally ensures the aesthetics of
the site and a rational flow of the process.
According to Tompkins et al (1996) apud Rented €2@07), some significant changes
are occurring in the manufacturing system, motiydiyg the following trends:
* Increased number and variety of products, resultirmydecrease in quantity (the
lot size) as diversity increases;
» Cost of materials, including handling of materiated energy, the main part of
the total cost of products;
* Need to reduce design time and manufacturing ofptbeluct due to changing
market; a product can become obsolete even befmr@roduced,;
e Increased requests for smaller tolerances (morerracg and precision to
produce higher quality).
With all these changes in the consumer market,(R@61) suggests that manufacturing
is supposed to: focus their strategies on the Ulktyi to handle a wide range of
products, have small lots and working with a repurBble manufacturing system, in
order to obtain a quick answer system aiming aebetse of resources (especially the
more expensive), and a design to meet as soonszif@to the demands of various
customers.
The customization of production is also a key stgggtfor some companies, as some
differentiated products tend to have a good aceceptaf the consumer market. The
main goal of personalization is to make productd theet specifications imposed by
the client, compatible with the prices of produpteduced in large scale and thus the
company reaches a differential on its portfolio RTDRELLA & FOGLIATO, 2008).
The purpose of this paper is to present a layoahgé occurred in a multinational
company in the inner of Sdo Paulo State - Braamimpgaring the former results with
those obtained after these changes. The methodeisgy is the Case Study, with a
brief theoretical background about the types oblay

2. Layout

The layout of a production system is an importaninpto get good results in the
production and to serve the clients within the tispecified in the contract, and with
costs competitive to the market. To Rentes et28l07), a proper design of the layout
implies a reduction of movement of both operatetgh as parts and products. Canen
and Williamson (1998) point out that the producti@sources are of vital importance
for the company because, in most cases, are dgrtheir biggest and most expensive
asset, and the main reason for planning the lagbtiie productive sector is an interest
in reduce handling costs and unproductive time.

There are different types of physical arrangemanthe manufacturing system, Black
(1998) proposed five projects for manufacturingteys that can be identified as:
functional layout (job shop), production line laydflow shop), fixed position layout
(project shop), interconnected manufacturing qeltlular layout) and continuous flow
layout, the latter most commonly used for procesisasuse liquids, powders and gases



(continuous processes) rather than parts that rmgk@duct for example (intermittent
processes).

The functional layout (job shop) is characterizgdabkind of physical arrangement in
which all processes and equipment of the same aypepositioned in the same area.
Rentes et al (2007) points out that the physicargement of the process provides a
flexible production system to adapt to various pieid, and that this organization
requires machines cost less than a physical amagefor such product.

Martins and Laugeni (1998), apud Rentes et al (R08&fined the continuous flow
layout as the machines being placed accordingdoséiuence of operations that are
performed. There is not a different way of manufaofy because materials run into a
predetermined track within the manufacturing prec&®r the continuous flow layout,
Black (1998) mention the example of a transfer [aineducing an engine block, where
the lines produce large batches; any change to mrabdier similar component can take
hours or even days to accomplish.

For the fixed position layout (project shop), Slaakal (1995) says that the physical
positional arrangement is somewhat a contradictiorterms, since the resources
processed do not move resources between procebabisjust happens contrary: these
processes are characterized by the immobility ef itams in manufacturing. In the
fixed position layout, machines, workers go towatalsvork. As an example of this
item, we can mention bridges and highways in thema af construction; already in
manufacturing, we have ships, locomotives and glasean example.

The layout of interconnected manufacturing cells, as it is known, cellular
manufacturing, layout is composed of islands ofdpation where the physical
organization is assigned to a set of products timatergo specific operations. The
formation of cells, according to Conceicéo (2005)pne of the main events in the
design of a cellular manufacturing system. It imesl the grouping of parts into families
and grouping machines into manufacturing cells,oating to the very well known
Group Technology (GT). In this case, it is cleae thtention to obtain independent
manufacturing cells, ie, no part must be processaedore than one cell; if it occurs, it
generates a stream of intercellular exception.

In the last layout type, called continuous flowe firoduct flows physically through the
production line. This process is considered onéhefmost efficient, but is the least
flexible of all the manufacturing systems. It fall® a configuration given by the
sequence of processes, and it is the easier toobeotled. However, changes are
particularly difficult to be implemented.

3. Case Study

The project and the process of changing the lay@uée performed in a large company
located in the State of Sao Paulo - Brazil. Thimpany focuses on the automotive
industry, and is a leader in the manufacture off puenps for cars and flex fuel (ethanol
and gasoline), with an average production of tlmékBon units per year. The company
currently serves both the domestic market, as xtermal, extending its production to
also levy and sets for motorcycles.

Initially, it was investigated the initial layout iorder to visualize the defects contained
therein, and to identify issues to correct themthis step, it was identified that the
layout did not have a well-defined production flowwveating counter-flows. It was also
found an excessive movement of the operators, dnajurotations of the operators
trunk in 90 ° and 180 °, which contradicts somengiples of ergonomics in the
workplace.



Figure 1 shows as were the production lines L1A P before the changes. It may

be noted that the red line represents the flowanfspin the assembly; this proves to be
ill-defined, because there are crossovers and tamctes about the path being

followed.
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Figure 1: Schematic layout prior to the changes.

In this layout there was great difficulty in getjirsupplies of materials from the
warehouse, from outside suppliers, such as tagshevs, springs, filters, clamps, etc.
Other shortcomings were the counter-flow of mater@iscontinuous flow, and
problems with ergonomics for operators and excessigvement of the operators. This
was taken as the basis for the analysis of theduayout, trying to correct these flaws.
Since then, the company outlined some goals fologiem the new layout, which were
improving the production flow, bring the case te toncept Toyota Production System
(TPS), to improve the supply of components on tksembly line, reducing the
manufacturing time to increase the productive ciépat the system, ergonomics of the
operators, optimize the layout to reduce the anehta decrease the fixed asset. After
outlining the company's goals, were establishedjsads for this system to be deployed.
These goals were: Level of efficiency, ergonomiflew components, footprint
reduction, reduced cycle time and reduction ofdigssets of the company.

Was created, then the first draft layout, reducamgarea the size of 200m 2, but the
proposal was rejected because it generated a opthdt cuts through layout, which
was not appropriate (Figure 2).
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Figure 2: First draft layout rejected.

A second layout option was proposed, but also beaygcted. In this option was
eliminated the first corridor that had been proplpdmut were still difficulties for the

supply of components on the line, as this was mwe@an an indoor corridor between
the two production lines (Figure 3).
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Figure 3: Second draft layout rejected.

However, from this second draft appeared that whiak adopted: a simple reversal of
the supply of components, not by an internal coricdut by the corridors outside,
where normally there is already traffic of peophel @arucks, making this supply without
any need to go into the midst of production. Theppsal also brought a reduction of
20% of the total, which is, in present value terthg, amount of almost $ 100,000.00
(hundred thousand dollars) per month to reducelfie@st for the company. The flow
was well defined and organized, minimizing excesgiNsplacement of the operators
through the system of production. In figure 4,ahde noted that the new arrangement
of the physical layout facilitates the flow of pradion, and also that the area had been
reduced, not interfere with the layout of the newalgement, which ended up
increasing its production capacity.
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Figure 4: New physical arrangement of the layout.
3.1 Other improvements

In this optimization of the layout, some other imypEments were incorporated in the
workplace with the intention of reducing both theygical space such as the production
time. In a specific site for testing and assemblgich was done in three steps in three
different quarters, with a total of 2090 mm, it ggats now a single station with the
capacity to perform the three operations at theeséime, with only 60 mm size,
reducing this phase of the process in floor spaktame (changes in the workplace
have been eliminated and there is only one operatitoading and unloading of parts).
Figure 5 illustrates the job before the revisiond ashows the three stages of this
process.

Assembly

Figure 5: Photo of the job before the makeover.

Figure 6 shows how got the job after the revisithiat besides the small size of the
stand, also eliminated the excessive movementeobpierator, saving time and space.

Figure 6: Photo of the job after the makeover.



Another improvement that was implemented to redheesetup carts, which were used
to press a particular type of tube in a flange sTdperation requires a cart specific for
each product, or rather, for each customer. Thesis w total of nine setup carts,
requiring long downtime of the production line $wtt they make the change. It was
proposed the reduction of these setup carts, ditinig six of the nine existing carts.

With all this change in the production process, ¢chmpany's follow-up was during a
period between July 2007 and March 2009. In Figureare related the changes in
demand with production capacity of the system leeéord after the changes (the year of
2009 is a forecast). It is observed that the prodnaapacity increased and decreased
cycle time in the new production system.
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Figure 7: Evolution of demand versus capacity attliced production cycle time.

Reducing the cycle time of 22.6 s, at first for ,18dling more 3s in the third year, is
due to the alignment of production and the adjustnoé operators for new jobs. In
Figure 7, we could observe that in 2007 the demaasl greater than the productive
capacity of the system, causing delays in deligetoecustomers, following changes in
the layout; production capacity is again greatemtthe demand. The goal "level of
efficiency”, which can be understood as the prodigtof the system, was established
in 85% and was achieved in 2009 as shown in Fi§ure

Another goal outlined by the company regards t@eognics of workers. In figure 9 it
is noted that there was a reduction in sick ledyesack problems. Another item found
was absenteeism, which also had its rate reduoetffive cases in 2007 to about 1 case
in 2009.

For the flow of components, also defined as a gloalcompany, it was adopted the
pattern of flow from TPS, that defined the sizdai$ in multiples of eighty or divisors
of forty units.

The changes also adopted the system of two boa#edc'FIFO," which means "first
in, first out", ie, the first coming in, is the dirout. Another important fact is that was
adopted to reduce the raw material for productmajntaining a minimum inventory
for two hours of production only.
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Figure 8: Degree of efficiency established a ta8§8t
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Figure 9: Results due to the changes on Ergonomics.

For the flow of components, also defined as a gioalcompany, it was adopted the
pattern of flow from TPS, that defined the sizdai$ in multiples of eighty or divisors
of forty units.

The changes also adopted the system of two boa#edc'FIFO," which means "first
in, first out", ie, the first coming in, is the $irout. Another important fact is that was
adopted to reduce the raw material for productrmoajntaining a minimum inventory
for two hours of production only.



In reduction target area, the gain was 20% ofaked airea used, reducing the cost of the
production system in an expressive value. 1500tad tovea was reduced to 1200 mz2,
and yet, increasing the productive capacity ofgigem manufacturing company. An
important fact to remember is that the number oplegees eventually reduced because
some jobs decreased operating on the assemblalitodal of sixty-six employees were
reduced to forty-eight. The lead time is also apanant factor to be remembered; that
before were 250 seconds and reached 162 secordshafichanges in layout.

4. Final remarks

The layout has direct impacts on various sectoith@fcompany, reaching from stocks
to levels of productivity. To design and to makeamtpes to the layout in order to
eliminate waste, and excessive movements of theatps, reducing the area used and
optimize the process flow, improving the ergonomidsthe operators, are critical,
among others, for the process of improvement tlaatyncompanies aim.

The Toyota Production System, used as a foundétioall these changes, is a vital tool
for the survival of many companies, once this sys&ms at reducing any waste that
exists in the shop-floor. The companies are beecetbto continually optimize their
manufacturing systems, eliminating waste in theesysand increasing its production
capacity in order to reduce its cost. They mugtiepared for the competitive market.
Changing the layout can be considered an impoféator for continuous improvement
in pursuit of the ideal production system withowutste, with low cost, high capacity
with flexibility, in order to produce the widestrmge of products and to reach potential
customers.
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