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ABSTRACT

The aim of this research is to optimize the producprocess during the milling stage
in the Portuguese Moulds Industry (PMI) for plastigction, through the use of a new
form of milling (increased lateral and axial incremh of the tool) that contributes to the
sustainability of the company (energy saving, maefsaving hours) and to reducing
their environmental impact (reduction of carbonxdie emissions). Thus, the adoption
of a new milling strategy will contribute to thernpany’s competitiveness through the
optimized use of energy resources and skilled Igbas well as reducing carbon

dioxide emissions (C).

During the study, secondary information was analyire order to contextualize and

understand the PMI, in particular one of the stagfess production process — milling.

In this way, the study took place in a companyatéd in Marinha Grande (Portugal)
and focuses on the moulds produced by the sameagmp 2010. From a stratified

random probability sample, justified by the tonnagieersity of the moulds and by the
representativeness of the results, simulationsvofrhilling strategies were carried out
(a commonly used — conventional — and proposedtasable) in order to measure the
times resulting from simulations. Thus, from thetamhed results the comparative
analysis of figures relative to the man-machinerbpothe energy consumption and
carbon dioxide emissions (GQwas possible.

The results, obtained from the measurement of trelative to the two milling
simulations (conventional and sustainable), shosigaificant reduction in simulation
times (more than 2 months of useful work) whenrmapfior sustainable milling, which
is reflected in the man-machine hours requiredyggneonsumption and carbon dioxide
emissiongCQO,). Moreover, these immediate gains are accompdiyetthe possibility
of meeting the deadlines stipulated by clientsdpoing more moulds with the same
resources and reducing the environmental impactreasing the company’s
competitiveness and improving its image among $ialkiers. Thus, the optimization of
the milling process and the consequent reductiotinme used, is important for the
economic use of resources and energy, contribtitirtpe competitive potential of the

company and its environmental sustainability.
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PART |
The first part is constituted by the introductigustification of the relevance of the
topic, presentation of the research problem, chearaation of the PMI and the
literature review. Thus, it contextualizes the oyitiation of the production process in
PMI from a sustainable perspective which contrisuta the one hand, to the company
becoming more competitive (reducing the use ofedkilabour and energy) and, on the
other hand, contributes to preserving the envirorinh@ future generations (with the
decrease of energy consumption and the consegeéuattron in emissions of carbon
dioxide (CQ) to the atmosphere). Finally, the hypotheses #b &md outline — the

research model were defined.

1 Introduction

This thesis aims to contribute to the optimizatminthe production process in the
Portuguese Moulds Industry (PMI) for plastic injentby reducing the milling time in
machining the adjustment areas of cavities andscése@mportant to note that milling is
critical in the manufacturing process of the modiégause this is the most economical
method of material removal in defining the piec®metry. In this way, most of the
pieces pass through this section, so it is consttire "heart” of the production process

of the moulds industry.

In this context, a process of innovative/sustaigtalohilling when compared to the
commonly used/conventiorfamilling will be presented and the results obtairsd

simulation will be analysed.

In the sector of the moulds, the optimization ad groduction process is a particularly
relevant theme because rethinking the productioocgss not only increases the
competitiveness of enterprises through efficiemdcpsses, but also contributes to the
protection of the environment, from a sustainabégspective. Concerns about the
environmental impact of the activity contributeth@ sustainability of the company, as

it enables costs to be lowered and their relatipnsith the market to be improved.

! Sustainable milling, means the alternative proposed in this study whigtlies the differentiation of
finishes in the moulding area and in the adjustnmmte. In this type of milling, the increment axial
and/or radial depending on the finishing operatighincrease.

2 Conventional milling, means the one that currently takes place and vikicharacterized by the same
type of machining in the finishing area and in #gfustment zone.
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This research focuses on the analysis of differeathining strategies (conventional
and sustainable) and the measurement of their tilmesgh simulation. It is intended to
determine whether the cutting parameters influgheetime of production of moulds
with different tonnages and to verify that the pye@d machining strategy, known as
sustainable, reduces the company's costs andvisemental impact. It is intended,
through a process of simulation in software (usedaaaily basis in the company to
create programs), to measure the direct effectaawhining strategies simulated in the
productive times, and the indirect ones in the mmachine hours, in the energy

consumption and in the environment.

This study is divided into 3 parts. The first catsiof the introduction, justification of
the relevance of the topic, presentation of theaesh problem, the characterization of
the PMI and the literature review. Thus, it contedizes the optimization of the
production process of PMI from a sustainable peatspe that contributes, on the one
hand, to the company becoming more competitiveugied) the use of skilled labour
and energy) and, secondly, it contributes to pxasgrthe environment for future
generations (with the decrease of energy consumgimd consequent reduction in
emissions of carbon dioxide (G0 the atmospherelinally, the hypotheses to test

and outline the research model were defined.

In the second part, the construction process ofgkearch in all its different stages is
explained: the collection of information, type oésearch chosen, the intended
population, sample construction, characterizatibthe company where the study was
conducted, the variables and experimental and @ogtoups, gathering and defining
the cutting parameters, the model computer sinariatihe software used and, finally,

the internal and external validity of the study.

In the third part, the results relating to the tidiferences between conventional and
sustainable simulations (the simulation proposedhis dissertation) regarding the
process of milling and resources (human, energeticenvironmental) will be analysed
and discussed and the implications for academievigdge and management will be
discussed. The limitations of the study and suggestor future studies will also be set

out.
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2 Arguments supporting the relevance of the theme

Traditionally, economic development and environraknprotection appear as
irreconcilable elements. However, it is impossiltg to overlook the fact that, firstly,
the planet has a limited capacity as a provideesburces and, secondly, the population
growth and the changing of consumption patternse Had to the need for increased
production (Ferreira, 2010). According to Savit@@2) and th&Vorld Business Council
for Sustainable Developmefi#vBCSD, 2010J, in 2050, with the world population
approaching 9 billion, the resources of five planidte Earth will be required for the
people of China, India and Africa to consume resesirwith the same intensity as

Americans do today.

The UN (2011a) warned about the importance of tagc#ty of resources, considering
that this is the greatest challenge of the indaissector, since the scarcity of resources
is reflected in the costs of raw materials and gyeised during the production process.
What is proposed in this work is the optimizatiohtiee production process in the
milling sector in the Portuguese Moulds Industri( because companies that make
the best use of resources, improving their prodactirocesses, will be more efficient
and competitive and, of course, more sustainahlehit dissertation, it is intended to
show that the change of some procedures adoptegutalge Portuguese moulds sector
at an advantage, increasing its domestic and iati®mal competitiveness. According to
Young (2007) and El-Haggar (2007), companies pfadin sustainability, which is that
the efficiency of processes leads to a more swdtlencompany and, moreover,
improves its relationship with the market. In tb@ntext, the materials chosen for the
production of a well must be carefully selectedasdo minimize both the waste of raw
material and the environmental impacts avoidingssians of carbon dioxide (G for

example.

This paper focuses on the production process, the. point in time when the
transformation of the raw material (steel) in thelt(mould) occurs through the process
of milling. Thus a rethinking of the operationaliom of the production process is
proposed, as suggested by El-Haggar (2007), whestrceting the CNC program

(simulation tool pat), reducing machining times and, therefore, thesoamption of

%in UN, 2011a
* The tool path consists of several radial and axiatements which, as a whole, is designated CNC
program.
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human resources, energy, consumables, among otkdrde minimizing the
environmental impact. In this study it is intended,the same time, that the PMI
contributes to sustainable development and thenigstion of the production process
through the adoption of sustainable milling, cdniting to the reduction of production
costs and the environmental impact of the compang, improving their image and
their products (Young, 2007).

3 Problem Research

3.1 Objectives of the study

The objectives defined for this study are:

- to reduce machining times in the moulding zores/iy and core) in the finishing

stages of milling in the mould production process;

- to analyze the relationship between the typemitiing and respective times in the

finishing stages of the production process of tloeilil

- to develop and implement sustainable milling psscto save manpower, reduce

energy consumption and the emission of carbon de{CQ);
- to verify if the sustainable milling process less the environmental impact;
- to apply this study to moulds with different dinsgons (tonnage).

According to Malakooti and Deviprasad (1989) andnda Grieve and Broomhead
(1998), the optimization of cutting conditions (lm¢) should involve the maximization

of material removal in the roughing stage, to eaestire desired quality and the
predefined tolerance in the machined surface irstage of completion, thus it will be

possible to improve productivity, reduce machiniimges and increase tool life. In this
context, they fall under the objectives defined flois study, since it is intended to
reduce the time of milling, to improve economic guatitiveness and the company's

environmental impact.
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3.2 Research Questions

To fulfil the objectives of the research some alijuestions were asked:

- Does increasing the increment radial and axidhenmachining program contribute to

the optimization of the milling process?

- Does increasing the increment radial and axiathe machining program make it

possible to obtain better milling times during timshing phase?

- Can these changes in programming be used in moofddifferent dimensions

(tonnage)?

- Does using the sustainable milling make it pdssito reduce the costs of the

production process in companies of PMI?

- Does the use of sustainable milling reduce therenmental impact of the companies
of the PMI?

4  The Portuguese Moulds Industry (PMI)

4.1 Whatis a mould?

A mould is a container prototype that aims to paslan object with a specific shape.
Within the area of the moulds there are severassdiaations depending on the
technology used or the raw material to shape. Afingrto the first, moulds can be
classified according to the technology of injectimompression, transference, blow
moulding, thermoforming and rotational. According the second, moulds can be
classified in thermoplastic, thermoset, rubbersgland light alloys (Ferreira, 2001).

A simple steel mould (for thermoplastic injectioiagtic) consists of two parts: one
female (the cavity) and other male (the core) fitatogether. Once fitted there is a
space with a given and accurate thickness in wihielluid (raw material) is injected to

be moulded.

The moulds are manufactured for a variety of indestwith different levels of

complexity (they can range from automotive to agtioe). However, an individual
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mould is no more than a highly personalized toetyisig solely to produce pieces (in
small or large series) for which it was designeddfjues, 2002).

Depending on the complexity, the number of piecasject and the type of industry it

is intended for, among other factors, each mougldithierent requirements that directly
affect the method of construction, delivery timel aost. However, it demands a set of
geometric and dimensional conditions, that requekdled and precise equipment

(Ferreira, 2001).

4.2 Historical Evolution of the Portuguese Moulds Indusry

The origin of the Portuguese Moulds Industry fgeating plastic materials was the
creation of the first glass factory in Portugal {in19), built by king Jo&o V in Coina,
Lisbon, Portugal. However, it was only on Octob@r 1769, that the “Real Fabrica do
Vidro” (Royal Glass Factory), now known as “Fabriescola Irmaos Stephens” (FEIS
— Stephens Brothers Factory School) (Ferreira, 2@®ddrigues, 2002), began its
activity in Marinha Grande (Portugal), becoming exdil in the development of
workers' skills that would be later used in the fdondustry (Rodrigues, 2002). Indeed,
the history of the PMI is closely linked to the Rguese Glass Industry (Rodrigues,
2002), not only because the second was the preacofgbe first, but also because the
former produced moulds intended for the glass itigulowing “the development of a
skilled workforce, as well as competences and feahnapabilities that were essential

for the production of moulds for plastiRodrigues, 2002:93).

The appearance of the first plastics factory intiy@a (1935) brought a new
opportunity for development of the sector thataddition to serving the glass industry,
began to produce moulds for bakelite (an earlytigl@saterial used in the production of
caps and other simple plastic pieces) (Ferreir®1R0Anibal H. Abrantes and his
brother started the production of moulds for thenpressed plastics industry with its
first unit (mould) in 1937 (Rodrigues, 2002).

Although World War Il (1939-1945) affected the puotion of moulds for both
industrial centres in Portugal (Marinha Grande @tigleira de Azeméis) (Beira, 2007),

it was in 1944 that Anibal H. Abrantes created mpany dedicated exclusively to the
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production of moulds for the plastics industryaiprecursor of what would be the PMI
for plastic (Rodrigues, 2002).

In 1946 a new type of plastic, the thermoplastighith has as its key feature the
change of physical and mechanical properties sushemperaturé (Ferreira, 2001)
emerged. That same year, Santos & Abrantes, irefddivde Azeméis produced the first
mould for thermoplastic injection (Cefamol, 199%his new technique for producing
plastic parts revolutionized the market for theduction and marketing of plastic parts
(Ferreira, 2001) at all levels. The specificity thle sector enabled the specialized
training and qualification of employees, who undektand created their own company,
to take place thus contributing to the growth aegieopment of the PMI (Rodrigues,
2002). Currently some of these companies, whosenatand international reputation
is unquestionable (Rodrigues, 2002) still existhaged by people who have learned
the art of “working the steel“. That is the reasehy the company of Anibal H.
Abrantes was considered the “university” of the RMthe sector of moulds for plastic

injection (Rodrigues, 2002).

In 1954 the industry underwent another transforomaticaused by the
internationalization of sales. The first countrieere the United Kingdom and the
United States of America, followed by others worildiev (Rodrigues, 2002). At that
time the entire production was exported and thisaeted new foreign customers,
enhancing the sector's growth again with the enmeeyeof new intermediaries,
companies, suppliers, and other agents. The higburoption which was felt in the 50s
potentiate the growth of the sector, with Marinheaggle (Leiria) and Oliveira de
Azeméis (Aveiro) remaining as strong centres sgndgaveral industries: automobile,

aerospace, electronics, home appliances and togrifRes, 2002).

In 1980, the country was exporting to over 50 coast with 64 companies, employing
a total of 2000 people in Marinha Grande and Olaveie Azeméis (Cefamol, 1996). In
1983, the innovative and visionary company, Anibal Abrantes, vas the first
European company in this sector to install the GAGAM technology, computerized
systems used in project design and produtti@iferreira, 2001:20). Effectively,

Portuguese companies are among the main usersngiuter assisted technology in the

® CAD — Computer Aided Design
® CAM — Computer Aided Manufacturing
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design and manufacture of metal moulds for plasiiection (CAD / CAE / CAM),
which, according to Rodrigues (2002), enables thmpetitiveness of companies to
increase by reducing delivery times and reducedscdmit without jeopardizing the

quality of the product.

Since then, all, the PMI has invested heavily smiiodernization, in order to be updated
both technologically, as in research and developnaanRui Tocha, general manager of
Centimfe (Tochan Jornal Regido de Leiria, 2012) stated@hé industry is doing two
things: it is investing in enhancing the currentising capacity and is already

positioning itself to enter new supply chains, itee new technological niches

4.3 Growth and Characterization of the Portuguese Mould Industry

Data provided by Cefamol (2011) indicate that id@Qhe Portuguese Moulds Industry
comprised 532 companies, with a size of SMEs, dedicated & dbnception,
development and manufacture of moulds and spewtds,twith a geographic bipolar
distribution between Marinha Grande and Oliveira Aeeméis (Cefamol, 2011:2),
employing 8250 collaborators to date. However, shbsistence of the sector has not

been linear and its growth process reflects thisero

After continued growth in the decades 40-70 (Radrgg 2002), the industry reached a
peak of growth in the 80s, considered the best ievdre PMI (that which was related
to the entry of Portugal in the European Union)ycsi then there has been an
exponential increase in the manufacture of mouté#ped by the rapid growth of the
international “plastics market”, making it diffidulor the PMI to respond to all orders

as supply could not satisfy demand (Rodrigues, 002

In the 90s the industry started slowing down résglfrom increased competition, the
economic crisis of the early years and the higkrett rates (O Molde n°20 e n°21,
1993). In the 2000s this trend has accentuatedjngdo an unprecedented stagnation
in the industry (Rodrigues, 2002). It is not apsige that there was, until 2010, a slight
decrease in business creation and employabilityhénsector which, to date, has been
seen as an example of the domestic industry (O &a?dB9, 2011; Cefamol, 2011).

" CAE — Computer Assisted Engineering
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The way the PMI meets the demands of its custooeargustify the fact that about 90%
of production is for export (see Figure 1), sines tsector has staff with expertise and
appropriate technology to meet the needs of thdse seek the Portuguese Industry,
which has enabled it to survive the hardships. Adiog to Vieira (2007:55)

“the success of the national mould industry is dumagrily to the following:

- A very good international image,;

- High capacity to adapt to technological and marttevelopments;

- Sensitivity to innovation and modernization;

- High production capacity, using new technologies;

- Human resources with strong empirical experiehce.
Vieira (2007) adds that to maintain export levéig, industry will have to strive to use
updated technology and the modernization of exjstiachines,

"Only in that way will the sector be able to answer

- The needs of the industry’s customers (increadgisigingent);

- The proper management and production planningréspond to delivery in

less time while providing competitive prices);

- Monitoring and improving the quality of its proeis and services (through

investment in training, which is essential for treation of these elements of

competitiveness in key international market@)ieira, 2007:55-56).

The report of the AICEP (Agency for Investment dporeign Trade of Portugal),
published in 2012 (see Table 1), shows that irptreod 2005-2009 Portugal remained,
on average, in fprIace worldwide, with a mean increase of expoft8%, which, in
global terms is not significant, since, in 2009jr@hand Japan had results for exports of
13,99% and 11,47%, respectively.

Table 1 — Position and share of Portugal in woxigogts of the sector

Posigao e Quota de Portugal nas Exportagoes Mundiais do Sector

— principais exportadores
Posigdo = m = 0 3 mundiais de moldes. com quotas
Quota [>£) 294 313 288 3.29 356 de 13,9922 e T, 4732,

Source: AICEP (2012)
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Although in international terms Portugal does retéha clearly expressive position, the
PMI is important for the national economy, becatls® data corresponding to 2011
provided by the Portugal Bank (2012) show thageneral, Portugal had a decrease in
exports of 0,9 percentage points 2010 (16%) forl2d5b,1%). However, in the mould
industry, there was an increase in exports of atdilb? in 2011 to different countries:
Brazil (80%), Poland (50%), France (50%) and Sgaif?o) (Jornal Regido de Leiria,
online edition April 30, 2012), which, as Jodo Raus Cefamol president, told the
Jornal Regido de Leiria (online edition April 3M12), is due tod gradual return of
customers who had relocated to Asia" and "who ateming, scared away by the level
of quality problems, maintenance costs during thedpction process and issues of
confidentiality agreemeritslt is also important to note that the mouldsteecs divided
into two geographical areas (Marinha Grande ande®d de Azeméis), playing an
important role in the local economy and employmkvels of those regions, as
indicated above, although these declined in 2010M@de n.° 89, 2011; Cefamol,
2011).

In the first decade of this century, there was ereBse in business creation, but as
already mentioned, the moulds sector has resisedral adversities of the markets,
maintaining an average export of about 90% in teeade from 2000 to 2010 and,
according to Cefamol (2011), the trade balancée@ntoulds sector in the last decade in
Portugal, has grown significantly in terms of expdrom 234,23 million euros (2000)
to 259,2 million euros (2009).

The report of the AICEP (2012) presents the vabfethe export sector of the PMI in
2006-2010 (see Figure 1). It is observed that ttpoe values are always well above
the imports, although this has increased. Thesa datroborate those presented by
Cefamol (2011) for the year 2010, when the PMI widoéve a production volume of
350 million euros, of which 90% would result in ex{s, which amounts to 318 million

euros.
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Millions of Euros

-50.000 Var % Var %b
ar 7a ar %
2006 2007 2008 2009 2010 06/10 09/10
W Export |361.148 | 317.637 | 414.537 | 367.298 | 317.804 -1,6 -13,5
B Import | 54.761 | 51.103 | 71.563 | 65.847 | 69.170 7,6 5,0
Balance | 306.387 | 266.534 | 342.974 | 301.451 | 248.634 -3,5 -17,5

Figure 1 — Trade balance in the sector between-2006

(units - millions of euros)
Source: AICEP (2012)

The predominance of exports (about 90% of natipnadluction) (see Table 2) protects
the sector in the Portuguese economy, but makeghty vulnerable to the economic
situation of the client countries. However, thenmamercial diversity (client businesses
are from different branches) and the diversityairdries (80 countries) helps lower the

risk to which the sector is exposed.

With the high specialization of the sector, manyrddaes use the services of the PMI to
obtain high quality products. Table 2 shows thathef total exports, 80% were to the
European economic area, which highlights the falhgwcountries: Germany (27,97%
corresponding to 88,893 million euros), Spain (46¢corresponding to 53,836 million
euros), France (13,53% corresponding to 42,985amikuros) and the Czech Republic

(3,99% corresponding to 12,667 million euros).
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Table 2 — Main destinations of Portuguese mould)it0

(units in millions of euros and percentage)

Main Clients of the Sector 2010
Millions of Euros| %
Germany 88.893 27,97
Spain 53.836 16,94
France 42.985 13,53
The Czech Republic 12.667 3,99
Mexico 11.710 3,68
The United States of America 11.669 3,67
The United Kingdom 10.964 3,46
Argentina 9.681 3,05
Poland 8.741 2,7%
Brazil 8.030 2,53
Switzerland 8.003 2,52
Belgium 5.673 1,79
Holland 5.381 1,69
Russia 5.380 1,69
Slovakia 4.004 1,26
Others 30.188 9,50

Source: AICEP (2012)

Despite the diversity of customer industries, irgufe 2 the importance of the
automotive industry for the PMI, representing 72%ite total production (compared
with 14% in 1991 (Cefamol, 1996)) is evident, clgavutperforming the of home
appliances industries (6%) and packaging (5%), @mathers, which reveals some
vulnerability in Portuguese moulds production (78%&xports in 2010 was assigned to

the automobile industry) (Cefamol, 1996).
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Figure 2 — Main client industries in 2010

Source: Cefamol (2011)

Joaquim Menezes (president of the Iberomoldes grsajal in an interview to Invest
Magazine (2011), that from April/May 2011 (whichiensified in the summer months),
Portuguese companies of moulds for plastic injecterified an increase in orders from
customers in Europe, including the automotive inguislespite being theséctor where
there has been a retraction in the previous threary (Invest, 2011:10), a fact
corroborated by businessman Leonel Costa in th@amiae. The acquisition of new
customers and the return of others, leads the metieur Joaquim Meneses (Invest,
2011:10) to state thatristalled capacity to meet deadliries complicated because the
industry reveals some difficulty in satisfying dama In addition to the automotive
sector, also the electronics, electric, medical phdrmaceutical industries are also
ordering moulds for new products (Joaquim Mene2€4,1; Leonel Costa, 201ih
Invest, 2011:10).

Moreover, along with the changes and transformationthe markets, companies are
now in a transition phase (the transition managén@nthe next-generation family,

except for rare exceptions) (Cefamol, 2011), whattbws the industry to rely on a new
generation of better prepared managers, with isextand better knowledge, critical to
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the fierce competitiveness of the current markags)lustrated by the results presented
for exports by China and Japan in 2009 (see Tabl&3199% and 11,47%, respectively
(AICEP, 2012).

5 LITERATURE REVIEW
This section of the dissertation will focus on timdling process of the PMI and its
optimization from a sustainable perspective, whieiplies the clarification of the

concepts of optimization, sustainable developmedtsastainable companies.

5.1 Sustainable Development

The concept of sustainable development first aggokar the Brundtland Report of the
UN in 1987 (UN, 1991):

“The development involves a progressive transfoomatf economy and
society, by which “Sustainable development is a development that ntleets
needs of the present without compromising the tgbof future generations to
meet their own neetiBrundtland Report, 1991:46).

However, what is sustainable development, thatoisdy, that which can actively
contribute to social transformation that does nmangromise future generations and
meets the needs of the current, is envisaged fardift ways by different authors, in
spite of the fact that they all consider the ecompranvironmental and social axes.
Thus, Hoffman and Bazerman (2008) focused on tleeeffcciency, corporate social
responsibility, transparency and inclusion. Perg{2@09) argues that sustainable
development depends on the dynamic balance betwreerihree pillars of wealth
generation, environmental protection and socialusion. Loures (200§)emphasizes
the previous idea by stating that the defence sfasnable development is the defence
of human societies and, in particular, of the orgations that depend on the processing

mode, for example, how to organize production psses.

% in Vasconcelos e Filho (2009)
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Ferreira (2010) used an inquiry based on anothistieg one elaborated by “Boston
Consulting Group” and the “MIT Sloan” in order tetter understand the connection of
sustainability to the formulation of business sgas. This survey was conducted using
350 individuals working in different sectors such education, industry, services,
among others. For this, Ferreira (2010) consid@réahportant to know what people
linked to a particular occupational field mean ligtainability. Their study supports its
conclusion that sustainability is a concept thategates some disagreement over its
definition, because the concept chosen by the regpbndents (48%) was presented in
the Brundtland Report (1991:46), probably becatige a broader and more popular
perspective. The other responses associated theemonnly with its environmental
aspect, others with the maintenance and finanddlility of a business, excluding the

environmental and social aspects, which shows tsapaiew of the concept.

Ferreira (2010) argues that sustainable developrivertives the creation of new
solutions for problems and the implications of tfasm of development (long-term
perspective, savings, optimization and efficiermoperation and interdependence) are
transversal to any area. However, he warns thatrésestance to change and the
dependence on the leadership can hamper the implatiom of sustainable measures
(reducing waste, improving energy efficiency sauos, “"clean” energy, reduction or

elimination of emissions of greenhouse gases, arotmgs).

In this framework, the author considers sustainatdvelopment to mean the
implications in costs reduction and the environrakmmpact of companies that derive
from new solutions adopted in the production precasad, ultimately, aim not to
compromise the present and future generations degathe availability of natural
resources, since the United Nations (2011a) ineltccat¢source scarcity as the challenge
of the century.

5.1.1 The sustainability of the company
Ferreira (2010) states that the adoption of sahgtithat contribute to the sustainability
implies a long-term perspective, optimization antficency, cooperation and
interdependence which enables savings to be madm this perspective, optimizing

the production process at the stage of milling iegpthe adoption of new solutions that
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contribute to business efficiency and saving resesjrmaking sustainability an ally of

competitiveness.

Effectively, sustainability will prove to be crutim the medium and long term for the
competitiveness (Young, 2007; Ferreira, 2010) awodnpanies that can develop
strategies to address the shortage of resourcesgfgermanpower, consumables, etc.)

will gain in competitiveness (Epstein, 2008; ONO12Db).

Sustainability improves the company's image andsc@&sluction, giving a competitive
advantage, because sustainable organizations @se that adopt strategies that make
them economically viable and competitive caring tfog environment and contributing
to the development of the region/country in whibkyt operate (Almeida, 2002; Leal,
2009Y. Thus, sustainability is a business opportunityd amt an obstacle to
development (Ferreira, 2010), because it activelytrdoutes to the transformation of
business and its competitive advantage.

Gomes (2009), in a case study in Corticeira Amoriterviewed five managers of the
organizatio’ and concludes that because of the uniquenessg abthpany's managers,
they understand sustainability as an intrinsic abti@ristic of the development of the
company. According to the general director of Am@irmaos, sustainability has
brought the company gains in themdrket share, innovation, differentiation,
operational efficiency with energy savings thateally exceed half a million Euros

(Gomes, 2009:71), a fact that, in 2009, allowedcttrapany to bedistinguished by the

Program Motor Challenge (from the European Comroisgifor improving energy

efficiency (Gomes, 2009:72).

From interviews conducted with managers, it alsaleuscores the relationship of
sustainability with the globalization of businessice these issuesalfeady had

relevance in markets such as Australia, USA ancersttbefore being debated in
Portugal’ (Gomes, 2009:70), and in terms of the market,rigeustomers looking for
your products because they are sustainable, whigy tconsider "a factor to
differentiate the company from their competitor&b(nes, 2009:71), that

% in Menezes et al, 2010

10 “Jorge Peixoto, general manager of Amorim Florestal; Vitor Ribeiro, general manager of Amorim &
Irmdos; Jorge Santos, general manager of Amorim Revestimentos; Paulo Oliveira, general manager of
Amorim Cork Composites and Paulo Bessa, manager for Corporate Sustainable Development of
Corticeira Amorim, S.G.P.S., S.A.” Gomes (2009:44)

Pagina | 16



“happens mainly by improving the image in termsrotipcts and the level of
credibility and professionalism of the company thalp sustain the business'
and reinforce the 'institutional and internationatcognition' of Corticeira
Amorim" (Gomes, 2009:71).

In this sense, Ferreira (2010) also concludesthi®ae is an urgent need to develop and
implement sustainable practices, whose benefite hepercussiongtimarily in terms
of improving the corporate image, but also in costgluction, in the competitive

advantage acquired or in the innovation of the bass modél(Ferreira, 2010:99).

In the specific case of the PMI, it is important note that the industry has to be
mobilized in order to help the customers, with thetroduction of new ecological
models in the marke{O Molde n.° 89, 2011) and, as El-Haggar (200djisa these
"new ecological modélsnay go through new technologies (equipment), fams of
machining (such as sustainable milling), or evew meore environmentally friendly
injection materials. The fact that the sustaingbilcontributes to improving the
company's image among customers, which, besideg laecompetitive advantage, can
contribute to the internationalization of companigomes, 2009), is particularly
important in an industry with such a high emphasigxports as moulds.

5.2 A sustainable company

According to the above, the development of suskdéngoractices, such as the
optimization of milling process, are fundamentaltiie company's competitiveness. A
sustainable company (see Figure 3) is an eco-@ffidcompany, which reaches higher
production levels with less use of resources anslefenegative impacts on the
environment (Melo, 2006; Oliveira, 2008).
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Figure 3 — Concept of sustainable company

Source: Oliveira, 2008:18

Ecoefficiency promotes the production of wealthotlgh the use of fewer resources,
making it an indispensable tool for sustainable eltggment. The concept was
originated in 1992 by Stephan Schmidheiny, and,gémeral terms, argues that
economic growth and environmental protection are aamflicting goals and that the
industry does not have to be necessarily part efpitoblem (Oliveira, 2008), as eco-
efficiency permits reconciliation of production ieféncy, cost reduction and the

sustainable use of resources (Lins and Wajnbe@ji*90

Jorge (2011) conducted a case study on the compapprdo S.A. about water
consumption in the production process of wine, irtgga to the company, since water
Is a “structural and strategic natural resource, being assential factor for the
company’s economic developniefdorge, 2011:1). As water is a strategic resoarue

structural for the wine production process, soléctecity to the PMI. Therefore the

1in Menezes et al, 2010

Pagina | 18



study was considered important due to the fact thawas implemented in the
productive context in Espordo S.A..

Jorge (2011) found that in the period 2003-2008,rdtios of water consumption in the
production process and the amount of litres of wineduced in the firm had a mean
value of 3 points per litre of water consumed vtsed of wine produced, a long way

from the 0.75 produced in France and lItaly.

Thus, the study aims to identify at which time loé fproduction process it is possible to
reduce water consumption, so as to be able to astmmfficient solutions to improve
the company's competitiveness and the developnfeptocesses that have mitigated
environmental impacts. After identifying the acties (20% of the total) in which 80%
of the water consumed was used some changes prdbess of sterilizing bottles were
suggested, in terms of the times of activities aqdipment used, for example, and the

results were measures after this.

The analysis of the ratios of water consumptionler of wine produced reveals that
there was a decrease in consumption for the p&d0@&-2009, despite not reaching the

values presented by other countries, as has alt@sely mentioned.

According to Jorge (2011:8) it can be concludedt that only is it critical to
acknowledge water consumption as an important fafcto the sustainability of the
company, as well as reducing these consumptiortguse bperations and processes
efficiency are important for the economic and eowmental sustainability of businéss
whereby Espordo S.A. will adopt the same methodofogenergy consumption during

the production process, in order to make it mofieieft.

It is important to note that the study by Jorgel®0Oon the Espordo S.A. involved the
detection of gaps in the production process andi#veloping of strategies to minimize
labour costs by reducing the water consumption¢lvbbntributed to the economic and
environmental sustainability of the company. Instlsequence, the study of this
dissertation intends to examine how far the optatitn of the production process, by
the use of a sustainable milling process, allows Wmworkforce available to be
restabilised and the energy consumption to be emjucontributing to the economic

and environmental sustainability of the company.
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5.3 The concept of optimization

Mathematically, the concept of optimization reféssthe study of problems in which
one seeks the extreme (minimum or maximum) of &tfan, by systematic choice of

the values of real or integer variables, (RavindRegsdell e Reklaitis, 2006).

Thus, the mathematically-minded consider that ip @ptimization problem, there are
two general questions (static and dynamic) thateh@vbe asked and consequently

answered, namely:
- How can it be stated that the point X is the myali solution? (static question);

- If X is not the optimal solution, then what isfyfamic question). (Ravindraat al,
2006).

Sun e Yuan (2006) state that from the exploitabbtheoretical possibilities, intended
to restructure a certain "problem”, the best pdssiecision under real conditions must
be looked for in order to obtain the highest pdssijaeld, by creating the most
favourable conditions for the solution that, amaigpossible solutions, leads to the

most satisfactory results.

In this study, a sustainable milling is proposedchthappens by finding an alternative
to the current "point X" (dynamic question), thatto say, reducing machining times

without decreasing the quality of the final prod(rabulding zone).

5.4 The production process of the Portuguese Moulds Ingtry

The study of this dissertation will be in the sewctbf the milling, during the execution

of the core and the cavity of the mould. Milling @me of the mould machining

operations, using tools with multiple cutting edgesposed regularly around a rotation
axis (Sun e Yuan, 2006).

In the PMI, milling is considered the 'heart' ok tproduction process of the mould
industry, because most of the pieces pass thrdugltséction. As Weinert, Enselmann
and Friedhoff (1997:325) statedh& fastest and most economical way to produce

moulds is the direct process of milling comparedhi® technology of erositnin this
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follow-up, optimizing the production process atsttstage, allows the company to

increase competitiveness and profitability.

Figure 4 allows us to better understand the praoiigtirocess of the mould and the
location of the stage of milling. It can be verdfithat the sections are closely linked,
either in a sequential relationship, or in a patahe. Only effective coordination from
the specificity of the mould and the company sttt particularly in the production

sector, allows positive results to be achieved.

For Sonmezt al (1999), production time consists of the preparatibthe machine, its
loading and unloading, the adjustment process haddapid advances, machining and

tool change.

This study focuses on the optimization phase ofrfiléng by adjusting the cutting
parameters (axial and radial increment of the tookhe adjusting areas of the mould
cavities and cores, to reduce the simulation tigieker (1991} states thatftr a more
economical machining, one of the most importantrqueisites is to have optimal
cutting condition& The cutting parameters will be collected fronrigas sources: the
software used, programmers and developers who witihkCNC tecnology. This factor
is important because each piece has a differenngy, which implies that all these
cutting parameters have to be adjusted to the geprtee be machined (Park e Kim,
1998; Hatnaet al, 1998).

Efficient cutting parameters in milling have beemprablem for almost a century and
now, more than ever, the optimum parameters folingiremain a major concern for
the production phase, having a great need to opgithiem for their high importance in
today's world of manufacturing (Tolouei-Rad e Biddlie (1996), Cefamol (1996),
directly influencing the production times (base tbfs investigation). The cutting

parameters to specify this study will be:
- axial increment (tool’s displacement in Z, bydés) (ap);

- radial increment (lateral displacement of thd)t¢ae).

'2 in Weinert, Enselmann and Friedhoff (1997:325)
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Using the two factors presented above, it is ptss$doget the parameters used in CNC
and, as Agapiou (1992) defends, there are threedafuental parameters for the

optimization of machining in CNC machine tools. $Sagarameters are:
- maximum rotation (S) possible;
- minimal (in the tool to steel approximation) amdximum feed rate (F) (cut) possible;

- maximum (possible) axial (ap)/radial (ae) incretnef the cutter at the moment of the

cut.

A fundamental problem observed in the application tlee cutting parameters
recommended by the manufacturers is the differéet@een the conditions that result
in laboratory and real working conditions. Testidacted by the tool vendors are
performed under optimal conditions and are inadequa relation to the reality of
manufacturing moulds, that is to say, the tests @amied out in a controlled
environment (constant temperature), with adequaigenent for the tool, for example,
while the temperature in firms is not constant @nsl often necessary to adapt the tools
available in the market to the machinery of the pany. Consequently, CNC
programmers and operators have to lower the recomeuecutting parameters values,
adapting them to the conditions of the equipmertlstand accessories, among others.
According to Adamczyk (2004), the choice of thetiogt parameters determines the test
results of tools used in production, which can keywsimilar to the 'real' (machining
conditions), and various criteria such as tool wesaat specifications of the process of

machining should be taken into account.

The Tekniker IK4 Research Aliang2008) conducted a study in order to compare the
conventional machining times, with the high spead high performance machining,
resorting to changing the cutting parameters ussdjs shown in Figure 5. What
distinguishes the three types of machining is tnérg speed which ultimately enables
an improvement to be made in the final times. kangple, the high speed milling has a

shear rate of 5 to 10 times higher than the comweait milling for the same material.
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Figure 5 — Cutting parameters of conventional maoki high-speed machining and
high performance machining

SourceTekniker(2008)

However, between the high-speed machining anditfegerformance machining other
differences are listed besides the previously meetl cutting parameters (see Table 3)

that may influence machining times.
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Table 3 — Differences between the high-speed maghand high performance
machining

High-speed machining High performance

machining
Maanitude range Higher yield Chip volume per unit time
9 9 (cm¥min.) (cm¥min.)

Milling volumetric 2D
Determining factors ap, ae,
fz

Milling volumetric 3D

Programmin
9 9 Complex surfaces

3D milling capability
High forward speed,
dynamic, damping
"lightweight construction”

2D milling capability
High shear, high couple,
rigidity and ruggedness

Machine capacity

Reduced volume of chips
Filings/chips Thin floating and needle- | High volume of chips
shaped chips

Aerospace sector
Construction of moulds
and roughing tools

Flat pieces and boards
Boxes and cubic pieces
Aluminium parts in serie

Printing and finishing
Mould construction and
Areas of application finishing tools

Milling roughing
Thin-walled structures

SourceTekniker(2008)

In the high performance machining significant imgments are achieved, because the
volume of material removed increases dramaticalty we increase of cutting speed,
which is translated in the tool advance (mm/iiinDespite the high rate of material
removal, the cutting forces applied on steel, tgiothe tool, decrease dramatically, as
the increment (axial and radial) is also less. $mmeously, the machined surface
quality is improved. As with any technique there atso less favourable aspects, as is
the case of the tool life cycle, which decreaseth e increase of cutting speed,

therefore being subjected to greater wear (see¢&gu

B mm/min (mm per minute) is the unit of measurement of tool advance
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SourceTekniker(2008)

Thus, Teknikermeasured the times of attainment of different apens, using the three
forms of machining presented above (Table 4) amdloded that the machining of high
performance allows for a reduction of time in thidey of 80% when compared to the

conventional one.

Table 4 — Measurement of machining timeBeknikerstudy (2008)

Conventional High-speed High performance
machining machining machining
Machine roughing 58 min 20 min 11 min
Machining reroughing 28 min 26 min 26 min
Machining of prefinished| 5 H 30 min 5 H 30 min 183 m
Termination of rays 11 min 11 min 3 min
Finishing plans 1 H 20 min 1 H 20 min 47 min
Finishing bi-tangency 24 min 24 min 10 min
TOTAL 8 H 46 min 8 H 11 min 1 H 50 min
SourceTekniker(2008)
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5.5 The optimization of the production process in the Brtuguese Moulds
Industry

The organization of the production process is iasiggly important because, currently,
customers require increasingly shorter deliverydtiras. Thus, it is necessary to reduce
the production time, since this can influence tbmpliance with deadlines for moulds

delivery.

To achieve this goal, the company can adopt twategres: investing in more
equipment or, on the other hand, making betteraisthe resources available in the
company. Mukherje e Ray (2005:18) said in one sfdrticles thatthere is not only a
single method for optimizing the process of metittiey’, therefore, in this study, the
option was a sustainable strategy milling which liegp changing the cutting

parameters.

The objective is to observe, modify and measurediimn one phase of the production
process of the mould in order to make it more pabfe, not for investment, but by
adopting new ways of execution: changing the makgiprocess, without altering the
final finishing state of the molding zone piece/lvallow the asset of the finishing

quality, the feature of the PMI, to be maintaineilesreducing resource consumption,
namely energy. Thus, it is important to identifg thnajor problems in the accuracy of
machining which, according to Weinert, Enselmannd &mniedhoff (1997:325) have

“poor reliability in the process due to the varialyilbetween the cutting conditions
especially in the prefinished stage; the cuttingés cause bending of the tool which in

turn give rise to slight deviations causing impetiiens in the milled surfate

To solve the problems identified, Weinert, Enselmand Friedhoff (1997:325)
presented as solutionsadjustment of the cutting speed with the rotatising

appropriate softwareand the possibility of Eompensating for deviation/flexion of the
tool and tool compensatidbnThus, the part used in the simulation (see Fagudj

conducted by Weinert, Enselmann and Friedhoff (3¥83) “consists of surfaces with
high degrees of tilt, and flat areas. The toolsdusere spherical and flat cutters. The
machining was performed using software (not spegtjfithat creates optimized

toolpaths.
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In the analysis of Figure 7, it can be observedih@ description, that differences
between the 3D drawing (image B) and the machiretl fTmage A) were obtained.

These disparities are due to the fact that toolefein contact with the steel (while
milling) causing wear, which causes small, but,rgabmetrical changes (which do not
exist in the 3D drawing), either by excess or biederelative to the nominal value of

the three-dimensional model.

Milled workpiece CMM-measured
contour-faults

,f:"fﬂv‘\. -

values of contour- — 0 - 0.01mm [l 0.02-0.03mm
faul oy |
s £ 001-002mm W 0.03-c04mm

Figure 7 — Piece used by Weinert, Enselmann e kof€d1997) for simulations
containing the deviations caused by the tool dfterexperiment

Source: Weinert, Enselmann e Friedhoff (1997:326)

Machining conditions used by Weinert, Enselmann &neédhoff (1997:326) were
“performed at ambient temperature, steel with hasdnesed in moulds (1600 N/Am
and machined directly on the steel with technoltmgyhigh-speed machining (HSC —
High Speed Cutting) The results obtained by Weinert, Enselmann anedRoff
(1997) in machining regarding the 3D geometry iaticthat the optimum result is
between 0,02 and 0,04 mm deviation, this indicthie$ the tool is subject to cutting
forces which cause its bending, resulting in asarmetimes by excess, sometimes by
default. The authors further argue that to achsatesfactory results in terms of surface
finishing machined (values comprised between 0,021 ®,04 mm), the ratio
height/diameter of the tool can not exceed the evd&lu as by using high tools (for
profound machinations) the results of the surfagisting are less satisfactory. In this

sense it appears that a height/diameter tool dafierent from 5 has to be used.
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The ability to optimize the human resources alltlaes company to benefit, as well as
its client, which will be satisfied with meeting atllines (increased competitiveness)
and the producer makes the most of the resourceshefcompany. Improved

management of some resources, particularly manosk wnd energy, will allow the

mould that the customer wants to be delivered, witbwer production cost due to the
efficient organization of the production processjexrease in execution time of the
work and improved efficiency of energy consumptiamong other factors. According
to El-Haggar (2007), by reducing the productiontgoshe company can keep the
selling price of the mould, manage to increase @tieantage generated by this and
simultaneously reduce the environmental impacthef organization by minimizing

various consumptions (such as energy and consug)akle the other hand, a service
which until now could not be offered may be incldde the mould, i.e., a greater
reduction in delivery time maintaining the qualignd increasing economic and
environmental sustainability. These transformatiaffect the increase in suppliers,
employees and customers' satisfaction, a bettarogmental and social performance

and increasing income (Epstein, 2008).

The energy consumption and its impact on productosts are a challenge for
companies and, in the following context, to redpoeduction times, it is particularly

relevant since it directly influences the costloé product and energy consumption by
the company. It is also important to note that teéduction in energy consumption

allows for a direct reduction in the emission aft@a dioxide (CQ).

On January 26, 2012, NIE showed the industriallte$or 2010 concerning the level of
energy consumed in manufacturing, which includes RPMI. As shown in Figure 8,
there was a general decrease in the productiomrbion dioxide (C@) in the period
2006-20009.
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Figure 8 — Emission of carbon dioxide (§@ manufacturing

Source: NIS, report Environment Statistics 201®lighed in 2012 (NIS, 2012)

In line with the request made internationally bg tiN (2011a) relating to scarcity of
natural resources, the National Strategy for EndifdifE 2020) aims to promote

energy efficiency, consolidating the objective alisg 20% of the final energy
consumption in 202QNIS, 2012:25). The optimization of the productiprocess in the
moulds industry allows companies to contributentergy efficiency, allowing not only
“the reduction of emissions by the energy séctMIS, 2012:25), but also
“environmental sustainability of the energy settfMIS, 2012:25) and increasing

environmental and financial sustainability of PMI.

It is pertinent to note that, according to the N2812), during the period 2006-2009,
industry (in general) consumed 27% of electricitpduction, reflecting a decrease of
15% due to a decrease in industrial activity r@sglfrom the global economic crisis

which began in late 2008 (see Figure 9).
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Figure 9 — Final energy consumption by sector

Source: NIS, report Environment Statistics 201®lighed in 2012 (NIS, 2012)

6 Hypotheses

Based on the literature review, in the initial qisess and the proposed objectives, it is

intended to test the following hypotheses, namely:

H1 — The sustainable milling has a direct influemce the times of the production

process.
H2 — The sustainable milling allows to reduce theetof man/machine to be reduced.

H3 — The sustainable milling allows to reduce tlimsumption of electricity to be

reduced.

H4 — The sustainable milling allows to reduce thessions of carbon dioxide (Gpto

be reduced.
H5 — The sustainable milling applies to mouldsiffedent tonnages.

H6 — The unprojected area of the adjustment zdihgeimces the time of the production

process.
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7 Research Model
This research was conducted in terms of severafraglated concepts. So a research

model was constructed:

== Tonnage

Unprojectad arsas
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Figure 10 — Research Model
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PART Il
In the second part the process of devising resesrchll its stages is explained:
collection of information, type of research choséme intended population, sample
construction, characterization of the company whihie study was conducted, the
variables and the control and experimental grothpscollection and the definition of
cutting parameters, the model of computer simubatibe software used and finally the

internal and external validity of the study.

8 RESEARCH METHODOLOGY

Each research work requires a specific methodolatyy the objective of providing the
researcher with a proper way to achieve the prapogeals, improving the
understanding of them. So the context in which #tedy was carried out is
characterized and the methodology that will alldwve tesults to be presented will be

explained.

8.1 Collection of information: primary and secondary daa

According to Silva (1981), the use of computersiaats greater accuracy, thereby
achieving better storage of simulation models, &l &s greater flexibility in the
construction of these models and programming dorsoftware. Therefore, it was the

defined medium to obtain primary data.

Primary information is characterized by the faetttih does not exist before developing
a research project, since it is designed spedyidat it. In this case, the primary data
will be obtained by simulation, with the objectigé validating, or not, the hypotheses
to be tested at the end of the study. For thisoreatese simulations will be carried out

in a mould company in Marinha Grande, in the distof Leiria, Portugal.

In this investigation, it has been important nolyaim show how the information was
obtained, but also its quality. Thus, the selectbmnformation was made taking into
account its relevance, accuracy and relevanceg saficthe data that exist and are
available to be used are meant for secondary irgbom. In this context, other

investigations, scientific articles, scientific Wer speciality magazines such as “O
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Molde” and others with information relevant to thisvestigation were consulted.
Importantly, during the process of gathering infation, empirical studies similar to

this in the sector of moulds were not found.

8.2 Type of research

In this thesis is intended to compare the timesooiventional milling simulation with

the times of sustainable milling (to be developethis study). To achieve this purpose,
the investigator chose an experimental investigatibcausal predictive type (Fortin e
Filion, 2006; Sampieri, Collado e Lucio, 2006), canit is intended that a variable

would have an effect on the other (Fortin e Filid806; Sampieret al, 2006).

Thus, a population group of elements on which thdysfocuses will be used and will

measure the effects of the variables defined.

8.3 Population

The population group studied in this dissertationsists of moulds for plastic injection
produced at the company where the research toaleptaver a certain spatial and
temporal range, during the year 2010. This groupmoiulds was chosen for two
reasons:

- according to the management, it was a represemtgar of business activity;

- the company produces moulds for different sectadsich refers to an extensive
market for the type of mould and tonnage.

Thus, the target population (56 moulds) used in ithesstigation was the whole
production of moulds for plastic injection in 201id,a company situated in Marinha
Grande. However, the study focuses on a total @fgiéces, because each mould has a
cavity and the respective core, thus the machisimylation focuses on 56 cavities and

56 cores.

In this regard, each of the moulds will be assigaedequence number for better
identification in the results phase, thus the firgiuld cavity will be assigned 1C and
the respective core (called Bucha in Portuguesk)oeiassigned 1B. Therefore it will

be straightforward to identify that it is part ofparticular cavity or core and of which
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mould. Then an explanation of how the sample wamstcacted for this investigation
will be provided.

8.4 Sample

To homogenise the target population by size of a®utonnage), before the study
itself, the matching block was made by dimensidnarnage) (Fortin e Filion, 2006),
since these authors leave the option of being tblmake it until before or after the
study. As the pairing of blocks have different sizerandom sampling was made up
with each stratum proportional to the populatiartesallowing theresearcher to use a
smaller sample and get the same degree of reprdeiess as with a larger sample
(Fortin e Filion, 2006:317; Sampieat al, 2006). The test sample consists of 36 moulds
(maximum number of moulds that was established avedyzed through simulation,
taking into account the time available for the imslon of the dissertation), organized
into strata (or classes) by tonnage, of which fachestratum, the quantity of moulds
calculated based on the proportion of the sampégive to the population, in order to

control the effects of this moderating variable.

As the National Association of Mould Industry (Ceifal) does not have a scale
dimensioning of moulds, Rodrigues (2002:169) ciebatee in his PhD Thesis, based on
interviews conducted with 63 top managers of thd.A¥e base unit for dimension of

the moulds will be the ton. These classes are septed in Table 5.
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Table 5 — Classes of dimensions of the moulds \&&ydation of the type of mould

(unit: tonne)

Dimension | Designation of the
(Ton) type of mould
10; 0,25] very small
10,25; 0,75]
small
10,75 ; 2]
12; 5] :
medium
15; 10]
110 ; 20] large
120 ; oof extra large

Source: Rodrigues (2002:169)

The moulds of the study population were classifiedording to the data listed in Table
5, which allowed all the moulds included in thedsttio be stratified (see Table 6).

Table 6 — Distribution of elements to consideracte stratum

Dimension Elements
(Ton) (Nh)*
]0; 0,25] 3
10,25 ; 0,75] 7
10,75; 2] 23
12; 5] 9
15; 10] 8
110 ; 20]
120 ; oo 3
Total (N) 56

Resulting from the study (own source)

“ Nh is the value stratified, in other words, it is tember of effective elements to be analyzed imeac
stratum

Pagina | 36



From the sample size, it became necessary to filadtar €h) that could homogenize
the number of pieces to be drawn from each strasanthere is equal representation of
all strata (Fortin e Filion, 2006), oncé&ltfe stratification increases the accuracy of the
sample and involves the deliberate use of diffesamhple sizes for each stratum
(Sampieriet al, 2006:259).

With this weighting (proportion to use in each &tma —sh), the probability of obtaining

a representative sample (of moulds) increases, (Mey 1996). Thus, Equation 1
presents the calculation method to find the faofoproportionality, in whichN is the

population size and is the sample size.

Equation 1 — Proportion to use in each stratsim (

36
= =064

h_n
SUEN Te

After calculating the proportion to use in eaclastm gh= 0,64), the sample for each
stratum (h) was calculated, using the multiplication betweble proportion gh)
calculated in Equation 1 and the value initiallyasfied (Nh) presented in Table 6,
which is the number of effective elements to bdyaeal.

Equation 2 — Sample size for each straty(nty)

nh; = sh* Nh; ,i=1,2, ..., 7

After finding the set number of moulds to simulgter stratum r§h), all the values
resulting from Equation 2 were added up so astm filne sample investigated)( i.e.,

size of the stratified sample.

Equation 3 — Size of the stratified sampig (

n =Y,;nh; ,foreach stratum(i=1, 2, ..., 7)

Table 7, following Table 6, have the results frogu&tion 1, Equation 2 and Equation
3.
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The stratified sample size used in this investayaisn = 36 moulds (36 cavities and 36
cores), making a total of 72 pieces.

Found after the sample size for each stratnin), the researcher randomly chose what
the representatives of each class would be to ocate in the sample resulting from

Equation 3 (probabilistic stratified sampigand are shown in Table 7. This is known
as probabilistic stratified sampling, because &Iments of all classes have equal
probability of being part of the sample, enhancdtegepresentativeness (Fortin e Filion,

2006). The values obtained for each sample for saakum (h) are rounded off in the

usual manner.

Table 7 — Classes of dimensions of the moulds:(torine) with samples per stratum

_ . Percentage of sample elements Sample by
Dimension Elements ) _ )
given the size of the population stratum
(Ton) (Nh)
(sh (nh)
10;0,25] 3 2
10,25; 0,75] 7 4
10,75 ; 2] 23 15
12; 5] 9 6
0,64
15; 10] 8 5
]10; 20] 3 2
120 ; oof 3 2
Total (N) 56 36

Resulting from the study (own source)

Based on the study results for the sample of 36lasoisee Table 7) the value of the
standard deviation of the population from the vabfighe sample standard deviation
was estimated, in order to calculate an estimat¢hi® level of accuracy of the results.
In order for the confidence level to be high, theestigator worked with the degree of
95% and it was used the formula presented by DameélTerrell (1995), as expressed
in Equation 4 (see below — Sample).
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As the study done focusses on 36 moulds constithyethe respective cavities and
cores (cavidades e buchas), an estimate for treigae times of both, from Equation 4
is presented in the chapter ANALYSIS AND DISCUSSIGDF RESULTS (see
Milling).

Equation 4 — Accuracy of the estimate relativen differences of simulation times

o N-n
"vn 4 N-1 ’

d=7Z
where in:
d — Level of accuracy of time estimation obtainexhf the sample. In other words, the
maximum difference (or error) of the estimated tiol#ained with the sample against

the time that would be obtained from the population

Z — Value of the standardized normal distributioorresponding to the desired
confidence level. In this study a degree of comfae of 95% was used, with the
matching value for Z being 1,96.

o — The population standard deviation (value foreaeemate based on the results of the
study for the sample of 36 moulds).

n — Sample size (36 moulds).

N — Population size (56 moulds).

8.5 Characterization of the company where the study wasonducted

In 2010 (the period when this investigation begdue) company where the study was
conducted obtained the certification NP EN ISO 920@8 from TUV (Technischer
Uberwachungs-Verein — a German company of inspestiand certifications) and
earned 3,5 million euros from the manufacture ofrtstulds.

The machine park of the company in 2012 consisteal GNC milling machines (the
machining centers of 3 and 5 axes were includgdpnventional milling machines, 3
turning machines, 6 rectifiers, 5 erosion by peate&in, 1 wire erosion, 2 boring mills,
2 deep hole drilling CNC (one of 3+1 axes and amothf 3+2 axes). It had 63
employees at that time.
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8.6 Procedures for simulation

Using a software program for milling (creating tlo®l path for CNC machines), used

on a daily basis in the company, it is intendeditoulate two types of milling.

In the literature review conducted by the researaie study similar to what is intended
to be done (chapter 5.5) was found, whereby twaepts were defined, in order to
clarify the procedures used in the study, namelyukation/sustainable milling and

simulation/conventional milling.

Conventional simulation/milling is perceived as the one that actually takes

place — is characterized by the same type of mawhin the moulding zone and

in the adjustment zone.

Sustainable simulation/milling is _the alternative proposed in this study -

implies the differentiation of finishes in the mding zone and in the adjustment

zone. In this type of milling the increment axialdéor radial one will be

increased depending on the finishing operation.

These simulations will be performed on cavities phays of the sample selected from
the 56 moulds (of different size/tonnage) produgcedhe company during the year
2010.

To achieve the proposed objectives (chapter 3.dpcver simulations will be made, in
order to compare the times of conventional andasuable simulations. To this end,

machining software will be used (chapter 8.11),clhs used daily in the PMI.

This method was chosen for data collection (sinmfdt since, according to Silva

(1981), simulation used in the context of reseatks to establish the optimal values
of the parameters that describe the process unagy, sallowing a more realistic and
precise approach to the problem. Similarly to Weiee al effected in 1997, the pieces
simulated in this dissertation also contain sudateith high degrees of tilt and flat

areas, in which spherical and planar tools (see Tahlevll be used, using a software
application that creates optimized toolpath®VorkNc).
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Figure 11 illustrates a cavity or a core with tlenércation of moulding areas (number
1) and adjustment zones (number 2). Some mouldshaag one or more moulding

cavities, whereby two zones are presented with rurhb

[R]

Figure 11 — Identification of moulding zone (1) aadjustment zone (2) in a mould

Own source

When machining, many programmers do not distingthehmoulding zone (number 1
in Figure 11) from the adjustment zone (number ZFigure 11), making only one
machining window or a mixed machining (the samedeim contains part of the
moulding zone and part of the adjustment zone)) vasults in a unique milling. Thus,
the adjustment zone maintains the same level ofitgqua the moulding zone. This

approach is referred to as simulation /conventiom#ling, as described above.

The milling (sustainable), proposed in this diss#oh, consists of using two windows
for machining, to maintain the traditional finisgirevel in the moulding zone (first
machining window — number 1 of Figure 11), whiletle second machining window
(number 2 of Figure 11) a finishing of good levslintended, but with a different
quality from that effected in the first window (measing the lateral or axial passage,
according to the operation). Thus, the "soul" & thould is the moulding zone, while
the adjustment zone has the functions of defining supporting the mould closing

force.

The so-called "joint line of the mould” (imaginalime where the mould is opened)
allows the separation of the cavity and the coktae 'demolding' of the plastic piece.
In the design phase, the joint line is set after tcbompletion of the plastic piece and,
therefore, it is the complexity of the demoldingtloé plastic piece which will define the
complexity of the joint line, which is reflected the adjustment line of the cavity and of
the core.
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At the time of mould assembly (section of the warkth), bench operators have to
ensure that the adjustment zones of the core anddhity rest against each other to
maintain the same interval over the entire moldinga. This way when injecting the
heated plastic (liquid), it does not leave the nmgdarea. When these technical aspects
are not achieved, the raw material invades thesadgent zone, giving rise to the barb
part.

Even if the finishing of the adjustment zone isfeerr and the milling respects the 3D
program, the collaborators of the workbench alwasesd to adjust it, to ensure that the

adjustment zones of the core and the cavity ovedagventing infiltration.

In summary, programmers have to maintain the qualfitthe surface of the moulding

area, as is currently done, and may sacrifice thiase quality of the adjustment area
(compared to the molding zone), increasing theland radial increments (depending
on the finishing operation), in order to reducelimgl time.

Throughout the process, the programmer must tate ancount the quality of the
surface finishing of the adjustment zone, so thating assembly (section of the
workbench) the operators do not have further wdtde to the excess of material or

excessive roughness in the adjustment zones, &ongbe.

Thus, simulation times (conventional and sustaedite recorded by the researcher for
the same kind of mould and subsequently companeatder to determine possible time
differences, in order to optimize the productiongass and allow savings in the use of

resources.

After obtaining the times, it is intended to sintalavhat the influence they have on the
average power consumption by the machining equiprvéhbe, the amount of carbon
dioxide (CQ) emitted or not emitted by power consumption, &l &s the hours of
man-machine necessary for the realization of suatulations (conventional and

sustainable).

The obtained results will allow conclusions to beveh to then confront with the

questions and hypotheses raised in this study.
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8.7 Variables

As mentioned previously this is a predictive-causasearch, more properly an
experimental study, which involves presenting teénition and the operationalization

of variables.

According to Tuckman (2000) and Fortin and Fili@9@6), the independent variable
(IV) is the element that is introduced, manipulated! selected by the researcher to
determine their relationship to the observed phesramn, that is, the dependent variable
(DV). The IV is modified by the investigator in @dto assess their influence on the
VD, i.e., is a necessary cause of a particularittdsuvhat causes an effect. So, what is
studied is how this factor is reflected in anotHeortin e Filion (2006:171) also claim

that ‘the independent variable, also called experimentaiable is regarded as the

cause of the effect produced on the dependenthlatia

Tuckman (2000) refers to the fact that DV is thetda observed and measured to
determine the effect of IV, i.e., DVis' suffering from the effects of the independent
variable; is the result predicted by the investayatFortin e Filion (2006:171). This

DV is also called variable criterion or explainedvariable by Fortin e Filion (2006).

In this study, besides IV and DV, moderating vdeal{MV) will also be defined, since

it considers the possibility that these influenbe telationship between DV and IV

presented above. The MV is a secondary independeiable, selected to determine if
it affects the relationship between the key indejeemn variable and the dependent
variable (Tuckman, 2000):

“If the researcher is interested in studying theafbf the independent variable
X on the dependent variable Y, but suspects tieatetationship between X and
Y is modified by the level of a third factor Z,rth& may appear in this analysis
as a moderating variable(Tuckman, 2000:126).

In this context, it is X (IV) the types of simulati (conventional and sustainable), Y
(DV) the resulting time of the simulation performesergy and human resources and Z
(MV) the scale (tonnage) of the mould, the moul¢usitnent zone, the not projected
area of the adjustment zone, the hardness of ¢le¢istthe milling process (2311, 2344,
2738, 2738HH, among other hardnesses), the machihése company, the piece

geometry, among other factors, as it ‘is suspedieat these moderating variables
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directly affect the relationship between the indefent variable and the dependent

variable.

The control variables (CV) arddttors controlled by the experimenter, to cancel o
neutralize any effect that it could otherwise hawe the phenomenon observed

(Tuckman, 2000:129). This is the reason why, astimeed above in procedures for the
simulation chapter, only change between simulatibesaxial increment (operation in
level Z) and radial (copy operation) dependinglantiype of operation to be performed,
not changing any other technical parameter in ttegnramming stage (feed, speed,
among others), in order to neutralize any influeatthese factors on the results of the

study.

The extraneous variables (EV) or parasit@® “‘present in all studies and may have an
effect on other variables and influence the resaftan investigatioh(Fortin e Filion,
2006:172), whereby, according to Fortin and Fil{@@06) the role of the investigator is
to reduce the effects of these variables to a mimmThus, the researcher performed
the simulations (conventional and sustainabledrder to reduce the effect of the EV in
the study. However, there are several factors itifatence the daily machining and
actual running times, in other words, in the sanay \&s the materialization of the
simulated programs (conventional and sustainabbRes up the same conditions (the
equipment, developer, type of tools, the perioddseaamong other things), there are
always anomalies that are inherent in the procedsadaich cannot be controlled (VE),
such as tool breakage, tool wear and ambient teahyer among others. However,
despite what has been said, studies like this aree miable by simulation, because
“actual experiments are more expensive than the & Model$ Figueiredo
(2010:19).

8.8 Control group and experimental group

Tuckman (2000:171) designates the control grougaagroup of participants in a
certain experiment, whose selection and experiraeatas similar as possible to the

experimental or treatment group, except that theyrmt subjected to this treatmént

In contrast it appears that the experimental gisupe group which will be subjected to

a manipulation of variables, which will mean thdfetent results could be achieved.
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Although the 36 randomly chosen moulds are subdittethe simulation phase, it was
decided to designate the one in which the conveatisimulation occurs as the control

group, for two reasons that are interconnected:

- it is the simulation that is currently being usethe manufacture of the company
where the study takes place;

- it is the conventional simulation that will beetlstarting point to draw conclusions
about the study.

The experimental group will be the one in which slistainable simulation will occur,
in other words, that where the researcher will atftbe manipulation of the IV (axial

and radial increment), to be possible to achiefectf on DV (machining times).

8.9 Collection and definition of cutting parameters

In the construction of the finishing program (NCNumerical Control), using the
machining software WorkNC, the researcher only gednthe radial increment (lateral
displacement of the tool) using a finishing strgt@egr copy (an operation where the
tool path follows the 3D contour) in which sphelieadmills, and an axial increment
(in Z) with the use of machining strategies by lsvam which shallow (straight)

endmills were used.

To obtain cutting parameters which were more otaifor finishing, the adjustment
zones resorted to various sources, as stated readfware, programmers and CNC
operators. Therefore, the following table (see &&)lpresents values that programmers
and CNC operators usually use to create these MG@rams. In that table, there are
some spaces with "no value", which is justifiedthg specific nature of the operation to
be used in machining these pieces, i.e., mostlgrsgdd milling cutters are used in copy
operations, only radial increment existing in tlogse, while the shallow endmills
(straight) are used in programs with increments,iwith an increment axial existing in
this case. The values suggested by the softwatealst be presented. However, the
values for the axial increment (Z) must be set adiog to the tool to be used, as the

software makes no suggestion.
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From the minimum values (data provided by the CNG@gmmmers and developers)
and the maximum values (data from the softwareleaslfor the construction of

sustainable simulation programs (see Table 8)waygested.

Table 8 — Synthesis of cutting parameters

Diameter Conventional software Sustainable
Type of :
. of Radial
milling _ _ _ _
the cutter] Radial Axial (mm) Radial | Axial
cutter
(mm) (mm) (mm) (mm) (mm)
6 0,2 0,288 0,25
o
2. 8 0,25 ) 0,332 0,3 )
L2 10 0,25 ‘>ts 0,372 0,3 ‘>ts
Q
s 12 0,25 2 0,4 0,4 S
16 0,35 0,47 0,5
6 0,1 0,15
_ 8 0,1 0,15
<
=) 10 0,15 0,2
IS
2 12 @ 0,15 o a) 0,225
N =) =) =
E, 16 g 0,15 g g 0,25
g 20 > 0,175 > > 0,3
3 25 0,175 0,3
|_
32 0,2 0,35
35 0,2 0,35

Resulting from the study (own source)

8.10 Model of Computer Simulation

Silva (1981:322) believes that “simulation can lefied as any attempt to obtain
information about a process by performing calcal&ibased on a mathematical model
that describes this process” and Robinson (2004lenstands the simulation as an
imitation (computer) of a resource configuratiomdtmned to provide goods or services.

From this perspective it is Silva (1981:322), whates that 6btaining information on
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the process or system under study is performeddoyguter and is translated into the
identification, adjustment of the study, of theiharacteristics, parameters and

behaviours.

Going further, Silva (1981) adds that the importané conceptual models described
and analyzed in terms of classical mathematics wHsenced by the resolutions
obtained by using the computer, since they haveemealism, which leads to more

accurate solutions.

The simulation method has the very important achgamtof allowing &mpirical
approaches based on trial and erfq€Carvalho, 2007:7), that is to say thagyven when
using simulation software, recourse to this methoghp by performing successive
simulations with different values for the processameters is frequeht(Carvalho,
2007:7). Thus, it is possible to apply differenfues for the same three-dimensional
model (3D file), in order to find the optimal valter the piece in question.

Figueiredo (2010) states that the simulation modafs deal with much more complex
problems compared to mathematical models. Thusplaton can be applied to
hypothetical situations and real situations (ashis case in this study), with the
advantage of it being a reliable and more econdnaiternative than the experimental
method:

“actual experiences are more expensive than thel&iomw Models, especially
if something goes wrong. Although it may take asm@rable amount of time to
develop a simulation model, once completed, whibbwa the modeler to
simulate months or years of the system behaviogeaonds, something that is

not achievable with experimehtsigueiredo (2010:19).

The economic factor is extremely important, as $leetor of moulds produces an
extremely costly product, which makes it impossifeieduplicate the machining of the
moulding areas (cavities and cores), under the sanditions (machine-tool, tools,

operators, environmental conditions - thermal - aghothers). On the other hand, a
mould is a tool-prototype whereby replication wowdtail waste, since this second

mould would not be used.

For the above reasons, the simulation process h@sen to conduct this research as it
is the most appropriate way, from the perspectivih® researcher, to collect the times
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of the different machining processes. What alsdrdmrted to the decision was the fact
that, with the simulation, it is possible to adjubke features, parameters (axial
increment or radial increment) and behaviours €il¥981) from the tools to the
strategies used (conventional and sustainable)a ifaster Figueiredo (2010) and

economic way compared to the materialization ofsihaulations.

8.11 Software used

The software chosen for data collection (WorkN@ igrogram used on a daily basis in
the companies specialising in the production of lesuwhich proves the reliability of

the results of this study.

8.11.1 Methodology for development of the simulation model
To work with the WorkNC software, a 3D file in IGE&mat (most common) or other
compatible format is mandatory, because otherwigallinot be able to import the file
to the work area of the software. The second stepoidefine the windows for

programming, outlining the areas to be machinedu{diog zone and adjustment zone).

Then the data must be introduced so that the smtwan generate the toolpath. For
this, it is necessary to open a window for compilprograms (see Figure 12), which
corresponds to a machining operation in a giveratlon of the workpiece, with a

particular tool and respective cutting parametarsa increment or radial increment
according to the operations), as well as otherildetatrinsic to the process/program
NC.

Through the strategy (roughing, pre-finishing, $imihg or another) to use in the piece,
in 1 the operation or the type of route intendeap{t level Z, contour, tangent, etc.) is
defined, that is to say, what the tool is intenttederform in CNC.

In 2 the area of machining is defined: as it maglhesen to machine in the Z axis or in
another direction, as is the case of equipment igria 3+1, 5 or more axes. Despite,
at this moment, being able to indicate all the axafof the piece, the programmer has

the possibility to choose in which 3 specific areasvants to run, that is to say, can opt
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for machining the whole surface of the piece oesehn area/window to machine,
which corresponds to the initially created machgnvindow.

In 4 the tool to be used in the selected operasatefined, and this may be a flat top
tool (also called right cutter) or a spherical euttin this field, the programmer can
choose a tool that is integrated into the datab&#ieis software. This database contains
some associated cutting parameters that will auioally fill the fields 6, 7 and 8. If
the tool to be used does not exist in the databasan be entered manually. For this,
the operator has to fill in the fields 4, 6, 7 @whanually.

In 5 the cutting direction relative to the steallta.e., the tool cuts in favour or against
the material is indicated. In this field, it cas@be set if the machining is spiral, zigzag
or in oneway. Generally, the cutting direction isrmmfavorable against the material (the
tool is positioned to the left of the material) amith a machining in spiral, to be

smooth and continuous.

In 6, the cutting parameters related to the ratadad cutting feed that the tool will

perform when implementing the programme in the GiXE€set.

Point 7 corresponds to the desired tolerance misthategy set. The stock allowance in
the machining operations is defined, the tolerantethe machining mesh, radial
increment (side step) and axial increment (Z) avéein the area to be machined. The
higher the desired quality in the area to be masthithe lower the value of tolerance of
the machining mesh.

In 8 the ways to initiate and complete the toolpath indicated. The programmer has
different options in the definition of the inpuliet entry angle can be smooth (tangential
- preferred) or perpendicular to the steel (inaalbvis, due to shear forces and the impact

of the tool in the steel).

In 9 it must be checked whether there is a pod#siloif the tool, cone and machine head
coming into collision with steel, that is to sayetfield where it is possible to
automatically obtain the required height of thel tmthat no element collides with the
steel. In the program the intended can be selestddhe software ensures that none of
these elements collides with the workpiece, renmpvihem from this. In certain
strategies and operations filling this field does make sense, either because it is a case
of high tools (height/diameter ratio exceeding 5gikért, Enselmann e Friedhoff
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(1997)) or because it is a case of open surfachs. éntry of the tool in certain
areas/boxes can also be limited, as it is too diegke tool in question. There are also

specific subfields to general reroughing and planes

In 10 the height of the crest left between the piaesages of the tool is defined. During
the machining phase, the crests can be toleratewbtorin roughing a high rate of
material removal is intended, so the crests cahidie because they are not important.
In the finishing phase, there cannot be any cregtss attributing one of the

characteristics to the finishing of a mould (suefaiality).

In 11 the smoothing of the corner rays that caeriered in the NC program is defined
so that the tool makes soft passages along the ratssacrificing the piece. Where the
tool radius is greater than the radius of the pigus option is always to fill with rays

which are greater than the ones of the tool. This, tool does not vibrate upon
reaching the maximum point of the piece cornerusdwhich those not leave marks

and increases the quality of machining.

After entering all the inputs for the creation tetNC program in the compilation
window, the programmer can give the order for tbeculation” to be made, a process
that is performed internally. The resulting outmain and should be viewed by the
programmer in order to visually verify and validdbe path made by the tool. If the
toolpath does not match the intended one, the anogrer will have to make

adjustments as are deemed appropriate.

After validation of all previous steps, the prograer converts the program created in
WorkNC into machine language (NC), through a precegintegrated in all software
programming). Then a name is assigned to the pmggndnich will be forwarded to the
corresponding CNC machine tool, so it can be execut

Figure 12 presents the framework for the creatibprograms in WorkNC software,
which allows the description presented to be viewed
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Figure 12 — Compilation window of the program WofkN

Resulting from the study (own source)

8.12 Internal validity and external validity

“Validity is a control element that is applied pattiarly in experimental studiés
because it i what constitutes the essential quality of a gtu@Fortin e Filion,
2006:226). Thus, the validity is directly relateal the research and the relationship
between variables. This experimental validation nimy internal and/or external
depending on the origin and purpose of the studthis case it is intended that the
study has internal and external validity.

Internal validity (Cano, 2004) or character of agrty (Tuckman, 2000) is the degree of
certainty that the effect on the DV (running timess caused solely by the IV (types of
machining) of the experiment. In other words, it sgre that it was the cause

investigated, and no other factor, that produced tibserved effects. Tuckman
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(2000:173) supports this idea and adtsat' differences occurring as a result of the

experimental treatmehand not derived from any other source, such az#se of VE.

When confidence in the causal inference is higis, @onsidered that the study has high
internal validity. When it is not certain what cadshe change (or stability) in the DV,
it is considered that it has a low internal validithe causal inference between cause
(IV) and effect (DV) (Cano, 2004) being understaxdinternal validity. Cano (2004)
also notes that the external validity indicateswbat extent the proposed causal
relationship can be generalized to other momemid/oa other ways to measure the
variables in question. This means that if the r@hsthip between the study variables is
generalized to other contexts, and/or other wayséasure the variables in question.
This means that if the relationship between theysttariables is generalized to other
contexts and / or ways to operationalize the véegbthe study has high external
validity. When the causal inference, even if itclear and unambiguous, cannot be
extended to other contexts due to their specifictexd, it is concluded that the study

has a low external validity.

Some authors consider that the internal validityaisonditionsine qua nonof the
scientific study but this fact does not justify igig absolute priority to internal validity
at the expense of the external one, since this @stributes to the usefulness of the
investigation (Kampbel e Standley, 1983)According to Cano (2004), one of the
conventional ways of raising the internal validisyto increase experimental control:
better control of the experimental context, equpabn measuring all the variables that

might be an alternative explanation for the calisalproposal.

Thus, procedures were adopted with the aim of icrgad study with high internal
validity, i.e. ensure that the DV results solelgnir the IV, and a high external validity
(generalizing these findings for all the PMI foraglic injection). Therefore, in this

study various techniques will be used to ensurealislity, namely:

« control of the experimental context: all data Wil inserted by the investigator,
in order to counteract any external influence (hanfector or other) on the
results;

» the measurement of the dependent variable is thrthegsimulation processes;

> in Cano, 2004
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» determination of moderating variables (dimensiothef mould, moulding zone,
among others), since they may be factors influentie relationship between

the IV (types of machining) and the DV (machinimge).
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PART Il
In the third part, the results relating to the tidiferences between conventional and
sustainable simulations (simulation proposed is thssertation) regarding the process
of the milling and of resources (human, energetid @nvironmental) will be analyzed
and discussed and will be discussed the implicatifmm academic knowledge and
management. The limitations of the study and songgesstions for future studies will

also be set out.

9 ANALYSIS AND DISCUSSION OF RESULTS

In the present study, values of cutting more opédisustainable (see Table 8)

parameters for milling in the adjustment zones wuld cavities and cores for plastic

injection were found, in order to make the prodwetprocess and the business more

economically, environmentally and socially susthira

The choice of simulation as a technique for datkection allowed toolpaths in moulds

produced during the year 2010 in the company wtieretudy took place to be created,
not only making it possible to compare results (sneament of simulation times), as
the elimination of some moderating variables andchynaxternal variables to the

simulation process, such as times setups (insettiegpiece into the machine and
removing it, exchanging and calibration of toolalling programs and other unplanned
downtime) and 'dead' times inherent in machiningrations that are not accounted for

when performing the simulations.

9.1 Milling

As previously mentioned, this study focuses onatigistment part areas of the piece
(cavity and core), by the investigator who madeusation programs for these areas
without changing the machining operation in the tdmg areas, maintaining the
quality of the finish. After defining which cuttingarameters are conventional or
sustainable (see Table 8) to be used in the mipitogess, the programs in the WorkNc
software were developed which allowed simulatiomes (of conventional and

sustainable milling) shown in Table 9 to be obtdinas well as the respective time
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differences (for more detailed analysis, see Apperid. Despite all the moulds

population being indicated (with respective cavatyd core) and organized by strata
according to the tonnage (see Table 6), only thleaeconstitute the stratified random
sample (comprising 36 moulds, i.e., 36 cavities eegpective cores, for a total of 72
pieces) have an indication of the simulations. Asvipusly mentioned, a sequential
number was attributed to the moulds of the sanfflebeing the number of the cavity

of mould 1 and 1B being the core from the same thoul

The table in Appendix 1 also includes the unpre@eatrea of the surface of the piece
covered by the tool in simulation. The values pné=g are expressed in square
millimetres (mnd), as this is the unit used in the moulds indusnPortugal. This

information, although not directly related to theasurement of DV, is an important

MV since it may be reflected in some measurements.

In preparing any simulation, the programmer haséke a critical analysis, evaluating
whether it is possible to maximize (see Procedyrasd how much, the values of radial
and axial increment according to the piece to bkedi Thus, the needed minimum
quality of the milling remains in the adjustmentngs, in order to ensure a correct
adjustment of the mould and a significant reduct@nassembly time (section of

countertop).

The results, summarized in Table 9, show that wdkasnable simulation times were
lower than those of conventional simulation. In tiagities, the conventional simulation
was carried out in 667h37min while the sustainalle was performed in 497h43min,
resulting in a difference of 169h54min. Concernitige simulation of cores, the
conventional method was carried out in 756h57mimmared to the 553h02min of the

sustainable method, resulting in a differentia@2h55min.

Simulation times of sustainable milling of cavitiaad cores represent a saving of
74,56% and 73,17% respectively, which is in linéhwihe results obtained by Tekniker
(the machining of high performance allows a reductf times in the order of 80%
when compared with the conventional), since, whemgi sustainable milling an
average reduction of times in the order of 73,88%Mtained; which can be translated
into 46,6 days of effective work. Considering ttte working hours of each Portuguese
collaborator is 8 hours daily and, on average, &z wf effective work per month, the
time indicated above is about 2 months and 5 dagffective work (see Table 9).
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Table 9 — Synthesis of the times of the simulatjpe$ormed

Cavities Cores
Factors : _ - - Totals
Conventiona| Sustainabl¢ Conventiona| Sustainablée
Subtotals 667:37 497:43 756:57 553:02
(hh:mm)
Times . ) )
(hh:mm) 169:54 202:55 372:47
% 74,56 73,17 73,87
Effective days 46,6
Effective months 2,12

Resulting from the study (own source)

It is essential to emphasize that the 2,12 monthy still contribute to the timely
delivery of moulds, meeting the needs of custoraeis opening up the possibilities of
gaining new customers, increasing the annual ptaziycand enhancing the prestige

and competitiveness of the company.

Based on the study results for the sample of 36laso(see Table 7) the standard
deviation value of the population from the standaediation value of the sample was
estimated, in order to calculate an estimate ferlével of accuracy of the results of
simulation time differences. In order to raise teeel of confidence, the investigator
worked with a degree of 95% and used the formuésemted by Daniel and Terrell
(1995), as expressed in Equation 4 (in Sample).

Erro! A origem da referéncia nao foi encontradaSince the study conducted utilizes
36 moulds constituted by the respective cavitigs@nmes, an estimate for the execution

times of both, from Equation 4 is presented.

Based on the sample, the calculation of the estiricaitthe standard deviation)(of the
cavities enabled the value of 5,87857 hours toelaehed, while for the cores the value
is 6,60023 hours. Thus, the accuracy of the estiroétthe differences of simulation

times will be performed on the cavities and cosesh as expressed below:

5,87857
V36

56—36

= 1,96. ~ 1,16h, and
56—1

dcavities
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6,60023 56—36

deores = 1,96. 2=~ | 2=

~1,3h

Thus, it can be said with a confidence level of 9H8at the results presented will have
an accuracy level of the estimate of the differencesimulation times (deviation or

maximum error of the estimate of the observed tiserved in relation to what would

be obtained in a population of 56 moulds) of 1,16.&0 1h09min) to the cavities and
1,3 hours (i.e. 1h18min) for the cores.

According to the above, it can be concluded thatiticrease of the cutting parameters
(Procedures ), collected in the indications for ab¢he software, CNC programmers
and operators (see Table 8), and have been applgchulation operations in copy and
by levels (Z) on this study contributed to the eliéince of times obtained from the
simulations. Thus, from the results shown in theetén Appendix 1, it follows that the
greater the increase of the tool (see Table 8), gherter simulation times and

consequently of the milling are.

We also observe that the larger the conventiomallsition times, the greater the time
differences regarding sustainable strategy. Thesetis a fluctuation average of 2 to 4
hours, up to the level 2 to 5 Tons, but above strata (5 to 20 Tons) the differences are

greater, going from 11 to 18 hours.

The data in the table in Appendix 1 show that,enegyal, the simulation times increase
with the dimension (tonnage) of the mould sinceamdr mould will have a greater
unprojected area (moulding and adjustment zones)easing the area that the tool will
have to follow in order for the whole surface torbachined. It is therefore natural that
the machining times (conventional and sustainahbl@kease as the strata are composed

of larger moulds.

However, it can be seen in Table 10 that the sizeenadjustment area to be machined
is not directly related to the tonnage of the mowldce, in general terms, there are
small tonnage moulds but with a large unprojectesh ge.g. mould 1) and large
tonnage moulds with a lower unprojected area (aauld 25). At the level of the strata,
it can be verified that there are moulds of lowemiage, of which the adjustment zone
to be machined is greater that the one on mouldsgbfer tonnage (e.g. mould 23 vs
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mould 33); moulds of the same dimensional strattomn@age) but with dissimilar areas
(e.g. mould 1 vs mould 2) and finally moulds offelient dimensional strata that have
approximate areas (e.g. mould 11 vs mould 25%. ibited that, in the same mould, as in
the example of mould 20, the difference in undesilgareas (cavity and core) may be

large, which does not always occur (e.g. mould 3).

Table 10 — Example of differences between areapnopdcted intra strata and among

strata
_ . - Unprojected areas
Dimension Identification
(mn)
(tonne - Ton) _ _
Cavities Cores Cavities Cores
0.140 1C 1B 271315 145204
]0; 0,25]
0.220 2C 2B 33452 84728
10,25 ; 0,75] | 0.300 3C 3B 21084 21316
1.070 11C 11B 97584 79053
10,75 ; 2]
1.900 20C 20B 176589 63088
2.920 23C 23B 394535 | 567709
12 ; 5] 3.300 25C 25B 63294 97104
4.470 27C 27B 176680 | 209732
]10 ; 20] 14.340 33C 33B 264456 368571

Resulting from the study (own source)

In view of the above, it is possible to concludatttihe geometry of the piece (consisting
of the cavity and the core), considered a MV, isnaportant element for machining and
allows the study to be applied to moulds of differeonnages. Thus, relatively simple
pieces may have a complex demolding and the ompoait also happen, which leads to
another important factor: the complexity of the to)ected area.

It is important to note that the geometric comglexif the moulding zone is not directly
related to the scaling (tonnage) of the mould, beeaaccording to Table 5 (Rodrigues,
2002), moulds with a large and very large scale heye an average complexity (as is

the case of the gardening industry), very small amdll moulds may have a high
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complexity (as is the case of the electrical industectronics) and moulds with an
average size may have an average complexity (Heisase of the domestic utilities
industry), that is to say, a mould of any tonnagsy fmave any level of complexity (low,
medium or high) (Rodrigues, 2002).

According to the above, the time differences betweenventional and sustained
simulations are not only justified by the size bé tmoulds but also by the size and
complexity of the unprojected areas, that is tq $ag larger and/or more complex the
unprojected area of the piece to simulate/progiarthe greater the simulation time and

hence the machining, regardless of tonnage.

The complexity of the unprojected area explainst thulds with upper areas,
compared to others, could have lower simulatioresir(e.g. moulds 27B vs 1B), or that
moulds with unprojected areas of different dimensiccould have very similar
simulation times (e.g. moulds 1C vs 8C; moulds 40 4C). These peculiarities may be
due to the fact that they are less complex mouid®chnical terms, i.e., have flatter
areas that do not oblige the tool to follow sevemalites, changes of direction,

progress/speed, among others.

9.2 [Economic use of resources

The reduction in simulation times, and hence in pheduction times, enabled what
effect the use of sustainable milling in terms dflled manpower, in energy
consumption (monetarily translated into euros) anthe emission of carbon dioxide

(COy) to the atmosphere (translated in kilograms) todtermined.

9.2.1 Human resources: cost of time man-machine
In the company where the study was conducted,warage price of man/machine time
in the machines where the machinations of cavdes cores will be made is 30€/h.
With the reduction of hours of simulation, this aleeduces execution time, which
implies fewer hours of the operator on a certaect@i As a result of the decreased time
in the milling of the pieces, the company can adhblie to the product by reducing the

production costs, while maintaining the final qtyaliThus, Equation 5 was constructed
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using the price of man/machine time in the compamrycerned and the differences of
simulation times, as given in the table in Annexo2calculate the " man/machine

economy".

Equation 5 — Man/machine economy resulting fromusation differences

Man/machine economy (€) =
= Dif ference of simulation times (h)

* average price of the man/machine hour (€/h)

The results calculated by Equation 5 (summarizedahle 11) show that previously
registered reductions of times using the sustagaiohulation, enable a total saving of
11,184 € in manual labour used (man/machine hdord)e made (for more detailed
analysis, see Appendix 1).

Table 11 — Summary of savings in human resourcegasustainable simulation

: Quantity| Differences of simulatiol Simulation _
Plece _ _ Man/machine
of times times
5 _ economy (€)
n type| pieces (hh:mm) (hh)
C 36 169:54 169,89
TOTAL| B 36 202:55 202,91 11.184
72 372:49 372,8

Resulting from the study (own source)

9.2.2 Energy Resources
To find the values for the "energy economy (€)’e(¢be summary in Table 13), the
value of "average consumption of CNC (kW)" (seel@d®) was calculated, using the
theoretical consumption (catalogue) in kilowattg/jkof such equipment, because it is
impossible to predict in which equipment could lsedi for the simulation done in

WorkNC bearing in mind that not all machines hakke same energy consumption.
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Thus, it is possible to minimize the effects ofctiuations in equipment consumption
(moderating variables), contributing to a greatalidity (internal and external). Table
12 shows the number of machines and the respegibveer catalogue, that the

researcher also considers as a moderating vafisivi

Table 12 — Average consumption of CNC (kW)

Equipment Machine
Power (kW
Moriseiki - SV 500 50
Anayak - VH 3000 Plus 43
Huron - KX 30 54
Anayak - P 3200 40
Anayak - H 3000 MG 50
Mori Seiki - NV 6000 36
HURON - Kx10Five 63
HURON - Nx40 54
HURON - Kx20 54
AVERAGE 49,33(3)
Own source

From the time difference and the average consummioCNC, the average energy
consumption for each simulation was obtained. Tlisg, following calculation was

performed:

Equation 6 — Average energy consumption in the kitimn (kWh)

Average energy consumption in the simulation (kWh) =
= Average consumption CNC (kW)

* Dif ference of simulation times (h)
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The calculation of energy savings (€) from the tidiference between conventional
milling and sustainable milling (see Equation 7}he several simulations results of the
values from Equation 6 (presented in strata int#ide of Appendix 3) and the unit

value per kWh:

Equation 7 — Energy savings (€) from the time défees of simulations

Energy economy (€) =
= Average energy consumption in the simulation (kWh)

* Unit value by kWh(€)

Thus, in 2010, the year in which this study toadkcgl, the unit price per kWh applied to
the company by the EDP (Energias de Portugal) wiEk © (eleven cents) and from the
conversion of sustainable milling times constamstioe Table 9, for kilowatt (kW),
hours (h) and euros (€), it was established thabugh the use of sustainable milling,
the company could save 2.022,92€ in power, maimgithe level of production (see
Table 13) (for more detailed analysis see AppeBlix

Table 13 — Summary of energy savings using theaswile simulation

Picce Quantity| Simulation Average Energy
of time consumption in th¢ savings
n° type | pieces (hh) simulation (kwWh) (€)
C 36 169,89
TOTAL| B 36 202,91 18.390,22 2.022,92
72 372,8

Resulting from the study (own source)
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9.2.3 Environmental resources: emissions of carbon dioxil (COy)
With the average value of energy consumption obthihrough simulation (kWh) (see
Equation 6), the average amount of carbon diox{d&, whose emission into the
atmosphere can be avoided by saving energy, camalbelated. To this end, the value
provided by the official website of EDP on the  miet
(http://www.edpsu.pt/pt/origemdaenergia/Pages/Ogdaknergia.aspx,consulted on

January 24, 2011) will be used, which indicates tha average emission of carbon
dioxide (CQ) in 2010 was 226,74 g/kWh. This amount includdstta features of

energy production, such as hydro, wind, nucleageneration and microgeneration, as
well as from the burning of coal, fuel oil, natugds and other forms of energy with

lower expression not mentioned on the site.

Table 14 (summarized table in Appendix 3) indicates amount of carbon dioxide
(COy) not emitted in to the atmosphere because of ifferehce in machining times by
piece. The values presented are expressed in tlitEnational System) unit, gram
(9), but for better understanding was convertelliltlgrams, kg. In Table 14 it can be
seen that, using the sustainable simulation, thepeny reduces the emission of carbon
dioxide, (CQ) into the atmosphere over 4 tonnes, which cormdgdo 226,74 g /
kWh, since less energy was consumed (see Tablé&8yrding to NIE (2010) there is
progress in the environmental performance of Poesg industry, including the
emissions of greenhouse gases. Regarding the RM$, important to stress that
sustainable milling may increase the reduction céeghouse gases emission, in

particular CQ, since

“in 2008, it is estimated that there has been a eks® in the intensity of
emissions of greenhouse gases by 2.1% compare@Q0®. 2n fact, while in
2007, 579,4 g de COper euro of VAB generated were emitted, in 2008 the
value was 567.1 g of GQreinforcing the trend recorded since 20Gf, a
smaller relative variation of these emissions, cared with the growth of
economic activity'(NIS, 2010:1).

In this sense, the company contribute to solvirgdodal problem (in accordance with
the one previously stated by the UN, 2011a), whneroving their image amongst
consumers/customers by assuming a position of nsgmbty in relation to their

environmental impact (Ferreira, 2010).
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Table 14 — Summary of the amount of carbon diox@®,) not emitted in to the

atmosphere using the sustainable simulation

. Quantity| Simulation| Average consumptio

Piece : . : : CO; (Kg)
of time in the simulation _
. not emitted

n° | type| pieces (hh) (KWh)
c 36 169,89
TOTAL| B 36 202,91 18.390,22 4.169,79

72 372,8

Resulting from the study (own source)

Table 15 presents a summary of all the resultsirddan this investigation resorting to
sustainable simulation in detriment of the convamdl one.

This research demonstrates that the use of suBtaimailling at the expense of the
conventional form reduces the simulation time b®:39 hours, which corresponds to
46,6 days (about 2 months and 5 days) of effectevice and 11.184€ in man
/machine hours. Note also that by adopting thie typmilling, the company would stop
consuming 18.390,22 kWh of energy meaning a ditecf 2.022,92€. Thus, it can be
said that the adoption of simulation/sustainabldimgi would represent a saving of

13.206,92€ per year for the sample.

In addition to the direct monetary gains for thenpany, the reduction of milling time
can be an indirect gain for the organization, ti@es into customer loyalty, delivery of
moulds within agreed or shorter deadlines (comipetiess), in the production of more
moulds with the same resources, among other aspigictthe other hand, the emission
of over 4 tonnes of carbon dioxide (g@n to the atmosphere is avoided, contributing
to the reduction of the company's environmentalaotpimproving its image among

stakeholders.

Thus, the optimization of the milling process ahd tonsequent reduction of the times
used, is important for saving the use of human andrgetic resources and the
contribution to the competitive potential of thengmany and its environmental

sustainability.
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Table 15 — Summary of research results

Difference simulation Average CO, not emitted to the
. ) ) times consumptiory Economy of Energy atmosphere Total
Dimension Size ) ) ) .
in the man/machine | savings Savings
(Tonne) sample ) .
(h) (days) simulation (€) (€) Q) (Kg) (€
(kWh)
10; 0,25] 2 9:09 1,14 451,37 274,50 49,65 | 102343,52| 102,34 324,15
10,25 ; 0,75] 4 8:41 1,08 427,69 260,10 47,05 96974,68 96,97 307,15
10,75 ; 2] 15 51:36 6,45 2544,93 1547,70 279,94 | 577038,48| 577,04 | 1827,64
12 ; 5] 6 54:51 6,86 2705,75 1645,50 297,63 | 613501,87| 613,50 | 1943,13
15; 10] 5 123:03 15,38 6070,06 3691,50 667,71 | 1376324,61 1376,32 | 4359,21
110 ; 20] 2 45:55 5,74 2265,23 1377,60 249,18 | 513619,08| 513,62 | 1626,78
120 ; oo 2 79:34 9,95 3925,19 2387,10 431,77 | 889997,15| 890,00 | 2818,87
Total 36 372:49 46,60 18.390,22 11.184,00 2.022,92 47B839 4.169,79| 13.206,9

Resulting from the study (own source)
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10 CONCLUSIONS

This study had as its key point the optimization toé milling process and its
contribution to sustainability. The choice madeli® to the fact that, on the one hand,
milling is considered the 'heart’ of the compapytsduction process of moulds, because
almost all pieces pass through this section arelpther hand, it is crucial to improve
the competitiveness of enterprises, contributinghieir economic and environmental

sustainability.

To test to test the hypotheses that guide the meseand in the impossibility of

manufacturing the moulds, computer simulations werdormed by using a software
program to generate machining paths (WorkNc), comiynaused by the PMI in

manufacturing moulds for plastic injection. Thesmuwations are focused on the
adjustment areas of the cavities and cores of theldnin order to reduce production
times. Thus, the moulding parts (core mould) are aftected in this study, which
implies maintaining the quality of surface finigts is currently done.

The study population includes moulds of variougsjarranged in strata, according to
the scale of Rodrigues (2002:169), in order to giweer coverage to the study, since
the PMI for plastic injection consists of compangggecialized in moulds of various
sizes (tonnage). Of the moulds population (56armlom stratified sample of 36 moulds
was constituted, making a total of 72 pieces (36ties and respective cores), because
this type of sampling allows that the elements Ibtlasses have equal probability of

being in the sample, enhancing its representatsge(feortin e Filion, 2006).

From the perspective of the experimental studyjabées namely the independent
variable (IV) (conventional and sustainable simola) and the dependent variable
(DV) (simulation time) were defined. However, inpeximental investigations the

investigator must control other variables so thatytdo not influence the final result,
thus moderating variables (MV) (dimensions of theufd) have been adequately
controlled and the effect of external variables JEYAs neutralized. This ensures that
the results obtained (DV, i.e. simulation times} anly influenced by the IV (type of

milling). In this way, only the axial (operationvied Z) and radial increments (copy
operation) were changed, depending on the typgyefation to be performed, and no
other technical parameter was changed in programymim order to neutralize any

influence on the results other than the IV. By doso, the investigator ensured the

Pagina | 66



internal validity of the study and allowed the campon of results between the control
group (pieces subjected to conventional simulatag the experimental group (pieces

subjected to sustainable simulation).

From the results obtained, it can be seen thatstisainable milling contributes
significantly to reducing the simulation times aadcordingly the production times
(H1), which allows the man-machine time (H2) almel tonsumption of electricity (H3)
to be lowered, which, in turn, leads to a reductio@0O, emissions in to the atmosphere
(H4). The results obtained show that it is possitdemaintain the quality of the
produced moulds and reduce delivery times to custen(El-Haggar, 2007), while
moderating the use and consumption of resources, @INM1a) contributing to the

economic and environmental sustainability of theapany.

The reduction in the milling times occurs in algseents since the sustainable strategy
can be applied to moulds of different tonnages (Hb)his process it was found that the
unprojected area of the adjustment zone influettoegimes of the production process
(H6) and to this fact it is possible to add the ptarity of the joint line (which defines
the unprojected area of the cavity and core), bee#ualso contributes to the observed
time difference. Consequently, the time differercmfluenced by the unprojected area,
by the complexity of the joint line and by the tage of the mould, whereby the
sustainable strategy could enable a decrease imithieg times in moulds of different

tonnages to be achieved.

In view of the above, it is also important to nttat the strategy of sustainable milling
allows not only the savings through optimal uséwhan and energetic resources, such
as encouraging the development of the companyese tvas a decrease in the times of
the sustainable milling relative to the conventidoam and, consequently, the need for
manual labour to be used, as well as in energyuwropgon and emissions of carbon
dioxide (CQ), as is summarized in Table 15. Following Youn@Q®) and El-Haggar
(2007), companies profit from sustainability, on aoonomic level (reduction of
production time, which is reflected in the man/maeh hours and electricity
consumption) and environmental level (reducing teldty consumption implies

reduced production and consequent emission ofittO the atmosphere).

At the end of the research process, it is clear, thespite the moulds having different

tonnages, the increase of axial and radial incrésném the simulation program
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(sustainable milling) allows for better times iretproduction process of moulds for
plastic injection. Effectively, the guidance forstainable practices allows the company
to create a competitive advantage by producing dwoin less time and with fewer
resources, since it allows other variables in tegotiation with customers and opens
the possibility to seek new market niches. In shdhe adoption of more
environmentally friendly forms of production can ciease productivity and
competitiveness, due to an improved company imagbkde market, to the reduction of

costs and a decrease in the environmental impaglio(M006; Young, 2007).

As noted by Ferreira (2010), the adoption of sohdithat contribute to sustainability
implies a long-term perspective, optimization arfticiency, interdependence and
cooperation allowing, as Young (2007) and Ferré2@10) advocate, the company's
competitiveness in the medium/long term to be impdo Epstein (2008) and the UN
(2011b) reinforce the idea and adds that compdha&sievelop strategies to address the
shortage of energy resources, the need for manpewedr consumables will gain
competitiveness. In this context, companies gai@eading role in their economic and
environmental sustainability, as well as in thespregation of nature, taking an active

role in sustainable development.
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10.1 Implications for academic knowledge

This research contributes to academic knowledgeedinere are no similar studies on
the moulds sector, when reviewing the literatureéhis dissertation, which makes this
study an asset for academic knowledge. Thus, thelaiion of a sustainable way to
operate the milling provide data relevant to thenpetitiveness of the Portuguese
Moulds Industry and for future studies. The impoce of the adaptation of production
processes in their various moments, is a strateEgitor in industrial predominantly

exporting sectors.

Although Jorge (2011) has a similar study in thedpctive process, concerning the use
of resources, this investigation went further, sinftcom the measurement of the
simulation times of milling the needs of human rgses, energy consumption and
consequent COemissions were calculated, in an unprecedentedoagpiprto the

production process of moulds in Portugal.

It is also important to note that the transformatiao the way how the production
processes are organized, without resorting to atdjtianal investments, can be an

interesting field of research to enhance entermisepetitiveness.

10.2 Implications for managing

The optimization of the production process is exgly important for the Portuguese
Moulds Industry for plastic injection, since it elatly interferes with the productive
times, company productivity and resources used #@mjmenergy, etc.). If this
improvement process does not involve new investspebtit only the use of the
available resources and nevertheless, provides etiimpness, it can be assumed that
the gains are actually significant.

By minimizing production times it is possible tooguce more in less time, reduce
production costs and thus increase the companyigpetitiveness at national and
international levels (El-Haggar, 2007), becausklivers the final mould more quickly,

which adds value to the service provided by the mamy. Moreover, the suggested
measures for the optimization process imply thatdbmpany becomes more profitable
economically and environmentally sustainable, wiighld open doors to new business

areas and market niches, since the contributi@ntronmental sustainability can be a
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distinguishing feature and an added value for thpany's image in relation to its

stakeholders. Consequently, optimizing the productirocess is not only an economic
necessity for the PMI as it is crucial for theirngeetitiveness, and this should be
understood by the people in management positiors lassiness strategy and not as a

secondary issue.

Due to the above, it is expected that the resditeeostudy will be a contribution to the
optimization of the production process in the PMince it will improve their
competitiveness and contribute to the developmetttie industry, so important for the

country.

10.3 Limitations of the study

This study has some limitations that leave operistapoints for future investigations.
Although the computer simulation is a huge advamtaginimizing the time of the

investigation, it does not involve the materialiaatof the simulations, which can also
be regarded as a disadvantage for the study, asitm@ations are not subject to

unexpected aspects and are realized in ideal dsntex

The lack of similar studies in the sector of mouldlen reviewing the literature in this
dissertation, can be considered a limitation ofstiuely since no previous results exist to
compare with those obtained in order to give mailélity to the research. On the other
hand, the construction and operation of the metlogyowere made more difficult by

the inability of replication.

10.4 Suggestions for future studies

It is suggested that, in the future, investigatice@icate this study, but from the simple
one-piece construction, with relief, that allowsstieg operations massively used

(simulation by copy and by levels).

It would still be scientifically pertinent that silar studies are carried out in other
companies, in order to be able to extend the iesuliarger moulds, standardize cutting

parameters and that used other(s) software(s).
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This study may also provide the basis for othezxamine moulds, taking into account
the tonnage and industry client for which it iseimdled. It would then be possible to
analyze the importance and performance of eachobribem, realizing its strategic

importance to the PMI.

For all the above, it is obvious that there isl stillong way to go to a deeper and
systematized knowledge on the subject, but it {gedothat this study has contributed
not only to the optimization and sustainabilitytbé PMI, but also to opening up new

research paths.
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APPENDICES



Appendix 1 — Times of simulations performed

Simulation times (hh:mm)

Unprojected areas

Dimension | Sample Identification Cavity Core Differences (mn)
(Tonne) size Cavity Core | Conventional Sustainabl¢ Conventional Sustainabl¢ Cavity Core Cavity Core
ﬁ 0.140 1C 1B 4:43:00 2:58:00 17:21:00 11:12:00 1:45:p0 90 | 271315 145204

S| 0.200 2
o | 0.220 2C 2B 2:07:00 1:35:00 1:52:00 1:09:00 0:32;00:43:00 33452 84728
0.300 3C 3B 0:43:00 0:25:00 0:50:00 0:29:00 | 0:18:00 | 0:21:00 | 21084 21316
o | 0.415 4C 4B 5:56:00 4:00:00 5:25:00 3:37:00 | 1:56:00 | 1:48:00 | 33049 86582
';— 0.430 5C 5B 5:56:00 4:00:00 5:25:00 3:37:00 | 1:56:00 | 1:48:00 | 33049 86582
. | 0.560 4 mould cnc lathe
g- 0.600 mould cnc lathe
~| 0.600 mould cnc lathe
0.690 6C 6B 0:46:00 0:32:00 1:29:00 1:09:00 | 0:14:00 | 0:20:00 | 14868 25354
0.840 7C 7B 2:19:00 1:37:00 5:22:00 3:33:00 0:42:00 1009} 56828 63088
0.910 8C 8B 4:18:00 3:29:00 2:37:00 1:55:00 0:49]0@:42:00 77747 112530
0.910
0.960 9C 9B 2:49:00 2:13:00 1:40:00 1:11:00 0:36]00@:29:00 30201 29930
F 0.960 10C 10B 2:37:00 2:05:00 1:31:00 1:11:00 @B2; 0:20:00 30201 29930
| 1.070 15 11C 11B 2:00:00 1:14:00 3:37:00 2:14:00 @ae6; 1:23:00 97584 79053
S| 1.120
1.190
1.190
1.190 12C 12B 2:58:00 2:26:00 3:08:00 2:09:00 @B2; 0:59:00 30201 29930
1.250 13C 13B 2:37:00 1:50:00 4:35:00 3:25:00 @a7; 1:10:00 56828 63088
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Simulation times (hh:mm)

Unprojected areas

Dimension | Sample Identification Cavity Core Differences (mn)
(Tonne) size Cavity Core | Conventional Sustainabl¢ Conventional Sustainabl¢ Cavity Core Cavity Core
1.260
1.440 14C 14B 5:21:00 3:06:00 10:47:0( 6:12:00 B2A5 4:35:00| 170244 187276
1.450 15C 15B 2:17:00 1:26:00 6:52:00 4:27:00 @61 2:25:00 87351 131127
1.480 16C 16B 1:37:00 1:00:00 7:10:00 4:09:00 @37} 3:01:00 66024 150875
= | 1650 18C 18B 6:20:00 3:50:00 9:20:00 5:20:00 DBO; 4:00:00| 144459 210411
‘-1 1.670
E. 1.695 15
| 1.695 17C 17B 18:19:00 13:47:00 6:12:00 4:38:00 2403 | 1:34:00 198148 201131
1.740
1.750 19C 19B 5:48:00 3:33:00 7:48:00 4:29:00 Q5 3:19:00| 145453 159936
1.900 20C 20B 7:47:00 5:27:00 9:43:00 6:44:00 DA0; 2:59:00| 176589 63088
1.905 21C 21B 1:33:00 0:54:00 5:43:00 3:35:00 @39; 2:08:00 43333 186797
2.175
2.325 22C 22B 9:36:00 6:12:00 11:01:00 8:49:00 | 3:24:00 | 2:12:00 | 130938 166006
2.920 23C 23B 74:09:00 | 69:35:00 | 111:33:00 | 105:10:00| 4:34:00 | 6:23:00 | 394535 567709
= 2.920 24C 24B 74:09:00 | 69:35:00 | 111:33:00 | 105:10:00| 4:34:00 | 6:23:00 | 394535 567709
S 3.000 6
— | 3.300 25C 25B 5:35:00 4:16:00 6:37:00 4:13:00 | 1:19:00 | 2:24:00 | 63294 97104
4.190
4.205 26C 26B 23:30:00 | 16:01:00 | 21:24:00 | 15:09:00 | 7:29:00 | 6:15:00 | 379527 362374
4.470 27C 27B 19:45:00 | 12:30:00 6:27:00 3:48:00 | 7:15:00 | 2:39:00 | 176680 209732
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Simulation times (hh:mm)

Unprojected areas

Dimension | Sample Identification Cavity Core Differences (mn)
(Tonne) size Cavity Core | Conventional Sustainabl¢ Conventional Sustainabl¢ Cavity Core Cavity Core
5.215
5.460 28C 28B 55:42:00 36:49:00 32:58:00 22:36]008:53:00| 10:22:00 795560 807547
_| 5.485 29C 29B 32:46:00 20:58:0p 41:26:00 26:211001:48:00| 15:05:00 790162 815576
S| 5.920 5 30C 30B 29:09:00 17:58:00 33:23:00 21:31;001:11:00| 11:52:00 730770 442890
o | 7.050
| 7.970
8.765 31C 31B 64:41:00 45:42:00 38:29:00 26:46]008:59:00| 11:43:.00 1217278 720812
9.055 32C 32B 5:31:00 3:18:00 25:40:00 14:43:00 32Q | 10:57:00 449437 470262
§ 14.340 33C 33B 21:31:00 | 15:57:00 | 23:39:00 | 17:10:00 | 5:34:00 | 6:29:00 | 264456 368571
S 15.000 2
= | 15.000 34C 34B 45:02:00 | 26:55:00 | 39:10:00 | 23:25:00 | 18:07:00| 15:45:00| 1247391| 1161015
g | 21.900 35C 35B 48:46:00 41:19:0( 69:39:00 42:13:00  7:27]0R7:26:00| 1434334 1632046
o | 21.900 2
S| 22.000 36C 36B 68:54:00 49:11:00 64:31:00 39:33{009:43:00| 24:58:00 1047565 1641018
Total 36 667:37:00 | 497:43:00 755:57:00 | 553:02:00 169:54:00( 202:55:00

Own source
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Appendix 2 — Savings in human resources due t@asadile simulation

Piece Quantity I_Differe_nces_ of Simulation Man/machine
'of simulation time| times economy (€)
no type | Pieces (hh:mm) (hh)
1 C 1 1:45 1,75 52,5
B 1 6:09 6,15 184,5
5 C 1 0:32 0,53 15,9
B 1 0:43 0,72 21,6
3 C 1 0:18 0,3 9
B 1 0:21 0,35 10,5
4 C 1 1:56 1,93 57,9
B 1 1:48 1,8 54
5 C 1 1:56 1,93 57,9
B 1 1:48 1,8 54
5 C 1 0:14 0,23 6,9
B 1 0:20 0,33 9,9
7 C 1 0:42 0,7 21
B 1 1:49 1,82 54,6
3 C 1 0:49 0,82 24,6
B 1 0:42 0,7 21
9 C 1 0:36 0,6 18
B 1 0:29 0,48 14,4
10 C 1 0:32 0,53 15,9
B 1 0:20 0,33 9,9
11 C 1 0:46 0,77 23,1
B 1 1:23 1,38 41,4
12 C 1 0:32 0,53 15,9
B 1 0:59 0,98 29,4
13 C 1 0:47 0,78 23,4
B 1 1:10 1,17 35,1
14 C 1 2:15 2,25 67,5
B 1 4:35 4,58 137,4
15 C 1 0:51 0,85 25,5
B 1 2:25 2,42 72,6
16 C 1 0:37 0,62 18,6
B 1 3:.01 3,02 90,6
17 C 1 2:30 2,5 75
B 1 4:00 4 120
18 C 1 4:32 4,53 135,9
B 1 1:34 1,57 47,1
19 C 1 2:15 2,25 67,5
B 1 3:19 3,32 99,6
20 C 1 2:20 2,33 69,9
B 1 2:59 2,98 89,4
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Piece Quantity I_Differe_nces_ of Simulation Man/machine
'of simulation time times economy (€)
no type | Pieces (hh:mm) (hh)
21 C 1 0:39 0,65 19,5
B 1 2:08 2,13 63,9
22 C 1 3:24 3,4 102
B 1 2:12 2,2 66
23 C 1 4:34 4,57 137,1
B 1 6:23 6,38 191,4
24 C 1 4:34 4,57 137,1
B 1 6:23 6,38 191,4
o5 C 1 1:19 1,32 39,6
B 1 2:24 2,4 72
26 C 1 7:29 7,48 224.4
B 1 6:15 6,25 187,5
57 C 1 7:15 7,25 217,5
B 1 2:39 2,65 79,5
o8 C 1 18:53 18,88 566,4
B 1 10:22 10,37 311,1
29 C 1 11:48 11,8 354
B 1 15:05 15,08 452,4
30 C 1 11:11 11,18 335,4
B 1 11:52 11,87 356,1
31 C 1 18:59 18,98 569,4
B 1 11:43 11,72 351,6
32 C 1 2:13 2,22 66,6
B 1 10:57 10,95 328,5
33 C 1 5:34 5,57 167,1
B 1 6:29 6,48 194,4
34 C 1 18:07 18,12 543,6
B 1 15:45 15,75 472,5
35 C 1 727 7,45 223,5
B 1 27:26 27,43 822,9
36 C 1 19:43 19,72 591,6
B 1 24:58 24,97 749,1
C 36 169:54 169,89
Total B 36 202:55 202,91 11.184
72 372:49 372,8
Own source
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Appendix 3 — Energy savings and the amount of cadioxide (CQ) not emitted to

the atmosphere due to sustainable simulation

Piece Quantity| Simulation CNC's Simulation Economy| CO; not emitted to the
of | times | SVEIA9E | GVEIAYE | savings atmosphere
iaces (hh) consumption consumption ©

n° |type| P (KW) (KWh) (@) (Kg)
. C 1 1,75 86,3275 9.50 19573,9 19,57
B 1 6,15 4933 303,3795 33,37 | 6878827 68,79
) C 1 0,53 ' 26,1449 2.88 5928 09 593
B 1 0,72 35,5176 3,01 805326 8,05
2 C 1 0.3 14,799 1.63 335553 3.36
B 1 0.35 17,2655 1,90 3914,78 391
A C 1 1,93 95,2069 1047 | 21587.21| 21,59
B 1 1.8 49,33 88,794 977 | 20133,15| 2013
c C 1 1,03 ’ 95,2069 10,47 | 21587,21| 21,59
B 1 1.8 88,794 9.77 | 20133,15| 2013
6 C 1 0.23 11,3459 1,25 257257 2.57
B 1 0,33 16,2789 1,79 3691,08 3.69
; C 1 0,7 34,531 3,80 782956 7.83
B 1 1,82 89,7806 0.88 20356.85 20.36
o C 1 0,82 40,4506 4.45 9171,77 9.17
B 1 0,7 34,531 3,80 7829 .56 7.83
o C 1 0.6 29,508 3.26 6711,05 6.71
B 1 0,48 23,6784 2.60 5368,84 5,37
10 LS 1 0,53 26,1449 2.88 592809 593
B 1 0,33 16,2789 1,79 3691,08 3,69
1 LC 1 0,77 37,9841 418 8612,51 8.61
B 1 1,38 68,0754 7.49 15435 42 15,44
1> LC 1 0,53 26,1449 2.88 592809 593
B 1 0,98 48,3434 5,32 1096138 10,96
3 | C 1 0,78 38,4774 4.23 872437 8.72
B 1 117 57,7161 6,35 13086,55 13,09
u | C 1 2.25 49.33 110,9925 1221 | 2516644 2517
B 1 458 2259314 2485| 51227.69 51,23
5 | C 1 0,85 41,9305 461 9507,32 9,51
B 1 2.42 119.3786 13,13 27067.9 27.07
6 | C 1 0,62 30,5846 3.36 693475 6,93
B 1 3,02 148.9766 1639| 3377895 33,78
7 |.C 1 2.5 123,325 1357 | 2796271 27.96
B 1 4 197.32 21,71 | 4474034 44,74
s | C 1 453 223.4649 2458| 5066843 50,67
B 1 157 77,4481 8,52 17560,58 17,56
10 | C 1 2.25 110,9925 1221 | 2516644 2517
B 1 3,32 163.7756 18.02| 3713448 37.13
0 | C 1 2.33 114,9389 12,64| 2606125 26,06
B 1 2.98 1470034 16,17 | 3333155 33,33
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SN NV

=

Piece Quantity| Simulation AN SIMITEHOR Economy| COz not emitted to the
of times average average savings atmosphere
— (hh) consumptior consumption €
n° | type P (kW) (kWh) n° type
21 C 1 0,65 49 33 32,0645 3,53 7270,3 7,27
B 1 2,13 ’ 105,0729 11,56 23824,23 23,82
29 C 1 3,4 167,722 18,45 38029,29 38,03
B 1 2,2 108,526 11,94 24607,19 24,61
23 C 1 4,57 225,4381 24,80 51115,83 51,12
B 1 6,38 314,7254 34,62 71360,84 71,36
24 C 1 4,57 225,4381 24,80 51115,83 51,12
B 1 6,38 49 33 314,7254 34,62 71360,84 71,36
25 C 1 1,32 ’ 65,1156 7,16 14764,31 14,76
B 1 2,4 118,392 13,02 26844,2 26,84
26 C 1 7,48 368,9884 40,59 83664,43 83,66
B 1 6,25 308,3125 33,91 69906,78 69,91
27 C 1 7,25 357,6425 39,34 81091,86 81,09
B 1 2,65 130,7245 14,38 29640,47 29,64
28 C 1 18,88 931,3504 102,45 | 211174,39 211,17
B 1 10,37 511,5521 56,27 115989,32 115,94
29 C 1 11,8 582,094 64,03 131983,99 131,98
B 1 15,08 743,8964 81,83 168671,07 168,6]
30 C 1 11,18 49 33 551,5094 60,67 125049,p4 125,05
B 1 11,87 ’ 585,5471 64,41 132766,05 132,77
31 C 1 18,98 936,2834 102,99 2122929 212,24
B 1 11,72 578,1476 63,60 131089,19 131,0¢
32 C 1 2,22 109,5126 12,05 24830,89 24,83
B 1 10,95 540,1635 59,42 122476,67 122,4¢
33 C 1 5,57 274,7681 30,22 62300,92 62,3
B 1 6,48 49 33 319,6584 35,16 72479,35 72,48
34 C 1 18,12 ’ 893,8596 98,32 | 202673,73] 202,67
B 1 15,75 776,9475 85,46 | 176165,08] 176,17
35 C 1 7,45 367,5085 40,43 83328,88 83,33
B 1 27,43 49 33 1353,1219 148,84  306806,86 306,8
36 C 1 19,72 ’ 972,7876 107,01 220569,86 220,5]
B 1 24,97 1231,7701 135,49  279291,55 279,2
C 36 169,89
Total | B 36 202,91 18.390,22 2.022,92 4.169.799,44.169,79
72 372,8
Own source
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