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SUMMARY

This work analyzes various aspects of cable manufacturing taking into account the production
process, overview of cable business and marketyse and implementation of simulationa

cable factory in order to optimize machine utilization.

The focus is on ELKA d.o.0a Croatian cable manufacturerhich has been described in detail
in every aspect, such as product mix, processes and department, daygbuechnology

(machineryand software CableBuilder and SAP).

Simulation model has been built using the software ggckSiemensTecnomatix 11 Plant
Simulation. The input datavolved number of orders, annual quantities expressed in kilometers
and tons, production times, layaodistances between machingsd other The simulation runs

give results for different alternatives obtainkeg changing the number of production batches in

one year in relation to the number of ordefbe purpose is to evaluate the possibility of
introducion of a Form Postponement strategy to accelerate the lead times of cable supply and to
maximize the utilization of the existing machin@&se results are shown statistical diagrams

that containdata about number of parts produced, machine load andwotking times.A
comparison of results of diffent alternatives is performednQ@he basis of the comparison, in
order to accelerate the lead times and to maximize the utilizatidve oh&chines, it appears that

a Form Postponement strategy is convetnie

A part of this work contains the calculation of the number of forklifts needed for internal

transport.

Key words: cables, manufacturing, simulation
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5DG DQDOL]JLUD UD]QH DVSHNWH SURL]YRGQMH NDE&#WD ND
WH NRULAWHQMH L LPSOHPHQWDFLMD VLPXODFLMH X WYRI
LVNRULAWHQMD VWURMHYD

'HDWOMQR MH RSLVDQD KUYDWVND WYRUQLFD (/.$ G R R )

procese i ustroj, prostorni rasporeehnologiju (strojevi i softver CableBuilder and SAP).

6LPXODFLMVNL PRGHO QDpLQMHQ MH NRUL&AWHQMHP VRIWY
80D]QL SRGDFL XNOMXpLYDOL VX EURM QDUXGAEL JRGL?
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strategija Form Postponement RGJRGD R W Br&2vbdpiN RKIiwWid3ti koje ovise o
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1. THE CABLE BUSINESS AND THE PRODUCTS

1.1. Electrical principles and conductors

Materials can be classified in relation to their capacity to conduct electricity: it is possible to

individuate conductors, semiconductors arslilators.

Conductors, such as copper and aluminum, are thiaderials thapresent a large number of
free electrons that move easily and offer a little opposition to the passage of the electric current.
On the contrary, insulators, such as rubber aadtigl offer high resistance when a voltage is

appliedbecause of their atomic structure composed by few free electrons.

Semicomluctors, for example silicon and ganium, can conduct electricitlyut their properties

are similar to those of conductors polver a limited temperature range.

Light can be considered as an electromagnetic wave that can pass through some materials
easily tharsome others, while sometimes it is blocked; when light passes throogteaal,it is
attenuated. Materials thallow the passage of light are light conductors, called fiber optic

cables.

In general,both electrical conductors and fiber optic cables are used to carry information, and
fiber optic cables have higher performarioe this purposebecause of the higher frequency.

However, only electrical conductors can be used to tramsmier.[1]

Electrical conductors can be groupedswlid and straded (Figure 1}). A solid conductor is

composed by a single strand of hamrwn or sofidrawn wire and they are mainly used for
lighting, service, control and grounding systems. Hinalvn conductors are wires that are

mechanically drawn after being cooled frohe theating process and they are characterized by

FSB Zagreb 13
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high tensile strength and low elongation under stress. On the contrargraseft conductors are
treated with heat in orde¢o remove internal stress and to obtain theag®t elongation under

stress[1]

Stranded conductors are composed by solid wires twisted together in a common bundle or
individual groups. They have high flexibility and so they are mainly used to make connections,

such as terminating at device connections and terminal bdnds.

Figure 1. Solid and stranded conductors

Nowadays thenainly conductor materialused are Aluminum and Copper, especially because of
their reasonable costs and good conductive propef@iegper is a better conductor, in fact
aluminum ha$1 % of the conductivity of coppeOtherconductors are silver and gold. Silver is

the most electrically conductive element, and it has also the highest thermal conductivity; it is
commonly used for coatts or plated onto some conductors, but because of the higher cost, it is
less used than copper. Gold is almost as good as copper regarding conductivity, and it is
extremely resistant to corrosion. It is very expensive, so it is used for specializezhizqui

such as very fine wires or connectors. [1]

Copper conductorshowthe advantagesf having a lower resistant¢kean aluminum conductors;
it means that they can pass the current without creating excess heat, but they are more expensive
and heavierAluminum conductors are long, straight and cheap but they are not so good as

copper because of the higher resistance that worsens terminating charactéhstycsieed

FSB Zagreb 14



Giulia Temelini Diploma Thesis

special care when terminating, in fact an -&xidizing paste must be used becausenalum
oxidize when exposed to the aiaJso it can expand and contract because of changes in
temperaturel2]

Moreover, it is possible to get very small stranded copper cable, while aluminum cable is only
available at nominal crossectional areas of atdst 10 mr, and the individual strands are very
thick compared to those in the equivalently sized copper cable. It nietise finest aluminum
available are stiffer than that made of copper and so it is important to take into account some
additional cots for aluminum due to the effort involved in installing the less pliable aluminum

cables.

One of the most important problem for copper and silver plating is the presence of Hydrogen
Sulfide (H:S) in the atmospheré;is posible to observe two processgsneral corrosion of the
silver and creep corrosion of Culin plating is a practical solution to the,$l corrsion, so

tinned copper have beimgore and more used faniring and flexible cables. [3]

Table 1. Physical properties of metals used in cables (2£T)

1.2  Types of cables

A power cable is an assembly of two or more electrical conductors, usually held together with an
overall sheath and used for the transmission of @attipower. It is possible to install power
cables within buildings, buried in the ground, run overhead or exposed, while flexible cables are

mainly used for mobile deviceand machinery4]

Cables are usually classified according to their voltage as:

x Low voltage cables, up to and including 1000 V

FSB Zagreb 15
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X Medium voltage cables, starting 2000 V up and including 33 kV
x High voltage cables, above 33 kV up to and including 150 kV
x Extra high voltage daes, 220 kV, 400 kV, 500 k\j4]

Concerning the main cableomponents, it is possible to individuate a general structure

composed byFigure?2)):

x Core or conductors: a cable may have one or more conductors depending on fitre use
which is made. The conductors aminly tinned copper or aluminum and are usually
stranded in order to provide flexibility to the cable.

X Insulation: it is used to protect the cptiee thickness of the layer depends on the voltage to
be withstood bythe cable. The materials mostly used are impregnated paper or rubber

mineral compound.

X Metallic sheath: it is used to protect cable from moisture, gases, damaging liquids in the soil

and atmosphere and the mostly common materials used for sheatldaredeaminum.
X Bedding: it is applied over the metallic sheath in order to avoid corrosion and mechanical
injury; the layer of bedding usually consists in fibrous materials like jute or hessian tape.

x Armouring: it is the layer over the bedding consistgalizanized steel or steel tape, which

may not be present for some cables. The aim is to protect the cable from mechanical injury

while laying it and during the course of handling.
X Serving: it consists of fibrous materials, such as jute, that protecartheuring from

atmosphere conditiongt]

Figure 2. General structure (main components)of a cable
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1.3.  The insulation

In general, the successfoperation of a cable is largely influenced by the choice of the
insulating materialwhich depends on the purpose for which the cable is required and the quality

of insulation to be aimed at.
It is possible to individuate some properties for insulatiagemals:

x High insulation resitance to avoid leakage current

x High dielectric strength to avoidesitrical breakdown of the cable

x High mechanical strength to withstane tlmechanical handling of cables
x Nonhygroscopicwithout the absorption ahaoisturefrom air or soil

X Norrinflammable

X Low cost,so as to make the undergrausystem aiable proposition

x Unaffected by acids and alkalies to avoid any chemical agdén

It is no possible to find an ideal insulation, so a compromise has to be found between
performance and costs. Some of the mostly used materials are thermoplastic or elastomeric
materials andimpregnated papers.

An elastomeric material is ortbat can returnrapidly to its initial dimensions and shape after
deformation at room temperature by a weak strelsgler suchconditions,a thermoplastic

materal shows permanent deformation. [5]

Conventional elastomeric need to be cHsised by vulcanizationand he nostly common
materials arenatural rubber (NR), teylene propylene rubber (EPR)plychloroprene (PCP),
chlorosulphonated polyethylene (CSP) and silicone rubber (SR).

Conventioal thermoplastic materials argolyvinyl chloride (PVC), polyethylene (PE),
polypropylene (PP).

PVC is the most usual insulant for wiring cables because of its cost advantage and the good
performance. It is obtained from the polymerization of acetylene and it is in the form of a white
powder, then it is compounded with plasticeé be used as a cable insulaRW.C has a good
dielectric strength, high insulation resistance and mechanical toughness over a wide range of
temperature; it is also inert to many alkalies and acids and so it can be used in extreme

environmental condibins.
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Where electrical properties are paramount, for example for the radiofrequency cables,
polyethylene isthe preferred insulan Some of advantages of PE dosv permittivity (low
dielectric constant), low tan delta (low dielectric loss)d highinitial dielectric strength.

The main advantage of elastomeric compounds is that they can operate at higher temperature
then PVC: EPR can operate at & continuously, while SR at 15¢C. Moreover, they are the
first choice when flexibility is required; the nmaapplications fothesetypes of material are

flexible cords for domestic flmons and flexible trailing cables for mines.

In distribution field PVC is also the mostly material used, and dmked polyethylene is
preferred than EPR, because in thisecexibility is not so much important. XLPE comprises
polyethylene, an antioxidant and a crieking agent. Nowadays, the most common way to
obtain the crosfinking is to mix an organic peroxide with the PE and to extrude the insulate

conductor into darge tube containing steam under high pressure. [5]

The impregnated papeawonsists of chemically pulped paper made from wood chippings and

impregnated with some compounds such as paraffinic or mapbtmaterials. [4]

The primary advantages are the low cost, the low capacitance, the high dielectric strength and
high insulation resistance. However, paper is hygroscopic and absorbs moisture that lowers the
insulation resistance of the cable. For this reason, paper iosulet mostly used for
underground cable and where the cable route has gofets, because the costs increase for

special precautits to avoid moisture at joints.

Table 2. Comparison of cable insulating materials

Paper/cellulose Polyethylene PE XPLE EPR

Natural Synthetic Synthetic Synthetic

More polar, medium | Less polar, low losseg Less polar, low losseg Losses due to

losses additives

Fibrils Not-fibril Not-fibril Not-fibril

Not crosslinked Not crosslinked Crosslinked Crosslinked

No thermal expansior| Significant thermal Same thermal Slight thermal

on heating expansion expansion as PE expansion

Thermal degradation | Degrades at weak Degrades at weak Same as XLPE

via cleavage at weak | links links

link

Chains linear Chairsbranched Chairs branched, Chairs branched,
crosslinked crosslinked
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1.4  Cable business ananarket

The European cable business saw impressive grivautin 2004 until 2008 thanks especially to

the technological eévelopment Then, due to the impact tife economic slowdown, the market
experienced a decline in the growth rate from 2009. However, most companies bounced back
from the financial crisis by virtue of capital spending and investments in industries worldwide.
The economic recession showed itfeeff on the transmission and distribution sector and due to
the ongoing crisis in many countries, the pricing of the cable has become a competitive

parameter and the competition between existing players has significantly incféhsed.

In order to survie in the market and face the competition, companies are adopting strategies
such as acquisitions, exploration of new markets, improvements in research and development,
focus on customers. As a result, cable manufacturers need to be agile enough togesgbynd

to changing levels of thdemand.

X-axis period 2002013
Y -axis: change in production volumes

Figure 3. EU cable industry hit by reduction in economic growth and lower fixed
investment

In generalthe main reason whiguropeans managed to fend off Asian rivals is that around the

70 % of cable production costs are raw materials (especially copper and aluminum) which has

! Innovation in energy transmission and distribution, such as Smart Grid, or information technology development
that has encouraged the manufacture of fiber optic cables.
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the same cost all over the world. The biggest advantage of Asia is the lower labor costs, but this
Is such an irrelevant element, because of the labor accounts for a ni¥érefldverall costs]7]

This means that the cost of copper and aluminum is a critical factor that needs to be considered
and carefully managed by cable industries. The main issuatiththcosts of these raw materials

are strongly fluctuating, and it is important for industries trying to implement strategies to handle
this volatility for a shorterm growth and a lonterm advantage. This should be a priority for
companies with a sigficant raw material exposure, particulartyanufacturerand those in the

process industrie$/]

Figure 4. Price of copper from 1989 to 2014
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Figure 5. Price of aluminum from 1989 to 2014

A focuson the Eastern Europg@-igure 6{) shows that theable sector is becoming one of the

most important growth markets in Europe. Yet, the only companies with operatimasarthan
one country are Prysmian Gro@idungary, Slovakia and Romanid&)KT Cables(Poland and
the Czech Republic), and Wilms Group (Czech Republic, Rom#@ja).

Figure 6. Eastern Europe cable market
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Major cable manufactureis the Eastern Europsre
¥ NKT has consolidated its operatmriollowing the acquisition of Kablo Electro
¥ Hellenic Cables has a major stake in the Romanian cable sector
¥ Coficab, part of Elloumi Group, has operations in Romania
¥ SKW/Prakab hasablemanufacturingplants in Austria, the Czech Republic, Slovakia and
now Ukraine
¥ Kromberg & Schubert has a significant footprint, with plants in Romania, Hungary and
Slovakia.
¥ Cabtec has plants in Hungary, Romania and Slovakia.
Specialist participaits dedicated to the manufacturing of cables and conductor for the
automdive industry are
¥ Sumitomo Electric has a network of wiring harness operatiorisastern Europe, but a
smaller quantityn the cable sector
¥ Leoni has a number of specialist @auibtive wire producing ptas in Slovakia, Hungary
andPoland, and nown Serbia

New entrants
iCablex with operations in Poland, Serbia and SloveiGha

Following, the focus has been moved in iNestern Europe making a list of the main cable

manufactirers(Figure7|). A particular sectiornKigure8)|) is dedicated to the Southern European

market, including Italy, which has encountered quite some difficulties during the latest years.

Even though the differencelsetween geographical areas, some common aspects in cable
business and markets can be indilated and analyzed.
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Figure 7. Western Europe cable manufacturers

Figure 8. Southern European Market
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During the last years, there has been a diffused phenomenon of consolidation in industries

consising in the merger and acquisition of many smaller companies into much larger ones; this
process allowed producers to expand global reach and achieve benefits of scale. Many
companies have decided to compete by pursuing a differentiation strategy andatieey h
refocused their portfolios with the manufacture of personalized cables for specific markets, often
driven by local demand. It means that the technology in the industry has become more and more
important and it is constantly developed through innovatioresins and additives, particularly

for flame retardant applications and the use of LSFOH (low smoke and fume, zero halogen)
polymers. PVC remains the main polymer material used in cable production in Europe and the

world, with 87% of European extrusiosites processing the material at their plant.

The economic environment in 2014 was characterized by several geopolitical tensions in some
areas of the world with consequent slowdown in emerging market economies (China, Brazil and
Russia), but some recovery in other country (North America, United Kmgahd Germany).
Global demand for cables grew slightly in 2014, mainly thanks to-drigivth regionssuch as

the Middle Est, and to the strongly recovering countries like the United Kingdom and Eastern
Europe (except Russia). In the other European cesntike Italy, France and Germany, market
continued to be stagnanmot only because of the construction sector crisis, but also for

persistently energy consumption that made flat the demand for energy cable and systems. [9]

In particular, the cable demd grew in some market segments like optical cables and those for
renewable energy (high and extra high voltage submarine cables for interconnections and
offshore wind farm connections in Europe). Demand for renewable energy cables was higher
thanks to thegovernment incentives, while demand for optical fiber cables grew especially in
countries like ltaly, Spain, France and United Kingdom. There was also a slight recovery in
building wire demand, but only in Asia Pacific and Northern Europe. On the other demand
declined for power distribution cables, especially in Europe, special cables and copper

telecommunication cables. [9]

Since January 2015 a massive shutdowns involving manufacturers of polypropylene and high
and low-density polyethylene has led to an extraordinary cost increases of these materials.
According to data Unionplast (Association of Plastic Rubber Federation dhQuostria), inthe

period from January until Mag015the increase in the cost of materials of pdiy&tne (LDPE

and LLDPE) was more than 35, while the increase in PVC prices was arounddlTrhis is a

big alarm especially for country like Italy characterized by a strong dependence on foreign
concerning the supplying of raw materials, but also forttsl Europe. The impact of this
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situation can only be negative for the development of the Italian industry of cables and wires,
which closed 2014 down3%. [7]

15. Market challenge for the future

Renewable energy will represent the most important soof@lectricity growth over the next

five years, thanks to decreasing costs and driven by aggressive expansion in emerging
economies. In order to mitigate the climate change and to enhance energy security,’the |EA
report demands governments to pursuereatgr deployment by implementing policies that
encourage the use of renewable resources instead of fossil fuels to produce electricity. The direct
consequence is that cable manufacturers can take advantage by this growth market opportunity,
in fact wiresand cables are key components in any solar or wind installation. So many
companies started for example to produce submarine cable, in order to seize on the offshore
wind farms market. In factorecasts for future predict an increasogmandof the amounbf

wire and cable, because wind farms will probably be brolnf30 miles to 100 miles offshore,

by far than the 10 miles of nowadays.

Solar power also represents an opportunity for cable industries, and a typical solar installation
requires fowto-five times the amount of cable as a wind farm; this means that many companies
are developing products specifically for solar applications (for example saldes and
photovoltaic wire).

The report Medium Voltage Cable Market by Overhead (Conductors, ngiti& Fixtures,
Others), by Underground & Submarine (Ml Cables, XI Cables, Cable Terminations, Cable
Joints, Others), by ERdser (Infrastructure, Renewables, Industrial) and by RegiGhobd
Forecast to 2020" [8flefines and segments the global Mediuwlt®¥ge Cable Market with an
analysis and forecast of the market size. The Medium Voltage Cable Market is expected to grow
from an estimated USD 35Billion in 2015 to USD 4@ Billion by 2020, at a CAGR of,8 %

and the increasing demand for medium vatagbles is driven by the diffusion of renewable
energy production. They can be installed overhead, underground as well as underwater with
different related accessories, such as cable joints and terminggions.

Moreove, another crucial element to consider is the diffusion of Smart Grid technologies, which

encourage an efficient use of the energy by handling the integration of large amounts of

Z International Energy Agency.
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distributed generation of renewable sources. L-amgde implementation of emgy network
technologies can represent a challenge for cable market, because of the increasing demand and
for the high reliability required. In factables and accessories in the smart grid architecture play

an important role: this is because the usagadequate and advanced cable technologies can
enhance grid tebility and efficiency.Therefore,t is necessary to prevehtackoutsand reduce
maintenance costs, because every failure of a major power cabses hugeosts with
considerable effecten the transmission gricand may take several days/week to repair or

several months/year if it is under the sea.
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2. ELKA FACTORY

2.1  Description of ELKA

ELKA, founded in Zagreb in 1927, is one of the leader factories in cable production in the
market ofCroatia, Bosnia and Heegovina and Slovenia. In thoseore than80 years ELKA

has produced a large number of quality products and expanded his markets. It has also
consolidated professional skithnd operational capability thatake itone ofthe major producer

of electrical cables ithe Easterfturope.

The Vision of ELKA is to remain a cable company, interested in vertical expansion by designing
new productsand horizoral expansion by increasing the custeation of the existing products,
always with the goal ahcrease the competitivene§d KA is focused on offering high quality
products and services by giving importance to the customer satisfaction and pursuing

engineering and flexibility with the orientation to objectives and result

The strategic goalare keeping a leader position in Croati@osnian and Slovenian markets,
trying to expand their business in thee®érn pars of Europe andcatchingthe opportunityof

enteringin new markes. [10]

Figure9| shows the 2013 percentage of saleBIdfA in the different countries.
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Figure 9. ELKA : percentage of sales in different countrie2013

ELKA is organized with a functional structure with different separated depagnsnth as
Production, @mmercial, Fhance andResearch and Developmergach one managed by a
functional responsibleNowadaysELKA has around 285 employees. The central factomy
Zagreb and the pha in Zadar have an area of 1880 nf, of which 68000 nf of constructed

ground. The annual capacitiesn support a production of 280 tons of different products.

ELKA produces also XLPE and elastomer insulation compoundghtinsulation of low
voltage and medium voltage power cables, and it has got a proper development center and test
laboratories for materials and cables with up to date equipment and high qualified staff, what

guarantees a high quality of final products, matsrand cables.

Thanksto the collaboration between ELK&dKONCAR distribution and special transfoers
ELKAKON started workingn December 20Q3The production capacity &LKAKON is 1150
tons per years and the compgas the only produceof roundsand profile industriatonductors
in Croatia. Around70 % of the ELKAKON producs is sold in Croatia and the other 30

exported inothercountry.

2.2 Product mix

ELKA offers a large number of different products with specific characteristics at hajhyqu

level:
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+

POWER CABLES

1 kV with PVC and XLPE (crosknked polyethylene)

6 kV to 36 kV with XPLE and EPDM (Ethylereropylene Diene Monomer) insulation

1 kV to 36 K/ self-supporting cables with XLPE insulation

36 kV to 132 kV High wltage

FLEXIBLE THERMOPLASTIC INSULATED WIRING CABLES AND WIRES

- Power cable and wires

- Automotive wires

FLEXIBLE RUBBER INSULATED WIRING CABLES AND WIRES
SHIPBOARD CABLES

- With EPDM insulation and CR sheath

- Flameretardant halogen free cable

- Fire-resistant halogen free cable

CABLE AND CONNECTORS FOR AIRPORT INSTALLATIONS
TELECOMUNICATION CABLES

- Telephone cables with PE insulation

- Telephone cables with PVC insulation

FIBRE OPTIC CABLE

CONTROL, INSTRUMENT AND COMPUTER CABLES

- Contrd cables with PVQnsulation for voltage up to 1\k

- Instrument cable with PE and XLPE insulation and PVC sheath
- Cat.5 LAN cable with fibeoptic and Cu conductor

MINING CABLES

WELDING CABLES

SPECIAL CABLE AND WIRES

RSHUDWLQJ WHPZEBUDRVXUIA& f&

ALUMINIUM, AL -STEEL AND AL-ALLOY ROPES
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T OPTICALPOWER GROUND WIRE

¥ STEEL ROPES AND SLING FOR CRANES, SHIPS AND OTHER APPLICATION
¥ INSULATION MATERIAL

- Rubber compounds

- XLPE (crosslinked polyethylene)

- Halogen free flameetardant pololefin

- PVC.

Figure 10. Percentage of ELKA cable sales in year 2013.

2.2.1. High-voltage power cables

Nowadays this kind of cables are more and more used in all over the world especially for electric
power transmission at high voltage in densely populated areas. The main reasons for using them
include efficiency (the maintenance is cheaper, smaller trasgmilosses, more reliability),

safety for people, ecological reasoHggh voltage cable includea condictor and the insulation,

and they aresuitable for being usedunderground or underwater. The XLPE (crbsked
polyethylene) represents the mostdigesulation and it is obtained by using the most recent
technology of triple extrusion. It is better to use XLPE instead of PVC because théntiogs
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inhibits the movement of molecules: this improves the thermal stability and consequently the

currentrating is higher than that of PVC.

For the highvoltage powecablesjt is possiblgo introduce a common symbology:

X

2X is the designation for XLPE insulation

S is the designation for the copper screen

Y is the designation for a layer of PVC

A is the degnation for Aluminum

- (no symbol) is for copper conductors

(F)2Y is the designation fdongitudinal watetight constructiorwith PE layers
(FL)2Y is the designation fdongitudinal andransversal watertightith A/PE layers

The main high voltage cadd produced biLKA are:

Figure 11 2XS(F)2Y, A2XS(F)2Y

Conductor: copper or alumim compacted or segment rope of clgss 2
Conductor screen: extruded semonductive XLPE

Insulation: XLPE

Insulation screen: extrudegmiconductive XLPE

Separator: swelling tape, segonductive

Metal screen: copper wires and coustelix of copper tape

Separator: swelling tape

Sheath: black HDPE
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Conductor:Cu or Al compacted or segment rope, class 2
Conductor screerextrudedsemiconductive XLPE
Insulation:XLPE

Insulation screerextruded semconductive XLPE
Separatorswelling tape, serionductive

Metal screenCu wires and counter helix of copper tape
Separatorswelling tape, serionductive

Laminated sheattAl or Cu tape with copolymer

External sheatthlack HDPE

O©CoO~NOOOTr,WNPE

Technical aspects:

Nominal voltage64/110 kV

highest network voltage: 123 kV
standardstEC 60840; HRN HD 632
old mark:XH(A)E 49, XH(A)E 49A

Figure 12. 2XS(FL)2Y, A2XS(FL)2Y

2.2.2. Medium voltage power cables

Medium voltage cables with XLPE insulation are manufactured witioujate tehnology.

Crosslinking of insulation is obtainety dry cured vu

Icang&tion procedure in a neutral nitrogen

gas. This increase$d resistance of insulation and offer an high quality connection between

insulation and conductive layers.

Conductor: Al or Cu rope, compacted

Conductor screen: seraonductive layer over conductor
Insulation: XLPE

Insulation screen: sersonductive layer over insulation
Separator: swelling tape, segonductive

Electric protection/screen: Cu wires and Cu tape
Separator: swelling tape

Laminated sheath: Al tape with copolymer

External sheath: RHD

©CoO~NOOTS,WN P

Technical data:

Nominal voltage: 12/20, 18/30, 8336 kV
Max network voltage: 24, 36, 42 kV
Test voltage: 30, 45, 52 kV

Standard: IEC 60 502; HRN HD 620 S2
Part 10C; DIN VDE 0276T 620

Figure 13. N2XS(FL)2Y, NA2XS(FL)2Y
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Figure 14. XHE 46/29, XHE 49/24

Submarine power cables with XLPE insulation:

- Singlecore with armour of alumim alloy AIMgSi in watertight construction
- Threecore with armour of steel wires in watertight construction

Cable structure:

1- Conductor: Al or Cu rope, compacted

2- Conductor screersemiconductive layer over conductor

3- Insulation: XLPE

4- Insulation screen: sermbnductive layer over insulation

5- Electric protection/screen: made of Cu wires, watertight construction

6- Sheath: semconductive PE

7- Additionalelectric protection: of tinned copper wires (1 or 2 layers)

2.2.3. Low voltage cables

This category includes cables with PVC insulation and sheath, cables withrétardant PVC
insulation and sheath, cables with XLPE insulation and PVC or PE sheath, widbléame
retardant XLPE insulation and flarnetardant polyolefin halogeinee sheath, seBupporting
cable bundle with XLPE insulatioor flameretardant XLPE insulatioriThe conductors of this
kind of cable are made of copper or aluminum, while tiselation consists of the PVC or XLPE

compound layer. As regards flametardant halogen insulation materials, they have particular
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characteristic such as a larger quantity of oxygen, measured by LOI (larger oxygen amdex)

high temperature, expresseg Bl (temperature index)lhe flameretardant halogen free XLPE
halogen materials have the peculiarity that they develop smoke not toxicant or corrosive during
the combustionThe cola of the sheatlexplains the cable type, in particular black for staddar

cables, gray for flameetardant halogefree cables, blue for flametardant halogen cable.

Figure 15. FR-N1XD4-AR, FR-N1XD9-AR, FR-NFA2X

1- Phase conductor: compacted round shaped Al rope of 16, 25, 35, 50and.70

2- Neutralconductor: compacted round shaped rope of aluminum alloy AIMgSi ofri#®
or 546 mn¥ or aluminum dby AlMg 1 (1 % magnesium) of 7% mn? nominal cross
section.

3- Insulation: XLPE black compound.

The commercial code is ELKALEX; it is a selfsupporting isulated cablaypically used
for distributive lowvoltage air networks in urban, suburban and rural areas, for air household

connections, for supply of remote facilities and villages.

Figure 16. NYY -J 4x240 SM

Power cable withPVC insulation and sheath

X nx g (nstands for number of cores in cabdestands for cross section of conductor in

mn)

FSB Zagreb 34



Giulia Temelini Diploma Thesis

x Jis the designation for cable with pgctive conductor (yellow core)
X SM is the designation for multvire sector conductor.

Main commnents:

1- Conductor

2- Insulation of PVC compounds

3- Filling obtained by extruded elastomer 8/C compound or wrappatermoplastic
tapes

4- Sheath of PVC compousd

2.2.4. Telecommunication cables

The overall diffusion and development of telecommunicatiorposes theonstruction of high

quality cables based on the latest technologies and modern production, submitted to detailed tests
and qualitycheck. ELKA providesigh number of telecommunication cables, for the needs of
HPT® and also for railways, industry, shipbuilding and mining, broadcasting and television. As
regards thensulation and sheath, the thermoplastic materials most used are polyethylene (PE),
polyvinyl chloride (PVC), and polyamide (PA12). After being produashles are wound on
wooden drums if without segments, or metal drums if with segment, or on coils of standard

lengths.

An example of telecommunication cable is theltmore symmetrical pair cable for broadband

digital canmunication networks, with thmark:

TK59-50xDSL-30Mhz 200x2x(® GM HK= low frequency subscriber cable

x 59=insulation of foamed polyethylene, laminated PE sheath

X 7TKUHH JURXSV RI QXPEHU FRQQHFWHG E\ 3;" WKH ILUV
elements in the cable, the secardup for the way of stranding of basic elements, the
third for cable conductor diameter

X G = cable stranded in group

X M = cable filled with special compound

3 Croatian Post and Telecommunications

FSB Zagreb 35



Giulia Temelini Diploma Thesis

1- Conductors: softly annealed copper of diametér @5, 06 mm

2- Insulation: foamed polyethylemeith a thin layer of solid polyethylene (foam skin)

3- Stranding elements: pairs

4- Cable core: groufG) stranded filling with filled compounds (M)

5- Sheath: laminated, aluminum tape, both sides coated with copolymer ethylene layer
in form of tube with overlap,ifmly and permanently glued to black colored

polyethylene sheath.

Figure 17. TK59-50xDSL-30Mhz 200x2x05 GM

2.3, Technology

Technology is the collection of techniques, skills, methods and processes used outogigor
of goods and servicesTherefore, it can beepresented byhe knowledge of processes and
techniques or itan be embedded in machines, computerd,devices.

Nowadays it is difficult to survive in a dynamigarket and the only way to reach a competitive
advantage ishroughthe deployment and use of idiosyncratic, valuable and inimitable resources
and capabilitiesCapability buildingrefers to the capacity of firms to build unique competences
and capabilities that can leverage their resoy@Buman,business and information resousce

play an essential role for competitive advantftyg].

The recentissue is how information technology (IT) can help firms to create competitive
differentiation; recent studig4 1] have show that it is obviously important and challenging to
implement a sophisticate infrastructure IBut managing it is the real source to reach a
competitive advantage. It means that the main capabilities for this purpose includes IT
management capabilities, weh are IT business experience (extent to which IT groups
understandbusiness) and the relationshipfrastructure (extent to which there are positive

relationship between IT and business managers).
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These capabilities require long time to bernédzed DQG HYROYH WKURXJK 3OHDL
so they are difficult to imitate and represent the main source for atdomgadvantage in the

market.

As concernsghis work the purpose is to take into account two principal aspects of technoiogy,

particular angible asset and resourcldes software and machinensed within the factory

2.3.1 Software

The adoption of software in factories seems to be a goodowveptimize processes by reducing
time and costs of some operations. The implementatisofofare requires an initial investment
that could be considerable in terms of costs, for example to buy the software and to pay learning
courses for employees, but also because every change requires the modify of consolidated

routines and so it takéime to be internalized withithe organization.

ELKA factory uses CabRuilder 21 @vhich is a software for designing caltat facilitates the

offer of a personalized product by reducing the cost of quality. In fact it helps design engineer
to create aduct that meets theustomer requireand to do it quickly, reducing the quotation

cycle and the waste, and consequently the related time for managing scraps and for reworking.
CableBuilder offers the possibility to generate automatically accurate cdmslispf-materials,
manufacturingdatasheets and catalogue andlsbcan be integrated with ERP systems such as
SAP.

Some of tools offered by Cal@ailder are:

X Support for national and international standards

X Supportfor every cable construction type

x Datasheet generation in many formats, such as PDF or Microsoft Excel

X Generation of product catalogues

x Generation of manufacturing instructions

x Sideby-side design comparison between a number of designs or versions of the same
design

X Online customizable ctiag with unlimited cost types

The resulting images can be shown to the user iI?F:i}@JrelS) or 2D (Figure19)), with color

or black and white, and saved in either JPEG or SVG file format.efdrerit is possible to
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obtain an interactive 3D model and to use the mouse to visudiipenitdifferent points of view.
[12]

Figure 18. Interactive 3D modelby CableBuilder software

Figure 19. Medium Voltage Cable in 2Dby CableBuilder software

The importance of giving manufacturing process specifications, such as correct machine, setup
and processing times is crucial to calculate the products castl also to scheduling
manufacturing and raw aterial orderingMoreover, CableBuilder offers integrated datasheets
and reporting, that can be continuously updag@dng to the factory the flexibility to introduce

changes and to answer promptly to the customer requests.

It is possible to utilize dfierent formats for datasheet, including RTF, PDF, Microsoft Excel,

depending on the particular purpo3ée following image(Figure 20) showsan exampleof a

datasheegenerated from live instances of CableBuilder.
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Figure 20. Example ofa datasheetby CableBuilder software

The aim for cable industries is that to enhance their competitivémessler to survive in a
market thatcontinuously pushes for threduction of costs. For this purpose, CableBuilder can
experimen different constructions afable, with different use of materiala order to optimize

the design and to keep low the cost of materials that impacts for the 70 % of the cost price.
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Moreover, this software offetthe possibility of integration within the organization. In fact, the
open and scalable architecture enaltescompany to share design information internally and
externally, by choosing the formauch as PDformat or XML-format.

I il to
I o
I
I s chieck
I 5 are
I

ERP' systems are computdzhsel systems designed to proceB3UJDQL]DWLRQYTV WUDC
facilitate the integration and reime planning, production and custormesponseERP systems

are integrated software packages that cover all business functions in order to improve the
efficiency of enterprise management, by modelling and automating many of the basic processes
of a company from finance to the shop flotiris possible to integrate information across the
company by eliminating differences in format andreducethe asymmetries between different
functional groupsy using a single display easily accessible to all. The implementation of ERP
systems requires huge investments for hardware, software, professional services and internal
staff costs. Moreover, the transition from traditional systems to ERP is gtongs,as new

skills have to be learrdand new procedures have to be folal; it is suitable to give proper
training to the employees in order to get them used to the new system. If the management take
care about the implementation, it will be possible tmyhe various benefits and to simplify

and automate regpitive tasks and procedures. [12

In ELKA the ERP system used is SAP, whishone ofthe most popular and powerful ERP
system created by SAP AG, a German comp&MAP s composed by various moduleghich
can managdifferentprocessed QVLGH WKH HQWHUSULVH 63%3fV PRGXOH

BC Basic Components

FI Financial Accounting

W FI-CA

AM Asset Management

“ Enterprise Rsource Planning
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- CO Controlling

- CS Customer Service

- MM Material Management
- WM Warehouse Managesnt
- SD Sales and Distribution
- LE Logistic Execution

- PP Production Planning

- PS Project System

- PM Plant Maintenance

- QM Quality Management
- HR Human Resources

SAP R/3 is the last generation coming after R/1 and R/2 and it is the cliest/gersion of the
software withan architecturan which the three layers Presentation, Application and Data Base

are irstalled in three server/systefidgure21).

Figure 21. SAP R/3 modules and integration
SAP R/3 PP is a module used for Production Planning that is highly integrated with other

modules like Material managemt, Financial Accounting, Cost Accounting, Human Resources
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& Development, Sales and Distribution. The production planning is an activity performed before
the production process, and involves the schedule of production, sequence of operations,
economic bath quantities, and the dispatching priorities for sequencing of jobs. It is important to
pay attention to this process, because the progedsting and expediting of workelps in
providing better services to customers in terms of better quality of gowheespect of delivery
dates. Moreover, it guarantees a better control of inventory, a proper utilization of equipment and

other resources, a reduction of the idle time.

SAP PP in mainly divided in two parts: planning and execution. Planning reggpdsially the
material planning and the capacity plannimdnile execution contains creation of production

order, schedulig, work centers, confirmations agdods movement§4]

The main goal was that of keeping production costs down by improving the processes efficiency,
without compromising the quality. Thereforéhe creation of standardized business and
production practices is crucial to achieve better resaitd the integration between the system

IT and SAP guarantees the right support to basic processes and requirements of the cable

industry.
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I .

With the X-ray technologyit is possible to obtain all information during the production, and to
individuate immediately defective products in order to keep costs low by redueiagahnt of

scraps. Thereforeg permanent online quality control is necessary to survive in a competitive
businessas it guarantees a better process control, the increase of the productivity and the
possibility of saving costs. In a wire and cable indyshg quality is essential because a quality
issue is also a safety issue: a cable needs to comply with an increasing number of requirements to
protect consumers and their property against a range of issues, such as electric shock and fire

propagation.
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Figure 22. Display and control device ECOCONTROL 6000
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2.3.2 Machinery

The total amount of machinery of ELKA is very large, but it is useful to take into acttms®

that are more used within the factory to accomplish the manufacturing p-l
nes

I O
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2.4, Buildings, installations and plantlayout

ELKA central factory is located in Zagreb and together withMe¢al Ropesplant in Zadar
coves an area of 18800 nf. The mainfactory is composed by several buildiref the entrance
it is possible to find the administratioResearchand Development dbordories, management

offices Eigure23). Moreover, there are a warehouse for raw materials, warehouses for finished

prodicts, one for flammable liquids, one for gas bottR®duction materials are granules, raw
materials for rubber, rubber mixturespnductor materials (Cu, Al, optical fiberd)ydrogen,
tapes (paper, plastic metal), paint diluent and varnishes, wireifdorcement and metal wire
(steel, aluminum), elements for termination, or packagingduction materials are submitted to
an input test to check if tigehave theprescribed quality, anthen accepted materials are
LQGLFDWHG ZL W FRKheWatdal©inl ive/wisebowss2 ‘must be neatly arrangat are
available with a visible name (label) andhaterial status labe&ach packagingnit (sacks, reel,
barrel, crate, bundle, box) must havelabel indicating materials, producerseries, batch
numbersor work order.The unused mateds from the production returto the warehouse
accompanied by the document Return Material, which indicates the date of the return; if during
the productiona material doe not meet the required qualityjsttoken backo the warehoust®

activate material recovery procedures.

There are also some areas outsgklgure24)):

p—

X

Areafor finished products
x Area for semfinished products
x Area for empty spools

x Space for transports.

Both internal and external storage space must guarantee the optimal accommodation of

materials, preservation of the damage, safety, transparencydertinass.
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Figure 23. ELKA factory and buildings

Figure 24. Outside storage area

Facility layout is the physical location of the various department/units, workgroups within the
departments, workstations, machinery and stoakling points within a production facility16]
Layout decisions have the objective to create a smooth workitowrder to reduce material
handling costs, movement of people and material and to imcteagproduction capacity, labo

efficiency and space utilizatiomherefore the scopes of layout can be divided in two groups:

X Related to material: less materibndling ad minimum transportation cost$ess
waiting time for irprocess inventory
x Related to work place: safe working conditions, minimum movement of workers, least

chances of accidents, proper space for machine, tools and worker.
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echnology layout, machines are grouped together inte. d&hch cell contains

machine that have to work a single part family, obtained by grouping parts with similar
characteristicsThe main advantage is the possibility to reduce handling material costs-and in

process inventory, but also that of slifying machine changeovers. [[L6
In ELKA factory, the production facility layouts divided infour main departmest

X Metal department
X Rubber department
X Thermoplastic ath Elastomer department

x Paintingdepartment.

ishing

I, - area
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2.5. Processesnd departments

ELKA is organized in a functional structure, compmbdsy different departments with leead
department that refers directly to the company director and he is responsible for the performance
of his unit. It is a kind ofstructure oriented to efficiency and productivity because people are
grouped as per their area of specialization. Moreover, the organization control is easier but it is
important to improve the horizontal and vertical communication. In fact, often in most
organizations with functional structure the units cartdmemuchseparated with an inadequate
information flow between thenT.herefore the integration is essential for taking the maximum

advantage from this kind of structure.

In ELKA, the main departnmts are Production, Research and Development, Finance,

CommercialFigure25|).

Figure 25: Organizational chart
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N ire
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Another important aspect regards the environmehty the company strives, by all criteria, to

perform as little impact as possible on #evironment. It includes the surveillance of certain
aspects of processes, the implementation of specific programs and the choice of environmentally

accepable mateals or technologies.

26. Cable manufacturing process
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3. IDEAS ON POSSIBLE IMPROVEMENTS
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Figure 29.
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Moreover, RFID offer the possibility ofniegration with ERP systems in order to take the

an

are

maximum adantage by using this technologiidure30]). In fact, it provides information on the

availability of materials, machinery and components and on the inventory levels, by eliminating

paperwork and reducing downtime. The major benefits can be summarized in:

X Improvement of quality control
x Improvement of asset utilization
X Improvement of inventory tracking and visibility

x Reduction of scarp and increase of line performance.
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Figure 30. RFID and ERP integration

Y 2| i
I 2t
T  Of the

In a traditional approach, the R&D department determines the required feed&incke

product, procurement determines supply availagbdid negotiatewith suppliers for acquiring
materials; manufacturing determines the production praresgsequiremengnd marketing and

sales departmenprovide demand signals and sets the pfice the finished product. If
purchasing renegotiates a higher price for raw material to ensure availability when prices are
rising, but sales has already locked the company into anegotiable contract, the company

must assume the full cost of mitigagithe supply risk. So, in this case when the price of raw
PDWHULDOV ULVH KLJKO\ WKH FRRA®R@\Pe hupQases.2DO FDQ |

& Work In Process
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Another wrong way to manage the volatility is that to replenish the warehouse as much as
possible whe the pricesof raw materialslecrease. Afirst could seem to be the rightay to

save costs, buh the longterm,the storage costs and the risk of obsolescence are significantly
high.

It could be useful to refer to th&aljic matrix , which shows théifferent strategies that can be

implemented according to @hdifferent types of materialé-igure 31}). The keys are the profit

impact, that is the volume or valuerpbased, and th&upply risk/criticality that refers toroduct

availability, number of suppliers, ease of switching a sup@mavailability of substitutes

Figure 31. Kraljic matrix

The purchase of copper and aluminum materials is in the category of Strategic Praatiicts,
high profit impact and high supply risk. For this kind of purchase, it is suitable to implement a
partnership with few suppliers based on lkiegn contracts and riskharing.The solution for
managing the risk could be a lotgym fixed contract, in which the price is fixed and when the
market price of the raw material is higher than that in the contrectwo parts share the risk

and the losses.

The idea is to erdnce the risk management within the organizattbis requires a strong
coordination across the business units but also the use of adequate tools to monitor and identify

possible risks. It could be useful to create a temporary-intational team to mage changes
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in the price of raw material§.he dedicated team could help the organizatiodefend against
price increases and try to reduce the costs by taking corrective measures and finding adequate

solutions.
The tearmeeds to have different skills

x Financialskills aboutprices, options, and fixegrice agreements
x Operational skills regarding technical features of raw material, design changes and
inventory management

X Analytical andnegotiations skills.

After the creation of a partnership, it is pdsito introducea Kanban systemto handle the raw

materials warehousgfigure 32[). The Kanban system is composed by cards, which represent a

signal for replenishment and provide information about the quantity and the location of the
materials. It is a visual control thatin reduce the space requirements, material handling and
inventory shortage or excess. In fact, wieeparticular materiamoves to the production, the
relative Kanban is taken by the operator and put in the Kanban card post. The supplier takes the
cardsfrom it and delivers just the necessary items to replenish the empty bin. In this way, there
is a total control of the process ahe reduction of storagmsts

Figure 32. Kanban card

The Kanban card contains all the neededrimftion: name of the material, quantity, storage
location and go on. It is possible to use it also for plastic replenishment, attaching a Kanban card
on the plastic box. When the plastic pellets are consumed, the relative card is taken and put in the
cardboard; each day the material planner collects the Kanban cards, checks the requirements and
sendsa fax to the supplier. The result is an organized warehouse, with a better space utilization

and the possibility to obtain the material when it is required.
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After the implementation of changes, it is also necessary to monitor the results using a
performance management systemSome indicators could be the customer satisfaction, the
productivity, the ortime delivery or the leatime. It is possible to chooseetm in order to focus

on the main aspects of the processes. Changes within the organization are often difficult to
implement, so it is useful to collect information about improvements in performance and good

results, and communicate them to all the peaplelved in the process.

Another tool for improvement is the usesimulation within the factory inorder to investigate
potential problems and to introduce optimization, by evaluating the outputs of the systems
according to different scenarioSimulation is a sophisticated tool that can help factories to
analyze their production systersaving time and money and without disturbing the real system
because the experiments are made in a built mdd introduction of simulation within a
factory represents an important challenge to reach continuous improvementaosénee the

effectsof future decisions on the actual system.

The analysis of production process by simulation will be considereetail th the second part
of the work.
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4.  SIMULATION +A GENERAL VIEW

Simulation is the discipline of designing model of an actual or theoretical physical system
executing the model on a digital computer and analyzing the execution output. A system is
defined as a collection of interacting components that receives input and provides output for
some purposeModeling is the study of the mechanism insidsyatem by inferring a model,

which is only the representation of the reality and should never beseashfuith it. In fact, a
PRGHO LV D UHIOHFWLRQ RI WKH PRGHOHUTVY XQGHUVWDQ (
interrelations[21] The computerized model is an operational computer program that implements

a systemmodel;from computer rungt is possible to obtain a record of predicted behavior of the
systemMeasurements, on the other hand, make it possible to obtain a record (table or graph) of
physical system behavior. The level of agreement between the observed and the predicted

behavior isthe essence of model validation and it is obtained by comparing simulation results

with measured or observed datagire 33|). The evolution of a valid model is ateiative

process that consists in modifying it to reduce the differences between model and system
behaviors[21]
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Figure 33. Building a credible model

The main purposes of simulation includes:

x Gaining insight into the operation of a systethe study of components and their
interactions within a complex system to individuate problems. An example for a
manufacturing process is to understand how bottlenecks occur.

x Developing operating and resousgeolicies:the aim is to improve system performance,
for example by changing scheduling priorities for work orders.

X Testing new concepts and/or systems before implementation: if a system does not exist,
simulation model can help to give an idea how wedl proposed system will perform. It
is possible to evaluate different levels and expenses of equipment and the configuration
of the chosen equipment.

x Gaining information without disturbing the actual system: simulation makes possible to
analyze the systenand to make experimentation without compromisings normal
activity. It is particular useful for critical or sensitive systems that cannot be disturbed or
stopped. [22]

The main advantages of using simulation include the possibility of conducting expiztiore

in a compressed time, the reduction of analytical requirements and the animation for
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demonstrating how model workin fact, because of the model is simulated in a computer, the
simulation runs of lengthy processes can be compressed in secorsdalsbhcan increase the
statistical reliability of the analysis because it is easier to conduct multiple replications.
Moreover, the existence of computer simulation has reduced the use of more analytically
demand tools, which were domain of mathematiceams operations research analysts. In fact,
the development of simulation software packages have provided more practitiostérs
different variety of knowledgeyith the opportunity of analyzing many more types of systems.
Furthermore, many simulation féware packages possess the capability of dynamically
animating the model operation. Animation is both useful for debugging the model and for easily

demonstrating how the model worksddmandles different situations. [21]

Although the use of simulation hamny advantages, it is important to take into account that the
quality of the model and the results depends on the accuracy of the input data. Moreover,
simulation does not solve problsiy itself, but it provides responsible managers with potential
soluions that need to be correctly implemented. Simulation can be also very time consuming and
hence costly, in fact a complex system requires a large amount of time for data collection,

modeling building and analys|$dble4)). [22]

Table 4. Advantages and disadvantages of simulation

The main components a basic model arentities, queues and resour¢egy(re34)). An entity

is something that changes the state of the system; it can be a person, for example a customer in a
customer service center, or an object, for example a component waiting tochimeda The

number of entities that arrive in the system is known as the batch size, and it can be constant or
different. The amount of time between batch arrivals is known as theamiteal time and it

consists in the intervdtom which the last batcarrived to when the current batch arrives. Entity

may also possess attributes, which are variables with values unique to each entity in the system.
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The second mayor type of components are queues, in fact entities generally wait in a libe until i
is theirturn to be processednsple systems usually use fhist-first-out (FIFO) queue jporities.

The third component is resources, which process or serve entities that are in th&xaeyde

of resources are customer service representatives, factory emcloan officers. In simple
models resources can be either idle or busy. When a resource is idle, it is available for
processing, while if it is busy it means that it is processing entities. In more complex models
resources can be also temporarily insetor failed. Inactive resources are unavailable because

of vacation, preventive maintenance period, or scheduled work breaks, while failed resources
depend on broken machines or inoperative equipment. Resources take a certain amount of
processing time toesve the entities, which is normally known as an input data for the simulation

process[25]

The simulation event list keeps track of different things that occur during a simulation run and
can affect the state of the system. Typical events are entirglarto the queue, the beginning of
service times for entities, and the ending of service times. These events can increase or decrease
the number of entities in the system or queue and change the state of resource between busy and
idle. [25]

Figure 34. Basic simulation model components

In order to evaluate how well the system model performs, it is important to calculate some output

measuressuch asf22]

X System time: the total amount of time that the entity spends in ttearsys

X Queue time: the total amount of time that the entity spends in the queue

x Time-average number in the queue: the average expected number of entities in the queue
at any given time during the period of interest

x Utilization of resources: it is obtained bymming thdength of time that the resource is
either busy or idle and then dividing by théatdime of the simulation run.

A typical approach for simulation consists of different sﬁ' ure35|):

FSB Zagreb 67



Giulia Temelini Diploma Thesis

1. Formulation of problem: definition of requirements of simulation main goals

2. Test of the simulatiomvorthiness: examination of some aspects like system limits,
complexity or inaccurate data

3. Formulation of targetsdefinition of target system (top target and sakgets) such as
minimization of processing time and inventory, maximization of resource utilization or
increase of irtime delivery

4. Data collection and data analysis: definition of required data for siomaguch as
system load data, organizational data and technical data
Modeling: building and testing the simulation model
Execute simulation runs: realization of the experiments

7. Result simulation analysis and result interpretation: the correct intarpnetaf the
simulation study output and analysis of causes for unexpected results

8. Documentation: a project report that should be a presentation of simulation results based
on the customer requirement specification and it is also important to include gdrfipos

actions[22]

Figure 35. Simulation project
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Many types of systems can be simulatedch as manufacturing, service or transportation
systems.Moreover, the use of simulation takes place in different phases, such as glannin

implementation and operation of equipmddssible applications can be:

x Planning phase
Identification of bottleneck in derivation of possible improvements
Uncover hidden, unused potential
Minimum and maximum of utilization
Juxtaposition of differenplanning alternatives
Visualization of planning alternatives fdecisioamaking
X Implementation phase
Performance tests
Problem analysis
Simulation of exceptional system conditions and accidents
X Operational phase
Testing of control alternatives
Proof of quality assurance and fault management

Dispatching of orders and determination of the probable delivery fi26és.

In the current global manufacturing scenario several trends have spread, such as increased
product variety, product complexity, flexibility,herter product cycles, shrinking lot sizes,
competitive pressure demands for shorter planning cyidé$.Simulation is an excellent tool

where simpler methods no longer provide useful results where the assembly and logistics
processes are charactexz by high complexity Therefore, the use of simulation in
manufacturing has become more and more important especially in the current scenario that
requirespunctuality andower throughputtime for competitivemaketo-order factories, while

for new products eithefaster manufacturing system designd reduced timeo-market This

means that thproduction systems have to be flexible and able to readtdanging production
capacity requirementd-or this purpose, simulation offers the possibilitycit the timeto-

market by supporting a concurrent development of the main processes from the conceptual

design of a product to iistroduction irio the markeffigure36]). It becomes possible to adjust

work queues and orderand to achieve a balanced rate of resource utilization. Simulation is also
useful to increase the customer order deliaamguracyin maketo-ordermanufacturingdelivary

days can be confirmedn the basis of the simulatiomodel and overload situations can be
eliminated [22]
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Figure 36. Reduction of time-to-market by using simulation

Manufacturingand material handling systems can be complexmodel because of thagh

number of possibleomhinations of inputvariablethat can be changed when tryitagperform

experimentation{Figure 37|). Some of the needed information atee physical layout,the

product schedule (process and material flow, bill of materials), the prodydéioand control
(assignment of job to work areas, task selectithe) type of workcenters (processing, assembly,
disassemly)), the equipment (capacityTBF’, MTTR®), the storage (suppliers, spare parts,
WIP).[22]

"Mean Time Between Failurepredicted elapsed time between inherent failures of a system during opfg4lion

® Mean Time To Repair : measure of maintainabilityerage time requéd to repair a failedomponent [34]
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Figure 37. Building manufacturing system model

Manufacturing simulations are often used as measurement tools that predict the behavior and
performance of systemthat have not yet been implemented, or to determine theoretical
capabilities of existing systemRegarding the historical trends of the evolution of simulation, it

is generally considered that the contemporary meaning of simulation originated by Mdate Car

methodin 1777(Figure38]). It was an experiment consisting of repeatedly tossing a needle onto

a ruled sheet of paper antiserving the outcome with the aim to calculate the probability of the
needle crossing one of the lines. During the following years, after the development of the manual
simulation, it was created General Simulation Program in 1960, which is the firstalgene
purpose simulatdior industrial plants. In 1963, the first version of SIMSCRIPT is presented for
nonexperts while the combined simulation with usaerterface known aSIMSCRIPT Il.5was
developed in 1976. In 1978, computer imaging with the intreclucf digital image generation
represented an important contribution to the advance of simukationn the beginning of the
1980s military flight simulators, naval and submarine simulators started to be produced. In
1990s, thanks to the increasedmpuer power and commercial Virtual Reality (VR)
applications, realime simulations and interactive graphics become possiblbelyears 1995

1998 high resolution graphics and new ranking and selection procedures were deVjekped.

Nowadays, lte new gemation of simulation softwaraim to facilitate the integration of the
simulation system with the production planning and scheduling systBtoseover, by

combining the simulation system with the production database of the factory, it is possible to
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instartlly update the parameters into the model and to use it parallel to the real manufacturing

process in order to support the decismaking.

Figure 38. Historical evolution of simulation

According to the dependence of the timetda, simulation can be divided in static and dynamic:

if static, it is independent of time, while dynamic simulation evolves over time. Dynamic
simulation is further composed by continuous and discrete. In discrete simulation, changes occur
at discrete piots in time while in continuous, the variable of time is continuMmeover, it is
possible to divide discrete simulation in thstepped and evewdlriven. Timestepped consists of
regular time intervals and alterations take place after the passingpefcdic amount of time;

eventdriven consists of irregular intervals and updates are linked to scheduled RAjnts.
It is possible to individuate different product and production lifecycle tf43:

X Augmented reality (AR): it is aeattime view of aphysical real world that has been
enhanced by adding virtual computgnerated information to it. In general, the
application of augmented reality consists an innovative and effective solution to simulate,
assist and improve the manufacturing proces3é& use of AR in manufacturing
applications, such as CNC simulation and robot path planning, requires an high accuracy
of position and orientation tracking. So, new challenges for the future consist in using
systems, such as RFID and other types of sgraswices.

x Computer aided design (CAD): it is the use of computer systems to assist in the creation,

madification, analysis and optimation of aproductdesign Current limitations are the
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complexity of menu items and the ingdate hmancomputer intdiaces, so it could be
usefulin the futureto focus in usability and development of design routines.

x Computer Aided Manufacturing (CAM): it is the use of computer systems to plan,
manage and control the operations of a manufacturing plant through eitbetr or
indirect computer interface with the production resources of the plant. The future CAM
systems need to focus @ollaborative technics, effective communication and efficient
data exchargamong all the aspects of production, from humans to nmehin

x Facility layout planning (FLP)it refers to the design of the allocation plans of the
machines/equipment in a manufacturing sHopr. The need to design and construct a
new factory layout or reconfigure the current one has increased largely betdbse
fast changes in customer demand both from product quantity and product variety aspects.
Using predefined objects, a layout model can be implemented in 3D and it is possible to
export data inn XML or HTML format.

X Materials flow simulation: it reérs tothe movement ofnaterials through a defined
process or a value stream withinfactory or an industrial unifor the purpose of
producing a finishegroduct The adoption of production and materials flow control
(PMFC) mechanism can be valuable fonproving performance and quality of
manufaturing service to customer, byesponihg quicker to market dynamicand
varying demands.

x Process simulation: a manufacturing process is defined as the use of one or more physical
mechanisms to transform the plkaof amaterialand/or form and/or propertiehe
current emerging composite manufacturing processes have shown the need for process
simulations to reduce time and cost associatittl the product and process development,

by modeling and dimensioning tifent parameters in a process chain.

Focusing on the areas of material flow simulation and layout design, the main tools are Anylogic
by Anylogic, Arena by Rockwell, Automation FlexSim by FlexSim Software Products, Plant
Simulation by Siemens, and Witredy Lanner. Br the comparison between fedifferent
software different criteria groupsan be consideredguch as hardware and softe@aaspects,

general features (purpose of the software, experience required, ease of use), modeling assistance.

simulaton capallities and input/output issug$dble5|).
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Table 5. Comparative matrix of commercial simulation tools

The scale from 1 to 5 stars means:
* Inadequate, ** Adequat *** Satisfactory, **** Very satisfactory, ***** Qutstanding[24]

Nowadays, simulation $wvare tools usually offer onlgedicated application objecbtaries for
developing fast andfficient models of common scenariaich are limited in comparison to

the broad field of manufacturing. Moreover, the majority of tools are focused only to a small
percentage of all the functions or resources available. Another issue regards the integration, and
the lack of properata exbange among different domains and few common standards that cause
difficulties in the interoperability and collaboration between system and parinefiact, the
integration of modelling tools with CAD, DBMS (Oracle, SQL Server, Access), XML save
format, HTML reports is still limited and the goal is to develop simulation tools that will assure

the multilevel integration among therj27]
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5. AIM OF SIMULATION MODEL ING IN ELKA

ELKA factory offers highquality custom cables, and this leads to a product mmposed by

high variety and low volume products. In ordectampete in an uncertain market, the main goal

is the differentiation from competitors and factors such as short lead times, high level of service,
customer satisfaction have become more and nmopertant during the last years. However,

high variety may leado some problems, such as the increase of manufacturing schedule
complexity and the long lead times due to the higher number of changeover/setups needed when

moving fromhigh-volumestandard:e production.

The analysis of the production system has been develi GG s

i evaluating differenproductionscenariosy the Siemens Tecnomatix) Plant Simulation

software (STPS).As said,ELKA factory offers highproductvariety and produces on a matke
order basis; thisreategproblemsn contrdling part mix and batch sizes.

5.1 Production strategies

The main challenges are related to the reduction of the order lead times and to the increase of

delivery relidility, which are factors necessary to enhance the levetwice offered to the

customer|(able 6]). Moreover, jobshop configuration of the layout may lead to high level of

work-in-process and long manufacturing delays because okmqmgdelays at work centers. [28
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Table 6. KPI considered for the specific problem

KPI Key Performance Indicators Actions

_ ' Increase the numbers of order delivered to t
Customer Satisfaction _
customer on the delivery date

_ Optimize the material and information flows
Lead Times o
within the departments

_ o Optimize thedistribution of the work load to
Machine utilization _ _
the different machines

The use of simulation for this research regardséeulation ofthe resource utilizatiobhetween
different alternatives. It is also evaluated manudahg number offorklifts necessary for

increasing the efficiency ofransportswithin the departments

For MakeTo-Order MTO) products,the production starts when an ordsraccepted, so the
probability of unexpected delays is higher than thaMake To-Stock MTS) products. For
example, the delays are related to the possibility of machine breakdowns, schedule problems or
defective products that need to be reworked. For this reason, the level of service in terms of
shorter lead times is higher for MTS products @&t based on demand forecabtswever,the

adoptionMTS strategy may lead to low flexiiby and high level of stocks.

The study idocused on the metal departmenhich mainly contains wire drawing machines for

copper andaluminum and stranding machinﬁguresg). The wire drawing machines reduce

the diameter of the core cable by pulling wires through a series of dies, because the raw material

is too much thickemand the goal is to obtain more flexibilit|jj| G
e, < to

T clows  t0
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Metal
Department

Processes

Figure 39. Metal department processes
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The final manufacturing operations that are directed by specific customer requirements, such as
further manufacturing, finally assembly or packaging, are performed at gaimedownstream
of the supply chain until a customer order has been received.

Form postponement (FP) involves the delay of fistalps ofmanufacturing until a customer

order is received29] This strategy isdeally located beteen the MTS and MT@pproaches

(Table7]). With the MTS strategy, the production is based on demand forecast, in anticipation to

customer orders and to replenish the stock of finishedygts. On the other extreme, with the
MTO approach the production starts when a customer order is re¢dptimproves

responsiveness compared to Mhile still enabling a high level @ustomization. Thisneans

that the manufacturing usually starts degiag on sales forecast, then the séimished product

is submitted to further transformation processes only eftsiomer orders are receiv§ézo]

Table 7. Comparison between MTO, MTS and FP approaches

Features Make To Stock Form Postponement| Make To Order
Lead time Short Quite long Long
Product mix Low High High

_ Forecas{for the
Manufacturing o
dri Forecast initial processesand Customer order

river
thencustomer order

FP approach can be used instead of MTO when considering products havihgyblgtemand;
the goal is to reduce order letiches and increases delivery reliability. Moreover, it allows to
face high demand variabilitdue to product proliferatioly postpming and/or delayingthe

differentiatian Figure40l. [29]

Form PostponementFP) strategy is characterized by a customedeo decoupling point

(CODP).The decouplingpoint is located in a position in the material pipeline where the product
flowcKDQJHV ITURP 3SXVKItiyvakodefke&@@SThe point in the product axis to
ZKLFK WKH FXVWRP HUIf¥ wRddeoHier diiveQdthi\ithe Bovédast driven activities
meet. As a rule, the Decoupling Poaaincides with a stock point. [BO’he governing principle

is always to move thenaterial decoupling point as close to the end of consumer as possible in

order to ensure the shortest le@me for the consumer.
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Figure 40. Conceptual model of Form Postponement strateghs5]
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5.2.  Utili zation of machines and handling/transport vehicles

Production performed in MTO strategy requires the respect of deadlines for all the orders
received, even unpredicteSimulation can be used with the purpose of cutting throughput time,

as well as invemtry, and enhancing the productivity eXisting production facilities.

The first step of simulation is the formulation of problenmeTfactory is facing difficulties
related with the high number of different types of products offered and the uncertaititg o
demand. The real problem is studied in this research using a simulation model, which is the most
suitable tool to investigate a complex system and to predict its behavior. It is so possible to
analyze the current manufacturing system to individuatdeimecks and thew utilization of

the machineryin order to introduce improvements and to evaluate the changes in performance
related to different scenarioSnce defined the decision variables, simulation can help to find the

best values for these nables by anlgzing the outputs of the model.

The purpse is to optimize resource usamge order to make the production process more

efficient, by reducing costs and improving productivity.

Utilization of a machinesis indicated as the ratio between #mual load on particular machine

and annuaavailable time on a machine. [30

This is useful to individuate bottleneck resources, which are at their full capacity and with
utilization rate of the machine equal or higher than #0These machinesitilized to a high
level do not have any extra available capacityd they cause high loss if being idldéne rest of
the machines, the ndvottlenecks, can have some time during the year to stay idle without

causing doss for the production systephigure41)).
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Figure 41. Availabletime for a machine

The different conditiongFigure42)) for a particular resourg@nachine)are:[31]

X

Working: the portion of the statistics collection pmti during which the object was
working

Settingup: the portion of the statistics collection period durinbich the object was
preparingfor processing a different type of MU

Waiting: the portion of the statistics collection period during which the object was
waiting

Blocked:the portion of the statistics collection period during which the objectfuliys
occupied

Powering up/downthe portion of the statistics collection period dunmigich the object
waschanging its energy state

Failed: te portion of the statistics collection mer during which the object was not
working due to a failure of any kind

Stopped:the portion of the statistics collection pmdi during which the object was
stopped by a Loclout Zone, thastopsafter a failure all the stations within the zone
Pausedthe portion of the statistics collection petiduring which the object was paused
Unplanned: he portion of the statistics collection period during which the object was not

scheduled to work to th&tatistics collection period
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Green: working

Yellow: blocked

Brown: settingup

Gray: waiting

Purple: powering up/down
Red: failed

Pink: stoped

Blue: paused

Light-blued: unplanned
Figure 42. Resource statstics collection for the periodin STPS software

The idle time of a machine is the cumulative time when the machine is inactive, neither
processing nor setting upe next production order. So, it is the time during which a resource is
not fully utilized because of low demand or bottleneokstraints. [3R Idle time has to be

reduced because represents a source of waste and speed losses

While idle time is considered a waste of time that needs to be eliminated, the set up times are
necessaryput they need to beeduced becausa their significant effect on the total lead time.
Related to the concept of the set up time there is the dafirat batch, which is the number of

flow units producedetween two setips. [32] According to this, the capacity for a process is
defined as how long it will take to produce ammplete batch, and the formula is:

Yoo L = 2E AL $=FDOEVA )
T P OREIE>-MDEURE IBARJEP

Normally, the larger is the batch size, the more efficient is the production system, due to the
possibility of using economics of scal@/ith large batch sizethe set up times have less
influence on the total time needed, but it lead to more inventory. On the other side, smaller batch
size (theextremeis the one piece flow), increase the flexibilayd the linearity of the process
Figure43)).
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However, a smaller batch size has a negative impact in capacity, due to the higher number of set

up needed between different units; slee reduction of the batch size has to be combined with
the reduction of theet up times.

Cost (Wa

Batch size
Changeover cost Inventory cost Changeover cost+Inventory cost

Figure 43. Optimal batch size

Two main product familiewill beconsideedin this work:

rtight

Another purpose of simulation is related material handling system in order to make
experiments that can perform and control the floflvmaterials, for exampléo individuate
bottlenecks or to find the optimal numbervehicles needed. In factansportatiomepresents

source of wastbecause causes unnecessary movement of material either between the processes
or point of use to the process. |33
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Figure 45. Forklift for spools transportation

In order to set up and to optimize the material handling system the input data needed are:

x Technological process of each product

x Type of vehicle used and parameters ( speed, acceleration/deceleration, availability, time
for charge/discharge, capacity)

x LayoutdistanceqTable8|)

x Material fow between different machines.

Table 8. Layout distances in meters between the machines
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5.3 Choice ofrepresentative products

sentative

volume.

WV WKH OHWWHU 3%~
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6. THE SIMULATION SOFTWARE: SIEMENS (TECNOMATIX )
PLANT SIMULATION

Siemens Tecnomatiy Plant Simulation(STPS)is a standard software for objeotiented,

graphical, and integrated modeling, for simulating and visualizaggtems and business

processes|Higure 51]). It is a discrete, evertontrolled simulation programwhich only

considers points in time (events) essentialthe further course of the simulatiohhus, the
simulation time that the EventController displays, leaps from event to.avlen a part enters
a material flow objectit is calculated the time wihit exits, and it is registered an exit event in

the list of events for this point of timg&1]

Figure 51. Modeling 2D and 3D simulation in SiemensTecnomatix) Plant Simulation
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In general, the aim of simulation is to enablanagers to make objective decisions by dynamic
analysis, to safely plan and, in the end, to reduce cost. Thus, when real systems and plants are too
expensive for conducting experiments and the time to conduct trials is limited, modeling,

simulation and amation are excellent tools for analyzing and optimizing time dynamic

proceses|Table32|).

Plant simulation offers the possibility tyeate a modéby inserting instances of the buift

objectsfrom theClassLibrary into the object Franmethe folder ModelFigure52)). The Frame

is the object in which the simation model is created and an EventController is inserted; it starts,
stopsand resets the simulation ruBy using the sophisticated software suiie,is possible to
design and simulate complete production lines with machine tools and robot cells @s well
material handling and transport systef3d] The challenge is to improve the production system
by rearranging factory floor layoutg&nd optimizing machine utilization with the goal of

accelerating production cycles and saving investment costs.

Tecnamatix Plant Simulatiorallows to build a digital useful to run experiments and wihat
scenarios to explore logistic systems and their processes without disturbing thevhearused

in the planning processlong before the real production systems astalled[26]

Table 32. Key capabilities andbenefits of Siemens Tecnomatix) Plant Simulation

Key capabilities Benefits

Objectoriented models with hierarchy and | As much as 66 savings upon initial
inheritance investment

Openarchitecture with multiple interface | Increase existing system productivity by as
support much as 206

Reduce new system costs by as much as

Library and object management %

Genetics algorithm for optimization Optimize resource consumption anelse

Energy consumption simulation and analyy Reduce inventories by as much a0

Value stream mapping and simulation Reduce throughput time by as much a$60

Optimize systems for reduced energy

Automatic analysis of simulation results :
consumption
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In Plant Simulation the standard classes can be classified into six categories:

Material flow objects
Resources
Mobile objects

Information flow objects {§ts and tablgs

o bk 0 DN PE

Displayand useiinterfaceobjects

Mobile and static material flow objects are thasic objects of a model. The mobile uhits
(transporters, containers or partse the objects that move through a model and they can be
transported by active or passive material flolajects. Active material objects are for example
Single or Parallel prmesses, Assembly or Dismantle stations, Line or Angular converter; passive
material flow objects are Store, Track and TwolaneTrack tlmatnot pass on the MUs

automatically[31]

Figure 52. Example of a basic Framean STPS

The sairce creates mobile objects according to the defined strategy: it is possible to create
different parts and to choose the batches size and the production times. In fact, by setting the

Time of creation the options af&1]

x Interval adjustable: thproduction dates are determined by start, stop and the interval. It
means that the first part is produced at start and other parts are produced at an interval,
until the stop.

X Number adjustable: number and interval determine the production dates (a certain
number at a specified interval); so it is necessary to define both creation times and
amount

x Delivery table: there is a table that contains the details of production order (parts type and

production times).

The drain destroys the MU after processing tlamd it is useful to collect statistical data, such

as total throughput, throughput per hour and per day, or number of destroyed parts.

®MUs
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The single process accepts ekacne MU from its predecessors, so when a MU is processed

the object is full anathernewly arriving will be blockedlf the MU has several successors, it

will be transferred to the next free object.

The processing durati(1Figure53

Figure 53. Processing duration of a part on a stationn STPS

) of a part on a station consists of three parts:

X Set up time: it is the time required to set up an object when it is necessary to process

another type. The set up time depends orMblename, but it is also possible to schedule

a set up after a certain number of parts, for example for tool changes.

Recovery time: itis the time required to set a station into a defined state before it can

start processing the next part. The recovenetis useful to model materials handling

equipment, such as a robot, which requires a certain time to insert work pieces into or

remove them from processing stations.

and befordghe object moves the processed part on to its successor

Processing time: it determines how long an MU stays on the object after the set up time

The cycle time isised for synchronizing the production and specifies in which multiple of an

interval the entrance of a matatiflow object opens and closes. It means that although the

previous station is ready earlier, the part must wait until the cycle is over before being

transferred to the success®he cycle time is useful to model chain conveyors with a fixed

chain interval that only transport materials when a free hook is awai26]

Some analysis tools, such as bottleneck analjsgure 54

57))

Figure58

)

Figure59

), statistics and chart

§-igure

) are useful to evaluate different manufacturing scenarios and to

get all the informatiomeeded to improve the process and to make reliable and smarter

decisions.
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The Bottleneck Analyzer displays the statistics of the material flow objects and sorts the data

into a table. It is possible to individuate the machine or the machines causing the bottleneck
that will have a high working portion and the goal is trying to make them faster in order to
increase the throughput of the entire system.

Figure 54. Bottleneck Analyzerin STPS

The Sankey Diagram can be represented iro2id 3D and it displaysstantiated MUs of

MU classes|Kigure 62)). It allows the user to easily interpret the results of the simulation

runs by visualizing the flow of material and to draw the right concluillémreSG). The

thicker the Sankey streams between two stations, the more MUs have been transported on the

connectors between these statig8$]
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Figure 55. Sankeys Diagram in STPS

Figure 56. Flow of material with Sankeys Diagram in STPS

The Chargraphicdly displays thedatarecorded during the simulation. It is possible to select the
type of resources for which showing statistical data of the selected objects in the chart. The

selection for the statistics type is beémeResource statistics, Energy statistics, or Occupancy.

For examplethe Resaurce statistics chafFigure57|) shows orpercentagehe amount of effort

contributedby each resource in terms of work time and the amount of time in which the resource

is not working for several reasons that are indicated by different colors.
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Figure 57. Resource statistics chartn STPS

Figure 58. Occupancy statistics charin STPS
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Figure 59. Energy statistics chartin STPS

The use of these interfacing tools makes easier the analysis of simulation results and the
evaluation of differenalternativesaccording some measures of performance, like mak&span
throughput or utilization of resources. In fact, such details are difficult to get manually and by
using simulation softwarall the information about processes can be colleetily aml this

makes faster the introduction of improvements and the decision making pf8aéss.

%10 manufacturing, the time difference between the start and finish of a sequence of jobs [84hsks.
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7. THE MAKING OF THE SIMULATION MODEL AND THE RESULTS

7.1. The simulation model
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Table 38. Matrix of the total time needed for transportation, hours/year

trix and
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Figure 65 shows the utilization of machines for the alternative 1 which considers just MTO

products. The percentage of workirfgreen column)indicates how oftenthe object was

processing a MU

Figure 66| showsthe working time and set up time for each machine, it means the total time

during which the object was workimg setting up. The statistic report provides details about:

X

X

X

Portion =the portion of the statistics periddring which the object worked or setting

Count= how often the object workeat set up

Sum= the total time during which the object workedset up

Mean Value= the mean duration of the time spans during which the object workset

up

Standard Deviation the standard deviation of the time spans during which the object

worked or set ugrom the mean valug31]
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Table 44} showsthe cumulated statistics for the components processed during the examined

period. In detailed, the column throughput displays that only for the components 2 it is not
reached the planned number of units in the available time (255 instead of 281).
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A more detailed comparison between alternatives with values of percentage of working for

each machine will be
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Table 45| shows the percentage of working time for each machine. It has beeightigghlin

greythe best value between different alternatives.

.
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6. CONCLUSION

Nowadays cable factories have to face multiple challenges related to the uncertainty of the
demand, the high el of competition and the requests of higmlity customized products. The
principal indicators of performance that need to be improved in order to survive and compete in
the market are the lead times, the customer satisfaction and the utilization loihenac
Moreover, the cable manufacturing is a complex system composed by different processes that
require to be analyzed and controlled in order to improve the efficiency of the whole system.
Simulation is a sophisticated tool that can help factorieevestigate production problems and

to introduce optimization by studying the results of simulation runs according to different
scenarios. Building a model that represents approximately the reality allows to make experiments
on it saving time and money amdthout disturbing the real system. For this reason, factories
should take into account the possibility of integrating simulation tool with their data base

management systems and the utilization of simulation software in their routines.

In this work it h& been used the software pack&yemensTecnomatix 11 PlantSimulation to
analyze the production system of ELKA factory considering four representative products that
count for the main percentage of the total annual customer demand. It has been built the
simulation model of the metal department where conductors have been created before the
application of the insulation and it has been investigated the different work load of the machines
involved changing number of series produced. The purpose is to evedtexibility of the

system when the number of orders increase or after the decision to introduce stock replenishment
orders. It has been evaluated four different alternatives showing the different results of

simulation in statistical diagrams.
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The first situation experimentes the actual situation that consists just éke To-Order
products with a certain amount of orders per year. The second alternative has been obtained by
increasing the number of orders of the 15 % (and the number of batchesdl,asnder the
hypothesis that one batch correspond to one order), while the third alternative has been obtained
by increasing the number of order of the 10 % compared with the actual situation. In general, the
utilization of the machines increases forghéwo solutions, but it is not possible to produce all

the planned numbers of components that compose a product in the annual available time.
Therefore, it is evaluated another solution that can improve both utilization of machinery and
reduction of leadimes(and it affects customer satisfaction, too), which is the alternative 4. This
solution considers the increase of production orders for some compofRertsRostponement
approach), in order to improve the occupancy of the machines in accordanceinveth

constraint.

Choosing the fourth alternative, there has been an increase of utilijj| [ | [ GG
N,  25).

A further work could include in the simulation model means ofgparts, in particular forklifts,
whose numbeherehas been calculated manually taking into account the layout distances and
the flow of materials between different machines. It obviously leads to a more realistic model

able to calculate thigansportation times and costs.

Moreover, it could be useful to focus on integratmmong variousoftwarepresent in ELKA In
fact, simulation software can be used more efficaciously in factories if supported by a powerful

data management system sucl®aacle able to store the data of the simulation model.

It is also suitable to extend the simulation to all the tvighety of products offered by ELKA
factory, even if it means a large effort in terms of time required to collect data and to build a

more @mplex simulation model.
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