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Livarski proizvodi in njihova dodana vrednost pri
ovrednotenju njihovega zivljenjskega cikla

Foundry Products and Their Added Value in the
Life Cycle Assessments

Povzetek

Narascajoci stroski energije, novi okoljski predpisi in skrbi glede zanesljivosti energije so
povzrocili, da se industrija trudi zmanjSati rabo energije in povecati njeno izkoriS¢enost.
Mednarodni in nacionalni zakonodajalci so razvili razli€ne pravne okvirje za izvajanje
strategij varCevanja z energijo. Zadnji prispevek k temu je zaletek uveljavitve evropske
direktive o energijski ucinkovitosti, ki se na avstrijski nacionalni ravni uporablja kot zakon o
energijski ucinkovitosti. Predvsem energijsko intenzivne industrije, npr. livarska industrija,
morajo zmanjsati svojo rabo energije, da se poveca energijska ucinkovitost in izboljSa odnos
do okolja. Da bi se izpolnili nacrti in cilji, ki jih je postavil zakonodajalec, se mora uporabiti
integriran pristop k ukrepom za dosego energijske ucinkovitosti s posebnim poudarkom na
tehni€nih, ekonomskih in ekoloskih metodah in ocenah.

Za analiziranje potenciala ucinkovitosti v livarski industriji so razvili modulni ve€nivojski
pristop. Model/pristop je nastal s sodelovanjem nosilcev izku$enj in nosilcev znanja v
okviru Avstrijske gospodarske zbornice — Zdruzenja avstrijske livarske industrije in njihovih
trgovinskih partnerjev na eni strani ter Montanisticne univerze Leoben in Avstrijskega
indtituta za livarske raziskave (OGI) na drugi strani. Pristop omogo&a spoznati dejansko
rabo energije za procese in izdelke, kar pripelje do boljSega razumevanja nastalih stroskov.
Poleg tega ta metodologija razpoznava potenciale energijske ucinkovitosti in jih zdruZuje v
model, ki sloni na pristopu naértovanja, ocenjevanja in optimizacije rabe energije v livarski
industriji. Te mere imajo lahko pozitivne uc€inke na faze zZivljenjskega cikla izdelka.

Poleg tehni¢nih in ekonomskih ukrepov predstavlja ocenjevanje Zivljenjskega cikla
(LCA - life cycle assesment) pomemben del razvitia modela. LCA omogoca izdelati
metodo za ocenjevanje vpliva materiala izdelka in energijskih tokov po vsej dobavni verigi
od pridobivanja surovin do konca zivljenjske dobe uporabnosti izdelka. Metoda sloni na
ISO-standardu 14040ff, ki opisuje osnove in okvir za ocenjevanje Zivljenjskega cikla in
vklju€uje: definicijo cilja in obseg LCA, analizo popisa Zivljenjskega cikla (LCI — life cycle
inventory), oceno vplivov zivljenjskega cikla (LCIA — life cycle impact analysis) in tolmacenje
zZivljenjskega cikla.

Glede na cilje projekta in interese raziskave se model osredotoCa na tri kazalnike
vplivov, ki so pomembni za livarsko industrijo: (1) potencial globalnega segrevanja (GWP
— global warming potential), (2) celotna potreba po energiji (CED — cumulative energy
demand) in (3) celotna potreba po materialih (CMD — cumulative material demand). Koristi
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ocenjevanja Zivljenjskega cikla za livarsko industrijo obsegajo identifikacijo potenciala
izboljSav okoljskih znacilnosti izdelkov, kako priti do informacije za strateSko planiranje,
postavitev prednosti, razvoj izdelka in procesa kot tudi utemeljitve pri prodaji izdelka.
Kljuéne besede: ocenjevanje zivljenjskega cikla, livarstvo, energijska ucinkovitost

Abstract

Rising energy costs, new environmental regulations and concerns about energy security
are causing industries to conduct efforts to reduce energy consumption and increase
energy efficiency. The international and the national legislator are developing different legal
framework conditions to support the implementation of energy saving strategies. A recent
contribution to this issue is the commencement of the European Energy Efficiency Directive,
which at Austrian national level finds its application in the form of the energy efficiency
law. Particularly the energy-intensive industries (e.g. foundry industry) are faced to reduce
their energy consumption, to increase energy efficiency and improve their environmental
performance. In order to fulfill the plans and targets given by the legislator's an integrated
approach on energy efficiency measures has to be used with special focus on the technical,
economic and ecologic methods and assessments.

For the investigation of the efficiency potential in the foundry industry, the modular-
based, multilevel approach was developed. The model/approach was generated through
collaboration between the experience and know-how of the Austrian Economic Chamber
- Association of Austrian foundry industry and their commercial partners, and science,
i.e. the Montanuniversitaet Leoben and the Austrian Foundry Research Institute (OGI).
The approach enables the derivation of actual energy consumption of processes and
corresponding manufactured products, and leads therefore to a better understanding of
cost generation. Moreover, the methodology identifies energy efficiency potentials and
merges them to a model based approach for the planning, evaluation and optimization of
energy consumption in the foundry industry. These measures can show positive effects on
the phases of the product lifecycle.

Aside the technical and economic measures, the life cycle assessment (LCA) represents
an important part of the model development. LCA provides a method of assessing the
environmental impacts of a product material and energy flows across the whole supply
chain, from raw material extraction to end of life recycling or disposal. The method is based
on ISO Norm 14040ff which describes the principles and framework for life cycle assessment
(LCA) including: definition of the goal and scope of the LCA, the life cycle inventory analysis
(LCI), the life cycle impact assessment (LCIA) and the life cycle interpretation.

Regarding the aims of the project and research interests the model focuses on three
impact indicators relevant for the foundry industry: (1) Global Warming Potential (GWP),
(2) Cumulative Energy Demand (CED) and (3) Cumulative Material Demand (CMD). The
benefits for the foundry industry from life cycle assessment include the identification of
improvement potential of environmental characteristics of products, the purchase of
information for strategic planning, priority setting, product and process development, as
well as arguments for the marketing of products.

Keywords: Life cycle assessment, foundry, energy efficiency.
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1. Uvod

Povelanje prebivalstva, hitra urbanizacija
in viSanje Zivljenjskega standarda obc&utno
poveCuje rabo energije po vsem svetu.
Kljub omejenim virom in naras¢ajoim
cenam surovin ima dostop do virov energije
in njena raba v Evropi vse vecjo vlogo.
Odvisnost drzav EU od uvoza fosilnih
goriv izjemno moc¢no vpliva na njihove
trgovske bilance, kar pomeni, da se s tem
zmanjSuje njihova kupna mo¢€. Zato je eden
od bistvenih elementov vzdu$ja v EU in
energijske politike potreba po izboljSanju
energijske ucinkovitosti. V okviru strategije
Evropa 2020 za pametno, sonaravno
in vseobsezno rast si je Evropska unija
leta 2008 postavila ciljie »20-20-20« za
doseganje zelenih ucinkov glede podnebja
in energije. Eden od ciljev je zmanj3ati rabo
primarne energije za do 20 % [1]. Za dosego
tega cilja je Evropska komisija postavila
energijsko ucinkovitost v srediS¢e in zacrtala
novo strategijo energijske ucinkovitosti,
ki bo omogocila vsem ¢lanicam lociti rabo
energije od ekonomske rasti. V skladu s tem
je EU izdala direktivo 2012/27/EU (EED)
o energijski ucCinkovitosti, ki se navezuje
na direktivi 2004/8 / EC in 2006/32 / EC
22. Glavni cilj nove direktive je vzpostaviti
sploSen okvir ukrepov za vzpodbujanje
energijske ucinkovitosti v EU. Dolo¢a
tudi usmeritve za ¢€im velje zmanjSanje
ovir na energijskem trgu in obvladovanje
nezmoznosti trga, da zavira ucinkovitost
pri dobavi in rabi energije [2]. Npr. EED
vsebuje obveze, ki naj bi si jih vsaka ¢lanica
EU postavila za svoj pomemben cilj pri
nacionalni energijski u€inkovitosti, ki slonina
primarni kot konéni rabi energije. |zvajanje
energijske ucinkovitosti bo zmanjSala
stroSke za energijo, odliv kapitala v drzave
izvoznice nafte in zemeljskega plina ter
reSila pomembne investiciie v domace
gospodarstvo.

1. Introduction

Increasing population, rapid urbanization
and the growth of living standards have
significantly  accelerated the energy
consumption in countries around the world.
Thorough the limited re- sources and raising
raw material prices, access and use of
energy resources is playing an increasingly
importantrole in Europe. The dependence of
EU countries on imports of fossil fuels strain
the foreign trade balance extremely, making
it that purchasing power and benefits from
the countries flow out. Therefore, one of the
essential elements of the European climate
and energy policy is to improve the energy
efficiency. With the Europe 2020 Strategy
for smart, sustainable and inclusive growth,
the European Union (EU) lanced in 2008 the
"20-20-20" objectives" defining the climate/
energy targets. One of the targets is to
reduce the primary energy consumption up
to 20% [1]. In order to achieve the targets,
the European Commission (EC) places
energy efficiency in the focus and outlines
the need for a new energy efficiency
strategy that will enable all Member States
to decouple energy use from economic
growth. Furthermore, in this context the
EC has launched the Directive on Energy
Efficiency 2012/27/EU (EED) and repealing
Directives 2004/8 / EC and 2006/32 / EC
22. The main goal of the new Directive is to
establish a common framework of measures
for the promotion of energy efficiency within
the Union. Further, it defines the directions
to minimize the obstacles in the energy
market and overcome market failures that
impede efficiency in the supply and use of
energy [2]. For instance, the EED contains
the obligations that each Member State
shall set an indicative national energy
efficiency target, based on either primary
or final energy consumption, primary or
final energy savings, or energy intensity.
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Da bi se doseglo cilje, je Evropska
komisija predlagala, da se cilji EU prenesejo
v cilje in usmeritve posameznih drzav. V
Avstriji so to direktivo vpeljali kot Zvezni
zakon BGBI I Nr. 72/2014 (EEG) o energijski
ucinkovitosti [3]. Glavni namen zakona je
stabilizirati konéno rabo energije v Avstriji
(2020) pri 1 050 J/leto, preverjanje ukrepov
za energijsko ucinkovitost 310 PJ v letih
2014—2020 (ekvivalent 1,5 % avstrijskih
konénih potreb po energiji; izboljSanje
uCinkovitosti dobaviteliev  energije na
podrocju energijske ucinkovitosti; povecanje
delezaobnovljive energije;zmanjSanje emisij
toplogrednih plinov in izboljSanje razmerja
med dovedeno in rabljeno energijo. Zakon
podrobno dolo€a zakonske obveze za velika
podjetja, da razvijejo sistem upravljanja z
energijo ali da izpeljejo preverjanje rabe
energije, dobaviteljev energije za izboljSanje
energijske ucinkovitosti pri lastnih ali tretjih
konénih uporabnikih, obvezo za zvezno
vlado, da vodi tako politiko npr. z obnovo
zveznih zgradb in da ponudi javnosti ukrepe
za energijsko ucinkovitost. |zvajanje zakona
naj bi nadzorovale agencije za stalni nadzor,
ki bi bile odgovorne za ocenjevanje ukrepov
uCinkovitosti in  njihovo nadzorovanje.
Trenutno to delo opravlja drzavna nadzorna
agencija za energijsko ucinkovitost.

EED in EEG pokrivata ne samo velike
industrije ampak tudi elektrarne, javni sektor
in transportna podjetja. A je energijska
uc€inkovitost industrije bistvena. Posebno za
energijsko intenzivne industrije (npr. livarsko
industrijo) je to izziv, da obCutno zmanjSa
rabo energije, pove€a svojo energijsko
ucinkovitost in zmanj$a vplive na okolje ter
tako doseze postavljene cilje [4].

Pomembna vsebina in cilj EEG je
zmanjSanje emisij toplogrednih plinov. V
praksiin znanosti se vpliv industrije na okolje
meri z znanstveno metodo ocenjevanja
zZivljenjskega cikla (LCA) [5]. V zadnjih letih
je LCA postala vse bolj pomembna, ker se

The implementation of energy efficiency
reduces energy costs, the capital outflow
in exporting countries for oil and gas
and solves significant investment for the
domestic economy.

In order to ensure the achievement of
the goals the EC proposed that the EU goals
should be translated into national targets and
trajectories. In Austria, the implementation
of the Directive was carried out in form of
the Federal Energy Efficiency Act BGBI |
Nr. 72/2014 (EEG) [3]. The main objectives
of the Act are stabilization of final energy
consumption in Austria (2020) at 1,050 PJ /
a; verification of energy efficiency measures
between 2014-2020 of 310 PJ (equivalent to
1.5% of the Austrian final energy demand);
improving the performance of energy
sup- pliers in the field of energy efficiency;
increasing the share of renewables in the
energy mix; reduction of greenhouse gas
emissions and improvement of input-output
ratio. In detail the Act defines the legal
obligation for big companies to develop an
energy management system or to conduct
energy audits, energy suppliers to improve
energy efficiency via own or third party end-
costumers, for the Federal Government to
lead by example, e.g. in connection with the
restructuring of federal buildings, and for
public invitation to tender energy efficiency
measures. The implementation of the law
should be enforced by a monitoring agency
that will be responsible for the evaluation
of the efficiency measures, as well as
monitoring. Currently the National Energy
Efficiency monitoring agency performs this
task.

This EED and EEG cover not only
large industries, but also power generating
companies, as well as the public sector and
transport. However, the energy efficiency for
the industries is essential. Especially energy
intensive industries (e.g. foundry industry),
are challenged to re- duce their energy
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jo lahko uporabi tako za izdelke kot procese.
Na eni strani se jo lahko uporabi kot izjavo
0 izdelku in kot marketinsko utemeljitev,
na drugi strani pa za vrednotenje vplivov
razliCnih variant na okolje, da se pride do
stratedkih in obratovalnih odlocitev na
podrogju obdelanih informacij. Stevilne
industrije, ki jih oskrbuje livarska industrija,
kaZejo zanimanje za okoljske vidike
uporabljenih sestavin/izdelkov.

2. Zakon o energijski u€inkovitosti —
izziv za avstrijsko livarsko industrijo

Avstrijsko  livarsko  industrijo  uradno
predstavlja livarska zveza, v Kkateri je
v€lanjenih 43 industrijskih livarn (stanje
2013). Po strukturi izdelkov je 16 livarn
Zeleza, 23 livarn nezeleznih kovin in Stiri
livarne, ki izdelujejo izdelke iz zelezove
litine in neZeleznih kovin. V vseh livarnah je
zaposlenih 7 154 ljudi. Dve podjetjiimata po
veC kot 500 zaposlenih, 10 po 200-500, 8 po
100-200 in 23 po manj kot 100 zaposlenih.

400.00U
350.000
300.000
250.000
200.000
150.000
100.000

“__________._"_‘-.-:1"_\_______

tone / tons

____________ } == K"';';""'
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consumption noticeably, to increase their
energy efficiency and their environmental
performance in general to reach the given
target values [4].

Important content and the goal of the
EEG is the reduction of the greenhouse
gas emissions. In praxis and science, the
environmental impact from industry is
measured through the scientific method Life
Cycle Assessment (LCA) [5]. In the recent
years LCA is becoming increasingly

important, whereby it can be carried out
for both products, as well as processes. On
the one hand, it is applied in the context of
product declarations and as a marketing
argument. On the other hand, it is used
to evaluate the environmental impacts of
different alternatives in order to provide
strategic and operational decisions in the
field of processed information. Numerous
industries, which are supplied by the
foundry industry, are showing interest in
the environmental aspects of the used
components/products.

ISR NSENERNENENNIENNERNRERERERE

! FESLELIPESEFSEESSPETEFPEEST

leto / year

m Zelezova g duktilna litina /
litina / ductile cast iron / cast steel
cast iron

m jeklena litina, m ulitki iz tezkih kovin /

w ulitki iz lahkih kovin /

heavy metal casting light metal casting

Slika 1. Proizvodnja avstrijske livarske industrije (1985-2013) [6]
Figure 1. Production development of the foundry industry in Austria (1985-2013); source [6]
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Celotna proizvodnja v letu 2013 je bila 316
795 ton in se je v primerjavi z letom 2012
povecala za 3,4 %. Od tega je bilo 42 %
ulitkov iz lahkih kovin, 37 % iz duktilne
litine, 13 % iz Zelezove litine, 5 % ulitkov
iz tezkih kovin in 4 % iz jeklene litine (slika
1). Celoten prihodek sektorja, ki se je v letu
2012 povecal za 0,6 %, je bil 1,34 milijarde
EUR. Okoli 80 % izdelkov je bilo izvoZenih.
Glavnina je bila za avtomobilsko industrijo.
Ostali kon¢ni izdelki so cevi, cevni prikljucki
in valji [6].

V Avstriji so se Ze desetletja trudili, da
bi vpeljali ukrepe za varCevanje z energijo
z namenom zmanjSati sorazmerno velike
potrebe po energiji v livarski industriji
[7,8,9]. Dichtl (2012) je zagovarjal dejstvo,
da je enodimenzijski pogled na potrebe po
energiji treba vzeti kot kritiCen in negativen z
ekoloSkega in ekonomskega vidika, sicer bo
razvoj inovacij in izdelkov zacel stagnirati.
Poleg tega se morajo livarne osredotociti
na potenciale za varCevanje z energijo
z izrabo odpadne toplote, optimizacijo
procesov in izdelkov, optimizacijo toplotne
obdelave itn. Na drugi strani je Bosse s
sodelavci (2013) zagovarjal dejstvo, da
raba obnovljive energije ni tehni¢ni problem
(npr. elektrika ali biomasa) v livarnah in da
bi lahko bilo 97-98 % vse energije zelena
energija [10]. Predlagali so, da bi bila v
prihodnje raba zelene energije v livarnah
odvisna od fleksibilnosti livarskih procesov
in od zaposlenih v livarnah. Dejanska raba
energije v livarnah je mocno odvisna od
materiala; pri dobri tehnologiji litia je raba
6 do 30GJ/t in zajema 2—10 % proizvodnih
stroSkov. NajpomembnejSi kazalniki so
masa ulitka, Stevilo ulitkov, kakovost
materiala, talilni postopki, tehnologije
toplotne obdelave in zapletenost ulitkov [7].

Izvajanje nedavnega zveznega zakona
0 energijski ucinkovitosti vpliva tudi na
livarsko industrijo. V sploSnem so podjetja

2. Energy Efficiency Act - Challenge
for the Austrian Foundry Industry

The Austrian foundry industry is officially
represented by the Foundry Association,
which supports 43 industrial foundries
as member companies (status 2013).
Structured into the various products, they
encompass 16 pure iron foundries, 23
pure non-ferrous metal foundries and
4 foundries producing iron and metal
castings. Employing the 7,154 people, the
branch has 2 companies with more than
500 employees, 10 companies between
200 and 500 workers, 8 companies between
100 and 200 workers and 23 with less than
100 employees. Total production in 2013
amounts to approx. 316,795 t and compared
to 2012 it increased by 3.4%. In the same
year the composition of the production is
divided into 42% light metal casting, 37%
ductile cast iron, 13% cast iron 5% heavy
metal casting and 4% cast steel (figure
1). The total turnover of the sector grew
by 0.6% compared to 2012 and is approx.
EUR 1.34 billion. The direct export quota of
the member companies is about 80%. Apart
from a few finished products, such as
piping, fittings, and cylinders a majority
of the products goes into the automotive
sector [6].

For decades there have been efforts to
implement energy saving measures in order
to reduce relatively high energy demand
in the foundry industry [7,8,9]. However,
Dichtl [7] (2012) argues that though the
one-dimensional view on primary energy
requirements needs to be seen as critical
and is considered negative in ecological and
economical terms. Otherwise, innovation
and product development would begin to
stagnate. Nevertheless, the foundries should
put focus on energy saving potentials in
waste heat utilization, process and product
optimization, optimization of heat treatment
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Slika 2. Zahteve po evropski direktivi za podjetja,
ki uporabljajo energijo [3]

Figure 2. Requirements for the energy-
consuming enterprises in accordance EEG;
Source [3]

Energy audit (EA) Energy management

system (EMS)

= every four years (2015, 2019)

* Performend only by external auditer

= Until 30.11.2015

* before 01.01.2015 executed audits
are ¢ (4 years dead|

= costs: ca. 5.000 € per audit

* anncuncement to monitoring device
within the first month of
commencement of the act
(01.01.2015)

. I i ithin the next ten
months (30.11,2015)

= Compuisive internai audit

= costs: ca. 25.000 € during the
introduction (depending on the size
of the company)

Slika 3. Razlike med energijskim pregledom in
sistemom upravljanja z energijo za podijetja, ki
uporabljajo energijo, po evropski direktivi [3]
Figure 3. Differences between EA and EMS;
Source [3]

glede na ta zakon obvezana

naslednje akcije:

- da se registrirajo kot podjetja, Kki
uporabljajo energijo,

- da prijavijo izvajanje energijskega
pregleda ali certificiranega sistema
upravljanja z energijo do 15.11.2015,

izpeljati

etc. On the other hand, Bosse et al. [10]
(2013) argue that there is no technical
problem using renewable energy (e.g.
electricity or biogas) in foundries, and that
97-98 % of the total energy could be green
energy [10]. They suggest that in the future
the consumption of green energyinfoundries
will also depend on the flexibility of foundry
processes and of foundry employees. The
actual energy consumption in foundries
is strongly dependent on the material; the
range is between 6 and 30 GJ/t for good
cast, and encompasses from 2-10% of
the production cost. Dominant factors are
cast weight and product numbers, material
quality, melting processes, heat treatment
technologies, and complexity of castings

[7].

The implementation of the recent
Federal Energy Efficiency Act (EEG) affects
as well the foundry industry. In general,
according to the EEG the companies are
obliged to conduct the following actions:

(1) Registration as an energy-consuming
enterprise,

(2) Notification of the implementation of an
energy audit or a certified management
system to 11/15/2015

(3) Continuous reduction of primary
energy consumption by 0.6% per year
(mandatory for energy suppliers)

(4) Implementation of indicators to
represent the energy demand related
to the economic performance

Furthermore,dependingonthecompany
size different requirements are have to be
met. The grouping of the companies follows
the classification given in the European
Energy Efficiency Directive (EED), using the
indicators such as number of employees,
turnover and annual balance sheet. For
instance, a medium size enterprise is a
company with less than 250 employees,
and has a turnover under 50 Mio. EUR
or an annual balance sheet less than 43
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- da zvezno zmanjSujejo rabo za 0,6 %
(obvezno za dobavitelje energije),

- davpeljejo indikatorje, ki kaZejo potrebo
po energiji glede na ekonomski ucinek.

Poleg tega je treba izpolniti Se dolocene
zahteve v odvisnosti od velikosti podjetja.
Razvrstitev podjetij je po klasifikaciji, ki je
navedena v evropski direktivi o energijski
ucinkovitosti, v kateri so kazalniki kot Stevilo
zaposlenih, prihodek in dobiCek. Npr.
srednje veliko podjetje ima manj kot 250
zaposlenih, prihodek pod 50 milijoni EUR in
dobicek pod 43 milijoni EUR. Na drugi strani
so majhna podjetja tista, ki imajo manj kot
50 delavcey, prihodek pod 10 milijoni EUR
in dobi¢ek pod 5 milijoni EUR [11]. Zahteve,
ki najbolj vplivajo na velika podjetja, so,
da se morajo registrirati in do 15.11.2015
obvestiti agencijo za nadzorovanje o
izvajanju energijskega pregleda ali sistema
za upravljanje z energijo (slika 2). V Avstriji
zunaniji energijski pregledi ali certificirani
sistemi upravljanja z energijo ali okoljem
vklju€ujejo notranje in zunanje preglede,
ki so se zaceli januarja 2015 in se morajo
narediti vsaka 4 leta. Osnovne razlike
med energijskim pregledom in sistemom
upravljanja z energijo so prikazane na sliki
3.

Cilj energijskega pregleda je
sistematiéna analiza nosilcev energije
ter rabe energije v podjetjih in se naredi
s pregledom vseh sistemov v podjetju,
povezanih z energijo. Rezultat je odkriti
ukrepe za zmanjSanje rabe energije in
optimizacijo energijske ucinkovitosti [12].
Certificiran sistem upravljanja z energijo
je na drugi strani sistem, ki je doloCen z
ISO-standardom 50001, katerega cilj je
zmanjsati stroSke in emisije toplogrednih
plinov z izboljSano energijsko ucinkovitostjo
[13]. Z izvajanjem evropske direktive in
uvajanjem sistema upravljanja v podjetja
je bilo opaziti Stevilne prednosti kot so
intenzivnejSe izvajanje standardiziranih

Mio. EUR. On the other hand, small size
enterprises are companies with less than
50 workers and have a turn- over under 10
Mio. EUR or an annual balance sheet less
than 5 Mio. EUR [11]. The requirements
affecting large size enterprises most, are
that they had to register themselves, and
until 11/15/2015 the monitoring agency had
to be notified about implementation of an
energy audit (EA) or a certified management
system (EMS) (figure 2). In Austria an
external energy audit or a certified energy
or environmental management system
including internal and external audits
beginning with January 2015 needs to be
executed every four years. Fundamental
differences between EA and EMS (energy
management system) are illustrated in the
figure 3.

The aim of the energy audit is the
systematic analysis of energy cariers and
energy consumption in the enterprises,
and is carried out by a review of all energy-
related systems across the enterprise. As
result it identifies measures for reducing
energy consumption and optimizing
energy efficiency [12]. A certified energy
management system on the other hand has
a defined system according to ISO Standard
50001, the aim of which is to reduce costs
and greenhouse gas emissions by improving
energy efficiency [13]. Through the
implementation of the EEG and the energy
management system in the enterprises
several benefits can be noticed, such as
increased implementation of standardized
energy management systems (ISO 50001),
establishing energy efficiency networks,

implementation of energy indicators,
performance measurement systems
and benchmarks, advanced sensor,

communication and analysis systems,
sensible energy simulation and optimization
approaches etc.
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sistemov upravljanja z energijo (ISO
50001), vzpostavitev omreZij energijske
ucCinkovitosti, izvajanje kazalnikov energije,
delovanje sistemov in kriterijev merjenj,
napredna zaznavala, sistemi analiziranja
in komuniciranja, pametne energijskih
simulacije, optimizacijski pristopi itn.

3. Pristop za ovrednotenje livarskih
izdelkov, ki sloni na Zivljenjskem
ciklu

Da bi se obvladalo in ¢im bolj zmanjsalo
zakonske izzive za livarsko industrijo, smo
oktobra 2013 zaceli s triletnim raziskovalnim
projektom EnEffGiep- razvoj pristopa
za ovrednotenje energijsko ucinkovitih,
sonaravnih livarskih izdelkov, ki sloni na
zivljenjskem ciklu. Projekt je financirala
avstrijska agencija za  spodbujanje
raziskav (FFG) v okviru programa »skupne
raziskave«. Nosilec izvajanja projekta je
Zveza avstrijskih livarn ob sodelovanju
raziskovalnih institutov: Avstrijski livarski
institut, Montanisticna univerza Leoben
s katedro za ekonomsko in poslovno
upravljanje (WBW) ter katedro za toplotno
procesno tehnologijo (TPT), in industrije:
Borbet Austria, Dynacast Austria, Georg
Fischer Fittings, Nemak Linz, livarna Tirol
Rohre and Voestalpine.

Cilj projekta je razviti model procesa
in model vrednotenja, ki bo primeren
za poveCanje energijske ucinkovitosti
v livarnah. Model, ki sloni na tehni¢nih,
ekonomskih in okoljskih metodah, bo
omogocil ovrednotiti razlicne livarske
izdelke s stalis€a rabe energije in ugotovil
izvedljive ukrepe za pove€anje energijske
ucinkovitosti. Inovacija projekta je v tem,
da predstavlja celosten modulen pristop za
novaopazovanjain vrednotenje heterogenih
izdelkov livarske industrije, ki uposteva tudi
posebnosti te industrije.

3. Life-Cycle-Based Approach for the
Evaluation of Foundry Products

In order to overcome and to minimize the
legal challenges for the foundry industry the
three-year research project "EnEffGiel} -
development of a life-cycle-based approach
to evaluation of energy-efficient, sustainable
foundry products" was launched in October
2013. The Austrian Research Promotion
Agency (FFG) finances the project within
the programme ,Collective Re- search".
The project executing organization is
the Association of the Austrian Foundry
Industry with a broad consortium from
research institutions: Austrian Foundry
Institute, Montanuniversitaet Leoben with
two chairs (Chair of Economic and Business
Management WBW and Chair of Thermal
Processing Technology - TPT) , as well
from the industry: Borbet Austria, Dynacast
Austria, Georg Fischer Fittings, Nemak
Linz, Tirol Rohre and Voestalpine foundry.
The aim of the project is to develop a
process and valuation model, which is
suitable to increase the energy efficiency
in foundries. Based on technical, economic
and environmental methods, the model
allows to evaluate different foundry
products in terms of energy consumption
and to identify derivable measures to
increase energy efficiency. The innovation
of the project is that by the holistic modular
approach a new observation and evaluation
of heterogeneous products of the foundry
industry is generated, referring specifically
to the particularities of this industry.

The special focus is placed on
considering the product over all stages of
their life cycle in order to evaluate the actual
effectivenessofproductioncomprehensively.
The specific analyses are conducted
using the methodology for assessment of
environmental impacts. For that matter the
indicators (1) cumulative primary energy
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Poseben poudarek je bil dan
obravnavanju izdelka v vsem njegovem
Zivljenjskem ciklu, da bi se podrobno
ovrednotila dejanska ucinkovitost izdelave.
Narejene so bile posebne analize na osnovi
metodologije ocenjevanja vplivov na okolje.
Zato smo analiziralinaslednje parametre: (1)
celotna potreba po primarni energiji (CED
— cumulative energy demand), (2) celotna
potreba po materialih (CMD — cumulative
material demand) (vstopna stran) in (3)
potenciale globalnega segrevanja (GWP —
global warming potential) (izstopna stran)
z njihovimi kategorijami vplivov. Ta model
posebej ustreza posebnostim livarske
industrije in omogola predstavitev ter
vrednotenje energijskih izgub in energijske
uc€inkovitosti glede na vire.

4. Analiza zivljenjskega cikla
(LCA - life cycle analysis)

V zadnjih desetletjih so nastali Stevilni
standardi, vodila in navodila javnih ali
internih skupin, da bi zadostili potrebam
po zanesljivem in uporabni presoji vplivov
na okolije na proizvodni in organizacijski
ravni (npr. ISO 14 040; ISO 14 033; ISO
14 024, I1SO 14 021). Vecina njih zasleduje
pristop Zivljenjskega cikla. LCA je metoda
za merjenje in vrednotenje vplivov
proizvodnih sistemov na okolje v celothem
Zivljenjskem ciklu, ki ga uporabljajo Stevilne
industrije (slika 4) [5]. Ta metoda postaja
pomembna tudi za livarsko industrijo, kar
se trenutno kaze v zvezi z upravljanjem
sonaravne dobavne verige. Za to industrijo
je zelo pomembno, da analizira celotno
potrebo po energiji za posamezen izdelek
v celotnem Zivljenjskem ciklu. Npr. izdelek
iz lahke zlitine potrebuje vel energije, Ce
se raba energije nanaSa le na dejansko
maso izdelka. Raba energije sloni v tem
primeru na proizvodni fazi izdelka. Zato je

demand (CED) and (2) cumulative material
demand (CMD) (input side) and (3) Global
Warming Potential (GWP) (output side)
with their impact categories are analyzed.
This model will specifically respond to
the specifics of the foundry industry and
allows the source-related presentation and
evaluation of energy losses and energy
efficiency.

4. Life Cycle Analysis (LCA)

In recent decades’ numerous standards,
principles, and guidelines have been
developed, either by public or by private
groups, in order to meet the needs for
dependable and usable environ- mental
assessment at product and organization
level (e.g ISO 14.040; I1ISO 14.033; ISO
14.024, ISO 14.021). Many of them follow
the life cycle approach. LCA is a method
for the measurement and evaluation of the
environmental impacts of product systems
throughout their entire life cycle, used by
many industries (figure 4) [5]. As well for the
foundry industry this method

gains on importance, which is currently
reflected in the context of sustainable
supply chain management. It is very
important for this industry to analyze the
cumulative energy demand for a product,
analyzing the whole life cycle. For example,
a light weight product needs way more
energy if the energy consumption is related
to the actual weight of the product. Energy
consumption is in this case based on the
production phase of the product. Therefore,
it is necessary to evaluate products and
the energy consumption for those on a life
cycle basis starting with the raw material
production and ending with the recycling
phase of a certain product.

Conducting an LCA is very time consuming
and requires specific methodological skills,
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potrebno ovrednotiti izdelke in rabo energije
za celoten Zivljenjski cikel od proizvodnje
surovin do faze recikliranja doloCenega
izdelka. lzvedba LCA je dolgotrajna in
zahteva posebne metodoloSke izkusnje, pri
Cemer je izvajanje v industrijski praksi Se
vedno pomanjkljivo. Na osnovi preglednih
materialnih in energijskih tokov pomaga
obravnavanje stroSkov za celoten Zivljenjski
cikel, da se odkrijejo najbolj obetavni
potenciali energijske u€inkovitosti in sinergij
med izdelovanjem [14].
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Slika 4. Zivljenjski cikel jekla [15]

Figure 4. life cycle of steel; source [15]
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Slika 5. Okvir ocenjevanja zivljenjskega cikla po
ISO 14040 [16]

Figure 5. Life cycle assessment framework
acccording to ISO 14040; source [16].

whereby the implementation in industrial
practice is still deficient. Based on
transparent material and energy flows the
consideration of costs over the entire life
cycle helps to uncover the most promising
energy efficiency potentials and synergies
in operation [14].

4.1 Methodological Framework for LCA

The methodological approach for conducting
the life cycle assessment is presented by
the intertional Standards ISO 14040 and
ISO 14044 that describe the principles and
framework for conducting and reporting
LCA studies, and include certain minimal
requirements [5]. According to the Standard
14040, LCA is defined as the "compilation
and evaluation of the inputs, outputs
and potential environmental impacts of a
product system throughout its life cycle".
Therefore, the LCA is a tool for assessing
the environmental impacts of a product's
material and energy flows across the whole
supply chain, from raw material extraction
to end of life recycling or disposal [16].

The method for the conduction of the
LCA encompasses the inventory of relevant
inputs and outputs of a product system,
evaluates the potential environmental
impacts associated with those inputs
and outputs, and at the end interprets
the result of the inventory analysis and
impact assessment phases in relation to
the objectives of the study [5]. In order to
fulfill the consistent and uniformly use, the
requirements and guidelines are detailed
described in the Norm 14040.

The LCA study includes four stages
(figure):

1) Definition of the goal and scope of the

LCA (stage 1)

2) Life cycle inventory analysis (LClI)

phase (stage 2)
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4.1 Metodoloski okvir za LCA

Metodoloski  pristop za  ocenjevanje
Zivlienjskega cikla je predstavijen s
standardoma I1SO 14040 in 14044, ki

opisujeta osnove in okvir za izvajanje
LCA-Studij, poro€anje o njih ter vkljuCujeta
doloene minimalne zahteve [5]. Po
standardu ISO 14040 je LCA definiran kot
»zbiranje in ocenjevanje vhodov, izhodov in
potencialnih vplivov proizvodnega sistema
na okolje v celotnem Zivljenjskem ciklu«.
Zato je LCA orodje za ocenitev vplivov
materialnih in energijskih tokov izdelka po
vsej dobavni verigi od pridobivanja surovin
do kon&nega recikliranja ali odlaganja
odpadkov [16].

Metoda za izvedbo LCA obsega popis
bistvenih vhodov v proizvodni sistem,
izhodov iz njega in na koncu razlago
rezultatov analize popisainfaze ocenjevanja
vplivov glede na cilje Studije [5]. Da bi bila
izpolnjena stalna in enakomerna raba, so
zahteve in navodila podrobno opisana v
standardu 14040. Studija LCA obsega &tiri
stopnje (slika):

1) dolocitev ciljev in obsega LCA,
2) analizo popisov Zivljenjskega cikla

(LCI),

3) oceno vpliva Zivljenjskega cikla (LCIA),
4) fazo razlaganja.

Prvi korak pri izvedbi LCA je ugotoviti,
opraviciti in razloziti cilje Studije LCA, dolociti
cillano uporabo rezultatov in na koncu
ugotoviti izvajalce dejavnosti ter nosilce
interesov, ki naj bi uporabljali rezultate
Studije (ciljna publika). Tu je potrebno doloditi
meje sistema, ki so odvisne od cilja Studije
in se lahko delijo na od zibelke do vrat,
od vrat do vrat, od zibelke do groba in od
zibelke do zibelke. Drugi korak je izpeljava
analize popisa z ugotavljanjem vseh
vhodnih in izhodnih elementov v sistemu.
Pridobivanje podatkov je zelo dolgotrajen
proces in obsega na vhodni strani surovine,

3) Life cycle impact assessment (LCIA)
(stage 3)
4) Interpretation phase (stage 4)

The first step conducting the LCA is
to state, justify and explain the goal of the
LCA study, specify the intended use of the
results (application), and at the end identify
the practitioner and the stakeholders that
are intended to use the study results (target
audience). At this point, it is neccesery
to define system boundaries that are
dependent from the goal of the study, and
can be divided into cradle to gate, gate to
gate, cradle to grave and cradle to cradle.
The second step is conducting the inventory
analysis by identifying all input and output
elements in the system. The acquisition
of the data is very time consuming and
encompasses from the input side the raw
and operative materials, energy, and from
the output side products, by product, waste
and emissions to air, water and soil. The
data collected should be calculated related
to the functional unit. The third phase sets
the results of the inventory analysis in
connection with the impact categories and
impact indicators. After this classification, all
parameters are set to an equivalence factor
within each impact category. For instance,
by the impact category all emissions are
calculated into the unit "kg CO, equivalent".
This stage gives the crucial information for
the interpretation phase. The main elements
of this stage are the evaluation of results,
the analysis of results, and the formulation
of the conclusions and recommendations of
the study [5,16].

4.2 Practical Implementation of the
LCA in the Foundry Industry

Life cycle assessments for the foundry
industry gain increasingly on importance.
Numerous studies have been conducted in
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uporabljane materiale, energijo in na
izhodni strani izdelke, stranske proizvode,
odpadke in emisije v zrak, vodo, zemljo.
Zbrani podatki morajo biti preracunani
v ustrezno funkcionalno enoto. Tretja
faza povezuje rezultate analize popisa s
kategorijami in indikatorji vplivov. Po tej
razvrstitvi so vsi parametri v vsaki kategoriji
vplivov preracunani tako, da so med seboj
enakovredni. Npr. v kategoriji vplivov so vse
emisije preraCcunani na ekvivalent - kg CO,,.
Ta stopnja daje odlo€ilne informacije za fazo
predstavitve rezultatov. Glavni elementi te
stopnje so ovrednotenje rezultatov, analiza
rezultatov in oblikovanje zakljuckov ter
priporocil Studije [5,16].

4.2 Prakti€no izvajanje LCA v
livarsko industrijo

Ocenjevanje zivljenjskega cikla postaja
za livarsko industrijo vse pomembnejse.
V zadnjih letih so bile narejene Stevilne
Studije, ki analizirajo na eni strani kon¢ni
izdelek, v katerem je livarski izdelek
pomembna sestavina, in na drugi strani
izdelek ali procese v samem livarstvu.
Npr. v avtomobilski industriji razline
Studije prikazujejo vpliv vozil v vsej njihovi
zivljenjski dobi na okolje (npr. Audi, BMW,
Mercedez-Benz itn.) [17,18,19], da bi si
zagotovili okoljske certifikate. Evropsko
zdruzenje  avtomobilskih  proizvajalcev
(ACEA) je napovedalo porocilo o oceni
Zivljenjskega cikla v letu 2012, v katerem
so priporocili, da bi vse Studije LCA
slonele na ISO 14040/44 in bi vkljuCevale
delni¢arje, da se zagotovi njihova podpora
[20]. Avtomobilska industrija je uporabljala
ocenjevanje Zivljenjskega cikla in sorodna
orodja interno, Ceprav so bile neke ocene
tudi objavljene. Trenutno so v avtomobilski
industriji tri glavna podro¢ja uporabe
ocenjevanja zivljenjskega cikla:

recent years that analyze, on one side the
final product with the foundry product as
important component, or on the other side
the product or processes from the foundry
itself. For instance, for the automotive
industry several studies illustrate the
environ- mental impact from vehicles
across their whole life cycle (e.g Audi,
BMW, Mercedes-Benz etc.) [17,18,19] in
order to issue environmental certificates.
The European Automobile Manufacturing
Association (ACEA) announced the position
paper on Life Cycle Assessment in 2012
and suggests that all LCA studies should be
based on the ISO 14040/44, complemented
on full stakeholder involvement to ensure
acceptance [20]. The Automotive industry
has used Life Cycle Assessments and
related tools internally, although some have
been published externally. Currently the
automobile industry shows three majorareas
of application for life cycle assessments:
(1) internal use - LCA as an instrument for
environmentally oriented product and
process development and for decision-
making processes
(2) publication of life cycle assessments to
document product or process related
environmental performance
(3) Joint automobile industry studies and/or
(funded) LCA-projects about questions
of general interest

The examples (found in literature) from
the automotive sectorillustrate assessments
for the single automotive parts. Bonollo et al.
(2006) have conducted a LCA comparison
between aluminium and cast iron cylinder
blocks. The results showed that while during
the production stage the environmental
load related to the aluminum block is higher
than the one related to the cast iron block,
during use and end-of-life treatment the
gain of aluminum over cast iron makes the
aluminum cylinder block more environment
friendly than the cast iron one [21]. Similar
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- interna uporaba LCA kot orodje za
okoljsko usmerjen razvoj izdelkov in
postopkov in za procese odlo¢anja,

- objava ocenjevanja Zivljenjskega cikla
kot dokument, da je izdelek in postopek
okolju prijazen,

- skupne Studije avtomobilske industrije
in/ali (financiranih) projektov LCA o
vprasanijih sploSnega interesa.

Primeri iz avtomobilskega sektorja
(najdeni v literaturi) opisujejo ocenjevanje
posameznih avtomobilskih delov. Bonollo in
sodelavci (2006) so naredili LCA-primerjavo
med aluminijastimi in litoZeleznimi bloki
motorjev. Rezultat je pokazal, da je v fazi
proizvodnje vpliv aluminijastega bloka na
okolje vedjiod litozeleznega, med uporaboin
pri predelaviodpadkov na koncu uporabnosti
izdelka pa je aluminij boljSi od Zelezove
litine, tako da je aluminijast blok motorja bolj
okolju prijazen kot litoZzelezni [21]. Podobno
raziskavo je naredil Frische (2009), ko je
primerjal energijsko ucinkovitost in CO,-
emisije pri izdelavi karterjev, narejenih iz
Zelezove litine ali aluminijeve zlitine. On je
trdil na osnovi energijske in CO,-bilance,
da bo izdelava motorja iz zelezove litine
cenejSa od aluminijastega.

Poleg tega motor iz Zelezove litine
prispeva k varovanju okolja in varuje s
fosilnimi gorivi [22]. Clegg (2013) je naredil
Studijo o uporabi ocenjevanja Zivljenjskega
cikla pri izdelavi in uporabi ulitkov [23]. On
trdi, da je vrednost predpostavke, da je
aluminij boljSi od Zelezove litine, vprasljiva,
ker se zmanjSanje porabe goriva lahko
doseZe na raCun drugih vplivov na okolje.
Rezultati LCA jasno kazejo, da je celoten
vpliv zelezove litine na okolje manjsi od
vpliva aluminija, kljub temu da ima Zelezova
litina med uporabo avtomobila vedji vpliv na
okolje.

LCA livarskih izdelkov se uporablja
tudi v drugih industrijah/pri drugih izdelkih.
Rittjoff je s sodelavci (2004) raziskal vpliv

re- search was conducted by Frische (2009),
comparing the energy efficiency and CO,
Emissions of the manufacturing of cylinder
crankcases made of cast iron or aluminum
alloy.

He argues that the energy and CO,
balance for the future cast iron based motor
manufacturing is cheaper. As well, cast
iron contributes to further environmental
protection and saves fossil fuels [22].
Clegg (2013) conducted a study about the
application of a life-cycle assessment in
the production and use of castings [23].
He argues, the validity of the assumption
that aluminium is a better alternative to
a ferrous alloy needed to be questioned
because the reduction in fuel consumption
may be achieved at the expense of other
environmental impacts. The results of the
LCA illustrates clearly that despite higher
environmental impacts of iron cast in the
auto use phase the total environmental
impact is smaller than from aluminum.

The LCA from foundry products finds
application also in other industries/products.
Ritthoff et at. (2004) have examined the
environmental impact of various materials
in production of bicycle frames. Based on
the four environmental indicators (Global
Warming Potential (GWP), Cumulative
Energy Demand (CED), Cumulative
Material Demand (CMD) and Consumption
of water), the authors have compared the
frames manufactured from aluminum, steel
and carbon fiber reinforced plastic. The
outcomes have indicated that the frames
made from steel have the best performances
at all environmental indicators. However,
the production of steel is at the same time
energy and recourse intensive [24]. Another
example of LCA research is the one from
Saha (1996), developing a decision-making
framework for foundry sand using life cycle
assessment and costing techniques [25].
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razli€nih materialov na okolje pri izdelavi
koles. Na osnovi &tirih okoljskih kazalnikov
(potencial globalnega segrevanja, celotna
potreba po energiji, celotna potreba po
materialih in poraba vode) so avtoriji
primerjali aluminijaste in jeklene okvirje ter
okvirje iz plastike, okrepljene z ogljikovimi
vlakni. Rezultati so pokazali, da so jekleni
okvirji boljSi po vseh okoljskih kazalnikih.
A je proizvodnja jekla istoasno energijsko
intenzivna [24]. Drug primer raziskave LCA
je naredil Saha (1996), ki je razvil okvir
za odlo€anje o livarskih peskih z uporabo
tehnike ocenjevanja zivljenjskega cikla in
stroSkov [25].

V okviru projekta ,EnEffGie3“ se LCA
uporablja na eni strani za racunanje vplivov
doloCenih/povprecnih izdelkov partnerskih
podjetij na okolje, na drugi strani je
metodika LCA vpeljana v Excelovo orodje
»Quick Check tool“ (orodje za hitro kontrolo)
za racunanje ekoloSkega kazalnika GWP v
obliki ekvivalentov CO,. Na osnovi podatkov
podijetij o rabi energije se je z orodjem Quick
Check Tool izracunalo Stevilne uporabne
Stevilske vrednosti na podrodju sistema
upravljanja z energijo, potreb po energiji,
porabe energije, stroSkov za energijo in
vplivov na okolje. Izra€uni so bili narejeni na
razliCnih ravneh, najprej za celotno podjetje,
nato za procese in naprave ter kon¢no za
izdelke.

Da bi podértali motiv LCA in ponazorili
racunanje s tem orodjem, bomo predstavili
izmiSljen primer, ki sloni na dejanskih
podatkih. DoloCitev mej sistema je
usmerjeno na samo livarstvo (od vrat
do vrat) s funkcionalno enoto za eno
enoto primerjalnega izdelka (v kg ali t).
Modelno podjetje je livarna Zelezove litine
s proizvodnjo 13 000 t izdelkov iz 15 000 t
staljene Zelezove litine, ki ima kupolko za
talilno pe€. Proizvodni postopek obsega
talienje, ulivanje, toplotno obdelavo,
strojno obdelavo, konéno kontrolo in

Within the project "EnEffGie" the
LCA is used, on one hand to calculate the
environmental impact of specific/average
products from partner companies, on the
otherhand the LCAmethodicisimplemented
in the Excel-based "Quick Check tool" for
the calculation of the ecological indicator
GWP in form of CO, equivalents. Based
on the energy consumption data from
the companies, the Quick Check Tool
calculates the different operating figures in
the fields of energy management system,
energy demand, energy consumption,
energy costs, and environ- mental impact.
The calculations are made for the different
levels, starting with the whole com- pany,
going further into the process and aggregate
levels, and finishing at product level.

In order to underline the theme LCA and
to illustrate the calculations within the tool,
a fictitious example based on the realistic
data will be presented. The definition of
the system boundaries is orientated on
the foundry itself (gate-to-gate) with the
functional unit given as one piece of the
reference product (in kg or tons). The
model company is an iron foundry with a
cupola melting furnace with production of
13,000 tons of products from 15,000 tons
of melting iron. The production process
includes the processes melting, casting,
heat treatment, mechanical treatment, final
control and numerous supporting processes
(e.g. compressed air station, water station,
buildings and other utilities etc.). The
energy carriers are electricity, natural gas
and coke.

The impact categories for this example
concernthe environmental category "climate
change" and its indicator "Global Warming
Potential" (GWP). Inaddition, the Cumulative
Energy Demand (CED) is calculated. GWP
or CO, equivalent is a measure of how
much heat a green- house gas traps into
the atmosphere. The comparative unit is
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Stevilne podporne postopke (npr. postajo
za stisnjen zrak, vodno postajo, zgradbe
in gospodarska poslopja itn). Energenti so
elektrika, zemeljski plin in koks.

Kategorije vplivov so v tem primeru
okoljska kategorija »klimatske spremembe«
in njen kazalnik potencial globalnega
segrevanja (GWP). Dodatno je bila
izraCunana celotna potreba po energiji
(CED) ali CO,-ekvivalent. GWP ali CO,-
ekvivalent sta merilo, koliko toplote je
ujete v toplotnogrednem plinu v atmosferi.
Primerjalna enota je ogljikov dioksid.
Pretvorba energije v emisije CO, je odvisna
od razli¢nih parametrov in je zelo zapletena,
zato smo za racunanje uporabili standardne
vrednosti iz literature. Npr. emisijski faktor;ji
v nasem orodju in za ta primer so vzeti iz
evropske referenCne baze podatkov za
Zivljenjski cikel [26] in iz baze podatkov
Avstrijske zvezne agencije za okolje [27].

Razpredelnica 1 prikazuje neposredne
emisije CO, iz livarskega procesa. Najvecji
relativni prispevek h globalnemu segrevanju
predstavlja koks, ki se uporablja za taljenje,
sledi zemeljski plin pri toplotni obdelavi in
elektrika za taljenje. V celoti je bil GWP
ocenjen za vzor¢no livarno na 10 252 t/leto.
S spremembo posameznih parametrov,
npr. s pove€anjem ali zmanjSanjem porabe
energenta v modulu, se lahko prikazejo
razlicne proizvodne poti ali postopki. Ta
postopek se navadno uporabi pod imenom
»analiza ob&utljivosti« za primerjanje razli€ic
infali nadomestil v okviru ocenjevanja
Zivljenjskega cikla.

Drugi kazalnik je celotna potreba po
energiji (CED). CED je izraunan na osnovi
vhoda vse primarne energije za izdelavo
izdelka ob upostevanju ustreznih zacetnih
procesnih verig [28]. Celotna poraba v tej
livarni je bila 31,24 GWh (slika 6).

Sankeyev diagram kaze, da sta glavna
procesa, pri katerih se rabi energija, taljenje
in toplotna obdelava, v okviru 92 % celotne

carbon dioxide. The conversion of energy
in CO, emissions depends on various
parameters and proves to be very complex,
therefore standard values from literature
are used for the calculation. For instance,
the emission factors within the tool and for
this example are used from the European
reference Life-Cycle Database [26] and the
Austrian Federal Environment Agency [27].

Table 1 shows the direct CO, emissions
from the foundry process. The largest
relative contribution to global warming is
delivered by coke which is caused by the
consumption within the melting process,
followed by natural gas in the heat
treatment, and electricity in the melting.
Overall, the GWP of the sample foundry
is estimated at 10,252 t/a. By changing
individual parameters, for example, an
increase or decrease in consumption of an
energy carrier in a module, a comparison
of different production routes or methods
can be represented. This procedure is
usually carried out as so-called "sensitivity
analysis" for the comparison of alternatives
and / or substitutes in the context of life
cycle assessment.

The second indicator is the Cumulative
Energy Demand (CED). CED calculated
based on the total primary energy input
for the generation of a product, taking into
account the pertinent front-end process
chains [28]. The total energy consumption
in this foundry is 31.24 GWh (figure 6) .

The Sankey diagram illustrates, the
major energy consumption processes are
melting and heat treatment with 92% of the
total energy consumption. Consumption
of the energy carrier coke for melting iron
and recycled material makes almost 60%
of the total energy demand. Using this
energy flow diagram, any changes for the
optimization measures become immediately
visible. These cumulative values may
be supplemented by monetary data and
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Razpredelnica 1. Neposredne emisije CO, iz livarskega procesa

Table 1. Direct CO, emissions from the foundry process

proces / energent / poraba / enot.a / em.isij.ski faktor / C/O;qili(\\llgll::ﬁgtl
process energy carrier consumption | unit | emissions factor (U/a)
elektrika / electricity 2 254,22 | MWh/a | 0,366 t CO,/MWh 825
taljenje / melting zem. plin / natural gas 830,65 | MWh/a | 0,2t CO,/MWh 166
koks / coke 18 299,42 | MWh/a | 0,38 t CO,/MWh 6,954
litie / casting elektrika / electricity 337,48 | MWh/a | 0.366 t CO,/MWh 124
zem. plin / natural gas 378.80 | MWh/a | 0,2t CO,/MWh 76
toplotna obdelava | elekirika / electricity 22.53 | MWh/a | 0.366 t CO,/MWh 8
/ heat treatment zem. plin 7,234.88 | MWh/a | 0,2t CO,/MWh 1,447
strojna obdelava /| .\ i / electricity 4.55 | MWh/a | 0,366 t CO./MWh 2
mech. treatment 2
konéni nadzor /| ks / electricity 517.33 | MWh/a | 0,366 t CO/MWh 189
final control 2
pomozni postopki / | elektrika / electricity 1,144.84 | MWh/a | 0,366 t CO,/MWh 419
support processes | zem. plin / natural gas 21245 | MWh/a | 0,2t CO,/MWh 42
skupaj 10,252

rabe energije. Poraba energenta koksa za
taljenje in recikliranje materiala predstavlja
skoraj 60 % celotnih potreb po energiji.
Iz uporabe tega diagrama za tok energije
postane takoj jasno, kaj je treba storiti za
optimizacijo. Te skupne vrednosti se lahko
dopolnijo s podatki o denarnih sredstvih in
dajejo koristno informacijo za ukrepe, ki jih
je treba vpeljati, da se poveCa energijska
ucinkovitost v livarni.

5. Sklepi

Izvajanje evropske direktive in avstrijskega
zakona o energijski uc€inkovitosti je izziv za
podjetja v Avstriji. Glavne ovire predstavlja
pomanjkanje prakti¢negaizvajanja. Livarska
industrija predstavlja kompleks energijsko
intenzivnih procesov. Ce se primerjajo
samo livarski izdelki, je energijska bilanca
v primerjavi z drugimi moznimi materiali
negativna. Npr. izdelek iz lahke zlitine
potrebuje mnogo vel energije, e se pri

provide valuable information for measures
implemented to increase energy efficiency
in the foundry.

5. Conclusions

The implementation of the European
Energy Efficiency Directive and the Austrian
Energy Efficiency Act is a challenging
process for companies in Austria. One
of the major obstacles lies in a lack of
practical implementation. The foundry
industry includes complex, particularly
energy-intensive processes. Considering
only the production of the foundry products,
the energy balance compared to alternative
materials may be negative. For example,
a lightweight product needs much more
energy if the energy consumption is related
to the actual weight of the product. Energy
consumption is in this case based on the
production phase of the product, which
is one of many phases in the whole life
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rabi energije uposteva le dejansko maso
izdelka. Raba energije v tem primeru sloni
le na izdelovalni fazi izdelka, ki je le ena
faza v celotnem Zivljenjskem ciklu izdelka.
Zato je potrebno ovrednotiti izdelke in rabo
energije za celoten zivljenjski cikel, ki se
zaCne z izdelavo materialov in konca z
recikliranjem dolo¢enega izdelka. Razumen
in pomemben rezultat za celotno energijo,
ki je potrebna za nek izdelek, se dobi le
z oceno Zivljenjskega cikla izdelka. Zato
mora predpostavka, da ima livarski izdelek
prednost pred drugimi nadomestnimiizdelki,
sloneti na oceni Zivljenjskega cikla. Ce se
zdruzijo napori za izbolj8anje energijske
ucinkovitosti in ekonomski vidiki, so Stevilne
moznosti  (ekonomske, tehnoloSke in
ekoloske),daseizboljSaucinkovitostlivarske
industrije. Pozornost mora biti posvecena
procesom s prepoznanim potencialom
energijske uspesnosti. Ce obravnavamo
ulitke v celotnem Zivljenjske ciklu izdelka,
je to koristno, ker postanejo energijski in
materialni tokovi prepoznavni in se lahko
naredijo ekonomske ter ekoloSke ocene.
Primerni kazalniki in znacilnosti dajejo
informacije, ki lahko dokazejo prednosti
ulitkov (npr. v primerjavi z drugimi moznimi
izdelki). Nadalje ta ocena daje osnovo za

smelter

coke . e
18299 : -
Mh

casting

heat treatment

cycle of the product only. Therefore, it is
necessary to evaluate products and the
energy consumption for those on a life
cycle basis starting with the raw material
production and ending with the recycling
phase of a certain product. A reasonable
and significant result for the whole energy
consumption of a product can only be
achieved if a life cycle assessment is made
for such products. Consequential this results
in the assumption that foundry products
may be more advantageous than their
substitution products, based on lifecycle
considerations. Combined with efforts to
improve energy efficiency and economic
aspects there are numerous possibilities
(economic, technological and ecological)
to increase the performance of the foundry
industry. The focus should be on processing
the identified energy efficiency potential.
Consideration of castings over the entire
product life cycle is beneficial because
actual energy and material flows are
transparent, and ecological and economic
assessments can be made. Appropriate
indicators and characteristics provide
information that can prove favorability of
castings (e.g. comparison to alternatives).
Further this assessment pro- vides a basis

mach. treatment  final contrall
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Slika 6. Celotna potreba po energiji za modelno livarno

Figure 6. Cumulative energy demand for the model foundry
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dokumentiranje novih zakonitih zahtev in
za standardizirane, primerljive podatke za
strate8ko-izvajalsko upravljanje z energijo in
viri v livarni. Zato so prednosti ocenjevanja
Zivljenjskega cikla: (1) prepoznavanje
moznosti za izboljSanje okoljskih znacilnosti
izdelkov v posameznih fazah Zivljenjskega
cikla, (2) osnovna informacija za stratesSko
planiranje, postavljanje prioritet, razvoj
izdelkov in procesov, (3) izbor bistvenih
kazalnikov za vplive na okolje, (4) trditve,
povezane z marketingom izdelkov (npr.
izjave o izdelkih, oznake za okoljsko
ustreznost). Projekt En-EffGiel3 ima za cilj,
da z orodjem

»,Quick Check Tool“ ugotovi »vroca
mesta« v livarski proizvodnji. Prispevek
naj bi dal pregled energijske ucinkovitosti
in razmislek o Zivljenjskem ciklu v livarski
industriji kot tudi prikazal odzive na izvajanje
izzivov.
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Strjevalno zaporedje v zlitini AlSi11
Solidification Sequence of AlSi11 alloy

Povzetek
Avtomobilska industrija je zaradi medsebojne konkurence in okoljskih predpisov za
zmanj8anje emisij in porabe goriva prisiljena uporabljati napredne materiale in tehnologije.
Ta cilj se lahko doseze predvsem z zmanjSevanjem mase in zmanjSevanjem velikosti
sestavnih delov, kar omogoc&ajo napredni materiali in tehnologije.

Najbolj uporabljan avtomobilski aluminijast del so kolesa, ki so tlacno ulita. Za zapleteno
geometrijo tankostenskega ulitka se uporablja zlitina AISi11 (EN AC 44000). Ta zlitina spada
v skupino »evtekti¢nih zlitin«, zanjo pa sta znacilna sorazmerno nizko taliS¢e ter ozek interval
strjevanja, kar oboje pri enakomerno porazdeljeni evtekti¢ni mikrostrukturi daje odli¢ne
mehanske in tehnoloSke lastnosti. Zato se ta zlitina Siroko uporablja pri visokotlatnem in
nizkotlatnem ulivanju. Silicij je eden od najpomembnejsih zlitinskih elementov, ki omogoca
dobro livnost aluminijskih zlitin. Dodatek silicija izboljSa odpornost proti pokanju v vroem
in sposobnost napajanja ulitkov. Sinergija med vplivi zlitinskih elementov in oligoelementov
pojasnjuje nastanek razli¢nih intermetalnih faz.

Delez stranskih zlitinskinh elementov (Mg, Cu) in oligoelementov (Fe, Mn, Cr, Zn)
je bil v preiskovani zlitini AISi11 majhen. Tankostenska geometrija ulitka zagotavlja pri
nizkotlatnem ulivanju in hitrem ohlajevanju (v ¢im krajSem C€asu) nastajanje Stevilnih
pomembnih intermetalnih faz.

Metalografska analiza je pokazala prisotnost naslednjih mikrostrukturnih sestavin:
primarni aluminij a,, glavni evtektik a, + B, visokotemperaturna Zelezova faza AlSFeSi,
intermetalni fazi Mg2Si in AI8FeMg3Si6 v sekundarnem evtektiku.

Korelacija med ugotovljenimi mikrostrukturnimi sestavinami, termodinamiénim
modeliranjem in diferencialno vrsticno kalorimetrijo je pokazala natanéno strjevalno
zaporedje za zlitino s preiskovano kemi¢no sestavo.

Kljuéne besede: AlSi11, avtomobilska industrija, termodinamiéno modeliranje,
mikrostruktura, strjevanje

Abstract
The automotive industry is forced to apply advanced materials and technologies in order to
overcome the mutual competition, but also for compliance with environmental regulations
requiring reduction of emissions, and fuel consumption. One of main component for
achieving this goal is weight saving by downsizing of components using advanced materials
and production technologies.

The widest production of automotive aluminium component refers to wheels produced
by low pressure die casting. Complex geometry of thin wall wheel casting indicates
application of AlSi11 alloy (EN AC 44000). An AISi11 alloy (EN AC 44000) belongs to the
group of “eutectic alloys” and is characterized with relatively low melting point and narrow
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solidification interval which both brought to the uniformly distributed eutectic microstructure
indicating superior mechanical and technological properties. This is the reason for this
alloy to be widely used for high and low pressure die casting production. Silicon is one of
the most important alloying elements which comprehend to good castability of aluminium
alloys. Addition of silicon improves resistance to hot cracks and feeding capability. Synergy
of influenced alloying and trace elements effect comprehend to different intermetallic phase
evolution.

The content of secondary alloying elements (Mg, Cu) and trace elements (Fe, Mn,
Cr, Zn) was minor in investigated AISi11 alloy. Also thin wall casting geometry using low
pressure die casting technology ensures rapid cooling with minimal available time for

significant number of intermetallic phases development.
Metallographic analysis resulted in following microstructural constituents: primary

aluminium a,,

main eutectic a, + By, high temperature iron phase Al ,FeSi, intermetallic

phases in form of secondary eutectic Mg,Si and Al,FeMg_Si,.
Correlation of established microstructural constituents with thermodynamic modelling
and differential scanning calorimetry indicates exact solidification sequence for this

particular chemical composition.
Key words: AISi11,
microstructure, solidification

1. Uvod

Avtomobilskaindustrijajezaradimedsebojne
konkurence in okoljskih predpisov za
zmanj8anje emisij in porabe goriva
prisiiena uporabljati napredne materiale
in tehnologije. Odnos med zmanjSanjem
mase in zmanjSanjem CO, emisij izpu$nih
plinov je precej zapleten. V odvisnosti od
nac¢ina raCunanja so dobljene vrednosti
zmanjSanja CO, med 3 g/km in 13 g/km pri
zmanjSanju mase vozila za 100 kg. Vsi ti
razliéni rezultati so pravilni, ker so odvisni
od definicije, do kakSne mere se uposteva
zmanj8anje mase. Zato je pomembno
razlikovati med dvema vrstama zmanjSanja
mase in dvema vrstama prihranka goriva
[11:
* neposredno zmanjSanje mase: masa
enega ali veC sestavnih delov se
zmanjSa zaradi zamenjave teZjega
materiala z lazjim;
* posredno zmanjSanje mase: dodatno
zmanjSanje se doseze z zmanjSanjem
velikosti doloCenih sestavnih delov (tj.

automotive

industry, thermodynamic modelling,

1. Introduction

The automotive industry is forced to apply
advanced materials and technologies in
order to overcome the mutual competition,
but also for compliance with environmental
regulations requiring reduction of emissions,
and fuel consumption. The relation between
light weighting and the reduction of tailpipe

CO, emissions is quite complex. Depending

on how the calculation is made, various CO,

reduction values ranging from 3 g/km up to

13 g/km for a weight saving of 100 kg are

reported. These different outcomes are all

correct, as they depend on definitions and to
what extent the light weighting is exploited.

It is therefore important to distinguish

between two kinds of weight savings and

two kinds of fuel savings [1].

* Direct weight saving: the weight
reduction due to exchanging a heavier
material for a lighter material in one or
several components.

* Indirect weight saving: additional weight
reduction obtained by downsizing
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zavor, obes, motorja itn.) s tem, da
ostanejo zmogljivosti vozila enake kot
prej. Posredno zmanjSanje mase se
priSteva k posrednemu zmanjSanju in
lahko predstavlja do 50 % dodatnih

prihnrankov  pri  masi  celotnega
avtomobila;
e primarni prihranek goriva: gorivo

se prihrani zaradi manjSe potrebne
energije za gibanje manj8e mase;

« sekundarni prihranek goriva: dodatni
prinranek goriva se doseze z
optimizacijo pogona (ij. prestavnega
razmerja, elektronike pri motorju, gibne
prostornine itn.) s tem, da se ohranjajo
zmogljivosti vozila na enaki ravni.

NajmanjSe zmanjSanje emisije CO,
se doseze pri kombinaciji neposrednega
zmanjSanja mase in primarnega prihranka
goriva. NajveCje zmanjSanje emisije CO,
se doseze, Ce se priStejeta Se posredno
zmanjSanje mase in sekundarni prihranek
goriva.

V zadnjih 40 letih je bilo opaziti
dramati¢no povecanje mase avtomobilov za
300-400 kg v istem avtomobilskem razredu

1350

certain components (i.e. brakes,
suspension, engine, etc.) to keep
vehicle performances at the same level
as before. Indirect weight savings come
on top of direct weight savings, and can
represent up to 50% additional savings
on the weight of the complete car.

*  Primary fuel saving: fuel saved thanks
to the lower energy demand related to
moving a lighter mass.

e Secondary fuel saving: additional
fuel saving obtained by optimizing
the drive train (i.e. gear ratio, engine
electronics, displacement, etc.) to keep
performances at the same level as
before.

The lowest CO, emissions savings
will be achieved by combining direct
weight savings and primary fuel savings
exclusively. The largest CO, reductions are
achieved when both indirect weight-saving
and secondary fuel saving are added
together.

A dramatic increase in car mass by
300-400 kg for the same class of cars has
been noticed in last 40 years, despite the
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kljub pove€ani uporabi lazjih sestavnih
delov, predvsem iz aluminijevih zlitin. Ta
pojav v avtomobilski industriji je znan kot
»spirala mase« in se je pojavil kot posledica
pove€anja moci in hitrosti vozil, udobja,
aktivne in pasivne varnosti ter boljSega
delovanja avtomobilov, kot kaZe slika 1.

Zaradi strogih okolijskih in varnostnih
zahtev, ki jih morajo izpolnjevati izdelovalci
avtomobilov, postaja filozofija industrije,
da se zmanjSajo velikosti sestavnih delov
in se jih izdeluje iz lazjih materialov, vse
pomembnejSa. Pregled dolo¢ene uporabe
aluminijskih sestavnih delov v evropskih
avtomobilih prikazuje slika 2.

Studija Evropskega zdruZenja za
aluminij kaze, da se je povprecna koli¢ina
aluminija v avtomobilu, izdelanem v Evropi,

increasing use of light components, primarily
aluminium alloys. This phenomenon is
known in the automotive industry as a
concept of “spiral of weight”, and has
appeared as a result of increasing power
and speed, comfort, active and passive
safety features and better performance of
cars, as shown in Figure 1.

Due to the rigorous environmental and
safety requirements, which are placed in
front of the car manufacturers, industrial
philosophy of downsizing and production
of light weight components is increasingly
gaining the significance. An overview of
particular use of aluminum components in
European cars is shown in Figure 2.

A study by European Aluminium
Association shows that the average amount
of aluminium used per car produced in

Slika 2. Delez aluminija v evropskih avtomobilih [2]

Figure 2. Aluminium content in EU cars [2]
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potrojila v letih 1990-2012, kar pomeni
povecanje s 50 kg na 140 kg [2].

Z rastoCim  delezem  vgrajenih
aluminijskih sestavnih delov in sestavov
(tudi iz drugih lahkih kovin in materialov)
se je zmogljivost, varnost in ekoloSka
prijaznost avtomobilov vedala. Siroka
uporaba aluminijskih zlitin v avtomobilih je
predstavljena na sliki 3.

Slika 4 kaze statisticno porazdelitev
aluminijevih delov za dolocen namen.

Glavni vzrok za tako Siroko uporabo je
ekonomski. Povprecéni evropski avtomobil,
ki vsebuje 140 kg aluminija, prevozi ve¢ kot
200 000 km (15 000 na leto). Aluminijski
sestavni deli so v povpre€ju 40 % lazji
kot deli, ki so bili z njimi nadomesCeni
(neposredno zmanjSanje mase), 25 %-no
zmanj8anje mase pa se doseze Se z
zmanjSanjem velikosti delov (posredno
zmanjSanje mase). Na osnovi zacetnih
predpostavk se lahko izraCuna [2]:

* vsak kg aluminija prispeva v povprecju

1 kg zmanj$anja mase,

* 1 kg aluminija v avtomobilu zmanjSa
emisijo CO, za 18 % v Casu uporabe

Blok motorja /|
Engine components|

Glava valja motorja /
Engine cylinder heads
Menjalnik /
Transmission
Hladilnik /

Heat exchanger

Sistem zascite pri trku /
Crash management system (front/rear),

Slika 3 Potencialna uporaba aluminija [2]
Figure 3. Potential of aluminium application [2]

| Drugi deli motorja /
Other engine parts

IP Struture /
Armaturna plos¢a

Europe almost tripled between 1990 and
2012, increasing from 50 kg to 140 kg [2].

With a growing share of built-in
components and assemblies made of
aluminium alloy (and other light metals
and materials) performances, safety and
eco-friendliness of cars is growing. Wide
application of aluminium alloys in cars is
shown in Figure 3.

Statistical distribution of aluminium
components used for particular purpose is
shown in Figure 4.

Themainreasonofsuchwide application
lays down in economic approach. Average
European car containing 140 kg of aluminium
exceeds a driving distance of 200.000 km
(15.000 km / year). Aluminium component
is on average 40% lighter than the replaced
component (direct weight saving) and that
25% additional weight reduction is obtained
by downsizing other components (indirect
weight savings). On the base of this initial
assumption following calculation has been
made [2]:

« each kg of aluminium provides an
average light-weighting of 1 kg

| Sestavni deli konstrukcije /
Structural components

Okrasna letev /
Trim

Sestavni del krmilja /
Stearing components

| Podporni okvir motorja /
Engine subframe
Deli zavor /

Brake components

Kolesa /
Wheels
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Drugo /
Others1 6%

Zascita pri trku /
Crash management %

Krmilo in zavore /,
Stearing and breaks"

Podporni okvirji /
Sub frames 5%

Pokovi motorja, vrata,
pokrovi prtljaznika / 5
Bonnets, doors, boot lids

Hladilniki / 8%

Heat exchangers

Kolesa /

Bloki motorja /
Engine blocks 8%

Glave valjev motorja /
Engine cylinder heads 8%

Drugi deli motorja /
Other engine parts 10%

Menjalnik / 10%

Transmission

Slika 4 Porazdelitev aluminija v EU-avtomobilih [2]

Figure 4. Distribution of aluminium in EU cars [2]

avtomobila,

* 1 kg aluminija v avtomobilu zmanjSa
emisijo CO, za 17 % med celotno
Zivljenjsko dobo avtomobila,

*  ker je evropska proizvodnja 16 000 000
avtomobilov na leto, pomeni to okoli 40
000 000 ton emisij CO, v Zivljenjski dobi
avtomobila,

« 140 kg aluminija v povpreCnem
avtomobilu pomeni 65 litrov letnega
prihranka goriva.

Naj8irSe uporabljan aluminijski del so
kolesa. Zapleteni geometriji tankostenskih
ulitkov najbolj ustreza zlitina AlSi11 (EN
AC 44000). Za kolesa se najvec uporablja
nizkotlacno litie. Cilj naSe raziskave je bil
ugotoviti strijevalno zaporedje v zlitini z
analizo vzorcev, vzetih iz obro¢a kolesa.
Primer ulitka kolesa prikazuje slika 5.

Zlitina AISi11 (EN AC 40000) spada
v skupino »evtekti¢nih zlitink, zanjo pa
je znacilno sorazmerno nizko talisCe

* 1 kg of aluminium in a car reduces
CO, emissions by 18 kg during its use
phase

* 1 kg of aluminium in a car reduces CO,
emissions by 17 kg during its whole life-
cycle

* based on a yearly European production
of 16 million cars, this corresponds to
roughly 40 million tons of avoided CO,
emissions during their lifespan.

* 140 kg of aluminium in an average car
result in an annual average fuel saving
of 65 litres.

The widest production of aluminium
component refers to wheels. Complex
geometry of thin wall wheel casting
indicates application of AISi11 alloy (EN
AC 44000). Wheels are mostly produced
by low pressure die cast technology. The
aim of this investigation was to establish
the solidification sequence of an alloy
by analysis of the sample taken from the
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Slika 5. Ulitek kolesa
Figure 5. Wheel casting

in ozek interval strjevanja, kar oboje
prispeva k enakomerni  porazdelitvi
evtekticne mikrostrukture in s tem odli¢nim
mehanskim ter tehnoloSkim lastnostim
[3-5]. Zato se ta zlitina Siroko uporablja za
visoko- in nizkotlagno litje. Silicij je eden
najpomembnejsih zlitinskih elementov, ki
prispevajo k dobri livnosti aluminijevih zlitin.
Dodatek silicija izboljSa odpornost proti
pokanju v vroéem in sposobnost napajanja
ulitkov [6]. Sinergija ucinkov vplivnih
elementov in oligoelementov nam omogoca

wheel ribbon. An example of wheel casting
is shown in Figure 5.

An AISi11 alloy (EN AC 44000) belongs
to the group of “eutectic alloys” and it is
characterized with relatively low melting
point and narrow solidification interval which
both brought to the uniformly distributed
eutectic microstructure indicating superior
mechanical and technological properties
[3-5]. This is the reason for this alloy to be
widely used for high and low pressure die
casting production. Silicon is one of the
most important alloying elements which
comprehend to good castability of aluminium
alloys.Addition of siliconimprovesresistance
to hot cracks and feeding capability [6].
Synergy of influenced alloying and trace
elements effect comprehend to different
intermetallic phase evolution [7].

Predicted solidification sequence of an
AlSi11 alloy and development of possible
microstructural constituents is shown in
Table 1.

2. Experimental

Experimental was related to AlSi11 alloy (EN
AC-44000) [8]. Investigation methodology

Razpredelnica 1. Reakcije, ki potekajo med strjevanjem zlitine AISi11 [7]

Table 1. Reaction occurring during solidification of AISi11 alloy [7].

Opisi reakcije / Reaction description

Reakcija / Reaction

Nastanek dendritne mreze / Dendrite network development

L—a,

Izlo¢anje faz AIMnFe in AlFeSi /
Precipitation of AIMnFe and AlFeSi phases

L —a, + Al (FeMn),Si,
L — a, +Al(FeMn)Si, +Al.FeSi

Glavna evtekti¢na reakcija in izlo€anje Siin MnFe / Main
eutectic reaction and precipitation of Si and MnFe phases

L— a,, + By + Al (FeMn),Si, + Al FeSi

Izlo¢anje sekundarnih evtektikov Mg,Si in ALCu /

Precipitation of secondary eutectic Mg,Si and Al,Cu phases

L — a,, + Mg,Si + ALCu + Al,FeSi + B

Izlo€anje ternarnih evtektikov AIFeMgSi in AICuMg /

Precipitation of ternary eutectic AIFeMgSi and AICuMg phases

L — a, + Bg + Mg,Si + Al,FeMg,Si; +
+ AlLMg,Cu,Si,
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razumeti nastanek razlicnih intermetalnih
faz [7].

Napoved strjevalnega zaporedja v zlitini
AlISi11 in nastanek moznih mikrostrukturnih
sestavin daje razpredelnica 1.

2. Poskusi

Poskusi so bili narejeni z zlitino AlSi11 (EN
AC-44000) [8]. Raziskovalna metodologija
je zajemala taljenje in pripravo taline s
kemic¢no sestavo, zahtevano po predpisih.
Ulivanje je potekalo na stroju za nizkotlacno
ulivanje. Kemi¢na sestava se je ugotavljala
na licu mesta z analizno napravo ARL 3460
Advantage OES Metals Analyzer.

KemiCna sestava taline se je najprej
uporabila za izraun ravnoteznega faznega
diagrama s programom ThermoCalc
(TCW 5.0). Program omogoca izracun
termodinamic¢ne stabilnosti posameznih
faz. Za ugotavljanje temperatur izlo¢anja
posameznih  mikrostrukturnih  sestavin
zlitine AISi11 smo na napravi Netzch STA
409 C/CD napravili simultano termi¢no
analizo. Za analizo se je vzel preskuSanec
z obroCa dejanskega ulitka kolesa.

Metalografsko analizo smo napravili
s svetlobnim  mikroskopom Olympus
GX51, da bi vizualno ugotovili posamezne
mikrostrukturne sestavine. Vzorce smo

fotografirali z digitalno kamero Olympus
DP70 in jih pri razlicnih povedavah
mikroskopa analizirali s programsko

opremo Analysis®MaterialsResearchLab.
DoloCene faze smo prepoznavali z vrsti¢nim
mikroskopom Tescan Vega z EDS. Vzorci
za metalografsko analizo so bili tudi vzeti iz
ulitka dejanskega kolesa.

comprehends melting and preparation of
requested chemical composition according
requisition. Casting was performed on low
pressure die casting machine. Chemical
composition was determined “in situ” on ARL
3460 Advantage OES Metals Analyzer.

Chemical composition of melt was initial
precondition for calculation of equilibrium
phase diagram by ThermoCalc (TCW 5.0)
programme. Programme enables calculation
of thermodynamical stability of particular
phases. In order to establish precipitation
temperatures of particular microstructural
constituents of AISi11 alloy, simultaneous
thermal analysis was performed on Netzch
STA 409 C/CD. The analysis was performed
on the test sample taken from the ribbon of
actual wheel casting.

Metallographic analysis was performed
on optical microscope Olympus GX51 in
order to visually identification of particular
microstructural ~ constituents.  Samples
were recorded by digital camera Olympus
DP70, while the analysis was performed by
Analysis®MaterialsResearchLab software
at different microscope magnifications.
Particular phases were recognized on
scanning electron microscope Tescan Vega
by EDS investigation (energy dispersive
spectrometry). Samples for metallographic
analysis were also taken from the actual
wheel casting.

3. Results and Discussion
3.1 Chemical investigation
Comparison  of  required chemical

composition (EN 1706:1998, [8]) and actual
sample shown in Table 2.
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3. Rezultati in razprava
3.1 Kemicna preiskava

Primerjavo med zahtevano kemi¢no sestavo
(EN 1706:1998 [8]) in sestavo vzorca daje
razpredelnica 2.

3.2 Ravnotezno strjevanje —
ThermoCalc (TCW)

Iz termodinamicnih izraCunov stabilnosti
posameznih faz pri zacetni temperaturi 743
°C, tlaku 10% MPa in ugotovljeni kemicni
sestavi preiskovane Zzlitine je bil sestavljen
ravnotezni fazni diagram, ki ga kaze slika
6.

Politermni prerez faznega diagrama
zlitine AISi11 kaze naslednje izraGunano
strjevalno zaporedje: izraCun dendritne
faze a, poleg izlo¢anja visokotemperaturne
intermetalne faze na osnovi Zeleza, izra¢un
primarnega in evtekticnega Si, izloCanje
kompleksnih faz Al,FeMg,Si, in  Mg,Si
sekundarnega evtektika. Ker je talina
stabilna do 566 °C in izracun sekundarnih
evtekti¢nih faz poteka pod to temperaturo,
kaZze to na omejene moznosti izlo€anja.
Ravnotezno termodinamiCno modeliranje
tudi kaze na izlo€anje drugih intermetalnih
faz, kot so Al ,Cr,Si,, Al,Cu,Mg,Si, in Al,Ni.
Vse poteka pod 400 °C kot rezultat reakcij v
trdnem stanju.

Chemical composition of an actual
sample indicates minor quantities of trace
elements. Iron and manganese was much
below the requested values. Ratio Fe/
Mn~53,23 was very high which indicates
possible needle-like Al ,FeSi evolution. Low
contents of magnesium and copper also
limitate significant amount of secondary
eutectic phase Mg,Si and Al,Cu.

3.2 Equilibrium Solidification —
ThermoCalic (TCW)

Thermodynamic calculation of particular
phases stability at initial conditions of
temperature 743 °C, pressure 10° MPa
and obtained chemical composition of
investigated alloy resulted in equilibrium
phase diagram, shown in Figure 6.

Polythermal section of phase diagram
of AISi11 alloy indicates solidification
sequence as follows: dendrite evaluation
a,, beside precipitation of high temperature
intermetallic phases on iron base, silicon
(primary and eutectic) evaluation, and
precipitation of complex secondary eutectic
intermetallic phases Al,FeMg,Si, and Mg, Si.
Since liquid is stable till 566 °C, secondary
eutectic phases evaluation is occurring
below this temperature which indicate limited
sources and positions for its precipitation.
Equilibrium thermodynamic modelling also
indicates precipitation of other intermetallic
phases such as Al Cr,Si, Al,Cu,Mg,Si
and ALNi, all below 400 °C as a result of
solid state reactions.

Razpredelnica 2. Primerjava med zahtevano kemi¢no sestavo (EN 1706:1998 [8]) in sestavo

vzorca

Table 2. Comparison of required chemical composition (EN 1706:1998, [8]) and actual sample

Element, m.f. % Si Fe Cu Mn Mg Zn Ti Cr Ni Sr
ENAC44000 |100-11.8| 019 | 005 | 0,10 %’i%‘ 007 | 015

Dejanskivzorec/ | 46 5576 | 00005 | 0,001 | 0,0017 | 0,1808 | 0,004 | 0,0909 | 0,0007 | 0,0046 | 0,0319
Actual sample
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Figure 6.
Thermodynamical
calculation of equilibrium
phase diagram of AISi11
alloy

a) Partial equilibrium
phase diagram of AISi11
alloy from 0-15 % Si

b) Partial equilibrium
phase diagram of AISi11
alloy form 10-12 % Si

c¢) Equilibrium
solidification sequence of
AISi11 alloy
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3.3 Simultana termi¢na analiza -
diferencialna vrsti¢na kalorimetrija
(DSC)

Simultana termi¢na analiza je bila narejena
z napravo za diferencialno vrsti¢no
kalorimetrijo in prikazana kot diagram s
segrevalnimi in ohlajevalnimi krivuljami,
dobljenimi pri hitrosti 0,17 K/s, kot kazeta
sliki 7a in 7b.
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3.3 Simultaneous Thermal Analysis -
Differential Scanning Calorimetry
(DSC)

Simultaneous thermal analysis has been
performed using differential scanning
calorimetry (DSC) resulted in heating
and cooling curves diagram with the rate
of 0,17 K/s, shown in Figures 7a and b,
respectively.
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Slika 7 Simultana termi¢na analiza zlitine AISi11, narejena z napravo za diferencialno vrsti¢no
kalorimetrijo; a) segrevalna krivulja; b) ohlajevalna krivulja

Figure 7. Simultaneous thermal analysis of AISi11 alloy samples by DSC method; a) heating and b)

cooling curve
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Razpredelnica 3 Primerjava temperatur faznih premen po DSC in TCW

Table 3. Comparison of TCW and DSC phase transformation temperatures

Reakcija . /| L omperatura/ ) . _
Reaction No. Temperature [°C] Napovedana reakcija / Predicted reaction
TCW DSC

1 590 589,2 |Nastanek dendritne mreze / Dendrite network development

2 575 - Izlo¢anje primarnega silicija / Primary silicon evolution

3 572 564,6 |lzloCanje faze Al.FeSi/ Precipitation of Al_FeSi phase

4 502 563,2 | Evtekti¢na reakcija / Eutectic reaction

5 439 558,1 |IzloCanje faze Al,FeMg,Si. / Precipitation of Al.FeMg.Si, phase

6 394 525,9 |lzloCanje faze Mg,Si / Precipitation of Mg,Si phase

Simultana  termiéna  analiza je Simultaneousthermal analysisindicates

pokazala na Stevilne fazne premene pri
strjevanju zlitine AISi11. Primerjavo med
temperaturami, dobljenimi z DSC, in z
termodinami¢nim modeliranjem (TCW) daje
razpredelnica 3.

Pomik pomembnih faznih premen,
ugotovljenih  z  diferencialno  vrsti¢no
kalometrijo, k nizjim temperaturam je bil
priakovan zaradi neravnoteznih razmer.
Evtekticna reakcija poteka pri obcutno
vi§ji temperaturi (563,2 °C) v primerjavi
z ravnoteznimi razmerami. Strjevanje
dejanskegavzorcasekonéaskompleksnima
fazama Al,FeMg,Si, in Mg,Si.

3.4 Metalografska analiza

Zlitino AISi11 smo metalografsko analizirali
s svetlobnim in vrstiénim elektronskim
mikroskopom. S svetlobnim mikroskopom
so se vizualno ugotavljale mikrostrukturne
sestavine na osnovi njihovih morfoloSkih
znacCilnosti. Dolo¢ene znacilne faze smo
prepoznavali z vrsticnim elektronskim
mikroskopom (SEM)zenergijskodisperzijsko
sprektrometrijo (EDS).

3.5 Svetlobna mikroskopija

Z mikrostrukturno preiskavo smo ugotavljali
mikrostrukturne sestavine vzorcev osnovne

a number of phase transformations during
solidification of AISi11 alloy. Comparison
of DSC obtained temperatures with those
obtained by thermodynamic modelling —
TCW is shown in Table 3.

The shift of significant DSC phase
transformations  temperatures  toward
lower values was expected due to non-
equilibrium conditions. Eutectic reaction
occurs at significantly higher values (563,2
°C) when compared to equilibrium one.
Solidification of actual sample ends with
complex intermetallic phases Al,FeMg,Si,
and Mg,Si.

3.4 Metallographic Analysis

Metallographic analysis of AlSi11 alloy was
performed by optical and scanning electron
microscopy. Optical microscopy was used
for visual identification of microstructural
constituents on the base of their morphology
characteristics.  Noticed characteristic
phases were identified by scanning electron
microscope (SEM) using energy dispersive
spectrometry (EDS).

3.5 Light Microscopy

Microstructural investigations comprehend
visual identification of microstructural
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in modificirane zlitine AISi11, vzetih iz taline,
in jih primerjali z mikrostrukturnim atlasom
[71.

Razlietne pove€ave so odkrile Stevilne
mikrostrukturne sestavine in  njihove
morfologije, kot prikazuje slika 8.

V splodnem je bila mikrostruktura vzorca
zlitine AISi11 sestavljena iz naslednjih
sestavin: primarni dendriti aluminija (a,),
evtekticni silicij, intermetalne faze na osnovi
zeleza, predvsem iglicasta faza Al FeSi, in
$e drobne faze na osnovi magnezija (Mg,Si,
Al,FeMg_Si).

Mikrostruktura kaze na dobro razvito
dendritho mreZo. Analiza razdalj med
sekundarnimi dendritnimi vejami (SDAS) je

200x

Slika 8 Mikrostruktura zlitine AISi11
Figure 8. Microstructure of AlSi11 alloy

constituents of base and modified AISi11
alloy melt samples by comparison with the
microstructure atlas [7].

Different magnification reveals number
of microstructural constituents and their
morphologies, as shown in Figure 8.

In general, in microstructure of AlSi11

alloy sample consist from following
constituent: primary aluminum dendrites
(a,), eutectic silicon, intermetallic

phases on iron base mostly in needle-
like morphology Al ,FeSi, as well as fine
secondary intermetallic phases on the base
of magnesium (Mg, Si, Al,FeMg,Si,).
Microstructure indicates highly
developed dendrite network. An analysis of

500x
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dala naslednji rezultat SDAS = 30,39 um,
kar ustreza tehnologiji nizkotlacnega litja.
Evtekticni silicij je bil v celoti modificiran.

Slika 9. Analiza mikrostrukturnih sestavin v
zlitini AISi11 s SEM/EDS

Figure 9. Analysis of microstructural constituents
of AISi11 alloy by SEM/EDS

secondary dendrite arm spacing resulted
in following value SDAS =30,39 ym which
corresponds to applied low pressure die
casting technology. Eutectic silicon has
been completely modified.
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3.6 Elektronska mikroskopija

Mikrostrukturne sestavine zlitine AISi11
so bile preiskane z energijskodisperzijsko

spektrometrijo. Primere ugotavljanja
intermetalnih faz kaze slika 9.

Z EDS smo ugotovili naslednje
mikrostrukturne sestavine v Zzlitini AISi11:
primarni  aluminij (a,), glavni evtektik
(a, + Bg), visokotemperaturno fazo
Al ,FeSi na osnovi zZeleza, in intermetalni
fazi sekundarnega evtektika (Mg,Si,
Al,FeMg_Si).

4 Sklepi

Zlitina AISi11 je navadno uporabljana zlitina
v avtomobilskiindustriji, kerima ozek interval
strjevanja, kar omogo¢a dobro livnost in
specifi¢no strjevalno zaporedje zaradi vecje
koli¢ine sekundarnih zlitinskih elementov in
oligoelementov. DeleZ sekundarnih zlitinskih
elementov (Mg, Cu) in oligoelementov (Fe,
Mn, Cr, Zn) je bil v preiskani zlitini AISi11
majhen. Tankostenska geometrija ulitka
zagotavlja hitro ohlajanje v zelo kratkem
Casu, kar je pomembno za nastanek
Stevilnih intermetalnih faz. Modeliranje
ravnoteznega faznega diagrama, simultana
fazna analiza in mikrostrukturne preiskave
so omogodile ugotoviti strjevalno zaporedije
v zlitini AISi11.

Metalografska analiza je pokazala
prisotnost naslednjih faz: primarni
aluminij (a,), glavni evtektik (a, + Bg),
visokotemperaturna faza Al,FeSi na osnovi
Zeleza, in intermetalni fazi sekundarnega
evtektika (Mg, Si, Al,FeMg_Si).

Primerjava dobljenih mikrostrukturnih
sestavin, sestavin, napovedanih S
termodinami¢nim modeliranjem, in sestavin,
ki jih je nakazala diferencialna vrsti¢na
kalorimetrija, je omogoc€ila natan¢no
ugotoviti strievalno zaporedje zlitine z naso

3.6 Electron Microscopy

Microstructural constituent of AISi11 alloys
were examined by energy dispersive
spectrometry. Examples of identification of
intermetallic phases are shown in Figure 9.

Following microstructural constituents
have been established by EDS analysis
of AISi11 alloy: primary aluminium a,,
main eutectic a, + B, high temperature
iron base phase Al FeSi, secondary
eutectic intermetallic phases Mg,Si and
Al,FeMg,Si..

4 Conclusions

Although AISi11 alloy represents a common
alloy in automotive applications with
narrow solidification interval characterized
with high castability, it reveals specific
solidification sequence due to amount of
secondary alloying and trace elements.
The content of secondary alloying elements
(Mg, Cu) and trace elements (Fe, Mn, Cr,
Zn) was minor in investigated AISi11 alloy.
Also thin wall casting geometry ensures
rapid cooling with minimal available time for
significant number of intermetallic phases
development. Modelling of equilibrium
phase diagram, simultaneous phase
analysis and microstructural investigations
resulted in determination of solidification
sequence of AISi11 alloy.

Metallographic analysis resulted in
following  microstructural  constituents:
primary aluminium a,, main eutectic a, +
B, high temperature iron phase Al FeSi,
intermetallic phases in form of secondary
eutectic Mg,Si and Al,FeMg_Si,.

Correlation of established
microstructural constituents with
thermodynamic modelling and differential
scanning calorimetry indicates exact
solidification sequence for this particular
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sestavo: nastanek dendritne mreze (589,2 chemical composition as follows: dendrite
°C), izloCanje faze AlFeSi (564,6 °C), network development (589,2 °C),
evtektiCna reakcija (563,2 °C), izloCanje precipitation of of AI5SFeSi phase (564,6 °C),
faze Al,FeMg,Si; (558,1 °C) ter izloCanje eutectic reaction (563,2 °C), precipitation
Mg,Si faze (525,9 °C). of Al,FeMg,Si; phase (558,1 °C), and

precipitation of Mg,Si phase (525,9 °C).
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Spajanje zlitin AA1170 in AA6060

Bonding of AA1170 and AA6060 alloys

Izvlecek
Interakcija med dvema materialoma na osnovi aluminija za posebne namene, kot je
delo pri poviSanih temperaturah in tlakih, pospeSuje spajanje v trdnem. Zaradi poviSane
temperature na fazni meji tam poteka difuzija. Tako imenovano »difuzijsko spajanje« poteka
pri temperaturah, ki predstavljajo 50 - 70 % temperature taliS¢a osnovnega materiala. Pred
spajanjem je potrebno trdni povrsini ustrezno o istiti. Vse necistoce na povrsini (okside,
prah, vlago ...) je potrebno odstraniti.

Preiskovali smo interakcije med dvema enakima (AA1170) in dvema razlicnima
(AA1170 in AAGO60) materialoma. Preizkuse smo naredili s termomehanskim simulatorjem
metalurskih stanj Gleeble 1500D pri razli¢nih temperaturah (400—-600 °C), z razli¢nimi
silami (40—80 kN) in razlicnimi konstrukcijami orodji. Stisnjene vzorce smo preiskovali
makroskopsko. Mikrostrukture smo analizirali s svetlobno mikroskopijo, spoje pa z DSC-
analizo. NajboljSe rezultate spajanja smo dosegli pri stiskanju z orodjem z negativom rebra
s silo 35 kN pri temperaturi 450 °C. Za CiS€enje smo uporabili Cistilno sredstvo Nubadur
152 (S).

Klju€éne besede: aluminijeve zlitine, spajanje, poviSane temperature

Abstract

The interaction of the two materials based on aluminium for special conditions, such as
elevated temperature and pressure, speeds up the bonding in the solid. Due to the elevated
temperature at the interface, the process of diffusion occurs. The so-called "diffusion
bonding" is carried out at high temperatures, of about 50-70 % of the melting temperature
of the base material. Before bonding the solid surface must be properly cleaned. All the
impurities (oxides, dust, moisture ...), which are present on the surface of metals must be
removed.

The interaction between two identical (AA1170) and two different (AA1170 and AAG6060)
materials has been investigated. Tests were carried out by thermomechanical simulator of
metallurgical states Gleeble 1500D at different temperatures (400—600 °C), forces (40—80
kN) and various tool constructions. Compressed samples were examined macroscopically.
Furthermore, the microstructure was analyzed by optical microscope and the bond was
tested using DSC analysis. The microhardness of the bonds was analysed. The best
results show the bond that was compressed with the construction of the tool with negative
rib at temperature of 450 °C and force of 35 kN, which was cleaned with cleaning media
Nubadur 152 (S).

Key words: Aluminium alloys, bonding, elevated temperature
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1. Uvod

Difuzijsko spajanje materialov v trdnem
stanju je postopek za izdelavo monolitnih
spojev, pri katerih nastanejo vezi na
atomski ravni kot rezultat spajanja dveh
povrsin zaradi lokalne plasti¢ne deformacije
pri poviSanih temperaturah, kar pospesuje
medsebojno difuzijo v povrsinskih plasteh
materialov, ki so v stiku [1].

Spajanje v trdnem stanju je skupna
oznaka za postopke spajanja brez veziva.
Material se segreje, da nastane luknji¢asta
povrsina, spoj pa se doseze s stiskanjem.
Povrsini prideta v stik na ravni atomskih
razdalj, zato na vez vplivajo adhezijske sile.
Ker se v mejni plasti povisa temperatura,
se sprozi difuzijski proces. Zaradi pritiska
se vez deformira, kombinacija pritiska ter
visoke temperature pa spodbudi proces
rekristalizacije [2].

Difuzijsko spajanje navadno poteka
pri visokih temperaturah, ki predstavljajo
50-70 % temperature taliSa osnovnega
materiala. DaljSi Casi, ki se uporabljajo
pri klasi¢nih postopkih spajanja s pritiski,
npr. pri spajanju z valjanjem ali kovanjem,
olajsajo lezenje, kar prispeva k boljSemu
spajanju in pomeni, da je potreben man;si
pritisk za tesen stik med ocis€enima
povrSinama. Zato difuzijsko spajanje za
razliko od veline postopkov spajanja
v trdnem navadno ni povezano z veliki
deformacijami [3]. Postopki difuzijskega
spajanja se delijo na difuzijsko spajanje brez
dodajanja materiala in na difuzijsko spajanje
z dodajanjem materiala. V naSem primeru
je bilo uporabljeno difuzijsko spajanje brez
dodajanja materiala.

Spajanje v trdnem stanju je postopek,
pri katerem poviSana temperatura in tlak
omogocCata nastanek vezi, ko razmere
na stiéni povrdini omogodijo difuzijo.
Pred spajanjem morata biti sti¢ni povrSini
ustrezno ociS€eni. Vse necistoCe, kot so

1. Introduction

Diffusion bonding of materials in the solid
state is a process for making a monolithic
joint with the formation of bonds at an atomic
level as a result of joining the opposite
surfaces due to local plastic deformation
at elevated temperatures, which increases
the interdiffusion at the surface layer of the
materials, which are brought together [1].

Joining in solid state is a joint mark for
proceedings in which there is no bonding
material, but the material is heated only to
the pitting state and the joint is achieved by
pressing. Here the surface is brought to the
atomic level distance (distance between
the atoms), therefore the adhesion forces
influence on the bond. Due to the increase
in temperature at the boundary layer the
process of diffusion occurs. Because the
bond is deformed due to the pressure, a
combination with the high temperature
processes of recrystallization occurs [2].

Diffusion bonding in the solid state is
normally carried out at high temperatures,
approximately 50 — 70 % of the melting
temperature of the base material. Longer
times used in conventional joining by
pressure, for example roll or forge bonding,
are used to facilitate the process of creep to
contribute to the bonding and that there is
a reduction of pressure required to achieve
close contact between the cleaned surfaces.
Therefore, in opposite to most processes of
the solid state joining, diffusion bondingis not
normally associated with high deformations
[3]. The diffusion bonding procedures are
divided into diffusion bonding without added
material, and the diffusion bonding with the
addition of material. In our case, the method
used is the diffusion bonding without added
material.

Joining the solid state is a process
where elevated temperature and pressure
allow the formation of the bond, whereas
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dusik, absorbirani ioni (ioni zvepla, fosforja
in kisika), delci prahu, mascoba in vlaga, je
potrebno odstraniti [4]. PovrSina se lahko
ocisti kemicno ali mehansko [5].

Cilj tega prispevka je bil preiskati
interakcijo med dvema materialoma na
osnovi aluminija in tudi ugotoviti optimalne
razmere za stiskanje, ki omogoc€ajo dobro
spajanje. Narejene so bile tri razli¢ne serije
spajanja pri razliénih pogojih in dologili
najboljSe razmere za stiskanje zlitin AA1170
in AAG060.

2. Raziskovalni del

Raziskali smo interakcijo med dvema
enakima (AA1170) in dvema razlicnima
(AA1170 in AA6060) materialoma. Kemi¢ne
sestave uporabljenih zlitin so prikazane v
razpredelnici 1. Razpredelnica 2 prikazuje
tri razliCne serije poskusov pri razliCnih
eksperimentalnih  pogojih. Vezi smo
preskusali s termomehanskim simulatorjem
metalurskih stanj Gleeble 1500D z razli¢nimi
silami (40—80 kN) pri razli¢nih temperaturah
(400 —-600 °C), pri ¢emer smo orodje za
stiskanje vsakokrat prilagodili dobljenim
predhodnim rezultatom.

Naredili smo tri razliCne serije poskusov
stiskanja. Prvaserijavzorcev je bila stisnjena
pri enaki, konstantni temperaturi (400 °C),
medtem ko se je sila stiskanja spreminjala.
Uporabili smo ¢istilo Ridolin 241 (5 %).
Vse vzorce smo metalografsko pripravili
in preiskali s svetlobnim mikroskopom
Olympus BX61. Poleg tega smo merili tudi
debelino vezi.

V drugi seriji se je spremenila geometrija
stiskalnega orodja. Vzorce smo stiskali pri
razli¢nih temperaturah in z razli¢nimi pomiki
orodja. Uporabili smo distilo Nabudur
152 (5 %). Vse vzorce smo preiskali s
svetlobnim mikroskopom Olympus BX61
in izmerili debelino vezi. Pri vzorcih 2/2 in

these conditions on the contact surface
lead to diffusion. Very important is also
the preparation of the surface. Before
joining the solid surface must be provided
by properly cleaning. All contaminants
must be eliminated, which may consist of
nitrogen, absorbed ions (ions of sulphur,
phosphorus and oxygen), the dust particles,
grease and moisture [4]. The surface can
be cleaned chemically or mechanically [5].
The purpose of this work was to investigate
the interaction between the two materials
based on aluminium and also to determine
optimal conditions of compression that
would provide a good bond. Three different
series of compression at different conditions
were examined and the best conditions
of pressing aluminium alloy AA1170 and
AA6060 were determined.

2. Experimental Work

The interaction between two identical
(AA1170) and two different (AA1170 and
AA6060) materials was investigated.
Chemical composition of used alloys is
presented in Table 1. With this aim, three
different series were made at various
experimental conditions, presented in
Table 2. Tests of bonding were carried
out by thermomechanical simulator of
metallurgical states Gleeble 1500D at
different temperatures (400-600 °C) and
forces (40—-80 kN), whereas the bonding
tool was adjusted every time regarding the
previous results.

Three different series of compression
tests were made. The first series of samples
were compressed at the same, constant
temperature (400 °C), where the force of
compression varied. Cleaning agent Ridolin
241 (5 %) was used. All samples were
metallographic prepared and analyzed
using an optical microscope Olympus BX61.
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Razpredelnica 1. Kemi¢na sestava uporabljenih z

Table 1. Chemical composition of used alloys / ma

litin / mas. %

ss fraction, %

Element
Al Si Fe Cu Mn Mg Cr Ni Zn Ti
| aa1170 | OStaNeK | 6 64931 0.1030 | 0,0027 | 0,0032 | 0,0204 0,0037 | 0,0133 | 0,0050
Zlitina / alloy
[AloY |\ A6060 °/S;"|‘|r;3k 0,5188 | 0,3124 | 0,0121 | 0,0211 | 0,6407 | 0,0040 | 0,0032 | 0,0459 | 0,0118

Razpredelnica 2. VVzorci za poskuse
Table 2. Experimental samples

vzorec / N N temperatura/ | sila/force

sample zgornji vzorec / upper sample | spodniji vzorec / lower sample temperature [°C] [KN]
11 AA1170 (ociscen) / (cleaned) 6060 (ociscen) / (cleaned) 400 80
1/2 AA1170 (ocis¢en) / (cleaned) | AA1170 (ociS€en) / (cleaned) 400 27
1/3 AA1170 (ocis¢en) / (cleaned) | AA1170 (ociS€en) / (cleaned) 400 40
1/4 AA1170 (ocis¢en) / (cleaned) | AAB060 (ociScen) / (cleaned) 400 40
1/5 AA1170 (ocis¢en) / (cleaned) AA1170 400 40
1/6 AA1170 (ocis¢en) / (cleaned) AAB060 400 40
117 AA1170 (ociS€en) / (cleaned) | AA1170 (ociS¢en) / (cleaned) 400 60
1/8 AA1170 (ociscen) / (cleaned) | AAB060 (ocCiscen) / (cleaned) 400 60
1/9 AA1170 (o “'”en) / (cleaned) AA1170 400 60
1/10 | AA1170 (ociS¢en) / (cleaned) AA6060 400 60
2/1 AA1170 (ocis n) / (cleaned) | AA1170 (oCiSCen) / (cleaned) 400 1,5
2/2 AA1170 (ocCis¢en) / (cleaned) | AA1170 (oéé en) / (cleaned) 500 2,5
2/3 AA1170 (ocis¢en) / (cleaned) | AA1170 (ocis¢en) / (cleaned) 500 3
2/4 AA1170 (oCi$ n) / (cleaned) | AA1170 (ociscen) / (cleaned) 600 3
2/5 AA1170 (ocCiscen) / (cleaned) | AA1170 (ocis¢en) / (cleaned) 550 3
2/6 AA1170 (ociscen) / (cleaned) | AAB060 (ociscen) / (cleaned) 500 3
217 AA1170 (ocCiS¢en) / (cleaned) | AAB060 (oé'éé n) / (cleaned) 550 3
2/8 AA1170 (ociscen) / (cleaned) | AAB060 (ociscen) / (cleaned) 450 3
3/1 AA1170 AAB060 450 3
32 AA1170 AA6060 500 3
3/3 AA1170 AAB060 550 3
3/4 AA1170 AA1170 550 3
3/5 AA1170 AA1170 500 3
3/6 AA1170 AA1170 450 3

2/7 smo merili Se trdoto. Poleg tega smo
vzorce elektrolizno jedkali in mikrostrukturo
preiskali v polarizirani svetlobi.

V tretji seriji poskusov se je geometrija
orodja zopet spremenila. Napravili smo

Furthermore, the thickness of the bond was
measured.

In the second series the squeezing
tool geometry was changed. Samples
were pressed at different temperatures
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negativ orodja, ki je bilo uporablijeno v
drugi seriji. Uporabili smo cistilo Nabudur
152 (5 %). Pri vzorcih 3/1, 3/3, 3/4 in 3/6
smo merili debelino vezi, vzorca 3/3 in 3/4
smo elektrolizno jedkali in mikrostrukturo
analizirali v polarizirani svetlobi.

Z diferen¢no vrsticno kalorimetrijo
(DSC)smo analiziralidva vzorca druge serije
(2/5 in 2/7) in dva vzorca (3/3 in 3/4) tretje
serije poskusov stiskanja. Vsi vzorci so bili
stisnjeni pri 550 °C, pomik orodja je bil 3 mm.
Edina razlika med njimi je bila geometrija
orodja. Z DSC analizo smo analizirali tudi
nedeformirano zlitino AA1170. Trdoto smo
merili z merilnikom Vickers - Instron Tukon
2100B. Obremenitev je bila 0,02 kg.

Vzorce smo vlozili v hladno polimerno
maso in jih pripravili po standardnem
metalografskem postopku za mikroskopske
preiskave. Nekatere smo tudi elektrolizno
jedkali. Vzorce smo preiskali s stere-
mikroskopom Olympus SZ61 in svetlobnim
mikroskopom Olympus BX61, s katerim
smo tudi merili debelino vezi.

3. Reazultati in razprava

Rezultate meritev pri poskusih stiskanja
vzorcev 1/3 in 1/8 kaze slika 1. Merili smo
temperaturo, silo in pomik orodja. Pri prvi
seriji poskusov stiskanja se je temperatura
znizala za 70-100 °C. Uporabljeni sili sta
bili 40 in 60 kN.

Slika 2 grafiéno prikazuje c¢asovno
spreminjanje sile, temperature in pomika
orodja glede na €as pri drugi seriji poskusov
stiskanja. Vidi se, da se je temperatura pri
vseh stiskanjih zniZzala za 50 do 100 °C. Pri
stiskanju pri 500 °C in pomiku orodja za 3
mm (slika 2.a) je bila dosezena sila 75 kN.
Ko se je temperatura stiskanja zviSala za 50
°C (slika 2.b), se je sila zmanjSala za okrog
10 kN.

and different movements of the tool.
Cleaning agent Nabudur 152 (5 %) was
used. All samples were examined with an
optical microscope Olympus BX61 and the
thickness of the bond was measured. At
the samples 2/5 and 2/7 the hardness was
measured. Moreover, these samples were
electrolytic etchant and the microstructure
was analyzed in polarized light.

In the third series the geometry of
the tool has been changed, namely, a
negative tool used in the second series
has been created. Cleaning agent Nabudur
152 (5 %) was used. In the samples 3/1,
3/3, 3/4 and 3/6 the thickness of the bond
was measured, samples 3/3 and 3/4 were
electrolytic etched and microstructurelly
analyzed in the polarized light.

DSC analysis was made from two
samples of the second (2/5 and 2/7) and
from two samples from the third (3/3 and
3/4) series of compression tests. All these
samples were pressed at temperature 550
°C, and the movement of the tool was 3
mm. The only difference between them was
the tool geometry. DSC analysis was done
on the undeformed alloy AA1170 also.

Hardness measurements were carried
out on Vickers - Instron Tukon 2100B. Load
was 0.02 kg.

Sampleswere submittedintothe polymer
cold mass and microscopic prepared by
standard metallographic procedure, some
were also electrolytic etched. The samples
were examined with a stereo-microscope
Olympus SZ61 and an optical microscope
Olympus BX61, where the thickness was
also measured.

3 Results and Discussion
The measurements of compression test

of samples 1/3 and 1/8 are presented in
Figure 1. The temperature, force and the
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Slika 1. Grafi¢ni prikaz ¢asovnega spreminjanja sile, temperature in pomika orodja za vzorca 1/3 (a)

in 1/8 (b)

Figure 1. Graphic show of force, temperature and tool movement of sample 1/3 (a) and 1/8 (b)

\ Sample 2/3: AA1170, 500 °C, movement 3 mm
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Sample 2/5: AA1170, 550 °C, movement 3 mm
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Slika 2. Graficni prikaz Casovnega spreminjanja sile, temperature in pomika orodja pri vzorcih 2/3

(a)in 2/5 (b)

Figure 2. Graphic show of force, temperature and tool movement of sample 2/3 (a) and 2/5 (b)

Diagram na sliki 3 kaze Casovno
spreminjanje sile, temperature in pomika
orodja pri tretji seriji poskusov stiskanja. Vidi
se, da se je temperatura pri vseh poskusih
stiskanja znizala za 80 - 150 °C. Dosezene
sile so bile med 35 in 70 kN.

Trdoto smo merili na vzorcih 2/5 in
2/7. Na nestisnjenem delu vzorca 2/5 je
bila trdota zlitine AA1170 priblizno 28 HV,
na stisnjenem pa priblizno 32 HV. Vidi se,
da se trdota materiala s stiskanjem rahlo

movement of the tool were measured. At the
first series of pressing tests the temperature
was reduced namely by 70—100 °C. The
tests were made with force of 40 and 60
kN.

Figure 2 shows a graphical
representation of the force, temperature and
the tool movement regarding the time of the
second series of compression tests. It can
be seen that the temperature in all cases of
the compression is reduced from 50 to 100
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[ Sample 3/1: AABOBO, 450 °C, movement 3 mm)| [ Sample 3/3: AAGO60, 550 °C, movement 3 mm |
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Slika 3. Grafi¢ni prikaz ¢asovnega spreminjanja sile, temperature in pomika orodja pri vzorcih 3/1
(a)in 3/3 (b)

Figure 3. Graphic show of force, temperature and tool movement of sample 3/1 (a) and 3/3 (b)

Slika 4. Trdota
vzorca 2/7,
nespojeni vzorec

Figure 4. Hardness
of sample 2/7,
unbonded part

Slika 5. Trdota vzorca 2/7, spojeni vzorec

Figure 5. Hardness of sample 2/7, bonded part
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spreminja. Pri stiskanju vzorca 2/7 je bila
trdota nestisnjenega dela zlitine AA1170
(slika 4) okoli 27 HV, zlitine AA6060 pa
65 HV. Na stisnjenem delu zlitine AA1170
(slika 5) je bila trdota okoli 28 HV in zlitine
AA6060 67 HV, trdota vezi pa je bila 44 HV.
Vidi se, da je trdota zlitine AA6060 dvakrat
vi§ja od trdote zlitine AA1170. Trdota vezi je
nekje vmes.

V prvi seriji poskusov stiskanja je spoj
nastal vedno, kadar je bila povrSina obeh
vzorcev ocCi§€ena. Vidi se, da smo najboljSo
vez dosegli pri stiskanju enakih materialov.
Najboljsa vez je bila pri vzorcih 1/3 in 1/7,
ko sta bila stisnjena enaka materiala s silo
40 kN in 60 kN. A pri stiskanju dveh razli¢nih
aluminijastih materialov se je na spoju
vedno pojavilo nekaj oksida. Razpredelnica
3 prikazuje rezultate meritev spoja za vse tri
serije poskusov stiskanja.

V drugi seriji poskusov stiskanja je bila
vez doseZena vedno. Pri stiskanju enakih
materialov meje niso bile vidne, pri stiskanju
razlicnih pa so bile vidne. Pri stiskanju pri
temperaturi 600 °C (vzorec 2/4) je med
poskusom priSlo do taljenja materiala. Na
sliki 6 je prikazan makroskopski posnetek
vezi vzorca 2/6. Razpredelnica 3 prikazuje
tudi rezultate meritev debeline vezanih
vzorcev v drugi seriji poskusov stiskanja.

Tudi pri tretji seriji poskusov stiskanja
je vedno nastal spoj. Meje med enakimi
materiali pri stiskanju niso bile vidne,
medtem ko so bile vidne pri stiskanju

624,06 um

°C. In the case of compression at 500 °C
and the displacement of 3 mm (Figure 2.a),
a force of 75 kN was achieved. When the
temperature of compression increased for
50 °C (Figure 2.b), the force is reduced by
approximately 10 kN.

The graph in Figure 3 shows the
dependence of force, temperature and
displacement on the time of the third series
of compression tests. It can be seen that the
temperature in all cases of compression is
reduced by 80-150 °C. The forces that were
have achieved are between 35 and 70 kN.

Hardness was measured on a samples
2/5 and 2/7. In the uncompressed part of
the sample 2/5, the hardness of the alloy
AA1170 was approximately 28 HV and
in the compressed part approximately 32
HV. It can be seen that the hardness of the
material slightly changed by the pressing. In
the case of the compression of the sample
2/7 hardness on an uncompressed part of
AA1170 alloy (Figure 4) was approximately
27 HV and AAB060 alloy 65 HV. On the
compressed part (Figure 5) of AA1170
alloy, hardness was approximately 28 HV,
at AA6060 alloy 67 HV and on the bonded
part 44 HV. It can be seen that the hardness
of the alloy AA6060 is about twice as high
as the hardness of the alloy AA1170. The
hardness of the bond is somewhere in
between.

In the first series of compression tests
the joint was always achieved when the

J
1069.46 um

Slika 6. Meritve debeline vezi na vzorcu 2/6

Figure 6. Thickness measured in sample 2/6
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dveh razlicnih materialov. Razpredelnica
3 prikazuje tudi rezultate meritev debeline
spoja pri tretji seriji poskusov stiskanja.

Razpredelnica 3. Rezultati meritev
debeline vezi pri vseh treh serijah poskusov
stiskanja

Table 3. Results of thickness measurement
of all series of compression test

povpre¢na debelina (um) /
\;Zac:;ife/ average thickness (um)
na izboklini v vdolbini
17 2639,3 1051,01
1/2 2582,64 1287,89
1/3 2598,52 1325,69
1/4 2788,74 1278,41
1/5 2752,98 1228,63
1/6 2676,63 1430,01
117 2766,94 1260,06
1/8 2757,39 1296,76
1/9 2798,01 1218,01
1/10 2730,13 1304,99
2/3 2307,21 957,12
2/5 2307,63 868,82
2/6 2118,85 1062,84
217 2465,60 1142,07
2/8 2633,67 1230,12
3/1 2504,88 1108,94
3/3 2504,88 1148,48
3/4 2465,99 1122,14
3/6 2326,75 970,34
Sliki 7 in 8 kazeta mikrostrukturo

stisnjenega dela vzorcev 3/3 in 3/4. Na
mikrostrukturnin posnetkih se lahko vidi,
da so zrna na mestih spoja deformirana in
razpotegnjena v smeri toka materiala ali
deformacije. Zato je spoj boljsi.

Na sliki 9 je prikazana primerjava DSC
krivulj pri segrevanju vzorcev 2/5, 3/4 in
nedeformirane zlitine AA1170. Vzorca 2/5
in 3/4 sta bila stisnjena pri 550 °C in pomiku
orodja za 3 mm. Edina razlika med njima je

surface of both samples were cleaned. It
can be seen that the best bond was made
in case of compression of two identical
materials. The best bond has been made
with a sample of 1/3 and 1/7, when two
identical cleaned materials with force of
40 kN and 60 kN were compressed. In
case of pressing of two different aluminium
materials, in all cases there are some oxides
at the junction. Table 3 presents the results
of measurements of the thickness of the all
three series of compression tests.

In the second series of compression
tests the bond was always achieved. When
compressing the same material, boundaries
are not visible, while at compression of
different materials, are visible. When
compressing at 600 °C (sample 2/4) melting
of the material occurred during the test. In
Figure 6, the macroscopic bond of sample
2/6 is presented. Table 3 presents the
results of measurements of the thickness
of the bonded sample in second series of
compression tests.

In the third series of compression tests
the joint was also always achieved. The
boundaries at pressing the same materials
are not visible, while in the pressing of
two different materials are visible. Table 3
presents the results of measurements of the
thickness of the third series of compression
tests.

Figures 7 and 8 show the microstructure
of the compressed segment of sample 3/3
and 3/4. From the microstructural images
can be seen that the grains on a bonded
place deform and flow in the direction of
the material flow or deformation. For this
reason, the joint is better.

InFigure 9, acomparison of heatingDSC
curves of samples 2/5, 3/4 and undeformed
alloy AA1170 is presented. Samples 2/5 and
3/4 were compressed at 550 °C and at the
displacement of 3 mm. The only difference
between them was in the geometry of the
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rebro, (b) rebro vzorca in (c) spoj

Figure 7. Microstructure of sample 3/3: (a)
transition into the rib, (b) the rib of the sample
and (c) the bond

rebro, (b) rebro vzorca in (c) spoj

Figure 8. Microstructure of sample 3/4: (a)
transition into the rib, (b) the rib of the sample
and (c) the bond
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bila geometrija orodja. Zaradi spremenjene
geometrije orodja je bila hitrost deformacije
posameznih delov spajanih materialov
razli€na. Zato lahko sklepamo, da je bila
stopnja deformacije v vzorcu 3/4 vecja
kot v vzorcu 2/5. Za taljenje vzorca 2/5 je
bila potrebna energija 229,3 J/g, vzorca
3/4 183,1 J/g in nedeformirane Zzlitine
AA1170 283,9 J/g. Vidi se, da sta bila potek
taljenja in talilna toplota odvisna od stopnje
deformacije.

4. Sklepi

Glede na dobljene rezultate sklepamo, da:
* ima priprava povrSine vzorcev pred
stiskanjem velik vpliv pri doseganju
dobrih spojev; spoj je boljsi, e sta obe
povrsini o€iS¢eni pred stiskanjem; poleg
tega je povrSina bolje pripravljena s

DEC Amwima)
T exo

-0.80

-1.00

-1.50

Vzorec / Sample 2/5
Vzorec / Sample 3/4
250 Vzorec / Sample AA1170

=2.00

-3.00

-3.50

tools. Due to changes in the geometry of the
tool, the rate of deformation in the individual
parts of the bonded materials varies. It can
be concluded that the degree of deformation
in sample 3/4 is greater than in sample 2/5.
For the melting of the sample 2/5 there was
229.3 J/g energy required, for sample 3/4
183.1 J/g, and for undeformed alloy AA1170
283.9 J/g. It can be seen that the course
of melting and heat of fusion is associated
with the degree of deformation.

4. Conclusions

According to the results it can be

concluded:

*  The surface preparation of the samples
before compression has great influence
on good bond achievement. The bond

is better if both surfaces are cleaned

100 200 300

500 600 TOO
Temperature /'C

Slika 9. Primerjava segrevalnih DSC krivulj za vzorce 2/5, 3/4 in zlitine AA1170

Figure 9. The comparison of heating DSC curves of sample 2/5, 3/4 and AA1170
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Viri

w N

Cistilom Nabudur 152 (S),

se trdoti deformiranih in nedeformiranih
delov stisnjenih delov le malo
razlikujeta; trdota vezi je med trdotama
obeh spojenih materialov,

na spoj vpliva geometrija orodja; spoj
je najboljSi, kadar se uporabi negativ
rebra (tretja serija poskusov stiskanja),
pri Cemer je za dober spoj potrebna
manj3a sila; v tretji seriji je bil dober
spoj dosezen Ze s stiskanjem pri 450
°C s silo 35 kN;

iz segrevalnih DSC krivulj lahko
sklepamo, da deformacija vpliva na
potek taljenja in strjevanja materiala;
stopnja deformacije vpliva na hitrost
talienja (naklon krivulie DSC), ki se
veCa s stopnjo deformacije, in na
potrebno toploto taljenja, ki se s stopnjo
deformacije zmanjsuje.
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AKTUALNO / ACTUAL

O Livarni Omco Feniks iz Zalca,
z direktorjem Borutom Triplatom

Na$ sogovornik je to pot gospod Borut Triplat, univ.dipl. inZ.
metalurgije, direktor uspesne, hitro rastoce livarne OMCO FENIKS
Slovenija d.o.o0. iz Zalca, ki je tudi prejemnik leto$nje nagrade
Gospodarske zbornice Slovenije za izjemne gospodarske in
podjetniSke dosezZke.

Glede na poslovne rezultate ter razvoj podjetja je priznanje prav
gotovo dokaz neumornega strokovnega dela ter vztrajnosti v
ze nekaj let uspeSnem razvoju podjetja. V zvezi s to ugotovitvijo
in podjetjem na sploh je direktor Borut Triplat povedal:
Borut Trinlat univipling NaSe podjetje je del belgijske gospodarske skupine OMCO
metalurgije, direktor livarne International, ki je tudi lastnik podjetja. Zaradi tega v podjetju
OMCO FENIKS nimamo slepomiSenja z lastniSkimi vpraSanji. Podjetije se tako
izklju€no ukvarja s stroko, proizvodnjo in kakovostjo izdelkov. Vsak
odgovarja za svoje delo in koordiniranje dela je usmerjeno le v cilj znizanja strodkov in
kakovosti proizvodnje. Cilji druzbe so popolnoma jasni: od strokovnega nacrtovanja ¢im
hitreje in s ¢im nizjimi stroSki do izdelka s kakovostjo,ki jo zahteva trg. Ob 85% delezu
izvoza na svetovni trg je tak nacin razmisljanja edina mozZnost, ki nam zagotavlja mesto na
globalnem trgu. Celotno filozofijo v podjetju namenjamo temu cilju.

Livarstvo v Zalcu ima ze skoraj 140 letno tradicijo. Podjetje ima torej svojo bogato
zgodovino ter ob vmesnih kriznih obdobjih, sedaj sloni na zelo trdnih temeljih:

Res je, Ze leta 1878 je bila v Zalcu strojna delavnica v okviru katere je bila tudi manj$a
livarna. Na starilokaciji v Zalcu je podjetje delovalo vse do sredine $estdesetih let prej$njega
stoletja. Prav tako je bila nada posebnost tudi litie zvonov iz kositrovih bronov. Do sedaj
je bilo ulitih preko 2.500 zvonov od najmanjsih s teZzo 2 kg, pa do najtezjega do sedaj
ulitega zvona, ki je tehtal kar 3.360 kg. Pri tem gre za individualna narocila ter posami¢no
izdelavo, ki pa danes vel ne predstavlja kaSnega pomembnejSega deleZa v programu.
Nova livarna z imenom Ferralit je nato leta 1963 bila zgrajena v Vrbju pri Zalcu in na tej
lokaciji se je razvila livarna sive litine z osnovnim agregatom hladno-zraéne kupolne peci
ter s horizontalnim kontinuranim litjem sive litine. Leta 1974 je bila postavljena prva mrezno
frekvencna indukcijska pe€. V devetdesetih so bile postavljene prve srednje frekvencne
indukcijske peci ter leta 1995 nova avtomatska formarska linija. Zaradi tranzicijskih tezav je
tedanja livarna postala nesolventna. Iskal se je strateSki partner novoustanovljene druzbe
Feniks in leta 2001 je lastnik postala belgijska druzba Omco International NV. Z novim
lastnikom je postopno priSlo do preusmeritve proizvodnje v izdelavo ulitkov iz steklarskih
litin ter izdelavo legirane sive litine in nodularne litine.
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Torej je sprememba lastnistva doprinesla k bistvenim spremembam v proizvodnem
programu ter seveda k posodobitvi proizvodnje in racionalizaciji stroskov:

Ob prehodu na nove usmeritve je prav gotovo dobro, da se ¢lovek ozre nazaj na pot,
ki jo je prehodil, pa ne da bi se po njej vrnil v preteklost temvec, da bi mu te izkusnje
pomenile nov pristop ter drugacen doprinos v razvoju podjetja. Omco Feniks se danes
s 160 zaposlenimi uvr§¢a med srednje velike gospodarske subjekte. V zadnjih letih je v
posodobitve ter v ureditev ekoloSke sprejemljivosti ter pogojev dela bilo vloZenih preko
12 mio EUR. TehnoloSke posodobitve zagotavljajo vecjo storilnost ter moznost izdelave
zelo kakovostnih izdelkov. Varstvo okolja je urejeno skladno s standardom ISO 14001 in
veljavno zakonodajo. Podjetje je leta 2008 pridobilo tudi okoljevarstveno dovoljenje IPPC.

NajpomembnejSe nalozbe v zadnjih letih so:

Nov formarski stroj Belloi & Romagnoli za izdelavo pes¢enih Hladilni boben na novi liniji Belloi & Romagnoli.
form

V dograjeni novi livarni je v letu 2015 je postavljen nov formarski stroj Belloi &
Romagnoli. Uporablja se za izdelavo pescenih form v katere se ulije pripravljena talina.
Forme potujejo po hladilni liniji dokler se ulitki ne strdijo, nakar se jih strese v hladilni boben.
Lastnosti: velikost okvirja 650x650x250/250 mm, hitrost je 50 form na uro, ¢as hlajenja je
64 min na formo.

V hladilni boben na sliki zgoraj se stresajo ulitki iz peS€enih form. V bobnu se nato
ohladijo in lo€ijo od peska ter v vecini tudi od livnega kanala.

Glede na izvoz na zahtevne globalne trge so verjetno zahteve po kakovosti in
spremljanju kakovosti verjetno zelo visoke.

Sistem kakovosti je v naSem podjetju natan¢no dolo¢en s predpisi in poslovniki. Za
zagotavljanje kakovosti imamo certifikat ISO 9001-2008. Cilj ni le v zagotavljanju kakovosti
samega izdelka, temve€ v kakovosti celotnega procesa in storitev. Pomembna sta nadzor
procesov in preskusanje proizvodov, ki ga izvaja osebje, ki ni odvisno od delavca, ki
neposredno izvaja naloge in aktivnosti. Postavili smo si geslo: »v OMCO Feniksu kakovost
prodajamo in ne razprodajamo!«

S spektrometrom se sproti preverja sestava litine v peci pred litiem in tako se zagotavlja
ustrezno kemijsko sestavo taline.



Livarski vestnik, letnik 63, §t. 2/2016 111

Spektrometer ARL 3460 za kemijske analize materiala. Laboratorij z napravami za ugotavljanje lastnosti formarskega
Spektrometer ARL 3460 za kemijske analize materiala. peska.

V laboratoriju za ugotavljanje lastnosti formarskega peska se ugotavlja predvsem
vsebnost vlage, stisljivost, prepustnost in tlacna trdnost.

Ali je izdelava ulitkov za potrebe steklarske industrije res pomenila enega izmed
najpomembnejsih programskih premikov?

Proizvodna oprema in tehnoloski procesi v nasi livarni omogocajo izredno Sirok
izbor litja izdelkov razli¢nih velikosti, oblik in kakovosti litin ter koli¢insko individualno,
maloserijsko in srednje serijsko proizvodnjo ulitkov. Kakovosti litin so skrbno izbrane
in prilagojene zahtevam kupcev. Tako smo izjemno fleksibilni. To pa zahteva znanje,
izkusnje in upoStevanje vseh standardov kakovosti. Vsak izdelek je skrbno nacrtovan in
sledljiv. Nacrtovanje in tehnologija litja sta podprta z izdelavo na¢rta modela po programu
SolidWorks ter izdelavo najrazli¢nejSih simulacij litia v programu Magmasoft. Izdelava
ulitkov za potrebe steklarske industrije danes zavzema velik del proizvodnega programa.
Kompleti teh ulitkov se po mehanski obdelavi in sestavi uporabljajo v steklarski industriji
za proizvodnjo steklarskih izdelkov z metodo vpihovanja tekoCega stekla. I1zbor kvalitet je

i

Izdelek za steklarsko industrijo: Naziv izdelka: Grlo lzdelek za steklarsko industrijo: Naziv izdelka : Kalup

Material: ve¢komponenten Al bron Material: veCkomponenten Al bron
Uporaba: za izdelavo steklenic, specifi¢nost je v navoju Uporaba: za izdelavo steklenic, specifi¢nost je v visokih

steklenice oz. njenem zgornjem delu. zahtevah samega telesa steklenice.
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zelo Sirok. Vse kvalitete so bile posebej razvite zaradi zahtev po fini strukturi ter ustrezni
toplotni prevodnosti.

Kako je pa s specificnimi izdelki iz vermikularne, nodularne in ognjevarne sive
litine?

Vermikularna litina zdruzuje lastnosti sive litine z lamelarnim grafitom in nodularne
litine s kroglastim grafitom. Ima ugodne mehanske lastnosti: natezno trdnost 400-500N/
mm? pri raztezku 2-6%. Lastnosti te litine so opredeljene s standardom EN 16079. Litina je
primerna za sestavne dele, ki so pod vplivom mehanskih in toplotnih obremenitev.

Pripravainlitje nodularnelitine je zahteven proces. Kvalitete so opredeljene s standardom
EN-1563. Zaradi boljSih mehanskih lastnosti se ulitki uporabljajo v strojegradnji za dele z
vi§jimi zahtevami po mehanskih lastnostih. Ognjevarna siva litina je visoko legirana s Cr in
Ni. Pri tem so izredno visoke tehnoloSke zahteve predvsem pri tehnologiji priprave litine.
Ulitki so namenjeni predvsem za procese, kjer so izpostavljeni visokim temperaturam.
Najpogosteje se uporabljajo za proizvodnjo redetk kuriS¢ kotlov in seZigalnic. Kvalitete so
opredeljene s standardom EN 10295. Pri vseh navedenih materialih gre za zelo zahtevne
postopke izdelave, ki ob visokem znanju zahtevajo Se dolgoletne izkusnje.

Kaksni pa so Steviléni podatki o gibanju proizvodnje v zadnjih letih?

Koli¢inska proizvodnja je v letu 2010 bila skupaj 3.914 ton, v letu 2015 pa Ze 5.918
ton, kar pomeni porast za 51,2 %. Seveda gre tudi za strukturne spremembe. Koli€inska
proizvodnja steklarske litine je v skupnem delezu leta 2010 zna$ala 50,2%, leta 2015 pa
ze 53,9 %. Izrazit padec v delezih pa imamo pri sivi litini od deleza 46,9 % v letu 2010 na
delez 26,2 % v letu 2015. Najvecji porast v delezih imamo pri bronih in sicer od deleza
5% v letu 2010 na delez 14,7 % oz. v koli¢inah kar za faktor 4,4 krat. Gre seveda za veé
komponentne Al brone, ki presegajo vsa pri¢akovanja. Padec pa imamo pri nodularni litini
tako v koli¢inah in Se bolj pri delezu.

197.443 e
868.945

-
1.833.514

1.551.006

213.998
421.648 90.650
148.777
m siva litina = nodularna litina m legirana siva litina m steklarska litina = broni

Koli¢inska prodaja v letu 2010 Koli¢inska prodaja v letu 2015

Ali se te spremembe v strukturi proizvodnje odrazajo tudi v financni realizaciji
prodaje izdelkov?

Prav gotovo se sprememba v strukturi proizvodnje kaze tudi ugodno v finanéni
realizaciji. Ce je rast proizvodnje v obdobju 2010 (11,276 mio EUR) do 2015 (17,931 mio
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EUR) bila 51,2 %, je rast finaCne realizacije prodaje v enakem obdobju kar 59%, saj je
bila v letu 2015 kar za 6,655 mio EUR viSja kot v letu 2010. DeleZ finan¢ne realizacije s
prodajo ulitkov steklarske litine je v tem obdobju narastel od 37% na 41% oz. za faktor
1,7. Ob koli¢inskem porastu podroc¢ja veckomponetnih Al bronov, je delez v finanéni
realizaciji teh ulitkov narastel ze na 33,2 % oz. za faktor 3,4. Financna realizacija prodaje
izdelkov iz sive litine, je sicer ostala enaka, vendar z ekvivalentno manjSim delezem.
Bistveno nizja pa je prodajna realizacija izdelkov iz nodularne litine. Spremembe
v deleZih posameznih vrst izdelkov so torej imele pozitiven ucinek in v tej smeri velja
nadaljevati.

Zadnja leta posluje OMCO Feniks odli¢no, z najvisjo poslovno boniteto in predvidena

je tudi v prihodnje letna rast 8% ter dodatno zaposlovanje. Ali je takSna napoved
realna?

2016 OMCO Feniks je poslovno

m OMCO FENIKS SLOVENIJA d.o.0. | 'eto 2015 zakljuil zelo dobro,
s prihodki od prodaje dobrih
URISERIAS HAS) 8L 18 mio EUR ter odli¢nim
Bisnode d.0.0., % 6.2015 poslovnim izidom 3 mio EUR.
Kazalnik poslovne uspesnosti
EBITDA je dosegel slabih 17
%. Vse to smo realizirali s 159 zaposlenimi. V preteklem letu je bila zaklju€ena izkljuéno
z lastnimi sredstvi tudi 5 mio investicija v novo sodobno livarno, ki je bila dokon€ana v
pi¢lih sedmih mesecih, kar nam bo omogo¢ilo vecjo prilagodljivost zahtevam poslovnih
partnerjev, tako kvalitetno kot koli¢insko, predvsem nam bo pa omogoc&en skrajSan ¢as od
narocila do dobave izdelkov, kjer je naSe podjetje Ze danes v svetovnem vrhu.

Nove naloZbe nam bodo omogocile priblizno €etrtinsko rast poslovnih prihodkov Ze
v letu 2016. Na$ nacrt je doseci 21,5 mio prihodkov in kazalec EBITDA nad 19%. Prav
tako Ze v tem letu raCunamo z dodatno zaposlitvijo 15 sodelavcev. Kljub ne najboljSim
razmeram na evropskem in svetovnem trgu imamo narocil dovol;.

Na$a specialna niSna proizvodnja je izdelava orodij za potrebe steklarske industrije.
Gre za zelo zahteven trg z zelo kratkimi roki dobave, ki so do 5 delovnih dni od prejema
narocila do odpreme. V tem &asu je potrebno vse: od na¢rtovanja, vseh proizvodnih delov
procesa, do kon¢ne kontrole in pakiranja. Smo edini v Evropi, ki v tako kratkem ¢asu
izpeljejo ta narocila.

Veseli smo, da smo lahko poblize spoznali izjemne poslovne dosezke livarne OMCO
Feniks in ob tem tudi vzoren strokovni pristop in prizadevnost ter osebno zavzetost za razvoj
podjetja, ki jo ze vrsto let udejanja direktor Borut Triplat, letoSnji nagrajenec Gospodarske
zbornice za izjemne gospodarske in podjetniSke dosezZke.

Boniteta odlitnosti

Razgovor vodil glavni in odgovorni urednik Livarskega vestnika
zasl. prof. dr. Alojz KRIZMAN
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AKTUALNO / ACTUAL
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60. avstrijsko livarsko posvetovanje - Bad Ischl 2016

V organizaciji Avstrijskega drustva livarskin strokovnjakov VOG, Instituta za livarstvo
Univerze za montanistiko Leoben ter Avstrijskega livarskega instituta OGI, je bilo v ¢asu
7.in 8. april v Kongresni in gledaliski hiSi v Bad Ischl-u organizirano 60. Avstrijsko livarsko
posvetovanje.

Posvetovanje je potekalo pod geslom: »Industrija 4.0 — sprememba v livarni«.
Predavatelji iz Avstrije, Nemgije, Svice in Slovenije so podali skupaj 23 predavanj, od
tega 7 plenarnih ter po 8 predavanj v sekciji nezeleznih zlitin in v sekciji zelezovih Zzlitin.
Skupno se je posvetovanja udelezilo 260 udelezencev iz Sestih drzav. Na spremljajo i
razstavi opreme, tehnologij, izdelkov in razvojnih dosezkov je sodelovalo 24 razstavljavcev
iz Avstrije, Nemgije in Svice. Organizatorji so pripravili zbornik s povzetki vseh predavan;j ter
seznamom razstavljavcev in udelezencev. Podajamo osnovne dosezke vecine plenarnih
ter nekaterih drugih zanimivejSih predstavitev:

Wilfried Sihn, TehniSka univerza Dunaj, Institut za upravljavske znanosti in
Frauenhofer Austria Research Gmbh, Dunaj je predstavil predavanje: »Industrija 4.0 —
priloZznosti, tveganja in primeri uporabe v praksi«. Izpostavil je osnovni namen programa
»Industrija 4.0«, ki predstavlja dejansko Cetrto industrijsko revolucijo. S tem pojmom
oznacujemo integracijo najsodobnejSih informacijskih in komunikacijskih tehnologij v
klasi¢ne proizvode in procese, ki zahtevajo nove poslovne modele in nove trzne pristope. Pri
tem je osnovno vpraSanje visje dodane vrednosti za odjemalce teh proizvodov. Medmrezne
povezave stvari, procesov, podatkov, servisa in ljudi ponujajo enormne gospodarske
moznosti in so gonilo novih poslovnih modelov. Industrija 4.0 ni vezana le na proizvodne
obrate, temvec posega v Stevilna podrocja nasega Zivljenja. Osnovni gradniki tega razvoja
S0 v znanju in komunikativnosti. Cilj so vrednostne verige s ciliem stalnega generiranja v
dobro celovitega razvoja druzbe. Livarne bodo lahko konkurencéne le s strategijo prehoda
v »pametnec livarne in »pametne proizvode« in s tem s strategijo inovativhega procesa s
stalnimi izboljSavami in prilagajanjem zahtevam sodobne druzbe.

Alois Wiesinger, iz podjetja Fill GmbH, Avstrija, je izpostavi tudi za livarne pomembno
temo: »Povezava med razvojem naprav in virtualnim zaetkom obratovanja«.
Globalizacija in nara8€ajoCa kompleksnost proizvodov in proizvodnje zahtevata opus€anje
klasi¢nih verig ustvarjanja. Ob tem so potrebni pospeSeni inovacijski- , razvojni- in
uporabni ciklusi ter prilagajanje hitrim trznim spremembam, kar zahteva zelo fleksibilno
in individualizirano proizvodnjo. Vse vecje so zahteve po decentraliziranem krmiljenju
procesov in fleksibilnejSih strojih in napravah. Izpostavljene so nove zahteve do procesov
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in naprav in vkljusevanje digitalnih modelov in metod. Se posebej za gradnjo naprav je
potrebna modifikacija razvojnih moznosti z u€inkovito uporabo novih racunalniSkih metod.

Gilnter Eder, Quantoras KG Wien, je s sodelavcema predstavil za vse livarne vse
bolj pomembno podrocje: »Oskrba 4.0 za livarne-optimizacija stroSkov v nabavi s
prehodom od »velike baze« (Big Data) do »pametne baze«(Smart Data) podatkov«.
Povprecen delez materiala v livarni znasa 60% celotne prodajne vrednosti. 5% prihranek pri
nabavi ima na dobicek enak ucinek kot 30% povecanje obsega prometa. S posebej razvitim
racunalniSkim programom so bile optimirane alternative dobaviteljev in vsi podatki, ki so
s tem povezani. Iz enormnih koli€in podatkov so bili pomembni zbrani relevantni podatki.
Tako je bila izdelana »pametna baza«, ki je omogodila relevantne ocene dobaviteljev in
s tem generiranje potenciala prihranka. S tem je vedno omogoc¢eno alternativno iskanje
dobaviteljev in tako nabava na ravni, ki omogoca prihranek stroskov.

Werner Stapela, FIT AG, Lupburg, Nemcija, je podal predavanje: »Aditivho
nacrtovanje in proizvodnja kot izdelovalni postopek prihodnosti (ADM)«. Glede na
spremenjene potrebe odjemalcev in potreb trga, je tradicionalna livarska tehnika oblikovanja
izdelkov danes priSla do svojih mej. MoZnost kako zapreti to omejitev ponujajo inovativni
postopki dodatnih (aditivnih) izdelav kot npr. 3D-tiskanje, kot se poimenuje tehnologija
zgradbe iz nanoSenih plasti. Prednosti te tehnologije v primerjavi z litem so mozZnosti
kompleksnejsih geometrij, manjSe in razlicne debeline sten in notranjih zgradb za lahke
konstrukcije. Mozna je tudi individualna masovna proizvodnja. Bistveno je spoznanje, da je
mozno visjo vrednost dosedi le z aditivno usmerjenim konstruiranjem. Torej je uCinkovita le
kombinacija nacrtovanja in proizvodnje (ADM). Danes se za ADM tehnologijo uporabljajo
tudi kovinski materiali: aluminij, titan, orodna jekla, plemenita jekla (Inconel). Z aditivnim
postopkom so dane nove moznosti inovativnim izdelovalnim postopkom.

Steffen Giinther, Kuka Industries, Augsburg, Nemcija je predstavil temo: »Kaj
pomeni Industrija 4.0 za livarno«. Vedno S$irSa paleta proizvodov in krajSe dobe
uporabnosti so nove trzne zahteve na katere se mora odzvati sodobna industrija, e Zeli
ostati konkurencna.

V pametnih podjetjih proizvodnjo prilagajajo novim zahtevam glede povezav, energijske
in surovinske ucinkovitosti in predvsem fleksibilnosti podjetij prihodnosti. Procesi so vse
bolj decentralizirano in dinami¢no krmiljeni. Procesi in postopki se bistveno spreminjajo. V
livarnah razvijajo nove koncepte za celice in naprave predvsem z namenom, da zadostijo
novim zahtevam za ulite dele. Predavanje je dopolnil Se Ralph Nitsche iz sesterskega
podjetia Kuka Roboter GmbH, Gersthofen, Nemdéija z inovativnima primeroma
avtomatizacije s Kuka roboti: popolna avtomatizacija montaze paketa jeder za roci¢ne
gredi z vklju€enimi 50 roboti in proizvodnjo ter montazo 400 paketov jeder v eni izmeni ter
primer litja z dvema robotoma v livarni Georg Fischer.

Iz strokovnega podrocja zelezovih litin lahko izpostavimo naslednja tri predavanja :

Domnin Gelmedin, Lutz Scheibe, Neue Halberg — Guss GmbH, Saarbriicken,
Nemcija sta predstavila temo: »Porast odpornosti materiala pri termi€no-mehanskem
utrujanju (TMF) glav cilindra iz sive litine z vermikularnim grafitom«. Visoki tlaki v
glavi cilindra zahtevajo zamenjavo sive litine z lamelarnim grafitom (GJL) s sivo litino z
vermikularnim grafitom (GJV). Predvsem obremenitve v ciklusu zagona in v ciklusu
zaustavitve, kot tudi spremembe obremenitev rezultirajo cikluse napetost-reztezek, ki
vodijo do termiéno-mehanskega utrujanja. Ker pa ima GJV nizjo toplotno prevodnost, se
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zahteva prilagoditev strukture s prilagojeno debelino stene izdelka. S konstrukcijskimi
spremembami je torej mozno povecati TMF. Zaradi tega litino EN-GJV-450 optimirajo na
TMF. Dologeno strukturo lahko pridobimo z ustrezno stopnjo nasi¢enosti, nudularnostjo
in strukturo matrice. Na ta nacin je mozno dosecéi bistveno visjo Zivljenjsko dobo glav
cilindrov.

Konrad WeiR, RWP GmbH, Roétgen, Nemdéija je podal predavanje: »Lahka
konstrukcija iz sive litine z moznostjo lokalnega nacrtovanja trdnosti«. Danost, da
bi sivo litino uveljavili tudi kot lazji konstrukcijski material je v lokalnem izbolj$anju trdnosti,
kot tudi s samim nacrtovanjem vis§jih lokalnih trdnostnih lastnosti. OdloCujoCa za lokalne
lastnosti je struktura, ki jo lahko predvidimo iz diagramov: ¢as-temperatura-transformacija
(TTT diagrami). S pomoc¢jo TTT diagramov je mozno z izraunom lokalne hitrosti ohlajanja
in numeri¢no simulacijo predvideti lokalne trdnostne lastnosti ulitka. Nova uporaba Jominy
— kalilnega preizkusa omogoca kvantitativno TTT sliko brez, da bi za to potrebovali
dilatometrijo. Tako se lahko debeline sten lokalno prilagodijo zahtevanim trdnostim,
oziroma se lokalno prilagodijo ohlajevalni pogoji. Tako je na osnovi Jominy preizkusov in
TTT diagramov mozno dolocati lokalne trdnostne lastnosti in s tem razSiriti potencial sive
litine kot konstrukcijskega materiala.

Florian Thome, Kurtz Eisenguss GmbH & Co. KG, Hasloch, Nem¢ija je predstavil
temo vezano na moto posvetovanja: »Pametna livarna (Smart Foundry)-Industrija 4.0-
livarna«. Livarna Kurtz s 235 letno tradicijo izdelave ulitkov iz Zelezovih litin ima danes
120 zaposlenih in je izpostavila svojo najsodobnej$o livarno z ro€¢nim formanjem kot primer
trajnega, ucinkovitega industrijskega obrata z zagotovljeno prihodnostjo. Samo tako lahko
tudi v prihodnje izpolnjujejo razli¢ne in kompleksne zahteve kupcev. To so dosegli na osnovi
edinstvene lastne tehnoloske ravni z novim pretokom materiala, racunalniS8ko podprtim
logisti¢nim sistemom, €asovno natanénim pretokom v proizvodniji in s podporo podjetja SAP
(Systemanalyse und Programmentwicklung) integriranimi poslovnimi procesi. Prednosti
take pametne livarne so: SAP-integracija strank in poslovnih partnerjev, pove¢ana zvestoba
ob vedji varnosti planiranja, dolgoro¢no zagotovljen trajnostni razvoj ob upo&tevanju zahtev
okolja. Prepricljivi u€inki so: enostavno upravljanje kompleksnih izdelovalnih procesov,
kontinuiran nadzor naprav in izdelovalnih postopkov preko centralnega vodenja, optimalni
preto€ni Casi.

Iz strokovnega podrocja neZeleznih litin prav tako izpostavljamo tri predavanja:

Laszlo Jud, Biihler AG, Uzwil, Svica je skladno z motom posvetovanja izpostavil
temo: »Industrija 4.0-Priloznosti in izzivic. Internet stvari (Internet of Things - loT),
Industrija 4.0 in pametna tovarna (Smart factory) so danes ze ustaljeni pojmi razvojnih
usmeritev. Industrija 4.0 predstavlja revolucijo v usmeritvi industrije, vendar to ob
priloznostih predstavlja tudi izzive. PriCakuje se razvoj popolnoma novih proizvodnih
tehnik- revolucionarna zasnova, optimizacija obstojecih tehnik avtomatizacije-evolucijska
zasnova. Kot centralna naloga pa je predvideno usklajeno zbiranje podrobnej$ih informacij.
Sodobne naprave za tlagno litie vkljuCujejo Ze danes mnozico informacij. Vendar je ta
potencial danes dokaj neizrabljen. Torej obstaja priloznost preucitve zbirke podatkov in s
sodobnimi metodami analize podatkov koristno izrabiti ter s tem izboljSati konkurenénost.
Uporaba relevantnih podatkov je tako najvedji izziv. To je mozZno le s sodelovanjem vseh
udelezenih v celotni verigi ustvarjanja vrednosti.
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Hartmut Rockmann s soavtorji, Magma GmbH Aachen, Nemcija je podal
predavanje:

»UcCinkovita razc¢lenitev orodja za tlacno litje s sistematicno analizo toplotnih
tokov s pomocjo virtualnega nacrtovanja poskusov«. V ospredju takega nacrtovanja
so zahteve po dolo¢eni kakovosti ulitka. Veliko zahtev po kakovosti ulitkov je v neposredni
povezavi s toplotno bilanco v formi za tla¢no litje. Osnova za optimalno termi¢no raz¢lenitev
orodja in procesa je v natanénem razumevanju procesa vseh sodelujocih, od konstrukterja
orodja do odgovornega za kakovost. Na primeru orodja za tla¢no litje aluminija je na osnovi
virtualnih preizkusov, s pomoc¢jo simulacije procesa litja, prikazan lokalni energijski tok v
orodju in kako ti lokalni tokovi vplivajo na sam proces in kakovost ulitka. Kvantitativha
primerjava vseh variant lahko ob uporabi statisticnih metod daje rezultate obremenitev
orodja. Na ta nacin je mozno nacrtovati sistem temperiranja orodja. S programom
Magma 5 je tako omogoceno avtonomno optimiranje orodja. Nova metoda tako omogoca
podrobnejSe razumevanje procesa kot osnove razvoja robustnega in kakovostnega orodja
za tlagno litje.

Markus Weigl, Grenzebach Maschinenbau GmbH, Ausbach-Baumenheim/
Hamlar, Nem¢ija je podal prispevek: »Torno varjenje aluminija in njegovih zlitin«.
Aluminij in Aluminijeve zlitine niso primerne za talilno in oblo€no varjenje. Zaradi svojih
materialnih lastnosti pa so primerne za sti¢no torno varjenje. Ta nacin potrebuje plasti¢nost
spojnih materialov, ki jo doseZzemo s kombinacijo visokih tlakov in zmernih temperatur.
V tem primeru torej ne prihaja do nataljevanja in ne prihaja do poroznosti ali toplotnih
razpok. Zaradi nizjih temperatur so tudi pri ohlajanju skréki materiala manjsi in s tem vecja
stabilnost izmer. Cilj tega postopka je omogociti varjenje vseh tehniskih aluminijevih zlitin
pod pogoji serijske proizvodnje.

Tudi 60. Avstrijsko livarsko posvetovanje je bilo izvedeno na visoki ravni, tako s
prispevki predavateljev kot v organizacijskem smislu. Ob tem je potrebno izpostaviti
podporo raziskovalnih institutov in univerz pri vklju€evanju livarske industrije v evropski
program Industrija 4.0, kar bo tudi v prihodnje osnova za konkuren&nost na globalnem
trgu. Na podlagi dogovora o izmenjavi in sodelovanju med Drustvom livarjev Slovenije in
Avstrijskim drustvom livarjev (VOG), sta se avstrijskega livarskega posvetovanja v Bad
Ischl-u udelezila predsednica Drustva livarjev Slovenije, mag. Mirjam JAN-BLAZIC ter
glavni in odgovorni urednik Livarskega vestnika, zasl. prof. dr. Alojz KRIZMAN.

Glavni in odgovorni urednik Livarskega vestnika
Zasl. prof. dr. Alojz KRIZMAN
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AKTUALNO / ACTUAL

PROGRAM / PROGRAMME

56. mednarodno livarsko posvetovanje Portoroz 2016 /
56th International Foundry Conference Portoroz 2016

| Sreda / Wednesday, 14. 09. 2016

16.30-19.00: | Prijava udelezencev na recepciji posvetovanja /
Registration of participants at the Conference reception desk

17.30: Transfer pred Hotelom Slovenija za Piran / Bus transfer from Hotel Slovenija to
Piran

18.00: Sprejem na obcini Piran / Reception at the Municipality of Piran

Cetrtek / Thursday, 15. 09. 2016 Dvorana / Hall Cristoforo Colombo

9.30-9.45:

MIRJAM JAN-BLAZIC
predsednica / President, Drustvo livarjev Slovenije
Otvoritveni nagovor / The Opening Address

Dvorana / Hall Cristoforo Colombo
Plenarna predavanja / Plenary Lectures

9.45-10.15: C. WILHELM, Bundesverband der Deutschen Giel3erei-Industrie, Diisseldorf
(D): Future Prospects for Foundry Technology / Prihodnji vidiki za livarsko
tehnologijo

10.15-10.45: | A. BUHRIG-POLACZEK, RWTH Aachen University (D): Trends and challenges

for the Foundry Industry - overview of future oriented key aspects of
research and development / Trendi in izzivi za livarsko industrijo — pregled v
prihodnost usmerjenih vidikov raziskav in razvoja
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10.45-11.15: | P. MRVAR', A. KRIZMAN', A. MIKLOZIC?, Z. PUSNIK?, N. MARCIC?, A.
MAHMUTOVIC?, M. PETRIC', 1Department of Materials and Metallurgy, Faculty
of Natural Sciences and Engineering, University of Ljubljana, 2Mariborska livarna
Maribor d.d., 3TC livarstvo d.o.o. (Sl): The entire design of the high pressure
die casting in case of the selected cast product / Celovito nacrtovanje
tlaénega litja na primeru izbranega ulitka

11.15-11.30: | Odmor / Break

11.30-12.00: | P. SCHUMACHER, Oesterreichisches Giesserei-Institut Leoben (A): Atomistic
observation of modification in Al-Si alloys / Atomisti¢na obravnava
modificiranja v Al-Si zlitinah

12.00-12.30: | K. KERBER, N. ERHARD, Oskar Frech GmbH + Co. KG (D): Industry 4.0 — the
die casting plant of tomorrow / Industrija 4.0 — jutriSnja tla¢na livarna

12.30-13.00: | G. EDER, T. CSERMELY, Quantoras KG (A): Sourcing 4.0 for foundries -
improvements in purchasing with big data to smart data / Financiranje 4.0 za
livarne — izboljSave v nakupih z veliko podatki do nakupov s pametnimi podatki

13.00-15.00: | Odmor za kosilo / Lunch Break

15.00-15.30: | K. WEISS', R. VOMHOF', R. STAUSS?, T. GEUSENS?, TRWP GmbH,
2MetallgiessereiStauss, 3TG Consulting (D): 3 D printing supported by
simulation - Development of a light weigth Trailer Axis / 3-D tiskanje podprto
s simulacijo — razvoj lahkih osi tovornih prikolic

15.30-16.00: | B. KALKUNTE", V. KOLDA?, 1Calcom ESI SA (CH), 2Mecas ESI (CZ): Novel
modelling approach to virtually test of the part ejection in die casting / Nov
pristop v modeliranju za virtualni test izmeta ulitka iz kokile

16.00-16.15: | Odmor / Break

16.15-16.45: | I. RIPOSAN, M. CHISAMERA, S. STAN, |. C. STEFAN, M. C. FIRICAN, V. UTA,
Politechnica University of Bucharest (RO): Control of Cast Iron Solidification
by Thermal Analysis — major influencing factors review / Nadzor strjevanja
sivih litin s termi¢no analizo — pregled glavnih vplivnih faktorjev

16.45-17.15: | 1. DUGIC', S. SEIFEDDINE?, F. HENRIKSSON', C. STREBEL', M. HOLMGREN",

1Linnaeus University, Faculty of Technology, Department of Mechanical
Engineering, Véxjé, 2J6nkdping University, School of Engineering, Department
of Material and Manufacturing, J6nkdping (SE): Ways to improve mechanical
properties of recycled aluminium alloys / Nagini za izboljSavo mehanskih
lastnosti recikliranih aluminijevih zlitin

Cetrtek zveder / Thursday evening, 15. 09. 2016

18.00:

Vecerja na ladjah Portoroz in Laho z voznjo po slovenskem morju in zaklju¢kom
na terasi hotela Riviera /

Dinner on board of boats Portoroz and Laho and a boat ride along
Slovenian coast and with later gathering on the terrace of hotel Riviera
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Petek / Friday, 16. 09. 2016

§ekcija A | Section A: Dvorana / Hall: Robert Scott
Zelezove litine in livarska tehnologija / Cast iron and casting technology

9.00 - 9.20:

G. WOLF, S. KRUMM, TU BERGAKADEMIE FREIBERG (D): Application of
robots in foundries / Uporaba robotov v livarnah

9.20-9.40:

P. MALACEK, LHS Clean Air Systems GmbH (A): Energy efficient reduction
of emissions in foundries — vision or state of the art / Energijsko ucinkovito
zmanijSanje emisij v livarnah — vizija ali stanje

9.40-10.00:

M. KOMPREJ, Livar d.d. (Sl): The problem of castings convexity made of
grey cast iron at solidification / Problematika izboCenosti ulitkov iz sive litine pri
strjevanju

10.00-10.15:

Odmor / Brake

10.15-10.35:

C. DOMMASCHK, G. WOLF, TU BERGAKADEMIE FREIBERG (D): A new
continuous reference row for the graphite structure in grey cast iron / Nova
zvezna referenéna vrsta za strukturo grafita v sivih litinah

10.35-10.55:

R. DOEPP, Technical University Clausthal (D): Contribution to the mechanical
properties of grey cast iron / Prispevek k mehanskim lastnostim sive litine

10.55-11.15:

V. DAKRE, A. LIKHITE, S. U. PATHAK, D. R. PESHWE, Visvesvaraya National
Institute of Technology, Nagpur (IN): Effect of Austenitization Temperature on
Wear Properties of Carbide Austempered Ductile Iron / Vpliv temperature
avstenitizacije na obrabne lastnosti karbidne bainitno poboljSanje duktilne litine

11.15-11.30:

Odmor / Brake

11.30-11.50:

A. KUMP', P.E. PERSSON', R. ANDERSSON", C. MIKYSKA?, 1NovaCast
Systems AB (SE), 2Livar d.o.o. (Sl): Application of thermal analysis using a
sand cup with different levels of inoculants to simulate real solidification
conditions for in-stream inoculation practice / Uporaba termicne analize s
pesceno merilno celic z razli¢nimi koli¢inami cepiva za simulacijo realnih pogojev
strjevanja pri cepljenju v curek

11.50-12.10:

U. KLANCNIK', M. DROBNE', I. KOGOVSEK!, P. MRVAR?, J. MEDVED?, 1Valji
d.o.o., 2Univerza v Ljubljani, Naravoslovnotehniska fakulteta (SI): High and low
alloyed indefinite chill cast iron: impact on mechanical and microstructural
properties / Visoko in nizko legirana litina Indefinite-Chill: vpliv na mehanske
lastnosti in mikrostrukturo

12.10-12.30:

S. AL JASIM, Kovis Livarna d.o.o. (Sl): Control and optimization of gray and
ductile iron production using thermal analysis / Kontrola in optimizacija
proizvodnje lamelne in nodularne sive litine s termi¢no analizo

12.30-12.45:

Odmor / Brake

12.45-13.05:

B. CUK, Siapro d.o.o. (SI): Decrease of production costs by regeneration
of green sand (case study) / ZniZanje proizvodnih stroSkov z regeneracijo
bentonitnega peska (Studija primera)
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13.05-13.25: | B. OBREHT", I. SURINAZ, 1TDR Legure d.o.0., 2Simag d.o.o. (Sl): Managing
oxygen activity during GJS and GJV cast iron production / Obvladovanje
aktivnosti kisika pri proizvodnji GJS- in GJV-sivih litin

13.25-13.45: | B. BAUER?, I. MIHALIC POKOPEC', M. PETRIC2 P. MRVAR? , 1 Fakulteta za

strojnistvo in ladjedelnistvo, Univerza v Zagrebu (CRO),2 Univerza v Ljubljani,
NaravoslovnotehniSka fakulteta (Sl): Influence of cooling rate and chemical
composition on chunky graphite content in spheroidal graphite cast iron
parts / Vpliv ohlajevalne hitrosti in kemijske sestave na delez grudastega grafita v
sivi litini s kroglastim grafitom

Sekcija B / Section B: Dvorana/ Hall: Roald Amundsen
NeZelezne zlitine / Non-ferrous alloys

9.00-9.20:

M. MANAPURAM, North Eastern Regional Institute of Science & Technology (IN):
World casting value analysis and casting value indices: a study / Analiza
cene ulitkov v svetu in indeksi cen ulitkov: Studija

9.20-9.40:

F. ZUPANIC", T. BONCINA', 1 University of Maribor, Faculty of Mechanical
Engineering (Sl): Effect of scandium on the properties of aluminium casting
alloys / Vpliv skandija na lastnosti aluminijevih livnih zlitin

9.40-10.00:

B. STAUDER', H. KERBER?, P. SCHUMACHER?, 1Nemak Linz GmbH,
20esterreichisches Giesserei-Institut Leoben (A): Mechanical properties of
sand cores / Mehanske lastnosti pe$¢enih jeder

10.00-10.15:

Odmor / Brake

10.15-10.35:

G. GORSE', A. MEGUSAR', U. ERZEN', P. MRVAR2, A. MAHMUTOVIC?®, 1LTH
Castings d.o.o., 2Faculty of Natural Sciences and Engineering, University of
Ljubljana, 3TC Livarstvo d.o.o. (Sl): Shrinkage porosity reduction with local
squeezing in high pressure die casting process / ZmanjSevanje strjevalne
poroznosti z metodo lokalnega stiskanja pri procesu visokotlaénega litja

10.35-10.55:

S. SCHARF, E. RIEDEL, R. BAHR, Otto-von-Guericke, University of Magdeburg
(D): Developments to an innovative and sustainable heat treatment
process for aluminium based casting components / Razvoji inovativnemu in
trajnostnemu proces toplotne obdelave aluminijevih ulitkov

10.55-11.15:

F. GIGEZ, Fondarex Sa (CH): Innovations in Vacuum Die Casting / Novosti pri
vakumskem kokilnem litju

11.15-11.30:

Odmor / Brake

11.30 - 11.50

P. MALINOWSKI, K. LISZKA, J. SUCHY, K. KLIMKIEWICZ, AGH University
of Science and Technology (PL): Training system based on engineers
competence star / Sistem ucenja, osnovan na inZenirjevih kompetencah

11.50-12.10:

F. TEICHMANN, S. MULLER, H. PRIES, K. DILGER, TU Braunschweig, Institute
of Joining and Welding (D): The Application of Laser Beam Welding at
Reduced Pressure for the Joining of Secondary High Pressure Die Casting
Al-Si Alloys / Aplikacija laserskega varjenja pri znizanem tlaku za spajanje
sekundarnih Al- Si zlitin za tlacno litje
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12.10-12.30: | Z. ZOVKO BRODARAC', D. STANIC?, 1University of Zagreb, Faculty of

Metallurgy, Sisak, 2CIMOS-P.P.C. Buzet (CRO): Study of innovative AISi7TMgCu
alloy with improved properties / Studija inovativne AISi7MgCu zlitine z
izboljSanimi lastnostmi

12.30-12.45: | Odmor / Brake

12.45-13.05: | M. PETRIC, L. LAVTAR, S. KASTELIC, P. MRVAR, Department of Materials and

Metallurgy, Faculty of Natural Sciences and Engineering, University of Ljubljana
(Sl): Optimization of cooling-heating sistem in HPDC tools / Optimizacija
hladilno-grelnega sistema v orodjih za tla¢no litje

13.05-13.25: | P. MAJERIC', D. JENKO?, B. FRIEDRICH?, R. RUDOLF'4, 1University of Maribor,

Faculty of Mechanical Engineering (Sl), 2Institute of Metals and Technology (Sl),
3IME Institute of Process Metallurgy and Metal Recycling, RWTH Aachen (D),
4Zlatarna Celje d.d. (SI): Formation of gold nanoparticles with Ultrasonic
Spray Pyrolysis / Nastanek zlatih nanodelcev pri ultrazvoc¢ni razprsilni pirolizi

13.25-13.45: | M. VONCINA, T. POZENELJ, M. PETRIC, P. MRVAR, J. MEDVED, Department of

Materials and Metallurgy, Faculty of Natural Sciences and Engineering, University
of Ljubljana (Sl): Influence of foundry defects on the electrical properties of
Al-castings / Vpliv livarskih napak na elektri¢ne lastnosti ulitka iz aluminija

Posterske predstavitve / Poster presentations

1.

A. MAHMUTOVIC', S. KASTELIC'2, M. PETRIC?, P. MRVAR?, 1TC Livarstvo d.o.o., 2Faculty
of Natural Sciences and Engineering, University of Ljubljana (Sl): High pressure die casting
optimization using numerical simulation / Optimizacija tlacnega litja s pomoc¢jo numeri¢ne
simulacije

J. MEDVED', P. MRVAR', J. CEVKA2, M. VONCINA', D. JAGODIC', 1Faculty of Natural
Sciences and Engineering, University of Ljubljana, 2EXOTERM d.d. (Sl): Determination of
thermal properties of exothermic insulating materials / Ugotavljanje toplotnih lastnosti
eksotermno-izolacijskih materialov

R. PEZER', A. MAHMUTOVIC?, I. ANZEL', P. MRVAR?, 1University of Zagreb, Faculty

of Metallurgy, Sisak (CRQO), 2TC Livarstvo d.o.o. (Sl), 3Faculty of Natural Sciences and
Engineering, University of Ljubljana (Sl): Physical and numerical simulation based
optimization in continuous casting of Cu SMA alloys / Fizikalno in numeri¢no osnovana
simulacija optimizacije pri kontinuirnem litju zlitin Cu SMA

R. RUDOLF, Z. ERMAN, |. ANZEL, A. KRIZMAN IN M. BRUNCKO,... (SI): Characterization
of microstructure and determination of biocompatibility of CoCr alloys for potential
use in dental techniques / Karakterizacija mikrostrukture in ugotavljanje biokompatibilnosti
CoCr-zlitin za potencialno uporabo v dentalni tehniki

G. KUGLER, P. MRVAR, M. PETRIC, A.KRIZMAN, M. TERCELJ, Faculty of Natural Sciences
and Engineering, University of Ljubljana (Sl): Improving the mechanical properties of
AMG60 foundry alloy / IzboljSanje mehanskih lastnosti zlitine AM60

DRUSTVO LIVARJEV SLOVENIJE
The Slovenian Foundrymen Society

Chairman of Programme Committee: Madam Chair of Organising Committee:
Alojz Krizman, Prof. PhD Mirjam Jan-Blazi¢, MSc




