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Dr.-Ing. Christian Wilhelm

Nemsko zdruzenije livarjev BDG / German Foundry Association BDG

Prihodnje moznosti v livarski industriji
Izzivi in priloznosti:
Primeri s podro¢ja ulivanja motorjev

Future Prospects for Foundry Technology
Challenges and Opportunities:
Examples from the field of engine casting

Ce se Zelimo ozreti v prihodnost
in opisati izzive ter priloznosti v livarski
industriji (z vidika tehnologij), moramo
najprej razmisliti o stanju v livarski industriji
iz tridesetih let prejSnjega stoletja. Dnevni
red so sestavljali predvsem temne
proizvodne dvorane, dim in hlapi, odprt
ogenj, brizganje staljene kovine, pretezno
fiziCno delo - kljub obstoju mehanizacije - ter
slabi delovni pogoiji. V modernih industrijskih
drzavah je takSna livarska proizvodnja
ze postala prazgodovina. V tem ¢asu pa
se niso spremenile za industrijo znacilne
metode obdelave naravnih materialov ter
obvladovanje zakonov narave.

1 Rokovanje z naravnimi materiali
in obvladovanje zakonov narave

Ce si ogledamo nastanek dendrita med
strjevanjem, kije znacilno za vse zlitine trdnih
raztopin, kot so Al-Si-zlitine ali litozelezne
zlitine, bomo opazili, da se dendrit s stene
forme Siri na ostanek taline (SI. 1).

Po strijevanju nastane struktura, na
podlagi katere je mogoc€e dologiti razdaljo
med dendritnimi vejami. Po eni strani
to predstavija korelacijo z mehanskimi
lastnostmi materiala, po drugi pa s
pricakovanim nastankom por v sestavnih
delih (SI. 2).

If we want to look ahead and describe
the future challenges and opportunities
for the foundry sector — from a technology
point of view — it is worth contemplating
the situation of the foundry industry in
the Thirties of the last century first. Dark
halls, smoke and exhaust fumes, glowing
fires, liquid metal splashing everywhere,
predominantly manual labour although
mechanization already existed, and bad
working and environmental conditions
were all the order of the day. This archaic
world of foundry production no longer
exists in modern industrial nations. But
what has not changed over the years are
the industry-typical methods of processing
natural materials and controlling the laws of
nature.

1. Handling Natural Materials
and the Laws of Nature

Looking at dendrite formation during
solidification, which is typical for all solid-
solution alloys such as Al-Si-alloys or cast
irons, you can see how the dendrites grow
from the mould wall to the residual melt (fig.
1).

After solidification, a structure is formed
from which it is possible to deduce the
dendrite arm spacing. On the one hand this
correlates with the mechanical properties
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Slika 1: Nastanek dendrita med strjevanjem

Figure 1: Dendrite formation during solidifi-
cation

Crysialikation pueleu

Slika 2: Vpliv dendritske strukture
Figure 2: Influence of dendrite structure

MPa

Stress

of the material, and on the other, with
the expected formation of pores in the
component (fig. 2).

When using an Ishikawa diagram to
look at the factors influencing the growth
and formation of these dendrites (fig. 3) it
is clear that the majority of the influencing
parameters are not within our control, i.e.
they cannot be influenced by manipulating
production facilities or processes, but are
to a much larger extent dependent on the
natural materials used and the properties of
these natural materials. In order to achieve
process reliability within the production
process and to ensure, for example, the
appropriate mechanical properties of the
material, a process-capable formation of
these dendrites with accurate repeatability is
required. As shown in fig. 4, this will only be
successful if process control in the foundry
is absolutely stable and if the properties of
the natural materials used — including the
preceding finishing process — have high
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Cezaproudevanje dejavnikov, kivplivajo
na rast in nastanek taksnih dendritov (SI.
3), uporabimo diagram ribje kosti, postane
jasno, da na vecino parametrov, ki vplivajo
na rast in nastanek dendritov, sploh ne
moremo vplivati: na parametre namre€ ni
mogoce vplivati v proizvodnih obratih ali
skozi procese, ampak so v vecji meri odvisni
od uporabljenih naravnih materialov ter od
njihovih lastnosti. Za zanesljivost postopkov
v proizvodnem procesu ter npr. ustreznih
mehanskih lastnosti materiala je treba
zagotoviti nastajanje taksSnih dendritov v
procesu z natan¢no ponovljivostjo. Skladno
s Sl. 4 bo to mogoc&e zagotoviti samo, Ce je
nadzor postopkov v livarni v celoti stabilen in
Ce lastnostiuporabljenih naravnih materialov
— med drugim tudi predhodna zaklju¢na
obdelava — zagotavljajo visoko zanesljivost.
To posledi¢no pomeni, da so za postopke
v livarski industriji najpomembnejsi stabilni
in standardizirani postopki ter uporaba
standardiziranih materialov.

e

process reliability. Consequently this means
that stable, standardized processes and
the use of standardized materials are the
most important requirements for foundry
processes.

2 Product Design

Component design today, particularly in
the automotive industry, is driven by the
demand for low-weight products — every
gram or ounce counts. When high-strength
materials are used, the wall thickness of the
casts is reduced to a minimum. In cases
where the inside wall thickness depends on
the function of the component, the outer wall
must be identical in shape and thickness
(fig. 5).

This leads to highly complex component
structures and dainty cast structures which
can no longer be manufactured with the
traditional moulding and casting methods
used in the second half of the last century.
Progress in component design and
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Slika 3: Vpliv podhladitve in dendritske strukture
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Figure 3: Influence of supercooling and dendrite structure
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2 Zasnova izdelka

Dandanes zasnovo sestavnih delov, Se
posebej v avtomobilski industriji, poganja
povprasevanje po izdelkih nizke teze —
Steje namre€ prav vsak gram. V primeru
uporabe materialov z visoko trdnostjo se
debelina stene ulitka zmanj$a na minimum.
Kadar je od debeline notranje stene ulitka
odvisno delovanje sestavnega dela, mora
biti identi¢ne oblike in debeline tudi zunanja
stena (SI. 5).

To pa vodido izredno zapletenih struktur
sestavnih delov in prefinjenih struktur ulitkov,
ki jih ni ve€ mogocCe izdelati s tradicionalnimi
livarskimi tehnikami, ki so bile v uporabi v
drugi polovici prejSnjega stoletja. Napredek
na podro¢ju dizajna sestavnih delov in
razvoja materialov ter postopek ulivanja
se dopolnjujeta. Kot je razvidno s Slike
5, je mogoCe zanesljivost postopkov na
podroCju kompleksnih sestavnih delov
dosedi izkljuéno skozi uporabo popolnega
paketa jeder, v katerem so vse konture
izvedene z jedri, ki jih je mogocCe sestaviti,
ulivanje pa poteka v pokonénem poloZaju.

developments in casting materials and
processes succeed each other. As you
can see in figure 5, process reliability in
the complex component areas can only be
achieved by using a complete core package
in which all contours are realized through
cores that fit inside one another and have
been cast in an upright position. Placing
painted single cores in the mould is a thing
of the past.

Modern castings, where the weight
and local compound properties have been
optimized in terms of their mechanical and
thermal properties, require advanced casting
techniques. Astationary and upright standing
gravity cast process can not fulfill all the
requirements for simultaneously preventing
oxide formation and optimizing the feeding
and local mechanical properties. Tilt pouring
technologies, where the complete mould
is tilted and cast by computer controlled
systems, are state of the art. They allow
customized mould filling and mould and
core heating, and the hot spots can be
selectively influenced (fig. 6). Die casting
has the advantage of very high productivity

= Reliable ranterial propertivg

*  Lheh Performance materials
* fow factor of safety -
full utitisation of materisl potentind
Conclusion:

Slika 4: Vpliv dendritske strukture

Figure 4: Influence of dendrite structure

»  Consistant/ sfable raew matenials

*  Stable metatio materinls / serap

w  Siable prodnction processes
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» Standardised Processes
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Slika 5: Optimalne tolerance jeder med njihovo izdelavo zagotavljajo ulitke optimalne teze

Figure 5: Optimal core-tolerances based on core-packing ensure weight-optimized castings
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Slika 6: Moderne tehnologije litja zagotavljajo najbolj$o kakovost ulitkov

Figure 6: Modern pouring technologies ensure best casting quality

Uporaba enega samega barvanega jedra je
zgodovina.

Moderne ulitke, kjer so teZa in lastnosti
lokalnih zmesi sestavnih delov optimizirane
z vidika mehanskih in termi¢nih znacilnosti,
zahtevajo uporabo naprednih livarskih
tehnik. Postopki  stacionarnega in
pokon&nega gravitacijskega litja ne morejo

and precision and is the preferred method
for typical die cast components where high
quantities are needed. This technology
harbours design limitations, however:
interior cavities, back drafts and pared-
down components, such as the one shown
in figure 5, cannot be produced per die
casting because the necessary cores (lost
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veC izpolniti vseh zahtev za soc€asno
prepreCevanje nastanka oksidacije ter
optimizacijo napajanjain lokalnih mehanskih
lastnosti.  Tehnologije  ulivanja  pod
naklonom, kjer je forma v celoti nagnjena,
ulivanje pa izvaja racunalniSko nadzorovan
sistem, predstavljajo najnovejsi napredek
na podrocju. Omogocajo prilagojeno
ulivanje v forme ter segrevanje form in
jeder, na vroCe tocke pa je mogoce vplivati
posamezno (Sl. 6). Prednost tlacnega litja
je izredno visoka storilnost ter natanénost.
Je najbol;j priljubljena metoda za tlacno litje
sestavnih delov v velikih serijah. Vendar pa
je ta tehnologija omejena z vidika zasnove
ulitkov: utorov v notranjosti ulitkov, obratne
koni¢nosti negativnih naklonov in prirezanih
sestavnih delov, kot npr. tistih, prikazanih
na Sliki 5, ni mogole izdelati s tlaCnim
litem, saj potrebna jedra (izguba form) ne
prenesejo dinamicnih sil postopka tlacnega
litta. Razvoj, npr. proizvodnja jeder iz soli
(SI. 7), je zelo obetaven. Pri¢akuje se, da
bo tehnoloski napredek Se vedji, ko bodo
takSna jedra konéno primerna za serijsko
proizvodnjo.

Casting

cast salt core

B
fitted by two single cores

moulds) can not withstand the dynamic
forces of the die casting process. New
developments such as salt core production
(fig. 7) are very promising and are expected
to create a considerable technology leap
when they finally become suitable for mass
production.

3 Environmental Aspects

The foundry industry is a very energy-
intensive sector. As illustrated in figure 8,
about 50% of the energy demand is needed
for the melting process.

It is a typical feature of the casting
process that the melting energy is needed
for the liquefaction of the metallic parts.
Technologies for recovering the waste heat
from the melting process are state of the
art. The Sankey diagram in figure 9 uses a
mass production iron foundry as an example
to illustrate the energy losses in melting
caused by losses of materials alone. Classic
casting process improvements to reduce
the machining allowance as well as the

Cooled diecasting housing replaces cast-in pipes,
realsized by gas-injection

Hochschule Aaton "%

Slika 7: Jedra iz soli in polnjenje s plinom bosta omogocila dodatne moznosti v postopku kokilnega

litja

Figure 7: Salt-cores and gas-injection will increase design-freedom in diecasting process
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3 Okoljevarstveni vidiki amount of returns and scrap have always
an impact on energy consumption! Modern

Livarska industrija je energetsko izredno simulation technologies provide plenty

intenzivna panoga. Kot je prikazano na Sliki  of possibilites for this, even in foundries

8, se v postopku taljenja porabi pribl. 50 %  working with very traditional methods.

vse energije.
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Slika 8: Vecina energije se porabi med taljenjem
Figure 8: Most energy is expended in melting shop
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Slika 9: Znatne izgube materiala in energije v postopkih ulivanja (ponazorjeno na primeru
zelezolivarne z masovno proizvodnjo)

Figure 9: Substantial losses of material and energy during casting process (illustrated by mass
production iron foundry)
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Slika 10: Anorganska vezivna sredstva izboljSujejo delovne in okoljske pogoje

Figure 10: Anorganic binders improve working- and environmental conditions

To je povsem obiCajna lastnost
postopka ulivanja, kjer je energija
potrebna za taljenje kovinskih delov.
Najnovejsi razvoj na podrocju predstavljajo
tehnologije za rekuperacijo odpadne
toplote. Sankeyjev diagram na Sliki 9 na
primeru zelezolivarne s serijsko proizvodnjo
prikazuje energetske izgube pri taljenju, Ki
so posledica izkljuéno izgub materiala.
IzboljSave tradicionalnih postopkov ulivanja
z namenom zmanjSevanja potrebe po
mehanski obdelavi ter koli¢ine vradil krozne
litine in odpadkov izmetnih ulitkov, vedno
vplivajo tudi na porabo energije! Moderne
simulacijske tehnologije ponujajo ogromno
moznosti tudi livarnam, ki se zana3ajo na
precej tradicionalne metode.

Na Sliki 10 je prikazano, kako obi¢ajno
nastaja dim pri ulivanju glav valjev v
stalno formo s cold box jedrom. Glavne
slabosti uporabe organskih  vezivnih
sredstev, potrebnih za delovanje sistema,
so ykoktejli«, ki so posledica razlicnih faz
seZiga vezivnih sredstev med ulivanjem
ter poslediénim nastankom kondenzata

Figure 10 illustrates the typical
development of smoke when casting a
cylinder head in a permanent mould using
cold-box-cores. Major disadvantages of
organic binders — which are inherent to
the system — are the “cocktail” that ensues
from the different combustion stages of the
binders during casting and the subsequent
condensate formation in the sand and in the
pipes of the exhaust air purification systems.
As a result, inorganic binders are gradually
becoming more popular. These binders not
only reduce the critical exhaust gases such
as benzene, toluene and xylene and the
amounts of condensate generated during
casting, but also contribute to the reduction
of greenhouse gases by considerably
reducing the CO2 footprint (fig. 10).

4 Additive-generative Processes
Additive-generative manufacturing methods

have been used in the field of rapid
prototyping for around 15-20 years now.
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Slika 11: Aditivni in generativni postopki so ze na voljo

Figure 11: Additive-generative technologies are already established

v pesku ter v izpusnih ceveh sistema
za Ci8Cenje zraka. Tako postopoma
postajajo anorganska vezivna sredstva
vedno bolj priljubljena. TakSna vezivna
sredstva zmanjSujejo nastajanje kritiCnih
izpusnih plinov, kot so benzen, toluen in
ksilen, ter koli¢ino kondenzata, ki nastaja
med ulivanjem, hkrati pa zaradi bistveno
manjSega oglji¢nega odtisa prispevajo tudi
k zmanjSevanju ucinka toplogrednih plinov
(SI. 10).

4  Aditivni in generativni postopki

Aditivne in generativhe proizvodne metode
se na podro¢ju hitre izdelave prototipov
uporabljajo Ze 15 —20 let. Ti postopki, ki
SO se sprva uporabljali za krajSanje Casa,
potrebnega za izdelavo prvega sestavnega
dela, tako, da izdelava orodja ni bila
potrebna, so se medtem dobro uveljavili in

These processes, originally used to reduce
the time needed for manufacturing a first
component by omitting tool manufacturing,
have meanwhile established themselves
and are now the method of choice for small
series in core and mould production.
Figure 11 shows the expected shift
of quantities when printed moulds can
be produced more -cost-effectively than
castings. In this way, complex cores such
as the water jacket core shown can be
produced. Additive-generative processes
have many advantages: economical
production of very small quantities,
facilitation of design changes at short
notice, and greater freedom of design. Wax
patterns created by generative processes
prove that this technology will play out its
strength in investment casting, too.
Additive-generative methods for metallic
components are so far limited to single item
(“on demand®) production and to cases
where component weight is an issue, e.g. in
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Wheat fixture: Formeds Student
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Slika 12: Trenutno se proizvajajo posamezni kovinski kosi (»na zahtevo«) nizke teze (letalska

industrija)

Figure 12: Metallic components are so far limited to single item (on-demand) production and to

lowest weight (aircraft prod.)

so postali priljubljena izbira za proizvodnjo
majhnih serij jeder in form.

Slika 11 prikazuje pri¢akovano gibanje
koli€in v trenutku, ko bo proizvodnja tiskanih
form stroSkovno ucinkovitejS8a od ulitkov.
Na takSen nacin bo mogoce proizvesti tudi
bolj kompleksna jedra, kot npr. jedra za
ulivanje blokov motorjev na sliki. Aditivni
in generativni postopki prinasajo Stevilke
prednosti: gospodarnejSo proizvodnjo zelo
majhnih koli€in, poenostavljajo spremembe
zasnove v zadnjem trenutku, nudijo pa tudi
vec¢ svobode pridizajniranju. Vos¢eni modeli,
ustvarjeni skozi generativne postopke,
dokazujejo, da bo ta tehnologija zasedla
pomembno mesto tudi v precizijskem litju.

Aditivne in generativne metode za
kovinske sestavne dele so trenutno
omejene na proizvodnjo posameznih delov
(»na zahtevo«) ter na proizvodnjo lahkih
sestavnih delov, npr. za letalsko industrijo.
Na Sliki 12 je prikazan nosilec pnevmatike
in vezni element, ki se uporablja v izdelavi
letal. Ni prav verjetno, da se bodo kovinski
sestavni deli, proizvedeni skozi aditivne in
generativne postopke, kadar koli uporabljali
za masovno ulivanje, kot npr. v proizvodniji
blokov motorjev.

the aircraft industry. As an example, figure
12 shows a wheel carrier and a connecting
element used in aircraft construction. It is
unlikely that metallic components made
with additive-generative processes will be
used for mass castings, like those needed
for engine crankcases.

5 Industry 4.0

Industry 4.0 or the “Internet of Things” are
current issues with a high priority on many
agendas. Even though the term is not used
officially, Industry 4.0 has already arrived
in modern foundries with robot-assisted
production lines and cross-linked systems.
Taking fully automated core production in
mass production as an example (fig. 13),
you can see how the relevant information is
processed from one production stage to the
next and how changes within the production
flow, such as type changes, largely occur
automatically.

Linking up production areas that
are locally separated, e.g. in a national/
international production network, networks
between suppliers and the foundry, direct
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5 Industrija 4.0

Industrija4.0 oz. »internet stvari« predstavlja
trenutne tezave s poudarkom na razli¢nih
vidikih. Industrija 4.0, Eeprav ta izraz Se ni
uradno priznan, je ze postal del modernih
livarn z robotskimi proizvodnimi linijami
in med seboj povezanimi sistemi. Na
primeru popolnoma avtomatizirane serijske
proizvodnje jeder (Sl. 13) je prikazano,
kako se v zaporednih fazah proizvodnje
obdelajo pomembne informacije ter kako
se spremembe poteka proizvodnje, npr.
tipske spremembe, v vedji meri izvedejo
samodejno.

Povezovanje lokalno lo¢enih
proizvodnih podrodij, npr. v nacionalnem
0z. mednarodnem proizvodnem omrezju,
omrezja med dobavitelji in livarnami,
neposredne podatkovne povezave med
modelnimi delavnicami, konstrukcijo ulitkov
in oddelki za zagotavljanje kakovosti ter
ustreznimi oddelki za stranke so Ze izvedeni

data connections between the pattern shop
casting design and QA divisions and the
respective customer departments have
already been implemented or are in the
pipeline. Whether the applications already
implemented in the foundry industry actually
correspond to the Industry 4.0. standards is
a matter of personal opinion. The foundry
industry has a relaxed attitude to this issue.

6 Cooperation between Foundrymen
and Designers

Figure 14 compares cost responsibilities
and cost causation at the individual stages
of component development and production.
It is evident that omissions or lapses in the
componentdevelopmentstagehavenegative
effects on the production costs in mass
production and that corrections are complex
and expensive. As such, foundrymen and
designers need to cooperate closely during
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Figure 14: Frontloading at planning and development process helps avoid costs at initial stage of
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Figure 15: Planning and development tools: today and future
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namre€ glede tega vpraSanja nima ravno
strogega mnenja.

6 Sodelovanje med livarji in
konstrukterji

Na Sliki 14 je prikazana primerjava med
odgovornostjo za kritje stroSkov in njihovim
izvorom v razlicnih fazah razvoja ter
proizvodnje sestavnih delov. Ocitno je, da
opustitve in napake v fazi razvoja sestavnih
delov negativno vplivajo na proizvodne
stro8ke serijske proizvodnje, reSitve pa so
zapletene in drage. Zato morajo livarji in
konstrukterji v fazi razvoja in konstrukcije
sodelovati tesneje. Razpolozljiva
simulacijska orodja je treba optimalno
izkoristiti za ponavljajoa opravila in
odpraviti tveganja med proizvodnjo oziroma
v zivljenjski dobi sestavnega dela (SI. 15).

Energijo, ¢as in denar je ucinkoviteje
vloZiti v razvojno in proizvodno fazo kot pa
preiskovati zapletene postopke in odpravljati

A

during the operating life of the component
(fig. 15).

It is more efficient to invest more
energy, time and money in the development
and construction stages than to go through
complicated processes to correct mistakes —
if this is at all possible. Although that seems
like stating the obvious, it nevertheless
often falls prey to stringent cost reduction
programmes.

In this context the question arises on
how to maintain a technological leading
edge. To finish, figure 16 illustrates how
long a copy protection may last. While
technical know-how about products and
machines can be copied within a very short
period of time, organizational know-how in
processes and organizations enjoy a higher
copy protection and can temporarily lead
to competitive advantages. The expertise,
skills and knowledge of employees as
well as their capabilities for successful

Employee
Know-how

Organisational
Know-how

Contin.
Improveme

Technical
Know-how

Slika 16: Veljavnost za&cCite pred kopiranjem
Figure 16: Copy protection validity
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napake — seveda, ¢e je to mogoce. Ceprav
je lahko zgoraj opisano popolnoma
ocCitno, pogosto postane Zrtev neizprosnih
programov zmanj$evanja stroskov.

S tega vidika pa se poraja vprasanje,
kako ohranjati tehnoloSko dovr3enost. Za
zakljucek je na Sliki 16 prikazano obdobje
veljavnosti zaSCite pred kopiranjem.
Tehnino znanje o izdelkih in strojih je
dovoljeno kopirati Zze po zelo kratkem
obdobju, organizacijsko znanje s podrocja
postopkov in organizacij pa je delezno
daljSe zaScCite ter lahko predstavlja zaCasno
konkurenéno prednost. Znanje in vescine
zaposlenih ter njihove zmoznosti uspesne
interakcije in inteligentno vodstvo so delezni
najvecje stopnje zascite pred kopiranjem.

7 Sklep

Moznosti v livarski industriji ter priloznosti
in izzivi so bili opisani na podlagi primerov
s podro&ja ulivanja motorjev. Ceprav je
mogocCe rezultate raziskav in razvoja, t.j.
izdelke in zadevne proizvodne procese,
preprosto kopirati, mora biti organizacija
sposobna prilagoditi se novim izzivom,
¢e zeli ohraniti ve€¢ kot pomembno
tehnoloSko prednost. Rezultat uspesnega
sodelovanja med delavci v livarnah ter
njihovimi strankami v zgodnji fazi razvoja
sestavnih delov je primeren izdelek.
Moderne tehnologije na podrocju ulivanja in
uporaba prefinjenih materialov omogoc¢ajo
proizvodnjo inovativnih sestavnih delov,
kar opraviCuje slogan »napredek skozi
tehnologijo«.Energetska ucinkovitost in
okoljska uspesnost proizvodnih procesov
predstavljata glavna vidika prav vsake
livarne v dobavni industriji. Industrija 4.0: v
modernih livarnah po vsem svetu Ze uvajajo
metode, Ceprav se ta izraz $e ne uporablja
prav pogosto. Aditivniin generativni postopki
so v nekaterih delih livarske industrije ze
uvedeni. Livarska industrija tako uspesno
sledi izzivom.

interactions and intelligent leadership have
the highest level of copy protection.

7 Conclusion

The future prospects of foundry technology
and its opportunities and challenges were
described on the basis of examples taken
from the field of engine casting.

Whereas the results of research
and development, i.e. products and their
respective production processes, can easily
be copied, it is vital that an organization is
capable of adapting to new challenges if the
all-important technological advantage is to
last.

Successfulcooperationbetweenfoundry
workers and their customers at an early
stage of component development ensures
mature products as an outcome. Modern
casting technologies and sophisticated
materials enable the production ofinnovative
components, which justify the “progress
through technology” slogan.

Energy efficiency and the environmental
performance of production processes are
focal issues for each and every foundry and
the supplier industry.

Industry 4.0: Methods are already being
applied in modern foundries even though
this term is not yet widely used.

Additive-generative processes have
already been implemented in parts of the
foundry industry. The industry is taking up
this challenge.
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Nov pristop k virtualnemu preizkusanju razkalupljanja
ulitkov iz kokil

Novel Modelling Approach to Virtually Test the Part
Ejection in Die Castings

1 Uvod

Pomemben korak v visokotlatnem litju
(HPDC - High Pressure Die Casting)
magnezija je izmet ulitka. Zaradi strjevanja
in ohlajanja se ulitek nakr¢i na orodje. Za
uspesno spopadanje s takSnimi mocnimi
silami in loCevanje dela ulitka od kokile
se uporabljajo izmetali, s katerimi ulitek
potisnemo iz kokile. Obi¢ajno je Stevilo
izmetaCev preveliko. To je posledica
dejstva, da je brez preizkusa trenutno teZzko
oceniti, ali je mogo€e nek del razkalupiti
tudi z zmanjSanim Stevilom izmetacev.
ZmanjSanje Stevila izmetaCev bi znizalo
proizvodne stroske ter proizvajalcem orodij
omogocilo ve€ svobode pri izdelavi hladilnih
kanalov, saj ti zasedajo isti prostor kot
izmetadi.

V tem ¢lanku je predstavljen nov
pristop modeliranja razkalupljanja delov
izmeta ulitkov v virtualnem okolju. Ta
pristop predstavlja simulacijska veriga,
sestavljena iz dveh korakov. Prvi korak je
izvedba vecfizikalnega modela procesa
litja, ki uposteva vidike pretoka ter termi¢nih
in mehanskih lastnosti. Namen takSne
simulacije je napovedati obremenitve v tistih
delih ulitka, s katerimi je pritrjen na kokilo.
Tak$na porazdelitev obremenitve je zaetno
stanje drugega koraka, ki predstavlja
modeliranje procesa razkalupljanja in
upoSteva vse ucCinke trenja. Rezultati
modeliranja zagotavljajo informacije o tem,

1 Introduction

One important process step in Magnesium
HPDC (High Pressure Die Casting) is the
ejection of part from the mould. Due to
solidification and cooling down the part
shrinks onto the mould. To over-come the
strong forces that hold the part on the mould,
ejection pins are used that push the part
out-side. Often the number of ejection pins
is exaggerated since it is currently difficult to
estimate if a reduced number could already
be sufficient to eject the part without actually
trying it. Reducing the number of ejection
pins would decrease production costs and
also give more flexibility to the mould maker
to set cooling channels since these are
occupying the same design space as the
ejection pins.

This article presents a novel modelling
approach to virtually test the part ejection.
The approach is a simulation chain built of
two steps. In the first step a multi-physic
modelling of the casting process, taking
into account flow, thermal and mechanical
aspects, is performed. Target of this
simulation is to predict the stresses in the
part that fix the part to the mould. This stress
distribution is used as the initial state for the
second part which represents the modelling
of the ejection process taking into account
all friction effects. Outcome of the modelling
provides information if the stresses in the
part during ejection will remain in the elastic
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ali obremenitve v ulitku med razkalupljanjem
Se vedno delujejo v elastiChem razponu
oziroma ali obstajajo podrocja, kjer prihaja
do plasti¢ne deformacije, kar bi pomenilo,
da postopkovni parametri niso ustrezno
nastavljeni. Uporaba takSnih metod
omogoca virtualno preizkuSanje razli¢nih
porazdelitev in nastavitev izmetacev.

Ta Clanek je sestavljen, kot sledi: prvi
del opisuje pristop k reSitvi vprasanja
skozi modeliranje. Med drugim opisuje
lastnosti materiala, robne pogoje in druge
informacije, nujne za modeliranje. Ta okvir
bo nato prenesen na konceptualni primer,
na podlagi katerega nameravamo prikazati
dosledno vedenje modela. Pridobljene
rezultate bomo podrobno obrazlozili. V
zadnjem delu bo model uporablijen na
dejanskem industrijskem primeru.

2 Opis glavnega pristopa k
modeliranju

Modeliranje je razdeljeno na dva dela. Prvi
del je simulacija procesa visokotlanega
lita (HPDC — High Pressure Die Casting).
Modeliranje je sestavljeno iz polnjenja kokile
s teko€im magnezijem, strjevanja, ohlajanja
ter kréenja ulitka v kokili. Z vidika reSevalnika
to ustreza hkratnemu izraCunu temperatur,
pretoka in napetosti. Modeliranje je bilo
izvedeno s sveznjem programske opreme
za simuliranje industrijskega ulivanja
ProCAST [1]. Simulacija poteka do trenutka
razkalupljanja ulitka. Stanje obremenitve v
tem trenutku se izvozi (Slika 1) ter uporabi za
mehansko modeliranje faze razkalupljanja.
Namen tega modeliranja je raziskati, kakSne
obremenitve nastajajo (ob upoStevanju
ucinkov trenja), ko izmetadi ulitek potiskajo
iz kokile. Ta del modeliranja smo opravili
z mehanskim reSevalnikom programske
opreme za modeliranje VPS [2].

range or if there are regions where plastic
deformation occurs, which would indicate
that the process parameters are not set
well. Using this methodology will enable the
virtual testing of different distribution and
settings of ejections pins.

The article is structured in the following
way. First the principle approach to solve the
problem by modelling will be described. The
details include material properties, boundary
conditions and other information that are
used by the modelling. This framework
will then be applied on a conceptual case
to show that the model is behaving in a
consistent way. The obtained results of this
case will be explained in detail. In the last
section, the modelling will be applied on an
industrial case.

2 Description of the Principle
Modelling Approach

The modelling is divided in two parts.
The first part is a process simulation of
the HPDC (High-Pressure-Die-Casting)
process. Content of the modelling is the
filling of the liquid Magnesium in the metallic
die, the solidification, cooling down and
how the part is thereby shrinking onto the
die. From the point of view of the solver
this is corresponding to a coupled thermal,
flow and stress cal-culation. The modelling
is performed with the industrial casting
simulation software package Pro-CAST
[1]. The modelling is performed until the
moment of part ejection. The stress state in
this situation is exported (Figure 1) in order
to initialize a mechanical modelling of the
ejection phase. Content of this modelling
is to investigate what kind of stresses will
occur when the ejection pins are moving
the part outside the die taking into account
friction effects. This part of the modelling is
performed with the mechanical solver from
VPS [2].
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Data transfer
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Thermal, Stress state at the Mechanical solver
flow, E> moment of part E> contact including

ejection

Friction effects

ProCAST

Slika 1: Diagram modeliranja
Figure 1: Modelling schema

VPS

3 Nastavitve modeliranja

Modeliranje  je zajemalo  doloCanje
mehanskih lastnosti ter robnih in zacetnih
pogojev. Lastnosti materiala zajemajo
toplotne in mehanske vidike. Na Sliki 2
so prikazane glavne toplotne lastnosti,

3 Modelling Setup

The modelling setup is consisting of setting
the material properties, boundary conditions
and initial conditions. The material properties
are consisting of thermal and mechanical
aspects. Figure 2 shows the main thermal
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Slika 2: Toplotne lastnosti zlitine AZ91, zgoraj levo toplotna prevodnost, zgoraj desno gostota, spodaj
levo entalpija, spodaj desno delez trdne faze

Figure 2: Thermal properties of AZ91, top left conductivity, top right density, bottom left enthal-py,

bottom right fraction solid
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na Sliki 3 pa glavne mehanske lastnosti,
uporablijene za nastavitev modeliranja.
Podatke smo pridobili iz podatkovne
zbirke o materialih programa ProCAST
[1]. Za opisovanje mehanskega vedenja
smo uporabili model elastoplastitnega
materiala z linearnim strjevanjem [3]. Za
kokilo smo uporabili termi¢ne lastnosti
jekla H13, za namene modela obremenitve
pa smo kokilo oznacili za togo. Koeficient
temperaturne prevodnosti med zlitino in
kokilo je bil nastavljen na vrednost 3000
W/(m? K). Za zlitine smo uporabili zacetno
temperaturo 625 °C, za material kokil
pa 225 °C (industrijski primer) oz. 180 °C
(Studija primera).

4 Studija primera

Na Sliki 4 je prikazana oblika dela ulitka v tej
Studiji primera. Gre za votel valj na osnovni

Woss Modbikid P § T S04
% L ¥

properties while Figure 3 shows the
mechanical properties that were used for
the modelling setup. The data is taken from
the ProCAST material database [1]. As a
description for the mechanical behaviour
an elasto-plastic material model with linear
hardening was used [3]. For the die, the
thermal properties of H13 were used and
considered as rigid for the stress model.
The interface heat coefficient between
alloy and die was set to 3000 W/(m? K).
An initial tempera-ture of 625 °C was used
for the alloys and 225 °C (industrial case)
respectively 180 °C (conceptual case study)
for the die material.

4 Conceptual Case Study

Figure 4 shows the geometry that was
used for the conceptual case study. The
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Slika 3: Mehanske lastnosti zlitine AZ91, zgoraj levo Youngov modul, zgoraj desno Poissonovo
razmerje, spodaj levo napetost te€enja, spodaj desno modul plasti¢nosti

Figure 3: Mechanical properties of AZ91, top left Youngs Modulus, top right Poisson ratio, bot-tom

left Yield stress, bottom right Plastic Modulus
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Slika 4: Oblika ulitka v Studiji primera

Figure 4: Geometry used for the conceptual case study
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Slika 5: Rezultati termi€nega in napetostnega preizkusa v Studiji primera

Figure 5: Thermal and stress results conceptual case study

plos¢i. Izdelali smo ga z dvodelno kokilo
(zgorniji del ni prikazan), kot je obic¢ajno za
visokotlacno litje. Osnovne mere dela so:
debelina sten 6 mm, zunanji premer valja
120 mm in viSina 66 mm (skupaj z osnovno
plos¢o). V prvem primeru smo zasnovali
pokon¢ni krozni valj (Slika 4 na sredini), v
drugem pa prisekan stoZec s stranicami
pod 5-stopinjskim naklonom (Slika 4 na
desni). Spodniji del kokile vsebuje &tiri valje,
ki delujejo kot izmetadi.

Na levi strani Slike 5 so prikazani
tempreraurni  rezultati  ob  trenutku
razkalupljanja. Ulitek se ohladi do

part is consisting of a hollow cylindrical set
on a base plate. It is formed by two parts
of a die (upper part of the die not shown)
to represent a typical HPDC setup. Basic
geometrical features of the part are a wall
thick-ness of 6 mm, outer diameter of the
cylinder 120 mm and a height of 66 mm
(including the bottom plate). In one case the
cylinder was straight (Figure 4 middle), in a
second case the cylinder wall was inclined
by 5 degrees (Figure 4 right side). The
bottom die contains four cylinders that are
rep-resenting the ejection pins.
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Figure 6: Forces during ejection phase straight cylinder (left side fc 0.2, right side fc 0.1 )
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Slika 7: Sile v fazi razkalupljanja za prisekan stoZec (levo 4 vodila, desno 2 vodili)

Figure 7: Forces during ejection phase inclined cylinder (left side 4 pins, right side 2 pins)
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temperature priblizno 260 oC. Zaradi
vedno vecje gostote v trdnem stanju (Slika
2 zgoraj desno) se ulitek kr&i na Kkokili,
zaradi Cesar nastajajo notranje napetosti
(Slika 5 na sredini in na desni strani). Na
takSnem stanju obremenitve je bila nato
izvedena mehanska analiza in raziskana
faza razkalupljanja.

Na Sliki 6 in Sliki 7 so prikazani rezultati
simulacije faze razkalupljanja. Vodoravna
os prikazuje €as, navpiCna pa pridrzalno
silo. Vrednost 0 s predstavlja trenutek, ko
se izmetadli za¢nejo premikati s konstantno
hitrostjo. Na Sliki 6 je prikazan primer
pokonénega kroznega valja. V primeru s
Slike 7 je bil koeficient trenja fc spremenjen
(leva stran 0,2, desna stran 0,1). Ko
se izmetaCi zalnejo premikati, morajo
najprej premagati staticno trenje, ki ga v
grafih prikazuje prvi vrh. Ko je dosezZena
ta vrednost, se zacnejo valji premikati,
nanje pa deluje dinamic¢no trenje. Linearno
zmanjSanje pridrzalne sile po dosezenem
vrhu lahko razumemo, ¢e upostevamo, da
se sti¢na povrsina (valja) zmanjSuje linearno
s hitrostjo izmetav€ev. Vrh je skladno s
pricakovanji enak koeficientu trenja fc. Z
znizanjem koeficienta trenja fc z 0,2 na 0,1
se tudi pridrzalna sila s 95 kN zmanjSa na
47 kN.

Na Sliki 7 je prikazan primer prisekanega
stozca. Koeficient trenja fc je bil v tem
primeru nastavljen na vrednost 0,1. Vedenje
z leve strani Slike 7 je na zacetku v vedji
meri enako tistemu s Slike 6 na desni, saj je
stanje v povezavi s stati€nim trenjem precej
podobno. V obeh primerih se zacne valj
premikati, ko je dosezena pridrzalna sila
47 kN. Nato zacne prisekan del izgubljati
stik in sile padejo na vrednost 0, medtem
ko stozc€asti del s Slike 6 vzdrzuje silo do
zaklju¢enega razkalupljanja. Na Sliki 7 na
desni je prikazan primer aktivacije dveh
vodil. Zaradi nesimetriénih sil pride do
momenta, zaradi katerega se ulitek med

Figure 5 left side shows the thermal
results at the moment of ejection. The part
is cooled down to a temperature of around
260 oC. Due to the increasing density in the
solid state (Figure 2 top right) the part is
shrinking onto the die and develops internal
stresses (Figure 5 middle and right side).
This stress state was then transferred to the
mechanical analysis and the ejection phase
was investi-gated.

Figure 6 and Figure 7 show the results
on ejection phase modelling. The horizontal
axis is showing the time and the vertical
axis the total holding force. The value of
0 s is the moment when the ejec-tor pins
begin to move with constant velocity. Figure
6 is referring to the case of straight cylinder.
In the cases corresponding Figure 7 the fc
(friction coefficient) was changed (left side
0.2, right side 0.1). When the pins start to
move they first have to overcome the static
friction which is corre-sponding to the first
peak of the graphs. Once this value is
reached the cylinder starts to move in a
dynamic friction mode. The linear decrease
of the holding force after the peak can be
understood by taking into account that the
contact surface (of cylindrical shape) is
decreased linearly with the ve-locity of the
ejection pins. The peak value is proportional
to the fc as expected. By lowering the fc
value from 0.2 to 0.1 the holding force is
reduced from 95 kN to 47 kN.

Figure 7 is corresponding to the
inclined cylinder geometry (truncated
cone). The fc value was set to 0.1 in this
case. The behaviour observed in Figure 7
left side corresponds in the beginning very
much to the one in Figure 6 right side since
the situation of the static friction is quite
similar. In both cases the cylinder is starting
to move once a holding force of 47 kN is
reached. But then the inclined part is losing
contact and the forces go to a 0 value while
the cylindrical part in Figure 6 is still hold
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razkalupljanjem nagne. V takSnem primeru
se morajo vodila pred popolnim izmetom
premakniti globlje, zaradi Cesar je pridrzalna
sila enaka nic.

5 Aplikacija na industrijskem primeru

V nadaljevanju so prikazani rezultati
obi¢ajnega visokotlaCnega litfa magnezija
na industrijskem primeru. Slika 8 prikazuje
temperaturno polje pred izmetom, Slika
9 pa prikazuje ujemajoCo porazdelitev
obremenitve pred izmetom.

Mrezo ulitka, kokila (premicni del)
ter izmetaCe skupaj uvozimo v mehanski
reSevalnik VPS (Virtual Performance
Solution) proizvajalca ESI. Na podlagi
porazdelitve obremenitve v delu (Slika 9) se
inicializira kontaktni algoritem, ki uposteva
sile trenja, ki del zadrzujejo v kokili. Kokila je
vedno zasnovanaz naklonom; v nasprotnem
primeru bi ulitek iz nje zdrsnil brez trenja.
V prikazanih rezultatih modeliranja je bil
dolocen koeficient trenja 0,2. Slika 10
prikazuje porazdelitev obremenitve, kot je
bila uvozena v reSevalnik VPS (enako kot
na Sliki 9)

until complete ejection. Figure 7 right side
shows the case where only two pins were
acti-vated. Because of the non-symmetric
forces a momentum is created which cants
the part during ejection. In this case the
pins need to move further before the part
is completely ejected and thus the holding
force shows a zero value.

5 Application on an Industrial Case

In the following the results of a typical Mg
HPDC industrial case is shown. Figure 8
shows the temperature distribution before
ejection. Figure 9 shows the corresponding
stress distribution before ejection.

The mesh of the casting part, the
die (moving part) and the ejection pins
together are imported in the mechanical
VPS (Virtual Performance Solution) solver
from ESI. Based on the stress distribution
in the part (Figure 9), the contact algorithm
is initialized, which is taking account the
friction forces that hold the part inside the
die. Since the die is always designed with
a taper the part would otherwise slide out
of the die without friction. In the displayed

Step Mo/ Time Step % ¢ 2008 W01
Semulatzd Time £ 11390 20

Slika 8: Termi¢na
porazdelitev v trenutku
pred razkalupljanjem

Figure 8: Temperature
distribution at the

ProCAST. moment before ejection



24 Livarski vestnik, letnik 64, §t. 1/2017

Po izmetu se obremenitev razporedi
znova. Na podlagi primerjave Slike 10 in
Slike 11 postane jasno, da so se obremenitve
po razkalupljanju na sploSno zmanjSale.

Proces razkalupljanja bi  lahko
alternativno proucili tudi tako, da bi analizirali
sti¢ne sile med razkalupljanjem. Na Sliki 12
so prikazane sile ob trenju 0,2 in 0,5.

V primeru koeficienta trenja fc 0,5
meri maksimalna skupna sila pribl. 160
kN, v primeru koeficienta trenja fc = 0,2 pa
smo zabelezili sile pribl. 50 kN. V sklopu
modeliranja je oc€itno, da vedenje skupne
sile ni popolnoma linearno. Sila v primeru

Effective Strews [1Pa]

R

Teey

Slika 9: Porazdelitev
obremenitve (v Mpa)
v trenutku pred
razkalupljanjem

Figure 9: Stress (in )
MPa) distribution at the :
moment before ejection

Fig
L

Slika 10: Porazdelitev
obremenitve (v GPa), uvozena
v reSevalnik VPS

||| ——

Figure 10: Stress (in GPa)
distribution as imported in the
VPS solver

modelling result, a friction coeffi-cient of 0.2
was assumed. Figure 10 shows the stress
distribution as imported by the VPS solver
(same as Figure 9)

Once the part is ejected the stress
field takes a new equilibrium. Comparing
Figure 10 and Figure 11 one can observe a
general reduction of the stress values after
ejection.

Another possibility to analyze the

ejection process is to have a look at the
contact force during ejec-tion. Figure 12
shows this force for friction values of 0.2
and of 0.5.

ProCAST
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Slika 11: Porazdelitev
obremenitve (v GPa) po
razkalupljanju

Figure 11: Stress (in GPa)
distribution after ejection

Slika 12: Skupna sila med
razkalupljanjem; zgornja
krivulja koeficient trenja fc 0,5,
spodnja krivulja 0,2

Figure 12: Total force during
ejection, upper curve fc of 0.5,
lower curve fc of 0.2

trenja 0,5 je rahlo vec&ja od pri¢akovanj v
primerjavi s trenjem 0,2 (Ce bi pri¢akovali,
da drzi naCelo sorazmernosti). Razlikuje se
tudi oblika krivulj. Videti je, da se pri niZjem
trenju razkalupljanje zgodi v dveh korakih
(ulitek verjetno najprej izgubi stik z enim
mestom in nato Se z drugim), v drugem
primeru pa izmetavanje sestavlja zgolj en
korak.

In the case of a fc (friction coefficient) of
0.5 the maximum total force is around 160
kN, while in the case of a fc = 0.2 an ejection
force of around 50 kN can be observed. From
the modelling, it appears that the total force
shows not a complete linear behavior. The
force in the case of 0.5 fric-tion coefficient is
slightly higher than expected comparing to
the case of a friction coefficient of 0.2 (if one
would expect a proportional law). Also, the
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Nas pristop omogoda podrobno
proucCitev faze razkalupljanja. Slika 13
prikazuje obremenitve presecne ravnine
med razkalupljanjem. Slika zgoraj prikazuje
obremenitve pred razkalupljanjem. Pomniti
je treba, da je kokila v trenutnem modelu
toga, zato je vrednost obremenitev enaka
ni€. Ko izmetadi izmecejo ulitek, pride
na mestu stika do velikih obremenitev.
Obremenitve so viSje, kadar so mesta
stika velika (srednji del Slike 13), oz. se
zmanj8ujejo z razkalupljanjem ulitka iz
kokile (Slika 13 spodaj).

Ceprav so rezultati v industrijskih
primerih  dosledni s  spremembami
parametrov modela, jih je mogoce nadalje
potrditi zgolj skozi primerjavo z rezultati
drugih poskusov. S tem vpraSanjem se
nameravamo spopadati v prihodnosti.

6 Sklepi in nadaljnji koraki
V tem prispevku je predstavljen nov pristop

k modeliranju faze razkalupljanja pri
tlagnem litju. Na podlagi simulacije procesa

Slika 13: Obremenitev
preseCne ravnine med
razkalupljanjem

Figure 13: Stress in
a cutting plane during
ejection

shape of the curves is different. It seems
that in the case of lower friction the ejection
is done in two steps (the part is probably
loosing contact first in one area and then
in another) while in the second case the
ejection is done at once.

The approach is enabling to look at
the ejection phase in all details. Figure 13
shows in this context the stresses in a cutting
planning during ejection. The top slide
shows the stresses before ejection. To be
noted that in the current modelling the die is
regarded as rigid and therefore the stresses
are zero. When the part is ejected by the
pins high stresses can be observed in the
contact area. The stresses are higher when
the contact areas are still large (Figure 13
middle part) and decrease further when the
part is more and more moved out (Figure
13 bottom).

While the results of the industrial case
are consistent to parameter changes of
the model, a further validation can only be
achieved by a comparison to experimental
results. This will be addressed in the
future.
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litia, vkljuéno z vidiki termike, pretoka in
obremenitev, je osnovan model obremenitve
v trenutku razkalupljanja. TakS§en model je
nato obdelan v mehanski analizi, v sklopu
katere napovemo mehanske sile v fazi
razkalupljanja. Raziskave $tudije primera so
pokazale, da so izsledki glede vpliva oblike,
trenja in nastavitev izmetaCev dosledni.
Aplikacijanaindustrijskemprimerudokazuje,
da je mogoce z vidika kompleksnosti oblike
tak8en pristop uporabiti tudi v dejanskih
industrijskih procesih.

Naslednji korak raziskav bo potrditev
rezultatov poskusa z namenom umeritve
koeficientov trenja, ki bi lahko ustrezali
dejanskemu industrijskemu okolju. Po
pridobitvi rezultatov se bo pristop uporabil
za optimizacijo samega procesa, npr. skozi
zmanjSanje Stevila izmetacev.

Viri / References

6 Conclusions and Next Steps

The article shows a new approach to model
the ejection phase in HPDC. Based on
process simula-tion of the casting process
including thermal, flow and stress aspects
the stress state at the moment of ejection
is modelled. This state is further processed
with a mechanical analysis in order to predict
the mechanical forces during the ejection
phase. Investigations of a conceptual case
show that the results behave in a consistent
manner concerning the influence of casting
geometry, friction and ejection pin settings.
The application on an industrial example
shows that this approach can also be
applied on a real industrial process in term
of complexity of the geometry.

Next step of the investigations will be the
validation by experimental results in order
to further cali-brate the friction coefficients
valid in a real industrial environment. Once
such results are available the approach will
be used to optimize the process itself for
example by reducing the number of ejec-
tion pins.

[1] https://www.esi-group.com/software-services/virtual-manufacturing/casting/procast-

quikcast

[2] HTTP:// WWW.ESI-GROUP.COM/SOFTWARE-SERVICES/VIRTUAL-
PERFORMANCE/VIRTUAL-PERFORMANCE-SOLUTION
[3] UPORABNISKI PRIROCNIK, MODEL OBREMENITVE IN LASTNOSTI PROCAST
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Vpliv skandija na mikrostrukturo in lastnosti
aluminijeve livne zlitine A356

Effect of scandium on the microstructure and properties
of the aluminium casting alloy A356

Povzetek
V &lanku je podan pregled stanja o vplivu skandija na lastnosti aluminijevih livnih zlitin.
Prikazana je mikrostruktura predzlitine AlSc2 in mikrostrukture zlitine A356 (AlSi7Mg0,3) v
litem stanju in po toplotni obdelavi T6. Predstavljeni so tudi prvi rezultati vpliva majhnega
dodatka skandija na trdoto zlitine A356.
Kljuéne besede: aluminijeva zlitina, skandij, mikrostruktura, fazna analiza, trdota

Abstract
This article gives a short overview regarding the effects of scandium on the properties of
aluminium casting alloy. The microstructure of the master alloy AlISc2 and the microstructures
of the alloy A356 (AISi7Mg0,3) in the as-cast condition and after T6 heat treatment are
presented. Effects of small additions of Sc on the hardness of the alloy A356 were also
evaluated.
Keywords: aluminium alloy, scandium, microstructure, phase analysis, hardness

1 Uvod 1 Introduction

Skandij je srebrno-bela prehodna kovina. Scandium is a silvery-white transition

Pogosto ga uvrd¢amo, skupaj z itrijem
in petnajstimi lantanoidi, v skupino
elementov redkih zemelj. Njegov ugodni
ucinek na aluminijeve zlitine je bil odkrit
v sedemdesetih letih prejSnjega stoletja.
Zlitine Al-Sc se v glavnem uporabljajo v
letalski in vesoljski industriji; uporabljene so
bile v sovjetskih vojaskih letalih in raketah
[1]. Pred nekaj leti so razvili zlitino Al-Mg-
Sc, ki se imenuje Scalmalloy. Izdeluje se z
littem na vrteCe kolo (angl. melt spinning),
pri katerem se doseze hitro strjevanje.
Nato se trakovi toplo iztiskajo ter na koncu
toplotno obdelajo. Zlitina ima odli¢ne

metal. It is often classified as a rare earth
element (REE), together with yttrium and
the fifteen lanthanides. The positive effects
on aluminium alloys were discovered in the
1970’s. The main application of scandium is
in aluminium-scandium alloys for selected
aerospace industry components. Initially,
they were used in the Soviet military aircraft
and missiles [1]. A few years ago, an Al-
Mg-Sc alloy, called Scalmalloy, has been
developed. It is produced by melt spinning,
consolidated by warm extrusion and finally
heat treated. It has excellent mechanical
properties and corrosion resistance. The
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trdnostne in korozijske lastnosti. V zadnjem
Casu se deli iz te zlitine izdelujejo tudi z
razli€nimi dodajalnimi tehnologijami, kot je
med drugim tudi selektivno lasersko taljenje
[2]. Toda ker je letna proizvodnja skandija
le okoli deset ton, je tezko pri¢akovati, da bi
lahko izdelali velike koliCine te zlitine. Poleg
tega je skandij tudi zelo drag [1].

Uporaba skandija v livnih aluminijevih
zlitinah je zelo redka. Pri dosedanjih
raziskavah so ugotovili, da ve¢ kot 0,4
mas. % Sc lahko moéno udrobni kristalna
zrna v zlitinah Al-Mg [3]. Muhammad in
sodelavci [4] so porocali, da lahko dodatek
do 0,4 mas. % Sc zlitini A357 zmanjSa
velikost kristalnih zrn za 80 %, medtem ko
se natezna trdnost in trdota povecata za 28
% in 19 %. Hkrati se poveca tudi razteznost
za kar 165 %. Xu in sodelavci [5] so
odkrili, da 0,5 mas. % Sc bistveno udrobni
mikrostrukturo in  oplemeniti evtekticni
silicij. Pretvorba lamel v vlakna omogodi
sferoidizacijo evtektskega silicija pri toplotni
obdelavi. IzboljSanje mehanskih lastnosti je
izviralo iz oplemenitenja evtektskega silicija
in izlo¢anja disperzoidov Al3(Sc, Zr).

V gnetnih aluminijevih zlitinah tvori
skandij disperzoide, ki preprecijo rast
kristalnih  zrn  med rekristalizacijo in
zagotovijo drobna podzrna, kar prispeva k
vecdji trdnosti tako pri sobni temperaturi kot
tudi pri poviSanih temperaturah. Omogoca
tudi superplasti¢nost Stevilnih aluminijevih
zlitin [6]. V livnih zlitinah pa lahko skandij
povzroci udrobnitev  kristalnih ~ zrn,
oplemenitenje evtektskega silicija ter tudi
nastanek disperzoidov, ki lahko povecajo
trdnost pri povisanih temperaturah. Toda
zaradi interakcije skandija z zlitinskimi
elementi, ki so v livnih zlitinah praviloma
v vedjih koncentracijah kot v gnetnih, se
lahko pojavijo tudi nezaZeleni stranski
ucinki, ki pa 8e niso temeljito raziskani. Cilj
tega prispevka je raziskati vpliv skandija
na mikrostrukturo Al-zlitine A356 pri litju

parts from this alloy have also been produced
by additive manufacturing technologies
[2]. Since the annual world production of
scandium is not more than ten tonnes, it is
hard to expect large quantities of this alloy.
Also, scandium is very expensive [1].

The application of Sc in the cast Al-
alloys is very rare. The addition of more
than 0.4% (mass fraction) Sc can cause
a remarkable grain refining effect in Al-Mg
alloys [3]. Muhammad et al. [4] reported that
the addition of up to 0.4% (mass fraction)
Sc to A357 alloy decreased the grain size
by 80% while ultimate tensile strength and
hardness are increased by 28% and 19%,
respectively. Moreover, along with the
growth in strength, elongation to failure is
also increased up to 165%. Xu et al. [5]
found that 0.5% Sc addition could refine the
microstructure significantly and modify the
morphology of eutectic Si from platelike to
fibrous, which promotes the spheroidization
of eutectic Si during heat treatment. The
improvement of mechanical properties was
attributed to microstructural refinement,
particularly the modification of eutectic Si
and precipitation of nanoscale AI3(Sc, Zr)
dispersoids.

In the wrought alloys, scandium forms
dispersoids that prevent grain growth during
recrystallization and provide fine subgrain
structure, which provides low-temperature
and high-temperature strength. Scandium
also allows the superplasticity of many
aluminium alloys [6]. In the casting alloys,
scandium can cause grain refinement,
modification of the eutectic silicon, and also
the formation of dispersoids, which can
increase the high-temperature strength.
However, due to the interaction of scandium
with alloying elements, which are present
at higher levels than in the wrought alloys,
several undesired effects can occur, which
have not yet been examined in detail. The
main goal of this article is to study the
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v bakreno kokilo, kjer se dosezZejo vecje
ohlajevalne hitrosti.

2 Eksperimentalno delo

Raziskali smo osnovno zlitino A356
(AISi7Mg0,3) in zlitino z dodatkom 0,4 % Sc
(tabela 1). Skandij smo dodali s predzlitino
AlSc2. Da bi zlitina s Sc vsebovala podoben
delez silicija in magnezija kot osnovna
zlitina, smo ji dodali ustrezni koli€ini AlSi20
in tehni¢no Cistega magnezija.

Tabela 1: Kemijska sestava preiskanih zlitin

Table 1: The chemical compositions of the
investigated alloys

Al Si Mg Fe Sc
92,11 7,25 0,47 0,17 -
91,71 7,46 0,31 0,11 0,40

Talino s temperaturo 750 °C smo ulili v
bakreno kokilo pri sobni temperaturi. Livha
votlina je imela tak$no obliko, da smo dobili
valj¢ke s premeri 2,5; 4; 6; 10 in 16 mm.
Izvedli smo toplotno obdelavo T6 (topilno
zarjenje 8 ur pri 536 °C, gasenje v vodi ter
staranje 3 ure pri 156 °C).

Vzorce smo metalografsko pripravili
in opazovali na svetlobnem mikroskopu
(SM) Nikon Neophot 300, wvrsticCnem
elektronskem mikroskopu Sirion 300 NC,
FEI, kemi¢no sestavo faz smo ugotavljali
z energijskodisperzijsko (EDS) analizo
rentgenskih zarkov (INCA 350, Oxford
Analytical). Izmerili smo tudi trdoto vseh
vzorcev (HV 1) na pre€nem prerezu valj¢kov
s premerom 6 mm z merilnikom mikrotrdote
Zwick 3212.

Rentgensko fazno analizo (XRD) smo
izvedli v sinhrotronu Elettra (Sincrotrone
Elettra, Trst, Italija). Poskuse smo izvajali
na konéni postaji XRD1, valovna dolzina

scandium effect on the microstructure of the
aluminium alloy A356 during casting into a
copper mould, where higher cooling rates
can be achieved.

2 Experimental work

The basic A356 alloy A356 (AISi7Mg0,3) and
the alloy with 0.4% Sc were investigated,
Table 1. Scandium has been added in the
form of the AlSc, master alloy. Adequate
amounts of AISi,0 and technically pure
Mg were also added in order to retain
approximately the same amounts of Si and
Mg in the modified alloy

The melt with a temperature of 750
°C was cast into a copper mould at room
temperature. The shape of the mould
enabled us to obtain cylinders with
diameters of 2.5, 4, 6, 10 and 16 mm. The
samples were heat treated by T6 treatment
(solution annealing at 536 °C for 8 h, water
quenching and artificial aging at 156 °C for
3 h).

The samples were metallographically
prepared. They were investigated using a
light microscope (LM) Nikon Neophot 300,
scanning electron microscope Sirion 300
NC, FEI, the chemical composition of phases
were determined using energy dispersive
X-ray spectroscopy EDS (INCA 350, Oxford
Analytical). The Vickers hardness HV 1 of
the samples was tested on the lateral cross-
sections of the cylinders with a diameter of
6 mm (microhardness tester Zwick 3212).

The X-ray phase analyses (XRD)
were carried out at synchrotron Elettra
(Sincrotrone Elettra, Trieste, lItaly). The
experiments were performed atthe beamline
XRD1. The wavelength of the X-rays was
0.1 nm. The X-rays were collected by a
detector Dectris Pilatus 2M. Afterwards, the
results were transformed from 2D images
to X-ray patterns intensity vs. 20 using a
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uporabljenih rentgenskih Zarkov je bila
0,1 nm. Rentgenske Zarke smo zajemali z
detektorjem Dectris Pilatus 2M. Rezultate
smo pretvorili iz 2D-posnetkov v diagrame
intenziteta — 20 s programom Fit2D. Na
osnovi teh diagramov smo s pdf-karticami
(pdf je kratica za powder diffraction file)
identificirali faze v predzlitini AlSc, ter v
stanjih T6 obeh zlitin.

Ravnotezne faze in strjevanje skladno
s Scheilovim modelom smo izracunali s
programom Thermo-Calc. Pri tem smo
uporabili banko podatkov TCAL4.

3 Rezultati in diskusija

Slika 1 prikazuje mikrostrukturo predzlitine
AlSc,. V predzlitini AlSc, je skandij navzo¢
v obliki delcev Al,Sc, ki imajo praviloma
kockasto obliko, medtem ko so nekateri
dendritne oblike. Z rentgensko fazno
analizo smo ugotovili, da ima a-Al mrezno
konstanto a = 0,40479 nm, ter AL.Sc a =
0,40980 nm, kar je zelo blizu vrednostim
za Cisti Al (Stevilka pdf-kartice 04-0787) in
AlSc (Stevila pdf-kartice: 000-17-0412).
Mrezni konstanti obeh faz sta podobni, zato
je lahko faza AI3Sc koherenta z a-Al, ko so
delci majhni, pri vedjih velikostih pa postane
fazna meja nekoherentna [7].

Slika 2 prikazuje mikrostrukturi zlitin v
litem stanju, v valjcku s premerom 6 mm.
V mikrostrukturi prevladujejo dendriti trdne
raztopine a-Al, v meddendritnem prostoru
paje evtektik (a-Al + 8-Si). V meddendritnem
prostoru je bila tudi faza bogata z Zelezom
in silicijem, najverjetneje Al,FeSi. Zaradi
sorazmerno hitrega strjevanja sta tako a-Al
kot tudi evtekti¢ni silicij zelo drobna, pa tudi
razlika med obema mikrostrukturama je
zelo majhna.

software Fit2D. These X-ray patterns were
used to identify phases in the AlSc, master
alloy, and both alloys in T6-state by using
pdf cards (pdf is an acronym for powder
diffraction file).

The equilibrium phases and
solidification according to the Scheil model
were calculated using software Thermo-
Calc, and the thermodynamic database
TCALA4.

3 Results and Discussion

Figure 1 shows the microstructure of the
master alloy AlSc,. In the master alloy AlSc2,
scandium is mainly present in the form of
Al,Sc-particles, having a cuboidal shape
predominantly, while some have a dendritic
morphology. XRD showed that the lattice
constant of a-Al was a = 0.40479 nm, and
that of AlLL.Sc was a = 0.40980 nm. These
values were close to values of pure Al (pdf
04-0787) and Al,Sc (pdf 000-17-0412). The
lattice constants of both phases are very
similar. Thus, the interface between Al.Sc
and a-Al can be coherent when the particles
are small but can become incoherent when
the size of Al.Sc particles increases [7].
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Slika 1 Mlkrostruktura predzlitine AISC (SM)

Figure 1: Microstructure of the master alloy
AlSc, (LM)
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Fiad A - s

a) A356

b) A356 + 0,4 % Sc

Slika 2: Primerjava mikrostruktur a) osnovne zlitine in b) zlitine z dodatkom 0,4 % Sc v litem stanju

v valjcku s premerom 6 mm (SM)

Figure 2: A comparison between micro-structures of the a) basic A356 alloy and b) the alloy with
0.4 % Sc in the as-cast condition, in the cylinder with a diameter of 6 mm (LM)

Obe zlitini sta veckomponentni, zato
strjevanje poteka preko Stevilnih reakcij.
Na sliki 3 so rezultati izraCuna strjevanja po
Scheilovem modelu za zlitini A356 z 0,4 %
Sc. Ta pokaze, da se strjevanje zacne ze pri
750 °C z izlo¢anjem faze Si2Ti. Te faze je
sicerle 0,2 mas. %, tako da je v mikrostrukturi
nismo odkrili. Faza a-Al zacne nastajati pri
612 °C. Pri priblizno 570 °C nastopi kvatrna
evtekticna reakcija L — a-Al + B-Si + Si,Ti
+ AISiMnFe. Deleza Si,Ti in AISiMnFe sta
zelo majhna, tako da je mikrostruktura tega
evtektika skoraj identi€na mikrostrukturi
binarnega evtektika (a-Al + 3-Si). Pri nizjih
temperaturah se v okviru vecfaznih zlogov
izloca tudi faza ScSi. Strjevanje se konca
pri priblizno 525 °C. Lu in Zhang [8] sta pri
termodinamski raziskavi sistema Al-Si-Mg-
Sc ugotovila, da se v zlitinah v aluminijevem
kotu ne pojavlja faza ScSi, temvec¢ ternarna
vmesna spojina AlSc,Si,, ki pa je ni v banki
podatkov TCAL4. Tako naSi rezultati niso

Figure 2 shows the microstructure in the
as-cast condition, in the cylinder with 6 mm
in diameter. The dendrites of a-Al prevail
in the microstructure. In the interdendritic
region is the eutectic (a-Al + B-Si). In the
interdendritic spaces, also a phase rich
in Fe was present, probably Al,FeSi. The
rather fast solidification resulted in very fine
dendrites of a-Al as well as fine eutectic
silicon. In addition, the differences between
both microstructures are rather small.

Both alloys were multicomponent.
Therefore, solidification took place over
several reactions. Figure 3 shows the
crystallization sequence according to the
Scheil model for the alloy A356 + 0.4 %
Sc. The solidification starts at 750 °C with
the formation of Si,Ti phase, which forms
when the alloy has a very small fraction of
Ti. The fraction of this phase should be only
0.2%, and we were not able to find it in the
microstructure. The a-Al starts to form at
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Slika 3: Reakcije pri strjevanju

uouo

LIGUD + SI2TI_CS54

FCC_L12 » LIGUID + SI2TI_CS54

FEC_L12 + LIGUD

ALISSIZNA + FOC_L12 + LIOUID + SI2TI_CS4

AL15SI2M4 + DIAMOND_A4 + FCC_L12 + LIQUID + SI2TI_C54
AL1SSIZMA + DIAMOND_A4 + FCC_L12 + LIGUID + SCSI + SI2TI_C54

700

AL1BFE2MGTSHO + DIAMOND_A4 + FCC_L12 + LIQUID + SCSI
B75

Frrrrerrrrrrnd

AL1SSI2M + ALSFE2SI2 + DIAMOND_A4 + FCC_L12 » LIQUID + SCSI + SI2TI_C54

AL15SI2044 + AL1SFEZMGTSI O + ALSFEZSI2 + DIAMOND_A4 + FCC_L12 + LIQUID + SCSI + SI2TI_C54
AL1SSI2MA + AL1BFEZMGTSINO + DIAMOND_A4 + FCC_L12 + LIQUID « SCSI + S2TI_CS4
ALTBFEIMGTSH O + DIAMOND_A4 + FCC_L12 + LIQUID + SCS1+ SI2TI_C54

AL15SI2044 + AL1SFEZMGTSI O + DIAMOND_A4 + FCC_L12 + LIQUID « SCSI
AL15SI2M44 + AL1SFEZMGTSIIO + DIAMOND _A4 + FCC_L12 + LIGUID « MG2SI_C1 + SCSI

izraGunane s  Scheilovim
modelom (program Thermo-
Calc)

Figure 3: The reactions by
solidification, calculated by the
Scheil model (Thermo-Calc)
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povsem pravilni, vendar pa je primerjava
rezultati Luja in Zhanga [8] razkrila, da so
razlike v temperaturah, pri katerih se pojavi
s skandijem bogata faza, zelo majhne.

Slika 4 prikazuje mikrostrukturi po
toplotni obdelavi T6. Osnova je a-Al, v kateri
so delci B-Si in Se nekaterih drugih faz. Med
osemurnim topilnim zarjenjem pri 536 °C se
je mo¢no spremenila oblika B-Si. Ta sedaj
ni ve€ navzo€ v heterogenem zlogu z a-Al,
temveC€ so nastali kroglasti delci, ki imajo
premer nekaj mikrometrov. Na posnetkih
s svetlobnega mikroskopa so delci faze na
osnovi AlFeSi komaj opazni (sivi paliCasti
delci na sliki 4), medtem ko so dobro vidni
na elektronskih mikroposnetkih (svetli delci
na sliki 5).

=]

=4
on

612 °C. At approximately 570 °C, initiates
the quaternary eutectic reaction L — a-Al
+ B-Si + Si,Ti + AISiMnFe. The fractions of
Si,Ti and AISiMnFe are very small. Thus the
formed microstructure closely resembles the
microstructure of the binary eutectic (a-Al +
B-Si). At lower temperatures, a scandium-
rich phase should form. The Thermo-
Calc calculations predict the phase ScSi,
which is present as a part of multiphase
microstructural constituents. The last melt
solidifies at 525 °C. Recently, have Lu and
Zhang [8] carried out a thermodynamic
analysis of the quaternary system Al-Si-
Mg-Sc. They found out that in the Al-corner
a ternary compound AlSc,Si, forms and
no ScSi. This phase is not included in the
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a) A356 b) A356 + 0,4 % Sc

Slika 4: Primerjava mikrostruktur a) osnovne zlitine in b) zlitine z dodatkom 0,4 % Sc v
valjc¢kih s premerom 6 mm po toplotni obdelavi T6 (SM)

Figure 4: Microstructure comparison of a) the basic alloy and b) the alloy with 0,4% Sc in
cylinders with a diameter of 6 mm, in the T6-condition (LM)

a) A356 b) A356 + 0,4 % Sc

Slika 5: Primerjava mikrostruktur a) osnovne Zzlitine in b) zlitine z dodatkom 0,4 % Sc v valj¢kih s
premerom 6 mm po toplotni obdelavi T6 (SEM, odbiti elektroni)

Figure 5: Microstructure comparison of a) the basic alloy and b) the alloy with 0,4% Sc in cylinders
with a diameter of 6 mm, in the T6-condition (SEM, backscattered electrons)
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16 18 20 22 24 26 30 32 A356 + 0,4 % Sc po toplotni obdelavi
Bragg angle /° T6. a) Prikaz med kotoma 20 od 16°
Braggov kot /° do 32°, kjer lahko identificiramo a-Al
b) 65 000 - - . v . in 3-Si, terb) pove¢ano obmocje med
- tii I AlSc,Si, 10° in 18°, kjer lahko identificiramo
& 63000- .’-.1 # Al Fe,Si, 7 fazo AlFeSi v zlitini A356, ter faze
?D L )‘ # # * AlLFcSi AlSc,Si,, Al jFe,Si, in Mg,Si v zlitini
‘@ 61000F ™ ! ,’mll & Mg,Si A356, kiima 0,4 % Sc.
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£ 59 000k \\J x\ f 1 1 Figure 6: X-ray diffraction patterns
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53 000 . . . where Al,FeSi in alloy A356, and
10 12 14 16 18 AlSc,Si,, Al,Fe,Si, and Mg,Si in
Bragg angle /° the alloy A356 + 0.4 % Sc can be
Braggov kot /° identified.

Na sliki 6 sta difraktograma obeh Zzlitin.
Slika 6a prikazuje obmocje med kotoma
20 16° in 32°, kjer lahko identificiramo fazi
a-Al in B-Si. Opazni so tudi manjsi vrhovi,
ki pa ne omogoc€ajo zanesljive identifikacije
faz. S podrobno analizo ostalih obmodij
difraktograma smo v stanju T6 zlitine A356
identificirali fazo Al,FeSi. V zlitini A356, ki
ima 0,4 % Sc, pa Se faze AlSc,Si,, Al,Fe,Si,
in Mg,Si. Fazi Al,FeSi in AlFe,Si, sta si
zelo podobni, saj imata obe monoklinsko
kristalno zgradbo. Kristalografski podatki o
fazah so zbrani v tabeli 2.

Glede na sliki 4 in 5 in rezultate XRD
dodatek Sc spremeni sestavo in mrezne

databank TCAL4. Thus, our results are
not completely correct, at least at lower
temperatures. However, the comparisons of
the results have shown that the differences
in the calculated temperatures in the
temperature region, where a scandium-rich
phase is present, are not significant.

Figure 4 depicts the microstructure
after T6 heat treatment. The matrix is a-Al,
in which particles of 3-Si and some other
phases are present. The shape of (3-Si
particles has considerably changed during
solution treatment at 536 °C for 8h. 3-Si is
not present as a part of eutectic (a-Al + 3-Si)
anymore but in the form of mainly spherical
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Tabela 2: Rezultati rentgenske fazne analize zlitin v stanju T6
Table 2: The results of the XRD of alloys in the condition T6

. . AlFeSi Al.Fe Si
Vzorec a-Al B-Si AlSc,Si, (a- ,&IFeSi) (a-?AIFieSZi)
a=1,78012
_ _ b=1,02516
A356T6_2 a=0,40492 |a=0,54249 o= 088954
B =132,03°
a = 2,09031
_ _ a=0,65977 b =0,62781
A356SCO4T6_1 |a=040486 | a=054233 | [ 70 000 0= 060632
B = 89.86°
E;‘;z't'iincn' pdf 04-0787 27-1402 ref. [1] pdf 20-0032 | pdf 54-0376

parametre faze AlFeSi, hkrati pa se zmanjSa
njena velikost.

PodrobnejSa analiza mikrostrukture
zlitine A356 + 0,4 % Sc z vrstiénim
elektronskim mikroskopom in energijsko-
disperzijsko analizo je prikazana na sliki
7. Svetli, podolgovati delci vsebujejo Al, Si
in Fe. V njih ni prakticno ni¢ Mn, saj je tudi
v osnovni zlitini bil v zelo majhni koli€ini.
Torej je to gotovo faza Al Fe,Si, (a-AlSiFe),
ki smo jo identificirali tudi z rentgensko
fazno analizo. Faza AlSc,Si, je navzoCa v
obliki kroglastih delcev, ki so veliki od nekaj
desetink mikrometra do enega mikrometra.

Slika 7: Analiza zlitin A356 + 0,4 Sc v stanju T6

particles. Light and electron micrographs
also reveal the presence of a phase based
on AlFeSi (Figures 4, 5).

Figure 6 shows the X-ray diffraction
patterns of both alloys in T6 condition.
Figure 6a illustrates the area between 16°
and 32°, where the phases a-Al and B-Si
can be identified. There are also smaller
peaks present, but they do not allow reliable
identification of phases. Careful analysis of
other regions revealed the phases Al,FeSi
in A356, and AlSc,Si,, Al,Fe,Si, and Mg,Si
in A356 + 0.4% Sc. Phases Al,FeSi and
Al Fe,Si, are very similar since both exhibit

(SEM + EDS)
Figure 7: Analysis of the alloy A356 + 0.4 Sc in the T6-condition.
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IzloCkov faze Mg,Si z vrsti¢nim elektronskim
mikroskopom nismo mogli identificirati.

S programom Thermo-Calc smo
izraCunali tudi ravnotezne faze pri
temperaturi topilnega Zarjenja. To naj bi
bile faze a-Al (92 mol. %), B-Si (6 mol. %),
Al Si,(Fe,Mn), (1,2 mol. %), ter zelo malo
faze ScSi. Glede na to, da v banki podatkov
ni AlSc,Si,, njeno mesto nadomesca faza
ScSi. V mikrostrukturi pa je zaradi majhne
vsebnosti Mn namesto faze Al, Si,(Fe,Mn),
navzoca faza Al,Fe,Si,.

V tabeli 3 so trdote v litem stanju in po
toplotnih obdelavah. Razlike med zlitinama
pri premeru 6 mm niso velike. Najvecje
so v stanju T6, morda zaradi nekoliko
veCje vsebnosti magnezija v osnovni
zlitini. Vecje razlike bi lahko pri¢akovali pri
vecjih premerih, kjer so hitrosti ohlajanja
pocasnejSe. Vsekakor navzoénosti skandija
povzroci, da je zelezova faza bolj drobna,
kar bilahko vplivalo na povecanje duktilnosti
zlitine pri nateznem preskusu

Eden izmed ciljev dodajanja skandija
je povecanje temperaturne stabilnosti zlitin.
Zato je gotovo pomembneje, kako se te
zlitine obnas$ajo pri povisanih temperaturah.
To pa je podrolje raziskav, na katerem
bomo v prihodnje intenzivneje raziskovali
tovrstne zlitine.

Tabela 3: Vrednosti trdot HV 1 valj¢ckov s
premerom 6 mm v razli¢nih stanjih

Table 3: Hardness HV 1 of the cylinders with a 6
mm diameter in different conditions

Topilno zarjeno +
Zlitina / lito / gaseno / T6
Alloy As-cast | Solution annealed
+ quenched
A356 84 86 106
A356 +
0.4 % Sc 84 77 90

a monoclinic structure. The crystallographic
data are collected in Table 2. Thus the
addition of Sc to A356 changes the nature
of AlFeSi-phase, and also reduces its size
(Figures 4, 5).

The detailled analyses of the
microstructure of the alloy A356 + 0.4 % Sc
using SEM and EDS is shown in Figure 7.
The bright and elongated particles contain
Al, Si and Fe. They do not contain any Mn
since its amount in our alloy was minor.
These particles should then belong to the
phase AlFeSi, (a-AlSiFe), which was
identified by XRD. The AISc,Si, is present
in the form of spherical particles. Their sizes
range between few tenths of micrometre
and one micrometre. The Mg, Si precipitates
have not been identified using SEM.

The equilibrium phases atatemperature
of the solution annealing were calculated
using Thermo-Calc. These phases should
be a-Al (92 mol. %), B-Si (6 mol. %),
Al Si,(Fe,Mn), (1.2 mol. %), and a tiny
amount of ScSi. Since the phase AlSc,Si,
is not in TCAL4, its place is occupied
by ScSi. Due to a tiny amount of Mn, the
Mn-rich phase was not detected in the
microstructure. Instead of it, the phase
Al Fe,Si, appeared.

Table 3 illustrates the hardness in
the as-cast and heat treated conditions.
Differences inthe samples having adiameter
of 6 mm are not large. The greatest are in
the condition T6. Higher differences could
be expected by larger diameters when the
cooling rates are much lower. The presence
of Sc caused the formation of smaller
particles of the Fe-rich phase, which should
have a beneficial effect on the ductility of
the alloy.

One of the goals by the addition of
scandium is to increase temperature
stability of the alloys. Therefore, it is more
important how these alloys behave at higher
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4 Sklepi

Po podatkih iz literature lahko majhen
dodatek skandija lahko v aluminijevih
zlitinah udrobni kristalna zrna, zmanjsa
razdalje med dendritnimi vejami, hkrati pa
se oplemeniti evtektiCni silicij. Torej ima
skandij veckratni pozitivni ucinek, kar je
izrazito pri majhnih ohlajevalnih hitrostih. Pri
nasih preskusih, ko smo zlitino lili v bakreno
kokilo, razlike niso bile zelo velike. Trenutno
je svetovno proizvodnja majhna in teZavna,
zato je sorazmerno drag. Pogosto se delno
nadomesc&a z drugimi elementi, predvsem s
cirkonijem in itrijem.

V tem delu so predstavljeni tudi zacetni
rezultati u€inka na mikrostrukturo in trdoto
zlitine A356, ki je bila ulita v bakreno
kokilo. Pri sorazmerno velikih ohlajevalnih
hitrostih je vpliv dodatka Sc sorazmerno
majhen. Najbolj je bilo o€itho zmanjSanje
velikosti z Zelezom bogate faze. V Zlitini
smo identificirali fazo AlSc,Si,, ki se
pojavlja v zlitinah Al-Si namesto faze Al Si.
Zato bo potrebno to fazo vkljuciti v banko
termodinamskih podatkov, da bodo rezultati
termodinamskih izracunov ustreznejsi.

Podoben ucinek skandija na zlitino
A356 kot je bil ugotovljen v tej raziskavi,
lahko pri¢akujemo tudi v primeru tlacnega
litta. Ta na mikrostrukturo in lastnosti ne
vpliva v zelo veliki meri, vendar pa bo
bolj bistveno ugotoviti, kako Sc vpliva na
povecanje temperaturne stabilnosti zlitin.

5 Zahvala
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temperatures. This is the area, where we
intend to continue research in the future.

4 Conclusions

A small addition of scandium can refine the
grain sizes, decrease the distances between
the secondary dendrite arms, and modify the
eutectic silicon in aluminium alloys. Thus,
scandium can have multiple effects. At the
moment, the world production of scandium
is very small, and consequently, its price is
very high. Zirconium and yttrium frequently
replaced it.

In this work, we present our initial
results regarding the effect of scandium on
the microstructure and hardness fo the alloy
A356, which has been cast into a copper
mould. At higher cooling rates, the effect of
scandiumisrather small. It mainly decreases
the size of iron-rich phase in all conditions.
In the investigated alloy, we identify the
phase AlSc,Si,, which is present in Al-Si
alloy instead of AI3Si. Therefore, AlSc,Si,
should be incorporated into thermodynamic
databases, in order to improve the reliability
of thermodynamic modelling in Al-Si alloys.

A similar effect of scandium as it
was detected in this investigation can be
expected by high-pressure die casting.
Its effect on microstructure and properties
is not very large. However, it will be more
important to determine the effect of Sc on
increase of the temperature stability of Al-Si
alloys.
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Znizanje proizvodnih stro§kov Z regeneracijo
bentonitnega peska (Studija primera)

Reduction of production costs via bentonite
clay powder' reclamation (Case study)

Povzetek

Livarne, ki uporabljajo bentonitne peske, se sreCujejo s tezavami, kot je prekomerna
koli¢ina peska v obtoku, kot tudi neprimerna granulacijska sestava peska, ki vsebuje
prevelik deleg finih frakcij in inertnih snovi. Obstaja visoka povezanost med finimi frakcijami
in inertnimi snovi v pesku ter napakami na ulitkih, Se posebej v obliki vklju¢kov peska.
VzdrZevanje ustrezne peS€ene meSanice je mozno z ustrezno vedjim osvezevanjem, kar
posledi¢no pomeni, da koli¢ina peska v sistemu naraste preko skladi§¢nih zmogljivosti in
ga je potrebno izlo€ati iz sistema ter odvazati na deponijo. Alternativa takemu nacinu pa je
uvedba naprave za regeneracijo peska.

V raziskavi smo prikazali, da s primerno regeneracijo povratnega peska lahko
inertne snovi in fine frakcije vzdrzujemo na zZeleni ravni, pri manjsi porabi peska. Poraba
kremencevega peska se je zmanjSala za slabih 40 %, temu primerno pa se je zmanjsala
tudi poraba bentonita in &rnine. Investicija v regeneracijo se povrne v manj kot 2 letih.
Kljuéne besede: regeneracija, bentonitni pesek, fine frakcije, odprane snovi, stroski,
t-test

Summary

Foundries which utilize bentonite clay powders often face problems such as excessive sand
quantities in circulation along with inadequate granular sand composition, i.e. sand that
contains excessive fine fractions and inert substance proportions. There is a high correlation
between fine fractions, inert substances in the sand and faulty castings, particularly in
the form of sand inclusions. Maintaining a suitable sand mixture is possible via suitable
refreshing. In turn, the quantity of system sand will surpass the available storage space and
will need to be eliminated from the system and discarded at a landfill. An alternative to this
is the introduction of a sand reclamation system.

In the study, we have shown that via suitable return sand reclamation, inert substance
and fine fraction levels can be maintained and the sand consumption reduced. Silica
sand consumption was decreased by just under 40%, and also resulted in the reduced
consumption of bentonite clay and blacking. The reclamation investment should return
within less than 2 years.

Keywords: reclamation, bentonite clay powder, fine fractions, leached substances,
costs, t-test

1  Proizvajalec opreme lo¢i med reclamation, kar obravnavamo in regeneration. Ker v slo. nismo
nasli ustreznejSega izraza, uporabljamo termin regeneracija.
The equipment manufacturer differentiates between the terms reclamation, dealt with in this
article, and regeneration. Since no equivalent exists in Slovene, the expression »regeneracija«
has been used throughout.
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1 Uvod

Formarska linija v obravnavani livarni ima
zmogljivost 150 form/h. Velikost okvirjev
900 x 900 x 300/300 mm, s horizontalno
delilno ravnino. Koli¢ina peska v skopljeni
formi je cca. 700 kg, povpreCna masa litine
pa 25 kg, kar kaze na visoko razmerje pesek
: litina (p/1).

Visoko razmerje p/l poveCuje delez
finih frakcij v pesku, kar posledi¢no pomeni
majhen deleZ izgub in zato manjSo mozno
osvezitev peska pri konstantni kolicini
peska v sistemu. Drugace povedano, Ce
bi pesek osvezevali z delezem, s katerim
bi zagotavljali primerno kakovost ulitkov,
bi koli¢ina v sistemu naraS€ala in bi kmalu
presegla zmogljivost zalogovnikov. TeZava
finih frakcij v pesku je v tem, da povecujejo
potrebo po vlagi - in to lahko do take mere,
da se je zaradi oteZenega formanja in
posledi¢no otezenega razpada na reSetki
ne moremo privos€iti. Ugotovili smo, da
na delez izmeta najbolj vplivata dve, v
raziskavi [1] zajeti spremenljivki. Zelo
visoka pozitivna linearna povezanost je
med izmetom in delezem odpranih snovi
v pesku. Med vsemi korelacijami ima ta
najvisjo vrednost, katere faktor (R) je enak
0,804. Med drobnimi frakcijami peska in
izmetom je visoka linearna povezanost.
Vrednost faktorja (R) med delezem peska z
granulacijo < 0,09 mm in izmetom je enaka
0,737, med delezem peska z granulacijo <
0,125 mm in izmetom pa je enaka 0,626.

Delez odpranih snovi in finih frakcij (<
0,09 mm) se poveluje s krozenjem peska
v sistemu. Ce je razmerje p/l visoko, 20:1
in ve¢, se delez odpranih snovi in finih
frakcij stabilizira na zelo visoki ravni. Pri
osvezevanju sistema z 0,5 % dodatkom,
se pesek v sistemu zamenja v cca. 1000
obratih, kar pomeni, da se dolgo zadrZuje
v sistemu in zdrobi do stopnje, ko se fine
frakcije stabilizirajo na visoki ravni. Krajsi

1 Introduction

The moulding line at the subject foundry
has a capacity of 150 moulds/h. Moulds
are sized 900x900x300/300 mm and have
a horizontal joint face. A packed mould
is composed of ca. 700kg sand while the
mass of the average alloy totals to 25 kg,
which is indicative of a high sand vs. alloy
ratio (S/A).

A high S/A ratio increases the fine
fraction proportions in sand. In turn, this
leads to minimal losses as well as smaller
refreshing sand volumes at constant sand
system levels. To reiterate, if sand was
refreshed via the proportion of sand which
would guarantee the required casting
quality, the system sand volume would soon
grow out of control and exceed available
storage capacities. The problem with fine
sand fractions is that they in turn increase
moisture requirements to the extent that
mould production and subsequent breaking
of moulds becomes extremely difficult. We
have established that the rejection rate
is most prominently affected by the two
variables included in the study [1]. There
exists an extremely high positive linear
correlation between the rejection rate and
the proportion of leached substances in the
sand. Among all correlations, the highest
values have been calculated for those with
the factor (R) equalling 0.804. There also
exists a high linear correlation between fine
sand fractions and the rejection rate. The
value of factor (R) between the proportion of
sand sized <0.09 mm and rejection equals
0.737, while in case of sand grains <0.125
mm and rejections it totals to 0.626.

The proportion of leached substances
and fine fractions (<0.09 mm) increases with
the circulation of sand within the system. In
case of a high S/Aratio (20:1 or higher), the
proportion of leached substances and fine
fractions is stable at a very high level. When
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Slika 1: Povezanost
+ Anorg.odpr. snovi (%) = Zrna<0,09 odpranih snovi in finih
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Cas zadrzevanja peska v sistemu oziroma
manjSe Stevilo obratov peska pa posledi¢no
predstavlja nizji delez finih frakcij in odpranih
SNoVvi.

Vpliv finih frakcij na delez izmeta je
viden na sliki 1. Determinacijski koeficient
R2 je srednje visok, tako da s spremenljivko
»Zrna< 0,09« lahko pojasnimo 54 %
variabilnosti izmeta.

Vpliv odpranih snovi na visino izmeta je
prav tako prikazan na sliki 1. Determinacijski
koeficientR?je visok, tako da s spremenljivko
»Anorganske odprane snovi« pojasnimo 65
% variabilnosti izmeta.

2 Opis tezave

Dejstvo je, da je nizek delez odpranih snovi
in finih frakcij v pesku tezko obvladovati.
Delezi se spreminjajo v odvisnosti od
spreminjanja razmerja p/l . Velja, da vedje
razmerje p/l povzroCa nastajanje vecjega
deleZza odpranih snovi ter finih frakcij in
obratno. Za vzdrzevanje zelenega deleza
odpranih snovi in finih frakcij moramo
pesCen sistem primerno osvezevati. Pri
visokem razmerju p/l (> 20:1), je to skoraj

refreshing the system with approx. 0.5%
material, the sand within the system will be
replaced in ca. 1000 cycles. This means
that the sand will remain within the system
for extended periods and become crushed
to the extent where high levels of fine
fractions become prevalent. In turn, shorter
system sand times and reduced number of
cycles will lead to a smaller proportion of
fine fractions and leached substances.

The impact of fine fractions on rejection
rates is shown in Figure 1. The R? coefficient
of determination is medium high, which
means that the »Grain<0.09« variable
should explain the 54% rejection variability.

The impact of leached substances vs.
rejection rate is shown in Figure 1. The
R2 coefficient of determination is high,
which means that the »Inorganic leached
substances« variable should explain the
65% reject variability.

2 Problem description
It is well known that maintaining a low rate

of leached substances and fine fractions in
sand is notoriously difficult. The proportions
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nemogoce, ne dabiizlo€alidolocenokoli€ino
peska iz sistema, ker bi sicer koli¢ina peska
v obtoku presegla razpoloZljive skladis¢ne
zmogljivosti. ReSitev je mozZno iskati tudi
v primernem odpraSevanju povratnega
peska, vendar le ob primerno nizki vlagi (<
2%), kar pa je pri visokem razmerju p/l spet
teZko dosedi.

Konkretno reSitev za zmanjSanje
deleza odpranih snovi in finih frakcij, ki so
povezane z investicijami, bomo prikazali v
nadaljevanju.

2.1 Cilj projekta

Izbrati primerno opremo za regeneracijo
peska, s katero bi zagotavljali osvezevanije
v takem obsegu, da bi pokrivali samo izgube
peska po naravni poti, kar pomeni samo
izgube s peskanjem ulitkov.

211 Primarni cilj

PesSceni sistem bi osvezevali samo toliko,
da bi pokrivali izgube, kar pomeni, da bi
bil dodatek novega peska 5 kg, namesto
sedanjih 8 kg/meSalec. ManjSi porabi
kremencevega peska bi sledila tudi manjSa
poraba ¢rnine in bentonita.

2.1.2 Sekundarni cilji

Delez odpranih snovi bi moral ostati na
enaki ravni ali biti celo nizji. Delez drobnih
frakcij kremenovih zrn bi prav tako moral
ostati vsaj na enaki ravni, e ne 3e nizji.
Delez ulitkov z napakami se ne bi smel
povecati, ostati mora vsaj na enaki ravni,
kot pred uvedbo regeneracije.

2.2 Izbor in testiranje opreme

Zastavljene cilie smo poskusSali doseci z
investicijo v mehansko regeneracijo peska.

change based on the S/A ratio. Namely,
a higher S/A ratio will generate a higher
proportion of leached substances and fine
fractions, and vice versa. In order to maintain
the leached substances and fine fraction
proportions, the foundry sand system
must be suitably maintained. With a high
S/A ratio (>20:1), this could prove virtually
impossible without first removing part of the
sand from the system. Otherwise, the total
quantity of sand used in the foundry would
soon exceed the available storage capacity.
Another solution would be the suitable de-
dusting of return sand at low moisture levels
(<2%), which could prove quite difficult with
a high S/A ratio.

The concrete solution which would
reduce the proportion of leached
substances and fine fractions connected to
the investments is described below.

2.1 Project objectives

Selection of suitable sand reclamation
equipment which would ensure the
recovery of sand to the extent that would
only necessitate the refreshing of sand lost
naturally, i.e. via casting sand blasting.

211 Primary objective

The sand system would only be refreshed
to the extent of covering losses. This means
that only 5kg of new sand would need to be
added instead of the current 8kg/mixer. The
decreased silica sand consumption would
also result in a decrease in blacking and
bentonite clay use.

2.1.2 Secondary objective

Maintain or reduce the level of leached
substances. The proportion of fine silica
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Tabela 1: Rezultati testiranja peska [3]

Table 1: Sand testing results [3]

Batch number / Stevilka $arze A-1 A-2

Nozzle gap setting / Nastavitev Sob 6 6

Scrub rate (kg/hr/cell) / Storilnost regene. 900 1125

Plenum negative (mm) / Presipi nastavitev 38 38

Total material (kg) / Celotna koli¢ina 135 100,00% 134 100,00%
DMaterial Charged in Reclaim. / Dejansko 135 100,00% 134 100,00%
Total reclaimed (kg) / Regenerirano 101 75,25% 108 80,87%
Total losses (kg) / Celotne izgube 33 24,75% 26 19,13%
Reclaimer yield / Izkoristek 75,25% 80,87%
LOI reduction / Znizanje zaroizgub 60,22% 42,92%
AFS clay reduction / Znizanje odpranega 55,25% 43,05%
M.B. clay reduction / Znizanje bentonita 55,07% 40,58%

Izbrali smo opremo SIMPSON ProClaim, ki
ga zastopa Siapro [2], z zmogljivostjo do 5
t/h, kar je najmanj$a, ki jo ponujajo, in bi bila
za nase potrebe povsem primerna. Poslan
je bil vzorec 1000 kg peska na testiranje v
SIMSON, kjer so po opravljeni regeneraciji
izdelali porocilo (tabela 1), ki je ustrezalo
zahtevam.

Zaceli smo s Casi obratovanja, kot so
navedeni spodaj, in pri takem obratovanju
zbirali podatke za analizo ucinkovitosti
delovanja regeneracije.

Cas obratovanja

regeneracije 7 h/dan

Cas doziranje peska

V napravo 4 h/dan

Cas regeneriranja 3 h/dan

Vstopna koli¢ina peska 7000 kg (340 kg/h)

Izstopna koli¢ina 6685 kg

Odpadek 315 kg 0z. 5%
Preverjali smo zmanjSanje deleza

drobnih frakcij kremencevega peska, zaro
izgube in odprane snovi, na izstopu iz
regeneracije. Na sliki 2 vidimo, de se je
deleZ ostanka na situ 0,063 mm zmanj3al

sand fractions should be maintained or even
reduced. The proportion of faulty castings
should not increase. Instead, it should at a
minimum correspond to the levels before
the introduction of reclamation.

2.2 Equipment selection and testing

The means to achieve the defined objectives
is an investment into a mechanical
sand reclamation system. Selected
was equipment by SIMPSON ProClaim
represented by Siapro [2] with a capacity
of up to 5t/h, that is the lowest capacity
available, which is perfectly suitable in light
of our requirements. 1000 kg sand was
despatched to SIMPSON for testing where
a report in line with the requirements was
drawn up following reclamation.

Initially, operation times as set out below
were used. Based on such operations,
data was collected in order to carry out a
reclamation efficiency analysis.
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Slika 2: Delez podzrna v
povratnem pesku pred in po
regeneraciji

Figure 2: Undersized grains
in return sand before and

za dobrih 13 %, medtem ko se je delez na
dnu zmanijSal za dobrih 36 %.

Na sliki 3 je vidna sprememba Zzaro
izgub, ki so se znizale za dobrih 30 %, za
enak delez pa so se znizale tudi odparane
snovi. Tako precis€en pesek se vraCa v
obtok in znizuje vrednosti obravnavanih
parametrov v peS€enem sistemu na Zeleno
raven.

Odvisno od nasih potreb lahko z
regeneracijo ocistimo pesek do razli¢ne
stopnje. Na sliki 4 vidimo bentonitni pesek
po razbitju forme na povratni liniji. Nekatera
zrna so v obliki aglomeratov, ki pa se z
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4,000 3,202

Dele? Zare/Odprano (%)

2,000
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0,000
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after regeneration

Reclamation operation time 7 h/daily
Time required to add sand

into equipment 4 h/day
Reclamation time 3 h/daily

Entry sand quantity 7000 kg (340 kg/h)
Exit sand quantity 6685 kg

Scrap 315kgor5 %

Investigated was the decrease of fine
silica sand proportions, LOI and leached
substances after reclamation. Figure 2
shows that the 0.063 mm sieve residue was
reduced by more than 13 % while passing
residue collected at the bottom was reduced
by more than 36 %.

Figure 3 illustrates the change in LOI,
which was reduced by more than 30%,

M avg povratni pesek

W avg regeneriran pesek

Slika 3: Sprememba Zzaro
izgub in odpranih snovi na
povratnem pesku

Figure 3: Change in LOI and
leached substances in return
sand
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Slika 4:
regeneracijo

Bentonitni

pesek ki vstopa v

Figure 4: Bentonite clay powder entering
reclamation

Slika 5: Ocis¢en pesek iz regeneracije, ki se
vraca v obtok

Figure 5: Purified reclaimed sand returning to
circulation

regeneracijo razbijejo in ponovno dobimo
posamezna zrna peska.

Iz regeneracije prihaja pesek, ki je v
veliki meri o¢is€en bentonitnih oblog, kot tudi
prasnih frakcij. Na sliki 5 je videti velik delez
kremenovih zrn, ki so popolnoma ocis¢ena
bentonitnih (lahko tudi oolitiziranih) oblog.
Kremenova zrna so po regeneraciji man;j
oglata, nekatera so tudi zaobljena, kar je

that is the same proportion as leached
substances. The purified sand is then
returned into circulation and reduces the
subject parameters of the sand system to
the desired levels.

In light of requirements, the reclamation
process can be used to purify sand to
varying degrees. Figure 4 illustrates
bentonite clay powder in the return line
after mould breaking. Some grains will
take on the shape of agglomerates which,
via reclamation, will break and again form
individual grains of sand.

Reclaimed is sand which has been
to a large extent purified of bentonite clay
particles as well as powder fractions. Figure
5 shows a large proportion of silica sand
grains completely purged of bentonite clay
particles. Following reclamation, silica sand
grains lose its angular shape and some
even become round. The latter is the most
suitable shape of silica sand grains since
their surface area is smaller than that of
angular grains.

3 Methodology

Thehypotheseswillbetestedwhileobserving
the fact that the addition of silica sand was
decreased from a total of 8 kg/mixer to 5
kg/mixer. In turn, this saw a proportional
reduction in the added bentonite clay and
blacking as shown in Figure 6.

Based on the defined objectives, the
following hypotheses have been set:

The proportion of leached substances?
after reclamation (u,,) is equal to the
proportion (u, ,) before the introduction of
sand reclamation.

Proportion of grains size below 90um
reclamation (,,) is equal to the proportion
of grains (y,,) before the introduction of
reclamation.
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najprimernejSa oblika kremenovih zrn, ker
imajo manjSo povrsino od oglatih.

3 Metodologija

Hipoteze bomo preverili ob dejstvu, da smo
dodatek kremencCevega peska zmanjsali
z 8 na 5 kg/meSalec. Proporcionalno se
je znizal tudi dodatek bentonita in Crnine
(nosilca svetleCega C), kar je prikazano na
sliki 6.

Iz zastavljenih ciliev bomo postavili
naslednje hipoteze:

Delez odpranih snovi po regeneraciji
(M,,) je enak delezu (p,,) pred uvedbo
regeneracije.
H "y, -p1,2=0
HO:p1,1-p1,2#0
Delez zrn pod 90 ym po regeneraciji
(M,,) je enak delezu zrn (y,,) pred uvedbo
regeneracije.
Ho(z): Mpy = Hop = 0
H1( " My My #0

2

Rejection rate after reclamation (y,,) is
equal to the rejection rate (u,,) before the
introduction of reclamation.

The hypotheses will be subjected to a
t-test used to compare sample arithmetic
means.

The t-test is a statistical method
common in every type of research. There
exist three variations of the t-test: the one-
sample t-test, independent two-sample
t-test and the dependent t-test (for paired
samples). Most commonly employed is
the independent two-sample t-test, which
is used to establish whether statistically
significant  differences  between two
independent samples exist. [4]

3.1 Data analysis
The subject data represent the average

monthly bentonite clay powder variables
and examined parameters.

Obravnavali bomo celokupne in mineralne (anorganske) odprane snovi.

Analysis of total and mineral (inorganic) leached substances.
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Delez izmeta po regeneraciji (U,,) je
enak delezu izmeta (y,,) pred uvedbo
regeneracijo.

H0(3): Myq- M3, = 0
H,® Maq = M3, #0

Hipoteze bomo preverili s t — testom,
ki se uporablja za primerjavo aritmeti¢nih
sredin vzorcev. T-test je zelo pogosto
uporabljena statisticha metoda v vseh vrstah
raziskav. Poznamo tri vrste tega testa, t-test
za en vzorec, za neodvisne vzorce in pa za
odvisne vzorce (parni t-test). Najpogosteje
se uporablja test za neodvisne vzorce,
kjer ugotavljamo, ali obstajajo statisti¢no
pomembne razlike med dvema neodvisnima
skupinama.[4]

3.1 Analiza podatkov

Vsi obravnavani podatki predstavljajo
mesecne povprecne vrednosti spremenljivk
oziroma opazovanih parametrov

bentonitnega peska.

Na sliki 7 je prikazano gibanje deleza
odpranih snovi za obdobje pred in po
uvedbi regeneracije. Stolpec predstavlja

Figure 7 depicts the movement of
leached substance proportions before and
after the introduction of reclamation. The
column represents the date of start of the
reclamation process. The total proportion
of leached substances along with mineral
substances has decreased with the
introduction of reclamation, and will be
tested via the t-test.

Figure 8 illustrates the movement of
silica sand grain proportions which have
passed through the 90um sieve during
the sieve analysis. We can establish that
after the introduction of reclamation, the
proportion of fine fractions is more uniform.
Before the introduction of reclamation,
sample variance was calculated at 0.0599,
while after its introduction it significantly
decreased to 0.0061.

The rejection movement is depicted
in Figure 9, where »izm« stands for the
total rejection and »nln« the proportion
following machining. Any faults apparent
following machining can be attributed
primarily to sand inclusions. However, a
smaller approx. 5 % part is constituted by
so-called »pinholes«, surface irregularities
resulting from the expansion of the sand

termin zacCetka delovanja regeneracije. mould and slag inclusions. Following the
Uwvedba Regen. m— AFS Clay — Anorg. del AFS Clay
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g
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Delez celokupnih odpranih snovi kot tudi
anorganskegadelaje pouvedbiregeneracije
man;jsi, kar bomo preverili s t-testom.

Na sliki 8 vidimo gibanje delezev zrn
kremenCevega peska, ki so pri sejalni
analizi padla skozi sito z odprtino 90 um.
Ugotovimo lahko, da je delez finih frakcij
po uvedbi regeneracije bolj konstanten.
Varianca vzorca pred uvedbo regeneracije
je 0,0599, po uvedbi pa se je mocno
zmanjsala na 0,0061.

introduction of reclamation, the rejection
variability was reduced substantially. Before
the introduction of reclamation, sample
variance was calculated at 0.554, while after
its introduction it was reduced to 0.318.
Alongside the variables contained in
the hypotheses, we have also completed
the analysis of two further variables, namely
sand moisture content and active clay.
Figure 10 shows that the content of
active clay in sand trend is nearly parallel
to the abscissa while the required moisture
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Gibanje izmeta je vidno na sliki 9, kjer
»izm« predstavlja celokupni izmet, »nin«
pa delez po mehanski obdelavi. Napake,
vidne po mehanski obdelavi, so v glavhem
vklju€ki peska, le manjsi delez, priblizno 5
%, predstavljajo »pinhole«, sledi povrSinskih
napak zaradi ekspanzije peS¢ene forme in
vklju€ki zlindre. Po uvedbi regeneracije se
je variabilnost izmeta zmanjSala. Varianca
vzorca pred uvedbo regeneracije je 0,554,
po uvedbi pa se je zmanjSala na 0,318.

Poleg spremenljivk, ki so bile zajete v
hipotezah, smo s ¢asovno vrsto analizirali

trend is on the decline. The levels of active
clay have therefore been maintained
while the required moisture levels have
decreased. This should be attributed to the
leached substances proportion and verified
via the t-test.

The regression analysis yielded two
variables, moisture and added silica sand. A
moderate correlation with the coefficient of
determination R? = 0.624 was established
as shown in Figure 11.

Caution must be exercised in the
interpretation of the moisture — added
silica sand connection. Namely, it would
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Se spremenljivki, vlago v pesku in aktivno
glino.

Na sliki 10 vidimo, da je trend deleza
aktivne gline v pesku skoraj vzporeden
z absciso, medtem ko je trend potrebne
vlage v padanju. Aktivna glina je torej ostala
na enaki ravni, potreba po vlagi pa se je
zmanj8ala, kar lahko pripiS$emo zmanjSanju
deleZa odpranih snovi, kar bomo preverili s
t-testom.

Z regresijsko analizo smo obdelali
spremenljivki: vlaga in dodatek
kremencCevegapeska.Pokazalasejesrednje
visoka povezanost z determinacijskim
koeficientom R2 = 0,624, kar je prikazano
na sliki 11.

Pazljivi moramo biti pri interpretaciji
odnosa vlaga — dodatek kremencevega
peska. Napacna bi bila sploSna trditev, da
se s povecCevanjem dodatka kremencevega
peska povecuje potreba po vlagi v pesku.
Poudariti moramo, da ta odnos velja
samo takrat, kadar pesek regeneriramo,
in tako zmanjSujemo frakcije, ki vezejo
veliko vode. Z grafom (slika 11) lahko
pokaZzemo na dejansko zmanjSanje potrebe
po vlagi pri istoéasnem manjSem dodatka
kremencevega peska, ki je vzdrZzen, zato
ker z regeneracijo lahko obvladujemo snovi
v pesku, ki vezejo velike koli¢ine vode.

3.2 Testiranje hipotez

Hipoteze smo preverili z analiticnim
orodjem v Excelu. V tabeli 2 so podani
rezultati t — testov odpranih snovi, tako
celokupnih, kot anorganskega dela in finih
frakcij kremencevega peska. Za vsako od
spremenljivk so podani izraCuni pred in po
uvedbi regeneracije - in sicer aritmeti¢ne
sredine (Mean), varianca (Variance),
numerus (Observations) in ostale statistike.
Za vse pare vzorcev smo zastavili hipoteze,

be erroneous to claim that in general, the
addition of silica sand increases sand
moisture requirements. It should be pointed
out that this correlation is only valid when
sand is reclaimed and in turn proportions
of fractions which absorb plenty of water
are reduced. A chart (Figure 11) is used to
demonstrate the actual reduction of moisture
requirements simultaneously with reduced
quantities of added silica sand, making it
sustainable since the reclamation process
can be used to control the substances in the
sand that absorb high quantities of water.

3.2 Hypotheses testing

The hypotheses were verified using MS
Excel analytical tools. Table 2 contains
leached substances t-test results, totals
as well as inorganic proportions as well as
fine silica sand fractions. For each of the
variables, calculations before and after the
introduction of reclamation are indicated,
i.e. arithmetic mean (Mean), variance
(Variance), number of measurements
(Observations) and other statistical values.
For each of the sample pairs, the mean
difference was hypothesized.

In terms of leached substances (AFS
Clay), when comparing t-Stat to t Critical
two tail, it can be established that it is
true in both cases, that t-Stat > t critical
two tail and the P two tail < 0.5, meaning
that the hypothesis can be rejected. The
same is true for the inorganic portion of
leached substances. Differences between
the arithmetic means of samples before
and after the introduction of reclamation do
exist, as was already inferred based on the
chart in Figure 7.

Similarly, sand fractions <90um values
from Table 1 can also be compared. In
this case, the t-stat <t critical two tail, and
P two tail >0.5, meaning the hypothesis
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da med aritmeti¢nima sredinama ni razlik
(Hypothesized Mean Difference).

Ce pri odpranih snoveh (AFS Clay)
primerjamo t Stat z t Critical two tail,
ugotovimo, da je v obeh primerih t Stat >
t Critical two tail in je P two tail < 0,5, kar
pomeni da hipotezo zavrnemo. Enako velja
za anorganski del odpranih snovi. Med
aritmeti¢nimi sredinami vzorcev pred in po
uvedbi regeneracije so razlike, kar smo
domnevali zZe iz grafa na sliki 7.

Podobno lahko primerjamo vrednosti iz
tabele 2 za frakcije peska < 90 ym. V tem
primeru pa je t Stat < t Critical two tail in
je P two tail > 0,5, kar pomeni, da hipotezo
sprejmemo. Med aritmeti¢nima sredinama
vzorcev pred in po uvedbi regeneracije ni
razlik, kar bi lahko sklepali iz grafa na sliki
8.

is confirmed. Differences between the
arithmetic means of samples before and
after the introduction are null, as already
could have been inferred based on chart in
Figure 8.

In terms of the total rejection rate, the
absolute t-stat < t Critical two tail, and P
two tail >0.5, meaning the hypothesis can
be confirmed. There are no differences
between the total rejection rate arithmetic
means before and after the introduction of
reclamation. The same can be inferred for
the rejection rate following machining. Even
though no statistically significant differences
have been established, minor changes
remain apparent. The total rejection was
adjusted by the 101.9 index, and rejection
following machining by the index 96.4.

Tabela 2: Rezultati t - testov za odprane snovi in fine frakcije kremencevega peska

Table 2: T-test results for leached substances and fine silica sand fractions

t-Test: Two-Sample Assuming Unequal Variances
AFSClay  AFSClay | 'Morg. part Inorg. Grain<90  Grain<90
AFS Clay part AFS
Before After um Before um After
. . Before Clay After . .
Reclaim Reclaim . . Reclaim Reclaim
Reclaim Reclaim

Mean 14,712525  14,1566467 | 11,5046667 11,0535609 | 2,08735833 2,04171516
Variance 0,04358271 0,06285378 | 0,05991536 0,08675772 | 0,06061343 0,00586115
Observations 10 10 10 10 10 10
Hypothesized
Mean 0 0 0
Difference
df 17 17 17
t Stat 5,38808548 3,72480155 0,55981954
P(T<=t.) 0,000025 0,00084231 0,29341067
one-tail
t Critical 1,73960672 1,73960672 1,79588481
one-tail
P(T<=.t) 0,000049 0,00168462 0,58682135
two-tail
t Critical 2,10981556 2,10981556 2,20098516
two-tail
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Tabela 3: Rezultati t - testa za celokupni izmet in izmet po mehanski obdelavi
Table 3: Total rejection rate and rejection rate following machining t-test
t-Test: Two-Sample Assuming Unequal Variances
izm_before izm_after nin_before nin_after

Mean 5,2% 5,2% 2,8% 27%

Variance 5,537E-05 3,181E-05 5,1382E-05 1,59351E-05

Observations 10 10 10 10

Hypothesized Mean Difference 0 0

df 17 17

t Stat -0,4896546 0,33071411

P(T<=t) one-tail 0,3153184 0,37287897

t Critical one-tail 1,7396067 1,76131012

P(T<=t) two-tail 0,6306369 0,74575794

t Critical two-tail 2,1098156 2,14478668

V tabeli 3 so prikazani rezultati t — testa 4
za celotni izmet »izm« in delez izmeta, ki je
viden po mehanski obdelavi »nin«.

Investment eligibility

The investment into

reclamation  will

generally return in a relatively short period.

Tabela 4: Ekonomsko ovrednotenje investicije v regeneracijo bentonitnega peska

Table 4: Economic valuation of bentonite clay powder reclamation investment

Investicija / Investment 255.000,00 €
Poraba komponent za livarski pesek pred investicijo / Consumption of foundry | 395.614,29 €
sand components before investment

Poraba komponent za livarski pesek po investiciji / Consumption of foundry sand | 286.571,43 €
components after investment

Letni prihranek komponent za livarski pesek / Foundry sand components | 109.042,86 €
savings

Prihranek pri odpadnem pesku / Scrap sand savings 21.857,14 €
ZmanjSanje deleza izmeta / Reduction in rejection rates 12.142,86 €
Skupni prihranek / Total savings 143.042,86 €
Skupni stroski delovanja regeneracije / Total reclamation operating costs 8.500,00 €
Dejanski prihranek / Actual savings 134.542,86 €
ROI (leta) / (years) 1,9
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Pri  celokupnem izmetu je t Stat
absolutno < t Critical two tail in je P two tail
> 0,5, kar pomeni, da hipotezo sprejmemo.
Med aritmeti¢nima sredinama celokupnega
izmeta pred in po uvedbi regeneracije ni
razlik. Enako lahko ugotovimo za izmet,
viden po mehanski obdelavi. Ceprav ne
moremo ugotoviti  statisticno  znacilnih
razlik, vseeno vidimo manjSe spremembe.
Celokupni izmet se je spremenil za indeks
101,9, izmet po mehanski obdelavi pa za
indeks 96,4.

4 Upravicenost investicije

Stroski investicije v regeneracijo se obi¢ajno
povrnejo v dokaj kratkem ¢asu. Prihranki so
pri materialih za pripravo peska, stroskih
priprave peska in odvozu na deponijo za
odpadni pesek. V tabeli 4 so navedena
vrednotenja stroSkov in prihrankov uvedbe
regeneracije bentonitnega peska.

5 Zakljucek

Dodatek kremenlevega peska se je z
uvedbo regeneracije zmanjSal za priblizno
40 %, proporcionalno sta se zmanjSala tudi
dodatek bentonita in &rnine.

Delez odpranih snovi se je zmanijsal,
kar pozitivno vpliva na bentonitni pesek.
Celokupne odprane snovi so se zmanjSale
za slabe 3,7 %, anorganski del pa za 3,9
%. Na splo$no lahko ugotovimo, da so se
odprane snovi zmanj3ale za slabe 4 %, kar
pozitivno u€inkuje na bentonitni pesek.

Delez drobnih frakcij kremencevega
peska < 90 um, je ostal enak. Izraunane
aritmeticne sredine kazejo na rahlo
zmanjSanje, za 2,2 %, kar pa ni statisticno
znacilno. Kot pozitivno lahko vzamemo
dejstvo, da se delez drobnih frakcij ni
poveCal. Pomembna razlika pred in po

Savings come from sand preparation
materials and processes as well as transport
of waste sand to landfills. Table 4 contains
the valuation of costs and savings following
the introduction of bentonite clay powder
reclamation.

5 Conclusion

With the introduction of reclamation, the
addition of silica sand was reduced by
approx. 40%. In turn, bentonite clay and
blacking proportions were also reduced.

The proportion of leached substances
has decreased, which has a positive impact
on bentonite clay powder. Total leached
substances have decreased by just under
3.7% and inorganic substances by 3.9%.
In general, it can be inferred that the total
leached substances have decreased by 4%,
which should beneficially affect bentonite
clay sand.

The <90um fine silica sand fractions
proportions were unaltered. Arithmetic
mean calculations are indicative of a minor
non-statistically significant 2.2% decrease.
Also positive is the fact that the proportion
of fine fractions has not increased. Another
important difference before and after the
introduction of sand reclamation is also the
variability in the fine fraction proportions.
Namely, afterits introduction, the proportions
were much more uniform (Figure 8) as a
result of a 10-times small variance.

The rejection rate has remained
unaltered, i.e. has remained as statistically
significant as before the introduction of
reclamation. Regardless, the arithmetic
mean calculations have indicated minor
changes. Meanwhile, the total rejection rate
has increased from 5.2% to 5.3%, that is by
1.9%, the rejection rate following machining
has decreased from 2.8% to 2.7%, which
constitutes a 3.6% reduction which can
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uvedbi regeneracije je tudi variabilnost
deleza drobnih frakcij. Po uvedbi je ta delez
mnogo bolj enakomeren (slika 8), saj je
varianca priblizno desetkrat manjsa.

Delez izmeta se ni spremenil, torej
je ostal statisticno znacilno enak, kot
pred uvedbo regeneracije. Kljub temu pa
izraCunane vrednosti aritmeti¢nih sredin
kazejo na rahle spremembe. Med tem, ko
se je delez celokupnega izmeta povecal
s 5,2 % na 5,3% oziroma za 1,9 %, se je
izmet po mehanski obdelavi zmanjsal z 2,8
% na 2,7 % oziroma za 3,6 %, kar lahko
pripiSemo ucinku regeneracije. Po uvedbi
regeneracije je nihanje deleza izmeta
manjse, saj se je varianca zmanjala z 0,55
na 0,32.

Izracunvracanjainvesticije nampokaze,
da se sredstva, vlozena v regeneracijo,
povrnejo v roku, krajSem od 2 let, kar je
dokaj kratka doba vracCanja.

Na splodno lahko sklenemo, da je
z regeneracijo mozno moc¢no zmanjsati
porabo peska, vplivati na parametre
bentonithega peska, ki povelujejo delez
izmeta in zmanjSati variabilnost parametrov
proizvodnega procesa.

Pomemben je tudi ekoloski vidik, ki
se mu tukaj nismo posebej posvetili, so
pa zmanjSani odpadki vklju€eni v izracun
ekonomske upravi¢enosti.
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50. poro¢ilo o svetovni livarski proizvodnji 2015

Pod zgornjim naslovom je revija ameriSkega livarskega drustva (AFS), Modern Casting
(Vol. 106, Nr. 12, Dec. 2016, str. 25-29: 50th Census of World Casting Production) objavila
Clanek, katerega delno povzemamo v nadaljevanju.

V skladu z leto$njim popisom Modern Casting Census of World Casting Production je
svetovna livarska proizvodnja v letu 2015 dosegla 104.1 mio ton, kar je za spoznanje vecC
kot v letu 2014, ko je proizvodnja znaSala 103,7 mio ton. Livarska rast je od leta 2013 do
leta 2014 znaSala 3,4 % ter od leta 2014 do leta 2015 2,38 %. To je ze Sesto leto zapored,
ko je prislo do rasti tega trga po svetovni recesiji v letih 2008-2009.

Letosnji popis vkljuCuje 37 drzav s stirih celin. Od 30 drzav s podatki za zadniji dve leti
jih je manj kot polovica (14) porocalo o rasti proizvodnje. Od 10 najpomembnejsih drzav po
livarski proizvodnji pa so Stiri poro€ale o povecanju proizvodnje. Mehika je poroc€ala o 55-
odstotni rasti, iz Cesar lahko sklepamo, da v zadnjih letih verjetno niso porocali o dejansko
dosezeni livarski proizvodnii.

Le dve drzavi iz skupine najpomembnejSih po proizvodnji sta v letu 2014 porocali o
manjSem padcu proizvodnje. Na Kitajskem se je le-ta skupno znizala za 1,3 %, z 46.2
mio na 45.6 mio ton, medtem ko je v ZDA proizvodnja padla za 0,8 % na 10.39 mio ton z
10.47 mio ton. Institut livarjev Indije je poro€al o 7,5-odstotnem povecanju proizvodnje v
Indiji, in sicer na 10.77 mio ton.

Iz popisaizhaja, da proizvodnja Kitajske predstavlja 44 % svetovne livarske proizvodnje,
ZDAin Indija pa skupaj dosegata 20 %. Brazilija, ki je v zadnjih letih sedma najvecja drzava
po livarski proizvodnji, je dozivela v dveh zaporednih letih dvomestni odstotni padec
proizvodnje. Zdaj zaseda deveto mesto med svetovnih najpomembnejsih 10.

Preostale drzave znotraj prej omenjene deseterice po tonazi v letu 2015 so Japonska s
5.4 mio, Nem¢ija s 5.3 mio, Rusija s 4.2 mio (podatki iz 2014), Republika Koreja z 2.6 mio,
Mehika z 2.56 mio, Brazilija z 2.32 mio in Italija z 2.03 mio ton.

Od drzav, ki so porocale o rasti proizvodnje, sta Indija in Mehika dosegli najvecjo rast
tonaze. Ve€ manjsih drZzav pa je poro€alo o dvomestni odstotni rasti, vkljucno z Bosno in
Hercegovino, Portugalsko, Romunijo, Juzno Afriko in Svedsko.

A Nodul; Te i ‘o : Di

Drzava Siva litina | Nodularna | Temprana | Jeklo litina Baker Aluminij Cink Druge Skupno
litina litina nezelezne

ZDA 3.328.124 | 3.115.418 51.374 1.493.743 255.354 1.622.999 146.456 324.174 50.630 10.388.272

*podatki iz 2014
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Gogn | zaro0 | os00 | - | oeom | - | we | - | - | - | raem |
Gosia | 10000 | 55000 | 4000 | coon0 | 2tow | ssoow | - | - | - | as00 |
P | res0 | a0 | - | taso0 | osy | 2o | - | w | - | eooo |
rvasia | 33400 | 10000 | o0 | w0 | e | zors | - | w | m | coooe |
aczarsia | 73400 | 63000 | 1o | sqo0 | 7o | ocass | ae | asia | 1o | zoeaon |

Noresia | 00 | 220 | - | taw | - | raw | - | - | - | o |
potugaia | 300 | w0000 | - | o0 | tarse | zor0 | - | 215 | - | twowr |
Sovasta | 2700 | w200 | - | aw0 | - Jaooon | - | - | - | 7o |
S| 2e300 | 0d0 | - | oo | 2om | o0 | 1 | w | o | soasr |
Svoosia | zizoo0 | - | - | teaw | - loaeoon| - | - | - | ama |
Usaar | 400000 | 120000 | 30000 | 560000 | 0000 | 200000 | 15000 | 25000 | 50000 | 1560000 |

*podatki iz 2014  **podatki iz 2013 ***podatki iz 2011  A) vkljuCuje vse nezelezne zlitine  B) vklju¢uje tlacno litie (Diecasting)

* Slovenija ni dala podatkov za leto 2015, zaradi spremenjenih pogojev zajemanja podatkov, ki Drustvu livarjev Slovenije in Gospodarski zbornici
Slovenije niso omogodali zanesljive ocene livarskega obsega

oava | swaina | Me® | TR | seworune | saker | Aurini | Megnesi | Gk | (258, | Sk |
s | 7410000 | 1190000 | 0000 | ssoo0 | - | rzvoooal - | - | - liorooo
foe | 082000 | 708300 | 4000 | tos000 | zeao0 | omeo0 | - | - | taao0 | 2czaoo0
s | zoozoo0 | - |- | oo | - | aoeon | - | - | - |azooo
Tasa | 72400 | zoo0 | 20500 | zeoo0 | zero0 | tosaoo | - | zeawo | - | ateam

*podatki iz 2014 **podatki iz 2013 A) vkljuCuje vse nezelezne zlitine B) vkljucuje tlacno litje (Diecasting)

o A - N I; Te - L . D
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Jeklo litina Skupno 2015 Skupno 2010 Skupno 2005

o | s | | s | e | e | i |
[ R S I R 2N R TR R 2N N TR
P | e | m | me | an | aw | o |
s |- a0 | asw |

ezasa | 6 | | e | e | wm | |
Novesa | 5 | o | 6 | | w | x|

Soer | n |5 | s | e | w | s |
Sosa | o | 0 | e | | | |
T I I R B S RS N TR
Tuom | e | | w0 | e | e | o |
Noraaa | o | - | s | e | s | aw |

SKUPNO 20.126 5.543 14.740 46.986 48.164 47.867
*podatki iz 2014, **podatki iz 2011

Iz revije Modern Casting (Vol. 106, Nr. 12, Dec. 2016, str. 25-29: 50" Census of World Casting
Production) povzela mag. Mirjam Jan-Blazi¢
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Kar nekaj ¢asa smo potrebovali, da smo za izbrane, dokaj zahtevne teme, ki jih je
dolocila strokovna komisija za Zelezove livarne za seminar za Zelezove livarne, nasli
kompetentnega predavatelja oziroma strokovnjaka, ki bi nam vsebini:

Konstruiranja ulivnih in napajalnih sistemov pri sivih litinah ter problematika
sive litine z vermikularnim grafitom s titanom ali brez titana, predstavil ne samo s
teoretitnega vidika, ampak tudi z nazornimi primeri iz prakse. To nam je konéno uspelo s
predavateljem in izkuSenim livarskim strokovnjakom, dr. Konradom Weissom iz podjetja
RWP GmbH iz Nemdije, ki se ukvarja s Sirokim podrocjem livarskih tehnologij (kokino litje,
litie v pesek, centrifugalno litje, visoko tlacno litje, nizko tlacno litje in precizijsko litje ter
simulacijami s softverjem WinCast).

Na intenzivnem enodnevnem seminarju, ki smo ga organizirali konec januarja letos
v prostorih Gospodarske zbornice Slovenije v Ljubljani, so udelezenci seminarja utrdili in
obnovili svoja teoreti¢na znanja ter pridobili vrsto prakti¢nih napotkov. Ker na kakovost
ulitka in izkoristek litja neposredno vpliva konstrukcija ulivnega in napajalnega sistema, so
bili udelezenci pouceni o osnovnih funkcijah ulivnega in napajalnega sistema, od katerih
je odvisna kakovost ulitkov. Uvajanje v osnove tokov fluida in strjevanja je usmerjalo
udeleZence do klju€nih zasnov razli¢nih funkcijskih elementov pri konstruiranju oziroma
dolo€anju ulivnega in napajalnega sistema. SluSatelji so dobili napotke o aktivnostih,
animacijah in simulacijah, s ciliem, da se izboljSa razumevanje procesov zapolnjevanja
forme in strjevanja. Poglobili so tudi vedenja o vplivih razli¢nih elementov na lastnosti in
sposobnosti napajanja. Predavatelj se je osredotocil na primere iz prakse za litine GJL
(siva litina z lamelarnim grafitom) in GJS (siva litima s kroglastim grafitom) ter litine GJV
(siva litina z vermikularnim grafitom s titanom in brez titana).

Ocenjujemo, da je seminar uspel vpeljati udelezence v osnove konstruiranja
ulivnega in napajalnega sistema, ki zadovoljujejo industrijske standarde in zagotavljajo
- _____________________ _________ odpravo tezav. Seminarja za
Zelezove livarne se je udelezilo
23 strokovnjakov iz naslednjih
podjetij - ¢lanic Drustva livarjev
Slovenije: Cimos d.d., Exoterm-it
d.o.o., ETA Cerkno d.o.0., Kovis
Livarna d.o.o., Litostroj Jeklo
d.o.o., Livar d.d., Livarna Gorica
d.0.0., OMCO Feniks Slovenija
d.o.o.

DL Seminar za zelezove livarne

Porocala:
Udelezenci seminarja mag. Mirjam Jan-Blazi¢
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Gospodarska
Seminar o okoljevarstveni zbornlg:_a
DLS problematiki za livarne S|Oven|]e

Zadnji seminar v programskem obdobju Drustva livarjev Slovenje za leto 2016 se je nanasal
na okoljevarstveno problematiko za livarne. Drustvo je tudi letos v zadnjem tednu februarja
v prostorih Gospodarske zbornice Slovenije (GZS) v Ljubljani organiziralo seminar skupaj
z GZS. Seminar je potekal pod naslovom »Novosti in veljavna zakonodaja na podrocju
okoljevarstvene problematike za livarne«.

Prvi del seminarja je potekal pod taktirko Janje Leban, vodje Sluzbe za varstvo
okolja pri GZS, ki se je tematsko osredotoCila na okoljsko zakonodajo z aktualnimi
novostmi v letu 2016 in napovedanimi za leto 2017. Predstavljene so bile naslednje
vsebine: posSiljike odpadkov preko meja; ocene (nevarnih) odpadkov; oprema, ki vsebuje
fluorirane toplogredne pline; kakovost tal - degradirana obmocja; zakon o varstvu okolja;
nov zakonodajni svezenj EU za prehod v krozno gospodarstvu; uredba IED, obratovalni
monitoring stanja tal in podzemne vode.

V drugem delu seminarja je
predavateljica Antonija Bozi¢ Cerar
(tudi iz Sluzbe za varstvo okolja
pri GZS) predstavila standarde,
pristope in druga orodja za prehod v
kroZno gospodarstvo. V tem delu so
se udelezenci seminarja seznanili
z naslednjimi vsebinami: primerna
okoljska zasnova proizvoda in
izbor okoljskih ciljev, industrijska

simbioza; novi standardi in spletna
UdeleZenci seminarja orodja, vloga BREF.

Na seminarju je sodelovalo 14
predstavnikov Clanic Drustva livarjev, in sicer iz naslednjih podjetij: Abrasiv Muta d.o.o.,
Cimos d.d., Exoterm-it d.o.o., Hidria Rotomatika d.o.o., Iskra ISD — Livarna d.o.0., Livarna
Goricad.o.0.,LTH Castings d.0.0., Mahle Letrika Komen d.o.o. in Termitd.d. Velikost skupine
je omogocala, da so sluSatelji na seminarju lahko aktivho sodelovali ter predavanja obeh
predavateljic obogatili s svojimi komentarji in konkretnimi vprasanji iz svojih podjetij.

Porodala:
mag. Mirjam Jan-BlaZic¢
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Posvetovanje »GieRtechnik Im
V D I Motorenbau 2017« v Magdeburgu

VDI - strokovno posvetovanje »Gieldtechnik im Motorenbau 2017«

je potekalo v Magdeburgu 1. in 2. februarja letos. Posvetovanje

zadnjih Sestnajst let — in sicer vsako drugo leto - obravnava
potenciale naslednjih generacij pogonov vozil. Posvetovanje je v nemskem prostoru postalo

eno najbolj pomembnih znanstvenih forumov livarjev in proizvajalcev motorjev. Skoraj 400

tehni¢nih strokovnjakov je na visoki strokovni ravni obravnavalo in razpravljalo o inovacijah

in smernicah ter izkus$njah na trgu in novih idejah.

Tehniski in znanstveni strokovnjaki ter vodilni iz industrije, ki so se udelezili tega
posvetovanja, so predstavili in odprli vrsto zanimivih vprasanj. Osrednje teme, vezane za
prisotnost livarskih komponent v proizvodnji motorjev, so bile naslednje:

- aktualne spremembe klasi¢nih motorjev, in s tem tudi livarskih komponent, v Iluci
novih zahtev glede livarskih materialov, postopkov izdelave orodij in modelov jeder ter
konceptov zagotavljanja kakovosti;

- katere lastnosti odlitkov zahteva razvoj motorjev, katere lastnosti lahko livar doseze
skozi inovativne materiale, variante postopkov ali postopkov toplotne obdelave;

- kako dalec je livnotehniska simulacija, kako je integrirana z FE izraunom in izraCunom

zivljenjske dobe, kaj nalaga virtualni

prototip;

- »Industrija 4.0 — scenariji in

podro¢ja spopadov med razvojem

motorjev in livarsko proizvodnjo;

- katere inovacijska vedenja so

na razpolago s strani visokih $ol,

univerz, ter katere inovacije prinasajo
spremembe na podrocju cen, stroSkov
in ¢asovnih pritiskov.

Razmisljanja o poti v brezoglji¢no
druzbo danes $e ne dajejo nobenih
zanesljivih  odgovorov v smislu, kaj
se bo dogajalo leta 2025 ali 2030 z
motorjem z notranjim zgorevanjem,
jasno pa je, da v vozilu hibridu ostane
cca 70 % Al-odlitkov, kar znasa cca.
17 kg (v sedanjem vozilu 23 kg). Ulitki

Organizatorja konference: ga. A. Bieler-Bultmann M.A
in prof. dr. R. Bahr s mag. M. Jan-Blazi¢
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cilindrskih glav iz Al-zlitin ostanejo pri visokih 98 %. Pri elektri¢nih avtomobilih pa bi v veliki
vecini bili samo Al- ulitki.

Veclina predavanj je zbrana v zborniku oziroma porocilu VDI — Porocilo 2304 pod
naslovom »GieRBtechnik im Motorenbau 2017, Potenziale fiir die nachste Generation
von Fahrzeungantrieben«.

Kopijo kazala zbornika smo Ze poslali po e-posti vsem &lanicam Drustva. Ce vas katero
od predavanj e posebej zanima, nas obvestite. Takoj vam bomo poslali kopijo izbranega
predavanja po elektronski ali redni posti.

V zborniku so zanimivi ¢lanki za livarske tehnologije LPDC (nizkotla¢no litje), HPDC
(visokotlacno litje) in CPS (litie v pesek). V kratkem pa bo na voljo tudi elektronska verzija,
ki bo vklju€evala tudi tista predavanja, ki v zborniku niso objavljena.

Porocala:
mag. Mirjam Jan-Blazi¢

AKTUALNO / CURRENT

Seje organov Drustva livarjev Slovenije

Letos so vse seje organov Drustva livarjev Slovenije (v nadaljevanju Drustva) potekale
pri &lanici Drustva — podjetju Kovis Livarna d.o.o. v Storah. Najprej je zasedal Nadzorni
odbor, ki je obravnaval Porocilo o delu in finanénem poslovanju Drudtva za leto 2016.
Ob upostevanju usmeritev in pojasnil raCunovodstva ter predsednice Drustva je Nadzorni
odbor potrdil finanéno poslovanje Drustva za leto 2016.

Po konc&ani seji Nadzornega odbora se je nadaljevala 28. seja IzvrSnega odbora
Drustva in po njej Se volilni Ob¢ni zbor Drustva. Tako IzvrSni odbor kot Ob¢&ni zbor sta
imela na dnevnem redu naslednje osrednje toCke: porocilo o delu in finanénem poslovanju
Drustva za leto 2016 ter program dela Dru$tva za leto 2017.

Porocilo predsednice o delu Drustva v letu 2016 - z glavnimi poudarki dosezkov v
zadnjem S§tiriletnem mandatu - so vsi &lani prejeli s sklicem obeh organov v pisni obliki.
Na kratko je bilo poroc€ilo predstavljeno tudi na obeh sejah organov. Enako je bilo storjeno
tudi pri programu dela za leto 2017. Vsa porocila za leto 2016 in program Drustva za leto
2017 so bila na obeh organih sprejeta z malenkostnimi dopolnitvami, ki se nana8ajo na
Siritev seminarskih programov - tudi na seminarje, vezane na razlicno opremo za livarsko
industrijo.

Ker se je vodstvu in organom iztekel mandat, so bili na obeh organih obravnavani tudi
kadrovski predlogi za novo vodstvo Drustva, Izvrsni in Nadzorni odbor. Predlog kandidatov
je bil pripravljen na podlagi prispelih predlogov Clanic v kandidacijskem postopku, ki je
potekal v ¢asu od 28.12.2016 do 03.02.2017. V skladu s predpisanimi statutarnimi postopki
so bile na Ob&nem zboru opravljene volitve vodstva in organov Drustva. Seznam izvoljenih
za mandatno obdobje 2017-2021 objavljamo na zadnji strani te Stevilke Livarskega
vestnika.
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Na obeh organih je bil obravnavan in sprejet predlog sklepa o imenovanju prof. dr.
Reinharda Doppa za €astnega ¢lana Drustva livarjev Slovenije.

Pred sejo Ob¢nega zbora, ki je bil letos Se posebej dobro obiskan, je vse delegate
pozdravila direktorica Kovis Livarne, ga. Jerica Vranc, ki je v nadaljevanju predstavila
to uspesno livarsko podjetje. Podjetje je v lanskem letu uresnicilo pomembno nalozbo v
razSiritev proizvodnih prostorov za mehansko obdelavo, skladiS¢a orodij in modelarno.
Ogled celotnega podjetja, ki so se ga lahko udeleZili vsi delegati Ob¢énega zbora, je
potrdil, da so v tem podjetju v zadnjih letih na podrocju svojega razvoja naredili kar nekaj
pomembnih korakov, s katerimi so si zagotovili, da so danes lahko prvi igralci v segmentu
svoje trzne livarske niSe. Iskrene Cestitke podjetju za doseZeno in uspesno Se naprej, vam
Zelimo vsi stanovski kolegi! Gostitelju se tudi na ta nacin $e enkrat zahvaljujemo za odli¢no
organizacijo nasega delovnega sredanja v Storah.

Porocala: mag. Mirjam Jan-Blazic¢
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AKTUALNO / CURRENT

VODSTVO IN ORGANI DRUSTVA LIVARJEV SLOVENIJE
ZA MANDATNO OBDOBJE 2017 - 2021

Predsednica: mag. Mirjam JAN-BLAZIC

Podpredsednik: prof. dr. Primoz MRVAR, Univerza v Ljubljani
Podpredsednik: Janko CEVKA, Exoterm d.d.

Strokovni tajnik: mag. Martin DEBELAK,

GZS Zdruzenje za kovinske materiale

Clani Izvrénega odbora: mag. Drago BRENCE, Livarna Titan d.o.o.
Borut DREMELJ, Livar d.d.
mag. Andrej MIKLOZIC, Mariborska livarna Maribor d.d
Jasmin NIKOLAS, Cimos d.d. Koper
Aljosa OPAKA, Litostroj jeklo d.o.o
Brane RUS, LTH Castings d.o.o.
Anton SERIANZ, Termit d.d.
Borut TRIPLAT, OMCO Feniks Slovenija d.o.o.
Jerica VRANC, Kovis Livarna d.o.o.
prof. dr. Ivan ANZEL, Univerza v Mariboru

Clani nadzornega odbora: Andrej KOVACIC, Hidria Rotomatika d.o.o.
SimonavSTEGNE CERAJ, Livarna Gorica d.o.o.
Avgust SIBILA, Talum ulitki d.o.o.

CASTNA IMENOVANJA

Castni predsednik: T prof. dr. Ciril PELHAN, Ljubljana
Castni predsednik: t prof. dr. Milan TRBIZAN, Ljubljana
Castni ¢lani: t Borut MARINCEK, Ziirich

T Franz SIGUT, Dunaj

+ Eberhard SCHURMANN, Clausthal
prof. dr. Gerhard ENGELS, Disseldorf
Erich NECHTELBERGER, Dunaj

prof dr. Karel RUSIN, Brno

prof.dr. Friedrich KLEIN, Aalen
prof.dr. Alojz KRIZMAN, Maribor
prof.dr. Reinhard Doepp, Clausthal



