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ABSTRACT

AN EXPERIMENTAL AND A NUMERICAL
INVESTIGATION OF A HIGH PRESSURE DIE CASTING
ALUMINIUM ALLOY

In the present study, a computer simulation of ghhpressure die casting of
aluminium alloy was performed using a sophisticammmmercial software called
Magmasoft and, then its results were compared whth real castings of the same
aluminium alloy. The commercial aluminium alloy whksial 150 (AISi12Cu) that was

used for a flange which was a washing machine part.

Mould filling, solidification, temperature distriion, temperature profile, air
entrapment, and velocity of the liquid metal durdhig casting was investigated using the
modelling. After this numerical model, an experit@rstudy was carried out. The actual
mould was manufactured and the alloy above was icashe high pressure die cast
machine. Comparing the experimental results wigotatical model, the microstructure
and mechanical properties of the casting was dssclisvith the help of tensile and

hardness testing specimens, and microstructugesetspecimens.

Additionally, Etial 150 alloy was squeeze cast he tMaterial Laboratory of
Mechanical Engineering Department ofdaaici University. Four specimens were melted
at 700C, and they were squeezed in the squeeze castiop smder 100 MPa presssure.
The temperature of the die and punch was’G0f@r three castings and it was 4Q0for
the last casting for comparison. Moreover, six speos of Etial 150 alloy were
unsqueezely cast to the same die at’@0F-urthermore, six more specimens of Etial 150
alloy were also unsqueezely cast to théQ€ie. All these specimens were analyzed with
tensile testing, hardness testing, and microstratctavestigation. Finally, all of the results

were interpreted.



OZET

YUKSEK BASINCLI ALUM INYUM ALA SIMI
DOKUMUNUN DENEYSEL VE NUMER iK BiIR
INCELEMESIi

Bu yiksek lisans tezi camasinda, gedmis ticari bir yazihm olan Magmasoft
dokim simulasyon programi kullanilarak bir alimimyualgiminin yiksek basingli
dokimunidn simulasyonu yapilgnve bu simulasyon ayni aliminyum g@hainin gergek
dokimu ile kagilastirilmistir. Ticari aliminyum al@mi, bir camair makinasi parcasi olan
flans icin kullanilan Etial 150 (AISi12Cu) dir.

Oncelikle, dokilecek parcangakli kullanilarak modelleme yapildi. Bu modelleme
ile yuksek basin¢h dokim boyunca kalip dolumu, snetalin hizi, sicaklik dalimi,

sicaklik profili, hava kapilmasi ve kagtaa incelendi.

Numerik modelleme yapildiktan sonra deneysekigai da yapildi. Gergek kalip
uretildi ve Etial 150 yiksek basinch dokim makin8€ 550’de dokuldi. Teorik model
ile deneysel dokim sonuclarini kidastirmak Uzere dokimin icyapr ve mekanik

Ozellikleri argtinldi.

Bunun yaninda, Bgazici Universitesi Makine Muihendigli Malzeme
Laboratuarinda Etial 150 glanina sikstirma dokim uygulandi. Dort numune 7Q0de
ergitilip hidrolik pres ile 100 MPa basincta stkuldi. Kalip ve zimbanin sicakliklari ilk ti¢
sikistirma dokim icin 308C ve dordinct dokiimde daha optimum bir sonug Q7@ de
tutuldu. Ayrica, alti Etial 150 numunesi £@Ilik kalipta sikstirllmadan dokualda. Alti
Etial 150 numunesi de 20’lik kaliba sikstirilmadan dokdldid. Butin bu numuneler
cekme testi, sertlik testi ve icyap! fgtaflari ile analiz edildi. Bir genelleme yapabilmek

Uzere tUm sonuclar kalastirmali olarak irdelendi.
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1. INTRODUCTION

Die casting is a versatile process for poiglg engineered metal parts by forcing
molten metal under high pressure into reusabld stekls. These molds, called dies, can
be designed to produce complex shapes with a heghe@ of accuracy and repeatability.
Die castings are among the highest volume, mastupeal items manufactured by the
metalworking industry. Die cast parts are importasmnponents of products ranging from

automobiles to toys.

Each of the metal alloys available for dasting offer particular advantages for the
completed part. Zinc - The easiest alloy to caspfiers high ductility, high impact
strength and is easily plated. Zinc is economioalsimall parts, has a low melting point

and promotes long die life [1].

Aluminum alloys are lightweight, while possang high dimensional stability for
complex shapes and thin walls. Aluminum has goadosmn resistance and mechanical
properties, high thermal and electrical condugtvies well as strength at high

temperatures.

Dies, or die casting tooling, are made dfyatool steels in at least two sections, the
fixed die half, or cover half, and the ejector daf, to permit removal of castings. Modern
dies also may have moveable slides, cores or gwtions to produce holes, threads and
other desired shapes in the casting. Sprue holésifixed die half allow molten metal to
enter the die and fill the cavity. The ejector hadtially contains the runners (passageways)
and gates (inlets) that route molten metal to #natg. Dies also include locking pins to
secure the two halves, ejector pins to help rentbgecast part, and openings for coolant

and lubricant [2].

When the die casting machine closes, thedi@dalves are locked and held together
by the machine’s hydraulic pressure. The surfacerg/ithe ejector and fixed halves of the

die meet and lock is referred to as the "die pgtimme." The total projected surface area of



the part being cast, measured at the die partimg &nd the pressure required of the

machine to inject metal into the die cavity govelimes clamping force of the machine.

There are four types of dies: Single catatyproduce one component, multiple cavity
to produce a number of identical parts, unit digroduce different parts at one time, and

combination die to produce several different paotsan assembly.

The earliest examples of die casting byguee injection - as opposed to casting by
gravity pressure - occurred in the mid-1800s. Aepatvas awarded to Sturges in 1849 for
the first manually operated machine for castingtprg type [3]. The process was limited
to printer’'s type for the next 20 years, but depetent of other shapes began to increase
toward the end of the century. By 1892, commeraigplications included parts for
phonographs and cash registers, and mass prodwitioany types of parts began in the
early 1900s. The first die casting alloys were masi compositions of tin and lead, but their
use declined with the introduction of zinc and alwm alloys in 1914. Magnesium and
copper alloys quickly followed, and by the 1930Gisany of the modern alloys still in use
today became available.

The die casting process has evolved fronothggnal low-pressure injection method to
techniques including high-pressure casting — ate®rexceeding 4500 pounds per square
inch — squeeze casting and semi-solid die casiihgse modern processes are capable of
producing high integrity, near net-shape castindls excellent surface finishes [4].

Now to achieve maximum benefits from this processsitiitical that designers

collaborate with the die caster at an early stddgbeoproduct design and development.



2. LITERATURE REVIEW

2.1. Aluminium Casting Techniques

Aluminium casting processes are classiisdngot casting or Mould casting. During
the first process, primary or secondary aluminigraast into rolling ingot (slab), extrusion
ingot (billet) and wire bar ingot which are subsewfly transformed in semi- and finished
products. The second process is used in the famflsr producing cast products. This is
the oldest and simplest (in theory but not in pcajtmeans of manufacturing shaped
components. This section describes exclusively Blaalsting which can be divided into

two main groups as ‘Sand casting’, and ‘Die cagtin

Other techniques such as "lost foam" orx'ywattern" processes are also used but
their economical importance is considerably lowamtboth listed techniques. Aluminium
castings are very powerful and versatile technigoesnanufacturing semi- or finished
products with intricate shapes. Those techniquesantinuously improved and developed

to satisfy the user needs and to penetrate newatsark

Innovations are mainly oriented to the autbile sector which is the most important
market for castings. This continual improvement afelelopment will ensure that

aluminium castings continue to play a vital rolghis field [5].

2.1.1. Sand Casting

In sand casting, re-usable, permanentnpati@e used to make the sand moulds. The
preparation and the bonding of this sand mouldtagecritical step and very often are the
rate-controlling step of this process. Two maintesuare used for bonding the sand
moulds:

- The "green sand" consists of mixtures of saray, ahd moisture.

- The "dry sand" consists of sand and synthetiddsscured thermally or chemically.



The sand cores used for forming the inside shag®lbdw parts of the casting are made

using dry sand components.

In the "low pressure” sand casting techejghe melted metal is forced to enter the
mould by low pressure difference. This more congtéd process allows the production of

cast products with thinner wall thickness.

2.1.2. Die Casting

In this technique, the mould is generalty destroyed at each cast but is permanent,
being made of a metal such as cast iron or stagh Hressure die casting is the most
widely used, representing about 50% of all liglhdyatasting production. Low pressure die

casting currently accounts for about 20% of proiduncand its use is increasing.

Gravity die casting accounts for the resth the exception of a small but growing
contribution from the recently introduced vacuume diasting and squeeze casting
process.Gravity die casting is suitable for massdpction and for fully mechanised

casting [6].

2.1.3. High Pressure Die Casting

In this process, the liquid metal is ingettat high speed and high pressure into a
metal mould. This equipment consists of two velptatens on which bolsters are located
which hold the die halves. One platen is fixed #reother can move so that the die can be
opened and closed. A measured amount of metaluseganto the shot sleeve and then
introduced into the mould cavity using a hydradlicdriven piston. Once the metal has

solidified, the die is opened and the casting rezdov

In this process, special precautions mestaien to avoid too many gas inclusions
which cause blistering during subsequent heatrtreat or welding of the casting product.
Both the machine and its dies are very expensivefa@r this reason pressure die casting is

economical only for high-volume production [1].



2.1.4. Low Pressure Die Casting

Low-pressure die casting is especially suitethe production of components that are
symmetric about an axis of rotation. Pressurespdbl0.7 bar are usual. Light automotive

wheels are normally manufactured by this technique.

2.1.5. Vacuum Die Casting

The principle is the same as low-pressugecdsting. The pressure inside the die is
decreased by a vacuum pump and the differenceesEpre forces the liquid metal to enter
the die. This transfer is less turbulent than blgeotcasting techniques so that gas
inclusions can be very limited. As a consequertus,rtew technique is specially aimed to

components which can subsequently be heat-tredjed [

2.1.6. Squeeze Casting or Squeeze Forming

Liquid metal is introduced into an open,diest as in a closed die forging process.
The dies are then closed. During the final stagedosure, the liquid is displaced into the
further parts of the die. No great fluidity requirents are demanded of the liquid, since the
displacements are small. Thus forging alloys, wigeherally have poor fluidities which
normally precludes the casting route, can be oatib process [8].

This technique is especially suited for mgkfibre-reinforced castings from fibre
cake preform. Squeeze casting forces liquid alwminito infiltrate the preform. In
comparison with non-reinforced aluminium alloy, ralaium alloy matrix composites
manufactured by this technique can double the datigtrength at 300°C. Hence, such
reinforcements are commonly used at the edgesegfittion head of a diesel engine where

solicitations are particularly high [9].



2.2. DieCasting

Die casting is a versatile process for pohglg engineered metal parts by forcing
molten metal under high pressure into reusabld stells. These molds, called dies, can
be designed to produce complex shapes with a heghe@ of accuracy and repeatability.
Parts can be sharply defined, with smooth or textwurfaces, and are suitable for a wide

variety of attractive and serviceable finishes.

Die castings are among the highest volum&ss-produced items manufactured by
the metalworking industry, and they can be founthmusands of consumer, commercial
and industrial products. Die cast parts are immbrtamponents of products ranging from
automobiles to toys. Parts can be as simple askafaiicet or as complex as a connector

housing.

Figure 3.1. The polished, plated zinc die castinthe kitchen faucet [4]

Die cast parts are found in many placesiraahe home. The polished, plated zinc
die casting in this kitchen faucet in the Figuré, 3llustrates one of the many finishes
possible with die casting. The connector housings examples of the durable, highly

accurate components that can be produced with ‘®daydern die casting.

2.2.1. History Of Die Casting

The earliest examples of die casting bygguee injection - as opposed to casting by
gravity pressure - occurred in the mid-1800s. Aepatvas awarded to Sturges in 1849 for



the first manually operated machine for castingitprg type. The process was limited to
printer’s type for the next 20 years, but developtmaf other shapes began to increase
toward the end of the century. By 1892, commeraigplications included parts for
phonographs and cash registers, and mass prodwitioany types of parts began in the
early 1900s.

The first die casting alloys were variomsnpositions of tin and lead, but their use
declined with the introduction of zinc and aluminwatoys in 1914. Magnesium and
copper alloys quickly followed, and by the 1930sny of the modern alloys still in use
today became available [10] .

The die casting process has evolved fragnotiiginal low-pressure injection method
to techniques including high-pressure casting —foates exceeding 4500 pounds per
square inch — squeeze casting and semi-solid dietnga These modern processes are

capable of producing high integrity, near net-shegmtings with excellent surface finishes.

2.2.2. TheFuture Of Die Casting

Refinements continue in both the alloysduse die casting and the process itself,
expanding die casting applications into almost gvanown market. Once limited to
simple lead type, today’s die casters can prodasérgs in a variety of sizes, shapes and
wall thicknesses that are strong, durable and dsioeally precise.

Figure 3.2. A magnesium seat pan [10]



The magnesium seat pan in the Figure 3.2 shows ¢amplex, lightweight die cast

components can improve production by replacing iplelpieces.

2.2.3. TheAdvantages of Die Casting

Die casting is an efficient, economicalqass offering a broader range of shapes and
components than any other manufacturing techniBags have long service life and may
be designed to complement the visual appeal o$tin®unding part. Designers can gain a
number of advantages and benefits by specifyingcdist parts. Die casting provides
complex shapes within closer tolerances than mémgr anass production processes. Little
or no machining is required and thousands of idahttastings can be produced before

additional tooling is required.

Die casting produces parts that are duradohel dimensionally stable, while
maintaining close tolerances. They are also hesagteat. Die cast parts are stronger than
plastic injection moldings having the same dimensid hin wall castings are stronger and
lighter than those possible with other casting rmésh Plus, because die castings do not
consist of separate parts welded or fastened tegdtie strength is that of the alloy rather

than the joining process.

Die cast parts can be produced with smoottextured surfaces, and they are easily
plated or finished with a minimum of surface prep@n.Die castings provide integral
fastening elements, such as bosses and studs. tkilebe cored and made to tap drill

sizes, or external threads can be cast [6].

2.2.4. Die Casting Process

The basic die casting process consistsjetting molten metal under high pressure
into a steel mold called a die. Die casting machiaee typically rated in clamping tons
equal to the amount of pressure they can exerherdie. Machine sizes range from 400
tons to 4000 tons. Regardless of their size, the fmmdamental difference in die casting
machines is the method used to inject molten metala die. The two methods are hot

chamber or cold chamber. A complete die castingeayan vary from less than one second



for small components weighing less than an ourceyo-to-three minutes for a casting of
several pounds, making die casting the fastesinigabh available for producing precise

non-ferrous metal parts.

2.2.5. Die Casting vs. Other Processes

Die casting vs. plastic molding - Die cagtiproduces stronger parts with closer
tolerances that have greater stability and dutgbilie cast parts have greater resistance to

temperature extremes and superior electrical ptieger

Die casting vs. sand casting - Die caspngduces parts with thinner walls, closer
dimensional limits and smoother surfaces. Prodoasdfaster and labor costs per casting

are lower. Finishing costs are also less.

Die casting vs. permanent mold - Die cagstoffers the same advantages versus

permanent molding as it does compared with santhgas

Die casting vs. forging - Die casting prodsi more complex shapes with closer
tolerances, thinner walls and lower finishing co§tast coring holes are not available with

forging.

Die casting vs. stamping - Die casting pics complex shapes with variations
possible in section thickness. One casting mayaoepkeveral stampings, resulting in

reduced assembly time.

Die casting vs. screw machine products e Dasting produces shapes that are
difficult or impossible from bar or tubular stochile maintaining tolerances without
tooling adjustments. Die casting requires fewenrajpens and reduces waste and scrap [4].

2.2.6. Choosing the Proper Alloy

Each of the metal alloys available for dasting offer particular advantages for the

completed part. Zinc is the easiest alloy to cdsgffers high ductility, high impact
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strength and is easily plated. Zinc is economioalsimall parts, has a low melting point

and promotes long die life.

Aluminum is lightweight, while possessingth dimensional stability for complex
shapes and thin walls. Aluminum has good corrostsistance and mechanical properties,

high thermal and electrical conductivity, as wellstrength at high temperatures.

Magnesium is the easiest alloy to machmagnesium has an excellent strength-to-

weight ratio and is the lightest alloy commonly dast.

Copper possesses high hardness, high amrossistance and the highest mechanical
properties of alloys cast. It offers excellent wessistance and dimensional stability, with

strength approaching that of steel parts.

Lead and Tin offer high density and areatdg of producing parts with extremely

close dimensions. They are also used for speaials§@f corrosion resistance [10].

2.2.7. DieConstruction

Dies, or die casting tooling, are made ltafyatool steels in at least two sections, the
fixed die half, or cover half, and the ejector daif, to permit removal of castings. Modern
dies also may have moveable slides, cores or gwtions to produce holes, threads and
other desired shapes in the casting. Sprue holgmifixed die half allow molten metal to
enter the die and fill the cavity. The ejector hadtially contains the runners (passageways)
and gates (inlets) that route molten metal to #natg. Dies also include locking pins to
secure the two halves, ejector pins to help rentbgecast part, and openings for coolant

and lubricant.

When the die casting machine closes, tleedw halves are locked and held together
by the machine’s hydraulic pressure. The surfacera/khe ejector and fixed halves of the
die meet and lock is referred to as the "die pgtiime.” The total projected surface area of
the part being cast, measured at the die partmg &nd the pressure required of the

machine to inject metal into the die cavity goveimes clamping force of the machine.
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There are four types of dies: ‘Single cau produce one component’, ‘Multiple
cavity to produce a number of identical parts’, ilsie to produce different parts at one

time’, and ‘Combination die to produce severaleatént parts for an assembly’ [11].

2.2.8. Hot Chamber Machines

Hot chamber machines are used primarilygioc, copper, magnesium, lead and other

low melting point alloys that do not readily attagkd erode metal pots, cylinders and

plungers.

15

HOT CHAMBER DIE CASTING MACHINE

Figure 3.3. Hot chamber die casting machine [6]

The injection mechanism of a hot chambechiree is immersed in the molten metal
bath of a metal holding furnace. The furnace iached to the machine by a metal feed
system called a gooseneck. As the injection cylimdenger rises, a port in the injection
cylinder opens, allowing molten metal to fill th@inder. As the plunger moves downward
it seals the port and forces molten metal throdgh gooseneck and nozzle into the die
cavity. After the metal has solidified in the diavity, the plunger is withdrawn, the die

opens and the casting is ejected.

2.2.9. Cold Chamber Machines

Cold chamber machines are used for allogh s aluminum and other alloys with
high melting points. The molten metal is pourediat "cold chamber,” or cylindrical
sleeve, manually by a hand ladle or by an automatite. A hydraulically operated

plunger seals the cold chamber port and forcesInmétethe locked die at high pressures.
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@

COLD CHAMBER HIGH PRESSURE
DIE CASTING MACHINE

Figure 3.3. Hot Chamber Die Casting Machine [10]

2.2.10. High Integrity Die Casting M ethods

There are several variations on the basicgss that can be used to produce castings
for specific applications. These include: squeeastieg, which is a method by which
molten alloy is cast without turbulence and gasagmhent at high pressure to yield high

quality, dense, heat treatable components.

2. Sholurd; s fa infeclion 3 Sheow [Fad by docking 4, Pregar i poss ug o
POSNNN DU DR CAMPN] exincer and aet ity the de moban matal il e die

" | : n‘.ih

Figure 3.4. Squeeze casting steps [11]

Semi-solid molding - A procedure where semi-solietah billets are cast to provide dense,

heat treatable castings with low porosity.
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Figure 3.5. Semi-solid molding steps [12]

2.2.11. Automation and Quality Control

Modern die casters use a number of sophisiil methods to automate the die casting
process and provide continuous quality control. ofnaited systems can be used to
lubricate dies, ladle metal into cold chamber maebiand integrate other functions, such
as quenching and trimming castings. Microprocessinsin metal velocity, shot rod
position, hydraulic pressure and other data thatsed to adjust the die casting machine
process, assuring consistent castings shot aftdr $hese process control systems also

collect machine performance data for statisticalysis in quality control [13].

2.2.12. DieCasting Design

Die casting is one of the fastest and most-effective methods for producing a wide
range of components. However, to achieve maximumefits from this process, it is
critical that designers collaborate with the disteaat an early stage of the product design
and development. Consulting with the die castemduthe design phase will help resolve
issues affecting tooling and production, while igigmg the various trade-offs that could

affect overall costs.

For instance, parts having external undsrou projections on sidewalls often require
dies with slides. Slides increase the cost of dlodirig, but may result in reduced metal use,
uniform casting wall thickness or other advantaddsese savings may offset the cost of

tooling, depending upon the production quantifesyiding overall economies [14].

Alloy properties are one of the first steps in dagsig a die cast component is

choosing the proper alloyrhe cost of materials is another important desmmsieration.
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Accurate comparisons require looking beyond the pes pound or cost per cubic inch to
fully analyze the advantages and disadvantagesaf eompeting process. For instance,
the relatively greater strength of metals generallpws thinner walls and sections and

consequently requires fewer cubic inches of mdttan plastics for a given application.
2.3. High Pressure Die Casting

The pressure die casting process has igmsrin typecasting machines, which had
reached a high level of automation and mechanic&iency by the mid-1800's. By the
end of the 19 century variants of the typecasting machines vieiag used to produce
components for cash registers and gramophonesbgnithe beginning of the current
century die cast bearings were being produced dtwnaotive applications. Although the
technology of the process continued to evolve dyutire early part of the 20century, it
was not until the 1920's that the forerunners &rttodern hot chamber and cold chamber
machines were developed [1]. These processes hemre refined to the extent that tiny
zinc alloy castings can be produced in a one-secgal@ on fully automated hot chamber
machines. The cold chamber process is used predathinfor the production of
aluminium alloy components, which include complastings weighing in the region of
15kg (30Ib), for the automotive industry. For swamponents the cycle time would be

about two minutes.
2.3.1. Process Outline

2.3.1.1. Hot Chamber Process

A schematic diagram of a hot chamber pmessiie casting machine is shown in

Figure 3.3. The metal for casting is maintainedraappropriate temperature in a holding
furnace adjacent to, if not part of, the machiniee Thjection mechanism is located within
the holding furnace and a substantial part of ithisrefore in constant contact with the
molten metal. Pressure is transmitted to the nistahe injection piston, which forces it

through the gooseneck and into the die [15]. Onrétern stroke metal is drawn into the
gooseneck for the next shot. In this process tlsenginimum contact between air and the

metal to be injected, thus minimising the tendefaryturbulent entrainment of air in the
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metal during injection. However, there is prolongeatact between the metal and parts of

the injection system, which effectively restridisstprocess to zinc-base alloys.

2.3.1.2. Cold Chamber Process

The essential feature of this processeasridependent holding and injection units. In

the cold chamber process metal is transferred dig, lananually or automatically, to the
shot sleeve. Actuation of the injection piston &wt¢he metal into the die. This is a single-
shot operation. This procedure minimises the caritae between the hot metal and the
injector components, thus extending their operatliig. However, the turbulence
associated with high-speed injection is likely tdrain air in the metal, which can cause
gas porosity in the castings. The cold chamber ga®ds used for the production of
aluminium and copper base alloys and has been dedeto the production of steel

castings.

The advantages of the pressure die cagiingesses are the ability to produce
castings with close dimensional control, the abiiit produce castings with a good surface
finish, the ability to produce castings with thimhg, and therefore of reduced weight, and
the ability to produce castings at a high raterotipction.

Against these advantages the disadvantagekigh capital plant costs, high tooling
costs, restrictions on the range of alloys whicim & cast, and restrictions on the
maximum size of casting that can be cast [16].
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3. SSIMULATION

3.1. Magmasoft Simulation Software

Magmasoft is a comprehensive simulation tool for the techgimial and quality
focused production of castings worldwide. The setioh capabilities of Magmasoft show
the way by providing a better understanding of mitlchg, solidification, mechanical
properties, thermal stresses and distortions, andhmmore. Magmasdftprovides a
complete solution for design, production, and dqualepartments with fully menu-driven

with an integrated solid modeler, CAD interfaces] axtensive databases.

Magmasoft provide a roadmap to casting quality and optimaratiMagmasoft
helps to avoid gating and feeding problems, prechsting quality, aids permanent mold

design and reduces fettling costs [17].

Magmasoftoffers solutions for all casting needs. MAGMAIiranable to predict the
microstructure and resulting mechanical properiiesiron castings, considering the
specific metallurgical and metal treatment practideor steel foundrymen the extended
capabilities of MAGMAsteel, allow greater understany of the effects of
macrosegregation and provide information, whichpsus process layout as well as assists
in the optimization of heat treatment. The desigd process optimization of non-ferrous
castings in permanent molds is supported through pinocess specific modules
MAGMAIpdc, MAGMAwheel, MAGMArotacaster and MAGMACil In high-pressure and
low-pressure die casting applications, MAGMAhpdcd aMMAGMAIpdc support the
construction of sound dies and tooling before irat €astings are produced. The product
development cycle can be shortened through thg peediction of residual stresses and

part distortion.
3.1.1. Hardware and Softwar e Requirements

Hardware- Although earlier it was often necessary to havesagjve workstations to

carry out intensive simulation, today many caldola can be completed using common
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PC's. Good PC’'s are now standard hardware for ngassimulation. Nonetheless,
computers are never fast enough - more and morgigshis considered in the programs,
the models become more and more complex, and theeas need to be there earlier and
earlier. When simulation programs are parallelizeds possible to take advantage of the
extreme power of parallel computers. These “clgsteost less than workstations used
earlier. With the appropriate software installedaotiuster, “experimentation on the

monitor” or automatic optimization becomes reality.

All projects performed by Magma Engineer@gyvice are time-critical. So Magma's
most powerful hardware is installed at Magma Engiiimg) Service. From Linuxs' Cluster
over multi-processor UNIX workstations and fastldquacessor PC's to laptops; the
hardware resources enable Magma Engineering Sdoviespond as fast as possible on
customer requests. And more than that: Magma Eagirg Service buffers MagmasBft
users peak loads by offering to run their projeaten over night, on powerful hardware.

Software- Finally, the foundry man needs a trustworthy setioh program, which is
continuously tested, maintained and improved. Ftben generation and completion of
geometry models to the engineering collaborationcommon internet based platforms
many CA-technologies are required. Magma EngingeSiervice is fully equipped: model
repair tools, 3D CAD, FE- and CV-mesh generatord BR-Analysis are installed and
integrated with Magmasd&ft Magma Engineering Service uses all released Magftia
modules as well as special process or materiategtlmodules for certain applications.

3.1.2. Casting Design Support

Castings are always competitive, if theiglesfully exploits their potential for
superior functionality and performance. In the dasiprocess for such castings,
information related to the manufacturing process @early needed: Residual stress and
local mechanical properties must be taken into idenation. The complete development
process including design, FE analysis, prototypingling and series production planning

will be improved, when casting simulation is intagd [18].
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At Magma Engineering Service, the key competencestwo-fold. The foundry
engineers, mechanical engineers, metallurgiststamithakers have practical experience.
At the same time they worked for years in castimgutation and FE-analysis. This
combination enables them to understand the catignologies, management processes
and business models of the clients of the Magma inéegng Service.
Magma Engineering Service engineers analyze presgst® feasibility studies, propose
and perform the layout or optimization of castimgidns and casting processes. With more
than thirty engineers with these skills worldwitiéagma Engineering Service is a center
of excellence for the application of simulation incasting processes.
And more than that: together with the partnerdratsgic alliances, the complete process
chain from casting development is covered over Raélyais, lifetime calculations, reverse

engineering, prototyping, tool and pattern makimgeries production processes [19].

3.1.3. MAGMAhpdc

MAGMAhpdc provides a comprehensive simolatof the High-Pressure Die Casting
(HPDC) process using detailed process and boundamgitions. In MAGMAhpdc, all
important parameters influencing heat flow and dreethermal balance of the die can be
considered, such as ejection time, die openingesemg) delay time (simulating effect of
cycle interruptions on the thermal balance), diesiclg sequence, less time until the
beginning of the next cycle, individual control each cooling or tempering channel,
definition of die spraying procedure, venting amgwum, local squeezing definition.

MAGMAhpdc also supports the setup of shequence by a comprehensive shot
calculator module, considering the casting demandd the die casting machine
capabilities. The shot calculator provides infororatfor the simulation setup of the

recommended first and second phase shot profile [17
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3.1.3.1.Basics and use

Innovations and modifications in the tecfusis of high pressure die casting or
tooling are forced by trends in part design, padd as well as by costs and times for
development and manufacturing processes. All cutrends require continuous improvement
in planning of part performance and production psses. The quality of parts and the
efficiency of development and manufacturing proessse primarily depending on the quality

and accuracy of the planning process.

Generally, there are two crucial factorattecure the reliability of planning:
Experiences from past projects that can be usédtune projects, and Modeling of processes
based on general physical laws. As die castingscasting processes get more and more
complex, it becomes increasingly difficult to useperience from past projects in future
projects. At the same time, due to restructuringcesses in the casting industry, less
information is documented and stored and thus veatable in the future [20].

In high pressure die casting the term ‘niodé means the reproduction of the
casting process in simulation programs. In thishoét the very detailed process flow is
specified as a boundary condition in a calculatibhe result is the representation of die
filling, solidification, formation of microstructer and properties, as well as development of
residual stress and distortion in the castings.siimeilation results can be displayed on screen,
printed as color graphics, or represented threausioaally and thus are excellent records of
the anticipated results of the die casting proc&sshis is the quickest and most cost-effective

method to develop a high-value product, die castiegeling gets more and more important.

3.1.3.2. Model specifications

In the numerical simulation of casting eses, three-dimensional differential
equations are used as mathematical-physical madelss flow, heat flow, or development of
stress are coupled to the casting process and eamdaeled by coupling the respective
differential equations. For die filling, e.g., teeare equation systems, which are able to
describe occurring phenomena like turbulent thiegsp flow with possible phase transitions.

However, simulations that use such detailed mogetifications require very long computing
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times, even on supercomputers. But it is not alwagsessary to use a very detailed
description for the practical use of the simulatipnorder to get a basic understanding of the

processes during phase transition it is also pleswhluse other simulation techniques.

Basically, the term ‘modeling’ means theatized replication of an object or of a
process. A good model mirrors the essential charatts of the original, but at the same
time uses valid and clever simplifications. The elodw of a complex, technical operation
like the high pressure die casting process meandetime, to quantify, and to take into

consideration the characteristic values and intilaemechanisms of the process.

The simulation of die casting needs to iy the following typical problems:
Patterns and temperatures in the melt flow: ldieidfiareas, venting of the die, aggregation of
die agents, ‘dead areas’ in the runner, turbulemcelse melt, disintegration of the melt and
merging of melt fronts, cold shuts, or weld lindemperatures of the die: the complete die
filling (especially during thin-wall casting), cyekimes, core wear, adhesive tendency, or heat

loss when spraying [21].

Solidification of the casting: the creatiohshrinkage cavities and pores, hot tears,
microstructure formation, possible feeding in thealf pressure phase or during local
squeezing, as well as the formation of residuaisstiand consequently arising distortion. The
integration of the simulation results into the dem making processes during casting design
or in the foundry assumes that the calculationgiggly last no longer than one day, counting
from the availability of an accurate 3D-CAD-moddl @ casting including ingates to the
creation of the documentation of the calculationthWhese factors in mind, there are the

following models and examples to review:

In the majority of cases the Navier-Stokgsiation is used to describe pressure-
driven flow. This equation needs to be solved cedplith the Fourier heat conduction
equation in order to consider the heat loss ofik# during die filling. Regarding flow, basic
approaches for single phase and laminar flow agd.0&/ith specific extensions of the models,
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further phases like air and solidified melt are sidared. The phenomena of turbulences are

taken into account by usingek&pproaches.

The Fourier heat conduction equation isdug® these models. Here, phase
transformation enthalpies like melt heat need tadmesidered according to the solidification
laws. Effects like the different precipitation obliglification phases in dependency on
supercooling are increasingly in use. If the useddeling approaches consider values
calculated during heat flow simulation, like locablidification time, cooling rate, or

temperature gradient, the formation of microstrregican be computed.

The formation of residual stresses in ogstis very complex, especially in the area
of high temperatures. Non-linear, elastoplasticagghes are very sophisticated. It is difficult
to describe phenomena like the formation of hatstea the material laws in combination with
high temperatures are not well enough known yethiéy, it is difficult to consider the contact
conditions between die and casting, which has a&taaobal influence on the formation of

stresses, especially in high pressure die casti®p [

3.1.3.3. _Phases of a simulation project

In order to run a casting simulation, tleowing fundamental steps need to be

carried out.

Basis for the simulation is ae#mdimensional geometry model of the raw casting
or the machined part. The casting developers irathemotive industry focus on maintaining
a centrally managed and up-to-date record of getesdhat exclusively consists of 3D-CAD
data. This way it is nearly impossible that suchdel@oesn’t exist in the automotive industry.
In other industries it might happen that a modeatas existent and it needs to be developed
based on drawings. The geometries of ingates aedflows, as well as of die segments
including cooling/heating lines are prepared asn3@els and need to be available for the

simulation, too [19].
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The complete 3D-model, which consists & thw casting, ingates, overflows
and/or vacuum channels, as well as die segmenisding cooling/heating lines need to be
enmeshed for the mathematical calculation. Depgndimthe operation method, these meshes
are exclusively automatically generated (finitewné method), or automatically generated
and manually reworked (finite elements method). €ompletion of the 3D-models and the

enmeshment are known as ’preprocessing’ [17].

Before starting the calculations, the reggiiprocess parameters need to be entered
via interactive user interfaces. These processmetexs are shot curve, temperatures of melt,
thermal regulation medium and die, as well as tirerwlogical sequence of the whole casting
process including the spraying of the die agentn&esimulation programs include subroutines

that automatically forecast and propose approppeieess parameters.

The actual calculation can be carried omtvarious hardware platforms. The
complete calculations usually run overnight on pdweanachines, but with the use of cluster
computers and appropriate simulation programs, céleulation can be completed within

minutes.

‘Postprocessors’ prepare the results inreal graphics or movies that visualize and
document the calculated operations during die nflli solidification, formation of

microstructure and properties, as well as the ftionaof residual stress and distortion.

The time needed for the run of the simalatis depending on various parameters
and can range between 30 minutes (for the detetimmaf the ingate position and the
requirements for thermal balancing of the die) amal days (for the calculation of die filling,
solidification, and formation of residual stressghwmore cycles for a complexly structured
casting) [20].

3.1.3.4. Automated numerical optimization

With the help of simulations it is possilite ‘x-ray’ the casting process that was

elaborated by qualified personnel. The resulthefdimulations support the decision-making-
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process in order to implement improvements. Thius,use of casting simulations is always
dependent on the employment of qualified personfig labor costs in a simulation project
increases in correlation with the velocity of theidgable hardware. This raises the question on

how the simulation can be more effective in respethe use of personnel.

Thus, the qualified user needs a tool tiedps him to implement his knowledge in
the areas of error diagnostics and optimizations T$éecond generation’ of simulation tools
aims to use the knowledge of the user to formutaggourpose of optimization and assessment
criteria for the simulation process. The above mo@ed steps of a single simulation project
(change of CAD-geometries, process parameterg, aftar simulation, and evaluation of the

results) can indeed be carried out by a computmsrding to appropriate pre-settings.

The rapid development of computer processors amdangegenerates increasingly
powerful hardware. Today, it should be possiblesitmulate hundreds of variations of a
casting process overnight. However, the definitérihese variations would take some time
and the amount of generated information could lyatskt evaluated within days. The
advantage of the very short computing times cag belused if the evaluation and the new
definition of the calculated variations would bermd out automatically by the computer.

Basically, there are two different approaches.

On the one hand, there are knowledge-bsgsdms that perform modifications or
optimizations of the casting process based ondt@gulations. However, a very high number
of clear and unambiguous correlations between candeeffect need to be known for that

purpose, which is not the case in high pressurealéng [21].

On the other hand, there is the possibibtyse the survival of strong individual’s
genetic components as it is practiced in naturexe@e algorithms accept variations more or
less at random where reasonable variations surfrim@ generation to generation. The
integration of such optimization algorithm into tag simulation software results in a system

that is able to perform computerized and fully auted optimizations of the casting process.
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Basically, this system is suitable for the solutainthe following problems in high pressure

die casting:

Due to turbulences and dead areas, gadrep@ed in the melt before the actual die
filling. Purpose of optimization is the minimizatiaf peak gas pressure during filling. The

variables are the parameters of the CAD-desighefunner.

High temperature gradients that developnduthe casting cycle in the die reduce
the lifetime of the die. Purpose of optimizatiorthe minimization of temperature gradients at
certain locations of the die and at certain timéshe casting cycle. The variables are the

parameters of the CAD-design of the cooling/healimes.

Dry die agents in a closed die need to esatp in the shot chamber and to re-
condense at the wall of the cavity. Purpose ofnottion is to keep the temperature of the
die surface on the level required for this proc&s® variables are the parameters of the CAD-

design of the cooling/heating lines, too.

Many castings have heavy sections betwdé#m sections. In order to avoid
shrinkage cavities it is necessary to perform l@zpieezing. Purpose of optimization is to
avoid heavy sections with pores. The variablestlaeeexact position and the volume of the
squeezers as well as the exact point in time, wihensqueeze pin is pressed into the
solidifying melt [22].

3.1.3.5. Die filling simulation

The die filling is often seen as the ma#ical and for the casting result the most
influential subprocess in high pressure die cast#gart from some exceptions that require a
slow die filling (like infiltration of inserts madef ceramic fibers) the ingate velocities lie in a
range between 30 and 140 m/s and the filling tirmes between 20 and 200 ms. These
conditions lead to a turbulent flow, where, duethe geometries of the castings, the melt
fronts are nearly always uneven. The flow consétat least two phases (liquid and gas) and

in some cases additionally of a solid phase duteglie filling.
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Due to various reasons, the gating dessgwery important in high pressure die

casting. Regarding the design of the gate, theviafig needs to be taken into consideration:

» Turbulences in the melt should be reducedrder to avoid entrapped gas in the
casting.
* The melt flow through the gate needs toibeed in order to allow the controlled

merging of the melt fronts.

turbulences

() (b)
Figure 3.6. (a) Turbulences in the gate due toworéble design, (b) Disadvantageous
dimensions of the runners lead to uneven die gllibue to the tight dimensions the right

branch of the gate is filled too late [21].

 The flow velocities need to be consistelsp avhen using fan ingates.
» The desired ingate velocities need to be met

» The desired direction of the melt flow int@ cavity needs to be met.

The die filling simulation based on an érig design of the gating system allows
to evaluate all these problems, and thus to deifidiee design is usable or needs to be
modified (Figure 3.6-3.7).
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35 mls

10 m/s

(a) (b)
Figure 3.7. (a).Fan ingate, where the flow velesitvary considerably. (b)Here, the

ingate velocities are just right (40m/s) [21].

The die filling is primarily determined liie defined shot parameters. Thus, the
plunger velocity and switching points need to besidered very precisely for the simulation.
Generally it is assumed that the machine hydraukcsable to implement the defined
parameters. In this case the volume flow of thet el function of time is exactly known and

will be considered in the calculation accordingfglre 3.8).

Using the PQ2-diagram, it can be verifiédhie machine hydraulics is able to
convert the defined parameters (Figure 3.9). Thedtgyram is calculated from the following
parameters; firstly, the machine parameters that loa stored in the data base of the
simulation program, classified under the correspumndnachine types; and secondly, the tool
parameters that are calculated from the CADmod&ietie. With the verified parameters the
simulation program is able to calculate (and ifessary to optimize) various process values

like filling time, gate velocity, necessary closifuyce, etc. (Figure 3.10).
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Figure 3.8. A shot profile with constant plungeloegty in the first phase and a shot
profile optimized according to NADCHL7].

As seen in the Figure 3, the filling pracé@s the simulation can be controlled by
various shot profiles. This example shows a shetilprwith constant plunger velocity in the
first phase and a shot profile optimized accordm¢ADCA. Based on the defined machine

and die parameters, the simulation program is tabbalculate an optimized shot profile.
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Figure 3.9. PQ?-diagram [17]

With the PQz23-diagram, the optimally adjusted opegapoint for machine and die can

be determined as seen in the Figure 3.9.
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Figure 3.10. Manufacturing and process paramgtesposed by the simulation

program, and based on the parameters of chosenmaaaid die [18]

The results of the mold filling simulati@aiow an evaluation of the chosen casting
parameters and the runner in respect to the aatedpquality of the casting. The typical
casting errors due to suboptimal filling are visiltelding lines, cold runs, or pores as a result
of entrapped air. With the help of mold filling sufation it is possible to verify the formation

and development of those errors (Figure 3.11).

e T

entrapped aur

() (b)
Figure 3.11. (a) Gas pores (b) Stretcher linescatdi runs at thin wall castings [18]

As seen in the Figure 3.11, gas can beppéd if the venting doesn’t conform to
the die filling. The pressure of entrapped airh&t €nd of the filling results in gas pores. The

simulation can precisely predict stretcher lineg eold runs at thin wall castings.

Errors like erosion of the mold are caubgdhe filling process, too. Generally,

erosion is a result of high melt temperatures innextion with high melt velocities. Those
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conditions usually occur at the gate but also aitjpms where the melt is redirected (Figure
3.12). Just before the ingate, the pressure isceglyehigh during filling. This results in high

wear in this area of the die.

c-aur 3

Figure 3.12. High wear just before the ingate [17]

Ideally, the die filling process is diredten a manner that the casting can
directionally solidify towards the biscuit. At treame time, the volume of the gating system
should be reduced as much as possible. It is oftgmired to have a certain area of the casting
with a minimal amount of entrapped gas. For thigppse the location or the design of the
runner and gating system is modified, where thauktion verifies this alteration.

3.1.3.6. Simulation of the casting solidification

The solidification of the melt is characzed by a number of metallurgical-
physical phenomena that eventually determine tbal Iproperties of the casting. Those need
to be considered in the simulation with approprirateeling approaches. The main aspects in
high pressure die casting are the shrinkage dusimiglification and the microstructure

formation.

The volume contraction during the solidition of the metal melt leads to
shrinkage cavities and dispersed porosity depenaiintpe alloy and the wall thickness of the
casting. Heavy sections of the casting usually farstable metal skin, whereas thin walls and
especially the ingate start to freeze quickly. Bos reason, feeding can only be used as a
compensation of the shortfall in volume if the itegaare thicker than the wall of the casting,

where further feeding is necessary (exception isdiccal squeezing).
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The simulation allows an easy determinatioin areas where solidification

shrinkage can lead to volume errors. The simplagrion is the solidification time (Fig.
3.13). The possibility to partially compensate siodidification shrinkage by feeding with the

plunger or with the local squeezer can also bdalysg (Figure 3.14).

Ma: 34
Potga=c i rAin: S

Figure 3.13. Dispersion of the solidification tin{é8]

Solidification times dispersion is seenairgear box housing with different wall

thicknesses (left) and in a structural componenh wonstant wall thicknesses (right) in the

Figure 3.13. Long solidification times indicate islkage errors.

Figure 3.14. The porosity of thick-wall castings dee reduced by enlarging the ingate
[16]

As seen in the Figure 3.14, using an ingite of 0,4mm (left) leads to more
porosity than a gate size of 0,7mm. However, tigate is always one of the thinnest areas of

the casting and thus freezes so quickly that atilg feeding is possible.

In the past years, computer tomography (&@E) been increasingly used in the area
of quality assurance. As imperfections can be éxdatalized and results are very accurate,

the computer tomography is a great support foirmgsimulation (Figure 3.15).
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During the development of a gear box cgstiome cast prototypes were analyzed
with the help of CT. At the same time, the caspngcess was simulated. The comparison of

the results shows a vast agreement between thauredaand the calculated pores.
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Figure 3.15. The pores calculated with MAGMASGFNnd the pores analyzed with CT
[18]

As seen in the Figure 3.15, the pores tated with MAGMASOFT and the
pores analyzed with CT (computer tomography) shoesvsame critical areas. The display of
the calculated pores is intentionally bigger thaa tisplay of the actually detected pores

(FORD gear box casting, Prototype).

Shrinkage cavities are acceptable in somecdstings; however, they generally
cause problems during mechanical exposure andglanachining of the casting. Shrinkage
cavities always occur in heavy sections that aretfanally necessary in many die castings.
There are only a few possibilities to avoid shrgka&avities, if the design of the casting can’t
be modified. One of those possibilities is localeseging.

The example in Figure 3.16(a) presentsdingensioning of a squeezing system

that should be used for the forced feeding of tacatiarea in the casting (Figure 3.16).
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Figure 3.16. (a). The maximum solidification timecocs in a thick-wall area of the

casting. (b).Depending on the design of the squegexystem, shrinkage cavities can be

avoided at the critical area (right) [19].

As seen in the Figure 3.16, the maximundgmation time occurs in a thick-wall
area of the casting. This certainly leads to disive shrinkage cavities. As feeding is not
possible in this area a local squeezer needs taseel. Purpose of optimization is to
completely feed the critical heavy sections witenaall volume squeezer. Depending on the
design of the squeezing system, shrinkage cawtesbe avoided at the critical area (right).
Location and volume of the squeezer as well astgant in time of the squeezing need to be
determined. As shown in the left figure, insuffitigparameters do not lead to the desired
result.

The microstructure formation is depending the alloy and on the local
solidification conditions. A consistent solidifioa structure or structure after heat treatment
can only be assumed for castings with an even tiikness. All castings with different wall
thicknesses inevitably show a distribution of vagamicrostructure characteristics and thus
have different local casting properties. The simofa of microstructure formation
differentiates between macro- and micromodelingingJsmacromodeling, microstructure
characteristics can be derived from the resulthefheat flow calculations. For instance, the
secondary dendrite arm spacing of many aluminidmyslcan be calculated from the local
cooling rate and the temperature gradient (Figut&)3 The calculation of the formation of
grains, eutectics, or microscopic gas precipitatioan not be implemented in praxis yet. This
calculation is often based on two-dimensional daltans in microscopic scale and currently

serves mainly as an instrument for the understgnafithe microstructure formation.
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dendrite armn spacing (mm)

Figure 3.17. The secondary dendrite arm spacindpearalculated from the results of

the solidification simulation [20].

3.1.3.7. Simulation of residual stresses in cgstin

Basically, in every casting with differemtll thicknesses occur residual stresses.
Different wall thicknesses of the casting lead tifedent cooling behavior after pouring as
well as after heat treatment and thus result irdves stresses and in distortion of the casting.
Usually, this distortion lies in an acceptable mnigowever, the existing residual stresses can
lead to a different behavior of the casting undedl In material pairs like aluminium cylinder
crank cases with cast iron sleeves, massive rdsgitesses can occur due to the different

expansion coefficients, too.

The basic problem in the process of catowda residual stresses is the
determination of laws to describe the material b&rain high temperatures. The creeping
phenomenon at high temperatures, as well as theactobetween die wall and casting, are
often inaccurately described. These effects areently subject of intense research projects.
Therefore, the technical calculation of residusgdsdes is primarily based on the cooling of the
casting after ejection. Regarding the processesgakiace in the closed die, it is assumed that
arising stresses in the casting are plasticaligvetl. Thus, the free shrinkage of the casting is

calculated.

The locally arising von Mises equivaleresses can be used for the evaluation of
residual stresses. This equivalent stress is datedras vector product of the arising three-
dimensional stresses. The development of residuadssuntil the removal of the ingate is
initially calculated based on the results of thied#tcation simulation and during the cooling
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of the casting. Depending on the proportion betweerss section of the ingate and wall
thickness of the casting, the removal time of thgate has a significant influence on the
development of residual stress as this process l@astress transfer in the casting. Due to the
occurring stress transfer, machining of the castiag also lead to distortion. The finally
important value is the distortion caused by thelted stress in the machined casting [21].

Stresses in dies are basically caused byfdhowing three reasons: The load
caused by the closing mechanism of the machinelotiet caused by the melt that is highly
pressurized at least for a short moment in timd,tha cyclically changing temperatures in the
die segments that lead to cyclically changing residtresses.

These conditions cause a highly complexwamsieady overall load, whose entirety
is difficult to display in simulations, but wherbet single elements can be measured quite
accurately.

The simulation of stress and distortiorthia frame is always advisable when huge
castings like engine blocks or castings with adgogpjected area, like structural components,
are combined with tight die tolerances (due to disn@nal limitations of the machine). At
complex, i.e., entire models with side cores, atiainstress value is assumed at the side core
locks. It can be assumed that there are little tgatpre gradients between the frame and the
insert [22].

If the die spotting was carried out in armvaenvironment, the thermal residual
stresses especially in the die inserts have newlynfluence on the stress in the frame.
Closing force and pressure of the melt as well astable temperature of the frame are
considered for the examination of the distortiothi@ frame.

For the evaluation of stress in the insettee thermal residual stress is a
considerable part of the overall load. The thershmalcks in each cycle caused by the melt and
later by the die agent in correlation with the tienpering generate inhomogeneous and
cyclically unsteady temperature distributions wptrtially very high gradients. This results in
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thermal residual stresses, where a likewise cyblicehanging distortion is especially
important for the lifetime of the die insert. Thesdculations need to be carried out with non-

linear, elastoplastic model approaches, too [22].

Temperatures in a die casting tool carediignificantly. High pressure die casting
dies in Aluminum applications can reach temperatuot more than 450°C near the
impressions just after the filling. Temperaturessel to the cooling channels are much lower.
Due to the temperature gradients appearing inigh pressure dies, residual stresses arise
especially in the die insert, where the tool steatl can reach the yield point. Compressive
and tensile stresses successively occur due togstemperature changes that are also caused
by spraying of die agents. This leads to the dgareknt of cracks, especially in slim cores,

where big changes in temperature happen due tas@teeating up and cooling (spraying).

3.1.3.8. Integrating the casting simulation into developmeamd manufacturing

A lot of information is generated duringsttag simulation, a lot of which would
not be available when using conventional proces§eswhat extent this information can
actually lead to a measurable improvement of cgstasign or processes is depending on the
level of integration of the simulation into devehopnt and manufacturing processes. In this
respect, it can be differentiated between firstdghnical integration with focus on the
communication of CAE-tools via interfaces, and selty structural integration with focus on

information management during planning and perferceaof operating procedures [22].

The information generated by the castimgusation is of significant importance to
the constructing engineer. The local propertiethefcasting, like microstructure distribution,
mechanical properties, or casting errors can beutzkd and displayed with the help of
casting simulation. Whereas the calculated distioinuof casting errors is only a qualitative
approximation of the local damage of the casting;cklculations can consider calculated,
local, mechanical properties. There is the funddaigmoblem that different simulations, like
the casting simulation and FE-analysis or crashulsition, are carried out with different
calculation meshes. One mesh of a die-dashboarddsting simulation consists of two

million elements whereas the mesh of the very saanefor crash simulation consists of only
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some hundred nodes. Thus, interfaces need to be& thet transfer the calculated and

interpolated value fields from one calculation masthe other [23].

Data and information are increasingly valeaonce they are used in praxis. In the
foundry, technologies like charge material calaatat thermal analysis, spectral analysis,
analysis of the gas concentration, x-ray, or CTvig® information, whose flow and use is
determined by QA-processes. In the same way itseebte dealt with data generated by the
casting simulation, that only gain in value wherplemented into design and manufacturing.
There are no standardized rules in respect tontilegration of casting simulation into design
and manufacturing processes. However, companiésgeid experience in casting simulation
exercise binding rules regarding the integratiorsiofiulations into existing QA-structures.

Generally, the following is determined:

* Projects, where a casting simulation needx carried out,

* Point in time of the simulation,

» Charged cost centers,

» Documentation and back-up of the simulatesults,

» Responsibility for optimization measuresdxhon the simulation, and

* Verification of the optimization measures.

A steady improvement of development and ufecturing with the use of casting
simulation can only be assured where work procestsietly follow such binding agreements.

Commercial programs for simulation of cagtprocesses have been on the market
for nearly 20 years now. Performance and credybdftsoftware and available hardware have
been drastically expanded and improved in this timesome casting applications, like steel
casting, the use of simulation had been evolveg geickly and reached a high level ten
years ago. Today, there is hardly any steel castitigcorresponding casting process that has

not been extensively optimized with the help ofticassimulation [24].
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The costs of a high pressure casting dieelation to the costs of a pattern for a
sand casting shows a huge potential to save doste isucceeds in avoiding tool changes, in
increasing tool lifetime, and in producing the dediquality of the casting at the first go. In
many cases, costs for failed sample runs or foorecorrection and for rework are not
consequently added to the unit costs. This regultsggh overhead costs that are considered as
inevitable. Engineers and technicians are not gxamware of these costs in detail and
sometimes do not feel responsible for them. Ondhe hand, the management tolerates
significant cost variances for single products, cmuthe other hand, the management avoids to
either pay in advance for simulation or to apprexpenses for improvements that assure cost
reductions. The result is a declining competitis=nef the company. There is hardly a casting
process, where effective and professionally usedilgition is as beneficial as in high pressure

die casting.

Foundries with a conventional and littleaoging range of products will find
satisfactory solutions without the help of simwas. However, in this case simulations could
help to reach improvements in a quicker and mor¢hoakcal way. As the automotive
industry requires a yearly price reduction for tépen parts due to constant operational
optimization, room for improvement needs to be cletd by simulation, and effectiveness of
these improvements need to be evaluated by camulaEverything can be tried in a
simulation, including variants that are finally nmhplemented into the real process. For
sophisticated castings, it is important that previas well as customer know as early as
possible about the reliability of the planned cagtechnique [24].

The validity of the physical-mathematicabaels as basis for the simulation has
been proven in many successful projects. It isnoftiéficult to find the exact manufacturing
process conditions of a casting. In this case aggans need to be met, where the detection of
useful variations finally leads to a good agreenimttveen the real conditions of the casting
and the simulation values. This is the basis ferithprovements achieved by the implemented
changes. The experimentation is carried out in agerzed manner. Due to the high number
of parameters in high pressure die casting thexephenomena that appear in reality but are

not part of the simulation model. Based on simatej many companies have significantly
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improved the accuracies of new parts so that ajreathe first sample line high-quality parts
are produced followed by a consistently top-qualdyial production.

It is difficult to defend the competitivesse of a company based on the specific
knowledge of certain employees. There is probabhigher loss of this knowledge due to
employee turnover than due to the transfer of satmn results between designer,
foundryman, toolmaker and end user. The work otimgsservice providers is based on
confidentiality. It is proved that simulation in @8 own company leads in any case to
increasing know-how rather than to the loss of méxdi expertise. Knowledge can be stored
and internally transferred by using documentation archiving processes. In this way,
personal knowledge is much better processed andlhctmade available to other employees.
The quality of the calculated results is signifitgnmproved when considering know-how

based on experience in the simulation. Now antierfuture, the foundry specialist is needed.

The casting is designed by the design emgiwithout specific consideration of the
manufacturing process. The toolmaker prioritizeshis own process. All problems of the
whole manufacturing process are passed on to timedfgman. This applies to designing
heavy sections in the casting as well as to naesyatically elaborating the position of the
ingates, the cooling channels, or the overflowgsh#d foundryman accepts those conditions
without objection, he decreases to a simple matalgy. Chances arise by the endeavor of
great automotive companies to create an integrdés@lopment and manufacturing chain.
This includes integral cost awareness, i.e., af@ designer needs to contribute to a cost
effective production. It is understandable thatdlesigner doesn’t want to perform the casting
simulation by herself, especially as the desigruersd’t profit from the cost reductions in the
further course of them manufacturing chain. Thighes chance for the foundryman to provide
prompt and capable input with the use of simulatiml also to point out requirements in
respect to the production of new designs. This kihassistance can also be offered by service
providers. In their own interest, foundryman sholédinvolved in and pro-actively work on

the processes as early as possible [23].

Alfred T. Spada, editor of ‘Modern Castingirites regarding the reservation

towards the simulation in an editorial of ‘Moderasting’: ‘If you are still waiting for casting



39

process modeling/simulation to prove itself, I'd/4hat you are at least a decade behind the
times. If you still argue that you can't justifyettcost for the technology/manpower, I'd say

that you haven't done a true time or cost analgsigso what this software can save your

operation. The proof is in the success that eveeyalvaster using the technology has had’
[25].
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3.2. Magmasoft Simulation Steps For A Washing Machine AISi12Cu Flange

In this study, the Aluminum alloy AlSil2Cwas simulated for the shape of the
flange, which is used for washing machine cylinderorder to make them turn, with
Magmasoft high pressure die casting simulation g@uogne. At first, the shape of the

flange was drawn with the CAD programme.
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Figure 3.18. The shape of the flange designed ubmolidworks CAD software

The CAD data of the Flansch was opened at the 8otk cad programme. It was
ensured that this cad data was wholly solid aSbidworks cad programme. Then, the
cad data of the Flansh was divided in to threa@esias casting, gating, and ingate with
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the cut command at the Solidworks 2006. Thus, teegerate cad data of the flange was
formed. These three seperate parts had to be isatine axis. Therefore, they were again

united with the assembly command at the Solidw@0as.

The cad data can only be transferred tdviagmasoft casting simulation software by
saved as ( *.STL ) format. That's why, the prepacad data was saved as ( *.STL ) with
the deviation 0.05 and the anglg Jhus, casting.stl, gating.stl, and ingate.s#sfilvere

ready to be transfered to the Magmasoft simulaaftware.

CASTING.STL

INGATE.STL

GATING.STL

Figure 3.19. Casting, ingate and gating partstferflange saved as ( *.stl ) in order to
transfer Magmasoft
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Thus, the cad data of the Flansch was feenesl to Magmasoft simulation software.
When it is clicked on the Magmasoft; Project, Poepssor, Enmeshment, Simulation,
Postprocessor, Database, Info, and Help iconseme m the main menu of the casting
simulation programme. In order to start, Creatgdetoicon under Project headline was
activated.

3.2.1. Preprocessor Steps

Then, Preprocessor icon was clicked. Mdteniaups were selected as casting.geo,
ingate.geo, and gating.geo in the preprocessoeruheé headline Load Sla, which comes
after the File subheading,. So, casting.geo, ingate and gating.geo were opened at the
same time in the preprocessor of Magmasoft. Aftet,tbiscuit, inlate, and user defined
(piston), which form pressurize planes to bottomtloé gating, was defined in the
preprocessor respectively.

The striking point of defining biscuit, &é and piston is that their diameter reduces
just a little from gating to piston. Additionallijscuit goes into gating a little. Inlet goes
into biscuit a little and piston goes into inlditde.

After defining the piston, air channels wiefined in the preprocessor. Thus, after
clicking the Material heading at the top of thehtignenu of the preprocessor page, ‘Set
AC’ subheading under Material heading was click&d. channels are always towards
downwards and from moving part to outside. In otdesave the air channels, ‘save sheet

0 SHEETS/air channel’ command was written.

After defining the air channels, coolingadhels of the mould was defined in the
preprocessor. There are two cooling channels. @tteem is in the piston and the other is
around the casting in the mould. The cooling chhimehe piston is drawn before the
other one. In order to form the cooling channelsgletely, the commands ‘set point 0 0
0’ and ‘set point 5 0 0’ were written. The threeasewere for defining the origin. In the
Magmasoft, origin should always be defined likestht first. Five in the other command

represent the diameter of the cooling channel engiston. In order to save the cooling
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channels according to these arrangements, ‘savet $h8&HEETS/cools’ command was

written.
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Figure 3.20. Preprocessor outline of the biscaiste, piston and air channels on the
Flange (casting). The casting is red, the gatirggey, the air channels are yellow, the
biscuit and the inlet are also grey, the pistoorégge. On the right, message history of the

preprocessor is seen by clicking ‘Message Histeaygheading under ‘Views’ heading.

All these adjustments were also activatggther in a sheet by clicking Select Active
Sheet after Select icon. If the axis are not inrifplet direction, their directions are changed
by ‘rot sel’ command. Rot means rotation. In orttermake simulation properly, z axes
should be the direction of the cavity, x axes stidaé the direction of pressurized planes

gating, biscuit, inlate, piston from —x to +x, apéxes should be the horizontal direction
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on the casting. Then, ‘Save All As 1’ proceedindge Rcon was clicked. Thus, all the

changes up to now was saved as a whole in one. sheet

Tracer points were defined by clicking witte left button of mouse on the top and
side views of the biscuit part of the casting. Tin@ortant point of clicking for the tracer
points is that the tracer points should be chosepassible as away from the cooling
channel of the piston. And the number of the trgm®nts should be at least 100. Thus,
tracers were saved as ‘tracer.geo’. In order tvatet the definements of the sheet of tracer
points, Active Sheet subheading under Select hgadas clicked. In order to save all the
definements from the biscuit to the tracer poiStsye All As 1 subheading proceeding File
heading was clicked. Thus, all arrangements wengpteted and saved as ‘Master.geo’ in
the Preprocessor like this.

” M‘A‘E;ll?pr:?ﬂ?—‘ _—

i
el

i
F
|

7ot sl 000 ; Ry L 3et ge
| 00,0 c5 L trl point twe sst to: Tracer furves

Figure 3.21. Preprocessor outline of different \e#ef the mould i.e. the casting is red, the

gating is grey, the air channels are yellow, tlselit and the inlet are also grey, the piston
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is orange, the cooling channels are blue, the trpoats are black in the biscuit. The
cooling channel in the piston is circular and tlelmg channels in the mould are linear.

The directions of axis are seen that the castingtise right position.

3.2.2. Enmeshment Steps

In order to start working on mesh elemeaitsneshment heading in the main menu of
Magmasoft was clicked. Under method subheadingnénenmeshment, the applied mesh
was divided into two groups as advanced and addaBcAdvanced 2 group consisted of
casting and ingate which are more important fohtpgessure die casting. The advanced
group consisted of gating which is less importaantcasting and ingate for high pressure

die casting.

Table 3.1. The values that were entered to Magrmasafieshment stage in order to
provide the most accurate meshes

Mesh Standard Mesh Advanced Mesh Advanced?2
Accuracy
X 3 3 3
y 3 3 3
z 3 3 3
Wall thickness
X 10.00 2.90 0.90
y 10.00 2.90 0.90
z 10.00 2.90 0.90
Element size
X 10.00 2.00 0.60
y 10.00 2.00 0.60
z 10.00 2.00 0.80
Smoothing 3.00 2.00 2.00
Ratio 5.00 3.00 3.00

Mesh standard values seen in the above table andalnes that were seen when
Accuracy subheading was clicked are the values tldt previously been obtained and
given by Magmasoft. In order to define the wallckmess of the casting, wall thickness

subheading was clicked. Different values that wezarest to real wall thickness of the
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casting were tried. But the most optimum mesh \&lvere obtained according to these
values by observing from the Postprocessor of Magftasince mesh results and

simulation results can be observed in the Postgsmre Thus, cube and rectangular mesh
elements occured. After all of these values wefmee@, the Flange was meshed and the
results of enmeshment were observed by clickingRbstprocessor heading in the main

menu of Magmasoft.

The important point when adjusting the nessis that there should be at least three
mesh element lines from buttom to top at the catwof the ingate while observing the
enmeshment in the postprocessor. The results gegpléhat number of meshes in x
direction was 161, number of meshes in y directias 557, number of meshes in z
direction was 516, total number of meshes was 482Z3number of cast alloy meshes
was 758748. Furthermore, number of edge to edgreabions were 13, number of thin
walls was 424, and number of blocked cells wasdyjeEo edge connections, thin walls,
and blocked cells are sensitive properties thaluemice the simulation negatively.
Therefore, their numbers should be as small asildes€hanging the wall thickness and
element size values, it was tried many times toemie least number of edge to edge
connections, thin walls, and blocked cells for lblest enmeshment.

3.2.3. Simulation Steps

After enmeshment had been done, the preparatiostaitbthe simulation were made.
Thus, after clicking simulation headline, the windin the figure 3.22 was approved.
Simulations start with calculations. That's why igressure die casting calculations
window was opened as seen in the figure 3.22. Gakbatch production and prepare fast
postprocessing were clicked, then ok icon was etickin the figure 3.22 the Linux
subprogramme was also seen, because Magmasoftres effective in Linux than in

Windows as Magmasoft simulations occur more quigkityr Linux.
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Figure 3.22. Calculations window that started theutation steps

Initial temperature, liquidus temperature, and diedi temperature values of cast

alloy, permanent mold, cooling, and user defined @#weir materials were defined with the
help of the figure 3.23.
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Figure 3.23. Material definitions window
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For instance, cast alloy in the figure was clicketh left button of the mouse firstly. Then,
the initial temperature, liquidus temperature, antidus temperature values of cast alloy
and the cast alloy material were written with thedphof expand at the buttom of the
material definitions table. Permanent mold, coqliagd user defined values were written
in the same way by clicking on the select datadouétfter the expand button. After all of
the temperatures and materials were defined, otomwt the bottom of the material

definitions table was clicked.
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Figure 3.24. Heat transfer definitions window

After defining the material definitions, dtetransfer definitions were made in the
same way as seen in the figure 3.24.

When heat transfer definitions were fingsh@ new window in the figure 3.25 asking
‘start the HPDC calculator now?’ occured. And tladcalator was started by pressing on
ok at the bottom of the window with the left buttointhe mouse.
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Figure 3.25. The high pressure die casting calouktarting window

Then, volume and area data were writteseas in the figure 3.26. The geometry data
values seen on the left were written to the spacthe right and next button was clicked
with the left button of the mouse.
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Figure 3.26. Geometry data window
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Figure 3.27. Machine data window

After defining the geometry data, machimadvalues, which are seen in the figure
3.27, were defined. The machine used for castiag-tange was IP550. Thus, IP550 was
selected. The pressure and closing force valueth®fmachine were approved by clicking
on next.

Then, shot sleeve data values as seeredefthwere written to the space on the right

and next button was clicked with the left buttortted mouse in the figure 3.28.
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Figure 3.28. Shot sleeve data window

After defining shot sleeve data values,cpss data values, which are seen in the

figure 3.29 were also approved by clicking on tegtn
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Figure 3.29. Process data window
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Shot characteristics were also approvecdesaby clicking on the next as seen in the
figure 3.30.
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Figure 3.30. Shot characteristics window

Then, cycle definitions window in the figuB.31 was appeared. How many cycle of
casting was going to be made was written. Simuiatiwere made for one cycle and five
cycles. Do filling, fill results and solid resuligere made yes. Thus, cycle definitions were
defined by clicking ok.

In the options window of figure 3.34, pressurizeswaade yes, die coating and
guenching were made no since there was pressutethbte were not coating and

qguenching. Then, ok was clicked.
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Then, core open definitions were definedhc& there is no channel, channel

definitions were leaved blank. Core open defingiamd free channel definitions windows

are in the Figure 3.32 and Figure 3.33.

Filling and solidification definitions werdefined as seen in the Figure 3.35 and

Figure 3.36. Then, OK was

clicked.

The results, which were wanted to be sdtr aimulation, were signed in the fast

postprocessing preparation window of Figure 3.37.

After clicking OK, simulation started wittnline job simulation control window in

the figure 3.38.
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Figure 3.36. Solidification definitions window
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In the figure 3.3%nline job simulation control is seen for 0.1 setoof the

simulation. In the figure 3.36nline job simulation control is seen for approxiata 46%

of the simulation was made.

Figure 3.38. Online job simulation control windowGal second of the simulation when

the simulation is just started

ontire job simuiation cortfrol

Figure 3.39. Online job simulation control windowen approximately 46% of the

simulation was made



58

3.3. Results Of The Simulation For AlSi12Cu Flange

After all the parameters were defined at the situtastep, Magmasoft programme
started the simulation of the high pressure digimgslloy AlSi12Cu of the Flansch for
cycle 1 and cycle 5. Results of filling temperafuidéing velocity, filling pressure, filling
time, air entrapment, and solidification of thetoas were taken. These resullts are very
accurate. Moreover, these results are not onlydvalit also applicable to reality.
Temperature, velocity, pressure, time, and airagmbent percentage values during filling
and solidification can be learned from these resdlhese simulation results are going to

be demonstrated in the figures below from now on.

3.3.1. The Simulation Result For Our Mesh Quality

From themesh quality simulation picture in the Figure 3,3tlis understood that an
excellent mesh quality was done since it is alsibtevr in the simulation picture that the
number of blocked cells are 0, the number of edgedge connections are 13, and the
number of thin walls are 424, which are rather &nidlin walls, edge to edge connections,
and blocked cells are critical points that afféxt simulation negatively. That's why their
number should be as small as possible. Becaube abints where there are many blocked
cells the flow of melt can not demonstrate its garty, and it is often blocked. Since
number of the blocked cells is zero, flow of thguld metal is not obstacled and the melt

flew continously and freely.

Additionally, edge to edge connections ablet the continuity of meshes. As seen in
the figure 3.3.1 there are only 13 edge to edgaections, which are not at the important
parts of the casting for simulation. Moreover, thialls are weak points of the casting but
there are only 424 thin walls at some of the tl@ctisns of outer surface of the casting, at
the entrance of overflows, at the gating, and at of/the ingates as seen in the figure
3.3.1. Since the thin sections, the gating, areitiyates are not at the inside of the
casting, the thin walls here does not affect sithuha Since overflows are for air vents, the
thin walls here does not affect simulation. Thimse critical points thin walls, edge to

edge connections, and blocked cell should be aletist important places for the casting
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such as air pockets, overflows, gatings, ingatssulis, inlates, pistons, sections of outer

surface, and etc.

Figure 3.40. Viewing the mesh quality simulatiosui of the Flanch for cycle 5

3.3.2. The Simulation Result For Path Of The Tracers

In order to fulfil the simulation as well as to ste way of melt flow step by step
completely, tracer particles was activated in tbptions window” for the simulation that
was defined in the preprocessor.

Tracers are the particles which define the pathgoid metal flow not dimensionally
but pointally. From this simulation picture in tRegyure 3.3.2, it can be understood that the
melt was poured from the biscuit by comparing wité millimetric path length scale at the
right side of the simulation picture. Since thecéns in the biscuit have light blue color

which means the shortest path length accordingegath length scale.
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Figure 3.41. The simulation result of the pathheghm) of tracers in order to visualize

the melt flow for cycle 5

It can also be seen that the flow of mefrom the biscuit to the furthest regions than
the biscuit and also the path way of melt flow banseen step by step from the simulation
picture. Accordingly, the liquid metal is flowingoim biscuit to gating, runners, ingate,
bottom corners of the casting, and top corner efdasting in orderly according to color
change between them comparing with the path lescike. Therefore, relatively the latest
filled region is the top of the Flanch since thegjion has light yellow color. The regions
that have tones of red color are seen that thefilkr@ before the top region, but after the

blue toned biscuit region.

Thus, the path length of tracers are ggthigger from biscuit to the top corner of the
Flanch as seen in the simulation picture of FigiB2. While the path length of tracers in
the biscuit is approximately 27.4 mm, the path teraf tracers in the gating is 145.1 mm,
in the ingate is 223.5 mm, and in the casting charfigpm 262.7 mm to 537.2 mm towards
the top of the casting according to the millimepath length scale at the right side of the

simulation picture.
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3.3.3. TheSimulation Result For Enter Time Step Of The Tracers

Tracer particles demonstrate the flowing of thaiiligmetal point by point. In the
following simulations for enter time step of thaders in the figures 3.3.3, 3.3.4, 3.3.5,
3.3.6, and 3.3.7 the entire movements of the neeitlze seen clearly. Additionally, how
liquid metal is flowing pointally not dimensionallsan be seen in detail in these figures
with time dependence not length dependence likd-itpare 3.3.2. While the light yellow
particles are the most active liquid metal poirte light blue particles are relatively
motionless, and the red particles are more achaa blue particles but less active than
yellow particles as comparing with the enter tinbepsscale in the figures 3.3.3, 3.3.4,
3.3.5, 3.3.6, and 3.3.7.

Figure 3.42. Enter time step of the tracers for 5#%tlling, 65% of filling, 75% of filling,
and 85% of filling was done for cycle 5, respediive
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Comparing with the enter time step scalatight side of the Figure 3.3.3, the enter
time step for light yellow tracer particles is thigigest, which is 58. This means that the
light yellow tracers are the most active pointsh&f melt. The enter time step for light blue
tracer particles is the smallest, which is 0. Timeans that the light blue tracers are
motionless. The tracer particles that have colatsvéen yellow and blue are moderate
active; for example the enter time step for nawehacers is 12.43, for purple tracers is
20.71, and for red tracers is 29, for orange tmaeB7.29. Thus, motion of melt showed
by orange tracer points are more than motion of stfewed by red tracer points, however
motion of melt showed by red tracers are more timation of melt showed by purple
tracers, but motion of melt showed by purple tra@@e more than motion of melt showed
by navy blue tracers. These explanations are ala for Figure 3.3.4 and only

percentage of filling values change among thesedig

il Project: 1000 _1200flans  Version: v02 Directory: home/magma/MAGMASoft/1000_1200flansiv2

FillTracer_cyc05 Cyc=5 G .

Figure 3.43. Enter time step of the tracers forlge00% of filling was done for cycle 5
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3.3.4. The Simulation Result For The Age Of Tracers

From the simulation picture in the Figure 3.3.5 &dj tracer particles after 100% of
filling can be seen. According to the age scaldwispect to second on the right side of
the simulation picture, the youngest tracers agbtIblue toned tracer particules and the

oldest tracers are light yellow toned tracer palés.

Figure 3.44. Age of the tracer particles for 1000in{, and for cycle 5

The stages of tracer age seperated byreiiffecolors on the age scale with respect to
second are seen on the right of the Figure 3.3c6odling to this stages of age, the light
blue tracer particles are 0 second old, and thet Ngllow tracer particles are 0.1387
second old; since the light blue color is at th&édoo of the age scale, and the light yellow
color is at the top of the age scale. The oldegsit lyellow tracer particles demonstrate the
longest melt flow. Moreover, the youngest lightéhlmacer particles demonstrate the least

active melt flow.

The age of other tracers between light ke light yellow change from 0 second to
0.138 second. For instance, the purple tracergbestare 0.0495 second old, the red tracer
particles are 0.0694 second, the orange traceciearare 0.0793 second old. This means
that melt flow of orange particles are longer thad tracers, melt flow of red tracer
particles are longer than purple particles, matwflof purple tracer particles are longer

than blue tracers.
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3.3.5. The Simulation Results For thefilling Time

According to this filling ssmulation picture in the Figure 3.45, the casting, gating, and
ingate parts are 100% filled in 1.690 second as comparing the light yellow color on these
parts with the colors on the time scale. Thus, it is understood that these filling process is

very fast.

Figure 3.45. Time of 100% filling simulation result for cycle 5

Since the filling is started from the biscuit part, there is orange color presenting 1.614
second at the bottom corner of the biscuit. This means that the bottom corner of the biscuit
is the firstly filled region. In the biscuit, time of filling increases step by step from the
bottom corner to the gating since light orange, dark yellow, and yellow colors are seen
there. Additionally, light orange represent 1.633 second, dark yellow represent 1.652

second, and yellow represent 1.671 second of filling for the biscuit part.

3.3.6. TheSimulation Results For TheFilling Velocity

Thefilling velocity simulation result for 52% of filling at 1672 millisecond is seen in

the Figure 3.3.7. The velocity range changes from 625 cm/sto 7429 cm/s for 52% filling .



65

zzzzz

el

Figure 3.3.7. Representation of filling velocity simulation result for 52%, 65.99%, 84.02%,

and 100% of filling for 5 cycles respectively

Since the liquid metal is poured from the biscuit, it can be seen that the melt in the
biscuit has the slowest velocity 625 cm/s from the simulation picture in the Figure 3.3.7 for
52% of filling. Because the melt in the biscuit stays backward and its velocity slows down.
However, the velocity of the liquid metal in the gating, proceeding from the biscuit,
increases step by step because of flowing forward and there is also a velocity increase just
at the end of the biscuit from 625 cm/s to 1244 cm/s. Comparing with the velocity scale
with respect to cm/s on the right side of the simulation picture, the velocities in the gating
are increasing from 625 cm/s to 1244 cm/s, 1862 cm/s, 2481 cm/s, 3099 cm/s, 3718 cm/s,
4336 cm/s, 4955 cm/s, 5573 cm/s, 6192 cm/s, 6810 cm/s, and 7429 cm/s respectively.
Additionally, in the simulation picture of the Figure 3.3.7, the dark blue region in front of
the melt might be because of crashing of the melt to the runner wall, and the melt slows
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down to 1862 cm/s. Velocity of the liquid metal slows down when the fastly coming liquid

metal meets an obstacle.

Filling velocity simulation result for 65.99% of filling at 1677 millisecond is also seen
in the Figure 3.3.7. The general velocity, which is seen at many parts with light blue color,
is 1019 cm/s comparing with the velocity scale with respect to cm/s on the right side of the
Figure. However, in some regions different velocities such as 3055 cm/s in the blue
colored regions, 4073 cm/s in the dark blue colored regions, 5090 cm/s in the light purple
colored regions, 6108 cm/s in the purple colored regions, 7126 cm/s in the dark red colored
regions, 8144 cm/s in the red colored regions, etc. can be observed from the figure. The
reason why there is a velocity increase from 3055 cm/s to 7126 cm/s step by step at the
center of the gating is the second heat of the piston and relatively thin volume of the
gating. There is aso a velocity increase from 3055 to 4073 cm/s and to 7126 cm/s in the
ingates due to becoming narrow. 7126 cm/s velocity is in the left and right ingates, 4073
cm/s is in the other ingates. When a liquid metal enters into a narrow channdl, firstly it

slows down by crashing, then it accelerates with a jet effect going out of the channdl.

Filling velocity simulation result for 84.02% of filling at 1684 millisecond is also seen
in the Figure 3.3.7. The general velocity, which is seen at many parts with light blue color,
is 773 cm/s comparing with the velocity scale with respect to cm/s on the right side of the
Figure. However, in some regions different velocities such as 2320 cm/s in the blue
colored regions, 3093 cm/s in the dark blue colored regions, 3866 cm/sin the light purple
colored regions, 4640 cm/s in the purple colored regions, 5413 cm/s in the dark red colored
regions, 6186 cm/s in the red colored regions, etc. can be observed from the figure due to
change of flow. When the velocities of 65.99% and 84.02% filling is compared, it is seen
that the velocity range of 84.02% filling is lower than the velocity range of 65.99% filling.

The reason why there is a velocity increase from 2320 cm/s to 5413 cm/s step by step
at the center of the gating for 84.02% filling in the Figure 3.3.7 is the its relatively thin
volume. Thereis also avelocity increase from 2320 cm/s to 6186 cm/s and to 8506 cm/sin
the ingates due to becoming narrow. 6186 cm/s velocity is in the left and right ingates,
8506 cm/sisin the other ingates. Furthermore, there is a velocity increase from 6186 cm/s

to 8506 cm/s in the narrow channels that connect the casting to the overflows at the
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corners. After flowing out of these channels, the velocity decreases to 773 cm/s in the

overflows by crashing of the melt to their wallsin the Figure 3.3.7.

Filling velocity simulation result for 100% of filling at 1690 millisecond is aso seen
in the Figure 3.3.7. The general velocity, which is seen at many parts with light blue color,
is 3777 cm/s comparing with the velocity scale with respect to cm/s on the right side of the
Figure. However, in some regions different velocities such as 11330 cm/s in the blue
colored regions, 15106 cm/s in the dark blue colored regions, 18883 cm/s in the light
purple colored regions, 30213 cm/s in the red colored regions, 41542 cm/s in the orange
colored regions, etc. can be observed from the figure. There is a velocity increase from
3777 cm/sto 7553 cm/s at the center of the gating due to relatively thin volume of that side
of the gating . The same amount of velocity increase can also be observed at the ingates
due to becoming narrow. At the upper side of the casting, some amount of velocity
increases from 3777 cm/s to 7553 cm/s and from 3777 cm/s to 15106 cm/s step by step are
visible. Because the lastly filled zone is the upside of the Flansh. Therefore, the liquid
metal coming with high pressure travelled longer distance while going to the upside. Thus,
in the upside of the Flansh the liquid metal was fastened to higher speed. Moreover, there
Is avelocity increase from 30213 cm/s to 41542 cm/s in the narrow channels that connect
the casting to the upper overflows at the corners, and the velocity increase from 3777 cm/s
to 30213 cm/s can be seen at the some little parts of the overflows, but it is not so

important.

Consequently, a rather uniform and accurate velocity distribution is seen at the
simulation result picture for wholly filling. This uniform velocity is near to typica high
pressure die casting velocity. These filling velocity simulation results demonstrate mold
filling and turbulence ideally. However, turbulence is not seen in these ssmulation result

figures of velocity. Thus, thereis no turbulence in these figures.

3.3.7. The Simulation Results For The Filling Temperature

Filling temperature simulation result for 54% of filling at 1673 millisecond is seen in
the Figure 3.3.8. The coldest region of the melt with 594.2°C temperature demonstrated
with dark blue color is in the bottom edge of the biscuit due to crashing to the wall of the
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mould and so transfering some amount of heat to the wall. From this edge to upper side, it
is seen that the temperature is rising step by step to the hottest temperature 640°C
demonstrated by the lightest yellow. The region of the melt demonstrated with red color in
the biscuit has 612.5 °C comparing with the temperature scale seperated by colors with
respect to °C on the right side of the simulation result picture. Additionally, the region of
the melt demonstrated with light orange color in the biscuit has 626.3°C, the temperature

of dark yellow colored melt region in the biscuit is 630.8 °C, and the temperature of yellow
melt region is 635.4°C.
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Figure 3.3.8. Filling temperature simul ation result for 54%, 70.01%, 87.99%, and 100%
of filling for cycle 5

Filling temperature simulation result for 70.01% of filling at 1679 millisecond is also
seen in the Figure 3.3.8. The temperature distribution of 70.01% filling is like the
continuation of 54% filling. There is again some amount of stepped temperature increase
from the bottom side of the biscuit to the upside of the biscuit. The dark blue colored melt
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in the bottom edge of the biscuit has 594.6°C temperature. The red colored melt just on the
dark blue melt region has 612.7°C. The orange colored melt just on the red melt region has
621.8°C. The light orange colored melt just on the orange melt region has 626.4°C. The
dark yellow colored melt just on the light orange melt region has 630.9°C. The yellow
colored melt just on the light orange melt region has 635.5°C. The light yellow colored
melt just on the yellow melt region has 640°C. Apart from the biscuit, the general
temperature of the liquid metal seen in the gating, ingates, and exit of the ingates is 640°C.
However, in some regions 635.5°C temperature value can also be seen for 70.01% filling
in the Figure 3.3.8.

Filling temperature simulation result for 87.99% of filling at 1685 millisecond is also
seen in the Figure 3.3.8. The temperature distribution of 87.99% filling is like the
continuation of 70.01% filling. There is again some amount of stepped temperature
increase from the temperature of bottom edge of the biscuit 595.3°C represented by dark
blue color to the temperature of the top edge of the biscuit 640°C represented by light
yellow color. The temperature val ue steps between these temperatures can be seen from the
Figures by comparing the colors with the temperature scales. Apart from the biscuit, the
general temperature of the liquid metal seen in many sides of the gating, ingates, and exits
of the upper four ingates is 640°C. However, the genera temperature in many sides of the

casting is 635.5°C represented by yellow color.

Filling temperature simulation result for 100% of filling at 1690 millisecond is aso
seen in the Figure 3.3.8. The temperature distribution of 100% filling is like the
continuation of 87.99% filling. In the biscuit region, there is again some amount of
stepped temperature increase from the temperature of bottom edge of the biscuit 595.4°C
represented by dark blue color to the temperature of the top edge of the biscuit 640°C
represented by light yellow color. Because there is piston, which pushes the liquid metal
into the mould, just behind the biscuit. This piston works with grease since the piston is
cooled against corrosion. In order to impede thermal expansion, the piston is also cooled
with water. Therefore, the biscuit becomes cool due to these effects. Thus, there is
approximately 50°C temperature difference in the biscuit. However, the important part is

the casting part not the biscuit part for us since the biscuit, gating, and ingate will be cut
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away after casting was completed. Thus, the changes in the biscuit, gating, and ingate do
not disturb us.

Apart from the biscuit, the general temperature of the liquid metal in many sides of
the gating, upper two ingates, and exits of the upper two ingates is 640°C for 100% filling
as seen in the Figure 3.3.8. Moreover, the general temperature in many sides of the casting
is 635.5°C represented by yellow color. However, 631.1°C temperature demonstrated by
dark yellow color can aso be seen in some regions of the casting such as edges, overflows,
and navel due to the geometry.

Consequently, a uniform temperature distribution is seen at the temperature
simulation results especially the result for 100% filling in the Figure 3.3.8 since there is not
different color than yellow tones in the casting part. Thus, this uniform temperature

distribution demonstrates that the solidification will be aso uniform.
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3.3.8. The Simulation Results For thefilling Pressure

The filling pressure simulation result for 52% of filling at 1672 millisecond is seen in
the Figure 3.3.9. From the figure, it is seen that the biggest pressure isin the biscuit and in
the exit of the biscuit colored with the lightest color representing 3000 mbar (300 MPa)
according to the pressure scale, at which every color represent a pressure value with
respect to mbar, on the right side of the Figure. Since the liquid metal is started to be
poured from the biscuit, the biggest pressure is seen in the biscuit. From the exit of the
biscuit, pressure is step by step decreasing to 1155 mbar, which is still a high pressure, in
the region colored with light blue.

There is also a pressure decrease to 1865 mbar in the small region of the bottom
corner of the biscuit colored with yellow, dark yellow, red, and dark purple, respectively.
The change of the pressure is related to the change of the cut side of the specimen directly.
When the cut side of the Flansh widens, the pressure decreases. When the cut side of the
specimen become narrow, the pressure increases. Therefore, the pressure is in inverse
relation with the velocity since the pressure decreases when the velocity increases.
Furthermore, the pressure of the region between two top runners is aso 3000 mbar. The
other dark grey regions are empty (not filled) regions of the casting as seen in the Figure
3.3.9for 52% filling .

The filling pressure simulation result for 63.99% of filling at 1676 millisecond is also
seen in the Figure 3.3.9. The biggest pressure, which is 3000 mbar, isin the biscuit, gating,
and in the exit of top four ingates shown with the lightest color as seen in the Figure 3.3.9
for 63.99% filling. 1155 mbar pressure can aso be observed in some small regions of the
gating, ingate, and the casting represented with light blue color as seen in the figure. The
other dark grey regions are empty regions. Needless to say, the pressure scale on the right
side of the figure demonstrates the pressure steps according to colors in order to compare
with the casting.

The filling pressure simulation result for 80% of filling at 1682 millisecond is also

seen in the Figure 3.3.9. The gating has only the lightest color, which means there is only
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3000 mbar pressure in the gating according to the pressure scale on the right side of the

figure.
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Figure 3.3.9. Filling presure simulation for 52%, 80%, 63.99%, and 100% of filling for 5

cycles

However, some different colors can be seen in the ingates, which means there is
pressure change in the ingates. The general color of the casting is same as the color of the
gating. Therefore, the general pressure is aso 3000 mbar in the casting. Y et, some pressure
change can aso be observed in some regions of the casting with different colors. Thus, the
light blue regions in the casting has 1155 mbar pressure, the blue regions in the casting has
1439 mbar pressure, and the red regions in the casting has 2007 mbar pressure, and very
small yellow regions in the casting has 2858 mbar pressure. These pressure changes might
occur due to the geometry and velocity changes. Samely, a little amount of pressure
changes are also seen in the overflows and in the narrow regions that connect the casting to

the overflowsin the Figure 3.3.9 for 80% filling.



73

The filling pressure simulation result for 100% of filling at 1690 millisecond is also
seen in the Figure 3.3.9. The very light grey color is seen al the parts of the gating, ingate,
and casting. Therefore, the unique pressure in the gating, ingate, and casting is 3000 mbar.
The only different color, which is light blue, is seen in the upper overflows in the Figure
3.3.9 for 100% filling. The overflows are air vents, and they are not as important as the
casting part since they are cut after solidification. Thus, pressure change from 3000 mbar
to 1155 mbar in the overflows is not so crucia. Consequently, the pressure distribution for

100% filling is very homogen and accurate. So, there will be no problem.

3.3.9. The Simulation Results For The Air Entrapment

The filling air entrapment simulation result for 56% of filling at 1674 millisecond is
seen in the Figure 3.3.10. Air entrapment means forming of air during casting operation.
Voids aso take form physically dueto air entragpment. It is seen from the Figure 3.3.10 that
the biscuit has generally turcuise color. Comparing this turcuise color with the air
entrapment scale on the right side of the simulation picture, turcoise color represents 0%
air entrapment. Therefore, there is no air entrapment (0%) in the most parts of the biscuit
region. Additionally, light blue color seen at some little parts of the biscuit and most parts

of the gating apart from the biscuit, demonstrates 7.2% air entrapment.

The dark yellow color representing 78.6% air entrapment is only seen at three very
small regions in the runners. The air entrapment increases in these small regions from 7.2%
to 78.6% step by step. This dark yellow region will probably be the potential air entrapped
region. However, this yellow colored region is not observed from the other proceeding
figures. Therefore, it is understood that air entrapment will not form in this region. Thus,
air entrapment result figures should be observed respectively as a whole from the
beginning to the end not seperately in order to understand the real forming of air. The light
yellow colored regions with 100% air entrapment percentage will be the possible air
entrapped regions according to the air entrapment percentage scale. The other colored
regions will not be air entrapped according to the scale. Therefore, especialy light yellow
colored regions should be examined in terms of being possible air entrapped regions, in

which air and voids form in the figures of air entrapment.
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Figure 3.3.10. Filling air entrapment simulation result for 56%, 80%, 96%, and 100% of

filling for 5 cycles

The filling air entrapment simulation result for 80% of filling at 1680 millisecond is
also seen in the Figure 3.3.10. There is 0% air entrapment in most parts of the biscuit,
gating, and in some parts of the casting represented with turcoise color. Yet, it is seen from
the Figure 3.3.10 that there is 7.2% filling air entrapment in the small right side of the
biscuit, in the runners, and in some parts of the casting colored with light blue.
Additionally, the air entrapment is 14.3% in the small blue regions of the casting, and
28.6% in the small dark blue regions of the casting. In some small parts of the casting
colored with red the air entrapment increases to 50% step by step, and in the smallest
yellow regions of the casting the air entrapment changes to 78.6% step by step.

The dark blue, red, and purple regions will probably be the potentia air entrapped
regions due to the design and filling of the mould. However, these regions are not problem.

Because the important point is that there should not be light yellow colored 100% air
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entrapped regions since there will only be air entrapment if the region was colored with
light yellow according to the scale. The filling air entrapment percentage values of
different colored regions are understood with the help of the air entrapment percentage
scale on the right side of the Figure 3.3.10 for 80% filling.

The filling air entrapment simulation result for 96% of filling at 1688 millisecond is
also seen in the Figure 3.3.10. It is seen for 96% filling that the filling air entrapment of the
gating colored with turcoise is generally 0%. However, there is 7.2% air entrapment in the
small right region of the biscuit and in the two bottom runners colored with light blue. The
general air entrapment in the casting is 7.2%. Yet, there is 14.3% air entrapment in the
three corners of the casting colored with blue. Additionally, the air entrapment is 28.6% in
some small dark blue regions of the casting, and the air entrapment is 50% in the left and
top small regions of the casting shown with red. The filling air entrapment percentage
values of different colored regions are understood with the help of the air entrapment

percentage scale on the right side of the Figure.

Thefilling air entrapment simulation result for 100% of filling at 1690 millisecond is
also seen in the Figure 3.3.10. Thefilling air entrapment simulation result for 100% filling
is like the continuation of the filling air entrapment simulation result for 96% filling. It is
seen from the Figure 3.3.10 for 100% filling that the filling air entrapment of the gating
colored with turcoise is generally 0%. However, there is 7.2% air entrapment in the small
right region of the biscuit and in the two bottom runners colored with light blue. The
general air entrapment in the casting is 7.2%. Although the biggest air entrapment
percentage is seen in the left small side of the casting shown with dark red representing
50%, this is not important since this region is a thin section. Dark blue colored regions
representing 28.6% air entrapment are also not so important for accurate casting since
some of them are thin sections and some of them are in the overflows. Consequently, the
blue tones are dominating color on the casting, which demonstrate a homogen and
problemless air entrapment distribution. Since there is no light yellow color representing
100% air entrapment in the figure 3.3.10, it can be said that there is not air entrapment

event through the casting operation.
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3.3.10. The Simulation Results For The Filling Flow L enght

In the Figure 3.3.11, the filling flow lenght simulation result for 100% of filling at
1690 millisecond is seen. Thefilling flow lenght simulation demonstrate the distance of the
filling flow from the biscuit to the upper overflows since the melt was poured firstly from
the biscuit. It is seen from the figure 3.3.11 that the smallest filling flow lenght is 7.8 cm in
the biscuit colored with blue since blue represents 7.8 cm flow length according to the

distance scale with respect to centimetre on the right side of the figure,
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Figure 3.3.11. Filling flow lenght simulation result for 100% of filling at 1690 millisecond
for five cycle

The filling flow lenght gets bigger and bigger from the biscuit to the gating, ingate,
and the casting step by step. The filling flow lenght in the dark blue colored exit of the
biscuit is 15.34 cm. The filling flow lenght in the purple colored upper four ingates is
22.88 cm. The melt in the other ingates have dark red color which means 26.65 cm flow

lenght.
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The longest filling flow lenght is for the top of the casting and for the upper overflows
shown with light yellow color, which represent 53.05 cm flow lenght. Different flow
lenght distances is seen for the other sides of the casting. For instance, the red zones in the
casting demonstrate 30.42 cm filling flow lenght, the orange zones in the casting
demonstrate 34.19 cm filling flow lenght, the light orange zones in the casting demonstrate
37.97 cm filling flow lenght, the dark yellow regions in the casting demonstrate 45.51 cm
filling flow lenght, nearly top the yellow regions in the casting demonstrate 49.28 cm
filling flow lenght. The filling flow lenght gets bigger from bottom of the casting to the top
of the casting step by step.

Consequently, the uniform filling flow from the biscuit to the upper sides can be seen
from this ssmulation figure 3.3.26 clearly since the colors in the mould change with the

same order as the colors of the flow lenght scale.

3.3.11. The Simulation Results For The Filling Cast L enght

In the Figure 3.3.12, the filling cast lenght simulation result for 100% of filling at
1690 millisecond is seen. The filling cast lenght simulation demonstrate the way of the

liquid metal at the time of mould filling.

The liquid metal was firstly poured from the biscuit. Therefore, the liquid metal in the
bottom of the biscuit has blue color which represent 7.5 cm filling cast lenght. The cast
lenght gets bigger from the bottom of the biscuit to the ingates step by step as comparing
the different colors at this region with the cast lenght scale with respect to centimetre on
the right side of the Figure 3.3.12.

The cast lenghts in the ingates shown with turcoise are 0 cm since the melt slowed
down and stopped when it came through the ingate and as if the movement of the melt
started again from the ingates to the casting. Thus, the cast lenght starts to increase from
the ingates to the top of the casting after the biscuit.
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Figure 3.3.12. Filling cast lenght simulation result for 100% of filling at 1690 millisecond
for five cycles

The cast lenght of the blue zone in the casting just after the ingate is 5 cm. Then, the cast
lenght of the dark blue zone in the casting is 9.99 cm. Then, the cast lenght of the purple
zone in the casting is 14.99 cm, the red zone in the casting is 19.98 cm, the orange zone in
the casting is 24.98 cm, the yellow zone at the top of the casting is 32.47 cm. And the
longest filling cast lenght is 34.97 cm shown with light yellow in the two top overflows as
seen in the Figure 3.3.12.

Only one directional flow from biscuit to casting was seen in the filling flow lenght
simulation of the figure 3.3.11, but two directiona flow from biscuit to ingate and from
ingate to casting is seen in the filling cast lenght simulation of the figure 3.3.12 since the
casting part starts just after the ingate.
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3.3.12. The Simulation Results For thefilling Wall-Contact

In the Figure 3.3.13, the filling wall-cact simulation result for 100% of filling at
1690 millisecond is seen. The filling wall contatmulation picture explains about the
liquid metal rubbing against the wall of the moulthus, wall contact is about wearing
away of the mould. Additionally, wall contact issalabout the turbulence relatively since

there is less turbulence in the liquid metal sidhéchv crashes to the wall of the mould.

Figure 3.3.13. Filling wall-contact simulation réisior 100% of filling at 1690 millisecond
for 5 cycle

It is observed from the Figure 3.3.13 tivatl contact for the shortest time is in the
light blue colored gating and in the exits of tlog four ingates for 0.0091 second by
comparing with the wall contact scale with resgectecond on the right side of the figure.
It is also observed that wall contact for the lastgeme is in the light yellow colored

overflows for 0.1277 second.

After the overflows, wall contact for lortgne is in the two edges of the casting
shown with light orange for 0.1003 second. It isrs&om the figure that the wall contact
time is getting shorter away from the wall of tresting. The wall contact time for these
regions can be understood by comparing their ceitr the wall contact time scale. For
instance, wall contact time for dark blue regiosa€i0365 second, for purple regions is
0.0456 second, for red regions is 0.0730 secordl f@norange regions is 0.0912 second

and etc.
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Furthermore, filling wall contact time ihg biscuit changes from 0.0091 second to
0.0639 second step by step. Besides, the ununifioming in the navel of the casting is
due to the geometry. Moreover, it can be saidttiafilling wall contact is happening very

quickly with the help of the observations from figure 3.3.13.

3.3.13. The Simulation Results For The Filling Material Age

In the Figure 3.3.14, the filling wall-cact simulation result for 100% of filling at
1690 millisecond is seen. The youngest materihal458 second old in the top four runners
shown with blue. The material is getting older fréms side to up and down. The liquid
metal, which came from the biscuit firstly, startedill the mould so it does not stay in the
biscuit. However, the liquid metal in the biscugincnot move after the mould was filled
entirely. The unique movable liquid metal zonehe tnner side of the mould. Since the
edges of the mould was filled, the material inllb&om side of the biscuit and in the outer

edges of the mould seem at the same age in theeR3g8L14.

Figure 3.3.14. Filling material age simulation de$or 100% of filling at 1690 millisecond

for 5 cycles

The oldest material is 1.575 second oldhia overflows shown with light yellow.
After the overflows, the old material is in the edgcorners, navel, and thin sections of the
casting colored with dark yellow, which represeh#s53 second. The age of other sides
can be learned by comparing their color with theemal age scale with respect to second
on the right side of the Figure 3.3.14. For ins&artbe material age changes from 1.490
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second to 1.564 second from top of the biscuih®lottom of the biscuit. Although the
age difference in the whole material is little stldifference might be because of flowing,

and geometry. Consequently, it can also be satdhisaprocess is very fast.

3.3.14. The Simulation Results For The Salidification

In the Figure 3.3.15, the solidification time simtibn result for 100% of filling for 1
cycle is seen. 1 cycle means casting is done figrare time, and 5 cycles mean casting is
done for five times respectively. The simulation dme cycle was only done for observing
whether filling of the mould was accurate or natcs a faulty simulation is not wanted to
be done. As simulation takes very much time, owlydgication time and solidification
temperature simulations were carried out for ongecyThus, there is no gating for one
cycle simulation. This serves as a guideline ireotd find the spots that solidify last and
find the suitable area for constructing the gasggtem later on. Entering the information
only about solidification time and temperature tadvhasoft software in spite of whole
information takes less time and the simulation womkore quickly; therefore the
simulation results in less time in order to chekbk ficcuracy of the simulation. Those
functions that are typical for the MAGMAhpdc modwdes not yet used within this one

cycled version.

Figure 3.3.15. Solidification time simulation resfar 100% of filling at 6.151 second for
1 cycle

It is seen from the Figure 3.3.15 that sloéidification for 1 cycle is completed in

6.151 second wholly. Thus, this solidification pees is rather fast. The regions, which
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solidify lastly in 6.151 second, are the centepwérflows, the corners of the casting, and
the vicinity of the navel shown with light yelloBesides, the regions which solidify early
are the outer edges of the casting, outer edgeéeeaiverflows, the navel, the thin sections
connected to the navel colored with blue correspantb 1.911 second approximately.
Solidification is a bit earlier in the thin sect®because heat transfer is faster in the thin

sections. Thick sections solidify later than théctsons.

The solidification time of the other regsonan be understood by comparing their
colors with the solidification time scale with resp to second on the right side of the
Figure 3.3.15. For instance, purple colored regmwiglified in 2.335 second, dark purple
colored regions solidified in 2.759 second, darét oelored regions solidified in 3.183
second, red colored regions solidified in 3.6078€¢ orange colored regions solidified in

4.031 second, and etc.

In the Figure 3.3.16, the solidificatiormigerature simulation result for 1 cycle is
seen. The overflows, corners of the casting, thredbctions around the navel colored with
turcoise have the lowest solidification temperat2&C. The other white colored regions
have the highest solidification temperature ®70The dark purple regions at the center of
the turcoise regions have 548%solidification temperature. The small red regiansund
the navel have 552€ solidification temperature. The solidificationperature of all
regions can be learned by comparing the colorfi®frégions with the temperature scale

seperated with colors with respect@ on the right side of the Figure 3.3.16.

=
" - a

@&

Figure 3.3.16. Solidification temperature simulatresult for 1 cycle
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According to these solidification temperatand solidification time results for one
cycle, this draft is not only very accurate, bigoahny problem about casting is not seen
from these simulations for one cycle. Therefores thiaft is valid to apply for five cycles.
Casting for five cycles represents continous cgstike the real casting in the high
pressure die casting machines. The importancestingasimulation for five cycle is to be
able to observe corrosion of the mould, warmnegt®imould, and the other parameters.
Thus, all of the parameters are entered to Magrasdifware for five cycle analyzing.

Therefore, completing all of five cycled simulatsoabout all the parameters lasts for days.

In the Figure 3.3.17, the solidification time simtibn result for 100% of filling for 5
cycles is seen. This simulation result picturehe figure 3.3.17 is very similar to the
solidification time simulation result for one cydle the figure 3.3.15. It is observed from
the figure 3.3.17 that the solidification for fiveycles is completed in 7.002 second
entirely. Therefore, it can be said that this gbéidtion process of high pressure die

casting alloy AISi12Cu is rather fast.

Figure 3.3.17. Solidification time simulation resfar 100% of filling for 5 cycles

The regions, which solidify lastly in 7.082cond, are the center of overflows, the
corners of the casting, the vicinity of the nawaid the gating shown with light yellow.

Besides, the regions which solidify early are théeo edges of the casting, outer edges of
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the overflows, the edges navel, the thin secti@mected to the navel colored with blue
corresponding to 2.982 second approximately. dieiserally seen that thick sections in the
mould solidify slowlier and so later, yet thin Seos solidify faster and so earlier since

heat transfer is faster in the thin sections.

The solidification time of the other regsonan be understood by comparing their
colors with the solidification time scale with resp to second on the right side of the
Figure 3.3.17. For instance, purple colored zomdiglied in 3.713 second, dark purple
colored zones solidified in 4.078 second, darka@dred zones solidified in 4.444 second,
red colored zones solidified in 4.809 second, oganglored zones solidified in 5.175
second, yellow colored zones solidified in 6.63@osel, and etc. The solidification time is
getting shorter from the runners to the ingatep $ie step from 7.002 second to 4.078
second for the gating since solidification timegproximately 7.002 second in the biscuit
and approximately 4.078 second in the ingates.

The solidification temperature simulation resultenh50.26% of casting operation
was completed at 5.357 second for 5 cycles is sedre Figure 3.3.18. Turcuise color is
seen at most of the parts of the casting, whicliesponds to the lowest solidification
temperature 52€. Other small parts of the casting such as datlcofored corners of the
casting have 549°€. The dark blue colored zones around these datlkcotored parts
have 540.7C.

There is stepped temperature increase fs@@n529C to 555.4C at the three sides
of the navel shown with color change from turcuisedark orange. Furthermore, the
general temperature is also 829in the overflows shown with turcuise. However,
temperature change from 529to 549.8C is observed at the center of the overflows with

the color change from turcuoise to dark red fo26& of casting.

The hottest region with 570 in the Figure 3.3.18 for 50.26% of casting is sheall
zone of the biscuit shown with light yellow. Thamjgerature in the biscuit changes to
537.8C from this small zone at the top of the biscuitite bottom of the biscuit. By the

way, 564.2C is generally seen at the most of the biscuit.
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Figure 3.3.18. Solidification temperatum@giation result when 50.26%, 94.07%, and

96.52% of casting operation was completed for Jesyaespectively

The solidification temperature 558 A4represented with dark yellow is observed at
the most of the runner. From this zone temperatecreases to 5466 step by step up
and down. All the solidification temperature valuas be understood by comparing the
colors of the zones with the temperature scaleraggmewith colors on the right side of the
figure. All the ingates have also turcuoise coldnerefore, solidification temperature for

50.26% of casting is 52€ in the ingates.

The solidification temperature simulaticsult when 94.07% of casting operation
was completed at 5.960 second for 5 cycles issdsa in the Figure 3.3.18. This result for
94.07 percentage is like the continuation of theultefor 50.26 percentage. It is observed
that the temperature of some regions is colder thamprevious image as the solidification

increases.

The general temperature is 829which is the lowest solidification temperatuag,

most parts of the casting represented with turcctder. However, the temperature at the
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small dark purple colored parts at the cornershef dasting is 546°€. There is also a
temperature change at the three very small sidéseohavel from 529 to 549.8C for
94.07% of casting.

The general temperature in the most pdrthe overflows shown with turcuoise is
also 529C. However, the temperature in the center of therflows is 546.6C shown
with dark purple. Additionally, the temperaturetire very small dark blue zone around

this purple zone is 540°C with respect to the temperature scale.

The yellow colored center of the biscuit has 56C.%olidification temperature.
Temperature decreases to 53C.%tep by step from this side to the bottom oflitseuit
shown with blue. The general temperature in theeuns 552.4C represented with red.
However, this temperature decreases t628rough the ingates since the temperature in
the ingates is 52€ represented with turcuoise. There is also 5%5.4olidification
temperature at the center of the runner in the arimge zone. Moreover, all of the other
temperature values in the gating can be underdtoauthe temperature scale on the right
side of the Figure 3.3.18 for 94.07% of casting .

It is also seen in this figure for 94.07%casting how this simulation result picture
was taken from the control panel in the “Magmagmfstprocessor on geometry” stage. In
order to view the result picture, “result” optiamder “X-Ray” heading in the “control
panel window” is clicked. Then, “/Results/Solidiation/Temperature/Cycle 005" group
was selected from the result selection mode. Tag,solidification temperature result at
different times of casting operation can be applediew with the “Apply” button at the
left bottom of the control panel window. The othesults was also taken with the same

procedure.

The solidification temperature simulatiasult when 96.52% of casting operation
was completed at 17 second for 5 cycles is also sethe Figure 3.3.18. This result for
96.52 percentage is like the continuation of theultefor 94.07 percentage. It is observed
that the temperature of some regions is colder tthen previous image since the

solidification increases.
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Turcuoise color is seen at most of thespaftthe casting, which corresponds to the
lowest solidification temperature 520. It is seen that the three corners of the castiy
the center of the overflows for 96.52 percentageshawer solidification temperature than

the 94.07 percentage and the 50.26 percentagehwl@monstrate the progress of the
solidification.

Apart from the 52€, there is also 537°8 temperature at the very small points in
the three corners of the casting and the centdreobverflows shown with blue for 96.52%

of casting. As the solidification progresses, terapge decrease and these blue points turn
to turcuoise.

Temperature is also decreased in the runaemparing with the previous figures
3.3.34 and 3.3.33. The temperature at the centireofunner is 546°€ represented with
dark purple for 96.52% of casting. But, 54&6changes to 52€ step by step through the

ingates since the temperature in the ingates is=S C.

The hottest temperature 56LIrepresented with yellow is still in the biscuitedto
the piston behind the biscuit. Yet, this is not artpnt since biscuit, gating, ingate and
overflows will be cut after casting operation wasnpleted. Thus, the real important part
casting has generally turcuoise color represeritiegowest temperature according to the
temperature scale. Therefore, solidification pregrés homogenesus and without any
problem.
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3.3.15. The Simulation Results For the feeding

Feeding is very crucial for a sound cassimge many voids can occur in the casting
part if feeding is not done properly. And thesedgomight cause the casting part to be
broken. Additionally, these voids can be determingih the help of x-ray and
metallographic inspections. Magmasoft programmeazdculate the feeding and possible
cooling shrinkage voids after completely feedingh@ mould filling with some analytical
approximations related to temperature, thicknessthef part, viscosity of the melt,

properties of the mould especially about heat feans

Figure 3.3.19. Feeding simulation result for fiyeles

In the Figure 3.3.19, the feeding simulatiesult for five cycles is seen. Figure 3.3.19
demonstrate the feeding with the help of the ‘FBEE®GI criterion in the whole casting.
This simulation result picture was taken from thdagma postprocessor on geometry’
stage by screen shot. It is seen from the figua¢ ali the colored points are light yellow
which demonstrate 99.99% feeding, according to fdexzling percentage scale differs
between light blue 80% and light yellow 99.99% b tight side of the Figure 3.3.19.
There is only 98.56% feeding in the small yellowes of the overflows and the biscuit;
but this is not important because these overfldvis;uit, and gating, ingate are cut and
thrown away after casting was finished completéhus, the feeding of the casting is very

sound.
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3.3.16. The Simulation Results For The Hot Spots

In the Figure 3.3.20, the solidification hot spsisiwulation result for five cycle is
seen. Hot spot means lately solidified regions tlueexcessive warming. Excessive
warming might be because of the segregation incésting part after solidification. Hot
spots might cause shrinkage voids. Hot spots amerghy parallel to feeding since the
zones, which can not be fed by feeding, solidifgtia Additionally, hot spots are
generally seen in the thick sections. The FiguBe2B. shows the hot spots on the basis of
the ‘HOTSPOT’ criterion.

Figure 3.3.20. Solidification hot spot simulatia@sult for five cycles

The yellow toned hotspots are around tisewti, around the gating, at the center of
the three corners of the casting, at the centénebverflows is seen in the Figure 3.3.20.
In these regions, the light yellow tone represéwntspot for 7.002 second, the yellow tone
represent hotspot for 6.756 second, and the ddlewy¢one represent hotspot for 6.509
second. Moreover, there is more light yellow hotsipothe biscuit. But, casting part is

more crucial than the biscuit and the gating parts.

There is a small light blue hotspot repntisg 3.798 second at the center of the
casting. There are three orange hotspots repragefid16 second in the three sides of the

navel of the casting. There are also a small darklp hotspot representing 5.030 second,
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and a very small purple hotspot representing 4s&bnd in the casting. However, these
hotspots are not so dangerous because their pened®t so long. Furthermore, it is seen
from the hot spot simulation result that the haitspare in the same points as the feeding

simulation result.

3.3.17. The Simulation Results For The Por osity

Porosity is areas of the mold that absorbed sombeotasting material leaving the
cast object with a rough, granular surface. Poyasitrelated to shrinkage voids due to
feeding. Porosity is a unwanted casting paramelgchwcan be calculated mathematically.
Thus, Magmasoft programme is able to calculatepthvesity theoretically with entering
the parameters such as casting temperature, smiitih range, alloy properties, shape of
casting part and etc. Although theoretically cadted porosity might be different than the
real porosity values, the Magmasoft porosity simaokaresult gives information about the

possible porosity which can occur.

In the Figure 3.3.21, the solidificationrgsity simulation result for five cycles is
seen. According to this simulation picture, thegplole porosity percentage which might
occur in the light purple colored corners of thetrey, and in the thin sections of the
casting is 1% since light purple color representd®osity according to the porosity scale
with respect to percentage on the right side ofRigere 3.3.21. 1% porosity is also seen in
some parts of the overflows and in many parts efgéiting but porosity in these regions is

not so important because overflows and gatingbaltut away after casting.

Figure 3.3.21. Solidification porosity simulatiogsult for five cycles
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4. EXPERIMENTAL STUDY

4.1. High Pressure Die Casting Practice Of The Simulated AlSi12Cu Flange

Firstly, AlSi12Cu alloy was melted at 70D in the main melting furnace. Then, this
AISi12Cu melt was sent to the resting furnace tlearhigh pressure die casting machine

IP550 with the help of carrying pot after takingsgd the melt.

After spraying the mould, which was conedcto the high pressure die casting
machine at the temperature interval betweerf@Qathd 240C, with the seperating grease;
the vice of the high pressure die casting macH0 was closed. The ladle,which waited
in the liquid metal at the resting furnace, too& &ISi12Cu melt according to the adjusted
amount and the ladle left the melt into the sendiage of the high pressure die casting
machine. The high pressure die casting machine rntaglenjection pin move and the

liquid metal was pressed by the piston in fronthef pin in mould.

After solidification time was completedhetvice was opened at the adjusted time.
After pushing, the Flange was taken by operatoterAfvaiting for about five minutes to
cool the Flange, Flange was trimmed in order torgkeof the gating, ingate, and the
(risers) overflows (air pockets). After checking thlange (without overflows, ingate, and

gating) by eye, it was put into the case of thensiquarts.

Table 5.1. High Pressure Die Casting Machine Ad)jgsParameters

First phase velocity 0.2 mls
Second phase velocity 3.8 m/s
Third phase pressure 280 bar

Point of passing to the third phase 320 mm
Vice time 8s
Pump pressure 150 bar
Temperature of the liquid metal 680°C-695C
Mould temperature 200°C
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4.1.1. Tensile Testing of the AIS'12Cu Flange Casting

According to the simulation data, the Flanghich is a washing machine part,
was casted in the Celikel Company with high presslie casting machine IP550_SC.
In order to analyze the tensile strength of théech#ansh, tensile testing was applied
to the specimens, which were taken from the biquait of the flange. Tensile testing
specimens were machined to a standard size fatedasting according to TS 138 as
seen in the Figure 5.1.

M-FE a2 e
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Figure 5.1. Dimensions of the tensile test specimen

The specimens were fractured in a tensgiirtg machine ilMES-KOSGEB.

Figure 5.2. Photo of high pressure die castedleetest specimens

The load-extension data were recorded &duete the tensile properties. The tensile
testing results data demonstrate very good agreenigndata in the literature.
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4.2. Estimation of the Solidification Time of AISI12Cu Before Experimental Study

Chvorinov Equation is solved according to the casting values of AlSi12Cu (Etia
150) aloy in order to estimate solidification behavior of the alloy before experimental

study.

Chvorinov Equation is[26]:

= B(%j (41)
B:[Ioﬁ[LM +Cy (TD _Tl)]J2 (4.2)
2K(Tl _To) .

B = [2.66% 1t 13.9*[389+0.963(700-649)]?] / [4*51.9%* (649-300)%] = 0.04519128  (4.1)

t = 0.04519128* ( 72.649352/ 4.90874)%= 9.898698 = 10 second 4.2

Table 4.1. Squeeze casting temperature values

In order to calculate B ( mold constant ) in the Chvorinov equation
Melt temperature 700 °C
Die temperature 300 °C
Punch temperature 300 °C

After the third squeeze cast sample the die and punch temperature were increased to

400°C. Thus T, value changes from 300 to 400. So;

B = [2.66% 1t 13.9*[389+0.963(700-649)]?] / [4*51.9%* (649-400)?] = 0.0887783 4.1)

t = 0.0887783* ( 72.649352/ 4.90874) = 19.445999 = 20 second (4.2)
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4.3. Squeeze Casting Practice Of AlSi12Cu

The Etial 150 (AlSi12Cu) aloy in the Figure 5.3 was molten in a furnace set at
750°C, and the die and punch were heated in a second furnace which was set at 350 °C as
seen in the Figure 5.4. The squeeze casting pressure applied was 100 MPa.

Figure 5.3. Some of the cut Etial 150 pieces before squeeze casting

After pouring the molten Etial 150 in to the die, the die was placed into the pressin
the Figure 5.5 and alowed to cool down to 300 °C . The punch was placed on the molten

aloy in the die and then, squeezing pressure was applied for about two minutes.

/:
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Figure 5.4. The Etia 150 alloy in the pot is moltening in the furnace on the left and the die
is being heated in the other furnace on the right.
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Figure 5.5. Squeeze casting equipment (hidrolic press) is on the left and the die with

micrometer in order to measure the temperature is on the right

The press load (force) necessary to deliver a pressure of 100 MPa on to the freezing alloy

is calculated as follows:

Table 5.2. Calculation of the pressure on the mould

Hydraulic Press

Pressure 63,73 kg/cm? 6,25 MPa 62,50 Bar

Hydraulic Press

Piston Diameter 100 mm 10 cm

Mould Piston

Diameter 25 mm 25 cm

Hydraulic Press

Piston Surface Area 7853,98 mm? 78,54 cm?

Mould Piston

Surface Diameter 490,87 mm? 4,91 cm?
P=F/A P(kg/cm?) F(kg) A(cm?) P(Mpa)

Hydraulic Press 63,73 5005,34 78,54 6,25

Mould 1019,68 5005,34 491 100,00
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Four specimens were sgueeze cast. The die and punch temperature were increased to
400 °C after the third squeeze cast sample. Additionally, six specimens were not squeezed
and cast to the die at the temperature of 400 °C. Moreover, Six Specimens were not

squeezed and cast to the cold die at the room temperature of 20 °C.

Figure 5.6. Squeeze casted four specimens are seen on the left, six specimens unsqueezed

in the hot die are seen in the middle, and four of the six unsqueezed in the cold die
Specimens are seen on the right.

Table 5.3. Applied casting types

Castnol High pressure die casted
Cast no 2 Squeezed under 100 MPa
Castno3 Not squeezed in the die at 400 °C

Castno4 Not squeezed in the cold die
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4.4. Tension and Hardness Tests

The tension test samples were machined frecastings according to the TS 138
(EN 10002 - 1:1990) standard and testedNHES. Table 5.5, 5.6, and 5.7 include the
tension test sample dimensions (i.e. initial rading initial length), tensile load applied,
elongation at fractureg), yield strengthdys), tensile strengthais), and Brinell Hardness
(HB) where the ball diameter and load used weren1b and 62.5 kg, respectively. The
load-extension curves obtained from each tensigh @&ee collected in the Appendix.

However, a sample curve from each group are ailsmgielow.
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Figure 5.7. Stress-strain curve of the fourth rpteezed sample
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Table 5.4. Mechanical test results obtained froennbt-squeezed ETIAL 150 (AlSi12Cu)

castings
Sample| Dy/2 Lo Load & Ovys OTs HB
No | (mm) | (mm) (N) (%) | (N/mm?) | (N/mn?)
1 10 50 13960 - - 178 76
2 10 50 14190 1 146 181 74
3 10 50 10990 - - 140 74
4 10 50 13640 0.4 156 174 71
5 10 50 12680 0.4 151 161 77
6 5 25 1141 - - 58.1 76
Cooling curve of the die during unsqueezed
casting
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Figure 5.8. Cooling curve of the die during unsg@ekecasting for the first sample

The slope of the cooling curve, which 8609 °Cs?, gives the cooling rate of the

not-squeezed casting as seen in the Figure 5.8.
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Table 5.5. Mechanical test results obtained froensitjueezed ETIAL 150 castings

Sample| Dy/2 Lo Load & Ovys OTs HB

No | (mm) | (mm) (N) (%) | (N/mm?) | (N/mnf)

7 10 50 13140 - - 167

8 10 50 16390 1.2 202 209

9 10 50 15430 1.2 179 196

10 10 50 13320 0.8 157 170
84.9 89.7
82.15 83
77.1 81.25
77.1 82.15

(b)

80.4 79.5
80.4 76.3
80.4 76.3
80.4 76.3

(©) (d)

Figure 5.9. Brinell hardness values of four diffarpoints of the squeezed Etial 150
castings. (a): The values of the seventh samplél {t® values of the eigth sample, (c): The

values of the nineth sample, (d): The values oté¢n¢gh sample.
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Figure 5.10. Photo of hardness specimens of squeastiegs

Workshop Tensile : EN 10 002 - 1:1990
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Figure 5.11. Stress-strain curve of the numbestgreezed specimen
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Figure 5.12. Cooling curve of the die during sqeelezasting for the eigth sample

The cooling rate of the squeezed casting.3857°Cs”, which is the slope of the
cooling curve in the Figure 5.12. It is noted tha¢ die heats up and cools down more
quickly during squeeze casting. This is a resultnafre efficient heat transfer from the

freezing alloy to the die due to pressure applicati

Table 5.6. Mechanical test results obtained froenttigh pressure die cast ETIAL 150

Flansch
Sample| Dy/2 Lo Load & Oys OTs
No | (mm) | (mm) (N) (%) | (N/mn?) | (N/mn?) | HB
11 6 30 4052 2.3 143.3 89.Y
12 6 30 2773 1 98.1| 89.7
13 6 30 2804.8 - 99.2 87.75
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Figure 5.13.Load-extension diagram of the numbietetn high pressure die cast

specimen

When the tensile strengths of all castypgs are compared, it is seen that squeeze
casting provides the highest tensile strength vahasvever, the Brinell hardness and

elongation values of the high pressure die cassitige largest.

Figure 5.14. Remainings of the tensile tested ssqueezed in the hot die specimens on
the left, four squeezed specimens in the middld tiaree high pressure die casted

specimens on the right.



Table 5.7. Mechanical test results obtained froennbt-squeezed ETIAL 150 castings to
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the cold die
Sample| Dy/2 Lo Load & Ovs OTs HB

No | (mm) | (mm) (N) (%) | (N/mm?) | (N/mn?)

14 5 50 5360 0.4 - 68 85.85
15 5 50 14240 3.41 - 181 83.95
16 5 50 9250 2 - 118 87.7%
17 5 50 11810 2.54 - 150 87.75
18 5 50 14280 3.73 - 182 87.75
19 5 50 15930 3.69 - 203 87.75

oo s Workshop Tensile : EN 10 002 - 1:1990

1
Fine Strain (%)

Filename: [C\AUTOEXEC . WS2 - 103]
|

A ADI:

PARGA SIRA N:

Source of data
- Cop:

Figure 5.15. Stress-strain curve of the numbertaerenot-squeezed cast to cold die

sample

yright Dartec 1995 ————
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According to the mechanical test result table ia Trable 5.8 and the stress-strain

graph in the Figure 5.15, the unsqueezed coldmieisens are brittle.

Figure 5.16. Six tensile testing specimens of uasgad in the cold die casting; before

tensile testing on the left and after tensile tgstin the right photo

Cooling graph of not-squeezed cold die casting
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Figure 5.17. Cooling curve of the die during unsepeesl casting to cold die for the
eighteenth sample

The cooling rate of the squeezed casting.0943°Cs®, which is the slope of the

cooling curve in the Figure 5.17.
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4.5. Microstructural Analysis

The micrographs of the not-squeezed inhttitedie, squeezed, high pressure die cast,

and not-squeezed in the cold die samples were takidve IMES. Some examples of these

micrographs of the cast samples are seen below.

Figure 5.19. The microstructure of the second noeszed sample undes00

magnification

It is seen that the silicon flakes are sedrand faceted silicon primaries are also
present in Figure 5.19.

Figure 5.20. The microstructure of the fourth ngirsezed sample100
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Porosity is seen in the Figure 5.20. Mosgp\Aluminum rich phase shrinks while

Silicon rich phase expands upon cooling as seé&ingure 5.20.

Figure 5.21. The microstructure of the sixth nateszed sample500

Coarse silicon flakes and Chienese scriptsaen in the Figure 5.21. The spacing is

about 15um between the silicon flakes.

Figure 5.22. The microstructure of the number figaeezed (dganms) samplex100

Figure 5.22 demonstrates that porosityimieated. Aluminum rich dendrites, which
are seen in the microstructure, means casting @¢ogleckly. Spacing between Silicon
flakes are reduced.

Figure 5.23. The microstructure of the number tedligh pressure die cast gtnms)

sample x500
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Figure 5.23 shows that both silicon flalesl also faceted primaries are refined.

Moreover, porosity is eliminated.

Figure 5.24. The microstructure of the number d¢eint high pressure die castg@ems)

samplex500

It is seen in the Figure 5.24 that facesdidon primaries still present. However, they
are refined as compared to the not-squeezed caBtimtpermore, no porosity is present in

the Aluminum rich matrix.



108

5. CONCLUSIONS

Simulation results are in good agreement with experimental findings.

Simulation is a very efficient way to optimize casting quality. It is also very
economical and practical, since one can change every parameter (die temperature,
casting temperature, pressure, mould design etc.) in the computer simulation very
easily and then go on to try the results in real casting. This helps to reduce time
spent on trial and error experiments.

For optimum and reliable results, minimum 5 cycles needed to be carried out in
simulation software.

One of most important parameters in casting quality is the porosity. Main reason
for product regection is due to the porosity (either gas or shrinkage). Since
simulation can reveal this and helps to minimize this defect, the use of computersin
casting process increases the casting quality significantly.

Depending on the cast quality specified, high prssure die casting or squeeze casting
procedures can be applied readily to the Etial 150 (AlSi12Cu) aloy.
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APPENDIX A: LOAD-EXTENSION CURVES OBTAINED FROM EACH
TENSION TESTS

Test : 1

Load (N) gcg g : ggrenci
3000 e -

1
Il

2000 1

1500 o

17
y

elrlilllllllllllllll LI N D R R N B R BN SN S B R B SN B NN R B N BN N B |

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
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1600 ]

Figure A.1. Load-extension curve of the first high pressure die casting sample

Test : 1
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Figure A.2. Load-extension curve of the second high pressure die casting sample



110

Test : 1
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Figure A.3. Load-extension curve of the third high pressure die casting sample
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Figure A.4. Stress-strain curve of the first not-squeezed sample
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Figure A.6. Stress-strain curve of the third not-squeezed sample
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Figure A.7. Stress-strain curve of the fourth not-squeezed sample
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Figure A.8. Stress-strain curve of the fifth not-squeezed sample
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Figure A.9. Stress-strain curve of the sixth not-squeezed sample
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Figure A.10. Stress-strain curve of the firsth not-squeezed in the cold die sample
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Figure A.11. Stress-strain curve of the second not-sgqueezed in the cold die sample
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Figure A.12. Stress-strain curve of the thirth not-squeezed in the cold die sample
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Figure A.13. Stress-strain curve of the fourth not-squeezed in the cold die sample
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Figure A.14. Stress-strain curve of the fifth not-squeezed in the cold die sample
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Figure A.16. Stress-strain curve of the first squeezed sample
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Figure A.17. Stress-strain curve of the second squeezed sample
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Figure A.18. Stress-strain curve of the thirth squeezed sample
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Figure A.19. Stress-strain curve of the fourth squeezed sample
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