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High Pressure Die Casting of Zamak alloys

Resumo

O process da fundicdo injetada tem sofrido grandes avangos nos ultimos anos, devido a sua
crescente utilizacdo no secamtomovel. Apesar déigas de aluminio serem as mais utilizadas,

a utilizacdo das ligas de zinco também tendo a amentar, principalmente devids &uas
excelentes caracteristicas de qualidade superficelevsada cadéncide producdo. Estas
caracteristicas fazem com qae ligas de zinco sejam muito utilizadas eplicagbes de
pequenas dimensgesde a qualidade superficial e baixo custo seja um requisito indispensavel.
Neste estudo, serdo alvo de estudo a fundi¢&o injetada das ligas de zinco, mais precisamente ac
Zamak.

Devido ao regime turbulento dmetal fundido, sdo produzidas grandes quantidades de
porosidades durante o processo de injecdo. Isto faz com que o ar fique aprisionado nas pecas, o
gue deteriora as propriedades mecanicas. A existéncia de ar nas p@&gas,dag ndo possam
ser termicamente tratadas, devido a ocorrénduistering Uma das formas de minimizar este
efeito, € na otimizacdo dos sistemas de gitagergrande problema € que nem sengsee
processoé suficientemente valorizado, poisuitas vees recorrese a expericia no seu
dimensionamento. Por estas razdés,apresentadaum manual de boas préaticas de
dimensionamento de sistem@es gitagemPosteriormentegé aplicado num caso real, onde a
falta de um sistema de gitag@timizadotraduzse em taxas de rejeicdo de producao superior
a 40%. Esta solucéo é posteriormente validada por meio de um simiBadGAST onde sera
analisado a ocorrénciae dlefeitos. Foi verificado, quem sistema de gitagem otimizado
resultou num enchimentinde o aprisionamentie arocorreem menor escala.

Mesmo com m sistema de gitagem otimizadem sempré possiveteduzir por completo o
aprisionanento de ar durante o enchimento. A aplicacdo de vacuo na cavidade surge da
necessidade de reduzir estelgema. Esta tecnologia é largamente aplicada em ligas de
aluminio e de magnésio. Contudo, nas ligas de zinco nao é poatinanc Isto dewse ao facto

do mercado das ligas de zinco ndo ser muito exigente em termos de propriedades snecanica
seremresevadas para pecas com um valacrescentadmenor. Contudgpode ser necessario

a utilizacdo de vacuo para casos em que um sistema otimizado ndo seja suficiente. Um método
de dimensioamento € proposto, onéeplicado num caso reliste dimensionamentontepor

base a utilizagaddo Exco Engineerind\pp, que auxilia no dimensionamento de um sistema de
vacuo. Este programa também possibiitavalidacdo do dimensionamento com base na
eficiéncia de vacuo.

Palavras Chave

Fundicdo inetada; ligas Zamak; sistema ddtagem; NADCA; ProCAST; Vacuo; Exco
Engineering.
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Abstract

Thehigh pressure die castipgocess has undergone major advances in recent years, due to its
increasing use in the automotive sector. Although aluminum alloys are the most widely used,
the use bzinc alloys has been increasimgginly due to their excellent characteristics of stafa
quality and production cycles. These characteristics make zinc alloys widely used in small
applications, where surface quality and low cost are an indispensable requitertenstudy,

more attentiorwill be given to the high pressure die castingioic alloys, more precisely the
Zamakalloys.

During the injection procesa turbulent molten metal flow is generatad,a resulof thehigh
injection velocities. For this reasolarge amounts o&ir porosity are produced during the
injection process. This causes the air to become trapped in the parts, which deteriorates the
mechanical propertiebleat treatments cannot be applied tmponents with air porositgjnce
they will expand and cause bligteg. An optimized gating system a solution taninimize the
occurrence of thesefects A major concernis that this process is neélued enough, because
many timesonly the designers experience is usadthe dessign process of a gating system
Forthese reasons, a good practice manual for desigraaging systemss presented and then
applied in areal case, where the lackmbtimized gating systerasuts in production rejection
rateof more than 406. This solution is later validateding adie castingsimulator, ProCAST,
where the occurrence of defects will be analyzed. It has been found that an opgatiagd
systenresulted in anore unifom filling pattern, which resulteth less air entrapments.

Even with an optimizedjating system, it is not always possible to completely reduce air
entrapmentsluringthefilling processThe application of vacuum in the cavity arises from the
need to redudminimize this problem. This technology is widely applied in aluminum and
magnesium #bys. However, in zinc alloys it is not common practice. This is due to the fact
that the zinc alloy market is not very demanding in terms of mechanical properties and is
reserved for parts with a lower added value. However, it may be necessary to wse wacu
cases where an optimized system is not sufficientlesdigningvacuum systemmethod is
proposed, where it is applied in a real case. This design is based on thetliseEsto
Engineering Appwhichis a tool that calculates a number of parametietfssovacuum system

This program also enables the validation of the design based desihedvacuum efficiency.

KeyWords

High pressure die casting; Zakialloys; Gating systenProCAST; SolidWorks; Vacuum;
ExcoEngineering
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High Pressure Die Casting of Zamak alloys

1 Introduction

1.1 Motivation

In a woitd were a conaint demand of lighter materialgth higher mechanical properties are
required the high pressure die d¢ag) processplays an important role tachieve these
requiremerd.

The high pressure die casting is a metal casting process, were liquid metal is injected into a
reusabé metal mald at high velocities along with high pressures

In this process there are two types of die casting machines, the cold chamber machine and hot
chamber machine. The hot chamber machine is reserved for lower melting point alloys such as
zinc, tin, lead and some magnesium alloys. In this thesis, more empfibise placed into the

high pressure die casting process of Zamak alloys. Zamak alloys, are a specific family with zinc
as its main element, following aluminium, copper and magnesiigh.density and high creep

rate at low temperatures are the twomaioblems of using these alloys. This limits their usage

ont he Al i ght Redhesehedsons, meawrwhys tb overcome tlisadvantageare

needed, so that Zamak alloys can have a wider market share.

This process offers a wide variety of ad\eages that are increasingly being appreciated for the
automotive industry such as higher production cycles; productitiirofvallednear net shape
components with good surface quality finishifiglly automated procestow requirement of
post machiningif ni s hi n g 6 s ;to rephaee ap entiresaissembly ioftcgmponents by a
single cast componeriespite these advantagagurbulent metal flow is generated during the
filling process which translates into components withigh porosity content.

The gating system design is a major task because it not only affects the manufacturing of the
die but also the quality and cost of the produced components. This process heavily depends on
the designerds experience but isprbcessrequiresa e c h
number of iterations which results in a longer lead time and increased die cost. For these
reasons, ananual of good practices for the design of gating system is reqiiinedimanual
surgesfrom the need to create a stardlalesignprocedure, which allos/ the design of
optimized gating systems.

The generation of high quantities of air during the filling process is a critical problem that often
leads to air porosity related defects. This is a characteristic problem of this proessstiou

high molten metal velocity, which causesbulencesThere are several reported procedures to
reduce porosity levels such as modifying the alloy constituents, that leads to a higher metal
fluidity and therefore an injection speed reduction isgfiue; optimization of process
parameters such as metal injection velocity, applied casting pressure and molten metal
temperature; applying vacuum to the die cavity and the use of other type of injection process
such as squeeze casting or any ssotid rocess

The vacuum technology is beinged to overcome defects related to air entrapments However,
there are few papers that discusses this process in detail. For this reason, a more detailed study
in this topic is needed. Also, topics related to thegisg process of vacuum systems are
lacking from the literature. Therefore, a vacuum system designing method will be presented.
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1.2 INEGH Instituto de Engenharia Mecéanica e Gestao Industrial

This thesidgs developed iIlNEGI - Instituto de Engenharia Mecanica e Gestéo Industrial.

INEGI is an interface Institution between University and Industry, oriented to the activities of
Research and Development, Innovation and Technology Transfer. Being a privgueiiton
assoaition and recognized by the Portuguese Government as being of public utility, INEGI is
currently considered an active agent playing a significant role in the development of the
Portuguese industry, and in the transformation of its competitiveness moBeGIN6 s c o r
competences are experimental mechanics, engineering design, materials, industrial processes,
renewable energies, and industrial engineering and management. INEGI hosts 137 PhD
integrated members, and more than 100 associated members, beanggsieRortuguese group

on R&D and I&TT, in the field of Mechanical Engineering.

Its organizational structure relies on three pillars of activity in different technology readiness
levels, maintaining a strong competence matrix element:

1 Research with a spet focus on applied research
1 Innovation and technology transfer
1 Consulting and advanced engineering services

The | msgdsearfchuacteity is integrated in the national network of research funded by
Portuguese Foundatidior Science and Technology ahds consistently been evaluatas
excellent. INEGI is considered one of the madfective Research and Technology
Organizations in transforming R&D investment in economic and social value.

More than 50% of its total turnover comes from R&D and innowapoojects funded by
industry. As a noiprofit organization counts with 97 shareholders representing the University,
public institutions, industrial associations grd/ate companies.

I N E & tegearch infrastructure includes a broad set of-eggilipped &boratories and an
extensive engineeringols base for supporting its research and development activity as well
as to support the production of industriacommercial prototypes.

More information about INEGI please visit the website:
www.inegi.up.pt

1.3 Main goals

The present work firstly focuses on describing every aspect of the high pressure die casting,
more specifically for the hot chamber machine. Morportantly,investigatingnew processes

and procedurefor the high pressure die casting of Zamédlkys is the main goal for this
investigation.

Since a morecientificapproacHor thegating systemdesign is lackingforthe ur r ent OEM
another purpose dhis thesisis to developa more scientific approach for a gating system
design, usingvlicrosoft Excel This spreadsheattomatically calculatesvery component of a

gating system. Usintiis tool, asolution for a case stugyhich presents problems in its gating
systemwill be presentdand validated experimentallysing a CAE simulatoRroCASTM.

Lastly, the vacuum technology will be explained in detail and its viability in high pressure die
casting process of Zamak alloys will be investigated. Also, an application that gives possibility
to design a venting vacuum system will be explaaed applied to a case study.
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1.4 Scope and layout of the thesis

In the current chapter, is presentedrtiwgivation to develop this thesis; the problems that were
proposed; solutions to these problemegsons why these solutions were chosen; challenges
that these solutions present. Also, the objectives are presented in a summarized way that anyone
with a minimal scientific knowledge can understand what is proposed for this thesis.

Chapter two focusesnadescribing the principals behind the high pressure die casting process,
more specifically for the hot chamber machine. Along this chapter, recent innovations are also
pretended and discussed.

Chapter 3 is divided into thresections the first section decribesthe basic principles of a

gating system; in the second sectidnis presenteda designing procedure based on the
NADCAOGs gating manual, that gives a good st
in the third second, a real case stuslyanalysed. For this case study three different gating
systems are proposed, 1 and 3 by the company and the 2 by the asitigpSolidWorksFor

every iteration, a simulation tool (ProCA®Y will be used in order to determine the
effectiveness of therpposed gating system. The gating system for iterations 1 and 3 are based
onthed e s i gexperienteanhich lacks scientific analysis and calculationhjle iteration2

an optimized gating systempsoposed

Chapter 4 presents the application of theuuse technology in the high pressure die casting
process. A complete and detailed description of every component and the main challenges and
benefits that this technology offers this process is presented as an introduction to this process.
After this desciption, a ventingsystemdesign procedure is presented and appligadposed

case study of iteration Also, the Exco Engineering App is used which helps in the venting
system design.
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2 Die casting

2.1 Die casting processes

Die casing is a metal castingprocess that uses a permanent or reusable metat nadso
referred asa die. This process has threariants which depends mainly on the amount of
pressure that is used to force the metal into th§ldtie

1 Permanent mad casting, or gravity castg. In this process the molten metal is poured
into the die and it solidifies under atmospheric pressure;

1 Low-pressure die casting (LPDC). Liquid metal is forced into the die casihg air
pressureypically below 0.5MPg

1 High pressure die castingdPDC). Liquid metal is forced inside a die caviby a
hydraulic pressure, aboveMPa alongwith high velocites, ranging from 20 90 m/s.
After the filling phase is complete, the solidifying megasubjected t@n intensifying
pressure, ranging fro00 to 1000 Bar.

Figure lrepresents the differencbstween every metal casting processe®gris of process
parameters and possible post casting procedd®shown in Figure 1, the HPDC process
when compared to other metal casting processesls interms of low cycle timegroducing
components with the highest surface quality and by being fully autonfgetisadvantages

it requires a high investment cost, high lead sared produces parts thannot be heat treated
or welded|f entrapment airs presenthroughout the component.

Property Sand Investment Permanent mold Low-pressure die High-pressure die
casting casting casting casting casting
Cycle time 2 1 3 3 4
Investment cost - 2 3 2 1
Lead time for prototype/design - 2 1 1 1
change
Process efficiency 1 1 2 4 3
Automation level 2-3 1 3 - )
Post-casting heat treatment 4 4 4 - 1
Casting weldability 2-3 3 3 3 1
Quality surface 1 2 3 4 4

4: Bxcellent; 3: Good; 2: Fair; 1: Poor

Figure1l- Comparison of properties of different foundry proce$sgs

Two important casting characteristics to determine the best suitabkspracproduce a certain
product are theumber of castings to be produced per ygattheweightof component. This
means that for the HPDC process, a high number of parts is needgdffarptial costs. Also,
this process is suitable for producing components up to 50 Kg. As shdugune 2, the sand
casting process offers the highest weight for a casting and the bggupe die castingquires
the highest number of casting per yEacompensate the initial costs.
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1084

105.L HPDC, Semi-solid
Vacuum HPDC Squeeze casting

Production (Castings / year)
=

0.1 1 10 100
Casting weight (kg)

Figure2- Manufacturing conveniences of different foundry processes as function of production rate and casting
weight[2].

As shown in Figure 3, thieigh pressure die castiqgyocesss at the top end of parameters like
molten metal injectionvelocity and injection pressyre&omparing to other metal casting
processAmong all processes, HPDC is the process that generates a higher quantity of gas
related porosities due to the high injection velof3iy

A

HIGH PRESSURE
DIE CASTING
o
o
|
L
S
SQUEEZE
PERMANENT CASTING
MOLD CASTING
GRAVITY SEMI SOLID
SAND CASTING CASTING
—
PRESSURE

Figure3- Representationf casting processes respecting velocity and pre$3lre
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2.2 High pressure die casting

2.2.1 Historical review

Casting processes are believed to be amongst the oldest mébhathnufacture metal
compaents. Initially only processes which the mid had to be destroyed to remove the
solidified part existed. These processes are still heasgiggin the presentSubsequentlyit
became clear that a reusableuidchad to be manufactured to stemtreasing the production
capacity{4].

In the middle age, the first reusableultts wereoptimizedand used to cast pewter compats.
Processes kept evolving and beapgimizeduntil Sturges in 1849 invented the first die casting
machine presented in Figure 4'his invention was developedue tothe high demanaf
printing letters used in the printing procedhis was a manuigi operated machingrimarily
used for casting print type using Igg.

Operating lever ——

\ Plunger

Upper chamber ——

/ — Melting pot
Sprue cutoff vave — / Metalport /
|'ll -"ll |I — II
[ | ]
N\ %
Nozzle A
E

Inclined channel —

Pressure chamber 7,

Figure4- Sturges die casting machine patgt

In the late 19 century due to a constant process development, processes were developed to
inject metal into metal malds. This process was better known for producing brass metallic
letter maulds, also called amatrices This progress resulted in the creation of the linotype
machine by Ottmar Mergenthalel].

Other applications for phonograph parts required a different approach in terms of machinery
since it required the combination of decorative and engineering features. This led to the
developmenbf a new machineHgure 5)operated by two people, which requir@90-degree

swing of the machine. By only usingnzi led and tin, parts such east magneto housings,



carburettors and other automotive parts were produced using this machine right up until 1915

[5].

Shot lever

Metal cylinder

High Pressure Die Casting of Zamak alloys

Front plate
cast iron

Cover die
Ejector die

Die locking
lever

cast iron —
Vi &
S\ Plunger ,\4
cast iron N7
Plunger arm \ §fl
cast iron S/A 1%” dia. bars
o) L. SAE-1020 steel

Metal pot .

cast iron Ejector box Pedestal
cast iron cast iron

Futmace Sliding plate

cat iron cast iron

Figure5- Early die casting machine that required two people to opgihate

Later, a new machinepresented ifFigure 6,was developedrhis inventionused pneumatics

to push the pistoand to open and close the dies. This resulted in a higher productivity and
higher quality parts with thinner sections. In 1915, the first aluminium die casting machine was
developedb].

I Shot cylinder-air
cast iron
) Closing cylinder=air
‘iE || Front plate cast iron
vacuum carbon
Lock pms
= Plunger cast ?;ee' e SAE-1020 steel

S | castiron [ ate busing 4 '
Plunger ~—— II / Sliding plate a8 Iggﬂben-!"égfbon
cast iron | Metal cylinder / cast steel ."I K cast steel

| cast iron f @ !
| 4 *
Plunger arm \ 13" dia. bars
cast iron i - i | SAE-1020 steel
¥
Metal pot . \/ ° I
" ry ry - |
cast iron [ ] ~ Ejector box
Furnace "/ | cast iron
cast iron | L Ejector die
1 - Cover die

\

Base
SAE-1020 steel

Figure6- Pneumatic die casting machiftg.
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2.2.2 High pressure die casting

High pressure die casting (HPDQ@r simply die casting in the U$1], is an economical
manufacturing procegsr mass productiof6]. This process issed to producaonferrousand
low-melting pont base alloypartssuch asluminum, zinc|ead,brass antin. Also, atitanium
alloy was successfully casted using the HPDC prgdgs3hese components camngefrom

a fewgrams up t@5Kkg [4]. By usinghigh velocities along with high pressures to inject liquid
metal into a diecavity, areusablemetallic mauld, thin-walled products(as low as 0.25 mm)
with high geometry complexity arslirface hardness (SH), near net shapeery good surfae
finish (by casting standardaje produced9]. All these extreme conditions that the molten
metal is submitted and the ddtfilty to maintain process parameters make HPDC a defect
generating procegg].

The high pressure die casting process can be usegplace assemblies of various parts
produced by differentnanufacturing process. An example is presented in FigureThe
production of just one component instead of varioasults inthe reduction of theverall
procesdabourand production cos{g].

Figure7- Left: Shock tower with an assembly of various sheet ghes; Right: Same part with just a single
part produced by aluminium die castifig].

The main problenof this process, is the high porosity levels of the cast prodlicis is related

to air entrapmerstduringthe highly turbulentilling process amongothers that will be further
described6]. Thesedefecs limit the use othe HPDC process componentsvere higher
mechanical propertiesgxcellent surface finishing isequired. In structural applications,
porosities act as stress concentrator which leads to cracks initi#lsasheat treatment rarely
can be applied to parts that present porositiesesihey can emerge asfsge defects known

as blisterd4]. The most effective procedure tolaasate the gas level of the castings is the
vacuum fusion method. By heating a sectioned casted part until molten under vacuum, the
pressure created by the gas release is meafiitkd here are several reportpdbcedures to
reduce porosity levels such amodifying the alloy constituents, that leads to a higher metal
fluidity and therefore an injection speed reduction is possibfimization of process

9
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parameterssuch asmetal injection velocity, applied casting pressure and molten metal
temperatureapplying vacuum to the die cavity atite use of other type of injection process
such as squeeze casting or any sgohd processA viablealternative to reducine size of gas
poresis to set thantensificationpressureas high as thenachine can delivefThis leads a
reduction ofthe volume percentage of the gas porddig}.

An optimization of process parametexsch assolidification time, molten temperature, die
cavity filling time, plunger velocity and pressure is required to manufactefectdfree
component$13].

Figure 8presentshe typicalsteps involving the high pressure die casting process.

1. The cycle starts by closing the two die halves arettimg the liquid metal into the die
cavity by the plunger (pistonpepending on the alloy, moltenetal is injected into the
steel die cavity witlvelocities between 30 m/s and Bs;

2. The closed die is held under high compacting pressures untilatezial is solidified;

3. The die opendés through the parting | ine
automatically, by the ejector pins;

4. A bl ow stub c¢cleans and cool 6s down the d
5. The die is closed by mowythe clamping system and a new cycle s{éits

Quenching, Trimming,....

Spraying process

Removing of the part

‘) . Blowing
out the die
j
. Closing of
Opening 9
of the die thedie

j -
Solidification . Dosing of the melt

Filling of the mold

Figure8- High pressure die casting procéak

These steps translate the reality of the HPDC prooegmeralbutthere are two conventional
varieties which depends on the allmybe castednd differs from each other with respect of
the metal injection desigd]. Alloys with low meltng points, such as some zinc alloys and tin,

10
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are cast using a hot chamber machine while a cold chamber machine is used to cast high melting
points such as aluminum, some zinc alloys, brass. Magnesium alloys are also used in HPDC
process and are cast irth@r hot and cold chamber machine, which depends on the required
part size. Theoretical, alloys with lower melting points can be cast in the cold chamber machine
but the other way around is not possible.

In the cold chamber machinEigure 9, liquid metalis poured, manually or automatically, into

a pouring hole located i shot sleevelhis results in @hortcontact time betweethe molten

liquid and machine components, that otherwise would damage them due to high metal melting
point and the fact thatuminum aggressively attacks iron components. After the liquid metal

is poured, the hydraulic plunger is displaced through the shot sleeve forcing the liquid metal
into the die cavityWi t h a col d chamber machi ne, irt 6s
parts, due to higher machine injection pressures and locking fakagmmponent produced by

this process can be easily identifiesince aftersolidification thec o mponent has a
where the metal erted the die cavity, igure 9 right [4].

(formesalrsltit“% cavity)

Runner

Stationary Platen
l Ejector Platen

Ladle

\ Die Cavity = 5

P —— i (cold hamber)
\ Ejector Box

Ejector Die

7

Hyd/rau:c Cylinder / s{s leeve

Plunger

r Die

Figure9- Left: Schematics of a conventional HPDC cold chamber ma¢h#tje Right: Typical layout of a
component produced by a cold chamber macHi&g

2.2.3 Most common d efects

There are ninglifferent reported subctaes of defects and more than thspecific types of
defects that can be surface, internal or geometredated.Figure 10presentsa resume of
common defects with respect to their souréesch defect is characterized by its morphology
and origin and in some cases can be predicted using simulatior{6pl®efects such as
shrinkage, gaselated and fillingrelated are thenost frequent in the HPDC process totalizing
20%,15% and 35 respectivel\2], with porosity being the main defect, which can be gas
porosity, shrinkage porosity or lea®. Table lbriefly describes some frequent deteits
causes angossible solutions.

11
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PRODUCT & PROCESS DESIGN ————— Shrinkage defects

[——* Filling-related defects
—————— Thermal contraction defects

Gas-related defects
Gas-related defects
OVERALL CASTING PROCESS
- Undesired phases

A

) ~»=- ———= Filling-related defects

N 7V damsw

L 3 gt = Excess of Material

+ Lack of Material
Out of Tolerance
glgggff:#:gzpsmmm ~———+ Thermal contraction defects
) - ——— Metal-die interaction defects
_ v — Shrinkage defects
\ b ? | LS Out of Tolerance

Internal & Surface defects  Surface Defects Geometrical Defects

Figure10- Classification of defects and their origiii$].

Tablel- Defects in HPD(Q9; 17-21].

Defects Causes Possible solutions Appearance
Surface Leading edge of meta Increase local die
defects flow is too cold. temperature;
Cold flow, Lower filling time;
COIdslvii?I’SCh'"’ Improve filling
pattern;
Increasing local die
temperature
Lamination Poor metal flow Correct injection
layers of metal control; parameters;
inside or Poor die locking Good flowpattern;
Olitzlsti[i;the during filling. Ideal idea
9 temperature.

12
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Gas Porosity | Air entrapment inthe  Optimal Injection
casting parameters;

Higherventing and

overflow function;

Optimal gating and
runner design;

Vacuum.
Shrinkage Thick walls in the  Cool hot spots or hee
Porosity casting; cold spots;
Internalcracks Metal volume Higher intensification
in the casting reduction during pressure;
solidification; Betterfilling patterns,
Inability to feed especially on thicker
shrinkage with more zones
metal during
solidification;
Hot spots
Blister Gas entrapped undel  Optimal injection
the surface during parameters;
metal filling Optimized gating
system;
Higher venting
efficiency.
Flash Insufficient machines Efficient die fitting;
Solidified locking force; Adequate machine
moltenmetal High metal liquid locking force;
ar%L:gg tTiGr}] g'e temperature; Better die and castin
P 9 Poor die fit. thermal conditions.

2.3 Hot chamber machine

Zamak alloys are the most commonly usada hot chamber machine. Othensc alloyssuch
asZA8, AcuZink 5 and 10EZAK™ are also usedsomemagnesium alloys are used even
t hough nostheuseebt & adld chamber machine.

Molten metal held in a selholding pot protected by a specific atmosphere, is injected with a
plunger into a die cavity through a nozzle. The nozzle is connected with a channel, called the
gooseneck whicks immersed in the molten me{d4]. By keeping the gooserk immersed,

cycle times are kept at minimum since moltertahgavels a short distanceeach cycld4].

Hot chamber machines are characterized by having very low filling times, 51e,4hd dw
cycles times. Parts with a few grams translates into a cycle time of abouhite parts with
several kilograms can take arounds3{@]. Figure 1L and 12 illustratelifferent components
that integrate the hot chamber die casting machine.

13
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Stationary Platen
l Ejector Platen

!

Die Cavity
Hydraulic
Cylinder N
\ Gooseneck Vents_ ™ Y jl Overflows
|
! >
Plunger E_ .
T L
Holding Pot _ —

Liquid Metal

Flmage Ejector Box

Cover Die

Nozzle Ejector Die

Figure 11- Left: Schematics of a conventional HPDC hot chamber mag¢h#tjeRight: Componentgroduced
by a hot chamber machifi22].

RUNNER
& GATE

SPRUE
HOLE \
&

SPRUE ———— |
PIN

N —. |

Figure12- Passage connecting the nozzle to the die xa¥bia hot chamber athine[23].

Every die casting machine is characterized by its clamping fénegng the cavity fill and
specially during thentensificationphase, a high pressure is generated inside the die. The
clamping force is the foecresponsibléor resistinghe opening of the die, and for a hot icteer
machine ranges from 20 tO@@Ton.

The pressure built up inside the die generates a force which is proportional to the casting
projected area. Consideringetibasting projected arealéijure 13 the generated force can be
calculated by multiplying the projected area, 1d4%, by the intesification pressure, 200 Bar

for example, redting in a breaking force of 298&N. This would require a machine clamping
force of 29.8 Ton, but it is recommended that the actual clamping force shoul&bkigber

than the calculated breaking force.

14
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Figure13- Projected area afasting which includes, die cavity, overflows, gating system, vacuum valves and

runnerg22].

As shown in Figure 14his process can be dividento 3 phasesin terms of velocity and
pressure. Thialsohappens with a cold chamber machine:

)l

)l

)l

First phase Molten metakenters the die through the gooseneck and nozzle, passing the
gating sygtemuntil it reaches the gat&his phase is characterizég a low plunger
speedand hydraulic pressurén some cases, partial fill of about 10 to 15 % of the
components die cavity to reduces gas porosity. This is usually applied for a wall
thickness of about 4nm and thick gateR4];

Second phasdn this phase, # components die cavity filled, including overflows.

For zinc die casting alloys$ypical avity filling times,can rangdérom 5 to 50 msThe
plunger injection speedincreases to its maximum. Also, theydraulic pressure
generated by the plunger increagpauntil the third phase;

Third phase An intensification pressure of 100 to 400 bar is applied to the solidifying
pressureSolidification starts from the surface of the part towards its interior. Due to
different solidfication raes between the surface and the interior, generally different
grained sized structures are formed.

During the entire injection procesbe nozzle and the goosenéskreheatedo prevent

a premature freezing of the molten mettls alsokept full with molten metal in the
middle of each shot in order whickduce cycle times [14].

I II I

Speed

1\

Pressure

.

_ Piston position

Figure14- High pressue die casting process phases; represepistgnspeed and pressure as functidipiston

position[1].
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A hot chamber machine presents the following advantages compared to @old chamber
machine:

1 By limiting the contact of the molten metal to air, the formation of oxides is greatly
reduced or eliminated 4];

Molten metal is &pt in a sealed melting crucible until the injection process $1afs

Higher production cyclesrom 150 per hour for large components and up to 2000 per
hour for smaller componenf25], due to the inexisteriquid metal ladling process

1 No cooling of the piston tip and the shot sleeve is reqiirgd
Also, it presents the following disadvantages:

1 With low pressures generated by the hot chamber machines, ranging from 5 to 35 MPa,
this process is limited to the production of small castjhds 26}

{1 Limited to lower melting point alloys. pnarily zinc andsomemagnesium alloydn
the hot chamber process, machine elements such as plunger tip and gooseneck are in
constant contact with the molten metdigher melting point alloys would cause an
excessive wear of these compone@mce alumitum alloys aggressely corrades
iron, these alloys are excluded from this process.

2.3.1 Zamak alloys

It is believed that zinc started to be die casted in the early 1900°s, replacing lead and tin die
casting components. When compared to these alloys, zioonsidered a high strength,
lightweight and lowcost. In the 6@s, ZA (alloys with a wt.%of Al higher than 5) were
developed and considered high strength alldygenty years lateiGM developedACuZinc 5

& 10, that presentsigher strength, wear perfoence and creep resistance due to higher wt.%

of copper27].

The two most common challenges concerning the zinc die casting are darwsityd 7.14
kg/dn?) and creep resistance, inherent properties of zinc. The ability to achieve thinner walls
with higher fluidity zinc alloys, minimizes the negative impacttio¢ density on the final part
weight. To compete with lighter metaldira-thin walls andnew procssing technicare used.

Zamak alloys are a family of alloythat includes Nr. 2,3,5 and @pntaining zinc, as its main
element, and other aljing elements such as aluminiugq- 4.3%) copper(0.1 - 3.3 %) and
magnesiun{0.025- 0.06%). Other evenial elements are considered as impuritg#sce pure
zinc is known to be a low strengtlow ductility and brittle fracture (due to coarse grains),
adding these elements refines the microstructure and improve the strength. Zinc alloys are
known for the following characteristicgood corrosion resistance, when platgdod sound
damping propeies; low melting temperature which translates into energy artdseesgs;
good castabilitygood casting dimensional tolerancgeod machinabilityhigh density alloy
which is a downsid¢28]. These alloys are used for several applicatfassion and design
applicdions, were an excellent surface quality is requjg8]; key fob accessorigantennas;
small decorative automotive parts; handles amongst many oflypisal Zamak components
are illustrated in Figure 15.

16
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Figure15- Zamak components ( Courtesy of Dynag{30].

Aluminium is the alloying element esent in the Zamak alloys, responsible for increasing
strength by grain size reduction. Percentages above 4.3 wt.% reduces the impact strength, and
below 3.7 wt.% softens the alloy. Intergranular corrosion on the Zamak alloys, exist due to the
presence ofaluminium and initiated by impuritiesA Zinc-Aluminium alloy reaches its
maximum castability at 5 wt.% of aluminium, but is extremely br[@&]. The addition of
coppelincreases the strength and hardness in the Zamak alloys silhoesta higher solubility

of duminium. As a consequencalloys with higher copper contents are ldgmensionally
stableand alsopromotes stress concentrapneducing the fatigue life and increasing the
cracking tendenc|B1]. Also copper inclusions at the surface promotes galvanic corrosion with
zinc andaluminiumsince these elements possess a more negative potential comparing to copper
[32]. Magnesium is added to enhance the alloys corrosion resistance but lowers prapehties
ascastability and elongatidi33].

Zinc alloys are rarely used without any post surface treatment, since they are sesteptibl
corrosion in acidic, strong alkaline and industrial environments. For this reason, surface
treatment, such as electroplating, of zinc components is a must to overcome these
disadvantages. Also, electroplating zinc components is a very effectivespideoe to their
high-quality finishing characteristid82].

After the component is solidified, the gating system is removed which usually reveals existing
internalpr osi ti es. | f these zones arenoddsuchmg oper
corrosion, blistering and coating delamination can of22ir.

An importantpre-treatmenstep for plating is the grindinprocess, using abrasive chips, which

are represented in Figure 1IBepending on their properties, they can be used for polishing,
grinding orsmoothing By subjecting the cast components to ceramic or plastic bonded chips,
called a grinding process, the above defects can be minimized without sacrificing too much
microns from the materigB2]. The plating process must be applied right after the grinding
process ends, to avoid any possible contact with any moisture.

17
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G Yan

Figure16- Left: Cast components being subjected to a grinding procedst: Rliyasive chipg32].

A problem that affectzinc-aluminium alloys is the corrosieinduced crackinginitiated by
humidconditions, that canauseswelling of the casting. Corrosion starts at the surface moving

i nwar ds, mainly along the b phase boundar.i ¢
by the presence of impuritissich adead, cadmium and tin and is initiated with the presence

of moisture and accelerated with high temperat{gés

Using high purity zinc along with its alloying elements (99989 is an effective process to
avoid the initiation of this problem. Other procedures to roédhe corrosion resistance of
zinc-aluminiumalloys are: chromium plating and adding a O3 % of magnesium in the
alloy, that forms a stable compound Mg4@8].

Other countermeasure is a coating process based on a colorless polymer with a generic name
i P ar y Ifferingegteat resistece to solvents, acids and bases. It also las permeability

to moisture and are stable up to Zm During the coating process, moisture entrapped in
cracks can be effectively pumped away since its applied by vapor condensa#ioiovi

pressure (partial vacuum) environmerte downsides of this process #ne high application
cossandt h a t highly €pscialeed proce$34].

It has been reported that the addition of small percentages of rare earth elements, transition
metals (Ti, Mo and V) and binary alloys (Ti+B) on Zamak alloys can act as grain refiners. These
fine structures, with higher grain boundary area, are better prdteagainst the grain
dislocation when compared to coarse grain materials. Alloys with finer grains means better
mechanical properties (strength, hardness and wear resistance) compared to coargzg]grains

Adding 0.10wt. % of Hafnium (hf) to a Zamak 5 alloy has the following effects:

1 Transformation of a dendritic structure to a new structure with finer eqligrens,
presented ifrigure 17,

Figurel7- Left: Zamak 5; Right: Zamak 5 + 10 wt.% hf. Both allots at 200x magnificatidi5].
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High Pressure Die Casting of Zamak alloys

1 Increase by 2.% on the microhardness, from 9H¥ to 102 HV;

1 Slight enhancement of the yield strength and fracture stresses;

1 Wear resistance behavior improvement byé2

A new alloy trade marked as EZA¢€developed by Eastern Alloyis a promisingsolution to
overcome the characteristic creep resistance problem of zinc castings. Besides having the best
creep resistance among the hot chamber zinc alloys, it is also the hardest and stHoggest
while maintaining excellent castability. With a low melting peibttan be easily cast in a hot
chamber machine, without wearing the shot end compof&fits

According to the values of Tablk EZAC™ performs better in terms of mechanical properties
when compared to existing alloys, in properties such as UTS (ultimate tensile str¥&gth),
(vield strength and hardness. In terms of elongation, EZAChas the lowest performance
among all zinc alloys.

Table2- Mechanical propertiel7; 30].

Alloy UTS Yield Strain Charpy Impact Hardness
(MPa) Strength (%) Strength (Hv)
(MPa) (N-m)
EZAC™ 417 396 1 2,71 68
ACuZinch5 386 386 7 2,71 61
Zamak 2 330 278 4 4,06 57
Zamak 3 283 221 10 - -
Zamak 5 328 269 7 - -
Zamak 7 283 221 13 - -

Table 3 presenthe results of creeqests performed at 14C and 3IMPa. EZACM has by far

the best creep performance compared to existing alloys, reaghiiog731 hours. This value

is fourteentimes higher than Zamak 2 andifiesthan ACuZinc5. To successfully perform

creep tests, it is important that the tested parts are gas porosity and cold shuts free since their
presenceegatively affectsthe creep performang27].
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