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Resumo  

 

O processo da fundição injetada tem sofrido grandes avanços nos últimos anos, devido à sua 

crescente utilização no sector automóvel. Apesar das ligas de alumínio serem as mais utilizadas, 

a utilização das ligas de zinco também tem vindo a aumentar, principalmente devido às suas 

excelentes características de qualidade superficial e elevada cadência de produção. Estas 

características fazem com que as ligas de zinco sejam muito utilizadas em aplicações de 

pequenas dimensões, onde a qualidade superficial e baixo custo seja um requisito indispensável. 

Neste estudo, serão alvo de estudo a fundição injetada das ligas de zinco, mais precisamente as 

Zamak. 

Devido ao regime turbulento do metal fundido, são produzidas grandes quantidades de 

porosidades durante o processo de injeção. Isto faz com que o ar fique aprisionado nas peças, o 

que deteriora as propriedades mecânicas. A existência de ar nas peças, faz com que não possam 

ser termicamente tratadas, devido à ocorrência de blistering. Uma das formas de minimizar este 

efeito, é na otimização dos sistemas de gitagem. O grande problema é que nem sempre este 

processo é suficientemente valorizado, pois muitas vezes recorre-se à experiência no seu 

dimensionamento. Por estas razões, é apresentado um manual de boas práticas de 

dimensionamento de sistemas de gitagem. Posteriormente, é aplicado num caso real, onde a 

falta de um sistema de gitagem otimizado traduz-se em taxas de rejeição de produção superior 

a 40 %. Esta solução é posteriormente validada por meio de um simulador, ProCAST, onde será 

analisado a ocorrência de defeitos. Foi verificado, que um sistema de gitagem otimizado 

resultou num enchimento onde o aprisionamento de ar ocorre em menor escala.  

Mesmo com um sistema de gitagem otimizado, nem sempre é possível reduzir por completo o 

aprisionamento de ar durante o enchimento. A aplicação de vácuo na cavidade surge da 

necessidade de reduzir este problema. Esta tecnologia é largamente aplicada em ligas de 

alumínio e de magnésio. Contudo, nas ligas de zinco não é prática comum. Isto deve-se ao facto 

do mercado das ligas de zinco não ser muito exigente em termos de propriedades mecânicas e 

serem reservados para peças com um valor acrescentado menor. Contudo, pode ser necessário 

a utilização de vácuo para casos em que um sistema otimizado não seja suficiente. Um método 

de dimensionamento é proposto, onde é aplicado num caso real. Este dimensionamento tem por 

base a utilização do Exco Engineering App, que auxilia no dimensionamento de um sistema de 

vácuo. Este programa também possibilita a validação do dimensionamento com base na 

eficiência de vácuo. 

 

Palavras Chave 

Fundição injetada; ligas Zamak; sistema de gitagem; NADCA; ProCAST; Vácuo; Exco 

Engineering.
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Abstract  

 

The high pressure die casting process 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 of zinc alloys has been increasing, mainly due to their excellent characteristics of surface 

quality and production cycles. These characteristics make zinc alloys widely used in small 

applications, where surface quality and low cost are an indispensable requirement. In this study, 

more attention will be given to the high pressure die casting of zinc alloys, more precisely the 

Zamak alloys. 

During the injection process, a turbulent molten metal flow is generated, as a result of the high 

injection velocities. For this reason, large amounts of air porosity are produced during the 

injection process. This causes the air to become trapped in the parts, which deteriorates the 

mechanical properties. Heat treatments cannot be applied to components with air porosity, since 

they will expand and cause blistering. An optimized gating system is a solution to minimize the 

occurrence of these defects. A major concern, is that this process is not valued enough, because 

many times only the designers experience is used for the dessign process of a gating system. 

For these reasons, a good practice manual for designing a gating systems is presented and then 

applied in a real case, where the lack of an otimized gating system results in production rejection 

rate of more than 40 %. This solution is later validated using a die casting simulator, ProCAST, 

where the occurrence of defects will be analyzed. It has been found that an optimized gating 

system resulted in a more uniform filling pattern, which resulted in less air entrapments.  

Even with an optimized gating system, it is not always possible to completely reduce air 

entrapments during the filling  process. The application of vacuum in the cavity arises from the 

need to reduce/minimize this problem. This technology is widely applied in aluminum and 

magnesium alloys. 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 use vacuum in 

cases where an optimized system is not sufficient. A designing vacuum system method is 

proposed, where it is applied in a real case. This design is based on the use of the Esco 

Engineering App, which is a tool that calculates a number of parameters of the vacuum system. 

This program also enables the validation of the design based on the desired vacuum efficiency. 

 

KeyWords 

High pressure die casting; Zamak alloys; Gating system; ProCAST; SolidWorks; Vacuum;  

Exco Engineering
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1 Introduction  

 

1.1  Motivation  

 

In a world were a constant demand of lighter materials with higher mechanical properties are 

required, the high pressure die casting process plays an important role to achieve these 

requirements.  

The high pressure die casting is a metal casting process, were liquid metal is injected into a 

reusable metal mould 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 emphasis will be 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 magnesium. High density and high creep 

rate at low temperatures are the two main problems of using these alloys. This limits their usage 

on the ñlight weightò market. For these reasons, new ways to overcome these disadvantages are 

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

This process offers a wide variety of advantages that are increasingly being appreciated for the 

automotive industry such as higher production cycles; production of thin walled near net shape 

components with good surface quality finishing; fully automated process; low requirement of 

post machining finishingôs; the possibility to replace an entire assembly of components by a 

single cast component. Despite these advantages, a turbulent metal flow is generated during the 

filling process, which translates into components with a high 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 designerôs experience but also on technical knowledge. Usually, this process requires a 

number of iterations which results in a longer lead time and increased die cost. For these 

reasons, a manual of good practices for the design of gating system is required. This manual 

surges from the need to create a standard design procedure, which allows 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 process, due to the 

high molten metal velocity, which causes turbulences. There 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 is possible; 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 semi-solid process. 

The vacuum technology is being used 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 the designing process of vacuum systems are 

lacking from the literature. Therefore, a vacuum system designing method will be presented.   
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1.2  INEGI- Instituto de Engenharia Mecânica e Gestão Industrial  

 

This thesis is developed in INEGI - Instituto de Engenharia Mecânica e Gestão Industrial.  

INEGI is an interface Institution between University and Industry, oriented to the activities of 

Research and Development, Innovation and Technology Transfer. Being a private non-profit 

association 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 model. INEGIôs core 

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, being the largest Portuguese 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: 

¶ Research with a special focus on applied research 

¶ Innovation and technology transfer 

¶ Consulting and advanced engineering services 

The Instituteôs research activity is integrated in the national network of research funded by 

Portuguese Foundation for Science and Technology and has consistently been evaluated as 

excellent. INEGI is considered one of the most effective 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 innovation projects funded by 

industry. As a non-profit organization counts with 97 shareholders representing the University, 

public institutions, industrial associations and private companies. 

INEGIôs research infrastructure includes a broad set of well-equipped laboratories and an 

extensive engineering tools base for supporting its research and development activity as well 

as to support the production of industrial or commercial 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. More importantly, investigating new processes 

and procedures for the high pressure die casting of Zamak alloys is the main goal for this 

investigation. 

Since a more scientific approach for the gating systems design is lacking for the current OEMôs, 

another purpose of this thesis is to develop a more scientific approach for a gating system 

design, using Microsoft Excel. This spreadsheet automatically calculates every component of a 

gating system. Using this tool, a solution for a case study, which presents problems in its gating 

system, will be presented and validated experimentally using a CAE simulator, ProCASTTM. 

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 explored and applied to a case study. 
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1.4  Scope and layout of the thesis  

 

In the current chapter, is presented the motivation to develop this thesis; the problems that were 

proposed; solutions to these problems; reasons 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 focuses on describing 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 three sections: the first section describes the basic principles of a 

gating system; in the second section, it is presented a designing procedure based on the 

NADCAôs gating manual, that gives a good starting point to ensure an optimized gating system; 

in the third second, a real case study is analysed. For this case study three different gating 

systems are proposed, 1 and 3 by the company and the 2 by the author, using SolidWorks. For 

every iteration, a simulation tool (ProCASTTM) will be used in order to determine the 

effectiveness of the proposed gating system. The gating system for iterations 1 and 3 are based 

on the designerôs experience which lacks scientific analysis and calculations, while iteration 2 

an optimized gating system is proposed. 

Chapter 4 presents the application of the vacuum 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 description, a venting system design procedure is presented and applied to proposed 

case study of iteration 2. 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 casting is a metal casting process that uses a permanent or reusable metal mould, also 

referred as a die. This process has three variants which depends mainly on the amount of 

pressure that is used to force the metal into the die [1]: 

¶ Permanent mould casting, or gravity casting. In this process the molten metal is poured 

into the die and it solidifies under atmospheric pressure; 

¶ Low-pressure die casting (LPDC). Liquid metal is forced into the die cavity using air 

pressure typically below 0.5 MPa; 

¶ High pressure die casting (HPDC). Liquid metal is forced inside a die cavity by a 

hydraulic pressure, above 7 MPa along with high velocities, ranging from 20 - 90 m/s. 

After the filling phase is complete, the solidifying metal is subjected to an intensifying 

pressure, ranging from 100 to 1000 Bar. 

Figure 1 represents the differences between every metal casting processes in terms of process 

parameters and possible post casting procedures. As shown in Figure 1, the HPDC process 

when compared to other metal casting processes excels in terms of low cycle times, producing 

components with the highest surface quality and by being fully automated. As disadvantages, 

it requires a high investment cost, high lead times and produces parts that cannot be heat treated 

or welded, if entrapment air is present throughout the component.  

 

 

Figure 1- Comparison of properties of different foundry processes [1]. 

 

Two important casting characteristics to determine the best suitable process to produce a certain 

product are the number of castings to be produced per year and the weight of component. This 

means that for the HPDC process, a high number of parts is needed to payoff initial costs. Also, 

this process is suitable for producing components up to 50 Kg. As shown in Figure 2, the sand 

casting process offers the highest weight for a casting and the high pressure die casting requires 

the highest number of casting per year to compensate the initial costs. 
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Figure 2- Manufacturing conveniences of different foundry processes as function of production rate and casting 

weight [2]. 

 

As shown in Figure 3, the high pressure die casting process is at the top end of parameters like 

molten metal injection velocity and injection pressure, comparing to other metal casting 

process. Among all processes, HPDC is the process that generates a higher quantity of gas 

related porosities due to the high injection velocity [3]. 

 

 

Figure 3- Representation of casting processes respecting velocity and pressure [3].  
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2.2  High pressure die casting  

2.2.1  Historical review  

Casting processes are believed to be amongst the oldest methods to manufacture metal 

components. Initially, only processes which the mould had to be destroyed to remove the 

solidified part existed. These processes are still heavily used in the present. Subsequently, it 

became clear that a reusable mould had to be manufactured to start increasing the production 

capacity [4].   

In the middle age, the first reusable moulds were optimized and used to cast pewter components. 

Processes kept evolving and being optimized until Sturges in 1849 invented the first die casting 

machine, presented in Figure 4. This invention was developed due to the high demand of 

printing letters used in the printing process.  This was a manually operated machine, primarily 

used for casting print type using led [5]. 

 

 

Figure 4- Sturges die casting machine patent [5]. 

 

In the late 19th century, due to a constant process development, processes were developed to 

inject metal into metal moulds. This process was better known for producing brass metallic 

letter moulds, also called as matrices. This progress resulted in the creation of the linotype 

machine by Ottmar Mergenthaler [4]. 

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 

development of a new machine (Figure 5) operated by two people, which required a 90-degree 

swing of the machine. By only using zinc, led and tin, parts such as cast magneto housings, 
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carburettors and other automotive parts were produced using this machine right up until 1915 

[5]. 

 

 

Figure 5- Early die casting machine that required two people to operate [5]. 

 

Later, a new machine, presented in Figure 6, was developed. This invention used pneumatics 

to push the piston and 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 

developed [5]. 

 

 

Figure 6- Pneumatic die casting machine [5]. 
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2.2.2  High pressure die casting  

 

High pressure die casting (HPDC), or simply die casting in the US [1], is an economical 

manufacturing process for mass production [6]. This process is used to produce nonferrous and 

low-melting point base alloys parts such as aluminium, zinc, lead, brass and tin. Also, a titanium 

alloy was successfully casted using the HPDC process [7]. These components can range from 

a few grams up to 25 kg [4]. By using high velocities along with high pressures to inject liquid 

metal into a die cavity, a reusable metallic mould, thin-walled products (as low as 0.25 mm)  

with high geometry complexity and surface hardness (SH) [8], near net shape, very good surface 

finish (by casting standards) are produced [9]. All these extreme conditions that the molten 

metal is submitted and the difficulty to maintain process parameters make HPDC a defect-

generating process [2].  

The high pressure die casting process can be used to replace assemblies of various parts, 

produced by different manufacturing processes. An example is presented in Figure 7. The 

production of just one component instead of various, results in the reduction of the overall 

process labour and production costs [4].  

 

 

Figure 7- Left: Shock tower with an assembly of various sheet steel parts; Right: Same part with just a single 

part produced by aluminium die casting [10]. 

 

The main problem of this process, is the high porosity levels of the cast products. This is related 

to air entrapments during the highly turbulent filling process, among others that will be further 

described [6]. These defects limit  the use of the HPDC process in components were higher 

mechanical properties, excellent surface finishing is required. In structural applications, 

porosities act as stress concentrator which leads to cracks initiations. Also, heat treatment rarely 

can be applied to parts that present porosities since they can emerge as surface defects known 

as blisters [4]. The most effective procedure to calculate 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 measured [11]. There 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 is possible; optimization of process 
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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 semi-solid process. A viable alternative to reduce the size of gas 

pores is to set the intensification pressure as high as the machine can deliver. This leads a 

reduction of the volume percentage of the gas porosity [12]. 

An optimization of process parameters such as solidification time, molten temperature, die 

cavity filling time, plunger velocity and pressure is required to manufacture defect free 

components [13]. 

Figure 8 presents the typical steps involving the high pressure die casting process.  

1. The cycle starts by closing the two die halves and injecting the liquid metal into the die 

cavity by the plunger (piston). Depending on the alloy, molten metal is injected into the 

steel die cavity with velocities between 30 m/s and 90 m/s; 

2. The closed die is held under high compacting pressures until the material is solidified; 

3. The die openôs through the parting line and the part is extracted, either manually or 
automatically, by the ejector pins; 

4. A blow stub cleans and coolôs down the die cavity surface and lubricant is applied; 

5. The die is closed by moving the clamping system and a new cycle starts [6]. 

 

 

Figure 8- High pressure die casting process [2]. 

 

These steps translate the reality of the HPDC process in general, but there are two conventional 

varieties which depends on the alloy to be casted and differs from each other with respect of 

the metal injection design [4]. Alloys with low melting points, such as some zinc alloys and tin, 
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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 in either 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 machine (Figure 9), liquid metal is poured, manually or automatically, into 

a pouring hole located in a shot sleeve. This results in a short contact time between the molten 

liquid and machine components, that otherwise would damage them due to high metal melting 

point and the fact that aluminum 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 cavity. With a cold chamber machine, itôs possible to produce larger and heavier 

parts, due to higher machine injection pressures and locking forces.  A component produced by 

this process can be easily identified, since after solidification the component has a ñbiscuitò 

where the metal entered the die cavity, Figure 9. right [4]. 

 

 

Figure 9- Left: Schematics of a conventional HPDC cold chamber machine [14]; Right: Typical layout of a 

component produced by a cold chamber machine [15]. 

 

2.2.3  Most common d efects  

 

There are nine different reported subclasses of defects and more than thirty specific types of 

defects that can be surface, internal or geometrical related. Figure 10 presents a resume of 

common defects with respect to their sources. Each defect is characterized by its morphology 

and origin and in some cases can be predicted using simulation tools [16]. Defects such as 

shrinkage, gas-related and filling-related are the most frequent in the HPDC process totalizing 

20 %,15 % and 35 % respectively [2], with porosity being the main defect, which can be gas 

porosity, shrinkage porosity or leaker [9]. Table 1 briefly describes some frequent defects, its 

causes and possible solutions. 
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Figure 10- Classification of defects and their origins [16]. 

 

Table 1- Defects in HPDC [9; 17-21]. 

Defects Causes Possible solutions Appearance 

Surface 

defects 

Cold flow, 

cold lap, chill, 

swirls 

Leading edge of metal 

flow is too cold. 

Increase local die 

temperature; 

Lower filling time; 

Improve filling 

pattern; 

Increasing local die 

temperature. 
 

Lamination 

 layers of metal 

inside or 

outside the 

casting 

Poor metal flow 

control; 

Poor die locking 

during filling. 

Correct injection 

parameters; 

Good flow pattern; 

Ideal idea 

temperature. 
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Gas Porosity Air entrapment in the 

casting 

 

Optimal Injection 

parameters;  

Higher venting and 

overflow function; 

Optimal gating and 

runner design; 

Vacuum.  

Shrinkage 

Porosity  

Internal cracks 

in the casting 

 

Thick walls in the 

casting; 

Metal volume 

reduction during 

solidification; 

Inability to feed 

shrinkage with more 

metal during 

solidification; 

Hot spots 

Cool hot spots or heat 

cold spots; 

Higher intensification 

pressure; 

Better filling patterns, 

especially on thicker 

zones. 
 

Blister 

 

Gas entrapped under 

the surface during 

metal filling 

Optimal injection 

parameters; 

Optimized gating 

system; 

Higher venting 

efficiency. 
 

Flash 

Solidified 

molten metal 

around the die 

parting line 

Insufficient machines 

locking force; 

High metal liquid 

temperature; 

Poor die fit. 

Efficient die fitting; 

Adequate machine 

locking force; 

Better die and casting 

thermal conditions. 

 

 

2.3  Hot chamber machine  

 

Zamak alloys are the most commonly used for a hot chamber machine. Others zinc alloys such 

as ZA8, AcuZink 5 and 10, EZAKTM are also used. Some magnesium alloys are used even 

though thereôre mostly used on a cold chamber machine. 

Molten metal held in a steel holding 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 which is immersed in the molten metal [14]. By keeping the gooseneck immersed, 

cycle times are kept at minimum since molten metal travels a short distance in each cycle [4].  

Hot chamber machines are characterized by having very low filling times, 5 to 40 ms, and low 

cycles times. Parts with a few grams translates into a cycle time of about 1 s while parts with 

several kilograms can take around 30 s [4]. Figure 11 and 12 illustrate different components 

that integrate the hot chamber die casting machine. 
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Figure 11- Left: Schematics of a conventional HPDC hot chamber machine [14]; Right: Components produced 

by a hot chamber machine [22]. 

 

 

Figure 12- Passage connecting the nozzle to the die cavity of a hot chamber machine [23].  

 

Every die casting machine is characterized by its clamping force. During the cavity fill and 

specially during the intensification phase, a high pressure is generated inside the die. The 

clamping force is the force responsible for resisting the opening of the die, and for a hot chamber 

machine ranges from 20 to 800 Ton.  

The pressure built up inside the die generates a force which is proportional to the casting 

projected area. Considering the casting projected area of Figure 13, the generated force can be 

calculated by multiplying the projected area, 1,49 dm2, by the intensification pressure, 200 Bar 

for example, resulting in a breaking force of 298 KN.  This would require a machine clamping 

force of 29.8 Ton, but it is recommended that the actual clamping force should be 25 % higher 

than the calculated breaking force. 
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Figure 13- Projected area of casting which includes, die cavity, overflows, gating system, vacuum valves and 

runners [22]. 

 

As shown in Figure 14, this process can be divided into 3 phases, in terms of velocity and 

pressure. This also happens with a cold chamber machine:  

¶ First phase -  Molten metal enters the die through the gooseneck and nozzle, passing the 

gating system until it reaches the gate. This phase is characterized by a low plunger 

speed and hydraulic pressure. In some cases, a 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 4 mm and thick gates [24]; 

¶ Second phase- In this phase, the components die cavity is filled, including overflows. 

For zinc die casting alloys, typical cavity filling times, can range from 5 to 50 ms. The 

plunger injection speed increases to its maximum. Also, the hydraulic pressure 

generated by the plunger increases up until the third phase; 

¶ Third phase - An intensification pressure of 100 to 400 bar is applied to the solidifying 

pressure. Solidification starts from the surface of the part towards its interior. Due to 

different solidification rates between the surface and the interior, generally different 

grained sized structures are formed.  

During the entire injection process, the nozzle and the gooseneck is preheated to prevent 

a premature freezing of the molten metal. It is also kept full with molten metal in the 

middle of each shot in order which reduces cycle times [14]. 

 

 

Figure 14- High pressure die casting process phases; representing piston speed and pressure as function of piston 

position [1]. 
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A hot chamber machine presents the following advantages when compared to a cold chamber 

machine: 

¶ By limiting the contact of the molten metal to air, the formation of oxides is greatly 

reduced or eliminated [14]; 

¶ Molten metal is kept in a sealed melting crucible until the injection process starts [14]; 

¶ Higher production cycles, from 150 per hour for large components and up to 2000 per 

hour for smaller components [25], due to the inexistent liquid metal ladling process; 

¶ No cooling of the piston tip and the shot sleeve is required [15]. 

Also, it presents the following disadvantages: 

¶ With low pressures generated by the hot chamber machines, ranging from 5 to 35 MPa, 

this process is limited to the production of small castings [14; 26]; 

¶ Limited to lower melting point alloys. primarily zinc and some magnesium alloys. In 

the hot chamber process, machine elements such as plunger tip and gooseneck are in 

constant contact with the molten metal. Higher melting point alloys would cause an 

excessive wear of these components. Since aluminium alloys aggressively corrodes 

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, zinc is considered a high strength, 

lightweight and low-cost. In the 60ôs, ZA (alloys with a wt.% of Al higher than 5) were 

developed and considered high strength alloys. Twenty years later, GM developed ACuZinc 5 

& 10, that presents higher strength, wear performance and creep resistance due to higher wt.% 

of copper [27].  

The two most common challenges concerning the zinc die casting are density (around 7.14 

kg/dm3) and creep resistance, inherent properties of zinc. The ability to achieve thinner walls 

with higher fluidity zinc alloys, minimizes the negative impact of the density on the final part 

weight. To compete with lighter metals, ultra-thin walls and new processing technics are used.  

Zamak alloys are a family of alloys, that includes Nr. 2,3,5 and 7, containing zinc, as its main 

element, and other alloying elements such as aluminium (3.7 - 4.3 %) copper (0.1 - 3.3 %) and 

magnesium (0.025 - 0.06 %). Other eventual elements are considered as impurities. Since pure 

zinc is known to be a low strength, low 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 characteristics: good corrosion resistance, when plated; good sound 

damping properties; low melting temperature which translates into energy and cost savings; 

good castability; good casting dimensional tolerances; good machinability; high density alloy, 

which is a downside [28]. These alloys are used for several applications fashion and design 

applications, were an excellent surface quality is required [29]; key fob accessories; antennas; 

small decorative automotive parts; handles amongst many others. Typical Zamak components 

are illustrated in Figure 15. 
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Figure 15- Zamak components ( Courtesy of Dynacast) [30]. 

 

Aluminium is the alloying element present 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 of aluminium and initiated by impurities. A Zinc-Aluminium alloy reaches its 

maximum castability at 5 wt.% of aluminium, but is extremely brittle [28].  The addition of 

copper increases the strength and hardness in the Zamak alloys since it allows a higher solubility 

of aluminium. As a consequence, alloys with higher copper contents are less dimensionally 

stable and also promotes stress concentrations, reducing the fatigue life and increasing the 

cracking tendency [31]. Also copper inclusions at the surface promotes galvanic corrosion with 

zinc and aluminium since these elements possess a more negative potential comparing to copper 

[32]. Magnesium is added to enhance the alloys corrosion resistance but lowers properties such 

as castability and elongation [33].  

Zinc alloys are rarely used without any post surface treatment, since they are susceptible to 

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 effective process due to their 

high-quality finishing characteristics [32]. 

After the component is solidified, the gating system is removed which usually reveals existing 

internal porosities. If these zones arenôt properly sealed before electroplating, defects such as 

corrosion, blistering and coating delamination can occur [32]. 

An important pre-treatment step for plating is the grinding process, using abrasive chips, which 

are represented in Figure 16. Depending on their properties, they can be used for polishing, 

grinding or smoothing. 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 material [32]. The plating process must be applied right after the grinding 

process ends, to avoid any possible contact with any moisture.  
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Figure 16- Left: Cast components being subjected to a grinding process; Right: abrasive chips [32]. 

 

A problem that affects zinc-aluminium alloys is the corrosion-induced cracking, initiated by 

humid conditions, that can cause swelling of the casting. Corrosion starts at the surface moving 

inwards, mainly along the ɓ phase boundaries. Being an electrochemical process, it is caused 

by the presence of impurities such as lead, cadmium and tin and is initiated with the presence 

of moisture and accelerated with high temperatures [34]. 

Using high purity zinc along with its alloying elements (99,99 %), is an effective process to 

avoid the initiation of this problem. Other procedures to enhance the corrosion resistance of 

zinc-aluminium alloys are: chromium plating and adding a 0.03 wt. % of magnesium in the 

alloy, that forms a stable compound MgZn5 [28]. 

Other countermeasure is a coating process based on a colorless polymer with a generic name 

ñParyleneò, offering great resistance to solvents, acids and bases. It also has a low permeability 

to moisture and are stable up to 200 ºC. During the coating process, moisture entrapped in 

cracks can be effectively pumped away since its applied by vapor condensation in a low-

pressure (partial vacuum) environment. The downsides of this process are the high application 

costs and that itôs a highly specialized process [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 protected against the grain 

dislocation when compared to coarse grain materials.  Alloys with finer grains means better 

mechanical properties (strength, hardness and wear resistance) compared to coarser grains [35].  

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

¶ Transformation of a dendritic structure to a new structure with finer equiaxed grains, 

presented in Figure 17; 

 

Figure 17- Left: Zamak 5; Right: Zamak 5 + 0.10 wt.% hf.  Both allots at 200x magnification [35]. 
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¶ Increase by 2.5 % on the microhardness, from 99.5 HV to 102 HV; 

¶ Slight enhancement of the yield strength and fracture stresses; 

¶ Wear resistance behavior improvement by 42 %. 

 

A new alloy trade marked as EZACTM developed by Eastern Alloys, is a promising solution 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 strongest alloy 

while maintaining excellent castability. With a low melting point, it can be easily cast in a hot 

chamber machine, without wearing the shot end components [27]. 

According to the values of Table 2, EZACTM performs better in terms of mechanical properties 

when compared to existing alloys, in properties such as UTS (ultimate tensile strength), YS 

(yield strength) and hardness. In terms of elongation, EZACTM has the lowest performance 

among all zinc alloys.  

 

Table 2- Mechanical properties [27; 30]. 

Alloy UTS 

(MPa) 

Yield 

Strength 

(MPa) 

Strain 

(%)  

Charpy Impact 

Strength 

(N-m) 

Hardness 

(Hv) 

EZACTM  417 396 1 2,71 68 

ACuZinc5 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 presents the results of creep tests performed at 140 ºC and 31 MPa. EZACTM has by far 

the best creep performance compared to existing alloys, reaching up to 731 hours. This value 

is fourteen times higher than Zamak 2 and 3 times than ACuZinc5. To successfully perform 

creep tests, it is important that the tested parts are gas porosity and cold shuts free since their 

presence negatively affects  the creep performance [27].  

 

 
























































































































































































