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Abstract
The transition toward sustainable automotive manufacturing has intensified interest
in using recycled materials without compromising mechanical performance. This
thesis investigates the feasibility of applying secondary aluminum alloys in high-
pressure die casting (HPDC), specifically within the megacasting process for large
structural components. Four alloy batches were analyzed: one primary aluminum
used as the reference (A4), one secondary aluminum with similar chemical composi-
tion (B1), and two secondary aluminum variants with different levels of Fe, Cu, Zn,
and V (B2–B3). Mechanical performance was evaluated through tensile, three-point
bending, and hardness testing, while microstructural analysis, including optical mi-
croscopy, metallography, SEM, and X-ray was used to identify shrinkage, porosity,
and intermetallic phases.

The results show that recycled aluminum with up to 90% secondary content (B1) can
achieve comparable mechanical properties to primary aluminum (A4) when chemical
composition remains unchanged. Batches with higher Fe content (B2, B3) exhibited
increased yield strength due to solid solution and precipitation strengthening but
showed reduced ductility and bending toughness, particularly in regions with greater
shrinkage. Comparing the results with historical trials can separate the impact of
cast processing and raw material. Microstructural analysis confirmed that casting
position influences defect formation and performance. In HPDC, areas farther from
the ingate (e.g. F3) generally experience longer flow paths and therefore tend to
form more shrinkage and intermetallic phases. Building on this context, this work
demonstrates that, with optimized chemistry and process parameters, secondary
aluminum alloys can achieve mechanical performance compared with primary alloys,
thereby offering a sustainable megacasting solution for the automotive industry.

High-pressure die casting (HPDC); Secondary aluminum; Megacasting; Mechanical
performance; Microstructure; Sustainability; Automotive manufacturing
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1
Introduction

1.1 Background

The automotive industry is undergoing a transformative shift towards sustainable
manufacturing practices. It is mainly driven by the need to reduce greenhouse gas
emissions and carbon footprint and �nally achieve carbon neutrality. Though based
on the report from ACEA [1], the CO2 emissions per car produced dropped 7.4%
from 2005 to 2022 in the EU, that is still not enough. Around the world, govern-
ments and regulatory bodies have been implementing policies and regulations aimed
at reducing emissions in the automotive industry. In the United States, the Biden
administration announced new emissions standards for heavy-duty vehicles [2] de-
signed to substantially decrease greenhouse gas emissions. Similarly, the European
Union also took ambitious steps to reduce emissions in the automotive sector. Au-
tomakers need to reduce 55% CO2 emission for new cars and 50% for new vans from
2030 to 2034 compared to 2021 levels [3]. As a global manufacturer, Volvo Cars is
compelled to innovate in materials and processes to align with these targets.

Large-scale high-pressure die casting (HPDC) methods, such as gigacasting, which
pioneered by Tesla, represent a major shift in production strategy, improving both
e�ciency and cost-e�ectiveness Tesla reported [4] a 40% cost reduction for the rear
underbody of the Model Y by utilizing gigacasting, which replaced around 400 com-
ponents with a single casting module. This approach also removed hundreds of
robots from the assembly shop, then decreased production costs further. Following
this trend, many automotive OEMs and suppliers are adopting similar technologies
to integrate components, minimize welding and assembly operations, and signi�-
cantly reduce cycle hours and production cost [5]. The cost reductions claimed by
di�erent companies were quite di�erent, and it is hard to compare since they have
di�erent approach. However, there is no doubt that megacasting can save the cost
signi�cantly.

Megacasting also cuts energy requirements and lowers the overall carbon footprint.
The process allows for the integration and replacement of around 100 components
into a single part, signi�cantly decreasing emissions from welding and logistics. In
addition to e�ciency gains, this method aligns with broader corporate sustainability
and environmental responsibility goals.
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1. Introduction

Aluminum, especially as a lightweight structural material, plays a key role in en-
abling these bene�ts. It o�ers substantial weight reduction, improving fuel e�ciency
and reducing emissions during vehicle operation. However, producing primary alu-
minum is highly energy-intensive. Using recycled aluminum provides a more sus-
tainable alternative, although it introduces technical challenges such as impurity
control and consistency in alloy performance. Volvo reports that its megacasting
project is helping the company achieve its sustainability goals of carbon neutrality
by 2040, because it reduces the environmental footprint across production, allows
for a high recycling content, and is made from a single alloy. The weight reduction,
especially, since it replaced steel stampings, also helps to reduce the car's energy
consumption during its use phase [6].

Despite these advantages, the increasing use of recycled aluminum also presents ma-
terial sourcing challenges. The availability of clean, high-quality scrap suitable for
structural applications remains limited, which may constrain large-scale adoption.
At the same time, the scrap pool is expanding to include a broader range of trace
elements such as iron (Fe), copper (Cu), and zinc (Zn), increasing the choices of raw
materials. As a result, further research is needed to evaluate how these composi-
tional variations a�ect mechanical behavior, defect formation, and casting integrity,
particularly in demanding applications like megacasting.

1.2 Purpose

This thesis aims to investigate the mechanical performance and microstructural
characteristics of secondary aluminum alloys used in megacasting applications. Me-
chanical performance is evaluated through tensile testing, three-point bending, and
hardness testing. The focus is on understanding how varying levels of secondary
aluminum content, particularly the presence of elements such as Fe, Cu, Zn, and V,
in�uence mechanical behavior. The performance of these alloys is then compared
to that of primary aluminum to assess any signi�cant di�erences. Additionally, mi-
crostructural analysis, especially regarding intermetallic phases and shrinkages, is
carried out to explore correlations between material performance and casting-related
defects, with the goal of identifying whether such trends are primarily in�uenced by
alloy composition or processing conditions.

The �ndings from this research aim to support broader implementation of secondary
aluminum alloys in megacasting, contributing to sustainability objectives in the
automotive industry.

1.3 Limitations

The thesis aims to �nish in 20 weeks, therefore the scope of the project also requires
clear limitations.

1. The material tests we can take are based on the resource from Volvo
Cars and Chalmers.

2



1. Introduction

The material tests will mainly be done at Volvo Cars considering the data
security. External resource may be considered if some necessary tests cannot
be done at the local company.

2. The objectives are to increase the content of recycled aluminum in
the megacasting, and to investigate how di�erent element compo-
sition e�ect the mechanical performance and microstructure of the
alloy.
Focusing the research and material testing on the combination of materials
and the composition of di�erent elements that are used in the megacasting.
Increasing the use of secondary aluminum alloys means lower energy con-
sumptions of producing raw material and lower carbon footprint. And looser
requirements of the chemical composition means more choices in raw material
selections.

3
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2
Theory

This chapter summarizes the key theoretical concepts and literature necessary to
understand the megacasting process and the use of secondary aluminum alloys.

2.1 Al-Si alloy

2.1.1 Al�Si phase diagram and microstructural formation

The Al�Si alloy system is a typical binary eutectic system, characterized by a eutectic
point at approximately 12.6 wt.% Si and a temperature of 577°C [7]. According
to this phase diagram, alloys containing less than 12.6 wt.% silicon are classi�ed as
hypoeutectic alloys, wherein primary� -Al dendrites solidify �rst, followed by the
formation of eutectic Al-Si. Conversely, hypereutectic alloys (>12.6 wt.% Si) �rst
precipitate primary silicon particles before eutectic formation.

The Al�Si7 alloy investigated in this study is a hypoeutectic alloy, thus its mi-
crostructure typically comprises primary � -Al dendrites embedded in a eutectic
mixture of � -Al and eutectic upon solidi�cation.

2.1.2 Microstructural characteristics in Al-Si7 alloy

During megacasting, the rapid solidi�cation typical of HPDC leads to signi�cant
microstructural re�nement. The Al�Si7 alloy primarily consists of � -Al dendrites
and eutectic, along with intermetallic phases and casting-related defects such as
porosity and oxides.

The primary � -Al dendrites appear as bright, branched structures under microscopy.
Their re�nement enhances mechanical properties, particularly tensile strength and
ductility. In unmodi�ed conditions, eutectic typically forms coarse, needle-like or
plate-like structures. However, chemical modi�cation can transform these into �ner,
more rounded morphologies, signi�cantly improving ductility and toughness.

Common intermetallic phases include� -Al(FeMn)Si and Chinese-script� -AlFeMgSi.
The � -Al(FeMn)Si phase usually appears in a blocky morphology, in contrast to the
needle-like� -AlFeSi phase, which is known to severely impair ductility and fracture
resistance [8]. The addition of Mn promotes the transformation of the harmful�

5



2. Theory

Figure 2.1: The Al-Si phase diagram

phase into the more benign� phase, while Cr can further stabilize it and improve
thermal resistance. However, even the� -Al(FeMn)Si phase can negatively impact
the balance between strength and ductility in Al�Si alloys [9].

Figure 2.2: The morphology of� -Al dendrites, eutectic Si, and intermetallic

Casting defects such as oxides, gas porosity and shrinkage signi�cantly degrade me-
chanical performance. Porosity usually forms due to gas precipitation or inadequate
feeding during solidi�cation, reducing tensile strength and elongation. Shrinkage
porosity, caused by insu�cient liquid metal compensation during cooling, similarly
reduces mechanical reliability and fatigue resistance [10].

Morphologically, � -Al dendrites appear as coarse, tree-like structures and serve as

6



2. Theory

Figure 2.3: The morphology of a shrinkage pore

the backbone of the alloy's microstructure. Their size and morphology are in�uenced
by cooling rate, alloy composition, and the presence of grain re�ners, with slower
cooling resulting in larger, less re�ned dendrites. Pre-solidi�cation� -Al dendrites
may also form during the Al-Si7 alloy casting process, potentially originating in the
shot sleeve before full mold injection. These dendrites precipitate when the melt
temperature falls below the liquidus line of the Al�Si phase diagram but remains
above the eutectic point. They are still classi�ed as primary� -Al dendrites, although
they form earlier and outside the mold cavity.

A �ner dendritic structure, typically achieved through rapid solidi�cation processes
like HPDC, contributes to higher tensile strength, better ductility, and improved fa-
tigue resistance. In contrast, coarse and uneven dendrites can cause localized stress
concentrations, promoting crack initiation and reducing mechanical integrity under
tensile and bending loads. A re�ned dendritic network also enhances interdendritic
feeding, reducing the occurrence of shrinkage and porosity. Therefore, optimizing
the morphology of primary � -Al dendrites is essential for achieving a desirable bal-
ance between strength, ductility, and defect resistance in Al�Si alloys.

The cooling rate during solidi�cation plays a key role in shaping the �nal microstruc-
ture of Al-Si7 alloys. Slow cooling rates tend to produce coarse� -Al dendrites, large
eutectic plates, and coarse intermetallic compounds, which result in lower strength,
reduced elongation, and diminished toughness. In contrast, rapid cooling�typical
of HPDC and megacasting�leads to re�ned dendrites, �ner eutectic, and smaller in-
termetallic phases. This microstructural re�nement improves mechanical properties
by minimizing stress concentration zones, delaying crack initiation, and enhancing
both tensile and bending strength as well as overall toughness.

7



2. Theory

2.1.3 E�ect of microstructural features on mechanical test-
ing

A �ne primary � -Al dendritic structure contributes signi�cantly to enhanced me-
chanical properties, including ultimate tensile strength (UTS), yield strength (YS),
and elongation. Unmodi�ed eutectic tends to act as a stress concentrator, promoting
early crack initiation and propagation, which reduces overall tensile performance.
However, when modi�ed with elements such as strontium (Sr), the eutectic becomes
�ner and more spheroidal, enabling more uniform stress distribution within the ma-
trix and thereby improving tensile strength and ductility.

The presence of� -Al(FeMn)Si intermetallics generally has a negative e�ect on tensile
properties, although the formation of� -AlFeMgSi phases can partially mitigate this
by reducing embrittlement. Additionally, porosity and shrinkage defects signi�cantly
impair tensile performance. Gas porosity reduces the e�ective cross-sectional area,
directly lowering UTS, YS, and elongation. Shrinkage cavities act as severe stress
risers, leading to premature fracture and reduced mechanical performance.

In terms of bending behavior, �ne � -Al dendrites and modi�ed eutectic enhance
ductility and toughness, improving overall bend performance. Conversely, coarse
eutectic increases brittleness, leading to early fracture under bending loads. Porosity
and shrinkage also compromise bending properties: gas porosity reduces structural
continuity and causes localized stress concentration, while shrinkage cavities weaken
the structure and lower resistance to repeated bending stress.

The � -AlFeSi phase is particularly harmful to mechanical performance. It typically
forms as long, needle-like structures that act as severe stress concentrators, making
the alloy vulnerable to crack initiation under load. These brittle, elongated inter-
metallics can signi�cantly reduce both tensile strength and ductility by facilitating
early fracture. Compared to the more compact and less harmful� -Al(FeMn)Si and
� -AlFeMgSi phases, the� phase contributes more aggressively to embrittlement and
is often associated with poor fracture toughness.

To minimize these e�ects, techniques such as vacuum-assisted casting, melt de-
gassing, and optimized mold design�including improved gating systems, risers, and
cooling channels�should be employed. These approaches improve interdendritic
feeding and reduce defect formation, leading to enhanced hardness and overall me-
chanical performance of the casting.

2.2 Role of alloying elements in aluminum alloys

Aluminum alloys play a vital role in various industries due to their low density,
high strength-to-weight ratio, and excellent corrosion resistance. However, pure
aluminum is relatively soft and lacks the mechanical strength required for structural
applications. To enhance its performance, alloying elements are added to improve
strength, ductility, wear resistance, and thermal stability, making aluminum suitable
for demanding environments. Common alloying elements include magnesium, sili-
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con, copper, zinc, manganese, and vanadium, each of which modi�es the microstruc-
ture and in�uences the alloy's mechanical behavior and environmental performance
[11].

2.2.1 Silicon

Silicon (Si) is a key alloying element in HPDC aluminum alloys. It reduces shrink-
age, improves castability, and enhances yield strength and ultimate tensile strength
(UTS) [12]. Silicon forms an Al�Si eutectic network that contributes to higher
strength, hardness, and wear resistance. Alloys containing 7�12 wt.% Si are com-
mon, as this range promotes the formation of �ne eutectic structures, leading to
improved mechanical properties. However, excessive silicon content can increase
brittleness. The morphology of eutectic, particularly its size and shape�is a crit-
ical factor in determining mechanical performance. Fine, well-distributed eutectic
enhances ductility, while coarse, plate-like structures act as stress concentrators and
reduce ductility.

2.2.2 Magnesium

Magnesium (Mg) is a primary strengthening element in cast aluminum alloys, work-
ing Magnesium is a primary strengthening element in cast aluminum alloys and often
works synergistically with copper. Higher Mg content enhances precipitation hard-
ening, but it also promotes the formation of the� -AlFeMgSi intermetallic phase, an
Fe-rich compound that can reduce ductility and embrittle the alloy [13]. To mitigate
this, solution treatment is used to decompose the� phase, allowing more Mg and
Si to dissolve into the aluminum matrix, which in turn enhances the aging response
and mechanical properties [14].

Furui et al. reported that although magnesium has limited e�ect on peak isothermal
hardness, increasing Mg content from 0.5% to 0.8% in Al�Si alloys signi�cantly
shortens the time required to reach peak hardness [15].

Magnesium also plays a critical role during the paint baking process used in auto-
motive production, where it contributes to increased hardness and strength through
natural or arti�cial aging.

2.2.3 Zinc

Zinc (Zn) is typically a minor alloying element in aluminum casting alloys, but it
plays a signi�cant role in high-strength applications, especially in aerospace and
structural components. In the Al�Zn�Mg�Cu alloy system, Zn contributes to ex-
ceptional strength through precipitation hardening, making it one of the strongest
aluminum alloy families. However, these alloys are also prone to stress corrosion
cracking, which necessitates careful heat treatment and alloy design adjustments to
improve long-term durability and resistance to environmental degradation [16].
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2.2.4 Copper

Copper (Cu) is a key strengthening element in aluminum alloys, primarily through
precipitation hardening. In Al�7Si�Mg alloys, adding 3�5% Cu has been shown to
signi�cantly improve tensile strength and fatigue resistance [17]�[20]. This makes
Cu-containing aluminum alloys particularly well suited for aerospace and automotive
applications where high mechanical performance is required [21], [22].

However, while Cu enhances strength, it also reduces corrosion resistance and duc-
tility. Intermetallic phase as AlCu 2 can act as stress concentrators and promote
brittle fracture. Regarding good corrosion resistance capability, additional protec-
tive measures, such as surface coatings or alloying with corrosion-resistant elements,
are often necessary to ensure long-term durability in harsh environments [23].

2.2.5 Iron

Iron (Fe) is generally considered an impurity in aluminum alloys, but when properly
controlled, it can contribute to increased strength and wear resistance. However,
excessive iron leads to the formation of brittle intermetallic compounds, such as
� -AlFeSi, which severely degrade ductility, toughness, and machinability.

Despite these drawbacks, iron has a positive e�ect on anti-soldering behavior in high-
pressure die casting, making it bene�cial in speci�c applications. To mitigate its
harmful e�ects, controlling Fe content during alloy formulation is essential, ensuring
a balance between mechanical performance and castability [24].

2.2.6 Manganese

Manganese (Mn) improves strain hardening and overall strength without compro-
mising ductility or corrosion resistance. It is particularly bene�cial in non-heat-
treatable alloys, where it maintains mechanical performance through solid solution
and dispersion strengthening [25]. Mn also contributes to grain re�nement, enhanc-
ing toughness and reducing the tendency for hot cracking during welding.

Additionally, manganese improves workability, enabling aluminum alloys to be formed
into complex shapes while retaining structural integrity [11]. It also reduces the
harmful e�ects of excess iron by forming Fe�Mn intermetallic compounds, often re-
ferred to as �sludge particles�, which are less detrimental to ductility and mechanical
stability than iron-rich � -phases.

2.2.7 Vanadium

Vanadium (V) is a less commonly used but valuable alloying element in aluminum
alloys. It promotes grain re�nement, leading to improved strength, toughness, and
wear resistance. By reducing grain size, vanadium enhances fatigue performance
and helps resist crack propagation under cyclic loading.

Vanadium also improves thermal stability, making it particularly suitable for high-
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temperature applications such as aerospace structures and automotive engine com-
ponents. However, due to its higher cost and specialized function, vanadium is not
as widely used as other more common alloying elements.

2.2.8 Strontium

Strontium (Sr) is widely used as a modi�er for eutectic in aluminum casting alloys.
When added in small amounts, Sr transforms coarse, plate-like eutectic into �ne,
�brous morphologies, which signi�cantly enhances ductility, toughness, and fatigue
resistance. With 50 to 250 ppm of Sr, eutectic grains nucleate more uniformly within
the intergranular regions, resulting in a well-modi�ed microstructure with improved
mechanical behavior [26].

This re�ned morphology helps distribute stress more evenly, delaying crack initiation
and propagation. As a result, aluminum alloys modi�ed with strontium demonstrate
superior impact toughness and mechanical reliability, particularly under dynamic or
crash-load conditions.

2.3 Aluminum alloys usage in automotive indus-
try

Numerous studies, especially from Research & Consulting [27], have shown that the
use of aluminum in vehicles has steadily increased over the past decades, reaching
over 180 kg per vehicle in Europe. Di�erent types of aluminum alloys are used in
various automotive components, depending on their required strength, formability,
and other material properties.

Aluminum is the third most abundant element in the world, making up 8.23%,
following oxygen at 46.10% and silicon at 28.20%. Since the automotive industry
has begun to design vehicles that use less fuel and energy to reduce carbon footprint,
aluminum alloys are one of the ideal materials that meet the demand for weight
reduction with their characteristic properties such as high strength, good formability,
excellent corrosion resistance and good potential in recycling [28].

Aluminum alloys are broadly categorized into wrought and casting alloys. Each
group is designated by a four-digit code, indicating the main alloying elements and
purity level. For wrought aluminum alloys, the �rst digit indicates the main alloying
element or alloy group, while subsequent digits identify speci�c alloy compositions.
For casting aluminum alloys, the designation similarly indicates the primary alloying
elements and alloy composition, with a decimal point distinguishing cast forms.
Examples of alloy designations and their interpretations are presented in Table 2.1.

Wrought aluminum alloys are produced through mechanical processes such as rolling,
extrusion, or forging, which re�ne the grain structure and lead to enhanced mechan-
ical properties and higher ductility. In contrast, cast aluminum alloys are made by
pouring molten metal into molds, a process that is more cost-e�ective for complex
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Alloy Type Designation Series Primary Alloying Element
Wrought Alloys 1xxx � 99% Pure Aluminum

2xxx Copper (Cu)
3xxx Manganese (Mn)
4xxx Silicon (Si)
5xxx Magnesium (Mg)
6xxx Magnesium (Mg) and Silicon (Si)
7xxx Zinc (Zn)
8xxx Other elements (e.g., Li, Sn)

Casting Alloys 1xx.x � 99% Pure Aluminum
2xx.x Copper (Cu)
3xx.x Silicon (Si) with Cu and/or Mg
4xx.x Silicon (Si) without Cu
5xx.x Magnesium (Mg)
7xx.x Zinc (Zn)

Table 2.1: Aluminum alloy designation system [29]

geometries but often results in higher porosity and lower ductility than wrought
alloys [13].

One of the key distinctions between these two groups lies in their mechanical perfor-
mance. Wrought alloys typically exhibit superior tensile strength and ductility due
to grain re�nement through plastic deformation. Cast alloys, while generally having
lower mechanical strength, o�er excellent corrosion and wear resistance. Wrought
alloys can be strengthened through work hardening and heat treatment, whereas
cast alloys are usually strengthened via alloying additions, such as silicon, copper,
and magnesium [30].

The choice between wrought and cast alloys depends on the application. Wrought
alloys are preferred for high-strength structural components, such as aircraft frames
and performance-critical parts. Cast alloys are more suitable for engine blocks,
transmission housings, and other components requiring complex shapes and good
dimensional stability.

Consumers and manufacturers alike recognize the importance of vehicle lightweight-
ing to reduce CO2 emissions, but without sacri�cing internal volume or payload.
This makes body panel weight reduction particularly e�ective, prompting rapid de-
velopment of aluminum sheets for external body components [31].

More automakers are shifting toward aluminum alloys to meet e�ciency and envi-
ronmental goals. While aluminum remains more expensive than traditional steel, it
supports compliance with increasingly strict fuel economy and emissions regulations
while maintaining structural performance and safety. Ongoing research continues to
improve aluminum alloy formulations, making them even more suitable for modern
automotive design. By 2030, the total aluminum usage per vehicle�including cast,
extruded, and sheet products�is projected to reach approximately 256 kg per car
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[32].

2.4 Key properties of a body structure part in
automotive applications

The rear �oor is a critical structural component located in the lower chassis area of
a vehicle. It plays a vital role in supporting loads, protecting internal components,
and distributing crash energy during collisions to ensure passenger safety. Therefore,
manufacturing this part by a new method, such as megacasting, needs to focus on
the following key properties to ensure vehicle safety.

Figure 2.4: Early prototype design of a rear �oor casting

2.4.1 Tensile yield strength, ultimate tensile strength & Young's
modulus

Yield strength (YS) refers to the stress level at which a material begins to deform
plastically, marking the point beyond which permanent deformation occurs. In the
context of a vehicle's rear �oor, this property is essential, as the component must
support both static loads�such as the weight of passengers and cargo�and dy-
namic forces from road irregularities, vibrations, and driving maneuvers. A high
yield strength ensures that the structure maintains alignment and functionality un-
der these conditions, thereby preventing permanent distortion over the vehicle's
operational lifespan.

Ultimate tensile strength (UTS), on the other hand, represents the maximum stress a
material can withstand before fracturing. While yield strength governs performance
under typical service conditions, UTS is critical during extreme events, such as
collisions. In such scenarios, the rear �oor must absorb and redistribute sudden
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impact forces without fracturing. A high UTS enhances the crashworthiness of the
vehicle and contributes directly to occupant protection by resisting catastrophic
failure.

Young's modulus (E) describes the material's elastic sti�ness, de�ning the ratio of
stress to elastic strain in the linear region of the stress�strain curve. A high Young's
modulus ensures minimal elastic deformation under load, helping the rear �oor to
maintain precise geometric stability and resist vibration or de�ection that could
impair �t or ride comfort.

Together, YS, UTS and Young's modulus provide a comprehensive picture of a ma-
terial's load-bearing capacity. YS ensures long-term durability under daily use, UTS
ensures safety and resilience under extraordinary conditions, and Young's modulus
ensures that the component remains sti� and stable under elastic loads. These
three properties are therefore fundamental to the design of structurally reliable and
crash-resistant rear �oor components in modern automotive applications.

Figure 2.5: Stress-strain curve

2.4.2 Bend ductility

Bend ductility describes a material's ability to undergo plastic deformation during
bending without cracking or fracturing. For the rear �oor of a vehicle, this property
is especially important due to the complex shapes and curvatures often required in
its design. During manufacturing, the component must endure bending, shaping
operations, and post-processing adjustments after high-pressure die castin , without
developing surface cracks or internal defects. Insu�cient bend ductility can lead to
manufacturing defects or early-life failures, reducing overall structural integrity.

Beyond production, bend ductility plays a critical role in in-service performance.
The rear �oor is continuously subjected to torsional loads, uneven force distributions,
and road-induced stresses�particularly under o�-road or high-load conditions [33].

14




	List of Acronyms
	List of Figures
	List of Tables
	Introduction
	Background
	Purpose
	Limitations

	Theory
	Al-Si alloy
	Al–Si phase diagram and microstructural formation
	Microstructural characteristics in Al-Si7 alloy
	Effect of microstructural features on mechanical testing

	Role of alloying elements in aluminum alloys
	Silicon
	Magnesium
	Zinc
	Copper
	Iron
	Manganese
	Vanadium
	Strontium

	Aluminum alloys usage in automotive industry
	Key properties of a body structure part in automotive applications
	Tensile yield strength, ultimate tensile strength & Young's modulus
	Bend ductility
	Hardness
	Fatigue resistance
	Corrosion resistance

	Challenges in using recycled aluminum for structural castings
	High-pressure die casting
	Mold and die preparation
	Molten aluminum preparation and injection
	Solidification, cooling and ejection
	Trimming, deburring, and surface machining
	Heat treatment and strengthening
	Inspection and quality control

	The snake tool - R&D test component
	Cast trail
	Process parameter
	Alloy composition table
	Challenges during the trails


	Methods
	Material selection and sample preparation
	Mechanical testing methods
	Tensile testing
	Bending testing
	Hardness testing

	Microstructural analysis
	Optical microscopy
	Metallography
	SEM
	X-ray


	Results
	Mechanical testing
	Tensile testing
	Bend plate test
	Comparison - Tensile vs. Bending
	Comparison – Flat sample vs Beam structure

	Hardness test

	Fractography of tensile samples
	Stereo microscopy
	Metallography
	Comparison between snake tool and historical cast trial
	SEM
	X-ray
	Effect of chemical composition and process parameters
	Impact of chemical composition
	Impact of process conditions



	Conclusion
	Next Steps & Recommendation
	References

