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ABSTRACT 
 
The demands for lightweight automotive parts are soaring tremendously in the 
quest for energy efficiency. Most of these parts are produced using aluminum 
alloy in order to gain parts that has lightweight, high strength and good rigidity. 
However, the forming process for this aluminum alloy has to be carried out 
under elevated temperatures with processes such as warm forming and heated 
forming in-die quench (HFQ). This work will provide reviews and intensive 
lookout on the available aluminum alloy which can be used as aluminum parts 
for automotive application in particular. Finally, there was concluding remarks 
on the underline challenges of forming heat-treatable aluminum alloy and 
subsequently highlighting the potential work that can be applied in order to 
ensure a more efficient and sustainable manufacturing agenda for heat treatable 
aluminum alloy. 
 
Keywords: Aluminum alloy, warm forming, heated forming in-die quench, 
sustainable manufacturing. 

 
 
INTRODUCTION  
 
Presently, the demands for vehicles have increased 
tremendously and this has led to high fuel emissions. 
Therefore, reducing the vehicle weight is very important in 
order to minimize the carbon dioxide emission. One of the 
most effective solutions was to make chassis components 
out of Ultra High Strength Steel (UHSS) (Chang et al., 
2011).  

UHSS, such as boron steel, significantly helps in reducing 
the weight of the vehicle while improving its safety and 
crashworthiness qualities. The importance of lightweight 
vehicle was realized since year 1997, where a total of 8 
million UHSS parts were produced for consumerism which 
continually increased until it reached 107 million parts in 
2007 (Karbasian and Tekkaya, 2010). However, in order to 
form these lightweight parts made out of UHSS, elevated 
temperature environment is essential.  

The elevated temperature forming process also known 
as hot forming process (HPF) helps to eliminate the 
springback effect that occurs in cold forming. Some of 
available UHSS parts include chassis components like A-
pillar, B-pillar, bumper, roof rail, rocker rail and tunnel. In 
order to ensure effective heat removal within HPF, its 
forming die is equipped with cooling system consisting of 

cooling channels which drilled within the structure of the 
forming die. Apart from that, effective rapid cooling during 
HPF was achieved by making the forming die out of high 
thermal conductivity value material.  

A suitable material known as High Thermal Conductivity 
Steel (HTCS) was produced in 2013 by Rovalma ® 
possessing very high thermal conductivity values (up to 66 
W/mK) and highly wears resistances. It is specifically 
designed for forming dies in hot stamping and specially 
reinforced with abrasive fiber materials and closed die 
forging. HTCS obtains its optimized mechanical and 
physical properties through a corresponding heat 
treatment of the material prior to final machining. 
Effective press quenching from the die ensures production 
of good properties and high tensile strength parts (Chang 
et al., 2011).  
 
 
 
ALUMINIUM ALLOYS  
 
Aluminium plays an important role for future car 
generation   due   to its advantages and it also open up new  
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Table 1: Designation system of wrought aluminium alloys. 
 

Alloy series Principal alloying elements 

1xxx 99.00% minimum aluminium 
2xxx Copper 
3xxx Manganese 
4xxx Silicon 
5xxx Magnesium 
6xxx Magnesium and Silicon 
7xxx Zinc 
8xxx Other elements 

 
 
way for multiple applications in the automotive industry. 
Lightweight material such as aluminium alloy was applied 
for automotive applications especially in wrought and cast 
forms while aluminium sheets has the potential to be used 
as vehicle components. There are a wide range of 
opportunities for using aluminium in automotive 
powertrains, chassis and body structures. A study showed 
that car bodies contributes to 20% of total weight of the 
car, so a promising way to reduce car weight is to use 
aluminium alloys (Carle and Blount, 1999).  

In contrast to steel, aluminium has low formability, 
particularly, at room temperature making it more difficult 
to stamp. High number of recent research explores the 
methods to improve the formability of aluminium alloys. 
There are two ways in manufacturing aluminium body 
structure: 1) By stamping it into structure and 2) Through 
a combination of many processes such as castings, 
extrusions and stamping and welding as in a space frame 
(Cantor et al., 2008; Toros et al., 2008).  

A study showed that the weight of vehicle can be 
significantly reduced by improving the body panels of the 
automotive which consist of an outer and inner panel as a 
double structure (Cantor et al., 2008; Toros et al., 2008). 
Inner panels of an automotive must have a high deep 
drawing capability to deform into more complex shapes 
while the outer panels should have sufficient denting 
resistance which was both achieved by manufacturing it 
out of high strength materials (Cantor et al., 2008).  

There are different requirements for automobile 
manufacturing and different strategies in the development 
of aluminium body panels carried out in different regions 
especially in Europe, North America and Japan. In Japan, 
higher formability alloys are required from automobile 
manufacturers. Therefore, special AA5xxx alloys, such as 
AA5022 and AA5023, were developed. On the other hand, 
high strength alloys are required in Europe and North 
America. Consequently, AA2xxx alloys, such as AA2036 
and AA6xxx alloys, such as AA6061, AA6111 and AA6022, 
were developed (Cantor et al., 2008; Toros et al., 2008).  
 
 
TYPE OF ALUMINIUM ALLOYS  
 
An aluminum alloy is a chemical composition where other 
elements are added to pure aluminum in order to enhance 

its properties and increase its strength. These other 
elements include copper, magnesium, iron, silicon, tin, zinc 
and manganese at levels that combined to make up a 15% 
of the alloy total weight. Alloying requires thorough mixing 
of pure aluminum with these other elements at its molten 
liquid form. The primary alloying element added to the 
aluminium alloys allow it to be categorized into several 
numbers of groups. These groups represent the material’s 
characteristics such as its ability to respond to mechanical 
and thermal treatment. Aluminium alloys are mainly 
assigned with four-digit number, in which the first digit 
identifies the series of the alloy by characterizing its main 
alloying elements. Table 1 shows the designation of 
wrought aluminium alloy based on the first digit on the 
assigned name and its series. 

According to Table 1, each of the digit of series have an 
identity for each series. The first digit (Xxxx) is used to 
describe the aluminium alloy series and will also indicate 
the principal alloying element added to the aluminium 
alloy. The second single digit (xXxx) indicates the number 
of modification made to the specific alloy, and the third 
and fourth digits (xxXX) are arbitrary numbers used to 
identify the specific alloy within the series. Example: In 
alloy 6105, the number 6 indicates that the principal 
alloying elements are magnesium and silicon alloy series, 
while 1 indicate that it is the 1st modification to the 
original alloy 6005 and the 05 identifies it in the 6xxx 
series (Davis, 1993).  
 
 
Commercially pure aluminum 
 
1xxx Series 
 
The 1xxx series alloy is comprised of 99% or higher 
aluminum in its composition. This series have excellent 
workability, excellent corrosion resistance and high 
thermal and electrical conductivity. The 1xxx series is 
commonly used for power grid or power transmission line. 
The national grid of the United States of America is made 
out of the 1xxx series alloys. In this series, the most 
common alloys consumed were the AA1350 and AA1100 
used for electrical applications and food trays, 
respectively. Apart from that, 1xxx series alloys has also 
been   proposed   as   base material for shear panels, which  
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Figure 1: Pure aluminium steel frame acting as building dampers. 

 
 
can be applied as dampers for the passive seismic 
protection of both steel and reinforced concrete buildings 
(De Matteis et al., 2012). Figure 1 shows the application of 
the 1xxx series as building dampers. 

The low value of conventional yield strength and high 
ductility of the 1xxx series proved to be applicable as 
dampers for the building. Within the application, 1xxx 
shear panels are installed within the frames of the primary 
structure. The shear panels will behave as sacrificial 
elements that dissipate the input energy received during 
earthquake. Recently, pure aluminium has also been 
proposed to be fabricated as special torsional link which 
then were arranged within the vortex nodes of timber 
frames in buildings (Rangaraju et al., 2005).  

Currently, the authors are developing other innovative 
dissipative devices out of pure aluminium which will 
provide solution in seismic protection of new and existing 
buildings. 
 
 
Heat-treatable alloys 
 
Some alloys are strengthened by solution heat-treating 
process followed by quenching or rapid cooling. Heat 
treating process involves taking the solid, alloyed metal 
and heating it to a specific point. Through heating the 
metal, the alloy elements will be distributed 
homogeneously with the aluminum transformed into a 
solid solution. The metal will then be rapidly cooled or 
subsequently quenched, which freezes the solute atoms in 
place. The metal will then be left at room temperature to 
undergo natural aging or left in a low temperature furnace 
operation to undergo artificial aging. After aging, the solute 
atoms of the metal will finally combine into a finely 
distributed precipitate. 
 
 
2xxx Series 
 
Copper is used as the principle alloying element in the 
2xxx series aluminium alloy and this series can be 

strengthened significantly through solution heat-treating. 
These alloys do not have the levels of atmospheric 
corrosion resistance as many other aluminum alloys but 
possess a good combination of high strength and 
toughness. These alloys are generally clad with a high-
purity alloy or a 6xxx series alloy to greatly resist 
corrosion. Alloy 2024, perhaps the most widely known is 
applied as the aircraft alloy. Due to its good combination of 
strength and fatigue resistance, aluminium alloy 2024 
(AA2024) is widely used as structural parts for the 
aerospace industry. The microstructure and mechanical 
behaviour of AA2024 can be altered through age 
hardening. After appropriate heat treatment process, a 
high strength to weight ratio metal was achieved and 
finely dispersed precipitates were obtained.  

However, AA2024 have poor ductility making it hard to 
form complex-shaped parts with traditional cold forming 
processes. Hence, in order to reduce springback in the 
forming process, some thin-walled and complex-shaped 
parts are machined from solid blocks of metal. The 
machining process contributes to 90% material wastage 
for some applications, with corresponding energy and cost 
(Verlinden et al., 1990).  

In recent years, many efforts have been made in order to 
improve the strength and ductility of AA2024. Efforts 
involving the altering of properties through severe plastic 
deformation such as ECAP, cryo-rolling and suitable ageing 
were proven to results in highly dispersed nanometres-
sized precipitates within the metal. An elongation of 18% 
can be achieved at room temperature with the low density 
of dislocations present after ageing and the strong pinning 
effect and aggregation of precipitates to dislocations 
(Ebrahimi et al., 2008).  

However, the use of these extreme strain levels methods 
were not a suitable alternative for bulk materials 
processing. On the other hand, pre-homogenisation 
treatment (Kim et al., 2003; Ma, 2006) might be an 
effective way of improving the ductility of AA2024. 
However, the material strength were sacrificed which 
were then solved by adding SiCp into AA2024, but the 
ductility   of   the   resulting  composite  was  found  to have  
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decreased (Cheng et al., 2007).  

As for most metallic alloys, the ductility of AA2024 was 
directly proportional to the deformation temperature 
(Cheng et al., 2007). Hot stamping process was most 
applicable in order to improve AA2024 ductility but this 
process is seldom used for forming complex-shaped parts. 
This was due to tendency in destruction of the desired 
microstructure (which has been fixed in the sheet prior to 
forming) at high temperatures leading to reduction in 
mechanical performance. Furthermore, due to thermal 
distortion, the parts tend to lose their shape if heat 
treatment were to be carried out after stamping. Recently, 
a new technique, Hot Forming and cold-die Quenching 
(HFQ) was developed (Lin et al., 2008).  

The basic idea of this novel process involves heating the 
sheet metal to its solution heat treatment (SHT) 
temperature, at which its ductility is expected to be 
maximally followed by simultaneously formed and 
quenched sheet with cold dies. After the forming process, 
the workpiece material is held within the dies for 5 to 6 s 
to reduce its temperature rapidly to approximately 100°C 
and freeze the microstructure as a supersaturated solid 
solution (SSSS). Heat-treatable aluminium alloy can obtain 
its full strength after aging. The feasibility of this novel 
process was demonstrated for AA6XXX in the study of 
Garrett et al. (2005). This technique has gained more 
demand over traditional forming methods because it 
produces parts with high formability, rapid processing, 
efficacious mechanical properties and negligible 
springback.  

Copper is the most effective strengthening constituent in 
AA2024. By increasing copper content to 6% wt the age 
hardening effect can be increased (Totik et al., 2004). The 
age hardening effect at room temperature was accelerated 
with the addition of magnesium. The equilibrium 
precipitate phases for this system are mainly CuAl2 (θ 
phase) and CuMgAl2 (Sandphase), although CuAl2 is less 
often observed in the alloy as compared to CuMgAl2. Both 
of these phases are largely soluble during SHT. In addition, 
manganese addition influenced material properties 
through the formation of intermetallics that provide Zener 
drag and limit grain size. 
 
 
6xxx Series 
 
The 6xxx series are heat treatable, versatile, weldable, 
highly formable, highly corrosion resistance and have 
moderately high strength. Alloying elements in this series 
are silicon and magnesium that will form magnesium 
silicate within the alloy. 6xxx series extrusion products are 
the first choice for architectural and structural 
applications.  

Aluminium alloy 6061 (AA6061) is the most widely used 
alloy in this series and is often used for truck and marine 
ship frames. Additionally, the Apple’s iPhone product uses 
6xxx series alloy as their frame and components. Recently, 

the demands for 6xxx series alloys have significantly 
increased especially in the automotive and construction 
industry. Therefore, several research works have been 
undertaken whereby small copper additions were added 
to the metal. The addition of copper substance to the metal 
indicates improvement especially in the material 
properties.  

The addition of copper and pre-deformation treatment 
of the alloys help to increase the peak hardness and yield 
strength of the metal during ageing and improve the peak 
hardness of the quenched alloys (Moons et al., year; 
Dutkiewicz and Litynska, 2002). Addition of copper also 
helps to concentrate the precipitates and increase the 
volume of the precipitates formed (Svenningsen et al., 
2006).  
 
 
7xxx Series 
 
Zinc is the primary alloying agent for this series and the 
small addition of magnesium to the series makes it heat 
treatable and a very high strength alloy. Other elements 
such as chromium and copper may also be added in small 
quantities. The most commonly used alloys in this series 
are 7050 and 7075, which are widely used in the aircraft 
industry. Apple’s aluminum 2015 was made Watch from 
custom that 7xxx series released alloy. In comparison in 
year to 6xxx series alloy, the strength to weight ratio of 
7xxx is optimum for security crash components and the 
most efficient in cost per kg saved. The main disadvantage 
of 7xxx series is its reduced formability in room 
temperature. Henceforth, the metal had to be formed at 
elevated temperature in order to improve formability. 
However, the final properties of this material degrade 
when it is formed at elevated temperature.  

A recent study shows that pertinent pre-treatment 
condition and deformation temperature can ensure 
sufficient formability for 7xxx series alloy. Apart from that, 
AA7075 tubes were warm hydroformed at a temperature 
of 300°C and significant improvement of formability was 
achieved (Lee et al., 2004).  

Hui et al. (2012) presented a paper where material 
characterization of AA7075-T6 material was performed. It 
was discovered that the total elongation at fracture 
increased at temperature between 140 and 220°C. This 
was due to the increase in strain rate sensitivity, which 
prevents plastic strain from concentrating in a localized 
neck and reduced diffuse necking. 
 
 
Non heat-treatable alloys 
 
Non-heat treated alloys are strengthened through cold-
working process. Rolling and forging methods are 
examples of cold working and these methods strengthen 
the metal in the action of working. For example, when 
rolling    aluminum   is    down   to   thinner  gauges,  it   gets  
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stronger. This is because cold working builds up vacancies 
and dislocations in the structure, which then inhibits the 
movement of atoms relative to each other. This leads to the 
increase of the metal strength. Alloying elements like 
magnesium will intensify this effect, hence, resulting in 
even higher strength improvement. 
 
 
3xxx Series 
 
The major alloying element in this series is manganese, 
which is often added with smaller amounts of magnesium. 
However, percentage addition of manganese to aluminium 
is very limited. AA3003 is a popular alloy in the 3xxx series 
for general purposes application due to its moderate 
strength and good workability which is very efficient in 
applications such as heat exchangers and cooking utensils. 
Alloy 3004 and its modifications are often used in the 
bodies of aluminum beverage cans. 
 
 
4xxx Series 
 
4xxx series alloys are combined with silicon, which is 
added in sufficient quantities in order to reduce the 
melting point of aluminum without producing any 
brittleness. Hence, the 4xxx series are applied widely in 
the making of welding wire and brazing alloys where 
lower melting point is a necessity. Alloy 4043 is one of the 
most commonly used filler alloys for welding 6xxx series 
alloys for structural and automotive applications. 
 
 
5xxx Series 
 
Magnesium is the primary alloying agent in the 5xxx series 
and is one of the most effective and widely used aluminum 
alloys. Alloys in this series possess good weldability, high 
resistance to corrosion and moderate to high strength 
characteristics. Aluminum-magnesium alloys are widely 
used in building and construction, marine applications, 
storage tanks and pressure vessels. Examples of common 
alloy applications include: anodized AA5005 sheet for 
architectural applications, AA5052 in electronics, AA5083 
in marine applications and AA5182 for aluminum 
beverage can lid. AA5083 and the 7xxx series aluminum 
were also applied as the main material in constructing U.S. 
military’s Bradley Fighting Vehicle. 
 
 
DEVELOPMENTS OF NEW ALUMINIUM ALLOYS  
 
The wrought alloy designation system was established by 
the Aluminium Association more than 60 years ago 
through its Technical Committee on Product Standards 
(TCPS), which was then adopted in the US in year 1954. 
Three years later, American National Standard H35.1 

approves the system. In 1970, this designation system 
became an international designation system and was 
officially adopted by the International Signatories of the 
Declaration of Accord. Later in year 1970, Standards 
Committee H35 on Aluminum Alloys was authorized by 
the American National Standards Institute (ANSI), with the 
Association serving as the Secretariat. The Association has 
served as the major standard setter for the global 
aluminum industry ever since.  

Currently, the alloy registration system is managed by 
the Association. Registering to TCPS assigning process of a 
new designation alloy takes between 60 to 90 days. 
Originally in year 1954, the list had 75 unique chemical 
compositions. The list had more than 530 registered active 
compositions presently and that number continues to 
grow. That underscores and concludes how versatile and 
ubiquitous aluminum has become in our modern world. 
 
 
APPLICATIONS OF ALUMINUM AND ITS ALLOYS  
 
New developments in aluminum alloys have opened a 
wide range of applications of wrought aluminum in place 
of aluminum castings. Wrought aluminum alloys are 
produced from cast ingots, which are prepared for 
subsequent mechanical processing (Polmear, 1995). The 
microstructures and mechanical properties of wrought 
aluminum alloys are significantly dependent on various 
working operations and thermal treatments. The 
improvement of aluminium alloy mechanical properties by 
adding various alloying elements has opened a wider field 
of applications for these alloys, particularly in the 
aerospace and automotive industries (Kleiner et al., 2006).  
 
 
Aluminium alloys for automotive applications 
 
Throughout the decade, an increasing demand for vehicles 
was observed around the world. The number of produced 
cars had increased by 39% which shows a total of 65 
million of vehicles in 2004 to a total of 90 million of 
vehicles in 2014. This number subsequently leads to the 
high fuel emissions. Therefore, the reduction of vehicle 
weight is essential to minimizing the fuel and CO2 emission 
to the environment (Chang et al., 2011). Henceforth, a 
significant increase was seen in efforts to reduce the 
vehicles weight. One of the efforts was to apply the use of 
the newly designed aluminium alloy (Hirsch, 2014).  

The advantageous material properties of these 
aluminium alloys led to its significant role in the future of 
automotive industries. The weldability, formability, high 
corrosion resistance and high strength of aluminium alloy 
opened several new ways for new applications in the 
automotive industry (Sulaiman, 2005; Kleiner et al., 2003). 
The application of aluminum alloy within the automotive 
industry had increased more than 80% in the past 5 years. 
In 1996, a total of 110 kg of aluminum alloys  were  used in  
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Figure 2: Aluminium usage in passengers car (Hirsch, 2014).  

 
 
a vehicle. This amount is predicted to increase to a range of 
between 250 or 340 kg regardless of the structural 
applications (Miller et al., 2000). Figure 2 shows the 
aluminium usage within passenger’s car. Furthermore, it 
was expected that the trend of using aluminium parts will 
keep evolving in the coming years. 

Vast availability of semi-finished form for aluminium is 
the main advantage of this material when mass production 
and innovative solutions were considered. The high 
demands in high performance and cost efficient 
manufacturing process leads to the increment in the needs 
of highly integrated and compact part. However, in recent 
production several materials gave a fierce competition 
over aluminium in which those material or novel steels 
developed are claimed to have higher strength to weight 
ratio. The materials developed include magnesium, 
titanium and carbon fiber reinforced plastics. 

However, the formability of these materials is restricted 
and cannot achieve highly complicated form. These matter 
leads to an increase of application and demand for the 
semi-finished parts aluminium. Application of semi-
finished aluminium parts includes engine blocks and 
power train parts, sheet structures (Jaguar, Honda NSX, 
Rover), space frames (BMW Z8, Audi A2, A8, Lotus Elise), 
or as closures and hang-on parts (DC-E-class, Renault, 
Peugeot) and other structural components (Mohamed et 
al., 2012). Table 2 shows aluminium parts distribution was 
analyzed systematically. Based on an analysis of the 
average compound annual growth rate (CAGR), there were 
high potential for the increment in the use of aluminium 
part within car body (Fan et al., 2013).  

Aluminium part is seen to contribute most on the weight 
of the vehicle as it gave a share of between 25 and 30% of 
the complete installed, integrated safety features, and 
engine size. The most used aluminum alloy series is the 
non-heat treatable Al-Mg (AA5xxx series) and the heat-
treatable Al-Mg-Si (AA6xxx series) alloys. Due to the 

variations in chemical composition and processing, 
AA5xxx are optimized for strength and corrosion 
resistance in vehicle chassis and AA6xxx are optimized for 
age hardening response and high formability so that 
efficient auto body sheets panels can be developed. The 
current 6xxx alloys used for autobody sheets are AA6016 
and AA6111 and more recently, AA6181 and AA6082 were 
added for recycling aspects. AA6082 and AA6111 are 
usually used for the outer body panels which require high 
strength and good formability as shown in Figure 3. 
 
 
Aerospace applications 
 
In aerospace applications, a material that is lightweight 
and durable is essential. Henceforth, Aluminum-Lithium 
(Al-Li) alloys are the most commonly used and applied in 
aerospace applications. This metal are efficient in critical 
application of aerospace due to its lightweight, good 
strength and toughness, excellent corrosion resistance and 
compatibility with standard manufacturing techniques 
(Mohamed and Ismail, 2016). Figure 4 shows it is applied 
in several aircrafts parts such as engine, seat track, leading 
and trailing edges, wing skin, and many other parts.  

Currently, aircraft and aerospace industry improves 
their structure by double folding the raw material which 
will ensure a stronger sheet metal. However, this will 
thicken the structure and increase the cost of the materials 
required. Henceforth, aircraft manufacturers had come up 
with cost reduction program for their existing aircraft 
version which led to applying new material solution. This 
new and advanced material will help in facing the new 
challenges in the future involving the mass air 
transportation. With the cost reduction programs, the once 
large assemblies and build up structures consisting of 
riveted and joined parts were substituted with a single 
integrated structure which reduced the needs of  rivet  and  
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Table 2: Distribution of aluminium parts used (Zhou et al., 2014).  
 

Automotive parts Number of components analyzed  Mass (kg) 

Power train (Engine, fuel system, liquid lines) 
25 components analyzed in engine block, cylinder head, 

transmission housings and radiators. 
69 

   

Chasis and suspension (Cradle and axle) 
17 components analyzed in wheels, suspension arms and 

steering systems. 
37 

   

Car body (Body-in-white (BIW), hoods, doors, wings, 

bumpers and interiors) 

20 components analyzed in bonnets and doors, front structure 

and bumper beams 
26 

 
 

 
 

Figure 3: Application of aluminium alloy for automotive. 

 
 
joints. This is proven to be advantageous in the cost 
savings, weight reduction, simplifying storage system and 
improved production logistics (Heinz et al., 2000).  

Manufacturing process of this integrated structure itself 
is cost efficient due to the application of high speed milling 
machines, with rotational speeds of up to 25000 rpm and 
high feed rates, which are available for machining the high 
strength aluminium alloys. The major drawback for the 
raw material suppliers is to ensure that the property 
combination of the raw material will not limit the 
performance of the integral structure when compared to 
the previous assembly. Integral technology uses large 

machined structures to reduce the number of components 
and joints. Some of the parts proposed are more than 800 
in. (20 m) long, with raw material thickness of up to 11 in. 
(280 mm). The aspect ratio after machining process can 
reach values of up to 35 which means up to 95% of the raw 
material is machined away in some of the applications 
producing a lot of waste. Hence, solutions such as rolled 
aluminium plate were proposed. The parts can be 
manufactured with the required dimensions but the 
product formed is limited to the part that is not complex 
and best suited for this type of application (Heinz et al., 
2000). 
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Figure 4: (a) Wing skin (b) Wing ribs made from aluminum alloys and (c) Final wing, upper 
skin and ribs are made of aluminum alloys. 

 
 
CONCLUSIONS 
 
In this paper, the several available types of aluminium 
alloys were presented and explained. Each series of the 
aluminium alloy is based on its alloying element. There 
were 3 main classes of all the series in aluminium alloy 
which includes pure aluminium, heat treatable aluminium 
alloy and non-heat treatable aluminium alloy. Due to the 
great and versatile properties of aluminium alloy, the 
demand of usage for the aluminium alloy had improved 
vastly in so many applications. The two main industries 
that benefit most from aluminium alloys were the 
automotive and aerospace industries. The use of 
aluminium alloys ensure brighter future since its usage is 
almost limitless and ensures a more sustainable and 
greener environment. 
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