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1. Introduction

Heat treatment is the process of changing physical 

and mechanical properties of metal by heating and 

cooling it while retaining its shape. Apart from 

strengthening the materials, heat treatment method could 

also be used to improve other mechanical properties such 

as improving machinability, formability, and others. [1], 

mentioned that the most important process to strengthen 

aluminium alloys was the age hardening. The process of 

age hardening consists of three steps. First a solution heat 

treatment was performed to dissolve any relevant alloying 

elements in a solid. Second the material is quenched from 

solution treatment temperature with an appropriate 

cooling rate which keeps the solved alloying elements at 

solid solution. This state is called supersaturated solution. 

In a third step the material is aged, naturally (at room 

temperature) or artificially (temperatures usually up to 

200°C), for a certain time to get a controlled precipitation 

of strengthening particles.  

In general, solution heat treatment involves heating 

the alloy to a suitable temperature, and holding it at that 

temperature for sufficient time to properly induce the 

constituents followed by rapid cooling to hold these 

constituents in solution. Quenching was a process 

involving rapid cooling to the metal formed at high 

temperature in order to gain certain properties of material. 

The method had been applied for hundreds of years but 

was perfected during the last century. Usually, the metals 

were quenched by submerging it into water, oil, air or 

brine to increase its hardness. There were lots of studies 

perform towards quenching process throughout the year 

showing the significance of this process. Through the use 

of quenching process, ultra-high strength steel parts with 

a tensile strength of 1.5GPa can be obtained [2]. 

During quenching, it was necessary to form a 

supersaturated solid solution in order to obtain effective 

precipitation of strengthening particles during aging. 

High quenching rate in a process proven to help achieve 

higher strengths material but if it was too high, 

increments in material residual stresses and distortion will 

occur [3]. Lastly, a stage known as precipitation 

hardening involve heat treating to the material imparting 

strength to metals and their alloys. It is called 

precipitation hardening as it makes use of solid impurities 

or precipitates for the strengthening process. Metals were 

aged through heating it or by keeping it stored at low 

temperatures to form precipitates to the materials [4]. 

Table 1 shows the parameters influencing results of heat 

treatment within input, function and output stages. 

The quenching phase of a heat treatment process 

requires the use of appropriate cooling fluid, the 

quenchant to aid the rapid cooling process on the 

preheated alloy part. Surface temperatures of the material 

during the start of quenching are typically very large, 

corresponding to the film boiling regime. Typically, 

Abstract: Available forming process applied for heat treatable aluminium alloy were reviewed and presented in 

this paper. The reviews emphasized on the heat treatment, application and contribution of the forming methods. 
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Keywords: Heat treatable aluminium alloy; heat treatment; forming process; sustainable manufacturing 



S.N.M Yahya  et al., Int. J. of Integrated Engineering Vol. 10 No. 5 (2018) p. 74-79 

 

 

 75

during quenching the heat removal from the surface 

involved combination of conduction across the vapor 

blanket and radiation heat transfer. Eventually, the 

temperature will decreases asymptotically to the 

quenchant temperature and diminishes a single-phase 

regime toward the surface resulting high strength 

properties sought within the material [5].  

 

Table 1: Parameters influencing the result of heat 

treatment [4] 

Parameters influencing results in heat treatment 

Stages Input Function Output 

Conditions Workpiece 

(Before heat 

treatment) 

Heat 

Treatment 

Process 

Heat-

treated 

workpiece 

Parameters 

/ Factors 

Geometry 

Chemical 

Composition 

Material 

Condition 

Temperature 

Time 

Medium 

during 

heating, 

soaking and 

cooling 

Desired 

change in 

workpiece 

properties 

Side effect 

changes of 

(1) Macro 

geometry; 

(2) Micro 

geometry; 

(3) 

Surface 

layer 

condition 

(4) 

Residual 

Stress 

 

2. Forming process on Aluminium Alloys 

Due to the low formability of aluminium alloys (Al-

alloy), particularly at room temperature, the forming 

technology was restricted. Therefore, advanced forming 

methods are essential in improving their formability. Al-

alloy sheet components in either T4 or T6 conditions are 

normally cold formed. This causes a number of intrinsic 

problems, such as springback and low formability. The 

frequent solution for low formability problems is to form 

the material at high temperatures. When the temperature 

was raised, the ductility of the material will increase and 

yield strength decrease. This results in less forces being 

required for the deformation. Hot stamping can eliminate 

springback and increase formability, but the desired 

microstructure were destroyed [6]. Hence, solution heat 

treatment (SHT) is required to restore the microstructure, 

but distortions of the formed components will occur 

during quenching. Various efforts have been undertaken 

and special processes have been invented to overcome 

specific problems in forming particular types of 

components [3].  

 

2.1 Traditional Cold Forming 

Cold-rolled steel sheet is the traditional 

manufacturing process for automotive body panels. There 

were many attempts by automotive manufacturers to 

reduce their vehicle weight by using AA5xxx and 

AA6xxx aluminum alloys as their vehicle components 

part. AA6xxx which was age hardened material are 

normally formed either in its T4 condition (solution heat 

treated and quenched), followed by artificial ageing for 

higher strength, or in its T6 condition (solution heat 

treated, quenched and artificially aged) [7],[8]. The 

material is first heated to its Solution Heat Treatment 

(SHT) temperature and held for a sufficient period of 

time. Within this period, all precipitates are taken into the 

matrix giving one single phase. The heat-treated material 

was then rapidly cooled to room temperature to freeze 

this super-saturated state within the material. Once the 

material has been thermally treated and modified to the 

required mechanical properties, it is cold-deformed in the 

T6 condition into the required shape [9]. 

There are significant drawbacks of this traditional 

method in forming aluminum alloys panel parts. With the 

hardening and strengthening of the material, the material 

will faced with poor formability problems. Apart from 

that, for material with low young’s modulus, the 

component will be more likely to be affected by 

springback and wrinklings problems. All these is 

drawbacks that will results more effort just to compensate 

it. 

 

2.2 Preforming, Annealing, and Finish 

Forming 

This forming process involves drawing the blank as 

deep as possible without necking. The process then 

followed by annealing the blank at about 350°C so that 

the cold working stresses can be removed [10]. The 

process then followed by drawing it to its final shape. 

This process has a high cycle time especially within the 

process transfers. This process was seen to be very 

disadvantageous due to low hardness value measured for 

the formed parts. Hardness measurement shows that this 

process was not able to fully anneal the materials, which 

leads to not achieving the original hardness of the 

incoming material. Apart from that, this is not a one-step 

process and the cost associated with extra processing 

steps makes this process cost-prohibitive. 

 

2.3 Warm Forming 

The limited ductility for aluminum at cold forming 

condition was improved significantly through Warm 

forming process. However, many challenges are faced in 

such process which includes (1) heating the components; 

(2) controlling process temperature; (3) lubrication during 

the process; (4) selection of the appropriate forming 

press; (5) cycle time; and (6) increment in production 

cost. The die system in this process requires complex 

heating strategies, resulting high tooling cost and 

relatively slow cycle time. Achieving uniform 

temperature condition and maintain a steady die 

temperature are very hard to be done during the process. 

In this process, the aluminum alloy blank will be heated 

between (240-260°C) and then formed in a conventional 

hydraulic press at room temperature [10]. 



S.N.M Yahya  et al., Int. J. of Integrated Engineering Vol. 10 No. 5 (2018) p. 74-79 

 

 

 76

Recent study conducted for Automotive Research 

(USCAR) shows that for situations requiring only heated 

sheet metal and room temperature dies, non-isothermal 

elevated temperature forming technology was used. The 

purpose of the study was to optimize the technology in 

terms of part cost and production data. Another study 

shows that, at room temperature, the 5xxx series 

aluminum alloys can be formed which have the largest 

formability range, but also the lowest yield and tensile 

strength [11]. The 7xxx series alloys have the highest 

strength and then the 6xxx series. The 7xxx series with 

T6 temper cannot be formed at room temperature. The 

formability of this alloy can be improved with elevated-

temperature forming. Either warm forming (less than 

250°C degrees) or hot forming (about 475°C, the alloy’s 

solvus temperature) can be used. Forming of aluminum 

alloy sheet at high temperature produce a product has a 

different microstructure and mechanical properties than 

the original sheet or it may remove any heat treatment has 

been done to the sheet. The side impact beams in the 

BMW cars are formed from 7xxx aluminum alloy fully 

hardened T6 temper in the 200°C temperature range with 

forming speed equal to that used in traditional cold 

forming of aluminum alloys.  

 

2.4 Hydroforming Process 

In the hydroforming process, pressure was applied to 

the sheet metal to form it into a desired component shape. 

Hydroforming is a manufacturing process specifically for 

high formability materials and may be used as an 

alternative process to cold deep drawing [12]. In contrast 

to tube hydroforming in which the pressure can be easily 

sealed, sheet hydroforming requires a rubber membrane 

to ensure the high pressure fluid does not escape. This 

process complex steps and complicated tooling affects its 

reliability. The process has made a little impact in the 

mass-production of sheet aluminium components. 

Hydroforming process were mainly applied for 

automotive industries, specifically in manufacturing 

exhaust parts, radiator frames, front and rear axles, engine 

cradles, body parts and space frames [9]. The 

hydroforming process main advantages are the process 

may reduce the number of required joints and increase 

material utilization. 

 

 

2.5 Superplastic Forming (SPF) of Sheet 

Metal Components 

Superplastic forming is a slow forming process 

designed to achieve a significant increase in formability. 

The superplastic forming has been applied a lot for 

aerospace applications due to its ability to form complex 

shaped lightweight components [13]. Fine grains 

equiaxed with average grain sizes typically around 5 µm 

are required in order to achieve its superplastic 

deformation. In addition, the temperatures in excess of 

half the melting point are required to enable the diffusion 

processes to occur. However, under these conditions, 

grain growth will takes place by static diffusion 

controlled processes, which leads to enhancement in 

material deformation [13]. The grain growth causes the 

material to harden and decreases the strain-rate sensitivity 

and in turn decreases the elongation to failure.  

Uncontrolled grain growth was prevented in two-

phase systems, such as in forming the titanium alloy 

(Ti6Al4V) due to the presence of the low diffusivity 

alpha phase, which constrain the growth of the higher 

diffusivity beta phase [14]. Superplastic forming was 

usually achieved using particular processes such as 

thermoforming, blow forming, and vacuum forming. 

Post-forming heat treatment (e.g. SHT + Quenching + 

Ageing for Heat-treatable Al-alloys) is required to obtain 

appropriate microstructure in formed materials 

[13],[15],[16]. The major advantage of the superplastic 

forming process was the excellent surface finish and the 

shape precision for the finished products [17]. Moreover, 

the finished product does not suffer any springback or 

residual stresses. Apart from that this process allows the 

manufacturing of large complex shapes parts which can 

be deformed in one operation.  

The main disadvantage of the superplastic forming 

process is its slow forming rate. The forming process time 

varies from two minutes to a few hours. Hence, this 

process is unsuitable for mass production [13]. Recently, 

superplasticity has been used to form components for 

automotive applications. In the automotive industry, 

aluminium alloys are deformed at a faster rate (in contrast 

to aerospace applications) to provide high volume 

production. The significant increase in the formability of 

aluminium alloys by using superplastic forming allows 

for more complex shape and eliminate the use of 

fasteners and joints in parts [10]   

 

2.6 Hot Forming and in-Die Quenching 

(HFQ) Processes 

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 [18]. 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 car’s mass, depending 

mainly on options installed, integrated safety features, 

and engine size.  

However, there were major problems such as 

springback, poor formability and microstructure in 

producing aluminum alloy panel components. 

Henceforth, a novel process known as Hot Forming and 

in-die Quenching process (HFQ) was proposed by [19]  

in recent years. There are three main steps in this process 

which started with Solution Heat Treatment (SHT). In 

SHT, the alloying elements are fully dissolved into solid 

aluminium due to the sheet blank being soaked at an 

elevated temperature for a sufficient period of time. The 

process continues with hot forming and die quenching 

where the hot blank is transferred to a cold die set where 

it is quickly formed and held within the dies until 

quenched to room temperature, which leaves the alloying 

elements in the unstable solid solution. Lastly, the process 
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will undergo artificial aging. In artificial aging or age-

hardening, the properties of the heat treatable aluminium 

alloys are improved. This was due to in appropriate aging 

time and temperature, the alloying elements comes out of 

the solid solution and form strengthening particles. 

Temperature changes over time for HFQ process is 

shown in Figure 1. 

 

 
Figure 1: Temperature over process time in HFQ process 

[19] 

 

However, the use of HFQ process in forming the 

aluminium alloys take a long time due to the need of 

blank being dissolved over a period of time in the 

solution heat treatment process [20]. 

 

2.7 Hot Press Forming (HPF) Process  

HPF is a forming and tempering process when the 

metal sheet is heated up to relative high temperature, 

where austenite microstructure is formed. Followed by 

forming operation, and then the metal sheet is cooled 

down rapidly by using water, oil or air as medium, 

resulting in martensitic microstructure. Through the 

combination of heating, holding, forming and rapid 

cooling, complex parts can be produced with excellent 

strength properties. Figure 2 shows the temperature 

change with time in hot press forming. 

 
Figure 2: Temperature over process time for hot press 

forming (HPF) [21] 

 

Hot press forming can be classified into 2 kinds of 

processes, which are direct hot press forming (DHPF) and 

indirect hot press forming (IHPF). For DHPF, the metal 

sheet is directly austenitized, then undergo forming 

process and cooled down rapidly. Eventually the part has 

excellent strength properties [21]. For IHPF, before 

transferred to heating furnace, the metal sheet is cold 

deforming to about 90%~95% of its final shape, also 

known as pre-forming stage [22]. IHPF method is 

suitable for producing the large dimensions and complex 

part. Figure 3 shows two different hot press forming 

process which are direct and indirect hot press forming. 

 

 
Figure 3: Direct (a) and indirect (b) process chain in hot 

press forming [23] 

 

Basically, hot forming process includes five basic 

steps which includes: 1) Blanking; 2) Heating of the 

blank to its martensite condition; 3) Transferring from 

furnace to press machine; 4) Press forming; and 5) 

Quenching by the die through heat conduction. The time 

taken for steps in the hot forming process plays a major 

role in determining the total production time and the 

cycle time for every production [22]. The time taken 

within the transferring can also help in determining the 

heat loss to the environment. The heat loss can then be 

taken into account of determining the forming 

temperature. Table 2 shows the time required for a 

process in the hot forming process obtained from several 

resources. 

 

Table 2: The time required for a process in the hot 

forming process with resources 

Process 
Time 

Taken 
Resources 

Austenized at 

950°C 

18 sec 

(induction) 

300sec 

(furnace) 

300sec 

(furnace) 

260sec 

(furnace) 

300sec 

(furnace) 

240sec 

(furnace) 

Katsuyoshi Ikeuchi 

et al.(2011) [24] 

Wei  et al. (2012) 

[25] 

Nuraini Aziz et al. 

(2013) [26] 

Bardelcik et al. 

(2010) [27] 

Etienne J.F.R. et al. 

(2014) [28] 

Chang Ying et al. 

(2011) [29] 

Transfer from 

furnace to hot 

press 

7-15sec 

 

7.5sec 

Nuraini Aziz et al. 

(2013) [26] 

Katsuyoshi Ikeuchi 

et al.(2011) [24] 

Press forming 

and quenching 

1-10sec 

 

5-11sec 

Katsuyoshi Ikeuchi 

et al.(2011) [24] 

Nuraini Aziz et al. 

(2013) [26] 
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Hot stamped part produced are made from boron 

steel which includes chassis components, such as A-

pillar, B-pillar, bumper, roof rail, rocker rail and tunnel. 

The die used in the hot forming process has a cooling 

system which helps drastically in promoting final product 

with good properties and high tensile strength [29]. In 

order to achieve an effective rapid cooling during the hot 

stamping process, the die should promote greater thermal 

conductivity value. Hence, the suitable material to 

produce the dies is high thermal conductivity steel 

(HTCS-150). This steel was patented in 2013 and the 

machining process for this material must be highly 

accurate in order to achieve high quality of stamped 

components [24]. This hot work tool steel possessed very 

high thermal conductivity values (up to 66 W/mK) and a 

high wear resistance. It is specially designed to be used as 

dies of hot stamping on coated sheet and plastic injection 

mould, where the plastic material is reinforced with 

abrasive fiber materials and closed die forging. HTCS-

150 obtains its optimized mechanical and physical 

properties through a corresponding heat treatment of the 

material prior to final machining. 

 

3. Developments in Aluminium 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 [30]. 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 [31]. 

Highest demand of application was seen for 

aluminium alloys in the 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 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 Watch that released in year 2015 was 

made from a custom 7xxx series alloy. In compare 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 was 

warm hydroformed at a temperature of 300 ºC and 

significant improvement of formability was achieved 

[32]. Wang et al. [33] 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 ºC and 220 ºC. This 

was due to the increase in strain rate sensitivity, which 

prevents plastic strain from concentrating in a localized 

neck and reduce diffuse necking.  

 

4. Conclusions 

In this paper, several available types of forming 

methods for aluminium alloys were presented and 

explained. Each forming method were explained and 

summarized with its process sequence and advantages. 

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 ensure a 

more sustainable and greener environment. 
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