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Thin sheets of aluminum alloys are widely used for the packaging of pharmaceutical and cosmetic 
products and in the food industry; however, they present critical issues during the forming process. The 
blow forming process, which is widely used in the glass and plastics industries and for the hot forming 
of metal sheets, allows solving the problems related to the lubrication and the small tolerance ranges of 
the tools required by the well-known deep drawing process to form a thin sheet. In this work, the blow 
forming process is proposed for the first time to cold form thin metal sheets. Its advantage is connected 
with the use of equipment with a simple shape and, therefore, less expensive. Specifically, this work 
evaluates the time needed to form a simplified part; this is a critical aspect to apply this forming process 
to the food packaging industry. Moreover, this process represents the first step to developing a 
methodology for evaluating the constitutive equation of thin sheets as an alternative to tensile test that 
has some critical issues connected with specimens’ manufacturing and test carrying out. 
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 Introduction 

Aluminum alloys are widely used due to their 
peculiar properties.  They have excellent formability 
and workability [1]; they can be easily painted and 
lacquered; they do not present problems of toxicity 
and contamination [2]. For these reasons, they are 
often used for the packaging of pharmaceutical and 
cosmetic products or in the food industry [3]. The 
containers in aluminum allow for storing food away 
from light, oxidation, and more generally from the 
external environment. Moreover, the surface of the 
aluminum sheets has excellent hygienic properties 
because, being non-absorbent, it can be easily cleaned 
and sterilized [4,5]. Finally, aluminum foil is an 
environmentally sustainable product, because it is 
constituted of a recyclable material [6,7]. 

Aluminum sheets, whose thickness ranges from 6 
microns to 160 microns, are used for food packaging 
[8,9]. The thinnest sheets are sold in the form of rolls 
or they are used to stamp semi-rigid wrinkle wall 
containers [4], while thicker sheets are used to stamp 
stiffer smooth wall containers. The latter type of 
container is very interesting for the food packaging 
industry because a transparent organic film is applied 
to them to produce airtight containers in a vacuum 
sterilized environment [10]. In this way, it is possible 
to sell food ready for use inside a container that allows 
it to be viewed by the end customer [11]. 

Nowadays, the manufacturing of aluminum 
smooth wall containers for food packaging is carried 
out through deep drawing processes. However, the 
use of very thin sheets requires a very small roughness 

of the dies, the use of special lubricants suitable to 
come into contact with food, and accurate control of 
the forces during the process [12]. 

In this work, an innovative approach to 
manufacturing smooth wall containers for food use is 
proposed. In detail, the use of the blow forming 
process to shape thin sheets at room temperature is 
deeply discussed. 

Blow forming is widely used to manufacture 
hollow products in plastic or glass (for example bottles 
or flacons) [13]. It uses compressed air that is sent 
inside a heated preform placed inside a hollow die. 
The air pushes the sheet into contact with the die 
walls. Once formed and cooled, the part is removed 
from the die. 

Pressurized air or gas can also be replaced by the 
use of a vacuum pump. For example, in the thermo-
forming process vacuum is used to form sheets of 
thermoplastic material placed over a die. In detail, 
once the sheet is heated in an oven up to the sagging 
temperature, it is hermetically placed on a die and 
formed using the vacuum produced between the die 
and the sheet. In this case, forming can be eased using 
pressurized air or gas as in blow forming [14,15]. 

Pressurized gas is used in sheet metal forming [16-
17] and in superplastic forming of aluminum, 
magnesium, lead, and titanium alloys [18-21]. 
However, the manufactured products are for 
aeronautics, automotive, and aerospace applications. 
This process is used to manufacture in a single step 
strong and light parts [22,23]. To this end, the sheets 
to form have thicknesses of millimeters or more. 

Stamping of aluminium thin sheets requires the 
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knowledge of how the material behaves during 
forming in dependence on its thickness; the 
deformation mechanisms that are inside thin sheets 
during stamping are different from those inside a bulk 
submitted to the same process. Generally, as the 
thickness of the sheet decreases, the formability of the 
material decreases [24]. Therefore, tensile tests must 
be performed to mechanically characterize the 
material, paying particular attention to the specimens’ 
manufacturing and the test carried out [25,26]. 

In the field of food packaging, the use of the blow 
forming process at room temperature solves the 
critical issues related to lubrication and the small 
tolerance ranges required by the tools of the well-
known deep drawing process. Moreover, the 
equipment required for the process has a simpler 
shape and, therefore, is less expensive. 

In this work, the blow forming process is proposed 
for the first time to cold form thin metal sheets. Its 
advantage is connected with the use of equipment 
with a simpler shape and, therefore, less expensive. In 
detail, this work evaluates the time needed to form a 
simplified part; this is a critical aspect to apply this 
forming process to the food packaging industry. 
Moreover, this process represents the first step to 
developing a methodology for evaluating the 
constitutive equation of thin sheets as an alternative to 
tensile test that has some critical issues connected with 
specimens’ manufacturing and test carrying out. The 
aim of this work is a purely technological analysis to 
evaluate the processability of AA 8006 thin sheets with 
blow forming process of at room temperature. 
Chemical and microstructural analysis can be carried 
out in future works. 

 Material and methods 

The material used in this work is the EN AW 8006 
aluminum alloy, which is commercially available in the 
form of sheets. It contains small percentages by 
weight of Fe (1.2-2.0%), Si (0.4%), Cu (0.3 %), Mn 
(0.3-1.0%), Mg (0.1%) and Zn (0.1%). It has a low 
density (2.74 g / cm3), a mechanical strength between 
110 and 150 MPa, and good corrosion resistance. It is 
widely used in the packaging industry (to manufacture 
food containers) because it protects food from contact 
with light, air, humidity, and bacteria; in this way it 
preserves food's original taste, once sealed, by making 
it last longer. Moreover, it can be recycled and reused 
efficiently. 

The experimental tests were carried out by 
applying the blow forming process to circular discs 
with a 40 mm radius and a 105 µm thickness. The free-
forming tests were performed using the experimental 
equipment presented in [27]. Fig. 1 shows the three 
steps of the free-forming process. 

 

Fig. 1 The three steps of the free-forming process: a)specimen 
placement; b)die closing; c)opening of the compressed air 

injection valve 
 

The equipment consists of a two-part die. The 
lower part of the die has a cavity in which air 
pressurized by a compressor enters using a butterfly 
valve. The upper part of the die acts as a blank holder, 
it keeps the edges of the sheet in contact with the 
lower die during the forming process using four holes. 
The pressure of the air coming from the compressor 
is regulated using a proportional valve. At the end of 
the forming process, the height reached by the bulging 
dome and the thickness at its apex are measured.  

Cold free-forming tests were carried out at forming 
pressures of 0.3, 0.4, and 0.5 MPa.  

Preliminary tests showed that opening the valve 
instantaneously to bring the specimen quickly to the 
process pressure causes the specimen to break, with a 
consequent pressure drop in the die due to the release 
of compressed air. To overcome this problem, the 
forming pressure was reached through several 
intermediate steps. In detail, during the test, the air 
pressure was increased by 0.05 MPa every 30 seconds 
until the wanted value of pressure is reached. 
Therefore, the wanted value of pressure is kept 
constant for some time (called holding time). In this 
way, it was possible to form dome without breaking 
them.  

The holding time varied from 1 minute to 10 
minutes; the following values were considered: 1, 2, 4, 
6, and 10 minutes. Three repetitions were carried out 
for each combination of pressure and holding time 
values.  

The height of the manufactured hemispheres was 
measured through Conoscan 3000 equipment by 
Optimet; it is a 3D scanning system based on a 
conoscopic holography device with a repeatability of 
0.4 µm and an absolute accuracy lower than 0.3 µm. 

The measurement of the thickness at the apex of 
the bulged dome was carried out by Magna-Mike 8600 
of Olympus, it is a portable thickness gauge that uses 
a simple magnetic method to make measurements on 
nonferrous materials. Measurements were carried out 
by placing the sheet between the magnetic probe and 
a small steel target ball of 3.175 mm diameter. The 
instrument allows measuring thicknesses between 
0.001 mm and 6.1 mm with a measurement tolerance 
lower than 0.005 mm. For each dome, three thickness 
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measurements at the apex were made. 45 samples were 
formed and for each forming condition 3 replicates 
were considered, so 15 combinations of forming 
pressure/holding time values were considered. Three 
levels of the forming pressures were adopted: 0.3MPa, 
0.4MPa and  0.5MPa. Five dwell times were 
considered: 1 min, 2 min, 4min, 6 min and 10 min. In 
this way, it was possible to evaluate the effect of the 
holding time over a reasonably long period for the 
manufacturing process under consideration.  

 Results and discussion 

The experimental results showed that it is possible 
to cold form thin sheets in AA8006 aluminum. Fig. 2a 
shows a dome bulged with a pressure of 0.3MPa, while 
its shape obtained by the 3D scanning through 
Conoscan 3000 is reported in Fig. 2b. It can be 
observed that the reached maximum height is about 
8.1mm. 

 

Fig. 2 Hemisphere manufactured with a pressure of 0.3 MPa by blow forming process: a) Bulged dome; b) 3D scanning of the 
hemisphere to evaluate its height 

 
Fig. 3 shows the measured thickness values at the 

apex of the formed dome. The measured values 
showed that the thickness values at the apex do not 
depend on the holding time, but only on the forming 
pressure. For this reason, in order to facilitate the 
reading of the graph, Fig. 3 shows the thickness values 
at the apex as a function only of the forming pressure. 
In particular, for each forming pressure, 15 specimens 
were tested according to the experimental plan 
discussed in the material and method section. On the 
axis of the ordinates, the average value of the thickness 
values measured at the apex of the dome for each used 
pressure value is shown. The average was carried out 
on 15 samples (three replicates for each of the five 
considered holding time values). As expected, the 
average value of the thickness at the apex decreases 
with the increase of the forming pressure [21].  

Tab. 1 shows the average values of the dome 
height for different values of pressure and holding 
time. It is possible to state that the proposed process 
has a high repeatability in terms of dome height for 
each process condition because thecoefficient of 
variation is ever lower than 2%. Moreover, the effect 

of the holding time on the height of the formed domes 
appeared negligible. In fact, in the case of domes 
formed at 0.3 MPa, the height variation between the 
higher and the lower holding time was 4.9%, while in 
the case of domes formed at 0.4 MPa and 0.5 MPa was 
respectively 3.8% and 4.5%.  

 

Fig. 3 Thickness values at the apex of the bulged domes vs 
adopted pressure values
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Tab. 1 Average values of bulge dome height 

Forming pressure 
[MPa] 

Holding time 
[min] 

Experimental 
height average 
values [mm] 

Experimental 
standard 

deviation [mm] 

Coefficient of 
variation 

0.3 1 8.05 0.08 0.99% 
0.3 2 8.06 0.09 1.12% 
0.3 4 8.09 0.07 0.87% 
0.3 6 8.16 0.11 1.35% 
0.3 10 8.39 0.13 1.55% 
0.4 1 10.40 0.1 0.96% 
0.4 2 10.47 0.17 1.62% 
0.4 4 10.57 0.15 1.42% 
0.4 6 10.78 0.18 1.67% 
0.4 10 10.83 0.19 1.75% 
0.5 1 14.18 0.13 0.92% 
0.5 2 14.25 0.18 1.26% 
0.5 4 14.60 0.14 0.96% 
0.5 6 14.68 0.22 1.50% 
0.5 10 14.83 0.20 1.35% 

 
It is possible to see that the average value of the 

bulged dome height tends to increase as the forming 
pressure or the holding time increases. Taking into 
account that the height value reached with a holding 
time of 10 min is only 5% higher than that due to a 
holding time of 1 min, it is possible to state that the 
effect of the holding time is negligible inside the 
considered range. This is because the forming 
temperature (T) is much lower than the melting 
temperature (Tm) of the material: ��� � 0.3 � 0.4 (1) 

At this temperature, the metal strain hardening 
affects the process instead of the strain rate [1]. The 
use of temperatures above room temperature would 
lead to greater formability of the material but also to a 
greater influence of the holding time on the height of 
the formed dome. In this case, the evaluation of the 
strain mechanisms should also be evaluated for a 
complete understanding of the material’s behaviour as 
a function of time and temperature. In the case of 
forming at room temperature, the investigated 
material complies with Eq.(1), so its formability 
depends only on its hardening behaviour, which is a 
function only of the forming pressure. The 
thicknesses value at the apex of the bulged domes 
shows a relationship with forming pressure that is 
inverse to that of the dome height, [19]. In fact, as the 
forming pressure increases, the thickness at the apex 
of the dome decreases [18]. This is due to the increase 
of the part surface free from contact with the die 
during forming. 

 Conclusions 

The work shows how the blow forming process 
may cold form thin sheets in AA8006 aluminum alloy. 
This process replaces the punch of the well-known 
deep drawing process with pressurized air. In this way, 
the involved equipment has a simpler shape and, 
therefore, is less expensive. The experimental activity, 
that was carried out in this work, showed that it is 
possible to use the blow forming process to shape thin 
sheets. It underlined that the holding time does not 
affect the height of the bulged domes, once the 
process pressure was reached. Moreover, as the 
forming pressure increases, the height of the dome 
increases while the thickness at the apex decreases. 
The possibility of forming the material at a 
homologous temperature below 0.3 revealed a 
negligible influence of the holding time on the height 
of the formed specimens.  This aspect allows 
optimizing the forming times without affecting the 
geometry and dimensions of the formed part. 
Moreover, the process showed an high repeatability in 
terms of dome height for each process condition 
becausethe coefficient of variation is ever lower than 
2%. 

A further development of blow forming is its use 
to evaluate the constitutive equation of thin sheets 
instead of the tensile test that has some critical issues 
connected with specimens’ manufacturing and test 
carrying out. Blow forming allows taking into account 
the stresses and strains generated by a forming process 
inside a complex shaped part better than a tensile test 
does. Future works will investigate the effects of the 
process on the microstructure of the AA 8006 thin 
sheets. 
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