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Abstract: The article presents the results of numerical simulations of the new forging process of the aircraft bracket forging at different deformation rates related to the type 
of machine used: a hydraulic press, a screw press and a drop forging hammer. The billet of shaped preforms from AZ91 alloy with two different geometries was used for the 
process. It was assumed that forging a bracket from an unformed, shaped preform will have a positive effect on the kinematics of the flow and on the deformation capability 
of AZ91 magnesium alloy, and will reduce the number of operations necessary to obtain the correct item. The numerical analysis of the new process was carried out with 
FEM, using the software Deform 3D. Based on the simulation, the important information about the process was obtained, that is the distribution of stress, deformation, 
temperatures, cracking and force parameters. The obtained results of numerical tests confirmed the possibility of producing the correct aircraft brackets forgings from AZ91 
magnesium alloys with the proposed technology. 
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1 INTRODUCTION 
 

Only continuous investment in research and 
innovation of aircraft design can meet future requirements 
of the aeronautical framework [1-3]. The aircraft part was 
selected for the investigation, a bracket made of AZ91 
magnesium alloy (Fig. 1). This part is currently 
manufactured by milling a prism-shaped magnesium cast. 
This technology causes significant material losses and 
requires a long machining time, and the mechanical and 
functional properties of the manufactured parts are not 
satisfactory. Another method of manufacturing a bracket is 
forging it from a rod with a diameter of ø45 and a length of 
160 mm [4]. It is an equally long and material-consuming 
process (the flash exceeds 60% of the volume of the 
forging). Occasionally, it proves impossible to obtain the 
correct product using this method from magnesium alloys 
which are difficult to deform. It happens that the forgings 
produced from a rod have cracks, especially during their 
multi-stage deformation from the formed billet. Therefore, 
an attempt was made to develop a new technology of 
forging bracket forgings from cast preforms. 
 

 
Figure 1 3D drawing of a magnesium alloy aircraft bracket 

 
Magnesium alloys are widely used in the automotive, 

aeronautical and aerospace industries [5, 6]. Their main 
advantage is meeting the strength requirements while 
ensuring the low weight of the product. Recently, the 
interest in the use of magnesium alloys in industry has 
significantly increased. The most commonly used 
magnesium alloys are AZ, AM, EZ, ZK and WE series, 
mostly as casting alloys [7]. The most popular casting 
magnesium alloy is AZ91 [7]. Its main components are 
aluminium, zinc and manganese. 

The addition of aluminium improves hardness, 
flowing properties and increases tensile strength. The 
addition of zinc, in turn, increases the strength at room 
temperature, and the addition of manganese improves the 
anti-corrosion properties [8]. AZ91 alloy has good strength 
properties and good flowing power; unfortunately, the 
relatively high aluminium content significantly affects 
forming properties [9, 10]. This alloy shows superplasticity 
at low temperature for the grain size below 10 µm [11]. 

Drop forging is one of the oldest and most frequently 
used metal forming technologies. This method makes it 
possible to obtain forgings with a complex shape and good 
strength parameters. Due to its high efficiency and the 
possibility of forming products from various types of 
materials with different geometries, drop forging is widely 
used in large-scale production in many industries, for 
instance in aviation, automotive, agricultural or mining. 
This technology is characterised by a relatively low 
material consumption, but in order to increase the 
efficiency of the process, efforts are made to minimise the 
material consumption even further, which translates into a 
reduction in production costs. Optimisation of the 
discussed technology allows to increase the material yield, 
and as a consequence reduce the number of operations. 
Forming preforms directly on the forging die requires great 
skill and many operations. One of the options for obtaining 
a suitable preform is forge rolling. In the study [12], the 
process of forming the preform made of AZ31 magnesium 
alloy was analysed using the longitudinal rolling method. 
The authors proved the validity of using this technology 
and stated that it is possible to avoid material cracking by 
using an appropriate tool geometry. Another process often 
encountered in the production of preforms or finished 
products is the cross-wedge rolling. It ought to be noted 
that this is an efficient and repeatable process, however, it 
is exposed to the occurrence of material cracks which may 
occur in the axis of the rolled preform [13]. Recently, the 
development of research on determining the appropriate 
shape of the preform has been noticeable. Thanks to the 
development of numerical methods, special tools are 
created which enable generating the optimal geometry of 
the billet [14]. The casting technology is also used to 
achieve the appropriate geometry of the preform. 
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Combining casting as a technology for obtaining a preform 
and forging as a technology for obtaining the final item 
gives good results. During the production with the use of 
both technologies, the following stages are distinguished: 
preparation of the cast, its heat treatment and forging. 
Castings make it possible to manufacture products of 
complex geometry from hard-deforming materials. The 
forging technology allows for the final forming of the 
forgings and the improvement of its strength parameters. 
In specialist literature the descriptions of such production 
can be found, for example, of flanges [15], suspension arms 
[16] or pistons [17] with the use of various types of 
material, such as magnesium alloys AZ70 [18] or steel [19, 
20]. 

The process of forging magnesium forgings is most 
often carried out with the use of three forging machines: a 
hydraulic press [21-24], a drop hammer [4, 24-26] and a 
screw press [4]. Each of these machines has the different 
operating characteristics. Drop hammers form the material 
in a dynamic way, causing, among others, the phenomenon 
of inertial filling of the forging step. The material flows 
more superficially. The advantage of these forging 
machines is their high versatility [27, 28]. 

In drop forging on screw presses, the energy of the 
drive system is converted into useful work by means of a 
non-self-locking screw mechanism. An important feature 
of screw presses is the lack of kinematic restrictions for the 
movement of the slide. This means that the forging process 
can be carried out until the dies are in contact. As a result, 
the dimensional accuracy of the forgings in terms of their 
height is the best among all forging methods. If the impact 
energy of the die is too low for the dies to touch each other 
completely, the impact is repeated. This possibility 
eliminates the likelihood of underforging. Screw presses 
are suitable for forging both in open and in closed dies. 
Setting the die is an easy and streamlined operation, as 
there is not any need to adjust the height of the closed die. 
It is related to the lack of precise setting of the lower 
position of the slider. The greatest advantage of screw 
presses is the linear speed of the slider, where the highest 
value of 0,6 - 1,5 m/s is achieved at the moment of contact 
of the dies (that is in the final stage of forging). An impact 
at such a speed causes stresses in the dies which are 5 - 10 
times lower than during forging with hammers [27]. 

Among the forming machines, hydraulic presses are 
characterised by the highest possible pressure values of 
their working sliders. The main advantages of hydraulic 
presses include: simple construction of the machine, easy 
adjustment of the stroke and position of the slider, the 
possibility of smooth compensation of elastic deformations 
of the body and tools, high accuracy of the operations 
performed, constant speed of the slider and constant 
working pressure in the entire range of the slider stroke [28, 
29]. 

Based on the analysis of the literature, the use of 
preforms in drop forging processes seems to be the current 
research direction. There are various methods of 
manufacturing the preforms, which are generally divided 
into two groups: formed and cast. In view of the above, it 
is justified to conduct further research on the forging 
process from the cast preforms. The aim of the article is a 
comparative analysis of the forging process on three 

forging machines: a drop hammer, a hydraulic press and a 
screw press for forging of a bracket with the use of cast 
preforms, ensuring a different degree of forging. The 
conducted research has shown that the use of a preform 
significantly increases the efficiency of the process in 
terms of, for instance, material consumption compared to 
traditional forging with a billet in the form of a rod. 
 
2 REASEARCH MEDHODOLOGY 
 

For the bracket selected for testing, the geometry of the 
forging has been developed as shown in Fig. 2. It was 
assumed that the new process of forging AZ91 bracket 
forgings would be carried out from the billet of formed cast 
preforms. Two geometries of the preforms were developed, 
one with a lower degree of forging (variant 1, Fig. 3a) and 
another with a higher degree of forging (variant 2, Fig. 3b) 
respectively. Preforms differ mainly in the height and 
dimensions of their cross-sections. 

The main objective of the computer simulations was a 
comparative analysis of the process carried out on different 
machines with different deformation rates. It was assumed 
that the process of forging a bracket forging from a formed 
cast preform would be carried out in a single operation in a 
finishing impression. The numerical analysis of the new 
process was carried out on the basis of the finite element 
method (FEM), using the Deform 3D version 11.0 
commercial software package. The simulations were 
carried out in the conditions of the spatial state of 
deformation, considering the full thermomechanical 
analysis. Based on the simulation, the important 
information about the process was obtained, including the 
distribution of stress, deformation, temperatures, cracking 
criteria, kinematics of the flow and force parameters. It was 
assumed that the preforms made of AZ91 alloy with a 
chemical composition in (Tab. 1) would be produced from 
sand moulds casts. 

The material model of the cast AZ91 magnesium alloy 
was developed on the basis of own plastometric tests 
carried out on the DIL 805A/D deformation dilatometer. 
The results obtained from plastometric tests were coded to 
the program in tabular form and subjected to the 
deformation rate in the range from 0,01 s-1 to 10 s-1, 
temperature in the range of 240 – 440 °C, and the 
deformation value in the range between 0 - 1. 

The calculations assume that the charge is heated to a 
temperature of 420 °C, and the temperature of the dies 
during the process is constant and equal to 250 °C. The 
geometry of the preforms was divided into 150000 
tetragonal elements. A heat transfer coefficient of 4,5 
kW/m2K between the formed material and tools was 
assumed, and 0,03 kW/m2K between the surroundings and 
the material [30]. In the calculations, a model of constant 
friction was adopted, in which the friction factor 
corresponding to the contact conditions between 
magnesium alloy and steel with graphite grease lubrication 
is µ = 0,24 [17]. For the hydraulic press, the speed of 
movement of the upper die was assumed to be 10 mm/s. 
For a drop hammer, the assumed impact energy equalled to 
36 kJ, the weight of the falling part was 1000 kg and its 
efficiency 0,8, and for a screw press - energy 40 kJ, 
efficiency 0,8. 
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Table 1 Chemical composition of AZ91 alloy / % by weight 
Al Zn Mn Fe Si Cu Be Ni Mg 
9,03 0,6 0,2 0,0026 0,0023 0,0016 0,0011 0,00062 balance 

 

 
Figure 2 Selected dimensions of the bracket forging, a) side view, b) top view 

 

 
Figure 3 Selected dimensions of the preforms, a) variant I, side view, b) variant 

I, top view, c) variant II, side view, d) variant II, top view 
 
3 ANALYSIS OF THE RESULTS 
 

An example of the process of forging a bracket forging 
on a drop hammer from a cast preform with a higher degree 
of forging is shown in Fig. 4. Fig. 5 shows the progression 
of forming the forgings from two geometries of cast 
preforms depending on the degree of process advancement. 
For both of the proposed preform geometries, the forging 
steps are filled mainly by upsetting, which seems to be 
advantageous. In both cases, the forging steps were filled 
with material, as evidenced by the appearance of flash. The 
analysis of the presented results indicates that it is not too 
thick and that it evenly filled the bridge and the ejector 
along the contour of the forgings in the division plane, 
which is advantageous both in terms of technology and 
economy. 
 

Figure 4 Scheme of the process of forging a bracket forging from a preform 
variant II on a drop hammer, a) start of the process, b) end of the process, 

(upper die has been hidden to better illustrate the process) 

 
Figure 5 Scheme of the process of forging a bracket forging from a preform  
 

Fig. 6 to Fig. 13 show the results of the numerical 
calculations of the forging process of the bracket forging 
from the billet in the form of cast preforms, carried out for 
three forging machines (a hydraulic press, a drop hammer, 
a screw press). The figures show the stress and strain 
intensity distributions, temperature, Cockcroft-Latham 
integral values. 

Fig. 6 and Fig. 7 show the stress intensity distribution 
for the tested variants of cast preforms on three machines. 
The heterogeneous distribution of this parameter 
throughout the forging is visible. For all variants, the 
highest stress value was obtained in the bracket's ribs, 
respectively about 70 MPa for a hydraulic press, 90 MPa 
for a drop hammer and 80 MPa for a screw press. The 
differences in values are related to the operating 
characteristics of individual machines. In the remaining 
areas of the forging, the stress intensity values are much 
lower and assume the values of 35 MPa - 45 MPa. 
 

 
Figure 6 Distribution of the stress intensity (in MPa) in the bracket forging 

(bottom view) forged from the preform with a lower degree of forging on: a) a 
hydraulic press, b) a drop hammer, c) a screw press 

 
For all analysed machines, the distribution of 

deformation intensity in the entire forging is also 
heterogeneous (Fig. 8 and Fig. 9), and the highest values of 
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approx. 3,5 occur in the flash in the bridge area. 
Considering the forging, the highest value of deformation 
is close to 1,5 in the area of the base of the bracket, and for 
the ribs, the value of the considered parameter oscillates 
around 0,8 or less. The results allow for the conclusion that 
the deformation values for the two variants of preforms are 
similar. 
 

 
Figure 7 Distribution of the stress intensity (in MPa) in the bracket forging 

(bottom view) forged from the preform with a higher degree of forging on: a) a 
hydraulic press, b) a drop hammer, c) a screw press 

 
The forging temperature values for both variants of the 

preform (Fig. 10 and Fig. 11) oscillate around its initial 
value of 420 °C. The lowest values were obtained for the 
forgings forged on a hydraulic press, while the highest 
were obtained with a drop hammer which results from the 
dynamics of the analysed machines. For all considered 
variants, the temperature reaches its highest value in the 
flash, which is caused by the intense impact of friction and 
the greatest crush of the formed material. 
 

 
Figure 8 Distribution of the intensity of deformations in the bracket forging 

(bottom view) forged from the preform with a lower degree of forging on: a) a 
hydraulic press, b) a drop hammer, c) a screw press 

 

 
Figure 9 Distribution of the intensity of deformations in the bracket forging 

(bottom view) forged from the preform with a higher degree of forging on: a) a 
hydraulic press, b) a drop hammer, c) a screw press 

 

Analysing the area of forgings only, the distributions 
are qualitatively similar, while the numerical values are 
slightly divergent. For a hydraulic press, the maximum 
value of the considered parameter was recorded in the rib 
(variant I - approximately 420 °C, variant II approximately 
410 °C). For a drop hammer, the maximum was recorded in 
the base (variant I approximately 435 °C, variant II 
approximately 445 °C). For the screw press, the 
temperature distribution was similar and for the base it was 
about 425 °C. 
 

 
Figure 10 Temperature distribution in the bracket forging (bottom view) forged 
from the preform with a lower degree of forging on: a) hydraulic press, b) drop 

hammer, c) screw press 
 

 
Figure 11 Temperature distribution in the bracket forging (bottom view) forged 
from the preform with a higher degree of forging on: a) hydraulic press, b) drop 

hammer, c) screw press 
 

The analysis of the Cockroft-Latham normalised 
criterion showed that the greatest probability of cracking 
occurs in the flash, where the criterion value is the highest 
and amounts to 0,3 for both presses and 0,35 for the 
hammer. When forging with a hammer, the criterion is 
higher, which means that the probability of cracking is 
greater compared to forging with presses. 
 

 
Figure 12 Distribution of the Cockcroft-Latham integral in the bracket forging 
(bottom view) forged from a preform with a lower degree of forging on: a) a 

hydraulic press, b) a drop hammer, c) a screw press 



Anna DZIUBIŃSKA, Piotr SURDACKI: Numerical Analysis of the New Forming Process of the Aircraft Bracket Forging Made of AZ91 Alloy at Different Rates of 
Deformation 

638                                                                                                                                                                                                            Technical Gazette 29, 2(2022), 634-640 

 
Figure 13 Distribution of the Cockcroft-Latham integral in the bracket forging 
(bottom view) forged from a preform with a higher degree of forging on: a) a 

hydraulic press, b) a drop hammer, c) a screw press 
 

In further part of the analysis of the forging technology 
of the bracket forging made of cast preforms, the graphs 
are presented indicating the impact energy of the upper die 
as a function of time for individual preforms for three 
different machines (Fig. 14 and Fig. 15). There were visible 
differences between the energy values for the discussed 
geometric variants of the preforms and the type of the 
machine on which the process was carried out. For both 
billet variants (preforms), it was found that the lowest 
energy needed to carry out the process was obtained for the 
hydraulic press. The results are similar for the other two 
machines. Forging a bracket on a hydraulic press from a 
preform in accordance with the first variant requires the use 
of less energy (equal to 13,7 kJ) than in the case of forging 
from a preform in accordance with the second variant; the 
difference is 3,1 kJ. Also, for the drop hammer and screw 
press, the required energy (about 16,2 kJ) for the first 
variant was about 4 kJ lower than for the second variant. 
 

 
Figure 14 Impact energy of the upper die as a function of time for the forging of 

the bracket forging from the 1st variant of the preform 
 

 
Figure 15 Impact energy of the upper die as a function of time for the forging of 

the bracket forging from the 2nd variant of the preform 

Fig. 16 and Tab. 2 present a comparative analysis of 
the volume of the billet's forging, assuming different 
variants of the process, that is forging from a preform I, 
preform II and a rod with dimensions of ø 45 mm and a 
length of 160 mm [4]. The least advantageous in this 
respect is the process of forging the rod, for which the 
volume of the material is about 254,469 mm3 and is greater 
than the volume of individual preforms by about 18% for 
variant I, and 7% for variant II. The use of preforms 
reduces the material consumption of the process by 46% 
(variant I) and 18% (variant II) in relation to forging the 
rod. 
 

 
Figure 16 The volume of individual elements in the process of forging the 

bracket forging preform 
 

Table 2 Percentage of material waste for each bracket forging technology 
Geometry Volume / mm3 Waste / % 
Preform I 208721 33,3 
Preform II 237770 51,8 

Rod-current technology 254469 62,5 
Forging 156615 - 

 
4 CONCLUSION 
 

On the basis of the analysis of the forging processes of 
the bracket forgings made of cast preforms at different 
rates of deformation on three forging machines (hydraulic 
press, screw press and drop hammer), the following 
conclusions were formulated: 
• Both geometrical variants of the preforms ensure the 
correct forgings with the assumed shape and dimensions. 
• Forging from a preform according to the first variant 
is safer in terms of the possibility of loss of material 
integrity, which is indicated by lower values of the 
deformation intensity and the Cockcroft-Latham integral. 
• The most favourable process parameters were obtained 
for processes carried out on a hydraulic press. 
• The process carried out on a hydraulic press is 
characterised by lower energy consumption compared to 
the other two machines by about 18% for the first variant 
of the cast preform and by about 22% for the second 
variant. 
• Forging the bracket forgings from the cast preforms is 
characterised by a lower material consumption by 
approximately 18% (variant I) and 7% (variant II) than 
forging directly from a rod. 
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• The use of cast preforms reduces material waste by 
approximately 46 (variant I) and 18% (variant II) in 
relation to forging from a rod. 
• The numerical analyses carried out confirm the 
advantages of using computer simulations when 
developing new technologies [31, 32]. They make multi-
variant analysis possible at the process design stage. This 
allows to analyse the kinematics of material flow in the 
new process, assess the quality of the obtained geometry of 
the product, analyse the process in terms of: state of stress, 
deformation, cracking, and plan experimental studies more 
precisely as well as reduce their costs. 
• The correctness of the modelled geometry of cast 
preforms should be verified in experimental tests. 
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