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Forging is one of the oldest and the most important processes of metal forming. The process
occurs due to the waxy deformation of metal. In the forging process, the die walls control the
material flow and the mechanical properties of the workpiece are significantly improved. Today's
world industries, financing costs play a leading role in production. These categories have entered
the industry to create a variety of simulation and numerical modeling methods to eliminate this
problem. Simulation and experimental test, mechanical properties in the hot forging process in
high-cost materials are of great interest to researchers. In this paper, the mechanical properties
of hot forging in Ti6Al4V alloy are investigated. According to the obtained results, it can be found
that a very close agreement has been made on experiments reported in literature and the
simulation. Depending on the results, the strain rate Z-axis showed the shear bands appeared
exactly on the 45-degree plates and in the sample center. In fact, the intersection of the band's
sample center is the max strain applied to the die. This area has been created with an effective
strain and stress at all depths of the workpiece and gradually expands.
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INTRODUCTION1
The purpose of increasing the accuracy of metal formin g
processes was to produce deformed workpieces without
defects and with the least consumption of materials and
tool costs. In order to achieve this, accurate knowledge of
material properties, process parameters, tools and surface
behavior such as friction is required [1]. Alloys that
contain both α and β phases were called α+β titaniu m
alloys [2]. Ti6Al4V alloy was the most widely used five
grade α+β alloy [3]. Ti6Al4V alloy was usually used in
annealed state or in solid and aged solution. Rapid
quenching in solution was critical to achieving maximu m
α+martensite phase deformation; which in turn increases
the ability to age [4]. Ti6Al4V alloy can be hot worked
by usual methods such as rolling, forging and severe
plastic process (SPD). Usually, the work was done in the
temperature range of 870 ~ 980 °C [5]. Hot deformation
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was widely used to make many products including
fasteners, aircraft workpieces (turbine disks, blades gas
turbine aircraft components, engine components, rocket
clamps) and medical devices (medical and dental
implants) [6]. Bio-compatibility of Ti6Al4V alloy is
excellent, especially when direct contact with tissue or
bone was considered [7].
Forging was one of the oldest and most important
metal forming processes due to the waxy deformation of
metal [8]. In the forging process, the die walls control the
flow of materials, the mechanical properties of the
workpiece were significantly improved [9]. The design of
forged dies requires a lot of knowledge about the
properties of strength, sensitivity to deformation rate and
temperature, friction and workpiece shape that the
distortion of the die under special loads in the production
of workpieces with low force was significant [10]. The
choice of die material depends on factors such as die
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dimensions, workpiece composition and properties,
workpiece complexity, forging temperature, type of
forging process and die material cost [11]. Heat transfer
from the hot workpiece to the die was also an important
factor. Materials that were commonly used in the
manufacture of forging dies can be referred to steels with
material as Cr, Ni, Mo and V [12].
Zhao et al. [13] studied on the evolution of
microstructure by hot forging on steel, Ti and Al. In their
study, they investigated microstructure improvements at
650~950 °C at constant strain rates. Due to the fact that
the phase transition temperature of cast irons is in the
range of 750~800 °C and was brittle; the initial
deformation mechanism includes the decomposition of
the multi-layer structure and the twin deformation at 900
°C. They found that under different conditions the strain
rate of the phase shapes and the heterogeneous
microstructure significantly affect the mechanical
properties of the solid-state phase. Chen et al. [14] have
studied the structural evolution and its changes in the hot
forging process. During this study, they found that in
order to achieve a stable and layered microstructure of
Ti43Al9VY alloy, the existing structure must be replaced
without any changes. The effect of purification was
mainly related to fixed microstructures, especially for
granulation, grain size and workpiece remaining after
process passes. In a number of studied samples,
martensite sheets were produced in dense and co arse
dense form with increasing grain size due to decreasing
cooling rate during the submerged sample. So that in the
sample and experiment that have used a special type of
coolant, grain size up to about 25~50µm have been
achieved. Luo et al. [15] investigated on the effect of
friction conditions on structural properties in the hot
forging process of Ti6Al4V turbine blade. The results
showed that friction had a significant effect on the
microstructures of Ti workpieces and further affects their
mechanical properties. Certain conditions of oil cooling
are reduced by creating the least amount of available
phases with a volume fraction. However, under normal
conditions, it reduces the average values of temperature
and phase volume fractions as well as the uniformity of
distribution to a minimum. Zhou et al. [16] investigated
the microstructural behavior and microstructural
evolution in hot forging by compression with
Ti44Al8Nb- (W, B, Y). Dispersion efficiencies in the
range of 0.12, 0.25 and 0.5 and the activation energy of
the subjects were recognized as important. The results
indicate that the microstructural evolution depends on
temperature and strain rate. In addition, the recovery and
recrystallization of the phases as well as the
spheroidization of the phases play important roles in
improving the microstructure. The parameters selected
for the secondary hot work are about 1150 °C with
a strain rate of less than 0.25 with a pressure of 0.5.
The hot work pass can expand with less-pressure
and higher strain rate. Finally, Non-cracked Ti-A l

alloy sheets were successfully produced by hotrolled. The prepared sheet has a good flexibility at
room temperature with a grain size of an average of
10µm.
In this paper, the mechanical properties of hot forging
on Ti6Al4V alloy with experimental and finite element
(FE) are investigated. The importance of doing this article
is the widespread use of Ti6Al4V alloy in applied and
military industries. Figure 1 shows a schematic of the hot
forging process.

MATERIAL AND METHOD
In the study, SANTAM-STD 1000 industrial press, has
been illustrated. Press consisted of 150-ton capacity and
300 mm effective stroke driven by a hydraulic power
pack. It also equipped to feedback system with digital
ruler and precision of 0.1% to read displacement values.
Velocity of the piston movement is adjustable varying
between 0.01 and 150 mm/min. Some experiments were
replicated to obtain the more reliable findings. In this
study, Ti6Al4V alloy was used as sample of the
cylindrical for tests. Current forging process was carried
out in hot conditions.
The experimental system applied in this study is
shown in Figure 2.

Figure 1. Schematic of hot forging process

Figure 2. Experimental system applied in the current study;
a) deformation system, b) experimentally sample
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FINITE ELEMENT SIMULATION

To obtain the optimal size for mesh, the effect of
element size on changes in equivalent plastic strain was
investigated. In Figure 5, it was observed that after the
mesh size of 1, the smaller the size mesh, the less impact
they have on the PEEQ and strain of the plastic. So the
mesh size of 1 was used to simulate the sheet. Figure 5
shows the effect of changing the mesh size on the variable
strain changes from the sample center.

The purpose of this study was to obtain the optimal range
of parameters in the hot forging process to facilitate the
design and fabrication of the die, as well as its simulatio n
and analysis. For this purpose, DEFORM-3D software
was used for simulation. The top and bottom die (rigid
and isothermal) and the Ti6Al4V sample were considered
to be Elastic-Plastic. Figure 3 shows a cylindrical sample
with a diameter of 50 mm and a height of 1000 mm, with
plastic behavior of Ti6Al4V alloy; was selected and
20,000 triangular meshes were used for meshing the
sample. The type of meshing was examined according to
the law of vertex-to-vertex and 1:1. Samples were
performed during simulation of processes in laboratory
and workshop at room-temperature, Coulomb friction
coefficient equal to 3.0 and mandrel speed of 5 mm.s -1 .
To prevent decentralization, 45-degree chamfer stress
was created on the simulated sample. Figure 4 shows a
schematic of the hot forging process in the final-step.
Material behavior according to yield stress (YS) was
defined as a function of effective plastic strain, effective
plastic strain rate and temperature based on literature [5].
The desired material was selected from the software
library and then the parameters related to the material,
which include parameters such as Poisson's coefficient,
thermal conductivity, hardness, etc. were defined.

DISCUSSION AND RESULTS
The results of the hot forging process were performed on
Ti alloy using FE. The results were evaluated on
cylindrical dimensions with a diameter of 50 mm and a
height of 1000 mm. According to the surfaces of the
simulated workpieces Non-lubrication, it is possible to
see the original inner and outer edge of the workpiece,
which did not show any flow.
The strain rate along the X, Y and Z-axis using curves
of Figure 6 showed the shear bands appeared exactly on
the 45-degree plates and in the sample center. In fact, the
intersection of the band's sample center is the max strain
applied to the die. Figures 7 and 8 confirms that this area
has been created with an effective strain and stress at all
depths of the workpiece and gradually expands.

Figure 5. M esh sensitivity diagram

Figure 3. Image sample of mesh cylinders at hot forging
process

Figure 4. Illustration of FEM model for hot forging process
in the final-step

Figure 6. Damage obtained at final-step
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reason that more strain is obtained in the center area
should be representative of hardness. In Figure 10, the
material on both sides of these edges in the final
workpiece is due to the material flow from the inside of
the workpiece to the surfaces.
Figure 11 shows the velocity of the material in
different workpieces, with the red arrows showing the
velocity of the material at about 4 mm/s. As it is known,
in different workpieces of the material flow, it has
different velocities and different directions, which is
effective in the distribution of granulation. The velocity
applied to the material in the direction of the Z-axis and
the fluidity of matter is also done in the direction of the
X, Y-axis. The process of strain distribution in the X and
Z-axis increase as they approach the center of the sample
and as they move away from the center is reduced. While
in the direction of the Y-axis has an almost constant value.

Figure 7. Effective strain obtained at final-step

VALIDETION FEM AND EXPERIMENTAL
Figure 12 shows the force in the sample comparing the
experimental and simulation results. It declares that
forging force is almost the same for both numerical and

Figure 8. Effective stress obtained at final-step at the points
defined

According to Figure 9, the amount of strain on the
upper and lower levels of the final-workpiece towards the
outer edges is higher than other workpieces. At the high
and low levels towards the inner edges, the amount of
strain is high. Obviously, in that workpiece of the finalsurface of the workpieces that are in contact with the die,
the amount of strain is low. Because of the friction
between the workpiece and die does not allow it to slip on
that workpiece of the die.
Also, the mean effective strains calculated along the
X and Z-axis obtained from the simulation, which are a
good representation of all surface points. The forging
process approaching the center of the sample, the area is
seen more finely with higher strain, i.e. the distribution of
strain in workpieces several samples are different. The

Figure 10. Temperature changes obtained at final-step at the
points defined

Figure 9. Effective strain rate obtained at final-step at the
points defined

Figure 11. Investigation of material flow obtained at finalstep at the points defined
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prevent defects and wear die. The main problem of the
hot process is the max of stress workpiece, which
must be solved by examining the diagrams and
distributing the stress using heat treatment, as well as
possible defects such as cracks in the corners and edges
by microscopic magnification and tests. Relevant check
and finally fix.
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Figure 12. Validation of two forging force diagrams
obtained from the experimental test and the simulation

experimental studies in the first stages, the experiment al
force coincidences well with the experimental one;
however, as the process goes on, the experimental curve
exceeds the numerical one at the distance of about 1mm
and reaching the maximu m difference of 10% at the end
of the distant. The reason of this behavior is due to the
fact that, the as-received material porosities and
metallurgical defects causing easy deformation at the
first-step of the forging ratio the final-step.
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CONCLUSION
FUNDING

Investigation of mechanical properties of hot open
forging on Ti6Al4V alloy was performed using
experimental and finite element method. The values
obtained were completely consistent with the results of
experimental experiments of other researchers.
 Using the deformation software, the input parameters
can be simulated in the software before making the
template, and by examining the defects created and
changing the parameters and obtaining the best effective
parameters in the process, the operation cycle can be
optimized.
 Obtaining the diagrams mentioned above, examin ed
the problems and sensitive or weak areas, and if the
results were complete and accurate, proceeded to
construct the die and perform the process.
 The strain rate along the X, Y and Z axis using the
shear bands appeared exactly on the 45-degree plates and
in the sample center. In fact, the intersection of the band's
sample center is the max strain applied to the die
experimental and finite element method confirms that this
area has been created with an effective strain and stress at
all depths of the workpiece and gradually expands.
 Using proper lubrication and smoothness of the die
surface can improve the operation and improve the flo w
of materials.
 To prevent the common defects of the forging process,
the sample should be performed in several steps to
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Persian Abstract

چ کیده
 دیوارههای قال ب، در فرآیند فورج. این فرآیند به دلیل تغییر شکل مومی فلز اتفاق میافتد.فورج یکی از قدیمیترین و مهمترین فرآیندهای تشکیل فلز است
 هزینههای تأمین مالی نقش اصلی را در، صنایع امروز جهان.جریان مواد را کنترل میکنند و خصوصیات مکانیکی قطعه کار به طور قابل توجهی بهبود مییابد
 شبیه سازی و آزما یش. این دستهها برای ایجاد انواع روشهای شبیهسازی و مدلسازی عددی برای از بین بردن این مشکل وارد صنعت شدهاند.تولید دارند
Ti6Al4V  خواص مکانیکی فورج گرم در آلیاژ، در این مقاله. خصوصیات مکانیکی در فرآیند فورج گرم در مواد با هزینه باال مورد توجه محققان قرار دارد،تجربی

. میتوان دریافت که توافق بسیار نزدیک در مورد آزمایشات گزارش شده و شبیهسازی صورت گرفته است، با توجه به نتایج به دست آمده.بررسی شده است
 تقاطع مرکز نمونه باند، در واقع. درجه و در مرکز نمونه ظاهر می شوند45  نشان داد که نوارهای برشی دقیقاً در صفحاتZ  نرخ کرنش در محور،بسته به نتایج
. این ناحیه با فشار و تنش موثر در تمام اعماق قطعه کار ایجاد شده و به تدریج گسترش مییابد.حداکثر کرنش وارد شده به قالب است
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