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1 Introduction 
The parameterized analysis has as its main objective the 
discovery and accentuation of the role of each input 
parameter on the evolution of the process, mainly on the 
output parameters chosen by the operator. It is known 
that superplastic forming is a process whose duration is 
superior to similar plastic deformation processes, 
primarily due to the extremely low strain rate. This 
major disadvantage in the economy of the process and 
the calculation of economic efficiency is countered by 
the broad applicability of this process in areas of 
particular interest: aeronautics, automobiles, medicine, 
and robotics. 
The superplasticity is defined in the scientific literature 
as a more metallurgical phenomenon and is manifested 
in some materials, mainly alloys based on Al, Ti, V, Zn, 
Cu, but also on some low carbon steels. These alloys or 
metals, which have superplastic characteristics, exhibit a 
long and uniform deformation at extremely low 
deformation rates and relatively high temperatures (> 
0.5Tmelt), and the grain structure is characterized by grain 
sizes of about 10 micrometers. The term 
"superplasticity" was introduced in 1945 by A.A. 
Bochvar and Z.A. Sviderskaia [1] when analyzing the 
behavior of the Zn + 22% Al eutectic alloy, having an 
ultrafine structure. Since 1960, the phenomenon has 
been researched for promising practical applications, 

which has determined that the main conditions for the 
development of superplastic behavior are elucidated and 
then created in metallurgical research labs. In particular, 
the realization of the granular microstructure, the 
methods of grinding the rough structure, and the 
reduction of grain sizes up to 10 μm, have been achieved 
successfully. Another parameter of superplastic 
deformation, namely strain rate, which was estimated to 
be effective, in the range (10-5 to 10-1 [s-1]), at relatively 
high temperature (> 0.5 Tmelt, where Tmelt is the melting 
temperature of the alloy expressed in [K]) at low values 
of deformation pressure., made this technology to be 
received with caution by engineering technology 
science. But the advantages that superplastic deformed 
parts exhibit, the dimensional fidelity, the accuracy of 
multiple profiles, and the dimensional stability at 
temperature variations in the operating environment, 
such as those in the aerospace industry, have 
recommended this process as an extremely efficient and 
suitable one for cutting edge technology. Using alloy Zn 
+ 22% Al alloy, W.A. Backofen, I.R. Turner, and D.H. 
Avery [2] conducted tests and researches on the behavior 
of this material in simple traction and extrusion 
respectively, then processing, from this material, parts 
with a relatively complex configuration as a geometric 
profile. The Zn + 22% Al superplastic alloy plate had a 
thickness of s = 0.76 (mm), the diameter of the die was 
100 (mm), and the working air pressure in the die was 
0.1 to 0.2 (MPa ). 
The special structure, i.e. the ultrafine structure, as the 
most significant constraint on the superplastic behavior 
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of the material, is the size of the ultra-fine granules, 
which must be less than 10 micrometers. From the 
metallurgical phenomena that characterize superplastic 
behavior, the balance between maintaining the ultra-fine 
grain structure, coagulation development, and growth (at 
deformation temperature) is one of the main objectives 
of the study of superplastic behavior in the world. 
Methods of refining the structure, which can be 
summarized in the following consecutive types: phase 
separation, the phase transformation or mechanical 
processing accompanied by recrystallization are used for 
the majority of superplastic materials. 
It should be emphasized, however, that the realization of 
ultra-fine structures is not a sufficient condition to 
guarantee the behavior of a superplastic material but 
must provide methods and conditions for maintaining the 
fine grain size. Grain growth is highlighted in 
superplastic areas deformed, and non-deformed areas are 
less (experimental observations). 
The superplastic behavior of materials is characterized 
by law established by W.A. Backofen, I.R. Turner, and 
D.H. Avery [2], known as an extended power-law 
model: 

�̅�𝛔 = 𝐊𝐊 ∙ 𝛆𝛆𝐧𝐧 ∙ �̇̅�𝛆𝐦𝐦               (1) 

where 𝜎𝜎 s is the equivalent flow stress, K is the strength 
coefficient, 𝜀𝜀 is the equivalent strain, n is the work-
hardening index, 𝜀𝜀 ̅̇  is the equivalent strain rate, and m is 
the strain rate sensitivity index, the mathematical 
expression of which is given by 
𝐦𝐦 = 𝐥𝐥𝐧𝐧 (𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬)

𝐥𝐥𝐧𝐧 (𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐧𝐧 𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬)⁄  the gradient of the 

logarithmic curve. Other authors, N. Chandra [3], 
proposed a more comprehensive expression of  the 
uniaxial flow stress. This is seen to be a highly 
dependent of inelastic strain-rate 𝜀𝜀 ̅̇ and a weak function 
of strain 𝜀𝜀 and grain size d: 

𝛔𝛔 = 𝐟𝐟(𝛆𝛆, �̇�𝛆, 𝐝𝐝)                (2) 

which expressed in the logarithmic form, become: 

𝐥𝐥𝐧𝐧𝛔𝛔 = 𝐅𝐅(𝐥𝐥𝐧𝐧𝛆𝛆, 𝐥𝐥𝐧𝐧�̇�𝛆, 𝐥𝐥𝐧𝐧𝐝𝐝)            (3) 

That may be written in the manner expanded as Taylor 
series, at a given equilibrium state, with neglecting the 
higher order terms:  

𝛔𝛔 = 𝐊𝐊𝟏𝟏 ∙ 𝛆𝛆𝐧𝐧 ∙ �̇�𝛆𝐦𝐦 ∙ 𝐝𝐝𝐩𝐩             (4) 

Where we denoted 𝐾𝐾1, m, n, p, are the material’s 
coefficients, having the mathematical forms: 𝑛𝑛 =
𝜕𝜕(𝑙𝑙𝑙𝑙𝑙𝑙)
𝜕𝜕(𝑙𝑙𝑙𝑙𝑙𝑙) ;  𝑚𝑚 = 𝜕𝜕(𝑙𝑙𝑙𝑙𝑙𝑙)

𝜕𝜕(𝑙𝑙𝑙𝑙�̇�𝑙) ; 𝑝𝑝 = 𝜕𝜕(𝑙𝑙𝑙𝑙𝑙𝑙)
𝜕𝜕(𝑙𝑙𝑙𝑙𝑙𝑙), with the following 

significant expressions: m is the strain rate sensitivity, n 
is the strain hardening exponent, and p is the grain 
growth exponent. 
For the study that we are going to accomplish, we 
should, theoretically at least, to find some evaluations 

regarding the influence of some of the geometric 
parameters, material parameters, respectively 
technological parameters, on the output parameters, in a 
design study. These assessments, in the alternative, could 
lead to a project optimization analysis using either single 
objective or multi-objective methods, depending on 
project constraints. Thus, using the studies presented by 
P, F. Dunne and N. Petrinic [4], a cylindrical specimen 
with the initial dimensions L (length) and A 
(undeformed area) upon which a force acts, will be 
characterized, after deformation, by the following 
parameters: A + dA, L + dL, σ + dσ, 𝜀𝜀̇+ d𝜀𝜀̇, respectively. 
By imposing the incompressibility condition, so the 
volume remains constant, by neglecting the infinitesimal 
small terms, it is obtained: 

𝐀𝐀𝐀𝐀 = (𝐀𝐀 + 𝐝𝐝𝐀𝐀)(𝐀𝐀 + 𝐝𝐝𝐀𝐀) ≈ 𝐀𝐀𝐀𝐀 + 𝐀𝐀𝐝𝐝𝐀𝐀 + 𝐀𝐀𝐝𝐝𝐀𝐀   (5) 

one obtain  

𝐝𝐝𝐀𝐀
𝐝𝐝𝐬𝐬 = −�̇�𝛆𝐀𝐀 (6) 

which, become (applied for deformed zone): 

𝐝𝐝(𝐀𝐀+𝐝𝐝𝐀𝐀)
𝐝𝐝𝐬𝐬 = −(�̇�𝛆 + 𝐝𝐝�̇�𝛆)(𝐀𝐀 + 𝐝𝐝𝐀𝐀)         (7) 

so: 

𝐝𝐝
𝐝𝐝𝐬𝐬 (𝐝𝐝𝐀𝐀) ≈ −(𝐀𝐀𝐝𝐝�̇�𝛆 + �̇�𝛆𝐝𝐝𝐀𝐀) = −�̇�𝛆𝐝𝐝𝐀𝐀( 𝐀𝐀

𝐝𝐝𝐀𝐀
𝐝𝐝�̇�𝛆
�̇�𝛆 + 𝟏𝟏)   (8) 

As the force is constant, we obtain: 

𝛔𝛔𝐀𝐀 = (𝛔𝛔 + 𝐝𝐝𝛔𝛔)(𝐀𝐀 + 𝐝𝐝𝐀𝐀), or 𝐝𝐝𝛔𝛔
𝛔𝛔 = − 𝐝𝐝𝐀𝐀

𝐀𝐀      (10) 

Applying the constitutive equation, expressed in 
effective values(we neglect, for the seek of 
comprehensibility and mathematical simplification): 
𝜎𝜎 = 𝐾𝐾𝜀𝜀̇𝑚𝑚, one obtain: 

𝛔𝛔 + 𝐝𝐝𝛔𝛔 = 𝐊𝐊(�̇�𝛆 + 𝐝𝐝�̇�𝛆)𝐦𝐦 =  𝐊𝐊�̇�𝛆𝐦𝐦 (𝟏𝟏 + 𝐝𝐝�̇�𝛆
�̇�𝛆 )

𝐦𝐦
=

𝐊𝐊�̇�𝛆𝐦𝐦 [𝟏𝟏 + 𝐦𝐦 𝐝𝐝�̇�𝛆
�̇�𝛆 + ⋯ ]            (11) 

This relationship may be written as: 

𝐝𝐝𝛔𝛔
𝛔𝛔 ≈ 𝐦𝐦 𝐝𝐝�̇�𝛆

�̇�𝛆 , or 𝐀𝐀
𝐝𝐝𝐀𝐀

𝐝𝐝�̇�𝛆
�̇�𝛆 = − 𝟏𝟏

𝐦𝐦          (12) 

so that 

𝐝𝐝
𝐝𝐝𝐬𝐬 (𝐝𝐝𝐀𝐀) ≈ −𝐝𝐝𝐀𝐀�̇�𝛆 (𝟏𝟏 − 𝟏𝟏

𝐦𝐦)          (13) 

The previous relationship shows that the magnitude of 
deformation 𝐝𝐝

𝐝𝐝𝐬𝐬 (𝐝𝐝𝐀𝐀), depends on value of (𝟏𝟏 − 𝟏𝟏
𝐦𝐦) term. 

Thus, it can be concluded that the strain rate sensitivity, 
m, increases, and takes 1 as value, while local necking, 
𝐝𝐝
𝐝𝐝𝐬𝐬 (𝐝𝐝𝐀𝐀) decreases to zero. Hence, the significance of 
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of the material, is the size of the ultra-fine granules, 
which must be less than 10 micrometers. From the 
metallurgical phenomena that characterize superplastic 
behavior, the balance between maintaining the ultra-fine 
grain structure, coagulation development, and growth (at 
deformation temperature) is one of the main objectives 
of the study of superplastic behavior in the world. 
Methods of refining the structure, which can be 
summarized in the following consecutive types: phase 
separation, the phase transformation or mechanical 
processing accompanied by recrystallization are used for 
the majority of superplastic materials. 
It should be emphasized, however, that the realization of 
ultra-fine structures is not a sufficient condition to 
guarantee the behavior of a superplastic material but 
must provide methods and conditions for maintaining the 
fine grain size. Grain growth is highlighted in 
superplastic areas deformed, and non-deformed areas are 
less (experimental observations). 
The superplastic behavior of materials is characterized 
by law established by W.A. Backofen, I.R. Turner, and 
D.H. Avery [2], known as an extended power-law 
model: 

�̅�𝛔 = 𝐊𝐊 ∙ 𝛆𝛆𝐧𝐧 ∙ �̇̅�𝛆𝐦𝐦               (1) 

where 𝜎𝜎 s is the equivalent flow stress, K is the strength 
coefficient, 𝜀𝜀 is the equivalent strain, n is the work-
hardening index, 𝜀𝜀 ̅̇  is the equivalent strain rate, and m is 
the strain rate sensitivity index, the mathematical 
expression of which is given by 
𝐦𝐦 = 𝐥𝐥𝐧𝐧 (𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬)

𝐥𝐥𝐧𝐧 (𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐧𝐧 𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬)⁄  the gradient of the 

logarithmic curve. Other authors, N. Chandra [3], 
proposed a more comprehensive expression of  the 
uniaxial flow stress. This is seen to be a highly 
dependent of inelastic strain-rate 𝜀𝜀 ̅̇ and a weak function 
of strain 𝜀𝜀 and grain size d: 

𝛔𝛔 = 𝐟𝐟(𝛆𝛆, �̇�𝛆, 𝐝𝐝)                (2) 

which expressed in the logarithmic form, become: 

𝐥𝐥𝐧𝐧𝛔𝛔 = 𝐅𝐅(𝐥𝐥𝐧𝐧𝛆𝛆, 𝐥𝐥𝐧𝐧�̇�𝛆, 𝐥𝐥𝐧𝐧𝐝𝐝)            (3) 

That may be written in the manner expanded as Taylor 
series, at a given equilibrium state, with neglecting the 
higher order terms:  

𝛔𝛔 = 𝐊𝐊𝟏𝟏 ∙ 𝛆𝛆𝐧𝐧 ∙ �̇�𝛆𝐦𝐦 ∙ 𝐝𝐝𝐩𝐩             (4) 

Where we denoted 𝐾𝐾1, m, n, p, are the material’s 
coefficients, having the mathematical forms: 𝑛𝑛 =
𝜕𝜕(𝑙𝑙𝑙𝑙𝑙𝑙)
𝜕𝜕(𝑙𝑙𝑙𝑙𝑙𝑙) ;  𝑚𝑚 = 𝜕𝜕(𝑙𝑙𝑙𝑙𝑙𝑙)

𝜕𝜕(𝑙𝑙𝑙𝑙�̇�𝑙) ; 𝑝𝑝 = 𝜕𝜕(𝑙𝑙𝑙𝑙𝑙𝑙)
𝜕𝜕(𝑙𝑙𝑙𝑙𝑙𝑙), with the following 

significant expressions: m is the strain rate sensitivity, n 
is the strain hardening exponent, and p is the grain 
growth exponent. 
For the study that we are going to accomplish, we 
should, theoretically at least, to find some evaluations 

regarding the influence of some of the geometric 
parameters, material parameters, respectively 
technological parameters, on the output parameters, in a 
design study. These assessments, in the alternative, could 
lead to a project optimization analysis using either single 
objective or multi-objective methods, depending on 
project constraints. Thus, using the studies presented by 
P, F. Dunne and N. Petrinic [4], a cylindrical specimen 
with the initial dimensions L (length) and A 
(undeformed area) upon which a force acts, will be 
characterized, after deformation, by the following 
parameters: A + dA, L + dL, σ + dσ, 𝜀𝜀̇+ d𝜀𝜀̇, respectively. 
By imposing the incompressibility condition, so the 
volume remains constant, by neglecting the infinitesimal 
small terms, it is obtained: 

𝐀𝐀𝐀𝐀 = (𝐀𝐀 + 𝐝𝐝𝐀𝐀)(𝐀𝐀 + 𝐝𝐝𝐀𝐀) ≈ 𝐀𝐀𝐀𝐀 + 𝐀𝐀𝐝𝐝𝐀𝐀 + 𝐀𝐀𝐝𝐝𝐀𝐀   (5) 

one obtain  

𝐝𝐝𝐀𝐀
𝐝𝐝𝐬𝐬 = −�̇�𝛆𝐀𝐀 (6) 

which, become (applied for deformed zone): 

𝐝𝐝(𝐀𝐀+𝐝𝐝𝐀𝐀)
𝐝𝐝𝐬𝐬 = −(�̇�𝛆 + 𝐝𝐝�̇�𝛆)(𝐀𝐀 + 𝐝𝐝𝐀𝐀)         (7) 

so: 

𝐝𝐝
𝐝𝐝𝐬𝐬 (𝐝𝐝𝐀𝐀) ≈ −(𝐀𝐀𝐝𝐝�̇�𝛆 + �̇�𝛆𝐝𝐝𝐀𝐀) = −�̇�𝛆𝐝𝐝𝐀𝐀( 𝐀𝐀

𝐝𝐝𝐀𝐀
𝐝𝐝�̇�𝛆
�̇�𝛆 + 𝟏𝟏)   (8) 

As the force is constant, we obtain: 

𝛔𝛔𝐀𝐀 = (𝛔𝛔 + 𝐝𝐝𝛔𝛔)(𝐀𝐀 + 𝐝𝐝𝐀𝐀), or 𝐝𝐝𝛔𝛔
𝛔𝛔 = − 𝐝𝐝𝐀𝐀

𝐀𝐀      (10) 

Applying the constitutive equation, expressed in 
effective values(we neglect, for the seek of 
comprehensibility and mathematical simplification): 
𝜎𝜎 = 𝐾𝐾𝜀𝜀̇𝑚𝑚, one obtain: 

𝛔𝛔 + 𝐝𝐝𝛔𝛔 = 𝐊𝐊(�̇�𝛆 + 𝐝𝐝�̇�𝛆)𝐦𝐦 =  𝐊𝐊�̇�𝛆𝐦𝐦 (𝟏𝟏 + 𝐝𝐝�̇�𝛆
�̇�𝛆 )

𝐦𝐦
=

𝐊𝐊�̇�𝛆𝐦𝐦 [𝟏𝟏 + 𝐦𝐦 𝐝𝐝�̇�𝛆
�̇�𝛆 + ⋯ ]            (11) 

This relationship may be written as: 

𝐝𝐝𝛔𝛔
𝛔𝛔 ≈ 𝐦𝐦 𝐝𝐝�̇�𝛆

�̇�𝛆 , or 𝐀𝐀
𝐝𝐝𝐀𝐀

𝐝𝐝�̇�𝛆
�̇�𝛆 = − 𝟏𝟏

𝐦𝐦          (12) 

so that 

𝐝𝐝
𝐝𝐝𝐬𝐬 (𝐝𝐝𝐀𝐀) ≈ −𝐝𝐝𝐀𝐀�̇�𝛆 (𝟏𝟏 − 𝟏𝟏

𝐦𝐦)          (13) 

The previous relationship shows that the magnitude of 
deformation 𝐝𝐝

𝐝𝐝𝐬𝐬 (𝐝𝐝𝐀𝐀), depends on value of (𝟏𝟏 − 𝟏𝟏
𝐦𝐦) term. 

Thus, it can be concluded that the strain rate sensitivity, 
m, increases, and takes 1 as value, while local necking, 
𝐝𝐝
𝐝𝐝𝐬𝐬 (𝐝𝐝𝐀𝐀) decreases to zero. Hence, the significance of 
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strain sensitivity in the superplastic forming process 
resides: that is, the high value for there is no local 
gouging, which allows for a pronounced stretching. This 
is the essence of superplastic deformation: the ability of 
materials to exhibit very broad, uniform deformations 
without the appearance of local rusting. This is the 
explanation for which we chose Sample_Diameter(this 
determine, or not(this will be revealed, after 
parameterized analysis results will be obtained) the 
magnitude of necking, as the first of the input 
parameters, with the objective of studying the influence 
of this parameter on stress deformation, strain 
deformation and total deformation(the output 
parameters). 

2 Experiments and parameterized 
analysis 
In order to setup the parameterized analysis a second 
input parameter was chosen: Sample_Thickness. We’ll 
show, next steps, why we chosen this second geometrical 
parameter as an input parameter, to study the influence 
of output parameters, above named: stress deformation, 
strain deformation, and total deformation. Our 
demonstration is based on applying the membrane 
theory, G. Giuliano [5], in order to reveal the stress state 
in a thin sheet loaded by pressure P, with s as thickness, 
𝑅𝑅𝜃𝜃 and 𝑅𝑅𝜑𝜑 are the curvature radii 
(𝑅𝑅𝜃𝜃 − 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑟𝑟𝑟𝑟; 𝑅𝑅𝜑𝜑 −
𝑐𝑐𝑚𝑚𝑚𝑚𝑐𝑐𝑟𝑟𝑚𝑚𝑐𝑐ℎ𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑒𝑒𝑚𝑚𝑚𝑚𝑒𝑒 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 ), fig. 1: 
 

       

Fig. 1. The meshed sample(before the forming)-left; The 
meshed part, superplastic formed-right, G. Grebenişan 
and S. Mureşan [6] 
 
 Follow the assumptions, the state of equilibrium is 
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𝟐𝟐𝛔𝛔𝛗𝛗𝐬𝐬𝐬𝐬𝐬𝐬 (𝐝𝐝𝛗𝛗
𝟐𝟐 ) 𝐬𝐬𝐑𝐑𝛉𝛉𝐝𝐝𝛉𝛉 + 𝟐𝟐𝛔𝛔𝛉𝛉𝐬𝐬𝐬𝐬𝐬𝐬 (𝐝𝐝𝛉𝛉

𝟐𝟐 ) 𝐬𝐬𝐑𝐑𝛗𝛗𝐝𝐝𝛗𝛗 =
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𝐬𝐬𝐬𝐬𝐬𝐬 (𝐝𝐝𝛗𝛗

𝟐𝟐 ) ≅ 𝐝𝐝𝛗𝛗
𝟐𝟐 , the previous equation may be rewritten 

as: 
𝛔𝛔𝛗𝛗
𝐑𝐑𝛗𝛗

+ 𝛔𝛔𝛉𝛉
𝐑𝐑𝛉𝛉

= 𝐩𝐩
𝐬𝐬                (15) 

Using the evidence 𝛔𝛔𝛉𝛉𝐬𝐬𝐬𝐬𝐬𝐬(𝛗𝛗) ∙ 𝟐𝟐𝟐𝟐𝟐𝟐𝐬𝐬 = 𝐩𝐩𝟐𝟐𝟐𝟐𝟐𝟐, and  𝟐𝟐 =
𝐑𝐑𝛗𝛗𝐬𝐬𝐬𝐬𝐬𝐬(𝛗𝛗), than, the tangential stress, and the 
circumferential stress are estimated, respectively, with 
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𝛔𝛔𝛉𝛉 = 𝐩𝐩𝐑𝐑𝛗𝛗
𝟐𝟐𝐬𝐬                  (16) 

𝛔𝛔𝛗𝛗 = 𝐩𝐩𝐑𝐑𝛗𝛗
𝟐𝟐𝐬𝐬 (𝟐𝟐 − 𝐑𝐑𝛗𝛗

𝐑𝐑𝛉𝛉
)             (17) 

One may apply the von Mises criterion, for calculating 
the equivalent stress, for plain stress 
condition(assuming that the 𝑒𝑒ℎ𝑚𝑚𝑐𝑐𝑖𝑖𝑚𝑚𝑚𝑚𝑟𝑟𝑟𝑟 𝑟𝑟𝑒𝑒𝑚𝑚𝑚𝑚𝑟𝑟𝑟𝑟 𝜎𝜎𝑡𝑡 = 0): 

�̅�𝛔 = √𝛔𝛔𝛉𝛉
𝟐𝟐 + 𝛔𝛔𝛗𝛗𝟐𝟐 − 𝛔𝛔𝛉𝛉𝛔𝛔𝛗𝛗 = 𝐩𝐩𝐑𝐑𝛗𝛗

𝟐𝟐𝐬𝐬
√(𝐑𝐑𝛗𝛗

𝐑𝐑𝛉𝛉
)

𝟐𝟐
− 𝟑𝟑 𝐑𝐑𝛗𝛗

𝐑𝐑𝛉𝛉
+ 𝟑𝟑   (18) 

Considering that the elastic strain is negligible, a 
relationship between stresses and strains magnitude, in 
the plastic domain, using the Levy-Mises flow rule to 
obtain the expressions for tangential(�̇�𝛆𝛉𝛉), 
circumferential(�̇�𝛆𝛗𝛗) and thickness(�̇�𝛆𝐭𝐭) strain rate are as 
follows: 

�̇�𝛆𝛉𝛉 = �̅�𝛆
�̅�𝛔
̇ [𝛔𝛔𝛉𝛉 − 𝟏𝟏

𝟐𝟐 (𝛔𝛔𝛗𝛗 + 𝛔𝛔𝐭𝐭)]  

�̇�𝛆𝛗𝛗 = �̅�𝛆
�̅�𝛔
̇ [𝛔𝛔𝛗𝛗 − 𝟏𝟏

𝟐𝟐 (𝛔𝛔𝛉𝛉 + 𝛔𝛔𝐭𝐭)]          (19) 

�̇�𝛆𝐭𝐭 = �̅�𝛆
�̅�𝛔
̇ [𝛔𝛔𝐭𝐭 − 𝟏𝟏

𝟐𝟐 (𝛔𝛔𝛗𝛗 + 𝛔𝛔𝛉𝛉)]  

Considering the incompressibility law, so the volume 
variation is null (𝛆𝛆𝛉𝛉 + 𝛆𝛆𝛗𝛗 + 𝛆𝛆𝐭𝐭 = 𝐜𝐜𝐜𝐜𝐬𝐬𝐬𝐬𝐭𝐭, �̇�𝛆𝛉𝛉 + �̇�𝛆𝛗𝛗 + �̇�𝛆𝐭𝐭 =
𝟎𝟎), the equivalent strain rate, calculated based on von 
Mises criterion is: 

�̇̅�𝛆 = 𝟐𝟐
√𝟑𝟑 √�̇�𝛆𝛉𝛉

𝟐𝟐 + �̇�𝛆𝛗𝛗𝟐𝟐 + �̇�𝛆𝛉𝛉�̇�𝛆𝛗𝛗           (20) 

The analyzed part is a hemisphere, and, by definition, 
𝑅𝑅𝜃𝜃 = 𝑅𝑅𝜑𝜑 = 𝑅𝑅, so one may write: 

𝛔𝛔𝛉𝛉 = 𝛔𝛔𝛗𝛗 = 𝐩𝐩𝐑𝐑
𝟐𝟐𝐬𝐬                 (21) 

and Levy- Mises equations are: 

�̇̅�𝛆 = −�̇�𝛆𝐭𝐭 = 𝟐𝟐�̇�𝛆𝛉𝛉 = 𝟐𝟐�̇�𝛆𝛗𝛗           (22) 

We may use an empirical relationship for estimate the 
stresses: 

𝛔𝛔𝛉𝛉 = 𝐩𝐩𝐑𝐑
𝟐𝟐𝐬𝐬   

𝛔𝛔𝛗𝛗 = 𝛔𝛔𝛉𝛉
𝟐𝟐                  (23) 

�̅�𝛔 = √𝟑𝟑 ∙ 𝛔𝛔𝛗𝛗 = √𝟑𝟑
𝟐𝟐 𝛔𝛔𝛉𝛉  

and strains are: 

�̇�𝛆𝛉𝛉 = 𝟎𝟎  
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�̇�𝛆𝛗𝛗 = −�̇�𝛆𝐭𝐭                 (24) 

�̇̅�𝛆 = 𝟐𝟐
√𝟑𝟑 �̇�𝛆𝛗𝛗 = − 𝟐𝟐

√𝟑𝟑 �̇�𝛆𝐭𝐭  

Using the considerations of F. Jovane [7], also F.U 
Enikeev and A.A Kruglov [8], respectively, of which the 
thickness is uniform on all directions, one may obtain a 
relationship for R and average thickness, �̅�𝑠, respectively, 
:  

𝐑𝐑 = 𝐚𝐚𝟐𝟐+𝐡𝐡𝟐𝟐

𝟐𝟐𝐡𝐡                 (25) 

and 

�̅�𝐬 = 𝐬𝐬𝟎𝟎
𝐚𝐚𝟐𝟐

𝐚𝐚𝟐𝟐+𝐡𝐡𝟐𝟐                (26) 

where h is the sphere height at the instance t, and a is the 
initial radius of the sample sheet (the input parameter 
Sample_diameter). 
Although, for an optimal strain rate, 𝜀𝜀 ̅�̇�𝑜𝑜𝑜𝑜𝑜, experimentaly 
obtained, at which one may consider that the forming 
process occurs, i.e. the strain rate that the sensitive index 
m has the highest value, and the process temperature 
known, G. Giuliano [5] had obtained the expressions for 
the preasure, as function of the sphere relative to height, 
H=h/a:  

�̅�𝛔 = 𝐩𝐩𝐚𝐚
𝟒𝟒𝐬𝐬𝟎𝟎

(𝟏𝟏+𝐇𝐇𝟐𝟐)𝟐𝟐

𝐇𝐇                (27) 

�̇̅�𝛆 = 𝟐𝟐𝐇𝐇
𝟏𝟏+𝐇𝐇𝟐𝟐 ∙ �̇�𝐇                (28) 

and 

𝐩𝐩 = 𝟒𝟒𝐬𝐬𝟎𝟎𝐊𝐊�̇̅�𝛆𝐨𝐨𝐩𝐩𝐭𝐭
𝐦𝐦

𝐚𝐚
𝐇𝐇

(𝟏𝟏+𝐇𝐇𝟐𝟐)𝟐𝟐;   where 𝐇𝐇 = √𝐞𝐞�̇̅�𝛆𝐨𝐨𝐩𝐩𝐭𝐭𝐭𝐭 − 𝟏𝟏  (29) 

 

3 Results and discussion 
There were setup two input parameters, namely: P1-
Sample_diameter and P8- Sample_Thickness, and three 
output parameters P5-Equivalent Stress Maximum, P6-
Total Deformation Maximum and P7-Equivalent Plastic 
Strain Maximum, respectively, shows in fig. 2. For each 
of these parameters was monitored the only influence, 
the Parameter Correlation operation was done for this 
reason after the Design Points was calculated and 
updated, fig. 3. Updating the Design Points were realized 
the map of the Correlation Parameter System, fig. 4. This 
update offers a complete set of tools for study and 
analyzes the influence of input parameters, on output 
parameters, fig. 5. Examples of the Correlation Scatter 
between input parameters and output parameters(pairs 
composed by one input parameter and one output 
parameter) are shown in fig. 6 to fig. 8. The fig. 9 shows 

the influence magnitude of one input parameter on one 
output parameter: the value 1 means good influence,  
 

 

Fig. 2. The input and output  parameters settings 
 

 

Fig.3. The Design Points updated table 
 

 

Fig. 4. Analysis system settings 
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Total Deformation Maximum and P7-Equivalent Plastic 
Strain Maximum, respectively, shows in fig. 2. For each 
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Fig. 2. The input and output  parameters settings 
 

 

Fig.3. The Design Points updated table 
 

 

Fig. 4. Analysis system settings 
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Fig. 5. The Parameters Correlation updated table 
 

 

 

Fig. 6. The Correlation Scatter, between P8 and P5 parameters 
 
otherwise, the increasing of the input parameter, produce 
an increasing of one output parameter. A negative value 
means an inverse influence: the increasing of the input 
parameter, produce a decreasing of the output parameter. 
The Sensitivities of the output parameters with respect to 
the input parameters represents the major 
influence(positive graph), or minor influence(negative  

    

 

Fig. 7. Correlation Scatter between P1 and P5 parameters 
 

 

 

Fig. 8. Correlation Scatter between P8 and P7 parameters 
 

graph). The fig. 11 presents the determination (the high 
value means the strong influence). The greatest value 
possible is 1. 
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Fig. 9. The Correlation Matrix 
 

 

Fig. 10. The Sensitivities of output parameters on input 
parameters 

 

 

Fig. 11. Determination Matrix 
 

The fig. 12 shows the summary of the Correlation 
Parameters expressed in value comprised between -1 and 
+1. The table highlighted in fig. 12 presents, also, the 
start of Design Points table. 

 

Fig. 12. Values of input and output parameters 
correlation 
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