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KEYWORDS ABSTRACT

Hydroforming process, In this paper, using the Sobol sensitivity analysis method, which is based on variance, 11
sensitivity analysis, Sobol factors affecting the optimization of the loading path of the hydroforming process are
method, loading paths, investigated, then the feasibility and validation of the results with other optimization
regression. methods such as finite element and experimental method are reported. Is Input factors

include, expansion pressure, final pressure, yield time, end of expansion time, intermediate
mandrel displacement, final mandrel displacement, intermediate mandrel displacement time,
initial position of reciprocating mandrel, final position of reciprocating mandrel, start time of
reciprocating mandrel and time The stops of the reciprocating mandrels are considered, then
the effect of each of them on the minimum thickness and maximum height in the loading path
of the hydroforming process to produce T-joints is investigated and reported in detail.
Quantitatively and qualitatively, the optimal values are obtained for each of the 11 input
factors and are calculated based on the loading paths.

Extended Abstract

1. Introduction

he uninterrupted and dramatic growth of the hydroforming process in the automotive and aerospace industries has

attracted the attention of many manufacturers and researchers. This process, which is a subset of metal forming

processes, has facilitated the production of very complex parts. On the other hand, all production and industrial
processes feel the need to optimize for better quality of parts and reduce economic problems more and more. Powerful
Assistant as a Sensitivity Analyzer has met this need to a large extent.

Hydroforming has many applications in the automotive and aerospace industries, which makes it possible to produce
very complex parts in the production of strong, light, rigid structures for the vehicle body. One of the effective parameters in
hydroforming forming processes is the initial dimensions of the sheet. The initial dimensions of the sheet are very important,
especially in terms of economic issues. On the other hand, the mechanical properties of the sheets are not the same in all
directions, which causes many defects in the part because many mechanical properties such as tensile strength and behavior.
Waxes are related to the orientation of the grains. A study on the 2024 aluminum fiber-reinforced hydroforming process
based on Taguchi method has been performed to optimize the parameters, the results of which show; Thinning of the layer
during applying force has a great effect on the stress-strain of failure in different directions [1]. The method of using sheet
composition is one of the new methods in the hydroforming process, which greatly reduces defects and prevents defects in
this shaping process. In the sheet combining method, the upper sheet is used to eliminate the defects of wrinkles in the lower
sheet. The stress caused by surface friction has been identified as the cause of these defects. In one experiment, the target
sheet (bottom) was made of aluminum-lithium alloy (2198 Al-Li) and the top sheet was made of aluminum alloy (A06-O
aluminumb) [2]. Ahmadaghloo and Altan have studied the principles of pipe hydroforming technology and how various
parameters, such as pipe material, preform geometry, lubrication and process control, have been applied to product design
and quality. In addition, it examines the relationships between variables and the geometry of the achievable part [3]. Eulen et
al. Have studied the determination of optimal loading paths for forming structural parts with different tubular shapes. Finite
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element simulation is performed. Using experimental and simulation results, they have concluded that loading paths based on
the finite element method can significantly reduce trial and error and increase productivity, as well as extend the
hydroforming process capability in the formation of complex parts [4]. Zhang provides a brief overview of recent
developments in hydroforming processes, including process changes used to form tubular and flat components, hydraulic test
apparatus for parts, and how and how process pressure is applied, their specifications and applications, especially its
applications in automotive processes [5]. Mahang and Tsai have developed a pipe hydroforming process using a new
movable mold design to reduce internal pressure and maximize the thinning ratio in the product [6]. Pourhamid and Shirazi
have presented the Johnson-Cook injury model as a comprehensive damage criterion for predicting the types of possible
failures in the pipe hydroforming process. They also used the Johnson-Cook material model to predict the characteristics of
hydroform pipes and their dimensions. They conclude that this model can accurately predict all possible failures in the
hydroforming process in terms of position and in terms of pipe loading conditions, and a suitable model for predicting the
characteristics of hydroform pipes can be accurately observed [7]. Cigarette et al. Conducted a general study on the
possibility of hydroforming sheet metal as well as hydroforming and extrusion tubing. They have also studied the deep
drawing process with rigid molds, molds specially designed for presses with a multi-point cushioning system required for
hydroforming sheet metal [8]. Kalpani et al. Have studied the characteristics and optimization of the pipe hydroforming
process for connecting stainless steel parts in both small and large sizes. They conclude that during the forming process, the
thinning of the tube can be minimized. In addition, the evaluation of different geometric options allows to reduce the stresses
on the alloy materials by 45% [9]. Jiang and his colleagues have reached a very important relationship in the study of the
hydroforming process; With increasing internal pressure, the thickness of the abdominal wall is generally thinned [10].

2. Modeling

Modeling in this research consists of two parts. First, based on the design of the experiments and the use of mini-
software, the input variables for the process are extracted and then leveled. Then, using the sensitivity analysis by Sobol
method in Simlab software, the quantitative and qualitative effects of each of them on the output factors have been
investigated. Finally, validation and comparison with experimental experiments are performed.

Minimum pipe thickness: The effect of 11 input factors on the minimum pipe thickness in two cases with complete and
corrected linear regression model has been investigated. In this equation, the coefficients of each factor are determined,
which are shown as Equations 2 and 1:

Thickness = 3.89 — 0.00341P,pan — 0.0244P; ) — 0.0219Ty;04 — 0.00087Topan — 0.00544 Spigare
+0.0122Sfing; + 0.00019T 47, + 0.00671CP, — 0.0244CP; + 0.00742T5qy )
+0.00213 Ty,

Thickness = 3.895 — 0.0244 Pfinal —0.0219 Tyield —0.0054 Smiddle +0.0122 Sfinal + 0.0067 CPS
—0.0244 CP; + 0.0074 Tyrqr )

Maximum pipe height: Two regression equations in complete and corrected linear states consisting of input variables of
Table 1 are also considered for this output factor, which are equations 4 and 3:

Height = —15.5 + 0.387Poypan + 0.231Psing; — 0.329 Tyierg — 0.158 Toypan — 0.183 Spigare + 0.513 Sfina
+0.342 Tyigaie +0.0636 CP; + 0.310 CP; — 0.190 Tyyqre — 0.131 Ty 3

Height = —12.14 + 0.387Pupan + 0.231Psing; — 033 Tyjerq — 0.158 Toypan + 0.183Smiddle
+0.513 Spings + 0.342 Typigaze + 0.310 CPr — 0.190 Torgre — 0.131 Ty 4)

Minimum thickness is one of the main factors of the loading path in the hydroforming process. 11 input factors based on
Sobol analysis have been investigated for this very important factor. The effects of these factors are qualitatively
characterized and the amount of variance of each and the equation of its changes are shown in Figure 1. Based on this, it can
be concluded to what extent the input factor should be reduced and increased to achieve the ideal process and how its
relationship with the minimum thickness changes. Figure 1 shows the 11 input factors on the minimum thickness.

Figure 1-a shows the effect of the expansion pressure inlet factor on the minimum thickness. As the pressure increases,
the thickness first decreases and then increases. Of course, it can be seen from the slope of the line that the effect was not so
significant. This input factor has been reduced. The end time of expansion is an ineffective factor on the thickness and its
diagram in Figure 1-C is a straight line, meaning that increasing or decreasing it has no effect on the minimum thickness.
This is an indication of the ineffectiveness of this input factor. Figure 1 shows the yield time, which decreases and then
increases with a very gentle slope on the minimum thickness. The displacement of the axial mandrel in the middle mode
decreases and in the final mode increases the minimum thickness. They have a direct and inverse relationship with the output
factor, respectively, shown in Figures 1-E and F. The initial position of the mandrel in Figure 1-G has a fixed relationship
with the thickness, while the final position of the mandrel increases the minimum thickness by increasing its amount, which
is shown in Figure 1-H. Also, the final position of the mandrel had the greatest effect on the thickness changes. The figures
show the starting, moving and stopping times of the mandrel in reciprocal, axial and reciprocal positions. The start time of
the reciprocating motion has the greatest effect among the time modes because the pressure is applied at this time in such a
way that first it reduces the thickness and then with the passage of time and uniformity of the pressure the thickness increases
and establishes a direct relationship. The fitting type of all diagrams is a polynomial of degree 2.
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Figure 1. effect of input factors on the minimum thickness

3. Conclusion

The method of sensitivity analysis, which is being developed as a very powerful assistant, has come to the aid of all
production processes and provides a detailed study of the path of a process from selecting the primary influencing factors and
their path of influence and finally their effectiveness quantitatively and qualitatively. In this paper, 11 input variables have
been selected to optimize the loading path of the hydroforming process using the Sobol sensitivity analysis method, which is
based on variance. The effect of each of them on the minimum thickness and maximum height of the hydroforming process
has been investigated.
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