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1.	 Introduction

The aviation industry due to their specific production and 
security, places great emphasis on the quality and reliability 
of its products, thus the development process must take 
account of even the smallest imperfections, which in the 
future would result in failure of the aircraft and air accident. 
Therefore, the selection or development of effective methods 
for the production of aviation parts is a major challenge for 
the constructors. To meet the demands current market, reduce 
production costs and maximize profits, each of the companies 
is looking for effective and innovative technological 
solutions. Design of sheet metal parts and their manufacturing 
technologies for the aviation industry is a  complex process, 
requiring both knowledge of plastic forming methods and the 
specific behavior of the materials that are used in the aviation 
parts of the process. Moreover, there are additional restrictions 
such as available machine park and other factors specific to the 
production. One of the main processes of manufacture of parts 
for the aviation industry is a sheet metal forming. The material 
is shaped in the way of plastic deformation. During the shaping 
of sheet metal parts can be phenomena that limit the proper 
process of drawing. These include among others: cracking, 
loss of stability of metal as strain location or wrinkles sheet 
metal, breaking the bottom of the drawpiece and the thinning 
of the wall, etc. [1, 2]. The occurrence of these phenomena, 
the process sets the practical limit of drawability sheet metal 
forming under the this circumstances. Any deviation from 
the preset conditions of geometric and strength as well as 
sheet metal surface imperfections for example: scratches, 
pitting, dents are considered to be drawpiece defects. They are 
unacceptable in the aviation industry. Therefore, the choice of 
the appropriate method of forming parts do not always provide 
good value product. 

In the era the twenty-first century, more and more often 
goes to the computer simulation in the design processes. 
Numerical modeling were also used in the analysis of sheet 
metal forming processes. Running the simulation of drawing, 
with the possibility of simultaneous process evaluation 
of shaping sheet metal already in the design phase of the 
technological process and tooling eliminates or significantly 
restrict the necessity of always very expensive method of 
“trial and error”. However, the quality and similarity of 
numerical simulation results with the real process depends 
on many factors. Only the ability to use the software does not 
provide much success in this field. It is important to know 
the theoretical basis and broadly understood mathematical 
models, which are used in numerical analysis. No less 
important is the awareness of the physical phenomena 
involved in the process and the importance of their impact on 
the progress and quality of the final product. Knowledge of 
the occurrence of these phenomena, especially disadvantaged 
allows for build numerical models of technological processes 
to make them as much as possible into account.

Literature [3] says its about 60% of all sheet metal 
aviation parts are shaped using flexible tools. Most shaping 
tool made of rubber or polyurethane elastomers with different 
properties. Mechanical characteristics of elastomer material, 
which is made punch has an impact on the course of the 
technological process, deformation of the tool and its life.

This paper presents  the use of FEM numerical analysis in 
the design process of the shaping process for aviation 0.6mm 
thick Inconel 625 sheet metal drawpiece. First phase of testing 
was performed using rigid steel tools for drawing process. 
However, due to the occurrence of unacceptable sheet metal 
wrinkles on the drawpiece in the simulation, replaced the 
steel punch with a specially designed flexible stamp. In the 
second phase of the research, sheet metal was punched using 
an elastomeric punch then re-shaped by a rigid steel punch, 
in order to improve the accuracy of dimensionally-shaped 
drawpiece. FEM numerical simulations were performed for 
flexible punch forming made of polyurethane elastomer with 
different hardness (50, 70, 85 and 90 Sh A). Selection of 
the hardness  was treated the fact that with increasing the 
elastomer hardness the force, which is required to deform 
increases and reduces the life of the elastic punch. These 
reasons, it would be more advantageous use of elastomer 
with lower hardness. The significant effect of the hardness 
of flexible tools for drawing process. The results correctness 
of numerical simulations has been confirmed in subsequent 
industrial experiment. The experiment was performed 
only for the case of forming the rigid tools and forming an 
elastomeric punch having a  hardness of 90 Sh A and then 
re-shaped by a rigid tools. In addition, schedules and strain 
values were subjected to comparative analysis  in selected 
areas of drawpiece shaped by elastomer tool with the highest 
hardness. Comparison of replacement plastic strain which 
was calculated finite element method FEM and designated 
on the real drawpiece using photogrammetric system Argus 
v.6.3. In conclusion the difficulties as well as the advantages 
and disadvantages  of both methods for determining the 
deformation on sheet metal parts.

2.	 The numerical model of drawing process

Numerical calculations were performed Finite Element 
Method using commercial software MARC / Mentat 2010, 
which is often used to analyze nonlinear and contact issues. 
In order to FEM calculation two numerical models were built. 
First for the case of rigid drawing tools (Fig.1a). Geometric 
deformable surface models of tools (punch, die and blank-
holder) were made in 3D CAD. Then, in the file format * .igs 
imported into the MARC/Mentat and positioned relative to each 
other. The second numerical model (Fig. 1b) was built for the 
case of drawing an elastomeric punch with a specially designed 
shape. Other tools (die, blank-holder) were the same as in 
the first model. For the discretization flexible stamp (Fig. 1b)

Fig. 1. Model of die: a) with rigid tools, b) with elastomeric tools










