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Abstract. The article deals with numerical analysis for a study of the stress dis-
tribution and deformation of the component assembly during pressing within the
assembly manufacturing process. The assembly design consists of a steel casing
and a steel bottom and top lid. The fusion of the casing to the lids is realized through
the plastic deformation of the structural elements of the casing. The quality of the
combination of the parts is influenced by, among other things, the manufacturing
tolerances of the individual semi-finished products, the shape of the forming tool
and the course of the forming force. A numerical simulation was created using an
explicit algorithm, where the corresponding marginal and initial conditions and
time dependency of the manufacturing process were defined. The different parts
of the assembly were in delicate contact, so as to predict the force action in the
different parts during the manufacturing process. The model created can be used
to upgrade the geometry of individual parts of the report as well as the forming
tool and contribute to the optimization of the production process.
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1 Introduction

Joining parts is a key element in the design of structures, detachable or non-detachable
joints can be used. For design an electrically powered vehicle, great emphasis is placed
on the total weight of the final structure and also the energy consumption of the technolo-
gies used. Forming is an important technology in the industrial production process. It
combines low energy consumption and material use with good efficiency. Plastic defor-
mation can be used to join two or more parts without the need of additional material
[1]. A well-known example of the effective use of this connection is the production of
a camshaft. In general, the camshaft can be manufactured in several ways, usually by
forging or machining. Meusburger describes a production process of a folded camshaft
where the individual cams are placed on a hollow shaft, which is subsequently plastically
deformed, thereby connecting the cams and the shaft [2]. This procedure brings many
advantages such as easier machining, lower material consumption and the possibility of
using different materials. Joining by forming can be advantageously used in the construc-
tion of metal polymer sandwich materials [3]. Where is described an innovative method
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of joining perpendicular sandwich composite panels using a new three-stage joining by
the forming process. This process is capable of producing mechanically locked joints
with larger and stiffer flat-shaped heads than those fabricated by alternative single- or
two-stage solutions.

FEM simulation is a suitable tool for the analysis of the forming process and its sub-
sequent optimization. Parameters that are very difficult to measure can be analyzed. Jiang
[4] describes a sophisticated FEM analysis of the rolling process with the consideration
of friction variation models. FEM can also be used to investigate surface roughening in
the forming process [5].

The aim of the study was analyzing the stress distribution and deformation of the
component assembly during pressing within the assembly manufacturing process. A
numerical simulation was created using an explicit algorithm, where the corresponding
marginal and initial conditions and time dependency of the manufacturing process were
defined. The results of the analysis will be used to improve of the production process.

2 Materials and Methods

The analyzed part is the metal casing of the electronic component used in the vehicle.
Figure 1 shows analyzed part. The casing consists of three parts connected by a forming
process performed on an automatic line. During the process, edges are pressed to form
the final joint. This analysis deals with the formation of a connection between housing
and pole plate using a forming head. The overall dimensions of the part are approximately
30 mm in diameter and 50 mm high.

2.1 Numerical Simulation

The numerical model was created in Abaqus explicit software (Fig. 2). The first was
creating of plastic material model corresponding to real material. Only a few basic
material parameters were listed in material sheets. To create a plastic material model,
it was necessary to obtain plastic parameters. Material data contain values of nominal

Forming head
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Fig. 1. Analyzed part.
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stress and strain. Therefore, is necessary convert plastic material data from nominal
stress-strain values to true stress strain-values [6]. The boundary conditions are shown
in Fig. 3 the forming head is free in the vertical direction and the forming force acts
there. The lower part of the part is fixed.

Fig. 2. Detail of FEM mesh.
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Fig. 3. Boundary conditions (above), forming force (below).
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Table 1. Material parameters.

Material parameter Value
Young’s modulus 210 000 MPa
Poisson’s ratio 0.3

Density 7 850 kg.mf3
Yield stress 193 MPa
Ultimate strength 323 MPa
Ductility 58.2%

The relationship between true strain and nominal strain shows Eq. 1
& = 111(1 + €nom) (1)

where ¢ is true strain and e, is nominal strain. Equation 2 shows relationship between
true stress and nominal stress.

01 = Opom(1 + Enom) )

where o is true stress and opom 1S nominal stress. The metal plasticity model in Abaqus
defines the post-yield behavior. The plastic data define the true yield stress of the material
as a function of true plastic strain. The first piece of data given defines the initial yield
stress of the material and, therefore, should have a plastic strain value of zero. Equation 3
shows relation of true plastic strain .
Ot
Epl =& — —. 3

pl t E (3)
where E is Young’s modulus. For material definition were available parameters shown
in Table 1. Due to missing information of tensile test of material was for plasticity used
only one next point except initial and it is oy = 510 MPa, g = 0.456.

3 Results and Discussion

A simulation of the molding of the pole plate of the part was performed according to the
real production process, where the parts of the pole plate were pressed by the forming
head with a force of 13 kN (Fig. 4). Performed numerical simulation and fitting of
material models corresponds [7, 8] The following Fig. 5 shows a comparison of the part
after forming the simulation and a real photo. The good agreement of simulation with
the real part can be seen. In these figures can be seen good agreement of simulation
with the real part. The Fig. 6 shows The distribution of deformations and stresses in the
formed part.

The following figures show the distribution of deformations and stresses in the
formed part (Fig. 6).



Numeric Simulation of Part Assembly During Pressing 231

Fig. 4. Time response: Pressure by the forming head to housing.

Fig. 5. Comparison of real part and numerical simulation.

S, Mises
(Ava: 75%) u, Migflzt:dz‘;-nu
13 0000-03 +1.190e+00
+4.675e+02 +1.139e+00
+4.4630+02 +1.087e+00
+4.252e+02 +1.035e+00
+4.0408402 +9.834e-
*3.029e~02 +0,317e-!
+3.6170+02 +8.799e-
+3.406e+ 02 +8.282%-
+3.194e+02 +7.764e-
iape 173450
2. o d
+2:5600402 t831te-01
+2.3480+02 +5.694e-01
32335002 +5.176e-
+1.925e+02 26500
*1.714e+02 by 1“8_
+1.5020+02 .141e
+1.291e+02 +3.623e-
0&27 “02 +3.106e-!
+8.6770+01 +2.588e-
+6.562e+01 +2.07 1e-
+4,446e+01 +1.553e-
+2.3310+01 +1.036e
+2.162¢+00 +5.181e
+5.128e-|

Fig. 6. The distribution of deformations and stresses in the formed part.



232 P. Srb et al.
4 Conclusions

A simulation of the joining process by forming was performed. The simulation results
show a very good agreement with the real production process. The results of the simula-
tion can be used for future optimization of the production process and shape optimization
of individual parts in order to achieve higher connection safety. Optimization can also
lead to reduced weight and part cost.
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