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Abstract. This work describes creation of FE model of clinched joint and brings information
about its verification with help of experiment. Also the sensitivity of the simulation model to the
selected parameters (size of the model and coefficient of friction) and boundary conditions is
studied so that the model is close to the reality. Deformation and uniaxial stress near the joint
obtained with help of strain gauge is the output from the unidirectional, nondestructive test.
Comparison of two values of stress in the chosen place obtained by experiment and FE
simulation is the principle for verification of FE model and its adjustment. Based on the results
it can be said that the FE model corresponds with the reality with the desired accuracy.

1 Introduction

Clinched joining of sheet-metal plates is a technology permanently applied in many branches of
production thanks to many advantages that are e.g. high productivity, outstanding quality and its
repeatability or possibility to connect sheet-metal plates with surface treatment. It is the reason why this
type of joining material is studied in many articles where the process or mechanical properties are
described. More information can be found e.g. in [1], simulation or experimental methods are mentioned
in [2], [3], [4] and [5]. The other general example of application of numerical and experimental analysis
is presented in [6]. This study concerns with the round clinched joints (figure 1) and describes the
process of creation and study of FE model and its properties with usage of an experiment. This text
brings information that is important for understanding of clinched joint properties from the simulation
approach point of view.

Figure 1. Round clinched joint, [1].

2 Method
The work is solved in two related approaches: FE model of the clinched joint as a first approach is
designed to correspond with the second approach, with the experiment.
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2.1  Experiment
The set of 5 specimens was subjected to the experimental measurement to get the information about
behavior of the joint under the real loading in the perpendicular direction to the axis of the joint.

2.1.1 Measurement protocol and instrumentation. Each specimen was subjected to the uniaxial,
unidirectional, nondestructive test. The controlled variable was tension force acting on the specimen and
smoothly increasing from 0 N up to 3000 N. The measurement was performed on the special single
purpose testing stand that was set up for the experiment, the specimens were clamped in jaws, loading
was applied with a hydraulic system and force was measured directly on the jaws with the force sensor
HBM S9M/5kN.

2.1.2 Investigated set of specimens. The specimen consists of two sheet-metal plates from low carbon
steel DX51D with cross-section 40x3 mm and length 280 mm connected in the middle by a round joint
with characteristic diameter of 10 mm. The deformation near the joint on the upper sheet-metal plate in
the direction of loading was measured using wire strain gauge from HBM — see figure 2.

Figure 2. Strain gauge placement near the joint.

2.1.3 Data acquisition and processing. The test was controlled and the data were measured by National
Instrument apparatus with LabView software. Data were processed by Matlab software.

2.1.4 Experiment outcomes. The resultant stress near the clinched joint in the place of the strain gauge
for the loading force of 3000 N was obtained. It was compressive stress with the value of -29.5+2.6
N/mm? (average + standard deviation).

2.2 Finite element modelling
Simulation model of the clinched joint is created as a deformable 3D model that consist of two plates
connected by the joint. The clinched joint, i.e. interlock of upper and bottom sheet-metal plates, is
created with help of curves with different radius. The shape is measured from the macrosection of the
clinched joint with characteristic diameter of 10 mm (figure 3).
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Figure 3. Macrosections of the clinched joints.

2.2.1 Model setup. The whole simulation model can be seen in figure 4. The symmetry of the model in
the plane XY, i.e. the half of the model, is applied in the simulations. The dimensions of each plate are:
length L = 75 mm or 280 mm, width of the half of the model W =40 mm and the thickness T = 3 mm.
The boundary conditions were applied in the reference points (RP-1 and RP-2) that are placed at the end
of each plate in the middle of the thickness. The reference points are connected to the adjacent surfaces



4th International Conference Recent Trends in Structural Materials IOP Publishing
IOP Conf. Series: Materials Science and Engineering 179 (2017) 012051  doi:10.1088/1757-899X/179/1/012051

width length of 20 mm using continuum distributing couplings. The used material is steel with isotropic
elastic behavior (Young’s modulus 210 GPa, Poisson’s ratio 0.3), the deformations are expected to be
small, therefore nonlinear effects are not assumed in the calculation. Parts are meshed using 8-node
linear bricks with reduced integration (C3D8R).
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Figure 4. Whole model for simulation.

2.2.2 Loading.The applied force F is in X direction and has the value of 3000 N which corresponds to
the load and conditions of experimental testing. The force is much lower than the limited force (shear
strength) of the joint which is approximately 4000 N for the tested type and size of clinched joint,
therefore no plastic deformation is assumed.

2.2.3 Joint model. The model of the clinched joint, i.e. the interlock between the sheet-metal plates, is
created using tie connection in the bottom part of the joint. Standard hard surface-to-surface contact with
tangential behavior (frictionless, or penalty friction with friction coefficient f) is used for the contact of
other surfaces, see figure 5.

I contact

— tie connection
Figure 5. Model of the clinched joint.

2.2.4 Simulations. Set of ten simulations of the connection with different boundary conditions and
parameters (length of the plate and friction) were done so that the model is analyzed and its robustness
is verified. The simulations and the parameters are summarized in the table 1. The notation is used from
Abaqus/CAE software.

Table 1. Simulation models and parameters

Simulations Boundary condition Boundary condition Length Friction

RP-1 RP-2 L [mm] f[-]

C1 encastre U2, U3, URI, UR2, UR3 75 frictionless

C2 encastre U2, U3, UR1, UR2, UR3 75 0.1

C3 encastre U2, U3, UR1, UR2, UR3 75 0.2

C4 encastre U2, U3, URI, UR2 75 frictionless

C5 U1, U2, U3, UR1, UR2 U2, U3, URI, UR2 75 frictionless

Co encastre U2, U3, UR1, UR2, UR3 280 frictionless

Cc7 encastre U2, U3, URI, UR2 280 frictionless

C8 Ul, U2, U3, UR1, UR2 U2, U3, URI, UR2 280 frictionless

C9 encastre U2, U3, URI1, UR2, UR3 280 0.1

C10 encastre U2, U3, URI1, UR2, UR3 280 0.2
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Boundary condition in the reference point RP-1 is either encastre for the first case, or the
displacement is restricted in all directions (X, Y, Z) and rotation is restricted only in the axes X and
Y for the second case. The force F is applied in the reference point RP-2 hence the displacement in
X direction is enabled for all simulations.

Other displacements and rotations in the point RP-2 are restricted for different simulation
according to the table 1. Two sizes of the plates were used in the model, length L =75 mm and L =
280 mm, the last one corresponds to the size of real testing specimens. The influence of the friction
was verified by simulations for three cases, the frictionless contacts and penalty contact with
constant friction coefficient of value 0.1 and 0.2.

3 Results

The resultant stress in X direction (S11) on the surface of the upper plate is chosen for analyzes and
comparison of the joint model simulations. This direction corresponds to the direction of loading and
the direction of the real stress measured by the strain gauge. The course of this stress S11 along the
curve near the joint can be plotted and its value in the place of interest, i.e. the position of the strain
gauge, is obtained. This value is used for evaluation and comparison of the simulations and verification
with experimental measurement. The set of nodes and elements along the curve where the values of
stress S11 are obtained can be seen in figure 6.

nodes and elements
along the curve

Figure 6. Nodes and elements along the curve for the stress S11
The example of the S11 development along the curve can be seen in figure 7. The position is

measured from the edge of the hole of the joint on the upper plate as is shown for strain gauge
position (figure 2).
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Figure 7. Development of S11 stress along the curve near the joint.
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The calculated values of S11 for the all simulations in the place of interest (in the distance of 5 mm
from the joint) are summarized in table 2.

Table 2. Result stress S11 [N/mm?] in the position of the interest.

Simulation ci C2 €3 ¢4 ¢C5 ¢C6 Cc1 €8 (C9 cCuo
S11 [N/mm?] 25 21 -18 22 -28 32 28 -34 28 -24

The results of simulations using different plate size are summarized in table 3 where each pair of
simulations (C1 vs. C6, C4 vs. C7 and C5 vs. C8) has the same boundary condition. It is obvious
that the difference of the result stress is between 6 and 7 N/mm? which is approximately 20 %.

Table 3. Result stress S11 [N/mm?] for different size of the plates.

Cl C4 C5 C6 C(C7 CC8 (difference

Parameter: size, (C1 vs. C6) -25 -32 7
Parameter: size, (C4 vs. C7) =22 -28 6
Parameter: size, (C5 vs. C8) -28 -34 6

Results of simulations with different friction are in table 4. All these simulations were performed
with the same boundary conditions, the difference is assumed between adjacent values of friction
(frictionless, /= 0.1 and /= 0.2) and has the value 3 and 4 N/mm? which is approximately 15 %.

Table 4. Result stress S11 [N/mm?] for different friction.

Cl C2 C3 C6 (C9 Cl0 difference

Parameter: friction, (C1 vs. C2 vs. C3)  -25 -21 -18 4 3
Parameter: friction, (C6 vs. C9 vs. C10) -32 28 24 4 4

The influence of different boundary conditions for two lengths of the plates can be described by the
results that are summarized in table 5. Comparison of results are focused on the size of plates with
the length L = 280 mm because the simulation model is the same as the testing specimens. The
difference between simulations C6 and C7 is 4 N/mm? (approx. 13 %), when the rotation in the
place of acting force (RP-2) in axis Z is enabled for simulation C7. When the rotation in axis Z is
enabled in the place of encastre (RP-1) in simulation C8, the difference between simulation C7 and
C8 is 6 N/mm? (approx. 18 %). Thus, the change of boundary condition in RP-1 has greater
influence than change of boundary condition in the place of acting force.

Table 5. Result stress S11 for different boundary conditions.

Ccil Cc4 C5 Co6 C7  C8

Parameter: boundary conditions
(Clvs. C4 vs. C5)

Parameter: boundary condition
(C6 vs. C7 vs. C8)

Conclusion

The FE model of clinched joint was created and analyzed using set of ten simulations. With respect to
the application of the model, each simulation differs in chosen input parameters, i.e. size of the plate,
friction and boundary conditions. Thus, the robustness and the sensitivity of the simulation model to the
range of the input parameters were verified.
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The change of the plate size influences the simulation quite significantly, so it is important to have
the same dimensions of the testing specimen and simulation model. It can be said that the friction
coefficient between surfaces in contacts is also important especially when the range of f'is large.
However, range of friction coefficient is often smaller than the one that was simulated. The results
imply the necessity to choose the boundary conditions that correspond to the real conditions which
can be often very difficult.

The verification of the FE model with the reality was done with help of experiment. The set of 5
specimens was subjected to the unidirectional, nondestructive test and the stress was obtained with
help of strain gauge. Comparing of measured stress (-29.5+2.6 N/mm?) and stress from simulations
(-32 N/mm? for simulation C6 and -28 N/mm? for simulation C9) showed that the selected FE
models correspond with the reality.
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