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Abstract. In this article the clinched joints were analyzed by finite element method (FEA). The base materials were
advanced high strength steels (DP 600, DP 800 and DP 1000). The model validation procedure was done by the DP
600 type of steel sheets; the other two types of steel were only simulated. The goal was to determine the geometrical
properties of the joints with different strength steels. The FEA model was the same in every mechanical point of view
therefore the results are comparable. The main geometrical parameters of the clinch joints are the neck thickness
(tn), the undercut (C), the bottom thickness (tg) and the height of the protrusion (h); these values were compared.

Introduction

These joints are used mostly in automotive, computer and aircraft industries, but for instance
according to the standards they are not allowed to be used in food industry [1]-[3]. The hardest goal is
to use the lowest number of tests and use the articles and other available material and test data to
determine the questioned parameters. The clinch joints are quite new types of joints, the first patent
was accepted in 1989. This joint can be done between 2-3 thin sheet plates. The cross section of a joint
can be seen in Figure 1, which shows the main geometrical parameters of a joint (2 sheets were
joined).
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Figure 1. Cross section of a clinched joint and its main geometrical sizes
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The undercut size (C value) and the neck thickness (ty value) are highly affecting the strength of the
joints. In optimal case both are as high as it possible. The material of the plates can be ferrous or non-
ferrous at the same time, so this joint can realize dissimilar joints without any added material (weld
material or glue). The joint is made by metal plastic forming by a special tool. After creating the patent,
the increasing industrial needs of these types of joints led the researchers to analyze the joints much
more deeply. Several studies have been carried out concerning the geometry optimization of the
clinching tool to achieve better joints by different optimization methods. Other studies were carried
out on the so-called hybrid joints. These joints have an adhesive layer between the sheets. These joints
have higher strength but they need much more time because the drying of the adhesive layer is a time-
consuming process [4][5].

1. METHODS

In this section the material and the FE model building and its validation for DP 600 is presented. Material
properties were determined in the following article [6], the used values can be seen in Table 1.

Table 1. Results of the measurement [6]

UTS [MPa] | YS[MPa] | A80% [%] | €wit[mm/mm] | K[MPa] | n|[-]
DP 600 656 445 13.6 0.124 918 0.112
DP 800 879 571 10.8 0.099 1217 0.104
DP 1000 1099 767 7.0 0.062 1481 0.083

According to these values the flow curves can be seen in Figure 2. The curves are follows the Nadai
hardening law (Eqg. 1):

o=Ko" (1)

where the K and n are material coefficients, the ¢ is the equivalent plastic strain.
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Figure 2. Extrapolated flow curves according to [6]

The FE simulation model was built in ANSYS WB 18.2 [7]. The geometry of the model was built up in

ANSYS Design Modeller as a parametric model. A 2D axisymmetric model is presented below (Figure

3). The tools were taken into consideration as linear-elastic materials, the two sheets were simulated
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with elastic-plastic behaviour with multilinear isotropic hardening rule. The tool has a spring row
which was taken into consideration as an elastic body with 57 GPa of Young’s modulus. The mesh was
built up by 2nd order asymmetrical quadrilateral and triangular elements (PLANE183). Both of the
sheets contain 10 elements in thickness which provides adequate results. For better solution the edges
in the contact zones were finer. The contact definition between the parts is Augmented Lagrange
formulation with a frictional coefficient p=0.12 between the parts. Between the punching tool and the
simplified spring row the contact definition was bonded with MPC algorithm. The duration of the
simulation is 3 time steps. The simulation is performed as a displacement-controlled model. According
to the final, measured bottom thickness and the measured piston displacement, the vertical movement
of the clinching tool was 3.25 mm. The holder was constrained in vertical direction by a compression
only support and in the 1st step a force (F=1000N) was applied which is constant in the 2nd and 3rd
steps. In the 3rd step the tool was removed from the joint. The last step is important to analyse the
effect of the spring back, which can be important in some forming cases. The distribution of the
equivalent plastic strain was checked with the unaveraged display option, because if it is not
continuous, then the results are unacceptable in the point of view of nonlinear calculations. The
unaveraged distribution of the plastic strain can be seen in Figure 4. The high (greater than 2) plastic
strains are acceptable, according to the literature [10].
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Figure 3. FE mesh and boundary conditions

after forming process (unaveraged) compare to
of the model

the measurement

According to [8] the measured curve can be divided into 3 main phases and 5 steps. In Phase I. the
testing machine starts to work, the punching tool moves down, the holder moves downward to fix the
sheets, the tool comes into contact with the upper sheet (punch side) and the joining process is started
(Step L). The tool punches the sheets and they move together (Step I. - Step II.) and this part of the
process continues until the first bending point (Step IL.). The lower sheet (die side) reaches the die;
that is why the slope of the curve changes after Phase I. In Phase II. the sheets start to flow around the
punching tool and start to flow inside the free space of the die (Step IIL.). The last part of the process
needs more deformation force; the curve rises with the highest slope. In Step IV. the punching tool
reaches the end position. In this phase the setting force reaches the maximum also. After this point the
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tool starts to remove from the joint with a certain slope depending on the stiffness of the machine.
After Step V. the joint is totally released. Severe plastic deformation occurs during the forming process
(Step 1II. according to Figure 5). As already stated, true plastic strains of the order of 2-3 are not
unusual and stress-strain data far beyond the maximum uniform strain have to be available for the
analysis [9]-[10].
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Figure 5. Comparison of the measured and simulated forming force-relative punching tool displacements
2. RESULTS

After the simulation of the three different DP steels the results were analysed and compared to each
other. As it can be seen in the Figure 6 the forming force is increasing to the effect of the increasing
strength. The displacement is equal in each case. The difference between the DP 600 and the DP 1000
is around 10kN in forming force. This observation is important because of the point of view of the
clinching tool’s load bearing capacity. Before testing, a fast prediction can be save the tool against
failure.
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Figure 6. Comparison of the forming force-relative punching tool displacements in case of different steels
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From the results the geometrical values were determined. The values can be seen in Table 2. As it can
be seen the C value is decreasing with the increasing strength, the ty is almost constant, due to the
spring back effect the tg value is increasing with the strength and the height of the protrusion is
decreasing. The Figure 7 shows the results in graphical way. The residual bottom thickness is highly
depending on the spring back effect. The spring back effect also has affected the undercut values. The
neck thickness and the undercut values are important values for the joint strength prediction. The
basic equations are only taken into consideration the neck thickness; which is almost constant, but
according to [10] the undercut size and angle of the undercut are also important parameter. The effect

of shape locking is getting higher with the increasing undercut.

Table 2. Results of the simulations

Geometrical
DP 600 - DP 600 DP 800 - DP 800 DP 1000 - DP 1000
parameter [mm]

C 0.154 0.119 0.101
tN 0.218 0.216 0.211
ts 0.502 0.571 0.619
h 1.715 1.635 1.588
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Figure 7. Results of the simulations
From the results relationships can be derived (Figure 8). The C and tg values according to the
simulations are linear function of the Rm. The ty is almost constant. The h value is a quadratic function
of the ultimate strength. The R2 values are close to 1, which means the regression function has a good

fit to the results. The derived equations can be used to predict the geometrical values of other type of
DP steels.
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Figure 8. Relationship between the UTS and geometrical properties
CONCLUSIONS

Different strength DP steels were analysed by a 2D asymmetrical FEA model. From the results the

geometrical properties of the clinched joints were determined. The article provides some equations to

predict geometrical parameters of DP steels. From the predicted values with analytical formulas the

strength of the joints can be predicted also. Further investigations are needed to apply the formulas to

different types of steel and tests are also needed to validate the results.
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