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4.1. Optimization of clinching tools for a given sheet 

thickness (C

The proposed model was tested for optimization of a 

single thickness 

function described in 

 

���, �, �, �
� 	
��
�����
�

 

whereas s* is the 

the clinching tools have to be optimized. Thus, different 

values of s*

tools configurations. The optimized design parameters 

calculated for the different 

ble 3. As expected, each sheet having different thickness 

would require different clinching tools

tion of Rd parameter which was set to the l

gardless the processing condition. 

Table 3 Optimal configurations 
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4.2. Flexible optimization of clinching tools 
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require a different clinching tools set. Nevertheless, 
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function in Eq

 

���, �, �, �
� 	�
��
�����
�

�

���
 

Thus the optimization tool was utilized 
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1.5 + 1.5 mm. The optimal configuration 
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the “flexible configuration” are generally

er than those produced with thickness oriented optimiz

tion (Case 1), however such difference was not relevant 

for s* = 0.5 mm and 

                                           

Optimization of clinching tools for a given sheet 

Case 1) 

proposed model was tested for optimization of a 

single thickness at a time. To this end, the objective 

function described in Eq. 1 was assumed.
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is the actual thickness of the sheet for which 

the clinching tools have to be optimized. Thus, different 

* were analyzed leading to different clinching 

tools configurations. The optimized design parameters 

calculated for the different 

As expected, each sheet having different thickness 

would require different clinching tools

parameter which was set to the l

gardless the processing condition. 

Optimal configurations 

d D 

3.9 5.1 1.

4.2 5.4 1.3

4.5 5.5 1.3

Flexible optimization of clinching tools 

of sheet thickness (case 2)

As previously demonstrated, each sheet thickness  would 

require a different clinching tools set. Nevertheless, 

multitude of thick

clinching, the frequent setup of clinchi

deleterious if the setup time is not 

the adoption of different clinching tools sets for 

thickness would be difficult to manage and relative

expensive. To this end, the 

tool configuration which can lead to quality joints pr

duced on different sheet thicknesses 

the proposed optimization tool by using the objective 

Eq. 2. 
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predictions pertaining to the different values o

Table 4. As expected, the joints produced with 

the “flexible configuration” are generally

those produced with thickness oriented optimiz

tion (Case 1), however such difference was not relevant 

= 0.5 mm and s* = 1.5 mm, while for 
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a time. To this end, the objective 
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thickness of the sheet for which 

the clinching tools have to be optimized. Thus, different 
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Table 4 Optimal die configurations achieved with obj. function in Eq. 

2. 

s* d D h Rd Strength [kN] 

0.5 4 5.2 1.3 0.2 4.35 

1.0 4 5.2 1.3 0.2 3.11 

1.5 4 5.2 1.3 0.2 3.27 

Conclusions 

The present study was aimed at developing a flexible 

tool for optimization of tool selection in clinching pro-

cess with extensible dies. The effect of process parame-

ters on lock parameters and joint strength was assessed 

by FE simulations. An Artificial Neural Network was 

developed to predict the main characteristics of clinched 

joints under different processing conditions. Finally an 

optimization tool, based on genetic algorithm codifica-

tion was developed for optimal selection of clinching 

tools. Unlike previous studies, the optimization was per-

formed to select a clinching tool configuration which al-

lowed to gather high strength joints over a series of sheet 

thicknesses. In addition, since the expert system was de-

signed for reusability, different goals can be achieved by 

changing the objective function, without the need of 

running further simulations of clinching process. 
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