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 Clinch process is a mechanical joining method in metal sheets which is locally used to 

generate a symmetrical joint without applying any additional treatments. This process is 

a combination of stretch and forming in which the metal sheets interlock the coating 
decreases the weldability. One of the advantages is joining non-homogeneous parts, so 

it is an ideal alternative for joining coated parts. The main parameters of this process 

are geometrical properties of the sheets, in which the most important one is Undercut. 
This study tries to evaluate the effect of coating on the undercut parameter. In this 

study, galvanized, corrosion protection primer (CPP) and free-coating H180Y steel is 

used. The results revealed that applying coated sheets decreases undercut compared to 
free-coating ones. This reduction is due to decreasing the friction coefficient and finally, 

decreasing punch force. Applying numerical methods for future studies seem evident. 
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INTRODUCTION 

 

 Joints are one of the most important issues in manufacturing and development of parts and structures. To 

select a suitable method for joining, some factors should be considered such as material composition (steels, 

aluminums, alloys, combinatory metals, coated and free-coated sheets), designing, performance joining methods 

(strength, durability, cutting ability) and etc. Clinch joints are not a new invention. More than one hundred years 

ago, mechanical joint technology called clinch was invented and introduced to join similar and different metal 

sheets. This process was first invented in Germany in 1897, but it wasn't applied until 1980s (Varis, 2006). This 

process was used for those application that tolerated low loads and it was because of its low cost and flexibility 

(Liebig, et al., 1984). In recent years, mechanical press joining have quickly developed in a new branch of 

mechanical joining technology and ideal studies have been done. Among various  methods of mechanical press 

joining, clinch process has found a special position (Lin Peng, et al., 2003). Its application in electronic and 

automobile industries has increased and about 20 % of the spot welds in these industries are done by clinch 

process (Nilsson and Sagstrom, 1995). Whereas the main mechanism of the clinch process have been studied for 

years, the process parameter properties such as tools geometry and clinch force which is a function of assembly 

properties (sheet thickness, material properties or coating kind) are not describable with any standards (Remo, 

and Braj, 2006). As using the coating has various advantages such as reducing friction, corrosion resistance, 

fatigue resistance but the presence of the coating reduces the weldability of the material. Using resistance spot 

welding for joining sheets is common and it just needs the conductivity of the metal and coat. As some coats are 

not conductive, it is impossible to use resistance spot welding in such conditions. clinch process does not have 

the limitations of the coat conductivity and it can be used for most metals with different coats. clinch process 

can join non-homogenous materials and its most important advantage is using extra-low forces compared to the 

other methods, but joining high yield stress steels is not possible with this process (Carboni, et al., 2006). 

 

Tools and Experiments: 

 In order to evaluate the effects of the coat on the geometrical parameters of the clinch process, joining 

experiment is done in the three following states: free-coated sheet, galvanized coated sheet, and CPP coated 

sheet. Galvanized coating is one of the most popular and common kinds of coats. CPP is an organic coating 

which is used in aerospace industries. This process is a Tox one and is performed with the spherical tool of 
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Voestalpine.Linz.Austria model. Process tool properties and TOX clinch machine input parameters are shown in 

table 1 and table 2, respectively. 
 
Table 1: Tool Properties. 

Diameter 5.8 mm No.158292 A58100 Punch 

Diameter 8 mm No.304581 BC8014 Die 

 
Table 2: Process Parameters For TOX-Clinching System. 

Technical Data TOX Clinching Machine 

Max. 10 bar Operating pressure 

77 KN Max. Operating force 

32mm Total Max. travel 

6 mm Max. Force stroke 

Resistive Sensor Displacement measurement system 

Piezoelectric Force measurement system 

Force Displacement envelop principle Process monitoring 

Prolab software Process monitoring system 

 

 The samples are the H180Y steels with 0.842mm thickness. The samples properties are shown in Table 3.  
 

Table 3: Blanks with different types of coating and thicknesses of the coatings. 

Thickness of coatings on Bottom surface 
of the blanks 

Thickness of coatings on Top surface of the 
blanks 

Surface conditions Blanks 

0 0 non-coated B01 

5 – 5.6 𝜇m 4.7 – 5.2 𝜇m Electro-galvanized B02 

3.5 – 3.8 𝜇m 3.1 – 3.3 𝜇m CPP B03 

 

 The yield strength of the B01, B02 and B03 are 196-205 Mpa. Their tensile strength are between 338 Mpa 

to 358 Mpa, and their elasticity modulus are 200-210 Mpa. Their hardening are 0.2-0.25. 

 

Parameters Measurements: 

 In order to measure the undercut parameter, first the sample is cut from its profile (cross section) and is put 

under the microscope. As a reference line is needed for the measurements like the one in Fig1, a horizontal line 

(AB) parallel to the upper surface of the joint is drawn and then a line (CD) perpendicular to it is drawn. This 

line is considered as the reference line and all the needed lines for measuring undercuts are drawn parallel to it. 

This measurements method used for those joints that their upper edges are visible under the microscope and this 

is the limitation of this method (Gao and Budde, 1993). 

 

 
 

Fig. 1: Measurement methods for clinched joint parameters. 

 

 Clinch process for B01, B02, and B03 parts is completed when the base thickness parameter is about 350 

μm. Undercut values for different surface hardness conditions with the same thickness are shown in Table 4. 

 
Table 4: Undercut for different surface conditions using same base thickness. 

Average Undercut  (𝜇m) Base thickness  (𝜇m) Surface Conditions 

95 350 B01(non-coated) 

89 350 B02(galvanized) 

85 350 B03(cpp) 
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Discussion and conclusion: 

 Based on the experimental results as is shown in Fig(2), applying coat facilitates and fosters forming and 

deformation of the sheets and reduces undercut values, that is because of reducing friction coefficient that leads 

to punch force reduction.  Lower the undercut values, locking of the sheets is less and joint strength decreases. 

So, in the case of applying coated sheets, the joint strength is less than the case when the free-coated sheets are 

used.  If the punch force is more than the given one, micro-cracks are formed around the location of punch from 

where the corrosion of the sheets starts. 

 

 
 

Fig. 2: Undercuts for different surface conditions using different base thicknesses. 

 

 The results also show that undercut geometrical parameters start to form when the base thickness parameter 

is around 700 μm and when the base thickness starts to decrease,  then the undercut increases. Therefore, in 

order to attain the suitable amount of undercut and finally the desired strength, the base thickness parameter 

should decrease as far as possible. Although the mechanical properties of the coated and free-coated sheets are 

sometimes the same, but due to different friction coefficient of the coats, the undercut values of the sheets will 

be different. 
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