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ABSTRACT 

Increasing demand for lightweight products in many applications to save costs and energy consumption. Joining 

different parts to get the final product is common in production so that decreasing the weight of these parts reduces 

the weight of the final product. Hole-clinching is a process in which similar or dissimilar sheets can be joined. In 

the current study, the ability to join the polymer sheet to titanium-G2 was studied. Sheets of HDPE, PTFE, and 

PA polymers were joined to the titanium sheet by the hole-clinching process. Process parameters like hole 

diameter, sheet thickness, polymer type, and die depth were considered and their effect on joint interlocking and 

necking values was simulated using (DEFORM-2D) software. The experimental results showed that a sheet of 

polymers can be joined to titanium sheets successfully. The joint quality depends on the studied parameters, 

increasing the hole diameter decreases the interlock value, while it increases the joint necking. Increasing the 

upper sheet thickness increases both the joint interlocking and necking and also increases the bending in the 

titanium sheet with the polymer tendency to fracture. Both necking and interlocking values are affected by 

polymer type. HDPE polymer which has higher strength gives better necking and interlocking values than PTFE. 

For PTFE polymer, increasing the die depth decreases the necking and interlocking values with the increase in 

the polymer tendency to fracture. 
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INTRODUCTION 

Lightweight materials joining techniques are becoming increasingly important, especially between metals and 

polymers sheets to reliably joining these dissimilar materials and to combine them in engineering structure, so 

that suitable joining methods are necessary for joining metal-to-metal, metal-to-polymer, and polymer-to-polymer 

sheets[1]. Hole–clinching process is utilized to join sheets of materials that have a high difference in strength 

values. In hole-clinching, the upper sheet which has low strength is compressed by the punch and enforced to pass 

through the hole that is cut in the lower sheet which has higher strength. the portion of the upper plate which 

passes through the hole is squeezed between the punch and the die and flows laterally to form the geometrical 

interlock as shown in figure 1.  

 
Figure 1. Hole-Clinching process 

This process is a fast low-cost operation, it needs moderate joining force therefore the tools maintain a long life. 

It is used to join a wide range of dissimilar materials like join ductile materials with brittle materials. The process 

is clean with low noise [2, 3]. 
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Many parameters can be considered during this process, these parameters include sheet thicknesses, die depth, 

punch diameter, tool angles, sliding distance, bottom thickness, and hole diameter [4-6]. Initial hole-clinching tool 

shapes were calculated based on the geometric relationship between the hole-clinching instruments and the 

resulting shape of the joint interlocking. Numerical methods and (FEM) analysis were used to investigate the 

effect of process variables on the joinability of the hole-clinching process [7]. Geometrical interlocking is 

sensitively influenced by punch corner radius. Neck thickness and interlock are also affected by the punch 

diameter. Decreasing the die depth affects the upper sheet's backward extrusion and can be considered to avoid 

the neck fracture in the hole clinching process [8]. Using a rotating method, friction clinching greatly increases 

material formability and makes it easier to produce joints without fractures, even with sharp clinching equipment. 

The advantages of this advanced joining technique can theoretically be extended with weak ductility to traditional 

material clinching, either friction clinching allows the undercut dimensions to be improved by using sharper tools, 

which creates greater material flow and contributes to an improvement in joining power [9]. Flat hole-clinching 

can be achieved without protrusion at the joints. In this method, a simple punch is used to force the material of 

the upper plate to flow into the cavity of a specially prepared hole on the lower plate, this forms an interlocked 

structure. Various sheets can be connected reliably by this method, with higher joining strengths in comparison 

to conventional clinching [10]. An analytical approach can be used effectively to study process behaviour, predict 

joint strength, reduce experimental samples, and predict different failure modes like neck fracture and pull-out 

[11-19]. In the present work, the hole-clinching method will be utilized to join titanium and polymer sheets as 

they have a high difference in strength values. The effect of different process parameters on the resulting joint 

strength will be investigated too. 

MATERIALS AND METHODS 

The physical properties of the material are the main inputs for the numerical analysis; therefore, it is very important 

to describe them properly for the simulation of the hole-clinching process. 

Titanium Grade2 

The lower sheet material is Titanium G2 with a thickness of 1mm. Tensile testing of the Titanium samples has 

been carried out according to ASTM E8 standard using a Universal Testing Machine (UTM) with a maximum 

capacity of (130) KN. The mechanical properties of the specimens are listed in Table 1. Table 2 lists the chemical 

composition of Titanium Grade2. 

Polymer 

Three different types of polymers were used as the upper sheet material, (HDPE, PTFE, and PA66). The 

mechanical properties of these polymers are listed in Table 1. 

Table 1. Mechanical properties of materials used in the study. 

 

Table 2. Chemical composition of Titanium Grade2 

Element Ti Fe Mg V Zr Mo Others 

Actual value% 98.87  0.08 0.04  0.06 0.05 0.02 0.88 

 

 

Flow stress 

Poisson's 

ratio 

Young 

modulus (GPa) 

Tensile strength 

(MPa) 

Yield strength 

(MPa) 

 

Materials 

σ =700.64 ɛ𝟎.𝟒 0.37 113.5 329.331 219.554 
Titanium 

(Grad-2) 

σ =57.403ɛ𝟎.𝟔𝟎𝟕𝟐 0.46 0.275 22.13 12.37 (HDPE) 

σ =31.855 ɛ𝟎.𝟓𝟔𝟏𝟑 0.42 0.252 15.4 7.63 (PTFE) 

σ =238.61ɛ𝟎.𝟔𝟔𝟗𝟐 0.39 1.9 38.30 8.54 )PA66) 
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Numerical Analysis  

The commercial FEM package “DEFORM 2D V10” was adopted to perform the numerical simulation. This 

software consists of three main parts, Pre-processor, the simulation engine, and Post-processor. In the Pre-

processor portion, the different parts are modelled, a mesh is generated to the work-piece, process conditions are 

defined such as parts material, coefficient of friction, punch movement speed, and the other required parameters 

of the process. The FEM-based analysis is performed in the simulation engine portion. This engine can deal with 

different types of work-piece (Plastic, Elastic, Porous, Elastic-Plastic) and dies (Elastic or rigid). In the Post-

processor, the simulation results are displayed graphically, these results represent a distribution of different 

parameters such as stress, strain, damage, displacement, temperature … etc. Figure 2 shows the main parameters 

that control the hole-clinching joint. They are the bottom thickness (X), the neck thickness (tN), the formed 

undercut (tU), die depth (H), the radius of die cavity (Rd), lower sheet hole radius (Rh), punch radius (Rp), the 

thickness of the lower sheet (Tlower), the thickness of the upper sheet (Tupper), and the punch length (S). The 

strength of the clinched joint depends on neck thickness and formed undercut [20], while the bottom thickness 

depends on punching force and die cavity [21]. In this study, the different parts (i.e.; punch, die, holder, and plates) 

were modelled as shown in Figure 2. The process was simulated using SI units and axisymmetric geometry for 

four different parameters, each parameter has three values as listed in Table 3. 

 

Figure 2. Design parameters of hole-clinching [3] 

Table 3. Process FE simulation input parameters 

Parameters Value 

Punch and Die Type = Rigid 

Punch length: 2, 2.5, 3, 3.5, 4mm 

Die depths: 1, 1.5, 2mm 

 

 

 

Upper sheet 

Number of nodes = 1247 

Number of elements = 1075 

Elastic-Plastic (HDPE, PTFE, PA) 

Plate thickness: 1, 1.5, 2mm 

Normalized Cockcroft & Latham Fracture criteria with 

Critical value = 0.4 

Lower sheet Titanium Grade2 

Thickness: 1mm 

Hole diameter: 6.5, 7, 7.5mm 

Coefficient of friction 0.12 

Punch movement speed 2mm/Sec 

Experimental Work 

The tools were designed using SolidWorks software, and Tool Steel was used to manufacture them. They consist 

of three parts, a punch, a die, and a guide as illustrated in figure 3. 
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Figure 3. Hole-clinching process tools (a) punch, (b) die and (c) guide. 

"Gunt WP 300 device" shown in figure 4 was used to perform the pressing process. It has a load range of 18 to 

20KN and equipped with dial gauge and reader device to measure the applied load during the hole-clinching 

process. The punch is attached to the moving part of the device while the die is located on the fixed part. The two 

plates to be jointed are placed between the punch and the die. 

 

Figure 4. Gunt WP 300 device. 

To verify the type of polymers, (FTIR) test was performed on each one as shown in figure 5.  

 

Figure 5. (FTIR) spectra of (HDPE) 

Experimental tests were conducted to study the effect of the different process parameters, these parameters and 

their values were adopted according to the orthogonal array test and are listed in table 4 [22]. 
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Table 4. Experimental test parameters. 

parameter Polymer type Die depth mm Hole diameter mm Sheet thickness 

mm 

 

hole diameter 

 

HDPE 

 

1 

6.5  

1.5 7 

7.5 

 

Sheet thickness 

 

HDPE 

 

1 

7 1 

7 1.5 

7 2 

 

Polymer type 

HDPE  

1.5 

7  

2 PTFE 7 

PA 7 

 

Die depth 

 

PTFE 

1 7.5  

2 1.5 7.5 

2 7.5 

 

To measure the dimensions of the resulting clinched joint, samples were sectioned and polished. (Image J®) the 

software was used to scale and analyse the image of the sectioned joint. Lines were drawn at the places of interest 

and the length of these lines was measured as shown in figure 6. 

 

Figure 6. Image processing of joints 

RESULTS AND DISCUSSION 

The experimental results are presented and compared with the numerical simulation. The comparison includes the 

effect of hole diameter, upper sheet thickness, polymer type, and die depth. 

Effect of Hole Diameter 

HDPE sheet of 1.5mm thickness was joined to a titanium sheet using a die of 1mm depth. Titanium sheets have 

different holes of 6.5, 7, and 7.5mm. It was found that increasing the hole diameter decreases the interlock value, 

while it increases the joint necking as shown in figure 7. 



 Hole-Clinching Joint of Polymer to Titanium Sheets, Experimental and Numerical Analysis 

247 

 

 

Figure 7. Variation of interlocking and necking with hole diameter. 

Effect of Upper Sheet Thickness 

To study the effect of upper sheet thickness on interlocking and necking values, HDPE sheets of thickness 1, 1.5, 

and 2mm were joined to the titanium sheet. The die depth was 1mm and the titanium sheet was drilled with a 

7mm hole diameter. It was found that increasing the upper sheet thickness increases both the joint interlocking 

and necking as shown in figure 8. Increasing the sheet thickness also increases the bending in the titanium sheet, 

and the tendency to fracture. 

Effect of Polymers Type  

Three polymers were used as the upper sheet (HDPE, PTFE, and PA) each of 2mm thickness. The die depth and 

hole diameter were 1.5mm 7mm respectively. It was found that necking and interlocking are affected by polymer 

type and HDPE polymer gives better necking and interlocking values than PTFE as shown in figure 9. Increasing 

the polymer strength increases the bending amount in the titanium sheet, and increasing the polymer's ductility 

increases the sheet flow inside the die cavity. The interlocking zone shows a little decrease after the punch is 

removed due to the effect of polymer shrinkage.  

 

Figure 8. Effect of sheet thickness on interlocking and necking values. 
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Figure 9. Interlocking and necking values for HDPE and PTFE polymers. 

Effect of Die Depth  

Three different die depth values (1, 1.5, and 2mm) were used to join a sheet of PTFE polymer (2mm thickness) 

to a titanium sheet which contains a (7.5mm) hole diameter. It was found that increasing the die depth from 1 to 

2mm decreases the necking and interlocking values as shown in figure 10. At the same time, the tendency to 

fracture increased for (PTFE) polymer. 

 

Figure 10. Variation of Interlocking and necking values with die depth. 

For a certain punch diameter, the difference between the hole diameter in the lower sheet and the punch diameter 

represents the clearance between them. When this clearance is small, the lower sheet bents because of the axial 

load exerted by the punch on the upper sheet. For HDPE polymer, increasing the hole diameter of the lower sheet 

from (6.5 to 7mm), increases the clearance therefore, the necking zone is larger than the interlocking zone. 

Increasing the upper sheet thickness from (1 to 1.5mm) has no effect on necking or interlocking values. Moreover, 

increasing the sheet thickness from (1.5 to 2mm) decreases the interlocking zone and increases the gap between 

punch and polymer after forming due to the effect of polymer shrinkage. The shrinkage of this polymer was about 

(1.5 – 4.0 %), and this increases the possibility of separation the upper and lower sheets. For PTFE polymer, good 

results were obtained when the process parameters were (die depth = 1mm, hole diameter = 7mm, and polymer 

thickness =2mm).   

This was represented by a high value of interlocking zone, no critical zone, no gap between the punch and the 

polymer, and the polymer almost fill the clearance between the punch and lower sheet without fracture. High 

polymer ductility and low resistance compared to (HDPE) make it easy to flow and form inside the die cavity. 

When the die depth is larger than polymer thickness; there is no interlocking zone, so there is no joining. Further 

increase in die depth results in the presence of fracture in the necking zone because there is no sufficient polymer 

material to fill the gap in the die. For PA polymer, with a larger hole diameter, the necking zone was found to be 

larger than the interlocking zone. The high strength of this polymer pushes the upper sheets and causes bending 

in titanium sheet with little flow in the die cavity when compared with other polymers. When the sheet thickness 

increases up to 2mm, a large bending was obtained in the titanium sheet and this causes the failure of the joint due 
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to the high resistance of polymer and its large thickness, which is four times the thickness of the titanium plate. 

No interlock zone was obtained when increasing the depth of the die up to 2mm, this is because (PA) is difficult 

to flow in a die cavity and there is no sufficient polymer material to flow within the die cavity. 

CONCLUSIONS 

1. Hole clinging process can be performed to join polymer to titanium. 

2. Simulation software (DEFORM-2D®) was used to find and compare the values of interlocking, necking, 

and failure before removing the punch from the sheets and comparing it with the results after the 

shrinkage effect of the different polymers. 

3. (PA) the sheet shows the highest joining strength at the rate of (237 N) with a fracture in the necking 

zone, followed by (HDPE) sheet with (164 N) and a pull-out from the hole failure type. Finally, a joining 

force of (118 N) was recorded for (PTFE) with a fracture in the necking zone.  

4. (PTFE) results in the best joint despite the high joint strength of (PA). 

5. The high shrinkage rate of polymers must be calculated and added to the dimensions of the die to obtain 

good results. 
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