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A Study on the Forming Characteristics of Clinching Joint
Process
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Abstract

This paper is concerned with joining of thin metal sheets by single stroke clinching process. This method has been used in
sheet metal work as it is a simple process and offers the possibility of joining similar-dissimilar thin sheet metals. Clinching
generates a joint by overlapping metal sheets deforming plastically by punching and squeezing sequence. AA 5754 aluminum
alloy of 0.5 mm thick sheets have been selected as a modal material and the process has been simulated under different
process conditions and the results have been analyzed in terms of the quality of clinch joints which are influenced mainly by
tool geometries. The rigid-plastic finite element method is applied to analyses in this paper. Analysis is focused mainly on
investigation of deformation and material flow patterns influenced by major geometrical parameters such as die diameter, die
depth, groove width, and groove corner radius, respectively. To evaluate the quality of clinch joints, four controlling or

evaluation parameters have been chosen and they are bottom, neck thickness of bottom and top sheets, and undercut thickness

s

respectively. It has been concluded from the simulation results that the die geometries such as die depth and diameters are the
most decisive process parameters influencing on the quality of clinch joints, and the bottom thickness is the most important
evaluation parameter to determine if the quality of clinch joints satisfies the demand for industrial application.
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R; : punch corner radius h : groove depth
R: : groove corner radius w @ groove width
Dy : punch diameter t; : punch side sheet thickness
Dgq : die diameter t2 : die side sheet thickness
H : die depth hy : punch stroke
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Fig. 1 Geometrical parameters
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Table 1 Process parameters

Parameters Values
Punch diameter(D,) 5.0 (mm)
Punch corner radius(R,) 0.2
Draft angle of punch 2°
Die diameter( Dy) 5.6,6.0,6.4
Die depth(H) 1.0, 1.2,1.5
Groove height(h) 0.6
Groove width(w) 0.6,0.8,1.2
Groove corner radius(R;) 0.1,0.3,0.5
Friction factor 0.12
Thickness  punch  side 0.5
sheet(t;) ’
Thickness die side sheet(t;) 0.5
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(c) Shear testing of sheets
Fig. 2 Test for separating strength
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(b) Effect of groove width (w)
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Fig. 9 Load-stroke relationships

Table 2 Pull-out and shear strengths

1 1.5 2
Stroke (mm)

(d) Effect of die diameter (Dy)

Process Parameters(mm) Simulation parameters Pull-out Shear
Failure

D, H - R, X U N, N, strengths (N) | strengths (N)

56 1 1.2 | 0.6 | 0.5 | (0.467)|0.077 | 0.156 | 0.154 High X 39 270

56 | 1.5 ) 03 | 0.8 | 0412 | 0.112 | (0.099) | 0.211 Low N; 45 321

6.0 1 06 | 03 038 | 0.091 | 0268 | (0.15) Low N, 45.6 362

6.0 | 12 | 0.6 | 03 | 0436 |0.094 | 0206 | 0.218 | Safe (high X) 259 402

6.0 | 1.2 | 0.6 | 0.5 | 0393 | 0.096 | 0.201 | 0.224 Safe (low X) 246 282

64 | 1.2 | 0.1 1.2 1 (0.238) | 0.102 | 0.296 | 0.332 Low X 358 105
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