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Shape deformation of the clinching joints upper sheet

Deformacja powierzchni blachy gérnej potaczen typu clinching

WALDEMAR WITKOWSKI
KRZYSZTOF KURC *

The paper presents the results of the experimental studies
of the clinching joints upper sheets shape deformation. In the
joint forming process a one punch and different die were
used. The numbers of movable segments were: two, three
and four.

KEYWORDS: clinching, ATOS lle optical scanner, 3D meas-
urement of clinching joint shape

In the case of thin-walled elements and structures, apart
from a wide range of conventional bonding techniques
(riveting, welding, welding, gluing, soldering, screw
connections [1-4]), modern joining methods are also
available, e.qg. by friction welding [5, 6] or plastic deformation
of joined elements in the cold (including so-called clinching)
[7-11]. The choice of connection type depends on a number
of factors - material, strength and technological - and the
type and purpose of the structure being assembled.

The basic parameter determining the connection is the
maximum force transmitted through the connector. The
magnitude of this force can be determined in various ways
(with the use of experimental studies, analytical formulas or
numerical tests) [12-14].

Forming the embossing causes a bulging of the joined
sheets on one side (from the matrix side) - the use of a flat
matrix [15] is an exception. From the side of the stamp, a
depression is created. The range of the deformation area of
the upper plate in the place of the consolidation depends on
the shape of the forming tools and the pressure of the joined
elements. Lack of pressure or its inadequate value results in
significant bending of the sheets in relation to the correct
integration process. The range of the deformation area of
the plates during SPR technology (self-piercing riveting) was
presented by Cai et al. [16]. The example of the car door
panel shows that it is possible to predict the deformation of
the entire element due to numerical simulation. The
influence of the type of joining technology (SPR, clinching)
on the radial extent of deformations of joined plates outside
the pressure zone was presented by Eckert and others in
work [17]. Coppieters et al. [18] determined the effect of
selecting additional forming tools (die scraper, clamp
pressure) and their stiffness on the shape of the lock and
the extent of deformation of the joined plates for
connections formed by a rigid matrix. The use of segmented
die matrices determines different material flow conditions to
the die cut.
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The sheet material fills the space between the segment
and the punch die and between the segments. For this
reason, the shape of the embossing from the bottom side is
more distorted than on the upper side (fig. 1).

The article presents the influence of the forming die
design on the shape of the deformation of the upper plate of
clinching joints. The deformation measurement was made
with the ATOS lle optical scanner (due to the possibility of
using optical measurement technology in industrial

conditions). Such a scanner can be integrated with the mini-
pulser, the appropriately programmed movements of which
allow to carry out the measurement on the production line,
without having to carry or remove the element [19].

Fig. 1. View of the embossing from the bottom side and directions
of measurement for a uniform matrix (a), two-segment (b), three-
axis (c) and four-segment (d) and a view from the upper-plate side
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The clinching connections were used to connect steel
sheet DX51D+Z/275 (according to PN-EN 10346: 2015-09,
material number 1.0226), 275 g/m2 galvanized hot-dip
coating with a thickness of approx. 20 ym. The dimensions
of the combined samples were 50 mm x 50 mm x 1 mm (fig.
2). Strength properties and chemical composition [20] are
shown in tabs. | and II.
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Fig. 2. Geometry of the tested sample

TABLE |. Mechanical
(average values)

properties of sheet DX51D+Z/275

DX51D

187,96 330,52 438,96 29,72
Marks: E — longitudinal elasticity coefficient (so-called
Young's modulus), Rpo,2 — conventional yield strength, Rm
— tensile strength limit, A; — total elongation of the sample

TABLE |1l. Chemical composition of DX51D+Z/275 sheet
(maximum content in %)

DX51D | 0,6 | 0,5 | 0,12 | 0,1 | 0,045 | 0,3 | Remainder

Clinching connections were made at the Press Joints
Laboratory at the Department of Machine Design at
Rzeszéw University of Technology. A ToxPressotechnik
frame press with EMPK type electric drive was used to form
the joints. Technological parameters of the forming process
have been defined in the press control software, as
recommended by the device manufacturer.
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Fig. 3. Dimensions: a) punch, b) uniform die pattern, c) segment
matrix
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The diameter of the forming die was 5.6 mm (fig. 3a).
Connections were made for a single matrix and a matrix
with a segmental structure (from two, three and four
segments). The depth of the bottom of the uniform matrix
was 1.6 mm (fig. 3b) and segmented - 1.4 mm (fig. 3c). Due
to the radial movement of the matrix segments divided at a
depth of 1.6 mm, it is not possible to obtain a properly
formed lock - the loss of the continuity of the bottom sheet in
the place of the pass is lost. The depth of the segment
matrix cut can be adjusted using washers. The inner
diameter of the punch scraper (pressure sleeve) was 7.5
mm, and the outside - 14 mm.

The parameter X (minimum thickness of the bottom of the
ribs) was 25% of the total thickness of the joined sheets (0.5
mm). To control the actual value of the parameter X, the
Mitutoyo digital tentacle with a measuring range of 20 mm
and an accuracy of 0.01 mm was used.

In the case of 40 mm x 40 mm samples, with connections
placed in the middle, 3D measurements of the shape and
geometry were made using the GOM ATOS lle optical
scanner (Figure 4). It works on the basis of triangulation.
Two cameras of the device record the course of the bands
displayed on the measured part, and the software calculates
with high accuracy the coordinates of the point for each
pixel. The measuring area is 150 mm x 150 mm, resolution -
5 million pixels, and measurement accuracy - 0.0002 mm.

Fig. 4. Measurement of the outline of the embossment using the
optical method

Fig. 5 presents the results of optical measurements of CL
connections formed with parameter X equal to 0.4 mm and
0.5 mm. In the case of a uniform die, the change of the
minimum thickness of the bottom of the embossing does not
significantly affect the extent and size of the deformation of
the overpressure profile in the upper sheet.

0,1
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Fig. 5. Deviation from the surface of the upper plate of the CL
connector for the parameter X equal to 0.4 and 0.5 mm (punch
diameter d = 5.6 mm, material DX51D)
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Fig. 6. Deviation of the surface of the upper sheet of the CL joint
formed with divisible dies (punch diameter d = 5.6 mm, die cut
depth h = 1.4 mm, X = 0.5 mm): a) two-segment, b) three-segment,
c) four-segment - in relation to a single-matrix matrix (d = 5.6 mm, h
=1.6 mm, X =0.5mm)

a) b)

Fig. 7. The deformation shape of the upper plate for the matrix: a)
uniform, b) two-segment

The change of the contour deformation area can be
obtained by using split matrices (fig. 6 and fig. 7).

The matrix segments in the initial phase block the free
flow of material to the blank, which prevents significant
deformation of the top sheet. The diameter of the matrix die
in the initial forming phase is the same as the die diameter
of the die. Increasing the pressure of the forming die causes
radial movement of the segments, whereby the material of
the joined plates fills the space between the die stamp and
the segments and the spaces between the segments. The
inner diameter of the scraper was smaller than the diameter
of the uniform matrix die. The pressure of the sheet metal
sleeve during the forming of the matrix is carried out on the
surface of the segments.

Increasing the number of segments changes the shape
of the deformation area of joined plates from elliptical (for
two segments) to circular (for four segments) - as in the
case of a fixed matrix. This is due to the smaller volume of
material filling the space between the segments.

Conclusions

The deformation of the top sheet in the area of the
consolidation depends on the type of die used to form the
clinching joints. For a uniform die with a constant punch
diameter d = 5.6 mm, the change in the minimum depth of
the transfer floor does not affect the extent of deformation.
Segment matrices in the initial forming phase of the joint
allow the sheet material to flow only along the extrusion

axis. Increasing the forming force causes the radial
movement of the segments and the filling of the space
between the segments and between the segments and the
die stamp. The greater the number of moving segments, the
deformation of the top sheet near the scanning is more
reminiscent of the shape obtained for the uniform matrix.
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