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Abstract

The work carried out is based on the thesis properties of clinched joints are determined by the proportions of binding mecha-
nisms form-closure, force-closure and material-closure. To describe the acting binding mechanisms and thus to derive the
joint properties, detailed knowledge of the local effect of the individual binding mechanisms is necessary to ensure their
targeted adjustment by the joining process. The targeted setting of different proportions of the binding mechanisms is achieved
firstly via tool geometry and secondly via surface condition of the joined parts. An introduced form-closure component can
be quantified by metallographic cross section with subsequent measurement of the quality-determining parameters such as
undercut, penetration depth and neck thickness. To qualify the force-closure component, a torsional load can be applied
mechanically at rotationally symmetrical clinch joints. This also allows the influence of different surface conditions on the
tribological system to be quantified. Measurement of electrical resistance can reveal the binding mechanisms of force- and
material-closure. These investigations are carried out on an aluminum joining part combination of the same type. As a result
of these investigations, the clinched joints can be designed according to the load occurring in the later life cycle in the form of
an optimum and compromise variant with regard to minimum loads to be transmitted mechanically, electrically with regard

to low resistance or manufacturing with minimum energy input.

Keywords Clinching - Aluminum - Tool geometry - Surface condition - Binding mechanism

1 Introduction

Weight reduction through lightweight construction is not
only considered in automotive engineering as an essential
approach to meet the growing demand for a reduction in
energy consumption. In the future, the manufacturing pro-
cess must also be designed with energy consumption, sus-
tainability and resource conservation in mind. To achieve
these goals, transformable joining processes in versatile pro-
cess chains are necessary. Thus, the successful use of mate-
rial combinations depends to a large extent on joining tech-
nology, and comprehensive knowledge of joining processes
is of crucial importance. As a joining by forming process,
clinching offers the advantage of energy-reduced joining of
a wide range of materials. Clinching represents as an estab-
lished joining technique for sheet metals and profiled parts
and is "state of the art” in automotive construction when
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mechanical properties and corrosion behavior are considered
exclusively. The increasing range of applications covers also
joining tasks at e-mobility [1] to contact electrical conduc-
tors e.g. battery systems [2], busbars or fuses.

The motivation of the work is description of the binding
mechanisms and derivation of joint properties (mechanical,
electrical, thermal). Furthermore, in the determination of
manufacturing parameters based on the binding mechanisms
primarily required for the load by detailed knowledge of the
effect of the individual binding mechanisms. In conclusion
of the work carried out, a targeted control and utilization of
the binding mechanisms generated by the joining process is
to be carried out to improve the required properties of the
clinched joint.

Clinched joints are designed according to geometric fea-
tures such as neck thickness #, and undercut f [3]. These
values correlate with the non-destructively measurable qual-
ity criterion of bottom thickness 1, if the tool geometries are
known [4]. Clinched joints are based on the binding mecha-
nisms form- and force-closure as shown by Groche in [5]
and Salamati in [6]. The focus here is on the form-closure
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component. The force-closure component is mentioned in
these two publications, but is not discussed further.

At clinched joints, the form-closure component is defined
by undercut and penetration depth. The force closure is
determined by the existing surface pressure between com-
ponents to be joined. A material-closure component arising
in clinched aluminum materials, as demonstrated in [7] for
Al99.5 and in [8] for Aluminum alloys, is not addressed. A
material closure between the joining partners is based on the
formation of a bond, in this case a metal bond. A quantifica-
tion of these three components is not considered.

Clinched joints can be designed in optimum or compro-
mise versions according to known load paths or manufac-
turing capabilities. The tool geometries used influence the
local and inhomogeneously distributed shape changes as
Tenario shows in [9] by using a clinched joint with closed
die of a 10 mm diameter. In addition to the tool geometries,
the process parameters [10] and the surface conditions [11]
of the joined parts also influence the inhomogeneous shape
changes at the clinch joint. A Finite Elements Simulation
to represent the residual strain within a clinch joint with a
nominal diameter of 8 mm and closed die is shown in Fig. 1a
[12]. Due to the non-homogeneous forming in clinch joint
production, the work hardening of the parts to be joined dif-
fers depending on the area (punch entry, neck area, undercut
area and bottom area) (Fig. 1a). The inhomogeneously dis-
tributed shape changes cause inhomogeneously distributed
stresses and surface pressures (Fig. 1b) between the joining
partners [13]. In [13], Steinfelder shows the locally resolved,
inhomogeneous force-closure component in the form of con-
tact normal force due to a variation of tool geometry by
means of a Finite Elements Simulation of the surface pres-
sure between joining partners made of HCT590X (Fig. 1b).

Abe performs in [14] Finite Elements Simulations of the
respective shape changes on the basis of aluminum and mild
steel combinations and verifies this with experimental inves-
tigations. The degree of strain hardening and the geometric
dimension of the individual areas determine the property
profile of the joint as a function of the subsequent load case.

In [15], analyzes Lee pure aluminum joints of the alloys
AI5052 and A16063 with regard to the influence of varying
geometrical parameters on the strength and failure behavior

Fig. 1 Distribution of residual Residual strain
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of the clinched joints. Analytical relationships of the geo-
metrical dimensions among themselves on the failure behav-
ior are presented. Gibmeier [16] compares under assistance
of X-ray and neutron diffraction the difference between
expandable and closed dies with respect to the residual stress
state.

Depending on the known loads on the joint in the sub-
sequent life cycle, the tool geometries used, the system
parameters such as clamping force, the components to be
joined and their surface properties, different proportions of
the binding mechanisms form-, force- and material-closure
are formed. In order to use clinched connections optimally,
it is necessary to design the clinched joints according to
the respective requirements. Both basic production-related
parameters and application-related loads must be considered
as influencing variables. In the case of mechanically stressed
joints, the primary binding mechanisms are form- and force-
closure. Whereas in the case of a joint that is predominantly
subject to electrical stress, the binding mechanism of force-
closure, extended by a material-closure component, can
reduce the electrical resistance and as a consequence the
thermal load. Mechanical optimization of the joint is usu-
ally based on the adjustment of geometric parameters. When
optimizing the joint for electrical applications, the advan-
tages inherent in the process, such as surface enlargement
and relative movement of the joining partners, can used spe-
cifically to generate metallic and quasi-metallic micro-con-
tacts. This gives the opportunity to design clinched joints on
the basis of the necessary or dominant load for the respective
application and to exploit the binding mechanisms force-
closure and material-closure to improve the joint properties.

2 Design of joints
2.1 Methods

For the description of the acting binding mechanisms and,
consequently, the derivation of the joint properties, a detailed
knowledge of the local effect of the individual binding mech-
anisms is necessary to ensure their targeted control by the
joining process. An introduced form-closure component can
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be qualified and quantified via metallographic cross-sections
with subsequent measurement of the quality parameters. For
the qualification of a force-closure component, a torsional
load can be applied to rotationally symmetrical clinch joints
[4]. This can also be used to distinguish the effect of differ-
ent surface conditions on the tribological system. Resist-
ance measurement in the form of the four-wire method or
Kelvin method can be used to prove the binding mechanisms
force- and material-closure. The resulting form-closure
component is dependent on the direction of loading. The
force-closure component and material-closure component
are independent of the direction of loading. These testing
methods where introduced and qualified in [17] to detect
the change of force-closure component within the process
chain by using an aluminum steel mixed compound due to
precipitation hardening of the aluminum alloy EN AW 6014.

2.2 Tool selection

An example of the design of clinched joints (single-stage,
round joint without cutting portion, closed die) is used
to illustrate the effect of different proportions of binding
mechanisms on the joining partner combination EN AW
6014, t=2.0 mm. The aluminum alloy was delivered and
joined at the heat treatment condition T4. After delivery,
the aluminum was stored at a temperature of minus 22 °C
until further processing. This step is necessary to maintain
the condition T4. Figure 2a shows series 1 as the starting
point for the investigations. The geometrical design of the
clinch joints was carried out using a cylindrical punch with
a diameter of 4.6 mm and a die with a diameter of 8.0 mm
and a depth of 1.4 mm.

In series 2, the clinched joints were joined using an alter-
native tool set. Here a conical punch with an enlarged diam-
eter of 4.8 mm and the same die are used. Due to the larger
diameter and thus a larger punch volume, an increase of
the bottom thickness is necessary to achieve the compara-
ble dimensions (Fig. 2b) for neck thickness and undercut.

Although these different punch geometries lead to identi-
cal values for neck thickness and undercut, cf. Fig. 2, and
thus to a comparable form-closure component, the variation
of the punch geometry results in a different force-closure
component.

Another way of influencing the force-closure component
is the surface condition of the joining partners. Series 3 is
used as a comparison for this purpose. The changed sur-
face condition is adjusted by cleaning with isopropanol.
This cleaning eliminates surface contamination for exam-
ple due to storage and handling effects and does not affect
the aluminum oxide layer, described in Altenpohl [18]. The
clinched joint (Fig. 2c), produced under these conditions,
has a smaller undercut due to the larger friction between the
joining partners, with the same neck and bottom thickness
as series 2. Compared to the two series, the annular channel
of the die is not completely filled in series 3. Furthermore,
the proportions of the joining partners in the total bottom
thickness also vary.

During the clinching processes, force—displacement-
curves (Fig. 3) were recorded. For the quantification of the
introduced energy, the recording of the complete process
graph including the return stroke is necessary. In order to
record the total work introduced, the force is measured under
the die. The measured force represents the force applied by
the drive unit, which is counteracted by the blank-holder
force.

The joining process starts when the blank-holder con-
tacts the joining partner on the punch side (Fig. 3, step 1)
and the blank-holder force is built up. Then the clinching
punch is placed on the joining partners (step 2) and elastic
deformation begins. Step 3 begins with the elastic—plastic
deformation and is completed with the contact of the die-
side joining partner with the anvil of the die. With further
penetration of the punch tool, the component thickness
is reduced and a radial material flow is initiated. Due to
the different punch geometries, significant differences in
the force—displacement-curves can be observed from step

Fig.2 Metallographic cross-
sections of Series 1 Cylindrical
punch (a), Series 2 Conical
punch (b), Series 3 Conical
punch and cleaned surface (c)

Series 1
Cylindrical punch

neck thickness:
th = 0.38 mm + 0.02
undercut:
f=0.35mm £ 0.02
bottom thickness:
to = 0.84 mm + 0.01

Series 3
changed surface condition
conical punch
neck thickness:
th=0.4 mm £ 0.02
undercut:
f=0.22 mm £ 0.03
bottom thickness:
tp = 0.99 mm £ 0.01

Series 2
Conical punch

neck thickness:
th=0.4 mm £ 0.03
undercut:
f=0.35mm £ 0.02
bottom thickness:
to = 0.99 mm + 0.01
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4 onwards. Due to the smaller punch diameter of series
1, compared to series 2, a smaller volume of material is
formed, which results in a lower process force. The pro-
cess graph of series 3 shows a slightly wavy course in this
area, which is due to the increased friction between the
components and between the components and the punch
due to adhesion and sliding conditions. At the transition
from step 4 to step 5, the contact area between the die-
side component and the die wall is increased, which is
accompanied by additional friction and is reflected in the
curve as a larger increase. The subsequent flatter increase
in step 6 is due to the free forming of the die-side compo-
nent until the annular channel is completely formed. Step
6 ends when the target bottom thickness is reached. The
return stroke (step 7) is then initiated. The blank-holder
now assumes the function of a stripper for demolding the
punches from the cup of the clinched joint. In step 8, the
punch is pulled out of the cup. In series 1, demolding takes
place over a longer distance, since here the cylindrical
punch is pulled out over the entire penetration depth as
a result of the hole groove. When the return stroke dis-
tance of 2 mm is reached, the punch is completely pulled
out of the cup. The noticeable significant force drop on
the process curves of series 2 and 3 is due to the abrupt

Displacement in mm

removal of the conical punch from the cup of the clinched
joint. In the process curves of all three series, a linear
force drop corresponding to the spring characteristic of the
blank-holder sets after the punch has been demolded. The
force—displacement-curves of series 2 and 3 differ from
step 4 due to the different surface conditions. This surface
preparation results in a higher force and work requirement
when forming the clinched joint.

The work W, required to produce a clinch joint, when
clinching with linear punch movement, can be described
as the integral of the joining force over the punch stroke
(Eq. 1).

We = / F(s)ds (D

This calculation results in the values listed in Table 1
for the work required to generate the clinched joints. The
forming work represents the work requirement for the pure
elastic—plastic deformation. This is represented by the area
enclosed in Fig. 3. The total work represents the sum of
the forming work and the required blank-holder work.

After joining the samples, a precipitation hardening of
the aluminum alloy takes place according to the condition
(185 °C for 20 min) of the manufacturer [19].

Table 1 Work required for a

linched iof W, in Joule Series 1 cylindrical punch/ Series 2 conical punch/ Series 3 conical
clinched joint delivery condition delivery condition punch/cleaned
surface
Forming work 56.33+1.81 65.55+0.25 66.58 +£0.30
Blank-holder work 18.19+0.47 18.99+0.23 19.00+0.18
Total work 74.53+2.28 84.54+0.48 85.58+0.13
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2.3 Mechanical test
2.3.1 Quasi-static shear load test

For the quasi-static test under shear load, single-cut over-
lapped specimens were manufactured in accordance with
DIN EN ISO 14273 [20]. The specimen geometry and over-
lap length used meet the requirements of [3]. After clamping
the specimens in a Zwick Z030 tensile testing machine, the
test load was applied at a rate of 5 mm/min until failure of
the specimens.

2.3.2 Torsion test

After clinching, the residual stress state is free of load. In
order to detect the force-closure component, this geometri-
cally rotationally symmetrical clinched joint is subjected to
a torsional load. First, the force-closure component is loaded
in addition to the elastic deformation of the joining partners.
The mechanical stress in the area of the real contact sur-
face in the neck, undercut and bottom areas increases until
the static friction between the joining partners is overcome.
Shear stress occurs in the circular cross-sectional area of
the neck. The roughness peaks of the surfaces in contact
represent a theoretic form-closure, which is, however, dif-
ficult to verify.

Fig.4 Test setup torsion test
rig [13]

! Twisted sample

A'x,

To carry out the torsion tests, a test rig (Fig. 4) with a EC
tightening spindle with a maximum torque of 30 Nm was
adapted to the requirements of the torsion test of clinched
joints. The measured values documented were the applied
torque in the EC tightening spindle and via an external
torque angle encoder with a resolution of 0.25°. The speci-
men geometry and arrangement were taken from [4].

Figure 5a shows the characteristic failure curve. The fail-
ure case consists of a twisting of the joined components rela-
tive to each other (Fig. 5b). The maximum value indicates
the testing torque.

2.4 Electrical test

The performance of mechanical tests allows the detection
of a force-closure component. However, it is not possible
to determine the presence of a material-closure compo-
nent. To test the presence of this third binding mechanism
and to verify the mechanical test results of the twisting
test, a further independent measured variable is to be
used. A clinched connection also represents an electrical
contact in the form of a non-separable connection [21]. If
two conductors are joined, spot, line or areal contacts are
created [22]. Due to impurity layers (e.g. oxides or other
contaminates), electrical contacting only occurs at spots
where the impurity layers are broken through, referred

Tightening spindle with
torque - angle of rotation
detection

External torque -
angle of rotation
detection

Process monitor

Test sample

Fig.5 Characteristic test curve I T T
after torsion test (a) occurring Testing Torque Failure case: Torsion
failure mode (b) .
= sl
% P e aatinl \‘
S|V \
> \
o
i |
e 1] \
{ \
/
\
(a) Angle of Rotation
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in [23]. The resulting true metallic contact areas, the
micro-contacts (a-spots), conduct the major part of the
current. In addition to the true metallic contact areas, part
of the current also flows through very thin impurity lay-
ers, which allow the electrons to tunnel through. Accord-
ing to Holm [24], these areas are called quasi-metallic
contact areas, see also [21]. The current lines constrict
in the micro-contacts. The so-called constriction points
generate the constriction resistance, which can hardly be
calculated even if the position, number and size of the
micro-contacts are known. The decisive resistance for
contacting, the contact resistance Ry (Eq. 2), is composed
of the constriction resistance Ry and, if an intact impurity
layer is present, the impurity layer resistance Rp.

Ry =R+ Ry )

According to [21], the constriction resistance in Eq. (3)
is determined via the relation:

r H
Re= 5 2L @)
K

The constriction resistance is described by the spe-
cific resistance of the materials involved p, the material
hardness H and the contact force F. These dependencies
are also represented in [25] by Zhai. This contact force
between the two connected conductors represents the
force-closure component with respect to a clinched joint,
see also [13]. The specific resistance of the components
is still constant until the precipitation hardening process
takes place. After the precipitation hardening process, the
specific resistance of the components degreases. Zhang
presents this effect in [26] at an AI-Mg-Si Alloy and a
measurement in [17] at a homogenous conductor of the
investigated aluminum alloy EN AW 6014.

The hardness at the homogeneous conductor is, caused
by the precipitation hardening process increasing from
66.5+0.8 HB5 to 96.1 £ 0.8 HB5 [4]. That means a
harder surface can realize a higher surface pressure
between the joining partners. Therefore the constriction
resistance will be degreasing. In superposition with these
effects the contact force will also be degreasing, so the
force-closure component will be reduced. If the force-
closure component is reduced, the electrical resistance
of the joint increases.

For measuring the electrical resistance of a clinched
joint using the four-wire method or Kelvin method, also
shown by Jiang in [27]. The LoRe II micro-ohmmeter, has
a measuring range of 10 nQ to 1.5 Q with a resolution of
1 nQ, was used for the electrical resistance measurement.
For each measurement, the micro-ohmmeter outputs also
a measurement uncertainty.

@ Springer

3 Experimental results
3.1 Mechanical results

The results of the quasi-static shear tensile tests performed
are shown in Fig. 6. During loading of the specimens, the
force—displacement-curves were recorded. For all specimens
tested, failure due to neck break occurs in combination with
a small deformation of the cup in the undercut and bottom
regions.

The influence of the different punch geometry is
expressed not only in the transmissible force but also in
the work performed. The specimens of series 1 reach
their maximum force at 1.63 kN, whereas the specimens
of series 2 exhibit a maximum force of 1.85 kN. Also, the
work absorption to fracture for series 2 is 31% higher than
that of series 1, which is associated with the increased work
applied during the joining process the series 2 (Table 1).
Series 3 specimens show a qualitatively similar behavior
under shear tensile loading. The differences with series 1
and 2 are manifested in a larger maximum force F,,,.. How-
ever, the work capacity is 10% lower compared to series 2
due to the smaller deformation path. This is due to a smaller
deformation of the cup of the component on the punch-side
as a result of the increased friction and the associated force-
closure component between the joining partners.

In addition to the quasi-static shear test, the series were
subjected to a torsional load in order to show the different
proportions of the binding mechanism of the force-closure
component depending on the tools, used and the surface
condition (Fig. 7).

Failure case “torsion” (Fig. 5b) occurs in all tested speci-
mens. A comparison of the testing torques achieved shows
that the specimens of series 2 have a higher testing torque

3
— Series 1 Series 3
T Series 2 Conical punch / Cleaned surface
Series 3 F,. =244 kN (s =0.21)
/F\ W, =192 J (s =0.23)
z 2 I
< i _ Series 2
£ Conical punch
3 F. .= 1-85KkN (s =0.08)
S Wi =212 (s=0.12)
L
1 / ]
Series 3
cylindrical punch
F, .= 163 kN (s =0.03)
Average testing curves k\\ w =1.61J (s =0.07)
7 Specimen per series Break
0 | ; ;
0 1 2 3

Displacement in mm

Fig.6 Comparison quasi-static shear load depending on the punch
geometry and surface condition
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Fig.7 Testing-torque depending on the punch geometry and surface
condition
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Fig.8 Electrical resistance in correlation to tool geometry and sur-
face condition

than series 1. This means that there is a greater surface
pressure and therefore a greater proportion of force-closure
between the series 2 parts in the clinch area.

In addition to the joining tools, the surface condition of
the components is the dominant factor influencing the bind-
ing mechanisms to be generated and the resulting property
profile of the clinched joints. If the same tools are used
but the surface condition is changed, the transmissible tor-
sional moment can be significantly increased by a factor of
5 (Fig. 7). This means that the increased friction between
the joining partners causes an increased force-closure
component.

3.2 Electrical results

The results of the electrical test are shown in Fig. 8. It can
be seen that firstly the tool selection has an influence on the
measured electrical resistance. A comparison of series 1 and
2 shows a 12% reduction in electrical resistance. This means
that series 2 has an increased current carrying capacity. The
increased force-closure component introduced via the set-
ting process causes this effect. This increased force-closure
component at the clinching joint is accompanied not only
by a higher joining force but also by an increased energy
input (Table 1).

Series 3 shows a significantly reduced electrical resist-
ance (Fig. 8). Compared to series 2, which was joined
with the identical tools, the cleaned surface has the effect
of reducing the electrical resistance of 48%. However,
due to the cleaned surface and the resulting increase in
friction during the joining process, the energy input to the
clinched joint is increased by only 1% compared to series
2 (Tablel). The improved electrical conductivity is caused
by metallic micro-contacts (Fig. 9), the number and size
of which, however, cannot be directly influenced [24].

Fig.9 Metallic micro-contacts at neck (a) and at bottom area (b) at specimen of series 3
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In the scanning electron micrographs in Fig. 9, metallic
micro-contacts can be detected in the neck (Fig. 9a) and
bottom (Fig. 9b) areas.

These metallic micro-contacts are retained even after
precipitation hardening from the joining state T4 to the
state T6. If the interaction of the processes of surface
enlargement, relative movement and friction is known,
the clinching process can be used to specifically generate
such metallic micro-contacts. Sahin presents this effect of
material-closure in [28] against the background of cold
pressure welding of aluminum and copper materials and
Ozel in [29] for Aluminum materials, when deformation
ratios greater than 70% are present. This is advantageous,
for example, for contacting electrical conductors. The fol-
lowing processes take place during clinching:

Surface enlargement,
e Breaking of the natural oxide layer and thus the forma-
tion of metallic blank contact surfaces,
Relative movement of the joining partners to each other,
¢ Cleaning effect of surfaces sliding on each other,
Surface pressure between the joining partners.

These effects can generate metallic micro-contacts in
the clinching joints via the tool parameters or a surface
pre-processing. Due to the increase in surface area and the
relative movements occurring during the joining process,
these metallic micro-contacts mainly occur in the neck
and bottom areas.

O energy form

4 Discussion

Based on the results obtained from mechanical testing and
electrical testing, as well as the energy applied during the
joining process, the following flow chart (Fig. 10) can be
created for the design of a clinching process.

The path from left to right starts with the characteriza-
tion of the joining partners. This represents the previous
procedure for the production of clinched joints, which is
also described in [15]. The joining partners and the tools,
previously selected empirically or via a process simulation
generate a clinched joint (Fig. 10/path 1). The form-closure
is generated by various parameters, e.g., tool geometries,
friction conditions or surface layers. If a head tensile load
occurs, the undercut represents this binding mechanism.
If a shear load occurs between joining partners due to an
external load, the penetration depth is added to this binding
mechanism. In the case of a peel load, the influence of the
undercut between joining partners dominates. The binding
mechanism force-closure is represented by path 2 in Fig. 10.
The magnitude of the force-closure component depends on
the spring-back effect of the component materials and the
friction between the joining partners that occurs. A com-
parison of series 1 and 2 shows a changed proportion of
the force-closure component of 33% (Fig. 7) with almost
identical parameters for the form-closure component. This
increased force-closure component requires an increased
energy input of 13% (Table 1).

In addition to paths 1 and 2, path 3 (Fig. 10) is included
in the investigations for series 3. The changed surface condi-
tion before joining initially causes increased friction, which
is reflected in a higher joining force (Fig. 3). The slightly

/" chem.
\._ene gy~

£l Clinched
[ condition [ 180 joint
[GoJo] M tool N/ activated joining physical adsorption {’ | material-
required surface between joining parts \ closure
q_ ' Deformation of the Sequence of bin |F ¢ < W
—————— optional L boundary layer z transfer operations .°
mech. [ e -
[ o —
§||E elastic outer \ / friction  inner\ /friction force-
5|8 therm. g i : : e
22 deformation 3 microstructural change closure
g [l v e. g. work hardening
= : "
£ g energy _ \ ' .
9| ol ; ' stored . ) l
‘g g VR ! energy -
e — elastic + plastic plastic : form-
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Fig. 10 Flow chart for designing a clinched joint
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increased energy input of series 3 of 1%, compared to series
2, due to the changed surface condition causes, an increased
quasi-static shear load of 31% (Fig. 6), a significant increase
of the torsional moment up to 527% (Fig. 7) and a reduction
of the electrical resistance of 48% (Fig. 8). The increased
torsional moment can be attributed to an increased force-
closure component, whereby a material closure could also
promote this torsional moment.

When designing clinched joints according to the neces-
sary binding mechanisms and required properties for the
respective load, e.g., mechanical or corrosive stress or elec-
trical conductivity, this flow chart can be read in the oppo-
site direction. The achievement of these required binding
mechanisms determines the geometry of the clinched joint,
the required tools and the required process parameters. The
energy to be applied can differ in its forms and amounts.
The various forms of energy are introduced into the parts
to be joined via tools. The possible conversion of one form
of energy into another is also taken into account. In the
simplest case, the mechanical energy leads to a sufficiently
large elastic—plastic deformation and thus to a form-closure
and force-closure component between the joining partners.
Optionally, an additional material-closure can also be pro-
duced if the appropriate energy is supplied [7]. The indi-
vidual binding mechanisms and their proportions can be
adapted to the subsequent life cycle in accordance with the
types of loading present.

5 Conclusions

The tests carried out and the results obtained confirm the
thesis that properties of clinched joints are determined by
the binding mechanisms form-closure, force-closure and
material-closure.

It is possible to detect and quantify different components
of the binding mechanisms via mechanical and electrical
testing.

Based on the description of a clinched joint by form-
closure, force-closure and material-closure, the properties
required for its loading can be determined by varying the
required binding mechanisms.

The same geometrical parameters for neck thickness and
undercut can lead to considerable differences in the mechan-
ical stress state and thus in the force-closure component even
when the same die and different punch geometries are used.
That means, that the selection of tools can be done by know-
ing the transmissible load as an optimum version.

Activation of the surface by removing impurities leads to
a significant increase in force-closure component and gen-
eration of a material-closure component with the same tool
parameters and almost the same energy input. This makes

it possible to use clinched joints designed in this way for
contacting electrical conductors.

A further conclusion opens up the perspective of an ener-
getically reduced clinching process. Against the background
of the load type and load level specified by the design, the
required energy input can be reduced by means of tool selec-
tion and process parameters. In hybrid joining processes,
e.g. clinching and adhesive bonding, the primary strength
properties of hybrid joined components are based on the
property profile of the adhesive. In this case, the design of
the clinched joints could not be based on maximum strength
properties, but on the lowest total energy input in each case.
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