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Abstract: Various ferrous and non-ferrous materials and their combinations are
used in car body production in automotive industry. These materials need to fulfil
several criteria before being approved. Some of the criteria are the results of requla-
tion and legislation with the environmental and safety concerns and some are the
requirements of the customers. In many occasions different factors are conflicting
and therefore a successful design would only be possible through an optimized
and balanced solution. The most commonly used method for joining the materials
is resistance spot welding. Some materials or their combinations are very difficult
or even impossible to join by resistance spot welding. Therefore, the car produc-
ers are seeking for alternative joining methods such as cold metal transfer, TOPTIG
or mechanical joining. The paper deals with evaluation of properties of the joints
made by two methods of mechanical joining - clinching and clinch-riveting. The
steel sheets of DX51D+Z, H220PD and DCO06 were used for experiments. The tensile
test for observing the carrying capacity, metallographicall analysis and microhard-
ness test were used for the evaluation of joints properties.
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1. Introduction

The assembly process development is driven by
the automotive industry, especially by companies
manufacturing car body elements. These compa-
nies are involved in developing and implementing
new solutions which are more environmentally
friendly [1]. The lightweight design of automobiles
is one of the primary methods to realize energy
conservation and emission reduction, thus the uti-
lization of light material and structure has become
the preferential approach as well as using various
combinations of materials, such as combination of
conventional drawing grade steel sheets and high-
strength steel sheets [2, 3]. The future trend is to-
wards “intelligent”light weight construction, which
means that for each produced part, the most suit-
able material regarding: functionality, durability,
production, and costs are used. However, the as-
sembly of those different parts presents a major
challenge for multi-material-design and imposes
a large cost factor [4]. The most used method for
joining the steel sheets is the resistance spot weld-
ing. But most of steel sheets are galvanized to im-
prove life of car body. In resistance spot welding of
galvanised steel sheets, the wear of welding elec-
trode becomes large due to the lower electrical
resistance and melting temperature of the coat-
ing layer. Therefore alternative joining techniques,
such as mechanical joining have attracted increas-
ing interest and applications [5, 6]. The most used
methods of mechanical joining in car body produc-
tion are clinching, clinch-riveting and self-piercing
riveting. Clinching joining technique involves lo-
calized cold deformation of sheets without using
additional elements even does not require a pre-
drilled hole. The clinching process is a combination
of drawing and forming that locks together sheets
metal layers. Depending on the application and
the required final mechanical strength, different
clinching technologies may be used, with round or
rectangular points, using fixed or floating dies [7,
8]. Clinch-riveting is a joining process similar to the
self-pierce riveting and clinching. It is a single-step
joining process, where the lock consisting of joined
sheet metals is created by the plastic deformation
of a solid rivet. [9]. Since the clinching and clinch-
riveting are mechanical joining and not metallur-
gical ones, the strength characteristics of the me-
chanical joining processes are different from those
of the welding processes [10].
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The authors decided to present the results of re-
search of joining by clinching and clinch-riveting
which are utilized in car body production.

2. Principle of Joining Processes

Clinching (CL) is a high speed fastening tech-
nigue, which uses a special punch and die to form
a mechanical interlock between the sheet metals.
As the joint is made by local plastic deformation
of the sheets, the materials should have sufficient
ductility to avoid cracking. Clinching can be used
on coated and painted materials, and is suitable for
joining dissimilar materials. Clinching involves the
joining of materials by local forming and does not
require an extra fastener - Figure 1. A punch forms
the two materials to be joined into a die. A button
is formed on the underside and provides an inter-
lock between the sheets [T, 71.
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Fig. 1: Principle of clinching process [1].
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Fig. 2: Principle of clinch-riveting process [1].
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Clinch-riveting (CR) is a cold process for join-
ing two or more sheets by directly piercing the
sheets with a rivet. CR process does not require a
pre-drilled hole unlike the conventional riveting,
the joining speed is the same level with that of
the spot resistance welding, and the equipment is
similar. The die on the underside of the materials
causes the rivet to flare under the force, creating
a mechanical interlock — Figure 2. The punch, un-
der the pressure conveyed by a hydraulic power
device, pushes the rivet to penetrate into the top
plate, and the die shape causes the rivet to flare
within the lower sheet in order to form a mechani-
cal interlock [8]. Figure 3 presents the samples of
utilizing of clinching and clinch-riveting methods



Fig. 3: Mechanical joining of sheets in body floor and B-pillar of AUDI A8 car bodly.

Table 1: Chemical composition of used steel sheets (in [%] of wt).

Material C Mn Si P S Al

H220PD 0012 0435 0.119 0.057 0.002 0.041 0.040 0013
DCo6 0.020 0.071 0.010 0.017 0.002 0.055 0.038 0011
DX51D+Z | 0.064 0.178 0.007 0.016 0.002 0.120 0.041 0.002
Material Cr Ti v Nb Mo Co

H220PD 0.046 0.033 0.012 0.052 0.009 0.047

DCo6 0.022 0.062 0.008 0.023 0.009 0.035

DX51D+Z | 0.023 0.002 0.005 0.015 0.004 0.019

in car body parts of AUDI A8.

Table 2: Basic mechanical properties of used steel sheets.

3. Materials and Experiments Material Rpoz[MPa]  Rm[MPa]  A80[%]
The following hot-dip galvanized steel sheets H220PD 238 382 36
were used for experiments: microalloyed steel DCO6 170 270-330 41
HSLA H220PD with the thickness of 0.8 mm, extra DX51D+7 | = 140 270-500 3

deep-drawing grade steel DCO6 with the thickness
of 0.7 mm and DX51D+Z with the thickness of 0.9
mm. The chemical composition and basic mechan-
ical properties of used steel sheets are shown in
Table 1 and Table 2.

The following samples of the same material com-
binations were used for clinching and clinch-rivet-
ing:

- Samples A: H220PD and H220PD (ao = 0.8 mm)
- Samples B: DC06 and DC06 (ao = 0.7 mm)
-Samples C: DX51D and DX51D (ao= 0.9 mm)

In order to evaluate the properties of the joints,
the following tests were performed: tensile test,
microhardnesses test and a metallographical
analysis. The samples with dimensions of 40 x 90
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mm and 30 mm lapping according to STN 05 1122
standard were used for the experiments (Figure 4).
Seven samples were prepared for every combina-
tion of steel sheets, five samples for evaluation of
carrying capacity, one sample for microscopy ob-
servation and one sample for microhardness test.
Whereas the both used joining processes are cold
joining processes, it was not necessary to clean
the surfaces of the samples before clinching. The
clinch-riveting method was carried out with the
steel rivets of specified geometry (Figure 5). An
average hardness of the steel rivet in five measure-
ments was 357 HVO0.1. The used rivets were made
of material designed by catalog number A5x5-2Al



by TOX Pressotechnik. The main alloy additives in
their chemical composition, besides carbon, are
0.35% of Al'and 1.5% of Mn.
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Fig. 4: Sample for tensile test .

Fig. 5: Rivets used in CR joints.

The carrying capacities of the CL and CR joints,
were evaluated according to standard STN 05 1122
- Tension test of spot welded joints. This test was
used for measuring the maximum carrying capaci-
ties Fmax of the joints. The test was carried out on
the metal strength testing machine TIRAtest 2300
produced by VEB TIW Rauenstein, with the loading
speed of 8 mm/min. Microhardnesses analysis was
realized according to STN EN ISO 6507-1 standard
with the applied load of 980 mN in the range of
10-15s.

4., Results and Discussion

The tensile tests were executed under displace-
ment control conditions on the specimen configu-
rations in order to characterise the static behaviour
of the joints. The maximum shearing load was the
most significant value obtained from the load-
displacement curves as shown in Figure 6 - 8. The
form of the curves indicates the behaviour of the
joints under loading. The shearing load is higher for
CR joints than for CL joints in all observed combi-
nations of joined steel sheets.

All observed samples of CR joints had higher
values of carrying capacities in comparison to
CL joints. On average, the CL joints reached 21%
(samples A), 22% (samples B) and 30% (samples C)
of carrying capacities of CR joints. The capacity for
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deformation in the case of CL joint is considerably
smaller than the CR joint.
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Fig. 6: Load-displacement curves of CL and CR joints of sample A
(H220PD).
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Fig. 7: Load-displacement curves of CL and CR joints of sample B
(DCO06).
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Fig. 8: Load-displacement curves of CL and CR joints of sample C
(DX51D).

The average value of maximum shearing load
was: approx. 4800 N for sample A with the cor-
responding displacement about 0.4 mm, approx.
3800 N for sample B with the corresponding dis-
placement about 0.5 mm and approx. 4800 N
for sample C with the corresponding displace-
ment about 0.4 mm. During the joining process
of clinch-riveting, the rivet and the riveted sheets



undergo massive deformation in order to form the
mechanical interlock. This energy is stored within
the interlock, leading to higher energy absorption
than that of CL joint. Joints made by clinch-riveting
method (CR joints) failed in the manner of a press-
stud in combination with a failure of one edge of
the joint and joints made by clinching (CL joints)
failed at the neck of the joint (Figure 6 - 8). Both
modes result in loosening of the joint after quite
small displacements. In the press-stud mode, insuf-
ficient deformation produces minor interlocking
of the sheets and will lead to failure. In the second
mode, there is insufficient material in the neck of
the joint and loading will result in failure in the
neck; excessive elongation in the region of the

Fig. 9: The critical areas of the joints: a) CR joint and b) CL joint.

Samples with marked areas of microhardness
measurements on samples of CR joints and CL
joints are shown in Figure 10a. The measured val-
ues of samples A with H220PD materials are pre-
sented in Figure 10b, samples B with DC6 materials
are in Figure 10¢, and finally samples C with DX51D
materials are shown in Figure 10d. The measure-
ments show the changes in the clinched joint and
clinch-riveted joint. The highest microhardness val-
ues were measured in the areas of the most signifi-
cant deformation and material hardening — critical
areas. When comparing the microhardness values
of CR joints and CL joints, higher values of micro-
hardness were measured on all observed samples
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joint neck, causing crack formation.

Metallographical analysis confirmed suitability of
clinching and clinch-riveting methods for joining
the observed material combinations. Both types of
failures occurred in the critical area of CJ joints and
CR joints. Figure 9 shows the critical area of both
types of joints - the place of the most significant
thinning of the joined materials in the area of neck
joints. When using CR joints, this area is strength-
ened with rivets. However, significant thinning or
failures were observed in these joints on their bot-
tom parts, e.g. in the place of the transition from
the bottom of the joint into the bulge on the bot-
tom’s edges.

of CR joints, especially in the places marked as 4
and 9. In these places, the rivet caused greater de-
formation and material hardening of the joined
materials in comparison with the CL joints.

5. Condlusion

The connection of sheet metals is one of the
problems of lightweight material needed to con-
front and solve. New joining solutions, including
the plastic forming processes are more extensively
used in the sheet metal structure assembly pro-
cesses.

Clinching as well as clinch-riveting processes
have become more and more popular during the
last decades. The methods of clinching and clinch-
riveting are suitable for joining the tested materials.
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Fig. 10: Microhardness values of CL and CR joints: a) measured locations of microhardness, b) sample A with H220PD, c) sample B with

DCO06 and d) sample C with DX51D.

All tested samples of clinch-riveted joints reached
higher values of carrying capacities in comparison
with clinched joints. The maximum load values of
clinched joints and clinch-riveted joints were 1020
N and 4790 N for the samples of H220PD materi-
als, 853 N 'and 3857 N for the samples of DC06 ma-
terials, and 1467 N and 4798 N for the samples of
DX51D materials.

The carrying capacities of these samples were

sufficient and the metallographical analysis con-
firmed no occurrence of cracks or failures in the
area of joints during both joining processes.
Using the clinch-riveting method led to signifi-
cant hardening of the joint in the critical area in
comparison to the classical clinching method. This
result was evident from the values of carrying ca-
pacities of the joints.

The highest values of microhardness were mea-
sured in the areas with the most significant thin-
ning of the joined materials as well as in the areas
with the most significant hardening of joined ma-
terials in both types of joining.

Clinching and clinch-riveting methods offer nu-
merous advantages, however, the most significant
limitation is the exterior protrusion, which results in
a bump jutting out of the sheet plane. Because of
this protrusion, clinching and clinch-riveting tech-
nology cannot be used for visible areas (car body
shells) or functional surfaces (sliding surfaces).
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