Joining Car Body Steel Sheets Using
the Clinching Method

Emil Spisak (SK) emil spisak@tuke.sk

vv s

Lubos Kascak (SK) ubos kascak@tuke.sk

28 |VOLUME 15, No. 1, 2011

BIOGRAPHICAL NOTES

Emil Spisak, prof. CSc. (born in 1955) is professor of Department of Technologies and
Materials, Faculty of Mechanical Engineering, Technical University of Kosice. He is head
of the Department of Technologies and Materials and Vice-Rector for Development
and Construction of the University. He served as Vice-Dean for 4 years and Vice-Rector
for 8 years. He works in the area of evaluating of material properties, material failures,
analysis and quantification of production factors influence in production of thin steel
sheet stamping parts, modelling and simulation of technological processes, mainly
forming processes. He is national secretary and a member of International Deep-
Drawing Research Group. He is author of 5 monographs and more than 200 publica-
tions in journals and conference proceedings at Slovakia and abroad. His published
works were cited 115 times. He has been worked on 60 grant projects, research tasks
and 47 projects solved for industry.

Lubos$ Kascak, Ing. PhD. (born in 1974) is an assistant professor at the Department of
Technology and materials. He received scientific degree PhD. in 2004 in the field of prop-
erties evaluation of joined deep drawn sheets. He is an author of more than 70 publica-
tions in journals and conference proceeding in Slovakia and abroad. He has worked on
several grant projects and research tasks.

KEY WORDS

Clinching, Car Body Sheets, Evaluation of Properties

ABSTRACT

The paper deals with joining steel sheets for automotive industry using the clinch-
ing method. This method is a relatively new technique in joining car body sheets
and it is beginning to find its place in the automotive industry as an alternative to
resistance spot welding, especially in joining materials of different qualities or ma-
terials with different surface treatment. Combination of three hot-dip galvanized
steel sheets: microalloyed steel sheet H220PD with the thickness of 0,8 mm, TRIP
steel 40/70+Z100MBO with the thickness of 0,77 mm and drawing grade sheet
DX51D+Z with the thickness of 0,9 mm were used for the experiments. The tensile
test and metalographical analysis were used for the evaluation of the clinched joints
properties. We observed the influence of the sheets’ position during clinching (taking
into consideration the materials and the active parts of the tool - punch and die) on
the carrying capacity of the joint.



INTRODUCTION

Contemporary automotive industry is a challeng-
ing business. It is required not only to respond to
environmental concerns such as greenhouse gases
and fuel economy, but also to meet customer ex-
pectations [1]. The car body consists of a combina-
tion of several materials, which is a result of mate-
rial and energy saving trends applied in car body
production. The production of vehicles with lower
weight and consequently also lower fuel consump-
tion is responding to ecological demands of reduc-
tion of emissions into the environment. There is a
need to join different materials - materials of vari-
ous thicknesses, qualities, surface treatments [2].
Such practice in car body production opens new
possibilities for designers in optimal utilization
of properties of various materials, which can be
combined into one construction. For example, the
cheapest materials can be situated in the common
parts of pressing in car body, good-quality sheets
can be situated in the critical places of deforma-
tion and high-strength sheets can be used in the
exposed places due to demands of construction
- deformation zones [3]. These demands lead to re-
search in the area of material joining with the em-
phasis mainly on carrying capacity of joints, quality
of joints and corrosion resistance.

It is not always possible to achieve the required
quality of joints in automotive industry when clas-
sical methods of joining like resistance spot weld-
ing and laser brazing are used. There is a need to
conduct research into alternative methods of ma-
terial joining. One of the alternative joining meth-
ods used in automotive industry is clinching [4].
Clinching is a joining method in which sheet metal
parts are deformed locally without the use of any
additional elements [5]. It is mechanical press join-
ing by local forming, which can be widely applied
in manufacture of thin-walled structures, especially
in the automotive industry. It consists in clamping
together several sheet metals by an impact ex-
trusion between a punch and a die [6]. Another
clinching method used in the automotive field is
self-piercing riveting with the semi-tubular rivets
(7],

The paper evaluates joints made by clinching
the following materials: microalloyed steel HSLA
H220PD, TRIP steel 40/70+Z100MBO and
drawing grade steel DX51D+Z.
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Fig. 1Clinching tool and the mechanism of joint
creation [10]

1 Clinching Process

The clinching process is a combination of drawing
and forming that locks together sheets metal lay-
ers [8]. The blanks are plastically deformed and the
shape of the tools remains theoretically unchanged
during the clinching processes. The punch is mov-
able, whereas the fixture and the die are fixed dur-
ing the process (Fig. 1). The punch force needed for
the joining process depends on the thickness and
the strength of the materials to be joined, the size
of the tools and friction coefficient usually varies
from 10 to 100kN [9].

The technology has many advantages, such as no
pre-drilled hole requirement, capability to join a
wide range of similar or dissimilar materials and
combinations of materials (Fig. 2 and Fig. 3), no
fume emissions etc. However, the process is lim-
ited by the inability to change process parameters
such as rivet size or die configuration “on the fly”
between successive joint positions on a vehicle
structure. This leads to potential increasing costs
and limits the application of the technology [1].
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This method should be used as an alternative to
resistance spot welding, especially in joining of
combination of materials. Comparisons of carrying

[ Ultra High Strength Steel
[l Extra High Strength Steel

Very High Strength Steel
B High Strength Steel
B Mild Steel / Forming grades

B Aluminium

capacities between joints made by clinching and
resistance spot welding were published mainly in
[10-12].

Fig. 2 Combination of materials used in car body of Volvo V70

< 220 MPa
< 420 MPa
> 1000 MPa

41%

Fig. 3 Range of materials used in car body production (VW Jetta)

2 Materials and Experiments
The following steel sheets were used for ex-
perimets: microalloyed steel HSLA H220PD with
the thickness of 0,8 mm, TRIP 40/70+Z100MBO
with the thickness of 0,77mm and DX51D+Z with
the thickness of 0,9 mm.
Their basic mechanical properties and chemical
composition are shown in Tabs. 1 and 2. Properties
of DX51D steel were specified by producer.
According to the orientation of punch and die to the
position of upper and lower joined material, follow-
ing combinations of steel sheets for press joining were
used:
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m Samples A: H220PD (a0 = 0,80 mm) and TRIP (ao
=0,77 mm)*

m Samples B: TRIP (ao = 0,7 mm) and H220PD (ao=
0,80 mm)*

m Samples C: H220PD (a0 = 0,80 mm) and H220PD
(ao=0,80mm)

m Samples D: TRIP (ao= 0,77 mm) and DX51D (a0 =
0,90 mm)*

m Samples E: DX51D (ao = 0,90 mm) and TRIP (ao =
0,77 mm)*

(*sheet on the die side of press joining tool)

The samples of 40 x 90 mm dimensions with the
length of lapping 30 mm according to STN 05



1122 standard were used for the experiments. Six
samples were prepared for every combination of
sheets. Beacuse of the used joining method, it was
not necessary to clean the surfaces of samples be-
fore clinching.

Material Rpo. Rm A80 N9
[MPa] [MPa] [%]
H220PD 238 382 36 0,228
TRIP 40/70 450 766 26 0,278
DX51D 450* 23%

Tab. 1 Basic mechanical properties of used steels
(*specified by producer)

Material

C Mn Si P

H220PD 0,004 | 0415 | 0,100 | 0042 | 0,004 0,035 0,011 0,017 0,310 0,037
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Clinching was performed on the tension machine
ZD 40 made by Werkotoffrufmaschinen Leipzig
Company with the loading range of 40 kN. The
force needed for joining was 30 kN. The force for
blankholder was 8 kN.

The carrying capacities of joints made with clinch-
ing were evaluated according to standard STN 05
1122 - Tensile test of spot welded joints. This test
was used for measuring the maximum carrying ca-
pacities Fmax of pressed joints. The test was carried
out on the testing machine for determination of
strength of metals TIRAtest 2300 made by VEB
TIW Rauenstein with the loading speed of 8 mm/
min. The metallographical analysis was used for the
evaluation of pressed joints quality.

Chemical composition in [%] wt

Al Cu Ni Cr Ti

TRIP 40/70 0204 | 1683 | 0,198 | 0018 | 0,003 1,731 0,028 0018 0,055 0,009

DX51D 0,15% 0,040% | 0,040%

v Nb Mo Ir

H220PD 0,002 | 0026 | 0005 | 0,001

TRIP 40/70 0,004 | 0004 | 0008 | 0,007

Tab. 2 Chemical composition of used steel sheets (*specified by producer)

Number of sample Carrying capacity Fmax [N]

Samples A Samples B* Samples C Samples D* Samples E
1 939 = 980 = 1087
2 985 = 1008 = 1584
3 1016 = 956 = 1334
4 1080 = 924 = 1834
5 1093 -- 973 -- 1973
6 937 = 978 = 1658

Tab. 3 Measured values of carrying capacities of the clinched samples (*joints were not made)

The measured values of carrying capacities of
clinched joints after tensile test are shown in Tab.
3. The carrying capacities of samples B and sam-
ples D were not measured, because clinched joints
were not made. The upper sheets of both samples
(TRIP 40/70 steel) were cut off in the place of the
joint and then pressed to the lower sheet (Fig. 4
and Fig. 5).

No cracks were observed on the lower part of

sheet on the die side of samples B and D.

The average value of carrying capacities of sam-
ples A was 1008 N. The cracks in the TRIP steel
of the die side were observed (Fig. 6), which could
possibly have a negative effect, especially during
dynamic load. The cracks can even decrease the
joints’ corrosion resistance. The values of carrying
capacity of samples A are similar to the values
measured in clinched joints of the common draw-
ing grade steel sheets as was published in [2].
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H220PD

Fig. 6 Sample A after tensile test with cracks in the joint

The average value of carrying capacity of samples
C was 970 N. No cracks occurred in the place of
the joint from the side of die (Fig. 7). The carrying
capacity values of samples C are similar to the val-
ues measured in clinched joints of the common
drawing grade steel sheets.

Fig. 7 Sample C after tensile test
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The average value of carrying capacity of samples
E was 1578 N. The cracks in the TRIP steel of the
die side were observed, similar to those in sample
A (Fig. 8).

Fig. 8 Sample E after tensile test with cracks in the joint

The measured values of carrying capacity of sam-
ples E are higher than values of samples A and
C, which is probably caused by the thicker mate-
rial of the upper sheet in the joint (DX51D of 0,9
mm).

The results of metallographical analysis and the
critical areas of clinched joints are shown in Fig. 9
- 11. Critical area is the area with the most signifi-
cant thinning in the joint. Failures occured in these
areas during tensile tests of samples A, C and D,
and during the clinching process in samples B and
D.The metallographical analysis confirmed the oc-
currence of cracks in the TRIP steel on the die side
of the joints in the round part (Fig. 9).

Fig. 9 Sample A with the critical area and the cracks in TRIP
steel on the die side

Figure 10 shows sample C of two H220PD steels.
There are no cracks or failures in the joint.

Figure 11 shows the critical area of the clinched
joint of sample E, which is different from the criti-



cal area of sample C. Itis caused by using the joint’s
upper sheet with a different thickness, which is in
accordance with the values of carrying capacity
measured during tensile test.

Fig. 11 Sample E with the critical area of the joint

3 Conclusion

The paper focused on the evaluation of clinched
joints of various material combinations. Mi-
croalloyed steel HSLA H220PD, TRIP steel
40/70+Z100 MBO and DX51D+Z steel were
used for the experiments.

The influence of the orientation of joined materials
regarding the position of punch and die of the tool
was also observed. The material combinations of
TRIP 40/70 with H220PD as well as TRIP 40/70
with DX51D, where TRIP steel is oriented towards
the punch, are not suitable for joining by clinching,
because the joints are not created. Failures in the
critical areas of joints occur during the clinching
process. The same material combinations, where
TRIP steel is oriented towards the die, are not
suitable for joining by clinching, even though the
joints are successfully created, because there oc-
cur cracks in TRIP steel, which could negatively af-
fect the joint, especially during dynamic load. The
cracks can even decrease the corrosion resistance
of the joints. Only the combination of the same
materials H220PD is suitable for joining by clinch-

ing.
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Carrying capacities of these samples were on suf-
ficient level and metallographical analysis con-
firmed no occurrence of cracks or failures in the
area of clinched joints.
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