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Abstract: Traditional manufacturing processes for bending and combining the upper and lower heat insulation plates for a car
catalytic converter need two kinds of bending dies. This study was carried out to develop a single-action, two-step clinching system
for clinching heat insulation plates. To design the operating mechanism for this clinching system, finite element analysis was used to
estimate the bending load needed and to predict the bent shape of the heat insulation plate. Then a recovery and cushioning system
was designed for the bending die. It is expected that this new process will improve the manufacturing quality of heat insulation plates
and will reduce manufacturing cost. And a higher value-added technique for mold and pressing systems was introduced.
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1 Introduction

Catalytic converters are important air pollution
control components of car exhaust systems. A converter
essentially consists of upper and lower heat insulation
plates combined by a flange that encloses the catalyst
and a heat insulating material around the catalyst. This
heat insulating material lowers the temperature of the
exhaust pipe to prevent misfire of the catalytic converter
and protects the catalytic converter from damage by
shocks from road or ground surfaces[1-2]. The heat
insulating plates are joined by a sheet metal method
known as clinching.

Clinching has been used for almost 25 years and
there has been much research into this method[3—7]. The
traditional clinching technique used to combine the upper
and lower heat insulation plates of a catalytic converter
has two steps: first, the flanges of the cases of the upper
and lower heat insulation plates are combined by the
clinching process, and second, the combination is
finalized in a press. Therefore, two molds are needed for
one joining process. Moreover, because the product must
be moved between the first clinching and the press, the
procedure requires significant manpower, equipment,

and space.

In this study, we designed system that allows a
single-action clinching of the heat insulation plates of a
car catalytic converter. Our aim was to develop a
single-action, two-step clinching system that could
combine and bend the upper and lower heat insulation
plates for the catalytic converter with one set of molds
and one stroke. The operating mechanism was designed
for the total system, and finite element analysis was used
to predict the bending load needed for clinching and the
shape after bending[8]. As a final enhancement, we also
designed cushions to improve the bending of the heat
insulation plates and to increase the clinching force.

2 Mechanism of single-action,
clinching system

two-step

2.1 First stage

As shown in Fig.1, in the first stage, the upper and
lower cases of the heat insulation plates of the catalytic
converter are attached to the mold. A predefined
hydraulic pressure is then applied to each cushion from a
hydraulic pump. Hydraulic pressure is supplied to the
main cylinder that lowers the top mold, and the
preparation for the clinching process is completed.
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Fig.1 First stage of clinching mechanism: (a) Clinching die;
(b) Clinching part

2.2 Second stage

As shown in Fig.2(a), once the main cylinder is
activated and the top mold is lowered, the top plate,
combined with the top mold, drops down, together with a
punch casing.

Consequently, as shown in Fig.2(b), the punch falls
onto the top surface of the bending mold, and is now
ready for the clinching process.
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Fig.2 Second stage of clinching mechanism: (a) Clinching die;
(b) Clinching part

2.3 Third stage

As shown in Fig.3(a), the fall of the punch casing is
stopped by the first cushion located at the left and right
sides of the bottom mold, but the top mold keeps falling
because of the continuous hydraulic pressure applied to
it.

As a result, wedging pushes the horizontal
movement block inside, and the first clinching process is
completed as shown in Fig.3(b).

2.4 Fourth stage

Even after the first clinching process is completed,
hydraulic pressure continues to be applied to the top
mold and it keeps falling.

The punch that has moved inside now bends the
upper and lower cases vertically, as shown in Fig.4(b).

Fig.3 Third stage of clinching mechanism: (a) Clinching die;
(b) Clinching part
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Fig.4 Fourth stage of clinching mechanism: (a) Clinching die;
(b) Clinching part

Finally, the second cushion drops down to perform
embossing, to increase the combining force after bending,
and this completes the entire clinching process.

3 Determination of clinching load

3.1 Finite element model

This study used finite element analysis to determine
the bending load required for the first and second steps
of the clinching process. Finite element analysis has been
widely used for the prediction of forming shapes and the
estimation of bending load in the bending and clinching
process[9—13]. Fig.5 illustrates the finite element model
used for analysis.

The upper and lower heat insulation plates are
excluded from the analysis model because they are fixed
by the top and bottom jigs of the molds. Therefore, the
flange of each case that is bent by clinching, the punch
and the bending mold are modeled and included in the
finite element analysis. Because the longitudinal
dimensions of the upper and lower heat insulation plates
are sufficiently greater than the sectional thickness, the
plane strain conditions for the finite element analysis are
assumed in order to shorten convergence and analysis
time[14—15].
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Fig.5 Finite element models of clinching part according to
clinching process: (a) First clinching process; (b) Second
clinching process

Table 1 lists the mechanical properties of the
materials used for the heat insulation plates.

Table 1 Properties of heat insulation plate materials

Material Elastic Yield Tensile
modulus/GPa  strength/MPa  strength/MPa
SUS 304 190 380 750

3.2 Load and boundary conditions

To calculate the first clinching load, as shown in
Fig.5(a), the punch is forced to move from right to left
while the left end of the heat insulation plate flange is
held fixed, thus causing the heat insulation plate to bend.

To calculate the second clinching load, as shown in
Fig.5(b), the punch is dropped while the left end of the
first clinched heat insulation plate case flange is kept
fixed, thus bending the heat insulation plate.

3.3 First clinching load

Fig.6(a) shows the mechanism of the first clinching
process, and Fig.6(b) shows the deformed shape of the
heat insulation plate after the clinching process, as
obtained from finite element analysis.

Fig.7 shows the result of finite element analysis for
the reaction generated from the fixed end of the heat
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Fig.6 Equivalent stress distribution of heat insulation plate after

first clinching process: (a) Clinching part; (b) Equivalent stress
distribution (unit: MPa)
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Fig.7 First clinching force variation according to pressing
distance of punch

insulation plate flange against the clinching movement of
the punch. The reaction changed because of the variation
in the plastic deformation of the heat insulation plate
flange by the movement of the punch. The total load
generated in the first clinching process is 554 N/mm,
integrating all reactions.

3.4 Second clinching load
Fig.8(a) shows the mechanism of the second
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clinching process, and Fig.8(b) shows the deformed
shape of the heat insulation plate after the clinching

process, as obtained from finite element analysis.

Fig.8 Equivalent stress distribution of heat insulation plate after
second clinching process: (a) Clinching part; (b) Equivalent
stress distribution (unit: MPa)

Fig.9 shows the result of finite element analysis for
the reaction generated from the fixed end of the heat
insulation plate case flange by the dropping of the punch.
The total load generated in the second clinching process
is 493 N/mm, integrating all reactions.
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Fig.9 Second clinching force variation according to pressing
distance of punch

4 Cushion design

The single-action, two-step clinching system that is
the subject of this study, uses two cushions[16—17]. The
first cushion supports the top mold and enables the first
clinching, while the second cushion is used for
embossing, to improve the combining force of the upper
and lower heat insulation plates after the first and second
clinching processes. Therefore, each cushion needs to be
controlled. The hydraulic system shown in Fig.10 is
designed to appropriately control these cushions for the
bending process.
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Fig.10 Hydraulic circuit diagram for cushions

Fig.11 shows a control flowchart for the hydraulic
system presented in Fig.10. First, a predefined hydraulic
pressure to withstand the clinching load, obtained from
finite element analysis, is supplied from the hydraulic
tank to each cushion. Then a solenoid valve blocks the
hydraulic pressure to the cushions and the solenoid valve
4B opens to apply hydraulic pressure to the main
cylinder that activates the top mold. When this hydraulic
pressure pushes down the top mold, one stroke performs
two clinching processes for the upper and lower heat
insulation plates of the catalytic converter, by the
mechanism explained in section 2.

Then, when the second cushion drops, the hydraulic
pressure applied to the main cylinder is stopped by
closing the solenoid valve 4B. After one second, for
embossing, hydraulic pressure to raise the main cylinder
is applied to it by opening the solenoid valve 4A,
returning the top mold to its original position.

Finally, when the top mold returns, the solenoid
valve 4A is closed by a limit switch and the system
process is complete.
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Fig.11 Control flow chart of hydraulic circuit
5 Conclusions

This study designed an operating mechanism for a
total system to provide a single-action clinching of the
heat insulation plates of car catalytic converters, an
operation that traditionally requires two processing
actions. The new system also introduces cushions to
improve clinching efficiency and combining force, and
analyzes the clinching loads with finite element analysis.

The single-action, two-step clinching system
described here enables the first and second clinching
processes for the upper and lower heat insulation plates
of the catalytic converter, with only one set of molds and
one stroke. The development of this system could save
manpower, equipment, space and logistics cost, and
improve quality by simplifying the manufacturing
process for heat insulation plates of catalytic converters.

Furthermore, because this clinching system can be
applied to related pressing techniques using other molds,
it should create high added value for many molding and
pressing techniques.
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