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SYSTEM AND METHOD FOR MANUFACTURING A HONEYCOMB BODY

Technical field

The present invention relates to a system and a
method for manufacturing a honeycomb body, more
specifically, to system and method for manufacturing an

S-type metal honeycomb body.

Background

Honeycomb bodies are commonly used in many fields,
such as filters, catalyst substrates in the engine
exhaust purification system. Honeycomb body has large
channel surface aresa, low back pressure, excellent
mechanical performance and catalysis engineering
speciality. In recent vyears, S-type metal honeycomb
body is of particular concern.

Metal honeycomb body is usually made of metal foil.
The honeycomb structure needs to be continuously
tightened so as to define the internal channels of the
honeycomb structure. The precision of the honeycomb
body manufacturing will affect its 1life and other
properties.

Device and method for manufacturing a honeycomb body
is known form the state of art. For example, W0O97/10135
describes a device and a method for manufacturing a
honeycomb body. The device includes a fork rolling
mechanism, which rotates around an axis and holds the
foil stack, and an arc mold segment, which can close to
form a mold. The model consists of at least two mold
segments, which can rotate around their axes
respectively. The axes of rotation are parallel with
the rolling axis respectively. In CN 101251036A also a
device and a method for manufacturing a honeycomb body
are known. The device includes a fixed post and two
sets of mold segments, which can be closed to form a
mold. These devices are not only complex, difficult to

manufacture, and also lack of accuracy.
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Summary of the invention

cause high complexity in

in accurate control, and/or

The invention is based on the purpose to provide a

system for automatically manufacturing a honeycomb body;

the system Thas

simple structure and

can produce

honeycomb bodies with good stability and long life.

According to the invent

ion,

the system includes a

forming mold with a plurality of sub-molds,

movable so that

they can

be

opened and

which are

closed; a

tightening mold for tightening said forming mold, i.e.

for closing the
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thereof;

rolling pin(s),
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volume of said forming mold and can rotate around a
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According

to

this invention, said

tightening mold has a shape that cooperates with the
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so that an action of said
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since the tightening mold can be easily and precisely
controlled. Thus, not only the tightening mold itself,
but also the driving train thereof, can be simply
constructed and manufactured with low cost. This
tightening mold can be easily driven, for example, by
an electric motor via a gear-rack transmission, worm
transmission and the like.

Other solutions are also possible for providing the
forming mold and the tightening mold with cooperating
configurations, such as mating structures with thread
or groove and the like.

The forming mold preferably comprises four sub-molds.
But a forming mold with only two, six or more sub-molds
is also conceivable, that leads to a simpler solution.
More sub-molds bring more evenly distributed acting
force to the honeycomb body, but also brings more
complexity to the structure.

Preferably, the sub-molds can be closed to form a
cylindrical, circumferential closed inner volume. This
solution brings the advantage, that the final size of
the honeycomb structure is controlled precisely merely
by the geometry characters of the sub-molds. Thus a
manufacturing system with high accuracy can be provided
easily.

According to a preferred embodiment, the
manufacturing system further comprises an ejecting part,
which is movable in the axial direction so as to push
the rolled-up honeycomb structure into a housing. Thus
a highly automated system is achieved.

Also for the purpose of providing a highly automated
system, a automatic feeding device for feeding said
forming mold with foil stack to be rolled is provided.

A method for manufacturing honeycomb body by using
the above described system is also suggested. The
method comprises the following steps:

opening the forming mold;

introducing the foil stack into the space between

the rolling pins;
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rotating the rolling pins until the foil stack is
fully rolled into the forming mold;

rotating the =rolling pins while activating the
tightening mold, with the action thereof causing the
inner volume of the forming mold decreasing to a first
value;

pulling the rolling pins out of the structure formed
by the foil stack;

pushing the rolled-up honeycomb structure into a
housing by means of the ejecting part.

By means of this method, honeycomb bodies can be
automatically produced with high accuracy. The produced
honeycomb bodies have gut behavior and 1long life,
because of this precisely controlled process, in which
the honeycomb structure is tightened while being rolled
up.

Preferably, a further step is provided between the
step of pulling the rolling pins out and the step of
pushing the —rolled-up honeycomb sStructure into a
housing, in which the tightening mold further functions
SO0 as to cause the inner volume of the forming mold

decreasing to a second value.

Brief Description of the Drawings

Figure 1 is a schematic drawing of the system
according to the invention;

Figure 2 is a section of the manufacturing system,
with the system in a state when the foil stack is being
introduced;

Figure 3 is a drawing of the system according to the
invention looking from the arrow D in Figure 2;

Figure 4 is a drawing corresponding to Figure 2,
with the foil stack being already rolled and the
tightening mold being already crossed a distance;

Figure 5 is a drawing corresponding to Figure 3,
with the foil stack being already rolled and the

tightening mold being already crossed a distance;
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Figure 6 is a block diagram showing the process for

manufacturing a honeycomb body.

Detailed Description

Figure 1 shows a system for manufacturing a
honeycomb according to the invention. The system
includes a frame, driving trains, a forming mold 1 for
rolling wvolume of the honeycomb-type and tightening
mold 6.

Figure 2 and 3 show a section of the system for
manufacturing a honeycomb according to the invention.
The forming mold 1 consists of four sub-molds
independent of each other (see Figure 3), which four
sub-molds can be opened and closed. For example, the
four sub-molds are supported on the frame like the jaws
of a four-jaw chuck. The sub-molds are preferably
movable in the radial direction in their own slide
rails respectively. The sub-molds are biased to the
direction of opening by springs. The four sub-molds can
naturally be arranged in other known means.

As can be seen from Figure 3, there are gaps between
the four sub-molds A in their opening state, through
which gap a foil stack 3 to be rolled can be introduced
into the forming mold 1. The foil stack 3 is produced
by stacking wave metal foils and flat metal foils
alternatively.

In the present embodiment, the four sub-molds of the
forming mold 1 are hold in a tightening mold 6. The
forming mold 1 includes a conical outer surface, which
engages with a conical inner surface of the tightening
mold 6 in such a way, that the he forming mold 1 are
contracted continuously by the axial movement (shown by
arrow D) of the tightening mold 6. That result in the
tightening of the honeycomb lying in the forming mold 1,
see Figure 4 and Figure 5. In one embodiment, the four
sub-molds can be contracted to form a close cylindrical

cavity.
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The forming mold 1 and the tightening mold 6 engage
with each other preferably by matched conical surfaces
thereof. But engagements with other matched shapes can
also be envisaged.

The system shown in Figure 1 includes rolling pins 2,
which can be inserted into the inner wvolume of the
forming mold 1. In the shown embodiment, two rolling
pins 2 are provided so as to manufacture a double S-
shaped honeycomb structure. Other conventional
arrangements of the »rolling pins for manufacturing
corresponding honeycomb structure are also possible.

One end of the rolling pin 2 is supported in a pin
driving shaft 7. The pin driving shaft 7 can rotate
around its longitudinal axis. The rolling pins are
driven by the pin driving shaft 7 in such a way, that
they rotate around an axis X, which is parallel to both
of the rolling pins 2. The axis X of the rolling pins
locates in the center of the forming mold 1 and 1is
equally distanced from the rolling pins 2. The foil
stack 3 is rolled up by the rotation of the rolling
pins 2 and form an S-shaped honeycomb structure. The
pin driving shaft 7 can by moved axially to a first
position, in which the rolling pins 2 are inserted into
the volume of the forming mold 1, and a second position,
in which the rolling pins 2 are pulled out of the
volume.

The system 10 also includes an ejecting part 5,
which can slide on the pin driving shaft 7 so as to
push the rolled honeycomb structure into an housing 8.
Thus, a honeycomb is manufactured. In Figure 5, the
central part of the foil stack 3, which has been rolled
as a honeycomb structure, is coved by the ejecting part
5.

In one embodiment, a supporting shaft 4 for
supporting the rolling pins 2 is provided on the other
side of the rolling pins 2. The housing 8 is pushed on
the supporting shaft 4. The supporting shaft 4 is

axially movable, such that it can leave the housing 8
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when the honeycomb structure is pushed out by the
ejecting part 5.

The mechanics of the manufacturing system, i.e. the
manufacturing method is described below:

First, the foil stack 3 is prepared. Usually a foil
stack 3 is formed by simply stacking a certain number
of wave foils and flat foils. Then a housing 8 for
honeycomb is placed into the manufacturing system. For
metal honeycomb bomolds, the housing is usually a steel
sleeve.

In step S01, the forming mold 1 is opened.

In step S02, a foil stack 3 is introduced into the
space between the two rolling pins 2 through the gap
between two sub-molds, see Figure 2 and Figure 3.

In step S03, the rolling pin driving shaft 7 1is
rotated by the driving train. The rolling pins 2 are
rotated by the rolling pin driving shaft 7 as such,
that the foil stack 3 is rolled into the forming mold 1.

In a step S04, the tightening mold 6 is moved
axially, so that the inner volume of the forming mold 1
gradually decreases to a first wvalue, after the foil
stack 3 is completely rolled into the forming mold 1.
In the mean time, the rolling pins 2 keep rotating. In
this embodiment, the tightening mold 6 moves linearly
in a direction D in its tightening action. Due to the
engagement of the conical inner surface of the
tightening mold 6 with the conical outer surface of the
forming mold 1, the sub-molds of the forming mold 1 are
displaced inwardly in radial direction by the axial
movement of the tightening mold 6, tightening the
honeycomb structure formed by the foil stack 3, see
Figure 4 and Figure 5.

In a step 805, the rolling pins 2 is pulled out
after S04, and the tightening mold 6 is further moved,
so that the inner volume of the forming mold 1 further
decreases to a second value.

In a step 506, after the second wvalue is reached,

the ejecting part 5 pushes the rolled-up honeycomb
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structure into a housing, so that a honeycomb with a
housing and a rolled-up honeycomb structure is formed.
In particular, the second wvalue corresponds to the
inner size of the forming mold 1 with the four sub-

molds fully closed.

List of symbols

forming mold

rolling pins

foil stack

rolling pin driving shaft
ejecting part

tightening mold
supporting shaft

O ~I o U1 b w N

housing
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Patent Claims

1. A system for manufacturing a honeycomb body,
comprising:

a forming mold (1) with a plurality of sub-molds,
which are movable so that they can be opened and closed;

a tightening mold (6) for tightening said forming
mold (1);

rolling pin(s) (2), which can be inserted into and
pulled out of the inner volume of said forming mold (1)
and can rotate around a rotation axis;

characterized in that,

said tightening mold (6) has a shape that
cooperates with the shape of said forming mold (1), so
that an action of said tightening mold (6) causes

tightening of said forming mold (1).

2. The system of claim 1, characterized in that, said

tightening mold (6) has a conical inner surface, which
cooperates with a conical outer surface of said forming
mold (1), and said tightening mold (6) are displaceable

in the axial direction.

3. The system of claim 1 or 2, characterized in that,

said forming mold (1) comprises four sub-molds.

4. The system of claim 1 or 2, characterized in that,
said sub-molds can be closed to form a cylindrical,

circumferential closed inner volume.

5. The system of claim 1 or 2, characterized in that,
further comprising an ejecting part (5), which is
movable in the axial direction so as to push the

rolled-up honeycomb structure into a housing (8).

6. The system of claim 1 or 2, characterized in that,
further comprising a rolling pin driving shaft (7),

which supports one end of the rolling pin (2), and on
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which said ejecting part (5) is arranged, such that
said ejecting part (5) is slidable on the rolling pin
driving shaft (7).

7. The system of claim 1 or 2, characterized in that,
further comprising a automatic feeding device for
feeding said forming mold (1) with foil stack (3) to be
rolled.

8. A method for manufacturing honeycomb body, wherein
the system of one of the above claims is applied, the
method comprising the following steps:

opening the forming mold (S01);

introducing the foil stack into the space between
the rolling pins (S02);

rotating the rolling pins until the foil stack is
fully rolled into the forming mold (S03);

rotating the rolling pins while activating the
tightening mold, with the action thereof causing the
inner volume of the forming mold decreasing to a first
value (S04);

pulling the rolling pins out of the structure
formed by the foil stack (S05);

pushing the rolled-up honeycomb structure into a

housing by means of the ejecting part (S07).

9. A method of claim 8, characterized in that, a
further step is provided between the step of pulling
the rolling pins out and the step of pushing the
rolled-up honeycomb structure into a housing, in which
the tightening mold further functions so as to cause
the inner volume of the forming mold decreasing to a

second value (S00).

PCT/CN2011/081618
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