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Description

[0001] This application claims the benefit of U.S. Pro-
visional Application No. 60/787,782 filed 03/31/2006, en-
titled "Crack-Resistant Ceramic Honeycomb Structures”.

BACKGROUND OF THE INVENTION

[0002] The present invention relates generally to ce-
ramic honeycomb structures, and in particular to honey-
comb structures such as honeycomb flow-through cata-
lyst substrates and wall-flow particulate filters.

[0003] Soot particles are removed from diesel exhaust
typically using a wall-flow honeycomb filter. FIG. 1 shows
a prior-art ceramic honeycomb structure in the form of a
wall flow filter 100. An array of parallel, straight cells 104
adapted for fluid flow runs axially along the length of the
honeycomb filter 100. The cross-section of the cells 104
is typically square. The cells 104 are defined by an array
of interconnecting porous webs 106 running along the
length of the honeycomb filter 100 and intersecting with
the skin 105 of the honeycomb filter 100. The cells 104
are end-plugged with filler material 107 in a checkerboard
pattern at the end faces 108, 110 of the honeycomb filter
100. Diesel exhaust 112 enters the honeycomb filter 100
through the unplugged ends of the cells 104 at the end
face 108, flows from one cell 104 to another through the
porous webs 106, and emerges through the unplugged
ends of the cells 104 at the end face 110, with the porous
webs 106 retaining a portion of the soot particles. The
efficiency of the honeycomb filter 100 is directly propor-
tional to the amount of soot particles retained by the po-
rous webs 106 with each pass of the exhaust.

[0004] As the soot particles accumulate on the porous
webs, the effective flow area of the honeycomb filter de-
creases. This decreased effective flow area creates a
pressure drop across the honeycomb filter, which leads
to a gradual rise in back pressure against the diesel en-
gine. When the pressure drop becomes unacceptable,
thermal regeneration is used to remove the soot particles
trapped in the honeycomb filter. During thermal regen-
eration, excessive temperature spikes can occur, pro-
ducing thermal stress in the honeycomb filter 100. If the
thermal stress exceeds the mechanical strength of the
honeycomb filter 100, the honeycomb filter 100 can
crack. This is particularly a concern where the honey-
comb filter 100 is made of a low tensile strength material,
such as ceramic.

[0005] Ceramic honeycomb flow-through catalyst sub-
strates have the general honeycomb structure of filter
100, but do not incorporate end plugs of filler material
107 in the channels of the honeycombs. Thus they op-
erate to treat engine exhaust gases as the exhaust flows
directly through the channels of the substrates: While
such flow-through substrates do not require regeneration
to remove trapped particulates, they are nevertheless
subjected to substantial stresses during catalytic reactor
assembly and in the course of use. Further, advanced
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catalyst substrates typically incorporate porous webs
106 of very slight thickness, e.g. thicknesses in the
25-150pn.m range, rendering them less mechanically du-
rable than thicker-walled substrates.

[0006] Providing honeycomb substrates and filters
with sufficient mechanical strength to withstand thermal
shocks and filter regeneration without decreasing the
performance of the honeycomb substrates and filters is
challenging because mechanical strength and pressure
drop tend to be inversely coupled. For example, for a
honeycomb filter having a given effective flow area and
pressure drop, the general approach to improving the
mechanical strength of the honeycomb filter has been to
thicken the porous webs. This modification has the ad-
vantage of increasing the thermal mass of the honey-
comb filter but it creates a different problem in that web
thickening reduces the effective flow area of the honey-
comb filter. This reduction in the effective flow area of
the honeycomb filter results in increase in pressure drop
across the honeycomb filter, even before soot particles
accumulate on the porous webs. To minimize the in-
crease in pressure drop across the honeycomb filter, the
porosity of the webs may be increased such that the ef-
fective flow area of the modified honeycomb filter is close
to the given effective flow area. However, increasing the
porosity of the webs is problematic in that it produces a
corresponding decrease in the thermal mass of the hon-
eycomb filter.

From the foregoing, there is an ongoing desire to improve
the resistance of ceramic honeycombs such as honey-
comb filters and catalyst substrates to cracking failure
under mechanical loads and/or thermal regeneration that
does not problematically increase pressure drop across
the honeycomb structures in use.

EP 0854123 A1, EP 1493479 A1 and US 2005/0274097
A1 eachdisclose ceramic honeycomb structuresin which
the corners of the cells are rounded forimproving strength
or for making the structures more resistant to edge chip-

ping.

SUMMARY OF THE INVENTION

[0007] The invention provides a honeycomb structure
according to claim 1 and an extrusion die for making a
honeycomb body according to claim 6.

In one aspect, the invention relates to a ceramic honey-
comb structure that comprises a honeycomb body having
an array of interconnecting webs bounded by a skin. The
interconnecting webs define an array of longitudinal po-
lygonal cells , some of which are selectively reinforced
by the placement of corner reinforcement (termed "fil-
lets") in the cell corners. In some embodiments, only se-
lected corners of selected cells are filleted or otherwise
reinforced. More particularly, fillets are included only in
diagonal corners perpendicular and/or substantially per-
pendicular to the skin. By diagonal corners perpendicular
and/or substantially perpendicular to the skin we mean
those diagonally opposed cell corners intersected by cell
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diagonals having extensions that are perpendicular or
substantially perpendicular to the skin. [0009] In another
aspect, the invention includes a<honeycomb structure
having a honeycomb body comprising an array of inter-
connecting webs bounded by a skin, the interconnecting
webs defining an array of longitudinal cells of polygonal
cross-section. The array of cells comprises both cells in-
corporating corner reinforcement and cells absent any
corner reinforcement. Preferably, the cells incorporating
corner reinforcement will include both reinforced corners
and non-reinforced corners. The corner reinforcement
provided in the reinforced cells is provided only in diag-
onally opposed cell corners intersected by cell diagonals
that , when extended to their nearest points of intersec-
tion with the skin are perpendicular and/or substantially
perpendicular to tangents to the skin of the structure at
the intersection points. [0010] In another aspect, the in-
vention relates to an extrusion die for making a honey-
comb filter comprising a die body, an array of discharge
slots formed in the die body to define an array of first and
second pins, the first pins having rounded diagonally op-
posed corners adjacent non-rounded corners, the sec-
ond pins having non-rounded corners, and an array of
feedholes in the die body for communicating an extrusion
material to the discharge slots.

[0008] Other features and advantages of the invention
will be apparent from the following description and the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The accompanying drawings, described below,
illustrate typical embodiments of the invention and are
notto be considered limiting of the scope of the invention,
for the invention may admit to other equally effective em-
bodiments. The figures are not intended to present true
proportion or scale; certain features and certain views of
the figures may be shown exaggerated in scale or in
schematic in the interest of clarity and conciseness.
[0010] FIG. 1is a perspective view of a prior-art wall-
flow honeycomb filter.

[0011] FIG. 2Ais a perspective view of a ceramic hon-
eycomb structure having longitudinal cells defined by in-
terconnecting webs and bounded by a skin, with fillets
formed in only in cell diagonal corners perpendicular to
the skin.

[0012] FIG. 2B is a transverse cross-section of the ce-
ramic honeycomb structure of FIG. 2A.

[0013] FIG. 2C is a variation of FIG. 2B, with fillets
formed in cell diagonal corners perpendicular to and near
the skin only.

[0014] FIG. 2D is a variation of FIG. 2B, with fillets in
cell diagonal corners substantially perpendicular to the
skin.

[0015] FIG. 2E is a variant of FIG. 2D with filleting pro-
vided on all corners.

[0016] FIG. 3 is a comparison of pressure drop in ce-
ramic honeycomb structures of differing design, including
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structures with and without selective filleting.

[0017] FIG. 4 is a vertical cross-section of an extrusion
die assembly for making the ceramic honeycomb struc-
ture of FIGS. 2A-2D.

DETAILED DESCRIPTION OF THE INVENTION

[0018] The invention will now be described in detail
with reference to a few preferred embodiments, as illus-
trated in the accompanying drawings. The descriptions
are presented mainly with respect to diesel particulate
filter embodiments even though the invention extends to
other honeycomb structures such as ceramic flow-
through catalyst substrates. In describing the preferred
embodiments, numerous specific details are set forth in
order to provide a thorough understanding of the inven-
tion. However, it will be apparent to one skilled in the art
that the invention may be practiced without some or all
of these specific details. In other instances, well-known
features and/or process steps have not been described
in detail so as not to unnecessarily obscure the invention.
In addition, like or identical reference numerals are used
to identify common or similar elements.

[0019] The invention provides strategic filleting of cell
corners in a honeycomb filter to increase the mechanical
strength of the honeycomb filter without substantially in-
creasing the pressure drop across the honeycomb filter.
This strategic filleting is such that the effective flow area
of the honeycomb filter is not substantially changed,
thereby enhancing the mechanical strength of the hon-
eycomb filter white maintaining a low pressure drop
across the honeycomb filter.

[0020] A theoretical analysis of the honeycomb filter
under thermal regeneration conditions was performed to
determine those locations of highest stress concentration
within the honeycomb structure, thus to determine where
structural reinforcement might be placed to-enhance me-
chanical strength. The results of the analysis indicated
that maximum stress occurs at the diagonally opposed
corners of cells on cell diagonals that are perpendicular
or nearly perpendicular to the skin. These are cell corners
intersected by diagonals through the cells that, if extend-
ed to the skin, would intersect the skin at right angles to
tangents to the skin at their points of intersection there-
with.

[0021] To reduce cracking, fillets are formed only at
those corners on cell diagonals that are perpendicular to
the skin, and not at adjacent corners within the filleted
cells. Fillets may also be formed in diagonal corners that
are substantially perpendicular to the skin. By adding fil-
lets to these high stress areas only, the crack resistance
of the honeycomb filter can be increased without sub-
stantially increasing the pressure drop across the hon-
eycomb filter.

[0022] FIG. 2A shows a ceramic honeycomb structure
200 having improved structural strength, crack-resist-
ance and low pressure drop. The ceramic honeycomb
structure 200 includes a columnar, honeycomb body 202.
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The honeycomb body 202 is typically formed of an ex-
truded fired ceramic, although other materials may also
be used. The ceramic may be cordierite, for example.
The honeycomb body 202 has a skin 204, that in FIG.
2A is of circular profile. In other examples, the skin 204
may have an elliptical profile, an oval profite, a so-called
racetrack profile, or any other closed cylindrical profile.

[0023] An array of longitudinal cells 206 is formed in
the honeycomb body 202. The transverse cross-section
of the cells 206 can have any desired shape, but in most
embodiments the shape is square or rectangular, com-
prising four sides and four corners. The cells 206 are
defined by an array of interconnecting porous webs 208
running along the length of the honeycomb body 202 and
intersecting with the skin 204 of the honeycomb body
202. The cells 206 are end-plugged with filler material
210 in a checkerboard pattern at the end faces 212, 214
ofthe honeycomb body 202. Selected corners of selected
cells 206 in body 202 include fillets 215 in the corners of
those selected cells to improve structural strength and
crack resistance without unduly increasing pressure
drop.

[0024] FIG. 2B shows a transverse cross-section of
the ceramic honeycomb structure 200. The cells 206 that
include fillets 215 according to the invention are shown
with thicker lines than the cells 206 that do not include
fillets 215. Fillet shape is not a critical aspect of the in-
vention; any corner thickening that has the effect of cor-
ner reinforcement can be employed. Thus, for example,
the fillets 215 may be concave, as shown in FIG. 2B, or
of convex or planar strut or brace design, . The fillets 215
in Fig. 2B are formed in diagonal corners 206a, 206b
perpendicular to the skin 204. That is, those corners and
similarly aligned corners fall on diagonals through the
cells, as indicated by phantom diagonal line 217, that are
perpendicular to the skin if extended thereto (line 217
being at right angles to skin tangent line 218 at the
217-218 intersection point). On the other hand, those cell
corners falling on cell diagonals indicated by phantom
diagonal line 219 are not filleted, since the diagonals are
not perpendicular or substantially perpendicular to the
skin (i.e., line 219 does not intersect the skin perpendic-
ularly to skin tangent line 220 at the 219-220 intersection
point).

[0025] For circular skin 204, the diagonal corners
206a, 206b perpendicular to the skin 204 coincide with
those divided by radii to the skin 204, again as represent-
ed by phantom lines 217. In FIG. 2B, all the diagonal
corners 206a, 206b perpendicular to the skin 204 include
the fillets 215. In another example, as illustrated in FIG.
2C, only the diagonal corners 206a, 206b falling on cell
diagonals perpendicular to the skin 204 for cells in a re-
gion near the skin 204 include the fillets 215. For the
purposes of the present invention, the region near the
skin of a honeycomb structure comprises the outer one-
third of the cross-section of the structure as measured
from the center or centroid of a honeycomb cross-section
taken perpendicularly to the axis of orientation of the cells
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of the structure.

[0026] In another example, as illustrated in FIG. 2D,
the diagonal corners 206a, 206b traversed by cell diag-
onals either perpendicular or substantially perpendicular
to the skin 204 will include fillets 215. The diagonal cor-
ners 206a, 206b on cell diagonals substantially perpen-
dicular to the skin 204 are located in a sector of the struc-
ture within an included angle o that encompasses the
group of cell diagonals indicated by phantom diagonal
line 217 that are exactly perpendicular to the skin 204.
The included angle o may range from 30 degrees (e.g.,
+15 degrees from the 45-degree diagonal line 217
through a circular structure such as shown in Fig. 2D) to
as much as 60 degrees (e.g., = 30 degrees from that
diagonal). As in the example illustrated in FIG. 2C, the
fillets 215 within this sector may also be limited to a region
near the skin. For the purposes of the present description
a cell diagonal is substantially perpendicular to the skin
if it falls within an included angle o that is within = 30
degrees of exactly perpendicular to the skin.

[0027] Inyet another example, illustrated in Fig. 2E of
the drawings, filleting is provided on all cell corners within
the included angles o about 45-degree diagonal 317. Fil-
letin all cell corners as shown in Fig. 2E slightly increases
pressure drops for gases flowing through the structure,
butthe increases are less than encountered in structures
wherein all corners of all cells are reinforced.

[0028] The most effective sectors for reinforcement in
honeycomb structures of more general closed cylindrical
cross-section (circular as well as non-circular shapes)
can be more generally determined with reference to the
angles that the cell diagonals on each of several project-
ed diagonal lines through the structure make with tan-
gents to the skin at their projection/skin tangent intersec-
tion points. Thus, in FIG. 2D, cell corners traversed by
cell diagonals aligned with phantom cell diagonal projec-
tion line 219 are not filleted, since those cell diagonals
are not perpendicular or nearly perpendicular to skin tan-
gent line 220 at the intersection of tangent 220 and pro-
jection 219. Most effectively, the filleted corners are only
those traversed by cell diagonals within =30° of perpen-
dicular to the skin (skin tangent line), or more preferably
within =15° of perpendicular to the skin.

[0029] Returning to FIG. 2A, for applications such as
diesel exhaust particulate filtration, the honeycomb filter
200 may have a cellular density between 10 and 300
cells/in2 (about 1.5 to 46.5 cells/cm2), more typically be-
tween 100 and 200 cells/in2 (about 15.5 to 31 cells/cm2).
The thickness of the porous webs 208 may be in a range
from 0.002 in. (about 0.05 mm) to 0.060 in. (1.5 mm),
preferably from 0.010t00.030 in (about 0.25 to 0.76mm).
The porosity of the porous webs 208 may be between
40 and 60% by volume. The porous webs 208 may in-
corporate pores having mean diameters in the range of
1to 60 wm, more preferably in a range from 10 to 50 pm.
Each fillet or brace (215 in FIGS. 2A-2C) should have a
cross-section such that it occupies not more than about
12% and not less than about 2% of the cross-sectional
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area of the cell in which it is provided.

[0030] The advantageous effect of limiting corner re-
inforcement to only selected regions of a honeycomb
structure is illustrated in FIG. 3 of the drawings. FIG. 3
plots modeled relative pressure drops at a common set
gas flow velocity across porous ceramic exhaust filters
of various designs. Sample Filter (1) is a filter of conven-
tional design as illustrated in FIG. 1 of the drawings,
wherein no corner fillets or other corner reinforcements
of any kind is provided in that filter. Thus the pressure
drop reported for Sample Filter (1) is inherent in the filter
structure itself.

[0031] Sample Filters (2) and (3), which are of the
same size and shape as Sample Filter (1), illustrate the
tendency of cell corner reinforcements such as fillets to
increase the filter pressure drop for filters of modified Fig.
1 design. Sample Filter (2) exhibits modeled pressure
drop performance at the same gas flow velocity as used
to evaluate sample filter (1), but wherein all corners of all
cellsin a selected peripheral area of the filter are provided
with reinforcing fillets. Sample Filter (3), on the other
hand, represents the pressure drop performance for a
filter of the same size and shape as Sample Filter (2),
but wherein fillets are provided only in half of the cell
corners in the same peripheral area of the filter, as would
be the case when filleting only diagonally opposing cor-
ners of the filleted cells. The substantially reduced pres-
sure drop penalty observed in filleted Sample Filter (3)
as compared with filleted Sample Filter (2) is evident from
these data.

[0032] For illustration purposes, FIG. 4 shows a verti-
cal cross-section of an extrusion die assembly 400 suit-
able for the manufacture of the honeycomb filter. The
extrusion die assembly 400 includes an extrusion die 402
and a skin forming mask 404. The extrusion die 402 co-
operates with the skin forming mask 404 to define the
shape and thickness of the skin of the honeycomb filter.
An array of discharge slots 406 is cut in a cell forming
region 408 of the extrusion die 402 to define an array of
firstand second pins 410, 412. In one example, the trans-
verse cross-section of the pins 410, 412 is generally
square, with the diagonal corners of the first pins 410
rounded. The cell forming region includes an array of
feedholes 414, which extend from the inlet face 416 of
the extrusion die 402 to the array of discharge slots 406.
The feedholes 414 supply batch material to the discharge
slots 406. The skin forming region 418 of the extrusion
die 402 includes a mounting surface 420 for the skin form-
ing mask 404. The inner surface 404a of the skin forming
mask 404 is spaced radially from the cell forming region
408 to define a skin forming slot 421. A shim 423 may
be interposed between the mounting surface 420 and
the skin forming mask 404 to define a skin forming res-
ervoir 424 between the skin forming region and the skin
forming mask 404. Feedholes 426 in the skin forming
region supply batch material to the skin forming reservoir
424. In operation, the honeycomb body is formed by sup-
plying batch material into the feedholes 414, 426 and
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extruding the batch material through the discharge slots
406 and the skin forming slot 421.

[0033] The extrusion die described above can be man-
ufactured using existing methods for making extrusion
dies. The cell forming region may be made by machining
holes in a lower portion of a block that is made of a
machinable material. These holes would serve as the
feedholes. A process such as plunge electrical discharge
machining (EDM) can be used to cut the discharge slots
in the upper portion of the block. Pins remain on the upper
portion of the block after the slots are cut. The pins at the
periphery of the block can be shortened or completely
removed to provide a mounting surface for the skin form-
ing mask. The discharge slots and pins could have any
of the cell/web configurations described in FIGS. 2B-2D.
Alternatively, conventional extrusion dies can be modi-
fied to include rounded diagonal corners in a configura-
tion suitable for making the filter described in FIGS. 2A-
2D. Plunge EDM may be used to modify the extrusion
die. The electrode need only encompass the areas of the
die to be modified, i.e., the areas of the die that corre-
spond to the cells having rounded diagonal corners ac-
cording to the invention.

Claims
1. A honeycomb structure comprising:

a honeycomb body having an array of intercon-
necting webs bounded by a skin, the intercon-
necting webs defining an array of longitudinal
cells of polygonal cross-section having corners,
the array of cells comprising both cells incorpo-
rating corner reinforcement and cells absentany
corner reinforcement, wherein

the cells incorporating corner reinforcement ly-
ing on cell diagonals perpendicular and/or sub-
stantially perpendicular to the skin.

2. Thehoneycomb structure of claim 1 whereinthe cells
incorporating corner reinforcement include both re-
inforced corners and non-reinforced corners, with
corner reinforcement being provided only in diago-
nally opposed corners intersected by cell diagonals
perpendicular and/or substantially perpendicular to
the skin.

3. The honeycomb structure of claim 1 which is formed
of a porous ceramic, and wherein the cells have a
square cross-section and the corner reinforcement
is a concave fillet or brace.

4. The honeycomb structure of claim 3, wherein the
reinforced corners intersected by cell diagonals sub-
stantially perpendicular to the skin are located within
sectors of the structure disposed within a contained
angle of from 10 to 60 degrees centered upon the
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cell diagonals perpendicular to the skin.

The honeycomb structure of claim 3, wherein each
fillet occupies from 2-12% of the cell cross-section.

An extrusion die for making a honeycomb body, com-
prising:

a die body;

an array of discharge slots formed in the die body
to define an array of first and second pins, the
first pins having rounded corners, the second
pins having non-rounded comers; and

an array of feedholes in the die body for com-
municating an extrusion material to the dis-
charge slots.

Patentanspriiche

Wabenstruktur, aufweisend:

einen Wabenkdrper, welcher einen Bereich von
verbindenden Stegen aufweist, welcher von ei-
ner Schale begrenzt wird, wobei die verbinden-
den Stege einen Bereich von langslaufenden
Zellen ausbilden, welche einen vieleckigen
Querschnitt mit Ecken aufweisen,

wobei der Bereich von Zellen sowohl Zellen mit
Eckenverstarkung als auch Zellen ohne jegliche
Eckenverstarkung aufweisen, wobei

die Zellen mit Eckenverstarkung auf Zellendia-
gonalen liegen, welche rechtwinklig und/oderim
Wesentlichen rechtwinklig zu der Schale sind.

Wabenstruktur nach Anspruch 1,

wobei die Zellen mit Eckenverstarkung sowohl ver-
starkte Ecken als auch nicht verstarkte Ecken auf-
weisen, wobei die Eckenverstarkung nur in diagonal
gegenuberliegenden Ecken zur Verfligung gestellt
ist, welche von Zellendiagonalen durchschnitten
werden, welche rechtwinklig und/oder im Wesentli-
chen rechtwinklig zu der Schale sind.

Wabenstruktur nach Anspruch 1,

welche aus einer porésen Keramik ausgebildet ist,
und wobei die Zellen einen rechteckigen Querschnitt
aufweisen und die Eckenverstarkung ein konkaver
Steg oder Abstiitzung ist.

Wabenstruktur nach Anspruch 3,

wobei die verstarkten Ecken, welche von Zellendia-
gonalen durchschnitten werden, welche im Wesent-
lichen rechtwinklig zu der Schale sind, in Sektoren
der Struktur angeordnet sind, welche in einen ein-
grenzenden Winkel von 10 bis 60 Grad zentriert auf
die Mitte der Zellendiagonalen rechtwinklig zu der
Schale angeordnet sind.
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5.

Wabenstruktur nach Anspruch 3,
wobei jeder Steg von 2 bis 12 % des Querschnitts
der Zelle einnimmt.

Extrusionsdiise zum Herstellten eines Wabenkor-
pers, aufweisend:

einen DUsenkdrper;

einen Bereich von Austrittsschlitzen, welche in
dem Dusenkdrper ausgebildet sind, um einen
Bereich von ersten und

zweiten Stiften auszubilden,

wobei die ersten Stifte gerundete Ecken aufwei-
sen, und die zweiten Stifte nicht gerundete Ek-
ken aufweisen; und

einen Bereich von Zufihrungsléchern in dem
Diisenkdrper zum Ubertragen eines Extrusions-
materials zu den Austrittsschlitzen.

Revendications

1.

2.

Structure en nid d’abeilles comprenant :

un corps en nid d’abeilles comportant un ensem-
ble de bandes interconnectées liées par une
peau, les bandes interconnectées définissant
un ensemble de cellules longitudinales a section
transversale polytonale comportant des coins,
I'ensemble de cellules comprenant a la fois des
cellules incorporant un renfort de coin etdes cel-
lules exempte de tout renfort de coin, dans la-
quelle

les cellules incorporant un renfort de coin se
trouvant sur les diagonales de cellules qui sont
perpendiculaires et/ou sensiblement perpendi-
culaires la peau.

Structure en nid d’abeilles selon la revendication 1,
dans laquelle les cellules incorporant un renfort de
coin comprennent a la fois des coins renforcés et
des coins non renforcés, le renfort de coin n’étant
prévu que dans les coins diagonalement opposés
traversés par les diagonales de cellules perpendicu-
laires et/ou sensiblement perpendiculaires ala peau.

Structure en nid d’abeilles selon la revendication 1,
qui est constituée d’une céramique poreuse, etdans
laquelle les cellules ont une section carrée et le ren-
fort de coin est un congé concave ou une équerre
de renfort.

Structure en nid d’abeilles selon la revendication 3,
dans laquelle les coins renforcés traversés par les
diagonales de cellules sensiblement perpendiculai-
res la peau sont localisés dans des secteurs de la
structure disposés dans un angle contenu de 10 a
60 degrés centré sur les diagonales de cellules per-
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pendiculaires a la peau.

Structure en nid d’abeilles selon la revendication 3,
dans laquelle chaque congé occupe de 2 a 12 % de
la section de cellule.

Filiere pour réaliser un corps en nid d’abeilles,
comprenant :

un corps de filiere ;

un ensemble de fentes de décharge formées
dans le corps de filiere pour définir un ensemble
de premiére et deuxiéme broches,

les premiéres broches comportant des coins ar-
rondis, les deuxiémes broches comportant des
coins non arrondis ;

et

un ensemble de trous d’alimentation dans le
corps de filiére pour transférer un matériau d’ex-
trusion aux fentes de décharge.
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