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Description

The invention relates to a method for cutting
recesses in foam material according to the preamble of
the main claim. Such method is known from practice.

In this known method, two cuts are made in a sur-
face of a foam block by means of two circular knives,
which cuts touch each other adjacent the lower side to
form a triangular slot in the surface, filled by a cut-loose
filling piece of the same shape. This filling piece can
readily be removed, so that an open slot is obtained.

This known method has the drawback that it is only
applicable for the formation of slots having a triangular
section, which means that the application of this method
considerably limits the freedom of design. A further
drawback of this known method is that the possible
depth of the slots is limited, because the axes of rotation
always extend above the plane of the foam block.

There is further known a method for cutting duct-
shaped slots in a foam block utilizing a belt knife, which
has a slight height and minimum thickness. It is moved
vertically in the surface of a foam block to about the
desired slot depth. Next, it is tilted over 90° and moved
in a horizontal direction, approximately over the desired
width of the slot, after which it is again tilted over an
angle of 90° and moved back to the surface of the foam
block.

This method offers the possibility of providing slots
in a surface of a foam block, which slots have for
instance a rectangular section, i.e. a flat bottom and two
vertical walls. Hence, this method provides relatively
much freedom of design as far as the section of the
slots is concerned.

This known method has the drawback that only
slots continuing to both sides of the foam block can be
provided, which slots always have the same section
throughout their lengths. Further, the application of this
method requires relatively much production time, which
renders it costly. This can be understood as follows.
During the vertical up and down movement of the knife,
the foam block should be stationary relative to the knife,
while during the horizontal movement, the foam block
should be moved relative to the knife in a direction at
right angles to the longitudinal direction of the knife.
This means that for making the slot, the foam block
should be alternately accelerated and stopped, or the
knife-carrying device should be accelerated and
delayed, while, moreover, provisions should be made
for tilting the knife. As a result, this known method is
time-consuming. A further drawback of this known
method is that the guide means for the knife and the tilt-
ing device therefor are complicated and hence costly.
Moreover, the tilting of the knife during the cutting of the
slot results in the formation of a relatively small radius at
the transition between the walls and the bottom of the
slot.

There is further known a method wherein, by
means of a milling or scouring technique, a slot having
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a rectangular section is provided in a foam block. Such
a method has the advantage that through a suitable
selection of the tools, in particular the scouring or milling
head, slots of many different sections can be provided,
which, moreover, may be of continuous as well as blind
design. However, a major drawback of these known
methods is that they involve stock removal, which
means that a great amount of cuttings, dust and other
small particles and gases are released, which is unde-
sirable in particular for reasons of health and hygiene
and because of the labor conditions. Moreover, the slots
thereby acquire a rougher surface.

The object of the invention is to provide a method of
the type described in the preamble of the main claim,
wherein the aforesaid drawbacks of the known methods
are avoided and the advantages thereof are retained. To
that end, a method according to the invention is charac-
terized by the features of the characterizing part of claim
1.

Surprisingly, it has been found that the foam cut
loose by the or each first knife is easily pushed aside by
the axis of rotation of the second knife, at least by the or
each axis of rotation which, during cutting, extends
entirely or partly within the original contours of the
object, while, after passing the or each relevant axis of
rotation, it entirely or partly rebounds into substantially
the original shape. By moving, during use, at least one
of the axes of rotation at least partly within the contours
of the object, i.e. within the space enclosed by the cuts
and the or each original outside surface in which the
cuts in question have been made, various shapes can
be provided in a foam-formed object such as a foam
block by means of rotating knives. The or each slot can
be continuous as well as blind and can be open towards
one or two sides at right angles to the longitudinal direc-
tion. The transition between the cut made by the or each
first knife and the or each adjoining cut made by a sec-
ond knife is sharp, i.e. linear and without radius. This
creates a pleasant outward appearance of the slot, with
a functional form. By using the rotating knives, slots of
all types of desired sectional profiles and having flat, rel-
atively smooth walls can be made in a product in a rapid
and particularly effective manner.

In an advantageous embodiment, a method
according to the invention is characterized by the fea-
tures of claim 2.

The first knives and the or each second knife
extending therebetween at least in elevation, which
knives are arranged relative to one another in such a
manner that of each first knife and a second knife, the
cuts in the foam-like product touch each other, offer the
advantage that slots having a box-shaped section can
thereby be provided in the product. In this context, 'box-
shaped’ means that at least one face of the slot, a bot-
tom face, does not extend to the face in which the slot is
made. The cutting operation ensures that a minimum
amount of dust or like particles is released, if any. More-
over, with this method, one or more slots can be pro-
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vided in a particularly rapid manner, for instance 10-15
times more rapidly than with the known method utilizing
a belt knife. In fact, the slot may have many sectional
profiles, including for instance rectangular, outwardly
diverging or undercut profiles.

Advantageous further embodiments of a method
according to the invention are given in subclaims 3-5.

The invention further relates to an apparatus for
cutting at least one slotted recess in foamy material
according to the preamble of claim 6. According to the
invention, such apparatus is characterized by the fea-
tures of the characterizing part of claim 6.

The use of at least two first knives and a second
knife, arranged so that they together define a channel-
shaped profile, offers the possibility of readily providing
continuous or non-continuous slots in a surface of a
foam-like product without involving undesired dust pro-
duction, cuttings or like particles. Through variation of
the positions of the knives relative to each other and of
the object, different profiles can be obtained. Moreover,
through the use of several second knives, a bottom pro-
file other than flat can be obtained. As the cutting edges
of the first and second knives at least touch each other
at least in elevation, sharp transitions are obtained
between the different slot-defining cuts. In this context,
'sharp’ should be understood to mean linear, without
rounding as occurs in the known method where a tilta-
ble belt knife is employed.

In an advantageous embodiment, an apparatus
according to the invention is further characterized by the
features of claim 7.

The circular knives drivable in a rotational sense
offer the advantage that they cut through the foam-like
material in a particularly simple manner, in the case of
both relatively soft and slightly firmer foam.

By way of illustration, with a method according to
the invention, recesses can be provided in foam blocks
and the like having a density of preferably 10-250
kg/m®. However, these limits should not be construed as
being limitative.

In further elaboration, an apparatus according to
the invention is further characterized by the features of
claim 8.

With such apparatus, a series of slots can be pro-
vided side by side over a length that is in principle infi-
nite, in one processing operation, i.e. by passing the
object along or through such apparatus a single time.

In a particularly advantageous embodiment, an
apparatus according to the invention is characterized by
the features of claim 10.

By positioning series of knives in opposite posi-
tions, series of slots can simultaneously be provided on
either side of an object.

In a particularly advantageous further embodiment,
an apparatus according to the invention is further char-
acterized by the features of claim 11.

The removing means offer the advantage that the
cut-loose material is discharged from the or each slot-
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ted recess directly, so that after the cutting operation the
object is directly ready for further processing, while the
environment of the apparatus and the object are kept
clean, at least free from scrap, in a simple manner.

Further advantageous embodiments of an appara-
tus according to the invention are given in the further
subclaims.

The invention further relates to an object that can
be manufactured with a method and/or apparatus
according to the invention.

Methods and apparatus according to the invention
are in particular suitable for providing slotted, straight
recesses in surfaces of foam-made materials, but may
also be used for other types of recesses, for instance
circumferential, sinusoidal or otherwise meandering
slots. Preferably, the slots always have the same sec-
tional profiles, but they may also have a changing pro-
file, for instance through variation of the positions of the
knives during processing.

It is observed that DE-A-24 29 815 shows, in Fig. 6
thereof, an arrangement of circular cutting knives which
at first resembles the proposal according to the inven-
tion, but is not related thereto after all. In the proposal
described in the German publication, the knives engage
the product to be cut only partly. At any rate, it is never
the case that one of the knives extends entirely within
the contours of the object. Moreover, also in the pro-
posal of Fig. 6, only two knives are in cutting engage-
ment with the object each time; one vertical knife
operates in a first working direction and the other verti-
cal knife operates in a second, opposite working direc-
tion. Accordingly, with the known proposal no slots are
formed, but strands of material are removed from an
object.

To specify the invention, exemplary embodiments
of a method, apparatus and product will hereinafter be
described with reference to the accompanying draw-
ings. In these drawings:

Fig. 1 is a top plan view of an apparatus according
to the invention;

Fig. 2 shows an apparatus according to Fig. 1 with
a partially machined block, manufactured from
foam, disposed thereon;

Fig. 3 is an enlarged top plan view of a portion of a
slot, with second knife;

Fig. 4 is a sectional side elevation of an apparatus
according to Fig. 2 taken on the line V-1V in Fig. 5;
Fig. 5 is a sectional front view of a block in an appa-
ratus taken on the line V-V in Fig. 4; and

Fig. 6 shows a number of possible profiles of slots,
with the first and second knives.

In this description of the drawings, methods and the
apparatus required therefor are described for manufac-
turing mattresses. However, it will be understood that
these and comparable methods and apparatus can also
be used for manufacturing other products, such as
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seats, fillings, couplings between foam blocks, decora-
tive objects and the like.

Fig. 1 shows an apparatus according to the inven-
tion, adapted to provide a series of slots 13 in two oppo-
site faces of a foam block 8 intended for manufacturing
a mattress. The apparatus comprises a block-feeding
device 1, two series of first knives 2 and two series of
second knives 3 (Figs. 4 and 5), a block-discharge
device 4 and scrap-discharge means 5. Further, guide
means 6 are arranged on either side of the apparatus 1,
in the form of two rows of guide rollers 7 flanking the
path of travel of the foam blocks 8 as shown in Figs. 2-5.

The block-feeding device 2 comprises a belt con-
veyor 9 having a relatively rough surface and conveying
foam blocks 8 sitting on the conveyor in the direction of
the arrow P towards the two series of first knives 2.
Adjacent the knives 2, 3, the belt conveyor 9 connects to
a series of conveyor rollers 10 which elongate the con-
veyor face and extend between the first 2 and second
knives 3.

The first knives 2 are circular or curved, a so-called
multiple-curve knife with changing radius, which may be
advantageous in terms of cutting, as the foam block is
thereby slightly compressed intermittently, have a cut-
ting longitudinal edge 11 and are arranged in pairs. The
first series of first knives 2A are mounted on a common
first axis 12A extending above the conveyor face T of
the block-feeding device and block-discharge device,
parallel thereto and at right angles to the feed-through
direction P outside the contours 18 of the foam block 8.
The bottom sides of the vertically disposed knives 2A
are located at some distance H1 above the conveyor
face in question. The second series of first knives 2B
are identical to the first series of first knives 2A, yet the
second axis 12B is arranged slightly below the conveyor
face T, parallel to and directly opposite the first axis 12A,
in such a manner that the top sides of the first knives 2B
mounted on the second axis 12B extend at a slight dis-
tance H2 above the conveyor face T. The distance D in
between each pair of first knives 2A, 2B, measured hor-
izontally and at right angles to the feed-through direc-
tion P, is equal to the width of the desired slot 13 in the
foam block 8 that is to be cut by means of the relevant
knives.

Viewed in feeding direction P, a second knife 3A, 3B
is in each case disposed at some distance aft of each
pair of first knives 2A, 2B. Each second knife 3A, 3B is
circular, has a diameter at least corresponding to the
mutual distance D of the adjacent pair of first knives 2A,
2B, has a cutting longitudinal edge 14 and is mounted
on a vertical axis 15A, 15B. Of each second knife 3A in
the upper series, the cutting edge 14 is provided at least
at the same level as the bottom point of the cutting
edges 11 of the relevant upper first knives 2A, of each
second knife 3B in the lower series, the cutting edge 14
is provided at the same level as the top point of the cut-
ting edges 11 of the relevant first knives 2B. Hence, in
front view, as shown in Fig. 5, the cutting edges 11 of a
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pair of first knives 2 and the cutting edge 14 of an asso-
ciated second knife 3 approximately form a U-shape.
The distance between the cutting edges of the opposite
second knives 3A, 3B determines the distance between
the bottoms 16 of opposite slots 13.

In an embodiment not shown, one or more first
knives have their cutting edges extending beyond the
cutting edge of the adjacent second knife, in such a
manner that after removal of the strip 25 from the slot,
one or more cuts 23 extend beyond the bottom 16 of the
slot 13 in the foam block 8. Thus, the advantage is
achieved that simultaneously with the cutting of the slot,
a local increase of the flexibility of the block 8 is
obtained, a so-called internal hinge. Such hinge is for
instance used in mattresses that have to be slightly flex-
ible so that they can be used with for instance adjusta-
ble bed bottoms. Such continued cuts may also be
advantageous in other applications. As a matter of fact,
the cuts of the or each second knife can of course also
be continued beyond the first cut or cuts in a compara-
ble manner.

Disposed at some distance aft of each second knife
3 is a scrap-discharge means 5, comprising a run-on
face 17 whose free end 18 facing the second knives 3 is
approximately level with the bottom 16 of the relevant
slot 13 and which extends in the direction away from the
bottom to a position outside the contours 19 of the foam
block 8. Connecting to the second end opposite the first
end 18 is a discharge tube 20 in which a sucking
reduced pressure can be maintained so that the foam
cut loose from the relevant slot 13 is sucked away con-
tinuously and discharged to a suitable scrap apparatus,
processing apparatus or the like. In a particularly advan-
tageous embodiment, each scrap-discharge means 5
comprises cutting means or like means dividing the strip
25 into relatively small parts. These means preferably
connect to the run-on face 17. During use, the strip 25 is
cut into relatively small, for instance bar-shaped parts
by the cutting means, so that they can be used as filling
means, for instance for cushions and the like, or for
instance as packing material for packing articles so as
to be impact-resistant. As cutting means, rotating
knives, knives on a rotating drum, chopping, falling or
hinged knives can for instance be used. Also, tearing
means can be used. The small parts can easily be dis-
charged through the discharge tube. This reuse of
material is of course environmentally advantageous.

Referring in particular to Figs. 2-5, an apparatus
according to the invention can be used as follows.

A foam block 8 of a rectangular cross section is fed
by the feeding device 1 to the series of first knives 2A,
2B, guided by the guide means 6. Upon further feed-
through of the foam block 8, a series (four in the embod-
iment shown) of pairs of parallel cuts 23 are simultane-
ously provided in the top face 21 and the bottom face 22
by the first knives, to form the longitudinal walls of the
slot 13 in question. Then, each second knife 3A, 3B, dis-
posed downstream of a pair of first knives 2A, 2B,
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makes a horizontal second cut 24 connecting the longi-
tudinal edges of the first cuts 23 which edges point away
from the relevant top face 21 and bottom face 22
respectively, to form the bottom 16 of the relevant slot
13, while the strip-shaped foam part 25 located in the
slot 13 is cut loose completely. This part 25 is then dis-
charged by the discharge means 5, to release the slot
13.

During the linear movement of the foam block 8 rel-
ative to at least the second knives 3, each axis of rota-
tion 15A, 15B extends partly within the contours 18 of
the foam block, within the space that is filled with the
partly cut-loose strip 25. Surprisingly, it has been found
that the foam material of the strip 25 is temporarily
pushed aside by this axis of rotation 15A, 15B and thus
slightly compressed, while this strip, after passing the
relevant axis of rotation 15, resumes its original form.
This position is shown clearly in Fig. 2. This enables the
axis of rotation 15, and accordingly the second knife 3,
to be fed through the foam block 8 in a nevertheless
simple manner, at least where the first knives 2 have
already been passed, for cutting loose the strip 25. This
creates the possibility of providing the or each second
cut 24, which extends at least transversely to the feed-
through direction P of the foam block 8 entirely within
the contours 18, i.e. within the foam block 8. This
involves at least the part of each second knife 3 that
faces the first knives 2 being included in the foam, which
means that at least about 50% of the cutting edge 14 is
located below the strip 25 that is or is to be cut loose, at
least in the slot 13.

Fig. 6 shows a series of examples of possible pro-
files of slots as can be made by means of an apparatus
and method according to the invention. First and sec-
ond knives are shown schematically. These examples
only serve as an illustration and should by no means be
construed as being limitative.

Fig. 6A shows a rectangular, U-shaped section as
described hereinabove, together with the knives
required therefor. Fig. 6B shows an edge profile of a
foam block, wherein the second knife 2 offers the
advantage that it does not project from the side contour
of the foam block 8, so that the guide means 6 can con-
tinue along the entire side of the foam block 8. Fig. 6C
shows an undercut slot, Fig. 6D shows an outwardly
diverging slot and Fig. 6E show a slot with one inclined
and one vertical sidewall. Fig. 6F shows a slot having
two-faced bottom parts 16A, 16B, including an angle
relative to each other.

As is clearly demonstrated in, in particular, Figs. 5
and 6, the transition 28 between each cut is sharp, i.e.
without radius, which provides a pleasant outward
appearance. In the embodiment shown, in particular
each second knife 3 is slightly frusto-conical, tapering in
the direction of the axis of rotation 14. This offers the
advantage that the knife 3 is relatively stiff, that the axis
of rotation 14 extends only on the side which, during
use, faces away from the bottom 16 of the relevant slot
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13, so that a flat bottom is obtained and maintained, and
the conical outer surface 27 of the knife 3 moreover
offers the advantage that the foam of the strip 25 is
already pressed away slightly upwards and aside as
soon as the knife 3 enters the foam block 8, so that the
axis of rotation 15 can easily be introduced into the slot
13 without upsetting the strip 25. As a matter of fact, the
first knives 2, too, may have such shape and, moreover,
other suitable outer shapes may be selected for both the
first and the second knives, including flat knives. Also in
the case of flat knives, the strip 25 is pushed aside prop-
erly.

The invention is by no means limited to the embod-
iments described and shown as examples in the speci-
fication and the Figures. Many variations thereto are
possible.

For instance, other numbers of first 2 and second
knives 3 may be provided, while other, for instance
asymmetrical, arrangements of the knives may also be
chosen. The knives may arranged other than opposite
each other, while, moreover, a series of first and second
knives may also be arranged on one side only. Also, in a
similar manner, slots may be provided in the side faces
of the foam blocks. Of course, it is possible to move the
knives relative to the foam block. Through movement of
the knives in one or more directions at right angles to
the (relative) feed-through direction of the foam block,
wavy slots extending in a flowing line in one or more
direction may be provided, while at the same time, slots
of different profiles may also be cut. Moreover, by rotat-
ing the foam block and the knives relative to each other,
curved and for instance circular slots may be provided.
Further, all types of driving means for the knives may be
used, and different knives may be drivable individually
and/or in combination, while in particular the first knives
may or may not be fixedly disposed, i.e. nonrotating,
knives. By through-feeding the same foam block repeat-
edly and in different positions, slots may be provided in
different directions.

These and comparable embodiments are under-
stood to fall within the framework of the invention.

Claims

1. A method for cutting a recess in foam material,
wherein by means of a first and a second knife two
cuts are provided in a surface of a foam-made block
or like object through a relative, linear movement of
the object relative to the knives, wherein the first
and the second knife include an angle relative to
each other and wherein, during use, the material
located between the cuts and the contour of the
object is removed for forming the or each recess,
characterized in that at least the or each second
knife (3) is substantially circular, is mounted on a
central axis of rotation (15) and, during use, is
driven in a rotational sense, wherein during use, the
axis of rotation (15) is at least partly located within
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the contour (18) of the object (8), wherein, during
cutting, the relevant knife (3) extends entirely within
the contours (18) of the object (8), and wherein the
material part to be removed for forming the recess
is deformed, enabling the central axis of rotation
(15) to pass said material part.

A method according to claim 1, characterized in
that by means of at least two first circular or curved,
rotating knives (2), two first cuts (23) are made in
the object (8), said first cuts extending at a distance
(D) from each other from an outside surface (21,
22) of the object (8) at such an angle and to such a
depth that said first cuts (23) do not intersect or
touch each other, wherein by means of at least one
second knife (3) a second cut (24) is provided con-
necting the first cuts (23) so that the part (25) of the
object located between the first cuts (23), the or
each second cut (24) and the outside contour (18)
of the object (8) is at least substantially freely
removable.

A method according to claim 2, characterized in
that the or each recess (13) is of duct-shaped
design, wherein at least two first knives (2) and one
second knife (3) are used, wherein the axis of rota-
tion (15) of the or each second knife (3) extends
approximately at right angles to the relative feed-
through direction (P) of the object (8) in which the or
each recess (13) is provided and the or each sec-
ond cut (24) extends entirely within the object (8) in
a direction at right angles to the feed-through direc-
tion (P).

A method according to claim 2 or 3, characterized
in that the first knives (2) extend approximately par-
allel to each other, wherein the or each second
knife (3) extends approximately at right angles to
the first knives (2), wherein in the or each object (8),
at least one duct-shaped recess (13) is provided
having a substantially flat bottom (16) and walls
extending approximately at right angles to the bot-
tom.

A method according to claim 2 or 3, characterized
in that the first knives (2) include an angle relative to
each other, wherein in the or each object, at least
one duct-shaped recess (13) having inclined walls
is provided.

An apparatus for cutting at least one slotted recess
in foam-like material, in particular for using a
method according to any one of the preceding
claims, comprising a first and a second knife,
wherein the faces determined by the cutting edges
of the knives include an angle relative to each other,
further comprising means for moving a foam-like
object relative to the knives, characterized in that at
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10.

11.

12

13.

least two first knives (2) are provided whose cutting
edges (11), viewed at right angles to the feed-
through direction (P) of the object (8), are spaced
apart by a distance (D), wherein the cutting edge
(14) of the or each second knife (3), viewed at right
angles to the feed-through direction (P) of the
object (8), at least substantially touches the cutting
edge (11) of at least one and preferably each first
knife (2), in such a manner that the cutting edges of
the first (2) and second knives (3) define a slightly
channel-shaped contour of the cross section of the
or each slotted recess (13) to be formed, while dur-
ing use, at least the entire cutting face (14) of the or
each second knife (3) extends within the object (8).

An apparatus according to claim 6, characterized in
that two first circular knives (2), drivable in a rota-
tional sense, are provided, wherein there is pro-
vided at least one second circular knife (3), drivable
in a rotational sense, whose axis of rotation (15)
includes an angle with the axes of rotation (12) of
the first knives (2).

An apparatus according to claim 6 or 7, character-
ized in that a series of pairs of first knives (2) is pro-
vided, wherein, viewed in front view, a second knife
(3) is in each case included between two first knives
(2), wherein the knives (2, 3) are jointly drivable.

An apparatus according to claim 8, characterized in
that the first knives (2) are mounted on a common
axis of rotation (12).

An apparatus according to any one of claims 6-9,
characterized in that two series of knives (2, 3) are
arranged opposite each other, wherein, during use,
the or each object (8) to be processed is substan-
tially fed between the knives (2, 3).

An apparatus according to any one of claims 6-10,
characterized in that means (5) are provided for
removing the cut-loose material (25) from the or
each slotted recess (13).

An apparatus according to claim 11, characterized
in that the removing means (5) for each slotted
recess (13) to be formed comprise a run-on face
(17) of which, during use, a free end (18) facing the
knives (2, 3) and located, in feed-through direction
(P), aft of the knives (2, 3), lies adjacent and prefer-
ably against the bottom (16) of the slot (13), on
which discharge means (20) for the cut-loose foam
material (25) connect to the run-on face.

An apparatus according to claim 11 or 12, charac-
terized in that means are provided for dividing the
cut-loose material (25) into parts, during use.



1 EP 0 826 466 A1

14. A product manufactured from foam-like material
and comprising at least one series of slotted
recesses extending approximately parallel to each
other in at least one face of the product, wherein the
or each recess has at least a bottom face and two
sidewalls, wherein the transition between the bot-
tom face and each of the sidewalls is linear so that
said transitions do not comprise a radius.
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FIG. 3
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