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(54) Method and device for producing fabrics with cut pile with variable pile height

(57) This invention relates on the one hand to a dou-
ble-face weaving machine comprising a cutting device
(1) provided for cutting through a double-face fabric mov-
ing back and forth over the width of the weaving machine,
said cutting device comprising one or more cutting knives

(2,3) provided for cutting through the double-face fabric
at least at a first and at a second cutting height. On the
other hand this invention relates to a method for weaving
pile fabrics with at least two different pile heights on such
a double-face weaving machine.
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Description

[0001] This invention relates on the one hand to a dou-
ble-face weaving machine comprising a cutting device
provided for cutting through a double-face fabric moving
back and forth over the width of the weaving machine,
said cutting device comprising one or more cutting knives
provided for cutting through the double-face fabric at
least at a first and/or at a second cutting height. On the
other hand this invention relates to a method for weaving
pile fabrics with at least two different pile heights on such
a double-face weaving machine.
[0002] A strong trend is noticeable towards the pro-
duction of pile fabrics with different structures within the
same fabric. The European patent publication EP 1 347
087, for example, describes a method and a device for
producing fabrics having a wide variety of structures us-
ing the double-face weaving technique. Practically un-
limited combinations of cut pile with loops and with pat-
tern-forming pile warps that float over one or more wefts
before being bound ("flat weave") can be produced. An-
other method is described in the British patent publication
GB 346 107. The method described allows pile of differ-
ent heights to be woven into a fabric by double-face weav-
ing by allowing pile yarns for the longer pile to float over
a number of wefts on the pile side and then to bind them
over a weft on the pile side before moving to the other
ground fabric so that after cutting through the pile this
latter pile can be released from this weft with a limited
force by means of a scraping operation on the carpet so
that a longer pile yam is produced than is the case with
the normal pile fabric production. In view of the significant
number of wefts over which the pile has to be bound, the
same technique can be employed to produce high pile
with a limited density. Furthermore, an additional scrap-
ing operation is necessary.
[0003] The American patent publication US 3 406 725
in turn describes how on a double-face weaving machine
the pile height can be varied from cycle to cycle by al-
lowing the cutting knife to operate at a different height so
that height differences in the pile occur on both fabrics
of the double-face fabric that are complementary: where
in the lower fabric a row with short pile is produced, a pile
row with longer pile is produced in the upper fabric. For
this, either different cutting knives can be installed in the
cutting area, the height of the cutting knife guide can be
moved or the upper and/or lower ruler can be moved
relative to the cutting knife. In view of the high mass of
an upper or lower straightedge and cutting knife guide,
the solutions with movement of upper or lower ruler or
cutting knife guide should be avoided in order to carry
out these movements at high operating speeds. The
movement of the cutting knife in its holder or the changing
between cutting knives at different working heights is a
more practicable solution.
[0004] Cutting knives at different heights represent a
problem for the regrinding. One of the advantages of dou-
ble-face weaving is specifically that the cutting knife is

ground after every cutting movement by moving it along
a grinding device on its run-out stroke. US 3 406 725
offers no solution for efficiently regrinding the cutting
knives that cut through the double-face fabric at varying
heights in each movement cycle of the cutting knife.
[0005] The object of this invention is therefore to create
a method and device that allows one or more cutting
knives to be employed on a double-face weaving ma-
chine on which fabrics are produced with cut pile with
different pile heights, and that these cutting knives can
be reground during the weaving process.
[0006] The object of the invention is achieved by pro-
viding on a double-face weaving machine comprising a
cutting device provided for cutting through a double-face
fabric moving back and forth over the width of the weaving
machine, said cutting device comprising one or more cut-
ting knives provided for cutting through the double-face
fabric at least at a first and at a second cutting height,
said weaving machine comprising at least two grinding
devices for a cutting knife, said grinding devices each
being at different working heights to grind the cutting
knife. This type of weaving machine has the advantage
that both the cutting knife provided for cutting through
the double-face fabric at a first cutting height and the
cutting knife provided for cutting through the double-face
fabric at a second cutting height can be reground during
the weaving process.
[0007] Within the context of this patent description the
term working height of the grinding device is used to refer
to the position of the grinding device in which the grinding
device is able to grind a cutting knife that cuts at a given
cutting height.
[0008] The inventive double-face weaving machine
comprises in a first preferred embodiment three grinding
devices of which at least two grinding devices are each
at a different working height.
[0009] In a second preferred embodiment the inventive
double-face weaving machine comprises four grinding
devices of which at least two grinding devices are each
at a different working height. In particular the four grinding
devices are each at a different working height.
[0010] In accordance with a preferred embodiment of
the inventive double-face weaving machine at least two
grinding devices are provided on opposite sides of the
weaving machine.
[0011] In a more preferred embodiment of the inventive
double-face weaving machine the cutting device is con-
trolled by a path-controlled actuator for execution of its
back and forth movement. This type of actuator serves
to define the different movement paths of the cutting de-
vice, depending on the height of the active cutting knife
and the location of the grinding device with the corre-
sponding working height. A path-controlled actuator of-
fers the possibility of defining at each cutting cycle the
path to be travelled from the current position on the basis
of the height of the active cutting knife and the adjustment
of the different grinding devices.
[0012] Defining the path to be travelled means at least
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the end point of this path, but the definition of the path
generally also includes information on the time when in-
termediate positions have to be reached and/or the
speed and/or the acceleration with which the movement
to each of these positions has to be performed.
[0013] In a more particular embodiment of the double-
face weaving machine the cutting device comprises a
cutting head with a rotatable part, said part having a first
cutting knife for cutting through the double-face fabric at
a first cutting height and a second cutting knife for cutting
through the double-face fabric at a second cutting height
and said part being provided to move a cutting knife by
rotation into a position in which it cuts through the double-
face fabric. Switching over from the one cutting height to
the other cutting height is effected by a rotational move-
ment of a part of the knife holder.
[0014] In another particular embodiment of the double-
face weaving machine the cutting device comprises a
height-adjustable cutting knife.
[0015] Another subject of this invention relates to a
method for weaving of pile fabrics with at least two dif-
ferent pile heights on a double-face weaving machine in
which in consecutive insertion cycles weft yarns are in-
serted between ground warp yarns and pile-warp yarns
so that two ground fabrics are woven above one another,
with the weaving machine also having a cutting device
comprising one or more cutting knives moving back and
forth over the width of the weaving machine provided for
cutting through the formed double-face fabric at least at
a first and at a second cutting height, and in which the
cutting knife for cutting through at a first cutting height is
ground on a first grinding device and the cutting knife for
cutting through at a second cutting height is ground on
a second grinding device, said grinding devices each be-
ing at a different working height.
[0016] According to a preferred method the cutting
height can be changed at least at one position between
the fabric and one of the grinding devices during a weav-
ing cycle. This invention is now explained in greater detail
by reference to the following detailed description of an
inventive double-face weaving machine and a method
for weaving pile fabrics with at least two different pile
heights on such a double-face weaving machine. The
intention of this description is exclusively to give an ex-
planatory example and to indicate further advantages
and special features of this invention and can therefore
in no way be interpreted as a limitation of the field of
application of the invention or of the patent rights claimed
in the claims.
[0017] In this detailed description, reference is made
by means of reference numbers to the attached draw-
ings, in which:

- Figures 1 and 2 show schematically the cutting de-
vice of a double-face weaving machine with a grind-
ing device on opposite sides, where the grinding
device on the left-hand side is adjusted for grinding
the cutting knife in the highest (second) position and

the grinding device on the right-hand side is adjusted
for grinding the cutting knife in the lowest (first) po-
sition;

- Figure 3 is a detailed representation of a cutting knife
provided for cutting a double-face fabric at a second
cutting height;

- Figure 4 is a detailed representation of a cutting knife
provided for cutting a double-face fabric at a first
cutting height;

- Figure 5 is a representation of a reciprocating knife
holder comprising a first and a second cutting knife.

[0018] On a double-face weaving machine, two ground
fabrics are woven above one another with one or more
wefts being inserted at the same time into sheds located
above one another. These ground fabrics are joined by
pile-warp yarns. On the weaving machine these pile-warp
yarns are cut through by a cutting device (1) moving back
and forth over the width of the weaving machine so that
ultimately a top and bottom fabric is formed. The cutting
device (1) of a double-face weaving machine consists of
a knife carriage or cutting carriage with one or more cut-
ting knives mounted on the carriage in which the knife
carriage or cutting carriage moves back and forth over a
guide in weft direction on a cutting bench on the double-
face weaving machine and a drive to drive the movement
of the knife carriage or cutting carriage.
[0019] In order to now obtain pile fabrics with at least
two different pile heights the cutting device (1) has one
or more cutting knives (2,3) provided for cutting through
the double-face fabric at least at a first and/or a second
cutting height. The cutting through at a first or a second
cutting height can be performed with a cutting knife (2,3)
that is adjustable in height or by changing between cutting
knives that cut at either a first cutting height or at a second
cutting height in the cutting area. Figure 5 is a represen-
tation of a knife holder (6) having a first (2) and a second
(3) cutting knife provided for cutting through a double-
face fabric at a first and a second cutting height respec-
tively. The switching over from the one cutting height to
the other cutting height is effected by a rotational move-
ment of a part of the knife holder (6).
[0020] In order to now be able to regrind the above-
mentioned cutting knives (2 and 3) during the weaving
process, the weaving machine has at least two grinding
devices (4,5) for a cutting knife, said grinding devices
(4,5) each being at a different working height in order to
grind the cutting knife (2,3). The grinding devices (4,5)
are installed as shown in Figures 1 and 2 at the height
of the run-out sides of the cutting movement. The cutting
movement is performed by the cutting device (1), the run-
out sides are regarded as the part of the cutting move-
ment over which the cutting knife travels from the position
where it leaves this fabric at one of the sides of the formed
double-face fabric (7) until the end of the travel.
[0021] Grinding can be carried out on the one hand by
controlling the carrier of the cutting knife in such a way
that it passes along the grinding device (4,5) only on the
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run-out side where the grinding device (4,5) is positioned
at the appropriate working height defined by the active
cutting knife and by limiting its movement on the run-out
side where the grinding device (4,5) is not positioned at
the appropriate working height defined by the active cut-
ting knife until in front of the grinding device (4,5), or on
the other hand by controlling the height adjustment of the
cutting knife in such a way that the active cutting knife
on its passage past one of the grinding devices (4,5) is
adjusted to the correct height, or by a combination of the
two methods.
[0022] The method according to this invention is ex-
plained by reference to Figures 1 and 2, where in Figure
1 the movement path (A) is illustrated for the knife car-
riage with the cutting knife (3) adjusted for cutting through
a double-face fabric at the second cutting height. This
movement path (A) starts on the right between the fabric
(7) and a first grinding device (4) for grinding the cutting
knife (2) for cutting through the double-face fabric at the
first cutting height and extends over a second grinding
device (5) provided for grinding the cutting knife (3) for
cutting through the double-face fabric at the second cut-
ting height. Over this path (A) the cutting knife (3) has
cut through the double-face fabric at the second (highest)
cutting height and the corresponding second cutting knife
(3) has been reground at this cutting height.
[0023] If the cutting knife is to cut again at the same
height in the following cycle it can move out of this position
and move to the position on the right-hand side as shown
in Figure 1 (between the first grinding device (4) and the
fabric (7)). On this side it cannot be ground in this con-
dition. It is possible during the following weaving cycle in
the period when cutting is not required (shed formation
and weft insertion) to change the height of the cutting
knife to the first (lowest) position and then to move the
cutting knife (2) provided for cutting through the double-
face fabric at the first cutting height along the first grinding
device (4) and:

- if during the following movement the cutting device
is to cut at the first cutting height, it can move from
this position for the following cutting movement;

- if, on the other hand, the cutting device is to cut at
the second cutting height during the following move-
ment, the cutting knife can be first moved back along
the first grinding device (4) to a position between this
grinding device (4) and the double-face fabric (7) and
can then return to the highest position (second cut-
ting height of the cutting knife);

- even if the cutting device is to cut at the first cutting
height the cutting device can already be moved back
along the first grinding device (4) and come to a
standstill in a position between the grinding device
(4) and the double-face fabric (7) to wait for the mo-
ment to start its cutting movement with the cutting
knife (2) for cutting through the double-face fabric at
the first cutting height.

[0024] Figure 2 shows the movement path (B) for the
measuring carriage with the cutting knife (2) adjusted for
cutting through a double-face fabric at the first cutting
height. This movement path (B) starts on the left between
the fabric (7) and the second grinding device (5) for grind-
ing the cutting knife (3) for cutting through the double-
face fabric at the second cutting height and extends over
the first grinding device (4). Over this path (B) the cutting
knife (2) has cut through the double-face fabric at the first
(lowest) cutting height and the corresponding first cutting
knife (2) has been reground at this cutting height.
[0025] If the cutting knife is to cut again at the same
height in the following cycle it can move out of this position
and move to the position on the left-hand side as shown
in Figure 2 (between the second grinding device (5) and
the fabric (7)). On this side it cannot be ground in this
condition. It is possible during the following period in the
weaving cycle when cutting is not required (shed forma-
tion and weft insertion) to change the height of the cutting
knife to the second (highest) position and then to move
the cutting knife (3) provided for cutting through the dou-
ble-face fabric at the second cutting height along the sec-
ond grinding device (5) and:

- if during the following movement the cutting device
is to cut at the second cutting height, it can move
from this position for the following cutting movement;

- if during the following movement the cutting device
is to cut at the first cutting height, the cutting knife
(3) can be first moved back along the second grinding
device (5) to a position between this grinding device
and the double-face fabric and can then return to the
lowest position (first cutting height of the cutting
knife);

- even if the cutting device is to cut at the second cut-
ting height the cutting device can already be moved
back along the second grinding device and come to
a standstill in a position between the grinding device
and the double-face fabric to wait for the moment to
start its cutting movement with the cutting knife for
cutting through the double-face fabric at the second
cutting height.

[0026] With this method the movement of the cutting
knife within a weaving cycle can thus comprise a combi-
nation of movements from the following series:

1) movement from a position between a first grinding
device (4) and the double-face fabric (7) where the
cutting knife can change its cutting height, along this
first grinding device (4) to the end of the movement
path;
2) movement from this end of the movement path
along the first grinding device (4) at the first height
to a position where the cutting knife is located be-
tween the grinding device and the double-face fabric
and where it can change its cutting height;
3) movement along the double-face fabric (7) during
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which the double-face fabric is cut through at the
height determined by the height position of the active
cutting knife from a position between the one grind-
ing device and the double-face fabric and a position
between the other grinding device and the double-
face fabric, whereby both positions allow the cutting
knife to change its cutting height;
3’) the reverse movement to that described under
point 3;
4) movement along a second grinding device (5)
from a position where the cutting knife is located be-
tween the grinding device (5) and the double-face
fabric (7) and where it can change its cutting height
and the end of the movement path;
5) movement from this position at the end of the
movement path along this second grinding device to
a position between this second grinding device and
the double-face fabric where the cutting knife can
change its cutting height.

[0027] The invention covers all the methods:

- in which the first (4) and second (5) grinding device
are adjusted to each regrind the cutting knife at a
different working height;

- and whereby the device is provided to change the
height of the cutting knife during a weaving cycle at
least at one position between the fabric (7) and one
of the grinding devices (4,5);

- and whereby in a first weaving cycle at least the
movements 1, 2 and 3 are performed and in a further
weaving cycle at least the movements 3, 4 and 5 are
performed;

- and whereby seen over consecutive weaving cycles
a cutting device moves along both grinding devices
to regrind cutting knives;

- and whereby the control of the movements is pro-
vided so that a movement along a grinding device
(movement 1, 2, 4 and 5) is only possible when the
cutting knife has been brought into the working po-
sition at the correct cutting height.

[0028] Typical consecutive weaving cycles according
to the invention are:

Movement: 1 - 2 - 3 - 4 - 5 - 3’ - 1 - 2 - 3 - 4- 5 - 3’

[0029] Following this sequence of movements, a pile
row is cut alternately at a first cutting height and a pile
row at a second cutting height. The change in the cutting
height of the cutting knife can hereby take place just be-
fore the movements 3 or just after the movements 3; the
cutting height of the active cutting knife during the move-
ments 1, 2 , 4 or 5 must hereby naturally correspond to
the height at which the grinding device which the cutting
device is to pass is set.
[0030] If several consecutives pile rows are to be cut
at the same cutting height, then the movements in these

consecutive weaving cycles can be limited to 1 - 2 - 3 -
3’ - 1 - 2 - 3.
[0031] During these weaving cycles the height of the
cutting knife does not have to be adjusted or changed,
but the cutting knife is only reground every 2 cutting
movements (once forward and once back).
[0032] In order to be able to still make every cutting
movement with a reground cutting knife for several pile
rows at the same cutting height if the same cutting knife
can be moved to different heights, the following sequence
of movements can be applied:

1 - 2 - 3 - 4 - 5 - 3’ - 1 - 2 - 3 - 4- 5 - 3’

provided that in this sequence of movements the height
of the cutting knife can be changed or the cutting knife
can be changed in each cycle between movements 3
and 4 and between movements 5 and 1.
[0033] Seen from the above-mentioned cases, the se-
quence of movements 1 - 2 - 3 - 4 - 5 - 3’ - 1 - 2 - 3 - 4-
5 - 3’ appears to be universally applicable in each weav-
ing cycle if the height of the cutting knife can be changed,
then a fixed coupling of movements with the main axis
can also be employed in place of a path-controlled actu-
ator e.g. by means of a cam-controlled coupling but then
in combination with a freely selectable control for chang-
ing the height of the cutting knife. Freely selectable is
understood here as meaning that at a limited number of
positions of the cutting knife, a change in cutting height
can be carried out or not. However an independently con-
trollable actuator can equally be employed here that per-
forms a change in height of the cutting knife synchro-
nously in time, synchronously in angle with the main shaft
or synchronously in position with the cutting knife.
[0034] These sequences of movements are given sim-
ply as examples. It goes without saying that other com-
binations are possible that also form part of the scope of
protection of this invention.
[0035] The path-controlled actuator for driving the cut-
ting knife is preferably a servo motor. Such motors have
a position feedback system that allows the preset move-
ment path to be maintained with a preset accuracy.
[0036] The path-controlled actuator is coupled to the
cutting knife carrier. Preferred embodiments of such cou-
plings are known from prior art, such as drive drums ro-
tating back and forth which drive a rope or toothed belt
that is connected at both ends to the cutting knife carrier,
recirculating ball screws that are connected to the cutting
knife carrier, or the path-controlled actuator can be a lin-
ear motor of which one or more elements are connected
to or form part of the cutting knife carrier.
[0037] In the event that the cutting device is equipped
with cutting knives at more than two working heights the
grinding device can be equipped with an electromechan-
ical, pneumatic, magnetic or hydraulic device for adjust-
ment of the height so that when an active cutting knife
arrives at a certain working height, one of the grinding
devices on one side of the weaving machine can be ad-
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justed to the correct height.
[0038] A preferred method also consists in also defin-
ing the movement path for the cutting knife carrier and/or
the height adjustment of the grinding devices as a func-
tion of the pattern to be woven when creating the program
for the control of the shed formation (dobby or jacquard)
for each weft insertion.
This information allows the controller of the weaving ma-
chine to control the drive motor for the cutting movement
in the desired manner and also the drive for the height
adjustment of the grinding devices, if installed.

Claims

1. Double-face weaving machine comprising a cutting
device (1) provided for cutting through a double-face
fabric moving back and forth over the width of the
weaving machine, said cutting device comprising
one or more cutting knives (2,3) provided for cutting
through the double-face fabric at least at a first and
at a second cutting height, characterised in that
the weaving machine comprises at least two grinding
devices (4,5) for a cutting knife, said grinding devices
(4,5) each being at different working heights to grind
the cutting knife.

2. Double-face weaving machine according to Claim 1,
characterised in that the weaving machine com-
prises three grinding devices of which at least two
grinding devices are each at a different working
height.

3. Double-face weaving machine according to Claim 1,
characterised in that the weaving machine com-
prises four grinding devices of which at least two
grinding devices are each at a different working
height.

4. Double-face weaving machine according to Claim 3,
characterised in that the four grinding devices are
each at a different working height.

5. Double-face weaving machine according to one of
the preceding claims, characterised in that at least
two grinding devices are provided on opposite sides
of the weaving machine.

6. Double-face weaving machine according to one of
the preceding claims, characterised in that the cut-
ting device (1) is controlled by a path-controlled ac-
tuator for execution of its back and forth movement.

7. Double-face weaving machine according to one of
the preceding claims, characterised in that the cut-
ting device (1) comprises a cutting head (6) with a
rotatable part (8), said part (8) having a first cutting
knife (2) for cutting through the double-face fabric at

a first cutting height and a second cutting knife (3)
for cutting through the double-face fabric at a second
cutting height and said part (8) being provided to
move a cutting knife (2,3) by rotation into a position
in which it cuts through the double-face fabric.

8. Double-face weaving machine according to one of
Claims 1 to 6, characterised in that the cutting de-
vice (1) comprises a height-adjustable cutting knife.

9. Method for weaving pile fabrics with at least two dif-
ferent pile heights on a double-face weaving ma-
chine in which in consecutive insertion cycles weft
yarns are inserted between ground warp yarns and
pile-warp yarns so that two ground fabrics are woven
above one another, with the weaving machine also
having a cutting device (1) comprising one or more
cutting knives (2,3) moving back and forth over the
width of the weaving machine provided for cutting
through the formed double-face fabric at least at a
first and at a second cutting height, characterised
in that the cutting knife (2) for cutting through at a
first cutting height is ground on a first grinding device
(4) and the cutting knife (3) for cutting through at a
second cutting height is ground on a second grinding
device (5), said grinding devices (4,5) each being at
a different working height.

10. Method according to Claim 9, characterised in that
the cutting height can be changed at least at one
position between the fabric and one of the grinding
devices during a weaving cycle.
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