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(54) DEVICE AND METHOD FOR SENSING A TENSION IN A THREAD, AND METHOD FOR 
MOUNTING A SENSOR UNIT

(57) The invention relates to a sensor device and a
method for sensing a tension in a weft thread (1) between
a weft presenter (4) and a gripper (6) on a gripper weaving
machine (100), the sensor device (10) comprising a sen-
sor unit (20) with a contact area (21), which sensor unit
(20) is adapted to generate a response signal in response
to a force applied by the weft thread (1) at the contact
area (21), and a mounting arrangement (22) adapted for
mounting the sensor unit (20) to the weaving machine

(100) in a region between the weft presenter (4) and a
shed (5), wherein the mounting arrangement (22) com-
prises an elastic damping element (25) adapted for iso-
lating the sensor unit (20) mounted to the weaving ma-
chine (100) from vibrations of the weaving machine (100).
The invention further relates to a weaving machine with
a sensor unit for sensing a tension in a weft thread, and
to a method for mounting a sensor unit to a weaving ma-
chine.
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Description

TECHNICAL FIELD AND PRIOR ART

[0001] The invention relates to a sensor device and a
method for sensing a tension in a weft thread on a weav-
ing machine, to a weaving machine with a sensor unit for
sensing a tension in a weft thread, and to a method for
mounting a sensor unit to a weaving machine.
[0002] From US 5,050,648 a thread brake is known for
braking an inserted weft thread between the weft thread
feeding device and the shed. Further, US 5,050,648
shows a tension sensor for sensing the actual tension of
the weft thread during a weaving cycle, which actual ten-
sion is variable during the weaving cycle. An actuator of
the thread brake can be controlled by a control unit de-
pendent on the measured actual tension in the weft
thread, so that the tension in the weft thread can vary
according to a reference course during a current weaving
cycle or during a subsequent weaving cycle, which ref-
erence course can be preset in the control unit.
[0003] A sensor for sensing the tension of a weft thread
near the shed is also known from US 5,725,029 and US
6,112,776. The weft thread tension can be sensed by the
sensor during the entire weaving cycle or over a particular
zone of the weaving cycle. A single thread sensor for all
weft threads to be inserted can be arranged near the
shed, so that the weft thread can be brought into contact
with the sensor during the insertion of the weft thread.
Further, it is known that the weft thread deflects at the
sensor, so that the path of the weft thread forms a de-
flection angle about the sensor. The sensor is arranged
such that the path of the weft thread has only a small
deflection angle about the sensor, so that the sensor does
not disturb the running of the weft thread during a weaving
cycle. Because each different weft thread is presented
by an associated weft presenter, this deflection angle will
be different for each weft thread. For each weft thread
this deflection angle can be stored in a control unit. The
actual tension in the weft thread can be calculated by a
control unit from the measured signal of the sensor, the
deflection angle that the weft thread forms about the sen-
sor and possibly the type of the inserted weft thread. The
sensitivity of the sensor can also be set based on the
inserted weft thread or in case two weft threads are in-
serted simultaneously based on the two inserted weft
threads. An unexpected absence of a signal of the sensor
can be evaluated as a weft thread break.

SUMMARY OF THE INVENTION

[0004] It is the object of the invention to provide a de-
vice and a method for sensing a tension in a thread on
a weaving machine using a sensor unit. It is another ob-
ject of the invention to provide a weaving machine with
a sensor unit for sensing a tension in a thread. It is a
further object of the invention to provide a method for
mounting a sensor unit to a weaving machine.

[0005] These objects are solved by the device and the
method with the features of claims 1, 11, 12 and 15. Pre-
ferred embodiments are defined in the dependent claims.
[0006] According to a first aspect, a sensor device for
sensing a tension in a weft thread between a weft pre-
senter and a gripper on a gripper weaving machine, is
provided, wherein the sensor device comprises a sensor
unit and a mounting arrangement, which sensor unit has
a contact area and is adapted to generate a response
signal in response to a force applied by the weft thread
at the contact area, and which mounting arrangement is
adapted for mounting the sensor unit to the weaving ma-
chine in a region between the weft presenter and a shed,
wherein the mounting arrangement comprises an elastic
damping element adapted for isolating the sensor unit
mounted to the weaving machine from vibrations of the
weaving machine.
[0007] Throughout this application and the claims the
indefinite article "a" or "an" means "one or more". Refer-
ence to "a first element" does not mandate presence of
"a second element". Further, the expressions "first" and
"second" are only used to distinguish one element from
another element and not to indicate any order of the el-
ements.
[0008] A force applied at the contact area by the weft
thread, depends on the tension in the weft thread. Hence,
the response signal can be correlated to a tension in the
weft thread. In one embodiment, the response signal pro-
vided by the sensor unit is used for controlling an addi-
tional device acting on said weft thread. In one embodi-
ment, a tension in a weft thread is sensed, wherein the
response signal is used for controlling a weft thread brake
acting on the weft thread. In one embodiment, the re-
sponse signal is evaluated in amount and a sensed ten-
sion of the weft thread is displayed at a monitor and/or
is used in a control unit. In other embodiments, the re-
sponse signal is not evaluated in amount, but is only com-
pared to predefined threshold levels, wherein such de-
rived information is used in a control unit and/or is dis-
played at a monitor.
[0009] Due to a vibration of the weaving machine, a
noise level of prior art devices for sensing a tension in a
weft thread, which are mounted to a weaving machine,
is high. Depending on a type of sensor unit and a tension
in the weft thread, a value of a signal in response to a
force applied by the weft thread may be in the same order
of magnitude as the noise on the signal due to vibrations
of the weaving machine.
[0010] Providing a mounting arrangement that com-
prises one or more elastic damping elements allows iso-
lating the sensor unit from vibrations of the weaving ma-
chine, thus reducing a noise on the signal due to vibra-
tions of the weaving machine. This allows sensing even
low tensions in a weft thread or low tension variations in
a weft thread. In the context of the application, an elastic
damping element is defined as a damping element hav-
ing the ability to resume its normal shape after being
stretched or compressed.

1 2 



EP 3 967 801 A1

3

5

10

15

20

25

30

35

40

45

50

55

[0011] It will be understood, that the expression "vibra-
tion isolation" in the context of the application is used to
describe a reduction of a transmissibility of a vibration
from the weaving machine to the sensor unit at a selected
excitation frequency, wherein in particular the selected
excitation frequency or several selected excitation fre-
quencies are frequencies generated by the movement
of the weaving machine. Depending on a structural de-
sign of the elastic damping element, also referred to as
simply damping element, the vibration transmissibility is
only slightly attenuated or in other cases almost fully
avoided. A type of damping element and its structural
design can be suitably chosen in order to allow a sufficient
attenuation of the transmissibility of the vibration, wherein
in particular a damping element having a low stiffness
and high damping coefficient is provided for reducing a
natural or resonant frequency of the vibration system in-
cluding the sensor unit and the damping element, and
allowing a high attenuation of the transmissibility of high
frequency vibrations, e.g. vibrations generated by the
weft thread having a frequency that is substantially higher
than frequencies generated by the movement of the
weaving machine. Further, a weight of the sensor unit
influences a natural frequency of the vibration system
and, thus, a vibration isolation, wherein in one embodi-
ment for reducing a transmissibility of vibration, an addi-
tional mass is added to the sensor unit.
[0012] In one embodiment, rubber elements such as
rubber pads are used as elastic damping elements, in
other embodiments synthetic pads having properties
similar as rubber pads are used.
[0013] An elastic damping element having a low stiff-
ness, thus allowing a large movement caused by vibra-
tion forces, allows isolating the sensor unit from vibra-
tions of the weaving machine, thus reducing a noise on
the signal of the sensing unit due to vibrations of the
weaving machine, while the response signal, i.e. the sig-
nal generated by the sensor in response to a change in
the force applied by the weft thread on the sensor, may
be significant.
[0014] The response signal can be sent or otherwise
communicated to a control unit. It will be further under-
stood that the sensor unit in embodiments of the invention
comprises an electric circuit, which may comprise ampli-
fiers and/or filters for processing the response signal and
improving the quality of the response signal before send-
ing it to the control unit and/or for reducing the amount
of data to be communicated.
[0015] The sensor device, or in short referred to as the
device, according to the invention can be used in a grip-
per weaving machine and is adapted and/or configured
to sense or measure a tension in a weft thread presented
by a weft presenter and transported through a shed by
a gripper. As generally known, gripper weaving machines
typically comprise two grippers for a transport of weft
threads through the shed, referred to for example as
drawing gripper and taker gripper, wherein the drawing
gripper is designed to transport a weft thread through the

first half of a shed, and the taker gripper is designed to
transport a weft thread through the second half of the
shed after having picked up the weft thread from the
drawing gripper. A weft thread is presented to the drawing
gripper using a weft presenter. Typically, a weaving ma-
chine comprises eight weft presenters to which weft
threads from different sources are threaded. However,
weaving machines with more or less than eight weft pre-
senters are conceivable.
[0016] For measuring a tension in a weft thread on a
gripper weaving machine, the sensor device is arranged
between the weft presenters and the shed in a weft in-
sertion direction, also referred to as simply insertion di-
rection. The sensor device is arranged next to the shed
such that a weft thread presented by the weft presenter
and gripped by the gripper, or more particular gripped by
one of the grippers, contacts the contact area of the sen-
sor unit in a section extending between the weft presenter
and the gripper, wherein the contact area protrudes into
an imaginary path between the weft presenter and the
gripper, such that the weft thread is deflected at the con-
tact area. In order to reduce a tension in the weft thread
caused by the sensor device, the sensor device is in em-
bodiments arranged such that an angle formed between
a section of the weft thread upstream of the contact area
and a section of the weft thread downstream of the con-
tact area, referred to as deflection angle, is close to 180°,
in particular between 160° and 178°. The sensor device
according to the invention deflects the weft thread only
over a small deflection angle so that almost no extra ten-
sion in the weft thread is caused by the sensor device.
Further the sensor device also acts as last guiding point
for the weft thread when the weft thread is transported
through the shed by a gripper, so that no additional guide
is necessary.
[0017] In embodiments, the sensor unit comprises a
displaceable mounted sensing element having a contact
area, wherein the contact area protrudes into an imagi-
nary path between the weft presenter and the gripper,
such that the sensing element will be displaced due to
forces applied by the weft thread at the contact area. In
other embodiments, the sensor unit comprises a bend-
able sensing blade extending in a blade direction, which
sensing blade is clamped at a proximal end, wherein the
contact area is provided at a distal end of the sensing
blade. The sensing blade in one embodiment is support-
ed between the distal end and the proximal end by a
deflector element, for example a roll or a rib, and has
strain gauges provided at the sensing blade near the de-
flector element, for example at a side surface of the sens-
ing blade facing away from the deflector element. When
applying a force at the distal end of the sensing blade,
the sensing blade is bent about the deflector element,
wherein at least for a bending angle of less than 5° the
distal end is displaced approximately in a direction per-
pendicular to the blade direction. An axis of the damping
element in embodiments of the invention is arranged in
parallel to the bending axis of the sensing blade.
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[0018] In embodiments of the sensor device, the bend-
able sensing blade is wear resistant at the contact area.
In particular, in one embodiment a wear resistant ceramic
sensing blade is provided. In another embodiment the
sensing blade is provided with a wear resistant part at
the contact area, more particular a ceramic part. In an-
other embodiment of the device, a roller is provided at
the contact area, in particular a roller having a high wear
resistance, more particular a ceramic roller. By providing
a roller, forces applied by the device on the weft threads
can be kept low. By providing a contact area having a
high wear resistance, wear and tear of the sensor unit is
reduced.
[0019] For sensing a tension in a weft thread, the sen-
sor device is adapted to be mounted to the weaving ma-
chine such that the sensing blade is arranged perpen-
dicular to a weft insertion plane, i.e. an at least approxi-
mately horizontal plane in which the weft insertion direc-
tion lies, wherein the sensing blade direction forms an
obtuse angle with a section of the weft thread down-
stream of the contact area, which extends in the weft
insertion direction, and the blade direction forms an acute
angle with a section of the weft thread upstream of the
contact area coming from the weft presenter.
[0020] In an embodiment, the mounting arrangement
comprises a support adapted for being mounted to the
weaving machine, wherein the sensor unit is mounted to
the support via the damping element. The support in one
embodiment is mounted to the weaving machine, in par-
ticular to a frame of the weaving machine, using bolts or
other fixation elements allowing for a rigid and precise
mounting of the support.
[0021] In an embodiment, the support comprises an
elongated main body extending in a first direction, where-
in the sensor unit is mounted to the support such that the
blade direction forms an acute angle with the first direc-
tion. In use, in particular for sensing a tension in a weft
thread, the support can be mounted to the weaving ma-
chine, such that the first direction is parallel to the weft
insertion direction. This allows for a precise and easy
alignment of the sensor device and the weaving machine.
[0022] In an embodiment, the support comprises a first
lug and/or a second lug protruding from the main body
perpendicular to the first direction, wherein the sensor
unit is mounted to the lug or to the lugs via an associated
damping element. In one embodiment the first lug and
the second lug differ in length. The length of the lugs is
adapted to the basic form of the sensor unit such that the
sensor unit can be mounted to the support with the blade
direction forming a desired acute angle with the first di-
rection. This design allows for an easy mounting of the
sensor device to a weaving machine, wherein the sens-
ing blade is arranged with a desired orientation.
[0023] In an embodiment, the mounting arrangement
further comprises a guide plate, wherein the guide plate
is attached to a rear end of the support and extends in
the first direction. The guide plate is thus adapted for
guiding a weft thread presented by a weft presenter and

gripped by the gripper towards the contact area of the
sensor unit.
[0024] In alternative or in addition, in an embodiment
the mounting arrangement comprises a cover element
having a window, wherein the cover element at least part-
ly covers a first side of the sensor unit provided with the
contact area and wherein the contact area protrudes
through the window. The cover element shields the sen-
sor unit against dust. The cover element in embodiments
is formed as a housing covering two or more sides of the
sensor unit. The cover element in one embodiment is
rigidly connected to the support, wherein the cover ele-
ment is moved with respect to the sensor unit for vibration
isolation. In other embodiments, the cover element is
connected to the sensor unit, wherein a mass of the cover
element increases a total mass of the vibration system.
In alternative or in addition to the cover element, in em-
bodiments, an air pressure cleaning nozzle is provided
to remove dust from the sensor unit, wherein in embod-
iments the cleaning nozzle is operated to blow only on
the sensor unit when no weft thread is in contact with the
contact area of the sensor unit in order to avoid any in-
fluence on the sensing.
[0025] The mounting arrangement in embodiments
further comprises a window element surrounding the win-
dow of the cover element, wherein the window element
is provided with two ridges extending at an upper side
and a lower side of the contact area protruding through
the window. In use, the ridges extend at least essentially
in parallel to the weft insertion plane. The window element
in one embodiment is formed integrally with the cover
element. In other embodiments, the window element and
the cover element are formed as separate elements. In
use, the weft thread extends between the two ridges and
contacts the contact area between the two ridges, where-
in the ridges extend at least essentially parallel to an axial
direction of the weft thread. The ridges limit a movement
of a weft thread contacting the contact area transverse
to a nominal movement direction. In use, the sensor de-
vice can be arranged such that in normal operation the
weft thread will not contact the ridges, and only contacts
the sensor device at the contact area.
[0026] In one embodiment, a control unit is provided,
which control unit is adapted for evaluating the response
signal in consideration of information about a position of
a gripper transporting the weft thread through a shed
and/or about a weft presenter used for presenting the
weft thread. As described above, the device is adapted
for sensing or measuring a tension in a weft thread pre-
sented by a weft presenter and transported through the
shed by a gripper, more particular a pair of grippers,
wherein said weft thread contacts the contact area of the
sensor unit in a section extending between the weft pre-
senter and the gripper. A weaving machine typically com-
prises several weft presenters, wherein a position at
which a weft thread is presented and guided by the weft
presenter differs for different weft presenters. A deflec-
tion angle of the weft thread depends inter alia on the
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weft presenter presenting the weft thread and the position
of the gripper transporting said weft thread, wherein the
deflection angle influences a tension in the weft thread.
When considering information about the position of the
gripper transporting the weft thread through the shed
and/or the weft presenter used for presenting the weft
thread, a response signal can be adapted to an expected
deflection angle of the presented weft thread at the con-
tact area.
[0027] In one embodiment, the control unit is adapted
for comparing the response signal with a desired tension,
wherein the desired tension varies with the angular po-
sition of the weaving machine in the weaving cycle. Data
representing the desired tension can be stored in a mem-
ory of the control unit.
[0028] In one embodiment, for a calibration of the sen-
sor device, an additional tension sensor is added to the
weaving machine, for example a tension sensor as de-
scribed in US 5,050,648, wherein a response signal of
the sensor device according to the invention is compared
to a measurement signal of the additional tension sensor
for calibrating the response signal. In use, a weft thread,
may not permanently contact the sensor device, hence,
using said sensor device it is not possible to determine
a tension in the weft thread for each angular position. In
one embodiment, in case the weft thread does not contact
the sensor device, the tension in said weft thread is es-
timated based on the response signal previously gener-
ated and a tension measured by the additional tension
sensor during calibration.
[0029] Based on stored information that was obtained
through measurements with a sensor device not accord-
ing to the invention that continuously measures the ten-
sion, such as a tension sensor as described in US
5,050,648, it is possible to determine a value of the weft
tension in a zone where the sensor device according to
the invention does not come into contact with the weft
thread. In one embodiment first values at an angular po-
sition within the weaving cycle in which the weft thread
contacts the sensor device according to the invention are
determined based on the signal of the sensor device ac-
cording to the invention, and second values at an angular
position within the weaving cycle before the weft thread
contacts the sensor device according to the invention are
estimated based on these first values and an associated
course of the weft thread tension measured in test facil-
ities, using for example a tension sensor as described in
US 5,050,648, wherein the course of the weft thread ten-
sion or selected values thereof is/are stored in the mem-
ory of the control device of the sensor device according
to the invention. For example if at 60° the measured value
of the tension is X1, then it is possible to estimate that at
30° the value of the tension will be Y1, whereas if at 60°
the measured value of the tension is X2, then it is possible
to estimate that at 30° the value of the tension will be Y2.
[0030] According to a second aspect, a method for
sensing a tension in a weft thread between a weft pre-
senter and a gripper on a gripper weaving machine is

provided, wherein a sensor unit with a contact area gen-
erates a response signal in response to a force applied
by the weft thread at the contact area, and wherein the
response signal is evaluated in consideration of informa-
tion about a position of a gripper transporting the weft
thread through a shed and/or a position of a weft pre-
senter used for presenting the weft thread.
[0031] According to a third aspect, a weaving machine
comprising the sensor device for sensing a tension in a
weft thread is provided. The sensor device in one em-
bodiment is mounted to a frame of the weaving machine
in a region between a weft presenter and a shed for sens-
ing a tension in the weft thread between the weft pre-
senter and a gripper of the gripper weaving machine.
[0032] The sensor device in embodiments is mounted
to the weaving machine such that the contact area is
arranged in a weft insertion direction between a weft pre-
senter closest to the shed and a shed. In case the weav-
ing machine comprises only one weft presenter, said one
weft presenter is also the weft presenter closest to the
shed. Typically, more than one weft presenter is provid-
ed.
[0033] In embodiments, the sensor unit comprises a
bendable sensing blade extending in a blade direction,
which sensing blade is clamped at a proximal end, where-
in the contact area is provided at a distal end of the sens-
ing blade, wherein for sensing a tension in a weft thread
the device is mounted to the weaving machine such that
the sensing blade is arranged perpendicular to a weft
insertion plane, and the blade direction forms an obtuse
angle with a section of the weft thread downstream of
the contact area, which extends in the weft insertion di-
rection, and the blade direction forms an acute angle with
a section of the weft thread upstream of the contact area.
Due to the different positions of the guide means such
as eyes of different weft presenters, the acute angle
formed with the blade direction differs for different weft
threads presented by different weft presenters. The blade
direction is chosen such that the weft thread coming from
any weft presenter contacts the device only at the contact
area and that the acute angle is minimized such that the
force applied by the weft thread at the contact area is
applied approximately perpendicular to the blade direc-
tion. The device in embodiments of the invention is
mounted, such that for each weft presenter and every
gripper position, the contact area only marginally pro-
trudes into imaginary paths of the weft threads between
the weft presenters and the gripper.
[0034] According to a fourth aspect, a method for
mounting a sensor unit for sensing a tension in a weft
thread to a gripper weaving machine in a region between
a weft presenter and a shed is provided, wherein the
sensor unit is mounted to the weaving machine via an
elastic damping element adapted for isolating the sensor
unit mounted to the gripper weaving machine from a vi-
bration of the weaving machine.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0035] In the following, embodiments of the invention
will be described in detail with reference to the drawings.
Throughout the drawings, the same elements will be de-
noted by the same reference numerals.

Fig. 1 shows an insertion side of a weaving machine
with a sensor device for sensing a tension in a
weft thread in a perspective view.

Fig. 2 shows the insertion side of the weaving ma-
chine of Fig. 1 in a perspective view from above.

Fig. 3 shows the device for sensing a tension in a weft
thread of Fig. 1 in a perspective view.

Fig. 4 shows the device for sensing a tension in a weft
thread of Fig. 3 in an explosive view.

Fig. 5 shows a cross section along line V-V of the sen-
sor unit of the device for sensing a tension in a
weft thread of Fig. 3.

Fig. 6 shows a cross section along line VI-VI of the
sensor unit of the device for sensing a tension
in a weft thread of Fig. 3.

Fig. 7 shows a sensor unit of the device for sensing
a tension in a weft thread of Fig. 3 in a perspec-
tive view from above.

DETAILED DESCRIPTION OF EMBODIMENTS OF 
THE INVENTION

[0036] Figs. 1 and 2 are schematic illustrations of an
insertion side of a gripper weaving machine 100, wherein
weft threads (of which only one weft thread 1 is shown)
coming from a plurality of weft feeding devices (not
shown) are woven in with the weaving machine 100.
[0037] Each weft thread 1 coming from an associated
weft feeding device is guided along a thread brake (not
shown) and a weft presenter 4. For an insertion of a weft
thread 1 into a shed 5 formed by warp threads 12, the
weft thread 1 is presented by the weft presenter 4 to a
gripper 6. The gripper 6 is attached to a rapier 8 in order
to move the presented weft thread 1 into the shed 5. In
the context of the application, a direction along which the
weft thread 1 extends in a woven fabric 13 is referred to
as weft direction. A direction perpendicular to the weft
direction along which the warp threads 12 extend in a
woven fabric 13 is referred to as warp direction.
[0038] As generally known, the weaving machine 100
comprises two grippers for a transport of weft threads 1
through the shed 5, referred to as drawing gripper and
taker gripper, wherein gripper 6 shown in the figures is
the drawing gripper, which is designed to transport the
weft thread 1 through the first half of the shed 5, and the

taker gripper (not shown) is designed to transport the
weft thread 1 through the second half of the shed 5 after
having picked up the weft thread 1 from the drawing grip-
per.
[0039] Typically, a weaving machine comprises eight
weft presenters 4, wherein each weft presenter 4 is con-
figured for presenting a weft thread 1 coming from an
associated weft feeding device, however, weaving ma-
chines with more or less weft presenters are conceivable.
For multi-thread weaving, two or more weft threads 1 can
be presented simultaneously.
[0040] Further, a reed 9 for beating up an inserted weft
thread 1 against the fabric 13, and a weft cutter 7 for
cutting an inserted weft thread 1 near the fabric 13 are
provided.
[0041] The weft feeding device (not shown), the thread
brake (not shown), the weft presenter 4, and the weft
cutter 7 are controlled by a control unit 14 (shown sche-
matically in Fig. 2).
[0042] A sensor device for sensing the tension of an
inserted weft thread 1 is arranged near the shed 5, which
device in the following is further referred to as device or
sensor device 10. In the embodiment shown, the sensor
device 10 is attached to a rapier guide 15, which rapier
guide 15 is mounted stationary on the frame of the weav-
ing machine 100 and acts as a holder for the sensor de-
vice 10. The sensor device 10 is mounted in the warp
direction between the fabric 13 and the reed 9, when the
reed 9 is moved into its rearward position as shown in
Fig. 2. In the weft direction the sensor device 10 is mount-
ed near the shed 5 in a region between the weft presenter
4 and the shed 5.
[0043] The sensor device 10 is shown in more detail
in Figs. 3 and 4. The sensor device 10 comprises a sensor
unit 20 with a sensing blade 31 having a contact area 21
for a weft thread at its distal end, and a mounting arrange-
ment 22. The mounting arrangement 22 comprises a sup-
port 24, two elastic damping elements 25 (in short re-
ferred to as damping elements 25), a cover element 26
with a window 27, a window element 28 mounted on the
cover element 26 in the periphery of the window 27, and
a guide plate 29 arranged at a rear end of the support 24.
[0044] The sensor unit 20 is shown in more detail in
Fig. 7. The sensor unit 20 comprises a base frame 30
and the bendable sensing blade 31, also referred to as
blade spring. The contact area 21 is provided at the distal
end 54 of the sensing blade 31. The sensing blade 31 is
clamped at a proximal end 55 in the base frame 30 via
a clamping unit 23. The sensing blade 31 is supported
between the distal end 54 and the proximal end 55 by a
deflector element 32, for example a roll. Strain gauges
33 are provided at a side surface of the sensing blade
31 opposite the deflector element 32 and facing away
from the deflector element 32.
[0045] At the distal end 54 a stop limit 34 is provided,
limiting a bending of the sensing blade 31. Further, an
elastic block 35 for damping a movement of the sensing
blade 31 towards the stop limit 34 is provided. This stop
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limit 34 allows that the movement of the distal end 54 of
the sensing blade 31 is limited so that the weft thread 1
can always be in contact with the distal end 54 of the
sensing blade 31 of the sensor unit 20, thus the contact
area 21 at the distal end 54 of the spring shaped sensing
blade 31 will always protrude out of the window 27 (see
Figs. 3 and 4).
[0046] As shown in Figs. 1 and 2, the sensor device
10 is arranged such that in normal use a section of the
inserted weft thread 1 extending between the associated
weft presenter 4 and the gripper 6 contacts the contact
area 21 of the sensing blade 31 of the sensor device 10,
but does not contact other parts of the sensor device 10.
Hence, the sensor unit 20 of the sensor device 10 comes
only with one side of the sensor unit 20 into contact with
the weft thread 1, which side is covered by the cover
element 26 so that a risk that dust will accumulate on the
sensor unit 20 is kept small.
[0047] The support 24 and the guide plate 29 are at-
tached to a frame of the weaving machine 100, for ex-
ample to the gripper guide 15 (see Figs. 1 and 2) using
screws 40. As best seen in Fig. 4, the sensor unit 20 is
received within the cover element 26, wherein the contact
area 21 protrudes through the window 27. The sensor
unit 20 is fixed to the cover element 26 using two screws
41 passing along through holes 51 in the sensor unit 20
and cooperating with threaded holes 52 in the cover el-
ement 26. The sensor unit 20 and the cover element 26
together are mounted to the support 24 via the damping
elements 25. In the embodiment shown, the support 24
is provided with a first lug 42 and a second lug 43 pro-
truding from a main body 44, wherein the main body 44
extends in a first direction I and the lugs 42, 43 protrude
from the main body 44 in a direction perpendicular to the
first direction I. The first lug 42 is longer than the second
lug 43. The damping elements 25 are arranged at the
distal end of the first lug 42 and the second lug 43.
[0048] The window element 28 has two parallel ridges
36 provided at an upper edge and a lower edge of the
window 27 which restrict a position of the weft thread 1
(see Figs. 1 and 2) in a direction perpendicular to the
axial direction of the weft thread 1. The window element
28 further has side ridges that are connecting the parallel
ridges 36.
[0049] As best seen in Fig. 3, the support 24 is provided
with a wedge-shaped protrusion 37 functioning as a
thread guide for guiding a weft thread towards a position
between the two parallel ridges 36 and into contact with
the contact area 21 of the sensing blade 31. The wedge-
shaped protrusion 37 may also be used to position the
cover element 26 with respect to the support 24. Further,
a wire 38 and connector 39 are provided for allowing a
communication between the sensor unit 20 and the con-
trol unit 14 (see Fig. 2), for example a bi-directional com-
munication. In an alternative, a wireless communication
may be provided between the sensor unit 20 and the
control unit 14.
[0050] The mounting arrangement 22 that comprises

one or more damping elements 25, in the embodiment
shown two damping elements 25, allows isolating the
sensor unit 20 from vibration of the weaving machine 100
(see Fig. 1), to which the sensor device 10 is mounted.
By isolating the sensor unit 20 from a vibration of the
weaving machine, a noise on the response signal due to
vibrations of the weaving machine 100 is reduced.
[0051] A vibration isolation or reduction of a transmis-
sibility of a vibration from the weaving machine 100 to
the sensor unit 20 depends inter alia on a structural de-
sign of the damping elements 25 and a mass of the sensor
unit 20 together with the cover element 26. In the em-
bodiment shown, viscoelastic vibration dampers made
of rubber are used. However, the invention is not limited
to this type of damping elements 25, in particular other
damping materials having a low stiffness and damping
properties can be used for the damping elements 25.
[0052] Figs. 5 and 6 show a cross section of the sensor
unit 10 along line V-V and along line VI-VI of Fig. 3, re-
spectively. As shown in Figs. 5 and 6, the damping ele-
ments 25 are fixed to a respective lug 42, 43 using fixing
elements, such as a bolt 46 and a nut 47. In the embod-
iment shown, the nut 47 is fixed to the damping element
25, for example is glued to the damping element 25. Fur-
ther, to each damping element 25 a pin 45 is fixed, for
example glued, which pin 45 has a threaded end that can
cooperate with a nut 49. The sensor element 20, more
particular its base frame 30, is provided with through
holes 48 for receiving the pins 45, so that the base frame
30 of the sensor element 20 can be fixed via the pins 45
and the nut 49 to the damping element 25. The damping
elements 25 are arranged within a bore cavity 55 provid-
ed in the base frame 30 and extending in the prolongation
of the through hole 48. The cover element 26 is provided
with two through holes 50 to allow access to the nuts 49,
which through holes 50 can be covered by the plugs 53.
[0053] As shown in Figs. 1 and 2, the sensor device
10 is arranged such that during the insertion of a weft
thread 1, said weft thread 1 comes into contact with the
contact area 21 of the sensing blade 31 protruding via
the window 27, and applies a force to the contact area
21. The force applied to the contact area 21 causes bend-
ing of the sensing blade 31, wherein the sensor unit 20
is adapted to generate a response signal in response to
the force applied by the weft thread 1. The force applied
by the weft thread 1 is dependent on the tension in the
weft thread 1, so that the tension in the weft thread 1 can
be monitored or sensed during the insertion of each weft
thread 1, using the sensor device 10.
[0054] In one embodiment, the sensed tension is com-
pared by the control unit 14 with data about a "desired"
tension, which data is stored in a memory of the control
unit 14. Typically, a desired tension varies over the weav-
ing cycle, wherein the response signal is evaluated based
on an angular position of the weaving machine in the
weaving cycle.
[0055] As shown in Fig. 2, an angle formed between a
section of the weft thread 1 upstream of the contact area
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21 and section of the weft thread downstream of the con-
tact area 21, also referred to as deflection angle of the
weft thread 1, differs for weft threads 1 inserted from dif-
ferent weft feeding devices. Therefore, in one embodi-
ment the control unit 14 is adapted for evaluating the
response signal from the sensor device 10 in consider-
ation of information about which weft thread 1 of the plu-
rality of weft threads 1 contacts the contact area 21 of
the sensor device 10. Information of the active weft pre-
senter 4 and a position of the weft presenter 4, more
particular the position of an eye of the needle of the weft
presenter 4 guiding the weft thread 1, is known for each
angular position of the weaving machine during the weav-
ing cycle, and can be used by the control unit 14 for eval-
uating the response signal from the sensor device 10.
[0056] The deflection angle of the weft thread 1 further
depends on a position of the gripper 6 in the shed 5. The
position of the gripper 6 is also known for each angular
position of the weaving machine during the weaving cy-
cle. Hence, in alternative or in addition to information
about the weft presenter 4, the control unit 14 evaluates
the response signal based on information about a posi-
tion of the gripper 6.
[0057] Depending on the response signal and the de-
flection angle of the inserted weft thread, it is possible to
calculate for each angular position of the weaving ma-
chine the tension in the weft thread and to compare this
calculated tension with the "desired" tension for the an-
gular position of the weaving machine. The weft thread
1 is deflected at the weft presenter 4, the sensor device
10, and the gripper 6, wherein using the sensor device
10, the weft thread 1 deflection at the sensor device 10
is small, so that the tension in the thread is almost not
influenced by the sensor device 10.
[0058] During weaving, the weft threads do not make
permanent contact with the sensor device 10. Therefore,
a zero value of the sensor device 10 can be set, when
the sensor device 10 is not in contact with any of the weft
threads, so that during each weaving cycle it is possible
to reset the sensor device 10 to the zero value. In case
it is observed that the zero value needs to be adjusted
after each weaving cycle, this may indicate that the sen-
sor device 10 is "dirty", for example due to dust, and
should be cleaned.
[0059] A bending movement of the sensing blade 31
caused by the force acting thereon depends on the stiff-
ness of the sensing blade 31 and its length between the
distal end 54 at which the weft thread 1 contacts the sens-
ing blade 31 and the deflecting element 32. In embodi-
ments, a light and stiff sensing blade 31 is used, which
has a natural frequency, so that vibrations due to reso-
nance of the sensing blade 31 are minimized.
[0060] As shown in Figs. 1 and 2, the sensor device
10 in the embodiment shown is mounted to the weaving
machine 100 such that the sensing blade 31 is arranged
perpendicular to the weft insertion plane and a direction,
in which the sensing blade 31 extends, referred to as
blade direction II, forms an obtuse angle with a section

of the weft thread 1 downstream of the contact area 21,
which extends in the weft insertion direction I, in particular
an obtuse angle between 150° and 170°, and the blade
direction II forms an acute angle with a section of the weft
thread 1 upstream of the contact area 21, for example
an acute angle of about 32°. In other words, the blade
direction II is almost parallel to the section of the weft
thread 1 upstream of the contact area 21 and allows that
the weft thread 1 only contacts the contact area 21 of the
sensing blade 31.
[0061] Hence, the force applied by the weft thread 1
at the contact area 21 has a force direction, which is
almost perpendicular to the blade direction II. This allows
a good responsiveness of the sensor device 10. There-
fore, the sensor device 10 in embodiments of the inven-
tion can be mounted, such that for each weft presenter
4 and for every gripper position, the contact area 21 only
marginally protrudes into imaginary paths of the weft
threads 1 between the weft presenters 4 and the gripper
6. Due to this arrangement, the sensor device 10 only
marginally influences a tension in the weft thread 1 con-
tacting the contact area 21.
[0062] The sensor unit 20 is mounted to the weaving
machine 100 via a damping element 25 adapted for iso-
lating a vibration of the weaving machine 100 from the
sensor unit 20 mounted to the weaving machine 100, in
particular via a damping element 25 having a low stiffness
and high damping coefficient. In case a weft thread 1
contacts the sensor unit 20 at the contact area 21, the
sensor unit 20 is able to generate a response signal in
response to a force applied by the weft thread 1 at the
contact area 21. For sensing a tension in a weft thread
1, the response signal can be determined and evaluated
in consideration of information about a position of a grip-
per 6 transporting the weft thread 1 through a shed 5
and/or a position of a weft presenter 4 used for presenting
the weft thread 1.

Claims

1. A sensor device for sensing a tension in a weft thread
(1) between a weft presenter (4) and a gripper (6)
on a gripper weaving machine (100), the sensor de-
vice (10) comprising a sensor unit (20) with a contact
area (21), which sensor unit (20) is adapted to gen-
erate a response signal in response to a force applied
by the weft thread (1) at the contact area (21), and
a mounting arrangement (22) adapted for mounting
the sensor unit (20) to the weaving machine (100) in
a region between the weft presenter (4) and a shed
(5), characterized in that the mounting arrange-
ment (22) comprises an elastic damping element
(25) adapted for isolating the sensor unit (20) mount-
ed to the weaving machine (100) from vibrations of
the weaving machine (100).

2. The sensor device according to claim 1, character-
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ized in that the sensor unit (20) comprises a bend-
able sensing blade (31) extending in a blade direc-
tion (II), which sensing blade (31) is clamped at a
proximal end (55), wherein the contact area (21) is
provided at a distal end (54) of the sensing blade
(31), wherein in particular the sensing blade (31) is
supported between the distal end (54) and the prox-
imal end (55) by a deflector element (32), and where-
in strain gauges (33) are provided at the sensing
blade (31) near the deflector element (32).

3. The sensor device according to claim 2, character-
ized in that the bendable sensing blade (31) is wear
resistant at the contact area (21).

4. The sensor device according to claim 2 or 3, char-
acterized in that the mounting arrangement (22)
comprises a support (24) adapted for being mounted
to the weaving machine (100), wherein the sensor
unit (20) is mounted to the support (24) via the damp-
ing element (25), wherein the support (24) comprises
an elongated main body (44) extending in a first di-
rection (I), wherein the sensor unit (20) is mounted
to the support (24) such that the blade direction (II)
forms an acute angle with the first direction (I).

5. The sensor device according to claim 4, character-
ized in that the support (24) comprises a lug (42,
43) protruding from the main body (44) perpendicular
to the first direction (I) and wherein the sensor unit
(20) is mounted to the lug (42, 43) via an associated
damping element (25), in particular the support com-
prises a first lug (42) and a second lug (43) protruding
from the main body (44) perpendicular to the first
direction (I), wherein the sensor unit (20) is mounted
to the first lug (42) and the second lug (43) via as-
sociated damping elements (25), wherein further in
particular the first lug (42) and the second lug (43)
differ in length.

6. The sensor device according to claim 4 or 5, char-
acterized in that the mounting arrangement (22)
comprises a guide plate (29), wherein the guide plate
(29) is attached to a rear end of the support (24) and
extends in the first direction (I).

7. The sensor device according to any one of claims 1
to 6, characterized in that the mounting arrange-
ment (22) comprises a cover element (26) having a
window (27), wherein the cover element (26) at least
partly covers a first side of the sensor unit (20) pro-
vided with the contact area (21) and wherein the con-
tact area (21) protrudes through the window (27).

8. The sensor device according to claim 7, character-
ized in that the mounting arrangement (22) com-
prises a window element (28) surrounding the win-
dow (27) of the cover element (26), wherein the win-

dow element (28) is provided with two ridges (36)
extending at an upper side and a lower side of the
contact area (21) protruding through the window
(27).

9. The sensor device according to any one of claims 1
to 8, characterized in that a control unit (14) is pro-
vided, which control unit (14) is adapted for evaluat-
ing the response signal in consideration of informa-
tion about a position of a gripper (6) transporting the
weft thread (1) through a shed (5) and/or a weft pre-
senter (4) used for presenting the weft thread (1).

10. The sensor device according to claim 9, character-
ized in that the control unit (14) is adapted for com-
paring the response signal with a desired tension,
wherein the desired tension varies with the angular
position of the weaving machine (100) in the weaving
cycle.

11. A method for sensing a tension in a weft thread (1)
between a weft presenter (4) and a gripper (6) on a
gripper weaving machine (100), characterized in
that a sensor unit (20) with a contact area (21) gen-
erates a response signal in response to a force ap-
plied by the weft thread (1) at the contact area (21),
and wherein the response signal is evaluated in con-
sideration of information about a position of a gripper
(6) transporting the weft thread (1) through a shed
(5) and/or a position of a weft presenter (4) used for
presenting the weft thread (1).

12. A weaving machine comprising a sensor device (10)
according to any one of claims 1 to 10, wherein the
sensor device (10) is mounted to a frame of the grip-
per weaving machine (100) in a region between a
weft presenter (4) and a shed (5) for sensing a ten-
sion in the weft thread (1) between the weft presenter
(4) and the gripper (6) of the gripper weaving ma-
chine (100).

13. The weaving machine according to claim 12, char-
acterized in that the device (10) is mounted to the
weaving machine (100) such that the contact area
(21) is arranged in a weft insertion direction between
the shed (5) and a weft presenter (4) closest to the
shed (5).

14. The weaving machine according to claim 12 or 13,
characterized in that the sensor unit (20) of the de-
vice (10) comprises a bendable sensing blade (31)
extending in a blade direction (II), which sensing
blade (31) is clamped at a proximal end (55), wherein
the contact area (21) is provided at a distal end (54)
of the sensing blade (31), wherein for sensing a ten-
sion in a weft thread (1) the device (10) is mounted
to the weaving machine (100) such that the sensing
blade (31) is arranged perpendicular to a weft inser-
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tion plane, and the blade direction (II) forms an ob-
tuse angle with a section of the weft thread (1) down-
stream of the contact area (21), which extends in the
weft insertion direction, and the blade direction (II)
forms an acute angle with a section of the weft thread
(1) upstream of the contact area (21).

15. A method for mounting a sensor unit (20) for sensing
a tension in a weft thread (1) to a gripper weaving
machine (100) in a region between a weft presenter
(4) and a shed (5), characterized in that the sensor
unit (20) is mounted to the weaving machine (100)
via an elastic damping element (25) adapted for iso-
lating the sensor unit (20) mounted to the gripper
weaving machine (100) from a vibration of the grip-
per weaving machine (100).
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