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(57) Method for detecting wear in the sinkers of an
automatic knitting machine, and corresponding system
and sinker. A conductive track (5) is applied on a friction
area (6) of a testing sinker (4a) that replaces a normal
sinker in an automatic knitting machine. By means of an
electrical testing device (7) that is connected to the ter-
minals (8) of the conductive track (5), at least one pa-
rameter related to an electrical resistance of the conduc-
tive track (5) is automatically measured, and in function
of this parameter, a level of wear in the friction area (6)
of the testing sinker (4a) is automatically deduced.
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Description

Field of the invention

[0001] The invention is comprised in the field of auto-
matic knitting machines.
[0002] The invention more specifically relates to a
method for detecting wear in the sinkers of an automatic
knitting machine of the type comprising a plurality of yarn
feeders, a plurality of movable needles and a plurality of
movable sinkers shaped as thin plates and arranged be-
tween said needles, each of said needles being adapted
to subsequently catch and free a yarn provided by one
of said yarn feeders when said needle is moved, and
each of said sinkers being adapted to subsequently hold
and free a loop of a stitch of yarn when said sinker is
moved, said automatic knitting machine further compris-
ing an actuating device for automatically moving said
needles and said sinkers according to a preestablished
pattern for manufacturing a knitted fabric from the yarns
provided by said yarn feeders by a cooperation between
said needles and said sinkers.
[0003] The invention also relates to a system for de-
tecting wear in the sinkers of an automatic knitting ma-
chine of this type, and a corresponding sinker.

Prior art

[0004] Automatic knitting machines are commonly
used for manufacturing knitted fabrics at industrial scale.
These machines are designed to work intensively. They
have a high number of components, including a high
number of needles and sinkers as well as the mechanics
to move them, which must work in a very precise manner
to knit each stitch without defects. The machine is usually
equipped with sensors and monitored by a human knitter
who can stop the process if something goes wrong. Both
the machine components and the produced knitted fabric
can be monitored. When the machine is stopped because
a defect has been detected in the knitted fabric, there is
a high cost associated to the interruption because the
human knitter must check the knitted fabric, discard the
section with defects, fix the problem and restart the ma-
chine. Therefore, it is of great importance to early detect
the signs of defects in machine components which can
cause defects in the fabric.
[0005] Defects in the sinkers are one of the causes of
defects in the fabric. The sinkers are continuously moved
in reciprocating movement and, to form the stitch, they
come into contact with the yarn that is under tension. This
interaction of the sinkers with the yarn progressively
causes wear of the sinkers that can cause defects in the
fabric.
[0006] It is known and common to carry out an inspec-
tion of the sinkers with the knitting machine stopped. To
do this, a few sinkers are disassembled and their thick-
ness is measured in the areas in contact with the yarn,
in order to determine if they have suffered excessive

wear. When an excessive wear is observed, all sinkers
of the knitting machine are replaced. This method is in-
accurate, time-consuming, and requires the intervention
of an experienced worker.

Description of the invention

[0007] The purpose of this invention is to provide a
method for detecting wear in the sinkers of an automatic
knitting machine of the type indicated above in the chap-
ter "Field of the invention", which can be easily imple-
mented at low cost without modifying the knitting machine
and allowing a reliable detection of excessive wear in the
sinkers without the intervention of an experienced worker
being necessary.
[0008] This is achieved by means of a method for de-
tecting wear in the sinkers of an automatic knitting ma-
chine of this type, characterized in that at least one of
the sinkers of the automatic knitting machine, named
testing sinker, comprises at least one conductive track
applied on a friction area of said testing sinker, said fric-
tion area being an external surface of said testing sinker
which comes into contact with a yarn when the actuating
device automatically moves said plurality of sinkers, and
said conductive track having terminals for connecting it
to an electrical testing device;
and in that said method comprises the following steps:

[a] by means of an electrical testing device that is
connected to said terminals of the conductive track,
automatically measuring at least one parameter re-
lated to an electrical resistance of said conductive
track;
[b] in function of said parameter, automatically de-
ducing a level of wear in said friction area of the test-
ing sinker.

[0009] Preferably, the shape of the testing sinker, at
least in its functional parts of interaction with the yarns,
is the same as the shape of the normal sinkers of the
automatic knitting machine (the sinkers devoid of con-
ductive track), so that a testing sinker replaces a normal
sinker in said machine without altering its normal opera-
tion.
[0010] The conductive track applied on the friction area
of the testing sinker suffers a wear caused by the friction
of the yarns when the automatic knitting machine is work-
ing. This wear causes a progressive decrease in the
thickness of the track which in turn causes an increase
in the electrical resistance of the conductive track be-
tween the terminals. The wear can also cut the conduc-
tive track, and in this case the electrical resistance sud-
denly increases to a high value (infinite in practice). By
directly or indirectly measuring this electrical resistance,
a level of wear in the conductive track is automatically
deduced, which is representative of the wear suffered by
the testing sinker and also by normal sinkers (the sinkers
that do not have the conductive track) in the automatic
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knitting machine. Therefore, putting the method into prac-
tice simply requires replacing at least one on the normal
sinkers of the automatic knitting machine by a testing
sinker according to the invention, providing an electrical
testing device suitable to be connected to the terminals
of the conductive track of the testing sinker and to auto-
matically measure a parameter related to an electrical
resistance of the conductive track, and providing a sys-
tem, normally a computer system which executed a com-
puter program, configured to interpret this parameter, de-
duce a level wear from it and, preferably, issue a warning
message if this level wear is considered excessive.
[0011] Preferably, in step [a] a voltage is applied by
the electrical testing device between the terminals of the
conductive track and the parameter is the intensity of a
current through said conductive track driven by said volt-
age. This is a simple and reliable method for indirectly
measuring the electrical resistance of the conductive
track.
[0012] In some embodiments, in step [b] the level of
wear is automatically deduced by the fact that the pa-
rameter indicates an open circuit between the terminals
of the conductive track. When the wear has completely
removed the material of the conductive track in a section
thereof, an open circuit is created between the terminals.
If, for instance, the parameter is the intensity of a current
driven by a voltage applied between the terminals, the
intensity suddenly drops to zero. This is automatically
detected, and a level of wear is automatically deduced.
[0013] In other embodiments, in step [b] a level of wear
is automatically deduced by comparing the parameter
measured in step [a] with a predetermined reference val-
ue. This allows to progressively monitor a wear.
[0014] Preferably, only when the automatic knitting
machine is stopped the electrical testing device is con-
nected to the terminals of the conductive track and step
[a] is carried out. This greatly simplifies the design of the
electrical testing device, since with the machine stopped
it is easier to connect said device to the terminals. The
system is therefore simpler and less expensive. Check-
ing the wear in the sinkers discontinuously over time,
when the machine is stopped between two operating cy-
cles, is sufficient in most cases since the wear on the
sinkers is progressive over time. The electrical testing
device can be in a fixed position with respect to the au-
tomatic knitting machine. The electrical testing device
can also be a handheld unit, or have a handheld part,
which a worker can manually connect to the conductive
track of the testing sinker when the machine is stopped.
[0015] In more sophisticated embodiments, the wear
in the sinkers can be continuously checked over time. In
these cases, the electrical testing device is connected to
the terminals of the conductive track, and step [a] is car-
ried out, while the automatic knitting machine is working
manufacturing the knitted fabric.
[0016] In some embodiments, the testing sinker com-
prises several of said conductive tracks. In step [a], the
electrical testing device is connected to the terminals of

each of said conductive tracks, and the at least one pa-
rameter related to an electrical resistance of the conduc-
tive track is automatically measured, simultaneously or
at different times, for each of said conductive tracks. In
step [b], a level of wear in the friction area of the testing
sinker is automatically deduced in function of at least one
of said parameters automatically measured for each of
the conductive tracks. This allows to check the level of
wear in different areas of the testing sinker. Optionally,
to better check the progression of the wear, several con-
ductive tracks are arranged side by side in the friction
area of the testing sinker. For instance, as discussed
above, in step [b] the level of wear can be automatically
deduced by the fact that each parameter indicates an
open circuit between the terminals of a conductive track.
This makes it possible to deduce the level of wear by
progressive steps: the conductive tracks are successive-
ly cut by friction with the yarns as the wear progresses,
and this indicates successive levels of wear.
[0017] Preferably, only some of the sinkers of the au-
tomatic knitting machine are testing sinkers with a con-
ductive track, the rest of the sinkers of the automatic knit-
ting machine being devoid of said conductive track. For
instance, the number of sinkers of the automatic knitting
machine which are testing sinkers with a conductive track
can be comprised between one and four. This is a simple
but effective implementation of the method. In an auto-
matic knitting machine, the sinkers, the needles and the
yarn feeders are usually well adjusted, so that all the
sinkers interact in the same manner with the yarns and
suffer an equivalent wear. The wear of the sinkers is
therefore quite uniform. It is enough to check the wear
of a single or a few sinkers since this wear will be repre-
sentative of the mostly uniform wear of all the sinkers.
[0018] Preferably, the electrical testing device com-
prises a connector with contact terminals configured to
be connected and disconnected to said terminals of the
conductive track. In some embodiments, the electrical
testing device is arranged in a fixed position and has a
movable part with the connector that is automatically
moved to automatically connect and disconnect said con-
tact terminals to the terminals of the conductive track
when the testing sinker is in front of the connector. In this
way, it is possible to use a single electrical testing device
and one or more testing sinkers distributed in the auto-
matic knitting machine. In preferred embodiments, at
least a part of the electrical testing device comprising the
connector is a handle unit, which a worker manually con-
nects to the conductive track of the testing sinker when
the machine is stopped. The electrical testing device can
be a portable device. For instance, the electrical testing
device can be a portable unit including a processor and
a screen so that, when the worker manually connects the
connector to the conductive track of the testing sinker,
information of the level of wear in the testing sinker is
automatically displayed on the screen.
[0019] Although the method according to the invention
can be applied to a variety of automatic knitting machines,
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in preferred embodiments the automatic knitting machine
is a circular knitting machine in which the needles and
the sinkers are arranged in a rotating cylinder which make
said needles and said sinkers to travel along a circum-
ference which is coaxial with said rotating cylinder.
[0020] The invention also comprises a corresponding
system for detecting wear in the sinkers of an automatic
knitting machine, comprising an automatic knitting ma-
chine with a plurality of yarn feeders, a plurality of mov-
able needles and a plurality of movable sinkers shaped
as thin plates and arranged between said needles, each
of said needles being adapted to subsequently catch and
free a yarn provided by one of said yarn feeders when
said needle is moved, and each of said sinkers being
adapted to subsequently hold and free a loop of a stitch
of yarn when said sinker is moved, said knitting machine
further comprising an actuating device for automatically
moving said needles and said sinkers according to a pre-
established pattern for manufacturing a knitted fabric
from the yarns provided by said yarn feeders by a coop-
eration between said needles and said sinkers;

characterized in that at least one of said sinkers,
named testing sinker comprises at least one conduc-
tive track applied on a friction area of said testing
sinker, said friction area being an external surface
of said testing sinker which comes into contact with
a yarn when said actuating device automatically
moves said plurality of sinkers, and said conductive
track having terminals for connecting it to an electri-
cal testing device;
and in that it further comprises:

- an electrical testing device configured to be con-
nected to said terminals of the conductive track;

- a processor connected to said electrical testing
device;

- a computer program comprising instructions
which, when executed by said processor, cause
said processor to carry out the following steps:

[a] by means of said electrical testing device
connected to said terminals of the conduc-
tive track, automatically measuring at least
one parameter related to an electrical re-
sistance of said conductive track;
[b] in function of said parameter, automati-
cally deducing a level of wear in said friction
area of said testing sinker.

[0021] The invention also comprises a testing sinker
suitable for replacing a sinker of an automatic knitting
machine, said automatic knitting machine comprising a
plurality of yarn feeders, a plurality of movable needles
and a plurality of movable sinkers shaped as thin plates
and arranged between said needles, each of said nee-
dles being adapted to subsequently catch and free a yarn
provided by one of said yarn feeders when said needle

is moved, and each of said sinkers being adapted to sub-
sequently hold and free a loop of a stitch of yarn when
said sinker is moved, said automatic knitting machine
further comprising an actuating device for automatically
moving said needles and said sinkers according to a pre-
established pattern for manufacturing a knitted fabric
from the yarns provided by said yarn feeders by a coop-
eration between said needles and said sinkers;
characterized in that said testing sinker comprises at
least one conductive track, with terminals for connecting
it to an electrical testing device, applied on a friction area
of said testing sinker, said friction area being an external
surface of said testing sinker intended to come into con-
tact with a yarn when said testing sinker is replacing a
sinker in said automatic knitting machine and said actu-
ating device automatically moves said plurality of sinkers.
[0022] Preferably, the conductive track is a coating of
conductive ink. This allows a more precise control of the
initial thickness of the conductive track, and therefore a
more reliable deduction of a level of wear.
[0023] In preferred embodiments, the testing sinker is
made of a metallic material, as it is common in automatic
knitting machines. The testing sinker preferably compris-
es a coating of electrical insulating material between the
surface of said testing sinker and the conductive track.
This allows a more accurate measure of the parameter
related to the electrical resistance of the conductive track.
[0024] Preferably, the terminals of the conductive track
are made of a conductive material having a greater hard-
ness than the conductive material from which the con-
ductive track is made. This solution avoids the conductive
track to be damaged by the contact with the electrical
testing device.
[0025] In some embodiments, several conductive
tracks are arranged in said friction area of the testing
sinker. The advantages of this arrangement have been
discussed above in the description of the method.
[0026] In preferred embodiments, the testing sinker is
suitable for replacing a sinker in a circular knitting ma-
chine in which the needles and the sinkers are arranged
in a rotating cylinder which make said needles and said
sinkers to travel along a circumference which is coaxial
with said rotating cylinder. Preferably, the conductive
track is applied to only one face of the testing sinker,
which is the face that looks in the direction of advance
of said testing sinker when the sinkers travel along said
circumference in the automatic knitting machine. This is
because the friction with the yarns mainly takes place on
said face, which comes into contact with the yarns as the
sinker travels along the circumference.
[0027] In preferred embodiments, the sinkers of the
automatic knitting machine and the testing sinker com-
prise a nib, a throat under said nib, a curved end portion
and an intermediate portion between said nib and said
end portion. This is a common shape of sinkers in auto-
matic knitting machines. The nib and the throat hold and
free an old loop of a stitch of yarn when the sinker is
moved, and the curved end portion supports the knitted
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fabric that slides down over said curved end portion. The
nib and the intermediate portion are portions of the sinker
that wear out particularly due to friction with yarns. Pref-
erably, the conductive track is applied adjacent to an
edge of at least one between the nib and the intermediate
portion.
[0028] The system optionally has the structural fea-
tures according to the preferred embodiments discussed
above for the method, and the computer program option-
ally comprises instructions to carry out the steps of the
method according to said preferred embodiments.
[0029] The invention also comprises the computer pro-
gram defined above in the description of the system.
[0030] The invention also comprises other features
concerning details illustrated in the detailed description
of embodiments of the invention and in the attached
drawings.

Brief description of the drawings

[0031] The advantages and features of the invention
can be seen from the following description in which, with
a non-limiting character with respect to the scope of the
main claim, preferred embodiments are described in ref-
erence to the drawings.

Fig. 1 is a schematic view of a system according to
the invention. The automatic knitting machine is cir-
cular, of the kind with one set of vertical needles and
one set of sinkers.

Fig. 2 is a photographic image showing a group of
working needles and sinkers at work in the automatic
knitting machine.

Fig. 3 is a schematic upper view showing the elec-
trical testing device and the sinkers travelling along
the circumference. Only four sinkers are showed for
the sake of clarity. One of the sinkers in a testing
sinker.

Fig. 4 is as Fig. 3, with the testing sinker in front of
the connector of the electrical testing device.

Fig. 5 is a lateral view of a first kind of sinker.

Fig. 6 is a lateral view of a first embodiment of testing
sinker corresponding to said first kind of sinker.

Fig. 7 is a lateral view of the testing sinker and the
electrical testing device, with the movable part in a
withdrawn position.

Fig. 8 is as Fig. 7, with the movable part in an ad-
vanced position so that it is connected to the termi-
nals of the conductive track of the testing sinker.

Fig. 9 is a perspective view of the movable part of

the electrical testing device.

Fig. 10 is a lateral view of a second kind of sinker.

Fig. 11 is a lateral view of a second embodiment of
testing sinker corresponding to said second kind of
sinker. The figure also shows a second embodiment
of the electrical testing device.

Fig. 12 is a block diagram of the main steps of the
method according to the invention.

Detailed description of embodiments of the invention

[0032] Figs. 1-12 refer to embodiments of a system
and a method according to the invention. In these em-
bodiments, the automatic knitting machine 1 is a circular
knitting machine of the type having a set of vertical nee-
dles 3 and a set of sinkers 4 for manufacturing a knitted
tubular fabric 16.
[0033] Fig. 1 is a schematic view of one embodiment
of the system, in which the knitting machine 1 is repre-
sented in a schematic sectional view. The system com-
prises the automatic knitting machine 1, an electric test-
ing device 7 and a computer system including a proces-
sor 11 which is connected to the electric testing device
7. A software, including instructions for carrying out the
method as described below, is executed by the processor
11.
[0034] The automatic knitting machine 1 comprises a
plurality of yarn feeders 2, a plurality of movable needles
3 and a plurality of movable sinkers 4 shaped as thin
plates and arranged between the needles 3. Each of the
needles is adapted to subsequently catch and free a yarn
17 provided by one of the yarn feeders 2 when said nee-
dle 3 is subsequently moved in vertical direction. Each
of the sinkers 4 is adapted to subsequently hold and free
a loop of a stitch of yarn 17 when said sinker 4 is subse-
quently moved in horizontal direction. The knitting ma-
chine 1 further comprises an actuating device for auto-
matically moving the needles 3 and the sinkers 4 accord-
ing to a preestablished pattern for manufacturing a knit-
ted tubular fabric 16 from the yarns 17 provided by the
yarn feeders 2 by a cooperation between said needles 3
and said sinkers 4. The needles 3 and the sinkers 4 are
arranged in a rotating cylinder 10, so that they travel along
a circumference which is coaxial with the rotating cylinder
10. The needles 3 and the sinkers 4 interact with cams
which are statically arranged in a dial around the rotating
cylinder 10, and which make each needle 3 to move ver-
tically up and down, and each sinker 4 to move horizon-
tally forward and backward, forming stitches while the
cylinder 10 rotates continuously. The rotating cylinder
10, actuated by a motor, and the static cams are the
actuating device referred to above for automatically mov-
ing the needles 3 and the sinkers 4.
[0035] Since the cams are static, each needle 3 and
each sinker 4 travelling along the circumference has a
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unique position at each point of said circumference. The
sinkers 4 are arranged between the needles 3 and move
horizontally to control the movement of the fabric as the
machine knits. More concretely, the function of the sink-
ers 4 is to hold the old loop of stitch at a lower level on
the needle 3 stem than the new loop of the stitch being
formed, and to prevent the old loop from being lifted by
the needle 3 as it rises to clear the loop from its hook. In
addition, the sinkers 4 support the fabric 17 as it is pro-
duced and slides down over a curved end portion of said
sinkers 4.
[0036] In this system, at least one of the sinkers 4 of
the automatic knitting machine 1 has been replaced by
a testing sinker 4a with a conductive track 5, as described
below. Preferably, the number of testing sinkers 4a in the
automatic knitting machine 1 is between 1 and 4. In the
exemplary embodiments described here, the automatic
knitting machine 1 has a single testing sinker 4a. The
rest of the sinkers 4 of the automatic knitting machine 1
are devoid of conductive track 5.
[0037] The shape of the testing sinker 4a, at least in
its functional parts to interact with the yarns 17, is the
same as the shape of the normal sinkers 14 of the auto-
matic knitting machine 1, so that a testing sinker 4a re-
places a normal sinker 4 without altering the normal op-
eration of the automatic knitting machine 1. In the exem-
plary embodiments, the testing sinker 4a has the same
shape as a normal sinker 4.
[0038] Fig. 2 is a is a photographic image of a group
of working needles 3 and sinkers 4 in the automatic knit-
ting machine 1. In this image, the sinkers 4 are the parallel
thin plates, the top of the needles 3 are visible at half
height in the image, and the knitted fabric 16 as it is being
produced is seen in the upper part of the image. The
needles 3 are all identical. The sinkers 4 are also all iden-
tical, except at least one of them (not visible in this figure)
which has been replaced by a testing sinker 4a.
[0039] Figs. 5 and 6 respectively show a first kind of
sinker 4 and the corresponding testing sinker 4a. Another
kind of sinker 4 and the corresponding testing sinker 4a
are shown in Figs. 10 and 11. These are exemplary em-
bodiments. There are many sinkers on the market with
different shapes, depending on the knitting machine
model and the fabric to be manufactured. The invention
is applicable to any of these sinkers by applying a con-
ductive track 5 on a friction area 6 of the sinker 4.
[0040] The sinkers 4 and the corresponding testing
sinkers 4a are thin plates made of steel. As can be seen
in the lateral views of Figs 5-6 and 10-11, the upper edge
of the sinkers 4 and 4a has different functional portions.
From left to right in these figures, the upper edge of the
sinker defines a nib 12 and a throat 13 under said nib 12,
which holds and frees an old loop of a stitch of yarn when
the sinker 4, 4a is horizontally moved, and a curved end
portion 14 of the sinker 4, 4a, currently known as "knock-
over edge", which supports the knitted fabric 16 that
slides down over said curved end portion 14. Between
the nib 12 and the curved end portion 14 there is an in-

termediate portion 15, currently known as "knock-over
platform". The nib 12 and the intermediate portion 15 are
portions of the sinker 4, 4a that wear out particularly due
to friction with yarns 17. The yarns 17 laterally rest on
these portions as the sinkers 4, 4a move along the cir-
cumferential path, and at the same time the yarns 17 run
and rub over the surface of the sinkers 4, 4a. As previ-
ously said, the invention is not limited to sinkers 4, 4a
shaped as shown in the figures. The invention can also
be applied to other sinkers with a great variety of shapes.
[0041] The operation of this type of circular automatic
knitting machine with needles and sinkers, as well as the
movements of the needles and the sinkers to form the
knit loops, are not described in greater detail here since
they are well known to those skilled in the art.
[0042] In the embodiment shown in Figs. 6-8, the test-
ing sinker 4a comprises one conductive track 5 applied
on a friction area 6 of said testing sinker 4a. The friction
area 6 is an external surface of the testing sinker 4a which
comes into contact with a yarn 17 when the actuating
device of the automatic knitting machine 1 automatically
moves the plurality of sinkers 4, 4a. In the example shown
of Figs. 6-8, the friction area 6 on which the conductive
track 5 is applied is an area adjacent to the edge of the
nib 12 along its perimeter. In some variants (not shown
in the figure), the same conductive track 5, or a second
conductive track 5, can also be applied in an area adja-
cent to the upper edge of the intermediate portion 15,
preferably near the nib 12, which is also an area of friction
6. The conductive track 5 is a coating of conducting ink.
For instance, the conductive ink is a silver ink reference
Dupont® 5000 Silver Conductor. The thickness of the
coating of conductive ink is between 7 and 15 microme-
ters. At the two ends of the conductive track 5 there are
terminals 8 for connecting it to an electrical testing device
7. Preferably, the terminals 8 are made of a conductive
material having a greater hardness than the conductive
material from which the conductive track 5 is made. For
instance, the terminals 8 are made of a coating of con-
ductive carbon ink, reference Sun Chemical® Graphene
Carbon BG04, with a thickness between 5 and 10 mi-
crometers. A coating of electrical insulating material 18
is applied between the steel surface of the testing sinker
4a and the conductive track 5. For instance, the coating
of electrical insulating material 18 is made of an insulating
ink, reference Dupont® Dielectric Ink 8153, with a thick-
ness between 5 and 7 micrometers. As can be seen in
Fig. 6, the two terminals 8 are located near the edge of
the rear part of the nib 12 (the left side in Fig. 6). In this
position, the terminals 8 are more easily accessible to
connect the electrical testing device 7 when the testing
sinker 4a is mounted on the automatic knitting machine
1 replacing a normal sinker 4. The conductive track 5 is
applied to only one face of the testing sinker 5, which is
the face that looks in the direction of advance of said
testing sinker 5 when the sinkers 4, 4a travel along the
circumference in the automatic knitting machine 1.
[0043] The electrical testing device 7 can be in a fixed
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position with respect to the automatic knitting machine
1. This is the case shown in Figs. 1, 3 and 4. In this case,
the electric testing device 7 is positioned outside the cir-
cumference, facing the rear part of the sinkers 4, 4a (the
left side in Fig. 6). The sinkers 4, 4a successively pass
in front of the electrical testing device 7 es they travel
along the circumference. The electrical testing device 7
has a fixed part and a movable part comprising a con-
nector 9 with contact terminals 19 configured to be con-
nected and disconnected to the terminals 8 of the con-
ductive track 5. As shown in Fig. 9, the movable part is
an arm 20 which is automatically moved forward and
backward by means of a controlled motor (not shown in
the figures). The connector 9 has the shape of a fork.
The contact terminals 19 are two elastically retractable
protuberances inside the fork. The fork and the contact
terminals 19 are dimensioned so that the edge of the rear
part of the nib 12 fits inside the fork, and the two contact
terminals 19 are in pressure contact with the two termi-
nals 8. Figs. 3 and 4 are a schematic top view of the
automatic knitting machine 1. Only the testing sinker 4a
and three normal sinkers 4 are shown for the sake of
simplicity. In fact, the ring shown with dashed lines in the
figure is filled with sinkers 4 arranged side by side. In Fig.
3 the testing sinker 4a is not facing the connector 9 of
the electrical testing device 7. In Fig. 4 the actuating ro-
tating cylinder 10 has rotated and the testing sinker 4a
is facing said connector 9. The movable part comprising
the connector 9 can be automatically moved forward and
backward when the testing sinker 4a is in this position.
In the backward position of Fig. 7 the rear part of the nib
12 is outside the fork, the testing sinker 4a is free (it is
not linked to the connector 9) and the contact terminals
19 are not connected to the terminals 8 of the conductive
track 5. In the forward position of Fig. 8 the rear part of
the nib 12 has entered the fork and the contact terminals
19 are connected to the terminals 8 of the conductive
track 5.
[0044] According to a non-limiting example, the meth-
od is carried out when the automatic knitting machine 1
is stopped. The movable part comprising the connector
9 is always in the backward position of Fig. 7 while the
automatic knitting machine 1 is working producing the
knitted fabric 16. It is moved to the forward position of
Fig. 8, to connect the contact terminals 19 to the terminals
8, only when the machine 1 is stopped. The system au-
tomatically recognises the position of the testing sinker
4a and makes the rotating cylinder 10 to rotate until said
testing sinker 4a is facing the connector 9 of the electrical
testing device 7, as schematically shown in Fig. 4. The
movable part comprising the connector 9 is then moved
forward to the position shown in Fig. 8, so that the contact
terminals 19 are in contact with the terminals 8. In this
position, the electrical testing device 7 is connected to
the terminals 8 of the conductive track 5. The following
steps are automatically carried out by a software execut-
ed by a processor 11 which is connected to the electrical
testing device 7:

[a] The electrical testing device 7 automatically ap-
plies a predefined voltage between the terminals 8
and measures the intensity of the current through
said conductive track 5 driven by said voltage. This
intensity is directly related to the electrical resistance
of the conductive track 5.
[b] The intensity measured in step [a] is compared
to a reference value. For instance, the reference val-
ue is an intensity of current initially measured when
the testing sinker 4a is new, without any wear, by
applying the same procedure as in step [a]. A level
of wear in the friction area 6 is deduced from the
difference between the intensity measured in step
[a] and the reference value. The electrical resistance
of the conductive track 5, and therefore also the in-
tensity of the current at constant voltage, is directly
related to the sectional area of the conductive track
5 in the friction area 6, which is progressively reduced
by a loss of conductive ink due to friction with the
yarn 17. The level of wear thus deduced can be au-
tomatically displayed on a screen. A warning mes-
sage can also be displayed when the level of wear
has exceeded a predefined threshold.

[0045] It is also possible to carry out the same method
while the automatic knitting machine 1 is working pro-
ducing the knitted fabric 16. However, this requires a
more sophisticated control for quickly moving forward
and backward the movable part comprising the connector
9 so that its contact with the testing sinker 4a does not
disturb the normal operation of the automatic knitting ma-
chine 1. In general, it is enough to monitor the wear of
the testing sinker 4a only when the automatic knitting
machine 1 is stopped, between two work cycles.
[0046] In other possible embodiments, the electrical
testing device 7 can be a handheld unit, or can have a
handheld part, which a worker can manually connect to
the terminals 8 of the conductive track 8 of the testing
sinker 5 when the machine is stopped. The embodiment
shown in Figs. 9-10 is an example of such solution. It
also differs from the previously described embodiment
in the shape of the sinker 4 and the corresponding testing
sinker 4a, in that the testing sinker 4a has several con-
ductive tracks 5 arranged side by side, and in that the
level of wear is deduced by detecting an open circuit in
each of said conductive tracks 5 when they are succes-
sively cut but the wear.
[0047] More concretely, in the embodiment of Figs.
9-10 the shape of the sinker 4 is as shown in Fig. 9. The
testing sinker 4a has the same shape as the sinker 4, as
shown in Fig. 10. In this case, the friction area 6 is mainly
an area adjacent to the upper edge of the intermediate
portion 15 near the nib 12. The testing sinker 4a has two
conductive tracks 5 formed by two thin lines extending
side by side and parallel to the upper end of the interme-
diate portion 15, very close to said upper end. These two
lines are separated by a very low distance, and they are
connected on an end (the end on the right in Fig. 10) by
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a third line. Each of these three lines has on the opposite
end (the end on the left in Fig. 10) a terminal 8 located
near the edge of the rear part of the nib 12 (the left side
in Fig. 10). The three lines are made by a coating of con-
ductive sink. They are separated from the steel surface
of the testing sinker 4a by a coating of electrical insulating
ink. The terminals 8 are made by a coating of ink having
a higher hardness than the conductive ink. The inks can
be the same as those described above for the previous
embodiments.
[0048] The electrical testing device 7 is a portable de-
vice comprising a main body with a processor and a
screen 21, and a connector 9 connected to the main body.
The connector 9 is a handle unit which is connected by
cable or wirelessly (for instance, by Bluetooth) to the main
body, and which a worker manually connects to the ter-
minals 8 of the conductive tracks 5. The connector 9 has
three contact terminals 19 arranged to be connected to
the three terminals 8. The connector 9 and the terminals
8 can be designed as a bus connection, similar to those
commonly used in computer equipment.
[0049] According to a non-limiting example, the meth-
od is as follows. When the automatic knitting machine 1
is stopped, the worker manually connects the connector
9 to the terminals 8 of the testing sinker 4a. The following
steps are automatically carried out by a software execut-
ed by a processor which is comprised in the electrical
testing device 7:

[a] The electrical testing device 7 automatically ap-
plies a pulse of voltage between the terminal 8 at the
lower position in Fig. 10, which has the function of a
ground terminal, and each of the two upper terminals
8 (in Fig. 10) and measures a corresponding pulse
of intensity of current at each of said two upper ter-
minals 8. If one of the conductive tracks 5 has been
cut by wear, there is an open circuit between the
terminal 8 of said conductive track 5 and the ground
terminal 8, and the electrical resistance is very high
(infinite in practice). The open circuit is detected be-
cause there is no pulse of intensity at said terminal
8 of said conductive track 5.
[b] If no pulse of intensity of current is detected at
the terminal 8 of one of the conductive tracks 5, it is
automatically deduced that the level of wear in the
friction area 6 is such that said conductive track 5
has been cut by wear. In practice, the wear in the
friction area 6 at the intermediate portion 15 pro-
ceeds in the direction from top to bottom in Fig. 10,
so that the wear first cuts the upper conductive track
5, and later cuts the lower conductive track 5 if the
testing sinker 4a continues to be used on the auto-
matic knitting machine 1. When the method auto-
matically deduces a first level of wear that has
caused the cutting of the first conductive track 5 from
the top, a warning message can be displayed at the
screen 21 indicating that a certain percentage of an
inadmissible level of wear has been reached. When

the method automatically deduces a second level of
wear that has caused the cutting of the second con-
ductive track 5 from the top, a warning message can
be displayed at the screen 21 indicating that an in-
admissible level of wear has been reached and,
therefore, the sinkers 4 of the automatic knitting ma-
chine should be replaced.

[0050] The same method can be applied in the same
manner with a different number of conductive tracks 5.
For instance, the number of conductive tracks 5 can be
between one and five, so that between one and five in-
creasing levels of wear can be deduced.

Claims

1. - Method for detecting wear in the sinkers of an au-
tomatic knitting machine (1), said automatic knitting
machine (1) comprising a plurality of yarn feeders
(2), a plurality of movable needles (3) and a plurality
of movable sinkers (4) shaped as thin plates and
arranged between said needles (3), each of said
needles (3) being adapted to subsequently catch and
free a yarn provided by one of said yarn feeders (2)
when said needle (3) is moved, and each of said
sinkers (4) being adapted to subsequently hold and
free a loop of a stitch of yarn when said sinker (4) is
moved, said automatic knitting machine (1) further
comprising an actuating device for automatically
moving said needles (3) and said sinkers (4) accord-
ing to a preestablished pattern for manufacturing a
knitted fabric (16) from the yarns provided by said
yarn feeders (2) by a cooperation between said nee-
dles (3) and said sinkers (4);

characterized in that at least one of said sink-
ers (4), named testing sinker (4a), comprises at
least one conductive track (5) applied on a fric-
tion area (6) of said testing sinker (4a), said fric-
tion area (6) being an external surface of said
testing sinker (4a) which comes into contact with
a yarn when said actuating device automatically
moves said plurality of sinkers (4, 4a), and said
conductive track (5) having terminals (8) for con-
necting it to an electrical testing device (7) ;
and in that said method comprises the following
steps:

[a] by means of an electrical testing device
(7) that is connected to said terminals (8) of
the conductive track (5), automatically
measuring at least one parameter related
to an electrical resistance of said conductive
track (5);
[b] in function of said parameter, automati-
cally deducing a level of wear in said friction
area (6) of the testing sinker (4a).
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2. - Method according to claim 1, wherein in step [a] a
voltage is applied by said electrical testing device (7)
between said terminals (8) of the conductive track
(5) and said parameter is the intensity of a current
through said conductive track (5) driven by said volt-
age.

3. - Method according to any one of claims 1 or 2,
wherein in step [b] a level of wear is automatically
deduced by the fact that said parameter indicates an
open circuit between said terminals (8) of the con-
ductive track (5).

4. - Method according to any one of claims 1 or 2,
wherein in step [b] a level of wear is automatically
deduced by comparing said parameter measured in
step [a] with a predetermined reference value.

5. - Method according to any one of claims 1 to 4,
wherein only when said automatic knitting machine
(1) is stopped said electrical testing device (7) is con-
nected to said terminals (8) of the conductive track
(5) and said step [a] is carried out.

6. - Method according to any one of claims 1 to 4,
wherein said electrical testing device (7) is connect-
ed to said terminals (8) of the conductive track (5),
and said step [a] is carried out, while said automatic
knitting machine (1) is working manufacturing said
knitted fabric (16).

7. - Method according to any one of claims 1 to 6,
wherein said testing sinker (4a) comprises several
of said conductive tracks (5); in step [a], the electrical
testing device (7) is connected to the terminals (8)
of each of said conductive tracks (5), and the at least
one parameter related to an electrical resistance of
the conductive track (5) is automatically measured,
simultaneously or at different times, for each of said
conductive tracks (5); and in step [b], a level of wear
in said friction area (6) of the testing sinker (4a) is
automatically deduced in function of at least one of
said parameters automatically measured for each of
the conductive tracks (5).

8. - Method according to any one of claims 1 to 7,
wherein only some of the sinkers (4) of said auto-
matic knitting machine (1) are testing sinkers (4a)
with a conductive track (5), the rest of the sinkers (4)
of the automatic knitting machine (1) being devoid
of said conductive track (5).

9. - Method according to any of claims 1 to 10, wherein
said electrical testing device (7) comprises a con-
nector (9) with contact terminals (19) configured to
be connected and disconnected to said terminals (8)
of the conductive track (5).

10. - System for detecting wear in the sinkers (4) of an
automatic knitting machine (1), comprising an auto-
matic knitting machine (1) with a plurality of yarn
feeders (2), a plurality of movable needles (3) and a
plurality of movable sinkers (4) shaped as thin plates
and arranged between said needles (3), each of said
needles (3) being adapted to subsequently catch and
free a yarn provided by one of said yarn feeders (2)
when said needle (3) is moved, and each of said
sinkers (4) being adapted to subsequently hold and
free a loop of a stitch of yarn when said sinker (4) is
moved, said knitting machine (1) further comprising
an actuating device for automatically moving said
needles (3) and said sinkers (4) according to a pre-
established pattern for manufacturing a knitted fabric
(16) from the yarns provided by said yarn feeders
(2) by a cooperation between said needles (3) and
said sinkers (4);
characterized in that at least one of said sinkers
(4), named testing sinker (4a) comprises at least one
conductive track (5) applied on a friction area (6) of
said testing sinker (4), said friction area (6) being an
external surface of said testing sinker (4a) which
comes into contact with a yarn when said actuating
device automatically moves said plurality of sinkers
(4, 4a), and said conductive track (5) having termi-
nals (8) for connecting it to an electrical testing device
(7); and in that it further comprises:

- an electrical testing device (7) configured to be
connected to said terminals (8) of the conductive
track (5);
- a processor (11) connected to said electrical
testing device (7);
- a computer program comprising instructions
which, when executed by said processor (11),
cause said processor (11) to carry out the fol-
lowing steps:

[a] by means of said electrical testing device
(7) connected to said terminals (8) of the
conductive track (5), automatically measur-
ing at least one parameter related to an
electrical resistance of said conductive
track (5);
[b] in function of said parameter, automati-
cally deducing a level of wear in said friction
area (6) of said testing sinker (4a).

11. Testing sinker (4a) suitable for replacing a sinker (4)
of an automatic knitting machine (1), said automatic
knitting machine (1) comprising a plurality of yarn
feeders (2), a plurality of movable needles (3) and a
plurality of movable sinkers (4) shaped as thin plates
and arranged between said needles (3), each of said
needles (3) being adapted to subsequently catch and
free a yarn provided by one of said yarn feeders (2)
when said needle (3) is moved, and each of said
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sinkers (4) being adapted to subsequently hold and
free a loop of a stitch of yarn when said sinker (4) is
moved, said automatic knitting machine (1) further
comprising an actuating device for automatically
moving said needles (3) and said sinkers (4) accord-
ing to a preestablished pattern for manufacturing a
knitted fabric (16) from the yarns provided by said
yarn feeders (2) by a cooperation between said nee-
dles (3) and said sinkers (4); characterized in that
said testing sinker (4a) comprises at least one con-
ductive track (5), with terminals (8) for connecting it
to an electrical testing device (7), applied on a friction
area (6) of said testing sinker (4a), said friction area
(6) being an external surface of said testing sinker
(4) intended to come into contact with a yarn when
said testing sinker (4a) is replacing a sinker (4) in
said automatic knitting machine (1) and said actuat-
ing device automatically moves said plurality of sink-
ers (4, 4a).

12. Testing sinker (4a) according to claim 11, wherein
said conductive track (5) is a coating of conductive
ink.

13. Testing sinker (4a) according to any one of claims
11 and 12, wherein said testing sinker (4a) is made
of a metallic material and comprises a coating of
electrical insulating material (12) between the sur-
face of said testing sinker (4a) and said conductive
track (5).

14. - Testing sinker (4a) according to any one of claims
11 to 13, wherein several conductive tracks (5) are
arranged side by side in said friction area (6) of the
testing sinker (4a).

15. - Testing sinker (4a) according to any one of claims
11 to 14, comprising a nib (12), a throat (13) under
said nib (12), a curved end portion (14) and an inter-
mediate portion (15) between said nib (12) and said
end portion (14), wherein said conductive track (5)
is applied adjacent to an edge of at least one between
said nib (12) and said intermediate portion (15).
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