EP 2 228 475 A1

(1 9) Européisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 2 228 475 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication:
15.09.2010 Bulletin 2010/37

(21) Application number: 08864769.8

(22) Date of filing: 11.12.2008

(51) IntCl.:
DO04B 35/18 (20060 DO4B 15/96 (200601
(86) International application number:
PCT/JP2008/003721

(87) International publication number:
WO 2009/081532 (02.07.2009 Gazette 2009/27)

(84) Designated Contracting States:
AT BEBG CHCY CZDE DK EE ES FI FR GB GR
HRHUIEISITLILT LU LV MC MT NL NO PL PT
RO SE SI SKTR
Designated Extension States:
AL BA MK RS

(30) Priority: 21.12.2007 JP 2007330646
(71) Applicant: Shima Seiki Mfg., Ltd

Wakayama-shi
Wakayama 641-8511 (JP)

(72) Inventors:

¢ MINAKATA, Katsuji
Wakayama-shi
Wakayama 641-8511 (JP)

¢ MORI, Atsushi
Wakayama-shi
Wakayama 641-8511 (JP)

« NAKAYAMA, Yasuhiro
Wakayama-shi
Wakayama 641-8511 (JP)

(74) Representative: Wagner, Karl H.
Wagner & Geyer
Gewiirzmiihlstrasse 5
80538 Miinchen (DE)

(54) WEFT KNITTING MACHINE, AND METHOD FOR DETECTING ABNORMAL VIBRATIONS IN

THE WEFT KNITTING MACHINE

(57)  Toprovide aflat knitting machine capable of de-
tecting, at high sensitivity, the abnormal vibration in-
volved in the abnormal contact of the carriage and the
knitting needle, and a method of detecting abnormal vi-
bration. The flat knitting machine includes a needle bed
1 in which a plurality of knitting needles is arranged in
parallel, and a carriage 2 for moving the knitting needles

forward and backward by reciprocating on the needle

bed 1. The carriage 2 includes vibration detection means
(vibration sensor 4), which vibration detection means de-
tects vibration that occurs in a direction intersecting a
traveling direction of the carriage 2. Error judgment
means determines presence and absence of abnormal
vibration by abnormal contact of the carriage 2 and the
knitting needle based on such a detection result. The
abnormal vibration can be detected distinguished from
the vibration involved in the normal knitting even if the
traveling speed of the carriage 2 is high.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a flat knitting
machine, and a method of detecting abnormal vibration
in a flat knitting machine.

BACKGROUND ART

[0002] A flat knitting machine including a needle bed
in which a plurality of knitting needles is arranged in par-
allel, and a carriage for moving the knitting needles for-
ward and backward by reciprocating on the needle bed
is conventionally known. The knitting needle includes a
needle main body having a hook at a distal end, a needle
jack, a select jack, and a selector, and each of such com-
ponent members are sequentially engaged to each other
and accommodated in a needle groove of the needle
bed. The needle jack, the select jack, and the selector
include a butt that projects out from the needle groove.
Meanwhile, the carriage includes a knitting cam that en-
gages each butt of the needle jack and the select jack,
and a needle selecting cam that engages the butt of the
selector. When the carriage is reciprocated on the needle
bed, each butt is guided by the cams to slidably move
the knitting needles in the needle groove thereby knitting
a knitting fabric.

[0003] With such a flat knitting machine, a great force
acts on each butt of the knitting needle in time of knitting
since a traveling direction of the carriage and the forward/
backward direction of the knitting needles are perpendic-
ular. In particular, an operation load of the knitting needle
may become large and the butt of the knitting needle may
break when advancing the hook towards a needle bed
gap side of the needle bed while leaving the stitches at
needle stems, or when pulling a knitting yarn hooked at
the hook in the needle bed gap to the side opposite to
the needle bed gap by the knitting needle. Furthermore,
the butt may similarly break when dust and the like ac-
cumulates in the needle groove. If knitting is continued
with the butt broken, the broken fragments and the like
may enter the knitting (needle selecting) cam or the nee-
dle groove and come into contact with other knitting nee-
dles thereby causing secondary damage of the flat knit-
ting machine. The abnormal vibration involved in the ab-
normal contact of the carriage and the knitting needle
such as breakage of the butt thus needs to be detected
with a sensor, and the knitting operation needs to be im-
mediately stopped.

[0004] ThetechniquesdescribedinPatent Documents
1 and 2 are known for the technique of detecting abnor-
mal vibration described above.

[0005] The technique according to Patent Document
1 arranges a vibration sensor in a carriage, and detects
the abnormal vibration that occurs in the traveling direc-
tion of the carriage with the sensor.

[0006] The technique according to Patent Document
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2 attaches a plurality of vibration sensors 4 with an inter-
val to a back surface of a needle bed 1 with a magnet,
and detects the abnormal vibration that occurs in the
traveling direction of the carriage 2 with the sensors 4
(Fig. 7).

[0007] In either case, in the vibrations that occur in the
traveling direction of the carriage (lateral vibrations), the
abnormal lateral vibration exceeding the lateral vibration
involved in a normal knitting operation is detected.
[0008]

Patent Document 1: Japanese Laid-Open Ultility
Model Publication No. 54-139750
Patent Document 2: Japanese Laid-Open Ultility
Model Publication No. 56-146793

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0009] The above-described conventional techniques
achieve a certain effect in detecting the abnormal vibra-
tion, but the detection of abnormal vibration may not be
sufficient if the knitting speed (traveling speed of the car-
riage) is increased.

[0010] Inotherwords,the above-describedtechniques
are techniques for detecting all lateral vibrations, and the
lateral vibration involved in the normal knitting becomes
greater as the knitting speed becomes higher. As aresult,
the difference between the abnormal lateral vibration in-
volved in the abnormal contact of the carriage and the
knitting needle, and the lateral vibration involved in the
normal knitting becomes small, and the abnormal vibra-
tion may become difficult to detect at high sensitivity while
distinguishing such lateral vibrations.

[0011] In view of the above situations, it is an object of
the present invention to provide a flat knitting machine
capable of detecting, at high sensitivity, the abnormal
vibration involved in the abnormal contact of the carriage
and the knitting needle in distinction from the vibration
involved in the normal knitting.

[0012] It is another object of the present invention to
provide a method of detecting abnormal vibration in the
flat knitting machine capable of detecting the abnormal
vibration at high sensitivity.

MEANS FOR SOLVING THE PROBLEMS

[0013] The present inventors conducted various re-
views on the detection of abnormal vibration involved in
the abnormal contact of the carriage and the knitting nee-
dle, and came to complete the present invention with the
finding that the vibration (longitudinal vibration) that oc-
curs in the direction intersecting the traveling direction of
the carriage is easier to detect in the abnormal vibration
than the vibration that occurs in the traveling direction of
the carriage.

[0014] The flat knitting machine of the present inven-
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tion includes a needle bed in which a plurality of knitting
needles is arranged in parallel, and a carriage for moving
the knitting needles forward and backward by reciprocat-
ing on the needle bed. The flat knitting machine has a
feature in including vibration detection means and error
judgment means. The vibration detection means is ar-
ranged in the carriage, and detects vibration that occurs
in a direction intersecting a traveling direction of the car-
riage. The error judgment means determines presence
of abnormal vibration by abnormal contact of the carriage
and the knitting needle based on a detection result of the
vibration detection means.

[0015] In the flat knitting machine of the present inven-
tion, the error judgment means preferably determines the
presence of the abnormal vibration according to whether
or not the detection result of the vibration detection
means is greaterthan or equal to a predetermined thresh-
old value. In this case, the threshold value is suitably set
so as to become greater the faster the traveling speed
of the carriage.

[0016] Furthermore, the flat knitting machine of the
present invention also preferably includes detection con-
trol means. The detection control means extracts a non-
detection zone in which a predetermined vibration occurs
in the direction intersecting the traveling direction of the
carriage by a normal knitting operation from knitting data,
and disables the detection of the vibration by the vibration
detection means while the carriage is in the non-detection
zone.

[0017] Meanwhile, a method of detecting an abnormal
vibration in a flat knitting machine of the presentinvention
relates to a method of detecting an abnormal vibration
involved in an abnormal contact of a carriage and a knit-
ting needle when knitting a knitted fabric with a flat knitting
machine including a needle bed in which a plurality of
knitting needles is arranged in parallel, and a carriage
for moving the knitting needles forward and backward by
reciprocating on the needle bed. The detection method
includes the steps of: detecting vibration that occurs in a
direction intersecting a traveling direction of the carriage;
determining presence of abnormal vibration by abnormal
contact of the carriage and the knitting needle based on
a detection result of the vibration; and commanding stop
of the carriage by the detection of the abnormal vibration.

EFFECTS OF THE INVENTION

[0018] According to the flat knitting machine of the
present invention, the detection of the longitudinal vibra-
tion is carried out by the vibration detection means. The
longitudinal vibration involved in the normal knitting op-
eration is small compared to the lateral vibration, and is
less likely to become large compared to the lateral vibra-
tion even if the traveling speed of the carriage becomes
high. The abnormal longitudinal vibration involved in the
abnormal contact of the carriage and the knitting needle,
on the other hand, has a sufficient magnitude compared
to the longitudinal vibration involved in the normal knitting
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operation. Thus, the abnormal longitudinal vibration can
be detected clearly distinguished from the longitudinal
vibration involved in the normal knitting operation by de-
tecting the longitudinal vibration by the vibration detection
means.

[0019] Many vibration detection means do not need to
be arranged in the needle bed by arranging the vibration
detection means in the carriage, and the vibration detec-
tion characteristics of the vibration detection means do
not depend on the position on the needle bed where butt
breakage occurred.

[0020] Furthermore, the detection overlooked and the
false detection of the abnormal vibration can be effec-
tively avoided by having the threshold value used for the
determination in the error judgment means greater the
faster the traveling speed of the carriage. The magnitude
of the longitudinal vibration involved in the normal knitting
operation and the abnormal longitudinal vibration in-
volved in the abnormal contact of the carriage and the
knitting needle changes by the traveling speed of the
carriage. Thus, the detection overlooked and the false
detection of the abnormal vibration can be prevented by
varying the threshold value used for the determination in
the error judgment means in accordance with the
traveling speed of the carriage.

[0021] The abnormallongitudinal vibration and the lon-
gitudinal vibration involved in the normal knitting opera-
tion can be more clearly distinguished by arranging the
detection control means in the flat knitting machine of the
present invention. For instance, the switching of the knit-
ting cam and a projection and retraction of a yarn carrier
catching pin from the carriage are normal operations in-
volved in the knitting, but cause arelatively large vibration
in a direction intersecting the traveling direction of the
carriage. Thus, the period of performing the switching of
the knitting cam and the projection and retraction oper-
ation of the yarn carrier catching pin is extracted as a
non-detection zone from the knitting data by the detection
control means, and the detection of the vibration by the
vibration detection means during the period is disabled,
whereby false detection as the abnormal vibration is not
made even if the longitudinal vibration involved in the
normal knitting is large.

[0022] According to the method of detecting an abnor-
mal vibration in a flat knitting machine of the present in-
vention, the detection of the abnormal longitudinal vibra-
tion is carried out similar to the flat knitting machine of
the present invention. The detection of the abnormal lon-
gitudinal vibration is made at high sensitivity in distinction
from the normal longitudinal vibration, and thus the knit-
ting operation can be reliably stopped when the abnormal
vibration involved in the abnormal contact of the carriage
and the knitting needle occurred.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]
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Fig. 1 shows a flat knitting machine of the present
invention according to a first embodiment, where (A)
is a plan view of the flat knitting machine, (B) is a
side view thereof, and (C) is an enlarged schematic
view of a cam plate used in the flat knitting machine.

Fig. 2 is a functional block diagram of the flat knitting
machine of the present invention according to the
first embodiment.

Fig. 3 is a flowchart showing the procedures for de-
tecting the abnormal vibration with the flat knitting
machine of the present invention according to the
first embodiment.

Fig. 4(A) is an explanatory view showing a signal
waveform of a detected vibration of a comparative
example, (B) is an explanatory view showing a signal
waveform of a detected vibration of a reference ex-
ample, and (C) is an explanatory view showing a
signal waveform of a detected vibration of the first
embodiment.

Fig. 5 is a functional block diagram of a flat knitting
machine of the present invention according to a sec-
ond embodiment.

Fig. 6 is a flowchart showing the procedures for de-
tecting the abnormal vibration with the flat knitting
machine of the present invention according to the
second embodiment.

Fig. 7 shows an outline of a conventional flat knitting
machine, where (A) is a plan view of the flat knitting

machine, and (B) is a side view thereof.

DESCRIPTION OF SYMBOLS

[0024]

1 needle bed

2 carriage

2A  cam plate

2B knitting cam

2C  needle selecting cam

3 needle bed gap

4 vibration sensor

5 filter means

6 error judgment means

7 detection control means
non-detection zone extracting means
disable determination means

DETAIL DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0025] Embodiments of the present invention will be
hereinafter described with reference to the drawings.
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<First Embodiment>

[0026] Fig. 1 schematically shows a needle bed 1 and
a carriage 2 of a flat knitting machine of the present in-
vention. A so-called two-bed flat knitting machine, that
is, a flat knitting machine having a pair of needle beds 1
extending in a transverse direction and disposed oppo-
site to each other in a cross direction will be described
by way of example. The configurations of the needle bed
1 (knitting needle) and the carriage 2 are basically similar
to the known configurations. That is, the needle bed 1
has a great number of knitting needles (not shown) ar-
ranged in parallel in the transverse direction and is ac-
commodated in the needle groove. The carriage 2 has a
structure in which a pair of cam plates 2A arranged to
cover one part of each front and back needle bed 1 is
coupled above a needle bed gap 3, and can reciprocate
on the needle bed 1 in the transverse direction. The cam
plate 2A includes a knitting cam 2B and a needle select-
ing cam 2C, where each cam 2B, 2C guides the butt of
the knitting needle when the carriage 2 reciprocates to
cause the knitting needle to move forward and backward
along the needle groove.

[0027] Vibration detection means is arranged on one
surface of the cam plate 2A, that is, the surface on the
side opposite to the surface the knitting cam 2B and the
like project out. A vibration sensor 4 that uses a piezoe-
lectric element is suitably used for the vibration detection
means. The attachment of the vibration sensor 4 to the
cam plate 2A is preferably fixation with appropriate
means such as screwing. The number of sensors is only
few if the vibration sensor 4 is arranged at the carriage
2 compared to when the vibration sensor 4 is arranged
at the needle bed 1, and the vibration detection charac-
teristics of the vibration sensor 4 does not depend on the
position of the carriage 2 on the needle bed 1. Further-
more, since the wiring of the vibration sensor 4 merely
needs to be a small amount of wiring for the carriage,
excellent workability is realized in time of assembling of
the vibration sensor 4 and the wiring and in time of main-
tenance. The vibration can be detected with substantially
similar magnitude even if one of the knitting (needle se-
lecting) cam 2B (2C) of the cam plate 2A causes butt
breakage by arranging the vibration sensor 4 between
the plurality of knitting cams 2B in the cam plate 2A. In
a two-cam machine in which a pair of knitting (needle
selecting) cams 2B (2C) is arranged in parallel in the
transverse direction as in the present example, one vi-
bration sensor 4 merely needs to be arranged between
the knitting cams 2B in each front and back cam plate
2A. In a so-called three-cam machine, two vibration sen-
sors merely need be arranged between three knitting
cams in each front and back cam plate. Needless to say,
the attachment position and the number of vibration sen-
sors 4 are not limited to the above configurations. One
vibration sensor 4 each may be arranged in each front
and back cam plate of the three-cam machine. The vi-
bration sensor 4 normally has a flat shape and is attached
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with the detection surface of the vibration sensor 4 par-
allel to the cam plate 2A, so that the vibration (orthogonal
vibration) that occurs in a direction orthogonal to the
traveling direction of the carriage 2 and orthogonal to the
cam plate 2A can be detected with the vibration sensor
4. The vibration detected by the vibration sensor 4 is con-
verted to a detection signal by the action of the piezoe-
lectric element, and then outputted.

[0028] The processing means of the detection signal
will be described below with reference to Fig. 2. Fig. 2 is
a functional block diagram related to vibration detection
in the flat knitting machine of the present invention.
[0029] AsshowninFig. 2, filter means 5and error judg-
ment means 6 are configured in a main body (not shown)
of the flat knitting machine. The filter means 5 removes
the component of high frequency of the detection signal.
A low pass filter is suitably used for the filter means 5.
The filter means 5 can remove the signal component of
a resonance point (e.g., between 1 KHz and 2 KHz) of
the vibration sensor 4, and effectively remove the signal
component of the orthogonal vibrationinvolved in the nor-
mal knitting operation. As a result of the review by the
present inventors, it is found that the signal component
of the orthogonal vibration involved in the normal knitting
vibration is contained in great amount in a relatively high
frequency band, and that the signal component of the
orthogonal vibration in time of butt breakage can be suf-
ficiently detected in a low frequency band. Thus, the sig-
nal component of the orthogonal vibration involved in the
normal knitting operation can be effectively removed by
removing the high frequency component from the detec-
tion signal by the filter means 5. The filter means 5 is
obviously not essentially in the present invention.
[0030] The errorjudgment means 6 determines wheth-
er or not the abnormal orthogonal vibration involved in
the abnormal contact of the carriage 2 and the knitting
needle according to whether or not the signal component
passed through the filter means 5 is greater than or equal
to a predetermined threshold value.

[0031] Inaddition, although not shown, the flat knitting
machine of the presentinvention includes a display panel
for displaying the operation abnormality with the opera-
tion information, and a warning lamp for warning the
worker when the abnormality vibration such as butt
breakage is detected.

[0032] The procedures for detecting the abnormal vi-
bration such as butt breakage with the above flat knitting
machine will be described with reference to Fig. 3.
[0033] The signal component in which the high fre-
quency component is removed by the filter means from
the detection signal of the vibration sensor is acquired
(step S1).

[0034] Whether or not the signal component is greater
than or equal to a predetermined threshold value is then
determined (step S2). The threshold value may be set
by finding the signal value that occurs in the normal knit-
ting operation from experience. Generally, the longitudi-
nal vibration involved in the normal knitting operation and
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the abnormal longitudinal vibration involved in the abnor-
mal contact of the carriage and the knitting needle be-
come large when the traveling speed of the carriage be-
comes fast, and such longitudinal vibrations become
small when the traveling speed of the carriage becomes
slow. That is, if the threshold value is determined based
on the longitudinal vibration involved in the normal knit-
ting operation and the abnormal longitudinal vibration in
time of high speed knitting, the abnormal longitudinal vi-
bration in time of low speed knitting sometimes becomes
smaller than the threshold value and the detection over-
looked of the abnormal vibration may occur. If the thresh-
old value is determined based on the longitudinal vibra-
tion involved in the normal knitting operation and the ab-
normal longitudinal vibration in time of low speed knitting,
the longitudinal vibration involved in the normal knitting
operation in time of high speed knitting sometimes be-
comes greater than the threshold value and the false
detection of the abnormal vibration may occur. Thus, the
detection overlooked and the false detection can be pre-
vented by varying the threshold value used for the deter-
mination by the error judgment means in accordance with
the traveling speed of the carriage. In particular, the
traveling speed (knitting speed) of the carriage in each
course of the knitted fabric can be extracted from the
knitting data, and thus the threshold value is suitably
changed according to the knitting speed extracted from
the knitting data.

[0035] If the signal component is greater than or equal
to the threshold value as a result of the determination,
the warning signal is outputted (step S3). The warning
signal is a signal for commanding at least the stop of the
knitting operation (operation stop of the carriage). The
lighting of the warning lamp, and the abnormal display
tothe display panel are preferably performed by the warn-
ing signal in accordance with the stop of the knitting op-
eration.

[0036] If the signal component is smaller than the
threshold value in step S2, the process again returns to
step S1 and the procedures after the acquisition of the
signal component are performed.

[0037] The principle in which the flat knitting machine
effectively detects the abnormality vibration such as butt
breakage will be described with reference to Fig. 4 in
comparison with the comparative example/reference ex-
ample. In each partial view of Fig. 4, the solid waveform
schematically shows the detection signal of the vibration
involved in the normal knitting operation, and the broken
waveform schematically shows the detection signal of
the abnormal vibration involved in butt breakage.
[0038] Comparative example (Fig. 4(A)): Three vibra-
tion sensors 4 are arranged at equal interval on the back
surface of the needle bed 1, and the vibration (lateral
vibration) in the traveling direction of the carriage is de-
tected with each vibration sensor 4. The detection sur-
face of the vibration sensor 4 is arranged perpendicular
to the back surface of the needle bed 1 (correspond to
Fig. 7 and prior art of Patent Document 2). In this case,
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the vibration detection characteristics of each vibration
sensor 4 depend on the position of the carriage. That is,
the signal value of the lateral vibration involved in the
normal knitting operation and the signal value of the ab-
normal vibration are greater the more the carriage is clos-
er to the vibration sensor 4, and are the smallest when
the carriage is at the intermediate of the vibration sensors
4. Thus, a difference D1 between the signal value in the
case where the lateral vibration involved in the normal
knitting operation is large and the signal value in the case
where the abnormal vibration is small is very small, and
the setting range of the threshold is greatly limited. In
particular, the lateral vibration involved in the normal knit-
ting operation becomes greater as the carriage travels
at higher speed, and the setting range of the threshold
inevitably becomes smaller. This easily leads to frequent
false detection and oversight of the detection as a result.
[0039] Reference example (Fig. 4(B)): The detection
surface of one vibration sensor is attached perpendicu-
larly with respect to the cam plate of the carriage, and
the vibration (lateral vibration) in the traveling direction
of the carriage is detected. In this case, the signal value
of the lateral vibration involved in the normal knitting op-
eration is substantially a constant value irrespective of
the position of the carriage. However, in such a case as
well, a difference D2 between the signal value of the lat-
eral vibration involved in the normal knitting operation
and the signal value of the abnormal lateral vibration in-
volved in butt breakage is small, and the setting range
of the threshold value is not as improved compared to
the comparative example.

[0040] First embodiment 1 (Fig. 4(C)): The detection
surface of one vibration sensor is attached in parallel with
respect to the cam plate of the carriage, and the vibration
(orthogonal vibration) perpendicular to the traveling di-
rection of the carriage and the cam plate is detected.

In this case, the signal value of the orthogonal vibration
involved in the normal knitting operation is substantially
constant irrespective of the position of the carriage, and
is a signal value significantly smaller than the lateral vi-
bration of the reference example. On the other hand, the
signal value of the orthogonal vibration in time of butt
breakage is significantly greater than the signal value of
the orthogonal vibration involved in the normal knitting
operation. Thus, a difference D3 between the signal val-
ue of the orthogonal vibration involved in the normal knit-
ting operation and the signal value of the orthogonal vi-
bration in time of butt breakage becomes a sufficiently
large value. In the prior art, the vibration involved in the
traveling of the carriage is mainly the lateral vibration as
it is generated when the knitting (needle selecting) cam
continuously hits the butt, and thus the vibration to detect
(include vibration involved in the normal knitting and ab-
normal vibration) is obviously assumed as the lateral vi-
bration. However, the abnormal vibration by the abnor-
mal contact of the carriage and the knitting needle is
found to be a magnitude that can be sufficiently detected
even with the orthogonal vibration by the verification of
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the inventors of this time. In butt breakage, the butt curves
when pressed by the knitting cam, so that the knitting
cam rides on the curved butt, or the knitting cam rides
on the remaining portion of the butt or the broken piece
even after the butt breakage, and hence a relatively large
orthogonal vibration is estimated to occur with the riding
of the knitting cam. The signal value of the orthogonal
vibration involved in the normal knitting operation is small
compared to the change in the signal value of the lateral
vibration even if the traveling speed of the carriage is
raised. Thus, a wide setting range of the threshold value
can be obtained in the example, and the abnormal vibra-
tion can be detected at high sensitivity.

<Second Embodiment>

[0041] An embodiment of detecting only the abnormal
vibration even when a shocking and large orthogonal vi-
bration occurs while being a vibration involved in the nor-
mal knitting operation will be described below with refer-
ence to Fig. 5. The present embodiment differs from the
first embodiment only in that detection control means 7
is arranged, and other configurations are common with
the first embodiment, and thus the differing point will be
mainly described below.

[0042] The detection control means 7 of the present
embodiment extracts a case in which a shocking and
large orthogonal vibration occurs while being the vibra-
tion involved in the normal knitting operation as a non-
detection zone, and disables the detection of the vibration
by the vibration detection sensor 4 in the non-detection
zone. Here, "disables the detection of the vibration" in-
cludes (1) a case where the vibration detection sensor 4
stops the operation and does not perform the vibration
detection itself, (2) a case where the vibration detection
is performed but the abnormality determination by the
error judgment means 6 is not performed, and (3) a case
where the vibration detection and the abnormality deter-
mination are performed but the abnormality determina-
tion result is not outputted. In summary, the stopping
process and the like of the knitting operation merely need
to be suppressed from being performed even if a large
orthogonal vibration involved in the normal knitting oper-
ation occurs. In this case, the detection control means 7
includes non-detection zone extracting means 7A and
disable determination means 7B.

[0043] The non-detection zone extracting means 7A
extracts the non-detection zone from the knitting data.
The knitting data is setin storage means of the flat knitting
machine according to the knitting conditions such as the
size, color, pattern, and knitting method of the knitted
fabric. The operation procedures of the flat knitting ma-
chine necessary for knitting the knitted fabric such as, of
course, the traveling/stopping of the carriage, and also
the operation of the knitting (needle selecting) cam can
be grasped from the knitting data. For instance, when
switching the knitting cam or projecting and retracting the
yarn carrier catching pin from the carriage at the outer
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side of the knitting width, a relatively large orthogonal
vibration generates at the carriage. In this case, false
detection as the orthogonal vibration involved in the butt
breakage might be made unless the detection of the or-
thogonal vibration involved in the switching of the knitting
cam and the like is disabled. Thus, in the present em-
bodiment, the non-detection zone extracting means 7A
extracts the non-detection zone from the knitting data. In
the non-detection zone extracting means 7A, the condi-
tion is set in advance in which an orthogonal vibration
large enough to be falsely detected as the abnormal vi-
bration exceeding the threshold value of the error judg-
ment means 6 occurs, for example, when projection and
retraction of a plurality of yarn carrier catching pins is
simultaneously performed, and the non-detection zone
is extracted depending on presence or absence of azone
that matches such a condition exists in the knitting data.
[0044] The disable determination means 7B deter-
mines whether or not the signal component obtained
through the vibration sensor 4 and the filter means 5 is
the signal component of the extracted non-detection
zone. If the disable determination means 7B determines
that the signal component is not the signal component
of the extracted non-detection zone, the error judgment
means 6 determines whether such a signal component
is due to abnormal vibration.

[0045] The detection procedure of the abnormal vibra-
tion in the present embodiment will be described with
reference to Fig. 6.

[0046] First, a signal component in which the high fre-
quency component is removed by the filter means from
the detection signal of the vibration sensor is acquired
(step S11).

[0047] The detection control means determines
whether or not the signal component is the signal of the
non-detection zone (step S12). Step S12 and the next
step S13 may be reversed. If determined as the signal
of the non-detection zone as a result of the determination
in step S12, the process again returns to step S11, and
the procedures after the acquisition of the signal compo-
nent are performed.

[0048] If determined as not the signal of the non-de-
tection zone, the error judgment means determines
whether or not the signal component is greater than or
equal to a predetermined threshold value (step S13).
[0049] If the signal component is greater than or equal
to the threshold value as a result of the determination, a
warning signal is outputted (step S14). The aspectin that
the stopping of the carriage, the lighting of the warning
lamp, and the like are performed by the output of the
warning signal is similar to the first embodiment.

[0050] On the other hand, if the signal component is
smaller than the threshold value in step S13, the process
again returns to step S11, and the procedures after the
acquisition of the signal component are performed.
[0051] According to the present embodiment de-
scribed above, the orthogonal vibration is not falsely de-
tected as the abnormal vibration even if a large orthog-
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onal vibration involved in the normal knitting operation
occurs, in addition to the abnormal vibration detection of
high sensitivity according to the first embodiment. In par-
ticular, according to the present embodiment, the large
orthogonal vibration involved in the normal knitting oper-
ation will not be falsely detected as the abnormal vibration
even if the carriage is positioned other than at the end of
the needle bed. For instance, in the case of intarsia knit-
ting, projection and retraction of the yarn carrier catching
pin, and the like is sometimes performed even if the car-
riage is positioned on the inner side of the knitting width.
A large orthogonal vibration occurs in this case as well,
but false detection as the abnormal vibration will not be
made since a period of performing the projection and
retraction of the yarn carrier catching pin and the like is
recognized as the non-detection zone from the knitting
data.

[0052] The presentinventionis notlimited to the above
embodiments, and various modifications may be made.
For instance, the present invention can be used for a
four-bed flat knitting machine. The vibration detected with
the vibration sensor may be the vibration in the direction
non-perpendicularly intersecting the cam plate if not the
vibration in the traveling direction of the carriage (direc-
tion along the cam plate).

INDUSTRIAL APPLICABILITY

[0053] The flat knitting machine and the method of de-
tecting abnormal vibration in the flat knitting machine of
the present invention can be suitably used in the flat knit-
ting machine used to knit the tubular knitted fabric, and
the like. In particular, the use as the flat knitting machine
in which the traveling speed of the carriage is high speed
is expected.

Claims

1. A flat knitting machine including a needle bed in
which a plurality of knitting needles is arranged in
parallel, and a carriage for moving the knitting nee-
dles forward and backward by reciprocating on the
needle bed, the flat knitting machine comprising:

vibration detection means, arranged in the car-
riage, for detecting vibration that occurs in a di-
rection intersecting a traveling direction of the
carriage; and

error judgment means for determining presence
of abnormal vibration by abnormal contact of the
carriage and the knitting needle based on a de-
tection result of the vibration detection means.

2. Theflatknitting machine accordingto claim 1, where-
in
the error judgment means determines the presence
of the abnormal vibration according to whether or
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not the detection result of the vibration detection
means is greater than or equal to a predetermined
threshold value; and

the threshold value is set so as to become greater
the faster the traveling speed of the carriage.

The flat knitting machine according to claim 1 or 2,
further comprising:

detection control means; wherein

the detection control means extracts a non-de-
tection zone in which a predetermined vibration
occurs in the direction intersecting the traveling
direction of the carriage in a normal knitting op-
eration from knitting data, and disables the de-
tection of the vibration by the vibration detection
means while the carriage is in the non-detection
zone.

A method of detecting an abnormal vibration in a flat
knitting machine for detecting the abnormal vibration
involved in an abnormal contact of a carriage and a
knitting needle when knitting a knitted fabric with the
flat knitting machine including a needle bed in which
a plurality of knitting needles is arranged in parallel,
and the carriage for moving the knitting needles for-
ward and backward by reciprocating on the needle
bed, the method comprising the steps of:

detecting vibration that occurs in a direction in-
tersecting a traveling direction of the carriage;
determining presence of abnormal vibration by
abnormal contact of the carriage and the knitting
needle based on a detection result of the vibra-
tion; and

commanding stop of the carriage by the detec-
tion of the abnormal vibration.
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Fig. 2

VIBRATION

\—— VIBRATION

SENSOR

!

I

[

[ . - ERROR JUDGEMENT
i » FILTER MEANS — Ly MEANS

[

!

|

[

WARNING SIGNAL

10



EP 2 228 475 A1

Fig. 3
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Fig. 5
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Fig. 6
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