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(54) A circular knitting machine equipped with a knitting timing switching device

(57) Circular knitting machine comprising at least
cylinder needles (23) or dial needles (24) which include
a set of needles each having a first butt and a second
butt and a switching device for switching between two
needle butt engaging stitch cams (13a, 13b) each of
which is for one of synchronous and delayed timing.
Electromagnetic actuators (12) on a rotary cylinder (10)
selectively advance one of a lowering cam (11a) and a
raising cam (11b) to engage a butt of a vertically dis-
placeable lever having grooves therein engaged by pins
connected to the stitch cams (13a, 13b) whereby raising
and lowering of the lever selectively advances one of
the stitch cams (13a, 13b) into engagement with corre-
sponding ones of the dial needle butts. This provides
switching of the stitch timing.
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Description

[0001] The present invention relates to a double knit
circular knitting machine having a cylinder and a dial and
further equipped with a device for switching the stitch
cam timings.
[0002] In a double knit circular knitting machine, the
cam timings for the cylinder stitch cam and the dial stitch
cam are switched between the synchronous timing and
the delayed timing as appropriate according to the type
of knit. In the synchronous timing, the lowest points of
the cylinder and dial stitches, i.e., the points at which
the needles are most retreated from the top of the cyl-
inder and the points at which the needles are most re-
treated from the periphery of the dial, are on the same
straight line. In the delayed timing, they are on different
lines from each other.
[0003] In the knitting method called "garment length
knitting", in particular, the insertion of a drawn thread
creates a separation in the fabric, making it possible to
knit a high quality and value-added fabric with a united
cuff and body. In this knitting method, however, knitting
a rib stitch for the cuff requires the synchronous timing
while knitting an interlock stitch for the body requires the
delayed timing, and these timings have to be selectively
switched between each other.
[0004] The following methods are known as methods
for switching these timings.

(1) The entire cam box on the dial side is rotated
and shifted between left and right. According to this
method, all yarn feeders feed yarn at the same time.
(2) The methods described in Patent Document
JP-B-2881651 and Patent Document JP-A-
58-136860. According to these methods, timing can
be set individually for each yarn feeder. The position
of a stitch cam at a certain yarn feeder is horizontally
adjusted independent of another stitch cam at an-
other yarn feeder.

[0005] In both of the prior art techniques (1) and (2),
stitch cams can also move vertically, so that the amount
of the retraction of the needles can be changed to obtain
the appropriate amount of yarn and size of the stitch.
[0006] In the invention according to Patent Document
JP-B-2881651, a stitch cam is fastened with a set screw
after manually adjusting it to a desired position. In the
invention according to Patent Document JP-A-
58-136860, the position of a stitch cam is precision ad-
justed automatically by a step motor. The former inven-
tion entails delicate manual operation and requires skill.
The latter invention involves a precision position-adjust-
ment mechanism, which leads to increased manufactur-
ing cost. Both inventions employ only one type of stitch
cam that is moved and adjusted.
[0007] In the present invention, two types of stitch
cams are used. One type is for synchronous timing, and
the other type is for delayed timing. The objective of the

present invention is to provide a reliable and low cost
device for switching the timings by selectively using at
least two types of stitch cams as appropriate.
[0008] By applying the device of the present inven-
tion, it is possible not only to switch stitch cams between
the synchronous timing and the delayed timing, but also
to provide at least two cams of the same type and switch
between them as appropriate. More specifically, it is
possible to switch between at least two stitch cams for
the synchronous timing as well as between at least two
stitch cams for the delayed timing. This makes it possi-
ble to knit a fabric having different stitch amounts. Such
a device is also covered by the present invention.
[0009] An aspect of the present invention is a double
knit circular knitting machine having a device for switch-
ing stitch cams between those for the synchronous tim-
ing and those for the delayed timing, comprising a rotary
cylinder that slidably houses cylinder needles, control
cams that control the movement of the cylinder needles,
a rotary dial that is above the cylinder and slidably hous-
es dial needles, and control cams that control the move-
ment of the dial needles, in which at least either the cyl-
inder needles or the dial needles are provided with at
least two types of butts, one for synchronous timing
stitch cams and the other for the delayed timing stitch
cams, and at least either the cylinder needle control
cams or the dial needle control cams are provided with
synchronous timing stitch cams and delayed timing
stitch cams that oppose at least either type of knitting
needles and are arranged so as to selectively engage
with either of the butts.
[0010] An aspect of the present invention is a double
knit circular knitting machine having a device for switch-
ing between at least two stitch cams for the synchronous
timing, comprising a rotary cylinder that slidably houses
cylinder needles, control cams that control the move-
ment of the cylinder needles, a rotary dial that is above
the cylinder and slidably houses dial needles, and con-
trol cams that control the movement of the dial needles,
in which at least either the cylinder needles or the dial
needles are provided with at least two types of butts for
synchronous timing stitch cams, and at least either the
cylinder needle control cams or the dial needle control
cams are provided with at least two types of synchro-
nous timing stitch cams that oppose the knitting needles
having the at least two types of butts and are arranged
so as to selectively engage with either of the butts.
[0011] An aspect of the present invention is a double
knit circular knitting machine having a device for switch-
ing between at least two stitch cams for the delayed tim-
ing, comprising a rotary cylinder that slidably houses cyl-
inder needles, control cams that control the movement
of the cylinder needles, a rotary dial that is above the
cylinder and slidably houses dial needles, and control
cams that controls the dial needles, in which at least ei-
ther the cylinder needles or the dial needles are provid-
ed with at least two types of butts for delayed timing
stitch cams, and at least either the cylinder needle con-
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trol cams or the dial needle control cams are provided
with at least two types of delayed timing stitch cams that
oppose the knitting needles having at least two types of
butts and are arranged so as to selectively engage with
either of the butts.
[0012] To select either of the two types of stitch cams,
the following selecting mechanism, for example, can be
employed. This mechanism comprises a selecting cam
that is carried on at least either of the cylinder and the
dial, a lever having a butt that can contact the selecting
cam and a linkage to a stitch cam, and two types of stitch
cams that can move by engaging with this linkage.
[0013] Preferably, the selecting cam comprises a rais-
ing cam and a lowering cam and is mounted in such a
way that it can project outwardly with respect to the ro-
tary cylinder. The selecting cam is operated, for exam-
ple, by an electromagnetic actuator.
[0014] Preferably, the linkage comprises two pin
grooves extending in opposite directions. Portions of the
two types of stitch cams fit into these grooves in such a
way that when one of the two types of stitch cams re-
treats, the other sticks out.
[0015] Embodiments of the present invention will now
be described with reference to the accompanying draw-
ings, in which:

FIG. 1 (a) is a sectional view and (b) is a front view
of a rotary cylinder, both showing selecting cams
and their surroundings;
FIG. 2 shows two types of stitch cams. (A) shows a
stitch cam for synchronous timing, and (B) shows a
stitch cam for delayed timing. In both (A) and (B),
(a) is a front view, and (b) is a side view;
FIG. 3 shows a lever, which is a selecting means
that controls the projection and retraction of the
stitch cam. (a) is a side view, and (b) is a front view;
FIG. 4 illustrates the operation of a raising cam. (a)
is a front view of a cam holder. (b) and (c) are sec-
tional views of the cam holder for illustrating the
movement of the stitch cams;
FIG. 5 illustrates the operation of a lowering cam.
(a) is a front view of a cam holder. (b) and (c) are
sectional views of the cam holder for illustrating the
movement of the stitch cams; and
FIG. 6 (a) is a front view of cam holder 20, and (b)
is a sectional view of the cam holder for illustrating
the stitch-amount adjuster.

First Embodiment

[0016] This is a device for switching the stitch cams
between the synchronous timing and the delayed tim-
ing. FIG. 1 (a) is a sectional view and (b) is a front view
of a rotary cylinder 10, both showing a selecting cam 11
and its surroundings.
[0017] In the periphery of the rotary cylinder 10, a cyl-
inder needle 23 is housed in such a way that it can slide
freely inside a needle groove 22 that extends axially.

[0018] When knitting, a dial needle 24, which cooper-
ates with the cylinder needle 23, is arranged horizontally
in such a way that it can slide freely inside a needle
groove 26 of the dial 25.
[0019] The cylinder needle 23 is operated and con-
trolled in an ordinary method by a cam 13 that is fas-
tened on a cylinder cam holder 20. The dial needle 24
is operated and controlled in an ordinary method by a
cam 28 that is fastened on a dial cam holder 27.
[0020] The selecting cam 11 comprises a lowering
cam 11 a on the left-hand side of the rotary cylinder and
a raising cam 11b on the right-hand side of the rotary
cylinder. The positions of the lowering cam and the rais-
ing cam can be reversed. On the back of each cam, an
electromagnetic actuator 12 is provided. The electro-
magnetic actuator is controlled by a knit-pattern control-
ling device (not shown).
[0021] FIG. 2 shows two types of stitch cams. (A)
shows a stitch cam 13a for synchronous timing, and (B)
shows a stitch cam 13b for delayed timing. In both (A)
and (B), (a) is a front view, and (b) is a side view. On the
front surfaces of these two types of stitch cams 13a and
13b, cam races 14a and 14b are provided respectively.
On the back surfaces, shafts 15a and 15b are fastened
in such a way that they protrude from the back surfaces.
At the tips of the shafts, pins 16a and 16b are provided
respectively.
[0022] FIG. 3 shows a lever 17, which is a selecting
means that controls the projection and retraction of the
stitch cams. (a) is a side view, and (b) is a front view. A
butt 18 is positioned in the middle of the lever. When the
butt 18 touches the selecting cam 11, the lever respec-
tively moves up and down. This lever is provided with
link grooves 19a, 19b for pins. These grooves are used
for projection and retraction of the stitch cam 13a for
synchronous timing and the stitch cam 13b for delayed
timing.
[0023] FIG. 4 illustrates the operation of the raising
cam 11b. (a) is a front view of a cam holder 20. (b) and
(c) are sectional views of the cam holder for illustrating
the movement of the stitch cams. When raising cam 11b
acts on butt 18 of lever 17, lever 17 ascends (FIG. 4 (b)).
The ascent of the lever causes link grooves 19a, 19b to
act on pins 16a, 16b of the stitch cams, retracting the
upper cam 13a and projecting the lower cam 13b (FIG.
4 (c)).
[0024] FIG. 5 illustrates the operation of the lowering
cam 11a. (a) is a front view of a cam holder 20. (b) and
(c) are sectional views of the cam holder for illustrating
the movement of the stitch cams. When lowering cam
11a acts on butt 18 of lever 17, lever 17 descends (FIG.
5 (b)). The descent of the lever causes link grooves 19a,
19b to act on pins 16a, 16b of the stitch cams, projecting
the upper cam 13a and retracting the lower cam 13b
(FIG. 5 (c)).
[0025] Notches are on the back of the lever 17, and a
detent mechanism 21 respectively engages the notches
for releasably holding the lever in the raised and lowered
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positions.
[0026] As in the prior art, the stitch cam(s) of the
present invention can also move up and down to vary
the retraction of the needle, obtain the appropriate yam
amount and vary the stitch sizes.
[0027] For that purpose, the present invention pro-
vides a cam set piece 25a having a cavity with substan-
tially the same length as the vertical length L of the cam
13a, as shown in FIG. 6. The cam 13a is mounted in
such a way that it is moveably held by the cam set piece
25a, so that the cam 13a can move between positions
in which it is respectively projecting from the cavity and
retracted into the cavity. The cam set piece 25a is pro-
vided with a through-hole for shaft 15a of the cam 13a
to penetrate, and the cam 13a is mounted in such a way
that it is capable of projecting and retracting under the
control of the lever 17, as described above.
[0028] As described below, the cam holder is provided
with two stitch-amount-adjusters that are arranged one
above the other. One is for the synchronous timing stitch
cam and the other is for the delayed timing stitch cam.
The two adjusters have substantially the same construc-
tion.
[0029] On the back of the cam set piece 25a, a pin
27a is embedded in such a way that it extends approx-
imately halfway into the thickness of the cam set piece
25a. The protrusion of the pin 27a engages in a spiral
groove 26c of the stitch-amount adjuster. When the
stitch-amount adjuster 26a is rotated, the pin 27a moves
up and down along the spiral groove 26c.
[0030] As the pin 27a moves up and down, the cam
set piece 25a and the stitch cam 13a also move up and
down.
[0031] The cylindrical periphery of the stitch adjuster
26a is provided with a notched surface 26e. The stitch-
amount adjuster 26a is releasably rotatably fastened us-
ing a pin 29a that is urged by a spring 28a so that the
pin 29a movably engages the notched surface 26e in a
detent-like manner.
[0032] As noted above, a number of mechanisms are
known that move the stitch cam(s) vertically. In the
above embodiment, any of such known mechanisms
can be used in place of the above mechanism as long
as it does not conflict with the purpose of the present
invention.

Second Embodiment

[0033] This is a device for switching between two
stitch cams for synchronous timing. In the explanations
and drawings for the first embodiment, read the two
types of stitch cams 13, i.e., 13a and 13b, as two syn-
chronous timing stitch cams.

Third Embodiment

[0034] This is a device for switching between two
stitch cams for delayed timing. In the explanations and

drawings for the first embodiment, read the two types of
stitch cams 13, i.e., 13a and 13b, as two delayed timing
stitch cams.

Effects Of The Invention

[0035] According to the present invention, independ-
ent adjusters are used for each of the stitch cams, such
stitch cams being a synchronous timing stitch cam and
an delayed timing stitch cam, two synchronous timing
stitch cams, or two delayed timing stitch cams. There-
fore, an appropriate stitch amount can be set for each,
and the adjusters can be manually operated. Because
the selection of stitch cams can be controlled by a se-
lecting cam carried by the cylinder, one selecting mech-
anism is sufficient for a knitting machine.
[0036] Because two races are provided for the syn-
chronous timing and delayed timing stitch cams, two
synchronous timing stitch cams or two delayed timing
stitch cams, each race can be provided with an appro-
priate action line along which the needle moves. In other
words, when designing a cam line, stitch angles and
widths can be designed independently of the knitting
timing. It is also possible to employ closed cams, which
contribute to the making of high quality fabrics.

Claims

1. A double knit circular knitting machine having a de-
vice for switching between at least two stitch cams
(13a, 13b), each of which is for one of synchronous
timing and delayed timing, comprising:

a rotary cylinder (10) that slidably houses cyl-
inder needles (23), and a rotary dial (25) that is
above the cylinder (10) and slidably houses dial
needles (24), wherein at least the cylinder nee-
dles (23) or the dial needles (24) comprise a set
of needles that each include at least a first butt
and a second butt;
control cams (13) that control movement of the
cylinder needles (23), and control cams (28)
that control movement of the dial needles (24),
wherein at least the cylinder needle control
cams (13) or the dial needle control cams (28)
comprise:

a first stitch cam (13a) that is opposed to
said set of needles and is for providing syn-
chronous or delayed timing while control-
lingly engaging the first butts of said set of
needles, and
a second stitch cam (13b) that is opposed
to said set of needles and is for providing
synchronous or delayed timing while con-
trollingly engaging the second butts of said
set of needles; and
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a selecting mechanism for selectively moving
the first and second stitch cams (13a, 13b) be-
tween first and second configurations,

wherein in the first configuration:

the first stitch cam (13a) is positioned for con-
trollingly engaging the first butts of said set of
needles, and
the second stitch cam (13b) is positioned so as
not to controllingly engage the second butts of
said set of needles, and

wherein in the second configuration:

the first stitch cam (13a) is positioned so as not
to controllingly engage the first butts of said set
of needles, and
the second stitch cam (13b) is positioned for
controllingly engaging the second butts of said
set of needles.

2. A double knit circular knitting machine having a de-
vice for switching between at least two types of
stitch cams (13a, 13b), one for synchronous timing
and the other for delayed timing, comprising:

a rotary cylinder (10) that slidably houses cyl-
inder needles (23), and a rotary dial (25) that is
above the cylinder (10) and slidably houses dial
needles (24), wherein at least the cylinder nee-
dles (23) or the dial needles (24) comprise a set
of needles that each include at least a first butt
and a second butt;
control cams (13) that control movement of the
cylinder needles (23), and control cams (28)
that control movement of the dial needles (24),
wherein at least the cylinder needle control
cams (13) or the dial needle control cams (28)
comprise:

a first stitch cam (13a) that is opposed to
said set of needles and is for providing syn-
chronous timing while controllingly engag-
ing the first butts of said set of needles, and
a second stitch cam (13b) that is opposed
to said set of needles and is for providing
delayed timing while controllingly engaging
the second butts of said set of needles; and

a selecting mechanism for selectively moving
the first and second stitch cams (13a, 13b) be-
tween first and second configurations,

wherein in the first configuration:

the first stitch cam (13a) is positioned for con-
trollingly engaging the first butts of said set of

needles, and
the second stitch cam (13b) is positioned so as
not to controllingly engage the second butts of
said set of needles, and

wherein in the second configuration:

the first stitch cam (13a) is positioned so as not
to controllingly engage the first butts of said set
of needles, and
the second stitch cam (13b) is positioned for
controllingly engaging the second butts of said
set of needles.

3. A double knit circular knitting machine having a de-
vice for switching between at least two stitch cams
(13a, 13b) for synchronous timing, comprising:

a rotary cylinder (10) that slidably houses cyl-
inder needles (23), and a rotary dial (25) that is
above the cylinder (10) and slidably houses dial
needles (24), wherein at least the cylinder nee-
dles (23) or the dial needles (24) comprise a set
of needles that each include at least a first butt
and a second butt;
control cams (13) that control movement of the
cylinder needles (23), and control cams (28)
that control movement of the dial needles (24),
wherein at least the cylinder needle control
cams (13) or the dial needle control cams (28)
comprise:

a first stitch cam (13a) that is opposed to
said set of needles and is for providing syn-
chronous timing while controllingly engag-
ing the first butts of said set of needles, and
a second stitch cam (13b) that is opposed
to said set of needles and is for providing
synchronous timing while controllingly en-
gaging the second butts of said set of nee-
dles; and

a selecting mechanism for selectively moving
the first and second stitch cams (13a, 13b) be-
tween first and second configurations,

wherein in the first configuration:

the first stitch cam (13a) is positioned for con-
trollingly engaging the first butts of said set of
needles, and
the second stitch cam (13b) is positioned so as
not to controllingly engage the second butts of
said set of needles, and

wherein in the second configuration:

the first stitch cam (13a) is positioned so as not
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to controllingly engage the first butts of said set
of needles, and
the second stitch cam (13b) is positioned for
controllingly engaging the second butts of said
set of needles.

4. A double knit circular knitting machine having a de-
vice for switching between at least two stitch cams
(13a, 13b) for delayed timing, comprising:

a rotary cylinder (10) that slidably houses cyl-
inder needles (23), and a rotary dial (25) that is
above the cylinder (10) and slidably houses dial
needles (24), wherein at least the cylinder nee-
dles (23) or the dial needles (24) comprise a set
of needles that each include at least a first butt
and a second butt;
control cams (13) that control movement of the
cylinder needles (23), and control cams (28)
that control movement of the dial needles (24),
wherein at least the cylinder needle control
cams (13) or the dial needle control cams (28)
comprise:

a first stitch cam (13a) that is opposed to
said set of needles and is for providing de-
layed timing while controllingly engaging
the first butts of said set of needles, and
a second stitch cam (13b) that is opposed
to said set of needles and is for providing
delayed timing while controllingly engaging
the second butts of said set of needles; and

a selecting mechanism for selectively changing
between first and second configurations,

wherein in the first configuration:

the first stitch cam (13a) is positioned for con-
trollingly engaging the first butts of said set of
needles, and
the second stitch cam (13b) is positioned so as
not to controllingly engage the second butts of
said set of needles, and

wherein in the second configuration:

the first stitch cam (13a) is positioned so as not
to controllingly engage the first butts of said set
of needles, and
the second stitch cam (13b) is positioned for
controllingly engaging the second butts of said
set of needles.

5. A circular knitting machine according to any of
claims 1 to 4, wherein the selecting mechanism in-
cludes:

one or more selecting cams (11a, 11b) provided
on at least the cylinder or the dial, and
a lever (17) having:

a butt (18) that contacts at least one of the
one or more selecting cams in a manner
that causes movement of the lever (17),
and
linkages (19a, 19b) that respectively en-
gage and move the first and second stitch
cams (13a, 13b) in response to movement
of the lever (17).

6. A circular knitting machine according to claim 5,
wherein the one or more selecting cams (11a, 11b)
are capable of projecting outward with respect to
the rotary cylinder (10), and the one or more select-
ing cams (11a, 11b) comprises:

a raising cam (11b) that contacts the butt (18)
of the lever (17) and thereby raises the lever
(17), and
a lowering cam (11a) that contacts the butt (18)
of the lever (17) and thereby lowers the lever
(17).

7. A circular knitting machine according to claim 6,
wherein the raising cam (11b) is projected outward
with respect to the rotary cylinder (10) by a driving
force of an electromagnetic actuator (12).

8. A circular knitting machine according to claim 6,
wherein the lowering cam (11a) is projected out-
ward with respect to the rotary cylinder (10) by a
driving force of an electromagnetic actuator (12).

9. A circular knitting machine according to any of
claims 5 to 8, wherein the linkages are grooves
(19a, 19b) provided on the lever and extending in
opposite directions from one another, and parts
(16a, 16b) of the first and second stitch cams (13a,
13b) respectively fit into and cooperate with the
grooves (19a, 19b) so that movement of the lever
causes the changing between the first and second
configurations.

10. A circular knitting machine according to claim 9,
wherein the grooves (19a, 19b) are shaped so that:

the first stitch cam (13a) moves outwardly into
controlling engagement with the first butts of
said set of needles while the second stitch cam
(13b) moves inwardly so as not to controllingly
engage the second butts of said set of needles,
and
the first stitch cam (13a) moves inwardly so as
not to controllingly engage the first butts of said
set of needles while the second stitch cam
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(13b) moves outwardly into controlling engage-
ment with the second butts of said set of nee-
dles.

11. A circular knitting machine according to any of
claims 1 to 10, wherein the first stitch cam (13a) is
shaped differently than the second stitch cam (13b).
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