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(67)  Provided are a knitted-fabric seaming method
for a circular knitting machine for making a linking portion
dense as with other loops, and a circular knitting machine
system.

Transferring needles (34) are advanced in an axial
direction of knitting needles (21), such that the transfer-
ring needles (34) and the knitting needle (21) are contin-
uous with each other in the axial direction. A tip-end pro-
trusions (34e) of each of the transferring needles (34) is
shifted inward. Transferring sinkers (49) are moved from
the knitting needles (21) to the transferring needles (34)
in the axial direction of the knitting needles (21). Tip-end
protrusions (34e) of the transferring needles (34) are in-
serted into inner loops (26a) of a knitted fabric (27), which
are located inside final loops (26) caught on the knitting
needles (21), such that the knitted fabric (27) is trans-
ferred from the knitting needles (21) to the transferring
needles (34). The inner loops (26a) transferred to the
transferring needles (34) are linked. The size of each of
the loops to be linked becomes smaller in comparison
with the case where the final loops are transferred to the
transferring needles to perform the linking. Thus, itis pos-
sible to make a linking portion dense as with other loops,
so as to increase durability and the quality of the outer
appearance.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a knitted-fabric
seaming method for a circular knitting machine and a
circular knitting machine system.

BACKGROUND ART

[0002] In general, a sock is knitted in order of a cuff
portion, a leg portion, a heel portion, a foot portion, and
a toe portion by a hosiery machine as one kind of a cir-
cular knitting machine. Thereafter, an open end of the
toe portion is seamed by a sewing machine, and a sock
is completed. In general, as a seaming method, there are
a method called as a linking or looping method, and a
sewing method called as a Rosso method. In the former
linking or looping method, in order to close the loops
(stitches) of an open end of a sock, a pair of correspond-
ing loops is surely seamed on a one-to-one basis. In the
latter sewing method, an open end is joined and seamed
once or two or more times regardless of loops of a sock
by a dedicated sewing machine.

[0003] Various types of knitted-fabric transferring ap-
paratuses, in each of which a knitted fabric knitted by a
hosiery machine is automatically taken out of a knitting
unit of the hosiery machine and set to a sewing machine
unit instead of being manually set to a sewing machine
and seamed, have been developed (see Patent Docu-
ments 1, 2, and 3). Such a knitted-fabric transferring ap-
paratus enables automatic knitting, seaming, and trans-
fer of a knitted fabric, and can decrease labor of workers.
Thus, itis possible to efficiently produce a circular-knitted
product such as a sock.

[0004] In an apparatus for carrying out hosiery dis-
closed in Patent Document 1, a toe portion of a knitted
sock in a state of being held is removed from knitting
needles, and turned inside out, and then conveyed to a
post-process (i.e., a sewing machine) disposed outside
a machine. Thereby, it is possible to perform automatic
sewing. In an apparatus disclosed in Patent Document
2, ahosiery product is automatically picked up at the end
of the forming of its tubular part and taken to a sewing
station, so as to provide a traditional stitched seam on
the inside of the hosiery product.

[0005] According to Patent Document 3, a method for
seaming a toe portion of a sock is a linking method. A
knitted fabric of the sock knitted by a circular knitting ma-
chine to achieve a toe portion thereof is automatically
taken out of a circular knitting machine, and linking of a
space between each of adjacent loops of the toe portion
is automatically performed.
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Prior Art Documents
Patent Documents
[0006]

Patent Document 1: Japanese Patent Laid-Open
Publication No. 2002-266208

Patent Document 2: United States Patent Applica-
tion Publication No. 2008/190340 corresponding to
Japanese Patent No. 4981675

Patent Document 3: United States Patent Applica-
tion Publication No. 2006/144095 corresponding to
Japanese Patent No. 4268136

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

[0007] In the apparatus for carrying out hosiery dis-
closed in Patent Document 1, the knitted sick is received
by a holding member which vertically moves and syn-
chronously rotates with a knitting needle cylinder, pins
protruded from the holding member, and a sock-receiving
toolforreceiving the sock from the holding member. How-
ever, the number of the pins is smaller than that of the
knitting needles, and each of the pins is arranged at a
position away from the knitting needle to the inside of the
knitting needle cylinder. Therefore, reliability of holding
the same position constantly is insufficient due to the
characteristics of the knitted fabric.

[0008] The automatic sewing device disclosed in Pat-
en Document 2 includes moving blades and fixed blades
for picking up the last row of the hosiery product. The
fixed and moving blades are divided into sectors with
multiple teeth each. The fixed and moving blades have
at least one position on the outside of the diameter where
there are knitting needles and at least one position inside
the diameter where there are knitting needles. Therefore,
it is necessary to divide each of the moving blades and
fixed blades radially with respect to the knitting needles,
and increase the number of dividing each of the moving
blades and fixed blades, for example, up to sixteen, such
that each of the teeth is sufficiently movable in the space
between the knitting needles. Concurrently, it is neces-
sary to prepare pneumatic actuators of a driving source
corresponding to the number of sectors, and therefore a
lot of components become necessary.

[0009] Further, according to Patent Document 1, a
Rosso course portion and a waste yarn portion are
formed following the open end of the toe portion. Accord-
ing to Patent Document 2, itis necessary to form a portion
called as a selvage at the end of the process for knitting
the hosiery product. Each of the waste yarn portion and
the selvage is cut away from the hosiery product in the
sewing with use of a sewing machine at the time of closing
the open end of the toe portion of the sock. Accordingly,
the formation of the waste yarn portion or the selvage
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results in not only waste of time but also consumption of
unnecessary yarn, disadvantageously.

[0010] According to the method and apparatus for
seaming an edges of a tubular knitted product disclosed
in Patent Document 3, the knitted fabric is transferred
from the knitting needles to a removal member, the knit-
ted fabric is moved to a hook-up station and turned inside
out, and one of the pair of stitches is moved to come
closertothe other of the pair of stitches. Thereafter, hook-
ing-up (linking) of a space between the stitches is per-
formed. According to Patent Document 3, the knitting
needles are continuous with the transferring needles in
an axial direction of the knitting needles, and the final
loops are transferred from the knitting needles to the
transferring needles. Therefore, each of the final loops
passes through a portion at which a tip end of the knitting
needle is continuous with a tip end of the transferring
needle, and thereby a loop size of each of the final loops
is larger than those of other inner loops. Accordingly, in
the case where the linking of the final loops each having
the large loop size is performed, the continuity of the loop
size between the linking portion and other portions, and
the density of the linking portion is insufficient. Therefore,
in some cases, intensity of the linking portion decreases,
and a problem of durability of the linking portion occurs.
Additionally, the consistency of the loop sizes is deteri-
orated, and the quality of the outer appearance is de-
creased.

[0011] In view of the foregoing problems, an object of
the present invention is to provide a knitted-fabric seam-
ing method and apparatus for a circular knitting machine
capable of making a linking portion dense as with other
loops and performing linking such that durability and
quality of an outer appearance of a knitted fabric are in-
creased. Further, another object of the present invention
is to provide a knitted-fabric seaming method for a circular
knitting machine and a circular knitting machine system
capable of solidly seaming one end of a knitted fabric
knitted by a circular knitting machine for producing ho-
siery without disposing a wasteful knitting unit.

Means for Solving the Problems

[0012] Toachievethe above andotherobjects, accord-
ing to a knitted-fabric seaming method for a circular knit-
ting machine of the presentinvention, one end of aknitted
fabric knitted by a circular knitting machine is transferred
from knitting needles of a knitting needle cylinder of the
circular knitting machine to transferring needles in a state
that the number of the knitting needles is the same as
the number of the transferring needles, and thereafter
the one end of the knitted fabric is closed by a sewing
machine unit. Inner loops, which are located inside final
loops of the knitted fabric caught on the knitting needles,
are divided in half into a first loop group and a second
loop group in a circumferential direction of the knitted
fabric. Loops facing each other are joined at the time of
closing the first loop group and the second loop group,
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and the joined loops are seamed by a sewing machine
of the sewing machine unit.

[0013] The transferring needles are preferably used to
transfer the knitted fabric from the knitting needles. In
this case, the transferring needles and the knitting nee-
dles are moved relative to each other in an axial direction
of the knitting needles, such that an external surface of
atip end of each of the transferring needles comes close
to an internal surface of a tip end of the corresponding
knitting needle. Next, a transferring member is inserted
into a space between the adjacent knitting needles of the
knitting needle cylinder from outside to inside in a radial
direction of the knitting needle cylinder, so as to guide
the knitting needle by a distal end portion of each of the
transferring members. Then, the transferring members
are moved from the knitting needles to the transferring
needles in an axial direction of the knitting needles, such
that tip ends of the transferring needles are inserted into
the inner loops.

[0014] A circular knitting machine of the present inven-
tion transfers one end of a knitted fabric knitted by a cir-
cular knitting machine from knitting needles of a knitting
needle cylinder of the circular knitting machine to trans-
ferring needles in a state that the number of the knitting
needles is the same as the number of the transferring
needles, and thereafter the circular knitting machine clos-
es the one end of the knitted fabric by a sewing machine
unit. The circular knitting machine includes a transferring
needle unit, transferring members, a loop joining mech-
anism, and a sewing machine unit. The transferring nee-
dle unit holds the transferring needles into each of which
an inner loop located inside a final loop of the knitted
fabric caught on the knitting needle is inserted, and
moves upward and downward along a center line of the
knitting needle cylinder so as to come into a retreated
state in which the transferring needles are retreated from
the knitting needles and a close state in which the trans-
ferring needles come close to the knitting needles. Each
of the transferring members transfers the knitted fabric
from the knitting needles to the transferring needles when
the transferring needle unitis in the close state. The loop
joining mechanism divides the inner loops in half into a
first loop group and a second loop group in a circumfer-
ential direction of the knitted fabric, and joins loops facing
each other at the time of closing the first loop group and
the second loop group. The sewing machine unit seams
the loops joined by the loop joining mechanism. Inciden-
tally, each of the transferring members is preferably in-
serted into the space between the adjacent knitting nee-
dles of the knitting needle cylinder from outside to inside
in a radial direction of the knitting needle cylinder, so as
to guide the knitting needles by a distal end portion there-
of.

[0015] A tip-end protrusion of each of the transferring
needles preferably leans inward. Thereby, it is possible
surely insert the transferring needles into the inner loops
located inside the final loops of the knitted fabric.
[0016] The knitting needles and the transferring nee-
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dles are arranged at a constant pitch in the circumferen-
tial direction so as to constitute a knitting needle group
and a transferring needle group. The transferring needle
group is divided into a first transferring needle group and
a second transferring needle group at an interval of 180
degrees, such that the first transferring needle group to
which the first loop group is transferred is attached to a
fixed half dial and the second transferring needle group
to which the second loop group is transferred is attached
to a movable half dial. The movable half dial is attached
to the fixed half dial through hinge portions so as to be
freely inverted with respect to the fixed half dial. The mov-
able half dial is selectively setto an opened state in which
the fixed half dial and the movable half dial lie in the same
plane, or a closed state in which a tip end of the second
transferring needle group comes close to or is brought
into contact with a tip end of the first transferring needle
group such that the transferring needles of the first trans-
ferring needle group are continuous with the transferring
needles of the second transferring needle group.
[0017] The firsttransferring needle group and the sec-
ond transferring needle group are preferably positioned
such that the tip end of each of the transferring needles
of the first transferring needle group and the tip end of
each of the transferring needles of the second transfer-
ring needle group are deviated from each other in a radial
direction of each of the fixed half dial and the movable
half dial in the closed state. The tip end of each of the
transferring needles of one of the first transferring needle
group and the second transferring needle group has a
housing groove for housing the tip end of each of the
transferring needles of the other of them, such that the
tip end of each of the transferring needles of the one of
the first transferring needle group and the second trans-
ferring needle group is housed in the housing groove of
the tip end of each of the transferring needles of the other
of them in the closed state, and the first transferring nee-
dle group is continuous with the second transferring nee-
dle group in an axial direction of the transferring needles.
In this case, it is possible to surely connect the first trans-
ferring needle group to the second transferring needle
group in the axial direction by the housing groove, and
surely transfer the loops from one of the first transferring
needle group and the second transferring needle group
to the other of them.

[0018] It is preferable that each of the transferring
members is a transferring sinker which includes a trans-
ferring sinker main body having the shape of a belt plate
and the distal end portion having a tapered portion so as
to be formed to have an acute angle. The distal end por-
tion is thinner than the transferring sinker main body, and
the thickness of the transferring sinker main body is the
same as the space between the adjacent knitting nee-
dles. Inthis case, the transferring sinker main body, which
is inserted into the space between the adjacent knitting
needles, can guide the position of the tip end of each of
the knitting needles and the transferring needles and
transfer the loops at the time of transferring the knitted
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fabric. Incidentally, in the case where the thickness of
the transferring sinker main body is the same as the
space between the adjacent knitting needles, there is
room for the transferring sinker main body to enter the
space between the adjacent knitting needles and moves
in the space. In other words, the thickness of the trans-
ferring sinker main body is approximately the same as
the space between the adjacent knitting needles.
[0019] Each of the transferring sinkers is inserted into
the space between the adjacent knitting needles of the
knitting needle cylinder from outside to inside in a radial
direction of the knitting needle cylinder by a transferring-
sinker advancing/retreating mechanism. The transfer-
ring sinker and the transferring-sinker advancing/retreat-
ing mechanism are caused to insert the tip ends of the
transferring needles into the innerloops by a transferring-
sinker vertically-moving mechanism, so as to transfer the
knitted fabric from the knitting needles to the transferring
needles.

[0020] Preferably, before the inner loops are trans-
ferred to the transferring needles, each of the transferring
members is inserted into the space between the adjacent
knitting needles above the knitted fabric and moved
downward, so as to hold the final loops by a lower surface
ofthe distal end portion of each of the transferring sinkers,
in order to align heights of the final loops before being
transferred. In the case of the knitted fabric of hosiery
having a surplus portion such as a heel portion and a toe
portion, even if the knitted fabric is sucked through the
knitted-fabric drawing-down pipe in order to align the
loops of the knitted fabric caught on the knitting needles,
it is impossible to sufficiently draw the knitted fabric due
to the loosening of the surplus portion, and therefore the
loops of the knitted fabric are not aligned in some cases.
In the case where the transferring sinkers are used to
align the heights of the final loops in advance, itis possible
to avoid disadvantages such as the loops being caught
on the hooks of the knitting needles due to the misalign-
ment of the loops. Additionally, it is possible to surely
insert the transferring sinkers under the knitted fabric.
[0021] Preferably, after the knitted fabric is transferred
to the transferring needles, the knitted fabric is conveyed
to the sewing machine unit so as to seam the knitted
fabric, and the fixed half dial is rotated in a circumferential
direction thereof in conjunction with vertical movement
of a sewing needle of the sewing machine unit. Specifi-
cally, it is preferable that there are provided a knitted-
fabric transferring apparatus for transferring the knitted
fabric to the sewing machine unit so as to seam the inner
loops of the knitted fabric after the inner loops are trans-
ferred to the transferring needles, and a rotation mech-
anism for rotating the fixed half dial in the circumferential
direction in conjunction with vertical movement of a sew-
ing needle of the sewing machine unit. In this case, it is
not necessary to move the sewing machine unit along
the knitted fabric, and therefore the structure becomes
simplified.

[0022] Preferably, each of the transferring needles of
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the fixed half dial has a sewing needle guide groove ex-
tending in the axial direction, and guides the sewing nee-
dle by the sewing needle guide groove in the vertical
movement of the sewing needle. In this case, the sewing
needle is surely guided to each of the inner loops at the
time of linking the inner loop of each of the final loops,
and the seaming is definitely performed.

[0023] It is preferable that the sewing machine unit is
selectively set to a first seaming position where the sew-
ing needle is inserted into the sewing needle guide
groove or a second seaming position where the sewing
needle is located inside with respect to the first seaming
position in the circumferential direction of the knitted fab-
ric. Then, linking or first sewing by the sewing machine
unit at the first seaming position is performed, and the
second sewing is performed at the second seaming po-
sition. In this case, after the linking or the first sewing is
performed, the second sewing can be selectively per-
formed as necessary, and therefore it becomes possible
to select a method for closing the loops in accordance
with the kind of hosiery. Further, it is preferable that the
knitted fabric is held between a half ring disposed inside
the fixed half dial and a lower knitted-fabric holding mem-
ber disposed so as to face the half ring, and then the
inner loops are removed from the transferring needles,
and the first sewing and the second sewing are per-
formed. In this case, in addition to definitely perform the
seaming, it is possible to achieve strong seaming without
restriction of the pitch of the loops.

Effect of the Invention

[0024] According to the present invention, the inner
loops which are located inside the final loops of the knitted
fabric caught on the knitting needles are divided in half
into the first loop group and the second loop group in the
circumferential direction of the knitted fabric, the loops
facing each other are joined at the time of closing the first
loop group and the second loop group, and the joined
loops are seamed by the sewing machine of the sewing
machine unit. Therefore, unlike the case where the first
loop group and the second loop group are closed through
the final loops so as to link the first loop group and the
second loop group in a conventional manner, the loop
size of the linking portion is the same as those of the
other portions, and therefore the density is maintained
such that the durability and the quality of the outer ap-
pearance of the knitted fabric is increased. Namely, in
the case where the knitted fabric is transferred from the
knitting needles to the transferring needles, each of the
final loops is required to pass through the thick portion
at which the knitting needle and the transferring needle
are continuous with each other, and therefore it is nec-
essary to knit the knitted fabric in which the loop size of
the final loop is larger than those of the inner loops. As
aresult, itis possible to solve a problem that the density
of the liking portion is insufficient due to the difference in
the loop size between the linking portion and other por-
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tions at the time of linking the final loops. The linking
portion has the same loop size as those of the other por-
tions by linking the inner loops, and the density is main-
tained, such that the durability and the quality of the outer
appearance of the knitted fabric is increased. Further-
more, one end of the knitted fabric can be seamed by
not only the linking but also the sewing and second sew-
ing as the additional sewing, and thereby it is possible to
achieve strong seaming.

BRIEF DESCRIPTION OF DRAWINGS
[0025]

Fig. 1 is a perspective view of a circular knitting ma-
chine system of the present invention.

Fig. 2 is a plan view of the circular knitting machine
system.

Fig. 3is avertical longitudinal sectional view showing
a state that knitting with use of a circular knitting ma-
chine is completed.

Fig. 4 is a perspective view illustrating arrangement
of transferring needles, transferring sinkers, knitting
needles, and the like.

Fig. 5 is a perspective view of a knitted-fabric trans-
ferring apparatus as a whole.

Fig. 6is a vertical longitudinal sectional view showing
a state that the knitted-fabric transferring apparatus
is positioned at a knitting position.

Fig. 7 is a perspective view of an exploded knitted-
fabric transferring apparatus main body.

Fig. 8 is a perspective view of an exploded transfer-
ring needle unit.

Fig. 9is a perspective view of the transferring needle
unit in an opened state.

Fig. 10 is a perspective view of the transferring nee-
dle unit in a closed state.

Fig. 11 is a perspective view of an exploded trans-
ferring-sinker advancing/retreating mechanism.
Fig. 12 is a perspective view showing a transferring
sinker as one example.

Fig. 13A is a perspective view of the transferring-
sinker advancing/retreating mechanism in which
each of the transferring sinkers is in aretreated state.
Fig. 13B is a perspective view of the transferring-
sinker advancing/retreating mechanism in which
each of the transferring sinkers is in an advanced
state.

Fig. 14 is a perspective view illustrating a positional
relationship among the knitting needles, the trans-
ferring needles, and the transferring sinkers.

Fig. 15is a plan view illustrating a state that an upper
mechanism of the circular knitting machine is opened
and retreated above.

Fig. 16 is a vertical longitudinal sectional view show-
ing a state that a knitted-fabric drawing-down pipe
is moved upward after the upper mechanism of the
circular knitting machine is retreated above.
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Fig. 17 is a perspective view of the circular knitting
machine system as awhole in a state that the knitted-
fabric transferring apparatus main body is positioned
at the knitting position.

Fig. 18 is a plan view of the circular knitting machine
system as a whole in the state that the knitted-fabric
transferring apparatus main body is positioned at the
knitting position.

Fig. 19is a vertical longitudinal sectional view show-
ing a state that the transferring sinkers are located
at the advanced position so as to align final loops of
the knitted fabric.

Fig. 20 is a vertical longitudinal sectional view show-
ing a state that the transferring sinkers are moved
downward and the final loops of the knitted fabric are
aligned.

Fig. 21 is a vertical longitudinal sectional view show-
ing a state that the transferring needles are moved
downward so as to be continuous with the knitting
needles on a one-to-one basis in an axial direction
thereof.

Fig. 22 is a side elevational view illustrating the trans-
ferring needle of a fixed half dial which is continuous
with the knitting needle, and the transferring needle
of a movable half dial which is continuous with the
knitting needle, for comparison.

Fig. 23 is a vertical longitudinal sectional view show-
ing a state that the transferring sinkers are located
at the advanced position so as to transfer the knitted
fabric to the transferring needles.

Fig. 24 is atransverse sectional view showing a state
that the final loops of the knitted fabric are caught on
the knitting needles.

Fig. 25is atransverse sectional view showing a state
that the transferring sinkers are located at the ad-
vanced position and the knitting needles are located
at a position where the knitting needles can be in-
serted into inner loops preceding the final loops of
the knitted fabric on a one-to-one basis.

Fig. 26 is a side elevational view illustrating a posi-
tional relationship among the loops of the knitted fab-
ric, the transferring sinker, the transferring needle,
and the knitting needle.

Fig. 27 is a vertical longitudinal sectional view show-
ing a state that the transferring sinkers are moved
upward in order to transfer the knitted fabric to the
transferring needles.

Fig. 28 is a vertical longitudinal sectional view show-
ing a state that the knitted-fabric transferring appa-
ratus main body and the knitted-fabric drawing-down
pipe are moved upward.

Fig. 29is a vertical longitudinal sectional view show-
ing a state that a moving arm is rotated in order to
pull out the knitted fabric from the knitted-fabric draw-
ing-down pipe.

Fig. 30is a vertical longitudinal sectional view show-
ing a state that a turning pipe is moved downward in
order to suck a lower end of the knitted fabric into
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the turning pipe.

Fig. 31 is a vertical longitudinal sectional view show-
ing a state that the turning pipe is moved upward in
order to turn the knitted fabric inside out.

Fig. 32 is a vertical longitudinal sectional view show-
ing a state thatan upper part of the turning pipe which
turns the knitted fabric inside out is clamped by a
clamping mechanism.

Fig. 33 is a vertical longitudinal sectional view show-
ing a state that the knitted-fabric transferring appa-
ratus main body is moved downward and the mov-
able half dial is inverted by a movable-half-dial in-
version driving section.

Fig. 34 is a vertical longitudinal sectional view show-
ing a state that each of the transferring sinkers is
moved downward and inserted into a space between
the transferring needles in the movable half dial.
Fig. 35 is a vertical longitudinal sectional view show-
ing a state that the transferring sinkers are moved
upward in order to move the loops on the transferring
needles of the movable half dial to the corresponding
transferring needles of the fixed half dial.

Fig. 36 is a vertical longitudinal sectional view show-
ing a state that the transferring sinkers are retreated
above and the movable half dial returns to a default
position.

Fig. 37 is a vertical longitudinal sectional view show-
ing a state that the turning-pipe holder and the lower
knitted-fabric holding member are moved upward
such that the knitted fabric held by the fixed half dial
is held against a half ring.

Fig. 38 is a vertical longitudinal sectional view show-
ing a state that a sewing machine unit is set to a first
seaming position so as to seam the knitted fabric by
linking with use of the transferring needles as a
guide.

Fig. 39 is a perspective view of the transferring nee-
dle having a sewing needle guide groove formed on
its outer end surface along an axial direction thereof.
Fig. 40 is a vertical longitudinal sectional view show-
ing a state that the half ring is moved downward and
the transferring needle unit is retreated above such
that the knitted fabric is removed from the transfer-
ring needles.

Fig. 41 is a vertical longitudinal sectional view show-
ing a state that a cutter is activated so as to cut sew-
ing yarn after completion of the first seaming.

Fig. 42 is a vertical longitudinal sectional view show-
ing a state that a turning rod is moved upward in
orderto turn the knitted fabric right side outand trans-
fer the knitted fabric to a discharge unit.

Fig. 43 is a vertical longitudinal sectional view show-
ing a state that the turning pipe is moved down after
the knitted fabric turned inside out is discharged.
Fig. 44 is a vertical longitudinal sectional view show-
ing a state that the knitted-fabric transferring appa-
ratus main body returns to a default position.

Fig. 45 is aflowchart showing each process of a knit-
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ted-fabric seaming method to seam one end of the
knitted fabric.

Fig. 46A is a flowchart showing one example of a
toe-open-end seaming process by linking.

Fig. 46B is a flowchart showing one example of a
toe-open-end seaming process by sewing.

Fig. 46C is a flowchart showing one example of a
toe-open-end seaming process by second sewing.
Fig. 46D is a flowchart showing one example of a
toe-open-end seaming process by the linking and
the sewing.

Fig. 47 is a vertical longitudinal sectional view show-
ing a state that the sewing machine unit is set to the
first seaming position and the first sewing of the knit-
ted fabric is performed without use of the transferring
needles as a guide.

Fig. 48 is a vertical longitudinal sectional view show-
ing a state that the sewing machine unit is set to a
second seaming position and the second sewing of
the knitted fabric is performed.

Fig. 49is a vertical longitudinal sectional view show-
ing a state that the cutter is activated so as to cut the
sewing yarn after completion of the second sewing.

DESCRIPTION OF THE INVENTION

[0026] As shown in Figs. 1 and 2, a circular knitting
machine system 10 of the present invention includes a
circular knitting machine 11, a knitted-fabric open-end
seaming apparatus 12, and a knitted-fabric transferring
apparatus 13. As shown in Fig. 3, the circular knitting
machine 11 includes a crossbar 14, a yarn cutting section
15, a latch ring 16, a yarn guide section 17, a sinker bed
18, aknitting needle cylinder 19, a knitted-fabric drawing-
down pipe 20, a yarn feeder (not shown in the drawing),
and the like.

[0027] AsshowninFig.4,atanupperend oftheknitting
needle cylinder 19, a lot of knitting needles 21 are ar-
ranged at a constant pitch in a circumferential direction
of the knitting needle cylinder 19. The sinker bed 18 in-
cludes sinkers 25. Each of the sinkers 25 is capable of
freely advancing and retreating in a radial direction of the
knitting needle cylinder 19 in a space between the knitting
needles 21 by cam driving. These components operate
in conjunction with one another, and as well known, yarn
is sequentially formed into loops in accordance with the
knitting needles 21. Thereby, as shown in Fig. 3, the yarn
is knitted into a tubular knitted fabric 27 as a sock in order
of a cuff portion 27a, a leg portion 27b, a heel portion
27c¢, a foot portion 27d, and a toe portion 27e.

[0028] As shown in Fig. 1, a knitted-fabric open-end
seaming apparatus 12 is provided at the side of the cir-
cular knitting machine 11. The knitted-fabric open-end
seaming apparatus 12 includes a sewing machine unit
100, a knitted-fabric turning inside out unit 101, and a
discharge unit 102. These units 100 to 102 operate in
conjunction with one another, such that an edge of the
open end of the knitted fabric 27 (see Fig. 3) is seamed.
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Thereafter, the knitted fabric 27 can be discharged into
a product receiving box (not shown in the drawing) or the
like.

[0029] As shown in Fig. 5, the knitted-fabric transfer-
ring apparatus 13 includes a knitted-fabric transferring
apparatus main body 30, and a movement mechanism
31 for moving the knitted-fabric transferring apparatus
main body 30. The movement mechanism 31 includes a
vertically-moving rotary shaft 32 and a moving arm 33.
The vertically-moving rotary shaft 32 is supported by a
guide tube 36 so as to be movable in a vertical direction
and rotatable about a vertical axis. The moving arm 33
is fixed to an upper portion of the vertically-moving rotary
shaft 32. The knitted-fabric transferring apparatus main
body 30 is attached to a distal end of the moving arm 33.
The oscillation air cylinder 37 is mounted between the
moving arm 33 and the guide tube 36. The oscillation air
cylinder 37 makes the moving arm 33 rotate 90 degrees,
for example, in a horizontal plane about the vertically-
moving rotary shaft 32. Upon the rotation of the moving
arm 33, the knitted-fabric transferring apparatus main
body 30 is moved to an area above the knitting needle
cylinder 19 of the circular knitting machine 11 (hereinafter
referred to as knitting stage) as shown in Fig. 17, and
moved to an area above a turning pipe 110 of the knitted-
fabric open-end seaming apparatus 12 (hereinafter re-
ferred to as seaming stage) as shown in Fig. 1.

[0030] As shown in Fig. 5, an arm-vertically-moving
first air cylinder 32a, an arm-vertically-moving second air
cylinder 32b, and an arm-vertically-moving third air cyl-
inder 32c are connected in series in this order from the
bottom up at a lower end of the vertically-moving rotary
shaft 32. Upon one of or two or more of these air cylinders
32a to 32c being selectively driven, the vertically-moving
rotary shaft 32 moves in the vertical direction, and the
moving arm 33 is set to a position at the height necessary
for a series of processes.

[0031] As shown in Fig. 6, the knitted-fabric transfer-
ring apparatus main body 30 includes a transferring nee-
dle unit 40 and a transferring sinker unit 41. The trans-
ferring needle unit 40 includes a fixed half dial 43 and a
movable half dial 44 each of which holds the transferring
needles 34, and a transferring needle holding cylinder
45 which holds the fixed half dial 43 and the movable half
dial 44. The transferring needle unit 40 is moved in the
vertical direction above the knitting needle cylinder 19 by
the moving arm 33 (see Fig. 5), such that the knitted
fabric 27 held by the knitting needles 21 is transferred
from the knitting needles 21 to the transferring needles
34 of the fixed half dial 43 and the movable half dial 44.
[0032] The transferring needle holding cylinder 45 is
attached to a transferring apparatus base 51 through a
bearing 50 in a rotatable manner. As shown in Fig. 5, one
end of the moving arm 33 is fixed to the transferring ap-
paratus base 51. As shown in Fig. 6, the transferring nee-
dle holding cylinder 45 is horizontally divided in half into
an upper holding cylinder 45a and a lower holding cylin-
der 45b, and a transferring needle rotary gear 52 is fixed
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between the upper holding cylinder 45a and the lower
holding cylinder 45b. As shown in Fig. 7, the transferring
needle rotary gear 52 is coordinated with a drive gear
53b of a motor 53. Upon rotation of the motor 53, the
transferring needle rotary gear 52 is rotated, such that
each of the half dials 43 and 44 is rotated through the
transferring needle holding cylinder 45. The motor 53,
the transferring needle rotary gear 52, the transferring
needle holding cylinder 45, and the like constitute a ro-
tation mechanism 106. As shown in Fig. 40, at the time
of seaming inner loops 26a preceding the final loops 26
(see Fig. 24) of the knitted fabric 27 by the sewing ma-
chine unit 100, the rotation mechanism 106 makes the
fixed half dial 43 rotate intermittently in conjunction with
vertical movement of a sewing needle 107, such that the
sewing needle 107 is surely inserted into each of the
inner loops 26a. Thereby, sewing yarn 108 is passed
through each of the inner loops 26, and linking can be
performed on a single stitch basis. Further, even in a
state that the knitted fabric 27 is removed from the trans-
ferring needles 34 as shown in Figs. 47 and 48, when
the fixed half dial 43 is caused to rotate intermittently in
conjunction with vertical movement of the sewing needle
107 while the knitted fabric 27 is held between the half
ring 60 and a lower knitted-fabric holding member 115,
it is possible to sew the knitted fabric 27 at a predefined
interval regardless of the space between the loops. Inci-
dentally, looper needles operating in cooperation with
the sewing needle 107 are not shown in the drawing in
this embodiment. Further, the number of skeins of sewing
yarn 108 is not limited to one, and two or more skeins of
sewing yarn 108 may be used.

[0033] As shown in Fig. 8, the fixed half dial 43 has
transferring needle holding grooves 43b formed on an
outer circumferential surface of the half dial main body
43a, and the transferring needles 34 are set in the trans-
ferring needle holding grooves 43b and held from above
by a holder 43c. The movable half dial 44 has the same
structure as that of the fixed half dial 43, and has a half
dial main body 44a, transferring needle holding grooves
44b for holding transferring needles 34, and a holder 44c.
Thereby, a first transferring needle group is attached to
the fixed half dial 43, and a second transferring needle
group is attached to the movable half dial 44. The mov-
able half dial 44 is attached to the fixed half dial 43 such
that the movable half dial 44 can rotate or invert 180
degrees with respect to the fixed half dial 43 through
hinge portions 46. The holder 43c of the fixed half dial
43 is fixed to the transferring needle holding cylinder 45.
[0034] As shown in Fig. 9, normally, the transferring
needles 34 of the fixed half dial 43 and the transferring
needles 34 of the movable half dial 44 are alternately
arranged in a circumferential direction of the dials 43 and
44, i.e., they are in an opened state. In this state, the
knitted fabric 27 is transferred from the knitting needles
21 to the transferring needles 34 as shown in Figs. 19 to
21 and 23 to 25. As shown in Fig. 10, when the movable
half dial 44 is inverted and set to the fixed half dial 43,
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each of the half dials 43 and 44 comes into a closed state.
In this closed state, as shown in Fig. 33, a tip end of each
of the transferring needles 34 of the fixed half dial 43
comes into contact with and is connected to a tip end of
each of the transferring needles 34 of the movable half
dial 44. Accordingly, the inner loops 26a corresponding
to one half of the open end of the knitted fabric 27 held
by the transferring needles 34 of the movable half dial
44 and the inner loops 26a corresponding to the other
half of the open end of the knitted fabric 27 held by the
transferring needles 34 of the fixed half dial 43 are re-
spectively joined together. Thereby, the knitted fabric 27,
in which the inner loops 26a held by the transferring nee-
dles 34 of the movable half dial 44 and the final loops 26
held by the transferring needles 34 of the fixed half dial
43 are respectively joined together as described above,
is transferred to the transferring needles 34 of the fixed
half dial 43 (see Fig. 35), and thereafter the seaming is
performed by the sewing machine unit 100, as shown in
Fig. 38.

[0035] According to this embodiment, for the purpose
of surely connecting the transferring needles 34 in the
closed state, a radius of the movable half dial 44 for ar-
ranging the transferring needles 34 is slightly smaller
than a radius of the fixed half dial 43 for arranging the
transferring needles 34. Therefore, as shown by Z1 cor-
responding to the transferring needles 34 displayed in
an enlarged manner in Fig. 10, when the movable half
dial 44 is closed, the transferring needles 34 of the fixed
half dial 43 are in a shifted state with respect to the trans-
ferring needles 34 of the movable half dial 44 in a radial
direction of the fixed half dial 43. In the shifted state, the
tip end of each of the transferring needles 34 of the mov-
able half dial 44 has a tip-end housing groove 34a cor-
responding to a position at which the tip end of each of
the transferring needles 34 of the fixed half dial 43 is
located. The tip end of each of the transferring needles
34 of the fixed half dial 43 is inserted into the correspond-
ing tip-end housing groove 34a. Since the transferring
needles 34 of the fixed half dial 43 are arranged so as to
be slightly shifted from the transferring needles 34 of the
movable half dial 44 in the radial direction of the half dials
43 and 44 when the movable half dial 44 is inverted as
described above, itis possible to connect the transferring
needles 34 of the fixed half dial 43 to the transferring
needles 34 of the movable half dial 44 more surely in
comparison with the case where the tip ends of the trans-
ferring needles 34 of the fixed half dial 43 come face-to-
face with the tip ends of the transferring needles 34 of
the movable half dial 44 so as to be continuous with them.
[0036] AsshowninFig.8, the transferring needle hold-
ing cylinder 45 has insertion holes 45¢ each extending
in the vertical direction, and a lock shaft 56 is disposed
so as to be movable in the vertical direction through each
of the insertion holes 45c. A lower end of each of the lock
shafts 56 enters a locking groove 44d of the movable half
dial 44, so as to regulate inversion of the movable half
dial 44. A lock ring 57 is fixed to an upper end of the lock
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shafts 56.

[0037] Asshownin Fig. 7, alock cover 55 for the mov-
able half dial 44 is attached to the transferring needle
holding cylinder 45 so as to cover the transferring needle
rotary gear 52. The lock cover 55 has lock cylinders 55a
and stoppers 55b. Thelockring 57 ismovedin the vertical
direction by the lock cylinders 55a. When the lock ring
57 is moved downward, the lower end of each of the lock
shafts 56 enters the locking groove 44d (see Fig. 8), so
as to regulate inversion of the movable half dial 44. The
lock cylinders 55a lift up the lock ring 57 until the lock
ring 57 comes in contact with the stoppers 55b, and stop.
Thereby, the lower end of each of the lock shafts 56 is
released from the locking groove 44d, and regulation of
inversion of the movable half dial 44 is canceled.
[0038] A half-ring vertically-moving cylinder 58 is at-
tached to an upper end of the transferring needle holding
cylinder 45 so as to be movable in the vertical direction.
A half ring 60 is fixed to the half-ring vertically-moving
cylinder 58 through the vertically-moving shafts 59. Each
of the vertically-moving shafts 59 is horizontally divided,
and attached to the transferring needle holding cylinder
45 so as to be movable in the vertical direction. As shown
in Fig. 6, the half-ring vertically-moving cylinder 58 con-
sists of an inner cylinder 58a and an outer cylinder 58b,
and the inner cylinder 58a and the outer cylinder 58b are
configured to be rotatable about a central axis of the ver-
tically-moving cylinder 58. As shown in Fig. 7, a cylinder
attachment board 61 is attached to the lock cover 55
through stays 61a above the outer cylinder 58b. A half-
ring lowering first air cylinder 62a and a half-ring lowering
second air cylinder 62b are attached between the cylin-
der attachment board 61 and the outer cylinder 58b. The
half-ring lowering first air cylinder 62a or the half-ring low-
ering second air cylinder 62b is selectively driven, and
thereby the half ring 60 is moved downward from a first
position at which the half ring 60 is retreated upward (see
Figs. 36 to 38) to a second position at which the knitted
fabric 27 is removed from the transferring needles 34
(see Figs. 40, 47, and 48) or a third position at which the
sewing yarn 108 is cut after the knitted fabric 27 is
seamed (see Figs. 41 and 49). Upon downward move-
ment of the half ring 60, the sewing yarn 108 is cut away
from the seamed knitted fabric 27.

[0039] The transferring needle rotary gear 52, the mo-
tor 53, the half ring 60 for holding the open end of the
knitted fabric 27 at the time of seaming the knitted fabric
27, a vertically-moving mechanism 68 of the half ring 60,
and an inversion locking mechanism 69 of the movable
half dial 44 constitute a loop joining mechanism, and op-
erate in conjunction with one another. Thus, one half of
the open end of the knitted fabric 27 is overlapped with
the other half of the open end of the knitted fabric 27 at
the seaming stage in the knitted-fabric open-end seam-
ing apparatus 12 as described later, and then the knitted
fabric 27 is seamed with use of the sewing yarn 108 and
the sewing yarn 108 is cut away from the knitted fabric 27.
[0040] As shown in Fig. 7, the transferring sinker unit
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41 includes a transferring-sinker advancing/retreating
mechanism 70 and a transferring-sinker vertically-mov-
ing mechanism 71 for moving the transferring-sinker ad-
vancing/retreating mechanism 70 upward and downward
in the vertical direction. As shown in Fig. 11, the trans-
ferring-sinker advancing/retreating mechanism 70 in-
cludes a bed 72, a base 73, transferring sinkers 49, a
sinker belt 75, a cam holding ring 76, a cam 77, a cap
78, a rotary ring 79, set screws 74, and a transferring-
sinker advancing/retreating air cylinder 80 in this order
from the bottom up. The bed 72 is attached to the base
73 having the shape of a ring.

[0041] The number of the transferring sinkers 49 is
equal to the number of the knitting needles 21. The trans-
ferring sinkers 49 are inserted into radial grooves 72a of
the bed 72, and radially arranged in a radial direction of
the bed 72, so as to be held in a movable manner. As
shown in Fig. 12, each of the transferring sinkers 49 in-
cludes a transferring sinker main body 49a having the
shape of a belt plate, a distal end portion 49b formed at
an inner end of the transferring sinker main body 49a.
The distal end portion 49b has a tapered portion 49d and
is formed to have an acute angle. Each of the distal end
portion 49b and the tapered portion 49d is thinner than
the transferring sinker main body 49a. Further, the thick-
ness of the transferring sinker main body 49a is the same
as the space between the adjacent knitting needles 21.
Incidentally, in the case where the thickness of the trans-
ferring sinker main body 49a is the same as the space
between the adjacent knitting needles 21, there is room
for the transferring sinker main body 49a to enter the
space between the adjacent knitting needles 21 and
moves in the space. In other words, the thickness of the
transferring sinker main body 49a is approximately the
same as the space between the adjacent knitting needles
21, and the thickness of the transferring sinker main body
49a is not quite the same as the space between the ad-
jacent knitting needles 21 in a state that the transferring
sinker main body 49a cannot advance or retreat in the
space between the adjacent knitting needles 21. A belt
groove 49g is formed on an outer end surface of each of
the transferring sinkers 49. As shownin Fig. 11, the sinker
belt 75 made of rubber or coil spring is inserted into each
of the belt grooves 49g. The sinker belt 75 biases the
transferring sinkers 49 to the inside.

[0042] The cam 77 consists of cam bodies 77a divided
in a circumferential direction thereof, and the cam bodies
77a are connected to each other with use of set screws
74 to have a ring shape as a whole. Each of the cam
bodies 77a is nipped between the cam holding ring 76
and the cap 78, so as to be movable in a radial direction
of the cap 78. The cap 78 has guide grooves 78a for
guiding the cam bodies 77a in an approximately radial
direction. The number of the guide grooves 78a is twice
as that of the cam bodies 77a. The rotary ring 79 has
cam grooves 79a arranged in a direction intersecting with
the radial direction.

[0043] Each of the set screws 74 penetrates through
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the cam groove 79a and the guide groove 78a, and
screwed to the corresponding cam body 77a. The rotary
ring 79 is held by the cap 78 in a rotatable manner. The
rotary ring 79 has a projected portion 79b that projects
toward outside. The base 73 is provided with a bracket
portion 73b. The bracket portion 73b extends from the
base 73 and is used for the attachment of a proximal end
of the transferring-sinker advancing/retreating air cylin-
der 80. The transferring-sinker advancing/retreating air
cylinder 80 is attached to the projected portion 79b and
the bracket portion 73b.

[0044] Since the transferring sinkers 49 are biased by
the sinker belt 75 toward the inside, the projection 49¢c
of each of the transferring sinkers 49 is brought into con-
tact with an outer circumferential surface of the cam 77.
Arod 80a of the transferring-sinker advancing/retreating
air cylinder 80 moves in and out, such that the rotary ring
79 rotates at a predetermined angle.

[0045] Asshownin Fig. 13A, in a state that the rod 80a
of the transferring-sinker advancing/retreating air cylin-
der 80 protrudes, each of the set screws 74 is located at
an outer end of the cam groove 79a. Thereby, a diameter
of the cam 77 (see Fig. 11) becomes large, and each of
the transferring sinkers 49 is retreated, namely, comes
into a retreated state.

[0046] In contrast, as shown in Fig. 13B, in a state that
the rod 80a of the transferring-sinker advancing/retreat-
ing air cylinder 80 is retracted, each of the set screws 74
is located ataninner end of the camgroove 79a. Thereby,
the diameter of the cam 77 becomes small, and each of
the transferring sinkers 49 is advanced by being biased
toward the inside by the sinker belt 75 and comes into
an advanced state.

[0047] Asshownin Fig. 14, when each of the transfer-
ring sinkers 49 is in the advanced state, each of the trans-
ferring sinkers 49 is inserted into the space between the
adjacent knitting needles 21 from outside to inside in the
knitting needle cylinder 19 in the radial direction. A top
portion of the distal end portion 49b on each side surface
is obliquely cut, such that the distal end portion 49b grad-
ually becomes thinner toward the distal end thereof in
comparison with the transferring sinker main body 49a.
Therefore, it is possible to surely insert each of the trans-
ferring sinkers 49 into the space between the adjacent
knitting needles 21. Further, after each of the transferring
sinkers 49is inserted into the space between the adjacent
knitting needles 21, the transferring sinker main body 49a
is located at the space between the adjacent knitting nee-
dles 21, it is possible to guide the knitting needles 21 in
the circumferential direction. Incidentally, the distal end
portion 49b may not be necessarily formed to be gradu-
ally thinner. Instead, the distal end portion 49b may have
a constant thickness thinner than the transferring sinker
main body 49a.

[0048] As shown in Fig. 7, the transferring-sinker ver-
tically-moving mechanism 71 includes transferring-sink-
er vertically-moving air cylinders 71a, a transferring-sink-
er-lowering first air cylinder 71b, a transferring-sinker-
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lowering second air cylinder 71c, a transferring-sinker
elevating/transferring air cylinder 71d, and a cylinder at-
tachment board 71e. Each of the transferring-sinker ver-
tically-moving air cylinders 71a is mounted between the
transferring apparatus base 51 and the base 73 of the
transferring-sinker advancing/retreating mechanism 70,
so as to adjust the distance between the bases 51 and
73. An operating point of each of the transferring-sinker-
lowering first air cylinder 71b, the transferring-sinker-low-
ering second air cylinder 71c, and the transferring-sinker
elevating/transferring air cylinder 71d, which are fixed to
the transferring apparatus base 51, is provided to the
cylinder attachment board 71e. The air cylinders 71a to
71d are selectively driven, and thereby the transferring-
sinker advancing/retreating mechanism 70 can be low-
ered to the first position (see Fig. 6), the second position
(see Fig. 27), the third position (see Fig. 19), and a fourth
position (see Fig. 20). The position of the transferring-
sinker advancing/retreating mechanism 70 is the highest
when the transferring-sinker advancing/retreating mech-
anism 70 is located at the first position. The height be-
comes lower from the first position to fourth position in
this order. It is possible to move each of the transferring
sinkers 49 in the vertical direction within a predetermined
range by switching the position of the transferring-sinker
advancing/retreating mechanism 70 among the first, sec-
ond, third, and fourth positions.

[0049] The transferring-sinker advancing/retreating
mechanism 70 and the transferring-sinker vertically-
moving mechanism 71 are used such that the compo-
nents operate in conjunction with one another, and there-
by the knitted fabric 27 on the knitting needle cylinder 19
can be transferred to the transferring needles 34. Further,
after the knitted fabric 27 is transferred to the transferring
needles 34, the movable half dial 44 is inverted in the
knitted-fabric open-end seaming apparatus 12, so that
the inner loops 26a corresponding to one half of the open
end and the inner loops 26a corresponding to the other
half of the open end of the knitted fabric 27 to be seamed
are joined, and the joined inner loops 26a are seamed
by the sewing machine unit 100. Thus, a sock is com-
pleted.

[0050] As shown in Fig. 40, the sewing machine unit
100 includes a sewing machine main body 103, a move-
ment mechanism 104 for setting the sewing machine
main body 103 to the open end of the toe portion, a sew-
ing-machine advancing/retreating positioning air cylinder
104b for determining an approach amount of the move-
ment mechanism 104 with respect to the open end of the
toe portion, a toe-open-end holding mechanism 105 for
nipping and holding the open end of the toe portion in
the vertical direction, and a rotation mechanism 106 for
rotating the open end of the toe portion.

[0051] As shown in Fig. 31, the knitted-fabric turning
inside out unit 101 includes the turning pipe 110, a lower
pipe vertically-moving mechanism 111 into which a lower
end of the turning pipe 110 is inserted and which moves
in the vertical direction, a turning-pipe clamping mecha-
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nism 112, a turning rod 113 (see Figs. 42 and 43), and
a turning-rod vertically-moving mechanism (not shown
in the drawing).

[0052] The structure and operation of each component
are described hereinbelow by referring to an operation
procedure of the circular knitting machine system 10. As
shown in Fig. 45, the operation procedure of the circular
knitting machine system 10 includes a transfer prepara-
tion process ST1, a knitted-fabric transferring apparatus
moving process ST2, a knitted-fabric loop alignment
process ST3, a knitted-fabric transferring process ST4,
aknitted-fabric moving process ST5, a knitted-fabric turn-
ing inside out process ST6, a toe-portion-open-end join-
ing process ST7, a toe-portion-open-end seaming proc-
ess ST8, a knitted-fabric turning right-side out and dis-
charging process ST9, and an apparatus restitution proc-
ess ST10. These processes are sequentially performed.
[0053] In the transfer preparation process ST1, the fol-
lowing processing is performed. Fig. 3 illustrates a lon-
gitudinal section of the knitting stage just after the com-
pletion of the circular knitting. Note that, in each of the
longitudinal sections hereinbelow, only the cross section
(end surface) is illustrated in order to avoid complication
ofthe drawings, and members located behind are omitted
(not shown in the drawings). In the knitted fabric 27 just
after the completion of the circular knitting, from which
the yarn is cut away by the yarn cutting section 15, each
of the final loops 26 is caught on the knitting needle 21
(see Fig. 24) and housed in the knitted-fabric drawing-
down pipe 20. An upper mechanism containing the yarn
cutting section 15, the latch ring 16, and the yarn guide
section 17 is attached to the crossbar 14. The crossbar
14 oscillates in the vertical direction by a not-shown air
cylinder. Due to the oscillation, as shown in Figs. 2 and
3, the upper mechanism is displaced between a knitting
position in which the latch ring 16 and the like face the
knitting needle cylinder 19 of the circular knitting machine
11 and a retreated position in which the latch ring 16 and
the like are retreated upward from the knitting position
as shown in Figs. 15 and 16.

[0054] In a state shown in Fig. 3, the knitted-fabric
drawing-down pipe 20 is connect to a suction blower
through a not-shown valve, and the knitted fabric 27 is
sucked downward in the knitted-fabric drawing-down
pipe 20. The knitted-fabric drawing-down pipe 20 is con-
figured to move in the vertical direction by a plurality of
air cylinders at three stages including an upper stage, a
middle stage, and a lower stage, although not shown in
the drawings. Upon upward rotation of the crossbar 14,
the yarn cutting section 15, the latch ring 16, and the yarn
guide section 17 are moved to the retreated position (see
Fig. 16).

[0055] As shown in Fig. 16, a sinker cam 18a and a
rubber sinker cam (not shown in the drawing) on the sink-
er bed 18 come into the operation state, each of the sink-
ers 25 moves toward the outside between the adjacent
knitting needles 21 in the radial direction of the knitting
needle cylinder 19, and an engagement claw of each of
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the sinkers 25 moves away from the knitting needle 21.
Thereby, the engagement of the knitted fabric 27 by the
engagement claw is canceled. Next, the knitting needles
21 move upward to a level at which knitting is not per-
formed, and the knitting needles 21 protrude upward from
the knitting needle cylinder 19 at the maximum level. Fur-
ther, the knitted-fabric drawing-down pipe 20 is moved
upward and set to the upper stage. Thereby, the final
loops 26 of the knitted fabric 27 are moved to the vicinity
of latch needles 21a of the knitting needles 21 (see Fig.
26). Next, the knitting needle cylinder 19 is rotated, such
that the knitting needles 21 and the transferring needles
34 have a positional relationship corresponding to each
other, and then the rotation of the knitting needle cylinder
19 is stopped. Thereby, the knitting needle cylinder 19
is locked by a not-shown locking device so as not to be
unnecessarily rotated. Thereafter, the transferring-sink-
er-lowering firstair cylinder 71b and the transferring-sink-
er-lowering second air cylinder 71c shown in Fig. 7 ex-
tend, and a stopper for determining a position to which
the transferring sinkers 49 are lowered is prepared.
[0056] Inthe knitted-fabrictransferring apparatus mov-
ing process ST2, the following processing is performed.
The oscillation air cylinder 37 is operated in a direction
that a rod thereof is contracted from the state shown in
Fig. 15, such that the moving arm 33 is rotated. Then,
the knitted-fabric transferring apparatus main body 30
moves to the knitting stage located above the knitting
needle cylinder 19 as shown in Figs. 17 and 18, and a
state shown in Fig. 6 appears.

[0057] In the knitted-fabric loop alignment process
ST3, the following processing is performed. The arm-
vertically-moving first air cylinder 32a and the arm-verti-
cally-moving second air cylinder 32b shown in Fig. 5 are
contracted, and the transferring needles 34 are moved
downward from the position shown in Fig. 6, and stopped
at a position 10 mm above the transferring position as
shown in Fig. 19. Further, the suction by the knitted-fabric
drawing-down pipe 20 is stopped. Next, the transferring-
sinker vertically-moving air cylinder 71a (see Fig. 7)
comes into a non-operation state (i.e., free state), and
the transferring-sinker advancing/retreating mechanism
70 moves downward by its weight to the height to which
the transferring-sinker-lowering first air cylinder 71b ex-
tends as shown in Fig. 19. Then, each of the transferring
sinkers 49 is switched from the retreated state shown in
Fig. 13A to the advanced state shown in Fig. 13B by the
transferring-sinker advancing/retreating mechanism 70.
[0058] Thereafter, as shown in Fig. 20, the knitted-fab-
ric drawing-down pipe 20 moves downward to the middle
stage. Further, the transferring-sinker-lowering first air
cylinder 71bis contracted, and the transferring-sinker ad-
vancing/retreating mechanism 70 moves downward to
the height to which the transferring-sinker-lowering sec-
ond air cylinder 71c extends. Due to the downward move-
ment of the transferring-sinker advancing/retreating
mechanism 70, the transferring sinkers 49 in the ad-
vanced state draw the knitted fabric 27 downward, and
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the final loops 26 are aligned at a certain position (i.e.,
the same horizontal level) in the vertical direction. There-
by, each of the transferring sinkers 49 is always brought
into contact with the knitted fabric 27 at a certain position.
[0059] In the knitted-fabric transferring process ST4,
the following processing is performed. At first, each of
the transferring sinkers 49 moves to the retreated posi-
tion, as shown in Fig. 21. Further, the transferring-sinker-
lowering second air cylinder 71c (see Fig. 7) is contract-
ed, and each of the transferring sinkers 49 is moved
downward to the height at which the transferring-sinker
advancing/retreating mechanism 70 is brought into con-
tact with a sinker cap 18b. Further, the arm-vertically-
moving third air cylinder 32c (see Fig. 5) is contracted.
Thereby, the tip end of each of the transferring needles
34 comes close to or comes in contact with the rear sur-
face of the corresponding knitting needle 21, as shown
in Fig. 22.

[0060] Next, the state in which the rod of the transfer-
ring-sinker advancing/retreating air cylinder 80 protrudes
as shown in Fig. 13A comes into a state in which the rod
of the transferring-sinker advancing/retreating air cylin-
der 80 is retracted as shown in Fig. 13B. Thereby, each
of the transferring sinkers 49 is switched from the retreat-
ed position to the advanced position. Thereby, as shown
in Fig. 26, the transferring sinkers 49 are inserted under
the knitted fabric 27.

[0061] Fig. 24 illustrates the knitted fabric 27 in the vi-
cinity of the knitting needles 21 in a state that the final
loops 26 are caught on the knitting needles 21. Fig. 25
illustrates the knitted fabric 27 in the vicinity of the knitting
needles 21 in a state that each of the transferring sinkers
49isinserted into the space between the adjacent knitting
needles 21 from outside to inside in the radial direction.
Fig. 26 is a side elevational view showing a state that
each of the transferring sinkers 49 is inserted into the
space between the adjacent knitting needles 21. In this
state, the transferring needles 34 are located above the
inner loops 26a, and therefore it is possible to lift up the
knitted fabric 27 from bottom up such that the inner loops
26a are transferred to the transferring needles 34.
[0062] Asshown in Fig. 22, at the transferring position
where each of the transferring needles 34 moves down-
ward so as to be continuous with the corresponding knit-
ting needle 21 in the vertical direction, an outer distal end
surface of each of the transferring needles 34 is brought
into contact with or comes close to an inner rear surface
of the corresponding knitting needle 21. This is because
the radius of the movable half dial 44 for arranging the
transferring needles 34 is slightly smaller than the radius
of the fixed half dial 43 for arranging the transferring nee-
dles 34. Accordingly, when each of the knitting needles
21 comes close to the corresponding transferring needle
34 in a state that both the fixed half dial 43 and the mov-
able half dial 44 are in the opened state, a space appears
between each of the transferring needles 34 of the mov-
able half dial 44 and the corresponding knitting needle
21, because the space between the adjacent transferring
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needles 34 of the fixed half dial 43 is different from the
space between the adjacent transferring needles 34 of
the movable half dial 44, and the radius of the movable
half dial 44 for arranging the transferring needles 34 is
smaller than the radius of the fixed half dial 43 for arrang-
ing the transferring needles 34. However, as shown in
Fig. 26, the space, which appears between each of the
transferring needles 34 of the movable half dial 44 and
the corresponding knitting needle 21, is acceptable for
the loop size. Consequently, the knitting needles 21 and
the transferring needles 34 are approximately integrated
together in the vertical direction, and it becomes possible
to surely transfer the inner loops 26a of the knitted fabric
27 to the transferring needles 34.

[0063] AsshowninFig.25,ina state thatthe finalloops
26 are held by the knitting needles 21, each of the trans-
ferring needles 34 which is located away from the corre-
sponding knitting needle 21 by a predefined distance fac-
es the corresponding inner loop 26a, and therefore it is
possible to surely insert each of the transferring needles
34 into the corresponding inner loop 26a in the same
course. In particular, each of the transferring needles 34
has a tip-end protrusion 34e which is pointed to have a
triangular pyramid shape. Each of the tip-end protrusions
34e is shifted inward so as to be away a little from the
corresponding knitting needle 21, and therefore each of
the transferring needles 34 is surely inserted into the in-
ner loop 26a located inside the corresponding final loop
26.

[0064] As shown in Fig. 27, the transferring-sinker el-
evating/transferring air cylinder 71d extends, and the
knitted fabric 27 is lifted up to the upper portions of the
transferring needles 34 by the transferring sinkers 49.
Thereby, in the state that the inner loops 26a of the knitted
fabric 27 are inserted into the transferring needles 34, it
is possible to prevent the knitted fabric 27 from being
dropped from the transferring sinkers 49 such that the
inner loops 26a are surely held by the transferring nee-
dles 34 due to the existence of the transferring sinkers
49. Incidentally, as shown in Fig. 22, the tip end of each
of the transferring needles 34 of the fixed half dial 43 is
in contact with the rear surface of the corresponding knit-
ting needle 21. However, each of the knitting needles 21
can oscillate inwardly slightly, and the inner loops 26a
can be smoothly transferred from the knitting needles 21
to the transferring needles 34 without being engaged by
the portion at which the tip end of the transferring needle
34 is in contact with the rear surface of the knitting needle
21.This is because, although not shown in the drawings,
each of the knitting needles 21 is housed in a transferring
needle holding groove of the knitting needle cylinder 19
so as to oscillate slightly in the radial direction of the knit-
ting needle cylinder 19. Further, since the tip-end protru-
sion 34e of each of the transferring needles 34 is shifted
inward, each of the transferring needles 34 is surely in-
serted into the corresponding inner loop 26a.

[0065] In the knitted-fabric moving process ST5, the
following processing is performed. At first, the arm-ver-
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tically-moving first air cylinder 32a to the arm-vertically-
moving third air cylinder 32c (see Fig. 5) are extended,
and as shown in Fig. 28, the transferring apparatus base
51 returns to the upper stage. Further, the knitted-fabric
drawing-down pipe 20 is moved upward to the upper
stage. Next, after rotation lock of the knitting needle cyl-
inder 19 is canceled, the knitting needle cylinder 19 is
rotated, and the knitting needles 21 are moved downward
to a float level at which the knitting needles 21 are hidden
by the sinkers 25. Thereby, in the following process, even
when the moving arm 33 is oscillated so as to pull out
the knitted fabric 27 from the knitted-fabric drawing-down
pipe 20, the knitted fabric 27 never come in contact with
the knitting needles 21.

[0066] Next, the oscillation air cylinder 37 (see Fig. 5)
is moved in a direction that the rod of the oscillation air
cylinder 37 extends, and the moving arm 33 starts to
rotate toward the knitted-fabric open-end seaming appa-
ratus 12 as shown in Fig. 29, and reaches the position
shown in Fig. 2. Next, the knitted-fabric drawing-down
pipe 20 is positioned at the lower stage. Then, as shown
in Fig. 3, the crossbar 14 is oscillated from the retreated
position to the knitting position, and the yarn cutting sec-
tion 15, the latch ring 16, and the yarn guide section 17
are set to the knitting position, and another knitted fabric
27 starts to be knitted.

[0067] As shown in Fig. 30, a suction switching valve
(not shown in the drawings) is opened, and suction is
performed through the turning pipe 110. Next, the arm-
vertically-moving first air cylinder 32a to the arm-vertical-
ly-moving third air cylinder 32c (see Fig. 5) are contract-
ed, and the knitted-fabric transferring apparatus main
body 30 is moved to the lower stage. Then, the suction
switching valve (not shown in the drawings) comes into
the closed state, and the suction through the turning pipe
110 is stopped.

[0068] In the knitted-fabric turning inside out process
ST6, the following processing is performed. Firstly, as
shown in Fig. 31, a turning-pipe holder 109 is elevated,
and concurrently the turning pipe 110 is elevated, such
that the turning pipe 110 is passed through the knitted
fabric 27. Accordingly, the knitted fabric 27 is turned in-
side out. Next, as shown in Fig. 32, after a vertically-
moving air cylinder 112a of the turning-pipe clamping
mechanism 112 extends and moves downward, and a
clamping air cylinder 112b operates, so as to hold the
turning pipe 110. Then, only the turning-pipe holder 109
moves downward. Next, after each of the transferring
sinkers 49 is moved to the retreated position, the trans-
ferring-sinker vertically-moving air cylinder 71a is con-
tracted, and each of the transferring sinkers 49 is retreat-
ed upward.

[0069] In the toe-portion-open-end joining process
ST7, the following processing is performed. At first, as
shown in Fig. 33, a movable-half-dial inversion driving
section 85 is moved from the retreated position to a po-
sition at which the movable-half-dial inversion driving
section 85 is operable by the movable half dial 44. Fur-
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ther, the lock cylinder 55a of the lock cover 55 is
stretched, and the locking of the movable half dial 44 is
canceled. The movable-half-dialinversion driving section
85 includes an inversion pin receiving section 85a into
which an inversion pin 44e for inverting the movable half
dial 44 is inserted. Upon rotation of the movable-half-dial
inversion driving section 85 by 180 degrees, the movable
half dial 44 is inverted. Upon operation of the movable-
half-dial inversion driving section 85, each of the trans-
ferring needles 34 of the movable half dial 44 is brought
into contact with the corresponding transferring needle
34 of the fixed half dial 43 such that each of the transfer-
ring needles 34 of the movable half dial 44 and the cor-
responding transferring needle 34 of the fixed half dial
43 are aligned in a line (see Fig. 10). Next, the inversion
locking mechanism 69 operates such that the movable
half dial 44 remains in the closed state. Thereafter, the
movable-half-dial inversion driving section 85 returns to
the retreated position.

[0070] AsshowninFig. 34, afterthe transferring-sinker
vertically-moving air cylinder 71a extends so as to move
each of the transferring sinkers 49 downward, the trans-
ferring-sinker advancing/retreating mechanism 70
comes into the advanced state, and an upper end of the
distal end portion of each of the transferring sinkers 49
enters a lower end of the corresponding inner loop 26a
caught on the transferring needle 34 of the movable half
dial 44. Next, as shown in Fig. 35, the transferring-sinker
elevating/transferring air cylinder 71d extends, and
thereby the inner loops 26a on the transferring needles
34 of the movable half dial 44 are lifted up, and moved
to the transferring needles 34 of the fixed half dial 43.
[0071] As shown in Fig. 36, after the transferring sink-
ers 49 are moved to the retreated position, the transfer-
ring-sinker vertically-moving air cylinder 71a is contract-
ed, and the transferring sinkers 49 are retreated upward.
Next, the movable-half-dial inversion driving section 85
is elevated again, and the inversion locking mechanism
69 comes into the non-operation state, and the locking
of the movable half dial 44 for preventing inversion of the
movable half dial 44 is canceled. Thereafter, the movable
half dial 44 is returned to the non-inversion state by the
movable-half-dial inversion driving section 85, and the
lock cylinder 55a of the lock cover 55 is contracted. Thus,
the movable half dial 44 comes into the opened state at
which the movable half dial 44 is away from the fixed half
dial 43, and is locked again. Thereafter, the movable-
half-dial inversion driving section 85 is moved downward
to the retreated position.

[0072] AsshowninFig. 37, the turning-pipe holder 109
and the lower knitted-fabric holding member 115 move
upward, and hold the knitted fabric 27 against the half
ring 60.

[0073] In the toe-portion-open-end seaming process
ST8, the following processing is performed. In the toe-
portion-open-end seaming process ST8, it is possible to
select from among four processes including a first toe-
portion-open-end seaming process ST8A, a second toe-
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portion-open-end seaming process ST8B, a third toe-
portion-open-end seaming process ST8C, and a fourth
toe-portion-open-end seaming process ST8D, as shown
in Figs. 46A to 46D.

[0074] As shown in Fig. 46A, In the first toe-portion-
open-end seaming process ST8A, the seaming is per-
formed by a linking method. The first toe-portion-open-
end seaming process ST8A includes a linking process,
a knitted fabric removal process, and a sewing yarn cut-
ting process. At first, in the linking process, as shown in
Fig. 38, the motor 53 (see Fig. 7) rotates the transferring
needle rotary gear 52, such that a seaming starting por-
tion of the knitted fabric 27 is moved to the position at
which the sewing needle 107 is located. Thereafter, the
sewing-machine advancing/ retreating air cylinder 104a
is extended in a state that the sewing-machine advanc-
ing/retreating positioning air cylinder 104b is extended,
and the sewing machine main body 103 is set to a first
seaming position. Then, the sewing machine main body
103 is activated, and the motor 53 is driven in conjunction
with the operation of the sewing needle 107. Thereby,
the inner loops 26a are seamed on a single stitch basis
in the linking state by the sewing needle 107. Note that,
the final loop 26 is in a state of being wrapped by the
linked sewing yarn 108.

[0075] As shown in Fig. 39, a sewing needle guide
groove 34b with a V-shaped cross section, a semicircular
cross section, or a circular cross section is formed on an
external surface of each of the transferring needles 34
in the radial direction of the fixed half dial 43, so as to
extend in the axial direction of the transferring needle 34.
Further, the lower end (tip end) of each of the transferring
needles 34 has an inclined surface 34c which is inclined
inwardly, and a flat surface 34d which is parallel to the
axial direction of the transferring needle 34. The sewing
needle guide groove 34b is opened on the inclined sur-
face 34c. Therefore, in the seaming in the linking state,
the sewing needle 107 enters the sewing needle guide
groove 34b and moves downward, such that the tip end
of the sewing needle 107 is surely guided into each of
the inner loops 26a held by the corresponding transfer-
ring needle 34. Accordingly, the seaming can be per-
formed surely performed for each inner loop 26.

[0076] As shown in Figs. 26 and 39, the tip-end pro-
trusion 34e of each of the transferring needles 34 is point-
ed to have a triangular pyramid shape. As shown in Fig.
26, each of the tip-end protrusions 34e is formed on an
extended line from an internal surface of the transferring
needle 34, and as aresult, each of the tip-end protrusions
34eis shiftedinward. The tip-end protrusion 34e is shifted
inward so as to form an inclined surface 34f at the tip end
of the each of the transferring needles 34. When the knit-
ted fabric 27 is transferred upward in accordance with
the upward movement of each of the transferring sinkers
49, the inclined surface 34f functions as a guide surface
such that the tip-end protrusion 34e is advanced into the
inner loop 26a. Accordingly, each of the transferring nee-
dles 34 is surely inserted into the corresponding inner
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loop 264, and the knitted fabric 27 can be transferred or
closed by each of the transferring needles 34.

[0077] AsshowninFig. 40, inthe knitted fabric removal
process, the half-ring lowering first air cylinder 62a is ex-
tended, and the arm-vertically-moving first air cylinder
32a is extended. Then, each of the transferring needles
34 is lifted up by 20 mm, for example, and the seamed
inner loops 26a are removed from the transferring nee-
dles 34. At the time of the removal, the knitted fabric 27
remains to be held between the lower knitted-fabric hold-
ingmember 115 and the halfring 60. Thereafter, the sew-
ing machine main body 103 makes about 10 yarn chains,
for example, using the sewing yarn 108.

[0078] Inthe sewing yarn cutting process, as shown in
Fig. 41, the half-ring lowering second air cylinder 62b is
extended, and the position of the knitted fabric 27 held
between the lower knitted-fabric holding member 115
and the half ring 60 is moved downward. Thereafter, the
cutter advancing/ retreating air cylinder 120 operates in
the extending direction, and a cutter 121 is inserted into
an upper part of the yarn chain made using the sewing
yarn 108. Next, a cutter vertically-moving air cylinder 122
is extended so as to set the cutter 121 to a position for
cutting the yarn chain. Next, the cutter advancing/ re-
treating air cylinder 120 is contracted, and the cutter 121
is retreated. Thereby, the yarn chain is cut. Thereafter,
the cutter vertically-moving air cylinder 122 is contracted,
and the cutter 121 is returned to a default position. The
operations described above are performed in the first toe-
portion-open-end seaming process ST8A.

[0079] As shown in Fig. 46B, the second toe-portion-
open-end seaming process ST8B includes the knitted
fabric removal process, the sewing process, and the sew-
ing yarn cutting process. The knitted fabric removal proc-
ess and the sewing yarn cutting process are the same
as those in the first toe-portion-open-end seaming proc-
ess ST8A, and the explanation thereof is omitted. Inci-
dentally, in the knitted fabric removal process in the first
toe-portion-open-end seaming process ST8A, about 10
yarn chains are made by the sewing machine main body
103 at the last stage of the knitted fabric removal process
because the knitted fabric removal process is performed
after the linking process. However, in the second toe-
portion-open-end seaming process ST8B, the linking
process is not performed, and therefore this operation is
omitted.

[0080] In the sewing process, the motor 53 (see Fig.
7) makes the transferring needle rotary gear 52 rotate,
such that the seaming starting portion of the knitted fabric
27 is moved to the position where the sewing needle 107
is located. Thereafter, in the state that the sewing-ma-
chine advancing/retreating positioning air cylinder 104b
is extended, the sewing-machine advancing/retreating
air cylinder 104a is extended, and the sewing machine
main body 103 is set to the first seaming position. Next,
as shown in Fig. 47, the sewing machine main body 103
is activated, and the motor 53 is driven in conjunction
with the operation of the sewing needle 107. Thereby,
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the knitted fabric 27 is sewn by the sewing needle 107.
The driving pitch of the motor 53 does not depend on the
pitch of the loops, and may be arbitrarily determined. In-
cidentally, each of the final loops 26 is wrapped by the
sewing yarn 108 used in the sewing. After the knitted
fabric 27 is sewn, subsequently, about 10 yarn chains
are made using the sewing yarn 108 by the sewing ma-
chine main body 103.

[0081] Asshownin Fig.46c, the third toe-portion-open-
end seaming process ST8C includes a second sewing
process and a sewing yarn cutting process followed by
the knitted fabric removal process, the sewing process
(i.e., first sewing process), and the sewing yarn cutting
process. Incidentally, the knitted fabric removal process,
the first sewing process, and the sewing yarn cutting
process are the same as those in the second toe-portion-
open-end seaming process ST8B, and therefore the ex-
planation thereof is omitted. In the second sewing proc-
ess, as shown in Fig. 48, in a state that the half-ring low-
ering second air cylinder 62b is contracted again, the
position of the knitted fabric 27 held between the lower
knitted-fabric holding member 115 and the half ring 60
is moved upward. Next, the motor 53 (see Fig. 7) makes
the transferring needle rotary gear 52 rotate, such that
the seaming starting portion of the knitted fabric 27 is
moved to the position where the sewing needle 107 is
located. Thereafter, the sewing-machine advancing/re-
treating positioning air cylinder 104b is contracted, and
then the sewing-machine advancing/retreating air cylin-
der 104a is further extended, such that the sewing ma-
chine main body 103 is set to the second seaming posi-
tion. Next, the sewing machine main body 103 is activat-
ed, and the motor 53 is driven in conjunction with the
operation of the sewing needle 107. Thereby, a position
of the knitted fabric 27 different from the first seaming
position is sewn by the sewing needle 107. The driving
pitch of the motor 53 does not depend on the pitch of the
loops, and may be arbitrarily determined. Incidentally,
each of the final loops 26 and the sewing yarn 108 used
in the first sewing process are wrapped by the sewing
yarn used in the second sewing process. After the knitted
fabric 27 is sewn, subsequently, about 10 yarn chains
are made using the sewing yarn 108 by the sewing ma-
chine main body 103, for example.

[0082] In the second sewing yarn cutting process, as
shown in Fig. 49, the half-ring lowering second air cylin-
der 62b is extended, and the position of the knitted fabric
27 held between the lower knitted-fabric holding member
115 and the half ring 60 is moved downward. Thereafter,
the cutter advancing/retreating air cylinder 120 operates
in the extending direction, and the cutter 121 is inserted
into an upper portion of the yarn chain made using the
sewing yarn 108. Next, the cutter vertically-moving air
cylinder 122 is extended such that the cutter 121 is set
to a position for cutting the yarn chain. Next, the cutter
advancing/retreating air cylinder 120 is contracted, and
the cutter 121 is retreated, and thereby the yarn chain is
cut. Thereafter, the cutter vertically-moving air cylinder
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122 is contracted, such that the cutter 121 is returned to
the default position. The operations described above are
performed in the third toe-portion-open-end seaming
process ST8C.

[0083] As shown in Fig. 46D, the fourth toe-portion-
open-end seaming process ST8D includes the second
sewing process and the sewing yarn cutting process of
the third toe-portion-open-end seaming process ST8C
followed by the first toe-portion-open-end seaming proc-
ess ST8A. These processes are the same as those in
the first toe-portion-open-end seaming process ST8A
and the third toe-portion-open-end seaming process
ST8C, respectively, and therefore redundant explanation
thereof is omitted.

[0084] As described above, the linking and sewing op-
erations are performed on the inner loops 26a (see Fig.
25) preceding the final loops 26, and therefore FTY (Fil-
ament Twisted Yarn) is preferably used for the final loops
26. The FTY is commonly used as under yarn for the
hosiery, and consists of stretchy polyurethane and poly-
ester, for example. The FTY is fine and excellent in the
stretching properties. Thereby, even when each of the
final loops 26 is wrapped by the sewing yarn 108 used
for the linking or sewing, each of the final loops 26 is
hardly swollen, and therefore the quality of the outer ap-
pearance of the hosiery is hardly deteriorated. Further,
in the case where the tip end of each of the transferring
needles 34 is inserted into the corresponding inner loop
26a of the knitted fabric 27, the final loops 26 can be
easily adhered tightly to the knitting needles 21 by using
the resilient yarn such as the FTY. Thereby, it is possible
to surely insert the tip end of each of the transferring
needles 34 into the corresponding inner loop 26a located
inside the final loop 26. Incidentally, it is described that
the inner loop, into which the transferring needle 34 is
inserted, is the loop 26a preceding the final loop 26. How-
ever, each of the transferring needles 34 may be inserted
into the second preceding loop or further preceding loop.
Alternately, each of the transferring needles 34 may be
inserted into the preceding loop, the second preceding
loop, and the like in a mixed manner. Moreover, the same
yarn may be used for the final loops 26 and the inner
loops 26a.

[0085] Since any one of the toe-portion-open-end
seaming processes ST8A to ST8D is selected so as to
seam the open end of the toe portion, it is possible to
achieve stronger seaming, in addition to the seaming only
by the linking, in accordance with the thickness of the
knitted fabric, the design, and the like, by one circular
knitting machine system 10. After the toe-portion-open-
end seaming processes ST8A to ST8D are finished, the
sewing-machine advancing/retreating air cylinder 104a
and the sewing-machine advancing/retreating position-
ing air cylinder 104b are contracted, and the sewing ma-
chine main body 103 is set to the retreated position.
[0086] In the knitted-fabric turning right-side out and
discharging process ST9, the following processingis per-
formed. At first, as shown in Fig. 42, a discharge-port-
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side suction switching valve (not shown in the drawing)
comes into an opened state, and suction through the dis-
charge unit 102 by the turning pipe 110 is performed.
Next, the lower knitted-fabric holding member 115 moves
downward to the retreated position, and the turning-pipe
holder 109 also moves to the lowest stage once. There-
after, the turning rod 113 moves upward together with
the turning-pipe holder 109, so as to lift up the knitted
fabric 27 within the turning pipe 110. Thereby, the knitted
fabric 27 is inverted such that the right side of the knitted
fabric 27 come to the outside again, and the knitted fabric
27 is discharged to the product receiving box (not shown
in the drawings) through a discharge tube 102 of the dis-
charge unit 102 shown in Fig. 1. Thereafter, the dis-
charge-port-side suction switching valve comes into a
closed state, and the suction through the discharge tube
102a is canceled. Further, the half-ring lowering first air
cylinder 62a and the half-ring lowering second air cylinder
62b are contracted, such that the half ring 60 is retreated
upward. Then, the turning-pipe holder 109 is further
moved upward to the upper stage.

[0087] In the apparatus restitution process ST10, the
following processing is performed. At first, as shown in
Fig. 43, the clamping air cylinder 112b is contracted, and
the holding of the turning pipe 110 by the turning-pipe
clamping mechanism 112 is changed over to the holding
of the turning pipe 110 by the turning-pipe holder 109.
Thereafter, the turning-pipe holder 109 is moved down-
ward together with the turning rod 113 and the turning
pipe 110, and set to the lower stage.

[0088] Next, the vertically-moving air cylinder 112a of
the turning-pipe clamping mechanism 112 shown in Fig.
43 is contracted, and a clamping pipe 112c is retreated
upward. Further, the arm-vertically-moving second air
cylinder 32b and the arm-vertically-moving third air cyl-
inder 32c operate in the extending direction, and the mov-
ing arm 33 is set to the upper stage. At the upper stage,
the moving arm 33 is movable in a horizontal plane.
[0089] The operations described above are repeatedly
performed, and after the knitted fabric 27 is knitted by
the circular knitting machine 11, the knitted fabric 27 is
conveyed by the knitted-fabric transferring apparatus 13
to the knitted-fabric open-end seaming apparatus 12. Af-
ter the open end of the toe portion is closed, the knitted
fabric 27 is discharged to the product receiving box
through the discharge unit 102. Then, when the open end
of the toe portion is closed by the knitted-fabric open-end
seaming apparatus 12, the next knitted fabric 27 is knitted
by the circular knitting machine 11, and therefore it is
possible to efficiently produce the knitted fabric 27 such
as hosiery.

[0090] Fig. 45 is a flowchart showing the processes
ST1to ST 10. Inthis embodiment, the knitted-fabric trans-
ferring method for transferring the knitted fabric 27 from
the knitting needle cylinder 19 of the circular knitting ma-
chine 11 to the knitted-fabric transferring apparatus 13
in order to close one end of the knitted fabric 27 knitted
by the circular knitting machine 11 includes the transfer
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preparation process ST1, the knitted-fabric transferring
apparatus moving process ST2, the knitted-fabric loop
alignment process ST3, the knitted-fabric transferring
process ST4, the knitted-fabric moving process ST5, the
knitted-fabric turning inside out process ST6, the toe-por-
tion-open-end joining process ST7, the toe-portion-open-
end seaming process ST8, the knitted-fabric turning
right-side out and discharging process ST9, and the ap-
paratus restitution process ST10.

[0091] In the transfer preparation process ST1, as
shown in Figs. 3 and 16, the upper mechanism of the
circular knitting machine 11 is moved from the knitting
position to the retreated position with respect to the knit-
ted fabric 27 knitted by the circular knitting machine 11,
the final loops 26 (see Fig. 26) of the knitted fabric 27
held by the knitting needles 21 of the circular knitting
machine 11 are moved to be positioned under the latch
needles 21a of the knitting needles 21, and the knitting
needle cylinder 19 of the circular knitting machine 11 is
stopped at a fixed position.

[0092] Intheknitted-fabrictransferring apparatus mov-
ing process ST2, as shown in Fig. 6, the knitted-fabric
transferring apparatus 13 for catching and transferring
the inner loops 26a of the knitted fabric 27 is moved to
be positioned immediately above the circular knitting ma-
chine 11. In the knitted-fabric loop alignment process
ST3, as shown in Fig. 20, the transferring sinkers 49 of
the knitted-fabric transferring apparatus 13 are brought
into contact with the knitted fabric 27 and moved down-
ward, so as to align the height of each of the final loops
26 of the knitted fabric 27 at a fixed position in the vertical
direction. In the knitted-fabric transferring process ST4,
as shown in Figs. 21, 23, and 27, each of the transferring
sinkers 49 is moved to the height above the hook of the
corresponding knitting needle 21, so as to transfer the
inner loops 26a of the knitted fabric 27 to the transferring
needles 34.

[0093] In the knitted-fabric moving process ST5, as
shown in Figs. 28 to 30, the knitted fabric 27 is transferred
by the knitted-fabric transferring apparatus 13 from the
knitting stage to the seaming stage.

[0094] In the knitted-fabric turning inside out process
ST6, as shown in Figs. 31 and 32, the turning pipe 110
is inserted into the knitted fabric 27, so as to turn the
knitted fabric 27 inside out.

[0095] In the toe-portion-open-end joining process
ST7, after the transferring needles 34 of the movable half
dial 44 and the transferring needles 34 of the fixed half
dial 43 are joined together as shown in Fig. 33, the inner
loops 26a on the transferring needles 34 of the movable
half dial 44 are transferred to the transferring needles 34
of the fixed half dial 43 by the transferring sinkers 49 of
the transferring sinker unit 41 as shown in Fig. 34.
[0096] In the toe-portion-open-end seaming process
ST8, as shown in Figs. 46A to 46D, in accordance with
the intended purpose of the knitted product such as the
hosiery, one of the toe-portion-open-end seaming proc-
esses ST8A to ST8D may be selected. In the first toe-
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portion-open-end seaming process 8A, linking is per-
formed once, and as shown in Fig. 38, the overlapped
innerloops 26a on the transferring needles 34 of the fixed
half dial 43 are seamed using the sewing yarn 108 for
each ofthe loops 26a (for each stitch). Concurrently, each
of the inner loops 26a of the knitted fabric 27 is fed one
by one by the rotation mechanism 106 of the fixed half
dial 43 in conjunction with the vertical movement of the
sewing needle 107, and the inner loops 26a are surely
seamed on a single stitch basis using the sewing yarn
108. Further, in the first toe-portion-open-end seaming
process ST8A, as shown in Fig. 39, the sewing needle
107 is guided by the sewing needle guide groove 34b of
each of the transferring needles 34 in accordance with
the vertical movement of the sewing needle 107, and
therefore it is possible to surely pass the sewing needle
107 into each of the inner loops 26a.

[0097] In the second toe-portion-open-end seaming
process ST8B, sewing is performed once. As shown in
Fig. 40, before the sewing, in the state that the knitted
fabric 27 is held between the lower knitted-fabric holding
member 115 and the half ring 60, the inner loops 26a are
removed from the transferring needles 34, and sewing
can be performed without restriction of the pitch of the
loops by a sewing machine of the sewing machine unit
100.

[0098] In the third toe-portion-open-end seaming proc-
ess ST8C, sewing is further performed after the second
toe-portion-open-end seaming process ST8B. As shown
in Fig. 48, after the sewing machine unit 100 is moved,
the sewing is performed again so as to increase the in-
tensity of a seamed portion of the knitted fabric 27.
[0099] In the fourth toe-portion-open-end seaming
process ST8D, sewing is further performed after the first
toe-portion-open-end seaming process ST8A. As in the
case of the third toe-portion-open-end seaming process
ST8C, as shown in Fig. 48, after the sewing machine unit
100 is moved, the sewing is performed again so as to
increase the intensity of the seamed portion of the knitted
fabric 27.

[0100] In the knitted-fabric turning right-side out and
discharging process ST9, as shown in Fig. 42, the turning
rod 113 is inserted into the knitted fabric 27, and thereby
the knitted fabric 27 is turned right side out within the
turning pipe 110. Thereafter, the knitted fabric 27, which
is turned right side out within the turning pipe 110, is
sucked and discharged through the discharge tube 102a
of the discharge unit 102 into the product receiving box
(not shown in the drawings) disposed outside the circular
knitting machine 11, as shown in Fig. 1.

[0101] In the apparatus restitution process ST10, as
shown in Figs. 43 and 44, each operation component
returns to its default position, and stands ready until the
next knitted fabric 27 is completed.

[0102] Inthe above embodiment, the transferring nee-
dles 34 are inserted into the inner loops 26a located in-
side the final loops 26 so as to transfer the knitted fabric
27 from the knitting needles 21 to the transferring needles
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34. However, each of the transferring needles 34 may
be replaced with a transferring needle dedicated for the
final loop, in which a tip-end protrusion of the transferring
needle is shifted to the outside, so as to insert the trans-
ferring needles into the final loops 26 and transfer the
knitted fabric 27 from the knitting needles 21 to the trans-
ferring needles. In this case, instead of the inner loops
26a, the final loops 26 may be linked.

[0103] In the above embodiment, at the time of trans-
ferring the knitted fabric 27 from the knitting needles 21
tothe transferring needles 34, the innerloops 26a located
inside the final loops 26 are transferred to the transferring
needles 34. However, the present invention is not limited
thereto. For example, at the time of transferring the knit-
ted fabric 27 from the knitting needles 21 to the transfer-
ring needles 34, the final loops 26 of the knitted fabric 27
may be transferred to the transferring needles in each of
which the tip-end protrusion thereof is shifted to the out-
side as described above, and then the inner loop 26a
may be inserted into intermediate needles from the trans-
ferring needles to which the final loops 26 of the knitted
fabric 27 are transferred, so as to hold the knitted fabric
27 at the inner loops 26a. Also in this case, the inner
loops 26a are divided in half into the first loop group and
the second loop group in the circumferential direction of
the knitted fabric 27. At the time of closing the first loop
group and the second loop group, the loops facing each
other are joined and seamed by the sewing machine of
the sewing machine unit 100. The intermediate needle
may be a point needle, which holds the knitted fabric 27,
for the purpose of the linking, or a knitted fabric holding
needle which holds the knitted fabric 27 at the stage be-
fore transferring the knitted fabric 27 to the point needle.
[0104] Forexample, as disclosed in United States Pat-
ent Application Publication No. 2006/144095, in the case
where the method includes: the first knitted fabric trans-
ferring process for transferring the final loops held by the
knitting needles to the transferring needles (the removal
member of the stitches); the final loop joining process for
joining the half dials (crowns) each holding the transfer-
ring needles so as to move the final loops facing each
other to one of the half dials; the second knitted fabric
transferring process for inserting the point needles (hook-
up spines) of the sewing machine unit (hook-up station)
into the final loops in the state that the final loops are held
by the transferring needles so as to move the knitted
fabric to the point needles; and the linking process for
linking (hooking up) the final loops of the knitted fabric
by the sewing machine unit, the point needles of the sew-
ing machine unit are inserted into the inner loops in the
state that the transferring needles hold the final loops so
as to transfer the knitted fabric to the point needles in the
second knitted fabric transferring process. Thereby, as
in the case of the above embodiment, it is possible to
make the linking portion dense as with the other loops,
and increase the durability and the quality of the outer
appearance.

[0105] Further, as disclosed in United States Patent
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Application Publication No.2010/313607 (corresponding
to Japanese Patent No. 5389830), in the case where the
method includes: the first knitted fabric transferring proc-
ess for transferring the final loops held by the knitting
needles to the transferring needles (pick-up members);
the second knitted fabric transferring process for insert-
ing the point needles (spikes) of the sewing machine unit
(looping station) into the final loops in the state that the
final loops are held by the transferring needles so as to
move the knitted fabric to the point needles; the final loop
joining process for joining the half dials (semiannular el-
ements) each holding the point needles so as to move
the final loops facing each other to one of the half dials;
and the linking process for linking (looping) the final loops
by the sewing machine unit, the point needles of the sew-
ing machine unit are inserted into the inner loops in the
state that the transferring needles hold the final loops so
as to transfer the knitted fabric to the point needles in the
second knitted fabric transferring process. Further, the
half dials each holding the point needles are joined to-
gether so as to move the inner loops facing each other
to one of the half dials in the final loop joining process.
Thereby, as in the case of the above embodiment, it is
possible to make the linking portion dense as with the
other loops, and increase the durability and the quality
of the outer appearance.

[0106] Further, in the above embodiment, at the time
of linking the inner loops 26a, the sewing yarn 108 is
passed through each of the inner loops 26a once. How-
ever, alternatively, the sewing yarn 108 may be passed
through each of the inner loops 26a two or more times.
Further, in the case where the sewing yarn 108 is passed
through an area corresponding to the loop at which the
closing of the inner loops 26a starts and the following
some loops and the loop at which the closing of the inner
loops 26a ends and the preceding some loops two or
more times, it is possible to enhance the portion of the
knitted fabric 27 closed by the linking. Furthermore, the
area through which the sewing yarn 108 is passed two
or more times is not limited to the above, and may be
appropriately determined. Further, the sewing yarn 108,
which is passed through the inner loops 26a, may be
changed for every two or more pitches, for example. For
example, the loop through which the sewing yarn 108 is
passed once and the loop through which the sewing yarn
108 is passed twice may alternate. Alternatively, every
some pitches, the sewing yarn 108 is passed through the
loop two or more times.

[0107] Although the present invention has been fully
described by way of the preferred embodiments thereof
with reference to the accompanying drawings, various
changes and modifications will be apparent to those hav-
ing skill in this field. Therefore, unless otherwise these
changes and modifications depart from the scope of the
present invention, they should be construed as included
therein.

[0108]
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10 advancing/retreating mechanism

11 circular knitting machine

12 knitted-fabric open-end seaming apparatus

13 knitted-fabric transferring apparatus

19 knitting needle cylinder

21 knitting needle

26 final loop

26a inner loop

27 knitted fabric

33 moving arm

34 transferring needle

34b  sewing needle guide groove

40 transferring needle unit

41 transferring sinker unit

43 fixed half dial

44 movable half dial

45 transferring needle holding cylinder

46 hinge portion

49 transferring sinker

70 transferring-sinker advancing/retreating mecha-
nism

71 transferring-sinker vertically-moving mechanism

85 movable-half-dial inversion driving section

Claims

1. A knitted-fabric seaming method for a circular knit-
ting machine, in which one end of a knitted fabric
(27) knitted by a circular knitting machine (11) is
transferred from knitting needles (21) of a knitting
needle cylinder (19) of the circular knitting machine
to transferring needles (34) in astate thatthe number
of the knitting needles is the same as the number of
the transferring needles, and thereafter the one end
of the knitted fabric is closed by a sewing machine
unit (100), wherein

inner loops (26a), which are located inside final
loops (26) of the knitted fabric caught on the knit-
ting needles, are divided in half into a first loop
group and a second loop group in a circumfer-
ential direction of the knitted fabric, loops facing
each other are joined at the time of closing the
first loop group and the second loop group, and
the joined loops are seamed by a sewing ma-
chine of the sewing machine unit.

2. Theknitted-fabric seaming method for a circular knit-
ting machine as defined in claim 1, wherein

the transferring needles and the knitting needles
are moved relative to each other in an axial di-
rection of the knitting needles such that an ex-
ternal surface of a tip end of each of the trans-
ferring needles comes close to an internal sur-
face of a tip end of the corresponding knitting
needle, forthe purpose of transferring the knitted
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fabric from the knitting needles with use of the
transferring needles;

a transferring member (49) is inserted into a
space between the adjacent knitting needles of
the knitting needle cylinder from outside toinside
in a radial direction of the knitting needle cylin-
der, so as to guide the knitting needle by the
distal end portion (49b) of each of the transfer-
ring members, and

the transferring member is moved from the knit-
ting needle to the transferring needle in the axial
direction of the knitting needles, and the tip ends
of the transferring needles are inserted into the
inner loops, so as to transfer the knitted fabric
from the knitting needles to the transferring nee-
dles.

The knitted-fabric seaming method for a circular knit-
ting machine as defined in claim 1 or 2, wherein a
tip-end protrusion (34e) of each of the transferring
needles leans inward.

The knitted-fabric seaming method for a circular knit-
ting machine as defined in any one of claims 1 to 3,
wherein

the knitting needles and the transferring needles
are arranged at a constant pitch in the circum-
ferential direction so as to constitute a knitting
needle group and a transferring needle group,

the transferring needle group is divided into a
first transferring needle group and a second
transferring needle group at an interval of 180
degrees, such that the first transferring needle
group to which the first loop group is transferred
is attached to a fixed half dial (43) and the sec-
ond transferring needle group to which the sec-
ond loop group is transferred is attached to a
movable half dial (44),

the movable half dial is attached to the fixed half
dial through hinge portions (46) so as to be freely
inverted with respect to the fixed half dial, and

the movable half dial is selectively set to an
opened state in which the fixed half dial and the
movable half dial lie in the same plane, or a
closed state in which a tip end of the second
transferring needle group comes close to or is
brought into contact with a tip end of the first
transferring needle group such that the transfer-
ring needles of the first transferring needle group
are continuous with the transferring needles of
the second transferring needle group.

The knitted-fabric seaming method for a circular knit-
ting machine as defined in claim 4, wherein the first
transferring needle group and the second transfer-
ring needle group are positioned such that the tip
end of each of the transferring needles of the first

10

15

20

25

30

35

40

45

50

55

19

transferring needle group and the tip end of each of
the transferring needles of the second transferring
needle group are deviated from each other in aradial
direction of each of the fixed half dialand the movable
half dial in the closed state, and the tip end of each
of the transferring needles of one of the first trans-
ferring needle group and the second transferring
needle group has ahousing groove (34a) for housing
the tip end of each of the transferring needles of the
other of them, and the tip end of each of the trans-
ferring needles of the one of the first transferring nee-
dle group and the second transferring needle group
is housed in the housing groove of the tip end of each
of the transferring needles of the other of them in the
closed state, such that the first transferring needle
group is continuous with the second transferring nee-
dle group in an axial direction of the transferring nee-
dles.

The knitted-fabric seaming method for a circular knit-
ting machine as defined in any one of claims 2 to 5,
wherein

each of the transferring members is a transfer-
ring sinker which includes a transferring sinker
main body (49a) having the shape of a belt plate
and the distal end portion having a tapered por-
tion (49d) so as to be formed to have an acute
angle,

the distal end portion is thinner than the trans-
ferring sinker main body, and the thickness of
the transferring sinker main body is the same as
the space between the adjacent knitting nee-
dles.

7. Theknitted-fabric seaming method for a circular knit-

ting machine as defined in claim 6, wherein

each of the transferring sinkers is inserted into
the space between the adjacent knitting needles
of the knitting needle cylinder from outside to
inside in the radial direction of the knitting needle
cylinder by a transferring-sinker advancing/re-
treating mechanism (10), and

the transferring sinkers and the transferring-
sinker advancing/retreating mechanism are
caused to insert the tip ends of the transferring
needles into the inner loops by a transferring-
sinker vertically-moving mechanism (71), so as
to transfer the knitted fabric from the knitting
needles to the transferring needles.

The knitted-fabric seaming method for a circular knit-
ting machine as defined in any one of claims 2 to 7,
wherein before the inner loops are transferred to the
transferring needles, each of the transferring mem-
bers is inserted into the space between the adjacent
knitting needles above the knitted fabric and moved
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downward, so as to hold the final loops by a lower
surface of the distal end portion of each of the trans-
ferring members, in order to align heights of the final
loops before being transferred.

The knitted-fabric seaming method for a circular knit-
ting machine as defined in any one of claims 4, 5, or
6 to 8 according to claim 4 or 5, wherein after the
inner loops are transferred to the transferring nee-
dles, the knitted fabric is moved to the sewing ma-
chine unit so as to seam the inner loops, and the
fixed half dial is rotated in a circumferential direction
thereof in conjunction with vertical movement of a
sewing needle (107) of the sewing machine unit.

The knitted-fabric seaming method for a circular knit-
ting machine as defined in claim 9, wherein each of
the transferring needles of the fixed half dial has a
sewing needle guide groove (34b) extending in the
axial direction, so as to guide the sewing needle by
the sewing needle guide groove in the vertical move-
ment of the sewing needle.

The knitted-fabric seaming method for a circular knit-
ting machine as defined in claim 10, wherein the sew-
ing machine unit is selectively set to a first seaming
position where the sewing needle is inserted into the
sewing needle guide groove or a second seaming
position where the sewing needle is located inside
with respect to the first seaming position in the cir-
cumferential direction of the knitted fabric, and link-
ing or first sewing by the sewing machine unit at the
first seaming position, or second sewing at the sec-
ond seaming position is performed.

The knitted-fabric seaming method for a circular knit-
ting machine as defined in claim 11, wherein the knit-
ted fabric is held between a half ring (60) disposed
inside the fixed half dial and a lower knitted-fabric
holding member (115) disposed so as to face the
half ring, and then the inner loops are removed from
the transferring needles, and the first sewing and the
second sewing are performed.

A circular knitting machine system (10) for transfer-
ring one end of a knitted fabric (27) knitted by a cir-
cular knitting machine (11) from knitting needles (21)
of a knitting needle cylinder (19) of the circular knit-
ting machine to transferring needles (34) in a state
that the number of the knitting needles is the same
as the number of the transferring needles, and there-
after closing the one end of the knitted fabric by a
sewing machine unit (100), the circular knitting ma-
chine system comprising:

a transferring needle unit (40) for holding the
transferring needles into each of which an inner
loop (26a) located inside a final loop (26) of the

10

15

20

25

30

35

40

45

50

55

20

EP 3 187 633 A1

14.

15.

16.

38

knitted fabric caught on the knitting needle is
inserted, the transferring needle unit moving up-
ward and downward along a center line of the
knitting needle cylinder so as to come into a re-
treated state in which the transferring needles
are retreated from the knitting needles and a
close state in which the transferring needles
come close to the knitting needles;

a transferring member (49) for transferring the
knitted fabric from the knitting needles to the
transferring needles when the transferring nee-
dle unit is in the close state;

a loop joining mechanism (52, 53, 60, 68, 69)
for dividing the inner loops in half into a first loop
group and a second loop group in a circumfer-
ential direction of the knitted fabric, and joining
loops facing each other at the time of closing the
first loop group and the second loop group; and
a sewing machine unit (100) for seaming the
loops joined by the loop joining mechanism.

The circular knitting machine system as defined in
claim 13, wherein each of the transferring members
isinserted into a space between the adjacentknitting
needles of the knitting needle cylinder from outside
to inside in a radial direction of the knitting needle
cylinder so as to guide the knitting needle by a distal
end portion (49b) thereof when the transferring nee-
dle unit is in the close state.

The circular knitting machine system as defined in
claim 13 or 14, wherein each of the transferring nee-
dles has a tip-end protrusion (34e), which leans to-
ward a direction away from the corresponding knit-
ting needle, in a state that the transferring needles
are held by the transferring needle unit.

The circular knitting machine system as defined in
any one of claims 13 to 15, wherein

the knitting needles and the transferring needles
are arranged at a constant pitch in the circum-
ferential direction so as to constitute a knitting
needle group and a transferring needle group,

the transferring needle unit includes a fixed half
dial (43) for holding a first transferring needle
group to which the first loop group is transferred
and a movable half dial (44) for holding a second
transferring needle group to which the second
loop group is transferred,

the movable half dial is attached to the fixed half
dial through hinge portions (46) so as to be freely
inverted with respect to the fixed half dial, and
the movable half dial is selectively set to an
opened state in which the fixed half dial and the
movable half dial lie in the same plane, or a
closed state in which a tip end of the second
transferring needle group comes close to or is
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brought into contact with a tip end of the first
transferring needle group such that the transfer-
ring needles of the first transferring needle group
are continuous with the transferring needles of
the second transferring needle group.

The circular knitting machine system as defined in
claim 16, wherein the first transferring needle group
and the second transferring needle group are posi-
tioned such that the tip end of each of the transferring
needles of the first transferring needle group and the
tip end of each of the transferring needles of the sec-
ond transferring needle group are deviated from
each other in a radial direction of each of the fixed
half dial and the movable half dial in the closed state,
and the tip end of each of the transferring needles
of one of the first transferring needle group and the
second transferring needle group has a housing
groove (34a) for housing the tip end of each of the
transferring needles of the other of them, such that
the tip end of each of the transferring needles of the
one of the first transferring needle group and the sec-
ond transferring needle group is housed in the hous-
ing groove of the tip end of each of the transferring
needles of the other of them in the closed state, and
the first transferring needle group is continuous with
the second transferring needle group in an axial di-
rection of the transferring needles.

The circular knitting machine system as defined in
claim 17, wherein

each of the transferring members is a transfer-
ring sinker which includes a transferring sinker
main body (49a) having the shape of a belt plate
and the distal end portion having a tapered por-
tion (49d) so as to be formed to have an acute
angle, and

the distal end portion is thinner than the trans-
ferring sinker main body, and the thickness of
the transferring sinker main body is the same as
the space between the adjacent knitting nee-
dles.

The circular knitting machine system as defined in
claim 18, further comprising:

a transferring-sinker  advancing/retreating
mechanism for inserting each of the transferring
sinkers into the space between the adjacentknit-
ting needles of the knitting needle cylinder from
outside to inside in the radial direction of the knit-
ting needle cylinder; and

a transferring-sinker vertically-moving mecha-
nism (71) for causing the transferring sinkers
and the transferring-sinker advancing/retreating
mechanism to move in the axial direction of the
knitting needle and to insert the tip ends of the
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transferring needles into the inner loops, so as
to transfer the knitted fabric from the knitting
needles to the transferring needles.

The circular knitting machine system as defined in
claim 18 or 19, wherein before the inner loops are
transferred to the transferring needles, each of the
transferring sinkers is inserted into the space be-
tween the adjacent knitting needles above the knitted
fabric and moved downward, so as to hold the final
loops by a lower surface of the distal end portion of
each of the transferring sinkers, in order to align
heights of the final loops before being transferred.

The circular knitting machine system as defined in
any one of claims 16, 17, or 18 to 20 according to
claim 16 or 17, further comprising:

a knitted-fabric transferring apparatus (13) for
transferring the knitted fabric to the sewing ma-
chine unit so as to seam the inner loops after
theinnerloops are transferred to the transferring
needles; and

a rotation mechanism (106) for rotating the fixed
half dial in a circumferential direction thereof in
conjunction with vertical movement of a sewing
needle (107) of the sewing machine unit.

The circular knitting machine system as defined in
claim 21, wherein each of the transferring needles
of the fixed half dial has a sewing needle guide
groove (34b) extending in the axial direction, so as
to guide the sewing needle by the sewing needle
guide groove in the vertical movement of the sewing
needle.

The circular knitting machine system as defined in
claim 22, wherein the sewing machine unit is selec-
tively set to a first seaming position where the sewing
needle is inserted into the sewing needle guide
groove or a second seaming position where the sew-
ing needle is located inside with respect to the first
seaming position in the circumferential direction of
the knitted fabric, and linking or first sewing by the
sewing machine unit at the first seaming position, or
second sewing at the second seaming position is
performed.

The circular knitting machine system as defined in
claim 23, wherein the knitted fabric is held between
a halfring (60) disposed inside the fixed half dial and
a lower knitted-fabric holding member (115) dis-
posed so as to face the half ring, and then the inner
loops are removed from the transferring needles,
and the first sewing and the second sewing are per-
formed.
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