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(54) DEVICE AND METHOD FOR KNITTING SPACER FABRIC

(57) [PROBLEMS] To provide an apparatus and a
method for obtaining a spacer fabric of a simple structure
that can ensure stabilized tuck knotting by reducing the
burden on the needle.

[MEANS FOR SOLVING PROBLEMS] The knitting
method of spacer fabric comprises a step in which a cyl-
inder needle (5) is used to knit a cylinder knitted fabric
(17), a step in which a dial needle (13) is used to knit a

dial knitted fabric (16), and a step in which a knotting yarn
is used to join the cylinder knitted fabric and the dial knit-
ted fabric. The knotting yarn, which is supplied to either
the cylinder needle (5) or the dial needle (13), is caught
by a hook portion (73) of a hooked knitting tool (7), which
pulls the knotting yarn onto a stem at a position deviated
from the tip of the open latch of the other needle, thus
securing a knotting yarn length necessary for knotting
the dial knitted fabric and the cylinder knitted fabric.
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Description

Technical Field

[0001] The present invention relates to an apparatus
and a method for knitting a spacer fabric using a circular
knitting machine. The present invention further relates to
a hooked knitting tool used in this method and a spacer
fabric obtained by the same method.

Background Art

[0002] A spacer fabric is a fabric made by joining a
cylinder knitted fabric knitted by cylinder needles and a
dial knitted fabric knitted by dial needles using a knotting
yarn, and is also called a "corrugated knit."
[0003] Because spacer fabrics provide excellent cush-
ion and keep and absorb moisture well, they are increas-
ingly used in industrial materials such as vehicle seats,
bedding materials such as mattress ticking for beds and
chair upholstery as well as in special purpose clothes
such as underwear and nursing wear. Under such cir-
cumstances, thick spacer fabrics are sought after espe-
cially for use in industrial materials.
[0004] The thickness of a spacer fabric is determined
by the distance between the needle cylinder and the nee-
dle dial. Traditionally, spacer fabrics manufactured on a
circular knitting machine are manufactured on a double
knit raceway machine, in which a knotting yarn is inserted
into both the cylinder needle and the dial needle for tuck
connection. At this time, the cylinder needle needs to
take in the knotting yarn on the dial needle, but because
the cylinder needle can be raised only up to the tuck
position, the distance between the needle cylinder and
the needle dial necessarily has to be short.
[0005] In order to manufacture a thick spacer fabric in
the traditional way, it is necessary to use long needles.
But because of the limitation of their strength, the needles
cannot be longer than a certain length. Using long nee-
dles also requires the use of longer cams, which lowers
the productivity.
[0006] In order to solve these problems, Patent Doc-
ument 1 cited below proposes a spacer fabric that can
be tuck connected without being affected by the needle
length or needle stroke.
[0007] According to this previously filed application, a
pile yarn transfer apparatus is installed between two nee-
dle beds of a circular knitting machine. This transfer ap-
paratus has two groups of feeding elements, which can
individually move from an idle position to a tuck position.
The feeding elements of one group move towards the
needle hook of the first needle bed, and the feeding el-
ements of the other group move towards the needle hook
of the other needle bed, thus making a spacer fabric on
the circular knitting machine. This invention claims that
even when a latch needle having a standard needle
stroke of less than 14 mm is used, a spacer fabric with
a thickness of over 14 mm can be obtained.

Patent Document 1: Japanese Patent Laid-Open
No. 2007-169871

Disclosure of the Invention

Problems to be Solved by the Invention

[0008] The previously filed application of Patent Doc-
ument 1 has drawbacks in that it is mechanically compli-
cated, and stable yarn feeding is difficult because the
knotting yarn is supplied from an angled position.
[0009] The object of the present invention is to provide
an apparatus and a method for obtaining a spacer fabric
that feature a simpler structure, less burden on the nee-
dles, and the stable tuck knotting capability.

Means for Solving the Problems

[0010] The apparatus for knitting a spacer fabric of the
present invention comprises a cylinder-knitted-fabric-
forming means equipped with a needle cylinder, a verti-
cally slidable cylinder needle housed in a groove of said
needle cylinder and a cylinder-needle-controlling cam for
controlling said cylinder needle, a dial-knitted-fabric-
forming means equipped with a dial, a horizontally slid-
able dial needle housed in a groove of said dial and a
dial-needle-controlling cam for controlling said dial nee-
dle, and a means for controlling a knotting yarn that knots
a cylinder knitted fabric formed by said cylinder-knitted-
fabric-forming means and a dial knitted fabric formed by
said dial-knitted-fabric-forming means, in which the
means for controlling the knotting yarn that knots said
cylinder knitted fabric and said dial knitted fabric is a
hooked knitting tool arranged between either two cylinder
needles or two dial needles and equipped with a hook
portion that is swingable towards the center of the knitting
machine or away from the center of the knitting machine,
and said hook portion can either ascend lengthwise high-
er than the stem of the other needle i.e. dial needle if the
hooked knitting tool is arranged between two cylinder
needles or move forward lengthwise inner than the stem
of the other needle i.e. cylinder needle if the hooked knit-
ting tool is arranged between two dial needles.
[0011] The method for knitting a spacer fabric of the
present invention comprises a step for knitting a cylinder
knitted fabric using a cylinder needle, a step for knitting
a dial knitted fabric using a dial needle and a step for
joining the cylinder knitted fabric and the dial knitted fabric
using a knotting yarn, in which the knotting yarn, which
is supplied to either the cylinder needle or the dial needle,
is caught by a hook portion of a hooked knitting tool,
which pulls the knotting yarn onto a stem at a position
deviated from the tip of the open latch of the other needle,
thus securing a knotting yarn length necessary for knot-
ting the dial knitted fabric and the cylinder knitted fabric.
[0012] The hooked knitting tool used in the present in-
vention has a plate-like overall shape comprising a neck
and a trunk, and the tip of said neck is provided with an
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L-shaped hook facing towards the center of the knitting
machine, while on the trunk, swinging butts facing away
from the center of the knitting machine and a vertically
moving butt are formed.

Effects of the Invention

[0013] In the apparatus of the present invention, a
hooked knitting tool is arranged between either two cyl-
inder needles or two dial needles. The hook portion at
the tip of this hooked knitting tool swings towards the
center of the knitting machine so that the hook portion
holds the knitted fabric formed by the cylinder needles,
and swings away from the center of the knitting machine
so that the hook portion disengages the knitted fabric that
is held by the hook portion. The hook portion at the tip of
the hooked knitting tool rises lengthwise higher than the
stem of the dial needle. The hooked knitting tool swings
so that the hook portion catches the knotting yarn even
at the risen position. The needle dial can be raised until
the gap between the needle cylinder and the needle dial
becomes wide enough to accommodate the thickness of
the spacer fabric.
[0014] That is, in the present invention, by providing
said hooked knitting tool, it becomes possible to take in
the knotting yarn positioned on a dial needle that is set
at a high position even when the risen position of the
cylinder needle is in a tuck position, because the hooked
knitting tool, which can swing back and forth, can rise
high.
[0015] As a result, according to the present invention,
it is possible to obtain a tuck-knotted thick spacer fabric
without being affected by the needle length or stroke.

Best Mode for Carrying Out the Invention

[0016] In the apparatus of the present invention, the
hooked knitting tool is established inside a groove pro-
vided on the needle cylinder or the needle dial. The cyl-
inder needle or the dial needle and the groove for the
hooked knitting tool can be arranged as described below.
[0017] (1) The grooves that house the hooked knitting
tools are arranged adjacent to each other and interposed
by insert pieces on the needle cylinder, and the cylinder
needles are arranged on the outer surfaces of said insert
pieces with hooked knitting tools arranged adjacent to
them on their either side.
[0018] (2) The grooves that house the hooked knitting
tools are arranged adjacent to each other and interposed
by insert pieces on the needle dial, and the dial needles
are arranged on the upper surfaces of said insert pieces
with hooked knitting tools arranged adjacent to them on
their either side.
[0019] (3) A large number of grooves that house the
cylinder needles are established on the needle cylinder
interposed by insert pieces, and in each groove, the cyl-
inder needle is arranged together with the hooked knitting
tools on its either side.

[0020] (4) A large number of grooves that house the
dial needles are established on the needle dial interposed
by insert pieces, and in each groove, the dial needle is
arranged together with the hooked knitting tools on its
either side.
[0021] (5) The needle cylinder grooves that house the
hooked knitting tools and the needle cylinder grooves
that house the cylinder needles are arranged alternately,
and on either side of the hooked knitting tool and the
cylinder needle, insert pieces that are long in the radial
direction of the needle cylinder are positioned.
[0022] (6) The needle dial grooves that house the
hooked knitting tools and the needle dial grooves that
house the dial needles are arranged alternately, and on
either side of the hooked knitting tool and the dial needle,
insert pieces that are long in the vertical direction of the
needle dial are positioned.
[0023] (7) The needle cylinder grooves that house the
hooked knitting tools are divided in halves by the inter-
posing insert pieces that are short in the radial direction
of the needle cylinder. The cylinder needles are arranged
on the outer surfaces of the insert pieces with the hooked
knitting tools arranged adjacent to them on their either
side.
[0024] (8) The needle dial grooves that house the
hooked knitting tools are divided in halves by the inter-
posing insert pieces that are short in the vertical direction
of the needle dial. The dial needles are arranged on the
outer surfaces of the insert pieces with the hooked knit-
ting tools arranged adjacent to them on their either side.
[0025] In the apparatus of the present invention, it is
preferable to establish a ring-shaped part in the upper
portion of the inner surface of the needle cylinder so as
to prevent a loop from falling into the gap between the
hooked knitting tool and the groove of the hooked knitting
tool.
[0026] In the method of the present invention, the knot-
ting yarn can be fed to either the cylinder needle or the
dial needle in two ways: by being fed onto a stem that is
deviated from the tip of the open latch, and by being fed
into the knit section of the needle. According to the former
method, the cylinder knitted fabric and the dial knitted
fabric are joined with knotting yarn that joins both knitted
fabrics in tuck knotting; according to the latter method,
the cylinder knitted fabric and the dial knitted fabric are
joined with knotting yarn that joins one fabric in tuck knot-
ting and the other fabric in double loops of a plain jersey
loop and knotting yarn.
[0027] In the method of the present invention, one
more step can be added as follows. As the cylinder nee-
dle and the dial needle, two kinds of needles can be used:
a high butt needle (H needle) and a low butt needle (L
needle). Using a plurality of color yarns, either the cylin-
der needles or the dial needles are knit-welted according
to the pattern, and the other needles are all welted, to
jacquard-knit either the cylinder knitted fabric or the dial
knitted fabric. This results in a spacer fabric in which ei-
ther the cylinder knitted fabric or the dial knitted fabric is
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jacquard-knitted.
[0028] Examples of the present invention will now be
described by reference to the accompanying drawings.

Brief Description of the Drawings

[0029]

FIG. 1 is a cross sectional view illustrating the es-
sential parts of the knitting head of a double knit cir-
cular knitting machine, that is, a spacer-fabric-man-
ufacturing apparatus of the present invention.
FIG. 2 is an enlarged perspective view of the essen-
tial parts of the knitting head.
FIG. 3 is an enlarged cross sectional view of the es-
sential parts of the knitting head in a condition illus-
trated in FIG. 6 (a).
FIG. 4 (a-1) illustrates the shapes of lines along
which the tips of cylinder needle 5, dial needle 13
and hooked knitting tool 7 of example 1 move.
FIG. 4 (a-2) illustrates knit textures produced by ex-
ample 1.
FIG. 4 (b-1) illustrates the shapes of lines along
which the tips of cylinder needle 5, dial needle 13
and hooked knitting tool 7 of example 2 move.
FIG. 4 (b-2) illustrates knit textures produced by ex-
ample 2.
FIG. 4 (c-1) illustrates the shapes of lines along which
the tips of cylinder needle 5, dial needle 13 and
hooked knitting tool 7 of example 3 move.
FIG. 4 (c-2) illustrates knit textures produced by ex-
ample 3.
FIG. 4 (d-1) illustrates the shapes of lines along
which the tips of cylinder needle 5, dial needle 13
and hooked knitting tool 7 of example 4 move.
FIG. 4 (d-2) illustrates knit textures produced by ex-
ample 4.
FIG. 5(a) A to M are side views illustrating the rela-
tionships between cylinder needle 5, dial needle 13
and hooked knitting tool 7 at coded positions in FIG.
2 according to example 1.
FIG. 5 (b) illustrates changes (F’-I’) from example 1
according to example 2.
FIG. 6 (a) is a front view illustrating a condition in
which cylinder needles and hooked knitting tools are
arranged.
FIG. 6 (b) is a front view illustrating another condition
in which cylinder needles and hooked knitting tools
are arranged.
FIG. 6 (c) is a plan view of FIG. 6 (a).
FIG. 6 (d) is a plan view of FIG. 6 (b).
FIG. 7 is an enlarged cross sectional view of the es-
sential parts of the knitting head in a condition illus-
trated in FIG. 6 (b).
FIG. 8 (a) is a plan view illustrating a third condition
in which cylinder needles and hooked knitting tools
are arranged.
FIG. 8 (b) is a front view illustrating a third condition

in which cylinder needles and hooked knitting tools
are arranged.
FIG. 9 (a) is a plan view illustrating a fourth condition
in which cylinder needles and hooked knitting tools
are arranged.
FIG. 9 (b) is a front view illustrating a fourth condition
in which cylinder needles and hooked knitting tools
are arranged.

Example 1

[0030] FIG. 1 is a cross sectional view illustrating the
essential parts of the knitting head of a double knit circular
knitting machine, that is, a spacer-fabric-manufacturing
apparatus. Knitting head 2 is installed on bed 1, which is
supported by a plurality of legs (not illustrated).
[0031] Above needle groove 41, which is formed on
the periphery of needle cylinder 3, a vertically slidable
cylinder needle 5 is housed. As illustrated in FIG. 3, cyl-
inder needle 5 is a flat plate having a head 51 at its tip
and a narrow stem 53 equipped with a butt 52 at its rear.
Head 51 is equipped with a hook 54 and a latch 55 that
opens and closes. Facing the needle cylinder 3, a cylinder
cam holder 6 that controls cylinder needle 5 is arranged.
Cylinder needle 5 is moved up and down by a control
cam 61 that is housed in cylinder cam holder 6 (See FIGs.
1 and 2). Preferably, in the upper portion of the internal
surface of needle cylinder 3, a ring-shaped part 31 is
arranged so as to prevent a loop from falling into the gap
between a hooked knitting tool 7 and a groove of the
hooked knitting tool.
[0032] As illustrated in FIG. 2, in the needle groove 41
of the cylinder, between two adjacent cylinder needles
5, one hooked knitting tool 7 is arranged. This hooked
knitting tool 7 is, as illustrated in FIG. 3, shaped like a flat
plate overall and has a long and narrow neck 71 and a
long and wide trunk 72. At the tip of neck 71, an L-shaped
hook 73 facing towards the center of the knitting machine
is established. At the front and rear ends of trunk 72, a
swinging butt 74 and a vertical motion butt 75 are formed
respectively facing away from the center of the knitting
machine.
[0033] The cam holder 6 is arranged opposite the trunk
72 of the hooked knitting tool 7. A pressing cam 81
housed in the cam holder 6 and the swinging butt 74 of
the hooked knitting tool 7 engage each other and swing
the hooked knitting tool 7. A control cam 91 housed in
the cam holder 6 and the vertical motion butt 75 of the
hooked knitting tool 7 engage each other and swing the
hooked knitting tool 7 up and down (See FIGs. 2 and 3).
[0034] To carry out the present invention, a number of
structures can be conceived. In a first structure, as illus-
trated in FIG. 6 (a) and FIG. 6 (c), the needle cylinder
groove 42 that houses the hooked knitting tool 7 has in-
sert pieces 44b that are short in the radial direction of the
cylinder arranged on its either side. FIG. 3 illustrates a
cross sectional view of FIG. 6 (a). The groove 42 of needle
cylinder 3 needs to be formed deeper than the groove

5 6 



EP 2 218 808 A1

5

5

10

15

20

25

30

35

40

45

50

55

41 for the cylinder needle so as to allow the hooked knit-
ting tool 7 to swing. The bottom of the groove of cylinder
needle 5 is the outer surface of the insert piece 44b.
[0035] In a second structure, as illustrated in FIG. 6 (b)
and FIG. 6 (d), no special needle cylinder groove 42 is
provided in order to house the hooked knitting tool 7. In
this case, a large number of cylinder needle grooves 41
are provided on the needle cylinder interposed by insert
pieces 44a that are long in the radial direction of the nee-
dle cylinder, and a cylinder needle 5 is provided in each
groove 41 together with hooked knitting tools 7 on its
either side. FIG. 7 illustrates a cross sectional view of
FIG. 6 (b). The depthwise sizes of the cylinder needle 5
and the hooked knitting tool 7 are decided so that they
are the same as the depth of needle cylinder grooves 41
that house cylinder needles 5 and hooked knitting tools 7.
[0036] In a third structure, as illustrated in FIG. 8 (a)
and FIG. 8 (b), needle cylinder grooves 42 that house
hooked knitting tools 7 and needle cylinder grooves 41
that house cylinder needles 5 are arranged alternately,
and on either side of these grooves insert pieces 44a that
are long in the radial direction of the needle cylinder are
positioned. The depthwise sizes of the cylinder needle 5
and the hooked knitting tool 7 are decided so that the
depths of needle cylinder grooves 41 that house cylinder
needles 5 and hooked knitting tools 7 and the depths of
grooves 42 that house hooked knitting tools 7 are the
same.
[0037] In a fourth structure, as illustrated in FIG. 9 (a)
and FIG. 9 (b), needle cylinder grooves 42 that house
hooked knitting tools 7 are divided into two by insert piec-
es 44a and 44b. The bottom of the groove of cylinder
needle 5 is the outer surface of the insert piece 44b that
is short in the radial direction of the needle cylinder. On
either side of the cylinder needle 5 is an insert piece 44a
that is long in the radial direction of the needle cylinder.
The groove 42 of needle cylinder 3 needs to be formed
deeper than the groove 41 for the cylinder needle so as
to allow the hooked knitting tool 7 to swing.
[0038] Referring back to FIG. 1, the double knit circular
knitting machine of the present invention further has a
needle dial 10 and a dial cam holder 11. In a needle
groove 12 formed on the upper surface of needle dial 10,
a dial needle 13 is housed in such a way that it is hori-
zontally slidable (See FIG. 2). As illustrated in FIG. 3, dial
needle 13 is a flat plate having a head 131 at its tip and
a narrow stem 133 equipped with a butt 132 (See FIG.
1) at its rear. Head 131 is equipped with a hook 134 and
a latch 135 that opens and closes. Cam 111 housed in
dial cam holder 11 acts on dial needle 13 to move it back
and forth horizontally. On the dial cam holder 11, a yarn
carrier 14 (FIG. 1) is installed, feeding knitting yarn to
knitting needles.
[0039] Below the needle cylinder 3 is an integrally
mounted driving gear 15, which is driven by a power unit
installed on the knitting machine and rotates at the same
speed as the needle cylinder 3.
[0040] Example 1, in which the cylinder knitted fabric

and the dial knitted fabric are tuck-knotted on both sides
with knotting yarn, will now be explained.
[0041] FIG. 4 (a-2) illustrates textures of a fabric knitted
by example 1, At the first feeder, the cylinder knitted fabric
and the dial knitted fabric are tuck-knotted using low-butt
needles (L needles) of the cylinder needle and the dial
needle; at the second feeder, the cylinder knitted fabric
and the dial knitted fabric are tuck-knotted using high-
butt needles (H needles) of the cylinder needle and the
dial needle. FIG. 4 (a-1) illustrates the shapes of lines
along which the tips of cylinder needle 5, dial needle 13
and hooked knitting needle 7 for knitting the fabrics move.
[0042] The movement of each part will now be ex-
plained referring to drawings A to M of FIG. 5 (a). A to M
of FIG. 5 (a). A to M are side views illustrating the rela-
tionships between cylinder needle 5, dial needle 13 and
hooked knitting tool 7 at coded positions in FIG. 2, and
these views correspond to descriptions A to M in the fol-
lowing paragraphs. In the paragraphs where no expla-
nation is given with regard to the movement of the cor-
responding part, that part maintains the position de-
scribed in the previous paragraph.
[0043] A. Cylinder needle 5 maintains a welt position
where its tip more or less coincides with the top of needle
cylinder 3. Hooked knitting tool 7 swings away from the
center of the knitting machine so that the hook portion
73 of the hooked knitting tool 7 comes at a position where
it does not engage knitted fabric 17 formed by cylinder
5. Dial needle 13 maintains a welt position where its tip
more or less coincides with the outside of needle dial 10.
[0044] B. Hook portion 73 of hooked knitting tool 7
swings towards the center of the knitting machine so that
the old loop of a rising cylinder needle 5 does not rise
together with the cylinder needle 5 that rises and that the
hook portion 73 holds knitted fabric 17 (old loop) formed
by cylinder needle 5. Dial needle 13 maintains a welt
position where its tip more or less coincides with the out-
side of needle dial 10.
[0045] C. Cylinder needle 5 rises to a knit position
where the old loop is cleared from latch 55.
[0046] D. Hooked knitting tool 7 rises to the height
where its tip more or less coincides with dial needle 13.
Dial needle 13 begins to move forward.
[0047] E. Hooked knitting tool 7 rises to a position
where hook portion 73 at its tip is higher than the stem
of dial needle 13. Dial needle 13 continues to move for-
ward.
[0048] F. The tip of hooked knitting tool 7 swings away
from the center of the knitting machine. Dial needle 13
moves forward to a knit position where the old loop is
cleared from latch 135.
[0049] G. When the tip of hooked knitting tool 7 swings
towards the center of the knitting machine, hook portion
73 of the hooked knitting tool catches the knotting yarn
18 that is fed in such a way that it sits astride the stem
part 133 of dial needle 13.
[0050] H. In the condition that knotting yarn 18 is
caught by hook portion 73, hooked knitting tool 7 de-
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scends until its tip more or less coincides with the top of
needle cylinder 3. Knotting yarn 18 that is necessary for
joining dial knitted fabric 16 and cylinder knitted fabric 17
that make up a spacer fabric is secured here (See FIG.
1). Knotting yarn 18 that is supplied to cylinder needle 5
is supplied onto the stem, which is deviated from the tip
of the open latch 55 of the cylinder needle 5, in a tuck
position. Knotting yarn 18 that is supplied to the dial nee-
dle 13 is supplied to the stem, which is deviated from the
tip of the open latch 135 of the dial needle 13, in a tuck
position.
[0051] I. Yarn for the dial knitted fabric is supplied to
hook 134 of dial needle 13 that has descended, and latch
135 of dial needle 13 is closed by the knotting yarn sup-
plied in H and a dial old loop that is not illustrated. The
knotting yarn and the old loop knock over at the stitch
part of the dial needle 13 between this step and J. After
this, dial needle 13 moves forward until its tip more or
less coincides with the outside of needle dial 10. Cylinder
needle 5 begins to descend.
[0052] J. Yarn for cylinder knitted fabric is supplied to
hook 54 of cylinder needle 5 that has descended, and
latch 55 of cylinder needle 5 is closed by the knotting
yarn supplied in H and a cylinder old loop that is not il-
lustrated. Before the old loop knocks over from cylinder
needle 5, hooked knitting tool 7 ascends so as to relax
the tension of knotting yarn 18.
[0053] K. Hooked knitting tool 7 swings away from the
center of the knitting machine so that hook portion 73
does not prevent the formation of cylinder knitted fabric
17.
[0054] L. Hooked knitting tool 7 descends until its tip
is at a position slightly lower than needle cylinder 3. After
that, hooked knitting tool 7 of hooked knitting tool 7
swings towards the center of the knitting machine so that
the hook portion 73 is positioned below cylinder knitted
fabric 17 formed by cylinder needle 5.
[0055] M. Hooked knitting tool 7 ascends to virtually
the same height as needle cylinder 3 at the stitch part of
cylinder needle 5, and knotting yarn 18 and the old loop
knock over.

Example 2

[0056] Example 2 will now be explained. In this exam-
ple, the cylinder knitted fabric and the dial knitted fabric
are joined with knotting yarn that joins the cylinder knitted
fabric in tuck knotting and the dial knitted fabric in double
loops of a plain jersey loop and knotting yarn
[0057] FIG. 4 (b-2) illustrates knit structures knitted by
example 2. At the first feeder, the cylinder knitted fabric
and the dial knitted fabric are knotted using low-butt nee-
dles (L needles) of the cylinder needle and the dial nee-
dle; at the second feeder, the cylinder knitted fabric and
the dial knitted fabric are knotted using high-butt needles
(H needles) of the cylinder needle and the dial needle.
FIG. 4 (b-1) illustrates the shapes of lines along which
the tips of the cylinder needle 5, dial needle 13 and

hooked knitting tool 7 for knitting the fabrics move. The
movement of each part will now be explained by refer-
ence to F’-I’ of FIG. 5 (b). The movements illustrated by
A-E and J-M of FIG. 5 (a). A to M are the same as those
in example 1, therefore the explanation of these will be
omitted.
[0058] F’. The tip of hooked knitting tool 7 swings away
from the center of the knitting machine. Dial needle 13
descends to the tuck position after the old loop advances
to the knit position where it clears from latch 135.
[0059] G’. When the tip of hooked knitting tool 7 swings
towards the center of the knitting machine, hook portion
73 of the hooked knitting tool catches the knotting yarn
18 that is fed to the knit section of the dial needle 13.
[0060] H’. In the condition that the knotting yarn 18 is
caught by hook portion 73, hooked knitting tool 7 de-
scends until its tip more or less coincides with the top of
needle cylinder 3. Knotting yarn 18 that is necessary for
joining dial knitted fabric 16 and cylinder knitted fabric 17
that make up a spacer fabric is secured here. Knotting
yarn 18 that is supplied to the cylinder needle 5 is supplied
to the stem, which is deviated from the tip of the open
latch 55 of the cylinder needle 5, in a tuck position. Knot-
ting yarn 18 that is supplied to the hook 134 of the dial
needle 13 that descended is supplied in a knit position
together with the yarn for dial knitted fabric. Latch 135 of
the dial needle 13 is closed by the dial old loop.
[0061] I’. The knotting yarn and the old loop knock over
at the stitch part of dial needle 13. After that, the dial
needle 13 moves forward until its tip more or less coin-
cides with the outside of needle dial 10. Cylinder 5 begins
to descend.

Example 3

[0062] A third example will now be described. In this
example, a cylinder knitted fabric of example 1 is de-
formed into a jacquard fabric. In this example, two kinds
of cylinder needles and dial needles are used: high-butt
needles (H needles) and low-butt needles (L needles).
[0063] FIG. 4 (c-1) illustrates the shapes of lines along
which the tips of the cylinder needle 5, dial needle 13 and
hooked knitting tool 7 for knitting the fabric move.
[0064] At the first feeder, as in example 1, a cylinder
jacquard fabric and a dial knitted fabric are knotted with
knotting yarn using the L needles of the cylinder and dial
in a tuck position. The L needles of the dial form a dial
knitted fabric in a knit position.
[0065] At the second feeder, first color yarn is used.
The cylinder needles are knit-welted according to the pat-
tern, and the dial needles are all welted.
[0066] At the third feeder, second color yarn is used.
The cylinder needles are knit-welted according to the pat-
tern, and the dial needles are all welted.
[0067] At the fourth feeder, as at the first feeder, a cyl-
inder knitted fabric and a dial knitted fabric are knotted
with knotting yarn using the H needles of the cylinder and
dial in a tuck position. The H needles of the dial form a
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dial knitted fabric in a knit position.
[0068] The workings of the fifth feeder and the six feed-
er are the same as those of the second feeder and the
third feeder.
[0069] FIG. 4 (c-2) illustrates knit structures knitted by
example 3.

Example 4

[0070] A fourth example will now be described. In this
example, a cylinder knitted fabric of example 3 is de-
formed into a jacquard fabric. In this example again, two
kinds of cylinder needles and dial needles are used: high-
butt needles (H needles) and low-butt needles (L nee-
dles).
[0071] FIG. 4 (d-1) illustrates the shapes of lines along
which the tips of the cylinder needle 5, dial needle 13 and
hooked knitting tool 7 for knitting the fabric move.
[0072] The first feeder to the third feeder and the fifth
feeder to the seventh feeder of example 4 are the same
as the first feeder to the third feeder and the fourth feeder
to the sixth feeder of example 3. The fourth feeder and
the eighth feeder are newly added in this example.
[0073] At the fourth feeder, a dial knitted fabric is
formed in a knit position using L needles of the dial. At
the eighth feeder, a dial knitted fabric is formed in a knit
position using H needles of the dial.
[0074] FIG. 4 (d-2) illustrates the structures of the fab-
rics knitted by example 4.
[0075] Compared with example 3, in example 4, the
cylinder side and the dial side have the same number of
stitches, resulting in a fabric with an excellent front and
back balance.
[0076] Using the above described knitting steps, it is
possible to obtain a thick, tuck-knotted spacer fabric that
is not influenced by latch lengths. Moreover, compared
with the previously filed application in Patent Document
1, the present invention has excellent effects as de-
scribed below.
[0077] (1) In the present invention, in contrast to the
previously filed application in Patent Document 1, a guide
plate for guiding knotting yarn is not needed at the knitting
head. Namely, the reason a guide plate is necessary in
the previously filed application is to suppress the tuck-
knotting yarn from the back of the cylinder needle in order
to clear the tuck-knotting yarn from the cylinder needle,
but in the present invention, a loop is already formed at
this point in time (See "I" above).
[0078] (2) In the previously filed application in Patent
Document 1, a dial knitted fabric and a cylinder knitted
fabric are knitted separately and then joined together us-
ing knotting yarn, but in the present invention, knitting of
a dial knitted fabric and a cylinder knitted fabric and join-
ing them using knotting yarn can be proceeded more or
less simultaneously, therefore the number of yarn feed-
ers can be increased.
[0079] Although not illustrated, by establishing hooked
knitting tools on the needle dial side instead of the needle

cylinder side, a similar spacer fabric can be obtained. In
that case, "needle cylinder" and ""needle dial" in the
above examples need to be read as "needle
dial" and "needle cylinder" respectively.

Claims

1. An apparatus for knitting a spacer fabric comprising:

a cylinder-knitted-fabric-forming means
equipped with a needle cylinder (3), a vertically
slidable cylinder needle (5) housed in a groove
(41) of said needle cylinder (3) and a cylinder-
needle-controlling cam (61) for controlling said
cylinder needle (5);
a dial-knitted-fabric-forming means equipped
with a needle dial (10), a horizontally slidable
dial needle (13) housed in a groove (12) of said
needle dial (10) and a dial-needle-controlling
cam (111) for controlling said dial needle (13);
and
a means for controlling a knotting yarn (18) that
knots a cylinder knitted fabric (17) formed by
said cylinder-knitted-fabric-forming means and
a dial knitted fabric (16) formed by said dial-knit-
ted-fabric-forming means;
in which the means for controlling the knotting
yarn (18) that knots said cylinder knitted fabric
(17) and said dial knitted fabric (16) is a hooked
knitting tool (7) arranged between either two cyl-
inder needles (5) or two dial needles (13) and
equipped with a hook portion (73) that is swing-
able towards the center of the knitting machine
or away from the center of the knitting machine,
and said hook portion (73) can either ascend
lengthwise higher than the stem of the other nee-
dle (13), if the hooked knitting tool (7) is arranged
between two cylinder needles (5), or move for-
ward lengthwise inner than the stem of the other
needle (5), if the hooked knitting tool (7) is ar-
ranged between two dial needles (13).

2. An apparatus of Claim 1, in which:

the hooked knitting tool (7) has a plate-like over-
all shape comprising a neck (71) and a trunk
(72);
the tip of said neck is provided with an L-shaped
hook facing towards the center of the knitting
machine; and
said trunk (72) is provided with swinging butts
(74) facing away from the center of the knitting
machine and a vertically moving butt (75).

3. An apparatus of Claim 1 or 2, in which grooves (42)
that house the hooked knitting tools (7) are arranged
adjacent to each other on the needle cylinder (3)
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interposed by insert pieces (44b), and the cylinder
needles are arranged on the outer surfaces of said
insert pieces with the hooked knitting tools (7) ar-
ranged adjacent to them on their either side.

4. An apparatus described in Claim 1 or 2, in which the
grooves (12) that house the hooked knitting tools (7)
are arranged adjacent to each other on the needle
dial (10) interposed by insert pieces (44b), and the
dial needles (13) are arranged on the upper surfaces
of said insert pieces with the hooked knitting tools
(7) arranged adjacent to them on their either side.

5. An apparatus described in Claim 1 or 2, in which a
large number of grooves (41) that house the cylinder
needles (5) are established on the needle cylinder
(3) interposed by insert pieces (44a), and in each
groove (41), the cylinder needle (5) is arranged to-
gether with the hooked knitting tools (7) on its either
side.

6. An apparatus described in Claim 1 or 2, in which a
large number of grooves (12) that house the dial nee-
dles are established on the needle dial (10) inter-
posed by insert pieces (44a), and in each groove
(12), the dial needle (13) is arranged together with
the hooked knitting tools (7) on its either side.

7. An apparatus described in Claim 1 or 2, in which the
needle cylinder grooves (42) that house the hooked
knitting tools (7) and the needle cylinder grooves (41)
that house the cylinder needles (5) are arranged al-
ternately, and on either side of the hooked knitting
tool (7) and the cylinder needle (5), insert pieces
(44a) that are long in the radial direction of the needle
cylinder are positioned.

8. An apparatus described in Claim 1 or 2, in which the
needle dial grooves (12) that house the hooked knit-
ting tools (7) and the needle dial grooves (12) that
house the dial needles (13) are arranged alternately,
and on either side of the hooked knitting tool (7) and
the dial needle (13), insert pieces (44a) that are long
in the vertical direction of the needle dial are posi-
tioned.

9. An apparatus described in Claim 1 or 2, in which the
needle cylinder grooves (42) that house the hooked
knitting tools (7) are divided in halves by insert pieces
(44a, 44b), and the cylinder needles (5) are arranged
on the outer surfaces of the insert pieces (44b), which
are short in the radial direction of the needle cylinder,
with the hooked knitting tools (7) arranged adjacent
to them on their either side.

10. An apparatus described in Claim 1 or 2, in which the
needle dial grooves (12) that house the hooked knit-
ting tools (7) are divided in halves by insert pieces

(44a, 44b), and the dial needles (13) are arranged
on the outer surfaces of the insert pieces (44b), which
are short in the vertical direction of the needle dial,
with the hooked knitting tools (7) arranged adjacent
to them on their either side.

11. An apparatus described in any of Claims 1 to 10, in
which a ring-shaped part (31) is established in the
upper portion of the inner surface of the needle cyl-
inder (3) or the needle dial (10) so as to prevent a
loop from falling into the gap between the hooked
knitting tool (7) and the groove (42) of the hooked
knitting tool.

12. A method for knitting a spacer fabric, comprising a
step for knitting a cylinder knitted fabric (17) using a
cylinder needle (5), a step for knitting a dial knitted
fabric (16) using a dial needle (13) and a step for
joining the cylinder knitted fabric (17) and the dial
knitted fabric (16) using a knotting yarn (18), in which
the knotting yarn, which is supplied to either the cyl-
inder needle (5) or the dial needle (13), is caught by
a hook portion (73) of a hooked knitting tool (7), which
pulls the knotting yarn (18) onto a stem at a position
deviated from the tip of the open latch of the other
needle, thus securing a length of the knotting yarn
(18) that is necessary for knotting the dial knitted
fabric (16) and the cylinder knitted fabric (17).

13. A method for knitting a spacer fabric described in
Claim 12, in which the knotting yarn that is supplied
to either the cylinder needle (5) or the dial needle
(13) is supplied onto the stem that is at a position
deviated from the tip of the open latch.

14. A method for knitting a spacer fabric described in
Claim 12, in which the knotting yarn supplied to either
the cylinder needle (5) or the dial needle (13) is sup-
plied to the knit section of the needle.

15. A method for knitting a spacer fabric described in
Claim 12, in which two kinds of needles, high butt
needle (H needle) and low butt needle (L needle),
are used as the cylinder needle (5) and the dial nee-
dle (13); and
using a plurality of color yarns, either the cylinder
needles (5) or the dial needles (13) are knit-welted
according to the pattern, and the other needles are
all welted, to jacquard-knit either the cylinder knitted
fabric (17) or the dial knitted fabric (16).

16. A spacer fabric that is obtained in the method de-
scribed in Claim 14, characterized in that the knot-
ting yarn (18) that joins the cylinder knitted fabric (17)
and the dial knitted fabric (18) is tuck-knotted to one
fabric and joined in double loops of a plain jersey
loop and knotting yarn with the other fabric.
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17. A spacer fabric obtained by the method described in
Claim 15, characterized in that either the cylinder
knitted fabric (17) or the dial knitted fabric (16) is
jacquard knitted.

18. A hooked knitting tool (7) used in a method for knitting
a spacer fabric described in any of Claims 12 to 15,
characterized in that:

said hooked knitting tool has a plate-like overall
shape comprising a neck (71) and a trunk (72);
the tip of said neck (72) is provided with an L-
shaped hook (73) facing towards the center of
the knitting machine; and
said trunk (72) is provided with swinging butts
(74) facing away from the center of the knitting
machine and a vertically moving butt (75).
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