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(54) KNITTING NEEDLE

(57)  Aknitting needle (1)includes a hook (11), alatch
(12), a shaft (13) provided with a first transfer portion
(15), and a flat spring (14) provided with a second transfer
portion (143) and having a front portion bent outward to
form a protrusion (141) and a back portion connected to
a bottom surface (1331) of a recess (133) to form a con-
necting end. A deformation surface (142) and the protru-
sion (141) are not exposed outside the recess (133), or
the deformation surface (142) and the protrusion (141)
have a portion exposed outside the recess (133), where
the portion exposed outside the recess is elastically
pressed into the recess (133) by a needle groove or is
located in a depression at a corresponding side of the
needle groove. The deformation surface (142) is elasti-
cally deformed to drive the protrusion (141) to expand
outward, such thataloop hung on the first transfer portion
(15) and the second transfer portion (143) is stretched.
In addition, the deformation surface (142) and the pro-
trusion (141) sink into the recess (133) in a natural state
or when pressed by the needle groove, which reduces
the overall width of the knitting needle (1). Thus, more
knitting needles (1) can be provided on a needle plate in
a transverse direction to adapt to high-density knitting of
a flatbed knitting machine. Furthermore, the portion of

the deformation surface (142) and the protrusion (141)
exposed outside the recess (133) is located in the de-
pression at the corresponding side of the needle groove
to meet different knitting needs.
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to knitting nee-
dles, and in particular, to a knitting needle for a flatbed
knitting machine.

BACKGROUND

[0002] The flatbed knitting machine includes symmet-
rical front and back needle beds, which are provided with
corresponding needle grooves and knitting needles in
the needle grooves. As shown in FIGS. 43 and 44, the
knitting needle is generally provided with a hook A1, a
latch A2, and a shaft A3. The latch A2 is provided at a
back side of the hook A1 and is rotatable to close the
hook A1. The shaft A3 includes a stem A31 and a shank
A32, which are sequentially arranged in a back portion
of the hook. The shank A32 extends upward in a width
direction from a back side of the stem and thus is wider
than the stem. A recessed first transfer portion A4 is
formed at a joint of a front side of the shank and the back
side of the stem.

[0003] During knitting, the knitting needle moves up
and down along the needle groove, such that a loop on
the knitting needle moves relative to the knitting needle.
When moving to a position corresponding to the latch,
the loop drives the latch torotate, thereby closing or open-
ing the latch.

[0004] During loop transfer, the two knitting needles in
the corresponding needle grooves of the front and back
needle beds are required to cooperate with each other
to realize the loop transfer. For example, to transfer a
loop from the knitting needle in the needle groove of the
front needle bed to the corresponding knitting needle of
the back needle bed, the knitting needle on the back nee-
dle bed needs to be inserted into the loop on the afore-
mentioned knitting needle of the front needle bed. To
ensure reliable insertion, a flat spring A5 with a protrusion
A51 is provided at one side of the shaft of the knitting
needle. When the loop moves to the protrusion of the flat
spring, the loop is stretched by the protrusion, such that
the corresponding knitting needle can be inserted into
the stretched loop.

[0005] The flat spring of the prior knitting needle is ac-
commodated in a recess in one side of the shaft, and the
flat spring is basically wholly bent in the length direction
of the knitting needle to form a trapezoidal protrusion
A51, as shown in FIG. 44. The protrusion A51 has an
inner cavity forming a hook insertion slot A511, a back
portion of the protrusion A51 connected to a bottom sur-
face of the recess to form a connecting end A512, and a
lower end of the front side of the protrusion A51 touching
the shaft. The flat spring straddles the stem A31 and the
shank A32 and has a wide section and a narrow section,
and a portion corresponding to the shank A32 is wider
than a portion corresponding to the stem A31. Arecessed
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second transfer portion A52 is formed at a joint of the
wide section and the narrow section, and a position of
the second transfer portion A52 corresponds to a position
of the first transfer portion A4.

[0006] During loop transfer, the loop on the knitting
needle slides from a front inclined surface A51b of the
protrusion to a position, corresponding to the first and
second transfer portions, on a top end surface A51a of
the protrusion A51, thereby being stretched. For this rea-
son, the protrusion must be higher than a corresponding
side surface of the shaft. The knitting needle correspond-
ing to the aforementioned knitting needle is inserted into
the hook insertion slot A511 from below the hook insertion
slot and is inserted into the loop that is hung on the afore-
mentioned knitting needle. During this process, the knit-
ting needle of the back needle bed moves relative to the
length direction of the knitting needle of the front needle
bed. Therefore, the hook insertion slot must be long
enough to provide a movement space of an appropriate
length. In addition, in order to make the loop easily slide
from the frontinclined surface A51bto the top end surface
Ab51a of the protrusion to realize loop stretching, the front
inclined surface is required to be gradual or have a small
inclination. Likewise, in order to make the loop easily slide
from a back inclined surface A51c to the top end surface
A51a, the back inclined surface A51c is also required to
have a small inclination. However, in such a design, the
protrusion will be excessively long, resulting in poor ri-
gidity. The protrusion will be easily deformed when the
loop is drawn obliquely or transversely, which will hinder
the insertion of the knitting needle, thereby reducing the
reliability of insertion. If the back inclined surface has a
large inclination, it is difficult for the loop to slide from the
back inclined surface to the top end surface of the pro-
trusion, causing the loop to be "hindered". To increase
the rigidity of the flat spring and avoid "hindering" of the
loop, the protrusion is required to have an enough height.
In addition, during loop transfer, when returning to the
root of the stem, the loop will be hung on the protrusion,
thereby causing the loop to be overstretched, making it
unsuitable for high-density knitting.

[0007] These knitting needles with flat springs in the
prior art also have the following problems. The protrusion
of the flat spring is always higher than the corresponding
side surface of the knitting needle, so the knitting needle
occupies a large space. To accommodate the protrusion,
itis necessary to prepare a groove matched with the pro-
trusion in the steel sheet forming the wall of the needle
groove. This process makes steel sheet processing and
needle plate mounting complicated and leads to low pro-
duction efficiency and high cost. Besides, the grooved
steel sheetis not suitable for making a fine-gauge needle
plate, thereby failing to be adapted to fine-gauge knitting.
[0008] In addition, when the prior knitting needle per-
forms loop transfer, the latch of the knitting needle to
receive the loop may not be opened by the lower end of
the hook insertion slot or the lower end of the shaft of the
knitting needle that cooperates with it to transfer the loop.
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Instead, it is usually opened by the loop to be transferred.
When the latch of the knitting needle is opened by the
loop, the front end of the latch is often poked into the
knitting thread composed of multiple strands of yarn, re-
sulting in a "single yarn" problem to cause a flaw in the
fabric.

SUMMARY

[0009] Inorderto overcome the deficiencies of the prior
art, an objective of the present disclosure is to provide a
knitting needle. The present disclosure adopts the fol-
lowing technical solution.

[0010] The knitting needle is provided in a needle
groove of a front or back needle bed of a flatbed knitting
machine, and is cooperative with another knitting needle
in a corresponding needle groove of a back or front nee-
dle bed, where the knitting needle includes:

a hook;

a latch, provided at a back side of the hook, and
rotatable to close the hook;

a shaft, including a stem and a shank arranged in
sequence in a back portion of the hook, the shank
being wider than the stem;

a recessed first transfer portion, formed at a joint of
the stem and the shank;

a recess, provided in one side of the shaft;

aflat spring, provided with a recessed second trans-
fer portion, and having a front portion bent outward
in a length direction of the shaft to form a protrusion
and a back portion connected to a bottom surface of
the recess to form a connecting end; and

a hook insertion slot, formed by an inner cavity of
the protrusion.

[0011] The flat spring is further provided with a defor-
mation surface located between a back side of the pro-
trusion and a front side of the connecting end. The de-
formation surface and the protrusion are not exposed
outside the recess, or the deformation surface and the
protrusion have a portion exposed outside the recess,
where the portion exposed outside the recess is elasti-
cally pressed into the recess by the needle groove or is
located in a depression at a corresponding side of the
needle groove.

[0012] Duringloop transfer, the hook of another knitting
needle in the corresponding needle groove is inserted
into a position between the flat spring and the shaft
through the hook insertion slot, such that the deformation
surface is elastically deformed to drive the protrusion to
expand outward, and a loop hung on the first transfer
portion and the second transfer portion is stretched.
[0013] In the present disclosure, the flat spring of the
knitting needle is provided with the deformation surface.
During loop transfer, the knitting needle inserted between
the flat spring and the shaft causes the deformation sur-
face to be elastically deformed to rotate outward, to drive
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the protrusion to expand outward, such that the loop hung
on the first transfer portion and the second transfer por-
tion is stretched. This design achieves the purpose of
loop stretching. In addition, it can reduce the length of
the protrusion, increase the rigidity of the protrusion, and
improve the stability of the hook insertion slot formed by
the inner cavity of the protrusion. Furthermore, through
the structural arrangement of the deformation surface
and the protrusion, the deformation surface and the pro-
trusion can sink into the recess at one side of the shaft
in a natural state or when pressed by the needle groove.
That is, the whole flat spring is arranged in the needle
groove without any portion exposed outside the recess,
thereby reducing the overall width of the knitting needle,
such that more knitting needles can be provided on a
needle plate in a transverse direction to adapt to the high-
density knitting of the flatbed knitting machine and to fa-
cilitate placement of the knitting needles in the needle
grooves. Both or either of the deformation surface and
the protrusion may have a portion exposed outside the
recess, and the portion exposed outside the recess is
located in the depression provided at the corresponding
side of the needle groove, so as to meet different knitting
needs.

[0014] The present disclosure further adopts the fol-
lowing technical solution.

[0015] The deformation surface is a bending surface
thatis bent outward. Atleast one outer end portion higher
than the lower ends of the protrusion and located at the
front side of the connecting end, and an inclined portion
between the front side of the outer end portion and the
back side of the protrusion, are formed by bending. Thus,
there is a space between the deformation surface and
the bottom surface of the recess, which facilitates the
elastic deformation of the deformation surface.

[0016] The deformation surface is a flat surface, and
the flat surface may touch the bottom surface of the re-
cess, or the deformation surface may be ata certainangle
with the bottom surface of the recess.

[0017] A slot depth formed between a top end surface
and a bottom end surface of the hook insertion slot is
smaller than a thickness of the hook. A lower end of the
hook insertion slot is provided with a needle groove guide
portion for easy insertion of the hook, and/or a front end
of the hook is provided with a hook guide portion for easy
insertion into the hook insertion slot. By reducing the slot
depth, i.e. reducing the height of the protrusion, the ri-
gidity of the protrusion is further increased. When the slot
depth is less than the thickness of the hook, the needle
groove guide portion and/or the hook guide portion en-
sure that the hook is smoothly guided into the hook in-
sertion slot. The insertion of the hook with a thickness
greater than the slot depth causes the deformation sur-
face of the flat spring to be elastically deformed to rotate
outward, thereby driving the protrusion to expand out-
ward.

[0018] A lower end of the flat spring protrudes down-
ward at a position corresponding to a front side of the
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second transfer portion to form a latch opening portion
for opening the latch of the knitting needle entering the
hook insertion slot. This design avoids the "single yarn"
problem that may occur when the latch is opened by the
loop moving relative to the knitting needle during loop
transfer.

[0019] The needle groove guide portion is an inclined
surface, where the inclined surface is provided on the
bottom surface of the recess, located at the lower end of
the hook insertion slot, and inclined backward, such that
a lower end opening of the hook insertion slot is shaped
as a bell mouth for easy insertion of the hook. This design
facilitates the hook to be smoothly guided into the hook
insertion slot.

[0020] The front end of the knitting needle is shaped
as an arc or a trapezoid that is gradually widened from
narrow to wide, with a narrowest front portion narrower
than the slot depth. This design enables the front end of
the hook to be inserted into the hook insertion slot easily
and smoothly.

[0021] Thedeformation surface and the protrusion cor-
respond to positions of a front portion of the shank and
a back portion of the stem, respectively. A front side of
the deformation surface protrudes upward from the back
side of the protrusion in a width direction, such that the
second transfer portion is located at a joint of the defor-
mation surface and the protrusion. This design minimizes
the length of the protrusion and increases the rigidity of
the protrusion. Through the elastic deformation of the
deformation surface, a space for the movement of the
knitting needle is formed between the deformation sur-
face and the bottom surface of the recess, which makes
up for the movement space shortened by the reduction
of the length of the protrusion. Therefore, during loop
transfer, when the loop returns to the root of the stem,
the loop is hung at a position corresponding to the first
transfer portion and the second transfer portion, and will
not be hung on the protrusion. In this way, the loop will
not be stretched too much. This design is particularly
suitable for high-density knitting, and can achieve uni-
form-density knitting, thereby ensuring knitting quality.
[0022] The deformation surface is longer than the pro-
trusion. The deformation of the deformation surface is
deformation of outward rotation, so the amount of elastic
deformation is increased by increasing the length of the
deformation surface, thereby improving the loop stretch-
ing effect.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023]

FIG. 1 is a structural view showing needle beds and
needle grooves corresponding to knitting needles on
a flatbed knitting machine in the related art.

FIG. 2 is a structural view of a knitting needle in Em-
bodiment 1.

FIG.3 is a top-view partial sectional view of the knit-
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ting needle shown in FIG. 2.

FIG. 4 is a sectional view of the knitting needle in
Embodiment 1 along line A-A in the front view shown
in FIG. 2.

FIG. 5 is a sectional view of the knitting needle in
Embodiment 1 along line B-B shown in FIG. 2.
FIG. 6 is a schematic view showing that a hook of a
knitting needle 2 is inserted into a hook insertion slot
of a knitting needle 1 during loop transfer in Embod-
iment 1.

FIG. 7 is an M-direction view of the two knitting nee-
dles in a knitting state as shown in FIG. 6, where
when the hook of the knitting needle 2 is inserted
into the hook insertion slot of the knitting needle 1,
a deformation surface of the knitting needle 1 is de-
formed to rotate outward to drive a protrusion to ex-
pand outward.

FIG.8 is a schematic view showing that the hook of
the knitting needle 2 with a latch closed enters aloop
on the knitting needle 1 from the hook insertion slot
in Embodiment 1.

FIG.9 is a schematic view showing that the latch of
the knitting needle 2 is opened by the loop on the
knitting needle 1 in Embodiment 1.

FIG. 10 is an M1-direction view of the two knitting
needles in the knitting state as shown in FIG. 8,
where the knitting needle 2 is moved to a position
between the deformation surface and a bottom sur-
face of a recess.

FIG. 11 is a schematic view showing that the knitting
needle 2 is completely inserted into the loop in Em-
bodiment 1.

FIG. 12 is a schematic view showing that the hook
2 of the knitting needle 2 carries the loop to move
out of a flat spring in Embodiment 1.

FIG. 13 is a schematic view showing that the loop is
completely moved from the knitting needle 1 to the
knitting needle 2 in Embodiment 1.

FIG. 14 is a sectional view of the knitting needle in
Embodiment 2 along line A-A in the front view shown
in FIG. 2.

FIG. 15 is a sectional view of the knitting needle in
Embodiment 2 along line B-B shown in FIG. 2.
FIG. 16 is a structural view of a knitting needle in
Embodiment 3.

FIG. 17 is asectional view of the knitting needle along
line E-E shown in FIG. 16.

FIG. 18 is a schematic view showing that a latch 22
of the knitting needle 2 is opened by a latch opening
portion in Embodiment 3.

FIG. 19is a schematic view showing that the knitting
needle 2 is completely inserted into the loop in Em-
bodiment 3.

F1G.20 is a schematic view showing that the hook 2
of the knitting needle 2 carries the loop to move out
of the flat spring from a lower end of a front side of
the protrusion in Embodiment 3.

FIG. 21 is a schematic view showing that the loop is



7 EP 4 083 286 A1 8

completely moved from the knitting needle 1 to the
knitting needle 2 in Embodiment 3.

FIG.22 is a top-view partial sectional view of the knit-
ting needle in Embodiment 4.

FIG. 23 is a schematic view showing that the defor-
mation surface of the knitting needle is elastically
deformed to rotate outward to drive the protrusion to
expand outward in Embodiment 4.

FIG. 24 is a structural view of a knitting needle in
Embodiment 5.

FIG. 25 is a top-view partial sectional view of the
knitting needle shown in FIG. 24.

FIG. 26 is a schematic view showing that the hook
of the knitting needle 2 enters a position between
the deformation surface and the bottom surface of
the recess of the knitting needle 1 in Embodiment 5.
FIG. 27 is an O-direction view in the state shown in
FIG. 26, where the deformation surface ofthe knitting
needle 1 is elastically deformed to rotate outward
with a larger magnitude when the hook of the knitting
needle 2 enters a position between the deformation
surface of the knitting needle 1 and the bottom sur-
face of the recess.

FIG. 28 is a schematic view showing that the knitting
needle 2 is completely inserted into the loop in Em-
bodiment 5.

FIG. 29 is a schematic view showing that the hook
21 of the knitting needle 2 carries the loop to move
out of the flat spring from a lower end of a front side
of the protrusion in Embodiment 5.

FIG. 30 is a schematic view showing that the loop is
completely moved from the knitting needle 1 to the
knitting needle 2 in Embodiment 5.

FIG. 31 is a schematic view showing that the flat
spring is not elastically deformed to rotate outward
when the hook of the knitting needle 2 is inserted
into the hook insertion slot of the knitting needle 1 in
Embodiment 6.

FIG. 32 is a schematic view showing that the flat
spring is elastically deformed to rotate outward when
the hook of the knitting needle 2 is inserted into a
position between the deformation surface and the
bottom surface of the recess of the knitting needle 1
in Embodiment 6.

FIG. 33 is a top-view partial sectional view of the
knitting needle in Embodiment 7.

FIG. 34 is a schematic view showing that a portion
of the flat spring of the knitting needle exposed out-
side the recess, as shown in FIG. 33, is elastically
pressed in the recess when being restrained by the
needle groove.

FIG. 35 is a partial sectional view of the knitting nee-
dle in a direction perpendicular to the needle bed in
Embodiment 9 (the deformation surface and the pro-
trusion of the flat spring are exposed outside the re-
cess).

FIG. 36 is a schematic view showing that a portion
of the flat spring of the knitting needle exposed out-
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side the recess, as shown in FIG. 35, is elastically
pressed in the recess when being restrained by the
needle groove.

FIG. 37 is a partial sectional view of the knitting nee-
dle in the direction perpendicular to the needle bed
in Embodiment 10 (the flat spring is exposed outside
the recess).

FIG. 38 is a schematic view showing that a portion
of the flat spring of the knitting needle exposed out-
side the recess, as shown in FIG. 37, is elastically
pressed in the recess when being restrained by the
needle groove.

FIG. 39 is a partial sectional view of the knitting nee-
dle in the direction perpendicular to the needle bed
in Embodiment 11.

FIG. 40 is a schematic view showing that a portion
of the flat spring of the knitting needle exposed out-
side the recess, as shown in FIG. 39, is elastically
pressed in the recess when being restrained by the
needle groove.

FIG. 41 is a structural view of a knitting needle in
Embodiment 12.

FIG. 42 is a partial sectional view of the knitting nee-
dle in the direction perpendicular to the needle bed
in Embodiment 12.

FIG. 43 is a structural view of a prior knitting needle.
FIG. 44 is a top-view partial enlarged view of the
knitting needle shown in FIG. 43.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0024] The present disclosure is described in further
detail below with reference to the drawings and embod-
iments. Specifically, embodiments 1 to 6 correspond to
technical solutions submitted for the first priority (January
21, 2020) of the present application, which are the same
as those submitted in the first application (January 14,
2020), where the deformation surface and the protrusion
of the flat spring sink into the recess in one side of the
shaft and are not exposed outside (or not protruded out)
of the recess (or a corresponding side surface of the
shaft). Embodiments 7 to 11 correspond to the technical
solutions submitted for the second priority (August 10,
2020) and added relative to the first application, where
the deformation surface and the protrusion of the flat
spring may be exposed outside the recess, but the ex-
posed portion can be pressed into the recess by the nee-
dle groove. Embodiment 12 corresponds to the technical
solution submitted by the present application for the third
priority and added relative to the technical solutions sub-
mitted for the first priority and the second priority, where
the deformation surface and the protrusion of the flat
spring may be exposed outside the recess, and the ex-
posed portion can be accommodated in the depression
provided at the corresponding side of the needle groove.
[0025] As shown in FIG. 1, knitting needles are ar-
ranged in corresponding needle grooves of a front needle
bed 91 and a back needle bed 92 of a flatbed knitting
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machine. If any needle groove 911 of the front needle
bed 91 is provided with a knitting needle 1, then a knitting
needle 2 is provided in a needle groove 921 of the back
needle bed 92 corresponding to the needle groove 911.
The knitting needle 1 and the knitting needle 2 have ex-
actly the same structure, and the knitting needle 1 and
the knitting needle 2 are required to cooperate with each
other to perform loop transfer. The following embodi-
ments take the knitting needle 1 as an example to illus-
trate the structure of the knitting needle of the present
disclosure.

Embodiment 1

[0026] As shown in FIGS. 2 and 3, the knitting needle
1includes a hook 11, a latch 12, and a shaft 13 including
a stem 131 and a shank 132. These elements are all
found in the prior knitting needles. The shank 132 is wider
than the stem 131, and a recessed first transfer portion
15is formed at a joint of the shank 132 and the stem 131.
A recess 133 is provided in a side of the shaft of the
knitting needle 1. The recess 133 straddles the corre-
sponding side surfaces of the stem 131 and the shank
132. A flat spring 14 sinks into the recess 133. The flat
spring 14 has a wide portion and a narrow portion, and
a recessed second transfer portion 143 is formed at a
joint of the wide portion and the narrow portion. The po-
sition of the second transfer portion 143 corresponds to
the position of the first transfer portion 15. Further, in this
embodiment, a deformation surface and a protrusion cor-
respond to positions of a front portion of the shank and
a back portion of the stem, respectively. A front side of
the deformation surface protrudes upward in a width di-
rection from a back side of the protrusion, such that the
second transfer portion is located at a joint of the defor-
mation surface and the protrusion. During loop transfer,
when the transferring knitting needle is completely out of
the needle groove (FIGS. 8 and 9), a loop X is hung at
the position corresponding to the first transfer portion and
the second transfer portion, such that the loops hung on
the stem are adapted to the original loop density without
being excessively large. This design is particularly suit-
able for high-density knitting.

[0027] Inthisembodiment, alowerend of the flat spring
is notraised and is in a flat state, higher than a lower end
of the shaft. A back portion of the flat spring is connected
to a bottom surface 1331 of the recess 133 by typically
welding to form a connecting end 145. A front portion of
the flat spring is bent outward in a length direction of the
shaft to form a protrusion 141. A lower end of a front side
of the protrusion touches the bottom surface 1331 of the
recess, and an inner cavity of the protrusion 141 forms
a hook insertion slot 1411.

[0028] Inthe presentdisclosure, a deformation surface
142 is further provided between a back side of the pro-
trusion and a front side of the connecting end. The elastic
deformation of the deformation surface drives the protru-
sion to expand outward so as to achieve the purpose of
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stretching the loop. In order to make the protrusion ex-
pand outward to a desired extent, the deformation sur-
face in this embodiment is designed as follows. The de-
formation surface 142 is formed by a triangular bending
to form an outer end portion 1421 and an inclined portion
1422 of a bending point (if necessary, it may also be
formed by multiple triangular bending to form multiple
bending points). The outer end portion 1421 is higher
than the lower ends of the protrusion 141 and located at
the front side of the connecting end 145. The inclined
portion 1422 is located between a front side of the outer
end portion 1421 and the back side of the protrusion and
is inclined from the outside to the inside, such that there
is a space between the deformation surface 142 and the
bottom surface 1331 of the recess. A top end surface
14111 of the protrusion 141, and an outermost end of
the deformation surface 142, i.e. the outer end portion
1421, are not protruded (not exposed) out of an outer-
most side surface of the shaft, that is, they are not higher
than a most protruding surface of the corresponding side
of the shaft.

[0029] As shown in FIG. 4, a slot depth h is formed
between an inner side of the top end surface 14111 and
a bottom end surface (i.e., the bottom surface 1331 of
the recess) of the hook insertion slot 1411, and the slot
depth h is smaller than a thickness of the hook. A lower
end of the hook insertion slot 1411 is provided with a
needle groove guide portion which facilitates the insertion
of the hook. The guide portion is an inclined surface
14113 provided at the lower end of the hook insertion
slot. The inclined surface 14113 is inclined backward
from the bottom surface 1331 of the recess, such that a
lower end opening of the hook insertion slot is shaped
as a bell mouth. A front end of the hook of the knitting
needleis shaped as an arc thatis gradually widened from
narrow to wide. As shown in FIG. 5, it is obvious that a
narrowest portion of the front end is smaller than the slot
depth to form a hook guide portion, which facilitates the
front end of the hook to be inserted into the hook insertion
slot. During loop transfer, a corresponding knitting needle
(e.g. the knitting needle 2) that cooperates with a knitting
needle (e.g. the knitting needle 1) currently holding aloop
is inserted into the hook insertion slot of the knitting nee-
dle 1, such that the deformation surface is elastically de-
formed to rotate relative to the bottom surface of the re-
cess, todrive the protrusion to expand outward to achieve
the purpose of stretching the loop on the knitting needle 1.
[0030] AsshowninFIGS.6and 7, duringloop transfer,
the knitting needle 1 holding the loop to be transferred
moves upward along the needle groove, and the loop X
on the knitting needle 1 moves relatively to the positions
of the first transfer portion 15 and the second transfer
portion. The knitting needle 2 is inserted into the hook
insertion slot 1411 via the needle groove guide portion
from the lower portion of the protrusion 141 of the knitting
needle 1. The hook portion of the knitting needle 2 causes
the deformation surface of the knitting needle 1 to be
deformed to rotate outward, and drives the protrusion of
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the knitting needle 1 to expand outward, such that the
loop X is stretched. At this time, the latch 22 of the knitting
needle 2 is possible to touch the lower end of the hook
insertion slot 1411 to be opened, or not touch the lower
end of the hook insertion slot 1411 to not be opened. If
the latch is opened, please refer to Embodiment 3. If the
latch is not opened, when the hook of the knitting needle
2 enters the loop X through the hook insertion slot 1411,
the loop X touches the closed latch 22 of the knitting
needle 2, as shown in FIG. 8. As the knitting needle 2
moves upward relative to the knitting needle 1 along the
needle groove, the loop X opens the latch 22, as shown
in FIG. 9. The knitting needle 2 moves to a position be-
tween the deformation surface and the bottom surface
of the recess, as shown in FIG. 10. The two knitting nee-
dles continue to move in cooperation, and the loop X
completely enters the hook 22 of the knitting needle 2,
as shown in FIG. 11. The hook 2 carries the loop X to
move out of the flat spring from the lower end of the front
side of the protrusion 141, as shown in FIG. 12. Then,
the loop X closes the latch 12 of the knitting needle 1,
such that the loop X is completely moved out of the knit-
ting needle 1 and completely transferred to the knitting
needle 2, as shown in FIG. 13.

Embodiment 2

[0031] As shown in FIGS. 2 and 3, the knitting needle
of this embodiment has basically the same structure as
that of Embodiment 1, with the exception that the lower
end of the hook insertion slot 1411 formed by the inner
cavity of the protrusion 141 of the flat spring 14 is not
provided with a needle groove guide portion. For exam-
ple, the inclined surface 14113 inclined backward from
the bottom surface 1331 of the recess is not provided on
the bottom end surface (i.e. the bottom surface 1331 of
the recess) of the hook insertion slot 1411, as shown in
FIG. 14. In order for the smooth insertion of the corre-
sponding knitting needle (e.g. the knitting needle 2), in
this embodiment, the front end of the hook of the knitting
needle is shaped as a trapezoid that is gradually widened
from narrow to wide, with a narrowest portion smaller
than the slot depth, and the frontend is tapered, as shown
in FIG. 15, which is convenient for hook insertion.
[0032] In this embodiment, the other structures of the
knitting needle 1 and the process of cooperating with the
knitting needle 2 during loop transfer are the same as
those in Embodiment 1, and will not be repeated here.

Embodiment 3

[0033] As shown in FIG. 16, the knitting needle 1 of
this embodiment has the same hook 11, latch 12 and
shaft 13 as those of Embodiment 1. Likewise, the flat
spring 14 sinks into the recess 133 in one side of the
shaft, and the recess 133 straddles the corresponding
side surfaces of the stem 131 and the shank 132. The
flat spring 14 is provided with a protrusion 141 and a
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deformation surface 142 at a back side of the protrusion.
The structure of the deformation surface 142 is the same
as that of Embodiment 1, that is, the deformation surface
142 has an outerend portion 1421 and an inclined portion
1422, as shown in FIG. 3 in Embodiment 1. Likewise, the
top end surface of the protrusion 141 and the most pro-
truding portion (i.e. the outer end portion 1421) of the
deformation surface 142 are not protruded out of the out-
ermost surface of the corresponding side of the shaft.
The lower end of the front side of the protrusion touches
the bottom surface 1331 of the recess, and the inner cav-
ity of the protrusion 141 forms the hook insertion slot,
and the slot depth is smaller than the thickness of the
hook (FIG. 4). However, the lower end of the flat spring
14 is not in a flat state, but protrudes downward at a
position corresponding to the front side of the second
transfer portion to form a latch opening portion 144. The
latch opening portion 144 is not lower than the lower end
of the shaft 13, and is configured to open the latch of the
knitting needle entering the hook insertion slot. This de-
sign solves the problem that the latch of the knitting nee-
dle to be inserted into the loop cannot be reliably opened
when the knitting needle is inserted into the hook insertion
slot of the knitting needle carrying the loop, thereby ef-
fectively preventing the "single yarn" problem. The lower
end of the hook insertion slot 1411 formed by the inner
cavity of the protrusion 141 is provided with a needle
groove guide portion formed by the inclined surface
14113 inclined backward from the bottom surface 1331
of the recess, such that the lower end opening of the
hook insertion slot 1411 is shaped as a bell mouth for
easy insertion of the hook, as shown in FIG. 17. The front
end of the hook is also shaped as an arc, as shown in
FIG. 5, such that the hook can be easily inserted into the
hook insertion slot. In this embodiment, other structures
of the knitting needle, such as the first transfer portion,
the second transfer portion, and the connection mode
between the flat spring and the shaft, are the same as
those in Embodiment 1, and thus will not be repeated
here.

[0034] In this embodiment, during loop transfer, after
the knitting needle 2 is inserted into the needle groove
guide portion from below the hook insertion slot 1411 of
the knitting needle 1, the latch 22 touches the latch open-
ing portion 144 protruding downward and is thus opened,
as shownin FIG. 18. When the hook of the knitting needle
2 is inserted into the hook insertion slot 1411, the defor-
mation surface of the flat spring of the knitting needle 1
is deformed to rotate outward, thereby driving the protru-
sion to expand outward, such that the loop X is stretched,
as shown in FIG. 7. Subsequently, the knitting needle 1
and the knitting needle 2 move with each other according
to a set program. The hook 21 of the knitting needle 2
with the latch 22 open enters the loop X hung on the first
transfer portion and the second transfer portion. There-
fore, the knitting needle 2 is completely inserted into the
loop X, as shown in FIG. 19. Then, the hook 2 of the
knitting needle 2 carries the loop X to move out of the flat
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spring fromthe lower end of the front side of the protrusion
141, as shown in FIG. 20. The loop X moves relative to
the stem and closes the latch 12 of the knitting needle 1.
Then the loop X moves out of the knitting needle 1 and
falls completely on the knitting needle 2, as shown in FIG.
21.

Embodiment 4

[0035] AsshowninFIGS. 16and17,the knitting needle
of this embodiment has basically the same structure as
that of Embodiment 3, and differs from Embodiment 3
only in the bending structure of the flat spring 14.
[0036] Inthis embodiment, the flat spring 14 of the knit-
ting needle is bentin a trapezoidal shape to form an outer
end portion 1421 with a bending surface, and the outer
end portion 1421 is higher than the lower ends of the
protrusion and is located at the front side of the connect-
ing end, as shown in FIG. 22. During loop transfer, the
knitting needle 2 is inserted into the hook insertion slot
1411 of the knitting needle 1 carrying the loop X. The
deformation surface 142 of the knitting needle 1 is de-
formed to rotate outward to drive the protrusion 141 to
expand outward, such that the loop X is stretched, as
shown in FIG. 23. In this embodiment, the following trans-
fer process is shown in FIGS. 17 to 21: during the loop
transfer of the knitting needle, the latch opening portion
144 opens the latch, the hook 21 enters the loop X and
is completely inserted into the loop X, then the loop X is
removed by the knitting needle 2 and falls completely on
the knitting needle 2.

Embodiment 5

[0037] AsshowninFIGS.24 and 25, the knitting needle
of this embodiment has the same hook 11, latch 12 and
shaft 13 as those of Embodiment 1. Likewise, the flat
spring 14 sinks into the recess 133 in one side of the
shaft. The flat spring 14 is provided with the protrusion
141, the deformation surface 142 at the back side of the
protrusion, and the latch opening portion 144 protruding
downward at a position corresponding to the front side
of the second transfer portion. The latch opening portion
144 is flush with the lower end of the shaft 13, and is
configured to open the latch of the knitting needle enter-
ing the hook insertion slot. The top end surface of the
protrusion 141 does not protrude out of the outermost
surface of the corresponding side of the shaft. The inner
cavity of the protrusion 141 forms the hook insertion slot
1411, and the slot depth h is smaller than the thickness
of the hook (FIG. 4). The lower end of the hook insertion
slot 1411 is provided with the inclined surface 14113 in-
clined backward from the bottom surface 1331 of the re-
cess to form the needle groove guide portion, and the
lower end opening of the hook insertion slot 1411 is
shaped as a bell mouth for easy insertion of the hook.

[0038] The difference between the flat spring 14 in this
embodiment and Embodiment 3 is that the deformation
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surface is not bent. The deformation surface is a flat sur-
face extending backward from the back side of the pro-
trusion and touches the bottom surface 1331 of the re-
cess 133. The front side of the deformation surface pro-
trudes upward in the width direction from the back side
of the protrusion, such that the second transfer portion
is located at the joint of the deformation surface and the
protrusion. In this way, the knitting needle 2 inserted into
the inner side of the protrusion moves at the hook inser-
tion slot and between the deformation surface and the
bottom surface of the recess. As the knitting needle 2 is
inserted into the hook insertion slot, the deformation sur-
face is deformed to rotate. On this basis, the knitting nee-
dle 2 enters the position between the deformation surface
and the bottom surface of the recess 133 from the hook
insertion slot to increase the deformation amount. This
structure is applicable for knitting that requires a large
amount of loop stretching. In this embodiment, other
structures of the knitting needle, such as the first transfer
portion and the connection mode between the flat spring
and the shaft, are the same as those in Embodiment 3,
and thus will not be repeated here.

[0039] In this embodiment, during loop transfer proc-
ess, when the knitting needle 2 is inserted into the hook
insertion slot 1411 via the needle groove guide portion
of the knitting needle 1, the latch 22 touches the latch
opening portion 144 protruding downward and is thus
opened, as shown in FIG. 18. Meanwhile, since the hook
21 of the knitting needle 2 is inserted into the hook inser-
tion slot 1411 of the knitting needle 1, the deformation
surface of the flat spring of the knitting needle 1 is de-
formed to rotate outward, to drive the protrusion to ex-
pand outward, such that the loop X is stretched. Subse-
quently, the knitting needle 1 and the knitting needle 2
move with each other according to a set program. The
hook of the knitting needle 2 with the latch open enters
a position between the deformation surface and the bot-
tom surface of the recess 133 from the hook insertion
slot, and then enters the loop X hung on the first transfer
portion and the second transfer portion, as shown in FIG.
26. At this time, the deformation surface is deformed to
rotate outward again, which increases the magnitude of
the rotational deformation, as shown in FIG. 27, such that
the loop X is stretched again. The hook 21 of the knitting
needle 2 is completely inserted into the loop X, as shown
in FIG. 28. Then, the hook 2 carries the loop X to move
out of the flat spring from the lower end of the front side
of the protrusion 141, as shown in FIG. 29. The loop X
closes the latch 12 of the knitting needle 1 and thus moves
completely out of the knitting needle 1, as shown in FIG.
30.

Embodiment 6

[0040] On the basis of Embodiment 3, in this embodi-
ment, the slot depth h formed between the top end sur-
face 14111 and the bottom end surface (i.e. the bottom
surface 1331 of the recess) of the hook insertion slot
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1411 is not less than the thickness & of the hook. The
other structures of this embodiment are the same as
those of Embodiment 5. In this case, when the hook 21
of the knitting needle 2 is inserted into the hook insertion
slot 1411, the flat spring 14 may not be elastically de-
formed to rotate outward, as shown in FIG. 31. However,
when the knitting needle 2 moves from the hook insertion
slot to a position between the deformation surface and
the bottom surface of the recess, the deformation surface
142 is elastically deformed to rotate outward to drive the
protrusion 141 to expand outward, such that the loop X
on the first transfer portion and the second transfer por-
tion is stretched, as shown in FIG. 32.

Embodiment 7

[0041] Inthis embodiment, the front view of the knitting
needle is shown in FIG. 2, and the partial top-view struc-
tural diagram of the knitting needle in the natural state is
shown in FIG. 33. In this embodiment, the deformation
surface 142 is a bending surface formed by triangular
bending outward. The bent end can be approximated as
a bending point (the bent end protrudes from the side
surface of the corresponding side of the shaft to form the
outer end portion 1421). The deformation surface 142
and the protrusion 141 (with the top end surface 14111)
both have a portion exposed outside the recess 133 in a
natural state without external force, or one of the defor-
mation surface 142 and the protrusion 141 has a portion
exposed outside the recess 133 (not shown in the figure).
If the bent end of the deformation surface 142 and the
upper end surface of the protrusion 141 have a portion
exposed outside the recess 133, when the portion ex-
posed outside the recess 133 is restrained by the needle
groove 911 (which corresponds to a wall 9111), the por-
tion exposed outside the recess 133 is elastically pressed
into the recess 133, as shown in FIG. 34. The loop trans-
fer process of the knitting needle is shown in FIGS. 6, 8,
9, 11,12, and 13.

Embodiment 8

[0042] As shown in FIG. 34, the knitting needle of this
embodiment has the same basic structure as that of Em-
bodiment 7, with the exception that in this embodiment,
the lower end of the flat spring 14 is not in a flat state,
but protrudes downward at a position corresponding to
the front side of the second transfer portion to form the
latch opening portion 144, as shown in FIG. 16. The latch
opening portion 144 is not lower than the lower end of
the shaft 13, and is configured to open the latch of the
knitting needle entering the hook insertion slot. This de-
sign solves the problem that the latch of the knitting nee-
dle to be inserted into the loop cannot be reliably opened
when the knitting needle is inserted into the hook insertion
slot of the knitting needle carrying the loop, thereby ef-
fectively preventing the "single yarn" problem.

[0043] During loop transfer, the knitting needle 2 is in-
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serted into the needle groove guide portion from below
the hook insertion slot 1411 of the knitting needle 1. The
knitting needle 1 moves upward, in other words, the knit-
ting needle 2 moves downward relative to the knitting
needle 1. Then, the latch 21 touches the latch opening
portion 144 protruding downward and is thus opened, as
shown in FIG. 18. For the loop transfer process, please
refer to FIGS. 18 to 21.

Embodiment 9

[0044] As shown in FIGS. 16 and 36, the structure of
the knitting needle of this embodiment is based on Em-
bodiment 8, and differs from Embodiment 8 only in the
bending structure of the flat spring 14.

[0045] As shown in FIG. 35, in this embodiment, the
protrusion 141 of the flat spring 14 of the knitting needle
is an arc-shaped protrusion. The deformation surface be-
tween the frontside of the connecting end of the flat spring
and the bottom surface of the recess and the back side
of the protrusion 141 is a bending surface formed by
bending outward in an arc shape. Due to the large radius
of curvature of the arc, the bent end is approximately flat.
Both or either of the deformation surface 142 and the
protrusion 141 may be exposed outside the recess 133
in a natural state without external force, but the exposed
portion can be elastically pressedin the recess, as shown
in FIG. 36. The loop transfer process is shown in FIGS.
18 to 21.

Embodiment 10

[0046] As shown in FIGS. 16 and 36, the structure of
the knitting needle of this embodiment is based on Em-
bodiment 8, and differs from Embodiment 8 only in the
bending structure of the deformation surface of the flat
spring 14.

[0047] In this embodiment, the deformation surface
142 is a flat surface. The deformation surface 142 ex-
tends forward from the connecting end 145 to the back
side of the protrusion 141 and touches the bottom surface
1331 of the recess 133. The protrusion 14 connected to
the front side of the deformation surface 142 is exposed
outside the recess 133, as shown in FIG. 37, but the
exposed portion can be elastically pressed into the re-
cess, as shown in FIG. 38. For the loop transfer process,
please refer to FIGS. 18 to 21.

Embodiment 11

[0048] The knitting needle of this embodiment is basi-
cally the same as that of Embodiment 10, with the ex-
ception that the flat deformation surface 142 does not
touch the bottom surface of the recess, and is slightly
inclined outward relative to the bottom surface of the re-
cess. The protrusion is exposed outside the recess 133,
as shown in FIG. 39, but as the same as in the afore-
mentioned embodiment, the exposed portion can also
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be pressed into the recess 133 through elastic deforma-
tion, as shown in FIG. 40. For the loop transfer process,
please refer to FIGS. 18 to 21.

Embodiment 12

[0049] The front view of the knitting needle of this em-
bodiment is shown in FIG. 41. Similar to the structure of
the knitting needle of Embodiment 3 shown in FIG. 16,
in this embodiment, the lower end of the flat spring 14 is
provided with a latch opening portion 144 protruding
downward at a position corresponding to the front side
of the second transfer portion 143. The deformation sur-
face 142 of the flat spring 14 is a bending surface that is
bentoutward to form an outer end portion 1421, as shown
in FIG. 42. In a natural state, the bending surface and
the protrusion 141 both have a portion exposed outside
the recess 133 of the shaft. For example, the outer end
portion 1421 of the deformation surface 142 and the top
end surface 14111 of the protrusion are both exposed
outside the recess. The needle groove 911 configured
to accommodate the knitting needle is provided with a
depression 9113 in its side surface. When the knitting
needle is accommodated in the needle groove 911, the
portion of the deformation surface 142 and the protrusion
141 of the flat spring that is exposed outside the recess
133 is located in the depression 9113 in the side surface
of the needle groove. In this way, the knitting needle is
adapted to the knitting of a corresponding gauge. For the
loop transfer process, please refer to FIGS. 18 to 21.
[0050] Of course, the portion of the flat spring exposed
outside the recess is not limited to exposed portions of
both the deformation surface and the protrusion, and may
also be an exposed portion of either the deformation sur-
face or the protrusion. However, any exposed portion is
located in the depression 9113 in the side surface of the
needle groove.

[0051] Similar to the other embodiments, in this em-
bodiment, the position of the second transfer portion 143
of the flat spring 14 corresponds to the position of the
first transfer portion 15 of the knitting needle. The defor-
mation surface 142 and the protrusion 141 correspond
to positions at the front portion of the shank and the back
portion of the stem, respectively. The front side of the
deformation surface protrudes upward in the width direc-
tion from the back side of the protrusion, such that the
second transfer portion is located at the joint of the de-
formation surface and the protrusion. During loop trans-
fer, when the transferring knitting needle is completely
out of the needle groove (FIGS. 8 and 9), the loop X is
hung at the position corresponding to the first transfer
portion and the second transfer portion, and will not be
hung on the protrusion. In this way, the loops hung on
the stem are adapted to the original loop density without
being excessively large, such that the knitting density is
uniform and the knitting quality is ensured.

[0052] To sum up, in the present disclosure, the flat
spring is provided with the deformation surface, and the

10

15

20

25

30

35

40

45

50

55

10

elastic deformation of the deformation surface drives the
protrusion to expand outward for loop stretching. There-
fore, the knitting needle has desired density adaptability.
The elastic deformation of the deformation surface can
make the flat spring pressed in the shaft, such that the
overall width of the knitting needle is narrowed to adapt
to high-density knitting. The elastic deformation of the
deformation surface can also make the flat spring re-
leased out of the shaft to suit different knitting needs.
[0053] The present disclosure is not limited to the
above-mentioned embodiments, and any technical solu-
tions made according to the ideas of the present disclo-
sure and containing the essential technical features pro-
vided by the present disclosure fall within the scope of
protection of the present disclosure.

Claims

1. A knitting needle, provided in a needle groove of a
front or back needle bed of a flatbed knitting machine,
and cooperative with another knitting needle in a cor-
responding needle groove of a back or front needle
bed, wherein the knitting needle comprises:

a hook;

a latch, provided at a back side of the hook, and
rotatable to close the hook;

a shaft, comprising a stem and a shank arranged
in sequence in a back portion of the hook, the
shank being wider than the stem;

arecessed first transfer portion, formed at a joint
of the stem and the shank;

a recess, provided in one side of the shaft;

a flat spring, provided with a recessed second
transfer portion, and having a front portion bent
outward in a length direction of the shaft to form
a protrusion and a back portion connected to a
bottom surface of the recess to form a connect-
ing end; and

a hook insertion slot, formed by an inner cavity
of the protrusion;

wherein:

the flat spring is further provided with a de-
formation surface located between a back
side of the protrusion and a front side of the
connecting end; the deformation surface
and the protrusion are not exposed outside
the recess, or the deformation surface and
the protrusion have a portion exposed out-
side the recess, wherein the portion ex-
posed outside the recess is elastically
pressed into the recess by the needle
groove or is located in a depression at a
corresponding side of the needle groove;
and

during loop transfer, the hook of another
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knitting needle in the corresponding needle
groove is inserted into a position between
the flat spring and the shaftthrough the hook
insertion slot, such that the deformation sur-
face is elastically deformed to drive the pro-
trusion to expand outward, and a loop hung
on the first transfer portion and the second
transfer portion is stretched.

The knitting needle according to claim 1, wherein the
deformation surface is a bending surface thatis bent
outward.

The knitting needle according to claim 1, wherein the
deformation surface is a flat surface.

The knitting needle according to any one of claims
2 to 3, wherein a slot depth formed between a top
end surface and a bottom end surface of the hook
insertion slot is smaller than a thickness of the hook;
and a lower end of the hook insertion slot is provided
with a needle groove guide portion for easy insertion
of the hook, and/or a front end of the hook is provided
with a hook guide portion for easy insertion into the
hook insertion slot.

The knitting needle according to claim 4, wherein a
lower end of the flat spring protrudes downward at
a position corresponding to a front side of the second
transfer portion to form a latch opening portion for
opening the latch of the knitting needle entering the
hook insertion slot.

The knitting needle according to claim 5, wherein the
needle groove guide portion is an inclined surface,
wherein the inclined surface is provided on the bot-
tom surface of the recess, located at the lower end
of the hook insertion slot, and inclined backward,
such that a lower end opening of the hook insertion
slot is shaped as a bell mouth for easy insertion of
the hook.

The knitting needle according to claim 5, wherein the
front end of the knitting needle in a thickness direc-
tion is shaped as an arc or a trapezoid that is grad-
ually widened from narrow to wide, with a narrowest
front portion narrower than the slot depth.

The knitting needle according to claim 7, wherein the
deformation surface and the protrusion correspond
to positions of a front portion of the shank and a back
portion of the stem, respectively; and a front side of
the deformation surface protrudes upward from the
back side of the protrusion in a width direction, such
that the second transfer portion is located at a joint
of the deformation surface and the protrusion.

The knitting needle according to claim 8, wherein the
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deformation surface is longer than the protrusion.
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