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(57) Abstract: A thread tying module may include a rotation shaft; two or more cams on the rotation shaft; two or more levers, each in
engagement with a corresponding cam; two or more linkage mechanisms, each connected to a corresponding lever, a needle assembly
including a needle configured to be rotatable about its longitudinal axis, and a needle holder connected to a first linkage mechanism
configured to move the needle assembly to a forward disposition; and a thread pusher assembly including a thread pusher head connected
to a second linkage mechanism configured to move the thread pusher assembly to a forward disposition and a thread inserter pivotably
mounted to the thread pusher head, wherein, when both the assemblies are in the respective forward disposition, the thread pusher head
engages and pushes a thread towards the needle assembly, and the needle assembly engages with the thread on the thread pusher head.
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A THREAD TYING MODULE FOR A TEABAG BAGGING MACHINE AND A
METHOD OF ATTACHING A THREAD TO A TEABAG

Cross-reference to Related Applications

- [0001] The present application claims the benefit of the Singapore patent application No.
10201806356R filed on 25 July 2018 and Singapore patent application No. 10201810843X
filed on 3 December 2018, the entire contents of which are incorporated herein by reference

for all purposes.

" Technical Field

[0002] Various embodiments generally relate to a thread tying module for a teabag bagging
machine, a system for attaching a thread to a teabag, and a method of attaching a thread to a

teabag.

Background

[0003] Most conventional teabag bagging machines (for example ‘Constanta’ teabag bagging
machine) adopt stapling to secure a tag to a teabag. This is because stapling has been the fastest
and most effective way of securing the tag to the teabag. However, staples which are made of
metal may contaminate the infusion of a teabag creating a disagreeable taste and may even lead
to health problems. Thus, consumers are turning away from such teabags. This lead to the
teabag manufacturers having to abandon such conventional teabag bagging machines so as to
switch to new teabag bagging machines that does not use staple. The switching to ne\;v teabag
bagging machines can be a very costly investment for the teabag manufacturers in view that
the profit from manufacturing each teabag is extremely low, and it may be wasteful to abandon
the existing teabag bagging machines.

[0004] Accordingly, there is a need for a cheaper and less wasteful solution for the teabag

manufacturers to produce teabag without using staples.

Summary

[0005] According to various embodiments, there is provided a thread tying module

configured to be mounted to a teabag bagging machine. The module may include a rotation
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shaft configured to be coupled to a driving mechanism. The module may further include two
or more cams fixedly joined to the rotation shaft such that the two or more cams rotate together
with the rotation shaft. The module may further include two or more levers, each lever having
a first connection portion in engagement with a corresponding cam of said cams, and having a
pivot axis parallel to a rotational axis of the rotation shaft. The module may further include
two or more linkage mechanisms, each linkage mechanism connected to a respective second
connection portion of a corresponding lever of said levers. The module may further include a
needle assembly including a needle and a needle holder, the needle configured to be rotatable
about its longitudinal axis with respect to the needle holder, the needle holder being connected
to a first linkage mechanism of the linkage mechanisms, configured to impart a translation
motion to the needle assembly in a plane perpendicular to the rotational axis of the rotation
shaft so as to move the needle assembly between a forward disposition, an intermediate
disposition and a retracted disposition. The module may further include a thread pusher
assembly including a thread pusher head and a thread inserter which is formed as an angular
piece having a first inserter arm which is pivotably mounted to the thread pusher head with a
pivot axis parallel to the rotational axis of the rotation shaft, and having a second inserter arm
which is arc-shaped and extends in an angle relative to the first inserter arm, wherein the thread
pusher head is connected to a second linkage mechanism of the linkage mechanisms,
configured to impart a translation motion to the thread pusher assembly in the plane
perpendicular to the rotational axis of the rotation shaft so as to move the thread pusher
assembly between a forward disposition and a retracted disposition. According to various
embodiments, the needle assembly and the thread pusher assembly may be arranged in a
manner such that, when both the assemblies are in the respective forward disposition, the thread
pusher head of the thread pusher assembly engages and pushes a thread towards the needle
assembly, and the needle assembly engages with the thread on the thread pusher head of the
thread pusher assembly.

[0006] According to various embodiments, there is provided a system for attaching a piece
of thread to a teabag. The system may include the thread tying module as described herein and
a teabag conveying module configured to convey the teabag to a knotting position with respect
to the thread tying module so as to attach the piece of thread to the teabag. According to various
embodiments, the teabag conveying module may include at least one teabag receiving portion
having a hook. According to various embodiments, when said teabag receiving portion of the
teabag conveying module is in the knotting position and the thread pushef assembly of the

thread tying module is in the forward disposition, the hook of the teabag receiving portion may
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be disposed with respect to the second inserter arm of the thread inserter of the thread pusher
assembly in a manner such that a direction of movement of the second inserter arm of the thread
inserter is toward the hook.

[0007] According to various embodiments, there is provided a method of attaching a piece
of thread to a teabag held by a pair of teabag grippers. The method may include hooking, via
a notch in a needle inserted through the teabag, a first mid-segment of a continuous portion of
a thread adjacent to a first side of the teabag. The method may further include running said
needle through the teabag along with the first mid-segment of the thread to a second side of the
teabag opposite the first side and rotating the needle about its longitudinal axis to make an eye
extending from the second side with the first mid-segment of the thread. The method may
further include pushing, via a thread inserter, a second mid-segment of the continuous portion
of the thread over an edge of the teabag from the first side to the second side, and inserting a
loop of the second mid-segment through the eye formed by the first mid-segment to hang the
loop of the second mid-segment on a hook of the teabag gripper at the second side of the teabag.
The method may further include releasing the eye formed by the first mid-segment from the
notch of the needle. The method may further include pulling, via a thread puller, a forward
segment of the continuous portion of the thread before the first mid-segment so as to tighten
the eye formed by the first mid-segment. The method may further include cutting the thread
along an aft segment of the continuous portion of the thread after the second mid-segment. The
method may further include removing the teabag from the pair of teabag grippers in a manner
so as to pull the second mid-segment through the hook of the teabag gripper such that a cut-
end of the thread may be correspondingly pulled through the eye formed by the first mid-
segment before being pulled through the hook of the teabag gripper.

Brief description of the drawings

[0008] In the drawings, like reference characters generally refer to the same parts throughout
the different views. The drawings are not necessarily to scale, emphasis instead generally being
placed upon illustrating the principles of the invention. In the following description, various
embodiments are described with reference to the following drawings, in which:

FIG. 1 shows a schematic diagram of a system for attaching a piece of thread to a teabag

according to various embodiments;

FIG. 2 shows a perspective view of the system of FIG. 1 according to various

embodiments;
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FIG. 3A to FIG. 3E shows a series of movements of the respective components of the
thread tying module of FIG. 1 and FIG. 2 in one revolution of the rotation shaft according to

various embodiments;

FIG. 4A to FIG. 4L shows schematic diagrams of a method of attaching a piece of

thread to a teabag according to various embodiments;

FIG. 5A shows a schematic diagram of a system for attaching a tag to a piece of thread

504 from a teabag according to various embodiments;

FIG. 5B shows a close up view of a tagging position of the system of FIG. 5A according

to various embodiments;

FIG. 6A to FIG. 6G shows schematic diagrams of a method of attaching a tag to a piece

of thread of a teabag according to various embodiments;

FIG. 7 shows a schematic diagram of a system for attaching a tag to a piece of thread

from a teabag according to various embodiments; and

FIG. 8A to FIG. 8E shows schematic diagrams of a method of attaching the tag to the

piece of thread of the threaded-teabag according to various embodiments.

Detailed description

[0009] Embodiments described below in the context of the apparatus are analogously valid
for the respective methods, and vice versa. Furthermore, it will be understood that the
embodiments described below may be combined, for example, a part of one embodiment may
be combined with a part of another embodiment.

[000‘1 0] It should be understood that the terms “on”, “over”, “top”, “bottom”, “down”, “side”,
“back”, “left”, “right”, “front”, “lateral”, “side”, “up”, “down” etc., when used in the following
description are used for convenience and to aid understanding of relative positions or directions,
and not intended to limit the orientation of any device, or structure or any part of any device or
structure. In addition, the singular terms “a”, “an”, and “the” include plural references unless
context clearly indicates otherwise. Similarly, the word “or” is intended to include “and”
urﬂess the context clearly indicates otherwise.

[00011] Various embodiments relate to a thread tying module for a teabag bagging machine.

According to various embodiments, the thread tying module may be configured to be installed
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in a teabag bagging machine so as to attach a thread to a teabag (i.e. without using staples).
According to various embodiments, the thread tying module may be configured to be installed
on an existing conventional teabag bagging machine, which uses staples, so as to convert the
existing teabag bagging machine into one which does not use staple. Accordingly, the thread
tying module may be configured to be an attachment unit for direct installation on aﬁ existing
" conventional teabag bagging machine. According to various embodiments, the thread tying
module may be configured to replace a staple module in the existing conventional teabag
bagging machine. According to various embodiments, the thread tying module may also be
configured to be installed in a new teabag bagging machine.
[00012] Various embodiments also relate to a system for attaching a thread to a teabag and a
method of attaching a thread to a teabag. Various embodiments seek to provide a system and
a method of attaching a continuous portion of a thread, stretching between a reservoir spool
and a thread puller, to a teabag before cutting the thread to separate a segment of the thread
attached to the teabag from the remaining thread extending from the reservoir spool.
Accordingly, various embodiments may attach a thread to a teabag without using any ends of
the thread for knotting. According to various embodiments, the system and method do not
require a pre-cut length of thread for attaching a thread to a teabag. In the various embodiments,
the thread may still be extending directly from the reservoir spool and an end of the thread may
be held by the thread puller when the thread is being knotted to the teabag.
[00013] FIG. 1 shows a schematic diagram of a system 100 for attaching épiece of thread to
ateabag 102 according to various embodiments. FIG. 2 shows a perspective view of the system
100 of FIG. 1 according to various embodiments. As shoWn, the system 100 may include
teabag conveying module 110 and a thread tying module 120. According to various
embodiments, the teabag conveying module 110 may be configured to convey the teabag 102
to a knotting position with respect to the thread tying module 120 so as to attach the piece of
thread to the teabag 102. According to various embodiments, the teabag conveying module
110 may include at least one teabag receiving portion 112 configured to hold the teabag 102
that is to be conveyed by the teabag conveying module 110. According to various
embodiments, the teabag conveying module 110 may include a plurality of teabag receiving
portions 112. According to various embodiments, the teabag conveying module 110 may be
mounted on a teabag bagging machine. According to various embodiments, the teabag
conveying module 110 may be part of an existing teabag bagging machine.
[00014] According to various embodiments, the thread tying module 120 may be configured
to be mounted to a teabag bagging machine. Accordingly, the thread tying module 120 may
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be configured to be mounted to a frame or a support structure or a casing or a housing of the
teabag bagging machine. According to various embodiments, various components of the
thread tying module 120 may be directly mounted to the frame or the support structure or the
casing or the housing of the teabag bagging machine. According to various embodiments, the
thread tying module 120 may include a base frame 131 on which the various components of
the thread tying module 120 may be fitted. Accordingly, the thread tying module 120 may be
in the form of a single unit which may be mounted to the teabag bagging machine by mounting
the base frame 131 to the teabag bagging machine. According to various embodiments, the
thread tying module 120 may include a rotation shaft 122 configured to be coupled to a driving
mechanism in a manner so as to be driven by the driving mechanism. According to various
embodiments, the driving mechanism may be a driving shaft of the teabag bagging machine.
According to various embodiments, the driving mechanism may be an external motor which is
configured to synchronise with the movements of the teabag bagging machine. According to
various embodiments, the rotation shaft 122 may be coupled to the driving mechanism via shaft
couplings, or gears, or chains, or belts, or a combination thereof. According to various
embodiments, the rotation shaft 122 may be rotatable with respect to the teabag bagging
machine and/or the base frame 131.

[00015] According to various embodiments, the thread tying module 120 may include two
or more cams 124a, 124b, 124¢, 124d fixedly joined to the rotation shaft 122 such that the two
or more cams 124a, 124b, 124c, 124d may rotate together with the rotation shaft 122.
According to various embodiments the two or more cams 124a, 124b, 124c, 124d may be a
disc cam, a plate cam, or a face cam. According to various embodiments, the disc cam or the
plate cam may include an eccentric wheel. According to various embodiments, the face cam
may include a disc with a slot or groove forming a closed curve on a face of the disc. According
to various embodiments, the thread tying module 120 may include two or more levers 126a,
126b, 126¢, 126d. According to various embodiments, each lever 126a, 126b, 126¢, 126d may
have a first connection portion (e.g. 128b, 128¢) in engagement with a corresponding cam of
said cams 124a, 124b, 124c, 124d. According to various embodiments, the first connection
portion of respective lever 126a, 126b, 126¢, 126d may include an end portion or an end of the
respective lever 126a, 126b, 126¢, 126d. Acpording to various embodiments, each lever 126a,
126b, 126c; 126d may have a pivot axis 125 parallel to a rotational axis 121 of the rotation
shaft 122. According to various embodiments, the two or more levers 126a, 126b, 126c¢, 126d
may share the same pivot axis 125. According to various émbodiments, the pivot axis 125 of

the two or more levers 126a, 126b, 126¢, 126d may be embodied in the form of a fixed axial
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shaft 127 extending from a reference structure of the teabag bagging machine and/or the base
frame 131 of the thread tying module 120 such that the two or more levers 126a, 126b, 126c,
126d may be pivotably mounted to the fixed axial shaft 127. According to various
embodiments, a rotation of the rotation shaft 122 may rotate the respective cams 124a, 124b,
124¢, 124d to generate a corresponding reciprocating (back and forth) motion in a
corresponding lever 126a, 126b, 126¢, 126d.

[00016] According to various embodiments, the thread tying module 120 may include two
or more linkage mechanisms 130a, 130b, 130c, 130d. According to various embodiments, each
linkage mechanism 130a, 130b, 130c, 130d may include an assembly of links arranged and
connected in a manner to transfer movements and forces from a driving source so as to generate
a desired motion. According to various embodiments, a connection (or a joint) between two
links may be configured for rotation, or sliding, or both. According to various embodiments,
each linkage mechanism 130a, 130b, 130c, 130d may be connected to a respective second
connection portion 129a, 129b, 129¢, 129d of a corresponding lever of said levers 126a, 126b,
126¢c, 126d. Accordingly, respective linkage mechanism 130a, 130b, 130c, 130d may generate
a corresponding desired motion based on a movement of the corresponding lever of said levers
1264, 126b, 126¢, 126d based on the rotation of the corresponding cam 124a, 124b, 124c, 124d.
[00017] According to various embodiments, the thread tying module 120 may include a
needle assembly 140 including a needle 142 and a needle holder 144. According to various
embodiments, the needle 142 may be configured to be rotatable about its longitudinal axis with
respect to the needle holder 144. According to various embodiments, the needle 142 may be
arranged to lie in a first plane (or a needle’s plane) at least substantially perpendicular to the
rotational axis 121 of the rotation shaft 122. According to various embodiments, the needle
holder 144 may be connected to a first linkage mechanism 130a of the linkage mechanisms.
The first linkage mechanism 130a may be configured to impart a translation motion to the
needle assembly 140 in the first plane at least substantially perpendicular to the rotational axis
121 of the rotation shaft 122 so as to move the needle assembly 140 between a forward
disposition, an intermediate disposition and a retracted disposition. Accordingly, the first
linkage mechanism 130a may transfer a movement of a first lever 126a of said levers based on
a rotation of the first cam 124a to generate a desired movement of the needle assembly 140.
According to various embodiments, the desired movement of the needle assembly 140 may be
between the forward disposition, the intermediate disposition and the retracted disposition.
[00018] According to various embodiments, the thread tying module 120 may include a
thread pusher assembly 150 including a thread pusher head 152 and a thread inserter 154.
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According to various embodiments, the thread inserter 154 may be formed as an angular piece
having a first inserter arm 156 which is pivotably mounted to the thread pusher head 152 with
a pivot axis 153 parallel to the rotational axis 121 of the rotation shaft 122, and having a second
inserter arm 158 which is arc-shaped and extends in an ahgle relative to the first inserter arm
156. According to various embodiments, the thread inserter 154 may be arranged such that the
first inserter arm 156 may lie in a second plane (or a first inserter arm’s plane) at least
substantially perpendicular to the rotational axis 121 of the rotation shaft 122. According to
various embodiments, the second inserter arm 158 may extend from an end portion of the first
inserter arm 156 and the pivot axis 153 of the thread inserter 154 may be located at an opposite
end portion of the first inserter arm 156. According to various embodiments, the second plane
may coincide with the first plane such that the second plane and the first place may be the same
plane. Accordingly, the second inserter arm 158 may be oriented to lie in the same plane as
the first inserter arm 156. According to various other embodiments, the second plane may be
offset and parallel to the first plane such that the second inserter arm 158 may be oriented to
incline from the second plane to the first plane.

[00019] According to various embodiments, the thread pusher head 152 may be connected
to a second linkage mechanism 130b of the linkage mechanisms. The second linkage
mechanism 130b may be configured to impart a translation motion to the thread pusher
assembly 150 in the first plane at least substantially perpendicular to the rotational axis 121 of
the rotation shaft 122 so as to move the thread pusher assembly 150 between a forward
disposition and a retracted disposition. Accordingly, the second linkage mechanism 130b may
transfer a movement of a second lever 126b of said levers based on a rotation of the second
cam 124b to generate a desired movement of the thread pusher assembly 150. According to
various embodiments, the desired movement of the thread pusher assembly 150 may be
between the forward disposition and the retracted disposition.

[00020] According to various embodiments, the needle assembly 140 and the thread pusher
assembly 150 may be arranged in a manner such that, when both the assemblies 140, 150 are
in the réspective forward disposition, the thread pusher head 152 of the thread pusher assembly
150 may engage and push a thread 104 (see FIG. 3A) towards the needle assembly 140, and
the needle assembly 140 may engage with the thread 104 on the thread pusher head 152 of the
thread pusher assembly 150. According to various embodiments, the needle 142 of the needle
assembly 140, the thread pusher head 152 of the thread pusher assembly 150, and the thread
104 may be aligned so as to lie in the same first plane. According to various embodiments, the

thread pusher head 152 of the thread pusher assembly 150 may include an engagement surface
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intersecting the first plane. Further, the thread pusher head 152 of the thread pusher assembly
150 may include a groove on the engagement surface and extending along an intersection line
between the engagement surface and the first plane in a manner such that the thread 104 may
be received in the groove of the thread pusher head 152 of the thread pusher assembly 150.
According to various embodiments, the thread pusher head 152 of the thread pusher assembly
150 may include a hole configured to receive the needle 142 of the needle assembly 140.
Accordingly, the hole may be extending from the groove of the thread pusher head 152 and
along the first plane in a direction away from the needle 142. Accordingly, when the needle
142 of the needle assembly 140 is inserted into the hole of the thread pusher head 152 of the
thread pusher assembly 150, a notch on the needle 142 may engage with the thread 104 lying
in the groove of the thread pusher head 152 of the thread pusher assembly 150.

[00021] According to various embodiments, the needle assembly 140 and the thread pusher
assembly 150 may be arranged in a manner in which translation motions thereof are in
directions in a range of 90° +/-10° relative to each other. Accordingly, the needle assembly
140 and the thread pusher assembly 150 may be oriented with respect to each other such that
respective translation motions may be along intersecting paths angled at 90° +/-10° relative to
each other. Hence, a direction of translation motion of the thread pusher head 152 of the thread
pusher assembly 150 may intersect a direction of translation motion of the needle 142 of the
needle assembly 140 at an angle in a range of 90° +/-10°.

[00022] According to various embodiments, the first linkage mechanism 130a may be a
planar linkage mechanism. Accordingly, the relative motions of the links of the first linkage
mechanism 130a may be in the same plane or in parallel planes. According to various
embodiments, the first linkage mechanism 130a may include a first link rod 132a with a first
connection portion connected to the second connection portiori' 129a of the first lever 126a.
According to various embodiments, the first linkage mechanism 130a may further include a
first rocker-arm-link 1342 which has a pivot axis 133a parallel to the rotational axis 121 of the
rotation shaft 122 and which has a first connection portion connected to a second connection
portion of the first link rod 132a. According to various embodiments, the first linkage
mechanism 130a may further include a first coupler link 136a with a first connection portion
connected to a second connection portion of the first rocker-arm-link 134a. According to
various embodiments, the first linkage mechanism 130a may further include a first follower
link 138a which has a pivot axis 137a parallel to the rotational axis 121 of the rotation shaft
122 and which has a first connection portion connected to a second connection portion of the

first coupler link 136a. According to various embodiments, the pivot axis 133a of the first
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rocker-arm-link 134a and the pivot axis 137a of the first follower link 138a may be embodied
in the form of fixed axial rods 135a, 139a extending from the reference structure of the teabag
bagging machine and/or the base frame 131 of the thread tying module 120 such that the first
rocker-arm-link 134a and the first follower link 138a may be pivotably mounted to respective
fixed axial rods 135a, 139a. According to various embodiments, the needle holder 144 may be
connected to the first coupler link 136a with the needle 142 arranged with its longitudinal axis
extending parallel to a longitudinal extension of the first coupler link 136a. Accordingly, the
needle holder 144 may align the needle 142 to the first coupler link 136a such that the
longitudinal axis of the needle 142 may be parallel] to the longitudinal extension of the first
coupler link 136a.

[00023] According to various embodiments, the second linkage mechanism 130b may be a
planar linkage mechanism. Accordingly, the relative motions of the links of the second linkage
mechanism 130b may be in the same plane or in parallel planes. According to various
embodiments, the second linkage mechanism 130b may include a second link rod 132b with a
first connection portion connected to the second connection portion 129b of the second lever
126b. According to various embodiments, the second linkage mechanism 130b may further
include a second rocker-arm-link 134b which has a pivot axis 133b parallel to the rotational
axis 121 of the rotation shaft 122 and which has a first connection portion connected to a second
connection portion of the second link rod 132b. According to various embodiments, the second
linkage mechanism 130b may further include a second coupler link 136b with a first connection
portion connected to a second connection portion of the second rocker-arm-link 134b.
According to various embodiments, the second linkage mechanism 130b may further include
a second follower link 138b which has a pivot axis 137b parallel to the rotational axis 121 of
the rotation shaft 122 and which has a first connection portion connected to a second connection
portion of the second coupler link 136b. According to various embodiments, the pivot axis
133b of the second rocker-arm-link 134b and the pivot axis 137b of the second follower link
138b may be embodied in the form of fixed axial rods 135b, 139b extending from the reference
structure of the teabag bagging machine and/or the base frame 131 of the thread tying module
120 such that the second rocker-arm-link 134b and the second follower link 138b may be
pivotably mounted to respective fixed axial rods 135b, 139b. According to various
embodiments, the thread pusher head 152 may be connected to the second coupler link 136b.
According to various embodiments, the thread pusher head 152 may be connected to the second
connection portion of the second coupler link 136b. According to various embodiments, the

second connection portion of the second coupler link 136b may be an end portion of the second
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coupler link 136b such that the thread pusher head 152 may be extending from an end of a
longitudinal extension of the second coupler link 136b.

[00024] According to various embodiments, the first coupler link 136a of the first linkage
mechanism 130a and the second coupler link 136b of the second linkage mechanism 130b may
longitudinally extend in directions in a range of 90° +/-10° relative to each other. Accordingly,
the first coupler link 136a and the second coupler link 136b may be oriented with respect to
each other such that respective longitudinal extensions may be angled at 90° +/-10° relative to
each other. Hence, the first coupler link 136a and the second coupler link 136b may be oriented
such that the respective longitudinal extensions may form an angle in a range of 90° +/-10°
with respect to each other.

[00025] Referring to FIG. 1 and FIG. 2, according to various embodiments, the two or more
cams may include four cams 124a, 124b, 124¢, 124d, the two or more levers may include four
levers 126a, 126b, 126¢, 126d, and the two or more linkage mechanisms may include four
linkage mechanisms 130a, 130b, 130c, 130d. According to various embodiments, each of the
four cams 124a, 124b, 124¢, 124d may be fixedly joined to the rotation shaft 122 such that each
of the four cams 124a, 124b, 124c, 124d may rotate together with the rotation shaft 122.
According to various embodiments, each of the four cams 124a, 124b, 124c, 124d may be a
disc cam, a plate cam, or a face cam. According to various embodiments, the disc cam or the
plate cam may include an eccentric wheel. According to various embodiments, the face cam
may include a disc with a slot or groove forming a closed curve on a face of the disc.

[00026] According to. various embodirﬁents, each of the four lever 126a, 126b, 126¢, 126d
may have a first connection portion (e.g. 128b, 128c) in engagement with a corresponding cam
of the four cams 124a, 124b, 124c¢, 124d. According to various embodiments, each of the four
lever 126a, 126b, 126¢, 126d mayr have a pivot axis 125 parallel to the rotational axis 121 of
the rotation shaft 122. According to various embodiments, the four levers 126a, 126b, 126¢,
126d may share the same pivot axis 125. According to various embodiments, the pivot axis
125 of the four levers 126a, 126b, 126¢, 126d may be embodied in the form of a fixed axial
shaft 127 extending from a reference structure of the teabag bagging machine and/or the base
frame 131 of the thread tying module 120 such that the four levers 126a, 126b, 126¢, 126d may
be pivotably mounted to the fixed axial shaft 127. According to various embodiments, a
rotation of the rotation shaft 122 may rotate the four cams 124a, 124b, 124c, 124d to generate
a corresponding reciprocating (back and forth) motion in the four levers 126a, 126b, 126c,
126d. According to various embodiments, each of the four linkage mechanisms 130a, 130b,

130c, 130d may be connected to a respective second connection portion 129a, 129b, 129¢, 129d
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of a corresponding lever of the four levers 126a, 126b, 126c, 126d. According to various
embodiments, each of the four linkage mechanisms 130a, 130b, 130c, 130d may include an
assembly of links arranged and connected to a corresponding lever of the four levers 126a,
126b, 126¢c, 126d in a manner so as to transfer movements and forces from respective levers
126a, 126b, 126¢, 126d to generate a desired motion of a corresponding linkage mechanism
130a, 130b, 130c, 130d.

[00027] According to various embodiments, in addition to the first linkage mechanism 130a
and the second linkage mechanism 130b as described above, the thread tying module 120 may
include a third linkage mechanism 130c. The third linkage mechanism 130c may be connected
to the needle 142 of the needle assembly 140. According to various embodiments, the third
linkage mechanism 130c may. be configured to convert a lever motion of a third lever 126¢ into
a corresponzling rotation of the needle 142 about its longitudinal axis. Accordingly, the third
linkage mechanism 130c may convert a reciprocating motion of the third lever 126¢ into a
corresponding rotation of the needle 142 about its longitudinal axis. Hence, the third linkage
mechanism 130c may transfer a movement of the third lever 126¢ based on a rotation of the
third cam 124c¢ to generate a desired rotation of the needle 142.

[00028] According to various embodiments, the third linkage mechanism 130c may be a
spatial linkage mechanism. Accordingly, the links of the third linkage mechanism 130c may
generate relative motions that are not in the same plane or in parallel planes. According to
various embodiment, the third linkage mechanism 130c may include a third link rod 132¢ with
a first connection portion connected to the second connection portion 129¢ of the third lever
126¢c. According to various embodiments, the third linkage mechanism 130c may further
include a third rocker-arm-link 134c¢ which has a pivot axis 133c lying in a plane perpendicular
to the rotational axis 121 of the rotation shaft 122 and which has a first connection portion
connected to a second connection portion of the third link rod 132c. According to various
embodiments, the third linkage mechanism 130c may further include a third coupler link 136¢
with a first connection portion connected to a second connection portion of the third rocker-
arm-link 134¢. According to various embodiments, the third linkage mechanism 130c¢ may
further include a quadrant gear 138¢ with a pivot shaft 137c parallel to the pivot axis 133c of
the third rocker-arm-link 134¢ and with a connection portion of the pivot shaft 137¢c connected
to a second connection portion of the third coupler link 136¢c. According to various
embodiments, the pivot axis 133c¢ of the third rocker-arm-link 134c may be embodied in the
form of an axial rod 135c¢ fixed with respect to the reference structure of the teabag bagging

machine and/or the base frame 131 of the thread tying module 120 such that the third rocker-
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arm-link 134c may be pivotably mounted to the axial rods 135c. According to various
embodiments, the needle 142 of the needle assembly 140 may include a gear in engagement
with the quadrant gear 138c of the third linkage mechanism 130c.

[00029] According to various embodiments, the thread tying module 120 may further include
the fourth linkage mechanism 130d. The fourth linkage mechanism 130d may be connected to
the thread inserter 154 of the thread pusher assembly 150. According to various embodiments,
the fourth linkage mechanism 130d may be configured to impart a rotation to the thread inserter
154 between a forward disposition, in which the second inserter arm 158 engages the thread
104 for pushing the same, and a retracted disposition, in which the second inserter arm 158 is
disengaged from the thread 104. Accordingly, the fourth linkage mechanism 130d may transfer
a movement of a fourth lever 126d based on a rotation of the fourth cam 124d to generate a
desired movement of the thread inserter 154. According to various embodiments, the desired
movement of the thread inserter 154 may be rotating between the forward disposition and the
retracted disposition.

[00030] | According to various embodiments, the fourth linkage mechanism 130d may be a
planar linkage mechanism. Accordingly, the relative motions of the links of the fourth linkage
mechanism 130d may be in the same plane or in parallel planes. According to various
embodiments, the fourth linkage mechanism 130d may include a fourth link rod 132d with a
first connection portion connected to the second connection portion 129d of the fourth lever
126d. According to various embodiments, the fourth linkage mechanism 130d may further
include a fourth rocker-arm-link 134d which has a pivot axis 133d parallel to the rotational axis
121 of the rotation shaft 122 and which has a first connection portion connected to a second
connection portion of the fourth link rod 132d. According to various embodiments, the fourth
linkage mechanism 130d may further include a fourth coupler link 136d with a first connection
portion connected to a second connection portion of the fourth rocker-arm-link 134d and a
second connection portion connected to the thread inserter 154 in a manner so as to convert a
linear motion of the fourth coupler link i36d to a rotation motion of the thread inserter 154.
According to various embodiments, the pivot axis 133d of the fourth rocker-arm-link 134d may
be embodied in the form of a pin joint coupling the fourth rocker-arm-link 134d to the teabag
bagging machine and/or the base frame 131 of the thread tying module 120.

[00031] According to various embodiments, the thread tying module 120 may include a
thread puller assembly 160 which, when seen in a direction of the rotational axis 121 of the
rotation shaft 122, is arranged on an opposite side of the needle assembly 140 with respect to

the thread pusher assembly 150, and is optionally arranged adjacent to the thread pusher
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- assembly 150. Accordingly, the thread pusher assembly 150 may be arranged to be between
the needle assembly 140 and the thread puller assembly 160. According to various
embodiments, the thread puller assembly 160 may include a tensioning spool 162 rotatable
about a spool shaft (not shown) parallel to the rotational axis 121 of the rotation shaft 122, by
which a pulling force may be applied to the thread 104 which extends from a reservoir spool -
170 to between the needle assembly 140 and the thread pusher assembly 150, to the tensioning
spool 162. Accbrding to various embodiments, the thread puller assembly 160 may include at
least two thread receiving portions (see 464a, 464b of FIG. 4A) along the circumference of the
tensioning spool 162. According to various embodiments, the at least two thread receiving
portions 464a, 464b may be spaced equally along the circumference of the tensioning spool
162. According to various embodiments, each of the at least two thread receiving portions
464a, 464b of the tensioning spool 162 may include clamping elements configured to hold a
leading end portion of the thread 104 from the reservoir spool 170.

[00032] Referring to the teabag conveying module 110 of the system 100, according to
various embodiments, the at least one teabag receiving portion 112 of the teabag conveying
module 110 may include a hook 470 (see FIG. 4A to FIG. 4L). According to various
embodiments, when the teabag receiving portion 112 of the teabag conveying module 110 is
in the knotting position and the thread pusher assembly 150 of the thread tying module 120 is
in the forward disposition, the hook 470 of the teabag receiving portion 112 may be disposed
with respect to the second inserter arm 158 of the thread inserter 154 of the thread pusher
assembly 150 in a manner such that a direction of movement of the second inserter arm 158 of
the thread inserter 154 may be toward the hook 470. According to various embodiments, the
second inserter arm 158 of the thread inserter 154 may be configured to push a segment of the
thread 104 so as to loop the segment of the thread 104 over the hook 470 of the teabag receiving
portion 112 of the teabag conveying module 110.

[00033] According to various embodiments, the teabag conveying module 110 may include
a wheel with said teabag receiving portion 112 along a circumference of the wheel. According
to various embodiments, the wheel may be rotatable about a wheel rotational axis, which
extends in parallel to the rotational axis 121 of the rotational shaft 122, to thereby allow the
teabag receiving portion 112 to be placed in diverse angular positions with one of said angular
positions corresponding to the knotting position of the teabag 102. According to various
embodiments, the diverse angular positions may, in addition to the knotting position, include:
a teabag receiving position, in which a teabag 102 may be placed on the teabag receiving

portion; a thread cutting position, in which the thread attached to the teabag 102 may be cut so



WO 2020/021325 PCT/IB2019/000255
15

as to be released from the reservoir spool 170; and a teabag removing position, in which a
teabag 102 with a readily knotted thread may be removed from the wheel. According to various
embodiments, the wheel may be rotatable about the wheel rotational axis with respect to the
teabag bagging machine and/or the base frame 131 of the thread tying module 120.

[00034] According to various embodiments, the at least one teabag receiving portion 112 of
the teabag conveying module 110 may be extending radially from the wheel. According to
various embodiments, the at least one teabag receiving portion 112 of the teabag conveying
module 110 may include a pair of grippers. The pair of grippers may be extending radially
from the wheel. According to various embodiments, the hook 470 may be on one of the pair
of grippers. According to various embodiments, the wheel may include a recessed portion
along the circumference of the wheel and between the pair of grippers. According to various
embodiments, the recessed portion may be shaped to correspond with a shape of a base of the
teabag 102 such that the base of the teabag 102 may be placed into the recessed portion while
an upper portion of the teabag 102 may be clamped by the pair of grippers so as to hold the
teabag 102.

[00035] FIG. 3A to FIG. 3E shows a series of movements of the respective components of
the thread tying module 120 in one revolution of the rotation shaft 122 according to various
embodiments. Referring back to FIG. 1, FIG. 1 shows the respective components of the thread
tying module 120 in the starting position. As shown in FIG. 1, a teabag 102 may be conveyed
to a knotting position which is between the needle assembly 140 and the thread pusher
assembly 150. Accordingly, the needle assembly 140 may be on one side of the teabag 102
and the thread pusher assembly 150 may be on ah opposite side of the teabag 102. FIG. 3A
shows a first set of movement of the thread tying module 120 according to various
embodiments. As shown, the rotation shaft 122 may be rotated to cause the first cam 124a to
generate a lever motion of the first lever 126a so as to impart a corresponding motion to the
first linkage mechanism 130a to move the needle assembly 140 into the forward disposition.
Further, the shaft 122 may be rotated to cause the second cam 124b to generate a lever motion
of the second lever 126b so as to impart a corresponding motion to the second linkage
mechanism 130b to move the thread pusher assembly 150 into the forward disposition.
According to various embodiments, the first cam 124a and the second cam 124b may be
configured such that the movement of the needle assembly 140 into the forward disposition
and the movement of the thread pusher assembly 150 into the forward disposition may be
synchronized. According to various embodiments, the first cam 124a and the second cam 124b

may be configured such that the movement of the thread pusher assembly 150 into the forward
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disposition and the movement of the needle assembly 140 into the forward disposition may be
in sequence with the thread pusher assembly 150 being moved into the forward disposition first
followed by moving the needle assembly 140 into the forward disposition. As shown, when
both the needle assembly 140 and the thread pusher assembly 150 are in the respective forward
disposition, the thread pusher head 152 of the thread pusher assembly 150 may engage and
push the thread 104 towards the teabag 102, and the needle 142 of the needle assembly 140
may punch through the teabag 102 to engage with the thread 104 on the thread pusher head
152 of the thread pusher assembly 150. According to various embodiments, the thread pusher
head 152 of the thread pusher assembly 150 rriay include an engagement surface which may
push against a first side of the teabag 102. The engagement surface may include a groove in
which the thread 104 may be received such that the thread 104 may be placed adjacent to the
first side of the teabag 102. According to various embodiments, the needle 142 of the needle
assembly 140 may punch through the teabag 102 (from a second side to the first side, wherein
the second side is opposite to the first side) and be inserted into a hole of the engagement
surface of the thread pusher head 152 such that a notch on the needle 142 may engage with the
thread 104.

[00036] FIG. 3B shows a second set of movement of the thread tying module 120 according
to various embodiments. As shown, the rotation shéft 122 may be rotated to cause the first
cam 124a to generate a lever motion of the first lever 126a so as to impart a corrésponding
motion to the first linkage mechanism 130a to retract the needle assembly 140 into the
intermediate disposition. Further, the rotation shaft 122 may be rotated to cause the third cam
124c to generate a lever motion of the third lever 126¢ which is converted into a corresponding
rotation of the needle 142 of the needle assembly 140 about its longitudinal axis by the third
linkage mechanism 130c. According to various embodiments, the first cam 124a and the third
.cam 124c may be configured such that the movement of the needle assembly 140 into the
intermediate disposition and rotation of the needle 142 of the needle assembly 140 may be
synchronized. According to various embodiments, the first cam 124a and the third cam 124¢
may be conﬁgﬁred such that the movement of the needle assembly 140 into the intermediate
disposition and rotation of the needle 142 of the needle assembly 140 may be in sequence with
the needle assembly 140 being retracted to the intermediate disposition first followed by
rotating the needle 142 of the needle assembly 140. According to various embodiments, as the
needle assembly 140 is being retracted to the intermediate disposition from the forward
disposition, the notch of the needle 142 of the needle assembly 140 may pull a first segment of
the thread 104 through the teabag 102, from the first side to the second side, via a hole
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previously punched by the needle 142 in the first set of movement, to form an open loop on the
second side of the teabag 102. According to various embodiments, rotating the needle 142 of
the needle assembly 140 with the notch of the needle 142 still holding on to the first segment
of the thread 104 may twist the first segment of the thread 104 such that the first segment of
the thread 104 may change from the open loop to an eye (or a closed loop).

[00037] While it is shown and described that the needle 142 of the needle assembly 140 may
be rotated via the third cam 124c, the third lever 126¢ and the third linkage mechanism 130c,
according to various other embodiments, the rotation of the needle 142 of the needle assembly
140 may be driven via other form of actuator such as servo motor or dc motor or pneumatic
actuator or hydraulic actuator or other suitable actuator directly coupled to the needle 142. The
actuator for the needle 142 of the needle assembly 140 may be activated upon detection of the
needle assembly being retracted to the intermediate disposition from the forward disposition.
According to various embodiments, detection of the movement of the needle assembly may be
via suitable sensors such as contact sensors (e.g. limit switch), or non-contact sensors (e.g.
infra-red sensor or proximity sensor).

[00038] FIG. 3C shows a third set of movement of the thread tying module 120 according to
various embodiments. As shown, the rotation shaft 122 may be further rotated to cause the
fourth cam 124d to generate a lever motion of the fourth lever 126d so as to impart a
corresponding motion to the fourth linkage mechanism 130d to rotate the thread inserter 154
to the forward disposition such that the second inserter arm 158 of the thread ihserter 154 may
engage a second segment of the thread 104 and pushes the second segment of the thread 104.
According to various embodiments, the second inserter arm 158 of the thread inserter 154 may
push the second segment of the thread 104 over an edge of the teabag 102, from the first side
to the second side, and insert an open loop of the second segment of the thread 104 through the
eye of the thread 104 formed by the first segment of the thread 104. According to various
embodiments, the second inserter arm 158 of the thread inserter 154 may further push the open
loop of the second segment of the thread 104 and hang the open loop of the second segment of
the thread 104 on the the hook 470 of the teabag receiving portion 112 of the teabag conveying
module 110. According to various embodiments, the eye formed by the first segment of the
thread 104 may be released from the notch of the needle 142 as the second inserter arm 158 of
the thread inserter 154 is pushing the open loop of the second segment of the thread 104 through
the eye formed by the first segment of the thread 104. According to various embodiments, the
eye formed by the first segment of the thread 104 may be pushed off the the notch of the needle
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142 via friction as the second inserter arm 158 of the thread inserter 154 moves through the
eye formed by the first segment of the thread 104.

[00039] FIG. 3D shows a fourth set of movement of the thread tying module 120 according
to various embodiments. As shown, the rotation shaft 122 may be further rotated to cause the
fourth cam 124d to generate a lever motion of the fourth lever 126d so as to impart a
corresponding motion to the fourth linkage mechanism 130d to rotate the thread inserter 154
to the retracted disposition such that the second inserter arm 158 of the thread inserter 154 may
disengage from the second segment of the thread 104. Further, the rotation shaft 122 may be
rotated to cause the first cam 124a to generate a lever motion of the first lever 126a so as to
impart a corresponding motion to the first linkage mechanism 130a to further retract the needle
assembly 140 into the retracted disposition. According to various embodiments, the first cam
124a and the fourth cam 124c¢ may be configured such that the movement of the needle
assembly 140 into the retracted disposition and rotation of the thread inserter 154 to the
retracted disposition may be synchronized. According to various embodiments, the first cam
124a and the fourth cam 124c¢ may be configured such that the movement of the needle
assembly 140 into the retracted disposition and rotation of the thread inserter 154 to the
retracted disposition may be in sequence in any order. According to various embodiments, the
tensioning spool 162 of the thread puller assembly 160 may be rotated to tighten the eye formed
by the first segment of the thread 104 so as to close the eye on the second segment of the thread
104 for holding closely the second segment of the thread 104 to the teabag 102.

[00040] FIG. 3E shows a fifth set of movement of the thread tying module 120 according to
various embodiments. As shown the rotation shaft 122 may be further rotated to cause the
second cam 124b to generate a lever motion of the second lever 126b so as to impart a
corresponding motion to the second linkage mechanism 130b to retract the thread pusher
assembly 150 into the retracted disposition. Upon retraction of the thread pusher assembly 150,
one cycle of movements of the thread tying module 120 is completed. As shown, when the
thread pusher assembly 150 is retracted, the thread 104 may be running from the tensioning
spool 162 of the thread puller assembly 160 to the teabag 102 and from the teabag 120 to the
reservoir spool 170. From this position, the teabag conveying module 110 may move the
teabag 102 from the knotting position to the thread cutting position. As the teabag 102 is being
moved by the teabag conveying module 110, the thread puller assembly 160 may also rotate to
facilitate the movement of the teabag 102 and take in the slack of the thread 104 as the teabag
102 is being moved. Further, as the teabag 102 is being moved pass the thread puller assembly
160, an aft segment of the thread 104 between the teabag 102 and the reservoir spool 170 (i.e.
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after the second segment of the thread 104) may come into contact with the thread puller
assembly 160. According to various embodiments, the thread puller assembly 160 may be
configured to catch a portion of the aft segment of the thread 104 when it is in contact with the
thread puller assembly 160. Accordingly, a length of the thread 104 may again be extending
directly from the thread puller assembly 160 to the reservoir spool such that the new length of
thread 104 may be used for attaching to another teabag 102 by the thread tying module.
[00041] According to various embodiments, the teabag 102 which is in the thread cutting
position may have the forward segment of the thread 104 running from the thread puller
assembly 160 to the teabag 102 and the aft segment of the thread 104 running from the teabag
102 to the thread puller assembly 160. According to various embodiments, a cutter 180 may
be configured to cut the aft segment of the thread 104 and the thread puller assembly 160 may
release the forward segment of the thread 104 such that a standalone single piece of thread may
be appended to the teabag 102. According to various embodiments, the teabag conveying
module 110 may then move the teabag 102 into the teabag removing position such that the
teabag 102 may be removed from the teabag receiving portion 112 of the teabag conveying
module 110 to complete the process of attaching a piece of thread to the teabag 102.

[00042] FIG. 4A to FIG. 4L shows schematic diagrams of a method 401 of attaching a piece
of thread to a teabag 102 according to various embodiments. According to various
embodiments, the method 401 may be performed by the system 100 of FIG. 1 to FIG. 3E. FIG.
4A shows a starting arrangement of the method 401 according to various embodiments. As
shown, according to various embodiments, in the starting arrangement, the teabag 102 may be
held by the teabag receiving portion 112 of the teabag conveying module 110 and may be at
the knotting position. In the knotting position, the thread 104 may be extending between the
thread puller assembly 160 and the reservoir spool 170. According to various embodiments,
the teabag receiving portion 112 of the teabag conveying module 110 may be a pair of teabag
grippers 413a, 413b. According to various embodiments, the thread puller assembly 160 may
include the tensioning spool 162 and the at least two thread receiving portions 464a, 464b.
Further, the first thread receiving portion 464a may be holding a leading end of the thread 104.
As shown, according to various embodiments, in the knotting position, the teabag 102 may be
placed between the thread 104 and the needle 142 of the needle assembly 140. Accordingly,
the thread 104 may be on a first side 403 of the teabag 102 and the needle 142 of the needle
assembly 140 may be on a second side 405 of the teabag 102.

[00043] FIG. 4B shows that the method 401 may include punching the needle 142 through

the teabag 102 from the second side 405 to the first side 403 according to various embodiments.
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According to various embodiments, the needle 142 may punch through a tip portion of the
teabag 102. Further, the method 401 may include hooking, via a notch 441 in the needle 142
inserted through the teabag 102, a first mid-segment 482 of a continuous portion of a thread
104 adjacent to the first side 403 of the teabag 102" according to various embodiments.
Accordingly, the needle 142 may be operated to punch through the teabag 102 and be inserted
in a manner such that the notch 441 of the needle 142 hooks onto the first mid-segment 482 of
the continuous portion of the thread 104. According to various embodiments, the above steps
of method 401 may be performed by the first set of movement of thread tying module 120 of
the system 100 as shown in FIG. 3A.

[00044] FIG. 4C shows that the method 401 may further include running the needle 142
through the teabag 102 along with the first mid-segment 482 of the thread 104 to a second side
405 of the teabag 102 opposite the first side 403 according to various embodiments.
Accordingly, the needle 142 may pull the first mid-segment 482 of the thread 104 through the
hole, which is previously punctured by the needle 142, from the first side 403 to the second
side 405 of the teabag 102. Hence, the first mid-segment 482 of the thread 104 may form an
open loop of thread on the second side 405 of the teabag 102.

[00045] FIG. 4D shows that the method 401 may further include rotating the needle 142
about its longitudinal axis to make an eye extending from the second side 405 with the first
mid-segment 482 of the thread 104 according to various embodiments. Accordingly, rotating
the needle 142 about its longitudinal axis may twist the open loop of the first mid-segment 482
to form the eye (or the closed loop) on the second side 405 of the teabag 102. According to
various embodiments, the steps of the method 401 as shown in FIG. 4C and the above step of
the method 401 as shown in FIG. 4D may be performed by the second set of movement of
thread tying module 120 of the system 100 as shown in FIG. 3B. According to various
embodiments, rotating the needle about its longitudinal axis may include rotating the needle
450° +/- 5° about its longitudinal axis.

[00046] Further, FIG. 4D shows that the method 401 may include moving a thread inserter
454 towards a second mid-segment 484 of the continuous portion of the thread 104 for
engaging with the second mid-segment 484 of the thread 104. According to various
embodiments, the thread inserter 454 may be the thread inserter 154 of the thread tying module
120 of FIG. 1 to FIG. 3E. Accordingly, the second inserter arm 158 may be the part of the
thread inserter 154 that engages with the second mid-segment 484 of the thread 104.

[00047] FIG. 4E shows that the method 401 may further include pushing, via the thread

inserter 454, the second mid-segment 484 of the continuous portion of the thread 104 over an
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edge 406 of the teabag 102 from the first side 403 to the second side 405, and inserting an open
* loop of the second mid-segment 484 through the eye formed by the first mid-segment 482
according to various embodiments. According to various embodiments, the edge 406 of the
teabag 102 may be an edge of the tip portion of the teabag 102. FIG. 4F shows that the method
401 may further include hanging the loop of the second mid-segment 484 on a hook 470 of the
teabag gripper 413a at the second side 405 of the teabag 102 according to various embodiments.
Further, as also shown, the eye formed by the first mid-segment 482 may be released from the
notch 441 of the needle 142 according to various embodiments. According to various
embodiments, the steps of the method 401 as shown in FIG. 4E and the above step of the
method 401 as shown in FIG. 4F may be performed by the third set of movement of thread
tying module 120 of the system 100 as shown in FIG. 3C. According to various embodiments,
releasing the eye from the notch 441 of the needle 142 may include pushing the eye off the
notch 441 of the needle 142 via friction as the thread inserter 454 moves through the eye formed
by the first mid-segment 482.
[00048] FIG. 4F also shows the method 401 may further include retracting the needle 142
after the eye formed by the first mid-segment 482 is released from the notch 441 of the needle
142 according to various embodiments. FIG. 4G shows that the method 401 may further
include retracting the thread inserter 454 after the hanging the loop of the second mid-segment
484 on the hook 470 of the teabag gripper 413a. FIG. 4H and FIG. 41 show that the method
401 may further include pulling, via the thread puller assembly 160, a forward segment of the
continuous portion of the thread 104 before the first mid-segment 482 so as to tighten the eye
formed by the first mid-segment 482. According to various embodiments, the forward segment
of the continuous portion of the thread 104 may be clamped to the thread puller assembly 160
via the first thread receiving portion 464a. According to various embodiments, the method 401
may include rotating the tensioning spool 162 of the thread puller assembly160 to tighten the
eye formed by the first mid-segment 482 of the thread 104 so as to close the eye on the second
mid-segment 484 of the thread 104 for holding closely the second mid-segment 484 of the
thread 104 to the teabag 102. According to various embodiments, the above step of the method
401 as shown in FIG. 4F and the steps of the method 401 as shown in FIG. 4G to FIG. 4] may
be performed by the fourth set of movement of thread tying module 120 of the system 100 as
shown in FIG. 3D.
[00049] FIG. 4] shows that the method 401 may further include moving the teabag 102 from
the knotting position to a thread cutting position by the teabag conveying module 110 according

to various embodiments. According to various embodiments, in the thread cutting position, an
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aft segment of continuous portion of the thread 104 between the teabag 102 and the reservoir
spool 170 (i.e. after the second mid-segment 484 of the thread 104) may come into contact with
the thread puller assembly 160. According to various embodiments, the thread puller assembly
160 may be configured to catch a portion of the aft segment of the thread 104, via the second
thread receiving portion 464b, when it is in contact with the thread puller assembly 160.
Accordingly, the method 401 may further include clamping the aft segment of the continuous
portion of the thread 104 to the thread puller assembly 160 prior to cutting the thread 104.
Hence, a new length of the thread 104 may again be extending directly from the second thread
receiving portion 464b of the thread puller assembly 160 to the reservoir spool 170 such that
the new length of thread 104 may be used for attaching to another teabag 102 by the thread
tying module 120.

[00050] FIG. 4K shows that the method 401 may further include cutting the thread 104 along
the aft segment of the continuous portion of the thread 104 after the second mid-segment 484
according to various embodiments. As shown, according to various embodiments, when the
teabag 102 is in the thread cutting position, the forward segment of the thread 104 may run
from the thread puller assembly 160 to the teabag 102 and the aft segment of the thread 104
may run from the teabag 102 to the thread puller assembly 160. According to various
embodiments, a cutter 180 may cut the aft segment of the thread 104. According to various
embodiments, cutting the thread 104 may include cutting the thread 104 after the second mid-
segment 484 and before the clamped aft segment. |

[00051] FIG. 4L shows that the method 401 may further include removing the teabag 102
from the pair of teabag grippers 413a, 413b in a manner so as to pull the second mid-segment
484 through the hook 470 of the teabag gripper 413a such that a cut-end of the thread is
correspondingly pulled through the eye formed by the first mid-segment 482 before being
pulled through the hook 470 of the teabag gripper 413a. Further, the method 401 may fuﬁher
include releasing the clamped forward segment of the continuous portion of the thread 104 as
the teabag 102 is removed from the pair of teabag grippers 413a, 413b. Accordingly, the thread
puller assembly 160 may release the forward segment of the thread 104 such that a standalone
single piece of thread may be appended to the teabag 102. According to various embodiments,
the method 401 may provide a complete process of attaching a piece of thread to the teabag
102. According to various embodiments, the steps of the method 401 as shown in FIG. 4] to
FIG. 4L may be performed by the movement of the system 100 as shown in FIG. 3E.

[00052] Various embodiments relate to a tagging module for a teabag bagging machine.

According to various embodiments, the tagging module may be configured to be installed in a
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teabag bagging machine so as to attach a tag to a thread from a teabag (i.e. without using
staples). According to various embodiments, the tagging module may be configured to be
installed on an existing conventional teabag bagging machine, which uses staples, so as to
convert the existing teabag bagging machine into one which does not use staple. Accordingly,
the tagging module may be configured to be an attachment unit for direct installation on an
existing conventional teabag bagging machine. According to various embodiments, the
tagging module may be configured to replace a staple module in the existing conventional
teabag bagging machine. According to various embodiments, the tagging module may also be
configured to be installed in a new teabag bagging machine.

[00053] FIG. 5A shows a schematic diagram of a system 500 for attaching a tag 506 to a
piece of thread 504 from a teabag 502 according to various embodiments. FIG. 5B shows a
close up view of a tagging position of the system 500 of FIG. 5A according to various
embodiments. As shown, the system 500 may include a threaded-teabag conveying module
510 and a needling module 520. According to various embodiments, the threaded-teabag
conveying module 510 may be configured to convey the teabag 502, which has the piece of
thread 504 attached to the teabag 502, to a tag attachment position with respect to the needling
module 520 so as to attach the tag 506 to the piece of thread 504 of the teabag 502. According
to various embodiments, the threaded-teabag conveying module 510 may include at least one
threaded-teabag receiving portion 512 configured to retain the threaded-teabag 502 that is to
be conveyed by the threaded-teabag conveying module 510. According to various |
embodiments, at least one threaded-teabag receiving portion 512 of the threaded-teabag
conveying module 510 may also be configured to receive a tag in a manner so as to place a tag
over a segment of the piece of thread 504 attached to the threaded-teabag 502. According to
various embodiments, the threaded-teabag conveying module 510 may include a plurality of
threaded-teabag receiving portions 512. According to various embodiments, the threaded-
teabag conveying module 510 may be mounted on a teabag bagging machine. According to
various embodiments, the threaded-teabag conveying module 510 may be part of an existing
teabag bagging machine.

[00054] According to various embodiments, the threaded-teabag conveying module 510 may
include a wheel with said threaded-teabag receiving portion 512 along a circumference of the
wheel. According to various embodiments, the wheel may be rotatable about a wheel rotational
axis to thereby allow the threaded-teabag receiving portion 512 to be placed in diverse angular
positions with one of said angular positions corresponding to the tag attachment position.

According to various embodiments, the diverse angular positions may, in addition to the tag
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attachment position, include: a threaded-teabag receiving position, in which the threaded-
teabag 502 may be placed on the threaded-teabag receiving portion 512; a tag receiving
position, in which the tag 506 may be placed together with the threaded-teabag; and a threaded-
teabag removing position, in which the threaded-teabag 502 with the tag 506 attached to the
thread 504 of the teabag 502 may be removed from the wheel.

[00055] According to various embodimehts, the at least one threaded-teabag receiving
portion 512 of the threaded-teabag conveying module 510 may be extending radially from the
wheel. According to various embodiments, the at least one threaded-teabag receiving portion
512 of the threaded-teabag cdnveying module 510 may include a pair of grippers. The pair of
grippers may be extending radially from the wheel.

[00056] According to various embodiments, the needling module 520 may be configured to
be mounted to a teabag bagging machine. Accordingly, the needling module 520 may be
configured to be mounted to a frame or a support structure or a casing or a housing of the teabag
bagging machine. According to various embodiments, various components of the needling
module 520 may be directly mounted to the frame or the support structure or the casing or the
housing of the teabag bagging machine. According to various embodiments, the needling
module 520 may include a base frame 531 on which the various components of the needling
module 520 may be fitted. Accordingly, the needling module 520 may be in the form of a
single unit which may be mounted to the teabag bagging machine by mounting the base frame
531 to the teabag bagging machine. According to various embodiments, the needling module
520 may include a rotation shaft 522 configured to be coupled to a driving mechanism in a
manner so as to be driven by the driving mechanism. According to various embodiments, the
driving mechanism may be a driving shaft of the teabag bagging machine. According to
various embodiments, the driving mechanism may be an external motor which is configured to
synchronise with the movements of the teabag bagging machine. According to various
embodiments, the rotation shaft 522 may be coupled to the driving mechanism via shaft
couplings, or gears, or chains, or belts, or a combination thereof. According to various
embodiments, the rotation shaft 522 may be rotatable with respect to the teabag bagging
machine and/or the base frame 531.

[00057] According to various embodiments, the needling module 520 may include a first
cam 524a and a second cam 524b fixedly joined to the rotation shaft 522 such that the first and
second cams 524a, 524b may rotate together with the rotation shaft 522. According to various
embodiments, each of the first and second cams 524a, 524b may be a disc cam, a plate cam, or

a face cam. According to various embodiments, the disc cam or the plate cam may include an
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eccentric wheel. According to various embodiments, the face cam may include a disc with a
slot or groove forming a closed curve on a face of the disc. According to various embodiments,
the needling module 520 may include a first lever 526a and a second lever 526b. According
to various embodiments, each of the first and second levers 526a, 526b may have a first
connection portion (e.g. 528a) in engagement with a corresponding cam of said cams 524a,
524b. According to various embodiments, the first connection portion of respective lever 526a,
526b may include an end portion or an end of the respective lever 526a, 526b. According to
various embodiments, the first lever 526a may have a pivot axis 525a parallel to a rotational
axis 521 of the rotation shaft 522. According to various embodiments, the second lever 526b
may have a pivot axis 525b perpendicular to the pivot axis 525a of the first lever 526a.
According to various embodiments, respective pivot axis 525a, 525b of the first and second
levers 526a, 526b may be embodied in the form of a corresponding fixed axial shaft 527a, 527b
extending from a reference structure of the teabag bagging machine and/or the base frame 531
of the needling module 520 such that the first and second levers 526a, 526b may be pivotably
mounted to the respective fixed axial shaft 527a, 527b. -According to various embodiments, a
rotation of the rotation shaft 522 may rotate the respective cams 524a, 524b, to generate a
corresponding reciprocating (back and forth) motion in a corresponding lever 526a, 526b.
[00058] According to various embodiments, the needling module 520 may include a needle
542 and a needle shank 544. According to various embodiments, the needle 542 may be
integral with the needle shank 544 such that the needle 542 and the needle shank 544 may be
rotatable together as a whole about a longitudinal axis and movable together as a whole along
the longitudinal axis. According to various embodiments, the needle 542 and the needle shank
544 may be arranged to lie in a first plane (or a needle’s plane) at least substantially
perpendicular to the rotational axis 521 of the rotation shaft 522. According to various
embodiments, the needle shank 544 may include a first cylindrical portion 546 and a second
cylindrical portion 548. According to various embodiments, the second cylindrical portion 548
may be between the first cylindrical portion 546 and the needle 542. Accordingly, the needle
542 may be extending longitudinally from a first end of the second cylindrical portion 548 and
the first cylindrical portion 546 may be extending longitudinally from a second end of the
second cylindrical portion 548.

[00059] According to various embodiments, the first cylindrical portion 546 of the needle
shank 544 may be slidably received in a guide member 599 which may be fixed with respect
to the teabag bagging machine and/or the base frame 531. Accordingly, the needle 542 and the
needle shank 544 may be slidable together as a whole with respect to the guide member 599
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along the longitudinal axis. According to various embodiments, the first cylindrical portion
546 of the needle shank 544 may include a circumferential groove 545 (or slot). Accordingly
to various embodiments, a second connection portion of the first lever 526a may be received
within the circumferential groove 545 of the first cylindrical portion 546 such that a rotating
motion of the first cam 524a may move the first lever 526a in a manner so as to impart a
corresponding sliding motion to the needle shank 544 along the longitudinal axis.

{00060] According to various embodiments, the second cylindrical portion 548 may include
a plurality of teeth or groove 549 with respective tooth-line or groove-line aligned straight and
parallel to a longitudinal extension of the second cylindrical portion 548. According to various
embodiments, a second connection portion of the second lever 526a may be connected to a link
530 having a series of tooth-like protrusions distributed along its axial direction with respective -
tooth-line aligned perpendicular to the axial direction. The tooth-like protrusions of the link
530 may engage with the plurality of teeth or groove 549 of the second cylindrical portion 548
such that a rotating motion of the second cam 524b may move the second lever 526b in a
manner so as to impart a corresponding linear motion to the link 530 in engagement with the
second cylindrical portion 548 to rotate the needle shank 544 about its longitudinal axis.
According to various embodiments, the engagement between the link 530 and the second
cylindrical portion 548 may be similar to a rack and pinion mechanism.

[00061] While it is shown and described that the needle 542 may be moved axially via the
first cam 524a and the first lever 526a, according to various other embodiments, the axial
movement of the needle 542 may be driven via other form of actuator such as servo motor or
dc motor or pneumatic actuator or hydraulic actuator or other suitable actuator. Similarly,
while it is shown and described that the needle 542 may be rotated via the second cam 524b,
the second lever 526b, and the link 530, according to various other embodiments, the rotation
of the needle 542 may be driven via other form of actuator such as servo motor or dc motor or
pneumatic actuator or hydraulic actuator or other suitable actuator. According to various
embodiments, the respective actuator for respective axial movement or rotation of the needle
542 may be activated upon sensor feedback or by time-based controller.

[00062] FIG. 6A to FIG. 6G shows schematic diagrams of a method 601 of attaching a tag
506 to a piece of thread 504 of a teabag 502 according to various embodiments. According to
various embodiments, the method 601 may be performed by the system 500 of FIG. 5A and
FIG. 5B. FIG. 6A shows a starting arrangement of the system 500 and/or the method 601

according to various embodiments.
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[00063] According to \}arious embodiment, the system 500 for attaching a tag 506 to a piece
of thread 504 of a teabag 502 may include the needle 542 configured to be rotatable about its
longitudinal axis and configured to be movable in its axial directions. The system 500 may
further include the threaded-teabag conveying module 510 configured to convey the threaded-
teabag 502 to the tag attachment position with respect to the needle 542 so as to attach the tag
506 to the piece of thread 504 on the teabag 502. According to various embodiments, the
threaded-teabag conveying module 510 may include at least one threaded-teabag receiving
portion 512 having a tag-receiving surface 514 and a cavity 516 in the tag-receiving surface
514. According to various embodiments, when the at least one threaded-teabag receiving
portion 512 is in the tag attachment position, the cavity 516 of the tag-receiving surface 514

may be aligned with the needle 542 in a manner such that axial movement of the needle 542

may insert a tip of the needle 542 into the cavity 516 of the tag-receiving surface 514.
According to various embodiments, the system 500 may further include a tag pusher 590.
According to various embodiments, when the at least one threaded-teabag receiving portion
512 is in the tag attachment position, the tag pusher 590 may be aligned to the tag-receiving
surface 514 of the at least one threaded-teabag receiving portion 512 in a manner so as to push
the tag 506 along the tag-receiving surface 514. According to various embodiments, the system
500 may further include a thread-clip 592. According to various embodiments, when the at
least one threaded-teabag receiving portion 512 is in the tag attachment portion, the thread-clip
592 may be configured to hold a segment of the piece of thread 504 against a portion of the at
least one threaded-teabag receiving portion 512. According to various embodiments, the
thread-clip 592 may be a spring plate or a leaf spring or a spring clip.

[00064] According to various embodiments, in the starting arrangement of the method 601,
the threaded-teabag 502 may be received on the at least on threaded-teabag receiving portion
512 in a manner so as to line the piece of thread 504 across the cavity 516 of the tag-receiving
surface 514 and be held by the thread-clip 592 against a portion of the at least one threaded-
teabag receiving portion 512. Further, the tag 506 may be rested on the tag-receiving surface
514 of the at least one threaded-teabag receiving portion 512 in a manner so as to sandwich the
piece of thread 504 between the tag 506 and the tag-receiving surface 514 of the at least one
threaded-teabag receiving portion 512, and to conceal the cavity 516 of the tag-receiving
surface 514. Referring to FIG. 5B, according to various embodiments, the piece of thread 504
may have gone one.round around the threaded-teabag 502, from the tip portion to the base and
back to the tip portion, before extending away from the tip portion of the threaded-teabag 502
to be held by the thread-clip 592.
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[00065] FIG. 6B shows that the method 601 may include punching the needle 542 through
the tag 506 from the first side 605 to the second side 607 according to various embodiments.
According to various embodiments, the needle 542 may punch through a tip portion of the tag
506. Further, the method 601 may include hooking, via a notch 541 in the needle 542 inserted
through the tag 506, a first mid-segment 682 of the piece of thread 504 adjacent (see FIG. 6C)
to the second side 507 of the tag 506 according to various embodiments. Accordingly, the
needle 542 may be operated to punch through the tag 506 and be inserted into the cavity 516
of the fag-receiving surface 514 in a manner such that the notch 541 of the needle 542 may
hook onto the first mid-segment 682 of the piece of the thread 504.

[00066] FIG. 6C shows that the method 601 may further include running the needle 542
through the tag 506 along with the first mid-segment 682 of the thread 504 to the first side 605
of the tag 506 opposite the second side 607 according to various embodiments. Accordingly,
the needle 542 may pull the first mid-segment 682 of the thread 504 through the hole in the tag
506, which is previously punctured by the needle 542, from the second side 607 to the first side
605 of the tag 506. Hence, the first mid-segment 682 of the thread 504 may form an open loop
of thread 504 on the first side 605 of the tag 506.

[00067] FIG. 6D shows that the method 601 may further include rotating the needle 542
about its longitudinal axis to make an eye extending from the first side 605 with the first mid-
segment 682 of the thread 504 according to various embodiments. Accordingly, rotating the
needle 542 about its longitudinal axis may twist the open loop of the first mid-segment 682 to
form the eye (or the closed loop) on the first side 605 of the tag 506. According to various
embodiments, rotating the needle 542 about its longitudinal axis may include rotating the
needle 450° +/- 5° about its longitudinal axis.

[00068] FIG. 6E shows that the method 601 may further include pushing, via the tag pusher
590, the tag 506 along the tag-receiving surface 514 of the at least one threaded-teabag
receiving portion 512 in a manner so as to move the tag 506 away from the cavity 516 of the
tag-receiving surface 514 such that the tag 506 is not covering over the cavity 516 of the tag-
receiving surface 514 according to various embodiments. Accordingly, the tag 506 may be
moved by the tag pusher 590 to expose the cavity 516 of the tag-receiving surface 514 outside
a perimeter of the tag 506 such that the needle 542 may be re-inserted into the cavity 516
without punching through the tag 506.

[00069] FIG. 6F shows that the method 601 may further include retracting the tag pusher 590
to expose the cavity 516 of the tag-receiving surface 514 according to various embodiments.

FIG. 6F further shows that the method 601 may further include re-inserting the needle 542 into
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the cavity 516 of the tag-receiving surface 514 according to various embodiments. Further, the
method 601 may include hooking, via the notch 541 in the needle 542 inserted into the cavity
516, a second mid-segment 684 of the piece of thread 504 according to various embodiments.
Accordingly, the needle 542 may be operated be inserted into the cavity 516 of the tag-
receiving surface 514 in a manner such that the notch 541 of the needle 542 may hook onto the
second mid-segment 684 of the piece of the thread 504.
[00070] FIG. 6G shows that the method »601 may further include running the needle 542
through the eye formed by the first mid-segment 682 along with the second mid-segment 684
of the thread 504 until an end of the piece of thread 504 correspondingly followed through the
eye formed by the first mid-segment 682 according to various embodiments.
[00071] According to various embodiments, the method 601 may provide a complete process
of attaching the tag 506 to the piece of thread 504 of the teabag 502.
[00072] FIG. 7 shows a schematic diagram of a system 700 for attaching a tag 706 to a piece
of thread 704 from a teabag 702 according to various embodiments. As shown, the system 700
may include a threaded-teabag conveying module 710 and a heat-seal-tagging arrangement 720.
According to various embodiments, the threaded-teabag conveying module 710 may be
configured to convey the teabag 702, which has the piece of thread 704 attached to the teabag
702, to a tag attachment position with respect to the heat-seal-tagging arrangement 720 so as
_to attach the tag 706 to the piece of thread 704 of the teabag 702. According to various
embodiments, the threaded-teabag conveying module 710 may include at least one threaded-
teabag receiving portion 712 configured to retain the threaded-teabag 702 that is to be conveyed
by the threaded-teabag conveying module 710. According to various embodiments, the at least
one threaded-teabag receiving portion 712 of the threaded-teabag conveying module 710 may
also be configured to receive a tag in a manner so as to place a tag over a segment of the piece
of thread 704 attached to the threaded-teabag 702. According to various embodiments, the
threaded-teabag conveying module 710 may include a plurality of threaded-teabag receiving
portions 712. According to various embodiments, the threaded-teabag conveying module 710
may be mounted on a teabag bagging machine. According to various embodiments, the
threaded-teabag conveying module 710 may be part of an existing teabag bagging machine.
[00073] According to various embodiments, the threaded-teabag conveying module 710 may
include a wheel with said threaded-teabag receiving portion 712 along a circumference of the
wheel. According to various embodiments, the wheel may be rotatable about a wheel rotational
axis to thereby allow the threaded-teabag receiving portion 712 to be placed in diverse angular

positions with one of said angular positions corresponding to the tag attachment position.
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According to various embodiments, the diverse angular positions may, in addition to the tag
attachment position, include: a threaded-teabag receiving position, in which the threaded-
teabag 702 may be placed on the threaded-teabag receiving portion 712; a tag receiving
position, in which the tag 706 may be placed together with the threaded-teabag 702; and a
threaded- teabag removing position, in which the threaded-teabag 702 with the tag 706 attached
to the thread 704 of the teabag 702 may be removed from the wheel.

[00074] According to various embodiments, the at least one threaded-teabag receiving
portion 712 of the threaded-teabag conveying module 710 may be extending radially from the
wheel. According to various embodiments, the at least one threaded-teabag receiving portion
712 of the threaded-teabag conveying module 710 may include a pair of grippers. The pair of
grippers may be extending radially from the wheel.

[00075] According to various embodiments, the heat-seal-tagging arrangement 720 may
include a thread puller 760 configured to pull a leading segment of the piece of thread 704 over
an edge of the tag 706. According to various embodiments, the heat-seal-tagging arrangement
720 may further include a thread guide 764 configured to fold the leading segment of the piece
of thread 704 in a manner so as to place the leading segment of the piece of thread 704 over an
adhesive portion 709 of the tag 706. According to various embodiments, the heat-seal-tagging
arrangement 720 may further include a pair of jaws 766 configured to clamp the folded piece
of thread 704 and the tag 706 therebetween. According to various embodiments, the heat-seal-
tagging arrangement 720 may further include a heating element coupled to one or both the jaws
in a manner so as to heat the adhesive portion 709 of the tag 706 to bind the piece of thread
704 to the tag 706.

[00076] FIG. 8A to FIG. 8E shows schematic diagrams of a method 801 of attaching the tag
706 to the piece of thread 704 of the threaded-teabag 702 according to various embodiments.
According to various embodiments, the method 801 may be performed by the system 700 of
FIG. 7. FIG. 8A shows a starting arrangement of the method 801 according to various
embodiments. According to various embodiments, in the starting arrangement of the method
801 when the threaded-teabag 702 reaches the tag attachment position, the threaded-teabag 702
may be on the at least on threaded-teabag receiving portion 712 with the leading segment of
the piece of thread 704 extending away from a tip portion of the threaded-teabag 702. Further,
the tag 706 may be rested on the leading segment of the piece of thread 704 with a first side
705 of the tag 706, which is opposite a second side 707 of the tag 706 having the adhesive
portion 709, in contact with the leading segment of the piece of thread 704. According to

various embodiments, the piece of thread 704 may have gone one round around the threaded-
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teabag 702, from the tip portion to the base and back to the tip portion, before extending away
from the tip portion of the threaded-teabag 702.
[00077] FIG. 8B shows that the method 801 may include pulling, via the thread puller 760,
the leading segment of the piece of thread 704 over an edge of the tag 706. According to
various embodiments, the thread puller 760 may be configured to be movable in a direction
perpendicular to the sides of the tag 706. FIG. 8C shows that the method 801 may further
include folding, via the thread guide 764, the leading segment of the piece of thread 704 to
place the leading segment of the piece of thread 704 over an adhesive portion 709 of the tag
706 on the second side 707 of the tag 706. According to various embodiments, the thread guide
764 may be configured to be movable in a direction parallel to the second side 707 of the tag
706. FIG. 8D shows that the method 801 may include clamping, via the pair of jaws 766, the
leading segment of the piece of thread 704 to the tag 706 and applying heat so as to bind the
piece of thread 704 to the tag 706 at the adhesive portion 709 of the tag 706. According to
various embodiments, the heating element of the pair of jaws 766 may be disposed in a manner
so as to heat the adhesive portion 709 of the tag 706 such that the leading segment of the piece
of thread 704 lying on the adhesive portion 709 may be bound to the tag 706 via the heated
adhesive portion 709. FIG. 8E shows the tag 706 being bound to the piece of thread 704 of the
teabag 702 according to various embodiments.
[00078] The following examples pertain to various embodiments
[00079] Example 1 is a thread tying module configured to be mounted to a teabag bagging
machine, the module including:
a rotation shaft configured to be coupled to a driving mechanism;
two or more cams fixedly joined to the rotation shaft such that the two or more
cams rotate together with the rotation shaft;
two or more levers, each lever having a first connection portion in engagement
with a corresponding cam of said cams, and having a pivot axis parallel to a rotational
axis of the rotation shaft;
two or more linkage mechanisms, each linkage mechanism connected to a
respective second connection portion of a corresponding lever of said levers;
aneedle assembly including a needle and a needle holder, the needle configured
to be rotatable about its longitudinal axis with respect to the needle holder, the needle
holder being connected to a first linkage mechanism of the linkage mechanisms,
configured to impart a translation motion to the needle assembly in a plane

perpendicular to the rotational axis of the rotation shaft so as to move the needle
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assembly between a forward disposition, an intermediate disposition and a retracted
disposition;

a thread pusher assembly including a thread pusher head and a thread inserter
which is formed as an angular piece having a first inserter arm which is pivotably
mounted to the thread pusher head with a pivot axis parallel to the rotational axis of the
rotation shaft, and having a second inserter arm which is arc-shaped and extends in an
angle relative to the first inserter arm, wherein the thread pusher head is connected to a
second linkage mechanism of the linkage mechanisms, configured to impart a
translation motion to the thread pusher assembly in the plane perpendicular to the
rotational axis of the rotation shaft so as to move the thread pusher assembly between
a forward disposition and a retracted disposition,

wherein the needle assembly and the thread pusher assembly are arranged in a
manner such that, when both the assemblies are in the respective forward disposition,
the thread pusher head of the thread pusher assembly engages and pushes a thread
towards the needle assembly, and the needle assembly engages with the thread on the
thread pusher head of the thread pusher assembly. '

[00080] In Example 2, the subject matter of Example 1 may optionally include that the needle
assembly and the thread pusher assembly may be arranged in a manner in which translation
motions thereof are in directions in a range of 90° +/-10° relative to each other.

[00081] In Example 3, the subject matter of Example 1 or 2 may optionally include that the
first linkage mechanism may be a planar linkage mechanism, and wherein the first linkage
mechanism may include

a first link rod with a first connection portion connected to the second
connection portion of the corresponding lever,

a first rocker-arm-link which has a pivot axis parallel to the rotational axis of
the rotation shaft and which has a first connection portion connected to a second
connection portion of the first link rod,

a first coupler link with a first connection portion connected to a second
connection portion of the first rocker-arm-link, and '

a first follower link which has a pivot axis parallel to the rotational axis of the
rotation shaft and which has a first connection portion connected to a second connection

portion of the first coupler link,
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wherein the needle holder may be connected to the first coupler link with the
needle arranged with its longitudinal axis extending parallel to a longitudinal extension
of the first coupler link.

[00082] In Example 4, the subject matter of any one of Examples 1 to 3 may optionally
include that the second linkage mechanism may be a planar linkage mechanism, and wherein
the second linkage mechanism may include

a second link rod with a first connection portion connected to the second
connection portion of the corresponding lever,

a second rocker-arm-link which has a pivot axis parallel to the rotational axis of
the rotation shaft and which has a first connection portion connected to a second
connection portion of the second link rod,

a second coupler link with a first connection portion connected to a second
connection portion of the second rocker-arm-link, and

a second follower link which has a pivot axis parallel to the rotational axis of
the rotation shaft and which has a first connection portion connected to a second
connection portion of the second coupler link,

wherein the thread pusher head may be connected to the second coupler link.

[00083] In Example 5, the subject matter of Example 4 in combination with Example 3 may
optionally include that the first coupler link and the second coupler link longitudinally extend
in directions in a range of 90° +/-10° relative to each other.

[00084] In Example 6, the subject matter of any one of Examples 1 to 5 may optionally
include that the two or more cams may include four cams, the two or more levers may include
four levers, and the two or more linkage mechanisms may include four linkage mechanisms.
[00085] In Example 7, the subject matter of Example 6 may optionally include that the needle
of the needle assembly may be connected to a third linkage mechanism of the linkage
mechanisms, configured to convert a lever motion of the corresponding lever into a
corresponding rotation of the needle about its longitudinal axis.

[00086] In Example 8, the subject matter of Example 7 may optionally include that the third
linkage mechanism may be a spatial linkage mechanism, and wherein the third linkage
mechanism may include _

a third link rod with a first connection portion connected to the second

connection portion of the corresponding lever,
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a third rocker-arm-link which has a pivot axis lying in another plane
perpendicular to the rotational axis of the rotation shaft and which has a first connection
portion connected to a second connection portion of the third link rod,

a third coupler link with a first connection portion connected to a second
connection portion of the third rocker-arm-link, and

a quadrant gear with a pivot shaft parallel to the pivot axis of the third rocker-
arm-link and with a connection portion of the pivot shaft connected to a second
connection portion of the third coupler link,

wherein the needle may include a gear in engagement with the quadrant gear.

[00087] In Example 9, the subject matter of any one of Examples 6 to 8 may optionally
include that the thread inserter of the thread pusher assembly may be connected to a fourth
linkage mechanism of the linkage mechanisms, configured to impart a rotation to the thread
inserter between a forward disposition, in which the second inserter arm engages the thread for
pushing the same, and a retracted disposition, in which the second inserter arm is disengaged
from the thread.

[00088] In Example 10, the subject matter of Example 9 may optionally include that the
fourth linkage mechanism may be a planar linkage mechanism, and wherein the fourth linkage
mechanism may include

a fourth link rod with a first connection portion connected to the second
connection portion of the corresponding lever,

a fourth rocker-arm-link which has a pivot axis parallel to the rotational axis of
the rotation shaft and which has a first connection portion connected to a second
connection portion of the fourth link rod, and

a fourth coupler link with a first connection portion connected to a second
éonnection portion of the fourth rocker-arm-link and a second connection portion

 connected to the thread inserter in a manner so as to convert a linear motion of the
fourth coupler link to a rotation motion of the thread inserter.
[00089] In Example 11, the subject matter of any one of Exampleé 1 to 10 may optionally
include a thread puller assembly which, when seen in a direction of the rotational axis of the
rotation shaft, is arranged on an opposite side of the needle assembly with respect to the thread
pusher assembly, and is optionally arranged adjacent to the thread pusher assembly, wherein
the thread puller assembly may include a tensioning spool rotatable about a spool shaft parallel

to the rotational axis of the rotation shaft, by which the tensioning spool is operable to apply a
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pulling force to the thread which extends from a reservoir spool to between the needle assembly
and the thread pusher assembly, to the tensioning spool.
[00090] Example 12 is a system for attaching a piece of thread to a teabag, the system
including:
the thread tying module of anyone of Examples 1 to 11; and
a teabag conveying module configured to convey the teabag to a knotting
position with respect to the thread tying module so as to attach the piece of thread to
the teabag,
wherein the teabag conveying module comprises at least one teabag receiving
portion having a hook,
wherein, when said teabag receiving portion of the teabag conveying module is
in the knotting position and the thread pusher assembly of the thread tying module is in
the forward disposition, the hook of the teabag receiving portion is disposed with
respect to the second inserter arm of the thread inserter of the thread pusher assembly
in a manner such that a direction of movement of the second inserter arm of the thread
inserter is toward the hook.
[00091] In Example 13, the subject matter of Example 12 may optionally include that the
teabag conveying module may include a wheel with said teabag receiving portion along a
circumference of the wheel, the wheel being rotatable about a wheel rotational axis, which
extends in parallel to the rotational shaft, to thereby allow the teabag receiving portion to be
placed in diverse angular positions with one of said angular positions corresponding to the
knotting position of the teabag.
[00092] In Example 14, the subject matter of Example 12 or 13 may optionally include that
said teabag receiving portion may include a pair of grippers, wherein the hook is on one of the
pair of grippers.
[00093] Example 15 is a method of attaching a piece of thread to a teabag held by a pair of
teabag grippers, the method including: _
hooking, via a notch in a needle inserted through the teabag, a first mid-segment
of a continuous portion of a thread adjacent to a first side of the teabag;
running said needle through the teabag along with the first mid-segment of the
thread to a second side of the teabag opposite the first side and rotating the needle about
its longitudinal axis to make an eye extending from the second side with the first mid-

segment of the thread;
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pushing, via a thread inserter, a second mid-segment of the continuous portion
of the thread over an edge of the teabag from the first side to the second side, and
inserting a loop of the second mid-segment through the eye formed by the first mid-
segment to hang the loop of the second mid-segment on a hook of the teabag gripper at
the second side of the teabag;
releasing the eye formed by the first mid-segment from the notch of the needle;
pulling, via a thread puller, a forward segment of the continuous portion of the
thread before the first mid-segment so as to tighten the eye formed by the first mid-
segment,
cutting the thread along an aft segment of the continuous portion of the thread
after the second mid-segment; and
removing the teabag from the pair of teabag grippers in a manner so as to pull
the second mid-segment through the hook of the teabag gripper such that a cut-end of
~ the thread is correspondingly pulled through the eye formed by the first mid-segment
before being pulled through the hook of the teabag gripper.
[00094] In Example 16, the subject matter of Example 15 may optionally include that rotating
the needle about its longitudinal axis may include rotating the needle 450° +/- 5° about its
longitudinal axis.
[00095] In Example 17, the subject matter of Example 15 or 16 may optionally include that
the forward segment of the continuous portion of the thread may be clamped to the thread puller.
[00096] In Example 18, the subject matter of Example 17 may optionally include releasing
the clamped forward segment of the continuous portion of the thread after the teabag is
removed from the pair of teabag grippers.
[00097] In Example 19, the subject matter of any one of Examples 15 to 18 may optionally
include clamping the aft segment of the continuous portion of the thread to the thread puller
prior to cutting the thread.
[00098] In Example 20, the subject matter of Example 19 may optionally include that cutting
the thread may include cutting the thread after the second mid-segment and before the clamped
aft segment.
[00099] In Example 21, the subject matter of Example 21 may optionally include that
releasing the eye from the notch of the needle may include pushing the eye off the notch of the
needle via friction as the thread inserter moves through the eye.
[000100] Example 22 is a system for attaching a tag to a piece of thread from a teabag, the

system including
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a needle configured to be rotatable about its longitudinal axis and configured to
be movable- in its axial directions;

a threaded-teabag conveying module configured to convey the threaded-teabag
to a tag attachment position with respect to the needle so as to attach the tag to the piece
of thread on the teabag, the threaded-teabag conveying module may include at least one
threaded-teabag receiving portion having a tag-receiving surface and a cavity in the tag-
receiving surface,

wherein, when the at least one threaded-teabag receiving portion is in the tag
attachment position, the cavity of the tag-receiving surface may be aligned with the
needle in a manner such that axial movement of the needle may insert a tip of the needle
into the cavity 516 of the tag-receiving surface; and

a tag pusher configured to be operable to engage with a tag on the tag-receiving
surface to move the tag,

wherein, when the at least one threaded-teabag receiving portion is in the tag
attachment position, the tag pusher may be aligned to the tag-receiving surface 514 of
the at least one threaded-teabag receiving portion in a manner so as to be operable to
engage and push the tag along the tag-receiving surface.

[000101] In Example 23, the subject matter of Example 22 may optionally include a thread-
clip, wherein when the at least one threaded-teabag receiving portion is in the tag attachment
portion, the thread-clip may be configured to hold a segment of the piece of thread against a
portion of the at least one threaded-teabag receiving portion.

[000102] In Example 24, the subject matter of Example 22 or 23 may optionally include that
the threaded-teabag conveying module may include a wheel with the at least one threaded-
teabag receiving portion along a circumference of the wheel, wherein the wheel may be rotatble
about a wheel rotational axis to thereby allow the at least one threaded-teabag receiving portion
to be placed in diverse angular positions with one of said angular positions corresponding to
the tag attachment position.

[000103] In Example 25, the subject matter of any one of Examples 22 to 25 may optionally
include a needling module having the needle, and two sets of cam and lever mechanism co.upled
to the needle in a manner such that a first set of cam and lever mechanism may control a rotation
of the needle about its longitudinal axis and a second set of cam and lever mechanism may
control an axial movement of the needle.

[000104] Example 26 is a method of attaching a tag to a piece of thread of a teabag, the

method including:
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punching a needle through the tag from a first side to a second side;
hooking, via a notch in the needle, a first segment of the piece of thread adjacent
to the second side;
running the needle through the tag along with the first segment of the piece of
thread to the first side;
rotating the needle to twist the first segment of the piece of thread in a manner
so as to form an eye;
moving the tag such that the tag is below the needle;
hooking, via the notch in the needle, a second segment of the piece of thread;
and .
running the needle through the eye formed by the first segment along with the
second segment until an end of the piece of thread correspondingly followed through
the eye formed by the first segment.
[000105] In Example 27, the subject matter of Example 26 may optionally include that
rotating the needle may include rotating the needle 450° +/- 5° about its longitudinal axis.
[000106] Example 28 is a system for attaching a tag to a piece of thread from a teabag, the
system including
a heat-seal-tagging arrangement; and
a threaded-teabag conveying module configured to convey the teabag, which
has the piece of thread attached to the teabag2, to a tag attachment position with
respect to the heat-seal-tagging arrangement so as to attach the tag to the piece of
thread 704 of the teabag,
wherein heat-seal-tagging arrangement may include

a thread puller configured to pull a leading segment of the piece of thread
from the teabag over an edge of the tag,

a thread guide configured to fold the leading segment of the piece of
thread in a manner so as to place the leading segment of the piece of thread over
an adhesive portion of the tag,

a pair of jaws configured to clamp the folded piece of thread and the tag
therebetween, and '

a heating element coupled to one or both the jaws in a manner so as to

heat the adhesive portion of the tag to bind the piece of thread to the tag.
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[000107] In Example 29, the subject matter of Example 28 may optionally include that the
thread puller and the thread thread guide may be arranged in a manner in which respective
motions are in directions in a range of 90° +/-10° relative to each other.
[000108] Example 30 is a method of attaching a tag to the piece of thread of the threaded-
teabag, the method including:
pulling, via the thread puller, a leading segment of the piece of thread over an
edge of the tag;
folding, via the thread guide, the leading segment of the piece of thread to place
the leading segment of the piece of thread over an adhesive portion of the tag on the
second side of the tag;
clamping, via a pair of jaws, the leading segment of the piece of thread to the
tag; and
applying a heat, via a heating element, so as to bind the piece of thread to the
adhesive portion of the tag.
[000109] Various‘ embodiments have provided a cheaper and less wasteful solution for the
teabag manufacturers to convert their existing teabag bagging machine to produce teabag
without staples. Various embodiments have allowed the stapling modules of existing teabag
bagging machine to be modified in into a system for tying a thread to the teabag and/or the tag.
[000110] While the invention has been particularly shown and described with reference to
specific embodiments, it should be understood by those skilled in the art that various changes,
modification, variation in form and detail may be made therein without departing from the
scope of the invention as defined by the appended claims. The scope of the invention is thus
indicated by the appended claims and all changes which come within the meaning and range

of equivalency of the claims are therefore intended to be embraced.
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Claims

1. A thread tying module configured to be mounted to a teabag bagging machine, the

module comprising:
a rotation shaft configured to be coupled to a driving mechanism;

two or more cams fixedly joined to the rotation shaft such that the two or more cams

rotate together with the rotation shaft;

two or more levers, each lever having a first connection portion in engagement with a
corresponding cam of said cams, and having a pivot axis parallel to a rotational axis of the

rotation shaft;

two or more linkage mechanisms, each linkage mechanism connected to a respective

~ second connection portion of a corresponding lever of said levers;

a needle assembly comprising a needle and a needle holder, the needle configured to
be rotatable about its longitudinal axis with respect to the needle holder, the needle holder
being connected to a first linkage mechanism of the linkage mechanisms, configured to
impart a translation motion to the needle assembly in a plane perpendicular to the rotational
axis of the rotation shaft so as to move the needle assembly between a forward disposition, an

intermediate disposition and a retracted disposition;

a thread pusher assembly comprising a thread pusher head and a thread inserter which
is formed as an angular piece having a first inserter arm which is pivotably mounted to the
thread pusher head with a pivot axis parallel to the rotational axis of the rotation shaft, and
having a second inserter arm which is arc-shaped and extends in an angle relative to the first
inserter arm, wherein the thread pusher head is connected to a second linkage mechanism of
the linkage mechanisms, configured to impart a translation motion to the thread pusher
assembly in the plane perpendicular to the rotational axis of the rotation shaft so as to move

the thread pusher assembly between a forward disposition and a retracted disposition,

wherein the needle assembly and the thread pusher assembly are arranged in a manner
such that, when both the assemblies are in the respective forward disposition, the thread
pusher head of the thread pusher assembly engages and pushes a thread towards the needle
assembly, and the needle assembly engages with the thread on the thread pusher head of the
thread pusher assembly.



WO 2020/021325 PCT/IB2019/000255
41

2. The module as claimed in claim 1, wherein the needle assembly and the thread pusher
assembly are arranged in a manner in which translation motions thereof are in directions in a

range of 90° +/-10° relative to each other.

3. The module as claimed in claim 1 or 2, wherein the first linkage mechanism is a

planar linkage mechanism, and wherein the first linkage mechanism comprises

a first link rod with a first connection portion connected to the second connection

portion of the corresponding lever,

a first rocker-arm-link which has a pivot axis parallel to the rotational axis of the
rotation shaft and which has a first connection portion connected to a second connection

portion of the first link rod,

a first coupler link with a first connection portion connected to a second connection

portion of the first rocker-arm-link, and

a first follower link which has a pivot axis parallel to the rotational axis of the rotation
shaft and which has a first connection portion connected to a second connection portion of

the first coupler link,

wherein the needle holder is connected to the first coupler link with the needle
arranged with its longitudinal axis extending parallel to a longitudinal extension of the first

coupler link.

4. The module as claimed in any one of claims 1 to 3, wherein the second linkage
mechanism is a planar linkage mechanism, and wherein the second linkage mechanism

comprises

a second link rod with a first connection portion connected to the second connection

portion of the corresponding lever,

a second rocker-arm-link which has a pivot axis parallel to the rotational axis of the
rotation shaft and which has a first connection portion connected to a second connection

portion of the second link rod,



WO 2020/021325 PCT/IB2019/000255
42

a second coupler link with a first connection portion connected to a second connection

portion of the second rocker-arm-link, and

a second follower link which has a pivot axis parallel to the rotational axis of the
rotation shaft and which has a first connection portion connected to a second connection

portion of the second coupler link,

wherein the thread pusher head is connected to the second coupler link.

5. The module as claimed in claim 4 in combination with claim 3, wherein the first
coupler link and the second coupler link longitudinally extend in directions in a range of 90°

+/-10° relative to each other.

6. The module as claimed in any one of claims 1 to 5, wherein the two or more cams
comprise four cams, wherein the two or more levers comprise four levers, and wherein the

two or more linkage mechanisms comprise four linkage mechanisms.

7. The module as claimed in claim 6, wherein the needle of the needle assembly is
connected to a third linkage mechanism of the linkage mechanisms, configured to convert a
lever motion of the corresponding lever into a corresponding rotation of the needle about its

longitudinal axis.

8. The module as claimed in claim 7, wherein the third linkage mechanism is a spatial

linkage mechanism, and wherein the third linkage mechanism comprises

a third link rod with a first connection portion connected to the second connection

portion of the corresponding lever,

a third rocker-arm-link which has a pivot axis lying in another plane perpendicular to
the rotational axis of the rotation shaft and which has a first connection portion connected to a

second connection portion of the third link rod,
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a third coupler link with a first connection portion connected to a second connection

portion of the third rocker-arm-link, and

a quadrant gear with a pivot shaft parallel to the pivot axis of the third rocker-arm-link
and with a connection portion of the pivot shaft connected to a second connection portion of

the third coupler link,

wherein the needle comprises a gear in engagement with the quadrant gear.

9. The module as claimed in any one of claims 6 to 8, wherein the thread inserter of the
thread pusher assembly is connected to a fourth linkage mechanism of the linkage
mechanisms, configured to impart a rotation to the thread inserter between a forward
disposition, in which the second inserter arm engages the thread for pushing the same, and a

retracted disposition, in which the second inserter arm is disengaged from the thread.

10.  The module as claimed in claim 9, wherein the fourth linkage mechanism is a planar

linkage mechanism, and wherein the fourth linkage mechanism comprises

a fourth link rod with a first connection portion connected to the second connection

portion of the corresponding lever,

a fourth rocker-arm-link which has a pivot axis parallel to the rotational axis of the
rotation shaft and which has a first connection portion connected to a second connection

portion of the fourth link rod, and

a fourth coupler link with a first connection portion connected to a second connection
portion of the fourth rocker-arm-link and a second connection portion connected to the thread
inserter in a manner so as to convert a linear motion of the fourth coupler link to a rotation

motion of the thread inserter..

11.  The module as claimed in any one of claims 1 to 10, further comprising a thread
puller assembly which, when seen in a direction of the rotational axis of the rotation shaft, is
arranged on an opposite side of the needle assembly with respect to the thread pusher

assembly, and is optionally arranged adjacent to the thread pusher assembly, wherein the
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thread puller assembly comprises a tensioning spool rotatable about a spool shaft parallel to
the rotational axis of the rotation shaft, by which the tensioning spool is operable to apply a
pulling force to the thread which extends from a reservoir spool to between the needle

assembly and the thread pusher assembly, to the tensioning spool.

12. A system for attaching a piece of thread to a teabag, the system comprising:
the thread tying module of anyone of claims 1 to 11; and

a teabag conveying module configured to convey the teabag to a knotting position

with respect to the thread tying module so as to attach the piece of thread to the teabag,

wherein the teabag conveying module comprises at least one teabag receiving portion

having a hook,

wherein, when said teabag receiving portion of the teabag conveying module is in the
knotting position and the thread pusher assembly of the thread tying module is in the forward
disposition, the hook of the teabag receiving portion is disposed with respect to the second
inserter arm of the thread inserter of the thread pusher assembly in a manner such that a

direction of movement of the second inserter arm of the thread inserter is toward the hook.

13.  The system as claimed in claim 12, wherein the teabag conveying module comprises a
wheel with said teabag receiving portion along a circumference of the wheel, the wheel being
rotatable about a wheel rotational axis, which extends in parallel to the rotational shaft, to
thereby allow the teabag receiving portion to be placed in diverse angular positions with one

of said angular positions corresponding to the knotting position of the teabag.

14. The system as claimed in claim 12 or 13, wherein said teabag receiving portion

comprises a pair of grippers, wherein the hook is on one of the pair of grippers.

15. A method of attaching a piece of thread to a teabag held by a pair of teabag grippers,

the method comprising:
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hooking, via a notch in a needle inserted through the teabag, a first mid-segment of a

continuous portion of a thread adjacent to a first side of the teabag;

running said needle through the teabag along with the first mid-segment of the thread
to a second side of the teabag opposite the first side and rotating the needle about its
longitudinal axis to make an eye extending from the second side with the first mid-segment

of the thread;

pushing, via a thread inserter, a second mid-segment of the continuous portion of the
thread over an edge of the teabag from the first side to the second side, and inserting a loop of
the second mid-segment through the eye formed by the first mid-segment to hang the loop of

the second mid-segment on a hook of the teabag gripper at the second side of the teabag;
releasing the eye formed by the first mid-segment from the notch of the needle;

pulling, via a thread puller, a forward segment of the continuous portion of the thread

before the first mid-segment so as to tighten the eye formed by the first mid-segment;

cutting the thread along an aft segment of the continuous portion of the thread after

the second mid-segment; and

removing the teabag from the pair of teabag grippers in a manner so as to pull the
second mid-segment through the hook of the teabag gripper such that a cut-end of the thread
is correspondingly pulled through the eye formed by the first mid-segment before being
pulled through the hook of the teabag gripper.

16.  The method as claimed in claim 15, wherein rotating the needle about its longitudinal

axis comprises rotating the needle 450° +/- 5° about its longitudinal axis.

17.  The method as claimed in claim 15 or 16, wherein the forward segment of the

continuous portion of the thread is clamped to the thread puller.

18.  The method as claimed in claim 17, further comprising releasing the clamped forward
segment of the continuous portion of the thread after the teabag is removed from the pair of

teabag grippers.
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19.  The method as claimed in any one of claims 15 to 18, further comprising clamping the
aft segment of the continuous portion of the thread to the thread puller prior to cutting the
thread.

20.  The method as claimed in claim 19, wherein cutting the thread comprises cutting the

thread after the second mid-segment and before the clamped aft segment.

21.  The method as claimed in any one of claims 15 to 20, wherein releasing the eye from
the notch of the needle comprises pushing the eye off the notch of the needle via friction as

the thread inserter moves through the eye.
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