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METHOD AND APPARATUS FOR SPLICING
SPUN YARNS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

FIELD OF THE INVENTION

The present invention relates to a method and appara-
tus for splicing spun yarns. The yarn splicing apparatus
of the present invention comprises a splicing nozzle for
applying a jetted air to the yarn ends, a device for intro-
ducing the yarn ends into the yarn splicing nozzle and
yarn control nozzles for sucking the yarn end from the
package and the yarn end from the bobbin, which are
disposed at each end of the splicing nozzle.

BACKGROUND OF THE INVENTION

It has been often considered that known conventional
fisherman’s knots or weaver’s knots are valuable as yarn
‘splicing means suitable for mass production and it can-
not be helpful that yarn defects are caused by adoption
of these yarn splicing methods.

Accordingly, in case of fisherman’s knots or weaver’s
knots, improvement of the binding strength alone has
been intended so that falling of yarns is not caused even
if knots are pulled, but in connection with decrease of
the thickness of the knot which is about 3 times the
thickness of a single yarn, only reduction of the size of
the yarn end projecting from the knot has been tried.
However, this large thickness of the knot results in
breakage of the yarn by a knitting needle at the knitting
step and continuous operation of a knitting machine is
inhibited. If a knitting machine is operated continuously
irrespectively of occurrence of such breakage of yarns,
a knitted fabric having defective holes is produced.
Furthermore, in an air of water jet room, the yarn ends
projecting from knots of wefts fall in contact with
opened warps and there is caused a disadvantage that
the wefts fail to reach the ends of a fabric being weaven.
Moreover, knots appearing on a woven fabric as a final
product are regarded as defects, and in order to obtain
a high quality product, a region including such knots is
excluded from the fabric and in case of a medium qual-
ity or lower quality product, there should be adopted a
troublesome manual operation of pushing the knots to
the backside of the fabric. Accordingly, if knots are
sufficiently small but can resist pulling forces applied at
various processing steps, the foregoing disadvantages
involved in the manufacturing process and the product
quality will be eliminated.
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We previously filed some patent application for

means for solving the foregoing basic problem. Also in
the present invention, we propose a method and appara-
tus for solving this problem.

According to one of our previous proposals, a yarn
on the package side and a yarn on the bobbin side,
which are to be spliced together, are cut and yarn ends
are held by a yarn cutting and holding device and the
yarn ends are subjected to an action of a splicing nozzle.
In this method, however, fibers of the yarn ends on both
the sides of a formed knot are not wound on the yam
but left in the angular form, and there is caused a defect
that two yarns are piled together in the spliced joint and
the diameter of the spliced joint becomes larger than in
other regions. The main problem of the present inven-
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tion is how to eliminate this defect. Of course, the utility
of our previous proposal 1s not denied at all by the
present invention, but the basic problem in the manufac-
turing process has already been solved by our previous
proposal through a product is still insufficient in the
quality (the quality grade) to some extent. More specifi-
cally, when knots of our previous proposal are adopted
for two doubled or twisted yarns, the above-mentioned
defect concerning the quality i1s not conspicuous, but in
case of the knitting process using cotton or wool or the
weaving process where single yarns are often used for
formation of knitted or woven fabrics, knots of our
previous proposal tend to result in a defect of the qual-
ity. The present invention is to eliminate this disadvan-
tage involved in our previous proposal.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
method and an apparatus for producing spun yarns
having a spliced joint of which diameter is smaller than
that of the conventional joints.

Another object of the present invention is to provide
a method and an apparatus for producing spliced yarns
having a smooth configuration and appearance which
can resist various processing treatments and having a
much enhanced quality without causing weave defects
or knit defects.

According to the present invention, yarn end control
nozzles are stationarily arranged on both the sides of a
splicing nozzle and yarn ends on both the package side
and bobbin side are sucked in these yarn end control
nozzles while these yarn ends are kept free, whereby a
sucking action is imposed on the tops of both the yarn
ends to cause a certain change in the yarn ends. In this
state, the yarn splicing is carried out while imparting a
certain resistance to the tops of the yarn ends by an
action of the splicing nozzle.

When this splicing method is adopted, angular pro-
jections of fiber ends are not formed before of after the
spliced joints, and the diameter of the resulting spliced
joints is smaller than the size of two piled yarns and the
tensile strength of the spliced joints is 70 to 80% of the
tensile strength of the single yarn. Moreover, in both
the end portions of the spliced joint, fiber ends are not
present in the state wound around the yarn but they are
present in the state parallel to each other with entangle-
ments being formed in such fibers arranged in parallel.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a view showing cutting of a spun yarn, in
which arrangement of fibers is diagrammatically illus-
trated.

FIG. 2 is a diagram illustrating the side view of an
automatic winder provided with a splicing apparatus.

FIG. 3 is a front view showing the main part of the
splicing apparatus.

FIG. 4 is a plan view of the splicing apparatus.

FIG. S is a sectional view illustrating the suction
nozzle portion in the splicing apparatus.

FIGS. 6-A through 6-G are diagrams illustrating the
operation steps 1n the splicing apparatus.

FIG. 7-A is a diagram illustrating the principle of
splicing using an air swirling nozzle as the splicing noz-
zle.

FIG. 7-B is a model diagram showing a joint formed
according to our previously proposed splicing method
and apparatus. |
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F1G. 7-C 1s a model diagram illustrating a joint
formed according to the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

Several terms used in the instant specification will
now be illustrated. By the term “spun yarn” or “yarn”
is meant a yarn including natural yarns such as cotton
yarns, woollen yarns or flax yarns, and a spun yarn
produced by spinning so-called staple fibers formed by
cutting in the short length chemical long filaments or
blend of such natural or chemical fibers. Accordingly,
chemical endless long filaments are not included in the
“spun yarn”. Moreover, the “spun yarn” has an inher-
ent twist number expressed in terms of twists per meter,
which is given at the spinning steps, and in the present
invention, it is defined that these twists are distributed
substantially uniform along the entire length of the
“spun yarn”. Furthermore, in this “spun yarn”, two or
more constituent yarns may have an inherent twist num-
ber or may not have an inherent twist number,

By the term “cutting of a spun yarn” is meant me-
chanical cutting of the yarn in a direction rectangular to
the yarn axis but is not meant separation of the yvarn by
a mechanical pulling action. The term *“‘untwisting-cut-
ting” is used to express the case where a spun yarn is
untwisted by swirling streams of air to be broken and to
form new yarn ends.

The present invention will now be described in detail
by reference to the accompanying drawings.

FIG. 1 illustrates diagrammatically arrangement of
fibers in a spun yarn Y. The spun yarn Y is held at a
point A and cut at a point B. Since the spun yarn Y has
been twisted and it has a property that fall-out of indi-
vidual fibers is prevented by such twists, separation of 35
fibers f1 to f10 is hardly caused. Furthermore, even
when the spun yarn Y is held at the points A and B and
it is false-twisted by jetting air between the points A and
B, separation of the fibers f1 to f10 is hardly caused. In
this case, it can be presumed that some fiber f8 may be 40
separated, but it is considered that reduction of the fiber
quantity between the points A and B is substantially
Zero.

When the yarn is held only at the point A but kept
free at the point B and the yarn is false-twisted between 45
the points A and B by an air stream, the possibility of
separation or flying of the fibers {10, 7, 19, f8 and 16 is
remarkably increased. In this case, if the false-twisting
direction is reverse to the direction of inherent twists of
the spun yarn, better results will be obtained. Namely, 50
the quantity of fibers left on the side of the point A is
drastically reduced. In this case, the false-twisting time
(quantity and intensity), characteristics of fibers and the
position B where the spun yarn is cut must be taken into
account as factors causing variations. The false-twisting 55
time, which is closely related to the time of initiation of
entanglements in the spun yarn, will be described in
detail hereinafter. Influences of the characteristics of
fibers and the position where the spun yarn is cut are
now described. For example, cotton fibers are in the
form of a twisted hollow string, and the fiber length is
10 to 40 mm through the fiber length varies to some
extent according to the place of production, and wool
fibers are in the form of a string covered with scales and
it is said that the fiber length of wool fibers is 20 to 200 65
mm though the fiber length varies to some extent ac-
cording to the kind of sheep and the collection position.
The above-mentioned position B is set according to
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such characteristics of fibers, though setting of the posi-
tion B is not simply defined because blending of various
fibers if often performed. However, if the distance be-
tween the points A and B is not the same as or shorter
than the average length of fibers constituting the spun
yarn to be processed, the significance of the cutting
position B will be lost. If the above distance is much
shorter than the average length, the risk of separation of
fibers is remarkably reduced. Of course, in case of un-
twisting cutting different from the mere cutting, the
position B may be set so that the distance between the
points A and B is larger than the average fiber length.

It will readily be understood that according to the
spun yarn cutting and holding method we previously
proposed, it is relatively difficult to control and reduce
the size of the spliced joints. Furthermore, it will readily
be understood that if the spun yarn is subjected to an
action of a suction stream while keeping the fiber ends
free according to the present invention, the first func-
tion of separating and removing fibers by the yarn con-
trol nozzles can be sufficiently exerted.

The spun yarn Y consisting of fibers f1, f2, f3 and f4,
which is held at the nip point A is piled on a spun yarn
kept in a similar state and is exposed to an action of the
splicing nozzle to effect splicing by entanglements
among fibers of the yarns. If the fibers are not restrained
and are subjected to an action of air jetted from the
splicing nozzle for a certain time, random entangle-
ments are caused among the fibers and in many cases,
yarn splicing is not accomplished successfully. In other
words, the yarn end of the spun yarn is raised by the air
stream and fibers of the yarn ends of both the spun yarns
are entangled with each other at some stage of rising.
Then, both the yarn ends are integrated and start a
movement agreeing with the movement of the air
stream, and a fiber movement is caused by strong entan-
glements among the fibers. Accordingly, a variation is
caused in the time required for causing initial entangle-
ments among fibers of both the yarn ends, which have
been raised by the air stream. Namely, even if air is
jetted from the splicing nozzle for a certain time, no
constant certain air jetting is attained. In order to elimi-
nate this variation, it is necessary in principle to restrain
both the yarn ends, and it is preferred that the overlap
quantity of both the yarn ends exceeds a certain level.
However, as pointed out hereinbefore, the overlap
quantity of both the yarn ends varies according to the
cutting position of the spun yarn. Namely, in FIG. 1, it
cannot be said that all fibers 10, {7, f9 and f8 can always
be removed and detached. In some case, only the fiber
{10 may be detached and removed but other fibers f1 to
f9 are nipped at the point A. In other case, only the
fibers f10 and f7 may be detached and removed. How-
ever, based on experimental data, it is possible to set the
spun yarn cutting position so that the fibers 10, 7, {8
and f9 can be detached and removed on the average
from the spun yarn. Furthermore, it is possible to find
out data of the degree of entanglements among fibers
constituting the spun yarn. Moreover, the overlap quan-
tity can be determined according to the pressure and
quantity of air jetted from the splicing nozzle. Namely,
the overlap quantity can be determined depending on
data of the state of jetting of air from the nozzle, for
example, strong jetting in the initial stage and subse-
quent weak jetting. Thus, the overlap quantity is deter-
mined according to various conditions. However deter-
mined the overlap quantity may be, the yarn splicing
will not be successful if the top ends of fibers are not
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restrained. This does not mean that the overlap quantity
is of no significance. If the top ends of fibers are re-
strained, the overlap quantity will be a significant factor
for obtaining good spliced joints. As pointed out herein-
before, fibers are first raised by the splicing nozzle, and 5
after first entanglements among top ends of the fibers,
joints are formed by the movement of the fibers agree-
ing with the movement of the air stream from the noz-
zle. If both the yarn ends piled and inserted in the splic-
ing nozzle are not restrained at all and they are sub- 10
jected in this state to the action of the jetted air stream,
the yarn ends are freely raised up and their behaviors
are not constant, and therefore, yarn splicing can not be
accomplished at all even if both the yarn ends are dou-
bled, because both the yarn ends fly and escape from the 15
splicing nozzle. However, if the abovementioned yarn
end control nozzles are disposed to subject the yarn
ends to the action of these control nozzles at the splicing
step, a resistance corresponding to the suction force of
the yarn end control nozzle is imposed on the top ends 20
of fibers. Accordingly, entanglements of the top ends of
fibers are caused convergently at a certain point of time
under the action of the splicing nozzle. After first entan-
glement of both the yarn ends, the splicing nozzle en-
tangles the top ends of the fibers with fibers of another 25
spun yarn against the suction force of the yarn end
control nozzles. In other words, the second function of
the yarn end control nozzles in the present invention is
a function of causing first entanglement at a certain
point of time and pulling the top ends of fibers while 30
imparting a certain resistance thereto. In the actual
operation, the pressure of the yarn end control nozzles
may be appropriately selected depending on the above-
mentioned characteristics of fibers. If this second func-
tion is not exerted by the yarn end control nozzles, the 35
first entanglement becomes indefinite and the size of the
spliced joint tends to become small. If joints are formed
without any resistance given to the yarn ends, variations
are caused in the intensity of the entanglement among
fibers, and as a result, variations of the tensile strength 40
in the joints in the spliced yarn as a whole are caused.

In connection with this second function, if such yarn
end control nozzles are used, the step of assisting forma-
tion of a balloon by forming a certain slacking in the
doubled spun yarns as in our previously proposed 45
method using a swirling nozzle as the splicing nozzle
and the above-mentioned cutting and holding device
need not be performed. More specifically, when the
splicing nozzle is operated, the yarn end in an amount
necessary for formation of a balloon is taken out from 50
the yarn end control nozzle and the suction force of the
yarn end control nozzle allows ballooning while con-
trolling the degree of ballooning. If this function is
called a buffer function, as the third function of the yarn
end control nozzles, there can be mentioned this buffer 55
function.

The present invention will now be described in detail
by reference to embodiments illustrated in the accompa-
nying drawings.

In FIG. 2, an automatic winder to which the present 60
invention is applied is diagrammatically outlined. The
present invention can be applied to any of known auto-
matic winders and the applicable automatic winder is
not limited to one illustrated in FIG. 2.

A shaft or pipe 2 and a pipe 3 are laid out between 65
side frames 1, and a winding unit 4 is turnably supported
on the shaft 2. While the winder is operated, the wind-
ing unit 4 is also placed on the pipe 3 and is appropri-

6

ately fixed. The pipe 3 is connected to a blower (not
shown) and a suction stream is always applied to the
pipe 3. .

Rewinding of the yarn from a bobbin B to a package
P in this winding unit is accomplished in the following
manner.

A yarn Y1 from the bobbin B on a peg is guided to a
tensioner 7 through a guide 6 and a certain tension is
applied to the yarn Y1. Then, the yarn is passed through
a detecting device for detecting and cutting the yarn
unevenness and also detecting travelling of the yarn and
13 wound on the package P rotated by a winding drum
9. When the yarn unevenness is detected, a cutter of the
detecting device is actuated, and the running yarn Y1 is
cut to stop the winding operation. Simultaneously, a
first yarn guide suction arm 10 is actuated to insert a
yarn YL on the bobbin side into a yarn splicing device
12 located apart from an ordinary yarn running passage
Y1 and a second yarn guide suction arm 11 is actuated
to insert a yarn YU on the package side into the splicing
device 12. After splicing has been performed in the
splicing device, rewinding of the yarn is conducted
again. The first and second yarn guide suction arms 10
and 11 are connected to the pipe 3 to which the suction
stream 18 applied.

The splicing device 12 is illustrated in detail in FIGS.
3 and 4. Since compressed air is used in this splicing
device, a pipe 13 is laid out as shown in FIG. 2 and
communicated through conduits 14 and 14-1.

Referring to FIG. 3, during the ordinary rewinding
operation, the yarn travels through the detecting device
8 and guide plates 15 and 16 disposed before and after
the detecting device 8 from the bobbin B and along a
yarn passage from an upper guide plate 17 to the pack-
age P. This passage is an ordinary yarn passage. There
may be adopted a modification in which a yarn inspect-
ing device is mounted on the guide plate 17 to detect the
diameter of the joint for automatically cutting and re-
moving a joint having an unfavorable diameter and to
give yarn splicing instructions. The yarn splicing device
I8 interposed between the guide plates 16 and 17 and the
first and second yarn guide suction arms 10 and 11 are
arranged so that they are moved to the outside of the
guide plates 15 and 17 and stopped outside the guide
plates 15 and 17. The guided yarn ends are represented
by YU and YL in FIG. 3.

In the body 18 of the splicing device, there are inte-
grally disposed a splicing nozzle 19, two yarn end con-
trol nozzles 20 and 21, two cutting devices 22 and 23
and upper and lower guide plates 24 and 25.

Yarn guide levers 26 and 27 are disposed so that they
can turn with a shaft 28 being as the center. The posi-
tions of the yarn guide levers 26 and 27 which have
turned are between the guide plates 17 and 24 and be-
tween the guide plates 2§ and 16, respectively. A mem-
ber 29 having a V-shaped section disposed in the lower
portion of the body of the splicing device co-operates
with the lever 27 to clamp the yarn YL. If another
clamping member 29 is disposed between the guide
plates 17 and 24 and the splicing operation is carried out
while clamping both the yarn ends, the length of the
yarn ends can be kept constant and the yarn splicing
operation can be performed under a good control. Ac-
cordingly, the number of clamping members is not lim-
ited to one as in the embodiment shown in the drawings.

Functions and structures of the respective members
will now be described in more detail. *
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The yarn splicing nozzle 19 is fixed to a bracket 30 by
means of a bolt 31, and as clearly shown in FIG. 4, a
cylindrical hole 32 is formed through a square column
and a slit 33 suitable for inserting the yarn from the
outside is formed along the entire length of the hole 32
in the axial direction thereof. A jetting hole 34 1s opened
tangentially to said hole 32. A conduit 35 is connected
to the jetting hole 34 and it is connected to the pipe 13
through the conduit 14 via a change-over valve. In the
present embodiment, one jetting hole 34 is formed for
the hole 32, but a plurality of jetting holes may be
formed for the hole 32. As will be apparent from the
intended object of the present invention, the splicing
nozzle 19 is not limited to the swirling type shown in the
drawings. For example, there may be used a nozzle in
which a V-shaped groove is formed on a square column
and an air jetting hole is formed on the bottom of the
groove to disturb two yarns, and a nozzle in which an
opening and closing lid is formed to cover the top face
of the above-mentioned V-shaped groove. Further-
more, other types of air jetting nozzles may be used.

The yarn end control nozzle 20 is illustrated in detail
in FIG. 5. The yarn end control nozzle 21 has a similar
structure and therefore, explanation of the nozzle 21 1s
omitted. A nozzle hole 36 is connected to the pipe 3
through a flexible pipe 37 and a suction force is always
applied to the nozzle hole 36. There may be adopted a
modification in which the nozzle hole 36 1s connected to
the pipe 3 through a valve so that the suction force 1s
applied only when application of the suction force is
necessary. A jetting hole 38 is opened on the nozzle
hole 36 and is inclined in the direction along which the
suction force acts. The jetting hole 38 is connected to
the compressed air pipe 13 through a flexible pipe 39, a
valve and the above-mentioned conduit 14-1. There
may be adopted a modification in which the jetting hole
38 is opened in the tangential direction so as to generate
swirling air streams and the swirling air streams are
imposed on the yarn YL in the direction reverse to the
twisting direction in the yarn YL. This yarn end control
nozzle is fixed while it is used, but it is preferred that the
position of this nozzle can be freely adjusted.

The cutting device 22 will now be described by refer-
ence to FIG. 4. Since the mechanism and structure of
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the cutting device 23 are the same as those of the cutting 45

device 22, explanation of the cutting device 23 is omit-
ted.

The cutting device 22 has a scissor-like shape. A
movable blade 42 turns relatively to a fixed blade 41
with a pin 40 being as the center to cut the yarn YL.
One yarn is sucked and removed by the first yarn guide
suction arm 10 and the other yarn is sucked and held by
the yarn end control nozzle 20. As the mechanism for
the movable blade 42, a rod 43 is drawn by a control
cam (not shown) to turn a two-forked lever 44 in the
counterclockwise direction with a shaft 45 being as the
center, and the fork portion 46 of the lever 44 moves a
pin 47 of the movable blade 42 to turn the movable
blade 42 in the clockwise direction to cut the yarn.

The guide plates 24 and 25 are arranged outside the
cutting devices 22 and 23, and the guide plates 24 and 25
have guide grooves 48 and 49 and guide grooves 30 and
51, respectively. The yarn YL is inserted in the guide
grooves 49 and 51 and the yarn YU is inserted in the
guide grooves 48 and 50. At this point, the yarn YL is
located in the cutting device 22 on the nozzle hole 36
and the yarn YU is located in the cutting device 23 on
the nozzle hole 36-1.

50
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The yarn guide levers 26 and 27 are fixed together to
the shaft 28. When a rod 52 is drawn by the action of a
control cam (not shown), the yarn guide lever 26 turns
in the clockwise direction in FIG. 4 with the shaft 28
being as the center, and the yarns YU and YL are in-
serted in the guide grooves 48 and 49 and the guide
grooves 30 and 51, respectively, according to the con-
figuration of the guide plates 24 and 28.

The operation of the entire apparatus will now be
described.

When the yarn travel detecting device 8 detects the
absence of the running yarn, that is, yarn breakage or
consumption of the yarn on the bobbin, during the re-
winding operation, the drum 9 is stopped and simulta-
neously, a one-way rotation clutch is actuated to cause
control cams formed on a shaft rotated by said clutch or
control cams co-operating with said shaft to perform
the yarn splicing operation. At first, the first and second
yarn guide suction arms are shifted from the positions
indicated in FIG. 2 to pick up the yarns YL and YU on
the bobbin and package sides and deliver them to the
yarn splicing device 12.

This state is illustrated in FIG. 6-A. The yarn YL
from the bobbin B is passed through guide grooves of
the lower guide plates 15 and 16 and is placed on the
upper guide plate 17, and the yarn YU on the package
side is passed through the guide groove of the guide
plate 17 and is placed above the guide plates 15 and 16.

Then, the yarn guide levers 25 and 26 are turned by
contraction of the rod 52 by other control cams, and the
yarns YU and YL are simultaneously pushed in the
directions indicated by arrows 53 and §4. At this point,
according to configurations of the guide plates 24 and
25, the yarn YL on the bobbin side is inserted into the
guide grooves 49 and 51 and the yarn YU on the pack-
age side is inserted into the guide grooves 48 and 50. In
this state, there is established an arrangement suitable
for cutting of the yarns YL and YU and suction by the
yarn end control nozzles. Referring to FI1G. 6-B show-
ing the section of the splicing nozzle 19, the yarns YU
and YL are inserted through the slit 33 in the hole 32
where the opening 55 of the air jetting hole 34 1s
formed.

Subsequently, the cutting device 22 is actuated to cut
the yarns YL and YU and the cut ends are sucked by the
yarn end control nozzles 20 and 21, as shown in FIG.
6-C.

Referring to FIG. 6-D, the yarn guide levers 26 and
27 are slightly returned to the directions indicated by
arrow 56 and 57. During this return movement or after
this return movement, compressed air is jetted from the
air jetting holes of the yarn end control nozzles 20, 21
by the action of control cams (not shown). At this step,
the yarn ends are sufficiently intruded in the yarn end
control nozzles and fibers are scattered away by the
jetted air streams. Of course, untwisting-cutting of the
spun yarn may be caused by generating swirling streams
in the jetted air streams and turning the yarn in a direc-
tion reverse to the inherent twisting direction of the
yarn. As a result of experiments made by using the same
apparatus, it was confirmed that although untwisting-
cutting is relatively difficult in case of wool, sufficient
untwisting-cutting can be accomplished in case of cot-
ton. When a sufficient action is applied to the yarn ends
by the yarn end control nozzles 20 and 21 and fibers are
sufficiently detached, the step shown in FIG. 6-D may
be omitted. After completion of this step, jetting of air
is stopped. The reason is that in the present embodi-
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ment, since the capacity of the pipe 37 is small, if the
quantity of the jetted air stream becomes excessive,
there is caused a risk of fly-out of the yarn ends from the
nozzles by an adverse current of air. If the capacity of
the pipe 37 is sufficiently large, jetting of air may be
continued according to need.

At the step shown in FIG. 6-E, the levers 26 and 27
are forwarded to the most advanced positions, and the
yarn is clamped between the lever 27 and the member
29. By this movement, the yarn end once inserted into
the yarn end control nozzle is pulled out again. Since
the swirling nozzle is used as the splicing nozzle 19 in
the present embodiment, twists of the yarn is transferred
to such a side that the swirling direction of the swirling

S

10

nozzle is reverse to the inherent twisting direction of 15

the yarn, when the yarn ends are entangled with each
other. In short, in order to prevent displacement of the
jetting point for imparting twists with the twisting oper-
ation, the member 29 is disposed on the side that the
swirling direction of nozzle in reverse to the twist of the
yarn. When the splicing nozzle 19 is one for causing
disturbance alone, this member 29 need not be disposed.

At the subsequent step shown in FIG. 6-F, the valve
is operated by means of control cams (not shown) to
actuate the splicing nozzle 19 to form a spliced joint
between the yarns YU and YL. At this step of forming
of the spliced joint, the top yarn ends are drawn out
from the yarn end control nozzle holes 36 and 36-1 and
they are entangled with each other.

Then, the levers 26 and 27 are returned, and the
spliced yarn is shifted to the ordinary yarn passage by
the winding tension imposed on the yarn as shown in
FIG. 6-G.

Spliced joints formed by using the method and appa-

20

25

30

ratus according to the above-mentioned embodiment of 35

the present invention are shown in FIG. 7-C. In this
case, a wool single yarn Nm 40 is processed under a
splicing nozzle pressure of 5.5 kg/cm? and a yarn end
control nozzle pressure of 4 kg/cm?. Furthermore,
when a cotton single yarn Ne 40 is processed under a
splicing nozzle pressure of 6 kg/cm? and a yarn end
control nozzle pressure of 6 kg/cm?, joints similar to
those shown in FIG. 7-C are obtained. The reason why
a higher yarn end control nozzle pressure 1s adopted 1n
case of cotton than in case of wool is that sufficient
untwisting-cutting is caused by increasing the pressure.

In order to clearly explain the characteristics of joints
formed by using the above-mentioned method and ap-
paratus of the present invention, FIGS. 7-A and 7-B are
given together with FIG. 7-C. Joints shown in FIGS.
7-A and 7-B are those formed by using swirling nozzles,
and if these joints are compared with those shown in
FIG. 7-C, excellent effects of the present invention will
readily be understood. Joints shown in FIGS. 7-B and
7-C are formed by using various common elements and
factors, and it must be noted that various different joints
are formed by changing conditions such as the air pres-
sure, air quantity, inner diameter, size, jetting hole di-
ameter and jetting frequency in the splicing nozzle or
the yarn end control nozzle.

In the case shown in FIG. 7-A, the yarn YU on the
package side is doubled with the yarn YL on the bobbin
side and the doubled yarns are turned in a direction
indicated by an arrow at the action point G of the splic-
ing nozzle, the yarn ends YLT and YUT are entangled
and wound around the yarns YU and YL. If the twisting

direction of the yarns YU and YL and the swirling
direction of the air stream from the nozzle are appropri-

10

ately set, a twist number larger than the inherent twist
number is given to the yarn YU, and 1t is construed that
the quantity of twists thus additionally given in substan-
tially equal to the quantity of untwisting in the yarn YL.
The reason is that twists given by the splicing nozzle are
false twists and if the action of the splicing nozzle is
stopped, the thus given twists are theoretically reduced
to zero (of course, it depends on when the yarn ends
YLT and YUT are entangled around the yarns YU and
YL to impart false twists as a whole). Accordingly, by
the action of the splicing nozzle, twists on the yarn YL
are shifted and accumulated on the yarn YU, and it is
construed that if the operation of the splicing nozzle is
stopped, by the tension imposed at the start of the wind-
ing operation by the automatic winder, the twists accu-
mulated on the yarn YU are returned to the yarn YI..
During this period, changes are caused in the fibers of
the top yarn ends YLT and YUT, and it is presumed
that thus detached fibers are entangled with the yarns
YU and YL to form a spliced joint. If there 1s used a
nozzle not generating a swirling stream but producing a
turbulent flow of air, gathering of fibers in the yarn ends
YLT and YUT is disturbed and a random state is
brought about in the fibers.

The above-mentioned presumptive principle shown
in FIG. 7-A is applied to the cases of FIGS. 7-B and
7-C. In the case of FIG. 7-B, the yarn ends YL.T and
YUT in the cut and held state are subjected to the action
of a swirling nozzle, and top ends of the fibers held on
both the ends of the joint are cut into substantially the
same length to leave angular projections PT1 and PT2
and separated fibers are entangled between the projec-
tions PT1 and PT2 to form entanglements K1 and K2 in
the resulting joint (see fibers f5 and f8 in FIG. 1). Fur-
thermore, since the yarn ends YLT and YUT are cut
and held, even if the yarns are subjected to the action of
the swirling nozzle, the possibility of producing a new
fiber arrangement by releasing inherent twists of the
yarns is very small, and therefore, it is construed that
two-yarn doubled portions DT1 and DT2 are formed.
From the foregoing, it is inevitably considered that
fibers detached between the projections PT1 and PT2
correspond to entanglements K1 and K2, decrease of
the fiber quantity in the joint portion between the pro-

45 jections PT1 and PT2 is substantially zero and the joint

35
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portion has a diameter corresponding to the sum of the
diameters of the two yarns. This joint illustrated in FIG.
7-B is one formed according to our previously proposed
splicing method and apparatus.

In the case shown in FIG. 7-C, since detached fibers
are removed by the action of the above-mentioned yarn
end control nozzle, the quantity of fibers in the portion
H is reduced and is smaller than the quantity corre-
sponding to the sum of diameters of two doubled yarns.
In the integrated portion H, loose twists 1n the same
twisting direction as in the yarn YU or YT are ob-
served, but in some case, the portion H is separated into
two yarns and they are entangled with each other. On
both the outsides of the portion H, there are present
swollen portions BU1 and BU2 where fibers are ar-
ranged in parallel to one another, and in entanglements
K11 and K12, fibers are wound in the direction rectan-
gular to the yarn axis. The fiber end considered to cor-
respond to the top yarn end YLT i1s inclined to the left
in FIG. 7-C and is broken here and there as indicated by
f11, ... and f15. Furthermore, the portion considered to
correspond to the top yarn end YUT 1s inclined to the
right in FIG. 7-C and broken here and there as indicated
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by 21, . . . f25. If this arrangement of the top ends of

fibers are compared with the arrangement of projec-
tions PT1 and PT2 shown in FIG. 7-B, where the top
ends of fibers are aligned substantially in parallel, it will
readily be understood that the joint formed according
to the present invention has a smooth configuration and
appearance.

As will be apparent from the foregoing illustration,
according to the present invention, there can be pro-
vided spliced joints which can resist various processing
treatments and have a much enhanced guality without
causing weave defects or knit defects.

What is claimed is:

1. A method for splicing spun yarns in an automatic
winder by inserting yarn ends into a yarn splicing noz-
zle and being subjected to an air jet to splice them in the
yarn splicing nozzle, characterized in that splicing is
performed by subjecting a yarn on the package side and
a yarn on the bobbin side to an action of air stream
jetted from the splicing nozzle, while both the yarn ends
on the package and bobbin sides are kept free under an
action of suction stream in independent yarn control
nozzles for the yarn end on the package side and the
yarn end on the bobbin side, respectively.

2. A method for splicing spun yarns as set forth in
claim 1, wherein the yarns are cut on the bobbin side
and on the package side and the yarn splicing is per-
formed after cutting the yarns on the bobbin side and on
the package side and scattering away fibers of the cut
yarn ends by means of jetted air stream in the each yarn
end control nozzle.

3. A method for splicing spun yarns as set forth in
claim 2, wherein an untwisting-cutting process in which
the yarn is untwisted by the jetted air to cause yarn
breakage is subjected to the yarn ends as a substitute for
the process of cutting of the yarn ends and scattering
away of fibers at the cut yarn ends.

4. A method for splicing spun yarns as set forth in
claim 1, wherein the yarn ends on the package side and
the yarn on the bobbin side are clamped by a clamping
member before the yarns on the package side and on the
bobbin side are subjected to the action of air streams
Jetted from said splicing nozzle, and this clamping is
released after the yarns on the package side and on the
bobbin side are subjected to the action of air streams
jetted from said splicing nozzle.

3. An apparatus for splicing spun yarns in an auto-
matic winder comprising a splicing nozzle disposed at a
position apart from an ordinary yarn passage of the
automatic winder, two movable yarn guide suction
arms mounted to guide a yarn connected to a package
and a yarn connected to a bobbin to said splicing nozzle,
respectively, yarn end control nozzles disposed on both
the sides of said splicing nozzle to insert both the yarn
ends on the package side and on the bobbin side into the
splicing nozzle when both the yarn ends are guided by
said movable arms, yarn guide levers mounted in the
vicinity of openings of said yarn end control nozzles
and cutting means for cutting the yarns on both the
package and bobbin sides between said yarn guide le-
vers and said movable arms when said yarn guide levers
are operated, wherein the yarn ends cut by said cutting
means are sucked by the corresponding yarn end con-
trol nozzles, respectively and are exposed to an action
of suction streams while the yarn ends are kept free and
the yarn end of the package side and the yarn end on the
bobbin side are spliced together under the action of said
splicing nozzles.
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6. An apparatus for splicing spun yarns as set forth in
claim 5, wherein the yarn end control nozzle comprises
a nozzle hole where a suction force is applied to, and a
jetting hole which is opened on the nozzle hole and is
inclined in the direction along which the suction force
acts.

7. An apparatus for splicing spun yarns as set forth in
claim 5, wherein a clamping member for guiding yarn is
disposed at least on one side of the splicing nozzle to
co-operate with the yarn guide lever.

8. A method for splicing spun yarns in an automatic
winder by inserting yarn ends into a yarn splicing noz-
zle and being subjected to an air jet to splice them in the
yarn splicing nozzle, characterized in that splicing is
performed by a combination of steps comprising guid-
ing yarn ends by yarn guide suction arms, inserting the
yarn ends into the yarn splicing nozzle by yarn guide
lever, cutting yarn ends, sucking and holding the yarn
ends in yarn end control nozzles at the both sides of the
yarn splicing nozzle respectively, and splicing the yarn
ends by an action of the swirling air stream in the yarn
splicing nozzle while drawing out the yarn ends which
are kept free under an action of suction stream in the
yarn end control nozzles.

9. A device for splicing together a first end of varn and a
second end of yarn, each of said ends including several
entangled strands of fiber, said device comprising:

disentangling means for separating said entangled

strands of fiber of each of the ends and aligning them,
and for removing detached strands of fiber from said
yarn ends;
positioning means for aligning said first and second yarn
ends adjacent each other, in an overlapping manner,
and facing in essentially opposite directions;

compressed fluid splicing means for entangling the sepa-
rated strands of fiber from said first yarn end with the
separated strands of fiber from said second yarn end
to thereby splice said first and second yarn ends to-
gether.

10 A device for splicing together a first end of yarn and
a second end of yarn, each of said ends including several
entangled strands of fiber, said device comprising:

disentangling means for separating said entangled

strands of fiber of each of the ends and aligning them,
wherein said disentangling means includes at least
one vacuum control nozzle having an opening into
which said yarn ends are directed, said nozzle creating

a suction force which disentangles and aligns said
entangled strands of fiber;

positioning means for aligning said first and second yarn
ends adjacent each other, in an overlapping manner,
and facing in essentially opposite directions;

compressed fluid splicing means for entangling the sepa-
rated strands of fiber from said first yarn end with the
separated strands of fiber from said second yarn end
to thereby splice said first and second yarn ends to-
gether.

11. A device as in claim 10 wherein said contro! nozzle
includes at least one jetting hole for supplying compressed
Sluid to the interior of the control nozzle in a direction away
Jfrom the opening to thereby create a swirling force in the
control nozzle.

12, A device as in claim 11 wherein the strands of the
yarn ends are twisted in a predetermined direction and the
position of said jetting hole with respect to said control
nozzle is adjustable so that a stream of compressed fluid
JSrom said jetting hole creats a swirling force upon said yarn
end in a direction opposite to the twisting direction of said
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yarn end, thereby increasing the disentangling action of the 18. A device for splicing together a first end of yarn and
control nozzle. | a second end of yarn, each of said ends including several
13. A device as in claim 9 wherein said splicing means entangled strands of fiber, said device comprising:
further comprises: disentangling means for separating said entangled
a splicing nozzle including an essentially cylindrical 5 strands of fiber of each of the ends and aligning them;
interior space into which the yarn ends are inserted positioning means for aligning said first and second yarn
and at least one nozzle hole for directing compressed ends adjacent each other, in an overlapping manner,
fluid into the interior space in a direction essentially and facing f?_’ essefn:iaﬂy opposite directions;
tangential to the interior space whereby compressed compressed fluid splicing means for entang ling the sepa-
fluid forced through said nozzle hole creates a swirling 10 rated strands of fiber from said first yarn end with the
fluid stream by which said strands of fiber of said yarn separated strands of fiber from said second yarn end

to thereby splice said first and second yarn ends to-

gether wherein said positioning means further com-

prises a means for adjusting the length of said yarn
15 ends to be inserted into said splicing means.

19. A method for joining together a first end of spun yarn
and a second end of spun yarn, each end of said spun yarn
being composed of several entangled strands of fiber, said
method comprising the steps of:

disentangling said entangled strands of said yarn ends,

wherein said disentangling step further comprises the

ends are entangled.

14. A device as in claim 13 wherein said splicing nozzle
includes a slit, running along the length of the interior
space, through which said yarn ends may be introduced
into the interior space and through which said spliced yarn
ends may be removed.

15. A device for splicing together a first end of yarn and
a second end of yarn, each of said ends including several ,,
entangled strands of fiber, said device comprising:

disentangling means for separating said entangled step of removing detached strands of fiber from said
strands of fiber of each of the ends and aligning them; yarn ends;

pasftfoning_ means for alfgnin,g said first and :vecond yarn aligning said disentangled strands of said yarn ends;
ends 0d{‘1¢e{" each O_fheﬂ in an over MPR”'S manner, »s  positioning said yarn ends adjacent each other, in an
and facing in essentially opposite directions, wherein overlapping manner, facing in essentially opposite
said positioning means further comprises means for directions: and
ﬂt{fﬂ-ﬂfﬂg the Iength ﬂf said yarn ends to be inserted spﬁcfng said yarn ends tggefher_
into said disentangling means; 20. A method for joining together a first end of spun yarn

compressed fluid splicing means for entangling the sepa- 30 and a second end of spun yarn, each end of said spun yarn
rated strands of fiber from said first yarn end with the  being composed of several entangled strands of fiber, said
separated strands of fiber from said second yarn end method comprising the steps of:
to thereby splice said first and second yarn ends to- disentangling said entangled strands of said yarn ends;

gether. _ aligning said disentangled strands of said yarn ends;
16. A device for splicing together a first end of yarn and 35  positioning said yarn ends adjacent each other, in an
a second end of yarn, each of said ends including several overlapping manner, facing in essentially opposite
entangled strands of fiber, said device comprising: directions; and
disentangling means for separating said entangled splicing said yarn ends together, wherein said splicing
strands of fiber of each of the ends and aligning them, step comprises the steps of:
positioning means for aligning said first and second yarn 40 adjusting the length of said yarn ends to be spliced;
ends adjacent each other, in an overlapping manner, inserting the yarn ends into a splicing chamber;
and facing in essentially opposite directions; direc ning :fofnpressed fluid at the yarn ends within
compressed fluid splicing means for entangling the sepa- *?‘"d splicing "h"’"bf'ﬂ whereby the yarn ends are
rated strands of fiber from said first yarn end with the intermeshed and twisted together; and

45 removing the twisted together yarn ends from said
splicing chamber.

21. A method for joining together a first end of spun yarn
and a second end of spun yarn, each end of said spun yarn
being composed of several entangled strands of fiber, said

50 method comprising the steps of:

disentangling said entangled strands of said yarn ends;

aligning said disentangled strands of said yarn ends;

positioning said yarn ends adjacent each other, in an
overlapping manner, facing in essentially opposite
directions; and

separated strands of fiber from said second yarn end
to thereby splice said first and second yarn ends to-
gether wherein said positioning means further com-
prises movable yarn guides for directing said yarn
ends from said disentangling means to said splicing
means.
17. A device for splicing together a first end of yarn and
a second end of yarn, each of said ends including several
entangled strands of fiber, said device comprising:
disentangling means for separating said entangled

strands of fiber of each of the ends and aligning them; splicing said yarn ends together wherein said disentangl!-
positioning means for aligning said first and second yarn ing and aligning steps occur simultaneously.
ends adjacent each other, in an overlapping manner, 22. A method as in claim 21 wherein said disentangling

and facing in essentially opposite directions, wherein  gnd aligning steps further comprise the steps of:
said positioning means further comprises clamping 6o  adjusting the length of said yarn ends to be disentangled

means, adjacent the disentangling means, for prevent- and aligned;

ing the unravelling of at least one of said yarn ends inserting the yarn ends into at least one control nozzle;

beyond a predetermined point, subjecting the yarn ends to a suction force created by
compressed fluid splicing means for entangling the sepa- compressed fluid flowing through said control nozzle,

rated strands of fiber from said first yarn end with the 65 whereby said entangled strands of said yarn ends are

separated strands of fiber from said second yarn end separated and disentangled; and

to thereby splice said first and second yarn ends to- removing the yarn ends from said at least one control

gether. nozzle.
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23. A method as in claim 22 wherein said step of subject-

ing said yarn ends to a suction force further comprises the
step of directing a stream of compressed fluid at said yarn
ends in a manner such that said stream impinges upon said

yarn ends in a direction opposite 1o the twisting direction of 3

said yarn ends.

24. A method as in claim 20 wherein said splicing step
Jurther comprises the step of securing at least one of the
yarn ends at a position adjacent the disentangled portions
to prevent the twisting action of the compressed fluid from
unravelling the remainder of the yarn.

25. A method as in claim 20 or 23 further including the
steps of controlling the pressure and timing of said com-
pressed fluid as a function of said yarn end characteristics.

26. A method as in claim 22 further comprising the steps
of subjecting the end fibers of said yarn ends to the suction
force of said control nozzle simultaneously with said splic-
ing step, whereby a tension corresponding to the suction
Jorce of said control nozzle is imposed on said yarn ends.

27. A device as in claim 10 wherein said disentangling
means includes two vacuum control nozzles, one disposed
on either side of said splicing means and adjacent to said
splicing means.

28. A device for splicing together a first end of yarn and
a second end of yarn, each of said ends including several
entangled strands of fiber, said device comprising:
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suction stream means;
disentangling means for separating said entangled

strands of fiber of each of the ends and aligning them
while said yarn ends are kept free by said suction
stream means;
positioning means Jor aligning said first and second yarn
ends adjacent each other, in an overlapping manner,
and facing in essentially opposite directions;

compressed fluid splicing means for entangling the sepa-
rated strands of fiber from said first yarn end with the
separated strands of fiber from said second yarn end
to thereby splice said first and second yarn ends to-
gether.

29. A method for joining together a first end of spun yarn -
and a second end of spun yarn, each end of said spun yarn
being composed of several entangled strands of fiber, said
method comprising the steps of:

holding each of said yarn ends at a point near the end

thereof;

keeping the extreme ends of said yarn ends free under

the action of a suction stream;

disentangling said entangled strands of said yarn ends;

aligning said disentangled strands of said yarn ends;

positioning said yarn ends adjacent each other, in an
overlapping manner, facing in essentially opposite
directions; and

splicing said yarn ends together.
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