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(54) Winding method and apparatus

(57) There is disclosed a method of winding a yarn
onto a package, comprising traversing the running yarn
adjacent the package by means of a yarn guide con-
nected to a traversing member, applying a primary re-

ciprocating motion to the traversing member to cause a
corresponding motion of the yarn guide, and superim-
posing on the motion of the yarn guide a secondary re-
ciprocating motion to produce a linked harmonic
traverse motion.
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Description

[0001] This invention relates to yarn winding appara-
tus, and in particular to a method of and mechanism for
traversing a running yarn to and fro parallel with the sur-
face of a package on which the yarn is being wound.
[0002] There are many differing types of mechanism
for producing the desired traversing motion. For exam-
ple in one type of traversing mechanism the yarn is en-
gaged by a yarn guide mounted on a reciprocating rod.
In another type the yarn is engaged in a helical groove,
or by a guide engaged in a helical groove, provided in
a roller rotating about an axis parallel with that of the
package. In yet another type the yarn is successively
engaged by two yarn guides which are mounted on two
oppositely moving endless belts, or on two oppositely
rotating discs or arms. Each of these known types of
traverse mechanism has its own disadvantages, mainly
related to the inertia of the moving parts at the turna-
round points at the two ends of the traverse stroke, the
transfer of the yarn from one guide to another, or the
ability to provide in the mechanism means for avoiding
patterning on the package and/or ridged or collapsed
package ends. For each of the above-mentioned types
of traverse mechanism, devices and arrangements
have been devised in order to avoid or minimise the dis-
advantages pertaining to the particular type of traverse
mechanism, with varying degrees of success. However
such devices and arrangements tend to complicate the
traverse mechanism and increase considerably the cost
of the textile machine on which such traverse mecha-
nisms are fitted. Traverse mechanisms as described
above require frequent maintenance and adjustment,
and tend to be very noisy. Furthermore such traverse
mechanisms are designed such that the turn round
characteristics are as good as can be achieved with the
design concerned at the maximum speed of operation
of the mechanism. In consequence, when the machine
is run at a lesser speed or wind angle as may be desir-
able for certain yarn processing applications, the dwell
time at the end of each stroke is increased, thereby in-
creasing the problems of ridged or collapsed package
ends. For any speed of operation of the machine, a dwell
time of zero is the ideal, but the above described ar-
rangements are unable to achieve or even approach this
ideal for the reasons given above.
[0003] It is an object of the present invention to pro-
vide a winding method and apparatus, in particular a
traverse mechanism, which avoids or minimises the
above-mentioned disadvantages in a relatively simple
and cost effective manner, and which approaches as
closely as possible the ideal zero dwell time at turn
round for any speed of operation of the machine.
[0004] The invention provides a method of winding a
yarn onto a package, comprising traversing the running
yarn adjacent the package by means of a yarn guide
connected to a traversing member, applying a primary
reciprocating motion to the traversing member to cause

a corresponding motion of the yarn guide, and superim-
posing on the motion of the yarn guide a secondary re-
ciprocating motion to produce a linked harmonic
traverse motion.
[0005] Preferably the primary motion is simple har-
monic, and the secondary motion may be at least one
harmonic of the primary motion. The secondary motion
may be a combination of a plurality of harmonics of the
primary motion, and may be a combination of the first
four harmonics.
[0006] The invention also provides apparatus for
winding a yarn onto a package, comprising a traversing
member, drive means adapted to apply a primary recip-
rocating motion along a traverse path to the traversing
member, a yarn guide connected to the traversing mem-
ber to reciprocate therewith, and control means con-
nected to the yarn guide whereby a secondary recipro-
cating motion is superimposed on the primary motion of
the yarn guide to produce a linked harmonic traverse
motion.
[0007] The control means may comprise a cam and a
cam follower operated thereby and connected to the
yarn guide. The traversing member may be resiliently
biased towards a mid-position of the traverse path, and
the drive means may comprise linear motor coils dis-
posed along the traverse path. Alternatively the drive
means may comprise an endless band to which the tra-
versing member is connected and which is driven alter-
nately in opposed directions, or may comprise a second
cam and a second cam follower operated thereby and
connected to the traversing member.
[0008] The invention will now be further described
with reference to the accompanying drawings in which:

Fig. 1 illustrates a first embodiment,
Fig. 2 illustrates a second embodiment,
Fig. 3 illustrates a third embodiment,
Fig. 4 shows the displacement-time graph for differ-
ing traverse arrangements
Fig. 5 shows the velocity-time graph for differing
traverse arrangements
Fig. 6 shows the acceleration-time graph for differ-
ing traverse arrangements
Fig. 7 shows the jerk-time graph for differing
traverse arrangements, and
Fig. 8 shows the graph of Fig. 4 including a further
traverse arrangement

[0009] Referring now to Fig. 1, there is shown a linked
harmonic traverse (LHT) motion apparatus 10 for wind-
ing a yarn 11 onto a package 12. The apparatus 10 has
a traversing member 13 which is biased by springs 14
towards a mid-position of a traverse path 15 parallel with
the axis 16 of the package 12. The traversing member
13 is caused to reciprocate along the traverse path 15
by the energisation and de-energisation of successive
linear motor coils 17. Such energisation and de-energi-
sation of the coils 17 imparts a simple harmonic motion
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to the traversing member 13. A yarn guide 18 is con-
nected to the traversing member 13 so as to have a cor-
responding simple harmonic motion therewith. The yarn
guide 18 also is connected to a follower 19 which is guid-
ed in a cam groove 25 formed in a cam bar 24. The fol-
lowing of the cam groove 25 by the follower 19 provides
that a secondary motion of the yarn guide 18 is super-
imposed on the substantially simple harmonic primary
motion of the yarn guide 18 provided by the reciproca-
tion of the traversing member 13. The shape of the
groove 24 is such that the secondary motion is a com-
bination of harmonics of the primary motion.
[0010] Referring now to Fig. 2, there is shown a LHT
motion apparatus 20 for winding a yarn 11 onto a pack-
age 12. The apparatus 20 has a traversing member 13
which is connected to an endless band 21. The endless
band 21, which may be a belt or wire, is driven by a re-
versible motor 22 in one and then the reverse direction
so that the traversing member 13 reciprocates along a
traverse path 15 parallel with the axis 16 of the package
12. Since the reversal of the motor 22 is not instantane-
ous, the motion of the traversing member 13 will approx-
imate to simple harmonic. As in the previous case, a
yarn guide 18 is connected to the traversing member 13
and to a follower 19 which is guided in a cam groove 25
formed in a cam bar 24. The shape of the groove 24 is
again chosen relative to the speed and frequency of re-
versal of the motor 22 such that the superimposed sec-
ondary motion of the yarn guide 18 is a combination of
harmonics of the primary motion.
[0011] Referring now to Fig. 3, there is shown a LHT
motion apparatus 30 for winding yarns 11 onto packag-
es 12 at respective yarn winding positions, two such po-
sitions being shown although there may be up to 36 dis-
posed side by side along the length of a textile machine.
The apparatus 30 has a traversing member 13 which is
connected by a shaft 31 to the traversing members 13
at adjacent winding positions. The shaft 31 has a cam
follower 32 engaged in an endless groove 33 in a cam
roller 34 which is driven at a constant speed by a motor
22 so that all of the traversing members 13 reciprocate
along a respective traverse path 15 parallel with the axis
16 of the packages 12. The groove 33 in the cam roller
34 is such that the motion of the traversing members 13
is simple harmonic. A yarn guide 18 is connected to
each of the traversing members 13 so as to have a cor-
responding simple harmonic motion therewith, and to a
respective follower 19 which is guided in a cam groove
25 formed in a cam bar 24. The shape of the grooves
25 is such that the superimposed secondary motion of
the yarn guides 18 is a combination of harmonics of the
primary motion.
[0012] To achieve zero dwell time at turnaround, the
ideal motion of the yarn guide would be one in which the
displacement-time graph has a triangular waveform.
This is not achievable with the known traverse arrange-
ments in which the yarn guide has a motion for which
the displacement-time graph is more nearly a sine wave

of the form illustrated by curve 40 in Fig. 4. This indicates
a long dwell time and would result in a package with un-
acceptably ridged or collapsed package ends. Curve 41
is that of an improved known arrangement in which the
yarn guide is mounted on a follower engaged in an end-
less groove of a cam roller driven in rotation at constant
speed. The shape of the groove in this known cam roller
is such that there is an acceptable, though not ideal, fi-
nite dwell time leading to an acceptable build of pack-
age.
[0013] Fourier's theory states that any periodic curve
may be considered as the combination of a number of
sine curves of harmonically related frequencies. For a
triangular waveform, this is represented mathematically
by the equation:

The first term in this equation is a sine curve which, with
the appropriate choice of parameters, would represent
the motion of the traversing member 13 and give the
displacement-time curve 40. However, if the shape of
the groove 25 in the cam roller 24 is formed to give a
secondary motion of the yarn guide 18 represented by
the combination of the 2nd to 5th terms of the above
equation, the resulting displacement-time curve is
shown as curve 42. It can be seen that this curve 42 is
very similar to the curve 41 of the known arrangement,
with a similar dwell time. Hence by adapting the groove
25 to the first four terms of the equation, a winding ap-
paratus, referred to as the LHT5 arrangement, is pro-
vided which winds packages to an acceptable standard.
In Fig. 5, the velocity of the yarn guide in the known ar-
rangement during the traverse cycle is shown by curve
51, and that of the yarn guide 18 in the LHT5 arrange-
ment is shown by curve 52. It can be seen that the max-
imum velocity of the yarn guide 18 in the LHT5 arrange-
ment is similar to that of the known arrangement. How-
ever the advantages of the LHT5 arrangement over the
known arrangement are more evident on consideration
of Figs. 6 and 7. In Fig. 6 the acceleration of the yarn
guide in the known arrangement during the traverse cy-
cle is shown by curve 61, and that of the yarn guide 18
LHT5 arrangement is shown by curve 62. In Fig. 7 the
jerk or rate of change of acceleration of the yarn guide
in the known arrangement during the traverse cycle is
shown by curve 71, and that of the yarn guide 18 in the
LHT5 arrangement is shown by curve 72. It can be seen
from these Figures that with the LHT5 arrangement the
maximum acceleration of the yarn guide 18 is less than
that with the known arrangement, and more significantly
that the maximum jerk is considerably less. This, cou-
pled with the fact that in the LHT5 arrangement only the
small mass yarn guide 18 is moving with the linked har-
monic motion and the larger mass traversing member

f(t) = 4/π[sin(t) - sin(3t)/9 + sin(5t)/25 - sin(7t)/49

± sin((2n-1)t)/(2n-1)
2
]
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13 is moving with simple harmonic motion, has a con-
siderable effect on the impact loading on the traverse
mechanism and the noise produced during operation.
In Fig. 8 the effect of adapting the groove 25 in the cam
roller 25 to the 2nd to 20th terms of the Fourier's equa-
tion is shown as curve 82. It can be seen that this closely
approximates to the ideal triangular waveform. Hence
by adapting the groove 25 to the chosen number of
terms of the equation, a desired waveform of the yarn
guide 18 displacement-time graph can be achieved,
thereby achieving the desired impact loading and noise
reduction levels. In a machine having up to 216 process-
ing positions, the noise reduction provided by the wind-
ing apparatus of the invention compared with the known
arrangements is considerable and of great benefit to the
operator. In addition, by means of the invention the pre-
viously mentioned disadvantages of the known arrange-
ments are avoided of largely overcome in a simple and
cost effective manner. The dwell time at turn round is
reduced considerably compared with the prior arrange-
ments thereby reducing the risk of ridged or collapsed
package ends without incurring problems of high inertia
or yarn transfer.

Claims

1. A method of winding a yarn onto a package, com-
prising traversing the running yarn adjacent the
package by means of a yarn guide connected to a
traversing member, applying a primary reciprocat-
ing motion to the traversing member to cause a cor-
responding motion of the yarn guide, and superim-
posing on the motion of the yarn guide a secondary
reciprocating motion to produce a linked harmonic
traverse motion.

2. A method according to claim 1, wherein the primary
motion is simple harmonic.

3. , A method according to claim 2, wherein the sec-
ondary motion is at least one harmonic of the pri-
mary motion.

4. A method according to claim 3, wherein the second-
ary motion is a combination of a plurality of harmon-
ics of the primary motion.

5. A method according to claim 4, wherein the second-
ary motion is a combination of the first four harmon-
ics of the primary motion.

6. Apparatus for winding a yarn onto a package, com-
prising a traversing member, drive means adapted
to apply a primary reciprocating motion along a
traverse path to the traversing member, a yarn
guide connected to the traversing member to recip-
rocate therewith, and control means connected to

the yarn guide whereby a secondary reciprocating
motion is superimposed on the primary motion of
the yarn guide to produce a linked harmonic
traverse motion.

7. Apparatus according to claim 6, wherein the control
means comprises a cam and a cam follower oper-
ated thereby and connected to the yarn guide.

8. Apparatus according to claim 7, wherein the cam
follower is guided in a cam groove formed in the
cam.

9. Apparatus according to claim 8, wherein the shape
of the cam groove causes the yarn guide to have a
secondary motion which is a combination of har-
monics of the primary motion.

10. Apparatus according to any one of claims 6 to 9,
wherein the traversing member is resiliently biased
towards a mid-position of the traverse path.

11. Apparatus according to claim 10, wherein the drive
means comprises linear motor coils disposed along
the traverse path.

12. Apparatus according to any one of claims 6 to 9,
wherein the drive means comprises an endless
band to which the traversing member is connected
and which is driven alternately in opposed direc-
tions.

13. Apparatus according to claim 12, wherein the end-
less band comprises a belt or wire.

14. Apparatus according to claim 12 or claim 13, where-
in the endless band is driven by a reversible motor.

15. Apparatus according to any one of claims 6 to 9,
wherein the drive means comprises a second cam
and a second cam follower operated thereby and
connected to the traversing member.

16. A textile machine having a plurality of apparatuses
according to claim 15 for winding yarn onto respec-
tive packages disposed in side by side relationship
along the machine, wherein the second cam follow-
er is connected to the traversing member of each
winding apparatus.
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