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pany, of Tiverton, Devon, England do
ereby declare the invention, for which we
pray tﬁat a patent may be granted to us, and
the method by which it is to be performed,
to be particularly described in and by the
following statement:
This invention relates to the heating and
also the hot drawing of synthetic filaments.
When a synethetic filament issues from
the spinneret forming it the chains of mole-
cules of the filament are arranged in random
fashion and the strength of the filament is
comparatively low. To increase the strength
it is necessary to reorientate the chains of
molecules so that they all lie in substantially
the same direction. This is done at present
by a drawing operation in which any given
length of filament is stretched to a length
which is a multiple of its original length. To
assist the drawing operation on the filament
the filament is often heated, the amount of
heating being dependent on the speed of
drawing. As filaments are usually combined
to produce a multifilament yarn it is custom-
ary to draw the filaments in the yarn form.
The common method of drawing a multifila-
ment yarn has been to pass the yarn
between two sets of rollers the second set of
which has a higher peripheral speed than the
first set while heating the portion of the yarn
between the rollers. An early method of
heating yarn for drawing was to pass it over
a hot plate. This method suffers from the
disadvantage that since the heat is applied
over a considerable length of the yarn it is
difficult to control the position on the yarn
at which stretching of the yarn takes place.
An undesirable result of any indeterminate-
ness and variation of the actual position
where the yarn stretches during the drawing

" operation 1s that the dye take-up character-

istics of the yarn vary throughout the length
of the drawn yarn. Part of the trouble has

been that the filaments of a multifilament
yarn do not lie in a strictly side by side
formation like a ribbon with the result that
different filaments receive different
amounts of heat or reach the desired tem-
perature at different positions. In an early
endeavour to locate with some accuracy the
point of drawn yarn has been drawn over a
heated snubbing pin which did tend to
localize the point at which drawing was
initiated. A more recent method of heating
was to apply the heat by means of hot rolis
over which the yarn was passed.

These methods are fairly satisfactory
where drawing speeds are low but at the
greatly increased speeds at which synthetic
multifilament yarns can now be spun and
textured and particularly where it is desired
to operate a combined spindraw-texturing
process difficultly has been experienced in
introducing sufficient heat to the yarn in the
time available as it passes over a snubbing
pin or a hot plate or even a hot roll.

Attempts have been made to use a jet of
hot gas, for example air or steam, toimpart
the desired amount of heat. The advantage
of the gas jet is that the gas can permeate
the yarn and heat all the filaments more or
less simultaneously. Many proposals have
been made for operating a gas heating
process. These have all taken the form of
passing the filament through a chamber
located between two sets of rollers and
introducing hot gas into the chamber. In an
attempt to localize the heating zone some of
the known constructions are arranged to
direct jets of gas against the yarn at right
angles to the yarn or obliquely, the orienta-
tion of the oblique jets being in the same
general direction as that in which the yarn is
travelling. According to another method
yarn moving in one direction is immersed in
a stream of hot gas moving in the opposite
direction. These known methods and con-
structions have certainly enabled drawing
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speeds to be increased but not all the
troubles associated with an indeterminate
drawing zone in the yarn have been elimin-
ated. Basically the problem is to transfer the
necessary amount of heat to the moving
yarn in such a way as to keep the length of
the drawing zone constant and its position
fixed in space, i.e. its position fixed with
respect to a stationary datum position while
a tension great enough to draw the yarn is
generated in the yarn.

The problem described above exists both
in the drawing of synthetic yarn and also in
the process of heat treating of synthetic yarn
where it is equally desirable to be able to
heat continuously a specific length of yarn to
a specific temperature for a specific time.

It is an object of the present invention to
provide a method and an apparatus for
effecting a transfer of heat to a continuously
moving yarn in such a way as to provide in
the yarn a hot section of length, tempera-
ture and position all of a constancy which is
predetermined to an extent not hitherto
achieved. The method and apparatus of the
invention may thus be used to solve the
stated problem. It is also an object of the
invention to provide a method of and
apparatus for heating and simultaneously
drawing yarn which operate so as to solve
the stated problem.

According to one aspect of the invention
a method of providing a continuously mov-
ing synthetic yarn containing a section of
maximum temperature, of substantially con-
stant length and to fixed position in space
comprises moving the yarn through an
enclosed space and heating the portion of
the yarn in the enclosed space by hot gas in
two stages with an abrupt change from one
stage to the other, the two stage heating
being effected by concentrating the hot gas
into at least one discrete jet the velocity of
which is high enough to maintain the gas
while unconfined by boundary surfaces in a
clearly defined rod-like shape which is
maintained for some distance from the point
of jet formation, bringing the jet while in its
rod-like shape into abrupt contact with the
yarn at a specific point in space and at an
angle which, measured between the line of
movement of the jet towards the point of
intersection of the jet with the yarn and the
portion of the yarn approaching said point
of intersection is an obtuse angle, permitting
the gas forming the jet to expand after it has
met the yarn until it loses its rod-like shape
then bringing the expanded gas back into
contact with the approaching unheated yarn
upstream from the meeting point of the
unexpanded jet and the yarn.

Several such discrete jets of hot fluid may
be directed obliquely towards the yarn from
spaced angular positions around the yarn.
The jets may be arranged to meet at a point

though which the yarn passes.

According to another aspect of the inven-
tion a method of producing drawn synthetic
yarn comprises moving undrawn yarn con-
tinuously forward through an enclosed
space, heating the portion of yarn within the
enclosed space by hot gas in two stages with
an abrupt change from one stage to the
other and simultaneously subjecting the
yarn to a tensioning force, the two stage
heating being effected by concentrating the
hot gas into at least one discrete jet the
velocity of which is high enough to maintain
the gas while unconfined by boundary sur-
faces in a clearly defined rod-like shape
which is maintained for some distance from
the point of jet formation, bringing the jet
while in its rod-like shape into abrupt
contact with the yarn at a specific point in
space and at an angle which, measured
between the line of movement of the jet
towards the point of interesection of the jet
with the yarn and the portion of the yarn
approaching said point of intersection is an
obtuse angle, permitting the gas forming the
jet to expand after it has met the yarn until it
loses its rod-like shape then bringing the
expanded gas back into contact with the
approaching unheated yarn upstream from
the meeting point of the unexpanded jet and
the yarn.

Several discrete jets of hot fluid may be
directed obliquely at the yarn, the jets being
angularly spaced around the yarn. The jets
may be arranged to meet at a point through
which the yarn passes.

The jets may be symmetrically or asym-
metrically spaced around the yarn.

Also according to the invention apparatus
for performing the method of providing a

-moving yarn containing a hot section of

substantially constant length and tempera-
ture and of fixed position in space incorpo-
rates yarn feed means arranged to feed yarn
continuously forward in a chosen path and
at least one fluid-ejecting nozzle shaped to
concentrate gas passing therethrough into a
discrete jet which has an initial portion of
clearly defined rod-like shape and being so
located close to said yarn path downstream
from said yarn feed means and so orientated
that said initial portion of a jet issuing from
the nozzle will be intersected by said yarn
path at a point of intersection and at an
angle such that the portion of the line of
discharge of the nozzle between the nozzle
and said point of intersection makes an
obtuse angle with the portion of the yarn
path between the yarn feed means and said
point of intersection.

The apparatus may incorporate a body
member formed with an internal chamber
and aligned yarn entry and exit passages at
opposite ends of the chamber extending
between the interior of the body member
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and the chamber and at least one gas-
ejecting nozzle debouching into the cham-
ber, the nozzle being shaped to concentrate
gas passing therethrough into a discrete jet
which has an initial portion of clearly
defined rod-like shape which is clear of the
chamber walls where the jet issues from the
nozzle and being orientated in a direction
and located such that said initial portion of a
jet issuing from the nozzle will be in-
tersected by the common centre line of the
aligned yarn entry and exit passages at a
point of intersection and at an angle such
that the portion of the line of discharge of
the nozzle between the nozzle and said point
of intersection makes an obtuse angle with
the portion of said common centre line
which lies between said point of intersection
and the yarn passage arranged for entry of
yarn to the chamber.

The nozzle may be located anywhere
between the yarn entry passage and the yarn
exit passage.

The body member may incorporate sever-
al obliquely orientated nozzles debouching
into the chamber, the nozzles being spaced
angularly around the common centre line of
the yarn passages.

The body member may also be formed
with at least one exhaust passage leading out
of the chamber.

The body member may additionally be
formed with a blind cavity penetrating the
wall of the chamber, the cavity being so
located that the line of discharge of the
nozzle enters the cavity. where the body
member incorporates several nozzles it may
be formed with several blind cavities one for
each nozzle and each so located that the line
of discharge of each nozzle enters a respec-
tive cavity.

Apparatus for performing the method of
drawing yarn and of producing drawn yarn
according to the invention incorporates two
spaced successive sets of yarn feed rollers,
means for rotating the succeeding set of
rollers at a peripheral speed greater than
that of the preceding set of rollers, a body
member formed with an internal chamber
and aligned yarn entry and exit passages at
opposite ends of the chamber extending
between the exterior of the body member
and the chamber, the chamber being located
in the space between the sets of rollers with
the yarn entry passage adjacent the preced-
ing set of rollers and the yarn exit passage
adjacent the succeeding set of rollers. and at
least one gas ejecting nozzle debouching
into the chamber, the nozzle being shaped
to concentrate gas passing therethrough into
a discrete jet which has an initial portion of
clearly defined rod-like shape which is clear
of the chamber walls where the jet issues
from the nozzle and being orientated in a
direction and located such that said initial

portion of a jet issuing from the nozzle will
be intersected by the common centre line of
the aligned yarn entry and exit passages at a
point of intersection and at an angle such
that the portion of the line of discharge of
the nozzle between the nozzle and said point
of intersection makes an obtuse angle with
the portion of said common centre line
which lies between said point of intersection
and the yarn passage arranged for entry of
yarn to the chamber.

The apparatus may incorporate several
such nozzles spaced angularly around the
yarn path. The nozzles may be so located
that the lines of discharge of the nozzles
intersect one another at the same point of
the yarn path.

In one construction which gives very good
results the nozzle is located adjacent the
yarn entry passage, the exhaust passage is
located adjacent the yarn exit passage and a
blind cavity is so located in the wall of the
chamber that the line of discharge of the
nozzle enters the cavity.

Practical embodiments of the invention
are illustrated in the accompanying draw-
ings in which Figures 1, 2 and 3 show
alternative arrangements of the apparatus
for heating yarn passing therethrough at a
specific point. Figure 2 shows the apparatus
arranged as a yarn drawing device.

In the drawings 1 denotes a body member
formed with an internal chamber 2 and
aligned yarn passages 3 and 4 provided at
opposite ends of the chamber for entry and
exit of yarn respectively. 5 denotes a nozzle
directed obliquely into the chamber, the
nozzle being so orientated that its line of
discharge 6 intersects at an intersection
point 7 the yarn path, i.e. line of movement
8 of yarn passing through the chamber 2.
The portion of the line of discharge 6 of the
nozzle 5 between the nozzle 5 and the point
of intersection 7 makes an angle 8 with the
portion 9 of the yarn path 8 which lies
between the point of intersection 7 and the
yarn passage 3 and said angle 6 is an obtuse
angle. 10 denotes an exhaust passage for
discharge of fluid from the chamber 2. In
the construction of Figure 2 the chamber
wall is formed with a cavity 11 opposite the
nozzle 5. the cavity being so directed that
the line of discharge 6 of the nozzle con-
tinued beyond the intersection point 7 en-
ters the cavity 11. In the construction of
Figure 1 the nozzle S is located approxi-
mately midway between the ends of the
chamber 2. In the construction of Figure 2
the nozzle 5 is located close to the entry end
of the chamber i.e. close to the yarn entry
passage 3. In the construction of Figure 3
the nozzle § is located close to the exit end
of the chamber 2 i.e. close to the yarn exit
passage 4 while the exhaust passage 10 is
located nearer the entry end of the chamber
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In all the constructions illustrated 12
denotes pins at the points where the pas-
sages 3 and 4 debouch into the chamber 2,
these pins being of assistance in locating the
exact position of the yarn path 8 in the
chamber 2 so that the discharge line of the
nozzle 5 will intersect accurately yarn pas-
sing through the chamber 2,

In the construction of Figure 2, 13 and 14
denote rollers for tensioning the yarn on its
passage through the chamber 2 so that a
drawing action may be performed. The
rollers 14 are arranged to rotate at a higher
peripheral speed than the rollers 13.

In practice, yarn is fed from the entry
passage 3 through the chamber 2 and out
through the exit passage 4 while hot fluid
enters the chamber through the nozzle 5 and
is discharged from the nozzle 5 as a discrete
jet which intersects the yarn at the intersec-
tion point 7. At this intersection point the
temperature of the yarn is highest because it
is meeting the fluid immediately on issue of
the fluid from the nozzle 5. Because the
fluid merely intersects the yarn this high
temperature heating zone extends along the
yarn a distance little greater than the width
of the jet because when the jet crosses the
yarn it continues its onward movement
beyond the yarn. On passing beyond the
yarn the jet ultimately expands into the
chamber 2 and as the angle 6 is an obtuse
angle some of the expanded and conse-
quently cooled fluid moves some distance
counter to the direction of movement of the
yarn and this preheats the yarn without
plasticizing it before the fluid makes its way
to the outlet passage 10. The concentration
of heat at a specific point of the yarn is even
greater in the constructions of Figures 2 and
3 because the presence of the cavity 11
opposite the nozzle permits the jet of fluid
issuing from the nozzie 5 to pass well
beyond the yarn without turbulence occur-
ring in the vicinity of the yarn which would
have the effect of extending the length of
the high temperature heating zone. The
construction of Figure 3 provides for the
highest degree of preheat of the yarn and is
thus of most use when very high yarn speeds
are to be operated. While all the construc-
tions illustrated give good results the con-
structions of Figures 2 and 3 give particular-
ly good results.

As has been already stated it is known to
pass yarn through a stream of hot gas
moving in the opposite direction from the
yarn with the object of heating the yarn. In
the known construction, however, the hot
gas is not introduced to the yarn as a
discrete jet intersecting the yarn. It is
introduced through an annular port sur-
rounding the yarn and merely provides a
thick sleeve of fluid through which the yarn

passes. There is thus only a small tempera-
ture gradient along the yarn and the point
where the yarn is to attain a desired temper-
ature e.g. a plasticizing temperature, is
indeterminate. For ideal conditions of high
speed drawing it is essential that the yarn
should be suddenly raised above its plasti-
cizing temperature over a very short length
and on both sides of this short length it
should be below its plasticizing temperature
so that drawing takes place over this short
length only. At high speeds i.e. speeds
upwards of 4000 m/minute the time taken
for the yarn to travel the short distance over
which it is desirable that drawing should
take place is extremely small and in fact is
measured in thousands of a second and by
the known methods and apparatus even
using the known counterflow method and
apparatus it is very difficult if not impossible
to impart enough heat to plasticize the yarn
while maintaining the plasticized portion
short enough and accurately enough located
in position to provide a constant degree of
dye acceptance. What is required to be done
to obtain the ideal conditions is to preheat
the yarn until it is at a temperature just
below the plasticizing temperature and then
subject the yarn to a concentrated inflow of
heat over the short distance where the yarn
is to be plasticized. The applicant’s method
and apparatus provide exactly these condi-
tions in that the yarn entering the chamber
first of all meets expanded and comparative-
ly cool fluid where it is preheated and its
temperature continues rising until it reaches
the point of intersecton of the jet with the
yarn. At this point it abruptly meets the
unexpanded fluid and its highest tempera-
ture so that maximum heat inflow to the
yarn takes place over this short distance
where the jet intersects the yarn. Immedi-
ately it leaves the intersection point it again
enters a zone of expanded and comparative-
ly cool fluid and the yarn being now at a
higher temperature than the fluid it immedi-
ately cools to below the plasticizing temper-
ature. By adjustment of the quantity and
temperature of the hot fluid entering the
chamber the conditions can be readily set to
provide for a non-plasticizing temperature
on each side of the intersection point of the
jet with the yarn and a plasticizing tempera-
ture in the yarn at the intersecting point.

It will be understood that the method and
apparatus for heating yarn described in this
specification can be applied to the heating of
yarn for purposes other than drawing, for
example in subjecting yarn to pure thermal
treatment to alter properties other than yarn
modulus. Such other thermal treatment may
be treatment of overage yarn which is the
subject of our co-pending patent application
No. 3298/77. (Serial No. 1551883)
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WHAT WE CLAIM IS: the yarn.
1. A method of providing a continuous- 5. A method as claimed in claim 4
ly moving synthetic yarn containing a sec- comprising directing several discrete jets of
o tion of maximum temperature, of substan- hot fluid obliquely towards the yarn, the jets
5 tially constant length and of fixed positionin being angularly spaced around the yarn. 70
space comprising moving the yarn through 6. A method as claimed in claim 5 in
an enclosed space and heating the portion of which the jets are arranged to meet at a
yarn in the enclosed space by hot gas in two point through which the yarn passes.

v stages with an abrupt change from one stage 7. Apparatus for providing a moving

10  to the other, the two stage heating being yarn containing a hot section of substantially 75
effected by concentrating the hot gas into at constant length and temperature and of
least one discrete jet the velocity of which is  fixed position in space comprising yarn feed
high enough to maintain the gas while means arranged to feed yarn continuousty
unconfined by boundary surfaces in aclearly forward in a chosen path and at least one

15  defined rod-like shape which is maintained fluid-ejecting nozzle shaped to concentrate 80
for some distance from the point of jet gas passing therethrough into a discrete jet
formation, bringing the jet while in its which has an initial portion of clearly
rod-like shape into abrupt contact with the defined rod-like shape and being so located

yarn at a specific point in space and at an close to said yarn path downstream from

20 angle which, measured between the line of said yarn feed means and so orientated that 85
movement of the jet towards the point of said initial portion of a jet issuing from the
intersection of the jet with the yarn and the nozzle will be intersected by said yarn path
portion of the yarn approaching said point at a point of intersection and at an angle

Y, of intersection is an obtuse angle, permitting such that the portion of the line of discharge

25  the gas forming the jet to expand after its of the nozzle between the nozzle and said 90
has met the yarn until it loses its rod-like point of intersection makes an obtuse angle
shape then bringing the expanded gas back with the portion of the yarn path between
into contact with the approaching unheated the yarn feed means and said point of
yarn upstream from the meeting point of the intersection.

30 unexpanded jet and the yarn. 8. Apparatus for providing a moving 95

2. A method as claimed in claim 1 yarn containing a hot section of substantially
comprising directing several discrete jets of constant length and temperature and of
hot fluid obliquely towards the yarn, the jets fixed position in space including a body
being angularly spaced around the yarn. member formed with an internal chamber

35 3. A method as claimed in claim 2, in and aligned yarn entry and exit passages at 100
which the jets are arranged to meet at a opposite ends of the chamber extending
point through which the yarn passes. between the exterior of the body member

4. A method of producing drawn synth- and the chamber and at least one gas-
etic yarn comprising moving undrawn yarn ejecting nozzle debouching into the cham-

40  continuously forward through an enclosed ber, the nozzle being shaped to concentrate 105
space, heating the portion of yarn within the gas passing therethrough into a discrete jet
enclosed space by hot gas in two stages with which has an initial portion of clearly
an abrupt change from one stage to the defined rod-like shape which is clear of the
other and simultaneously subjecting the chamber walls where the jet issues from the

45 arn to a tensioning force, the two stage nozzle and being orientated in a direction 110
i‘;eating being effected by concentrating the and located such that said initial portion of a
hot gas into at least one discrete jet the jet issuing from the nozzle will be in-
velocity of which is high enough to maintain tersected by the common centre line of the
the gas while unconfined by boundary sur- aligned yarn entry and exit passages at a

30 faces in a clearly defined rod-like shape point of intersection and at an angle such 115
which is maintained for some distance from that the portion of the line of discharge of
the point of jet formation, bringing the jet the nozzle between the nozzle and said point
while in its rod-like shape into abrupt of intersection makes an obtuse angle with
contact with the yarn at a specific point in the portion of said common centre lines

55 space and at an angle which, measured which lies between said point of intersection 120
between the line of movement of the jet and the yarn passage arranged for entry of
towards the point of intersection of the jet yarn to the chamber.
with the yarn and the portion of the yarn 9. Apparatus as claimed in claim 8 in
approaching said point of intersection is an which the body member incorporates sever-

60 - obtuse angle, permitting the gas forming the al obliquely orientated nozzles debouching 125
{'et to expand after it has met the yarn until it into the chamber. the nozzles being spaced
oses its rod-like shape then bringing the angularly around the common centre line of
expanded gas back into contact with the the yarn passages.
approaching unheated yarn upstream from 10. Apparatus as claimed in claim 8 in

65  the meeting point of the unexpanded jet and which the body member is additionally 130
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formed with at least one exhaust passage
leading out of the chamber separate from
the yarn passage arranged for exit of yarn
from the chamber.

11. Apparatus as claimed in claim 8 in
which the body member is additionally
formed with a blind cavity penetrating the
wall of the chamber and so located that the
line of discharge of the nozzle enters the
cavity.

12. Apparatus as claimed in claim 9 in
which the body member is formed with
several blind cavities one for each nozzle
and each so located that the line of dis-
charge of each nozzle enters a respective
cavity.

13. Apparatus for drawing yarn incor-
porating two spaced successive sets of yarn
feed rollers, means for rotating the succeed-
ing set of rollers at a peripheral speed
greater than that of the preceding set of
rollers, a body member formed with an
internal chamber and aligned yarn entry and
exit passages at opposite ends of the cham-
ber extending between the exterior of the
body member and the chamber, the cham-
ber being located in the space between the
sets of rollers with the yarn entry passage
adjacent the preceding set of rollers and the
yarn exit passage adjacent the succeeding
set of rollers, and at least one gas ejecting
nozzle debouching into the chamber, the
nozzle being shaped to concentrate gas
passing therethrough into a discrete jet
which has an initial portion of clearly
defined rod-like shape which is clear of the
chamber walls where the jet issues from the
nozzle and being orientated in a direction
and located such that said initial portion of a
jet issuing from the nozzle will be in-
tersected by the common centre line of the
aligned yarn entry and exit passages at a
point of intersection and at an angle such
that the portion of the line of discharge of
the nozzle between the nozzle and said point
of intersection makes an obtuse angle with
the portion of said common centre line
which lies between said point of intersection
and the varn passage arranged for entry of
yarn to the chamber.

14. Apparatus as claimed in claim 13 in
which several nozzles are spaced angularly
around the yarn path.

15. Apparatus according to claim 14 in
which the nozzles are so located that the
lines of discharge of the nozzles intersect
one another at the same point of the yarn
path. '

16. Apparatus as claimed in claim 10 or
claim 11 in which the nozzle is located
adjacent the yarn entry passage and the
exhaust passage is located adjacent the yarn
exit passage.

17. Apparatus as claimed in claim 10 or
claim 11 in which the nozzle is located

adjacent the yarn exit passage and the
exhaust passage is located adjacent the yarn
entry passage.

18. A method of providing a con-
tinuously moving synthetic yarn containing
a section of maximum temperature, of
substantially constant length and of fixed
position in space substantially as described
and claimed in claim 1.

19. A method of producing drawn
synthetic yarn substantially as described and
claimed in claim 4,

20. Apparatus for providing a moving
yarn containing a hot section of substantially
constant length and temperature and of
fixed position in space substantially as de-
scribed with reference to Figure 1 or Figure
2 or Figure 3 of the accompanying drawings.

21. Apparatus for drawing yarn substan-
tially as described with reference to Figure 1
or Figure 2 or Figure 3 of the accompanying
drawings.

22. Yarn drawn by the method claimed
in claim 4.

CRUIKSHANK & FAIRWEATHER,
Chartered Patent Agents,
19 Royal Exchange Square,
Glasgow, G1 3AE.
Agents for the Applicants.
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