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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to ropes and cordage, and more particularly, to a method and appara-
tus for heat stretching synthetic rope so as to enhance its load-bearing capabilities and other characteristics.

BACKGROUND

[0002] Typically, synthetic rope or cordage is made up of many thousands of individual strands of synthetic fiber. Each
of these fibers has a certain load-bearing capacity (e.g., breaking strength), and theoretically, the total load-bearing
capacity of the rope should be equal to the sum of these. However, in practice, this is not so: during the normal fabrica-
tion of the rope, the individual fibers do not all end up being of equal length, and so some of these take up the load while
others may not do so until the shorter strands break. This problem has become more severe with the advent of ultrahigh
strength fibers which stretch very little (e.g., 2%) before parting, as opposed to the 40% stretch or so which was exhib-
ited by earlier nylon fibers and the like.
[0003] As a result, the actual load-bearing capacity of a rope is normally some relatively small fraction of the com-
bined capacity of its fibers. In the art, this is expressed as "translational efficiency". For example, relatively large diam-
eter synthetic lines (e.g., 1-10 cm (3/8 inch-4 inch)) may typically have a translational efficiency as low as 30-40%. As
a result, for a given application, these ropes must be much larger, heavier, and more difficult to handle than would be
the case if their translational efficiencies were nearer their theoretical maximums.
[0004] Heat stretching of synthetic lines can dramatically increase translational efficiency. When the line is heated,
the modulus of elasticity of the fibers is reduced, and then when tension is applied, the shorter fibers are stretched out
until the longer ones begin to take a load, and are also stretched out; finally the great majority of the fibers will have the
same length and so will be able to bear loads equally.
[0005] Heat stretching also tends to improve the structure of synthetic lines on a molecular level. As is known, the
molecules of the initial fiber material are often poorly aligned in a somewhat isotropic state; hear stretching essentially
"pulls" the polymer material out so as to cause alignment of a greater proportion of the chains of macro molecules along
the fiber axis, so that these can bear tensile loading in a more efficient manner.
[0006] Heat stretching has been employed previously to achieve these goals, but only with individual yarns or very
small diameter synthetic line. For example, both fishing line and bow strings have been successfully stretched by
means of a hot gas process. This involves running the line between unequal diameter (or unequal speed) payout and
takeup reels, and through a stream of heated air or other gas. The temperature of the gas is typically such that the line
would be destroyed if it were to pause in the stream, but the reels are operated at a high rate of speed so that the line
is only momentarily softened and stretched in the heated zone before cooling again.
[0007] The heat stretch process described in the preceding paragraph works well with very small diameter
(e.g.,0.8mm (1/32 inch)) synthetic line, but it is inherently unsuitable for use with much larger lines such as braided or
twisted rope, which may range upwardly of 10 cm (4 inches) in diameter. Firstly, the arrangement of very high speed
payout and takeup reels is simply impractical for handling of rope of this size. Also, the insulating qualities of the rope
material would prevent the core of the rope from becoming sufficiently heated to permit stretching before the exterior of
the rope degraded in the hot gas stream; the heated gas provides a poor medium for uniformly heating the rope mace-
rial, and it is also very difficult to control this so as to maintain an accurate temperature close to the melting point of the
rope fibers.
[0008] Yet another serious problem stems from the weight of the rope itself (e.g., up to 7 kg/m (5 lbs./ft.) or more). If
a segment of the rope is suspended between a pair of support points (for example, between a pair of eyes, or between
a payout and takeup reel), this weight will tend to make the segment droop downwardly towards its center and place a
heavy strain on the rope near the support points; if the rope has been heated for stretching, this will tend to cause the
material to over-stretch and "neck down" near the support points, destroying the rope.
[0009] While these problems have previously presented themselves with respect to heat stretching synthetic fiber
ropes, certain newly developed fiber materials exhibit characteristics which heighten these difficulties. One such a
material is an ultrahigh molecular weight polyethylene (UHMWPE) fiber marketed by Allied Signal Corporation under
the trademark "SPECTRA". This is a high specific strength material which is very abrasion and UV resistant, and which
possesses a high specific modulus of elasticity and a low specific gravity. These qualities render it highly desirable for
use in rope. However, the material also presents severe difficulties from the standpoint of previously-known heat
stretching techniques: it possesses a low melting point (147°C) and its tensile properties drop off rapidly rear this tem-
perature, and furthermore it acts as an excellent thermal insulator. Accordingly, these characteristics render it imprac-
tical to stretch a rope made of the SPECTRA fibers using conventional heat stretch processes.
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SUMMARY OF THE INVENTION

[0010] The present invention has solved the problems cited above, and is an apparatus and method for heat stretching
a synthetic fiber rope.
[0011] Broadly, the apparatus comprises means for suspending a segment of the rope in a liquid medium, means for
heating the liquid medium over at least a portion of the segment of rope so that this portion is heated to a predetermined
stretching temperature, and means for applying tension to the heated portion of the segment so as to stretch this to a
predetermined increased length.
[0012] The means for suspending the segment of rope in the liquid medium comprises a vessel which is configured
to be at least partially filled with the liquid, this having a chamber portion for receiving the segment of rope so that the
segment is suspended therein. The suspending means may further comprise means for passing the rope through the
chamber portion of the vessel on a continuous basis, so that the segment in the vessel is removed from the vessel and
replaced on a continuous basis as it is stretched.
[0013] There may also be means for cooling the rope which has been stretched to a predetermined stabilization tem-
perature, prior to the stretched segment passing out of the vessel. To do this, the vessel may comprise a heat set cham-
ber in which the liquid medium is maintained approximately at the predetermined stretching temperature, and a cooling
chamber in which the liquid medium is maintained approximately at the predetermined stabilization temperature, the
vessel being arranged for sequential passage of the rope through the heat set chamber and then the cooling chamber.
There may be a passageway interconnecting the heat set chamber and the cooling chamber, this being sized so as to
permit passage of the heated portion of the rope segment therethrough without significant friction, with means being
provided for maintaining the heat set chamber and the cooling chamber at approximately equal pressures so as to min-
imize migration of the liquid medium through the passageway. Furthermore, there may be airlock means mounted
upstream of the heat set chamber and downstream of the cooling chamber so as to minimize loss of the liquid medium
from the vessel as the rope passes therethrough.
[0014] The means for passing the rope through the vessel on a continuous basis may comprise a feed capstan which
is attached to the rope upstream of the heat set chamber for feeding the rope into the vessel, and a take-up capstan
which is attached to the rope downstream of the cooling chamber for withdrawing the rope from the vessel. The means
for applying tension to the heated portion of the rope so as to stretch this may comprise means for operating the feed
capstan so that rope is fed into the vessel at a first rate, and means for operating the take-up capstan so that the rope
is withdrawn from the vessel at a second rate, which second rate exceeds the first rate by an amount which corresponds
to the predetermined increase in length to which the rope segment is stretched.
[0015] The means for heating the liquid medium may comprise means for heating the medium in the heat set chamber
to at least the predetermined stretching temperature, and means for maintaining the heat set chamber at that pressure
at which the liquid medium boils at the stretching temperature, so as to maintain the medium at a uniform temperature
throughout the chamber. The means for maintaining the heat set chamber at this pressure may comprise an exhaust
line which is connected to the heat set chamber, and valve means for selectively bleeding pressure off from the heat set
chamber through this line.
[0016] The method for heat stretching the synthetic fiber rope may broadly comprise the steps of suspending a seg-
ment of the rope in a liquid medium, heating the liquid medium over at least a portion of the segment so that this portion
is heated to a predetermined stretching temperature, and applying tension to the heated portion of the segment so as
to stretch the segment of rope to a predetermined increase in length.
[0017] The step of suspending the segment of rope in a liquid medium comprises suspending the segment in a cham-
ber portion of a vessel which is at least partially filled with the medium, and this may further comprise passing the rope
through the chamber portion of the vessel on a continuous basis, so that the segment in the vessel is removed there-
from and replaced on a continuous basis as it is stretched.
[0018] The method may further comprise the step of cooling the segment of rope which has been stretched, to a pre-
determined stabilization temperature, prior to the stretched segment passing out of the vessel. To do this, the step of
passing the rope through the chamber portion of the vessel may comprise passing the segment of rope sequentially
through (a) a heat set chamber in which the liquid medium is maintained approximately at the predetermined stretching
temperature, and (b) a cooling chamber in which the liquid is maintained approximately at the predetermined stabiliza-
tion temperature.
[0019] The step of passing the rope sequentially through the chambers on a continuous basis may comprise feeding
the rope into the vessel on a continuous basis from as feed capstan which is attached to the rope upstream of the heat
set chamber, and withdrawing the rope from the vessel on a continuous basis with take-up capstan which is attached
to the rope downstream of the cooling chamber. Accordingly, the step of applying tension to the heated portion of the
segment may comprise operating the feed capstan so that the rope is fed into the vessel at a first rate, and operating
the take-up capstan so that the rope is withdrawn from the vessel at a second rate, which second rate exceeds the first
by an amount which corresponds to the predetermined increase in length to which the segment is stretched.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

FIG. 1 is a perspective view of an apparatus for heat stretching rope on a batch-wise basis in accordance with the
present invention, this comprising generally a tube assembly for suspending and heating the rope, and a tensioning
assembly for stretching the rope;
FIG. 2 is a longitudinal cross section through the apparatus of FIG. 1, showing a segment of rope being fed into the
tube assembly in preparation for stretching;
FIG. 3 is a view similar to that of FIG. 2, showing the rope suspended in the tube assembly and being heated in
preparation for stretching;
FIG. 4 is a view similar to those of FIGS. 2-3, this showing the rope having been stretched to an extended length
by the tensioning assembly;
FIG. 5 is an isometric view of an end portion of the apparatus of FIGS. 1-4, this being shown partially cut away to
reveal the tensioning rod which is attached to the end of the rope, and the trolley units which support this for move-
ment within the tube;
FIG. 6 is an isometric view similar to FIG. 5, showing the tension rod having been withdrawn so as to stretch the
rope, and the manner in which the trolley units move together as this is done;
FIG. 7 is a transverse cross section taken through the tube assembly of FIG. 5 along line 7-7, this showing the man-
ner in which the rope is buoyed within the tube by the liquid heating medium;
FIG. 8 is a schematic view of the apparatus of FIGS. 1-7, this also showing the control systems which are associ-
ated therewith;
FIG. 9 is a perspective view similar to FIG. 1, showing an apparatus for heat stretching rope on a continuous basis
in accordance with the present invention, this comprising generally a multi-chamber tube assembly and feed and
take-up capstans for passing the rope through this; and
FIG. 10 is a longitudinal cross section through the apparatus of FIG. 9, showing the rope being stretched therein
and the systems for controlling the pressures and temperatures within the chambers of the tube assembly.

DETAILED DESCRIPTION

I. Batch System

a. Overview

[0021] According to one embodiment of the invention, FIG. 1 shows a rope stretching apparatus 10, this comprising
generally a tube assembly 12 and tensioning assembly 14.
[0022] The principal functions of the tube assembly are to suspend the rope in a liquid medium so as to avoid placing
weight on its attachment points, and to also ensure even heating of the rope to the desired stretching temperature.
Accordingly, tube assembly 12 comprises an elongate tube member 20 closed off by end cap members 22, 24, so that
this defines a cylindrical chamber for holding the rope and the liquid heating medium. Being that 240 m (800 feet) is the
maximum length in which relatively large diameter ropes are normally supplied in the industry, tube member 20 is pref-
erably approximately this long, so that the treated ropes can have this length upon completion of stretching.
[0023] Tube member 20 is supported by a framework 26, preferably so that the tube member is free-floating on the
framework in order to accommodate expansion. A burner rail 28 is mounted to the framework directly below tube mem-
ber 20, and a gas/air mixture is provided to this by a manifold 30 which extends parallel to the burner rail. Thus, when
the gas/air mixture is supplied to the burner rail and ignited, this provides a source of heat for the tube member. Of
course, if desired, other sources of heat may be employed in place of the burner rail, including a steam jacket or electric
band heater, for example.
[0024] As will be described in greater detail below, the segment of rope to be stretched is positioned so that this
extends horizontally through tube member 20, and its ends are attached to the tensioning assembly 14. The tensioning
assembly is made up generally of a stationary portion which is attached to one end of the rope, and a drawing portion
which is attached to the other end of the rope. The stationary portion 32 is provided by a stanchion 34 which is anchored
to the plant floor or other support surface, and a fixed-length link 36 which attaches to the first end of the rope. A tensi-
ometer 38 is mounted between the link and the stanchion so as to provide a visual indication of the tension loading to
which the rope is subjected.
[0025] The drawing portion 40, in turn, is made up of a second support stanchion 42, and in the illustrated embodi-
ment this provides an anchor for a winch 44, which may be either electrically or hydraulically operated. The winch selec-
tively applies tension to a cable 46, and the end of this is mounted to a draw rod 48. The rod extends through an opening
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in end cap member 24 and into the interior of tube member 20. The inner end of the draw rod 20 is attached to the sec-
ond end of the rope inside of tube member 20, so that tension may be applied by activating winch 44 and drawing rod
48 outwardly through end cap 24. As the draw rod is pulled out of the tube, it is supported on spaced-apart roller stands
50. Of course, other means for applying tension to the draw rod may be substituted for the winch 44, including air or
pneumatic cylinders, for example.

b. Systems and Operation

[0026] FIGS. 2-3 illustrate the basic sequence of operations by which this apparatus is used to heat stretch a segment
of rope. FIG. 2 shows the initial loading of the tube assembly. To do this an end plate 52 is removed from end cap mem-
ber 22 so as to open the bore 54 of the tube member, and draw rod 48 is run fully into tube member 20 so that its inner
end 56 is positioned near the opening so that personnel can reach this. The first end of the rope 60 is then shackled or
otherwise attached to the end of the draw rod, and then winch 44 is operated to pull rod 48 back into tube member 20
as personnel feed the rope into the bore; as will be described in greater detail below, rod 48 is supported for this move-
ment by a series of trolley units 62. Then when the second end of the rope reaches the opening into bore 54, the take-
up on winch 44 is halted, and end plate 52 is mounted back on flange 64 so as to seal the bore. As was noted above,
this end of the rope is shackled to one end of link 36, which extends through an orifice in the end plate 52.
[0027] After sealing, the tube is at least partially filled with a liquid medium 66. This medium serves several purposes.
Firstly, it buoys the rope so as to give it essentially neutral buoyancy, thus eliminating the tendency of the weight of the
rope to cause uneven stretching and "necking down" at the attachment points. For this reason, the specific gravity of
the fluid (at the intended stretching temperature) is preferably approximately equal to that of the rope material; conse-
quently, it has been determined that water is a suitable liquid medium for use with ropes made of the Spectra material
discussed above, being that both of these have a specific gravity of approximately .97 at 140°C.
[0028] Furthermore the liquid medium serves as a conductive medium for transferring heat to the rope, and it also
serves to establish uniformity of heating throughout the length of the tube, by taking advantage of the boiling point phe-
nomenon which is exhibited by the liquid. This is done by filling most of the tube with the liquid, but leaving a small air
gap (about 1" in an 8" diameter tube), as can be seen in FIG. 3, and also FIG. 6. The supply of gas/air mixture to burner
rail 28 is then turned on and ignited (see FIG. 3), and as the water begins to heat, the tube member is maintained in a
sealed condition so as to prevent the escape of pressure; this causes the pressure in the tube to increase so as to pre-
vent the liquid from boiling as it is being heated. The pressure in the tube is monitored, and heating continues until the
pressure reaches the point where this corresponds to the known boiling point for the liquid at the desired temperature
for stretching the rope. For example, if it is desired to stretch a rope made of the Spectra material described above at
140°C, and water is employed as the liquid medium, the heating continues until the pressure reaches 2.6 kg/sq.cm
(37.3 psi); similarly, if stretching at 135°C is desired, the water is heated until the pressure reaches 2.1 kg/sq.cm (30.3
psi), and so on. At this point, the pressure in the tube member is relieved in a controlled manner, so that the liquid
begins to boil along the entire length of the tube. In this manner, temperature differentials (i.e., "hot" and "cold" spots)
are eliminated: the hot spots boil more rapidly and the cold spots boil more slowly until an equal temperature is achieved
throughout the tube member. This also ensures that there is thorough heating of the fibers of the rope, and in those
cases where the insulating qualities of the fibers are expected to be a significant factor, the known thermal conductivity
of the fiber material may be used to calculate how long it will take to overcome this so as to heat the rope to its core,
and the elevated temperature can be maintained for this period or time.
[0029] Once the rope has been heated to the desired temperature, stretching commences by applying tension with
winch 44 so that draw bar 48 is withdrawn from the end of tube member 20 in the direction indicated by arrow 70 in FIG.
4. As this is done, the rope is elongated, with a 33-67% increase in length being typical, and there is a corresponding
decrease in the diameter to the rope. The tension is monitored during this step by viewing tensiometer 38, so as to avoid
excessive loading and possible damage of the rope.
[0030] Once the rope has been stretched to the desired length, the retraction of draw rod 48 is halted, and then the
remaining pressure in the tube assembly is bled off to begin cooling; as this is done, the material of the rope regains its
tensile strength. If desired, a residual tension may be maintained on the rope during cooling, so as to prevent shrinkage.
Also, it should be noted here that, if desired, the increase in tensile strength which occurs upon cooling may be
employed to terminate stretching of the rope at the desired length, rather than controlling this by shutting down the
winch; in other words, when the rope has reached the desired length, the pressure may be dumped from the tube mem-
ber (either manually or automatically), and the resulting rapid decrease in temperature will be accompanied by a corre-
sponding rapid increase in the tensile resistance of the rope such that this will exceed the tension which is applied by
the winch and so stop the drawing out of rod 48.
[0031] Once the stretching of rope has been completed, the water is drained from the tube assembly, and this is again
opened by removing end plate 52. The treated rope can then be removed by backing this out through the tube.
[0032] FIGS. 5 and 7 illustrate the structure of the trolley units which support draw rod 48 in greater detail, and also

5

10

15

20

25

30

35

40

45

50

55



EP 0 660 891 B1

6

the arrangement of the seals of the end cap members. FIG. 5 shows the arrangement of the trolley units 62 when the
draw rod is extended relatively far into tube member 20. As can be seen, each of the trolley units comprises a central
hub 74 which fits around the draw rod, and three legs 76 which extend radially from this to support rollers 78 which bear
against the inside wall of the tube member. The draw rod is supported for sliding movement through hubs 74 by bearing
sleeves 80; however, the trolley unit located nearest the inner end of rod 48 is fixedly mounted to this, as by a set screw
82. A flexible line 84 is attached to this end trolley unit and extends back towards end cap member 24; the remaining
trolley members 62 are attached to this line at intervals, and the end of the line is fixed to an anchor 86 near the end of
the tube. Thus, as is shown in FIG. 5, when the rod 48 is pushed into the tube, the fixed end trolley unit pulls the flexible
line 84 more-or-less taught, so as to position the remaining units at spaced apart distances along the length of the draw
rod so that they provide proper support for this.

[0033] Then, as the rod 48 is withdrawn from the tube assembly, the trolley units "accordion" together in the manner
shown in FIG. 7, so as to permit the end of the rod to be drawn to a position adjacent the end of tube member 20. As is
shown, the trolley unit which is fixed near the end of the rod is drawn through the tube, and as this is done, the flexible
line 84 goes slack, and the end unit moves into abutment with the next unit in line; with continued movement of the rod,
this continues until all of the trolley units are pushed together into a compact group near the end of the tube.
[0034] FIGS. 5 and 7 also show the arrangement of seals at end cap member 24. As was noted above with respect
to end cap 22, this is made up generally of a flange 86 which is mounted to tube member 20, and an end plate 88 which
is mounted to this by bolts 90. The sealing interface between the flange and end plate is augmented by an O-ring seal
92 which extends annularly around the end of the tube. As noted above, draw rod 48 slides through a bore 94 in plate
88, and a sliding seal is provided therewith by a bearing 96 and sleeve 98. Inasmuch as the pressures and temperatures
within tube member 20 are relatively moderate when stretching ropes made of Spectra fibers, this bearing and sleeve
may be formed of nylon and Viton, and the sleeves 80 and rollers 78 described above can be formed of Delrin and
nylon. Of course, if the fiber material calls for more severe temperatures and pressures for stretching, other seal mate-
rials having suitable parameters can be selected. The construction of the other end cap member 22 is substantially
identical to that shown here; the sliding seal which is provided by this arrangement is necessary because link 36,
although relatively stationary, must nevertheless be free to slide through the end plate so as to permit tensiometer read-
ings to be taken, the actual amount of longitudinal movement of the link being about 25 mm (1 inch).
[0035] Also seen in FIGS. 5 and 7 is the manner in which the draw rod 48 is attached to the end of rope 60. FIG. 7
shows that there is a soft eye 100 formed at the end of the rope, and this is connected to a metal ring 102 on the end
of rod 48 by a shackle 104; a substantially identical arrangement is used to attach the other end of the rope to the sta-
tionary link 36. Alternatively, the ends of the rod and link can be provided with a simple hook, over which the eye at the
end of the rope can be slipped.
[0036] FIG. 8 is a schematic view of the apparatus described above, showing its monitoring and control systems. The
tube member 20 is provided with a series of temperature sensors spaced along its length; as is shown, these may
include lower sensor units 106 which are mounted along the bottom of the tube member so as to measure the temper-
ature of the water, and upper sensor units 108 which are mounted along the top of the tube so as to measure the tem-
perature of the steam above the surface of the liquid. The sensors are connected by means of leads 110 to a monitor
unit 112 which selectively displays the temperature sensed at each of the locations, so that the operator can verify that
the tube has been evenly heated and there are no hot or cold spots. As was described above, this temperature equali-
zation is achieved by a controlled bleeding of the air/steam pressure in the tube once the desired temperature has been
reached. A pressure control assembly 114 is provided for this purpose, and this comprises a vertical stand pipe which
extends upwardly from the tube member 20 so as to be in fluid communication with the air gap over the liquid, and a
horizontal header tube 118 which is mounted to the upper end of this. A pressure gauge 120 indicates the pressure in
header tube 118, and being that this is in communication with the air gap through the length of the main tube member
20, this indicates the pressure over the whole of the system. The operator observes the gauge to determine when the
desired pressure has been reached, and then opens a back pressure valve 122 to maintain this by relieving pressure
from header tube 118 through relief line 124; by doing this, the operator is able to control the temperature of the liquid
medium at the desired level for a particular fiber material, as described above.
[0037] Once the heat stretching of the rope is terminated, the operator throws open a ball valve 126 which also com-
municates with header tube 118; this dumps the remaining pressure in the tube assembly through discharge line 128,
rapidly cooling the liquid medium and preparing the system for draining. This is performed by opening drain valve 130
so that the water drains out of the tube assembly through drain line 132, and into hot water tank 134. To enhance sys-
tem efficiency, tank 134 may be insulated so that this stores the water or other liquid medium at an elevated temperature
for subsequent reuse.

c. Process Considerations

[0038] As was noted above, the process of the present invention has proven especially effective for heat stretching
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ropes made of Spectra fibers. The melting point of this material is 147°C, and it has been found that heat stretching
of such ropes can be performed within the range from about 125°C to 150°C; in general, it has been found that the
range from about 140°-150°C is optimal, being that at lower temperatures (e.g., 135°C), the measured increase in ten-
sile strength was found to drop off, and below about 130°C, filament breakage began to be observed.

[0039] In addition to temperature, other control factors which were found to have an impact on the quality of the fin-
ished rope included the total percent increase in length, and also the pull speed at which the rope is stretched. The fol-
lowing example illustrates experimental results which were achieved by controlling these factors.

EXAMPLE

[0040]

[0041] These results clearly demonstrate the increased tensile strength and decreased length of elongation at break
(i.e., "stretch") of the finished product.

II. Continuous System

a. Overview

[0042] According to a second embodiment of the invention, FIG. 9 shows an apparatus 200 for stretching rope on a
continuous basis. This comprises generally a tube assembly 202 and a capstan system 204 for drawing the rope
through the tube assembly, and for applying tension to the segment within the tube assembly as this is done.
[0043] The tube assembly 200 resembles that described above in general aspect, inasmuch as this comprises a ves-
sel for the liquid medium for heating and supporting the rope. Accordingly, tube assembly 202 comprises an elongate
tube member 206 supported on a framework 208, with burner rail 210 being mounted on the framework to extend below
the tube assembly; in the manner previously described, and this is supplied with gas/air mixture from an elongate man-
ifold 212.
[0044] By contrast with the batch process embodiment which was described above, however, this tube member 206
is segmented into a series of compartments, through which the rope proceeds sequentially as it undergoes the heat
stretching process. Beginning at the entry end, the first compartment is an airlock chamber 214, to which air pressure
is supplied via compressed air line 216; as will be described in greater detail below, this and the corresponding airlock
chamber at the other end of the tube assembly serve to limit the escape of pressure from the main process chambers
of the assembly.
[0045] The rope enters the airlock chamber through an orifice in a first end cap 218 and then passes from this through
a first divider bulkhead 220 into the main heat set chamber 222. The liquid heating medium is supplied to this chamber
via fluid supply line 224, and is heated by the burner rail which extends beneath this section of the tube assembly. Heat
stretching of the rope takes place primarily within chamber 222, and then this proceeds through the next divider bulk-
head into a cooling chamber 228. This is supplied with cooling liquid through cooling line 230, and this cools the fibers
of the rope to a temperature at which they are stabilized against damage or breakage as the rope is pulled from the tube
member: for example, a stabilization temperature of approximately 80°C has been found suitable for the Spectra fiber
material described above.

Material Spectra Braided Rope

Stretch Temperature 140°C

Total Length Increase 67%

Pull Speed 36%/min.

Initial Tensile Strength 13.59 gm/denier (gpd)

Finished Tensile Strength (after heat stretching) 23.58 gpd

Increase in Tensile Strength 78%

Initial Length of Elongation at Break 6.9%

Finished Length of Elongation at Break 3.2%
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[0046] The heat set and cooling chambers 222 and 228 are interconnected by a manifold 240, so that the pressure
is equalized between these in order to prevent migration of hot/cold fluid from one chamber to the next. The back pres-
sure control valve 242 is also in communication with this manifold, for stabilizing the temperature in the heat set cham-
ber at the desired level by selectively releasing pressure through bleed line 244, in the manner described above. The
final compartment in the assembly is a second airlock chamber 232, which is separated from the cooling chamber by
divider bulkhead 234; as with airlock chamber 214, this is supplied with air pressure by supply line 236 and minimizes
escape of pressure from the cooling and heating chambers of the assembly. The rope exits the downstream end of the
chamber through a second end cap member 246.

[0047] The longitudinal movement of the rope 250 through the tube assembly is controlled by the capstan system 204;
this comprises a feed capstan 252 which engages the rope upstream of the tube assembly, and a take-up capstan 254
mounted downstream of the assembly. The capstan system thus moves the rope continuously through the tube assem-
bly in the direction indicated generally by the arrows in FIG. 9; however, the feed and take-up capstans operate at dif-
ferent speeds are of different sizes, so that the rope segment 256 between them is subjected to the tension necessary
to provide the stretching (e.g., the take-up capstan runs faster than, and/or is larger than the payout capstan).

b. Systems and Operation

[0048] Having provided an overview of the continuous heat stretching apparatus of the present invention, its operation
and a number of its systems will now be described in greater detail with reference to FIG. 10, which provides a sche-
matic view of apparatus 200.
[0049] As previously described, the rope enters the entrance airlock chamber 214 through end cap 218, and exits this
through a first divider bulkhead 220 into the heat set chamber. The entrance airlock is maintained at a pressure which
is slightly below that of the adjacent heat set chamber; this is done by supplying the airlock with a constant flow of com-
pressed air through line 216, this being controlled by pressure regulator 260. The airlock greatly reduces the loss of liq-
uid from the heat set chamber; however, there will normally be some flow of fluid from the heating chamber into the
airlock owing to the lower pressure in the latter; what fluid does escape by this path is trapped in airlock 214 and drained
from this to hot water collection tank 262 for reuse, via drain line 264 and cutout valve 266.
[0050] The orifices at the ends of the airlock chamber are fitted with seals which permit the rope to slip therethrough.
The outer seal 268 (in end cap 218) restricts the amount of air which escapes from the airlock, while the inner seal 270
(in bulkhead 220) restricts the amount of fluid which leaks into the airlock from the heat set chamber. The seals may
preferably be of a straight-shaft type, in the form of a tubular sheath or ring of a suitable material (e.g., polyurethane),
with an inside diameter sized slightly smaller than the outer diameter of the rope. In other versions, seals may be pro-
vided by inflatable or elastomeric "doughnut" elements having central passages for the rope. In either case, these are
preferably configured to permit easy replacement when they become worn due to friction with the rope.
[0051] The next compartment in the tube assembly is heat set chamber 222. This chamber serves substantially the
same functions as the main tube member 20 of the "batch type" apparatus described above; namely, the fluid in cham-
ber 222 buoys the rope so as to prevent it from being overstressed and damaged, supplies rapid transfer of heat to the
fibers of the rope, and permits precise temperature control by coordinated heating and bleeding of pressure from the
chamber. It will be noted that the burner rail extends beneath the heat set chamber portion of the tube assembly, but
not beneath the cooling chamber 228 so as to avoid unnecessary heating of the latter. Also, while the gas burner heat-
ing arrangement has been found preferable for the batch-type embodiment described above (owing to the quick heat-
up times it provides), an electric band heater or steam jacket may be preferable as the heat source for the continuous
process embodiment illustrated in FIGS. 9-10, since the heat set chamber will be maintained at elevated temperatures
over a sustained period of time.
[0052] Once the fluid in chamber 222 is heated to the desired temperature, back pressure control valve 242 is selec-
tively opened to relieve the pressure from chamber 222 through manifold 240 and bleed line 244 to cause the fluid in
the heat set chamber to boil and stabilize at the desired stretching temperature. It will also be understood that the open-
ing of valve 242 can be adjusted on a continuous basis so as to maintain the correct pressure in chamber 222 as this
is subjected to continuous heating by burner rail 210. The systems for monitoring the pressure and temperatures in the
heating chamber are essentially the same as those described above, and so are omitted in FIG. 10 in the interest of
clarity.
[0053] When it becomes necessary to drain off the heating liquid from chamber 222, this is done by opening a second
cutout valve 268 so that the liquid passes through drain line 270 into the hot water collection tank 262. Conversely, when
it is desired to increase the amount of liquid in this chamber, or to simply refill it, the liquid is drawn from the tank by a
pump 272 and pumped through hot water fill line 24 back into chamber 222, with this flow being controlled by valve 274.
Also, in some embodiments it may be desirable to provide the collection tank 262 or the associated piping system with
a water heater or the like for heating the fluid which is circulated therethrough, so as to augment or possibly replace the
burner rail or other heating element at the tube assembly.
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[0054] The cooling chamber 228 is separated from heat set chamber 222 by insulating divider bulkhead assembly
226; this made up of a layer of insulating material 276 sandwiched between the two metallic flanges 278,280 which are
mounted to the cooling and heat set chamber portions of the tube member. A passageway 282 extends through this
assembly, and this is sized large enough to permit the rope to pass therethrough without any significant friction; no seal
can be used at this point since the rope is in a greatly softened state due to its elevated temperature, and so cannot slip
through a sliding seal without sustaining damage. However, the cooling chamber is maintained at the same pressure
as heat set chamber 222, the air gaps in these being linked by manifold 240, and so the migration of fluid from one
chamber to the next is minimized despite the absence of any seal at passageway 282.

[0055] In a manner similar to the heat set chamber, cooling chamber 228 is provided with a drain line 284 and cutout
valve 286 which permit the cooling water to be drained into a cold water storage tank 288; this also receives lost cooling
water which is drained from the exit airlock 232 via drain line 290 and valve 292. When desired, the cold water is drawn
from tank 288 by a pump 294, and is discharged from this through supply line 230 and control valve 296 back into cool-
ing chamber 228. In some embodiments, it may be desirable to provide the storage tank 288 on the associated piping
system with a water chiller or the like for maintaining the fluid at the proper temperature.
[0056] The rope 250 passes out of the tube assembly via exit airlock chamber 232. As with chamber 214, this is main-
tained at a pressure slightly below that of the adjacent cooling chamber, by a constant flow of compressed air which is
supplied through line 236 and pressure regulator 296. At either end of the chamber there are seals 298 and 300 which
minimize the flow of water into the airlock chamber, and also the flow of air out of it.
[0057] In addition to preventing the escape of liquid from the heat set and cooling chambers, the airlock chambers
may also be employed to augment the process steps carried out in these compartments. For example, controlling the
pressure in the entrance airlock facilitates forcing the boiling water into the core of the rope so as to achieve rapid trans-
fer of heat thereto. Similarly, by regulating the air pressure in the exit airlock, cooling of the core of the rope is facilitated.

c. Process Considerations

[0058] As was noted above, the motive means for passing the rope through the tube assembly comprises the feed
and take-up capstans. The length of time the rope segment 256 between the capstans remains in the heating zone is
controlled by the speed of the capstans, as well as by the length of the heat set chamber. The take-up capstan operates
at a speed which is greater than that of the feed capstan, so as to apply tension to the rope in the heat set chamber, at
which point the rope has the least resistance to stretch. The difference between the speed and/or size of the take-up
rolls of the take-up capstan and the speed and/or size of the feed rolls of the feed capstan is proportional to the percent
of stretch which is thus achieved; similarly, these factors control the rate at which the rope is stretched.
[0059] In an exemplary embodiment, the tube assembly of the apparatus 200 has the following dimensions, and is
operated at the following temperature/pressure parameters for heat stretching rope made of fibers:

EXAMPLE

Chamber Lengths (30 cm (12-inch) i.d. tube member)

[0060]

Tube diameter 30 cm (12 inches) i.d.
Heat set chamber 240 cm (8 feet)
Cooling chamber 120 cm (4 feet)
Insulating bulkhead 15 cm (0.5 foot)
Entrance airlock 30 cm (1 foot)
Exit airlock 30 cm (1 foot)

Temperature/Pressure Parameters

[0061]

Heat set chamber - 3.98 N/m2 (43 psig) at 143°C (boiling)
Cooling chamber - 3.98 N/m2 (43 psig) at 80°C
Entrance airlock - 3.77 N/m2 (40 psig)
Exit airlock - 3.77 N/m2 (40 psig)

[0062] Given a tube assembly in accordance with the foregoing table, an exemplary rate of throughput for a 2cm (3/4-
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inch) Spectra fiber rope may be approximately 180-240 m/hr (600-800 ft/hr), with a rate of stretch in the range from
about 10%/minute to 40%/minute or more. If a higher speed of throughput is desired, this may be achieved by increas-
ing the length of the tube assembly. The foregoing dimensions and parameters are merely illustrative of one exemplary
embodiment of the present invention, and these may be varied as desired for specific applications.

Claims

1. An apparatus (10,200) for heat stretching a synthetic fiber rope, said apparatus comprising:

a vessel (20,206) configured to be at least partially filled with a liquid medium (66), said vessel having a heat
set chamber (54,222) for receiving a segment of said rope so that said segment is suspended in said liquid
medium therein;
means (28,210) for heating said liquid medium in said heat set chamber to at least a predetermined stretching
temperature;
means (114) for maintaining said heat set chamber at a pressure at which said liquid medium boils at said
stretching temperature, so as to maintain said liquid medium at a uniform temperature level throughout said
heat set chamber, and so that said suspended segment of rope is heated uniformly to said predetermined
stretching temperature; and
means (14,204) for applying tension to said heated portion of said segment so as to stretch said segment of
said rope to a predetermined increase in length of said segment.

2. The apparatus of claim 1, wherein said means for suspending said segment of said rope in said liquid medium fur-
ther comprises:

means (204) for passing said rope through said heat set chamber of said vessel (206) on a continuous basis,
so that said segment in said vessel is removed and replaced from said vessel on a continuous basis as said
segment is stretched to said predetermined increase in length.

3. The apparatus of claim 2, wherein said vessel further comprises:

means (228) for cooling said segment of said rope which has been stretched, to a predetermined stabilization
temperature, prior to said stretched segment passing out of said vessel.

4. The apparatus of claim 3, wherein said means for cooling said segment which has been stretched comprises:

a cooling chamber (228) in which said liquid medium is maintained approximately at said predetermined stabi-
lization temperature;
said vessel being arranged for sequential passage of said segment of said rope through said heat set chanter
(222) and then said cooling chamber (228).

5. The apparatus of claim 4, wherein said vessel further comprises:

a passageway (282) interconnecting said heat set chamber and said cooling chamber and being sized so as
to permit passage of said heated portion of said rope segment therethrough without significant friction; and
means for maintaining said heat set chamber (222) and said cooling chamber (228) at approximately equal
pressures so as to minimize migration of said liquid medium through said interconnecting passageway.

6. The apparatus of claim 4, wherein said vessel further comprises:

air lock means (214,232) mounted upstream of said heat set chamber downstream of said cooling chamber so
as to minimize loss of said liquid medium as said rope passes therethrough.

7. The apparatus of claim 4, wherein said means for passing said rope through said vessel on a continuous basis
comprises:

a feed capstan (252) attached to said rope upstream of said heat set chamber (222) for feeding said rope into
said vessel on a continuous basis; and
a take-up capstan (254) attached to said rope downstream of said cooling chamber (228) for withdrawing said
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rope from said vessel on a continuous basis.

8. The apparatus of claim 7, wherein said means for applying tension to said heated portion of said segment com-
prises:

means for operating said feed capstan so that said rope is fed into said vessel at a first rate; and
means for operating said take-up capstan so that said rope is withdrawn from said vessel at a second rate
which exceeds said first rate by an amount which corresponds to said predetermined increase in length of said
segment of said rope.

9. The apparatus of claim 4, wherein said means heating said liquid medium comprises:

means (28,210) for heating said liquid medium in said heat set chamber to at least said predetermined stretch-
ing temperature; and
means (114) for maintaining said heat set chamber at a pressure at which said liquid boils at said stretching
temperature, so as to maintain said liquid medium at a uniform temperature level throughout said hear set
chamber.

10. The apparatus of claim 1, wherein said means for maintaining said heat set chamber at said pressure comprises:

an exhaust line (124,244) connected to said heat set chamber; and
valve (122,244) means for selectively bleeding pressure off from said heat set chamber through said exhaust
line so as to maintain said heat set chamber at said pressure as said medium in said chamber is heated.

11. The apparatus of claim 1, wherein said means for heating said liquid medium comprises:

a gas burner rail (28,210) positioned so as to extend beneath said heat set chamber as said medium in said
chamber is heated

12. A method for heat stretching a synthetic fiber rope (60,250), said method comprising the steps of:

at least partially filling a vessel (20,206) with a liquid medium, said vessel having a heat set chamber (54,222)
for receiving a segment of said rope;
suspending a segment of said rope in said liquid medium (66) in said heat set chamber;
heating said liquid medium to at least a predetermined stretching temperature;
maintaining said heat set chamber at a pressure at which said liquid medium boils at said scratching temper-
ature, so as to maintain a uniform temperature level throughout said heat stretch chamber, and so that said
suspended segment of rope is uniformly heated to said predetermined stretching temperature; and
applying tension to said heated portion of said segment so as to stretch said segment of said rope to a prede-
termined increase in length of said segment.

13. The method of claim 12, wherein the step of suspending said segment of said rope in said liquid medium further
comprises:

passing said rope through said heat set chamber (54,222) of said vessel on a continuous basis, so that said
segment in said vessel is removed from said vessel and replaced on a continuous basis as said segment is
stretched to said predetermined increase in length.

14. The method of claim 13, further comprising the step of:

cooling said segment of said rope which has been stretched, to a predetermined stabilization temperature,
prior to said stretched segment passing out of said vessel.

15. The method of claim 14, wherein the step of passing said rope through said chamber portion of said vessel on a
continuous basis comprises:

passing said segment of said rope sequentially through:
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(a) said heat set chamber (222) in which said liquid medium is maintained approximately at said predeter-
mined stretching temperature; and

(b) a cooling chamber (228) in which said liquid medium is maintained approximately at said predeter-
mined stabilization temperature.

16. The method of claim 15, wherein the step of passing said rope sequentially through said chambers on a continuous
basis comprises:

feeding said rope into said vessel on a continuous basis from a feed capstan (252) attached to said rope
upstream of said heat set chamber (222); and
withdrawing said rope from said vessel on a continuous basis with a take-up capstan (254) attached to said
rope downstream of said cooling chamber (228).

17. The method of claim 16, wherein the step of applying tension to said heated portion of said segment comprises:

operating said feed capstan (252) so that said rope is fed into said vessel at a first rate; and
operating said take-up capstan (254) o that said rope is withdrawn from said vessel at a second rate which
exceeds said first rate by an amount which corresponds to said predetermined increase in length of said seg-
ment of said rope.

Patentansprüche

1. Vorrichtung (10, 200) zum Heißvsretrecken eines Synthetikfaserseils, wobei die Vorrichtung folgendes aufweist:

einen Behälter (20, 206), der so ausgebildet ist, daß er wenigstens teilweise mit einem flüssigen Medium (66)
gefüllt ist, wobei der Behälter eine Warmhärtkammer (54, 222) zur Aufnahme eines Segments des Seils darin
hat, so daß das Segment in dem flüssigen Medium schwebend gehalten wird;
eine Einrichtung (28, 210) zum Erwärmen des flüssigen Mediums in der Warmhärtkammer auf wenigstens
eine vorbestimmte Verstrecktemperatur;
eine Einrichtung (114) zum Halten der Warmhärtkammer auf einem Druck, bei dem das flüssige Medium bei
der Verstrecktemperatur siedet, um das flüssige Medium durch die gesamte Warmhärtkammer hindurch auf
einem gleichmäßigen Temperaturpegel zu halten und so, daß das schwebend gehaltene Seilsegment gleich-
mäßig auf die vorbestimmte Verstrecktemperatur erwärmt wird; und
eine Einrichtung (14, 204) zum Aufbringen von Zugspannung auf den erwärmten Bereich des Segments, um
das Segment des Seils auf eine vorbestimmte Längenzunahme des Segments zu verstrecken.

2. Vorrichtung nach Anspruch 1, wobei die Einrichtung zum schwebenden Halten des Segments des Seils in dem
flüssigen Medium ferner folgendes aufweist:

eine Einrichtung (204), um das Seil kontinuierlich durch die Warmhärtkammer des Behälters (206) zu leiten,
so daß das Segment in dem Behälter kontinuierlich aus dem Behälter entfernt und ersetzt wird, während das
Segment auf die vorbestimmte Längenzunahme verstreckt wird.

3. Vorrichtung nach Anspruch 2, wobei der Behälter folgendes aufweist:

eine Einrichtung (228) zum Abkühlen des Segments des Seils, das verstreckt worden ist, auf eine vorbe-
stimmte Stabilisierungstemperatur, bevor das verstreckte Segment aus dem Behälter austritt.

4. Vorrichtung nach Anspruch 3, wobei die Einrichtung zum Abkühlen des Segments, das verstreckt worden ist, fol-
gendes aufweist:

eine Kühlkammer (228), in der das flüssige Medium ungefähr auf der vorbestimmten Stabilisierungstempera-
tur gehalten wird;
wobei der Behälter so angeordnet ist, daß das Segment des Seils sequentiell die Warmhärtkammer (222) und
dann die Kühlkammer (228) durchläuft.

5. Vorrichtung nach Anspruch 4, wobei der Behälter ferner folgendes aufweist:
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einen Kanal (282), der die Warmhärtkammer und die Kühlkammer miteinander verbindet und so bemessen ist,
daß er den Durchtritt des erwärmten Bereichs des Seilsegments durch ihn ohne signifikante Reibung zuläßt;
und

eine Einrichtung, um die Warmhärtkammer (222) und die Kühlkammer (228) auf ungefähr gleichen Drücken
zu halten, um ein Wandern des flüssigen Mediums durch den Verbindungskanal zu minimieren.

6. Vorrichtung nach Anspruch 4, wobei der Behälter ferner folgendes aufweist:

eine Luftschleuseneinrichtung (214, 232), die an der Aufstromseite der Warmhärtkammer abstromseitig von
der Kühlkammer angebracht ist, um Verluste des flüssigen Mediums während des Durchtritts des Seils durch
sie hindurch zu minimieren.

7. Vorrichtung nach Anspruch 4, wobei die Einrichtung zum kontinuierlichen Hindurchleiten des Seils durch den
Behälter folgendes aufweist:

eine Zuführhaspel (252), die an dem Seil an der Aufstromseite der Warmhärtkammer (222) angebracht ist, um
das Seil kontinuierlich in den Behälter zuzuführen; und
eine Aufwickelhaspel (254), die an dem Seil an der Abstromseite der Kühlkammer (228) angebracht ist, um
das Seil kontinuierlich aus dem Behälter abzuziehen.

8. Vorrichtung nach Anspruch 7, wobei die Einrichtung zum Aufbringen von Zugspannung auf den erwärmten Bereich
des Segments folgendes aufweist;

eine Einrichtung zum Betätigen der Zuführhaspel, so daß das Seil mit einer ersten Geschwindigkeit in den
Behälter zugeführt wird; und
eine Einrichtung zum Betätigen der Aufwickelhaspel, so daß das Seil mit einer zweiten Geschwindigkeit, die
die erste Geschwindigkeit um einen Betrag übersteigt, der der vorbestimmten Längenzunahme das Segments
des Seils entspricht, aus dem Behälter abgezogen wird.

9. Vorrichtung nach Anspruch 4, wobei die das flüssige Medium erwärmende Einrichtung folgendes aufweist:

eine Einrichtung (28, 210) zum Erwärmen des flüssigen Mediums in der Warmhärtkammer auf wenigstens die
vorbestimmte Verstrecktemperatur; und
eine Einrichtung (114), um die Warmhärtkammer auf einem Druck zu halten, auf dem die Flüssigkeit bei der
Verstrecktemperatur siedet, um das flüssige Medium durch die gesamte Warmhärtkammer hindurch auf einem
gleichmäßigen Temperaturpegel zu halten.

10. Vorrichtung nach Anspruch 1, wobei die Einrichtung zum Halten der Warmhärtkammer auf dem genannten Druck
folgendes aufweist:

eine Absaugleitung (124, 244) die mit der Warmhärtkammer verbunden ist; und
eine Ventileinrichtung (122, 244) zum selektiven Ablassen von Druck aus der Warmhärtkammer durch die
Absaugleitung, um die Warmhärtkammer auf dem genannten Druck zu halten, während das Medium in der
Kammer erwärmt wird.

11. Vorrichtung nach Anspruch 1, wobei die Einrichtung zum Erwärmen des flüssigen Mediums folgendes aufweist:

eine Gasbrennerschiene (28, 210), die so positioniert ist, daß sie sich unterhalb der Warmhärtkammer
erstreckt, während das Medium in der Kammer erwärmt wird.

12. Verfahren zum Heißverstrecken eines Synthetikfaserseils (60, 250), wobei das Verfahren die folgenden Schritte
aufweist:

wenigstens teilweises Füllen eines Behälters (20, 206) mit einem flüssigen Medium, wobei der Behälter eine
Warmhärtkammer (54, 222) zur Aufnahme eines Segments des Seils hat;
schwebendes Halten eines Segmente des Seils in dem flüssigen Medium (66) in der Warmhärtkammer;
Erwärmen des flüssigen Mediums auf wenigstens eine vorbestimmte Verstrecktemperatur;
Halten der Warmhärtkammer auf einem Druck, bei dem das flüssige Medium bei der Verstrecktemperatur sie-
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det, um durch die gesamte Warmhärtkammer hindurch einen gleichmäßigen Temperaturpegel aufrechtzuer-
halten und so, daß das schwebend gehaltene Seilsegment gleichmäßig auf die vorbestimmte
Verstrecktemperatur erwärmt wird; und Aufbringen von Zugspannung auf den erwärmten Bereich des Seg-
ments, um das Segment des Seils auf eine vorbestimmte Längenzunahme des Segments zu verstrecken.

13. Verfahren nach Anspruch 12, wobei der Schritt des schwebenden Haltens des Segments des Seils in dem flüssi-
gen Medium ferner den folgenden Schritt aufweist:

kontinuierliches Hindurchleiten des Seils durch die Warmhärtkammer (54, 222) des Behälters, so daß das
Segment in dem Behälter aus dem Behälter kontinuierlich entfernt und ersetzt wird, während das Segment auf
die vorbestimmte Längenzunahme verstreckt wird.

14. Verfahren nach Anspruch 13, das ferner den folgenden Schritt aufweist:

Abkühlen des Segmente des Seils, das verstreckt worden ist, auf eine vorbestimmte Stabilisierungstempera-
tur, bevor das verstreckte Segment aus dem Behälter austritt.

15. Verfahren nach Anspruch 14, wobei der Schritt des kontinuierlichen Hindurchleitens dem Seils durch den Kammer-
bereich des Behälters den folgenden Schritt aufweist:

sequentielles Hindurchleiten des Segments des Seils durch:

(a) die Warmhärtkammer (222), in der das flüssige Medium ungefähr auf der vorbestimmten Verstreck-
temperatur gehalten wird, und
(b) eine Kühlkammer (228), in der das flüssige Medium ungefähr auf der vorbestimmten Stabilisierungs-
temperatur gehalten wird.

16. Verfahren nach Anspruch 15, wobei der Schritt des kontinuierlichen sequentiellen Hindurchleitens des Seils durch
die Kammern die folgenden Schritte aufweist:

kontinuierliches Zuführen des Seils in den Behälter von einer Zuführhaspel (252), die an dem Seil an der Auf-
stromseite der Warmhärtkammer (222) angebracht ist; und
kontinuierliches Abziehen des Seils aus dem Behälter mit einer Aufwickelhaspel (254), die an dem Seil an der
Abstromseite der Kühlkammer (228) angebracht ist.

17. Verfahren nach Anspruch 16, wobei der Schritt des Aufbringens von Zugspannung auf den erwärmten Bereich des
Segments die folgenden Schritte aufweist:

Betätigen der Zuführhaspel (252), so daß das Seil mit einer ersten Geschwindigkeit in den Behälter zugeführt
wird; und
Betätigen der Aufwickelhaspel (254), so daß das Seil mit einer zweiten Geschwindigkeit, die die erste
Geschwindigkeit um einen Betrag übersteigt, der der vorbestimmten Längenzunahme des Segments des Seils
entspricht, aus dem Behälter abgezogen wird.

Revendications

1. Appareil (10, 200) pour l'étirage à chaud d'une corde en fibres synthétiques, ledit appareil comportant :

un récipient (20, 206) configuré de façon à être rempli au moins partiellement d'un milieu liquide (66), ledit réci-
pient ayant une chambre (54, 222) de prise à la chaleur destinée à recevoir un segment de ladite corde afin
que ledit segment y soit suspendu dans ledit milieu liquide ;
des moyens (28, 210) destinés à chauffer ledit milieu liquide dans ladite chambre de prise à la chaleur au
moins à une température prédéterminée d'étirage ;
des moyens (114) destinés à maintenir ladite chambre de prise à la chaleur à une pression à laquelle ledit
milieu liquide bout à ladite température d'étirage, afin de maintenir ledit milieu liquide à un niveau de tempéra-
ture uniforme dans toute ladite chambre de prise à la chaleur, et afin que ledit segment de corde suspendu soit
chauffé uniformément à ladite temperature prédéterminée d'étirage ; et
des moyens (14, 204) destinés à appliquer une traction à ladite partie chauffée dudit segment afin d'étirer ledit
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segment de ladite corde jusqu'à un accroissement prédéterminé de longueur dudit segment.

2. Appareil selon la revendication 1, dans lequel lesdits moyens destinés à suspendre ledit segment de ladite corde
dans ledit milieu liquide comprennent en outre :

un moyen (204) destiné à faire passer ladite corde à travers ladite chambre de prise à la chaleur dudit récipient
(206) sur une base continue, de façon que ledit segment dans ledit récipient soit enlevé dudit récipient et rem-
placé sur une base continue pendant que ledit segment est étiré audit accroissement prédéterminé de lon-
gueur.

3. Appareil selon la revendication 2, dans lequel ledit récipient comporte en outre :

un moyen (228) destiné à refroidir ledit segment de ladite corde qui a été étiré, jusqu'à une température pré-
déterminée de stabilisation, avant que ledit segment étiré sorte dudit récipient.

4. Appareil selon la revendication 3, dans lequel ledit moyen pour refroidir ledit segment qui a été étiré comporte :

une chambre (228) de refroidissement dans laquelle ledit milieu liquide est maintenu approximativement à
ladite température prédéterminée de stabilisation ;
ledit récipient étant agencé pour un passage séquentiel dudit segment de ladite corde à travers ladite chambre
(222) de prise à la chaleur, puis à travers ladite chambre (228) de refroidissement.

5. Appareil selon la revendication 4, dans lequel ledit récipient comporte en outre :

un passage (282) raccordant entre elles ladite chambre de prise à la chaleur et ladite chambre de refroidisse-
ment, et dimensionné de façon à permettre le passage de ladite partie chauffée dudit segment de corde à tra-
vers lui sans frottement notable ; et
un moyen destiné à maintenir ladite chambre (222) de prise à la chaleur et ladite chambre (228) de refroidis-
sement à des pressions approximativement égales afin de minimiser la migration dudit milieu liquide à travers
ledit passage de raccordement.

6. Appareil selon la revendication 4, dans lequel ledit récipient comporte en outre :

des moyens (214, 232) formant sas à air montés en amont de ladite chambre de prise à la chaleur et en aval
de ladite chambre de refroidissement afin de minimiser la perte dudit milieu liquide pendant que ladite corde
passe à travers ces chambres.

7. Appareil selon la revendication 4, dans lequel les moyens destinés à faire passer ladite corde à travers ledit réci-
pient sur une base continue comprennent :

un cabestan d'avance (252) relié à ladite corde en amont de ladite chambre (222) de prise à la chaleur pour
faire avancer ladite corde vers l'intérieur dudit récipient sur une base continue ; et
un cabestan récepteur (254) relié à ladite corde en aval de ladite chambre (228) de refroidissement pour retirer
ladite corde dudit récipient sur une base continue.

8. Appareil selon la revendication 7, dans lequel lesdits moyens destinés à appliquer une traction à ladite partie chauf-
fée dudit segment comprennent :

un moyen destiné à faire fonctionner ledit cabestan d'avance afin que ladite corde soit avancée à l'intérieur
dudit récipient à une première vitesse ; et
un moyen destiné à faire fonctionner ledit cabestan récepteur afin que ladite corde soit retirée dudit récipient à
une seconde vitesse qui est supérieure à la première vitesse d'une quantité qui correspond audit accroisse-
ment prédéterminé de longueur dudit segment de ladite corde.

9. Appareil selon la revendication 4, dans lequel lesdits moyens destinés à chauffer ledit milieu liquide comprennent :

un moyen (28, 210) destiné à chauffer ledit milieu liquide dans ladite chambre de prise à la chaleur à au moins
ladite température prédéterminée d'étirage ; et
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un moyen (114) destiné à maintenir ladite chambre de prise à la chaleur à une pression à laquelle ledit liquide
bout à ladite température d'étirage, afin de maintenir ledit milieu liquide à un niveau de température uniforme
dans toute ladite chambre de prise à la chaleur.

10. Appareil selon la revendication 1, dans lequel lesdits moyens destinés à maintenir ladite chambre de prise à la cha-
leur à ladite pression comprennent :

une conduite d'évacuation (124, 244) raccordée à ladite chambre de prise à la chaleur ; et
un moyen à robinet (122, 244) pour l'échappement sélectif de la pression depuis ladite chambre de prise à la
chaleur à travers ladite conduite d'évacuation afin de maintenir ladite chambre de prise à la chaleur à ladite
pression pendant que ledit milieu dans ladite chambre est chauffé.

11. Appareil selon la revendication 1, dans lequel lesdits moyens destinés à chauffer ledit milieu liquide comprennent :

une rampe (28, 210) de brûleurs à gaz positionnée de façon à s'étendre au-dessous de ladite chambre de
prise à la chaleur pendant que ledit milieu dans ladite chambre est chauffé.

12. Procédé pour étirer à chaud une corde (60, 250) en fibres synthétiques, ledit procédé comprenant les étapes dans
lesquelles :

on remplit au moins partiellement un récipient (20, 206) d'un milieu liquide, ledit récipient ayant une chambre
(54, 222) de prise à la chaleur destinée à recevoir un segment de ladite corde ;
on suspend un segment de ladite corde dans ledit milieu liquide (66) dans ladite chambre de prise à la chaleur
;
on chauffe ledit milieu liquide à au moins une température prédéterminée d'étirage ;
on maintient ladite chambre de prise à la chaleur à une pression à laquelle ledit milieu liquide bout à ladite tem-
pérature d'étirage, afin de maintenir un niveau de température uniforme dans toute ladite chambre d'étirage à
la chaleur, et afin que ledit segment suspendu de corde soit chauffé uniformément à ladite température prédé-
terminée d'étirage ; et
on applique une traction à ladite partie chauffée dudit segment afin d'étirer ledit segment de ladite corde
jusqu'à un accroissement prédéterminé de longueur dudit segment.

13. Procédé selon la revendication 12, dans lequel l'étape consistant à suspendre ledit segment de ladite corde dans
ledit milieu liquide comprend en outre :

le passage de ladite corde à travers ladite chambre (54, 222) de prise à la chaleur dudit récipient sur une base
continue, afin que ledit segment dans ledit récipient soit enlevé dudit récipient et remplacé sur une base con-
tinue pendant que ledit segment est étiré audit accroissement prédéterminé de longueur.

14. Procédé selon la revendication 13, comprenant en outre l'étape dans laquelle :

on refroidit ledit segment de ladite corde qui a été étiré, jusqu'à une température prédéterminée de stabilisa-
tion, avant que ledit segment étiré sorte dudit récipient.

15. Procédé selon la revendication 14, dans lequel l'étape consistant à faire passer ladite corde à travers ladite partie
de chambre dudit récipient sur une base continue comprend :

le passage dudit segment de ladite corde séquentiellement à travers :

(a) ladite chambre (222) de prise à la chaleur dans laquelle ledit milieu liquide est maintenu approximati-
vement à ladite température prédéterminée d'étirage ; et
(b) une chambre (228) de refroidissement dans laquelle ledit milieu liquide est maintenu approximative-
ment à ladite température prédéterminée de stabilisation.

16. Procédé selon la revendication 15, dans lequel l'étape consistant à faire passer ladite corde séquentiellement à tra-
vers ladite chambre sur une base continue comprend :

l'avance de ladite corde vers l'intérieur dudit récipient sur une base continue à partir d'un cabestan d'avance

5

10

15

20

25

30

35

40

45

50

55



EP 0 660 891 B1

17

(252) relié à ladite corde en amont de ladite chambre (222) de prise à la chaleur ; et

le retrait de ladite corde dudit récipient sur une base continue à l'aide d'un cabestan récepteur (254) relié à
ladite corde en aval de ladite chambre (228) de refroidissement.

17. Procédé selon la revendication 16, dans lequel l'étape consistant à appliquer une traction à ladite partie chauffée
dudit segment comprend :

le fait de faire fonctionner ledit cabestan d'avance (252) afin que ladite corde soit avancée vers l'intérieur dudit
récipient à une première vitesse ; et
le fait de faire fonctionner ledit cabestan récepteur (254) afin que ladite corde soit retirée dudit récipient à une
seconde vitesse qui dépasse ladite première vitesse d'une quantité qui correspond audit accroissement pré-
déterminé de longueur dudit segment de ladite corde.
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