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(57) Abstract: A method for manufacturing a curved tubular article (10) by providing a formable tubular preform (22); securing the
ends of the preform to respective coupling members (24, 26) which are capable of providing elongational tension on the preform;
filling the hollow interior of the preform with a heated fluid which is at a pressure sufficient to support the preform; applying me-
chanical pressure (46) to the exterior surface of the fluid-containing preform such that the preform is shaped into a predetermined
three-dimensional serpentine configuration; replacing the heated fluid in the preform with a cooled fluid which sets the configuration

of the preform; and removing the cooled fluid from the preform.




CA 02405519 2002-10-08
WO 01/81061 PCT/US00/11703

-1 -

ME THOD FOR MANUFAC TURING CURVED
THERMOPLASTIC TUBES

echnical Field

P —

The present invention relates to a method for the
5 manufacture of thermoplastic tubes and particularly to the
manufacture of curved thermoplastic tubes which exhibit a
consistent wall gauge and circular cross-section.
Background Art
Typically, the manufacture of fuel filler tubes, fuel line
10 tubes, radiator coolant tubes, power steering tubes, etc. used in the
automotive industry, for instance, involves the steps of preparing a
length of uncured, flexible tube consisting of an inner tube, an outer
cover, and a reinforcement positioned there between, and then
loading the green perform onto a rigid mandrel which may be made
15 of metal, plastic or rubber. The mandrel has a general shape which
corresponds to the desired tube configuration. The length of tube
mounted on the mandrel is then cured in an open steam autoclave
and then removed from the mandrel as a finished product. While
this rigid mandrel process has proved largely satisfactory, three-
20 dimensional serpentine configurations having extremely acute
bends are virtually impossible to build on rigid, curved mandrels.
Not oniy is it difficult to load and unload the tube element with these
prior methods, but also problems with respect to hot tear and
creasing at the inside surface of the bends arise which are
25 detrimental to performance characteristics, such as fluid flow, and
eventually lead to premature failure of the tube in operation.
Various methods have been proposed to address these concerns.
The use of granular material such as sand as a flexible

mandrel material in the production of curved tubular articles is
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disclosed in U.S. Pat. No. 1,877,628 to Replogle. However, the use

of sand as a mandrel core in the preparation of curved tubes is not
satisfactory inasmuch as it produces a tough, stippled or porous
Interior surface upon curing and the sand patrticles lodge within such

5 pores where they are virtually impossible to totally remove by
flushing after cure. The occurrence of even residual amounts of
such particulate material is highly undesirable in, for example, fuel
filler tubes where the particles may foul the fuel pump or other
intricate orifices in the fuel line system of an automobile.

10 U.S. Pat. No. 3,753, 635 to Barnett describes an
apparatus for precision bending of thermoplastic conduit comprising
a rotatable means having a multiplicity of locations and a plurality of
stations, each station having a pressurizing means for establishing
a pressure differential across the walls of a segment of a conduit to

15 be bent, the higher pressure being on the interior of the conduit, a
clamping means for each end of the segment of conduit, a jig
means having an interior wall for effecting an elbow having a
desired finish, an automatic bending means connected with a
movable portion of the clamping means and a stop to limit the

20 degree of bending. The rotary device moves through a loading
location, a heating location, a heating and bending location and a
cooling location when the pipe is cooled by externally applying cool
air to the assembly and then subjecting the pipe to a cooling bath or
spray of cool water.

25 U.S. Pat. No. 3,021,871 to Rodgers describes an
extruded spiral shaped length of tubing, preferably of nylon,
wrapped around a mandrel of a size to determine the desired
Internal diameter of a coil of tubing. The tubing is wrapped at room

temperature and then has live steam circulated through the tubing.
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Cold water is then passed through the tubing to fix the thermoplastic
material In the desired coll shape.

U.S. Pat. No. 3,826,288 to Cooper et al. teaches a
thermoplastic article of preformed shape by wrapping a length of

5 tubing or tube stock such as nylon around one mandrel then in the

opposite direction around another mandrel spaced from the first in

a figure eight configuration. The fixture containing the mandrels and

the tube is then suitably heated until the tubing assumes the shape

of the mandrels and is then cooled to retain that shape. Heated

10 fluid may be circulated through the tube in the heating step and cool
fluid may be used in the cooling step.

U.S. Pat. No. 3,992,505 to Tally describes an
automotive radiator tube of elastomeric material by filling the interior
of an uncured length of elastomeric tubing with a flowable

15 iIncompressible material, capping the ends of the tubing and training
the thus filled tubular element about discrete unconnected support
means disposed in a configuration to represent the final shape of
the article and vulcanizing the tube. The material in the tube may
be a water soluble salt or water. This is a thermosetting process

20 and cooling is not necessary as the vulcanization fixes the final
shape.

U.S. Pat. No. 4,218,420 to Jacob et al. describes a
method of curing a tubular tube in a spiral groove cut in mating
halves of press plates. The unshaped tube is disposed in one spifal

25 groove of the mold halves, the mold closed, and a heating step
applied while the tube is confined to the spiral groove. The finished
tube has a precision defined exterior. A hot fluid may be passed
through the tube during the heating step.
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In U.S. Pat. No. 4,144,622 to Stroupe there is
described a method of forming an article of tortuous shape utilizing
a metallic mold of fwo or-more separate parts having an interior
cavity of the desired shape of the finished article. The article to be
shaped is built upon a tube former. The green article and the tube
former are placed in the cavity, the mold parts closed and secured
and the tube former is inflated to approximately 50 psi gauge. The
article is then heat-cured in the mold or may be removed from the
mold and post treated. These articles are made of an overlapped
sheet element, a surrounding rib-knit fabric and congealing viscous
resin.

In U.S. Pat. No. 3,859,408 to Voss et al., the
patentees advance a tubular carcass through a generally tubular
cross-sectional mold, seal both ends, one with a floating seal and
pinch rolls, the other with a plug, internally pressurize the tube
through the plug end, setting the carcass in the mold portion with
externally heating coils, relieving the pressure, advancing a new
section of carcass through the mold, severing the vulcanized portion
from the green portion, sealing the open end and repeating the
process. The pressurizing means preferably also comprises a
heating means.

Canadian Pat. No. 1,042,642 to Barbier et al.
discloses a congealable fluid introduced into a green tube in a fluid
form. The congealable fluid is converted to a solid form to complete
the tube construction on a solid mandrel. The congealed fluid is
then reconverted to fluid form during the vulcanization process.

Tubes manufactured to have a three-dimensional
serpentine configuration typically are plagued with a constrictive

diameter at the point of the bend, particularly when the bend is at an
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acute angle. The constrictive diameter is due to wrinkling of the
smaller inner circumference of the bend which prevents the inner
diameter of the tube from being circular. Therefore, such tubular
structures exhibit circular diameters at locations where the tube is
5 straight, but in areas containing bends, especially acute bends, they
exhibit oval shapes. While the total areas may be the same or very
similar, the particular shape of the tube at the bends drastically
affects the performance of the tube. Therefore, a need exists in the
industry for a method of manufacturing thermoplastic tubes having
10 various three-dimensional serpentine configurations, including even
extremely acute bends, which exhibit a consistent wall gauge and
circular cross-section uniformly throughout their entire length,
without the difficulties encountered in the previous prior art.

Disclosure of the Invention

15 In accordance with the present invention, a length of
flexible tube, which may be thermoplastic, thermosetting,
elastomeric, or a hybrid construction of an elastomer with a
thermoplastic or thermosetting material, s formed in a
predetermined three-dimensional serpentine configuration by a

20 process wherein a thermoplastic preform tube is placed in a forming
apparatus and a hot fluid at a temperature sufficient to soften the
preform is forced into the tube under pressure. The hot fluid under
pressure acts as a flexible mandrel to support the tube. The fluid-
filled tube is mechanically manipulated by bending and forming

25 members in the tube-forming apparatus to provide a tube having a
predetermined three-dimensional serpentine configuration. Once
the tube is formed in the desirable configuratidn, the hot fluid is
replaced with a cooling fluid under pressure to set the shape of the

tube In the predetermined three-dimensional serpentine
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configuration. Tubes manufactured in accordance with the
invention have a consistent wall gauge and circular cross-section
throughout their entire length without the difficulties associated with
the manufacture of prior art tubes.
5 Brief Description of the Drawings
The features of the invention, and its technical
advantages, can be seen from the following description of the °
preferred embodiments together with the claims and the
accompanying drawings, in which:
10 Fig. 1 is a top schematic diagram illustrating the
formation of a three-dimensional serpentine tube of this invention;
Fig. 2 is a perspective schematic view of a typical
three-dimensional serpentine tube formed by the method of this
Invention; |
15 Fig. 3 Iis a cross sectional view taken along line 1-1 of
a three-dimensional serpentine tube of the present invention;
| Fig. 4 is a perspective schematic view of a typical tube
formed by the prior art; and
Fig. 5 Is a cross sectional view taken along line 4-4 of
20 a typical tube formed by the prior art.

Detailed Description of the Invention

The present invention relates to the manufacture of

tubes which may be thermoplastic, thermosetting, elastomeric, or a

hybrid construction containing an elastomer and a thermoplastic or

25 thermosetting material, and particularly to the manufacture of large
diameter thermoplastic tubes which may be used as fuel or vapor

tubes in automobiles. Such tubes typically have a diameter of about

1.27 10 6.35 cm (0.5 to 2.5 inches) and are commonly employed as

a conduit between the fuel inlet port and the fuel tank or other
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components. In order for the tube, which is coupled at one end to

the fuel inlet port and at the other end to the fuel tank, to traverse

the many structural members of the automobile such as a wheel

well, suspension members, etc., the fuel tube may exhibit a three-

5 dimensional serpentine configuration wherein some of the bends in

the tube may be acute bends. Such tubes, while having some

flexibility when formed, are somewhat rigid with respect to their final
configuration.

In accordance with this invention, the present

10 thermoplastic tubes are formed by extruding a tube having one or

more layers and then mechanically shaping and bending the tube

into a predetermined three-dimensional serpentine configuration by

forcing a hot fluid at a temperature near the melting temperature for

the material being processed into the tube under pressure;

15 mechanically shaping and bending the tube to obtain the desired

configuration; and then displacing the hot fluid with a cool fluid at a

temperature sufficient {o set the shape of the tube. After recovery

of the cool fluid, the shaped tube is removed from the shaping

apparatus and the process repeated with another length of extruded

20 tubing. Not only is the production of the three-dimensional

serpentine tube easily and efficiently accomplished, but the tube

formed In accordance with the present invention exhibits highly

desirable characteristics which were previously unattainable using

prior art methods. For example, the three-dimensional serpentine

25 tube of the present intention retains an inside circular cross-section

which is uniform throughout the length of the tube even in the areas

where acute bends are formed. Furthermore, the surface of the

tube at the inner areas of bends are smooth, i.e., there is no visual

detection of any ripples, creases or wrinkles even in areas of acute
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bends. Prior art tubes are notorious for being plagued with such

ripples, creases and wrinkles in the inner surfaces of any bends

found in the tube. The ripples, creases and wrinkles create

undesirable flow characteristics and lead to premature failure of the

o tube. The rippling, wrinkling and creasing in tubes has been a major
problem in the production of curved tubes.

In one aspect of the invention, there is described a

method for manufacturing a curved thermoplastic tube having a

predetermined three-dimensional serpentine configuration wherein

10 the tube exhibits a consistent wall gauge and circular cross-section

uniformly throughout the length of the article. The method

comprising; providing a formable thermoplastic tubular preform

having one or more layers; securing the ends of the preform to

respective coupling members such that the preform is longitudinally

15 interposed between the coupling members, the coupling members

being mounted on opposite members of a base such that

elongational tension is capable of being placed on the preform:

filling the hollow interior of the preform with a heated fluid at a

pressure sufficient to support the preform; applying mechanical

20 pressure o the fluid-containing preform at one or more specified

locations on the exterior surface of the fluid-containing preform such

that the preform is shaped into a predetermined configuration:

replacing the heated fluid in the preform with a cooled fluid whereby

the predetermined configuration of the preform is set; and removing

25 the cooled fluid from the preform such that it is completely removed

from the tube.
In a preferred aspect of the invention, there is
described a method for manufacturing a two-layer thermoplastic

tube having a predetermined three-dimensional serpentine
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configuration wherein the article exhibits a consistent circular cross-

section of about 1.27 to 6.35 cm (0.5 to 2.5 inches) uniformly
throughout the length ofthe article; the preferred method comprises:

providing a formable thermoplastic tubular preform, having an inner

5 tubular layer composed of a fluorothemoplastic material such as a
fluorothemoplastic terpolymer comprising interpolymerized units

derived from tetrafluoroethylene, hexafluoropropylene and

vinylidene fluoride; and an outer tubular layer composed of a melt
processable polyamide selected from the group consisting of nylon-

10 6, nylon-6.6, nylon-11 and nylon-12 which may be modified for
Increased adhesion or reinforcement. The inner layer typically has

a thickness of about 0.010 to 0.025 cm (0.004 to 0.010 inch), and

the outer layer has a thickness of about 0.076 to 0.254 cm (0.030

to 0.100 inch) to provide a tubular wall thickness of about 0.086 to

15 0.279 cm (0.034 to 0.110 inch); preferably, the thickness of the
Inner layer is about 0.013 to 0.018 cm (0.005 to 0.007 inch), and the

thickness of the outer layer is about 0.114 cm (0.045 inch); securing

the ends of the preform to respective support members such that

the preform is longitudinally interposed between the coupling

20 members, the coupling members being tensionally mounted on
opposite members of a base such that elongational tension is

capable of being placed on the preform:; filling the hollow interior of

the preform with a heated fluid, the fluid being at a pressure

sufficient to support the preform; applying mechanical pressure to

25 the exterior surface of the fluid-containing preform at one or more
spaced locations along its length and intermediate the ends of the
fluid-containing preform with one or more spool elements, the spool

elements having a grooved rim which conforms to the outer

circumference of the preform, wherein the spool elements are
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capable of being independently actuated in the “X”, *Y”, and “Z”
directions and axially rotated up to 90° so as to dispose the preform
In a predetermined three-dimensional serpentine configuration while
maintaining a consistent circular cross-section therein; replacing the
5 heated fluid In the preform with a cooled fluid whereby the
predetermined three-dimensional serpentine configuration of the
preform is set; and removing the cooled fluid from the preform, and

the fluid being totally removed.
Fig 1. illustrates the formation of a three-dimensional
10 serpentine tubular article 10 according to the present invention. A
tubular preform 22 may be provided by any customary method such
as by co-extrusion or by separate extrusion with subsequent
combination of the fubular layers. The ends of the preform 22 are
secured to first and second coupling members 24 and 26 using
15 clamps 28 and 30. The coupling members 24 and 26 may be
resiliently or non-resiliently fixed to support arms 32 and 34,
respectively, on a base structure 36. Heated fluid, maintained at an
elevated temperature sufficient to soften the tubular preform 22 to
a state where it is easily formable, is circulated by pump 38 from a
20 reservoir 40 via conduit 42 through arm 54 of switching valve 44 into
coupling member 24, and into the interior of the tubular preform 22,
out through coupling member 26 and arm 64 of switching valve 74
where it is then circulated through conduit 70 back to reservoir 40.
The fluid is under pressure and supports tubular preform 22 in a
25 manner similar {o a support provided by a solid mandrel. The thus
filled tubular preform 22 containing the heated fluid is softened by
this heated fluid and made to conform to its desired, predetermined
three-dimensional serpentine configuration by employing

mechanical pressure provided by one or more spool elements 46,
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each of which is typically in the general shape of a wheel in which
the edge defining the circumferential run of the wheel is a U-shaped
structure, which conforms to the outer surface of tubuiar preform 22.
Spool elements 46 are movably attached to the base structure 36
5 to take on the various attitudes and shapes to conform to the
respective bends of the predetermined configuration. For example,
spool element 46 may be actuated such as by an air actuated
cylinder (not shown) to successively retract and extend spool
element 46 into its proper and desired position. Clearly, shaping

10 elements other than spools can be used in the invention, an
additional example being a U-shaped saddle.

Once the malleable preform 22 is in the desired
configuration, the heated fluid in tubular preform 22 is replaced by
a cooled fluid circulated using pump 56 from reservoir 60 via conduit

15 76 through arm 68 of switching-valve 44 into coupling member 24
to set the tubular preform 22 at the predetermined configuration and
provide the desired tubular article 10. The cooled fluid is removed
from the interior of the tubular article 10 and returned to reservoir 60
through arm 72 of switching valve 74 and conduit 62. The

20 procedure is then repeated using another tubular preform. The
switching valve operates such that when corresponding areas are
open to permit either the heated fluid or the cooled fluid to circulate
through the system, the other respective arms are closed to
minimize intermingling of the fluids.

25 Fig. 2 illustrates a three-dimensional serpentine
tubular article 10 having an inner layer 12 and an outer layer 14
manufactured in accordance with the invention. The tubular article
10 is cylindrical in shape and is composed of an inner layer 12

surrounded by an outer layer 14. The interior surface of the inner
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layer defines a passageway for conveying fluids such as fuel when

used as a fuel filler hose on a motor vehicle. The tubular article 10

contains one or more bends 16 to negotiate the distance between

a fuel filler inlet and a fuel tank, and opposing open ends 18 and 20
5 which exhibit a circular cross-section.

Fig. 3 is a cross-sectional view of the three-
dimensional serpentine tubular article of the invention illustrating
that, in the areas of a bend, the tubular article exhibits a circular
cross-section.

10 Fig. 4 illustrates a three-dimensional serpentine
tubular article of the prior art, and Fig. 5 is a cross-sectional view of
the prior art three-dimensional serpentine tubular article illustrating
that, in the area of a bend, the tubular article of the prior art exhibits
a distorted opening which is oval in shape and, as seen in Fig. 4,

15 the inner diameter of the bend has a wrinkled configuration.

The fluid used in the invention to support the tube
during forming should be a material such as a polyoxyalkylene
having an average molecular weight of about 200 to 600 and which
is fluid at a temperature high enough to soften the tubular preform

20 to a point where it is easily formable, and also fluid at a temperature
cool enough to set the tubular article in the desired three-
dimensional serpentine configuration; has no deleterious effect on
the fluoropolymer inner layer; has low coefficient of expansion within
the temperature range employed; and does not stick to the inner

25 surface of the fluoropolymer layer whereby the wax can be easily

removed from the tube without leaving contaminants on the inner

surface of the tube. Polyethylene glycol available from International
Wax under the name Carbowax 3350 has been found to be

particularly useful as the fluid in carrying out the present invention.
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It Is advantageous to use the same fluid to support the tube during
both the heating stage to allow shaping of the tube to the desired
configuration, and the cooling stage to set the configuration of the
tube.

5 While the method of the present invention may be
employed to manufacture tubes containing one or more layers of
similar or dissimilar materials, it is preferably employed in the
manufacture of tubes having a multi-layered construction and, most
preferably, the method is employed in the manufacture of tubes

10 having two layers of material in which the innermost layer is
essentially impermeable with respect to hydrocarbon emissions and
the outermost layer is essentially non-reactive with the external
environment, I.e., it can withstand various shocks, vibrational
fatigue, temperature changes and exposure to corrosive and

15 degradative materials to which it would be exposed through the
normal course of operation of a motor vehicle. Typically, the outer

layer has a thickness which is greater than the thickness of the inner

layer.
The tube should be suitable for use in the presence of
20 hydrocarbons such as gasoline, gasohol, diesel fuel, etc. and any
components which are normally associated with such hydrocarbons.
The tube should perform effectively within a temperature
environment at about -40°C to 121°C (-40°F to 250°F) with
operation of about -29°C to 104°C (-20°F to 220°F) being
25 preferred.
The method of the present invention is applicable to
the manufacture of tubular structures having one or more layers and
particularly to those tubular structures having two layers wherein the

inner layer of the tube is composed of a thermoplastic or elastomer
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material. In the case of an elastomeric inner layer, any of the
commonly used vuicanizing agents may be included and the
elastomer is cured or vulcanized during the heating step of the
present invention. Typically, the inner layer is a conductive
5 thermoplastic fluoropolymer which exhibits excellent resistance in
conventional gasoline fuel mixtures, e.g., alcohols, such as
methanol and ethanol, peroxides, short chain hydrocarbons and the
like; and the outer layer is a melt processable, extrudable
thermoplastic, thermoset, elastomeric or hybrid polymer which is
10 resistant to ultraviolet degradation, extreme temperature changes,
exposure to environmental hazards such as zinc chloride, and
degradation, upon contact with engine fluids and oils.

Typically, the fluoropolymeris a terpolymer containing
an alkylene fluoropolymer, polymer made from a fluoro-olefin

15 monomer or monomers, and a vinyl fluoride monomer or polymer.
Preferably, the inner layer of the tube is a terpolymer of
tetrafluoroethylene, hexafluoropropylene, and vinylidene fluoride.
A fluoroterpolymer found to be particularly useful in the present
invention is commercially available from Dyneon under the name

20 Dyneon THV.

Typically the inner layer is made conductive in liquid
fuel tubes and non-conductive in vapor return tubes. The inner
layer of liquid fuel tubes, as is common practice in the industry, is
made conductive to prevent the buildup of static electricity

25 generated by the flow of fuel along the inner surface of the tube.
The fluoropolymer is made conductive by incorporating therein a
suitable material of a composition and shape capable of effecting
static dissipation such as carbon, e.g., carbon black; stainless steel:

higher conductive metals such as copper, silver, gold, nickel, silicon:
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organometals such as organo zirconates and organo titanates; and
mixtures thereof. Preferably, the conductive material is carbon
black. While the amount of carbon black is not particularly critical,
excess carbon black, i.e., amounts greater than about 5%, tends to
make material difficult to process. Conductive materials such as
carbon black tend to reduce or prevent the THV from adhering to
other materials normally used to form adjacent layers.

The outer layer is a polymeric material to which the
inner layer can securely adhere. More precisely, the polymeric
outer layer is a melt processable thermoplastic, thermoset,
elastomeric or hybrid polymer selected from the group consisting of
polymide, polyimide, polyurethane, high density polyethylene, ultra
high density polyethylene (UHDPE), chlorinated polyethylene,
polychioromethoxirane, chlorinated butyl rubber, chioroprene,
chlorosuifonopolyethylene, ethylene oxide terpolymers of
ethylenepropylenediene, copolymers of ethylenepropylene,
polysulifide, polyphenolsulfide, polysulfones, isobutene-isoprene
resins, polybutadiene, nitrile-butadiene polymers, styrenebutadiene
rubber (SBR), thermoplastic vulcanizates (TPV) thermoplastic
olefines (TPO), fluoroelastomer rubber (FKM), vinylethylene acrylic
rubber, epicholorohydrin rubber, polyvinyl chloride, ethylene
propylene copolymers, or a carboxyl, anhydride, or imide functional
polyolefin. Polyamides such as nylons, e.g., nylon-8, nylon-6.8,
nylon-11, nylon-12, and nylon-21, when compounded with a di- or
polyamine, are particularly useful as the outer layer of the invention.
The preparation of di- or polyamine-containing non-fluorinated

polymers is disclosed in U.S. Pat. No. 5,658,670 to Minnesota
Mining and Manufacturing Company.
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Various modifications and alterations will be apparent
to those skilled in the art without departing from the scope and spirit
of the invention, and it iIs not intended that this invention be

restricted to that set forth herein for illustrative purposes.
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CLAIMS:

1. A method for manufacturing a curved tubular article wherein said tubular article
is composed of a thermoplastic, thermosetting, elastomeric, or a hybrid construction of
an elastomer and a thermoplastic or thermosetting material, said tubular article having a
predetermined three-dimensional serpentine configuration wherein said article exhibits a
consistent wall gauge and circular cross-section uniformly throughout the length of said
article, said method being characterized by the steps of:

providing a formable tubular preform wherein said tubular preform is
composed of a thermoplastic, thermosetting, elastomeric, or a hybrid construction of an
elastomer and a thermoplastic or thermosetting material;

securing the ends of said preform to respective coupling members such
that said preform is longitudinally interposed between said coupling members, said
coupling members being mounted on opposite sides of a base such that elongational
tension is capable of being placed on said preform;

filling the hollow interior of said preform with a heated fluid at a
temperature high enough to soften said preform to a point where it is formable, said fluid
being at a pressure sufficient to support said preform;

applying mechanical pressure to the fluid-containing preform at one or
more specified locations on the exterior surface of said fluid-containing preform such

that said preform is shaped into a predetermined configuration;
replacing the heating fluid in said preform with a cooled fluid at a

temperature cool enough to set said preform in the desired configuration whereby the

predetermined configuration of said preform is set; and
removing said cooled fluid from said preform, said fluid being totally

removed.

2. The method of claim 1, characterized in that said heated fluid and said cooled

fluid are of the same composition, said composition being polyethylene glycol.
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3. The method of claim 1 or 2, characterized in that said heated fluid Is at a
temperature up to 188°C (370°F), said pressure sufficient to support said preform is
about 15 to 20 psi, and said cooled fluid is at a temperature of about -1 to 2°C (30 to

35°F).

4. The method of any one of claims 1 to 3, characterized in that said curved tubular
article is an automobile fuel filler tube having a circular cross-section of about 1.27 to
6.35 cm (0.5 to 2.5 inches).

5. The method of any one of claims 1 to 4, characterized in that said preform is a
multi-layer structure comprising an inner tubular layer composed of a thermoplastic or
elastomeric fluoropolymer and an outer tubular layer composed of a melt processable
thermoplastic, thermoset, elastomeric or hybrid polymer comprising polyamide,
polyimide, polyurethane, a carboxyl, anhydride or imide functional polyolefin, high
density polyethylene, ultra high density polyethylene (UHDPE), chlorinated
polyethylene, polychloromethoxirane, chlorinated butyl rubber, chloroprene,
chlorosulfonopolyethylene, ethylene oxide terpolymers of ethylenepropylenediene,
copolymers of ethylenepropylene, polysulfide, polyphenolsulfide, polysulfones,
isobuteneisoprene resins, polybutadiene, nitrile-butadiene polymers, styrenebutadiene
rubber (SBR), thermoplastic vulcanizates (TPV), thermoplastic olefins (TPO),
fluoroelastomer rubber (FKM), vinylethylene acrylic rubber, epichlorohydrin rubber,

polyvinyl chloride or ethylene propylene copolymers.

6. The method of claim 5, characterized in that said preform is a two layer tubular
structure comprising an inner tubular layer composed of an extrudable, conductive,
fluorothermoplastic terpolymer comprising interpolymerized units derived from
tetrafluoroethylene, hexafluoropropylene and vinylidine fluoride, and an outer tubular
layer of a melt processable, di- or polyamine-modified polyamide comprising nylon-6,
nylon-6.6, nylon-11 or nylon-12, said outer layer having a thickness which is greater
than the thickness of said inner layer.
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7. The method of claim 6, characterized in that said conductive fluorothermoplastic
terpolymer contains up to about 5% by weight of a conductive material comprising
carbon black, copper, silver, gold, nickel, silicon, organo titanate, organo-zirconate or
mixtures thereof.

8. The method of claim 6 or 7, characterized in that said inner layer has a thickness
of about 0.010 to 0.025 cm (0.004 to 0.010 inch) and said outer layer has a thickness of
about 0.076 to 0.254 cm (0.030 to 0.100 inch).

0. The method of any one of claims 1 to 8, characterized in that the step of applying
said mechanical pressure to the fluid-containing preform comprises tangentially
contacting said preform at said one or more spaced locations along its length and
intermediate ends of said fluid-containing preform with one or more spool elements, said
spool elements having a grooved rim which conforms to the outer circumference of said
preform, wherein said spool elements are capable of being independently actuated in
the “X”, “Y” and “Z” directions and axially rotated up to 90° so as to dispose said preform
in a predetermined three-dimensional serpentine configuration while maintaining a

consistent circular cross-section therein.

10. A method for manufacturing a thermoplastic tube having a predetermined
three-dimensional serpentine configuration wherein said tube exhibits a circular
cross-section of about 1.27 to 6.35cm (0.5 to 2.5 inches) uniformly throughout the
length of said tube, said method being characterized by the steps of:

providing a formable thermoplastic tubular preform, said preform
comprising an inner tubular layer composed of an extrudable, conductive,
fluorothermoplastic terpolymer comprising interpolymerized units derived from
tetrafluoroethylene, hexafluoropropylene and vinylidene fluoride, and an outer tubular
layer composed of a melt processable, di- or polyamine-modified polyamide comprising
nylon-6, nylon-6.6, nylon-11 or nylon-12, said inner layer having a thickness of about
0.013 t0 0.018 cm (0.005 to 0.007 inch) and said outer layer having a thickness of about
0.114 cm (0.045 inch);



CA 02405519 2006-10-19

- 20 -

securing the ends of said preform to respective support members such
that said preform is longitudinally interposed between coupling members, said coupling
members being tensionally mounted on opposite sides of a base such that elongational
tension is capable of being placed on said preform;

filling the hollow interior of said preform with a heated fluid, said fluid
being at a temperature high enough to soften said tubular preform to a point where it Is
formable and at an elevated pressure sufficient to support said preform;

applying mechanical pressure to the exterior surface of the fluid-
containing preform at one or more spaced locations along its length and intermediate
the ends of said fluid-containing preform with one or more spool elements, said spool
elements having a grooved rim which conforms to the outer circumference of said
preform, wherein said spool elements are capable of being independently actuated In
the “X”. “Y” and “Z" directions and axially rotated up to 90° so as to dispose said preform
in a predetermined three-dimensional serpentine configuration while maintaining a
consistent circular cross-section therein;

replacing the heated fluid in said preform with a cooled fluid at a
temperature cool enough to set said preform in the desired three-dimensional
serpentine configuration, whereby the predetermined configuration of said preform is
set; and

removing said cooled fluid from said preform, said fluid being totally

removed.
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SOLE
Docket No. 99-04

ASSIGNMENT OF APPLICATION FOR PATENT

WHEREAS, I, Stanley E. Stripe, a citizen of the United States of America, a resident
of the Clty of Lexington, in the County of Hendorson and Stike of Tonnessee, have inventoed

certain new and useful improvements in:

METHOD FOR MANUFACTURING CURVED THERMOPLASTIC TUBES

for which I made application for Letters Patent of the United States. The said application
having been executed by me on March 29, 1999, and having been given an effective filing
date of February 26, 1999, and a Serial No. of 09/258,474 by the United States Patent
Office; and _

WHEREAS, DAYCO PRODUCTS, INC., a corporation of Delaware having an office at
Dayton, Ohio, is desirous of acquiring the entire right, title and interest therein.

NOW, THEREFORE, in consideration of the sum of One Dollar ($1.00) and other
valuable consideration to me in hand paid, the receipt of which is hereby acknowledged, I
do hereby sell, assign and transfer unto DAYCO PRODUCTS, INC., its successors and
assigns, the entire right, title and interest in and to the said application and the invention
therein contained, and any Letters Patent that may be issued thereon in the United States
and foreign countries, and all reissues, extensions, renewals, divisions and continuations
thereof, to the full end of the term or terms for which said Letters Patent may be issued, the « ,
same to be held and enjoyed by DAYCO PRODUCTS, INC., its successors and assigns, the

same as it would have been held and enjoyed by me if this assignment and sale had not
been made.

I hereby authorize and request the Patent Office officials in the United States and
foreign countries to issue all such Letters Patent to DAYCO PRODUCTS, INC., in accordance
with this instrument of assignment. I further agree that I, my executors and
administrators, will execute and deliver to DAYCO PRODUCTS, INC., its successors and
assigns, any further documents or instruments, and do any and all further acts necessary to
file applications, to vest or record title, or to obtain or enforce said inventions in the United
States or any foreign country.

Executed this_<2 7 _ day of March, 1999. / f 7/
Aoader > N,

Stanley E. Stripe

(L.S.)

State of Tennessee)
SS:
County of Henderson)

Before me personally appeared Stanley E. Stripe and 3cknowledged the execution of
the foregoing instrument to be his free act and deed this _ é{" day of March, 1999.

SEAL Notary Publig;




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - abstract drawing
	Page 27 - abstract drawing
	Page 28 - abstract drawing
	Page 29 - abstract drawing
	Page 30 - abstract drawing
	Page 31 - abstract drawing
	Page 32 - abstract drawing
	Page 33 - abstract drawing

