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1
RIBBED CORE DUAL WALL STRUCTURE

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

This application 1s a continuation of PCT/US99/17172,
filed on Jul. 29, 1999, which claims benefit of U.S. provi-
sional applications No. 60/096,237, filled Aug. 12, 1998, and
No. 60/101,935, filed on Sep. 26, 1998.

GENERAL FIELD OF THE INVENTION

This invention relates to generally tubular articles such as
cores for rolled goods like carpets and plastic film. It more
particularly refers to such cores that are light in weight and
have unusually high crush resistance. It further relates to
decorative toy articles made from such tubular articles.

BACKGROUND OF THE INVENTION

Cores for all kinds of rolled goods, such as plastic film,
carpeting, paper products, and the like, are well known. In
many instances, these cores are simply hollow cylindrical
rolls of cardboard or other materials. In other cases, these
cores may be solid plastic, wood or metal rods.

In one very old patent, U.S. Pat. No. 3,627,221, there 1s
described a decorative end plug for rolled paper, such as
newsprint. The end plug 1s made up of a centrally located
opening for receiving an axially disposed shait, a generally
flat, solid, disc like portion 16 disposed radially about the
shaft receiving axial opening 18, and a peripheral rim
portion 20 disposed radially around the disc portion 16.
From a consideration of FIG. 1 of this patent, 1t appears that
a core 12 of the paper roll 10 1s mntended to fit about the rim
portion 20. Put another way, the described end plug 1s
intended to fit within the core of the roll of paper and the
shaft (unnumbered) that will support the assembly 1s
intended to pass through the axial opening 18 in the end
plug.

The peripheral rim portion 20 of this disclosed end plug
appears to be composed of a “U” shaped member that is
made up of two concentric elements 26 and 30 that form the
arms of the “U”. A series of webs 34 and 36 appear to span
the top of the “U”. These webs and the arms of the “U” are
so arranged as to form generally triangular areas or cells 38.
This end plug 1s mtended to help to support the ends of the
paper roll on 1ts cylindrical paper core. The depicted end
plug 1s generally flat 1n cross section and 1s not disclose to
pass axially all the way through the paper roll or its
cylindrical paper core. In fact, this end plug 1s characterized
by having a diameter that 1s substantially larger than its
depth, that 1s, 1t 1s a disk-like shape rather than a tube-like
shape. The end plug 1s said to taper inwardly 1n thickness
from 1ts periphery toward the central opening 1n order to
increase its resiliency during 1its insertion into the end of the
paper roll. The 221 patent says that the depicted flat, disc
like end cap may be made of molded plastic, such as
polyethylene. It 1s clear that the depicted end cap 1s not
suited to have paper or other flat goods rolled up on 1t, but
1s only suited to be inserted into the end of an already made
roll of paper or the like. Despite the support that the end plug
of the ’221 patent may give to the ends of the internal tubular
paper central tube, the paper core 12 must be self supporting
and able to withstand the weight of the paper rolled thereon
over substantially the whole of its length.

It 1s to be noted that the 221 patent states that the
disclosed end plug 1s intended to help protect the already
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made roll from damage during loading and unloading and
during transit, not during the making of the roll of paper.
This distinguishes that end plug of the prior art from the core
structure of the istant invention which 1s intended for use
in creating the roll of flat goods, especially stretch or shrink
wrap plastic film (hereaiter generally referred to as shrink
wrap plastic film). The crush stress that 1s applied to the core
by shrink wrap plastic film 1s substantially greater that what
1s applied by newsprint, and this stress increases with the
amount of shrink wrap film that 1s wound on the central core.
It increases further with the shrinkability of the film being
wound and with the speed of winding of the film. Therefore,
modern wrapping techniques use solid cores to support most
industrial sized rolling of flat goods, from carpet to plastic

film.

Solid wood plastic or steel rollers are quite heavy and add
to the shipping costs of the material rolled on them. Further,
solid cores of these materials are expensive and, although
ellorts at recycling have been attempted, they have not met
with great success. The cost of the cores must then be added
to the cost of the material that 1s wrapped on the cores. It 1s
obvious that making the cores hollow and thin walled will
substantially reduce their weight, and therefore their cost,
and will also reduce the weight of the entire rolled product
whereby reducing shipping costs as well. The problem with
using hollow cores, however, 1s that hollow tubes necessar-
i1ly have lower crush strength than solid cylinders of the
same diameter and material. Further, and the thinner the wall
of hollow cores, the less 1s their crush resistance. It has
therefore been thought that the tradeoll between the weight
and cost of the core and the crush strength of the core was
just something the art had to accept, with the proper core
selected for each application.

OBJECTS AND DESCRIPTION OF THE
INVENTION

It 1s an 1mportant object of this mvention to provide a
hollow core tubular article, that can be used for, among other
things, supporting rolled goods thereon.

It 1s an object of this invention to provide such a tubular
article that 1s lighter 1n weight than previous similar articles,
and yet has a substantially higher crush resistance than has
been achieved 1n the past.

It 1s a further object of this ivention to provide such a
tubular article that has suflicient radial crush strength to
support the stress of substantial quantities of flat goods,
particularly shrink wrap plastic film, thereon.

It 1s another object of this invention to provide a method
of making relatively inexpensive, crush resistant hollow
tubes that are suited for use as cores 1n supporting rolled flat
g00ds.

It 15 a st1ll further object of this invention to provide novel
means for improving the roundness of tubular articles,

particularly hollow tubular articles that are made by an
extrusion method.

It 1s a still further object of this invention to provide an
improved method of making tubular articles of substantial
length that have more consistent diameters than has been
achievable 1n the past.

It 15 st1ll another object of this invention to make a novel
entertainment or toy article that 1s dertved from the hollow
tubular articles made according to this invention.

Other and additional objects of this invention will become
apparent from a consideration of this entire specification,
including the drawing hereof.
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In accord with and fulfilling these objects, one aspect of
this mvention 1s an elongated hollow tubular article, some-
times referred to herein as a composite tube, comprising a
smaller diameter inner, generally hollow, tubular element
and a larger diameter outer, generally hollow tubular ele-
ment with at least one web of material disposed between,
and attached to, both the inner and outer elements. The
intermediate web(s) of material enable the 1nner and outer
tubes to maintain their radial spacing from each other.
Preferably there are a plurality of such webs of material
disposed between, and attached to, both the inner and outer
clements or walls. These plural webs are suitably spaced
from each other. Most preferably, these ribs or webs are
substantially equidistantly spaced apart angularly
(sometimes hereafter referred to as radially spaced apart
ribs) within the toroidal area between the imner and the outer
tubes. These plural webs or ribs are preferably disposed in
locations such that at least some of them, and preferably all
of them, contact, and support, the radial spacing of both the
inner and outer tubes, respectively, at locations where other
such ribs also contact the mnner and outer walls respectively.
Put another way, each rib contacts the inner and outer tube
and at the same time contacts, or at least i1s close to the point
where the next adjacent rib also contacts, either the inner or
the outer tubular wall, respectively. In one embodiment of
this invention, this configuration causes a rib to be 1n contact
with its next adjacent rib at the same time as 1t 1s 1n contact
with one of the inner or outer tubes whereby forming
generally triangular strut-like members. In another
embodiment, this configuration causes a rib to be closely
adjacent to its next adjacent rib at the point where 1t contacts
cither the inner or outer tubular wall whereby forming
generally trapezoidal strut-like members.

Preferably, each nb contacts both ribs that are next
adjacent on each side thereof at the same time as it contacts
the inner and outer tubular walls, respectively, or 1s at least
proximate to both of these next adjacent ribs at the point
where 1t contacts both the inner and outer walls, respectively.
This structure includes a nb structure between the inner and
outer tubes where each rib and its next adjacent rnb, together
with the wall of the tube that 1s enclosed by the two next
adjacent ribs, defines a series of substantially triangular or
trapezoidal cells formed by one tube and two ribs each.
These cells are not exactly triangular 1n cross section
because the tube wall of the cell 1s arcuate and therefore the
cross section of the cells 1s only approximately triangular or
trapezoidal, respectively.

It 1s a preference 1n the structure of the composite tube of
this invention to slightly space the ribs apart at the points
where they intersect the arcuate wall of one of the tubes. In
this manner, the preferred cellular structure, having a cross
section that approximates a partially spherical trapezoid, 1s

tformed. The slightly trapezoidal shape of the spacing cells
has been found to be desirable and an improvement over the
triangular cell cross section because, when the composite
tube of this invention having generally trapezoidal cellular
ribs 1s made by extrusion of molten plastic or metal material,
an excess of the b material does not accumulate at the point
where the ribs contact the inner or outer tubular walls,
respectively.

It 1s preferred that each b extend the whole length of the
composite tubular article of this invention, and that it contact
and be adhered to and support both of the inner and outer
tubes, respectively, along 1ts entire length. However, this 1s
not an absolute requirement. The ribs(s) may be attached to
the 1nner and/or outer tubes at intermittent areas so long as
the total amount of attachment 1s suflicient to accomplish the
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purposes ol this invention, that 1s to maintain substantially
consistent spacing between the inner and outer tubes while
at the same time providing suflicient radial support to avoid
the composite tube being crushed by the flat form film or
sheet material wound thereon.

The rib(s) should preferably extend continuously from
one end of the composite tubular structure of this invention
to the other, but this 1s not an absolute requirement. The
rib(s) may be mterrupted along their length, and/or, any one
or more of them may extend only [pat] part way along the
entire length of the composite article. It 1s important that the
ribs as a collective whole extend substantially the entire
length of the tubular article because where there are no ribs,
there 1s no structure to maintain the spacing between the
inner and the outer tubes. Under these circumstances, the
composite tubular article could be crushed and collapse,
under the radial stress of the flat goods rolled thereon,
whereby delfeating the entire purpose of this mvention.

The rnibs can be generally rectangular in cross section, but
this geometric shape i1s not an absolute requirement of this
invention. The ribs may have a triangular or trapezoidal, or
any other desired, cross section. Further, although 1t 1s
preferred that the ribs be substantially constant i cross
section and area over their entire length, the cross sectional
arca and/or geometry of the rib(s) may change over the
length of the composite tube. The geometry and cross
section may also, or alternatively, change from rib to rib, as
appropriate. Any combination of these parameters 1s con-
sidered to be within the scope of this mvention.

The preferred mode of operation of this invention 1s to
provide a plurality of ribs substantially uniformly angularly
distributed about the periphery of the outside surface of the
iner tube (and consequently about the mner surface of the
outer tube). The cross section of each rib 1s preferably the
same from rib to rib and along the entire length of the ribs,
and 1s substantially rectangular. The cells formed between
the next adjacent ribs and the walls of the mner and outer
tubes may be generally triangular in cross section, but are

preferably all substantially trapezoidal in cross section.

It 1s well known that triangular shapes are the strongest
structural shapes for a given weight and type of material, and
that the further the structure departs from a true triangle, the
less rigid and strong is the resulting shape. Therefore, the
trapezoidal shapes of this embodiment of this mnvention give
up some of their strength 1n exchange for lighter weight and
lower cost (because of less material bemng used). It 1s
therefore preferred that the length of the smaller leg of the
trapezoid be no more than about 10% of the length of the
longer leg of the trapezoid. Of course 1t will be realized that
these trapezoidal legs that are being referred to here are not
straight as 1n the real trapezoid geometric shape, but rather
are segments of the arcuate walls of the inner and outer
tubes. The truss sections are therefore geometric shapes that
approach a trapezoid, rather than actually being an exact
trapezoid.

The mnner and outer walls are preferably concentric, but
they may depart from absolute concentricity in that one or
the other may be eccentric, that 1s not of circular cross
section. In the alternative, the tubular walls may be out of
concentricity by both of the tubular walls being of circular
cross section but having centers that are not coincident The
ribs must be of such a size and shape as to follow any
eccentricity that may exist. The term “concentric” will be
applied to the mner and outer tubes of this invention in this
specification and the claims appended hereto in this broad
sense, that 1s sufliciently concentric to accomplish the pur-
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poses of this mvention, but not necessarily absolutely con-
centric. The term, “concentric’” should therefore not be taken
as a structural limitation on the articles of this invention but
rather as a description of the relationship between the walls
as being inner and outer.

The mner and outer walls of the composite tubes of this
invention may be the same or different, but are preferably of
circular cross section. Their cross sections may be of other
shapes, such as elliptical, or for that matter any shape that
suits the ultimate use to which the core will be put. Of great
[important] importance to the article of this invention is the
disposition of longitudinal ribs between, and joining, the
inner and outer tubes, and supporting each of them. The
combination of the “off-radial” disposition of the longitudi-
nal ribs (that 1s to form generally trapezoidal truss cells), and
the mner and outer tubular walls creates a structure that
withstands substantially greater crushing forces than would
cither the mner or the outer walls by themselves, or even a
single wall having the thickness of the inner and outer tubes

combined.

These above described rnibbed hollow wall cylindrical
cores have performed very well 1n tests conducted to deter-
mine their crush resistance. It has been found that the
“off-radial” ribbed (trapezoidal) structure 1s substantially
stronger and more crush resistant that a hollow wall core
with only spaced radial ribs. It has been found, however that
when the bi-wall composite tube of this nvention 1s
squeezed between flat plates, such as 1s approximated by
closing the jaws of a vise, the mode of failure of the structure
1s a buckling of some of the mner and outer tube wall
segments between the ribs (off

-radial or radial) that are
proximate to the jaws of the vise. The forces acting on the
hollow wall cores when pressed between tlat, diametrically
opposed plates 1s to compress the outer wall of the portions
of the core that are 1n contact with the pressure plates of the
vise, and to compress tube 1nner wall in those locations that
are 90° from the points where the pressure 1s being applied.
It is these specific inner and outer wall [segment] segments,
respectively, that buckle first. Where the ribs are generally
longitudinal 1n disposition, the wall buckling progresses all
the way down the length of the composite structure of this
invention between the ribs as aforesaid.

According to a most preferred aspect of this invention,
therefore, the ribs are disposed 1n a helical pattern along the
length of the toroidal space between the 1nner and the outer
tubes. In this manner, a buckling of any one rib element, by
reason ol pressure being applied imn the radial direction
between flat plates, will not have an unimpeded longitudinal
path from one end of the composite tube structure of this
invention to the other. Rather, as the ribs pass helically about
the hollow 1nner wall, they form places where they will be
disposed directly 1n the path of the pressure being applied by
the opposing flat plates as aforesaid, and will thereby act as
a stop to the progression of buckling.

An unexpected advantage of composite tube of this
invention, having helical ribs as aforesaid, i1s that they
unobviously show better consistency of diametral
dimension, e.g. the roundness, 1n the case of a circular
cylindrical composite tube, as compared to composite tubes
made using ribs that are merely longitudinal, and not heli-
cally disposed about the length of the composite tube,
assuming the manufacturing precision i1s the same in both
cases. In the case of helical ribbed composite tubes of this
invention, these same considerations apply regardless of the
cross sectional shape of the ribs, or their being radial or
off-radial, as has been described herein.

The helical ribs can be disposed radially between the
inner and outer walls 1n a position that 1s normal to both
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walls. They are preferably disposed “off-radial” so as to
form helically disposed triangular or trapezoidal trusses.
They can most preferably be disposed so as to form sub-
stantially trapezoidal truss shapes as aforesaid. In all of these
cases, the same considerations as have been set forth above
apply.

Producing helically ribbed twin walled composite tubular
structures 1s not an easy accomplishment. Conventionally,
the 1nner and outer tubes are extruded 1n a linear direction,
with the mner and outer tubes being generally concentric to
cach other. The rib forming maternal 1s disposed by simul-
taneous extrusion in the same manner as 1in making longi-
tudinal radial or “off-radial” ribs. Immediately upon the
extrudate emerging from the extruder die, and belfore the
extrudate has had an opportunity to harden, such as by
cooling, the hollow walled composite tube 1s simultaneously
taken away and twisted at a speed suilicient to draw down
the walls to their desired final thickness as well as form the
ribs into their desired helical pitch. The speed of extrusion
and the speed of twisting of the extrudate must be closely
coordinated to 1insure that the helical ribs are properly
formed.

In making a product with helical ribs, 1t 1s necessary to
provide relative rotation of the extruded product as it exits
the die. This can be done 1n etther of two ways: rotate the die
while pulling the molten composite tube straight out 1n an
axial direction, or keep the die stationary and rotate or twist
the exiting composite tube as 1t 1s pulled away from the die.
The technique of rotating the die 1s well known in the
plastics extrusion industry and 1s quite applicable here.
However, 1t has been found that the better approach 1s to

maintain the die 1 a stationary condition and rotate the
extruded composite tube. This can be accomplished by
twisting the exiting tube to produce helical rib forms. It 1s
preferred to accomplish this by using a novel mechanism
that 1s described below.

The novel puller of this invention comprises a belt wound
helically around the extruded tubular product. As the belt 1s
driven, it pulls the tube downstream and simultaneously
rotates 1t. One difliculty encountered by this operation is that
the tension on the belt inherently applies sideways forces
that tend to bend the tube. According to another aspect of
this invention, this problem 1s solved by applying a second
belt intertwined with the first belt, that exerts a longitudinal
force 1n the same direction, but 1s out of phase with the first
belt such that the sideways forces it applies to the tubular
product are directly opposite to those of the first belt
cllectively countering the bending forces being exerted by
the first belt This operation has the added advantage of
applying a generally uniform radial squeeze so there 1s no
flattening of the tube during pulling and twisting it.

The extrudate material may be plastic or metal. Polyeth-
ylene and polystyrene have worked well but there does not
appear to be any specific limitation on the nature of the
material being used to make the hollow wall cores of this
invention so long as 1t 1s reasonably extrudable. The extrud-
ability of the material 1s the prime consideration. Any
material that extrudes well and solidified fairly rapidly, but
not istantaneously, will serve as a suitable material from
which to make the hollow wall composite tubes of this
invention. If needed, auxiliary heat may be applied to
maintain the extruded composite tube at the proper tempera-
ture to permit 1t to be rotated to form the ribs into helices.

It 1s considered to be within the scope of this invention to
make the mner and outer tubes of different materials, respec-
tively. The ribs may be made of the same material as either

the inner or the outer tube, or of a completely different
material.
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As the composite tubular structure of this invention 1s
made, 1t 1s preferably cut into lengths, as appropriate. It may
also be coiled into a substantially endless length of com-
posite tubing as 1s conventional in the art. Also, as 1s
conventionally done, the tube can be cut without stopping
the extrusion by using a cutter that may be suitably mounted
to a carriage that travels along with the moving tube.
However, because the advancing tube 1s also rotating, pro-
vision must be made to have the carriage move linearly at
the same linear speed as the tube, yet allow the tube to rotate
relative to the carriage. One way that this can be done 1s by
using a set of wheels on the carriage with their axes parallel
to the tube axis, to clamp the tube during cutting. If 1t 1s
permitted or desirable to stop the extrusion process a non-
helical cutter may be used.

It has also unexpectedly been found that the composite
tube of this mvention 1s a swtable starting material from
which to produce a novel toy. It has been found that 1t 1s
possible to cut the composite tube of this mvention about a
helical path while 1t 1s being longitudinally extruded, or
thereatter, with or without 1mpart111g helical twist to the ribs
thereol. This novel product 1s an unusually decorative
“slinky”. If the composite tube of this invention is cut along
a helical line with a relatively short flight, the resulting
article has the resiliency of a spring and can be suitably
stretched and/or compressed 1 an axial direction. This
article has thghts that have a cross section that includes some
number of ribs that have been cut along with the rest of the
composite tube. On the other hand, 1f the helical cutter has
the same flight as the helical ribs, 1t 1s possible to make a
slinky with a continuous toroidal rib. The ribs maintain the
spacing between the mner and the outer tube of each fight of
the cut helix. It will be clear that the direction and flight
distance of the helical cut must be coordinated with the
pulling and twisting forces that are being applied to the
extruded tube so that there is suflicient rib material to
maintain the mtegrity of the composite walled structure 1n its
spring shape.

The above and the following descriptions of the instant
invention 1n all of 1ts aspects has been exemplified by the use
of one inner and one outer wall to form the composite
tubular article hereof. It should be clear that this 1s not a
limitation on the scope of this ivention, but rather 1is
illustrative thereof. A composite tubular structure with more
than two walls 1s contemplated by this imnvention, and the
entire disclosure hereof should be read with this 1n mind.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a hollow two walled
tubular article with radial ribs:

FIG. 2 1s a perspective view of a hollow two walled
tubular article with “off-radial” ribs forming generally tri-
angular truss members;

FIG. 3 1s a perspective view, with portions cut away, of a
hollow two walled tubular article with helically disposed
“off-radial” ribs forming triangular truss members;

FI1G. 4 1s a perspective view of a hollow two walled article
with “off-radial” nibs arranged to form trapezoidal truss
members;

FIG. 5 1s a top view of an apparatus suited to pull tubular
extrusions away from the extruder and twist the same 1nto a
helical form suited to forming the product shown in FIG. 3;

FIG. 6 1s a front elevation of the apparatus shown 1n FIG.
S;

FI1G. 7 1s a top view of an apparatus using two intertwined
pullers to pull tubular extrusions away from the extruder and
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twist the same mto a helical form suited to forming the
product shown 1n FIG. 3 without exerting undue sideways
forces on the tube;

FIG. 8 1s a front elevation of the apparatus shown in FIG.
7

FIG. 9 1s a perspective view of a “slinky” spring like
article according to this invention; and

FIG. 10 1s a sectional end view of a cutter acting on the
composite tube of this mvention

DETAILED DESCRIPTION OF THIS
INVENTION

Retference will now be made to the drawing, wherein like
parts have been given like reference numbers. Referring to
FIG. 1, a composite tube 10 according to this mvention 1s
made up of an mner tube 12, an outer tube 14 and a plurality
of ribs 16 therebetween. Referring to FIG. 2, a modified
composite tube 20 of this invention 1s made up of an 1nner
tube 22, and outer tube 24, a set of “left handed” “off radial”
ribs 26 and an alternating set of right handed” “off-radial™
ribs 28. Note that the combination of the inner tube, the outer
tube and the two sets of ribs forms generally triangular truss
cells 29. Referring to FIG. 4, a further modified composite
tube 40 of this invention 1s made up of an 1mner tube 42, an
outer tube 44, and a series of left and right handed alternat-
ing “ofl-radial ribs” 46 and 48, respectively. Note that the
left and right handed ribs contact and are joined to the inner
and outer tubes, respectively, out of contact with each other.
This 1s to be compared to the structure shown in FIG. 2
where the left and right handed ribs contact each other at the
same place as they contact the inner and outer tubes,
respectively. In FIG. 4, the truss cells 49 that have been
created have a generally trapezoidal cross section.

Referring to FIG. 3, there 1s shown a composite tube 40
of this invention that has a cross section that 1s similar to that
shown 1 FIG. 2. The composite tube 40, whose cross
section was shown 1n FIG. 2, has been twisted to cause the
ribs 46 and 48 to have a helical form.

Referring to FIGS. 3 and 6, there 1s shown an apparatus
for forming a composite tube having helical rib structures
according to this mnvention. The extruded composite tube 50
1s proceeding from right to left 1n this figure. A driven belt
52 1s relatively tightly wrapped around the composite tube
50 1n a helical configuration, and means 54 are provided for
driving the belt whereby twisting the composite tube such
that the internal ribs (not shown 1n this figure) conform to the

shape depicted 1n FIG. 3.

FIGS. 7 and 8 show an apparatus that 1s similar to that
shown in FIGS. 5 and 6 but with two imtertwined belts 52
and 62, both pulling and rotating the tube 50 1n the same
direction. The first belt 52 exerts lateral forces 52a and 52b
on the tube 50 which are axially displaced from each other,
thus providing a bending moment on the tube 350. The
bending forces are exactly equal and opposite to, and
thereby cancelled by, the forces 62a and 62b that are being
exerted by the belt 62. The result i1s that there 1s no total
bending moment applied to the tube 50 by the twisting
mechanism of this aspect of this mvention.

The nature of the matenial of the driving belt 1s not
particularly critical. Its surface should have suflicient coet-
ficient of friction relative to the mateial of the extruded
composite tube that 1t will be able to drive the tube without
crushing or marring its surface. In most instances, the
surface of the drive belt will be smooth so that it does not
mar the surface of the composite tube. However, the driving
belt may be used to impart a profiling to the surface of the
composite tube.
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Referring now to FIGS. 9 and 10, there 1s shown a novel
toy that 1s simply made from the composite tube of this
invention. This toy 1s akin to a “slinky” and may be formed
from the composite tube of this invention regarless of the
material from which the tube has been fabricated. Tho
composite tube 70 1s made up of an inside wall 72, an
outside wall 74, and ribs 76 disposed in supporting relation-
ship therebetween, and forming suitably shaped truss cells
78. The composite tube 70 1s suitable helically cut, using a
rotating cutter 80 so as to form a helix 82 having a plurality
of tlights 84. The helix can be stretched 1n a longitudinal
directions 1n the same way that a spring 1s stretchable, but 1t
1s reasonably rigid in the transverse direction. It 1s possible
to make the ribs and the inner and outer tubes from the same
materials and 1n the same colors. It 1s preferred, however, to
make these elements of different color materials so as to add
to their eye appeal.

What 1s claimed 1s:

1. A [composite tube] structure comprising at least one
axially elongated, substantially rigid inner [tubular wall]
member having an outwardly divected substantially cylin-
drical surface, at least one axially elongated, substantially
rigid outer tubular [wall]l member having an inwardly
directed substantially cylindrical surface radially spaced
from said [inner tubular wall] outwardly directed surface,
and a plurality of substantially rigid ribs [helically] disposed
in the space between the [inner and outer walls,] inwardly
dirvected surface and the outwardly divected surface,

wherein a first plurality of said ribs are disposed in a
positive angular dirvection other than perpendicular
with respect to at least one of said surfaces and a
second plurality of said ribs are disposed in a negative
angular direction with vespect to said perpendicular,

wherein at least one pair of said positive and negative
non-perpendicular vibs that ave next adjacent to each
other ave in contact with both said outwardly directed
and said inwardly directed surfaces [wherein at least
some of said ribs are joined to both said inner and outer
walls along] over at least a [sufficient] portion [of the
axial length] of said [walls] structure;

wherein said pair of ribs,[to maintain the spacing between
said walls] together with portions, respectively, of said
surfaces intercepted by said ribs, form substantially
triangular or trapezoidal truss cells at least over said
portion of said structure, and

wherein said structure is axially twisted such that said
inner and outer members, and at least some of said
truss cells, ave disposed, over at least a portion of the
length of the structure, in a composite of longitudinal
and a circumferential dirvections.

2. A [composite tube] structure as claimed in claim 1
wherein said [inner] inwardly directed and [outer walls] said
outwardly divected surfaces are concentric over at least a
portion of said structure.

3. A [composite tube] structure as claimed in claim 1
wherein some of said ribs are disposed substantially normal
to said [inner wall] outwardly directed surface.

4. A [composite tube] structure as claimed in claim 1
wherein [at least some] all of said ribs are disposed at an
angle, that differs from perpendicular, with respect to said
[inner tubular wall] outwardly divected surface; and wherein
said entive structuve is at least partially helical in ovienta-
tion.

[5. A composite tube as claimed in claim 1 wherein at least
some of said ribs alternate 1n the direction of their angle with
resect to normal to said inner tube.]

6. [A composite tube as claimed in claim 1] Ar unseamed
structure comprising an innerv member having a substan-

10

15

20

25

30

35

40

45

50

55

60

65

10

tiallyv cvlindrvical outwardly divected wall and an outer
tubular member having an inwardly directed wall, and a

plurality of vibs at least some of which arve in supporting

relationship to said members, wherein at least some of said
ribs are simultaneously contacted and [adhered to at least
one] an integral part of both of said [inner and outer tubes}
inwardly dirvected and outwardly divected surfaces,
respectively, as well as to a next, adjacent rib at substantially
the same location [of said rib and tube] or said surfaces so
as to [form generally] form, together with an intercepted

portion of either said inwardly divected surface or said

outwardly directed surface, respectively, [generally] at least
one substantially triangular [longitudinal] truss cell[s] and
wherein said entive structuve, comprising said inner
member, said outer member and integral triangular truss
cell is twisted so that the entive structure has a circumfer-
ential as well as longitudinal disposition.

7. A [composite tube] structure as claimed in claim 6
wherein all of said ribs are longitudinally contacted and
[adhered to] an integral part of both of said [inner and outer
tubes] inwardly directed and outwardly divected surfaces,
respectively.

8. A [composite tube] structure as claimed in claim 6
wherein all of said ribs are alternately disposed at positive
and negative angles, respectively, with respect to a perpen-
dicular to said [wells] surfaces.

9. A [composite tube] structure as claimed in claim 1
wherein at least some of said ribs are [simultaneously
contacted and adhered to] seamlessly integrated with at least
one of said [inner and outer tubes] surfaces, respectively, at
a location that is spaced from the location where [the] a next
adjacent rib[s are contacted with and adhered to said inner
and outer tubes] is seamlessly integrated with at least one of
said surfaces so as [to] to, together with the inwardly
dirvected and outwardly directed surfaces disposed between
said rib integration points, respectively, form [generally
longitudinal] truss cells having [a] substantially trapezoidal
Cross sections.

10. A Jcomposite tube] structure as claimed in claim 9
wherein all of said ribs are alternately disposed at positive
and negative angles [away from normal with respect to said
inner and outer tubes)] with respect to perpendicular to said
inwardly directed surface and said outwardly divected
surface, respectively.

11. A [composite tube] structure as claimed in claim 1
wherein said [ribs] truss cells extend the entire longitudinal
length of said [composite tube] structure.

12. A [composite tube] structure as claimed in claim 1
wherein [all of said ribs are disposed helically between said
inner and outer tubes] said entire structure is in the shape of
a helix.

13. A [composite tube] structure as claimed in claim 1
wherein consisting essentially of [one] a monolith consisting
essentially of an inner substantially rigid [tube and one}
tubular member, an outer substantially rigid [tube] tubular
member, and a plurality of ribs in supporting and spacing
relationship to said inner and outer tubular members;

wherein at least one pair of next adjacent vibs are
alternately disposed at positive and negative angles
with respect to a perpendicular to said surfaces; and

wherein said tubular members and said ribs are disposed

in a helical configuration.

14. A [composite tube] structure as claimed in claim 1
wherein said [tubes] members are substantially concentric
and have a substantially circular cross section.

[15. A composite tube as claimed in claim 1 wherein at
least some of said ribs are disposed at angles other than
perpendicular to said inner and outer walls.]
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16. A structure as claimed in claim 1 which is formed as
a monolith.

17. A structure as claimed in claim 1 comprising a
plurality of said truss cells substantially equidistantly cir-
cumferentially distributed about the civcumference of said
outwardly directed surface.

18. A structure as claimed in claim 6 comprising a
plurality of said truss cells substantially equidistantly cir-
cumferentially distributed about the civcumference of said
outwardly directed surface.

19. A structure as claimed in claim 9 comprising a
plurality of said truss cells substantially equidistantly cir-
cumferentially distributed about the circumference of said
outwardly directed surface.

20. A structure as claimed in claim 6 comprising a
plurality of said substantially triangular truss cells having
apexes that are dirvected toward said outwardly divected
surface and said inwardly divected surface, alternately.

21. A structure as claimed in claim 9 comprising a
plurality of said substantially trapezoidal truss cells wherein
next adjacent trapezoidal truss cells have shorter sides that
are alternately a portion of said outwardly divected surface

and said inwardly directed surface, vespectively.
22. A structure as claimed in claim 1 consisting essen-

tially of a monolithic extrudate.

23. A structure as claimed in claim 6 consisting essen-
tially of a monolithic extrudate.

24. A structure as claimed in claim 9 consisting essen-
tially of a monolithic extrudate.

25. A monolithic, seamless plastic extrudate structure
comprising an innerv member having an outwardly divected,
substantially cyvlindrical surface; an outer member having
an inwardly divected, substantially cylindrical surface
spaced from said outwardly directed surface; and a plurality
of vibs, disposed between and integral with said inner and
outer members, and forming together thevewith a plurality
of truss cells each comprising next adjacent positively
angularly directed and negatively angularly divected ribs,
with respect to a perpendicular to said outwardly directed
surface, and a portion of at least one of said outwardly
directed surface and said inwardly divected surface inter-
cepted by said ribs;

wherein at least one truss cell comprises a line where a

rib, disposed at a negative angle to said perpendicular,
intersects said outwardly divected surface, and a line
where a next adjacent rib, disposed at a positive angle
to said perpendicular, intersects said outwardly
dirvected surface, whervein said lines are proximate to
each and at most slightly separated from each other
intercepting at most a small portion of said surface and
thereby forming truss cells that arve non-rectangular;

wherein said monolithic structure is twisted about a
longitudinal axis of said structuve so that at least a
portion of each of said inner member, said outer
member and said ribs are disposed in a divection that
is a composite of both longitudinal and circumferential
directions.

26. An extrudate as claimed in claim 25 wherein said

disposition is helical.

27. An extrudate as claimed in claim 25 wherein said
disposition is for the entire longitudinal length of said
structure.

28. An extrudate as claimed in claim 25 wherein the
intersection between said rvibs and said surfaces occurs
during extrusion and is seamless.

29. An extrudate as claimed in claim 25 wherein at least
some of said ribs arve substantially rectangular in cross
section.
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30. An extrudate as claimed in claim 25 wherein said
inner member is tubular.
31. An extrudate as claimed in claim 25 comprising
polvethylene.
32. An extrudate as claimed in claim 25 comprising
polystyrene.
33. The structure product of a process, said process
COmprising.
extruding, from an extruder, a monolithic molten structure
comprising an inner member, an outer member spaced
from said inner member, and a plurality of vibs extend-
ing between, and integral with, said inner and outer
members, wherein at least a portion of said vibs are
disposed at an angle, other than vight, with respect to
a perpendicular to said inner member;

cooling said molten structure sufficient to impart struc-
tural integrity to said structure;

pulling said cooled structuve along its longitudinal axis;
twisting said cooled structure about its longitudinal axis;

whereby causing said structure in its molten state as it is
extruded to be simultaneously pulled away from the
extruder and twisted about its longitudinal axis while
still in a deformable condition; and

whereby causing all of said extruded molten structuve to
be twisted into an orientation such that all of said
structure has a longitudinal component and a circum-
ferential component while still in a deformable state;

cooling said integral structure sufficient to fix a twist in all
of said structure; and

recovering finite lengths of said cooled, twisted structure.

34. The product claimed in claim 33 wherein said inner
member, said outer member and said vibs ave commonly
extruded and thus constitute a seamless monolithic stric-
lure.

35. The product claimed in claim 33 wherein said pulling
and twisting steps are applied to said extrudate after it has
solidified, and wherein pulling and twisting said solidified
structure causes said molten extrudate to be pulled and
twisted while it is in a deformable state.

36. A helically configured composite tube comprising at
least one axially elongated, substantially rigid inner tubular
wall, at least one axially elongated, substantially vigid outer
tubular wall spaced from said inner tubular wall, and a
plurality of substantially vigid ribs disposed in the space
between said the inner and outer walls;

wherein at least some of said vibs are joined to both said
inner and outer walls along a sufficient portion of the
axial length of said walls to maintain space between the
walls;

wherein at least some of said vibs are simultaneously
contacted and seamlessly adherved to said inner and
outer tubes, vespectively, as well as to a next adjacent
vib at substantially the same location of said rib and
tube to form generally triangular truss cells; and

wherein said composite tube has been twisted about its

longitudinal axis into a helix.

37. A composite tube as claimed in claim 36 that is a
seamless monolithic extrudate.

38. A helically configured composite structure comprising
at least one axially elongated, substantially vigid inner
cvlindrical wall, at least one axially elongated, substantially
rigid outer tubular wall concentric with, and spaced from,
said inner cylindrical wall, and a plurality of substantially
rigid vibs disposed in space between said the inner and outer
walls;
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wherein at least some of said ribs are integral with both

said inner and outer walls along a sufficient portion of

the axial length of said walls to maintain the space
between the walls;

wherein said ribs comprise first ribs disposed at a positive
angle with vespect to a perpendicular to said inner and
outer tubular walls, and second ribs disposed at a
negative angle with respect to a perpendicular to said
inner and outer walls,

wherein at least some of said first ribs are contacted with
and seamlessly integral with said inner cylindrical wall
and said outer tube, vespectively,

wherein at least some of said second vibs ave contacted
with and seamlessly adhered to said inner cylindrical
and outer tubular walls such that a positively angled
rib and a next adjacent negatively angled rib are
integral with said inner cylinder or outer tubular wall
at first spaced apart locations and are integral with the
other of said inner or outer tubular wall at second
locations that are further spaced apart than said first
locations;

wherein said next adjacent ribs and the intercepted pov-
tions of said inner and outer tubular walls form truss
cells having a generally trapezoidal cross section; and

wherein the entirety of said composite tube is twisted

about its longitudinal axis into a helix.

39. A composite tube as claimed in claim 38 that is a
single extrudate monolith.

40. A composite tube as claimed in claim 36 wherein said
ribs are not substantially thicker than one of said tubular
walls.

41. A composite tube as claimed in claim 38 wherein said
ribs are not substantially thicker than one of said tubular
walls.

42. A composite tube comprising at least one axially
elongated, substantially vigid inner tubular wall, at least one
axially elongated, substantially rigid outer tubular wall

spaced from said inner tubulavy wall, and a plurality of

substantially rigid vibs disposed in the space between the
inner and outer walls; wherein at least some of said ribs are
Joined to both the inner and outer walls along a sufficient
portion of the axial length of said walls to maintain the
spacing between the walls and wherein at least some of said
ribs are simultaneously contacted and adherved to at least
one of said inner and outer tubes, respectively, as well as to
a next adjacent vib at substantially the same location of said

rib and tube so as to form genervally triangular longitudinal
truss cells:

wherein all of the elements of said tube have civcumfer-

ential as well as longitudinal disposition.

43. A composite tube as claimed in claim 42 wherein said
truss cells follow a substantially helical path for at least a
substantial portion of their length.

44. A composite tube comprising at least one axially
elongated, substantially vigid inner tubular wall, at least one
axially elongated, substantially rigid outer tubular wall

spaced from said inner tubulavy wall, and a plurality of

substantially rigid vibs disposed in the space between the
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inner and outer walls; wherein at least some of said ribs are
Jjoined to both the inner and outer walls along a sufficient
portion of the axial length of said walls to maintain the
spacing between the walls and wherein at least some of said
ribs are simultaneously contacted and adhered to at least
one of said inner and outer tubes, respectively, at a location
that is spaced from the location where the next adjacent vibs
are contacted with and adhered to said inner and outer tubes
so as to form genervally longitudinal truss cells having a
substantially trapezoidal cross section;

wherein all of the components of said tube are disposed in
a pattern having longitudinal and civcumferential vec-
oy components.

45. A composite tube comprising at least one axially
elongated, substantially vigid inner tubular wall, at least one
axially elongated, substantially rigid outer tubular wall
spaced from said inner tubular wall, and a plurality of
substantially rigid vibs disposed in the space between the
inner and outer walls; wherein at least some of said ribs are
integral with both the inner and outer walls along a suffi-
cient portion of the axial length of said walls to maintain the
spacing between the walls and whervein at least some of said
ribs are simultaneously contacted and adheved to at least
one of said inner and outer tubes, vespectively, as well as to
a next adjacent vib at substantially the same location of said
rib and tube so as to form genervally triangular longitudinal
truss cells, whervein all of said ribs ave alternately disposed
at positive and negative angles, respectively, with rvespect to
a perpendicular to said walls, and wherein all of the
elements of said composite tube arve disposed along a path
that has longitudinal as well as circumferential vector
COMPONnents.

46. A composite tube as claimed in claim 45 wherein said
truss cells follow a path that is divected in a substantially
circumferential as well as longitudinal direction.

47. A composite tubular monolith having circumferential
as well as longitudinal disposition and comprising at least
one axially elongated, substantially vigid inner tubular wall,
at least one axially elongated, substantially vigid outer
tubular wall spaced from said inner tubular wall, and a
plurality of substantially rigid ribs helically disposed in the
space between the inner and outer walls; wherein at least
some of said ribs ave joined to both the inner and outer walls
along a sufficient portion of the axial length of said walls to
maintain the spacing between the walls and wherein at least
some of said ribs arve simultaneously contacted with and an
integral part of at least one of said inner and outer tubes,
respectively, at a location that is spaced from the location
where the next adjacent vibs ave contacted with said inner
and outer tubes so as to form generally longitudinal truss
cells having a substantially trapezoidal cross section and
wherein all of the vibs ave alternatively disposed at positive
and negative angles away from novmal with respect to a
perpendicular from said inner and outer tubes; wherein all

of the elements of said monolith have a helical configura-
tion.
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