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ABSTRACT: A convolutely wound tube having a portion ad-
jacent the inside edge thereof more pliable than the remainder
thereof for easily conforming to the contour of the inside sur-
face thereof and method for making same from a predeter-
mined length of elongate sheet material having opposed first
and second surfaces and first and second longitudinal side
edges, wherein the method includes mechanically deforming a
minor portion of the sheet material adjacent the first longitu-
dinal edge thereof to render same more pliable than the major
portion of the sheet material, convolutely winding a predeter-
mined length of the elongate sheet material transversely of the
length into a convolute tube while forming the inside edge of
the tube from the first longitudinal edge of the sheet material
so that the pliable portion of the sheet material adjacent the
inside edge will readily conform to the contour of the inside
surface of the convolute tube, and securing the convolute tube

* in the wound condition. _
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CONVOLUTELY WOUND TUBE HAVING READILY
CONFORMABLE INSIDE EDGE PORTION AND METHOD
FOR MAKING SAME

This invention generally relates to a convolutely wound
tube made from elongate sheet material such as paper, plastic
and the like, but more particularly to an elongate convolutely
wound tube having a readily conformable portion adjacent the
inside edge and a method for making same.

Heretofore, convolutely wound tubes have been made from
elongate sheet material such as paper, plastic and the like by
convolutely winding a predetermined length of the elongate
sheet material transversely of the length thereof into a tube
and securing the tube in the wound condition by such means
as an adhesive between the convolute windings. However, de-
pending on the physical properties of the sheet material used,
particularly thicker and/or stiffer materials, it is often difficult
to conform the portion of the sheet material adjacent the in-
side edge of the convolute tube to the contour of the inside
surface thereof and in such instances, it is especially difficult

to secure the inside edge of the convolute tube to the next

outer convolute winding.

Furthermore, ‘it is conventional practice in convolutely
winding the sheet material to insert one of the longitudinal
edges thereof into a longitudinally extending groove of a man-
drel to hold the sheet material relative to the mandrel during
rotation thereof in winding of the sheet material. As a result,
the portion of the sheet material held in the mandrel and
which becomes the inside edge of the convolute tube is not
formed to the contour of the inside surface of the convolute
tube and is not thereafter readily conformable to the contour
of the inside surface of the convolute tube or securable to the
next outer convolute winding.

With the aforementioned in mind, it is an object of this in-
vention to provide an improved convolutely wound tube and
method for making same from elongate sheet material such as
paper, plastic and the like wherein means are provided for
mechanically deforming a minor portion of the sheet material
adjacent the inside edge of the convolute tube to render same
more pliable than the major portion thereof, thus, rendering
the minor portion readily conformable to the contour of the
inside surface of the convolute tube and enabling its secure-
ment to the next outer convolute winding.

By this invention, it has been found that the above object
may be accomplished by providing a method of making con-
volutely wound tubes which includes the steps of mechanically
deforming a minor portion of the sheet material adjacent a
first longitudinal edge thereof to render same more pliable
than the major portion of the sheet material, preferably by
corrugating the sheet material immediately adjacent the first
longitudinal edge thereof with the corrugations extending lon-
gitudinally of the sheet material, convolutely winding a
predetermined length of the elongate sheet material transver-
sely of the length thereof into a convolute tube while forming
the inside edge of the tube from the first longitudinal edge of
the sheet material so that the minor portion of the sheet
material adjacent the inside edge will readily conform to the
contour of the inside surface of the convolute tube, and secur-
ing the convolute tube in the wound condition.

The improved convolutely wound tube comprises a plurality
of overlying convolute windings of the sheet material secured
in the wound condition and including inside and outside sur-
faces and inside and outside edges formed by the opposed sur-
faces and the longitudinal edges of the sheet material, a minor
portion of the sheet material adjacent the inside edge of the
convolute tube including mechanically deformed means
rendering the sheet material more pliable than the major por-
tion thereof and readily conformable to the contour of the in-
side surface of the convolute tube.

Some of the objects and advantages of the invention having
been stated, others will appear as the description proceeds,
when taken in connection with the accompanying drawings, in
which:
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FIG. 1 is a perspective view of a portion of an elongate con-
volutely wound tube produced in accordance with the present
invention;

FIG. 2 is an enlarged sectional view taken substantially
along the line 2—2 of FIG. 1;

FIG. 3 is a somewhat schematic top plan view of a convolute
tube winding machine which may be used in making the tube
of the present invention;

FIG. 4 is a somewhat schematic perspective view of a
method of making convolutely wound tubes with the con-
volute winding machine of FIG. 3 in accordance with this in-
vention;

FIG. § is a perspective view of an apparatus which may be
used in rendering a minor portion of the sheet material ad-
jacent the first longitudinal edge thereof more pliable than the
major portion of the sheet material;

FIG. 6 is an enlarged sectional view with portions broken
away taken substantially along the line 6—6 of FIG. 4 and il-
lustrating a method of rendering a minor portion of the sheet
material adjacent the first longitudinal edge thereof more plia-
ble than the major portion of the sheet material; and

FIG. 7 is a front elevational view broken away of a modified
pair of nip driving rolls including means for rendering a minor
portion of the sheet material adjacent the first longitudinal
edge thereof more pliable than the major portion of the sheet
material.

Referring now to the drawings wherein like reference
characters are used throughout where possible to indicate like
parts, there is shown in FIGS. 1-2 a portion of the convolutely
wound tube of this invention, generally designated at 10,
which may be formed from any elongate sheet material, such
as paper, plastic and the like.

The convolutely wound tube 10, as illustrated, comprises a
plurality of overlying convolute windings 11 of the sheet
material, and includes inside edge 12 and outside edge 13 with
the convolute windings 11 secured in the wound condition,
preferably by adhesive 14 disposed between the convolute
windings 11 and securing them in overlying relation as shown
in FIG. 2. The adhesive 14 may be of any suitable type, such as
a starch paste.

The improved feature of the convolutely wound tube 10 ex-
ists in a minor portion of the sheet material adjacent inside
edge 12 of the convolute tube and preferably a portion only of
the sheet material forming the inside surface of the tube,
wherein the minor portion includes mechanically deformed
means rendering the sheet material more pliable than the
major portion of the sheet material and thus, rendering the
minor portion adjacent the inside edge 12 readily conformable
to the contour of the inside surface of the convolute tube.

The means illustrated and preferred comprises corrugations
which consist of a series of parallel ridges 15 and grooves 16
on opposed surfaces of the sheet material in a minor portion
thereof adjacent the inside edge 12 of the convolute wound
tube 10 and which extend longitudinally thereof. However,
the mechanically deformed means could comprise any pattern
of mechanically formed deformations.

With only a minor portion and preferably a portion only of
the sheet material forming the inside surface of the convolute
tube rendered more pliable, the crush resistance and other
physical properties of the convolutely wound tube 10 remain
substantially unaffected. Furthermore, it will be noted (FIG.
2) that the minor portion of the sheet material adjacent inside
edge 12 by being readily conformable to the contour of the in-
side surface of the convolutely wound tube 10 is readily
secured to the next outer convolute winding by an adhesive 14
disposed therebetween.

Referring now to FIGS. 3-6, it will be observed that in mak-
ing the convolutely wound tube 10, paper, plastic or other
elongate sheet material 20 having first and second opposed
surfaces 21, 22 and first and second longitudinal side edges
23, 24 is first drawn from a roll 30 (FIG. 3) or other suitable
source of supply around guide roll 31 (FIG. 4) by a pair of nip
feed rolls 32 and 33. The sheet material 20 is then fed through
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a corrugating apparatus generally designated at 34, through an
adhesive applying station generally designated at 35 and
around guide rolls 36, 37 by a pair of nip feed rolls 38 and 39.
The feed rolls 38 and 39 are intermittently driven by any con-
ventional driving means (not shown} to pass a predetermined
length of the sheet material 20 through a conventional cutting
mechanism generally designated at 40 where the sheet materi-
al 20 is cut into predetermined lengths in accordance with the
length of the tube to be formed therefrom.

The corrugating apparatus 34 renders a minor portion of
the sheet material 20 immediately adjacent the first longitu-
dinal edge 23, preferably a portion of a width substantially less
than the circumference of the inside surface of the convolute
tube to be formed, more pliable than the major portion of the
sheet material 20. While the minor portion may be rendered
more pliable in accordance with numerous techniques, the
technique illustrated and found commercially advantageous
comprises corrugating, which as set forth above consists of a
series of parallel ridges 15 and grooves 16 extending longitu-
dinally of the sheet material 20.

Referring now to FIG. 5, one form of corrugating apparatus
34 which may be used is shown in more detail. This apparatus
34 comprises a pair of cooperating corrugating rolis 41, 42
carried in a substantially horizontal position by a support
frame 43 and being freely rotatable about their longitudinal
axis with at least one of the rolls 42 adapted to be selectively
held in pressing relation to the other roll 41 by being mounted
in a collar 44 which is pivotally attached to the frame 43 at
one end thereof and is attached to a pneumatic piston and
cylinder 45 at the other end thereof. The piston and cylinder
45 receives a regulated supply of air from control valve 46
connected to any suitable pressure source.

Accordingly, a minor portion of the sheet material 20 im-
mediately adjacent the first longitudinal edge 23 may be
passed longitudinally between the cooperating corrugating
rolls 41, 42, as illustrated in FIGS. 4 and 6, to form corruga-
tions extending longitudinally of the sheet material 20. De-
pending upon the physical properties of the sheet material 20
being used, the nipping pressure between the rolls 41, 42 will
be controlled through valve 46 to control the penetration of
the ridges of the cooperating corrugating rolls 41, 42 in the
sheet material to render the minor portion passed
therebetween sufficiently pliable whereby the portion of the
sheet material 20 immediately adjacent the inside edge 12 of
the convolute tube formed during convolute winding is readily
conformable to the contour of the inside surface of the con-
volute tube.

At adhesive applying station 35, a suitable adhesive 14 is ap-
plied longitudinally of the sheet material 20 by an applicator
roll 51 which rotates in contact with the first surface 21 of the
sheet material 20 transversely thereof. A transfer roll 52 dips
into an adhesive container 53 and transfers the adhesive 14
from the container 53 to the applicator roll 51 which applies
the adhesive 14 to the first surface 21 of the sheet material 20.
As illustrated, the applicator roll 51 is made substantially
equal to the width of the sheet material 20 in order to apply
adhesive 14 throughout the first surface 21. However, in cer-
tain instances, it may be desirable not to apply adhesive to cer-
tain portions of the sheet material 20 and in such instances,
doctor blades or the like may be provided that cooperate with
applicator roll 51 to remove the adhesive 14 from portions
thereof and thus not apply adhesive 14 to corresponding por-
tions of the sheet material 20.

Beyond the cutting mechanism 40, the sheet material 20
having been cut into predetermined lengths is advanced on a
platform, formed from a plurality of longitudinally extending
and laterally spaced wires 54 whose near ends are suitably
connected to the frame of the cutting station 40 (not shown)
and whose far ends extend over a transverse bar 55, by means
of advancing pins (not shown) operatively associated with the
platform and extending from a movable frame 49 (FIG. 3).
This advancement of the cut lengths of the sheet material 20
moves the first longitudinal edge 23 thereof into an aligned
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longitudinally extending groove 56 of a mandrel 57 which ex-
tends substantially parallel and longitudinally of the sheet
material 20. This apparatus forms part of a conventional con-
volute tube winding machine well understood by those with
ordinary skill in the art and further explanation herein is not
believed necessary. ‘

With the first longitudinal edge 23 of the sheet material 20
in the groove 56 of mandrel 57, as shown in the right-hand
portion of FIG. 4, the mandrel 57 is rotated by a driving
mechanism generally indicated at 58 (FIG. 3) to impart a
predetermined number of revolutions to mandrel 57 to con-
volutely wind the sheet material 20 into a convolute tube 10
with the second surface 22 of the sheet material 20 forming
the outside surface of the convolutely wound tube 10 and with
the first longitudinal edge 23 forming the inside edge 12 of the
convolutely wound tube 10. Thereafter, the convolutely
wound tube 10 may be stripped from the mandrel 57 and the
convolute winding machine made ready for the winding of
another cut length of the elongate sheet material 20.

It is apparent that upon stripping the convolute tube from
the mandrel 57 the portion of the sheet material held in the

" groove 56 of the mandrel 57 during winding is readily con-
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formable to the contour of the inside surface of the convolute
tube and upon conforming to that contour will be adhesively
secured to the next outer convolute winding by adhesive 14
applied at adhesive applying station 3S. Furthermore, it
should be appreciated that irrespective of the winding
technique, this invention has alleviated the problem hereto-
fore presented of readily conforming the portion of the sheet
material adjacent the inside edge of a convolutely wound tube
to the contour of the inside surface of the convolute tube and
enabling its securement to the next outer convolute winding.

There is illustrated in FIG. 7 a pair of modified nip feeding
rolls 38', 39 that include means for corrugating a minor por-
tion of the sheet material 20 adjacent the first longitudinal
edge 23 and which may be substituted for nip feeding rolls 38,
39 and used instead of the corrugating apparatus 34 previ-
ously described. In particular, the nip feeding rolls 38’, 39" in-
clude . cooperating corrugating roll portions 38a’, 39a’
disposed at one end thereof, respectively, and between which
a minor portion of the sheet material adjacent first longitu-
dinal edge 23 may be drawn during driving thereof to effect
corrugation of the sheet material 20 longitudinally thereof.

In order to vary the nipping pressure between the modified
rolls 38’, 39’ and especially between the corrugating roll por-
tions 38a’, 39a’, the bottom roll 38" is rotatably mounted on
support stands 61, 62 and intermittently driven by any con-
ventional driving means (not shown) while the top roll 39" is
held in pressing relation to the bottom roll 38" by adjustable
pressure applying means; generally designated at 70, and
which are disposed in cooperation with opposite ends of the
top roll 39’ to facilitate the application of equal pressure to
opposite ends thereof. Accordingly, depending on the physical
properties of the sheet material 20 being used, the nipping
pressure between the feed rolls 38', 39’ may be adjusted to
control the penetration of the corrugations formed in the
sheet material 20 to render the minor portion of the sheet
material 20 passed therebetween sufficiently pliable whereby
it is readily conformable to the contour of the inside surface of
the convolute tube.

Similarly, the pair of nip feeding rolls 32, 33 may be
modified in an equivalent manner to corrugate a minor por-
tion of the sheet material 20 adjacent the first longitudinal
edge 23 thereof.

In the drawings and specification, there has been set forth a
preferred embodiment of the invention, and although specific
terms are employed, they are used in a generic and descriptive
sense only and not for purposes of limitation.

What is claimed is:

1. A convolutely wound tube formed from a predetermined
length of elongate sheet material having opposed surfaces and
longitudinal side edges, said tube comprising a plurality of
overlying convolute windings of the sheet material including
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inside and outside surfaces and edges formed by the opposed
surfaces and the longitudinal edges of the sheet material, ad-
hesive means for securing said convolute windings in the over-
lying relation and for securing said inside edge to the next
outer convolute winding, a minor portion only of the sheet
material adjacent said inside edge of said tube including lon-
gitudinally extending corrugations rendering the sheet materi-
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al more pliable than the major portion thereof and readily
conformable to the contour of said inside surface of said con-
volute tube, and said minor portion of the sheet material hav-

ing said corrugations therein comprising width substantially
less than the circumference of the inside surface of said tube.



