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This invention relates to laminated tubing con-
struction, and more particularly to tubing of this
character which is used in relatively short lengths
over electrical conductors to insulate the same,
commonly referred to as “spaghetti tubing”, and
the method of making the same.

It is an object of the invention to provide an
improved tube having increased tensile strength,

and which may be laterally bent or twisted, and

even collapsed, without ob;ectionable injury
thereto.

Another object is to provide a tube of increased
dielectric properties, and which has a free inside
diameter, permitting it to be applied externally
over an electrical conductor to insulate the same,

Another object is to provide a tube having in-
creased resistance to tear and rupture, and which
is relatively impervious to moisture.

A further object is to provide a tube of simple
construction which may be economically manu-
factured, and which is formed of relatively neutral
chemical activity materials to avoid corrosion and
attack of objects with which the tubes come in
contact.

It has been common practme to make tubes of
various materials, such as paper, cloth and asbes-
tos. These materials, when used either singly or
in combination, have physical, electrical or chemi-
cal characteristics that limit their value and
render them unfit for many applications. One of
the chief objections to tubes of paper, cloth and
the like is that they do not have sufficient strength
and toughness to resist rupture or breakage of
their walls. Additionally, such tubes have rela-
tively low dielectric properties for their wall thick-
ness and are not sufficiently impervious to mois-
ture because of the fibrous character of the mate-
rials used throughout. Tubes constructed in ac-

cordance with the present invention have numer-
ous physical, chemical and electrical chéaracteris-

tics which make them of particular utility in the.

art.

In carrying out the invention, one or more strips
of flexible fibrous paper material are wound about
g suitable core or mandrel and cooperate with one
or more strips of clear, nonfibrous cellulose mate-
rial which are also wound about the same core or
mandrel o form a tube having the desired dimen-
sions of length, outside diameter, and free inside
diameter when removed from the core or mandrel.

The laminations of fibrous paper which are in

contactihg relation with one another are secured
by an adhesion agent such as glue or mucilage

and the cellulose material adheres to the fibrous.

(Cl. 154—2.6)

paper by reason of solvent or adhesive applied to
the cellulose material. .

In the accompanying drawing,

Figures 1, 3 and 5 are diagrammatic, fragmen-
tary, longifudinal views, partly in section and with
parts removed, showing the construction of tubes
embodying the invention; and

PFigs. 2, 4 and 6 are sections taken substantially
on the lmes 2—2, 4.4 and 6—6 respectively of
Figs. 1, 3and 5.

Referring to the embodiment illustrated in Figs.
1 and 2, the tube has an inner lamination | and
an intermediate lamination 2 formed of spirally
wound strips of relatively flexible, fibrous mate-
rial, such as kraft paper and the like. These

laminations of fibrous material give body and
shape to the tube and are secured together by a
coating of glue applied to the inside of the inter-
mediate layer or the outside of the inner layer, or
both. Successive turns of the strip material for
the laminations I and 2 abut one another, as indi-
cated at 3 and -4 respectively. Preferably, the
spiral butt joint 3 of the inner lamination I is
staggered longitudinally of the tube with respect
to the butt joint 4 of the intermediate lamination
2, thus increasing the strength of the tube.

Around the intermediate lamination 2 is wound
a spiral strip of relatively thin cellulose material
to form outer lamination 5. Cellulose material
of the character employed in carrying out the
present invention may be one of a number of types
now in common use. For example, a cellulose
derivative, such as cellulose acetate, may be em-
ployed and is considered preferable because of its
high dielectric strength and neutral chemical
properties. In addition, however, regenerated

_ cellulose, known in the trade as Cellophane, and
various other cellulose derivatives may be used.
The cellulose material is fibreless in the sense
that no fibers may be discerned therein, and is
preferably transparent.

The cellulose strip forming the outer lamina-
tion 5 is materially thinner than the strips of
fibrous paper forming the laminations | and 2,
and adjacent edges of successive turns of the
spiral strip forming the outer lamination 5 are
overlapped, as indicated at 6, to form a lapped
joint. Preferably, a suitable solvent or adhesion
agent, such as amyl-acetate, is first applied to the
inner surface of the strip cellulose material form-
ing the lamination 5 to secure the lapped portions
of the joint 6 together.

The completed tube is, in effect, held together
by the outer layer or lamination 5, which binds
in the inner layers | and 2 formed of the fibrous
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paper material. This outer layer is substantiaily
impervious to moisture, and the tube has consid-
erable longitudinal tensile strength on account of
the lap joint 6 and the toughness of the cellulose
sheet material forming the outer lamination 5.
On account of the thinness of the cellulose mate-
rial, the tube may be bent sideways or collapsed
without rupturing the outer ply. Transverse
flexibility is afforded by the thinness of the cellu-
lose material which can be flexed or bent with-
aut cracking or splitting. For tubes used as insu-
lation on electrical conductors I have found cellu-
lose material having a thickness of from about
.00088 in. to about .00152 in. to be preferable.

In Figs. 3 and 4 is illustrated a modified tube
embodying the invention. This tube comprises
an inner lamination 8 formed of a fibrous paper
strip in a spiral formation and having a con-
tinuous spiral butt joint 9 formed by the en-
gaged edges of successive turns of the strip.

A first intermediate lamination 1 is wrapped
about the inner lamination 8 in spiral fashion
and secured thereto by a coating of glue or

mucilage applied to the outside of strip 8 or the.

inside of strip T or both. Adjoining edges of the
strip T form a continuous spiral butt joint 13.

A second intermediate lamination 10 is formed
by a continuous spiral strip of cellulose sheet
material, which corresponds in composition to the
outer lamination 5 described in connection with
Figs. 1 and 2. The successive turns of this cel-
lulose sheet material strip are lapped at 11 and
secured together by a suitable solvent or adhe-
sion agent, which may be amyl-acetate, as men-
tioned above. ,

An external lamination 12 is formed about the
intermediate lamination (0 and consists of a
spirally wound strip of fibrous paper material, the
marginal edges of which are lapped, as indicated
at 14, and secured by a suitable adhesion agent,
such as glue or mucilage. The tube shown in
Pigs. 3 and 4 is made with laminations T and 8
of creped paper which imparts increased flex-
ibility and toughness to the construction. The
cellulose material lamination 10 is provided with
a lap joint, which affords increased dielectric
properties and considerable tensile strength. It
is preferred that the paper strip forming the
outer lamination 12 be of relatively strong and
tough fibrous material, such as kraft paper, so
that the tube may be subjected to transverse
flexing without rupture of the outer paper layer.

On account of the outer lamination 12 being of
fibrous paper material it may be printed or writ-
ten upon, or otherwise coated by a pigment. Ac-
cordingly, this type of tube readily lends itself
to applications in which it is desired to impring
the tubes with a legend or .advertising material
and the like. The outer lamination is, in this
case, & matrix for the absorption of the pigment
while the tube illustrated in Figs. 1 and 2 would
be inapplicable for such use on account of the
relatively impervious outer lamination 5 of cel-
lulose material. . :

The modification illusirated in Figs. 5 and 6
comprises' an inner lamination {6 formed by a
helically wound strip of fibrous paper having a
continuous butt joint i1. A pair of intermediate
laminations (8 and (9 are formed of helically
wound strips with lapped joints 20 and 2! and an
outer lamination 22 is formed by a helically
wound strip of cellulose material of the char-
acter previgusly described with a lapped joint 23.
The lapped joints 20 and 21 may be secured

by a suitable adhesion agent, such as casein glue,
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and the lap 22 of the outer cellulose lamination
may be secured by a solvent, such as amyl-
acetate, previously mentioned.

The cellulose material employed in carrying
out the invention is transparent tape, and the
intermediate lamination 19 of Figs. 5 and 6 is of
colored paper, which is visible through the trans-
parent outer lamination 22. On account of the
impervious character of the cellulose outer lami-
nation, the colored lamination is protected and
retains its color. This feature is of particular
advantage when employing the tubes of the pres-
ent invention for electrical conductors and it is
desirable to distinguish the conductors one from
another. It is contemplated for such applica-
tion of the invention to supply the tubes with a

" colored paper lamination of fibrous character be-

neath an outer lamination of transparent cellu-
lose material. Different colors are used to dis-
tinguish the several tubes used in any one ap-
plication, and each colored paper layer is pro-
tected by a layer of transparent cellulose ma-
terial. . . ' '

An advantageous feature of the invention in
employing a layer of colored fibrous paper under
the outer layer of transparent cellulose mate-
rial is in the variety of distinctive identifying
colors that may be had by using colored cellu-
lose material for the outer transparent layer. For
example, a layer of blue fibrous paper covered
by a layer of transparent, yellow tinted cellulose
material, gives a green hue to the fube. The
same yellow tinted cellulose material imparts a
brown color to a tube having the next underlying
lamination of red fibrous paper. Similarly, a
purple tube can be produced by a layer of blue
fibrous paper covered by a transparent red tinted
cellulose material strip. Other combinations of
colored fibrous paper layers with tinted trans-
parent cellulose material layers, or white fibrous
paper layers with color tinted cellulose material

‘covering layers may be used. One advantage’

of this feature is that a multiplicity of identify-
ing and ornamental colors for -tubes may be pro-
duced from a minimum number of different col-
ored fibrous paper strips and cellulose material
strips. -

In all of the embodiments of the invention
illustrated a free inside diameter 25 is provided
to receive the material or substance to be en-
closed by the tube. This free inside diameter is
maintained by the spiral character of the inner
laminations and the butt joints thereof. Addi-
tionally, the adhesion agent securing adjacent
layers of fibrous paper assists in maintaining
the tube form. The cellulose material, such as
cellulose acetate, which comprises one or more
of the laminations which are wrapped about the
inner lamination shrinks upon drying of- the
solvent or- adhesive which was applied thereto
prior to the winding of the cellulose material
strip on the mandrel. The application of the
liquid solvent or adhesive to the cellulose ma-
terial enables the latter to stretch when the
cellulose material strip is applied under ten-
sion. The shrinkage after drying is effective to
hold the inner laminations in proper relative
position and to retain the shape of the tube.
In each instance at least two layers of fibrous
material underlie the cellulose material layer.
This construction affords a sufficient body to be
compacted by the shrinkage of the cellulose ma-
terial and results in a more rigid tube. Pref-
erably, the spirally wound -strips forming the
individual laminations of the tubes are of greater
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width than the diameter of the particular tube

formed thereby, thus increasing the pitch of

the helical curve described by.the laminations °

and imparting increased tensile pi'opertles to
g the tube.

When utilizing the lnvention to manufacture
. tubes for eléctrical conductors it is preferable
that one or more of the laminations be formed
of a yieldable or expansible strip material, such

10 as crepe paper, to impart increased yieldability
to the tubing. The crepe paper lamination con-
_ tacts the cellulose material lamination at a num-~
ber of spaced apart regions or crests and per-
mits an accordian flexure of the crepe layer
18 adjoining the cellulose material layer. For ex-
ample, the embodiment shown in Figs. 5 and 6
has the inner lamination 16 formed of crepe
paper, and the laminations 7 and 8 of the em-
bodiment shown in Figs. 3 and 4 are of crepe

' 20 paper.

Any suitable spiral tube-forming apparatus
may be employed in making the tubes of the
present invention or they may be wound by
hand on a mandrel and subsequently removed

28 therefrom in the usual manner. The removal
"~ - of the tubes from a mandrel is facilitated by the

novel construction which avoids the use of lap

joints on the inner lamination, and which pro-
vides a tube of increased tensile properties to
30 permit its being withdrawn from' a mandrel
. without injury. The lamination  or layer of
spiral lapped cellulose material is disposed about

a lamination or layer of spiral flbrous paper
having abutting edges. After stripping of the
85 tube from the mandrel on which it is formed,
the shrinkage of the cellulose material causes
the latter to fightly embrace the inner: butt

" jointed fibrous lamination, so. that the tube is

compacted and increased strength imparted

40 thereto. This shrinking of the outer lamination
of cellulose material .effects - a -slight reduction
in diameter- of the tube, which occurs after re-
‘moval from the mandrel. Accordingly,; it is nec-
essary to remove the completed tube from the

45 mandrel before the shrinkage of the cellulose

. material oceurs in order to avoid difficulty in
the removal, or even injury to the tubes.

Other modes of utilizing the principles of the
invention may be employed. Various alterations
and modifications of the particular construection
shown may be resorted to, change being made :

- as desired, the particular embodiment being "5

given for purposes of explanation and illustra-
tion. . .

What I claim is: .

1. As an article of manufacture, a ‘composite
tube of laminated construction, comprising a 10 -
plurality of layers of spirally wound strips of. '
fibrous paper in combination with a thin, homog-
enous layer of spirally wound, fiberless, cellu-
lose material, the cellulose material embracing

- at least one layer of fibrous paper and being in 15

the form of a continuous strip having marginal
edge portions in overlying relation and adhering

to one another, the marginal edge portions of the -
strips in contacting laminations. being staggered :
with respect to one another to distribute the re- 20

‘glons of decreased strength in the tube, said

strips being individually of greater width than
the outside diameter of the tube to impart in-
creased tensile strength to the tube, the tube,
having a free inside diameter throughout sub-
stantially its entire length to- receive material
to be enclosed by the tube, and an inner fibrous
lamination being slightly reduced in diameter
with respect to its original formed diameter.

2. The method of making tubing which com- 30.
prises  wrapping a layer of fibrous paper ma-
terial on a mandrel in spiral formafion and with
a butt joint between adjacent edges of successive
turns of the paper, wrapping a layer of stretched,
liquid coated non-fibrous cellulose material hav- 39

25

- ing the property of shrinkage upon drying of the

liquid coating over ‘the 'said fibrous layer, the
cellulose material being in spiral form and hav- -
ing adjacent edges of successive turns in over-
lapped adhering relation, stripping the assembled 49

* tube from the mandrel before shrinkage of cellu-

lose material occurs, and allowing the cellulose
material to shrink on the underlying layer of
fibrous paper to tlghtly embrace and compact
the Jatter. = 43
CLAYTON E WHITE. .




