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This invention relates to hollow articles and in
particular to light-weight tubes and pipes.

For some purposes, for instances in the con-
struction of aircraft, there is a demand for a
strong but light rigid tube of substantial bore,
for instance several inches in diameter, which
can be simply and economically produced from
readily available materials. The present inven-
tion enables this demand to be met.

The tubes or pipes of the invention comprise a
plurality of concentric similar shells, each formed
of textile fabric heavily coated with film-forming
thermoplastic material, the lines of junction be-
tween the fabric edges in successive shells being
out of register with one another, and successive
shells being bonded together by the thermo-
plastic material. Preferably each shell is in the
form of a helical strip of textile fabric, heavily
coated with film-forming thermoplastic material
and with adjacent turns abutting, the lines of
such abutment in successive shells being non-
coincident and the shells being bonded together
by means of said thermoplastic material.

The helices of successive shells may be of the
same or of opposite hand. When they are of the
same hand and of substantially the same pitch
and formed of strips of the same width (which is
a convenient arrangement) the line of abutment
of successive turns in one shell must. be displaced
axially with respect to that of the next shell, and
may be so displaced with respect to that of every
other shell. When successive helices are of op-
posite hand and of the same pitch and width of
strip, the line of abutment of successive turns in
one shell may be coincident with that in the next
shell but one, but in that case the tube will be
weaker at the intersection of the lines of abut-
ment of successive turns in successive shells and
care must be taken to avold apertures at these
weak points. It is better, therefore, when suc-
cessive helices are of opposite hand and of the
same pitch and width of strip for the line of abut-

ment of successive turns in one shell to be dis--

placed axially with respect to that of the next
shell but one.

Satisfactory products can be obtained using as
the fabric a plain woven cotton fabric of open
mesh. Other fabrics can, however, be employed.
Thus it is of advantage when a product of high
strength/weight ratio is required to employ a fab-
ric made - of or containing high tenacity yarns
of regenerated cellulose, for example yarns hav-
ing a tenacity of 2 gms. per denier or more, for
examble 4 or 5 to 6 gms. per denier such as may
be obtained by completely saponifying yarns of
cellulose acetate which have been highly stretched
in the presence of steam, hot water, or an organic
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swelling agent. The fabrics used may contain
such yarns in either warp or weft or both. More-
over, fabrics containing cotton yarns in admix-
ture with high tenacity regenerated cellulose
yarns may be used. In order to facilitate ad-
hesion between the coating and the fabric, the

‘fabric may also contain yarns of an organic de-

rivative of cellulose or other artificial organic
film-forming material which is compatible with
the film-forming material with which the fabric
is to be coated. Thus, for instance, a fabric
which is to be coated with cellulose acetate or
cellulose acetate-propionate may contain in ad-
mixture with yarns of a non-thermoplastic textile

' material such as cotton, yarns of cellulose ace-

tate, cellulose acetate-propionate, cellulose ace-
tate-butyrate or other lower fatty acid ester of
cellulose. Strips of fabric cut on the bias may be
used with advantage when forming bent tubes or
tubes in which successive turns of fabric overlap
instead of abutting. Although woven fabrics are
preferably employed, the use of fabrics of other
construction, for instance knitted or netted
fabrics is not excluded.

2 Various methods are available for coating the
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fabric. Thus, for example, spreading methods
may be employed; the fabric may be drawn
through a bath containing a solution of film-
forming material in a volatile solvent; or a layer
of the film-forming material may be pressed on
to each side of the fabric by hot rolls, the con-
ditions being such as to ensure thorough impreg-
nation of the fabric. Under suitable conditions
of heat and pressure pre-formed films of the ilm-
forming material can be bonded to the fabric by
this last mentioned method. It is preferable,
however, to employ instead of a pre-formed film
a sheet of composition of the consistency of dough
formed by mixing the film-forming material
with a plasticiser or plasticisers on heated malax-
ating rolls.

The coating may contain 40 or 50% or even
more based on the weight of the film-forming
material of a plasticiser or mixture of plasticisers,
but in general it is desirable to avoid the use of
higher proportions of plasticiser than are neces-
sary to avoid brittleness in the coating. Among
plasticisers that can be employed with cellulose
acetate, cellulose acetate-stearate or cellulose ace-
tate-proplonate as the coating material are
triacetin, triethyl citrate, diethyl tartrate, di-
methyl phthalate, diethyl-phthalate, dimethoxy-
ethyl-phthalate, methylmethoxy-ethyl - phthal -
ate, methyl - phthalyl - ethyl-glycollate, ethyl-
phthalyl-ethyl-glycollate and tri-(monochlor-
ethyl) -phosphate. Esters of phosphorus which
have a softening effect on cellulose acetate with-
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out being solvent plasticisers, for example tri-
cresyl phosphate, and triphenyl phosphate may
also be present, preferably in admixture with a
greater proportion of solvent plasticiser. The
plasticiser or plasticisers employed should pref-
erably be of very high boiling point.

The accompanying diagrammatic drawings
show by way of example tubes of two different
constructions, in accordance with the invention.

In the drawings:

Fig. 1 is an elevation of part of a tube compris-
ing three successive shells, each in the form of a
helical strip of heavily doped fabric, the helices
of the first and third shells being of the same
hand and that of the second shell of opposite
hand.

Fig. 2 is an elevation of part of a tube similar
to that of Fig. 1 but in which all three helices
are of the same hand.

Fig. 3 is an end view of the tube of Fig. 1.

Fig. 4 is an end view of the tube of Fig. 2.

Referring to Figs. 1 and 3, the inner shell f
is formed by winding on a mandrel (not shown)
a strip of textile fabric so that successive turns
2, 2 abut. The second shell 3 is formed by wind-
ing a similar strip, successive, abutting, turns of
which are shown at 4, 4, upon the shell | but in
the opposite direction, so that the helix consti-
tuting this shell 3 is of opposite hand to that of
shell 1. The third or outer shell 5 is formed by
winding a similar strip upon the shell 3 in the
same direction as the first strip, again with the
turns 6, 6 abutting. This strip however is started
about half the width of the strip along the axis
from the start of the first strip so that the line
of abutment of the turns 6, 6§ of the outer shell
is displaced axially from that of the turns 2, 2
of the inner shell and no turn of the outer shell
coincides with one of the inner shell. All three
helices are of the same pitch. The tube is pro-
vided with an internal continuous coating of
thermoplastic film-forming material 7T and an
external coating 8 of the same material (not
shown in Fig. 1).

Referring now to Figs. 2 and 4, the inner shell
§ with abutting turns 10, 18 is of the same con-
struction as the inner shell 1 of Figs. 1 and 3;
the second shell Il of abutting turns 12, 12 is
wound on the shell 9 in the same direction but
starting about half the width of the strip along
the axis from the start of the shell 8; the outer
shell 13 of abutting turns 14, 14 is wound upon
the shell 11 in the same direction as that shell,
and with the same start as the shell 9 so that
-each of the turns 4, {4 of the outer shell regis-
ters with one of the turns {0, 10 of the shell. All
these helices are of the same pitch. The tube
is provided with an internal continuous coating
of thermoplastic film-forming material 15 and
an external coating 16 of the same material.

The tubes shown may be about 3 inches in
diameter and about 0.09 inch thick. A suitable
width of fabric for the production of such tubes
is about 1 to 2 inches. The fabric used may be
a plain woven cotton fabric such as a cheese
cloth, of weight about 1.5 ounces per square yard;
or a plain woven cotton bandage fabric, for ex-
ample of weight about 1 ounce per square yard,
may be used; or the fabric may be of similar
construction to the cotton fabries specified but
composed of high tenacity regenerated cellulose
yarn; or they may contain, in the warp or weft,
in addition to the yarns of cotton or regenerated
cellulose, yarns of the cellulose derivative pres-
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4‘
A suitable cellulose acetate dope for coating

the fabric is as follows, the parts being by
weight:

430 parts cellulose acetate
17 parts dimethyl phthalate

110 parts triacetin

480 parts acetone

240 parts benzene

240 parts industrial alcohol

The fabric is coated with this dope until after
drying its weight is about 20 ounces per square
yard.

If a more highly water-resistant product is
required, the cellulose acefate may be replaced
by cellulose acetate-butyrate, or the fabric may
be given an initial coating, up to a weight of
about 6 ounces per yard, with a dope of the fol-
lowing composition:

30 parts of cellulose acetate

10 parts of diphenylol propane-formaldehyde
synthetic resin

11 parts of dimethyl phthalate

4 parts of triphenyl phosphate

80 parts of acetone

35 parts of industrial alcohol

45 parts of benzene

The fabric coated with this composition is then
brought up to a weight when dry of about 20
ounces per square yard with the dope deseribed
above. :

An ethyl cellulose dope which can be used in
place of either of the cellulose acetate dopes
specified above is:

45 parts of ethyl cellulose

34 parts of castor oil ,

35 parts of a petroleum fraction of voiling point
75-95° C.

24 parts of acetone

30 parts of industrial alcohol

4 parts of chrome yellow

25 parts of titanium oxide

This composition gives products of higher water-
resistance than the cellulose acetate dope. An-
other composition giving high water resistance
is:

12 parts of cellulose acetate-stearate
13 parts of acetone

35 parts of ethyl acetate

11 parts of ethyl lactate -

12 parts of benzene

12 parts of xylene

4.3 parts of red oxide

Each of the two last mentioned compositions
may be applied in the same amount as the first
composition. The application can be effected
by spreading, after which the fabric strips are
dried until the bulk of the volatile solvent is re-
moved, and are preferably used while still tacky
in building up the tubks. _In this operation the
first helix (I of Figs. 1 and 3, or 9 of Figs. 2 and
4) is preferably formed by winding the coated
fabric strip on a steel mandrel provided with a
surface layer, e. g. of gelatin or polyvinyl alcohol,
to which the cellulose derivative base of the dope
does not adhere. The second helix (3 of PFigs. 1

- and 3 and {{ of Figs. 2 and 4) is then formed on
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the first, and the third helix (5 of Figs. 1 and 3
and 13 of Figs. 2 and 4) is formed on the second,
as described above. In forming the helices either
the mandrel or the source of supply of the coated
fabric strip may be traversed. In forming the
second and successive helices, each turn as it is
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being formed may be bonded to the surface of
the preceding helix by pressure exerted by a
resiliently mounted heated roll. With the cellu-
lose derivatives specified above temperatures of
about 150-160° C. are generally suitable. The
hot roll may be employed to drive the mandrel.
The tubes may be provided with internal coat-
ings (71 of Fig. 3 and 15 of Fig. 4) and external
coatings (8 of Fig. 3 and 16 of Fig. 4) of the
same dope as is used in impregnating the fabric,
or of a less concentrated dope based on the same
cellulose derivatives, may be applied, for ex-
ample, by brushing or spraying.

The tubes may be made in short lengths as
described above or by a continuous process in
which the tube is continuously drawn off from the
mandrel as it is formed. The welding together
of the various layers of fabric to ensure satisfac-
tory bonding at all points can, by the choice of
suitable material for thé coating, be accomplished
by the use of heat and pressure alone. The ap-
plication between the winding of successive lay-
ers of a composition adapted to facilitate the
bonding together of the layers, however, enables
lower temperatures to be used, e. g. 50-60° C. in
the case of cellulose acetate. After completion
of the winding, the tubes may be subjected to
pressure applied over their whole exterior surface,
for instance by compression in a mould or by ex-
truding a sheath of soft metal such as lead round
the tube while it is still on the mandrel. This
metal sheathing may be applied as a step in the
continuous production of tubes, the metal sheath
being removed at a later stage. When the tubes
after the completion of the winding contain re-
sidual volatile solvent this may be removed by
evaporation in a warm atmosphere. The tubes
may be provided with means for attachment to
other tubes; thus, for instance, by the use of an
appropriately shaped mandrel, tubes can be
formed with a spigot at one end and a socket at
the other. The tubes may, if desired, be given a
metallic finish, for instance by spraying methods.

Other artificial organic thermoplastic film~
forming materials than those specified above can
be employed in forming the coated fabric and
the internal and external coatings of the tubes.
Among these are other organic derivatives of
cellulose, for instance cellulose-propionate, cellu-
lose-butyrate, cellulose-acetate-propionate, cellu~
lose-acetate-nitrate, propyl-cellulose, benzyl-cel-
lulose, ethyl-hexyl-cellulose and ethyl cellulose
acetate. Cellulose esfers containing the acid
radicles of acetic acid and a higher fatty acid are
particularly useful. Polymethyl methacrylate,
polystyrene, polyvinyl chloride-acetate and other
polymerised unsaturated film-forming materials
may also be employed.

The invention is not limited to the provision
of tubes having a bore of several inches. Smaller
or larger bored tubes may be made according to
the invention. The tubes may be of various
shapes, for example round or square in section
and straight or curved. According to a modifica-
tion of the invention tubes are formed by methods
similar to those described above except that sheets
of coated fabric wide enough to give the desired
length of tube without helical winding are em-
ployed.

Having described our invention what we desire
to secure by Letters Patent is:

1. A light, rigid tube which comprises a plu-
rality of concentric similar shells each in the
form of a helix with adjacent turns abutting, said
helix being formed from & strip of non-thermo-
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6
plastic textile fabric provided with a coating of
water-insoluble film-forming thermoplastic ma~
terial having as its principal constituent a cellu-
lose derivative selected from the group consist-
ing of ethers of cellulose and carloxylic acid

" esters of cellulose, said coating being many times

the weight of the uncoated fabric, the lines of
Jjunction between the fabric edges in sucecessive
shells being out of register with one another and
successive shells being bonded together by the
thermoplastic -material.

2. A light, rigid tube which comprises a plu-
rality of concentric similar shells each in the
form of a helix with adjacent turns abutting, said
helix being formed from a strip of non-thermo-
plastic textile fabric provided with a coating of
film-forming thermoplastic material having as
its principal constituent cellulose acetate, said
coating being many times the weight of the un-
coated fabric, the lines of junction between the
fabric edges in successive shells being out of reg--
ister with one another and successive shells be-
ing bonded together by the thermoplastic mate-"
rial.

3. A light, rigid tube which comprises a plu-
rality of concentric similar shells each in the form
of a helix with adjacent turns abutting, said
helix being formed from a strip of non-thermo-
plastic textile fabric provided with a coating of
film-forming thermoplastic material having as
its principal constituent ethyl cellulose, said coat-
ing being many times the weight of the uncoated
fabric, the lines of junction between the fabric
edges in successive shells being out of register with
one another and successive shells being bonded
together by the thermoplastic material.

4. A light, rigid tube which comprises a plu-
rality of concentric similar shells each in the form
of a helix with adjacent turns abutting, said helix
being formed from a strip of non-thermoplastic
textile fabric provided with a coating of film-
forming thermoplastic material having as its
principal constituent a mixed ester of cellulose
containing the radicals of acetic acid and of a
higher fatty acid, said coating being many times’
the weight of the uncoated fabric, the lines of
junction between the fabric edges in successive
shells being out of register with one another and
successive shells being bonded together by the
thermoplastic material.
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