w0 20197236014 A1 |0 0000 000000 0 0 O 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert J
(o wer Orgmiation 2 0 O OO0 RO A0

International Bureau % (10) International Publication Number

WO 2019/236014 A1l

(43) International Publication Date
12 December 2019 (12.12.2019) WIRPOIPCT

(51) International Patent Classification: 01 Tren¢in (SK). OCHODNICKY, Pavol; Ticha ul. 13,
E04H 15/20 (2006.01) E04C 2/00 (2006.01) 911 01 Trenéin (SK).
E04B 1/00 2006.01) (74) Agent: KUBINYI, Peter; Piaristickd 9, 911 01 Tren¢in
(21) International Application Number: (SK).
PCT/SK2019/050006 (81) Designated States (unless otherwise indicated, for every
(22) International Filing Date: kind of national protection available). AE, AG, AL, AM,
08 June 2019 (08.06.2019) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

(25) Filing Language: Slovak CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(26) Publication Language: English HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR, LS, LU, LY, MA, MD, ME,

(30) Priority Data: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

PUV 50059-2018 08 June 2018 (08.06.2018) SK OM. PA, PE, BG, PIL, PL. PT. QA. RO RS, RU. RW. SA.
(71) Applicant: ZEPELIN, S.R.O. [SK/SK]; Gen. M. R. Ste- SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
fanika 7061, 911 01 Trendin (SK). TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(72) Inventors: BREZAN, Juraj; Kubranska 1729/284,91101  (84) Designated States (unless otherwise indicated, for every
Trenéin (SK). HODAK, Henrich; Opatovska 210/122, 911 kind of regional protection available). ARIPO (BW, GH,

(54) Title: HIGH PRESSURE INFLATABLE BEAM

Fig. 2

(57) Abstract: A high pressure inflatable beam (1) with a typical internal operating pressure in the range of 100 to 1,000 kPa, formed
from conventional or modified fire hoses, or other industrial hoses or tubes produced by seamless braiding technology with an internal
lining impervious to air and a possible outer protective coat, the ends of which are closed by a plug, wherein at least one plug contains
at least one filling and/or discharging element for the filling medium, and the ends of the beam (1) are firmly put in at a distance of less
than the total length of the beam (1), where at least one a section of its length, the beam (1) is provided with at least two adjoining fixed
attachment points (2) located in the longitudinal direction of the beam (1) and formed on the surface of the beam (1) or sleeves (5) of the
beam (1), wherein the fixed attachment points (2) are interconnected by at least one force exerting element (3), whose straight length
between the fixed attachment points (2) is shorter than the straight length of the plain beam (1) between these fixed attachment points (2).

[Continued on next page]



WO 2019/2360 14 A1 {1100} 00P 00 00O 0 0O O

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, IR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,
TR). OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to the identity of the inventor (Rule 4.17(i))

— as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

— of'inventorship (Rule 4.17(iv))

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



WO 2019/236014 PCT/SK2019/050006

Description HIGH PRESSURE INFLATABLE BEAM

Technical Field

[0001]

The technical solution relates to inflatable beams for structures above
ground, in particular for forming temporary roofings such as tents, tunnels,
podiums and other typical and atypical roofings, for forming ancillary
structures for attachment and suspension of technology, for securing
another fixed or inflatable structure against a fall, or as separate inflatable

objects.

Background Art

[0002]

[0003]

[0004]

High-pressure inflatable beams filled with air or inert gas, with a typical
internal operating pressure in the range of 100 to 1,000 kPa, are used as a
load-bearing element of tents and temporary roofings, in which case they
preferably use, as a construction element, conventional or modified fire or
industrial hoses or other tubes produced using the technology of seamless
braiding with an internal lining impervious to air and a possible surface
finish.

The use of fire hoses as beams of a roof construction is presented in the
document in EP 0810339. This solution makes it possible to provide
temporary roofing by means of a structure comprising inflatable beams,
preferably made of fire hoses. These hoses are connected at the ends to
fixed supporting elements arranged in a row. When forming the covering of
a space, solid supporting elements are placed at the edges of the space to
be covered, and the elements also serve as elements for air distribution to
the said hoses. Hoses are connected to these supporting elements by the
respective ends and, after inflation, the hoses form an arch, or a row of
arches, between the said supporting elements. A covering sheet is then
attached to this row of arches. The above solution creates an arcuate
covering that is open at the ends (a tunnel).

The document SK 6715 Y1 discloses a tent with an inflatable support

structure, which tent uses an inflatable beam made of a standard fire or
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[0005]

[0006]

[0007]

other industrial seamless hose with outer textile braiding, the hose being
closed at each end by a plug, of which at least one comprises an air inlet
or discharge element, and at least one end of the hose is attached to or
supported on the outer skin of the tent or on the floor portion of the tent.
The use of standard fire or other industrial seamless hoses with outer
textile braiding and an internal lining impervious to air allows higher
operating pressure without the need for pressure compensation by
overpressure valves. The shape and overall size of the supporting
structure of the tent is thus defined and constant even in cases of pressure
fluctuations caused by a change in temperature or pressure of the external
environment. Since the tent skin and the floor portion generally form one
unit, or the ends of the hose are anchored to the floor, when inflated the
hose is basically formed into an arcuate shape, more specifically in
accordance with the shape predefined by the adapted cut of the outer skin
and the floor portion.

The inflatable beams of the documents EP 0810339 and SK 6715 Y1
preferably provide a sufficiently rigid and stable supporting element to form
a roofing of an area in the form of tunnel roofs or dome roofs or tents. The
shape of the beam, and thus also the shape of the roof, is achieved by a
fixed position of the elements - the bases, in which the beam ends are
attached; after inflating the beam and spreading it between the bases, a
continuously arcuate shape is created, defined by the ratio of the length of
the hose (tube) and the span of the bases. Depending on the said ratio,
the arch profile may have a semi-arcuate or elliptical shape.

A disadvantage of the prior art in the above described roof construction is
basically the given arcuate shape of the inflatable beam. This reduces the
application possibilities in cases where a beam profile other than a
continuous arch is necessary for static or aesthetic reasons, where it is
necessary to copy the shape of another object or where a better
underpassability is necessary due to an unsuitable lead angle at the base
of the beam.

The aim of this technical solution is a substantial elimination of the

drawbacks of the prior art.
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Disclosure of Invention

[0008] The said aim is achieved by an arcuate high pressure inflatable beam
according to the present invention, with a typical internal operating
pressure in the range of 100 to 1,000 kPa, formed from conventional or
modified fire hoses, or other industrial hoses or tubes produced by
seamless braiding technology with an internal lining impervious to air and
a possible outer protective coat, the ends of which are closed by a plug,
with at least one plug containing at least one filling and/or discharging
element for the filling medium, and the ends of the beam are firmly put in
at a distance of less than the total length of the beam, the essence of
which lies in the fact that at least one a section of its length, the beam is
provided with at least two adjoining fixed attachment points located in the
longitudinal direction of the beam axis and formed on the surface of the
beam, with the fixed attachment points being interconnected by at least
one force exerting element whose straight length between the fixed
attachment points is shorter than the straight length of the plain beam
between these fixed attachment points.

[0009] The principle of a force exerting element ensuring a change in the shape
of the beam consists in the forcible shortening of the inner circumference
of the arcuate beam. This is achieved by fixing two or more points of the
beam circumference to a distance that is less than the original distance
between the given points before fixation. Depending on the ratio of such a
contraction, the ratio of the distance between the circumferential yarns of
the basic fabric of the tube changes after inflation of the beam. On the
outer circumference of the beam, the yarns remain spaced to the
maximum distance allowed by the fabric structure of the tube, while on the
inner circumference of the beam distances between circumferential yarns
of the basic fabric of the tube are reduced according to the ratio and
manner in which the force exerting element is applied. If the contraction is
severe, not only is there a reduction of the distance between the
circumferential yarns, but also a fold comes into being on the tube surface.

Thus, visually, depending on the ratio of contraction of the force exerting
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[0010]

[0011]

[0012]

[0013]

elements, the beam is bent or even kinked at the given point of action of
the force exerting elements.

The fixed attachment points of the force exerting element may take the
form of projections formed on the beam fabric during the process of
braiding the tube or tube.

The fixed attachment points may also take the form of locally added
material on the surface of the hose or tube. This may be formed using the
technology of welding, sewing, gluing or other known technologies. The
material locally added in this manner may also be around the entire
circumference of the hose or tube in the form of a sleeve, which appears
to be the most preferable solution. Such a hose sleeve encircles the outer
circumference of the hose and can be made of a variety of suitable
materials, such as metal, plastic, textile, composite, and the like. It is
possible to apply two separate sleeves interconnected by a force exerting
element. In the case of sleeves, it is possible for the force exerting element
to be constituted by a continuous connection of the sleeves, which
essentially creates one shaped sleeve with a preset bending angle.
Consequently, this technical solution requires at least one force exerting
element attached at at least two points. In the case of placing the force
exerting element in the inner arc of the beam, the element is acted upon
mainly by tensile forces. The material for forming the force exerting
element can thus be either a rigid shaped element made of materials such
as metal, composite, plastic, wood and the like, or a tensile element made
of materials such as textile, strap, rope, cord and the like. The rigid shaped
element is more preferable for the purpose at hand because of better
properties in the catching of lateral forces acting at the point of the bend of
the beam. In the case of the positioning of the force exerting elements on
the side of the beam or on the outer arc of the beam, both tensile and
compressive forces are to be captured at the same time and the use of
exclusively rigid materials capable of capturing both types of forces is
presumed.

When the forces are greater or the beams are bigger, a combination of the

placement of the force exerting elements on the beam, more specifically
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[0014]

[0015]

on the beam arc, and/or on the sides of the beam, and/or on the outer arc
of the beam may be used preferably. One rigid shaped element or tensile
element may be placed on the inner arc of the beam, at least one,
preferably a pair of rigid force exerting elements may be placed on the
side of the beam and one force exerting element may be placed on the
outer arc of the beam. The force exerting element on the side of the beam
and the outer arc of the beam has an angle corresponding to the angle of
bending or angle of kinking of the beam. Of course, various other
combinations of locations of the force exerting elements are also possible
depending on the given design requirements for the purpose or placement
of the beam.

Each single bend or kink of the beam requires its own force exerting
element or system of force exerting elements. Thus, the resulting beam
shape may be, for example, a combination of an arch with one kink in the
middle, forming a gothic arch profile, a bend with two kinks at the sides,
ensuring a sharper lead angle from its base and the associated better
internal underpassability, or a combination of multiple kinks as far as it is
advantageous for the application at hand.

To improve the form stability of the beam, it is possible to interconnect the
points of attachment of the force exerting element, or force points formed

elsewhere on the beam, using a chord.

Brief Description of Drawings

[0016]

[0017]

[0018]

[0019]

The technical solution is explained in more detail in the attached drawings,
where:

Fig. 1 is a schematic representation of a prior art arcuate high-pressure
beam;

Fig. 2 is a schematic representation of an arcuate high pressure beam in
one illustrative embodiment according to the technical solution with detail
A of the bending or kinking of the beam;

Fig. 3 is a schematic representation of variants a, b, ¢, d, e, f, g, h, i of the
illustrative embodiment of the fixed attachment point and the force exerting

element according to the present technical solution;
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[0020] Fig. 4 is a schematic representation of variants a, b, ¢, d of examples of
the positioning the force exerting element on a single or double hose or
tube of a beam according to the present technical solution;

[0021] Fig. 5 is a schematic representation of variants a and b of illustrative
embodiments of various beam shapes according to the present technical
solution;

[0022] Fig. 6 shows an example of the application of a beam according to the
present technical solution for a tunnel-type tent.

Mode(s) for Carrying Out the Invention

[0023] The arcuate high pressure inflatable beam 1 according to the present
solution comprises one hose or tube made by seamless braiding
technology with an internal lining impervious to air and a possible outer
protective coat. This hose or tube is provided with air plugs at its ends.

[0024] Due to the nature of its symmetrical structure, when no lateral forces act
upon it, the high pressure inflatable hose or tube tends to maintain a
straight shape when inflated and pressurized to operating pressure. For
the purpose of using high pressure hoses or tubes as roofing beams, such
as e.g. tents and the like, it is customary to use a hose or tube being
longer than the planned distance between the attachments of its ends -
bases. As a result of the fixation of the bases, this way the hose or tube is
bent into a continuously arcuate shape forming part of a circle or ellipse,
as shown in fig. 1

[0025] For changing the shape of this beam 1, as shown e.g. in fig. 2, fig. 5, and
fig. 6, at least two adjoining fixed attachment points 2 are formed at at
least one section of the beam 1 length. The points 2 are located in the
longitudinal direction of the beam 1 and are formed on the surface or
sleeves of the beam 1. The attachment points 2 are interconnected by at
least one force exerting element 3 whose straight length, i.e. the direct
distance between the two attachment points 2 is shorter than the straight
length of the beam 1 between these points 2. Said straight length of the
beam 1 is understood to be the length at the stretched or inflated straight

beam 1 without applying said force exerting element 3.
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[0026]

[0027]

[0028]

[0029]

In the simple inflated state of the beam 1, i.e. in a state where the beam 1
has been inflated without any external force action, the distance between
the two fixed points 2 formed on the surface of the beam 1 is defined by
the natural expandability of the hose material or tube material and the
internal pressure in the hose or tube acting on the tube walls. After
deflation of the beam 1 and installation of the force exerting element 3
interconnecting the fixed attachment points 2 and after re-inflation thereof,
deformation, bending, kinking of beam 1 occurs that is directly proportional
to the difference in length of the force exerting element 3 and the distance
between the fixed points 2 in the simple state of the beam 1. The
difference in the shape of the beam 1, compared to the state of the art in
fig. 1, due to the application of the force exerting elements 3, is visible e.g.
in fig. 2 and fig. 5.

Fig. 3 shows schematically variants of example embodiments of the fixed
attachment points 2, for example in the form of projections 6 formed during
the process of braiding of the hose or tube, fig. 3a; by means of additional
material 4 applied locally to the surface of the hose or tube; fig. 3b. This
additional material 4 may, for example, also take the form of sleeves 5
applied around the circumference of the hose or tube, fig. 3¢, d, e, f, g, h, i.
The sleeves 5 can be continuously connected to form one shaped sleeve
5, of rigid material, with a pre-set angle of bending or kinking of the beam
1. Thus, the sleeve 5 also forms a force exerting element 3. This
embodiment is shown in fig. 3d.

Fig. 3 also shows variants of example embodiments of the force exerting
element 3.

Variants a, b, ¢ represent example embodiments of the force exerting
element 3 located only on the inner arc of the beam 1. Variants a, b then
show the force exerting element 3 formed as a tensile element; the tensile
element may be made of materials such as textile, strap, rope, cord and
the like, or also from a rigid material such as metal, wood, hard plastic,
and the like. Variant e shows a force exerting element 3 made exclusively

as a rigid shaped element. The force exerting element 3 made as a rigid



WO 2019/236014 PCT/SK2019/050006

[0030]

[0031]

[0032]

[0033]

shaped element can also be located on the outer arc of the beam 1 as
shown in the variant g.

Variant f represents an example embodiment of a force exerting element 3
formed as a rigid shaped element located on the side of the beam 1. If the
force exerting element 3 is located on the side of the beam 1, a
symmetrical application of two such force exerting elements 3 formed as a
rigid shaped element is presumed preferably.

Variants h, i represent an example embodiment of a combination of force
exerting elements 3 located on the inner arc of the beam 1 and at the
same time on the side of the beam 1. Variant h specifically illustrates a
combination in the case of the use of a force exerting element 3 on the
inner arc of the beam 1, where the force exerting element 3 is formed as a
tensile element made of a soft or rigid material and the force exerting
element 3 on the side of the beam 1 is formed as a rigid shaped element.
Variant i specifically illustrates a combination where the force exerting
element 3 on the inner arc of the beam 1 is a rigid shaped element. By
means of a combination of force exerting elements 3 as shown by the
variants h, i in fig. 3, it is possible to achieve a better lateral stability of the
beam 1, in particular in cases of a single standing beam 1 which is not tied
to another structure, system or bracing.

It is clear from fig. 3 that the crucial parameter defining the bending or
kinking angle of the beam 1 is not the length of the force exerting element
3 as such, but the direct distance between the two points 2, by which the
straight or shaped force exerting element 3 is attached to the fixed
attachment points 2 of the beam 1.

The force exerting elements 3 formed as rigid shaped elements, used on
the sides or on the upper arc of the beam 1, are shaped in accordance
with the predetermined angle of bending or kinking of the beam 1. The
most preferable material in this case is metal strip that is bent, for
application to the outer or inner arc of the beam 1, or cut, for application
onto the side of the beam 1, to a shape that takes into account the desired

angle of bending or kinking of the beam 1.
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[0034]

[0035]

[0036]

[0037]

[0038]

Fig. 4 schematically shows variants of examples of locations of the force
exerting element 3 on the hose or tube which is simple hose or tube,
variant a, b, ¢, d, and double hose or tube, variant e, respectively. Fig. 4,
variants a, b, ¢, d are in fact transversal cross-sections of the beam 1 at
the location of the force exerting element 3, from the respective variants of
fig. 3. The position of the force exerting element 3 is shown schematically,
i.e. only the position relative to the beam 1 is indicated, not the actual
embodiment of the particular variant of the coupling element 3. Variant e
shows a combination of the force exerting elements 3 located on the side
of the beam 1, which is an assembly of two coaxial hoses or tubes. In this
variant, it is necessary that the force exerting element 3 is applied on each
hose or tube.

Fig. 5 then shows a schematic view of variants a, b, examples of various
beam shapes obtainable by this technical solution.

Fig. 6 illustrates an example use of a high-pressure inflatable beam 1
according to the present technical solution as a beam of a tunnel-type tent,
where the underpassability at the longitudinal walls of the tent is improved.
The example embodiments described above are given by way of
illustration only, without limiting in any way the scope of protection defined
by the claims. It is obvious that by making use of the principles set forth in
the present solution, it is possible to form a large number of embodiments
and applications of a bent or kinked high pressure inflatable beam apart
from those described as specific example uses of the beam according to
this technical solution. These other embodiments and applications result in
particular from various other possible combinations of positions and the
number of the force exerting elements 3 on the beam 1.

Thus, the arcuate high pressure inflatable beam 1 according to the present
solution provides a wide variety of shape possibilities for the beam 1 and
the associated application possibilities in places where a continuously

arcuate beam appears to be insufficient or inconvenient.
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Claims

Claim 1. An arcuate high pressure inflatable beam with a typical internal
operating pressure in the range of 100 to 1,000 kPa, formed from conventional
or modified fire hoses, or other industrial hoses or tubes produced by seamless
braiding technology with an internal lining impervious to air and a possible
outer protective coat, the ends of which are closed by a plug, wherein at least
one plug contains at least one filling and/or discharging element for the filling
medium, and the ends of the beam are firmly put in at a distance of less than
the total length of the beam, characterized in that, at least one a section of its
length, the beam (1) is provided with at least two adjoining fixed attachment
points (2) located in the longitudinal direction of the beam (1) and formed on
the surface of the beam (1), wherein the fixed attachment points (2) are
interconnected by at least one force exerting element (3), whose straight
length between the fixed attachment points (2) is shorter than the straight
length of the plain beam (1) between these fixed attachment points (2).

Claim 2. The arcuate high pressure inflatable beam according to claim 1,
characterized in that, the fixed attachment points (2) are in the form of
projections (6) formed on the fabric of the beam (1) during the process of
braiding the hose or tube.

Claim 3. The arcuate high pressure inflatable beam according to claim 1,
characterized in that, the fixed attachment points (2) are in the form of locally
added material (4) applied to the surface of the hose or tube.

Claim 4. The arcuate high pressure inflatable beam according to claim 3,
characterized in that, the locally added material (4) applied to the surface of
the hose or tube is in the form of sleeves (5) of the beam (1).

Claim 5. The arcuate high pressure inflatable beam according to claim 4,
characterized in that, the sleeves (5) are continuously connected to form one
shaped sleeve with a preset bending angle.

Claim 6. The arcuate high pressure inflatable beam according to any of the
claims 1 to 5, characterized in that, the fixed attachment points (2) and the

force exerting element (3) are located on the inner arc of the beam (1).
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Claim 7. arcuate high pressure inflatable beam according to claim 6,
characterized in that, the force exerting element (3) is a rigid shaped element
or a tensile element.

Claim 8. The arcuate high pressure inflatable beam according to any of the
claims 1 to 5, characterized in that, the fixed attachment points (2) and the
force exerting element (3) are located on the sides of the beam (1).

Claim 9. The arcuate high-pressure inflatable beam according to claim 8,
characterized in that, the force exerting element (3) is a rigid shaped element
which has an angle corresponding to the angle of bending or kinking of the
beam (1).

Claim 10.  The arcuate high pressure inflatable beam according to any of the
claims 1 to 5, characterized in that, the fixed attachment points (2) and the
force exerting element (3) are located on the outer arc of the beam (1).

Claim 11.  The arcuate high pressure inflatable beam according to claim 10,
characterized in that, the force exerting element (3) is a rigid shaped element
which has an angle corresponding to the angle of bending or kinking of the
beam (1).

Claim 12.  The arcuate high pressure inflatable beam according to any of the
claims 1 to 5, characterized in that, the fixed attachment points (2) and the
force exerting element (3) are located on the inner arc of the beam (1), and/or
at least one side of the beam (1), and/or on the outer arc of the beam (1).

Claim 13.  The arcuate high pressure inflatable beam according to claim 12,
characterized in that, the force exerting element (3) on the inner arc of the
beam (1) is a rigid shaped element or a tensile element, the force exerting
element (3) on the side of the beam (2) is a rigid shaped element which has an
angle corresponding to the angle of bending or kinking of the beam (1), and
the force exerting element (3) on the outer arc of the beam (1) is a rigid shaped
element which has an angle corresponding to the angle of bending or kinking
of the beam (1).
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