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Method of manufacturing a truss structure element and a truss structure

Technical Field

The present invention is directed to manufacture of truss structures, in particular
to precise placing of connecting members for connecting individual elements of the
structure. Further, the invention is directed at a truss structure formed by a method of the

invention.

Backaround of the Invention

Truss structures, sometimes also called rod or tube structures, typically comprise
at least two main rods, which are interconnected by cross rods, which are usually thinner
than the main rods and usually run perpendicular to them at the ends of the main rods
and obliquely between the ends of the main rods. Most often the cross rods are attached
to the main rods by welding. The individual elements of truss structures are then
detachable connected, most often by means of pegs connecting the main rods of the two
elements or by means of pins with connecting openings, which are located inside the rods
being connected on two different elements, wherein the pin is attached at each of its ends

to one of the rods by a peg.

The cross-section of the main rods is usually round, which greatly complicates the
welding of the cross rods, which tend to move or rotate when welded to a curved surface.
A further complication of the manufacture of truss structures is that the connecting
members for connecting the individual elements must be placed with relatively high
precision such that any two elements may be easily connected together. When forming
connecting members, e.g., by drilling or milling, or when attaching them to the main rod,
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there are thus considerable demands on precision, which are difficult to maintain, e.g.,
due to the rotation of the main rod during drilling.

Document EP 1 884 605 A1 describes an element of a truss structure whose main
rods are provided with a plane surface with a groove, wherein cross rods are welded to
this plane surface. The groove allows air to escape from the cross rods during welding,
when the air expands due to the heat from welding and could damage the structure. This
document therefore largely removes the complications of welding elements of a truss
structure, but no consideration is given to connecting members and their difficult

manufacture.

It would therefore be useful to come up with a solution for manufacture of truss
structures that would facilitate the precise placing and formation of connecting members,
thereby, for example, reducing inspection demands, reducing defect rate and/or enabling

more efficient automation of manufacture.

Summary of the Invention

The disadvantages of the solutions known from the prior art are to some extent
eliminated by a method of manufacture of an element of a truss structure comprising the
provision of at least two main rods, wherein each main rod has a constant cross-section
with a partly curved and partly straight circumference over the majority of its length. Such
a main rod comprises at least one plane surface passing along the axis of the main rod
over a majority of the length of the main rod, preferably over a predominant majority, e.g.,
at least 80 % of the length. The method of the invention consists in that for each of said
main rods comprises the following steps:

e Fixing the main rod in a clamping jaw, wherein the clamping jaw is engaged with at
least one plane surface of the main rod, i.e., even for main rods with multiple plane
surfaces, the clamping jaw is engaged with at least one of the multiple surfaces, not
necessarily engaged with all of them, and
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e Forming or attaching a connecting member for connection to another element of the
truss structure at at least one end of the main rod, wherein the connecting member or
a part thereof is implemented at a preset location. In this step, the connecting member
or a part thereof is preferably rotated relative to at least one plane surface on the main
rod by a predetermined angle, wherein this angle is measured, for example, relative
to the axis of the main rod when viewed in the direction of this axis.

The preset location may be determined by presetting this angle, i.e., by
determining the angle between the connecting member and the plane surface. The
connecting member could also be called a connecting mechanism or, in particular, a part
of a connecting mechanism, since the connecting member is here particularly preferably
a connecting opening, peg, and cotter pin, wherein the part of the connecting member
with a defined placement on the main rod is the connecting opening, which subsequently
also defines the placement of the peg after connecting the two elements by pegs.
Preferably, therefore, the connecting member or a part thereof on each main rod is
located in the same position relative to at least one of the plane surfaces. Thus, the preset
location for the connecting member or a part thereof may be given by rotation around the
axis of the main rod. It may be given alternatively or additionally by a move in the direction
of this axis. Preferably, the preset location is determined both by rotating around the axis
of the main rod and by moving along it.

Furthermore, the method comprises a firm connection of the main rods by cross
rods welded to the main rods on the plane surfaces of the main rods being connected.
The cross rods are thus additional rods, usually thinner, passing between the main rods.
Said preset location is preferably the same for forming all the connecting members, or at
least some part of all connecting members, on a given main rod, on all main rods included
in a given element and preferably on all elements that are or are to be part of a given
truss structure. Furthermore, preferably, the connecting elements on the different main
rods on the same element and preferably on all elements that are to form the truss
structure together are realised in the same way. For example, this preset location means
that a drill or milling cutter or other tool for forming at least part of the connecting member
is positioned in a preset orientation relative to the clamping jaw / relative to the main
profile such that it is not necessary to precisely reorient it for each connecting member or
main profile or element. Similarly, a device for attaching the connecting member, e.g., a
handler for housing placement, a welding tool, etc., may be placed in the preset
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orientation. This, e.g., also greatly facilitates the robotisation of the method where some
or all of the steps are performed automatically, e.g., using a CNC machine and/or a
welding robot.

Particularly preferably, the cross-section of the main rods is a circular cross-section
with two flat surfaces. Welding on plane surfaces greatly simplifies the manufacture
method because on a plane surface the end of the cross rod being welded does not slip
and rotate and its position is largely determined. This makes it easier to keep the cross
rods in one line or one plane, for cross rods where this is desired, and makes it possible
to weld the elements of the truss structure even using a welding robot.

Another advantage of the method of the invention is that on the resulting element,
or on each main rod of the resulting element, the rotation of the connecting member with
respect to the plane surface(s) is determined. This ensures that the connecting members
on all elements and/or on all main rods or on both ends of the main rods are equally
rotated and therefore easily removable. Due to the fact that the main rod is at least
partially fixed in the clamping jaw by the plane surface, its rotation during clamping is also
clearly defined, i.e., when viewed in the axis of the main rod, the rotation of the plane
surface with respect to the clamping jaw or some part thereof is given. This makes it much
easier to ensure and check the correct rotation of the connecting members, which must
be determined quite accurately in truss structures such that any two elements may be
connected together. The tool forming the connecting member or a part thereof, for
example a drill, may also be in a defined position relative to the clamping jaw, such that
when drilling it may be sufficient to adjust the movement of the main rod in the axis or the
movement of the tool along the axis of the main rod, and the position of the connecting
member is clearly determined and is the same on all the main rods so manufactured. Said
predetermined angle or predetermined location depends mainly on the number of plane
surfaces and the type of connecting member.

For example, if the main rod comprises two plane surfaces, said preset location for
the formation of the connecting member is preferably located between these surfaces. In
other words, preferably all the plane surfaces of the main rod (i.e., at least said one) are
symmetrical about a common plane of symmetry preferably passing through the axis of
the main rod, wherein said at least part of the connecting member (e.g., the connecting

opening) is also symmetrical about the same plane of symmetry. Particularly preferably,
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the orientation of the connecting openings is chosen such that their axes are directed to
the centre of the resulting element of the truss structure, or that the axes of the connecting
openings are perpendicular to the axis of the element, which is parallel to the axes of the
main rods and passes through the centre of the structure, i.e. in the space defined by the

main rods.

Preferably, forming or attaching a connecting member comprises providing a
housing with a connecting opening, fixing the housing in the clamping jaw, and attaching
the housing to the main rod, wherein the preset location for implementing (here, attaching)
the connecting member or a part thereof is realised as a preset angle between the axis
of the connecting opening and the normal of at least one plane surface projected into a
plane perpendicular to the axis of the main rod. Preferably, the housing is fixed in the
clamping jaw, for example, by threading a peg through the connecting opening and fixing
this peg in the clamping jaw.

The housing may be realised as a tubular part, with a cross-sectional shape
corresponding to the cross-sectional shape of the main rod, which is intended to be
attached, for example welded, pressed, riveted, etc., to the end, preferably both ends, of
each main rod. Usually such a housing comprises a connecting opening for a peg, which
then ensures the connection of the elements, but it is in principle also possible to use
housings without connecting openings. Most preferably, all elements of a given structure
have housings with connecting openings at both ends of all main rods and pins are used
to connect the elements. Each pin is usually cylindrical in shape, adapted for partial
insertion into the housing, and has two connecting openings. The pin is inserted on one
side into the housing on the main rod of one element and on the other side into the
housing of the other element and is secured in both housings by a peg passing through
the connecting openings on both the housing and the pin.

Said partially curved circumference of the cross-section of the main rod may have
the shape of a part of a circle or ellipse. Said plane surface appears in cross-section as
a line segment, possibly with a depression at the location of the vent groove, as will be
described below. Preferably, the plane surfaces and any grooves are formed during the
manufacture of the main rod, e.g., during extrusion. For example, on a 40-50 mm
diameter main rod, the width of the plane surface may be 10—-20 mm, e.g., 14 or 16 mm.

The cross rods may then have a diameter of, e.g., 14-20 mm.
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Preferably, at least one plane surface is provided with a groove passing along the
axis of the main rod. Such a groove allows the expanding air to escape when welding the
cross rods such that e.g. tearing of the cross rod by this air is prevented. It is also possible
to provide such a vent groove in any other orientation, e.g., perpendicular to the axis of
the main rod.

The method may further comprise a step of forming at least one vent opening,
wherein the at least one vent opening is formed in a groove. This opening may therefore
pass through the wall of the main rod and may allow even more reliable hot air evacuation.
The groove makes it easier to guide, e.g., a drill to the right place to form the vent opening.

Preferably the step of forming the connecting member comprises forming a
connecting opening in the main rod, wherein the axis of the connecting opening is
perpendicular to the axis of the main rod. The preset location for implementing the
connecting member or a part thereof is realised as a preset angle between the axis of the
connecting opening and the normal of at least one plane surface projected into a plane
perpendicular to the axis of the main rod.

In the case of a main rod with multiple plane surfaces, the angle of the axis of the
connecting opening relative to one of them, more of them, or each of them, or to their
normals, may be preset for both connecting openings formed directly in the main rod and
for connecting openings preferably formed in the housings. E.g., in the case of three plane
surfaces the connecting opening may be extended through the middle plane surface, in
the case of two plane surfaces it is preferably extended symmetrically between them.
Such an orientation of the connecting openings allows the corresponding members, e.g.,
pegs, to be easily inserted into the openings on the resulting element without the cross

rods interfering with the insertion or driving in or out of the pegs.

Particularly preferably, the main rod comprises two plane surfaces, wherein the
angle between their normals is 90° + 3° (i.e., 87° to 93°), preferably 90° £ 1°. The angle
between the part of the connecting member, especially preferably between the axis of the
connecting opening and the two normals is then preferably half of the angle between the
normals + 0.5°, more preferably + 0.25°. Preferably the plane surface or surfaces pass
over at least 80 % of the length of the main rod. The connecting openings or otherwise

realised connecting members may be realised on the remaining part of the main rod, in
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particular on the ends thereof, e.g. max. 5 to 10 cm from the complete end of the main
rod, or they are preferably realised on housings as described above.

At least one connecting opening may be an opening for the passage of a peg
passing through the entire width of the main rod. Openings for the passage of a peg
passing through only part of the width of the main rod, i.e., in particular through the wall
in one location instead of in two opposite locations, are also possible. Further, the
connecting opening may be an elongated opening for the passage of a handling
protrusion of a sliding member, as will be described below, wherein the axis of this
elongated opening is a perpendicular line to the axis of the main rod passing through this
elongated opening. As a result, the cross rods on the resulting element do not interfere
with said handling.

The step of forming the connecting member may also comprise forming a cutout
at the first end of the main rod, wherein the cutout is defined by at least two opposite
parallel surfaces, and wherein the preset location for implementing the connecting
member or a part thereof is realised as a predetermined angle between the normal of at
least one plane surface and the normal of the opposite parallel surfaces projected into a
plane perpendicular to the axis of the main rod. It is therefore a so-called forked
connecting member, where the end of one element is inserted into the cutouts at the end
of another element during connecting, and preferably further secured by pegs in the
connecting openings extended through this cutout.

The method then for example further comprises a step of forming a complementary
connecting member at the other end of the main rod, wherein the complementary
connecting member comprises a protrusion defined by at least two parallel surfaces,
wherein the protrusion is adapted to be inserted into the cutout at the first end of another
element of the truss structure. This protrusion is then also a part of the connecting
member formed in the preset location, therefore especially its opposite surfaces
complementary to the cutout have normals in a specified orientation with respect to the
normal or normals of the plane surface or surfaces. This forked link is also preferably
realised by means of housings, thus the cutouts and protrusions are then formed on the
housings, which are subsequently attached to the main rods.

The step of forming the connecting member may also comprise providing at least
one end of the main rod with a sliding member placed inside the main rod, preferably
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inside the housing on the main rod, wherein the sliding direction is parallel to the axis of
the main rod. The sliding member comprises a handling protrusion passing outwardly
from the main rod through the elongated opening in the wall of the main rod, wherein the
elongated opening is symmetrical for a part of its length about the plane of symmetry of
the elongated opening and wherein the axis of the main rod lies in the plane of symmetry
of the elongated opening. Thus the elongated opening is, e.g., partly formed by a groove
passing through the wall of the main rod along its axis. The preset location for the
implementation of the connecting member or a part thereof is then preferably defined by
presetting the angle between the plane of symmetry of the elongated opening and the
normal of at least one plane surface. On the resulting element of the truss structure, the
handling protrusion is then, e.g., directed to the centre of the element. Similarly to other
types of connecting members, this connecting member with a sliding member and a
member complementary to it with an opening for the sliding member may also preferably
be formed by means of housings attached in the method of the invention to the ends of
the main rods.

In other words, for elements with connecting members realised in any manner, the
main rod may be formed from multiple parts, where the end part with the connecting
member may be made separately from the remainder of the main rod. This remainder
may have a constant cross-section along its entire length and thus be, e.g., manufactured
by extrusion, wherein the end parts, i.e. e.g. the housings described above, may be

welded, pressed, riveted, etc. to it. The most preferable method of attachment is welding.

Furthermore, the disadvantages of the prior art solutions are to some extent
eliminated by a truss structure which comprises at least two elements of a truss structure

manufactured in the method described above.

Description of Drawings

A summary of the invention is further clarified using exemplary
embodiments thereof, which are described with reference to the accompanying
drawings, in which:
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1 shows schematically a view of a main rod for an element of a truss structure
manufactured in the method of the invention, wherein the view is in the direction
of the axis of the main rod and this main rod is secured in a fixing jaw along
with a connecting peg,

2 is a perspective view of the main rod with the fixing jaw from fig. 1,
3 is a perspective view of a plane surface of the main rod of fig. 1,

4 is a view in A—A section of the main rod of fig. 3, wherein this section is
perpendicular to the axis of the main rod, wherein it can be seen that this main
rod has two plane surfaces and the angles between the normals of the main

surfaces and the axis of the connecting peg and opening are indicated,

5 is a view in the axis of the main rod of the fixing jaw with the main rod fixed
and with a housing fixed in a precisely given position by a peg threaded through
its connecting openings, thereby making the housing ready to be welded to the

main rod,

6 is a perspective exploded view of a truss structure of the invention, wherein

connecting members of this structure comprise connecting openings, pins, and

pegs,
7 is a detailed view of the connecting member of fig. 6,

8 is a perspective exploded view of a truss structure of the invention, wherein
connecting members of this structure comprise connecting cutouts and

protrusions,
9 is a detailed view of the connecting members of fig. 8,

10is a perspective view of a bayonet connecting member and its counterpart

with an opening for a sliding member,

11is a perspective view of a truss structure of the invention with bayonet

connecting members before the elements are connected, and

12is a detailed view of the structure of fig. 11 in the location of the connecting

members, that is, a sliding member with an extended end on one element and
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a complementarily shaped opening for the sliding member on the other

element.

Exemplary Embodiments of the Invention

The invention will be further clarified using exemplary embodiments with reference
to the respective drawings.

The object of the invention is a method of manufacture of an element 1 of a truss
structure. In this method, main rods 2 for the given element 1 are provided, that is at least
two main rods 2. Each main rod 2 has a constant cross-section for the majority of its
length, and this cross-section is curved for a part of its circumference, for example it is
oval or preferably circular for a part of its circumference, as shown in figs. 4 to 5. However,
any other curved shape is also possible. Preferably the main rod 2 comprises two end
parts and a central part, wherein the central part has said constant cross-section and the
end parts, for example shorter than 10 cm, have a different cross-section, may be of a
different piece of material, and are adapted for connecting the elements 1. Particularly
preferably, these end parts take the form of separate housings 3 which are attached to
the central part of the main rod 2 in a precisely defined position during the method of the
invention. Preferably, the precisely defined position is given as the rotation about the axis
of the main rod and as the distance of the opposite housings 3 on the given main rod 2,
thus ensuring the assemblability of the structure of the resulting elements 1. Further, each
main rod 2 comprises at least one plane surface 19 that passes along the axis of the main
rod 2 over a majority of its length, preferably over said central part in its entirety. Further,
the method of the invention comprises the following steps, wherein these steps are

applied to each main rod 2:

e a step of fixing the main rod 2 in a clamping jaw 4, and

e a step of forming or attaching a connecting member for connection to
another element 1.

In the step of fixing, a clamping jaw 4 adapted complementarily to the shape of the
given main rod 2 is used, in particular in that it is engaged with said at least one plane
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surface 19 such that rotation of the main rod 2 in the following step is prevented. The
rotation of the main rod 2 about its axis with respect to the clamping jaw 4 is
unambiguously determined in the step of fixing, such that the connecting member may
be formed or attached in an unambiguous position in the subsequent step based on this

rotation.

This rotation, as well as the position or rotation of the connecting member
described below, is preferably the same for all the main rods 2 of all the elements 1
forming the resulting truss structure. Thus, the method of the invention may be not only a
method of manufacture of the element 1 but also a method of manufacture of a truss
structure that comprises a plurality of elements 1, wherein for each element 1 the same
location for forming the connecting member or a part thereof is preset for each main rod
2. Thus, the position of the connecting members, or certain parts thereof, is identical on
all the main rods 2 in the manufactured structure, in particular this position is determined
relative to some plane surface 19 on each main rod 2 or more preferably to all plane
surfaces 19 on each main rod 2. Such a method may be applied to the manufacture of
any elements 1 with a plane surface 19 on the main rods 2, in particular, therefore,
regardless of the realisation of the other features described in the specific embodiments

below, e.g.,, the specific form of the connecting member.

Preferably, in the step of forming or attaching the connecting member, a part of the
connecting member, namely the housing 3, is attached at at least one end of the main
rod 2, preferably at said end part. In this step, the main rod 2 is still fixed in the clamping
jaw 4 and, as indicated in figs. 1 and 2, the peg 9, which is also fixed in the connecting
jaw 4, is threaded through the housing 3, and thanks to the unambiguously determined
rotation of the main rod 2 and the housing 3, the rotation of the connecting member (i.e.
the housing 3 and in particular its connecting opening 7) is also unambiguously
determined with respect to at least one plane surface 19, i.e. the location where the
connecting member is placed is preset for each connecting member. Preferably not only
the rotation between the housing 3 and the main rod 2 is determined, which is therefore
secured by the clamping jaw 4 before the start of e.g. welding of the housing 3 to the main
rod 2 at a location 20 of attachment of the housing to the main rod but also the position
of the housing 3, or both housings 3 on the main rod 2 in the direction of the axis of the
main rod 2 is determined. As a result, the distance of the housings 3 and thus also their
connecting openings 7 is substantially the same on all the main rods 2 such that
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complications due to manufacturing inaccuracies and different lengths of the main rods 2
with the housings 3 do not arise when assembling the truss structure.

The welding of the housing 3 to the main rod 2 does not have to take place when
it is fixed in the clamping jaw 4. Preferably, after placing the housing 3 or both housings
3 on the given main rod 2, this main rod 2 and the housings 3 are clamped in the axial
direction and offset from the clamping jaw 4, or the clamping jaw 4 is offset from the main
rod 2. Subsequently, the welding tool may weld the housings 3 at the location 20 of
attachment of the housing to the main rod. The welding tool may be, for example, a
welding robot movable in multiple axes, but it may also be located in a single location and
the welding around the entire circumference is ensured by rotating the main rod 2 about
an axis, e.g. by means of the same, preferably pneumatic, device which clamps the main
rod 2 in the direction of the axis and thus holds the housings 3 in the correct position

determined by the clamping jaw 4.

Alternatively, it is also possible to form the connecting member directly on the
main rod 2, i.e., for example, after fixing it in the clamping jaw 4, to drill connecting
openings 7 at its end parts. Thus, forming or attaching the connecting member may, in
any embodiment, include forming (drilling, milling, etc.) an opening or cutout or protrusion,
welding the housing 3, pressing the housing 3, riveting the housing 3, etc. In any
embodiment, the connecting member may be referred to as part of the connecting
mechanism, i.e. only e.g. one member of the plurality of members necessary for
connecting the elements 1 is attached or formed, for example, it may particularly
preferably be a connecting opening 7 (in the housing 3 or the main rod 2) which is part of
the connecting mechanism further comprising a peg 9, a pin 13, and a cotter pin, a forked
shape of the end of the main rod 2, or a sliding member 14. The opposite end of the main
rod 2 from that on which said connecting member or mechanism is provided preferably
comprises a complementary connecting member to allow the connection of the resulting
elements 1. Thus it e.g. comprises a protrusion 11 for fixing in a fork-shaped cutout 10 or
an opening 16 for the sliding member.

Furthermore, the method comprises a step of firmly connecting the main rods 2 by
means of cross rods 5, each of which is welded with one end thereof to some plane
surface 19 of the main rod 2 and with the other end thereof to the plane surface 19 of
another main rod 2. Preferably, the plane surfaces 19 are provided with grooves 6,
preferably passing in the middle of the given plane surface 19 parallel to the axis of the
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main rod 2, for the escape of expanding air during welding. It is also possible to provide
the grooves 6, for example, perpendicular to the axis of the main rod 2, or at any other
angle to the axis. However, the grooves 6 running parallel to the axis are the most
preferable from the point of view of the method of manufacture, because the plane
surfaces 19 along with the grooves 6 may then be on the main rod 2 already since
manufacture, for example the main rods 2 are extruded already with the plane surfaces
19 and preferably also with the grooves 6. The cross rods 5 may have, for example, a
circular or oval cross-section, but an angular, e.g., square or hexagonal, cross-section is
also possible. At the ends, the cross rods 5 may be obliquely cut off, especially if they are
to pass obliquely (i.e., not perpendicularly) to the main rods 2 after welding. However, the
elements 1 may also comprise perpendicularly extending cross rods 5 or a combination
of perpendicular and oblique, e.g., inclined 40-50° to the axes of the main rods 2 being
connected.

In some embodiments, the method of the invention may further preferably
comprise a step of forming vent openings extended through the wall of the main rod 2,
for improved escaping of air during welding. Preferably, the openings are formed in the

grooves 6 to facilitate guiding the drill to the correct location.

In the embodiment shown in figs. 1-7, the connecting member comprises
connecting openings 7 formed in the housings 3 attached to the ends of the main rods 2
and comprises pegs 9 for passing through these openings. In some embodiments without
the use of the housings 3, the ends of the main rods 2 of one element 1 may be tapered
and/or the ends of the main rods 2 of the other element 1 may be widened such that the
ends may be inserted when the elements 1 are being connected together and, after
alignment of the connecting openings 7, the connection of the elements 1 may be secured
by inserting the peg 9. In preferred embodiments, the connecting member further
comprises a cylindrical pin 13 that also comprises connecting openings 7 at both ends
and is adapted to be inserted into the main rods 2, i.e., preferably into the housings 3
which are part of the main rods 2. For the connection, the pins 13 are then partially
inserted into the main rods 2 of one element 1 and the main rods 2 of the other element
1 are mounted thereon. The connecting openings 7 on the pins 13 are aligned with the
connecting openings 7 on the main rods 2 of the two elements 1 and the pegs 9 may be
inserted therein. Preferably, the pegs 9 are secured against spontaneous falling out after
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the connection of the elements 1, e.g., by cotter pins 12. This connection is shown in
detail in fig. 7.

Said unambiguous rotation between the connecting member and the at least one
plane surface 19, which determines the location of the formation or attachment of the
connecting member, is preferably determined as the angle a between the projection of
the normal 8 of the given plane surface 19 in a plane perpendicular to the axis of the main
rod 2 and the projection of the axis of the connecting opening 7 formed at the end of the
given main rod 2 or in the housing 3 in the same plane. For example, as indicated in fig.
4, the main rod 2 comprises two plane surfaces 19, wherein the axis of the connecting
opening 7 passes symmetrically between them when viewed in the axis of the main rod
2. The plane surfaces 19 shown are perpendicular to each other such that the connecting
opening 7 is rotated relative thereto by a = 45° + 1°, preferably 45° £ 0.5°, more preferably
45° + 0.25°. In an embodiment with a different size of angle 3 between the pair of plane
surfaces 19, the angle a between the axis of the connecting member and the normal 8 of
the plane surface may be equal to B/2 £ 1°, preferably £ 0.5°, more preferably + 0.25°. In
a further embodiment with at least three plane surfaces 19, if they are arranged in such
a way that there is a plane passing through the axis of the main rod 2, around which the
cross-section of the main rod extending perpendicular to the axis through all three plane
surfaces 19 is symmetrical, preferably also the connecting opening 7 is symmetrical
around this plane such that its axis lies therein.

In a further embodiment where the three plane surfaces 19 do not have a plane of
symmetry, the axis of the connecting opening 7 may, for example, lie in the plane of
symmetry for two of the three plane surfaces 19 and/or may be parallel to the normal of
one of the three plane surfaces 19. In embodiments with a single plane surface 19, the
axis of the connecting opening 7 may preferably be parallel to the normal 8 of the plane
surface. The rotation of the connecting opening 7 may then, in any embodiment, also
determine the rotation of the pin 13 relative to the plane surface 19 or the multiple plane
surfaces 19.

The connecting opening(s) 7 may pass across the entire width of the main rod 2.
Typically, the main rod 2 is hollow and the connecting opening then passes through its
wall (e.g., the wall of the housing 3) in two locations opposite each other. However, an

embodiment is also possible where the connecting opening 7 passes through the wall of
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the main rod 2 only once. One end of the peg 9 may then be placed inside either or both
of the elements 1 and the pin 13 after the elements 1 have been dismounted.

Fig. 5 shows the fixation of the main rod 2 with two plane faces 19 in the clamping
jaw 4, for example for realising the step of firmly connecting, preferably welding, the cross
rods 5 to the given main rod 2. In the embodiment of fig. 5, only one plane surface 19 is
in contact with the bottom frame, wherein the top clamping part is engaged with the other
one. In the embodiment of fig. 6, each element 1 of the truss structure comprises four
main rods 2 and a series of cross rods 5, wherein at the ends of the main rods 2 the cross
rods 5 are perpendicular thereto and for the remainder of the length they are oblique, e.g.,
at an angle of 45°. In this embodiment, each main rod 2 has two plane surfaces 19 on
which the cross rods 5 are welded, wherein each plane surface 19 comprises a groove 6
along its entire length. In some embodiments, three plane surfaces 19 for each main rod
2 may be used for four-rod elements 1. In some embodiments, a part of the cross rods 5
may also be welded to a curved part of the main rods 2.

In the embodiment of figs. 8, 9, instead of connecting by means of pins 13 secured
by pegs 9, an alternative connection by means of so-called forks is used. In this
embodiment, the connecting members at one end of the element 1 are different from
those at the other end, complementary to them. The main rods 2 forming such an element
1 all have a cutout 10 formed at their first end, and have a protrusion 11 at their other end
adapted to be inserted into the cutout 10 on the other element 1. Preferably, these cutouts
10 and protrusions 11 are part of the housings 3, which are attached to the main rod 2.
Some elements 1 in the structure may then be provided with a connecting member at one
end only, e.g., elements 1 intended to be anchored to the ground at one end.
Furthermore, the connecting openings 7 pass through the protrusions 11 and the
recesses 10 for securing them with the peg 9. The recesses 10 in the embodiment shown
have the form of a cuboidal cutout formed from the given end of the main rod 2 parallel
to the axis. The recess 10 is thus defined by a pair of opposite parallel surfaces and a
bottom, wherein the connecting opening 7 passes between these parallel surfaces. Said
unambiguous rotation of the connecting member defining the location of its formation is
then given as the angle between said opposite parallel surfaces and the normal 8 of the
plane surface, or the normals of all plane surfaces 19. At the same time, the angle
between the connecting opening 7 and the normal 8 of the plane surface is thus also
unambiguously determined. Preferably, this placement of the connecting members is
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secured analogously to the embodiment of figs. 1 and 2, i.e. the recesses 10 and
protrusions 11 are formed on the housings 3 together with the connecting openings 7,
and the position of the housing 3 relative to the main rod 2 is secured by fixing the main
rod 2 and the peg 9 passing through the connecting opening 7 in the housing 3 to the
clamping jaw 4. Subsequently, the entire main rod 2, i.e., including the housings 3 at one
or both ends, may again be axially compressed, the clamping jaw 4 may be removed and
the entire circumference at the location 20 of attachment of the housing to the main rod
may be welded. In the embodiment shown, with a pair of mutually perpendicular plane
surfaces 19, the normal of one of the plane surfaces is perpendicular to the parallel
surfaces and the normal of the other is parallel to them. However, an embodiment is also

possible where, for example, the angle of the two normals to the parallel surfaces is 45°.

The protrusions 11 are realised in a complementary manner, so that they also have
a cuboidal shape and in particular a pair of opposite parallel surfaces, through which the
connecting opening 7 passes. The protrusions 11 on all the main rods 2 of the given
element 1 may thus be inserted into the cutouts 10 of the other element 1 being
connected, wherein after insertion the connecting openings 7 are aligned and the pegs 9
may be threaded through them. The angle between the parallel surfaces and the normals
8 of the plane surfaces is also determined complementarily to the cutouts 10. In
alternative embodiments, the value of the angles between the parallel surfaces and the
normals may be different. In some embodiments, these surfaces defining the cutouts 10
and the protrusions 11 need not be parallel to each other, but in some direction may be
convergent or curved. The rotation of the connecting member may then be determined,
e.g., relative to the connecting opening 7, which may further be, for example, extended
perpendicular to one plane surface 19 and parallel to the other, or relative to a plane of
mirror symmetry for such converging opposite surfaces of the protrusions 11 and the
recesses 10.

Alternatively or additionally, the unambiguous rotation may be determined as the
angle between the plane of symmetry of the given end of the main rod 2 with the cutout
10 or protrusion 11 and the normal of the plane surface 19 or surfaces. For example, in
an embodiment with a single plane surface 19, this axis of symmetry may be
perpendicular or parallel to this plane surface 19. In the case of multiple plane surfaces
19, the axis of symmetry of the protrusion 11 / cutout 10 may be perpendicular, parallel,
or otherwise unambiguously rotated with respect to the axis of symmetry of the plane
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surfaces 19 or some of them, or to the normal of the selected plane surface 19. In some
embodiments, two types of elements 1 for constructing a truss structure may be formed,
ones with cutouts 10 at each end and the others with protrusions 11 at both ends. The

rotation of the connecting members is analogous to the embodiments described above.

In another exemplary embodiment, the connecting member may be realised as a
so-called bayonet connecting member. This connecting member is usually also formed
only at one end of the elements 1, wherein the other end of the elements 1 is provided
with a complementary member, wherein preferably both have the form of a housing 3, i.e.
are formed separately and subsequently attached to the main rod 2, but it is also possible
to form them directly at the ends of the main rod 2 formed from one piece. The bayonet
connecting member comprises a sliding member 14 fixed inside the main rod 2, at the
end thereof. In the embodiment shown, this end is a separate part of the main rod 2 — the
housing 3, but it is also possible to form the elongated opening 18 shown directly into the
extruded wall of the main rod 2. Similarly, the entire counter piece with the opening 16 for
the sliding member may be incorporated inside the main rod 2 (at the opposite end) or it
may be formed such that it also forms part of the wall of the main rod 2 at its end, i.e., it

will be realised as a housing 3.

Thus, the sliding member 14 may be moved in a closed interval, parallel to the axis
of the main rod 2, and at the same time it may be rotated, preferably also in a closed
interval, e.g. less than 90°, in the embodiment shown less than 30°, about this axis. The
range of rotation is defined by the asymmetrical ends of the elongated opening 18, as
can be seen in fig. 10. This sliding member 14 is formed at least at its one end 15
asymmetrically about the axis of the main rod 2, this end 15 is thus not circular in shape.
For example, it may have the shape of a rectangle, or it may include a series of
protrusions arranged uniformly around its circumference, as in fig. 10. The sliding member
14 may be partially slid out of the main rod 2 by sliding. The sliding member 14 is
adjustable to at least three positions, in the first of which it is slid out of the main rod 2, in
the second of which it is also slid out of the main rod 2 and is rotated with respect to the
first position, and in the third position it is slid out of the main rod less than in the first two
positions, that is, it is moved towards the opposite end of the given main rod 2, wherein it
may or may not continue to protrude from the main rod 2. A truss structure with these
bayonet connecting members is shown in fig. 11 and in detail in fig. 12. In this detalil, it
can be seen how the connecting members, i.e., the housings 3 of fig. 10 are connected
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to the main rods 2. As can be seen in this figure, the axis of the elongated opening 18 lies
in the plane of symmetry of the pair of plane surfaces 19 shown such that the handling
protrusion 17, when moved through the symmetrical central part of the elongated opening
18, faces the centre of the element 1, symmetrically between the plane surfaces 19 and
the cross rods 5 protruding therefrom.

The complementary connecting member on the another element 1, or on the
opposite end of the same element 1, comprises an opening 16 for the sliding member
with an axis parallel to the axis of the main rod 2. This opening 16 for the sliding member
is asymmetrical about this axis, complementarily to the shape of the end 15 of the sliding
member 14 described above. When viewed in the axis of the main rod 2, in one of the
first and second positions of the sliding member 14, the projection of said asymmetrical
end 15 of the sliding member 14 is entirely overlapped by the projection of the opening
16 for the sliding member and in the second of these positions it exceeds it, wherein in
both of these positions the sliding member 14 passes through the opening 16 for the
sliding member, and in the third position it does not pass through it. Thus, by rotating
between the first and second positions or vice versa, the sliding member 14 in the opening
16 for the sliding member prevents subsequent distancing of the elements 1 being
connected. The bayonet connecting member may further comprise a securing member
to prevent the sliding member from rotating spontaneously, for example, this may be a
securing nut or a spring increasing by its force action the friction between the sliding
member 14 and another component, such that this friction needs to be overcome to rotate
the sliding member 14 between its positions.

To allow the sliding member 14 to be slid by the user, the sliding member is
provided with a handling protrusion 17 that protrudes outwardly from the main rod 2
through the elongated opening 18 provided in the wall of the main rod 2. The elongated
opening 18 may thus limit the movement and rotation of the sliding member 14, and
thanks to the handling protrusion 17, the sliding member 14 may be fixed and handled,
i.e., slid and rotated. The unambiguous rotation between at least one of the plane
surfaces 19 and the connecting member, or the location of formation of the connecting
member, may then be defined as the unambiguous rotation between the elongated
opening 18 and the normal 8 of the plane surface. Preferably, the elongated opening 18
is formed, for example, by a groove passing through the wall of the main rod 2 parallel to
its axis, wherein at one or both ends such groove is widened to allow rotation of the sliding
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member 14 in addition to its sliding. The central part of the groove, that is the part without
extension allowing only sliding movement, then has its plane of symmetry, in which the
axis of the main rod 2 also lies, and the rotation of this plane of symmetry with respect to
the normal 8 of the plane surface may then unambiguously determine the desired rotation

or placement of the connecting member.

Alternatively or additionally, this unambiguous rotation may be determined, for
example, as an axis between the handling protrusion 17, e.g. one of its walls, its axis if
cylindrical, etc., and the normal 8 of the plane surface in some position of the sliding
member 14, preferably in a position where the projection of the asymmetrical end 15 of
the sliding member 14 is entirely within the projection of the opening 16 for the sliding
member. In particular, the chosen rotation of the elongated opening 18 or the handling
protrusion 17 is particularly such that, after welding the element 1, the cross rods 5 and
the other main rods 2 do not prevent the handling of the sliding member 14. For example,
said plane of symmetry of a part of the elongated opening 18 may also be the plane of
symmetry of the plane surfaces 19 of the given main rod 2, regardless of the number of
plane surfaces 19 on the given main rod 2. Preferably, for example, the handling
protrusions 17 in the above described position of the sliding member 14, which defines
the rotation of the connecting member 14, are all directed towards the centre of the
element 1 or, on the contrary, are directed in the opposite direction, away from the centre
of the element 1. The direction towards the centre is more preferable as the risk of the
protruding part of the handling protrusions 17 interfering or being inadvertently damaged

or slid or rotated is reduced.

Analogously to the embodiments described above, the elongated opening 18 for
the bayonet connecting member may be considered a special case of the connecting
opening 7. The required rotation of the connecting member with respect to at least one of
the plane surfaces 19, defining the location of implementation of the connecting member,
may then be determined as the rotation of the connecting opening 7 with respect to the
plane surface 19 or multiple plane surfaces 19, in particular their normals, for all three
main types of connecting members mentioned, that is for peg connecting members, with
or without pin 13, fork connecting members, and bayonet connecting members. Thus, in
any embodiment, the rotation of the connecting member may be defined as the rotation
of the connecting opening 7 relative to the normal of at least one plane surface 19.
Preferably, the connecting opening 7, or a certain part thereof (in particular the
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symmetrical part of the groove in the case of a bayonet connection), is symmetrical about
the same plane containing the axis of the main rod 2 about which the plane surfaces 19
of the given main rod 2 are symmetrical, if these plane surfaces 19 are arranged
symmetrically about some such plane. If the plane surfaces 19 are not arranged
symmetrically about any plane in which the longitudinal axis of the main rod 2 lies, the
plane of symmetry (part) of the connecting opening 7 may be the plane of symmetry of
the selected plane surfaces 19 or one of them.

The object of the invention is further any truss structure which comprises elements
1 made by the method of the invention. Thus, for example, a truss structure comprising
at least two elements 1, comprising at least two main rods 2 with at least one plane
surface 19, wherein each main rod 2 comprises a connecting member, in which the
placement or rotation of the connecting member or a part thereof is unambiguously
determined relative to at least one plane surface 19 during manufacture. In particular, as
described in the preceding paragraph, the given part of the connecting member for which
the rotation is unambiguously defined may be the connecting opening 7, for any type of
connecting members. Preferably, its rotation is determined by the rotation of its plane of
symmetry or the plane of symmetry of its part with respect to the normal of some plane
surface 19. Preferably, this plane of symmetry is also a plane of symmetry of the plane
surfaces 19, of some of the plane surfaces 19, or of one plane surface 19, particularly
preferably of all of the plane surfaces 19. This plane of symmetry is preferably the plane
in which the axis of the considered main rod 2 lies.
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List of Reference Numerals

1 - Element
2 - Main rod
3 - Housing

4 - Clamping jaw

5 - Cross rod

6 - Groove

7 - Connecting opening

8 - Normal of the plane surface
9 - Peg

10 -Cutout

11 -Protrusion

12 -Cotter pin

13 -Pin

14 -Sliding member

15 -End

16 -Opening for the sliding member
17 -Handling protrusion

18 -Elongated opening

19 -Plane surface

20 -Location of attachment of the housing to the main rod
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CLAIMS

A method of manufacture of an element (1) of a truss structure, this method
comprising providing at least two main rods (2), wherein each main rod (2) has a
constant cross-section with a partially curved circumference over the majority of
its length and comprises at least one plane surface (19) passing along the axis of
the main rod (2) over the majority of the length of the given main rod (2),
characterised in that the method further comprises, for each main rod (2), the
steps of:
¢ fixing the main rod (2) in a clamping jaw (4), wherein the clamping jaw (4)
is engaged with at least one plane surface (19) of the main rod (2); and
e forming or attaching a connecting member for connection to another
element (1) of the truss structure at at least one end of the main rod (2)
while the main rod (2) is fixed in the clamping jaw (4), wherein the

connecting member or a part thereof is implemented in a preset location;

and wherein the method further comprises a firm connection of the main
rods (2) by cross rods (5) welded to the main rods (2) on the plane surfaces (19)

of the main rods (2) being connected.

The method of manufacture of an element (1) of a truss structure of claim 1,
characterised in that forming or attaching the connecting member comprises
providing a housing (3) with a connecting opening (7), fixing the housing (3) in the
clamping jaw, and attaching the housing (3) to the main rod (2), wherein the preset
location for implementing the connecting member or a part thereof is realised as a
preset angle between axis of the connecting opening (7) and a normal (8) of at
least one plane surface (19) in projection into a plane perpendicular to the axis of
the main rod (2).

The method of manufacture of an element (1) of a truss structure of any one of
claims 1 to 2, characterised in that the partially curved circumference of the
cross-section of the main rod (2) has the shape of a part of circle or ellipse.
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. The method of manufacture of an element (1) of a truss structure of any one of

claims 1 to 3, characterised in that at least one plane surface (19) is provided
with a groove (6) passing along the axis of the main rod (2).

. The method of manufacture of an element (1) of a truss structure of claim 4,

characterised in that it further comprises a step of forming at least one vent
opening, wherein the at least one vent opening is formed in the groove (6).

. The method of manufacture of an element (1) of a truss structure of any one of

claims 1 to 5, characterised in that the step of forming the connecting member
comprises forming a connecting opening (7) in the main rod (2), wherein the axis
of the connecting opening (7) is perpendicular to the axis of the main rod (2), and
wherein the preset location for implementing the connecting member or a part
thereof is realised as a preset angle between the axis of the connecting opening
(7) and a normal (8) of at least one plane surface (19) in projection into a plane
perpendicular to the axis of the main rod (2).

. The method of manufacture of an element (1) of a truss structure of claim 6,

characterised in that the at least one connecting opening (7) is an opening for
the passage of a peg (9) passing through the entire width of the main rod (2).

. The method of manufacture of an element (1) of a truss structure of any one of

claims 1 to 7, characterised in that the step of forming the connecting member
comprises forming a cutout (10) at the first end of the main rod (2), wherein the
cutout (10) is defined by at least two opposite parallel surfaces, and wherein the
preset location for implementing the connecting member or a part thereof is
realised as a predetermined angle between a normal (8) of at least one plane
surface (19) and a normal of the opposite parallel surfaces in projection into a
plane perpendicular to the axis of the main rod (2).

. The method of manufacture of an element (1) of a truss structure of claim 8,

characterised in that the method further comprises a step of forming a
complementary connecting member at the other end of the main rod (2), wherein
the complementary connecting member comprises a protrusion (11) defined by at
least two parallel surfaces, wherein the protrusion is adapted to be inserted into

the cutout (10) at the first end of another element (1) of the truss structure.
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10.The method of manufacture of an element (1) of a truss structure of any one of

11

claims 1 to 5, characterised in that the step of forming the connecting member
comprises providing at least one end of the main rod (2) with a sliding member
placed inside the main rod (2), wherein the direction of the sliding is parallel to the
axis of the main rod (2), wherein the sliding member comprises a handling
protrusion passing outwardly from the main rod (2) through an elongated opening
in the wall of the main rod (2), wherein the elongated opening is symmetrical for a
part of its length about a plane of symmetry of the elongated opening and wherein
the axis of the main rod (2) lies in the plane of symmetry of the elongated opening,
wherein the preset location for the implementation of the connecting member or a
part thereof is realised as a predetermined angle between the plane of symmetry
of the elongated opening and a normal (8) of at least one plane surface (19).

.A truss structure characterised in that it comprises at least two elements (1) of a

truss structure manufactured by the method of any one of claims 1 to 10.
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