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DUPLICAT

The present invention relates generally to a truss .

TRUSS STRUCTURE

structure used for construction of a building, house or the like
and more particularly, a truss structure comprising a
multiplicity of substantially spherical nodes, a multiplicity of
rods extending between and joined to each adjacent pair of the
nodes to thus form any desired configuration, such as a dorm, a
plane figure, and a multiplicity of panels enclosing the
configuration. |

A typical structure of the type described is disclosed in
Japanese Utility Model Laid-open Publication No. 2-20614. The
disclosed truss étructurc 501 broadly comprises three distinct
elements; a skeleton or supporting foundation framework 50la
for bearing the whole burden of the structure 501; a covering
structure 501b enclosing the framework and; means 50lc for

linking the skeleton 50la and the covering structure 50lc. The

'skeleton 50la includes a multiplicity of solid nodes 503 and a

multiplicity of solid cylindrical rods 505 extending between
and joined to each adjacent pair of the nodes 503 in such a way
that relevant radiating rods 505 being joined radially thereto to
thus form a lattice like skeleton framework 50la of a desired
conﬁgﬁration. The covering structure 501b includes a
multiplicity of panel members 501b each comprising an
interior and an exterior frame half 507, 509 and a panel 511
clamped therebetween. And, the linking means 501c includes a
multiplicity of brackets 50lc linking the nodes 503 and the

interior frame halves 507.
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TRUSS STRUCTURE The present invention relates generally to a truss
structure used for construction of a building, house or the like and nore
particularly, a truss structure conprisiég a multiplicity of substantially .
spherical nodes, a multiplicity of rods extending between and joinfed to
each adj acent pair of the

This conventional truss structure 501 suffers the |
following drawbacks: \
Since the lattice-like skeleton framework 501a, a great
number of the brackets 507 and the panel members 501b are 4
5 arranged and installed at random or without regard to each
other in terms of aesthetical design, this provides unsightly.
complicated and out-of-order appearance.
After setting up the skeleton framework 501a; first one
must attach brackets members 501c to the skeleton framework
10 501a at thousands of positions and then attach a multiplicity of
panel members 501b to the bracket members 501c at as many
positions. This operation has proved to be very time-
consuming and tedious.
With the foregoing difﬁculties in view, it is therefore an
15 object of the invention to provide a truss structure which is
simple in structure, thus pleasing to look at and is easy to
manufacture and install.
- According to the present invention, there is provided a
truss structure comprising: a multiplicity of substantially
20 spherical nodes; and a multiplicity of rods extending between
and joined to each adjacent pair of the nodes in such a way that
each node has their relevant rods extending radially therefrom
to thereby form a desired lattice configuration; characterized in
that: the lattice configuration has a multiplicity of openings
25 each defined by a set of the rods; the truss structure further
including a multiplicity of panels each adapted to enclose the

opening; each rod including an elongated tube having. each end
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nodes to thus formany desired configuration, such as a done, a plane
figure; and a nmultiplicity of panels enclosing the configuration. A
*typi‘cal jstructure of the type described is disclosed in Japanese Uility

i d-open Publication No. 2-20614. The disclosed truss structure 501
broadl y§ conpri segydtbfied @ shénotiteel periphery afskke etode cands up pupipong
foundatg on franework 50l1a for bearing the whole burden of the structure
501; afcovering sigmbévriatégrablyeformedngnt Hbef ehongatedt tut fiorasspporting or

thereon the panel in the opening in cooperation with the

corresponding support members of the other opening-defining
5 rods; and means for retaining the corresponding panel to the
support member.

Many other advantages and features of the present
invention will become manifest to those versed in the art upon
making-reference to the detailed description and the
10 accompanying sheets of drawings in which preferred structural
’ embodiments incorporating the principles of the present

invention are shown by way of illustrative example.
FIG. 1 is a diagrammatical plan view of a dorm
construction in which the present invention is embodied.
15 FIG. 2 is an .enlarged fragmentary view of an abex portion
of the dorm construction of FIG. 1;
| FIG. 3 is a cross-sectional view taken on line III-III of
FIG. 2.
FIG. 4 is a cross-sectional view take on line IV-IV of FIG.
20 2,
FIG. 5 is an enlarged exploded view of the apex portion of
the dorm construction, some parts omitted for brevity's sake.
FIG. 6 is a perspective view of a conventional truss
structure described in the introductory part of the specification.
25 . FIG. 1 is a diagrammatical plan view of of a dorm
construction used for auditorium, stadium etc. in which the

present invention is embodied, although the truss structure
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l'i nki ng the skel eton 501a and the covering structure 501c. The skel eton
501a isncludes a multiplicity of solid nodes 503 and a multiplicity of solid
cylindrical rods 505 extending between "and-j oi ned to each adjacent .pair of
t he nodes 503 in such a way that relevant radiating rods 505 belng\10|ned
radially thereto to thus forma lattice |ike skeleton framework 5013 of a

e o o SELng U BEVBE R SURIRP A 6 e e ) <1
such as as cu'cular plane figure, rectangular plane flgure ete. 3

As seen from FIG. 1, the truss structure broadly

comprises a multiplicity of nodes 11; a multiplicity of rods 13

5 extending between and joined to each adjacent pair of the
nodes 11 in such a way that each of the node 11 has their some
relevant rods extending radially therefrom to form a dorm-like \
lattice construction having a plurality of opening each defined
by a set of the rods 13; a plurality of panels 12 each adapted

10 to enclose the opening; and means 14 for retaining the
corresponding panel to the rod.

Since the node-and-rod system is repeated over entire
area of the dorm construction, the explanation will be made by
focusing on an apex portion A (FIG. 2) of the dorm construction

15 of FIG. 1. In FIG. 2, a node 11 is partly seen under five
' elongated cap plates 91 having their isosceles-triangular ends
93 butted together, the corresponding five rods being hidden
under the cap plates 91. Although the node-and-rod system is
shown to extend over the entire area of the construction in this
20 embodiment, the node-and-rod system may be used as part of
a construction, such as a facade, a flat roof and a skylight.

As better shown in FIGS. 4 through 5, each node 11 is
- substantially spherical and hollow, and comprises a hollow
bowl-shaped node body 15, a thin circular cap 17 and a joint

25 bolt 19 joining the node body 15 and the circular cap 17
| together. The node body 15 has a circular opening 21 formed

in the base thereof. The node body !5 has a plurality of (five
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interior and an exterior frame half 507, 509 and a panel 511 clanped
t herebetween. And, the |inking nmeans 501c includes a multiplicity of
“bracketts 501c Ilnklng t he nodes 503 and the interior frame hal ves 507.

ﬁé’c' in case of the node 11 located on the apex portion A) through
fe. § holes 23 formed in the periphery in a plane and disposed at
uniform intervals from each other. The node body 15 has a

3 threaded hole 25 on the internal periphery at the apex A

| 5 thereof into which one end of the joint bolt 19 is screwed. The
node body 15 has a pair of internal and extemal flattened
surfaces 26, 27 around the internal and external edges,
respectively, of each through hole 23 for enabling a head of a
bolt 20 and an end of a tube 41 to be seated ﬂatly and stably

10 thereon, as closely described hereinafter.

The circular cap 17 is complementary in diameter to the

circular opening 21 of the bowl-shaped hollow node body 15

for fully enclosing the opening 21. A central stud 27 is

mounted on the inner side at the center of the circular cap 17.

15 The central stud 28 has a threaded hole 29 formed
longitudinally therein. ‘

As better shown in FIGS 3 through 5, each rod 13 is
extruded fromi aluminium or other suitable materials and
broadly comprises an elongated circular tube 41 and a support

20 member 43 integrally formed with and mounted longitudinally
on the elongated tube 41 for supporting panels thereon.

As better shown in FIG. 4, the elongated tube 41 has a
pair of caps 45, 45 plugged and welded one into each end
thereof. The cap 45 has therethrough- a threaded through hole

25 47 coaxially with the tube 41. The support member 43
comprises an upright support stem 51 mounted longitudinally

on and extending vertically from the tube 41 and a horizontal

—
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Thi s conventional truss structure 501 suffers the
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crossbar. 53 mounted crisscross on the upright support stem 3,
The horizontal crossbar 53 has a pair of parallel spaced
elongated ridge 55 mounted longitudinally thereon, each of
which ridge in turn has a groove 57 formed in the top thereof.
An clongated gasket 59 made of rubber or plastics is embedded
in each of the ridges 55. An upper part of the upright support
stem 51 extending beyond the horizontal crossbar 53 has a
plurality of threaded holes 61 formed therein at adequate
intervals along its length. As better shown in FIG. 5, each end
of the upright support stem 51 extends beyond the
corresponding end of the tube 41 and curved to provide a
curved lower edge portion 52 and terminates in a vertical tip
52' . As better shown in FIG. 4, when the radiating rods 13 are
joined to the central node 11, the curved vertical edge portion
52 of each rod 13 fits against the outer periphery of the node

body 15 and the vertical tip 52' abuts against the vertical tips

' 52' of the other radiating rods 13 on an imaginary vertical line

100 running through the center of the node 11.  As better
shown in FIG. 5, the support member 43 has opposed isosceles-
triangular ends 44. When all the radiating rods 13 are joined

to the node 11, the complementary isosceles-triangular ends 4«

of the support member 43 of the rods are snugly butted

together over the node 1l on the imaginary vertical line 100.

As better shown in FIG. 5, an elongated ciamping bar 14
functioning as the retaining means 14 is substantially equal in
length as the support member 43 and comprises an elongated

flat plate 71, a pair of ridges 73, 73 longitudinally mounted on
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foI | owi ng dr awbacks: Since the lattice-like skeleton framework 501a,
a great nunber of the brackets 507 and the panel nenbers 501b are arranged
and.,installed at random or wi thout regard to each other in terns of
aesfgheti cal design, this provides unsightly, conplicated and out- of -order

* appdar ance. After setting up t he skel eton framework 501a; first one
mus§ attach bragheeloweremefasesof ctheo flageplakel 4t @ndi papalioPk Wanginal

t hogsands of positions and then_attach a multiplicity o
P downward grooves 7% %C formed tmlothe opi/)osed edges of the

elongated flat plate 71. The marginal downward grooves 75,
75 have respective gaskets 77, 77 fitted therein. The opposed
5 ridges 73. 73 is so spaced from each other as to loosely receive
the top of the upright support stem 51. The flat plate 71 has a
plurality of through holes 79 formed at adequate intervals and
disposed between the opposed ridges 73, 73. The elongated

clamping bar 14 has opposed isosceles-triangular ends 72, 72

10 (only one end being seen in the drawings), each of which end is
analogous in shape to the isosceles-triangular end 44 of the
support member 43. The eclongate clamping bar 14 has a pair
of marginal ribs 81, 81 mounted one on each marginal edge of
the upper side thereof for snapping engagement with

15 corresponding downward-directed ridges 95 of a cap plate 91
described thereafter.

As better shown in FIG. §, an elongated cap plate 91 is
made of any suitable resilient plastic and is coextensive with
the clamping bar 14. The elongated cap plate 91 has on its

20 lower side a pair of resilient ridges 96, 96 for resilient
engagement with the inner sides of the marginal ribs 81, 81.
The clongated cap plate 91 has opposed isosceles-triangular
ends 93, 93 (one end being visible in the drawings) , each of
which is also analogous in shape to the isosceles-triangular end

25 72 of the elongated clamping bar 14. '

The panel 12 may be a glass pane, a honeycomb panel or

any other panel. As shown in FIG. 1, each panel 12 is shown
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panel nmenbers 501b to the bracket nenbers 501c at as nmany positions. This
operation has proved to be very tine- consum ng and tedi ous. Wth the
- forégoing difficulties in view, it is ttherefore an object of the inventilon
to provide a truss structure which is sinple in structure, thus pleasing\to
| ook at and is easy to manufacture and install. According to the
present inventtfianguldrerin itkispreovbadicnent, r sisees thelCEod- nQOFHEE Sididce @
mul tiplicity of substantially spherical nodes; ang a multiplicity of rﬁ
ext endi ng bet weastruction provides a multiplicity of triangular openings.
However, the panel 12 may be shaped in other figure
depending on what openings the rod-and-node lattice
5 construction provides.
For installing the truss structure according to the present
‘ invention, as better shown in FIGS. 3 through 4, each tube 41 is
butted at its capped end against the corresponding external
flattened surface 26 of the node 11 with the threaded hole 25
10 of the circular cap 17 disposed in registry with the
corresponding through hole 23 of the node 11. With the
capped end of the tube 41 held firmly against the flattened
surface 26, a bolt 20 is inserted through a washer 20', the
through hole 23 of the node 11 and screwed into the threaded
15 ~ hole 25 of the circular end cap 17 of the tube 41. With this
process going through all the radiating rods 13, they are all
secured to the node 11 with the curved lower edge portions 52
fit snugly against the outer periphery of the node body |5 and
the vertical tips abutting 52' abut against each other. At the
20 same time, the complementary isosceles-triangular ends 44 of
the support member 43 of all the radiating rods 13 abutted
against one another and fill up a spaée over the node 11.
Then, as shown in FIG. 5, a pair of adjacent panels 12, 12
(triangular in this embodiment) are mounted on the crossbar

25 53 one on each side of the upright support stem S51; to be

precise, the confronting edges 12', 12' of the adjacent panels 12,
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and joined to each adjacent pair of the nodes in such a way that each node
‘has the relevant rods extending radially therefromto thereby forma
desired lattice configuration; charactefi%Zéed in that: the lattice
configuration has a multiplicity of openings each defined by a set of the
rods; the truss structure further including a nmultiplicity of panels each

adapted to encl ops Lhe 0fGNeAToneR! regkdtivd UisRet 595! 990tRE tibmenavi ng
‘ grooves 57, 57 of the crossbar 53 of the rod 13.
Subsequently, each clamping bar 14 is placed in place on
and fastened to the corresponding support member 43 by the

bolts 74 inserted through the through holes 79 and screwed

W

into the threaded holes 61 with the opposed downward-
directed ridges 73, 73 of the former 14 receiving the top of the
upright support stem 51 of the rod 13, whereupon, as shown in
FIG. 3, the confronting edges 12', 12' of the adjacent panels 12,
10 . 12 are firmly clamped between the gaskets 59 provided on the
horizontal crossbar 53 of the rod 13 and the gaskets 77, 77
provided on the the clamping bar 14,
Then, each plate cap 91 is retentively fastened to the
upper side of the corfesponding clamping bar 14 by bringing
15 the downward-directed ledges 95 of the former into snapping
engagement with the upstanding marginal ribs 81 of the
clamping bar 14 as shown in FIG. 3.
As better shown in FIG. 5, when installed, the |
complementary isosceles-triangular ends 72 of all the radiating
20 clamping bars 14 are butted against one another and fill up the
space above the node ll1. Likewise, the complementary
isosceles-triangular ends 93 of all the radiating cap plate 91 are
butted against one another and fill up the space above the node
11,
25 - The angles of the isosceles-triangular ends 44, 72, 93 of
the support member 43, the clamping bars 14 and the cap

plates 91, respectively, are equal to each other. But, the angle

as Been R aced
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of the i‘sosceies-triangular ends 44, 72, 93 of those parts 43, 14,
91 hinges on how many rods 13 go to a central node 1. 1t
could be said that the angle of isosceles-triangular ends 44, 72,
93 of those members 43, 14, 91 is such that, when snugly
butted against each other, the isosceles-triangular ends 44, 72,
93 6f all the radiating parts 43, 14, 91 fill up the space over the
node 11 so as to completely prevent rain from infiltrating
through therebetween.

After the cap plates 91 are snapped onto the clamping

bars 14, the butted isosceles-triangular ends 93 of all the

- radiating cap plates 91 aré caulked between each adjacent

ones for rendering them fully water-tight.

With the construction of the present invention set forth
hereinabove, the truss structure according to the present
invention enjoys the following advantages: |

Since the tubes constituting the skeleton framework and
the support members constituting the covering structure are
integrally formed on each other, this provides a regular and
simple l.attice construction which is very pleasing to look at.

Absent brackets, the manufacturing cost is saved very
much.

Furthermore, dispensing with various operations of
attaching brackets, attaching the bracket to skeleton
framework and attaching panel members to the brackets would
render the whole installation operation very easy and quick. .

Obviously, the skilled person would realize that various

modifications and variations of the present invention are

—_——
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fastened to the outer periphery of the node and a support nenber
integrally fornmed on the elongated tube for supporting thereon the panel
in-the opening in cooperation with the corrgppondi ng support nenbers of
t-he bt her opening-defining rods; and neans for retaining the correspondi ng

panek to the .
possible in the light of the above teéching It is therefore to b
e

understood that within the Scope of the appended clajms th
e

invention may be practiced otherwxse than as specifically

described, and that the invention is not limited to the

embodiments described above in detajl
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support nenber.

i nventi on wll

Many ot her advantages and features of the present

becone manifest to those versed in the art upon

maki ng

-reference to the detail ed descri p{ i on and the acconpanyi ng sheets of

drawings in which preferred stTuc
principles of the present

exanpl e.
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PARTS LIST
TRUSS STRUCTURE

Truss structure
Skeleton

Linking means
Superficial structure
Solid node
Cylindrical rod
Interior frame half
Exterior frame half

Panel

Invention

Node

. Panel

Rod

Clamping bar (=Retaining means)
Node body |

Circular cap

Joint bolt

Bolt

Washer

Circular opening

Through holes

Threaded hole

— 115

g@ral enbodi ments incorporating the

I nvention are shown by way of illustrative

vl
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FIG 1 is a diagrammatical plan view of a done construction in which the

present invention is enbodied. FIG 2 is an enlarged fragnentary view
- of. dn apex portion of the dome comsf{mpyction of FIG 1; FIG 3is a
cross-sectional view taken on line 111-11l of FIG 2.
26, 27 Flattened surfaces
f 28 Central stud
29 Threaded hole
41 Elongated tube
43 Support member
44 [sosceles-triangular ends (of the support member 43)
435 Cap
:47 Threaded through hole
51 Upright support stem
52 Curved edge portion
53 Horizontal crossbar
55 Elongated ridges
57 Groove
59 Elongated gasket
61 Threaded holes
71 Elongated flat plate
72 Isosceles-triangular ends (of the clamping bar 14)
73 Ridges
75 Marginal downward grooves
77 , Gasket
81 Upstanding marginal rib
91 Cap plate
93 [sosceles-triangular ends (of plate cap 91)
95 Downward directed ledges
96 Resilient ridges
Sheet Has Been Replaced
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-FIG 4 is a cross-sectional viewtake on line IV-1Mof FIG 2.
5 is an enl arged expl oded view of the apex portion of the dorm

sone parts omtted for brevi2y: s sake. This Sheet HarBe@n Repliced. a
perspective vi ew of a conventional truss structure de m,l ,ﬁﬁ mm
introductory part of the specification. FIG |

pl an vi ew of of a done -

construction,
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CLAIMS:

1. A truss structure comprising: a multiplicity of
substantially spherical nodes (11); and a multiplicity of rods
(13) extending between and joined to each adjacent pair of the
nodes (11) in such a way that each node (11) has their relevant
rods (13) extending radially therefrom to thereby form a
desired lattice configuration; characterized in that: the lattice
configuration has a multiplicity of openings each defined by a
set of the rods (11); the truss structure further including a
multiplicity of panels (12) each adapted to enclose the opening;
each rod (13) including an elongated tube (41) having each end
fastened to the outer periphery of the node (11) and a support
member (43) integrally formed on the elongated tube (41) for
supporting thereon the panel (12) in the opening in cooperation
with the corresponding support members (43) of the other
opening-defining rods (13); and means (14) for retaining the
corresponding panel (12) to the support member (43).

2. A truss structure according to claim 1, the support
member (43) comprising an upright support stem (51)
mounted longitudinally on and extending vertically from tube
(41) and a horizontal crossbar (53) mounted crisscross on the
upright support stem (51) for each holding the confronting
edges (12'), (12) of the adjacent panels (12), the retaining
means (14) comprising an elongate clamping bar (14) being
substantially equal in length to the support member (43) and

fastened to the support member (43) to retain the confronting

* c L M S *
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ik ShéctHisiBe df or auditorium stadiumetc; in which the present
‘“\‘“\mm““ odi ed, al though the truss structure

~edges (129, (12')\ of the adjacént panels (12) against the
l horizontal crossbar (53).
3. A truss structure according to claim 2, each end of the
upright support stem (51) éxtending beyond the corresponding
5 end of the tube (41) and curved so as to fit against the
periphery of the node (11); the horizontal crossbar (53) being
substantially coextensive to the upright support stem (51), the
support member (43) having opposed isosceles-trianglular ends
(44), when all the radiating rods (13) being joined to the node
10 (11), the complementary isosceles-triangular ends (44) of the
support member (43) of the rods (13) being butted together
over the node (11).
4. A truss structure according to claim 2, the elongated
clamping bar (14) being substantially equal in length as the
15 support member (43) and having opposed isosceles-triangular
ends (72), when the rods (13) being joined to the node (11), the
complementary isosceles-triangular ends (72) of the elongated
clamping bars (14) butted together over the node (11).
5. A truss structure according to claim 3, the truss
20 structure further including an elongated cap plate (71) being
substantially equal in length as the clamping bar (14) and
having opposed isosceles-triangular ends (93), the elongated
cap plate (91) coming into snapping engagement with the
elongated clamping bar (14) for preventing water leakage,
25 when the rods (13) being joined to the node (11), the
complementary isosceles-triangular ends (93) of the elongated

cap plates (91) butted together over the node (I1).

LT
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according to the present invention nmay be of any desired Figure

such as as circular plane Figure. rectangul ar plane figure. etc.

.

10

- 14 -

6.' A truss structure according to claim 1, the node (11)
being hollow and having three or more through holes (23) in its
periphery, the elongate tube (41) having a pair of caps (45)
plugged and welded one into each end thereof, the cap (45)
having therethrough a threaded hole (47) coaxially with the
tube (41). the rod (13) being secured to the node (11) by a bolt
(20) inserted through the through hole (23) of the node (11)
and threaded to the threaded hole (47) of the cap (45).

7. A truss structure according to claim 4, the node (11)
including a node body (15) having the through holes (23)
therethrough and an circular opening (21) formed in the base
thereof, and a circular cover (17) releasably attached to the

opening (21) for allowing access to the bolts (20).

—
P e
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As seen fromFIG 1, the truss structure broadly conprises a mul tiplicity
of nodes Il; a multiplicity of rods 13 extending between and joined to
each adjacent pair of the nodes Il in suéd a way that each of the node |
has the relevant rods extending radially therefrom _to form a done-like
lattice construction having a plurality of opening ®ach

b ABSTRACT
' TRUSS STRUCTURE-——_

A truss structure comprises a multiplicity of substantially“J
spherical hollow nodes (11); a multiplicity of rods (13)

5 extending between and joined to each adjacent pair of the
nodes (l11) in such a way that each node (11) has their relevant
rods (13) extending radially therefrom to thereby form a
desired lattice configuration having a multiplicity of openings
each defined by a set of the rods (11). Each rod (13) includes

10 an elongated tube (41) having each end fastened to the outer
periphery of the node (11) and a support member (43)
integrally formed on the elongated tube (41) for supporting
thereon a panel (12) in the opening in cooperation with the
corresponding support members (43) of the other opening-

15 defining rods (13). Since the rod as part of a skeleton
incorporates an integral panel-support member, there are
dispensed with a separate panel-supporting structure and any
linking structure connecting the rod and the separate panel-
supporting structure.

20 (FIG. 5)
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I ng; an nmeans for retaining the corresponding panel to the

Si nce the-rode-and-rod systemis repeated over entire area of
ion, .t
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%@ explanation will be made by focusing on an apex
T__done construction
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t.he dorme constrt
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of FIG 1.

rod system is
on in this enmbodi nent,
F construction,

such as a facade,

In FIG 2, a node 11 is partly seen under five elongated cap .
plate§‘91 havi ng their isoscel es-triangular ends
ondi ng five rods being hidden under the cap plates 91

93 butted together, the
Al t hough the

shown to extend over the entire area of the

t he node-and-rod system may be used as
a flat roof and a skylight.

2|6

FIG. 2

9l

This Sheet Has Been Replaced




As better shown in FIGS. 4 through 5, each node 11 is substantially
spherical and hollow, and conprises a hollow bow -shaped node body 15, a
thin circular cap 17 and a joint bolt 19 joining the node body 15 and the
cfrcular cap 17 together. The node body 15 has a circul ar opening 21
formed in the base thereof, The node body 15 has a plurality of preferably
thresor nore; five
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in the case of the node 11 |ocated on the apex portion A) through holes 23
formed in the periphery in a plane and disposed at uniform intervals from
each other. The node body 15 has a threaded hole 25 on the internal
periphery at the apex A thereof into which one end of the joint bolt 19 is
screwed. The node body 15 has a pair pf internal and external flattened
surfies 26, 27 around the internal 5?&1 ext ernal edges,

. F1G.5
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respectively, of each through hole 23 for enabling a head of a bolt 20 and.
an end of a tube 41 to be seated flatly and stably thereon, as closely
descri bed hereinafter. The circular cap 17 is conplenmentary in

di ameter to the circul ar opening 21 of the bow -shaped hol | ow node body 15
for fully enclosing the opening 21. A central stud 28 is nounted on the

I nn side at the center of the circular cap 17. The central stud 28 has a
t hr ed hole 29 forned | ongitudi nallye'"@rei n. As better shown in
FIGS 3 through 5, each rod 13 is

AT
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TRUSS STRUCTURE

The present invention relates generally .to a truss
structure used for construction of a building, house or the like
and more particularly, a truss structureé comprising a
multiplicity of substantially spherical nodes, a multiplicity of
rods extending between and joined to cach adjacent pair of the
nodes to thus form any desired configuration, such as a dorm, a
plane figure, and a multiplicity of panels enclosing the
configuration.

A typical structure of the type described is disclosed i.n
Japanese Utility Model Laid-open Publication No. 2-20614. The
disclosed truss structure 500 broadly comprises three distinct
elements; a skeleton or supporting foundation framework 50la
for bearing the whole burden of the structure 501; a covering
structure 501b enclosing the framework and; means 50lc fdr
linking the skeleton 501la and the covering structure 50lc. The
skeleton 50la includes a multiplicity of solid nodes 503 and a
multiplicity of solid cylindrical rods 505 extending between
and joined to each adjacent pair of the nodes 503 in such a way
that rélevant radiating rods 505 being joined radially thereto to
thus form a lattice like skeleton framework 50la of a desired
configuration. The covering structure 501b includes a
multiplicity of panel members 50lb each comprising an
interior aﬂd an exterior frame half 507, 509 and a panel 511
clamped therebetween. And, the linking means 50Ic includes a

_.multiplicity of braékets.501lc linking the nodes 503 and the

interior frame halves 507. ,
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conprises an upright support stem 51 nounted | ongitudinally on_and
extending vertically fromthe tube 41 and a horizont al
’ This Sheet Has Bee,

2 M

This conventional truss structure 501 suffers the
following drawbacks:

Since the lattice-like skeleton framework 501a, a great
number of the brackets 507 and the panel members 501b are
arranged and installed at random or without regard to each
other in terms of aesthetical ‘design, this provides unsightly.
complicated and out-of-order appearance.

After setting up the skeleton framework 501a; first one
must attach brackets members 50lc to the skeleton framework
50la at thousands of positions and then attach a multiplicity of
panel members 501b to the bracket members 50lc at as many
positions. This operation has proved to be very time-
consuming and tedious.

With the foregoing difficulties in view, it is therefore an
object of the invention to provide a truss structure which is
simple in structure, thus pleasing to look at and is easy to
manufacture and install. |

According to the present invention, there is provided a
truss structure comprising: a multiplicity of substantially
spherical nodes; and a multiplicity of rods extending between
and joined to each adjacent pair of the nodes in such a way that
each node has their relevant rods extending radially therefrom
to thereby form a desired lattice configuration; characterized in
that: the lattice configuration has a multiplicity of openings
each defined by a set of the rods; the truss structure further
including a multiplicity of panels each adapted to enclose the

opening; each rod including an elongated tube having each end

This is the replacement sheet
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crossbar 53 nounted crisscross on the upright support 1. The
hori zontal crossbar 53 has a pair of parallel spaced elongated ridge 55
mount ed | ongitudinally thereon, each of which ridge in tThisSheas$iaB Tmﬁm§7

| i

fastened to the outer periphery of the node and a support

member integrally formed on the elongated tube for supporting
thereon the panel in the opening in cooperation with the
corresponding support members of the other opening-defining
rods; and means for retaining the corresponding panel to the
support member.

Many other advantages and features of the present
invention will become manifest to those versed in the art upon
making reference to the detailed description and the
accompanying sheets of drawings in which preferred structural
embodiments incorporating the principles of the present
invention are shown by way of illustrative example. -

FIG. 1 is a diagrammatical plan view of a dorm
construction in which the present invention is embodied.

FIG. 2 is an enlarged fragmentary view of an abcx portion
of the dorm construction of FIG. [;

FIG. 3 is a cross-sectional view taken on line II-III of
FIG. 2.

FIG. 4 is a cross-sectional view take on line IV-IV of FIG.

FIG. 5 is an enlarged exploded view of the apex portion of
the dorm construction, some parts omitted for brevity's sake.

FIG. 6 is a perspective view of a conventional truss
structure described in the introductory part of the specification.

FIG. 1 is a diagrammatical plan view of of a dorm
construction used for auditorium, stadium etc. in which the

present invention is embodied, although the truss structure

This is the replacement sheet
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An el ongated gasket 59 made of rubber or plastics is enbedded in each of
the ridges 55. An upper part of the upright support stem 51 extending

beyond t he Thigs har 53 has a plurality of threaded holes 61
formed there intervals along its | ength. As better shown
in FIG 5, e e upright support stem 51 extends beyond the

correspondi ng end of the tube 41 and curved to provide a

according to the present invention may be of any desired fig
such as as circular plane figure, rectangular plane figure. etc.

As seen from FIG. 1, the truss structure broadly
comprises a multiplicity of nodes 11; a multiplicity of rods 13
extending between and joined to each adjacent pair of the
nodes 11 in such a way that each of the node 11 has their some
relevant rods éxtending radially therefrom to form a dorm-like
lattice construction having a plurality of opening each defined
by a set of the rods 13; a plurality of panels 12 each adapted
to enclose the opening: and means 14 for retaining the
corresponding panel to the rod.

Since the node-and-rod system is repeated over entire
area of the dorm construction, the explanation will be made by
focusing on an apex portion A (FIG. 2) of the dorm construction
of FIG. 1. In FIG. 2, a node 11 is partly seen under five
clongated cap plates 91 having their isosceles-triangular ends
93 butted together, the corresponding five rods being hidden
under the cap plates 91. Although the node-and-rod system is
shown to extend over the entire area of the construction in this
embodiment, the node-and-rod system may be used as part of
a construction, such as a facade, a flat roof and a skylight.

As better shown in FIGS. 4 through 5, each node 11 is
substantially spherical and hollow, and comprises a hollow
bowl-shaped node body 15, a thin circular cap 17 and a joint
bolt 19 joining the node body 15 and the circular cap 17
together. The node body 15 has a circular opening 21 formed

in the base thereof. The node body !5 has a plurality of (five
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curved | ower edge portion 52 and termnates in a vertlcahﬁ—p—%%——ﬁe\
better shown in FIG 4, when the radiating rods 13 are jQ.i to the

central node 11, the curved vertical edge portion 52 of
agai nst the outer periphery of the node IBody 15 and the v

abuts against the vertical tips 52' of the other radiatin n
I mginary vertical line 100 running through the center of the node 11
As better

in case of the node 11 located on the apex portion A) through
holes 23 formed in the periphery in a plane and disposed at
uniform intervals from ecach other. The node body 15 has a
threaded hole 25 on the internal periphery at the apex A
thereof into which one end of the joint bolt 19 is screwed. The
node body 15 has a pair of internal and external flattened
surfaces 26, 27 around the internal and external edges,
respectively, of each through hole 23 for enabling a heéd of a
bolt 20 and an end of a tube 41 to be seated flatly and stably
thereon, as closely described hercinafter. '

- The circular cap 17 is complementary in diameter to the
circular opening 21 of the bowl-shaped hollow node body 15
for fully enclosing the opening 21. A central stud 27 is
mounted on the inner side at the center of the circular cap 17.
The central stud 28 has a threaded hole 29 formed
longitudinally therein.

As better shown in FIGS 3 through 5, each rod 13 is
extruded fromi aluminium or other suitable materials and
broadly comprises an elongated circular tube 41 and a support
member 43 integrally formed with and mounted longitudinally
on the elongated tube 4! for supporting panels thereon.

As better shown in FIG. 4, the elongated tube 41 has a
pair of caps 45, 45 plugged and welded one into each end
thereof. The cap 45 has therethrough' a threaded through hole
47 coaxially with the tube 41. The support member 43
comprises an upright support stem 51 mounted longitudinally

on and extending vertically from the tube 41 and a horizontal

This is the replacement sheet
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‘shown in FIG 5, the support nenber 43 has opposed i soscel es- triangul ar
ends 44. When all the radiating rods 13 are joined to the node 11, the

.conpl enmentary isoscel es-triangul ar ends 44 OfThﬁsfgﬁ&éﬂg[gantR ﬁm}er 43 of the

rods are snugly butted together over the node 1 nary verti cal
| i ne 100. As better shown in FIG %, an e ing bar 14
functioning as the retaining neans 14 is substa

crossbar 53 mounted crisscross on the upright support stem §
The horizontal crossbar 53 has a pair of parallel spaced
elongated ridge 55 mounted longitudinally thereon, each of
which ridge in turn has a groove 57 formed in the top thereof.
An elongated gasket 59 made of rubber or plastics is embedded
in each of the ridges 55. An upper part of the uprig.ht support
stem 51 extending beyond the horizontal crossbar 53 has a
plurality of threaded holes 61 formed therein at adequate
intervals along its length. As better shown in FIG. 5, each end
of the upright support stem 51 extends beyond the
corresponding end of the tube 41 and curved to provide a
curved lower edge portion 52 and terminates in a vertical tip
52' . As better shown in FIG. 4, when the radiating rods 13 are
joined to the centrall node 11, the curved vertical edge portion
52 of each rod 13 fits against the outer periphery of the node
| body 15 and the vertical tip 52' abuts against the vertical tips
52' of the other radiating rods 13 on an imaginary vertical line
100 running through the center of the node 1l.  As better
shown in FIG. 5, the support member 43 has opposed isosceles-
tﬁangular ends 44. When all the radiating rods 13 are joined
to the node 11, the complementary isosceles-triangular ends 4«
of the support member 43 of the rods are snugly butted
togcther over the node 11 on the imaginary vertical line 100.
As better shown in FIC. 5, an elongated clamping bar 14
functioning as the retaining means 14 is substantially equal in
length as the support member 43 and comprises an elongated
flat plate 71, a pair of ridges 73, 73 longitudinally mounted on
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| ength as the support nmenber 43 and conprises an elongated flat plate 71,
a pair of ridges 73,73 tongitudinarly nounted on

This Sheet Has Bééii Reﬂlaced

the lower surface of the flat plate 71 and a pair of marginal

downward grooves 75. 75 formed in the opposed edges of the
elongated flat plate 71.  The marginal downward grooves 75,
75 have respective gaskets 77, 77 fitted therein. The opposed
ridges 73. 73 is so spaced from each other as to loosely receive
the top of the upright support stem 51. The flat plate 71 has a
plurality of through holes 79 formed at adequate intervals and
disposed between the opposed ridges 73, 73. The elongated
clamping bar 14 has opposed isosceles-triangular ends 72, 72
(only one end being seen in the drawings), each of which end is
analogous in shape.to the isosceles-triangular end 44 of the |
support member 43. The elongate clamping bar 14 has ﬁ pair
of marginal ribs 81, 81 mounted one on each marginal edge of
the upper side thereof for snapping engagement with
corresponding downward-directed ridges 95 of a cap plate 91
described thereafter.

As better shown in FIG. 5, an elongated cap plate 91 is
made of any suitable resilient plastic and is coextensive with
the clamping bar 14. The elongated cap plate 91 has on its
lower side a pair of resilient ridges 96, 96 for resilient
engagement with the inner sides of the marginal ribs 81, 81.
The elongated cap plate 91 has opposed isosceles-trianguiar
ends 93, 93 (one end being visible in the drawings) , each of
which is also analogous in shape to the isosceles-triangular end
72 of the elongated clamping bar 14. |

The panel 12 may be a glass pane, a honeycomb panel or

any other panel. As shown in FIG. 1, each panel 12 is shown

This is the replacement sheet
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-7- the |l ower surface of the flat plate 71 and a pair. of margi nal

downvward—greeves—5-—75 forned in the opposed edges of the elongated flat

plate 71. The marpl nal downward grooves 75. 75 have respective gaskets 77,

77 Thi TW'Iimﬁi acethe opposed 8

triangular in this embodiment, since the rod-and-node lattice

construction provides a multiplicity of triangular openings.
However, the panel 12 may be shaped in other figure
depending on what openings the rod-and-node lattice
construction provides.

For installing the truss structure according to the present
invention, as better shown in FIGS. 3 through 4, each tube 41 is
butted at its capped end against the corresponding external
flattened surface 26 of the node 11 with the threaded hole 25
of the circular cap 17 dishose’d in registry with the
corresponding through hole 23 of the node 11. With the
capped end of the tube 41 held firmly against the flattened
surface 26, a bolt 20 is inserted through a washer 20', the
through hole 23 of the node Il and screwed into the threaded
hole 25 of the circular end cap 17 of the tube 41. With this
process going through all the radiating rods 13, they are all
secured to the node 11 with the curved lower edge portions 52
fit snugly against the outer periphery of the node body 15 and
the vertical tips abutting 52' abut against each other. At the
same time, the complementary isosceles-triangular ends 44 of
the support member 43 of all the radiating rods 13 abutted
against one another and fill up a space over the node 11.
| Then, as shown in FIG. §, a pair of adjacent panels 12, 12
(triangular in this embodiment) are mounted on the cro;ssbar
53 one on each side of the upright support stem 51; to be

precise, the confronting edges 12', 12' of the adjacent panels 12,
This is the replacement sheét
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ridges 73, 73 is so spaced fromeach other as to | oosely receive the top of
the upright support stemb5l1l.. The flat plate 71 has a pl urality of through

hol es 79 forned at adequate intervals and di sposed between t Ba&@den Replaced
ridges 73, 73. The elongated cl anpi ng bgr 14 has. opposed - mmm‘m&u ﬂ,’
i soscel es-triangul ar ends 72, 72 (only one end being seen in

each of which end is analogous in shape to the isosceles-triangular ‘en

of the support nenber 43. The el ongate cl anping bar 14 has a pair of

margi nal ribs 81, 81 nounted one on each margi nal edge of the upper side

thereof for Snapaprlen%]oeurlgtagegﬁnhlewrespecuve gaskets 59, 59 fitted in the

grooves 57, 57 of the crossbar 53 of the rod I3.

Subsequen.tly. each clamping bar 14 is placed in place on
and fastened to the corresponding support member 43 by the
bolts 74 inserted through the through holes 79 and screwed
into the threaded holes 61 with the opposed downward-
directed ridges 73, 73 of the former 14 receiving the top of the
upright support stem 51 of the rod 13, whereupon, as shown in
FIG. 3, the con.fronting edges 12', 12' of the adjacent panels 12,
[2 are firmly clamped between the gaskets 59 provided on the
horizontal crossbar 53 of the rod 13 and the gaskets 77, 77
provided on the the clamping bar 14,

Then, each plate cap 91 is retentively fastened to the
upper side of the corresponding clamping bar 14 by bringing.
the downward-directed ledges 95 of the former into snapping
engagement with the upstanding marginal ribs 81 of the
clamping bar 14 as shown in FIG. 3.

As better shown in FIG. 5, when installed, the
complementary isosceles-triangular ends 72 of ail the radiating

| clamping bars 14 are butted against one another and fill up the
space above the node 11. Likewise, the complementary
isosceles-triangular ends 93 of all the .radiating cap plate 91 are
butted against one another and fill up the space above the node
11,

The angles of the isosceles-triangular ends 44, 72, 93 of
the support member 43, the clamping bars 14 and the cap

plates 91, respectively, are equal to éach other. But, the angle
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correspondi ng downwar d- di r ect ed ridges 95 of a capplate-91-described

thereafter. As better shown in FIG 5, an eIongated cap plate 91 is

made of any suitable resilient plastic andhis She edvi t h t he cl anpi ng

bar 14. The el ongated cap plate 91 has on | a pair of

resilient ridges 96, 96 for reS|I|en engag I nner sides of

the marginal ribs 81, 81. The eIonga d cap plate 91 has opposed

i soscel es-triangul ar ends 93, 93 (one end being visible in the draw ngs)

each of which is also anal ogous in shape to the isoscel es-triangular end
of the isosceles-triangular ends 44. 72, 93 of those parts 43, 14,

91 hinges on how many rods 13 go to a central node 1. It
could be said that the angle of isosceles-triangular ends 44, 72,
93 of those members 43, 14, 91 is such that, when snugly
butted against each other, the isosceles-triangular ends_ 44, 72,
93 of all the radiating parts 43, 14, 91 fill up the space over the
node 11 so as to completely prevent rain from infiltrating
through therebetween.

After the cap plates 91 are snapped onto the:-clamping
bars 14, the butted isosceles-triangular ends 93 of all the
radiating cap plates 91 are caulked between each adjacent
ones for rendering them fully water-tight.

With the construction of the present invention set forth
hereinabove, the truss structure according to the present
invention enjoys the following advantages:

Since the tubes constituting the skeleton framework and
the support members constituting the covering structure are
integrally formed on each other, this provides a regular and
simple lattice construction which is very pleasing to look at.

Absent brackets, the manufacturing cost is saved very
much.

Furthermore, dispensing with various operations of
attaching brackets, attaching the bracket to skeleton
framework and attaching panel members to the brackets would
render the whole installation operation very easy and quick.

Obviously, the skilled person would realize that various

modifications and variations of the present invention are

This is the replacement sheet
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72 of the el ongated clanping bar 14. The panel 12 may be a gl ass pane,
a honeyconb panel or any other panel. As shown in FIG 1, each panel 12 is

shown

Il

possible in the light of the above teaching. [t is therefore to be
understood that within the scope of the appended claims the
invention may be practiced otherwise than as specifically
described. and that the invention is not limited to the

embodiments described above in detail.

is Sheet Has Been RT‘aced
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- 8- triangular in this enbodiment, since the rod-and-node lattice
construction provides a multiplicity of triangular openlngs

T
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TRUSS STRUCTURE
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However, the panel 12 may be shaped in other figure depending on what
openi ngs the rod-and-node lattice construction provides. For
:installing the truss structure according to the present invention, as
better shown in FIGS. 3 through 4, each tube 41 is butted at its capped
end agai nst the corresponding external '3fl attened surface 26 of the node 11
with the threaded through-hole

26, 27 Flattened surfaces

28 Cenﬁal stud

29 Threaded hole

41 -~ Elongated tube

43 Support member

44 Isosceles-triangular ends (of the support member 43)
45 - Cap

47 Threaded through hole

51 Upright support stem

52 Curved edge portion

53 Horizontal crossbar

55 Elongated ridges

57 Groove

59 Elongated gasket

61 Threaded holes

71 Elongated flat plate

72 Isosceles-triangular ends (of the clamping bar 14)
73 Ridges

75 Marginal downward grooves

17 Gasket

81 - Upstanding marginal rib

91 Cap plate

93 Isosceles-triangular ends (of plate cap 91)
95 Downward directed ledges

96 Resilient. ridges
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47 of the circular end cap 45 disposed in registry with the correspondi ng
t hrough hol-e 23 of the node 11. Wth the capped end of the tube 4
firmy against the flattened surface 26, a bolt 20 is |nSEﬁ:§§lﬂetm£@ééﬂ F

washer 20', the through hole 23 of the node 11 and screwed
t hreaded t hr ough hol e 47 of the ci rcdifar end cap 45 of the m'\m
this

CLAIMS:

I. A truss structure comprising: a multiplicity of
substantially spherical nodes (11); and a multiplicity of rods
(13) extending between and joined to each adjacent pair of the
nodes (11) in such a way that each node (11) has their relevant
rods (13) extending.radially therefrom to thereby form a
desired lattice configuration; characterized in that: the lattice
configuration has a multiplicity of openings each defined by a
sét of the rods (11); the truss structure further including a
multiplicity of panels (12) ecach adapted to enclose the opening;
each rod (13) including an elongated tube (41) having each end
fastened to the outer periphery of the node (l11) and a support
member (43)'integrally formed on the elongated tube (41) for
supporting thereon the panel (12) in the opening in cooperation
with the corresponding support members (43) of the other
opening-defining rods (13); and means (14) for retaining the
corresponding panel (12) to the support member (43).

2. A truss structure according to claim 1, the support
member (43) comprising an upright support stem (S1)
mounted longitudinally on and extending vertically from tube
(41) and a horizontal crossbar (53) mounted crisscross on the
upright support stem (51) for each holding the confronting
edges (12'), (12') of the adjacent panels (12), the retaining
means (l14) comprising an elongate clamping bar (14) being
substantially equal in length to the support member (43) and

fastened to the support member (43) to retain the confronting
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process. going through all the radiating rods 13, they are all secured to
the node 11 with the curved | ower edge portions 52 fit Snugly agai nst the

outer periphery of the node body 15 and the verjsQflet fids BSenRabtided Ng 52" abut
agai nst each other.. At the sane tineg, the corrp
| soscel es-triangul ar ends 44 of the suppor mmammlxl ||

rods 13 abutted
edges (12, (12') of the adjacent panels (12) against the

he radiating

horizontal crossbar (53).

3. A truss structure according to claim 2, each end of the
upright support stem (51) extending beyond the corresponding
end of the tube (41) and curved so as to fit against the
periphery of the node (11); the horizontal crossbar (53) being
substantially coextensive to the upright support stem (51), the
support member (43) having opposed isosceles-trianglular ends
(44), when all the radiating rods (13) being joined to the node
(11), the complementary isosceles-triangular ends (44) of the
support member (43) of the rods (13) being butted together
over the node (11). |

4. A truss structure acc;ording to claim 2, the elongated
clamping bar (14) being substantially equal in length as the
support member (43) and having opposed isosceles-triangular
ends (72), when the rods (13) being joined to the node (l11), the
complementary isosceles-triangular ends (72) of the elongated
clamping bars (14) butted together over the node (l1l).

5. A truss structure according to claim 3, the truss
structure further including an elongated cap plate (71) being
substantially equal in length as the clamping bar (14) and
having opposed isosceles-triangular ends (93), the elongated
cap plate (91) coming into snapping engagement with the
elongated clamping bar (14) for preventing water leakage,
when the rods (13) being joined to the node (11), the
complementary isosceles-triangular ends (93)' of the elongated

cap plates (91) butted together over the node (I1).
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agai nst one another and fill up a space over the node 11. Then, as
shown in FIG 5, a pair of adjacent panels 12, 12 (triangular in this
enbodi ment) are nounted on the crossbar 53 one on each side of the upright
support stem 51; to be precise, the confronting edges 12, 12' of the

adj acent panels 12, 16

6. A truss structure according to claim 1, the node (1)
being hollow and having three or more through holes (23) in its
periphery, the elongate tube (41) having a pair of caps (45)
plugged and welded one into each end thereof, the cap (45)
having therethrough a threaded hole (47) coaxially with the
tube (41). the rod (13) being secured to the node (11) by a bolt
(20) inserted through the through hole (23) of the node (11)
and threaded to the threaded hole (47) of the cap (45).

7. A truss structure according to claim 4, the node (11)
including a node body (15) having the through holes (23)
therethrough and an circular opening (21) formed in the base
thereof, and a circular cover (17) releasably attached to the

opening (21) for allowing access to the bolts (20).
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-9- 12 are nounted on the respective gaskets 59. 59 fitted in the.
grooves 57. 57 of the crossbar 53 of the rod 13.

17

ABSTRACT
TRUSS STRUCTURE

A truss structure comprises a multiplicity of substantially
spherical hollow nodes (l1): a multiplicity of rods (13)
extending between and joined to each adjacent pair of the
nodes (11) in such a way that each ndde (11) has their relevant
rods (13) extending radially therefrom to thereby form a |
desired lattice configuration having a multiplicity of openings
each defined by a set of the rods (11). Each rod (13) includes
an eclongated tube (41) having each end fastened to the outer
periphery of the node (11) and a support member (43)
integrally formed on the elongated tube (41) for supporting
thereon a panel (12) in the opening in cooperation with the
corresponding support members (43) of the othef opening-
defining rods (13). Since the rod as part of a skeleton |
incorporates an integral panel-.support member, there are
dispensed with a separate panel-supporting structure and any
linking structure connecting the rod and the separate panel-
supporting structure.

(FIG. 5)
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downward- directed ridges 73, 73 of the for
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upri ght support stem 51 of the rod 13, whereupon, as shown in FIG 3, the
confronting edges 12', 12' of the adjacent panels 12, 12 are firmy clanped
bet ween the gaskets 59 provided on the horizontal crossbar 53 of the rod 13
and the gaskets 77, 77 provided on the the clanping bar 14. Then,
each plate cap 91 is retentively fastened to the upper side of the
correspondi ng cl anpi ng bar 14 by bringing

2
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the downward-directed | edges 95 of the former into snapping engagenent
with the upstanding marginal ribs 81 of the clanping bar r_14 as shown in

FIG 3. As better shown in FIG 5, when installed, the ¢o '1€rrem—afy
| soscel es-triangular ends 72 of all the radiating clarrprmgspkearms

ettt ks i

w

4|

< P P . . ’ N o 4
7 ” . ~ .~ g P B rg . -
L ‘- ,' - d 4 l' I‘ " -' 4’ ™ e
L - L. L Z 2 M .

FI1G.3
14
6l
~43

: 7 ¥y - 7 . P
2/— sy sy iy S I //.0/ S
I ’ /‘ '%'%"/-"/" /’ 'A' /" S Sl
e

q *.

53~ 7
51
13

- o gm S e o T

41/

=l

This i3 thg replacemesn sheet

Dew: 2 5 SEP 199



space above the node 11. Likew se, the conplenentary isosceles-triangular
ends 93 of all the radiating cap plate 91 are butted agai nst one anot her
and fill up the space above the node 11. The angl es of the

| soscel es-triangul ar ends 44, 72, 93 of the support nenber 43, the

cl anping bars 14 and the cap 4
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of the isosceles-triangular ends 44, 72, 93 of those parts 43, 14, 091
hi nges on how many rods 13 go to a central node 11. It could be said that
the angl e of isosceles-triangular ends 44, 72, 93 of those nmenbers 43, 14,

91 is such that, when snugly

50ia
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TRUSS STRUCTURE | DATE GF-RECEIPT..28/1.......

The present invention relates generally to a truss
structure used for construction of a building. house or the like
and more particularly, a truss structure comprising a
multiplicity of substantially spherical nodes, a multiplicity'of
rods extending between and joined to each adjacent pairdczfm teh'e
nodes to thus form any desired configuration, such as a/derm, 2
plane figure, and a ‘multiplicity of panels enclosing the
configuration. _

- A typical structure of the type described is disclosed in
Japanese Utility Model Laid-open Publication No. 2-20614. The
disclosed truss structure 501 broadly comprises .three distinct
elements; a skeleton or supporting foundation frarr;ework 501a

for bearing the whole burden of the structure 501; a covering

structure 301b enclosing the framework and; means 50lc for

linking the skeleton 50la and the covering structure 50lc. The
" skeleton 50la includes a multiplicity of solid nodes 503 and a

‘multiplicity of solid cylindrical rods 505 extending between

and joined to each adjacent ‘pair of the nodes 503 in such a way
that retevant radiating rods 505 being joined radially thereto to
thus form a lattice like skeleton framework 501a of a desired |
configuration. The covering structure 501b includes a.
multiplicity of panel members 501b each comprising an
interior and an exterior frame half 507, 509 and a pa.ﬁel 511
clamped therebetween. And, the linking means 50lc includes a
multiplicity of brackets 50lc linking the nodes 503 and the

interior frame halves 50.7.
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radi ati ng cap plates 91 are caul ked between each adjacent ones for

rendering themfully water-tight. Wth the construction of the
present invention set forth hereinabove, the truss struct U SREE Qs BedhRepiRced

the present invention enjoys the follow ng advantages: Imlnm ”]Il III

tubes constituting the skel eton framewdfR and

This conventional truss structure 501 suffers the
following drawbacks:

Since the lattice-like skeleton framework 50la, a great
number of the brackets 507 and the panel members 501b are
arranged and installed at random or without regard to each
other in terms of aesthetical design, this provides unsightly,
complicated and out-of-order appearance.

After setting up the skeleton framework 501a; first one
must attach brackets members 501c to the skeleton framework
501a at thousands of positions and then attach a multiplic_ity of
panel members 501b to the bracket members 501c at as many
positions. This operation has proved to be very time-
consuming and tedious.

With the foregoing difficulties in view, it is therefore an
_object of the invention to provide a truss structure which is
simple in structure, thus pleasing to look at and is easy to

. manufacture and install.

According to the present invention, there is provided a
“truss structure comprising: a multiplicity of substantially
spherical nodes: and a multiplicity of rods extending between
and joined to each adjaéent pair of the nodes in such a way that

' each node has the® relevant rods extending radially therefrom
to thereby form a desired lattice configuration; characterized in
that: the lattice configuration has a multiplicity of openings
each defined by a set of the rods; the truss structure further
including a multiplicity of panels each adapted to enclose the

opening; each rod including an elongated tube having each end

This is the replacemer sheet
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the support nenbers constituting the covering structure are integrally
formed ,on each other, this provides a regurar and sinple lattice
construction which is very pleasing to | ook "ﬁﬁsSht.et Hés Bee lecetl brackets, the

manuf acturing cost is saved very nuch. | spensi ng with
various operations of -3- !

fastened to the outer periphery of the node and a support
member integrally formed on the elongated tube for supporting
thereon the panel in the opening in cooperation with the
corresponding support members of the other opening-defining
rods; and means for retaining the correspoading panel to the
support member. | |

Many other advantages and features of the present
invention will become manifest to those versed in the art upon
making reference to the detailed description and the
accompanying sheets of drawings in which preferred structural
‘embodiments incorporating the principles of the present
invention are shown by way of illustrative example.

FIG. 1 is a diagrammatical plan view of alg;;ﬂe
construction in which the present invention is embodied.

FIG 2 is an enlarged fragmentary view of an apex portion
of tthéeFrn construction of FIG. I;

FIG. 3 is a cross-sectional view taken on line III-III of
FIG. 2.

_fFIG.' 4 is a cross-sectional view take on line IV-IV of FIG.

FIG. 5 is an enlarged exploded view of the apex portion of
the dorm construction, some parts omitted for brevity's sake.

FIG. 6 is a perspective view of a conventional truss
structure descnbed in the introductory part of the specification.

FIG. 1 is a diagrammatical plan view of of aég;r;e
construction used for auditorium, stadium etc- in which the
present invention is embodied, although the truss structure

Thie ia the replacemern sheef
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attaching brackets, attaching the bracket to skeleton franmework and

attachi ng panel—ﬁﬁﬁ%efs—%e—%he~brackets woul d render the whole installation
operation very eas Qovi ously, the skilled person woul d
realize that vari i and variations of the present invention

are

according to the present invention may be of any desired figure
such as as circular plane figure, rectangular plane figure, ete.

As seen from FIG. 1, the truss structure broadly
comprises a multiplicity of nodes 11; a multiplicity of rods 13
extending between and joined to each adjacent pair of the
nodes 11 in such a way that each of the node 11 has tl;e%ke
relevant rods extending radially therefrom to form a/derm-iike
lattice comstruction having a plurality of opening each_ defined
by a set of the rods 13; a plurality of panels 12 each adapted '
to enclose the opening; and means 14 for retaining the
corresponding panel to the rod.

Since the node-and-rod system is repeated over entire
area of theL::;: coustruction, the explanation :'v:li‘ ebe made by
focusing on an apex portion A (FIG. 2) of the/dorm construction
of FIG. 1. In FIG. 2, a node 11 is partly seén under five
_elongated cap plates 91 having their isosceles-triangular ends
93 butted together, the corresponding five rods being hidden
under the cap plates 91. Although the node-and-rod system is
- shown to extend over the entire area of the construction in this
embodiment, the node-and-rod system may be used as part of
a construction, such as a facade, a flat roof and a skylight.

As better shown in FIGS. 4 through 5, each node 11 is
substantially spherical and hollow, and comprises a hollow
bowl-shaped node body 15, a thin circular cap 17 and a joint
bolt 19 joining the node body 15 and the circular cap 17
together. The node body |5 has a circular opening 2! formed

(preferably three or more; five

in the base thereof. The node body 15 has a plurality of[&v
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possihle in thetHght—of the above teaching. It is therefore to be

underStO%St}%aDgéenw tlare}dn the scope of the appended clains the
\\|| T 1

the
mlgase of the node 1l located on the apex portion A) through

holes 23 formed in the periphery in a plane and disposed at
uniform intervals from each other. The node body 15 has a
threaded hole 25 on the internal periphery at the apex A
thereof into which one ead of the joint bolt 19 is screwed. The
node body {5 has a pair of internal and external flattened
surfaces 26, 27 around the internal and external edges,
respectively, of each through hole 23 for enabling a head of a
bolt 20 and an end of a tube 41 to be seated flatly and stably
thereon, as ciosely described hereinafter.

The circular cap 17 is complementary in diameter to the
circular opening 21 of the bowl-shaped hollow nodeé sbody 15
for fully enclosing the opening 21. A central stud[% is
mounted on the inner side at the center of the circular cap 17.
The central stud 28 has a threaded hole 29 formed
longitudinally therein.

As better shown in FIGS 3 through 5, each rod 13 is
extruded from aluminium or other suitable materials and

. broadly comprises an elongated circular tube 41 and a support
member 43 integrally formed with and mounted longitudinally
on the elongated tube 4! for supporting panels thereon.

" As better shown in FIG. 4, the elongated tube 41 has a
pair of caps 45, 45 plugged and welded one into each end
thereof. The cap 45 has therethrough a threaded through hole
47 coaxially with the tube 41. The support member 43
comprises an upright support stem 51 mounted longitudinally

on and extending vertically from the tube-41 and a horizontal

. This is the replacement sheet
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I nvention may be practiced otherw se than as specifically described, and
that the invention is not limted to the enbodi ments described above in

detail .
-6~

crossbar 53 mounted crisscross on the upright support stcn}‘_-Sl_.
The horizontal crossbar 53 has a pair of parallel spaced
clongated ridge 55 mounted longitudinally therecon, each of
which ridge in turn has a groove 57 formed in the top thereof.
An elongated gaskct 59 made of rubber or plastics is embedded
in each of the ridges 55. An upper part of the upright support
stem 51 extending beyond the horizontal crossbar 53 has a
plurality of threaded holes 61 formed therein at adequate
intervals along its length. As better shown in FIG. 5, each end
of the upright support stem 51 extends beyond the
corresponding end of the tube 41 and curved to provide a
curved lower edge portion 52 and terminates in a vertical tip
52' . As better shown in FIG. 4, when the radiating rods 13 are
joined to the central node 11, the curved vertical edge portion
52 of each rod 13 fits against the outer periphery of the node
body 15 and the vertical tip 52' abuts against the vertical tips
52" of the other radiating rods 13 on an imaginary vertical line
100 running through the center of the node 11.  As better
shown in FIG. 5, the support member 43 has opposed isosceles-
triangular ends 44. When all the radiating rods 13 are joined
to the node 1!, the complementary isosceles-triangular ends 44
~ of the support member 43 of the rods are snugly butted
together over the node 11 on the imaginary vertical line 100.
‘ As better shown in FIG. 5, an elongated clamping bar 14
functioning as the retaining .means 14 is substantially equal in
length as the support member 43 and comprises_ an elongated

flat plate 71, a pair of ridges 73, 73 longitudinally mounted on

This i3 e repiacement sheet
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-12- ' PARTS LI ST TRUSS
STRUCTURE Prior Art

the lower surface of the flat plate 71 and a pair of marginﬁl-
downward grooves 75. 75 formed in the opposed edges of the
clongated flat plate 71.  The marginal dowaward grooves 73,
75 have respective gaskets 77, 77 fitted therein. The opposed
ridges 73, 73 is so spaced from each other as to loosely receive
the top of the upright support stem 51.. The flat plate 71 has a
. plurality of through holes 79 formed at adequate intervals and
disposed between the opposed ridges 73, 73. The elongated
clamping bar 14 has opposed isosceles-triangular ends 72, 72
(only one end being seen in the drawings), each of which end is
analogous in shape to the isosceles-triangular end 44 of the
support member 43. The elongate clamping bar 14 has a pair
of marginal ribs 81, 81 mounted one on each marginal edge of
the uppef side thereof for snapping engagement with
~ corresponding downward-directed ridges 95 of a cap plate 91
described thereafier.
As better shown in FIG. 5, an elongated cap plate 91 is -
made of any suitable resilient plastic and is coextensive with
- the clamping bar 14. The elongated cap plate 91 has on its
lower side a pair. of resilient ridges 96, 96 for resilient
engagement with the inner sides of the marginal ribs 81, 81.
The elongated cap plate 91 has opposed isosceles-triangular
ends 93, 93 (one end being visible in the drawings) , each of
which is also analogous in shape to the isosceles-triangular end
; 72 of the elongated clamping bar 14. )
The panel 12 may be a glass pane, a honeycomb panel or

any other panel. As shown in FIG. 1, each panel 12 is shown

This is the replacement sheet
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501 Truss structure 501a Skel eton 501b - Li nki ng rreans 501¢
Superficial structure 5 03 Solid node 5 05 Cylindrica —
Interior frame half 5 09 Exterior franme half 511 TP@Q{E&H
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triangular in this embodiment. since the rod-and-node lattice

construction provides a multiplicity of triangular openings.
However, the panel 12 may be shaped in other figure
depending on what openings the rod-and-node lattice
construction provides. '

For installing the truss structure aécording to the present
invention, as better shown in FIGS. 3 through 4, each tube 41 is
butted at its capped end against the correspong,_l‘r'x‘%q :}:‘ct‘emal
flattened suifici? 26405’5 the node 11 with the threaded{hole; 2
of the circular{cap/ £ disposed in registry with the
corresponding through hole 23 of the node 11. With the
capped end of the tube 41 held firmly against the flattened
surface 26, a bolt 20 is inserted through a washer 20', the

t'/"fo-:c/a_
throu‘%h hole 23 of the node 11 and screwed into the threaded

holej2% of the circular end cap[gof the tube 41. With this
| process. going through all the radiating rods 13, they are all
secured to the node. 11 with the curved lower edge portions 52
fit snugly against the outer périphery of the node body 15 and
-the vertical tips abutting 52' abut against each other.. At the
same tim;, the complementary isosceles-triangular ends 44 of
the support member 43 of all the' radiating rods 13 abutted
against one another and fill up a space over the node 1l. |
Then, as shown in FIG. 5, a pair of adjacent panels 12, 12
(trja-ngular in this embodiment) are mounted on the crossbar

53 one on each side of the upright support stem 51; to be

precise, the confronting edges 12', 12' of the adjacent panels 12,

This is the replacemem sheet
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Present Invention 11 ~ Node 1 2 Panel 1 3 Rod 1 4
Cl ampi ng bar- (=Retaining neans) 1 5 Node body 17 Circular cap
.19 Joint bolt 20 Bolt

I2 are mounted on the respective gaskets 59. 39 fitted in.the.
grooves 57, 57 of the crossbar 53 of the rod 13.

Subsequently. each clamping bar 14 is placed in place on
and fastened to the corresponding support member 43 by the
bolts 74 inserted through the through holes 79 and screwed
into the threaded holes 61 with the opposed downward-
directed ridges 73, 73 of the former 14 receiving the top of the
upright support stem 51 of the rod 13, whereupon, as shown in
FIG. 3, the confroating edges 12', 12' of the adjacent panels 12,
12 are firmly clamped between the gaskets 59 provided on the
horizontal crossbar 53 of the rod 13 and the gaskets 77, 77
provided on the the clamping bar 14.

Then, each plate cap 91 is retentively fastened to the
upper side of the corresponding clamping bar 14 by bringing
the downward-directed ledges 95 of the former into snapping
engagement with the upstanding marginal ribs 81 of the
clamping bar 14 as shown in FIG. 3.

As better shown in FIG. 5, when installed, the
complementary isosceles-triangular ends 72 of all the radiating

' clamping bars 14 are butted against one another and fill up the
space above the node 11. Likewise, the complementary
isosceles-triangular ends 93 of all the radiating cap plaie 91 are
butted against one another and fill up the space above the node
11,
| The angles of the isosceles-triangular ends 44, 72, 93 of ‘
the support member 43, the clamping bars 14 and the cap

plates 91, respectively, are equal to each other. But, the angle

This ia the replacemsm sheet
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20 Washer 21 Ci rcul ar openi ng 25 : Threaded hole

-10-

of the isosceles-triangular ends 44, 72, 93 of those parts 43, 14,
91 hinges on how many rods 13 go to a central node 1l. It
could be said that the angle of isosceles-triangulaf ends 44, 72,
93 of those members 43, 14, 91 is such that, when snugly
butted against each other, the isosceles-triangular ends 44, 72,
93 of all the radiating parts 43, 14, 91 fill up the space over the
node 11 so as to completely preveat rain from infiltrating
through therebetween.

After the cap plates 91 are snapped onto the clamping
bars 14, the butted -isosceles-triangular ends 93 of all the
radiating cap plates 91 are caulked between each adjacent
ones for rendering them fully water-tight.

With the construction of the present invention set forth
hereinabove, the truss structure according to the present
invention enjoys the following advantages:

Since the tubes constituting the skeleton framework and
the support members constituting the covering structure are
integrally f.o{'med on each other, this provides a regular and

" simple lattice construction which is very pleasing to look at.

Absent bra'ckets, the manufacturing cost is saved very
- much.

" Furthermore, dispensing with various operations of
attaching brackets, attaching the bracket to skeleton |
framework and attaching panel members to the brackets would
re;ndcr the whole installation operation very easy and quick.

Obviously, the skilléd person would realize that vaz:ious

modifications and variations of the present invention are
This is the replacemsnt sheet
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-13- 26. 27 Flattened surfaces 2 8 Central stud

-11-

possible in the light of the above teaching. [t is therefore :to be
understood that within the scope of the appended claims the
invention may be practiced otherwise than as specifically
described, and that the invention is not limited. to the

embodiments described above in detail.
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29 Threaded hole 41 El ongated tube- 4 3 Suppor t

menber . 44 | soscel es-triangul ar ends (of the support nenber 43) 45
Cap 47 Threaded t hrough hol e
-12-
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PARTS LIST

TRUSS STRUCTURE

Prior _Art

501 Truss structure
501a Skeleton

5010 Linking means
501c Superficial str.ucture
503 Solid node

505 Cylindrical rod
507 Interior frame half
50? Exterior frame half

511 Panel

Present  Invention

11 Node
12 Panel
13 Rod
14 Clamping bar (=Retaining means)
1.5 Node body
17 Circular cap
19 Joint bolt
20 Bolt
2200 Washer
21 . Circular opening
23 Through holes ' This i# the replacemsnt sheet -
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51 Upright support stem 52 Curved edge portion 5 3

Hori zontal crossbar 55 El ongated ridges 57 Groove 5 9
El ongat ed gasket 6 1 Thr eaded hol es
-13-

—11=—

26, 27 Flattened surfaces
28 Central stud
29 Threaded hole
41 Elongated tube
43. Support member
44 Isosceles-triangular ends (of the support member 43)
45 Cap
47 Threaded through hole
51 Upright support stem
52 Curved edge portion
53 Horizontal crossbar
55 Elongated ridges
57 Groove
59 Elongated gasket
61 - Threaded holes
71 Elongated flat pIaté
72 Isosceles-triangular ends (of the clamping bar 14)
73 Ridges
75 Marginal downward grooves
77 Gasket
| g1 Ups.tanding marginal rib
91 Cap plate |
9_3  Isosceles-triangular ends (of plate cap 91)
95 - Downward directed ledges |
96 Resilient ridges
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71 El ongated flat plate 7 2 | soscel-es-triangul ar ends (of
the cl anping bar 14) 73 Ri dges 75 Mar gi-mat—dowrweat-e—
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CLAIMS:

L. A truss structure comprising: a mulitiplicity of
substantially spherical nodes (11): and a multiplicity of rods
(13) extending between and joined to each adjacent pair of the
nodes (11) in such a way that each node (11) has the¥ relevant
rods (13) extending radially therefrom to thereby form a
desired lattice configuration; characterized in that: the lattice
configuration has a multiplicity of openings each defined by a
set of the rods (11); the trusﬁ structure further including a
multiplicity of panels (12) each adapted to enclose the opening;
each rbd (13) including an elongated tube (41) having each end
fastened to the outer periphery of the node (l1) and a support
member (43) integrally formed on the elongated tube (41} for
supporting thereon the panel (12) in the opening in cooperation
with the corresponding support members (43) of the other

- opening-defining rods (13); and means (14) for retaining the
corresponding panel (12) to the support member (43).
2. A truss structure according to claim 1, thc support
member (43) comprising an upright support stem (51)
-"mounted longitudinally on and extending vertically from tube
(41) and a horizontai crossbar (53) mounted crisscross on the |
upright support stem (51) for each holding the confrohting
edges (12'), (12') of the adjacent panels (12), the retaining
means (14) comprising an elongate clamping bar (14) being
subéiantially equal in length to the support member (43) and

fastened to the support member (43) to retain the confronting

This is the replacemsnt sheet
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91 Cap plate 93 | soscel es-triangul ar ends (of plate cap
91) 9 5 - Downward directed | edges 96 RestiTent ridges
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edges (12'), (12') of the adjacent panels (12) against the

DY

horizontal crossbar (53).

3. A truss structure according to claim 2, each end of the
upright support stem (51) extending beyond the corresponding
end of the tube (41) and curved so as to fit against the
periphery of the node (11); the horizontal crossbar (53) beir_tg
substantially coextensive to the upright support stem (51), the
supportorrleerr;ber (43) having opposed isosceles-trianglular ends
(44), |whea—all the radiating rods (13) being joined to the node
(11), the complementary isosceles-triangular ends (44) of the
support member (43) of the rods (13) being butted together
over the node (11).

4. A truss structure according to claim 2, the elongated
clamping bar (14) being substantially equal in length as the
.support meTE::e ‘1(423 and having opposed isosceles-triangular
ends (72), /whey the rods (13) being joined to the node (11), the
complementary isosceles-triangular ends (72) of the elongated
clamping baz"s' (14) butted together over the node (11).

5. A truss structure according to claim 3,.the truss

' structure further including an elongated cap plate (71) being
substantially equal in length as the clamping bar (14) and
havirig opposed isosceles-triangular eads (93), the elongated
cap plate (91) coming into snapping engagement with the
e_ldngated clamping bar (14) for preventing water leakage,
mvhief the rods (13) being joined to the.node (11), #he
complementary isosceles-triangular ends (93) of the elongated

elng

cap plates (91)/butted together over the node (11).

This i& the resiacemem sheel
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6. A truss structure according to claim 1, the node (1l)-
being hollow and having three or more through holes (23) in its
periphery, the elongate tube (41) having a pair of caps (45)
plugged and welded one into each end thereof, the cap (45)
having therethrough a threaded hole (47) coaxially with the
tube (41), the rod (13) being secured to the node (l1) by a bolt
(20) inserted through the through hole (23) of the node (11)
and threaded to the threaded hole (47) of the cap (49).

7. A truss structure according to claim 4, the node (11)
including a node body (15) having the through holes (23)
therethrough and an circular opening (21) formed in the base
thereof, and a circular cover (17) releasably atta'ched to the

opening (21) for a.llo'wing access to the bolts (20).
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multiplicity of panels (12) each adapted to encl ose the opening; each rod
(13) including an el ongated tube (41) having each end fastened to the outer
peri phery of the node (11) and a support nenber (43) integrally formed on
the el ongated tube (41) for supporting thereon the panel (12) in the
opening in cooperation with the correspondi ng support nenbers (43) of the
ot her openi ng-definimng rods (13); and~feans (14) for retaining the
correspondi ng panel (12) to the support menber (43). 2. A truss
structure according to claim1, the support .

FI1G.2
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menber (43) conprising an upright support stem (51) nmounted |ongitudinally
on and extending vertically fromtube (41) and a horizontal crossbar (53)
nount ed crisscross on the upright support stem (51) for each hol ding the
confronting edges (12'), (12') of the adjacent panels. (12), the retaining
means (14) conprising an el ongate clanping bar (14) being substantially
equal in length to the support nenber 4143) and fastened to the support -

menber (43) to retain the confronting
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edges (12'), (12') of the adjacent panels (12) against the horizontal
crossbar? (53). 3. A truss structure according to claim2, each end of
t he upright support stem (51) extendi ng beyond the correspondi ng end of the
tube (41) and curved so as to fit against the periphery of the node (11);
the horizontal crossbar (53) being substantially coextensive to the upright
support stem (51), the support nenber'%13) havi ng opposed

i soscel es-trianglular ends (44), formed by the radiating rods (ié) being
joined to the node (11), the conplenentary isoscel es-triangul ar .ends (44)

FI1G. 5

of the
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support nenber (43) of the rods (13) being butted together over the node
(11). ¢ 4. Atruss structure according to claim2, the el ongated

cl anpi ng bar (14) being substantially equal in |length as the support nenber
(43) and having opposed isoscel es-triangular ends (72), formed by the rods
(13) being joined to the node (11), the conplenentary isoscel es-triangul ar
ends (72) of the.elongated clanping bar®&-(14) butted together over the node
(11). 5. Atruss structure according to claim3, the truss structure

further including an elongated cap plate (71) being.

F1G.6
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substantial lyequat _in_length as.fhe clanping bar (14) and havi ng‘”@ﬂ’p’Bfé’fi

. i sos¢el egrbi Acmpeiar sierrls (93)G,  tihe el ongated cap plate (91) coning into
snap%i ROneREBEGIERzed ¥iot Pigeél-ondat ed cl anpi ng bar (14) for pREFPERCEMENT SHEET
wat et ffeakagay :pageghe oogtgedI®) |being joined to the node (11),

conpliepent. AL 0 hes{or gul.arj ends_(93) of the elongated cap plates
et PeER pexe ngltsje (11),

[
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TRUSS STRUCTURE
The present invention relates generally to a truss
structure used for construction of a building. house or the like

and more particularly, a truss structure comprising a

multiplicity of substantially spherical nodes, a multiplicity.of
rods extending between and joined to each adjacent pair of the
nodes to thus form any desired configuration, such as a _deme, a
plane figure, and a multiplicity of panels enclosing the
configuration.

A typical structure of the type described is disclosed in
Japanese Utility Model Laid-open Publication No. 2-20614. The
disclosed truss structure 501 broadly comprises three distinct
elements; a skeleton or supporting foundation frarr;ew'ork 501a
for bearing the whole burden of the structure 501; a covering
structure 501b enclosing the framework and; means 50lc for
linking the skeleton 50la and the covering structure 50lc. The

~ skeleton 501a includes a muitiplicity of solid nodes 503 and a
-multiplicity of solid cylindrical rods 505 extending between
and joir_led to each adjacent ‘pair of the nodes 503 in such a way
that 'rel‘evan't radiating rods 505 being joined radially thereto to
thus form a lattice like skeleton framework 501a of a desired |
configuration. The covering structure 501b includes a
multiplicity of panel members 501b each comprising an
interior and an exterior frame half 507, 509 and a panel 5!!
clamped therebetween. And, the linking means 50lc includes a
multiplicity of brackets 501c linking the nodes 503 and the

interior frame halves 507. ‘
This is the replacement sheet
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6. A truss stricture accordi ng to cl a'i m i, t he node (11) being holl ow and
having three or nore through holes (23) inits .
: RFPI ACEMENT SHEET

-2-

This conventional truss structure 501 suffers the
following drawbacks:

Since the lattice-like skeleton framework 50la, a great
number of the brackets 507 and the panel members 501b are
arranged and installed at random or without regard to each
other in terms of aesthetical design, this provides unsightly,
complicated and out-of-order appearance.

After setting up the skeleton framework 50la; first one
must attach brackets members 50lc to the skeleton framework
501a at thousands of positions and then attach a multiplicity of
panel members 501b to the bracket members 501c at as many
positions. This operation has proved to be very time-
consuming and tedious.

With the foregoing difficulties in view, it is therefore an
object of the invention to provide a truss structure which is
simple in structure, thus pleasing to look at and is easy to

- manufacture and install.

According to the present invention, there is provided a
“truss structure comprising: a multiplicity of substantially
spherical nodes; and a multiplicity of rods extending between
and joined to each adjacent pair of the nodes in such a way that
each node has the! relevant rods extending radially therefrom
to thereby form a desired lattice configuration; characterized in
that: the lattice configuration has a multiplicity of openings
each defined by a set of the rods; the truss structure further
including a multiplicity of panels each adapted to enclose the
opening; each rod including an elongated tube having each end
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peri phery, the elongate tube (41) having a pair of caps (45) plugged and

wel ded one into each end thereof, the cap (45) having therethrough a

" threaded hole (47) coaxially with the tube (41), the rod (13)RB§%@§N§@Jéﬁg§T
to the node (11) by a bolt (20) inserted through the through hole (23) of
the node (11) and threaded to the threaded hole (47) of the cap (45).

7. Atruss structure according to claim4;3the node (11) including a node
body (15) having the through holes (23) therethrough and an circul ar

opening (21) formed in the base

fastened to the outer periphery of the node and a support

member integrally formed on the elongated tube for supporting
thereon the panel in the opening in cooperation with the
corresponding support members of the other opening-defining -
rods; and means for retaining the corresponding panel to the
support member.

Many other advantages and features of the present
invention will become manifest to those versed in the art upon
making reference to the detailed description and the
accompanying sheets of drawings in which preferred structural
embodiments incorporating the principles of the present
invention are shown by way of illustrative example.

FIG. 1 is a diagrammatical plan view of a_dome
construction in which the present invention is embodied.

FIG. 2 is an enlarged fragmentary view of an apex portion
of the dome comstruction of FIG. 1;

FIG. 3 is a cross-sectional view taken on line III-IIl of .
FIG. 2.

‘-FIG-. 4 is a cross-sectional view take on line IV-IV of FIG.

FIG. 5 is an enlarged exploded view of the apex portion of
the dorm construction, some parts omitted for brevity's sake.

FIG. 6 is a perspective view of a conventional truss
structure described in the introductory part of the specification,

FIG. | is a diagrammatical plan view of of a dome_
construction used for auditorium, stadium etc- in which the

present invention is embodied, although the truss structure
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t hereof, and a circular cover (17) reI easabl y attached to the ope @@FT
for allow ng access to the bolts (20). &I‘\%T(

accordirig to the present invention may be of any desired figure
such as as circular plane figure, rectangular plane figure. etc.

As seen from FIG. 1, the truss structure broadly
comprises a .m.ultiplicicy of nodes 11; a multiplicity of rods 13
extending between and joined to each adjacent pair of the
nodes 11 in such a way that each of the node 1l has the
relevant rods extending radially therefrom to form a dome-like
lattice construction having a plurality of opening each defined
by a set of the rods 13; a plurality of panels 12 each ada;ﬁted .
to enclose the opening; and means 14 for retaining the
corresponding panel to the rod.

Since the node-and-rod system is repeated over enmtire
area of the dome. construction, the explanation will be made by
focusing on an apex portion A (FIG. 2) of the dome construction
of FIG. 1. In FIG. 2, a node 11 is partly seen under five
_elongated cap plates 91 having their isosceles-triangular ends
93 butted together, the corresponding five rods being hidden
under the cap plates 91. Although the node-and-rod system is
. shown to extend over the entire area of the construction in this
em_bodirﬁent, the node-and-rod system may be used as part of
a construction, such as a facade, a flat roof and a skylight.

As better shown in FIGS. 4 through 5, each node 11 is
substantially spherical and hollow, and comprises a hollow
boyvl-shapéd node body 15, a thin circula.r.cap 17 and a joint
bolt 19 joining the node body 15 and the circular cap 17

together. The node body 15 has a circular opening 2! formed
in the base thereof, The node body 15 has .a plurality of preferably :

three or more; five
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in the case of the node 11 Tocated on the apex portion ’i\) through-

holes 23 formed in the periphery in a plane and disposed at
uniform intervals from each other. The node body 15 has a
threaded hole 25 on th-e imerné.l periphery at the apex A
thereof into which one end of the joint bolt 19 is screwed. The
node body 15 has a pair of internal and external flattened

surfaces 26, 27 around the internal and external edges,
respectively, of each through hole 23 for enébling a head of a
bolt 20 and an end of a tube 41 to be seated flatly and stably
thereon, as ciosely described hereinafter.

The circular cap 17 is complementary in diameter 1o the
circular opening 21 of the bowl-shaped hollow node hody 15
for fully enclosing the opening 21. A central stud 28 is
mounted on the inner side at the center of the circular cap 17.
The central stud 28 has a threaded hole 29 formed
longitudinally therein.

As better shown in FIGS 3 through 5, each rod 13 is
extruded from aluminiﬁm or other suitable materials and
. broadly comprises an elongated circular tube 4] and a support
member 43 integrally formed with and mounted longitudinally
on the elongated tube 41 for supporting panels thereon.

" As better shown in FIG. 4, the elongated tube 41 has a
pair of caps 45, 45 plugged and welded one into each end
thereof. The cap 45 has therethrough a threaded through hole
47 coaxially with the tube 41. The support member 43
comprises .an upright support stem 51 mounted longitudinally

on and extending vertically from the tube 41 and a horizontal
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trtangular in this embodiment. since the rod-and-node la[ti;‘.-e
construction provides a multiplicity of triangular openings.
However. the panel 12 may be shaped in other figure

depending on what openings the rod-and-node lattice .
construction provides. |

For installing the truss structure aécording to the present

invention, as better shown in FIGS. 3 through 4, each tube 41 is
butted at its capped end against the corresponding external
flattened surface 26 of the node 11 with the threaded through-hole
47 of the circular end cap 45 dilsposed in registry with the
corresponding through hole 23 of the node 11.  With the

capped end of the tube 41 held firmly against the flattened
surface 26, a bolt 20 is inserted through a washer 20', the
through hole 23 of the node 11 and screwed into the threaded through
hole 47 of the circular end cap 45 of the tube 41.  With this
process. going through all the radiating rods 13, they are all
secured to the node 11 with the curved lower edge portions 52
fit snugly against the outer periphery of the node body 15 and
-the vertical tips abutting 52' abut against each other.. At the
same tiri{e, the complemenfary isosceles-triangular enlds 44 of
the support member 43 of all the radiating rods 13 abutted
against one another and fill up.a space over the node 11.

Then, as shown in FIG. 5, a pair of adjacent panels 12, 12

(tri_a-ngular in this embodiment) are mounted on the crossbar

53 one on each side of the upright support stem 51; to be

precise, the confronting edges 12', 12' of the adjacent panels 12,
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CLAIMS:

[. A truss structure comprising: a multiplicity of
substantially spherical nodes (l1): and a multiplicity of rods
(13) extending between and joined to each adjacent pair of the
nodes (l1) in such a way that each node (11) has_the relevant .
rods (13) extending radially therefrom to thereby form a
desired lattice configuration; characterized in that: the lattice
configuration has a multiplicity of openings each defined by a
set of the rods (11); the truss structure further including a
multiplicity of panels (12) each adapted to enclose the opening;
each fod (13) including an elongated tube (41) having each end
fastened to the outer periphery of the node (11) and a support
member (43) integrally formed on the elongated tube (41) for
supporting thereon the panel (12) in the oOpening in cooperation
with the corresponding- support members (43) of the other
opening-defining rods (i3); and means (14) for retaining the
corresponding panel (12) to the support member (43).

2. A truss structure according to claim 1, the support
member (43) comprising an upright support stem (51)

. mounted longitudinally on and extending vertically from tube
(41) and a horizontai crossbar (53) mounted crisscross on the
upright support stem (51) for each holding the confrohting
edges (12), (12) of the adjacent panels (12), the retaining
means (14) comprising an elongate clamping bar (14) being
subétahtially equal in length to the support member (43) and

fastened to the support member (43) to retain the confronting

R O
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edges (12'), (12') of the adjacent panels (12) against the
horizontal crossbar (53).

3. A truss structure according to claim 2, each end of the
upright support stem (51) extending beyond the corresponding
end of the tube (41) and curved so as to fit against the
pgriphery of the node (11); the horizontal crossbar (53) beiqg
substantially coextensive to the upright support stem (51), the
support member (43) having opposed isosceles-trianglular ends
(44), formed by the radiating rods (13) being joined to the node
(11), the complementafy isosceles-triangular ends (44) of the
support member (43) of the rods (13) being butted together
over the node (11).

4. A truss structure according to claim 2, the elongated
‘clamping bar (14) being substantially equal in length as the
support member (43) and having opposed isosceles-triangular
ends (72), formed by the rods (13) being joined to the node (11), the
complementary isosceles-triangular ends (72) of the elongated
clamping ba;'s (14) butted together over the node (11).

5. A truss structure according to claim 3, the truss
structure further including an elongated cap plate (71) being
substantially equal in length as the clamping bar (14) and
having opposed isosceles-triangular ends (93), the elongated
cap plate (91) coming into snapping engagemeat with the
glongéted clamping bar (14) for preventing water leakage,

the rods (13) being joined to the.node (11),

complementary isosceles-triangular ends (93) of the elongated
cap plates (91) being butted together over the node (I1),
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