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distal end of which is hemicylindrically configured with
an inner surface that is contoured to receive a conju-
gately contoured knob on a distal end of the male cou-
pling fixture (33) in mating engagement. The female
coupling fixture (31) also includes a sleeve (36), which is
slidable coaxially from an OPEN position around an
intermediate portion of the cylindrical member (35) to a
LOCKED position around the matingly engaged distal
ends of the cylindrical member (3§) and the male cou-
pling fixture (33). Spring-biases locking bars (50) and
(51) maintain the sleeve (36) in the LOCKED position.
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1
COUPLING MECHANISM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

TECHNICAL FIELD

This invention relates generally to coupling mecha-
nisms, and more particularly to a quick-connect cou-
pling mechanism for securing a strut to a nodal element
in the construction of a truss structure.

BACKGROUND OF THE INVENTION

Truss structures have been constructed from kits
comprising struts and nodal elements, which fit to-
gether so that one end of each of several different struts
can be secured to one nodal element, and so that the
other ends of the different struts can be secured to cor-
responding other nodal elements. The construction of
model truss structures from TINKERTOY kits pro-
vides a familiar example of this construction technique.
(TINKERTOY is a registered trademark of Questor
Corporation, Toledo, Ohio).

SUMMARY OF THE INVENTION

The present invention provides a coupling mecha-
nism, which facilitates the erection of truss structures
from kits comprising struts and nodal elements. Kits
whose struts and nodal elements can be joined using the
coupling mechanism of the present invention are de-
signed for erecting large-scale truss structures under
adverse working conditions (e.g., aircraft hangers and
other types of shelters in arctic environments, underwas-
ter and bridge structures in combat situations, and habit-
able structures in extraterrestrial space).

In using a kit of the present invention, a construction
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worker secures a strut of a nodal element by means of 4

the novel coupling mechanism described hereinafter as
a step in erecting a particular type of truss structure
according to a predetermined design. Ordinarily, the
struts of the kit must be connectable quickly and se-
curely to the nodal elements of the kit with a mimmum
of physical exertion being required of the worker per-
forming the construction. It is therefore an object of the
present invention to provide a quick-connect coupling
mechanism by which a strut can be secured to a nodal
element in erecting a truss structure, particularly a
large-scale truss structure whose struts are likely to be
unwieldy (in terms of length and/or weight) for a con-
struction worker to handle.

The coupling mechanism of the present invention
comprises a female coupling fixture and a male coupling
fixture, which a construction worker can connect to-
gether quickly and with a minimum of physical exer-
tion. In the preferred embodiment of the invention, the
female coupling fixture is secured to an end of a strut,
and the male coupling fixture is secured to a nodal ele-
ment. In principle, however, operation of the coupling
mechanism does not depend upon whether the female
coupling fixture is secured to the strut and the maile
coupling fixture is secured to the nodal element, or vice
versa. Thus, in a particular application it might be ap-
propriate for the female coupling fixture to be secured
to the nodal element and for the male coupling fixture
to secured to the strui.
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The female coupling fixture according to the present
invention comprises a solid circularly cylindrical mem-
ber, which has a proximal end that is secured coaxially
to an end of the strut, and a distal end that engages the
male coupling fixture. The male coupling fixture 1s a
lug, which is secured to and projects from the nodal
element. The distal end of the cylindrical member of the
female coupling fixture is of partially cylindrical config-
uration (e.g., hemicylindrical configuration), and has an
inner surface that is contoured to receive a conjugately
contoured knob-like extremity on the distal end of the
lug.

The female coupling fixture further comprises a lock-
ing sleeve, which is configured as a hollow cylinder that
is slidable coaxially over the solid cylindrical member
from an OPEN position to a LOCKED position. When
the locking sleeve is at the OPEN position, the inner
surface of the hemicylindrical distal end of the cylindn-
cal member is exposed to receive the knob-like extrem-
ity on the distal end of the lug. When the locking sleeve
is slid to the LOCKED position after the hemicylindn-
cal distal end of the cylindrical member has received the
knob-like extremity on the distal end of the lug, the
sleeve locks the male and female coupling fixtures to-
gether in mating engagement and thereby secures the
strut to the nodal element.

It is a feature of a coupling mechanism comprising
male and female coupling fixtures according to the
present invention that a strut with the female coupling
fixture secured thereto can be connected to a nodal
element having the male coupling fixture secured
thereto, or vice versa, by merely bringing the inner
surface of the hemicylindrical distal end of the cylindri-
cal member of the female coupling fixture into overlap-
ping side contact with the knob-like extremity on the
distal end of the male coupling fixture (i.e., the lug
projecting from the nodal element). The present inven-
tion does not require that the female coupling fixture
approach the male coupling fixture (or vice versa) from
any unique angle (e.g., end-to-end) in order to achieve
mating engagement. This feature wherein engagement
of the male and female coupling fixtures can be
achieved by overlapping side contact with each other
considerably minimizes the time required to connect the
strut to the nodal element.

It is another feature of the coupling mechanism of the
present invention that the male and female coupling
fixtures can be securely locked in mating engagement
with each other by a simple shiding motion of the lock-
ing sleeve between two fixed positions (i.e., from the
OPEN position to the LOCKED position). This feature
wherein the male and female coupling fixtures can be
locked together by simply sliding a cylinder from one
position to another considerably minimizes the physical
effort required of a construction worker to connect the
strut to the nodal element.

DESCRIPTION OF THE DRAWING

FIG. 1 is a perspective view of a truss structure (or
portion of a truss structure) in the process of being
erected from a kit comprising a set of struts and nodal
elements, which are connected together by coupling
mechanisms according to the present invention.

FIG. 2 is a perspective view of a strut assembly used
in erecting the truss structure of FIG. 1, where the strut
assembly comprises a strut with female coupling fix-
tures according to the present invention secured at
corresponding ends thereof.
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FIG. 3 is a perspective view of a node assembly used
in erecting the truss structure of FIG. 1, where the node
assembly comprises a multifaceted nodal element with
male coupling fixtures according to the present inven-
tion projecting from corresponding facets thereof.

FIG. 4 is a perspective view showing the distal end of
a female coupling fixture being brought into overlap-
ping side contact with the distal end of a male coupling
fixture when the strut assembly of FIG. 2 is being joined
to the node assembly of FIG. 3, where phantom outlines
showing the distal end of the female coupling fixture in
various locations indicate alternative directions from
which the female coupling fixture can approach the
male coupling fixture.

FIG. 5 is an elevation view partially in longitudinal
cross section showing the distal end of a female cou-
pling fixture on the strut assembly of FIG. 2 in mating
engagement with the distal end of a male coupling fix-
ture on the node assembly of FIG. 3, where a locking
sleeve of the female coupling fixture is in OPEN posi-
tion.

FIG. 6 is an elevation view partially in longitudinal
cross section showing the distal end of the female cou-
pling fixture of FIG. 2 in mating engagement with the
distal end of the male coupling fixture of FIG. 3, where
the locking sleeve of the female coupling fixture is in
LOCKED position.

FI1G. 7 is an elevation view in longitudinal cross sec-
tion showing the opposite ends of the strut assembly of
FIG. 2 in which the female coupling fixtures are con-
nected to corresponding male coupling fixtures as
shown in phantom outlines.

FIG. 8 is a perspective view, partially in longitudinal
cross section, of a cylindrical member of the female
coupling fixture of the strut assembly of FIG. 2.

FIG. 9 is a fragmentary perspective view of the node
assembly of FIG. 3 to which the strut assembly of FIG.
2 has been connected, where a technique for discon-
necting the strut assembly from the node assembly is
illustrated by means of a view whose jaw members are
positioned to press together a pair of spring-biased lock-
ing bars mounted on the cylindrical member of the
female coupling fixture.

FIG. 10 is an exploded perspective view of the female
coupling fixture of the strut assembly of FIG. 2.

FIG. 11 is a detailed view 1n longitudinal cross sec-
tion of a portion of the cylindrical member of the female
coupling fixture of the strut assembly of FIG. 2 in
which the spring-biased locking bars are positioned so
as to retain the locking sleeve in LOCKED position.

FIG. 12 is a transverse cross-sectional view of the
female coupling fixture of the strut assembly of FIG. 2
as viewed along line 12—12 in FIG. 11.

FIG. 13 is an exploded perspective view of bevelled
end portions of the spring-biased locking bars and a
conjugately bevelled end portion of the locking sleeve,
which make contact with each other when the locking
sleeve is in LOCKED position as shown in FIG. 11,
where in the exploded view the locking bars are angled
away from their actual axial alignment with the locking
sleeve so that the areas of contact between the locking
bars and the locking sleeve can be illustrated by cross-
hatched shading.

FIG. 14 is a perspective view of the truss structure of
FIG. 1 after erection has been completed.

FIG. 15 is a fragmentary perspective view in en-
larged detail of a corner portion of the truss structure of
FIG. 1 as delineated by circular line 15—15 1n FIG. 14.

3

10

15

20

23

30

35

43

350

33

63

4

FIG. 16 is a fragmentary perspective view in en-
larged detail of a side edge portion of the truss structure
of FIG. 1 as delineated by circular line 16—16 1n FIG.
14.

FIG. 17 is a perspective view of a truss structure
made of strut assemblies and node assemblies according
to the present invention, where one of the strut assem-
blies is defective because the strut thereof has become
fractured.

FIG. 18 is a perspective view of a replacement strut
assembly to replace the defective strut assembly in the
truss structure of FIG. 16, where one of the female
coupling fixtures of the replacement strut assembly
comprises a turnbuckle member according to the pres-
ent Invention.

FIG. 19 is a view in longitudinal cross section of the
turnbuckle member of the female coupling fixture
shown in FIG. 18.

FIG. 20 is a perspective view of the turnbuckle mem-
ber of the female coupling fixture of FIG. 19, where a
technique for rotating a linking cylinder of the turn-
buckle member is illustrated by means of a spanner
wrench.

FIG. 21 is a broken-away perspective view of the
female coupling fixture comprising the turnbuckle
member as shown in FIG. 18.

FIG. 22 is an elevation view showing the replace-
ment strut assembly of FIG. 18 after having been in-
stalled to replace the defective strut assembly in the
truss structure of FIG. 17.

FIG. 23 i1s an enlarged elevation view of a scale por-
tion of the turnbuckle member of the female coupling
fixture of the replacement strut assembly of FIG. 22 in
which the position of an indexing pin indicates the
length of the replacement strut assembly.

FIG. 24 is an elevation view showing the defective
strut assembly in the truss structure of FIG. 17, where
rebalancing of forces in the truss structure after the strut
has been fractured causes segments of the fractured
strut overlap each other.

FIG. 25 is an enlarged view of the scale portion of the
turnbuckle member of the female coupling fixture of the
replacement strut assembly of FIG. 18, which 1s used to
replace the defective strut assembly of FIG. 24, where
the position of the indexing pin with respect to scale
markers on the turnbuckle member indicates that the
length of the replacement strut assembly (when initially
being installed) is less than the length of the strut assem-
bly required by the design of the truss structure.

FIG. 26 is an elevation view showing the defective
strut assembly in the truss structure of FIG. 17, where
rebalancing of forces in the truss structure after the strut
has been fractured causes segments of the fractured
strut to become separated from each other so as to leave
a gap therebetween.

FIG. 27 i1s an enlarged elevation view of the scale
portion of the turnbuckle member of the female cou-
pling fixture of the replacement strut assembly of FIG.
18, which 1s used to replace defective strut assembly of
FIG. 26, where the position of the indexing pin with
respect to scale markers on the turnbuckle member
indicates that the length of the replacement strut assem-
bly (when initially being installed) is greater than the
length of the strut assembly required by the design of
the truss structure.

FIG. 28 is a fragmentary perspective view of a node
assembly of the present invention to which four strut
assemblies are connected, where one of the strut assems-
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S
blies is a replacement strut assembly as shown in FIG.
18.
FI1G. 29 is a perspective view of the truss structure of
FIG. 17 after the defective strut assembly has been
replaced by the replacement strut assembly of FIG. 18.

BEST MODE OF CARRYING OUT THE
INVENTION

FIG. 1 shows a truss structure (or a portion of a truss
structure of unspecified configuration), which 1s in the
process of being erected from a set of strut assemblies
and node assemblies In accordance with the present
invention. In the preferred embodiment of the inven-
tion, the strut assemblies and node assemblies are com-
ponents of a kit, and can be connected to each other in
various ways according to predetermined designs to
permit truss structures of a variety of different configu-
rations to be constructed.

In FIG. 2, a strut assembly used in erecting the truss
structure of FIG. 1 is illustrated in perspective view.
The strut assembly of FIG. 2 comprises an elongate
strut 30 of generally cylindrical configuration to which
a pair of female coupling fixtures 31 are affixed, one at
each end. Depending upon the particular application,
the strut 30 could be hollow or solid. The strut 30 could
be made of a metal such as steel or an aluminum alloy,
or a non-metal such as a graphite-epoxy composite ma-
teral.

In FIG. 3, a node assembly used in erecting the truss
structure of FIG. 1 is illustrated in perspective view.
The node assembly of FIG. 3 comprises a multifaceted
nodal element 32 to which one or more lugs 33 are
affixed. Each lug 33 projects from a corresponding
facet of the nodal element 32, and functions as a male
coupling fixture. In the preferred embodiment, each lug
33 is secured to the nodal element 32 by inserting a
screw-threaded proximal end of the lug 33 into a conju-
gately screw-threaded bore in the corresponding facet
of the nodal element 32.

In an ordinary application, there would be no need
for lugs 33 to project from all the facets of the nodal
element 32. Thus, in the truss structure illustrated in
FI1G. 1, a node assembly at a corner of the truss struc-
ture needs only four or five lugs 33, and a node assembly
positioned elsewhere in the truss structure needs only
six or seven lugs 33, depending upon the actual location
of the particular node assembly. Whether or not a lug 33
18 to be inserted into the bore in a particular facet of the
nodal element 32 depends upon the design of the truss
structure that is to be erected. As shown in FIG. 3, a
screw-threaded dust cover 34 could be inserted instead
of a lug 33 into the bore of any particular facet of the
nodal element 32 where a lug 33 15 not needed. In an
application in which a bore in a particular facet of the
nodal element 32 could be left exposed without detri-
mental effect, there would be no need to insert a dust
cover 34 into such a bore.

In a kit comprising strut assemblies and node assem-
blies according to the preferred embodiment of the
present invention, the strut assemblies would differ in
significant respects from each other (if at all) only in the
lengths of the struts 30 of some of the strut assemblies.
There would ordinarily be a plurality of strut assemblies
in the kit for each of several different strut lengths, and
all strut assemblies with struts 30 of the same length
would be interchangeable with each other. Complete
node assemblies could be pre-assembled for kits that are
dedicated to particular applications. Alternatively,
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6

however, a plurality of nodal elements 32 and lugs 33
could be included as separate items in the kit. Ordinar-
ily, all the nodal elements 32 would be fungible, and all
the lugs 33 would likewise be fungible.

Each female coupling fixture 31 comprises a solid
circularly cylindrical member 35 coaxially surrounded
by a cylindrical sleeve 36. A proximal end of the cylin-
drical member 35 is secured to an end of the strut 30 in
a conventional manner. A distal end of the cylindrical
member 38 is hemicylindrically configured with an
inner surface (as shown in FIG. 2), which 1s contoured
to receive a conjugately contoured knob (as shown in
FIG. 3) on the distal end of any one of the lugs 33 pro-
jecting from the nodal element 32.

In accordance with the present inventions, a con-
struction worker connects a strut assembiy to a node
assembly by maneuvering the strut assembly so that the
distal end of the cylindrical member 35 of the female
coupling fixture 31 at one end of the strut assembly
comes into overlapping side contact with the distal end
of one of the lugs 33 on the nodal assembly. Side-con-
tact of the distal end of the cylindrical member 35 with
the distal end of the lug 33 can be made from any conve-
nient direction of approach within a wide range of ap-
proach angles, as indicated in FIG. 4. Phantom outlines
for the female coupling fixture 31 are shown in FIG. 4
to indicate various possible directions from which the
distal end of the cylindrical member 35 of the female
coupling fixture 31 can be brought into contact with the
distal end of the lug 33. The knob on the distal end of
the lug 33 i1s preferably of disc-like configuration, and
the edges on the knob are appropriately chamfered to
facilitate reception of the knob by the conjugately con-
figured recessed portion of the inner surface of the
distal end of the cylindrical member 35.

FIG. 5 shows the proximal end of the cylindrical
member 35 of the female coupling fixture 31 secured to
one end of the strut 30 to form the strut assembly 1llus-
trated in FIG. 2. In the embodiment illustrated in FIG.
8, the strut 30 is of tubular configuration, and the proxi-
mal end of the cylindrical member 38§ has a diameter
dimensioned to permit swage-fitting thereof into the
end of the strut 30. A flanged hilt portion 37 of the
cylindrical member 35 makes abutting contact with the
tubular end of the strut 30, thereby limiting the extent to
which the proximal end of the cylindrical member 335
penetrates into the strut 30. The proximal end of the
cylindrical member 35 may be permanently secured to
the sirut 30 by a conventional technique, which is re-
presentationally indicated in FIG. 5 by a pin 38 extend-
ing transversely through the strut 30 and through the
proximal end of the cylindrical member 35. In a particu-
lar application, the pin 38 could be replaced by, e.g., one
or more machine screws, a riveted joint, a brazed or
welded joint, a glued joint, or some other type of joint.
Depending upon the type of material used to fabricate
the strut 30, the cylindrical member 35 could be formed
integrally as an end portion of the strut 30 in certain
applications.

As seen in cross section in FIG. §, two longitudinally
extending slots 40 and 41 are formed on transversely
opposite sides of the solid cylindrical member 35. The
slots 40 and 41 communicate with each other through
two transverse passageways 42 and 43, which are lo-
cated adjacent opposite ends of the longitudinally ex-
tending slots 40 and 41. Springs 44 and 45 are positioned
in the transverse passageways 42 and 43, respectively.
An elongate bar 50 is positioned in the slot 40, and an
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elongate bar 51 is positioned in the slot 41. The bars 50
and 51, which are called locking bars, are substantially
identical to each other. A surface of the bar 50 facing
the innermost (i.e., bottom) surface of the slot 40 has
two recesses, which are located so as to be aligned with
the transverse passageways 42 and 43, respectively,
when the bar 50 is positioned in the slot 40. One of the
recesses on this innermost surface of the bar 50 receives
a first end of the spring 44, and the other recess on the
innermost surface of the bar 50 receives a first end of the
outer spring 45. Similarly, a surface of the bar 51 facing
the innermost (i.e., bottom) surface of the slot 41 has
two recesses, which are located so as to be aligned with
the transverse passageways 42 and 43, respectively,
when the bar 51 is positioned in the slot 41. One of the
recesses on this innermost surface of the bar receives a
second end of the spring 44, and the other recess on the
innermost surface of the bar 51 receives a second end of
the other spring 45.

Apertures 52 extend transversely through the locking
bars 50 and 51 adjacent opposite ends thereof. Each of
the apertures 52 is elongate in a direction that slants
slightly away from perpendicularity (e.g., by about 15°)
with respect to the longitudinal axis of the cylindrical
member 35. Pins 53 extend through appropriately posi-
tioned holes (not visible in the cross-sectional view of
FIG. 5) in the cylindrical member 3§, and through cor-
responding apertures 52 in the locking bars 50 and 351, to
retain the locking bars 50 and 51 within the slots 40 and
41, respectively. The pins 53 are cylindrical, and have a
diameter that provides a frictionally tight fit between
the pins 53 and the inner surfaces of the holes in the
cylindrical member 35 so that longitudinal motion of
the locking bars 50 and 51 within the slots 40 and 41,
respectively, is prevented. Where necessary in a partic-
ular application to prevent the pins 53 from working
themselves free from the holes in the cylindncal mem-
ber 35, the pins 53 can be permanently bonded to the
inside surfaces of the holes by a conventional technique
such as brazing, gluing, etc. The ends of the pins 53 do
not extend beyond the outer surface of the cylindrical
member 35, and therefore do not interfere with sliding
motion of the sleeve 36 over the cylindrical member 33.

Since the apertures 52 are elongate in a direction that
deviates only slightly from perpendicularity with re-
spect to the longitudinal axis of the cylindrical member
35, the locking bars S0 and 51 are free to move inward
and outward in a substantially radial manner with re-
spect to the longitudinal axis of the cylindrical member
35. When the sleeve 36 is in the position as shown In
FIG. 5, the locking bars 50 and 51 are pressed radially
inward against the bars of the springs 44 and 45. When
pressed inward, the locking bars 50 and 51 compress the
springs 44 and 45, and the transversely outermost end of
each one of the elongate apertures 52 makes contact
with a corresponding one of the pins 53. The position of
the sleeve 36 pressing the locking bars 50 and 51 inward
as shown in FIG. § is called the OPEN position, be-
cause the hemicylindrical distal end of the cylindrical
member 35 is thereby exposed (i.e., “open’’) to receive
the distal end of any one of the lugs 33.

As indicated by the arrows in FIG. 5, the sleeve 36
can be slid from the OPEN position to another position
(called the LOCKED position) as shown in FIG. 6.
When the sleeve 36 is slid to the LOCKED position
after the distal end of the cylindrical member 33 has
engaged the distal end of the lug 33, the strut assembly
is thereby locked to the node assembly. To facilitate
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sliding of the sleeve 36 over the outwardly urged lock-
ing bars 50 and 51, the outermost surfaces of the locking
bars 50 and 51 have recesses into which bosses 34 are
tightly fitted. The bosses 54 are made of a low-friction
material such as polytetrafluoroethylene (Teflon), and
are in contact with the interior wall of the sleeve 36
when the sleeve 36 is in the OPEN position. As the
sleeve 36 is slid from the OPEN position (as illustrated
in FIG. 5) to the LOCKED position (as illustrated in
FIG. 6), the sleeve 36 makes sliding contact with the
bosses 34.

A longitudinally extending groove 3§ is provided on
the outer surface of a central portion of the solid cylin-
drical member 35. A short pin (not visible 1in the cross-
sectional view of FIGS. 5 and 6, but indicated by refer-
ence number 56 in the perspective view of FI1G. 10) 1s
inserted through an appropriately positioned hole in the
sleeve 36 so as to extend into the groove 55. The pin 56
travels within the groove 55 as the sleeve 36 is shd
coaxially over the cylindrical member 35. When the pin
36 reaches the distal end of the groove 5§, further slid-
ing of the sleeve 36 beyond the distal end of the cylin-
drical member 35 is prevented as the pin 56 i1s stopped
by the distal end of the groove 55. Thus, in the event the
sleeve 36 is accidentally moved to the LOCKED posi-
tion before the distal end of the cylindrical member 35
has been connected to the distal end of one of the lugs
33, the pin 56 prevents the sleeve 36 from being re-
moved from the female coupling fixture 31. Preferably,
the pin 56 and the cylindrical member 35 are made of
different metals.

Initially, as the sleeve 36 is being slid over the cylin-
drical member 35 from the OPEN position to the
LOCKED position, the proximal end portions (and
thereafter the intermediate portions) of the locking bars
50 and 51 are uncovered. Eventually, when the sleeve
36 reaches the LOCKED position, the locking bars 50
and 51 are fully uncovered. When the proximal end
portions of the locking bars 50 and 51 are first uncov-
ered, the spring 45 causes the locking bars 30 and 51 to
rotate outwardly about the pins 53 through the aper-
tures 52 at the distal ends thereof as pivots. When the
sieeve 36 clears the distal ends of the locking bars 50
and 51, and reaches the LOCKED position, the spring
44 causes the distal ends of the locking bars 50 and 51 to
snap outwardly so as to become wedged into the proxi-
mal end of the sleeve 36.

It is necessary to press the locking bars 50 and 31
together, when the sleeve 36 is to be shd from the
LOCKED position back to the OPEN position 1n order
to detach the strut assembly from the node assembly. A
dimple 57 is provided on the outermost surface of each
of the locking bars 50 and 51 to receive a corresponding
jaw member of a vise used to press the locking bars 50
and 51 together against the bias of the springs 44 and 45.

An outwardly extending flange 58 is provided on the
proximal end of the sleeve 36. An inner edge of the
flange 58 is bevelled so as to make contact with a conju-
gately bevelled edge on the distal side of the hilt portion
37 of the cylindrical member 35, when the sleeve 36 1s
in the OPEN position, as illustrated in FIG. 5. When the
sleeve 36 has been slid to the LOCKED position as
illustrated in FIG. 6, bevelled edges on the distal ends of
the locking bars 50 and 51 extend outward further than
the inside diameter of the sleeve 36 so as to bear against
the bevelled inner edge of the flange 58. The distal ends
of the locking bars 50 and 51 are thereby wedged mto
the proximal end of the sleeve 36, whereby the locking
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bars 50 and 51 prevent the sleeve 36 from sliding back
over the cylindrical member 35 from the LOCKED
position to the OPEN position. The sleeve 36, when in
the LOCKED position, secures the strut assembly to
the node assembly.

An outwardly extending flange 59 i1s provided on the
distal end of the sleeve 36. An inner surface at the distal
end of the sleeve 36 is bevelled so as to make close
contact with a conjugately bevelled annular ridge on
the lug 33, when the sleeve 36 is in the LOCKED posi-
tion. An outer edge on the flange §9 is chamfered as
shown in FIGS. § and 6 to prevent contact with other
flangas 59 on the sleeves 36 of the corresponding female
coupling fixtures 31 of other strut assemblies coupled to
lugs 33 projecting from adjacent facets of the nodal
element 32.

A protruding annular rim 60 is provided on the outer
surface of the sleeve 36 to facilitate gripping thereof by
a construction worker engaged in erecting a truss struc-
ture using strut assemblies and node assemblies accord-
ing to the present invention. As shown in FIG. 6, the
rim 60 extends radially outward from the sleeve 36 to
about the same extent as the flanges 58 and 59, and i1s
located so as to fit into the coupled palm of a construc-
tion worker’s hand to facilitate gripping of the sleeve
36.

In FIG. 7 a longitudinal cross-sectional view is pro-
vided of the opposite ends of the strut assembly of FIG.
2. The sleeves 36 of the female coupling fixtures 31 at
the opposite ends of the strut assembly are shown in
LOCKED position, whereby each end of the strut as-
sembly is secured to a corresponding lug 33 on a corre-
sponding nodal element 32. A perspective view in longi-
tudinal cross section of the cylindrical member 35§ of
one of the female coupling structures 31 of the strut
assembly is shown in FIG. 8. The cylindrical member
35 could be secured to the strut 30 by any conventional
technique as representationally illustrated by the pin 38.
However, for particular application, the cylindrical
member 38 could be integral with the strut 30, so that
the female coupling fixture 31 would be an end portion
of the strut 30.

To disconnect a particular female coupling fixture 31
from a particular lug 33, it is necessary to press the
locking bars 50 and 51 of the female coupling fixture 31
radially inward so as to compress the springs 44 and 45,
thereby allowing the sleeve 36 to be slid over the cylin-
drical member 35 from the LOCKED position to the

OPEN position. A conventional tool (illustrated in
FIG. 9 by a C-clamp type of vise) can be used to press
the locking bars 50 and 51 inward. As shown in FIG. 9,
opposing jaw members of the C-clamp vise are seated in
the dimples 57 on the radially outermost surfaces of the
locking bars 50 and 51. Tension in the springs 44 and 45
is preferably strong enough so that a tool is needed to
press the locking bars 50 and 51 inward in order to slide
the sleeve 36 from the LOCKED position to the OPEN
position when disconnecting a strut assembly from a
node assembly. However, mere manual effort (without
the need for any helping tool) is all that is needed to
slide the sleeve 36 from the OPEN position to the
LOCKED position when connecting a strut assembly
to a node assembly.

In fabricating the female coupling fixture 31, as can
be seen from the exploded view in FIG. 10, the springs
44 and 45 are inserted through one of the slots 40 or 41
into the transverse passageways 42 and 43, respectively,
in the cylindrical member 35. After the springs 44 and
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45 are in place, the locking bars 50 and 51 are inserted
into the slots 40 and 41, respectively. The pins 33 are
then inserted through corresponding holes in the cylin-
drical member 35 and through the corresponding elon-
gated apertures 52 in the locking bars 50 and 31,
whereby the locking bars 50 and 51 are retained in the
slots 40 and 41. Thereafter, the sleeve 36 is fitted coaxi-
ally over the cylindrical member 35 so as to press the
locking bars 50 and 51 together against the radially
outward bias of the springs 44 and 45. The pin 36 1s then
inserted through the corresponding hole in the sleeve 36
sO as to extend into the groove 55 on the surface of the
cylindrical member 35, thereby preventing uninten-
tional removal of the sleeve 36 from the cylindrical
member 35.

FIG. 11 provides an enlarged cross-sectional view of
the central portion of the female coupling fixture 31 in
which the locking bars 50 and 51 are located. The pins
53 extending through the elongate apertures 32 at the
proximal ends of the locking bars 50 and 31 are shown
to be in contact with the innermost ends of the elongate
apertures 52. However, the pins 83 passing through the
elongate apertures 52 at the distal ends of the locking
bars 50 and 51 are shown to be not in contact with the
innermost ends of the elongate apertures 352. The wedg-
ing of the distal ends of the locking bars 50 and 51 into
the proximal end of the sleeve 36 prevents the pins 33
extending through the elongate apertures 52 at the distal
ends of the locking bars 50 and 51 from seating (i.e.,
“bottoming out’’) at the innermost ends of the elongate
apertures 32. The bevelled edges on the distal ends of
the locking bars 50 and 51 bear against the bevelled
inner edge of the flange 88, thereby obstructing sliding
motion of the sleeve 36 and locking the sleeve 36 se-
curely in place around the mated distal ends of the
cylindrical member 35 and the lug 33. A transverse
cross-sectional view of the female coupling fixture 31
through the elongate slots 52 at the distal ends of the
locking bars 50 and 51 as shown in FIG. 12.

In FIG. 13, the areas of contact between the bevelled
inner edge of the flange 58 at the proximal end of the
sleeve 36 and the conjugately bevelled outer edges on
the distal ends of the locking bars S0 and 51 are shown
by cross-hatched shading. The locking bars 50 and 31
are shown in FIG. 13 abnormally angled away from
their actual alignment with the locking sleeve 36, so that
the areas of contact can be more effectively illustrated.

FIG. 14 provides a perspective view of the truss
structure of FIG. 1 after erection has been completed.
One of the corner node assemblies of the truss structure
of FIG. 14 is illustrated in enlarged view in FIG. 18§, and
one of the node assemblies on a side edge of the truss
structure of FIG. 14 is shown in enlarged view 1n FIG.
16. The desired configuration of the truss structure, and
the position to be occupied in the truss structure by a
particular nodal element 32, determine whether a lug 33
is to be affixed to any particular one of the facets of the
nodal element 32.

In FIG. 17, a generalized representation is provided
of a truss structure constructed of strut assemblies and
node assemblies according to the present invention. One
of the strut assemblies of the truss structure of FIG. 17
i1s shown to be defective, because a fracture (which 1s
circled in FIG. 17) has developed in its strut 30. A kit
according to the present invention preferably also in-
cludes replacement strut assemblies to replace strut
assemblies that become defective in truss structures that
have previously been built. A replacement strut assem-
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bly according to the present invention i1s shown in FIG.
18.

The replacement strut assembly shown in FIG. 18
comprises a strut 30’ to which a female coupling fixture
31 is the type described above in connection with FIGS.
5 and 6 is attached at one end, and to which a new type
of female coupling fixture as described hereinafter is
attached at the other end. The strut 30’ of the replace-
ment strut assembly is substantially identical, except in
length, to the strut 30 of the strut assembly that is to be
replaced, as shown in of FIG. 2. In length, the strut 30°
of the replacement strut assembly is shorter than the
strut 30 of the defective strut assembly that is to be
replaced so as to accommodate a longer length for the
female coupling fixture of the replacement strut assem-
bly.

The special female coupling fixture of the replace-
ment strut assembly shown in FIG. 18 comprises a turn-
buckle portion 70 that is affixed to one end of the strut
30, and a coupling portion 31’ that is substantially
equivalent in design and function to the female coupling
fixture 31 described above. A longitudinal cross-sec-
tional view of the turnbuckle portion 70 s provided 1n
FIG. 19, in which the turnbuckle portion 70 is seen to
comprise a male member 71, a female member 72, and a
linking cylhinder 73.

The male member 71 of the turnbuckle portion 70 is
of right circular cylindrical configuration, and has a
screw-threaded outer surface portion 74. A proximal
end of the male member 71 is swage-fitted into the
tubular strut 30’, and is permanently secured thereto by
a conventional technique representationally indicated
by the pin 38'. In a particular application, the pin 38’
could be replaced by machine screws, a riveted joint, a
brazed or welded joint, a glued joint, or some other
type of joint for securing the male member 71 perma-
nently to the strut 30'. The male member 71 could be
formed integrally as an end portion of the strut 30° in
certain applications. A distal end of the male member 71
has an elongate projection 75 extending axially there-
from. The female member 72 is likewise of right circular
cylindrical configuration, and has a screw-threaded
outer surface portion 76.

In the preferred embodiment of the invention, the
female member 72 of the turnbuckle portion 70 is
formed integrally with (and in effect is an extension of)
a cylindrical member 38’ of the coupling portion 31. A
hilt 37° on the cylindrical member 35" of the coupling
portion 31’ corresponds structurally and functionally to
the hilt portion 37 of the cylindrical member 35 of the
female coupling fixture 31, and the part of the cylindri-
cal member 35 distal of the hilt 37’ is substantially iden-
tical in function to the part of the cylindrical member 35
distal of the hiit portion 37. In an alternative embodi-
ment of the invention, however, the female member 72
of the turnbuckle portion 70 could be a structurally
distinct member that is secured by a conventional tech-
nique (e.g., by swage-fitting and pinning) to the proxi-
mal end of the cylindrical member 35 of the type of
female coupling fixture 31 shown in FIGS. 5 and 6.

As shown in FIG. 19, an axial bore 77 1s formed in the
proximal end of the female member 72 to receive the
projection 75 of the male member 71 in smooth sliding
contact. The linking cylinder 73 has screw-threaded
interior surface portions 78 and 79 at opposite ends
thereof, which coaxially mesh with the screw-threaded
surface portions 74 and 76 of the male and female mem-

bers 71 and 72, respectively.
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The direction of the screw-thread on the outer sur-
face portion 74 of the male member 71 is opposite to the
direction of the screw-thread on the outer surface por-
tion 76 of the female member 72. Thus, for example, 1if
the outer surface portion 74 of the male member 71 has
a right-handed screw-thread, the outer surface portion
76 of the female member 72 has a left-handed screw-
thread. The interior surface portions 78 and 79 of the
linking cylinder 73 likewise have screw-threads of op-
posite directions, so that the screw-threaded interior
surface portion 78 of the linking cylinder 73 meshes
with the screw-threaded outer surface portion 74 on the

xnale member 71, and so that the screw-threaded inte-

rior surface portion 79 of the linking cylinder 73 meshes
with the screw-threaded outer surface portion 76 on the
female member 72.

A longitudinally extending window 80 located on the
cylindrical surface of the female member 72 between
the screw-threaded outer surface portion 76 and the hilt
37’ provides communication into the axial bore 77. An
indexing pin 81, which is secured to the projection 73
extending from the distal end of the male member 71,
protrudes transversely from the projection 75 through
the window 80 to a position adjacent the outer cylindn-
cal surface of the female member 72.

As indicated by the arrows in FI1G. 19, rotation of the
linking cylinder in one direction causes the male and
female members 71 and 72 of the turnbuckle portion 70
to draw closer together, thereby causing the projection
75 on the male member 71 to move axially further into
the bore 77 on the female member 72. Conversely, rota-
tion of the linking cylinder 73 in the other direction
causes the male and female members 71 and 72 to move
away from each other, thereby causing the projection
75 extending from the male member 71 to move axially
outward with respect to the bore 77. Thus, by rotating
the linking cylinder 73, a construction worker can vary
the length of the replacement strut assembly by moving
the projection 75 inwardly or outwardly with respect to
the bore 77.

After a desired length for the replacement strut as-
sembly of FIG. 18 has been obtained by rotauing the
linking cylinder 73 a precisely measured amount, a jamb
nut 82 is rotated along the screw-threaded outer surface
portion 74 of the male member 71 so as to abut one end
of the linking cylinder 73, and a jamb nut 83 is rotated
along the screw-threaded outer surface portion 76 of
the female member 72 so as to abut the other end of the
linking cylinder 73. When the jamb nuts 82 and 83 are
tightened in abutment against opposite ends of the link-
ing cylinder 73, the linking cylinder 73 is thereby
fixedly positioned so as to stabilize the length of the
replacement strut assembly.

In the preferred embodiment of the invention, a mid-
portion 84 of the external surface of the linking cylinder
73 is configured as a jamb nut to facilitate rotation of the
linking cylinder 73 can be efficiently accomplished by
using an appropriately dimensioned spanner wrench to
apply torque to the jamb nut portion 84. As the linking
cylinder 73 is rotated in one direction or the other, the
outer end of the indexing pin 81 moves longitudinally
along the elongate window 80 in a direction corre-
sponding to the inward or outward movement of the
projection 75 with respect to the bore 77.

A set of scale markers is etched or otherwise formed
on the cylindrical surface of the female member 72
adjacent an edge of the elongate window 80. Movement
of the outer end of the indexing pin 81 can be referred
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to the scale markers, whereby the precise length of the
replacement strut assembly can be measured. A broken-
away perspective view of a female coupling fixture
having a turnbuckle portion 70 as used in the replace-
ment strut assembly of the present invention is shown in
FIG. 21, which provides a desired illustration of the
mechanism whereby the length of the replacement strut
assembly can be adjusted.

In FIG. 22, a replacement strut assembly according
to the present invention is shown after having been
installed to replace a defective strut assembly needed to
connect two node assemblies in a truss structure. The
position of the indexing pin 81 relative to the scale
markers adjacent the edge of the window 80 (as shown
in enlarged view in FI1G. 23) is seen to be at a center
marker, which indicates that the linking cylinder 73 of
the turnbuckle portion 70 has been rotated the precise
amount needed to bring the replacement strut assembly
to the correct length required by the design specifica-
tions for the truss structure.

In a particular case as illustrated in FIG. 24, a fracture
has occurred in a strut 30 whose location in the truss
structure is such that a rebalancing of the forces exerted
on the node assemblies to which the strut 30 is joined
causes the node assemblies to move toward each other,
whereby segments of the fractured strut 30 overlap
each other. To replace the defective strut assembly in
such a case, it would be necessary for the replacement
strut assembly to be initially shorter than the correct
length for the strut assembly (i.e., shorter than the
length required by the design specification for the truss
structure) in order that the replacement strut assembly
can fit into the spacing left when the defective strut
assembly is removed. Thus, the linking cylinder 73 of
the turnbuckle portion 70 would have to be rotated so
as to reduce the length of the replacement strut assem-
bly from its correct length when initially being installed.
As illustrated in FIG. 25, the extent to which the length
of the replacement strut assembly has been shortened
can be measured by noting the extent to which the
indexing pin 81 has travelled from a position of align-
ment with the center marker to a more distal position
along the edge of the window 80 on the female member
72.

In another case as illustrated in FIG. 26, a fracture
has occurred in a strut 30 whose location in the truss
structure is such that a rebalancing of the forces exerted
on the node assemblies to which the strut 30 is joined
causes the node assemblies to move away from each
other, whereby segments of the fractured strut 30 are
separated from each other by a gap. To replace the
defective strut assembly in such a case, it would be
necessary for the replacement strut assembly to be ini-
tially longer than the correct length for the strut assem-
bly in order that the replacement strut assembly can
span the spacing left when the defective strut assembly
is removed. Thus, the linking cylinder 73 of the turn-
buckle portion 70 would have to be removed so as to
increase the length of the replacement strut assembly
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illustrated in FIG. 27, the extent to which the length of
the replacement strut assembly has been lengthened can
be measured by noting the extent to which the thdexing
pin 81 has travelled from a position of alignment with

the center marker t0 a more proximal position along the 65

edge of the window 80 on the female member 72.

After the replacement strut assembly has been in-
stalled, the linking cylinder 73 of the turnbuckle portion
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70 of the female coupling fixture is then adjusted (1.e.,
rotated in one direction or the other, as appropnate) to
bring the indexing pin 81 to the center marker along the
edge of the window 80, whereupon the correct length
for the replacement strut assembly is obtained, in effect,
the turnbuckle portion 70 of the female coupling fixture
of the replacement strut assembly functions as a jack to
restore proper alignment of the other strut assemblies of
the truss structure, thereby correcting any misalignment
caused by the fracturing of the strut 30.

The scale for the markers on the edge of the window
80, and the pitch of the screw threads on the outer
surface portions 74 and 76 of the male and female mem-
bers 71 and 72, respectively, can be specified for any
particular kit depending upon the design of the particu-
lar truss structure (or structures) to be erected using the
kit. FIG. 28 is a fragmentary perspective view of a
corner of the truss structure of FIG. 17 after the defec-
tive strut assembly has been replaced by a replacement
strut assembly as shown in FIG. 18. A perspective view
of the truss structure of FIG. 17 after the defective strut
assembly has been replaced by the replacement strut
assembly of FIG. 18 is shown in FIG. 29.

The present invention has been described above in
terms of particular embodiments and particular applica-
tions. However, other embodiments and applications
for the present invention would be apparent to practi-
tioners skilled in the art upon perusal of the foregoing
description and the accompanying drawing. Therefore,
the description and drawing presented herein are to be
deemed as merely illustrative of the invention, which i1s
legally defined by the following claims and their equiv-
alents.

I claim:

1. A method of coupling a first object to a second
object, said method comprising the steps of:

(a) securing a proximal end of a male member to said
first object, said male member being substantially
symmetric about an axis of elongation, a distal end
of said male member being configured generally as
a [know?] knob that is symmetric about said axis of
elongation;

(b) securing a proximal end of [an elongate] a fe-
male member to said second object, said female
member being generally symmetric about a cylindri-
cal axis, a distal end of said female member having
a contoured surface configured to receive said
knob on said distal end of said male member when
overlapping side contact of said contoured surface
with said knob is made from any direction of ap-
proach transverse to said axis of elongation of said
male member, said female member having a pair of
longitudinally extending slots adjacent said contoured
surface on said distal end of said female member, said
slots being substantially symmetrically disposed with
respect to each other on opposite surface portions of
said female member, a first passageway being pro-
vided through said female member between proximal
ends of said slots, a second passageway being provided
through said female member between distal ends of
said slots, said first and second passageways being
substantially perpendicular to said cylindrical axis of
said female member, a first spring being positioned in
said first passageway and a second spring being posi-
tioned in said second passageway, corresponding lock-
ing bars being disposed in said slots, said locking bars
extending substantially parallel to said cylindrical
axis of said female member;
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(c) bringing said contoured surface on said female
member into overlapping side contact with said
knob on said male member to achieve mating en-
gagement between said female member and said
male member; and

(d) moving a sleeve from a first position around [an
intermediate portion] said pair of longitudinally
extending slots adjacent said contoured surface on
said distal end of said female member at which said
locking bars are maintained by said sleeve radially
inward with respect to said cylindrical axis of said
female member to a second position around said
distal ends of said male and female members when
said knob on said male member and said contoured
surface on said distal end of said female member are
in overlapping side contact with each other, said
locking bars being urged by spring bias radially out-
ward with respect to said cylindrical axis of said fe-
male member when said sleeve is in said second posi-

10
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tion, end portions of said locking bars adjacent said 20

proximal ends of said slots being moved outwardly by
said first spring as said sleeve is being moved from said
first position toward said second position, end portions
of said locking bars adjacent said distal ends of said
slots being moved outwardly by said second spring
when said sleeve reaches said second position, said
locking bars thereby locking said sleeve in said sec-
ond position around said distal ends of said male and
female member (o retain said male and female mem-
bers in said mating engagement with each other.
2. A method of erecting a truss structure, said method

comprising the steps of:

(a) bringing a contoured surface on a distal end of a
first female fixture attached to one end of a first
strut into overlapping side contact with a distal end
of a first male fixture protruding from a first nodal
element, said first female fixture being generally
cylindrical about a cylindrical axis, said first male
fixture being substantially symmetric about an axis
of elongation, said distal end of said first male fix-
ture being configured generally as a knob that 1s
symmetric about said axis of elongation, said con-
toured surface on said distal end of said first female
fixture being configured to receive said knob on
said distal end of said first male fixture when said
contoured surface on said distal end of said first
female fixture is brought into overlapping side
contact with said knob on said distal end of said
first male fixture from any direction of approach
transverse to said axis of elongation of said first
male fixture;

(b) moving a first sleeve from a first position around
an intermediate portion of said first female fixture

adjacent said contoured surface on said distal end of

said first female fixture to a second position on said
first female fixture, said intermediate portion of said
first female fixture having a pair of longitudinally
extending slots disposed substantially symmetrically
with respect to each other on opposite surface portions
of said first female fixture, a first passageway being
provided through said first female fixture between
proximal ends of said slots, a second passageway being
provided through said first female fixture between
distal ends of said slots, said first and second passage-
ways being substantially perpendicular to said cylin-
drical axis of said first female fixture, a first spring
being positioned in said first passageway and a second
spring being positioned in said second passageway,
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corresponding locking bars being disposed in said

slots, said locking bars extending substantially paral-
lel to said cylindrical axis of said first female fixture,
said locking bars being retained in a radially inward
disposition with respect to said cylindrical axis of said
first female fixture when said first sleeve is in said first
position, said locking bars being urged by spring bias
radially outward with respect to said cylindrical axis
of said first female fixture, end portions of said lock-
ing bars adjacent said proximal ends of said slots
being moved outwardly by said first spring as said first
sleeve is being moved from said first position toward
said second position, end portions of said locking bars
adjacent said distal ends of said slots being moved
outwardly by said second spring when said first sleeve
is in said second position, said first sleeve in said sec-
ond position thereby surrounding said distal end of
said first male fixture and said distal end of said first
female fixture when said knob on said distal end of
said first male fixture has been received by said
contoured surface on said distal end of said first
female fixture, said locking bars thereby locking said
first sleeve in said second position to retain said first
male fixture and said first female fixture in mating
engagement with each other;

(c) bringing a contoured surface on a distal end of a
second female fixture attached to an opposite end
of said first strut into overlapping side contact with
a distal end of a second male fixture protruding
from a second nodal element, said second male
fixture being of substantially identical configura-
tion as said first male fixture, said distal end of said
second male fixture being configured generally as a
knob that is symmetric about an axis of elongation
of said second male fixture, said second female
fixture being of substantially identical configura-
tion as said first female fixture, said contoured sur-
face on said distal end of said second female fixture
being configured to receive said [know] knob on
said distal end of said second male fixture when
said contoured surface on said distal end of said
second female fixture is brought into overlapping
side contact with said knob on said distal end of
said second male fixture from any direction of ap-
proach transverse to said axis of elongation of said
second male fixture;

(d) moving a second sleeve from a first position
around an intermediate portion of said second fe-
male fixture adjacent said contoured surface on said
distal end of said second female fixture to a second
position on said second female fixture, said interme-
diate portion of said second female fixture having a
pair of longitudinally extending slots disposed sub-
stantially symmetrically with respect to each other on
opposite surface portions of said second female fixture,
a first passageway being provided through said second
female fixture between proximal ends of said slots, a
second passageway being provided through said sec-
ond female fixture between distal ends of said slots,
said first and second passageways being substantially
perpendicular to said cylindrical axis of said second
female fixture, a fist spring being positioned in said
first passageway, and a second spring being positioned
in said second passageway, corresponding locking bars
being disposed in said slots, said locking bars extend-
ing substantially parallel to a cylindrical axis of said
second female fixture, said locking bars being re-
tained in a radially inward disposition with respect to
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said cylindrical axis of said second female fixture
when said second sleeve is in said first position, said
locking bars being urged by spring bias radially out-
ward with respect to said cylindrical axis of said sec-

18

locking bars adjacent said proximal ends of said slots
being moved outwardly by said first spring as said
third sleeve is being moved from said first position
toward said second position, end portions of said lock-

ond female fixture, end portions of said locking bars 5 ing bars adjacent said distal ends of said slots being
adjacent said proximal ends of said slots being moved moved ourwardly by said second spring when said
outwardly by said first spring as said second sleeve is third sleeve is in said second position, said third sleeve
being moved from said first position toward said sec- in said second position thereby surrounding said dis-
ond position, end portions of said locking bars adja- tal end of said third male fixture and said distal end
cent said distal ends of said slots being moved out- 10 of said third female fixture when said knob on said
wardly by said second spring when said second sleeve distal end of said third male fixture has been re-
is in said second position, said second sleeve in said ceived by said contoured surface on said distal end
second position thereby surrounding said distal end of said third female fixture, said locking bars thereby
of said second male fixture and said distal end of locking said third sleeve in said second position to
said second female fixture when said knob on said 15

distal end of said second male fixture has been

retain said third male fixture and said third female
fixture in mating engagement with each other.

received by said contoured surface on said distal 3. The method of claim 2 comprising the further steps
end of said second female fixture, said locking bars of:

thereby locking said second sleeve in said second posi-

a) bringing contoured surfaces on distal ends of addi-
tion to retain said second male fixture and said second 20 () ging

female fixture in mating engagement with each other;
(e) bringing a contoured surface on a distal end of a
third female fixture attached to one end of a second
strut into overlapping side contact with a distal end
of a third male fixture, said third male fixture pro-
truding from said first nodal element, said third
male fixture being of substantially identical config-

uration as said first male fixture, said distal end of

said third male fixture being configured generally

25

tional female fixtures attached to corresponding
ends of other struts into overlapping side contact
with distal ends of corresponding other male fix-
tures protruding from other nodal elements, each
of said other male fixtures being of substantially
identical configuration as said first male fixture,
and each of said additional female fixtures being of
substantially identical configuration as said first
female fixture; and

(b) moving corresponding other sleeves from first

as a knob that is symmetric about an axis of elonga- 30 g . . :

tion of said third male fixture, said third female positions around intermediate portions of respec-
fixture being of substantially identical configura- tive ones of said additional female fixtures to sec-
tion as said first female fixture, said contoured sur- ond positions on said respective ones of said addi-
face on said distal end of said third female fixture tional female fixtures, [around] the intermediate
being configured to receive said [know] knob on 35 portion of each P‘f”ffﬂfﬂ"_ one of S{Ifd {Idﬂ'fffﬂi’!ﬂf Se-
said distal end of said third male fixture when said {""fe fixtur €s having a pair F'f Iang:tudma{fy é’xrﬂ'ﬂff‘
contoured surface on said distal end of said third ing slots disposed Sub-"‘“"”ff”y symmemr{aﬂy with
female fixture is brought into overlapping side respect to each other on opposite surface portions of the
contact with said knob on said distal end of said particular one of said additional female fixtures, a
third male fixture from any direction of approach 40 first passageway being provided through the particular

transverse to said axis of elongation of said third
male fixture; and

(f) moving a third sleeve from a first position around
an intermediate portion of said third female fixture

adjacent said contoured surface on said distal end of 45

said third female fixture to a second position on said
third female fixture, said intermediate portion of said
third female fixture having a pair of longitudinally
extending slots disposed substantially symmetrically

one of said additional female fixtures between proxi-
mal ends of said slots, a second passageway being
provided through the particular one of said additional
female fixtures between distal ends of said slots, said
first and second passageways being substantially per-
pendicular to said cylindrical axis of the particular
one of said additional female fixtures, a first spring
being positioned in said first passageway and a second
spring being positioned in said second passageway,

with respect to each other on opposite surface portions 50 corresponding locking bars being disposed in said
of said third female fixture, a first passageway being slots, said locking bars extending substantially parai-
provided through said third female fixture between lel to said cylindrical axis of the particular one of said
proximal ends of said slots, a second passageway being additional female fixtures, said locking bars being
provided through said third female fixture between retained in a radially inward disposition with respect
distal ends of said slots, said first and second passage- 55 to said cylindrical axis of the particular one of said
ways being substantially perpendicular to said cylin- additional female fixtures when the corresponding
drical axis of said third female fixture, a first spring other one of said sleeves is in said first position, said
being positioned in said first passageway and a second locking bars being urged by spring bias radially out-
spring being positioned in said second passageway, ward with respect to said cylindrical axis of the partic-
corresponding locking bars being disposed in said 60 ular one of said additional female fixtures when the
slots, said locking bars extending substantially paral- corresponding other one of said sleeves is in said sec-
lel to a cylindrical axis of said third female fixture, ond position, all of said corresponding other sleeves
said locking bars being retained in a radially inward thereby surrounding said distal ends of said corre-
disposition with respect to said cylindrical axis of said sponding other male fixtures and said distal ends of
third female fixture when said third sleeve is in said 65 corresponding particular ones of said additional fe-

first position, said locking bars being urged by spring
bias radially outward with respect to said cylindrical
axis of said third female fixture, end portions of said

male fixtures when the knobs on the distal ends of
said corresponding other male fixtures have been
received by the contoured surfaces on the distal
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ends of the corresponding particular ones of said
additional female fixtures;
said other struts and said other nodal elements thereby
being integrated with said first and second struts and
with said first and second nodal elements to form said
truss structure.

4. An apparatus for coupling a first object to a second

object, said apparatus comprising:

(a) a male fixture, said male fixture being substantially
symmetric about an axis of elongation, a proximal
end of said male fixture being securable to said first
object, a distal end of said male fixture having a
knob-like extremity that is symmetric about said
axis of elongation;

(b) a female fixture, said female fixture including:

(1) an elongate cylindrical member, a proximal end
of said cylindrical member being securable to
said second object, a distal end of said cylindrical
member being of partially cylindrical configura-
tton with an inner surface having a recessed
portion that is contoured and dimensioned to
receive said knob-like extremity on said distal
end of said male fixture when overlapping side
contact is made between said distal end of said
male fixture and said inner surface on said distal
end of said cylindrical member of said female
fixture from any direction of approach trans-
verse to said axis of elongation of said male fix-
ture, said cylindrical member having a pair of
longitudinally extending slots adjacent said re-
cessed portion of said inner surface thereof that is
contoured and dimensioned to receive said knob-
like extremity on said distal end of said male fix-
ture, said slots being substantially symmetrically
disposed with respect to each other on opposite sur-
face portions of said cylindrical member of said
female fixture, a first passageway being provided
through said cylindrical member between proximal
ends of said slots, a second passageway being pro-
vided through said cylindrical member between
distal ends of said slots, said first and second pas-
sageways being substantially perpendicular to a
cylindrical axis of said cylindrical member, a first
spring being positioned in said first passageway and
a second spring being positioned in said second
passageway, corresponding locking bars being dis-
posed in said slots, said locking bars extending
substantially parallel to said cylindrical axis of said
cylindrical member; and

(i1) a sleeve member, said sleeve member being
positioned coaxially with respect to said cylin-
drical member, said sleeve member being shd-
able longitudinally over said cylindrical member
from an OPEN position at which said distal end
of said cylindrical member is exposed to permit
overlapping side contact between said distal end
of said male fixture and said inner surface on said
distal end of said cylindrical member of sad
female fixture to a LOCKED position at which

said inner surface on said distal end of said cylin- 60

drical member of said female fixture and said
knob-like extremity on said distal end of sad
male member are surrounded by said sleeve
member, said locking bars being maintained by
said sleeve member radially inward with respect to
said cylindrical axis of said cylindrical member
when said sleeve member is in said OPEN position,
end portions of said locking bars adjacent proximal
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ends of said slots being moved by said first spring
radially outward with respect to said cylindrical
axis of said cylindrical member when said sleeve
member is being slid toward said LOCKED posi-
tion, end portions of said locking bars adjacent
distal ends of said slots being moved by said second
spring radially outward with respect to said cylin-
drical axis of said cylindrical member when said
sleeve member has been slid to said LOCKED
position, said locking bars thereby maintaining said
sleeve member in said LOCKED position when
said locking bars are radially outward with respect
to said cylindrical axis of said cylindrical member;
said sleeve member thereby coupling said male fixture
to said cylindrical member of said female fixture when
said knob-like extremity on said distal end of said male
fixture has been received in said recessed portion of said
inner surface of said cylindrical member of said female
fixture and said sleeve member has been [[slide] s/id to
said LOCKED position.

[5. The coupling apparatus of claim 4 wherein said
cylindrical member has a slotted portion in which a
spring-biased locking bar is disposed, said locking bar
being maintained by said sleeve member in a radially
inward position with respect to said cylindrical member
when said sleeve member is in said OPEN position, said
locking bar moving to a radially outward position with
respect to said cylindrical member when said sleeve
member has been slid to said LOCKED position, said
locking bar maintaining said sleeve member in said
LOCKED position when said locking bar is in said
radially outward position. ]

6. The coupling apparatus of claim 4 wherem said
proximal end of said cylindrical member comprises a
turnbuckle mechanism for adjusting separation between
said first object and said second object.

7. A [trust] truss structure comprising a plurality of
node assemblies and a plurality of strut assemblies, each
node assembly comprising:

(a) a nodal element; and

(b) a plurality of male fixtures secured to said nodal

element, each of said male fixtures being substan-

tially symmetric about an axis of elongation, a dis-
tal end of each male fixture having a knob-like
extremity that is symmetric about said axis of elon-
gation;

each [stut] strut assembly comprising:

(a) a strut; and

(b) a pair of female fixtures, each female fixture being

secured to a corresponding end of said strut, each

female fixture comprising:

(i) an elongate cylindrical member, a proximal end
of said cylindrical member being affixed to said
strut, a distal end of said cylindrical member
being of partially cylindrical configuration with
an inner surface having a recessed portion that is
contoured and dimensioned to receive said knob-
like extremity on said distal end of one of said
male fixtures when overlapping side contact is
made between said knob-like extremity on said
distal end of said one of said male fixtures and
said recessed portion of said inner surface of said
distal end of said cylindrical member of said
female fixture from any direction of approach
transverse to the axis of elongation of said one of
said male fixtures, said cylindrical member having
a pair of longitudinally extending slots adjacent
said recessed portion of said inner surface thereof
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that is contoured and dimensioned to receive said (b) a pair of female fixtures, each female fixture being

knob-like extremity on said distal end of said male
fixture, said slots being substantially symmetrically
disposed with respect to each other on opposite sur-
face portions of said cylindrical member of said 5
female fixture, a first passageway being provided
through said cylindrical member between proximal
ends of said slots, a second passageway being pro-
vided through said cylindrical member between
distal ends of said slots, said first and second pas- 10
sageways being substantially perpendicular to a
cylindrical axis of said cylindrical member, a first
spring being positioned in said first passageway and
a second spring being positioned in said second
passageway, corresponding locking bars being dis- 15
posed in said slots, said locking bars extending
substantially parallel to said cylindrical axis of said
cylindrical member; and
(11) a sleeve member, said sleeve member being
positioned coaxially with respect to said cylin- 20
drical member, said sleeve member being slid-
able longitudinally over said cylindrical member
from an OPEN position at which said distal end
of said cylindrical member is exposed to permit
overlapping side contact between said knob-like 25
extremity on said distal end of said one of said
male fixtures and said recessed portion of said
inner surface of said distal end of said cylindrical
member of said female fixture to a LOCKED
position at which said distal end of said cylindri- 30
cal member is surrounded by said sleeve mem-
ber, said locking bars being maintained by said
sleeve member radially inward with respect to said
cylindrical axis of said cylindrical member when
said sleeve member is in said OPEN position, end 35
portions of said locking bars adjacent proximal
ends of said slots being moved by said first spring
radially outward with respect to said cylindrical
axis of said cylindrical member when said sleeve
member is being slid toward said LOCKED posi- 40
tion, end portions of said locking bars adjacent
distal ends of said slots being moved by said second
spring radially outward with respect to said cylin-
drical axis of said cylindrical member when said
sleeve member has been slid to said LOCKED 45
position, said locking bars thereby maintaining said
sleeve member in said LOCKED position when
said locking bars are radially outward with respect
to said cylindrical axis of said cylindrical member;
distal ends of the male fixtures of each of said node 50
assemblies being in overlapping side contact with the
inner surfaces of the distal ends of the cylindrical mem-
bers of corresponding female fixtures of particular ones
of said strut assemblies, the sleeve members of said
female fixtures being in LOCKED position to secure 55
saild strut assemblies to said node assemblies.

8. A kit for use In erecting a truss structure, said kit
comprising items for making a plurality of node assem-
blies and items for making a plurality of strut assemblies,
each node assembly comprising the following items: 60

(a) a nodal element; and

(b) a plurality of male fixtures securable to said nodal

- element, each of said male fixtures being substan-
tially symmetric about an axis of elongation, one of
each male fixture having a knob-like extremity that 65
15 symmetric about said axis of elongation;

each strut assembly comprising the following items:
(a) a strut; and

securable to a corresponding end of said strut, each
female fixture comprising:
(1) an elongate cylindrical member, one end of said

cylindrical member being affixable to said strut,
another end of said cylindrical member being of
partially cylindrical configuration with an inner
surface having a recessed portion that 1s con-
toured and dimensioned to receive said knob-like
extremity on said one end of said male fixture
when overlapping side contact 1s made between
said knob-like extremity on said one end of said
male figture and said recessed portion of said
inner surface on said partially cylindrical end of
sald cylindrical member of said female fixture
from any direction of approach transverse to said
axis of elongation of said male fixture, said cylin-
drical member having a pair of longitudinally ex-
tending slots adjacent said recessed portion of said
inner surface on said partially cylindrical end
thereof that is contoured and dimensioned to re-
ceive said knob-like extremity on said one end of
said male fixture, said slots being substantially
symmetrically disposed with respect to each other
on opposite surface portions of said cylindrical
member of said female fixture, a first passageway
being provided through said cylindrical member
between proximal ends of said slots, a second pas-
sageway being provided through said cylindrical
member between distal ends of said slots, said first
and second passageways being substantially perpen-
dicular to a cylindrical axis of said cylindrical
member, a first spring being positioned in said first
passageway and a second spring being positioned in
said second passageway, corresponding locking bars
being disposed in said slots, said locking bars ex-
tending substantially parallel to said cylindrical
axis of said cylindrical member, and

(1)) a sleeve member, said sleeve member being

positioned coaxially with respect to said cylin-
drical member, said sleeve member being slid-
able longitudinally over said cylindrical member
from an OPEN position at which said partially
cylindrical end of said cylindrical member is
exposed to permit overlapping side contact be-
tween said knob-like extremity on said one end
of said male fixture and said recessed [Portion]
portion of said inner surface on said partially
cylindrical end of said cylindrical member of
said female fixture to a LOCKED position at
which said partially cylindrical end of said cylin-
drical member is surrounded by said sleeve mem-
ber, said locking bars being maintained by said
sleeve member radially inward with respect to said
cylindrical axis of said cylindrical member when
said sleeve member is in said OPEN position, end
portions of said locking bars adjacent proximal
ends of said slots being moved by said first spring
radially ourward with respect to said cylindrical
axis of said cylindrical member when said sleeve
member is being slid toward said LOCKED posi-
tion, end portions of said locking bars adjacent
distal ends of said slots being moved by said second
spring radially ourward with respect to said cylin-
drical axis of said cylindrical member when said
sleeve member has been slid to said LOCKED
position, said locking bars thereby maintaining said
sleeve member in said LOCKED position when
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said locking bars are radially outward with respect

to said cylindrical axis of said cylindrical member;

the sleeve member of each female fixture func-

tioning to secure said female fixture to a corre-

sponding one of said male fixtures on the nodal

element of one of said node assemblies when the

knob-like extremity on said male fixture has been

received in the recessed portion of the inner

surface of the partially cylindrical end of the

cylindrical member of said female fixture and

said sleeve member has been slid to sad
LOCKED position.

[9. The kit of claim 8 wherein said cylindrical mem-

ber of each of said female fixtures has a slotted portion

in which a spring-biased locking bar is disposed, said
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locking bar being maintained by said sleeve member 1n
a radially inward position with respect to said cylindri-
cal member when said sleeve member is in said OPEN
position, said locking bar moving to a radially outward
position with respect to said cylindrical member when
said sleeve member has been slid to said LOCKED
position, said locking bar maintaining said sleeve mem-
ber in said LOCKED position when said locking bar 18
in said radially outward position. }

10. The kit of claim [9] & wherein one of the female
fixtures of at least one of said strut assemblies further

acomprises a turnbuckle mechanism for adjusting strut

assembly length.
# » X ¥ »
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