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COMPOSITE TIE ROD AND METHOD FOR MAKING THE SAME

TECHNICAL FIELD
This disclosure generally relates to a composite tic rod having an open lattice body
formed of interlaced filaments, and deals more particularly with fittings used to attach rod ends

to the body that form attachment points

BACKGROUND

A variety of slender connecting members have been developed to transmit tensile and/or
compressive loads between structures. These members may comprise an elongate body having a
fixed or adjustable fitting on each end thereof forming the points where the member may be
attached to structures. For example, in the aircraft industry, tie rods may be used for mounting
and supporting overhead storage bins, lavatories, galleys, ceilings, equipment racks, etc. Typical
tie rods used in aircraft may comprise a hollow cylinder formed of metal such as aluminum, or a
composite material such as carbon fiber epoxy. The cylinder includes tapered ends provided
with attachment fittings formed of metal or composite material, depending upon the application.

The tie rods described above used in aircraft applications are effective, durable and
relatively lightweight. However, since several hundred tie rods may be used in a typical
commercial or military aircraft, any reduction in tie rod weight may represent a significant
overall weight reduction in the aircraft.

Composite members used to transmit tensile or compressive loads are known in which an
open lattice structural shell is formed by interlacing longitudinal and helical filaments that form a
truss-like grid. The longitudinal filaments primarily carry axial and bending loads, while the
helical filaments both stabilize the longitudinal filaments and carry both torsion and transverse
shear forces. Bundles of the filaments are held in a resin matrix, which after curing, form strong,
lightweight, stiff structural members.

A problem exists in utilizing the lightweight open lattice composite body described above
for tie rod and/or strut applications because of the difficulty of attaching the ends of the tie
rod/strut to the individual filaments at the end of the body, either before or after curing.

Accordingly, there is a need for a composite tie rod having a lightweight, open lattice
body that includes fittings allowing either conventional or unique tie rod ends to be connected to

the body. There is also a need for a method of producing these tie rods and the related fittings.



10

15

20

25

30

WO 2010/024994 PCT/US2009/051718

SUMMARY

In accordance with the disclosed embodiments, a composite tie rod and a related method
for making the same employ an open lattice tie rod body formed of interlaced filaments held in a
solid matrix. Rod ends forming attachment points are rigidly connected to the body by fittings
that allow the use of a variety of types of rod ends for a given size body or family of bodies. The
open lattice, truss-like nature of the body may materially reduce tie rod weight.

According to one disclosed embodiment, a tie rod comprises: a composite body having
first and second ends, wherein the composite body is formed of continuous filaments held in a
rigid matrix and are interlaced to form an open lattice; a pair of rod ends each forming an
attachment point on the tie rod; and, first and second means for respectively fitting the rod ends
to the first and second ends of the body. Portions of the filaments may extend beyond the first
and second ends of the body, and the first and second fitting means may each include a plastic
resin end fitting having a plurality of fingers overlapping and co-cured with the filaments
extending beyond the end of the body. In an alternate embodiment, each of the first and second
fitting means includes a metal insert disposed within the end fitting, and each of the rod ends
includes a portion extending into and secured to one of the metal inserts. The rod ends may be
integrally formed with one of the first and second fitting means.

According to another embodiment, a tie rod comprises: a composite body having first and
second ends, wherein the composite body is formed of continuous filaments held in a rigid
matrix and interlaced to form an open lattice; a pair of rod ends, each forming an attachment
point on the tie rod; and,

a pair of composite fittings respectively on the first and second ends of the body, wherein
the composite fittings are co-cured with the body. The rod ends may be formed of composite
material and may be respectively integral with the fittings.

According to a disclosed method embodiment, producing a composite tie rod comprises:
forming an open lattice composite body, including interlacing continuous filaments held in a
matrix; forming a resin fitting on each end of the body; and, co-curing the body and the fittings.
The method may further comprise installing a rod end in each of the fittings, and molding a
metal insert into the resin fitting, wherein installing the rod end includes securing the rod end
within the metal insert. Forming the resin fitting may include includes filling the ends of the
body with resin. The method may further comprise placing a metal insert within the resin before

the fitting is co-cured, and installing a rod end in the metal fitting.
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According to another method embodiment, method of producing a composite tie rod,
comprises: forming a pair of fittings; forming an open lattice composite body having first and
second ends by interlacing continuous filaments held in a matrix, including forming the first and
second ends of the body respectively over the fittings; and, co-curing the body and the fittings.
The method may further comprise substantially filling the ends of the body with plastic resin,
placing a metal insert into each of the fittings and installing a rod end into each of the inserts, the
rod ends providing attachment points on the tie rod.

11. A tie rod, comprising:

a composite body having first and second ends, the composite body being formed
of continuous filaments held in a rigid matrix and interlaced to form an open lattice;
a pair of rod ends each forming an attachment point on the tie rod; and,

a pair of composite fittings respectively on the first and second ends of the body, wherein
the composite fittings are co-cured with the body.

12. The tie rod of claim 11, wherein the rod ends are formed of composite material
and are respectively integral with the fittings.

13.  The tie rod of claim 11, wherein the body includes filaments extending beyond
the first and second ends of the body and overlapping the fittings.

19. A method of producing a composite tie rod, comprising:

forming a pair of fittings;

forming an open lattice composite body having first and second ends by interlacing
continuous filaments held in a matrix, including forming the first and second ends of the body
respectively over the fittings; and,

co-curing the body and the fittings.

20. The method of claim 19, further comprising:

substantially filling the ends of the body with plastic resin.
21. The method of claim 20, further comprising:
placing a metal insert into each of the fittings; and
installing a rod end into each of the inserts, the rod ends providing attachment points on

the tie rod.

22.  The method of claim 19, wherein forming the first and second ends of the body
respectively over the fittings includes wrapping the ends of the body with synthetic filaments

held in a resin matrix.
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23.  The method of claim 19, wherein forming the first and second ends of the body
respectively over the fittings includes transitioning from interlacing the continuous filaments to
form an open lattice body to wrapping the filaments contiguous to cach other to form a
substantially continuous surface at the first and second ends of the body.

24.  The method of claim 19, wherein forming the pair of fittings includes:

placing a mandrel on each of the ends of the body,
wrapping pre-preg filaments over the ends of the body and over the mandrel, and
removing the mandrel.

25. The method of claim 24, wherein the mandrel is removed by dissolving the
mandrel.

Other features, benefits and advantages of the disclosed embodiments will become
apparent from the following description of embodiments, when viewed in accordance with the

attached drawings and appended claims

BRIEF DESCRIPTION OF THE ILLUSTRATIONS

FIG. 1 is a perspective illustration of a composite tie rod having an open lattice body.

FIG. 2 is an exploded, perspective view of one end of the tie rod shown in FIG. 1.

FIG. 3 illustrates one end of the tie rod shown in FIGS 1 and 2, wherein the fitting is
shown in cross section.

FIG. 4 is an exploded perspective illustration of an alternate embodiment.

FIG. 5 is a sectional illustration taken along the line 5-5 in FIG. 4.

FIG. 6 is a side view illustrating one end of another embodiment of the tie rod.

FIG. 7 is a side view illustrating one end of another embodiment of the tie rod.

FIG. 8 is a perspective view illustrating one end of another embodiment of the tie rod.

FIG. 9 is a perspective illustration of one end of another embodiment of the tie rod.

FIG. 10 is a sectional view taken along the line 10-10 in FIG. 9.

FIG. 11 is an exploded perspective illustration of a further embodiment of the tie rod.

FIG. 11a s a side view illustration of the fittings shown in FIG. 11.

FIG. 12 is an exploded, perspective illustration of another embodiment of the tie rod.

FIG. 13 is a sectional view illustrating an alternate means for installing the rod end in the
fitting shown in FIG. 12.

FIG. 14 is a sectional illustration of another embodiment of a fitting.

FIG. 15 illustrates a further embodiment of a fitting.
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FIG
FIG
FIG
FIG

. 16 is a sectional view illustrating another form of the fitting.
. 17 is a sectional view taken along the line 17-17 in FIG. 16.
. 18 illustrates, partially in section, one end of still another embodiment of the fitting.

. 19 1s a sectional illustration of an alternate method for connecting the rod end in the

fitting shown in FIG. 18.

FIG

. 20 is a side view illustrating another embodiment of the fitting having a rod end

formed by a clevis.

FIG

. 21 is a side view illustration of a further embodiment of the tie rod having an

integrally formed rod end.

FIG
FIG
FIG
FIG
FIG

. 22 1s a top view illustration of the tie rod shown in FIG. 21.

. 23 is an exploded, side view illustration of a further embodiment of the tie rod.
. 24 1s a top view illustration of the rod end shown in FIG. 23.

. 25 1s a side view illustration of a further embodiment of the tie rod.

. 26 1s a side view illustration showing an alternate method for securing the rod end in

the fitting shown in FIG. 25.

FIG
FIG
wrapped.

FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.

. 27 1s a perspective illustration of a further embodiment of the fitting.

. 28 is a side view illustration of the fitting shown in FIG. 27 before the mandrel is

29 is a perspective illustration of another embodiment of the tie rod.

30 is an enlarged illustration of the area designated as “A” in FIG. 29.
31 is a perspective illustration of another embodiment of the fitting.

32 is a side view illustration of the fitting shown in FIG. 31.

33 is a perspective view of another embodiment of the fitting.

34 is a view similar to FIG. 33, but following the installation of a cone.
35 is a sectional side view illustration of the cone shown in FIG. 34.

36 is a side view illustration of a threaded center number forming part of the fitting

shown in FIG. 33.

FIG
FIG

tie rod.

. 37 is a perspective view illustrating a further embodiment of the tie rod.

. 38 is a broad flow diagram illustrating steps of a method for producing a composite
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DETAILED DESCRIPTION

Referring first to FIGS. 1-3, a composite tie rod generally indicated by the numeral 50
comprises an elongate, generally cylindrical body 52 having its opposite ends rigidly connected
to rod ends 54 by fittings 58. As used herein, “tie rod” is not limited to components that transmit
tensile loads, but is defined more broadly to include a wide range of structural members such as
connecting rods, struts, links and the like, which are typically clongate, and are intended to
transmit loads in compression and/or tension.

The body 52 is an open lattice, grid-like shell formed from interlaced longitudinal
members 68 and helical members 70. The helical members 70 may intersect to form nodes 72
along the length of the body 52. Members 68, 70 may comprise bundles of continuous filaments
held in a resin matrix, such as carbon fiber reinforced epoxy, which are cured to form lightweight,
stiff, high strength structural components. As used herein, “filaments” will refer to the members
68, 70 prior to curing, in which they are flexible, and therefore may be wound, wrapped, or
otherwise arranged in desired configurations during a fabrication process. The filaments may be
arranged as tows comprising an untwisted bundle or yarn of generally parallel continuous
filaments, such as carbon fiber filaments.

The longitudinal and helical members 68, 70 may be interlaced in various manners to
form open lattice structures of other configurations that suit differing structural applications. As
used herein, “lattice”, “lattice-work™ and “open lattice structures” encompass a wide range of
structures formed of individual elements joined together in a grid-like or lattice-like pattern to
form a structure. One example of an open lattice structural member, disclosed in U.S. Patent No.
5,921,048, has an enhanced load bearing capacity per unit mass and is capable of withstanding
multiple loadings. A suitable process for fabricating such a member is described in U.S. Patent
No. 7,132,027, wherein continuous resin impregnated fibers are wrapped around a mandrel or
die and later cured to form a rigid, truss-like structure.

As previously noted, the tie rod 50 may transmit either, or both, tensile and compressive
loads between structures (not shown) to which the rod ends 54 are attached. The ability of the tie
rod 50 to transmit tensile or compressive loads may depend on the design of the fitting 56. Some
fitting designs may render the tie rod 50 suitable for transmitting substantially only tensile loads,
while other designs may allow the tie rod to transmit substantially only compressive loads. Still
other fitting designs may allow the tie rod 50 to transmit both tensile and compressive loads.
Additionally, depending upon the interlaced geometry of the members 68, 70, the body 52 may

withstand some degree of side impact loading as well.

6
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Each of the fittings 56 comprises a cone 58 and a cap 60. The cap 60 is generally
cylindrical in shape and covers an end of the body 52. The cap 60 may be formed of plastic
thermoset or other plastic materials and may be either bonded to or co-cured with the body 52.
The cap 60 provides a means of attaching the cone 58 to the body 52. The cone 58 includes a
tapered solid portion 58a and a cylindrical hollow portion 58b sleeved over and bonded to the
cap 60. The tapered solid portion 58a may be formed of a stiff, rigid material such as metal or a
composite and includes a threaded central bore 62 for receiving the threaded shank 64 of the rod
end 54. The rod end 54 may be of a conventional construction that includes an eye 66 forming
an attachment point on the tie rod 50. The use of a conventional rod end 54 may allow for any
minor axial and/or longitudinal misalignment that might exist between the tie rod 50 and a
structure (not shown) to which the tie rod 50 is attached. As will be discussed below, other
various other types of conventional rod ends may be used in connection with the disclosed
embodiments, such as later described clevis-type rod ends.

Attention is now directed to FIGS. 4 and 5 which depict an alternate form of the fitting
56a broadly comprising a metal insert 78 and a metal cap 84. The insert 78 includes an outer
cylindrical portion 78a that transitions into a cone shaped portion 78b disposed within the end of
the body 52. The cylindrical portion 78a of the insert 78 includes a set of threads 80 that match
threads 80a formed within the cap 84. The cap 84 further includes an integrally formed
extension 84a provided with an eye 66 forming a rod end 54. The cylindrical portion 78a of the
insert 78 includes a set of circumferentially spaced, longitudinally extending grooves 82 therein.
The longitudinal filaments 68 extend beyond the end of the body 52 to form filament extensions
68a that are respectively received within the grooves 82. In use, the cap 84 is screwed onto the
threaded cylindrical portion 78a of the insert 78. A suitable bonding agent (not shown) may
applied to the threaded cylindrical portion 78a before the cap 84 is screwed onto the threaded
cylindrical portion 78a.

As the cap 84 is screwed onto the insert 78, the filament extensions 68a are captured and
mechanically held between the cap 84 and the insert 78. Following curing of the body 52, the
mechanical connection between the filament extensions 68a and the fitting 56a rigidly connects
the rod ends 54 to the body 52.

FIG. 6 depicts another form of the fittings 56b in which the body 52 is connected with a
rod end (not shown) using a mechanical connection between the body 52 and the fitting 56b. In
this example, filament extensions 68a at the ends of both the longitudinal and helical member 68,

70 respectively are spread out over the outer surface of a tapered metal insert 88. The outer
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surface of the insert 88 also includes a set of circular steps 92. The filament extensions 68a
follow the step contours of the insert 88 and may be cured in place. A threaded bore 96 in the
insert 88 allows a rod end 54 (see FIG. 2) to be threaded into the end of the fitting 56b.

FIG. 7 illustrates another form of the fitting 56¢ which includes a unitary insert 98
formed of plastic, metal or other materials, and having an integrally formed rod end 54. The
insert 98 has a lower, dome shaped surface 104 integrally formed with an extension 100 in which
an attachment eye 66 is provided. The insert 98 may be formed of a plastic resin material that
may be reinforced with fibers. In this example, the filament extensions 68a are spread out and
over the dome shape surface 104, and are co-cured with the insert 98 to provide a rigid
connection between the body 52 and the rod end 54.

FIG. 8 illustrates another fitting 56d which is similar to that shown in FIG. 7, but wherein
one end of the insert 98 includes an integrally formed, hoop-like ring 104a within the end of the
body 52 in order to provide the end of the body 52 with additional hoop strength.

Attention is now directed to FIGS. 9 and 10 which depict a further form of the fitting 56e.
Fitting 56¢ includes a cone shaped insert 108 which may be formed from metal or a reinforced
plastic resin such as carbon fiber epoxy. The cone shaped insert 108 includes a plurality of
longitudinally extending receiver grooves 109 therein which respectively receive the filament
extensions 68a forming part of the longitudinal members 68. The filament extensions 68a may
be bonded within the receiver grooves 109, and a metal insert 106 within the cone 108 receives
and mounts the rod end 54.

Referring now to FIGS. 11 and 11a, in another embodiment, the fitting 56f may include a
tapered member 110 formed of plastic resin, such as a thermoset plastic which may or may not
contain a reinforcement. The tapered member 110 includes a plurality of fingerlike bundles 112
of pre-impregnated fiber filaments which are laid up in overlapping relationship to and co-cured
with filament extensions 68a on the body 52. Co-curing of the overlapping filament extension
68a and filament bundles 112 form a rigid connection between the body 52 and the cone shaped
member 110. As shown in FIG. 11a, a metal insert 113 provided with a threaded opening 113a
may be inserted within the member 110 in order to receive and mount the threaded shank 64 of a
rod end 54.

Another embodiment of the fitting 56g is shown in FIG. 12. A tapered fitting member
114 formed of metal and/or composite materials has a central threaded bore 118 for receiving the

threaded shank 64 of a rod end 54 provided with an attachment eye 66. Member 114 may be
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provided with a plurality of longitudinally extending bores 116 through which the filament
extensions 68a may be threaded in order to join the metal member 114 to the end of the body 52.

FIG. 13 illustrates another form of the fitting 56h similar to fitting 56g where the rod end
54 is rigidly held within the member 114, and is therefore may not be adjusted. This rigid
connection may be achieved by swaging the end 122 of the shank 64 at the bottom 114a of the
member 114.

Attention is now directed to FIGS. 14 and 15 wherein a further form the fitting 56h is
depicted. Fitting 56h includes an outer plastic resin ring 124 having a central bore that 125
receives a cylindrical metal cylinder 128. The cylinder 128 is provided with a threaded bore 126
coaxial with the bore 125 of the ring 124. The filament extensions 68a may be threaded through
or may be molded within the plastic resin ring 124. When the plastic ring 124 is cured, the
filament extension 68a is co-cured with the plastic resin of the ring 124, thereby securely fixing
the body 52 to the fitting 56h. A rod end 54 (not shown) may be threaded into the insert 128. As
best shown in FIG. 15, in some applications, the end 52 of the body 56 may be tapered during the
fabrication process so as to cover the fitting 56h. Thus, the longitudinal and helical filaments 68,
70 essentially cover the outer surface of the ring 124 to form a rigid connection between the
body 52 and the fitting 56h.

Attention is now directed to FIGS 16 and 17 which depict another embodiment of the
fitting 561. A fitting member 130 formed of metal and/or composite materials includes a central
bore 132 that is provided with a set of threads 136 for receiving the threaded shank 64 of a rod
end 54, similar to that shown in FIG. 12. The fitting member 130 further includes a plurality of
circumferentially spaced, longitudinally extending grooves 134. Filament extensions 68a are
wrapped longitudinally around the fitting member 130 such that groups of the filament
extensions 68a lie within the grooves 134.

FIG. 18 depicts a further embodiment of the fitting 56 in which a tapered plastic resin
fitting member 138 is formed, as by molding, in the end of the body 52. The molded plastic
resin from which the fitting member 138 is formed may extend into the end of the body 52, and
may fill some of the voids between longitudinal and helical members 68, 70. If desired, some of
the filament extensions 68a may be molded into the fitting member 138. A rod end 54 is molded
within the fitting member 138, and includes a shank 64 having an enlarged portion 122 that
anchors the rod end 54 in the fitting member 138.

FIG. 19 illustrates another embodiment of a fitting 56k that is similar to fitting 56j shown
in FIG. 18, except that a metal insert 140 is molded into the plastic resin fitting member 138.
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The insert 140 is provided with a central threaded bore for receiving the threaded shank 64 of the
rod end 54.

Attention is now directed to FIG. 20 which illustrates a further embodiment of a fitting
561 which includes a pair of elongate, substantially flat plates 144 that are held in spaced apart
relationship by a pair of spacer members 150. The plates 144 may cach include a series of
serrations 148 on an outer surface thereof over which the body 52 may be formed such that the
longitudinal and helical members 68 70 are tightly wrapped over the serrations 148, thereby
rigidly fixing the fitting 561 to the body 52. The outer extremities 145 of the plates 144 are each
provided with a through hole fitting 146 that form a clevis-like attachment point on the tie rod 50.

Referring now to FIGS. 21 and 22, another embodiment of the fitting 56m is illustrated
which has an integrally formed rod end 54. In this embodiment, the fitting 56m comprises a
series of high density, pre-impregnated resin filament windings 152 forming an extension 158 of
the body 52. The high density filament windings 152 may comprise continuous filaments that
form extensions of the longitudinal and helical members 68 70 of the body 52, or may comprise
separate filament windings that are attached to the end of the body 52. The high density filament
windings 152 may be filled with a plastic resin (not shown) and then cured to form a
consolidated structure that is integrated with the body 52. A rod end bearing cartridge 154
having a central eye 66 may be trapped tightly within the high density filament windings 152 in
order to provide a rod end 54.

Another embodiment of a fitting 56n is shown in FIGS. 23 and 24, in which a generally
cylindrical metal member 162 having a tapered neck 164 with a threaded through hole 166 is
disposed within an end of the body 52. In this example, the longitudinal and helical members 68,
70 are wound over the cylindrical member 162, including a portion of the neck 164 of the fitting
56n. The outer cylindrical surface 163 of the cylindrical member 162 may include serrations
(not shown) for better gripping the longitudinal and helical members 68, 70. The threaded shank
64 of a rod end 54 is received within the threaded opening 166 in the neck 164. In this example,
the rod end 54 is provided with a U-shaped clevis 160 having through holes 66 forming an
attachment point on the tie rod 50.

Referring now to FIG. 25, a further embodiment of the fitting 560 is shown clamped on a
tapered end section 168 of the body 52. The fitting 560 includes a fitting member 169 having a
pair of tines 170, 172 that are connected by rods 173 which clamp the tines 170, 172 against the
tapered end section 168. In this example, a rod end 54 is formed by a neck 175 on the fitting

member 169 that includes an eye 66 forming an attachment point.

10
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FIG. 26 illustrates a variation of the fitting 560 shown in FIG. 25. In this example, a neck
portion 176 on the fitting member 169 includes a central threaded bore 178 for receiving the
threaded shank 64 of the rod end 54. The threaded shank 64 and threaded bore 178 allow the rod
end 54 to be longitudinally adjusted relative to the body 52.

Attention is now directed to FIGS. 27 and 28 which illustrate a further embodiment of the
fitting 56p. In this embodiment, a tapered end fitting 184 formed of metal and/or composite
materials, includes a threaded central bore (not shown) for receiving a rod end 54. The end
fitting 184 is coupled with the end of a cone shaped mandrel 182 so that the outer surfaces of the
end fitting 184 and the mandrel 182 form a substantially continuous tapered surface 185 (FIG.
28). Composite fibers 180 such as carbon fiber epoxy tows are wrapped in a spiral or other
geometrical pattern over the continuous surface 185 to form composite wrappings 187 (FIG. 27).
The composite wrappings 187 are co-cured with the body 52 to form a rigid connection between
the tapered end fitting 56p and the body 52. In one embodiment, the mandrel 182 may comprise
a light weight plastic material having sufficient hoop strength to act as a winding mandrel that
permanently remains beneath and strengthens the cured wrappings 187. However, in another
embodiment, to reduce weight, the mandrel 182 may be formed of a material that may be
dissolved away using a suitable solvent after the co-curing step, leaving the end fitting 184 and
the cured wrappings 187.

FIGS. 29 and 30 illustrate still another embodiment of a fitting 56q in which a tapered
metal cone 188 is provided with a plurality of through hole openings 190 therein. Filament
extensions 68a are woven through the openings 190 in order to fix the tapered cone 188 to the
body 92. Although not shown in the drawings, the tapered 188 may be provided with a threaded
insert therein for holding a rod end 56, similar to embodiments described above. The tapered
cone 98 may comprise carbon or titanium, for example. Additional pre-impregnated fibers 189
may be wrapped around and over the filament extensions 68a.

Referring now to FIGS. 31 and 32, another form of a fitting 56r is depicted. A bird cage
cone 192 is formed by a plurality of circumferentially extending members 196 formed by
wrappings of prepreg tows, and a plurality of circumferentially spaced, longitudinally extending
pultruded carbon rods 194. The bird cage cone 192 may be joined to the body 52 by prepreg
fiber wrappings 195 in a shoulder area 196a. A metal insert 198 captured in the end of the bird
cage 192 receives an adjustable rod end 56. The bird cage cone 192 forms a particularly

lightweight, high strength, rigid connection between the rod end 56 and the body 52.

11
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Attention is now directed to FIGS. 33-36 which illustrate still another form of the fitting
56s. A center member 202 (FIG. 36) has a threaded central bore 203 for receiving an adjustable
rod end 54 (FIGS. 33 and 34), which in this example comprises a clevis 166. The center member
202 includes a threaded cylindrical outer surface 210, and a reduced diameter portion 206 that is
wrapped with prepreg fibers 208. A cone 200 has a central threaded bore 204 for receiving the
center member 202, and includes a lower cylindrical shell 203 (FIGS. 34 and 35) that may be
bonded to the body 52. The shell 203 and the body 52 may be wrapped with pre-preg fibers 203
as shown in FIG. 33, in order to rigidly fix the cone 200 to the body 52.

FIG. 37 illustrates yet another embodiment of the fitting 56t in which each end of the
body 52 is formed so as to transition into a tapered section 212. A metal insert 213 is disposed
within the outer end of the tapered section 212 and may include a threaded bore (not shown) for
receiving a rod end 54. A portion of the insert 213 and the tapered section 212 of the body 52
may be wrapped with prepreg fibers 214 such as carbon fiber epoxy tows in order to fix the
tapered section 212 to the insert 213. The tapered section 212 of the body 52 may be formed
over a dissolvable mandrel 216 that may assist in supporting the wrappings of prepreg fibers 214.
The mandrel 216 may be dissolved away by a suitable solvent after the body and prepreg fibers
214 are co-cured.

FIG. 38 illustrates the steps of a method for producing a composite tie rod of the type
described above. Beginning at 218, the body 52 of the tie rod 50 is formed by wrapping and
interlacing pre-preg filaments over a mandrel (not shown). Next at 220, the end fittings 56 are
formed on the ends of the body by any of various techniques previously described. Then, at 222,
the body 52 and the end fittings 56 are vacuum bagged and co-cured to form a consolidated
structure in which the end fittings 56 essentially fused with the body 52. Finally, at 224, the rod
ends 54 may be installed in the end fittings 56.

Although the embodiments of this disclosure have been described with respect to certain
exemplary embodiments, it is to be understood that the specific embodiments are for purposes of

illustration and not limitation, as other variations will occur to those of skill in the art.
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CLAIMS

What is claimed is:

1. A tie rod, comprising:
a composite body having first and second ends, the composite body being formed
of continuous filaments held in a rigid matrix and interlaced to form an open lattice;
a pair of rod ends each forming an attachment point on the tie rod; and,
first and second means respectively bonded to the first and second ends of the body for
fitting the rod ends to the first and second ends of the body.
2. The tie rod of claim 1, wherein:
portions of the filaments extend beyond the first and second ends of the body, and
cach of the first and second fitting means includes a plastic resin end fitting
having a plurality of fingers overlapping and co-cured with the filaments extending beyond the
end of the body.
3. The tie rod of claim 2, wherein:
cach of the first and second fitting means includes an insert, and
cach of the rod ends includes a portion extending into and secured within one of the
nserts.
4. The tie rod of claim 1, wherein each of the rod ends is integrally formed with one
of the first and second fitting means.
5. The tie rod of claim 1, wherein:
cach of the first and second fitting means includes a plastic resin member formed
within and molded to an interior contour of one of the ends of the body.
6. The tie rod of claim 5, wherein:
cach of the first and second fitting means includes an insert held within the plastic resin
member, and
a portion of each of the rod ends is secured within the insert.
7. The tie rod of claim 1, wherein:
portions of the filaments extend beyond the first and second ends of the body, and
cach of the first and second fitting means includes a plastic resin end fitting
having the filament portions wrapped thereover and co-cured therewith.
8. The tie rod of claim 1, wherein:

portions of the filaments extend beyond the first and second ends of the body, and
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cach of the first and second fitting means includes a plastic resin end fitting
having the filament portions molded therein and co-cured therewith.
9. The tie rod of claim 1, wherein:
each of the first and second ends of the body include tapered portions, and
the first and second fitting means each includes resin filled filament windings at the
tapered portions of the first and second ends of the body.
10.  The tie rod of claim 9, wherein each of the rod ends is surrounded by and held
with the filled filament windings.
11. A method of producing a composite tie rod, comprising:
forming an open lattice composite body, including interlacing continuous
filaments held in a matrix;
forming a resin fitting on each end of the body; and,
co-curing the body and the fittings.
12. The method of claim 11, further comprising:
installing a rod end in each of the fittings.
13. The method of claim 11, further comprising:
molding a metal insert into the resin fitting, and
wherein installing the rod end includes securing the rod end within the metal insert.
14.  The method of claim 11, wherein forming the resin fitting includes filling the ends
of the body with resin.
15. The method of claim 11, further comprising:
placing a metal insert within the resin before the fitting is co-cured; and

installing a rod end in the metal fitting.

14



PCT/US2009/051718

WO 2010/024994

111

@-gA
99
-

9¢

[44

egc 988 |
“\ C 7

p— o
g g . N —

ST

|M
= M@M,@M@M@H%\\%\\VHA@%\\VHA@M@M@M@MA%V‘

X i’ﬂ\w@W’{\\\\v}A’/{\\\\v}A’/{\\\\v}A’/{\\\\Vh’/{\\\\%

v\uom

N I A NI 7 NI A NI C 7 A NI AN

—

f//\\
89

//\\f//\\
4]

_/4

q8<

egg

94

\ws

IO
8¢ f

va



WO 2010/024994 PCT/US2009/051718

82

82
FIG. 5



3/11




PCT/US2009/051718

WO 2010/024994

109
\_\

112

112

FIG.11A




WO 2010/024994

PCT/US2009/051718

5/11

64 ;4

124

68a 2 125 116  S6h

§ S 198 FIG.13
NAMNANAASEANNANNS
sy
\w

68a S
124 FIG.14  56h

56h



WO 2010/024994 PCT/US2009/051718




WO 2010/024994 PCT/US2009/051718

(IO 15




WO 2010/024994 PCT/US2009/051718

168 170 169 54 66
e Nt Sy
ZaNZaNZa\ Vs il
(X X X >




WO 2010/024994 PCT/US2009/051718




WO 2010/024994 PCT/US2009/051718




WO 2010/024994 PCT/US2009/051718

203 11/11

oo

il \LrT\,zoz;

FIG.35 206 - 200

206

FIG- 37 FORM OPEN LATTICE BODY (—~—-218

Y

FORM END FITTINGS [~-—-220

I r—222

VACUUM BAG AND CO-CURE BODY WITH END FITTINGS

!

INSTALL ROD ENDS (~_-224

FIG. 38




INTERNATIONAL SEARCH REPORT

International application No*

PCT/US2009/051718

INV..

A. CLASSIFICATION OF SUBJECT MATTER
"F16C7/02

According 1o International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

F16C

Minimum documentation searched (classification system followed by classification symbols)

.Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, - where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Rel_eyam 1o claim No.
X US 2005/115186 Al (JENSEN DAVID W [US] ET. 1,4,5,
AL) 2 June 2005 (2005-06- 02) 7-12,14
“paragraph [0005] :
paragraph [0007]
paragraph [0182]
paragraph [0226] - paragraph [0230]
. figures 46-56 ' .
Y A . 6,13,15
A figures 15-23 2,3 )
Y US 5 611 636 A (FLORY JOHN F [US]) 6,13,15
18 March 1997 (1997-03-18)
column 4, line 10 - line 14
figures 1-8
A 1,11
/==

m' Further documents are listed in the continuation of Box C.

E See pateht family annex.

* Special categories of cited docu ments :

*A" document defining the general state of the art which is not
considered 10 be of particular relevance

*E’ earlier document but published on or after the international
filing date

*L* document which may throw doubis on priofity claim(s) or -
which is cited to establish the publication date of another
citation or other special reason (as specified)

*O" document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international flllng date but
later than the priority date claimed

"T* later document published after the international filing date

or priority date and not in conflict with the application but

- cited to understand the principle or theory underlying the
invention

*X* document of pamcular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y* document of paricular relevance; the claimed invention
~ cannot be considered to involve an inventive step when the
document is combined with one or more other such docu—
me'rllts such combination being obvious to a person skilled
in the art.

*&* document member of the same patent famlly

Date of the actual completion of the international search

21 October 2009

Date of mailing of the m}ematuonal search report

29/10/2009

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016 ~ T

. Authorized officer

Wilson, Mark

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2009/051718

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages '

| Relevant to claim No.

A

DE 41 35 695 Al (DEUTSCHE FORSCH LUFT
RAUMFAHRT [DE]) 29- Apr11 1993 (1993-04-29)
figures 1-5

US 2006/019759 Al (SHIAO SAM [US] ET AL)
26  January 2006 (2006 -01-26)

f1gures 2A,3

1,11

1,11

* Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2009/051718
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2005115186 Al 02-06-2005 NONE
US 5611636 A 18-03-1997 GB 2279972 A 18-01-1995
NL 9401102 A 01-02-1995
us 5415490 A 16-05-1995
- DE 4135695 Al 29-04-1993 FR 2683020 Al 30-04-1993
GB 2260961 A 05-05-1993
US 2006019759 Al 26-01-2006  NONE

Fom PCT/ISA/210 (patent tamily annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - wo-search-report
	Page 28 - wo-search-report
	Page 29 - wo-search-report

