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Description

GOVERNMENT RIGHTS

[0001] This invention was made with Government sup-
port under contract number 65349DGE2S awarded by
Department Of Defense (DOD), Department Of Com-
merce (DOC), and National Aeronautics and Space Ad-
ministration (NASA). The U.S. Government may have
certain rights in this application.

BACKGROUND

[0002] The present disclosure relates to a composite
joint of two adherents, either of the same or dissimilar
materials, and a method for joining these adherents and
a monopod device used in a cryoradiator that includes a
metal and composite joint described herein.
[0003] Mechanical systems with very challenging per-
formance goals require select materials (e.g., composite
fiber reinforced laminates) with unique properties such
as high strength, high stiffness, low thermal expansion,
low thermal conductivity, etc. These select materials are
utilized as key components in larger structural systems
and therefore must be joined with adjacent members
(typically made of dissimilar materials) to form composite
joints. For example, such composite joints may include
fiber reinforced laminates joined with adjacent metallic
members. These composite joints typically use adhe-
sives to bond the adjacent members or adherents togeth-
er to properly transfer load.
[0004] Composite joints are necessary, and yet typi-
cally are the weakest link in the mechanical system. This
is due to the fact that these composite joints are highly
stressed. The high stress in the composite joint may be
due to mismatches in thermal expansion properties
and/or stiffness properties of the two adherents, extreme-
ly low temperature excursions (e.g., in cryogenic envi-
ronments), thin composite members carrying high loads,
and/or stress concentrations in transitional regions.
[0005] A typical composite joint which joins two mem-
bers of different thicknesses and/or stiffnesses is shown
in FIG. 1. It includes thicker or stiffer member M bonded
to thinner or softer member Cusing adhesive A. FIG. 1
also shows the load path of an external load applied to
member M. The external load applied to member M is
transferred to member C via adhesive A.
[0006] The cryoradiator is a radiator that is configured
to operate at very low temperatures and includes multiple
thermal stages. Each stage is separated by a mono pod
that includes composite-to-metal joints. The monopod is
an important component at the heart of the cryoradiator.
The monopod includes thin-walled fiber-reinforced com-
posite tubes bonded to metallic end fittings. The mono-
pod functions both as mechanical load path and a thermal
isolator between the thermal stages of the radiator, which
is operating at extremely cold temperatures. As a thermal
isolator, the monopod provides a long path between the

thermal stages of the radiator. The monopod is often de-
signed to be compact enough to package it in tight con-
fines.
[0007] The typical mismatched joint, where two adher-
ents of different thicknesses/stiffnesses are bonded to-
gether, is not optimized for strength since it has (a) high
stress concentrations at the leading edges of the adher-
ents (where failure initiates) under mechanical loads and
thermal-elastic loads and (b) high peel stresses (a typical
failure mode for composite joints). The mismatched joint
also provides many manufacturing problems (e.g., ad-
hesive squeeze-out, voids, uncontrolled fillets, repeata-
bility). When large members make up one or both of the
adherents, the joint is very difficult to bond and align.
Also, mechanical load-testing (i.e., at the part level) and
non-destructive inspections are difficult to perform on the
large members. Also, these mismatched joints make it
difficult to develop consistent uniform bond line thick-
nesses which are critical to the joint’s strength.
[0008] The present disclosure provides improvements
over the prior art composite joints and/or methods for
preparing such joints.
[0009] US2004/011927A1 discloses apparatuses and
methods for joining structural members. In one embodi-
ment, an apparatus for joining a first member to a second
member includes a first part and a second part configured
to be engaged with and bonded to the first part. In one
aspect of this embodiment, the first part includes a first
surface facing a first direction, a second surface facing
a second direction different than the first direction, a first
recess at least proximate to the first surface, and a sec-
ond recess at least proximate to the second surface. In
another aspect of this embodiment, the second part in-
cludes a third surface facing a third direction, a fourth
surface facing a fourth direction different than the third
direction, a first protuberance at least proximate to the
third surface, and a second protuberance at least proxi-
mate to the fourth surface.; In yet another aspect of this
embodiment, the first protuberance is configured to be
received by the first recess, and the second protuberance
is configured to be received by the second recess, when
the second part is engaged with the first part to join the
structural members.

SUMMARY

[0010] In one aspect, the invention is defined by a com-
posite joint comprising: a first member comprising a metal
material and comprising a groove therein; a cylindrical
second member adjacent to the first member and extend-
ing through an aperture of the first member, the second
member comprising a fiber reinforced composite mate-
rial; and a unitary annular connector member, comprising
a metal material, disposed between the second member
and the first member, wherein the annular connector
member comprises an annular body portion and a radially
outwardly extending raised portion integral with and cen-
tered on the annular body portion, the raised portion pro-
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jecting from a first surface of the annular body portion,
wherein the annular connector member is adhesively
bonded to the second member at a second surface of
the annular body portion opposite the first surface, the
annular body portion of the annular connector member
having beveled edges and the raised portion s received
in the groove so as to bias a load path between the first
member and the second member from a peripheral por-
tion to a central portion of the connector member, wherein
the first member comprises clamping members that are
attached to each other and clamped to the radially ex-
tending raised portion.
[0011] In another aspect, the invention is defined by a
method for joining a first member with a second member,
the method comprising: providing a first member com-
prising a metal material and having a groove therein; pro-
viding a cylindrical second member adjacent to the first
member and extending through an aperture of the first
member, the second member comprising a fiber rein-
forced composite material; joining the first member with
the second member using a unitary annular connector
member, comprising a metal material, disposed between
the second member and the first member, wherein the
annular connector member comprises an annular body
portion and a radially outwardly extending raised portion
integral with and centered on the annular body portion,
the raised portion projecting from a first surface of the
annular body portion, wherein the annular connector
member is adhesively bonded to the second member at
a second surface of the annular body portion opposite
the first surface, the annular body portion of the annular
connector member having beveled edges and the raised
portion being received in the groove; and using the con-
nector member to bias a load path between the first mem-
ber and the second member from a peripheral portion to
a central portion of the connector member.
[0012] Yet, another embodiment relatesto a monopod
device used in a cryoradiator comprising a metal and
composite joint described in the claim 1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Various embodiments will now be disclosed, by
way of example only, with reference to the accompanying
schematic drawings in which corresponding reference
symbols indicate corresponding parts, in which:

FIG. 1 illustrates a cross-sectional view of a conven-
tional mismatched composite joint;

FIG. 2 illustrates a cross-sectional view of a com-
posite joint in accordance with an embodiment of the
present disclosure;

FIG. 3 illustrates a comparison of adhesive shear
stresses in the conventional composite joint and the
composite joint of the present disclosure, when these
joints are subjected to mechanical loading;

FIG. 4 illustrates a comparison of adhesive shear
stresses in the conventional composite joint and the
composite joint of the present disclosure, when these
joints are subjected to thermal elastic loading;

FIG. 5 illustrates a partial cross-sectional view of an
exemplary cryoradiator;

FIG. 6 illustrates an exemplary monopod device
used in the cryoradiator shown in FIG. 5;

FIG. 7 illustrates a cross-sectional view of the exem-
plary monopod device (shown in FIG. 6) in which a
plurality of composite joints, bonding laminates to
metal adherents, formed in accordance with an em-
bodiment of the present disclosure are shown;

FIG. 8 illustrates a connector member of the com-
posite joint in accordance with an embodiment of the
present disclosure;

FIG. 9 illustrates two connector members being ad-
hesively bonded to a laminate member of the com-
posite joint in accordance with an embodiment of the
present disclosure;

FIG. 10 illustrates an isometric view of the composite
joint in accordance with an embodiment of the
present disclosure; and

FIG. 11 illustrates a method for joining a first member
with a second member in accordance with an em-
bodiment of the present disclosure.

DETAILED DESCRIPTION

[0014] The present disclosure provides a composite
joint with optimized structural strength or structural integ-
rity. The present disclosure introduces a separate shoul-
der-centered sleeve that is adhesively-bonded to a thin-
ner adherent in a controlled manufacturing environment.
As shown in and explained (in detail) with respect to
FIGS. 3 and 4, the present disclosure allows for structural
tuning of the joint, specifically matching stiffnesses and
coefficients of thermal expansion (CTE) of the two ad-
herents (e.g., a shoulder-centered metallic sleeve and a
fiber reinforced composite tube) to optimize the strength
and fatigue life for both mechanical and thermal elastic
loads. As will be explained in detail with respect to FIGS.
3 and 4, peak stresses at leading edges of the joint are
also minimized. Peak stresses at the leading edges of
the joint are minimized by providing smooth stiffnesses
transitions and by moving load paths into the elastic
trough (i.e., lowest point on the stress curve) of the joint,
that is, away from the naturally high stress regions (i.e.,
at the edges of the joint). The joint also reduces peel
stresses in the underlying adherents. In general, these
peel stresses in the underlying adherents often cause
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failure of adhesively bonded composite joints.
[0015] FIG. 2 shows composite joint 10 in accordance
with an embodiment of the present disclosure. Compos-
ite joint 10 includes first member 12 having groove 14
therein, second member 16 adjacent to first member 12,
and connector member 18 disposed between second
member 16 and first member 12. Connector member 18
is received in groove 14 so as to bias load path 20 be-
tween first member 12 and second member 16 from pe-
ripheral portion 22 to central portion 24 of connector
member 18. Connector member 18 is bonded to second
member 16 using adhesive material 32. FIG. 2 is a cross-
sectional view of either an axisymmetric (i.e., exhibiting
cylindrical symmetry around a central axis thereof) or an
orthogonally swept (i.e., representing a solid where the
section is projected linearly and normal to the plane of
the section) joint 10.
[0016] First member 12 includes clamping members
13 and 15 that are attached to each other using a fastener
or clamping device (not shown). A center line of the fas-
tener is shown by dotted line 34 in FIG. 2, as an example.
Clamping members 13 and 15, when attached to each
other, provide groove 14. In one embodiment, clamping
members 13 and 15 are made from a steel material. In
one embodiment, second member 16 may be made from
carbon fiber-reinforced laminates. However, it is contem-
plated that first member 12 (clamping members 13 and
15) and second member 16 may be made of any material.
[0017] Groove 14 is formed in at least one of the clamp-
ing members 13 or 15. As will be explained below, groove
14 applies a preload to connector member 18 along a
primary loading direction of joint 10.
[0018] Connector member 18 includes body portion 26
and raised portion 28 integral with body portion 26.
Raised portion 28 of connector member 18 is received
by groove 14 in first member 12. In one embodiment,
raised portion 28 is in the form of a raised shoulder. In
one embodiment, body portion 26 has an optimized thick-
ness and length. In one embodiment, body portion 26
includes beveled edges 30 and 31 to help further reduce
peak stresses.
[0019] Raised portion 28 is centered on body portion
26. Raised portion 28 is centered along a (fore-aft) pri-
mary loading direction on integral adherent 26 of joint 10.
Under extreme temperature excursions (either high or
low), the stress profile of the composite joint is symmetric
about the center line of the joint. Therefore, it is most
efficient to have raised portion 28 centered on body por-
tion 26 and positioned away from the ends of the joint
where the stresses are generally high. Alternatively, in
another embodiment, raised portion 28 may be slightly
offset from the center of body portion 26. Raised portion
28 is integrally positioned on body portion 26 such that
the occurrence of peak stresses at the edges of joint 10
is reduced (i.e., by biasing load path 20 to a low stress
region of joint 10).
[0020] Groove 14, of clamping members 13 and 15, is
sized and clamped by either fasteners or other clamping

devices (not shown) to engage with and provide a preload
on raised portion 28. The preload enables raised portion
28 to be held in position and prevent gapping and/or slip-
ping when external load is applied to first member 12
and/or second member 16. In one embodiment, the
preload is applied to connector member 18 in the primary
loading direction. When clamping members 13 and 15
are attached to each other using fastener(s) or other
clamping devices, clamping members 13 and 15 apply
the preload on raised portion 28. This arrangement of
clamping members 13 and 15 and the fastener(s) facili-
ties quick disassembly and re-assembly of clamping
members 13 and 15, while still maintains a strong joint
between connector member 18 and second member 16.
[0021] Connector member 18 is configured to reduce
peak stresses at edges of composite joint 10. Connector
member 18 includes any material. In one embodiment,
connector member 18 includes a titanium material. Con-
nector member 18 may include, but are not limited to, a
metal material, a plastic material, a polymer material, a
wood material, a laminate material, or a ceramic material.
[0022] When external mechanical loads are applied to
joint 10, they are reacted through groove 14. These ex-
ternal loads are then transferred to raised portion or
shoulder 28, and then to body portion 26. These external
loads are finally transferred to second member 16
through adhesive material 32. In one embodiment, ad-
hesive material 32 includes epoxy adhesive material. In
other embodiments, adhesive material 32 may include,
but are not limited to, a polyurethane material, a silicone
material, an acrylic material, a methacrylate material, or
a cyanocrylate material.
[0023] Fore and aft faces 33 and 35 of raised portion
28 are located a predetermined distance from fore and
aft edges 30 and 31 of integral thin adherent or body
portion 26 to reduce peel stresses at these locations.
That is, raised portion 28 is located away from high
stressed regions (fore and aft edges 30 and 31 of integral
thin adherent or body portion 26) of joint 10 in order to
move load to central portion 24 (i.e., elastic trough - low-
est point of the stress curve) of joint 10. In one embodi-
ment, the width of raised portion 28 is about 15 - 75 %
of the width of body portion 26. The lengths of raised
portion 28 and/or body portion 26 are sized to locate load
path 20 and resulting stresses in the low stress region of
adhesive material’s elastic trough of the bonded joint,
thereby reducing stress concentrations in joint 10.
[0024] FIGS. 3 and 4 provide a comparison of adhesive
shear stresses in two single lap shear joints of similar
geometry, materials and external loadings. Curves a and
c represent the adhesive shear stresses in conventional
joint (as shown in FIG. 1), while curves b and d represent
the adhesive shear stresses in joint 10 (as shown in FIG.
2) of the present disclosure. In the graphs of FIGS. 3 and
4, the Y-axis represents the shear stress in adhesive ma-
terial 32 and the X-axis represents the location along
adhesive material 32 (i.e., location along the length of
the bond).
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[0025] FIG. 3 illustrates the relative shear stress pro-
files when mechanical loading (applied shear force) is
applied to two joints (i.e., conventional joint and joint of
the present disclosure).
[0026] Curve a is the shear stress profile of the con-
ventional joint when subjected to mechanical loading. As
can be seen from curve a, a significant peak in the shear
stress profile is located at the leading edge of the joint.
This peak stress at the leading edge of the joint generally
initiates failure of the joint. That is, this peak stresses
reduces the strength of the joint, the efficiency of the joint
and the fatigue life of the joint.
[0027] In the present disclosure, by adding shoulder-
centered sleeve 18 in load path 20 of joint 10, the peak
stress at leading edge 30 of the joint 10 is reduced. Shoul-
der centered sleeve or connector member 18 biases load
path 20 towards central portion 24 of joint 10, into the
lower stressed "elastic trough" region, away from leading
edge 30 of joint 10. This increases the capability of joint
10 by improving the strength, the efficiency and the fa-
tigue life of joint 10.
[0028] FIG. 4 illustrates the relative shear stress pro-
files when thermal elastic loading is applied to two joints
(i.e., conventional joint and joint of the present disclo-
sure). These thermal elastic loads are generally induced
due to mismatches in stiffness and CTE in the adherents
(i.e., adhesive material 32 and second member 16).
[0029] Curve c is the shear stress profile of the con-
ventional joint when subjected to thermal-elastic loading.
As can be seen from curve c, relatively higher peaks in
the shear stress profile are located at the edges of the
joint. These peak stresses at the edges of the joint gen-
erally initiate failure of the joint.
[0030] As can be seen from curve d, the present dis-
closure locates this larger mismatch (in stiffness and
CTE) in central portion 24 of joint 10, far away from the
peaks at edges 30 and 31 of joint 10. In one embodiment,
peak stresses are minimized at leading edges 30 and 31
by providing smooth stiffness transitions and by moving
load paths 20 into the elastic trough (i.e., lowest point on
the stress curve) of joint 10, away from the naturally high
stress regions (i.e., at the edges of the joint). Joint 10
also reduces peel stresses in underlying second member
16.
[0031] The present disclosure allows for structural tun-
ing of joint 10. Specifically, structural tuning of joint 10 is
achieved by matching stiffness and coefficients of ther-
mal expansion (CTE) of the two adherents (i.e., connec-
tor member 18 and second member 16). The structural
tuning of joint 10 is performed to optimize the strength
and fatigue life for both mechanical and thermal-elastic
loads.
[0032] The stiffness is a function of E*t, where E is the
Elastic Modulus and t is the thickness of the adherents.
In one embodiment, the stiffness of connector member
18 and second member 16 may be matched in a number
of ways. In one embodiment, the stiffness of connector
member 18 and second member 16 may be matched by

changing one or more of the following properties: ply lay-
ups, materials and/or thicknesses of either members.
[0033] In one embodiment, the Coefficients of Thermal
Expansion (CTE) of connector member 18 and second
member 16 may be matched by only changing the ma-
terials of the connector member 18 and/or second mem-
ber 16.
[0034] FIG. 5 illustrates a partial cross-sectional view
of an exemplary cryoradiator that is used, for example,
in a satellite and FIG. 6 illustrates an exemplary monopod
device used in the cryoradiator shown in FIG. 5.
[0035] The cryoradiator is a passive radiator that is
configured to operate at very low temperatures and in-
cludes multiple thermal stages. For example, in the illus-
trated embodiment, the cryoradiator includes three ther-
mal stages. Each thermal stage is operated at different
temperature. Each stage is separated by a monopod
which includes composite-to-metal joints.
[0036] The monopod is an important component at the
heart of the cryoradiator. The monopod includes thin-
walled fiber-reinforced composite tubes bonded to me-
tallic end fittings. Such thin-walled fiber-reinforced com-
posite tubes generally have a low conductivity. The mo-
nopod functions both as a mechanical load path and as
a thermal isolator between the thermal stages of the ra-
diator, which operates at extremely cold temperatures.
As a thermal isolator, the monopod provides a long path
between the thermal stages of the radiator. The monopod
is often designed to be compact enough to package it in
tight confines.
[0037] In one embodiment, a monopod device used in
a cryoradiator includes metal and composite joints of the
present disclosure. When used in the cyroradiator (as
shown in FIG.5), joints 10 of the present disclosure not
only structurally support the thermal stages but also ther-
mally isolate them. When used in the cyroradiator (as
shown in FIG.5), joints 10 are not just subjected to both
mechanical loads (vibrations) and thermal loads (e.g.,
during launch of a rocket in which the satellite and hence
cryoradiator is transported into orbit).
[0038] FIG. 7 illustrates a cross-sectional view of the
exemplary monopod device (shown in FIG. 6) in which
a plurality of composite-to-metal joints 100, 200, and 300
formed in accordance with an embodiment of the present
disclosure are shown.
[0039] In one embodiment, composite-to-metal joints
100 and 200 are used to bond composite member (i.e.,
thin-walled fiber-reinforced composite tube) 116 to con-
nector members 118 and 218 (i.e., metallic end fittings).
In one embodiment, thin-walled fiber-reinforced compos-
ite tube 116 are disposed concentrically about thin-walled
fiber-reinforced composite tube 316. Metal and compos-
ite joint 300 is located on an inner diameter of composite
member (i.e., thin-walled fiber-reinforced composite
tube) 116, while composite-to-metal joints 100 and 200
are located on an outer diameter of composite member
(i.e., thin-walled fiber-reinforced composite tube) 316.
[0040] Metal and composite joint 100 includes metal
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member 112 having groove 114 therein, composite mem-
ber 116 adjacent to metal member 112, and connector
member 118 disposed between composite member 116
and metal member 112. Connector member 118 is re-
ceived in groove 114 so as to bias load path between
metal member 112 and composite member 116 from pe-
ripheral portion 122 to central portion 124 of connector
member 118. Connector member 118 is bonded to com-
posite member 116 using adhesive material 132. Metal
member 112 includes clamping members 113 and 115
that when attached to each other, provide groove 114.
[0041] Metal and composite joint 200 includes metal
member 212 having groove 214 therein, composite mem-
ber 116 adjacent to metal member 212, and connector
member 218 disposed between composite member 116
and metal member 212. Connector member 218 is re-
ceived in groove 214 so as to bias load path between
metal member 212 and composite member 116 from pe-
ripheral portion 222 to central portion 224 of connector
member 218. Connector member 218 is bonded to com-
posite member 116 using adhesive material 232. Metal
member 212 includes clamping members 213 and 215
that when attached to each other, provide groove 214.
[0042] Metal and composite joint 300 includes metal
member 312 having groove 314 therein, composite mem-
ber 316 adjacent to metal member 312, and connector
member 318 disposed between composite member 316
and metal member 312. Connector member 318 is re-
ceived in groove 314 so as to bias load path between
metal member 312 and composite member 316 from pe-
ripheral portion 322 to central portion 324 of connector
member 318. Connector member 318 is bonded to com-
posite member 316 using adhesive material 332. Metal
member 312 includes clamping members 313 and 315
that when attached to each other, provide groove 314.
[0043] FIG. 8 illustrates connector member 18 of com-
posite joint 10 in accordance with an embodiment of the
present disclosure. FIG. 9 illustrates connector members
18 and 18’ bonded to second member 16 of composite
joint 10 in accordance with an embodiment of the present
disclosure. FIGS. 8 and 9 also illustrate body portion 26
and raised portion 28 of connector member 18 integral
with body portion 26, and body portion 26’ and raised
portion 28’ of connector member 18’ integral with body
portion 26’. In one embodiment, the width of raised por-
tion 28 is 15 to 75 % of the width of body portion 26. As
noted above, connector member 18 is bonded to second
member 16 using adhesive material 32. FIG. 10 illus-
trates composite joint 10 (i.e., bottom half only) in accord-
ance with an embodiment of the present disclosure.
FIGS. 8-10 clearly illustrate that connector member 18,
second member 16, clamping members 13 and 15 in-
clude cylindrical cross-sectional configuration or tubular
cross-sectional configuration. In other embodiments,
connector member 18, second member 16, clamping
members 13 and 15 include other cross-sectional con-
figurations.
[0044] In one embodiment, as shown in FIG. 10,

clamping ring 13 includes opening 40 to receive the fas-
tener, when clamping ring 13 is connected to clamping
ring 15. Clamping ring 15 also includes similar opening
(not shown) to receive the fastener. In one embodiment,
the fastener (not shown) is constructed and arranged to
pass through opening 40 of clamping ring 13, and open-
ing of clamping ring 15 to fasten or connect clamping ring
13 and clamping ring 15 together. That is, opening 40 of
clamping ring 13 and the opening of clamping ring 15 are
aligned with each other to allow the fastener pass through
them.
[0045] FIG. 11 illustrates a method 1100 for joining first
member 12 with second member 16 in accordance with
an embodiment of the present disclosure. The method
1100 begins at procedure 1102 in which first member 12
having female groove 14 therein is provided. The method
then proceeds to procedure 1104 in which second mem-
ber 16 is provided adjacent to first member 12. At proce-
dure 1105, connector member 18 with raised portion or
male shoulder 28 is provided. Connector member 18 is
attached to second member 16, for example, using ad-
hesive material 32.
[0046] Next at procedure 1106, first member 12 is
joined with second member 16 using connector member
18. As noted above, raised portion or shoulder 28 of con-
nector member 18 is received in groove 14 of clamping
members 13 and 15 of first member 12. At procedure
1107, a preload between first member 12 and connector
member 18 is developed by providing a clamping force
between clamping members 13 and 15 (i.e., two split
parts) of first member 12. At procedure 1108, connector
member 18 is used to bias a load path between first mem-
ber 12 and second member 16 from peripheral portion
22 to central portion 24 of the connector member 18.
[0047] The joint of the present disclosure is suited for
thin-walled, light-weight thermal isolators since the joint
is very compact and leverages the benefits of adhesively
bonded joints: thin adherents loaded in shear. Since dur-
ing assembly the joint is bonded in a simple and control-
led manner (e.g., two concentric cylinders in a bench top
fixture), the joint mitigates many problems associated
with manufacturing (e.g., improving workmanship, adhe-
sive voids and squeeze-out, repeatability, alignment, uni-
form bondline thicknesses, controlled fillets, issues with
large members etc.) Also, non-destructive inspection
(e.g., ultrasound testing) of the bonded assembly is
greatly improved since the adherents are thin and the
geometry minimizes the number of noise-generating re-
flective surfaces, thereby reducing signal attenuation and
improving the signal-to-noise ratio.
[0048] The composite joint described in the present
disclosure can be utilized in a very wide range of appli-
cations that require high-strength, efficient and easy to
manufacture bonded structural composite joints. For ex-
ample, the composite joint described in the present dis-
closure may be used in a) high strength applications in-
cluding airborne applications, space applications, and
pressure vessel applications; b) high fatigue applications
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including automotive applications, airborne applications
and marine applications; c) low weight applications in-
cluding airborne applications and space applications; d)
extreme temperature applications including cryogenic
applications; e) compact including airborne and space
applications; and f) high production rate applications in-
cluding automotive applications and airborne applica-
tions. Just as an example of extreme temperature appli-
cations (including cryogenic applications), the composite
metal joint of the present disclosure may be used in sat-
ellites that are subjected to extremely harsh environmen-
tal conditions of space. The joint of the present disclosure
is designed to efficiently operate in extremely low tem-
perature applications, where the joint is subjected to both
mechanical (structural) loads and thermal elastic loads.
Other applications include composite joints for the fol-
lowing: beams, pipes, shafts, isolators, monopods,
booms, masts, rods, columns, shells, plates, tubes, pros-
theses, etc.
[0049] The improved structural composite joint of the
present disclosure, thus, solves numerous bonded joint
problems in extreme-temperature applications. The im-
proved structural composite joint of the present disclo-
sure: a) optimizes strength and fatigue life for mechanical
and thermal-elastic loads; b) minimizes peak stresses by
providing smooth stiffness transitions; c) reduces peel
stresses (typical failure mode of bonded joints); d) pro-
vides a thin-walled thermal isolator; e) provides a low
profile and compact sized joint; f) provides ease of man-
ufacturability of the joint; g) provides ease of controlling
uniform bond line thicknesses (which in turn improves
strength of the joint); h) provides ease of bond line in-
spections using standard ultrasound methods; i) miti-
gates risk by testing at part level prior to higher level
assembly; j) provides shoulder to locally reinforce com-
posite tube ends (where local buckling may initiate); k)
offers ability to disassemble and/or reassemble when
clamped with fasteners (versus bonded alone); and 1)
allows alignment of mating parts through shimming at
clamped interfaces.

Claims

1. A composite joint (10) comprising:

a first member (12) comprising a metal material
and comprising a groove (14) therein;
a cylindrical second member (16) adjacent to
the first member (12) and extending through an
aperture of the first member (12), the second
member (16) comprising a fiber reinforced com-
posite material; and
a unitary annular connector member (18), com-
prising a metal material, disposed between the
second member (16) and the first member (12),
wherein the annular connector member (18)
comprises an annular body portion (26) and a

radially outwardly extending raised portion (28)
integral with and centered on the annular body
portion (26), the raised portion (28) projecting
from a first surface of the annular body portion
(26), wherein the annular connector member
(18) is adhesively bonded to the second member
(16) at a second surface of the annular body
portion (26) opposite the first surface, the annu-
lar body portion (26) of the annular connector
member (18) having beveled edges (30, 31) and
the raised portion (28) is received in the groove
(14) so as to bias a load path between the first
member (12) and the second member (16) from
a peripheral portion to a central portion of the
connector member (18),
wherein the first member (12) comprises clamp-
ing members (13, 15) that are attached to each
other and clamped to the radially extending
raised portion (28).

2. The composite joint (10) of claim 1, wherein the
raised portion is centered along a primary loading
direction of the joint (10).

3. The composite joint (10) of claim 1, wherein the
clamping members (13, 15), when attached to each
other, provide the groove (14) that receives the
raised portion (28) therein.

4. The composite joint (10) according to anyone of the
claims 1 or 3, wherein the groove (14) is formed in
at least one of the clamping members (13, 15).

5. The composite joint (10) according to anyone of the
claims 1, 3 or 4, wherein an external load on the joint
(10) is introduced through the groove (14), and is
then transferred to the second member (16) via the
connector member (18) and the adhesive material.

6. The composite joint (10) according to anyone of the
previous claims, wherein the groove (14) is con-
structed and arranged to apply a preload to the con-
nector member (18) along a primary loading direction
of the joint (10).

7. The composite joint (10) according to anyone of the
previous claims, wherein the connector member (18)
is configured to reduce peak stresses at edges of
the composite joint (10).

8. A method (1100) for joining a first member (12) with
a second member (16), the method (1100) compris-
ing:

providing (1102) a first member (12) comprising
a metal material and having a groove (14) there-
in;
providing (1104) a cylindrical second member
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(16) adjacent to the first member (12) and ex-
tending through an aperture of the first member
(12), the second member (16) comprising a fiber
reinforced composite material;
joining (1106) the first member (12) with the sec-
ond member (16) using a unitary annular con-
nector member (18), comprising a metal mate-
rial, disposed between the second member (16)
and the first member (12), wherein the annular
connector member (18) comprises an annular
body portion (26) and a radially outwardly ex-
tending raised portion (28) integral with and cen-
tered on the annular body portion (26), the raised
portion (28) projecting from a first surface of the
annular body portion (26), wherein the annular
connector member (18) is adhesively bonded to
the second member (16) at a second surface of
the annular body portion (26) opposite the first
surface, the annular body portion (26) of the an-
nular connector member (18) having beveled
edges (30, 31) and the raised portion (28) being
received in the groove (14); and
using (1108) the connector member to bias a
load path between the first member (12) and the
second member (16) from a peripheral portion
to a central portion of the connector member
(18);
wherein the first member (12) comprises clamp-
ing members (13, 15) that are attached to each
other and clamped to the radially extending
raised portion (28).

Patentansprüche

1. Verbund-Verbindungsteil (10) umfassend:

ein erstes Element (12), ein Metallmaterial um-
fassend und eine Nut (14) darin umfassend;
ein zylindrisches zweites Element (16), an das
erste Element (12) angrenzend, und sich durch
eine Öffnung des ersten Elements (12) hindurch
erstreckend, wobei das zweite Element (16) ein
faserverstärktes Verbundmaterial umfasst; und
ein einheitliches ringförmiges Verbinderelement
(18), ein Metallmaterial umfassend, das zwi-
schen dem zweiten Element (16) und dem ers-
ten Element (12) angeordnet ist, wobei das ring-
förmige Verbinderelement (18) einen ringförmi-
gen Gehäuseabschnitt (26) und einen sich ra-
dial nach außen erstreckenden aufgerichteten
Abschnitt (28), in einem Stück mit und zentriert
auf dem ringförmigen Gehäuseabschnitt (26)
umfasst, wobei der aufgerichtete Abschnitt (28)
aus einer ersten Fläche des ringförmigen Ge-
häuseabschnitts (26) vorsteht, wobei das ring-
förmige Verbinderelement (18) haftend mit dem
zweiten Element (16) auf einer zweiten Fläche

des ringförmigen Gehäuseabschnitts (26) ge-
genüber der ersten Fläche gebunden ist, wobei
der ringförmige Gehäuseabschnitt (26) des ring-
förmigen Verbinderelements (18) abgeschrägte
Kanten (30, 31) aufweist und der aufgerichtete
Abschnitt (28) in der Nut (14) aufgenommen
wird, um eine Laststrecke zwischen dem ersten
Element (12) und dem zweiten Element (16) von
einem umlaufenden Abschnitt zu einem zentra-
len Abschnitt des Verbinderelements (18) vor-
zuspannen,
wobei das erste Element (12) Klemmelemente
(13, 15) umfasst, die miteinander verbunden
sind, und mit dem sich radial erstreckenden auf-
gerichteten Abschnitt (28) geklemmt sind.

2. Verbund-Verbindungsteil (10) nach Anspruch 1, wo-
bei der aufgerichtete Abschnitt entlang einer Primär-
belastungsrichtung des Verbindungsteils (10) zen-
triert ist.

3. Verbund-Verbindungsteil (10) nach Anspruch 1, wo-
bei die Klemmelemente (13, 15), wenn sie miteinan-
der verbunden sind, die Nut (14) bereitstellen, wel-
che den aufgerichteten Abschnitt (28) darin auf-
nimmt.

4. Verbund-Verbindungsteil (10) nach irgendeinem der
Ansprüche 1 oder 3, wobei die Nut (14) in zumindest
einem der Klemmelemente (13, 15) gebildet wird.

5. Verbund-Verbindungsteil (10) nach irgendeinem der
Ansprüche 1, 3 oder 4, wobei eine externe Belastung
auf dem Verbindungsteil (10) durch die Nut (14) hin-
durch eingeführt wird, und danach über das Verbin-
derelement (18) und das haftende Material zum
zweiten Element (16) übertragen wird.

6. Verbund-Verbindungsteil (10) nach irgendeinem der
vorhergehenden Ansprüche, wobei die Nut (14) ge-
fertigt und angeordnet ist, um eine Vorbelastung auf
das Verbinderelement (18) entlang einer Primärbe-
lastungsrichtung des Verbindungsteils (10) anzu-
wenden.

7. Verbund-Verbindungsteil (10) nach irgendeinem der
vorhergehenden Ansprüche, wobei das Verbinder-
element (18) konfiguriert ist, um Spitzenbeanspru-
chungen an den Kanten des Verbindungsteils (10)
zu verringern.

8. Verfahren (1100) zum Verbinden eines ersten Ele-
ments (12) mit einem zweiten Element (16), wobei
das Verfahren (1100) umfasst:

Bereitstellen (1102) eines ersten Elements (12),
ein Metallmaterial umfassend und eine Nut (14)
darin aufweisend;
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Bereitstellen (1104) eines zylindrischen zweiten
Elements (16), an das erste Element (12) an-
grenzend, und sich durch eine Öffnung des ers-
ten Elements (12) hindurch erstreckend, wobei
das zweite Element (16) ein faserverstärktes
Verbundmaterial umfasst;
Verbinden (1106) des ersten Elements (12) mit
dem zweiten Element (16) unter Verwendung
eines einheitlichen ringförmigen Verbinderele-
ments (18), ein Metallmaterial umfassend, das
zwischen dem zweiten Element (16) und dem
ersten Element (12) angeordnet ist, wobei das
ringförmige Verbinderelement (18) einen ring-
förmigen Gehäuseabschnitt (26) und einen sich
radial nach außen erstreckenden aufgerichte-
ten Abschnitt (28), in einem Stück mit und zen-
triert auf dem ringförmigen Gehäuseabschnitt
(26) umfasst, wobei der aufgerichtete Abschnitt
(28) aus einer ersten Fläche des ringförmigen
Gehäuseabschnitts (26) vorsteht, wobei das
ringförmige Verbinderelement (18) haftend mit
dem zweiten Element (16) auf einer zweiten Flä-
che des ringförmigen Gehäuseabschnitts (26)
gegenüber der ersten Fläche gebunden ist, wo-
bei der ringförmige Gehäuseabschnitt (26) des
ringförmigen Verbinderelements (18) abge-
schrägte Kanten (30, 31) aufweist und der auf-
gerichtete Abschnitt (28) in der Nut (14) aufge-
nommen wird; und
Verwenden (1108) des Verbinderelements zum
Vorspannen einer Laststrecke zwischen dem
ersten Element (12) und dem zweiten Element
(16) von einem umlaufenden Abschnitt zu einem
zentralen Abschnitt des Verbinderelements
(18);
wobei das erste Element (12) Klemmelemente
(13, 15) umfasst, die miteinander verbunden
sind, und mit dem sich radial erstreckenden auf-
gerichteten Abschnitt (28) geklemmt sind.

Revendications

1. Joint composite (10) comprenant :

un premier élément (12) comprenant un maté-
riau métallique et comportant une rainure (14)
qui y est ménagée ;
un second élément cylindrique (16) adjacent au
premier élément (12) et s’étendant à travers une
ouverture du premier élément (12), le second
élément (16) comprenant un matériau compo-
site renforcé par des fibres ; et
un élément de jonction annulaire unitaire (18)
comprenant un matériau métallique, disposé
entre le second élément (16) et le premier élé-
ment (12), dans lequel l’élément de jonction an-
nulaire (18) comprend une partie de corps an-

nulaire (26) et une partie dressée (28) s’éten-
dant radialement vers l’extérieur d’un seul te-
nant avec la partie de corps annulaire (26) et
centrée sur celle-ci, la partie dressée (28) faisant
saillie d’une première surface de la partie de
corps annulaire (26), dans lequel l’élément de
jonction annulaire (18) est lié par un adhésif au
second élément (16) sur une seconde surface
de la partie de corps annulaire (26) opposée à
la première surface, la partie de corps annulaire
(26) de l’élément de jonction annulaire (18)
ayant des bords biseautés (30, 31) et la partie
dressée (28) étant reçue dans la rainure (14) de
manière à solliciter un trajet de charge entre le
premier élément (12) et le second élément (16)
d’une partie périphérique à une partie centrale
de l’élément de jonction (18),
dans lequel le premier élément (12) comprend
des éléments de serrage (13, 15) qui sont fixés
l’un à l’autre et serrés sur la partie dressée
s’étendant radialement (28).

2. Joint composite (10) selon la revendication 1, dans
lequel la partie dressée est centrée le long d’une
direction de charge principale du joint (10).

3. Joint composite (10) selon la revendication 1, dans
lequel les éléments de serrage (13,15), lorsqu’ils
sont fixés l’un à l’autre, constituent la rainure (14)
qui reçoit la partie dressée (28).

4. Joint composite (10) selon l’une quelconque des re-
vendications 1 ou 3, dans lequel la rainure (14) est
formée dans au moins l’un des éléments de serrage
(13, 15).

5. Joint composite (10) selon l’une quelconque des re-
vendications 1, 3 ou 4, dans lequel une charge ex-
terne sur le joint (10) est introduite à travers la rainure
(14) et est ensuite transférée au second élément (16)
via l’élément de jonction (18) et le matériau adhésif.

6. Joint composite (10) selon l’une quelconque des re-
vendications précédentes, dans lequel la rainure
(14) est conçue et agencée pour appliquer une pré-
charge à l’élément de jonction (18) le long d’une di-
rection de charge principale du joint (10).

7. Joint composite (10) selon l’une quelconque des re-
vendications précédentes, dans lequel l’élément de
jonction (18) est configuré pour réduire les tensions
maximales sur les bords du joint composite (10).

8. Procédé (1100) pour joindre un premier élément (12)
à un second élément (16), le procédé (1100)
comprenant :

la fourniture (1102) d’un premier élément (12)
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comprenant un matériau métallique et ayant une
rainure (14) qui y est ménagée ;
la fourniture (1104) d’un second élément cylin-
drique (16) adjacent au premier élément (12) et
s’étendant à travers une ouverture du premier
élément (12), le second élément (16) compre-
nant un matériau composite renforcé par des
fibres ;
la jonction (1106) du premier élément (12) au
second élément (16) en utilisant un élément de
jonction annulaire unitaire (18) comprenant un
matériau métallique, disposé entre le second
élément (16) et le premier élément (12), dans
lequel l’élément de jonction annulaire (18) com-
prend une partie de corps annulaire (26) et une
partie dressée (28) s’étendant radialement vers
l’extérieur d’un seul tenant avec la partie de
corps annulaire (26) et centrée sur celle-ci, la
partie dressée (28) faisant saillie d’une première
surface de la partie de corps annulaire (26),
dans lequel l’élément de jonction annulaire (18)
est lié par un adhésif au second élément (16)
sur une seconde surface de la partie de corps
annulaire (26) opposée à la première surface,
la partie de corps annulaire (26) de l’élément de
jonction annulaire (18) ayant des bords biseau-
tés (30, 31) et la partie dressée (28) étant reçue
dans la rainure (14) ; et
l’utilisation (1108) de l’élément de jonction pour
solliciter un trajet de charge entre le premier élé-
ment (12) et le second élément (16) d’une partie
périphérique à une partie centrale de l’élément
de jonction (18) ;
dans lequel le premier élément (12) comprend
des éléments de serrage (13,15) qui sont fixés
l’un à l’autre et serrés sur la partie dressée
s’étendant radialement (28).
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