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COMPOSITE SUSPENSION COMPONENTS
[0001] This application claims the benefit of and priority of U.S. Provisional

Patent Application Serial No. 62/183043, filed June 22, 2015.

BACKGROUND OF THE INVENTION

FIELD OF THE DISCLOSURE

[0002] The present subject matter relates generally to composite linkage
technology in the automotive field and more particularly to composite linkage

components in suspensions for heavy duty vehicles.

[0003] Composite linkage technology has found application in the automotive
industry for some time, however, the scope of its use has been somewhat limited for

several reasons.

[0004] Composite materials are generally anisotropic. Therefore, their
mechanical and other physical properties vary with direction. Isotropic materials, such
as aluminum or steel, have uniform properties in all directions, and therefore, will exhibit

the same stiffness regardless of the orientation of the applied force and/or moments.

[0005] Composite materials also have some disadvantages when heavy and
complex stress applications are involved, such as with suspension linkages. As one
example, leaf springs must handle both tensile and compressive forces operating in
separate, parallel planes. These stresses create a third form of stress, laminar shear,
which imposes significant stresses at the ends of the spring in the eyes. As another

example, a torque rod must handle intense compressive, tensile and
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torsional forces which operate along its longiudinal axis. Compressive forces
directed into the linkage also craate tensile shear in the arm of the forque rod.

[G808]  One approach to these problems has been fo imit the use of
composite materials {0 less demanding applications. Ancther approach has been io
develop more advanced composite materials for certain applications. However,
these advancements are limited in their application and involve substantial
investment in time and expense o manufaciure.

[B007]  Other responses include bolting an aluminum or steel eys on the end
of a composite linkage, such as a composite leaf spring arm (FIGA).  This
approach adds to cost and weight of a secondary component and the associated
joining hardware 1o connect a metal eye 1o a composite structure.

[B808]  Accordingly, it is desirable {0 overcome one or more of thess
challenges and/or shortcomings in the economical and sfficient design, manufaciure
and use of composite suspension linkage components, particularly for heavy duty

vehicles.
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SUMMARY OF THE INVENTION

[0009] There are several aspects of the present subject matter which may be
embodied separately or together in the devices and systems described and claimed
herein. These aspects may be employed alone or in combination with other aspects
of the subject matter, and the description of these aspects together is not intended to
preclude the use of these aspects separately or the claiming of such aspects
separately as set forth in the claims appended hereto.

[0010] In one aspect of this disclosure, a vehicle suspension component
comprises a first arm and a first eye, each having a first portion and a second
portion. The first arm and first eye are connected and formed of a resin containing a
plurality of elongated fibers. The resin and plurality of elongated fibers extend
through the first portion of the first arm into a first portion of the first eye, and through
a second portion of the first arm into a second portion of the first eye. The first and
second portions of the first arm are joined together to form a bond between them. A
fastener associated with the first arm connects the first and second portions of the
first arm together to reinforce the bond between said them or to resist their
separation from one another.

[0011] In a second aspect of this disclosure, a vehicle suspension component
comprises a first eye, an arm and a second eye, each having a first portion and a
second portion. The arm is connected to the first and second eye and all are formed
of a resin containing a plurality of elongated fibers. The resin and plurality of
elongated fibers extends through a first portion of the arm into a first portion of the
first eye and through a first portion of the arm into a first portion of the second eye,
through a second portion of said arm into a second portion of the first eye and

through a second portion of the arm into a second portion of the second eye. The
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first and second portions of the arm are joined together to form a bond. The arm

further comprises a first exterior surface defining an opening in the suspension

component arm.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] In describing the preferred examples, reference is made to the
accompanying drawing figures wherein like parts have like reference numerals, and
wherein:

[0013] FIG. 1 is a perspective view of a portion of a prior art composite leaf
spring with a bolt on eye;

[0014] FIG. 2 is a schematic, perspective view of a portion of a composite
suspension component containing elongated fibers;

[0015] FIG. 3 is a schematic, side elevational view of the suspension
component shown in FIG. 2;

[0016] FIG. 4Ais a schematic, perspective view of a portion of a suspension
component according to an aspect of the present disclosure;

[0017] FIG. 4B is a schematic, cross sectional view of a portion of the
embodiment shown in FIG. 4A,

[0018] FIG. 5Ais a schematic, perspective view of a portion of a suspension
component according to another aspect of the present disclosure;

[0019] FIG. 5B is a schematic, cross sectional view of a portion of the
embodiment shown in FIG. 5A;

[0020] FIG. 6Ais a schematic, perspective view of a portion of a suspension
component according to another aspect of the present disclosure;

[0021] FIG. 6B is a schematic, cross sectional view of a portion of the
embodiment shown in FIG. 6A;

[0022] FIG. 7Ais a schematic, perspective view of a portion of a suspension

component according to another aspect of the present disclosure;
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[0023] FIG. 7B is a schematic, cross sectional view of a portion of the
embodiment shown in FIG. 7A;

[0024] FIG. 8Ais a schematic, perspective view of a portion of a suspension
component according to another aspect of the present disclosure;

[0025] FIG. 8B is a schematic, cross sectional view of a portion of the
embodiment shown in FIG. 8A;

[0026] FIG. 9A is a schematic, perspective view of a portion of a suspension
component according to another aspect of the present disclosure;

[0027] FIG. 9B is a schematic, cross sectional view of a portion of the
embodiment shown in FIG. 9A;

[0028] FIG. 10A is a schematic, perspective view of a portion of a suspension
component according to another aspect of the present disclosure;

[0029] FIG. 10B is a schematic, cross sectional view of a portion of the
embodiment shown in FIG. 10A;

[0030] FIG. 11Ais a schematic, perspective view of a portion of a suspension
component according to another aspect of the present disclosure;

[0031] FIG. 11B is a schematic, cross sectional view of a portion of the
embodiment shown in FIG. 11A;

[0032] FIG. 12Ais a perspective view of leaf spring incorporating aspects of
the present disclosure;

[0033] FIG. 12B is a side elevational view of the embodiment shown in FIG.
12A;

[0034] FIG. 13 is a schematic, side elevational view of a portion of a

suspension component according to an aspect of the present disclosure;



CA 029390403 2017-12-20

WO 2016/209815 PCT/US2016/038525

[0035] FIG. 14 is a schematic perspective view of a portion of the suspension
component of FIG. 13 according to another aspect of the present the present
disclosure;

[0036] FIG. 15 is a schematic perspective view of a portion of the suspension
component of FIG. 13 according to another aspect of the present the present
disclosure;

[0037] FIG. 16 is a perspective view of a transverse torque rod according to
an aspect of the present disclosure;

[0038] FIG. 17 is a perspective view of a transverse torque rod incorporating
aspects of the present disclosure;

[0039] FIGS 18A through 18C are perspective, cross sectional views of a
portion of variously configured torque rods according to aspects of the present

disclosure.
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DETAILED DESCRIPTION

[0040] The embodiments disclosed herein are for the purpose of providing a
description of the present subject matter, and it is understood that the subject matter
may be embodied in various other forms and combinations not shown in detail.
Therefore, specific designs and features disclosed herein are not to be interpreted as
limiting the subject matter as defined in the accompanying claims.

[0041] As used herein, the terms X axis or X direction, Y axis or Y direction
and Z axis or Z direction, shall be understood in relation to the suspension
component or the feature or part thereof to which it pertains. Accordingly, the X axis
or direction means the axis or direction which is parallel to the longitudinal axis of the
suspension component arm adjacent the eye. The Y axis or direction means the
axis or direction which is perpendicular to the X axis or direction and parallel to the
central axis of the nearest eye. The Z axis or direction means the axis or direction
which is perpendicular to the X or longitudinal axis of the suspension component arm
adjacent the eye and perpendicular to the central axis of the nearest eye.

[0042] The term Z axis reinforcement refers to the methods and structures as
contemplated by the present disclosure for applying, directly or indirectly, or for
delivering, inwardly directed, opposing forces, to a suspension component arm or the
constituent elements of the arm, along an axis generally parallel to the Z axis of the
suspension component.

[0043] FIGS. 2 and 3 schematically illustrate a portion of an example
composite suspension component 4 which may receive Z axis reinforcement as
contemplated by the present disclosure. The example composite suspension
component 4 (FIGS. 2-3) can be manufactured in a number of ways consistent with

the present disclosure. In one example method, elongated glass, carbon, or other
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structural fibers are uniformly wet by being pulled through a resin bath. The wetted
fiber is then wound about a single pin or two pins, depending on whether a single or
double hub or eye is desired. Preferably, pin diameter is selected based on the
desired inner diameter of the corresponding finished eye. The wetted fiber hank is
then placed into a mold that is cut to the desired outer shape of the part being
produced. The mold cavity is then filled with a suitable resin polymer which, in the
present disclosure, may be thermoset or thermoplastic in nature, and is an epoxy in
a preferred embodiment. Excess resin is expressed from the mold. The resin
containing the elongated fibers then solidifies and is cured.

[0044] Example composite suspension component 4 (FIGS. 2-3), which may
receive Z axis reinforcement according to the present disclosure is made of resin
containing elongated fibers 8 which are generally continuous, generally unidirectional
and/or generally parallel. The fiber to resin volume ratio of such an example
composite suspension component may be approximately 50%. The fiber weight
fraction may range from 60 to 85% and fall within the upper half of this range in the
eyes. Composite resin containing elongated fibers extend through a first portion 16
and a second portion18 of a first arm 14 of the suspension component into
respectively, a first portion (first branch) 22 and a second portion (second branch) 24
of afirst eye 20. In the example suspension component, the connection at the
interface 9 between the first and second portions 16, 18 of the first arm 14 depends
primarily on the bond strength of the resin 8 rather than the strength of the elongated
fibers 8.

[0045]  Z axis reinforcement as contemplated by the present disclosure can be
applied, directly or indirectly at, or delivered to, any location along the X axis of arm

14. If reinforcement of an integrated eye is desired, particularly to resist opening of



CA 029390403 2017-12-20

WO 2016/209815 PCT/US2016/038525

the eye, it may be preferable to apply Z axis reinforcement at the arm 14 adjacent
the eye along a cross section extending in the Z direction, for example, at or near
where the first and second portions 16, 18 or their respective elongated fibers
diverge to form eye 20.

[0248] One form of Z axis reinforcement, as described and illustrated herein,
is by stitching the elongated fibers 8 with a separate fiber or fibers. The stitching of
the present disclosure generally can be performed before, during or after winding of
the elongated fibers, and whether the elongated fibers are dry or wet. It will be
appreciated that if elongated fibers are stitched when dry, it may be preferable to
use Resin Transfer Molding (RTM), a process known to those skilled in the art of the
present disclosure, to process the wound, stitched fibers through to completion of the
molded part. The stitching fiber used may be glass, carbon or other flexible
structural fiber and may be of the same or a different composition than that of the
elongated fibers. Stitching can be performed manually, however, it is also amenable
to being performed with an industrial sewing or stitching machine.

[0047] FIGS. 4A — 7B illustrate four example stitching patterns that may be
utilized according to the present disclosure, to provide reinforcement to a suspension
component, such as, for example, a leaf spring or torque rod, having an integrated
eye and constructed from resin containing elongated fibers. The example stitching
patterns extend in the Z and Y directions. The example stitches of these patterns
bundle, individually and/or collectively, elongated fibers in first and second portions
16, 18 of arm 14. The illustrated stitches and stitching patterns are merely examples
and differently shaped stitches and stitching pattems may be employed without

departing from the scope of the present disclosure.

10
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[0048] FIGS. 4A and 4B schematically illustrate a first example stitching
pattern. Example stitching pattern 40 is generally wavelike in nature, sweeping back
and forth across interface 9. While the path of stitching pattern 40 can be described
from any point of intersection with interface 9, it is arbitrarily described herein from a
location along interface 9 just prior to traveling into the upper collection of wound,
elongated fibers 8 that, when manufacturing is completed, will form part of first
portion 16 of arm 14.

[0848] Example stitching pattern 40 extends generally in the Z direction, away
from interface 9. Preferably, the stitch of pattern 40 generally extends in the Z
direction until it has traveled above a substantial number of the elongated fibers that
are above interface 9. The stitch of example pattern 40 then turns around, extending
generally in the Y direction along a path, which in FIG. 4B is generally semicircular
but could be any shape, such as for example, angular, elliptical, straight or square.
The stitch of pattern 40 then extends back generally in the Z direction, crosses
interface 9, and continues until it has traveled below a substantial number of fibers
that are below interface 9. The stitch of pattern 40 then turns around, extending
generally in the Y direction along a path, which in FIG. 4B is generally semicircular
but as referred to above, could be any one of a number of shapes. The stitch of this
example stitching pattern then extends back, generally in the Z direction, to interface
9. Example stitching pattern 40, as other example stitching patterns illustrated
herein, can be continued across the width of the wound, elongated fibers that will be
become part of the suspension component arm, or alternatively can be varied in a
number of ways and/or combined with a number of alternative movements, without

departing from the scope of the present disclosure.

11
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[O080]  FIGS. 5A and 5B schematically Hiustrate a second example stitching
patiern. Second exampie stitching patlern 50 is similar to the first example pattern
40 in the manner in which it sweeps back and forth across interface 9. Hwill be
appreciated however, that the degree of advancement in the Y direction with each
stroke, as flustrated, is smaller than in the first example, and that on one side of
interface 9 (lower portion, below interface € as shown in FIG. 58), the second
example stifching pattern 50 forms a loep, which a successive repetition of the stifch
gxtends through or intersects, as the second example patiem advancesinthe Y
direction. The intersecling loops {shown below the elongated fibers of the second
portion 18 of arm 14 in FIG. 5B) can be formed above the slongated fibers of the first
portion 16 of arm 14, either in addition to or in lieu of the intersecting loops shown in
FIG. 5B.

[0051] FIGS. 6A and 6B schematically illustrate a third example stitching
pattern. In a third example stitching pattern 70 (FIGS. 6A and 6B), elongated fibers
of arm 14 are bundled by horizontal (Y direction) and vertical (Z direction) stitches
(loops) which overlap with one another to creating a matrix or grid, extending inthe Y
and Z directions.

[6852]  FIGS. 7A and 7B schematically illustrate a fourth example stitching
pattern. Individual loops or stitches of a fourth example stitching pattern (FIGS. 7A
and 7B) bundle elongated fibers in successively larger, cross sections (61, 62, 63,
64, 65) beginning in the interior and extending outward in the Y direction. As one of
many variations of the fourth example stitching pattern 60 without departing from the
present disclosure, successive bundling of elongated fibers could also proceed in

reverse (outside in).

12
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[0053] It should also be noted that the stitching fibers (e.g., FIGS. 4A, 4B, 5A,
5B and 7A, 7B) may extend above and below the suspension component arm during
stitching. The additional stitching fiber is preferably pulled through to remove slack
either before resin is added or before the resin solidifies and is cured.

[0884]  twill be appreciated that the illustrated stifches and stitching patterns
are examples, which can also be varied and/or combined with other differently
shaped stifches and stilching patterns, without departing from the scope of the
present disclosure.

[0065] Z axis reinforcement as contemplated by the present disclosure can
also be achieved through devices and methods other than stitching, such as for
example opposing plates or pads, configured to engage top and bottom surfaces of a
suspension component arm in the location(s) where Z axis reinforcement is desired.

[00588] FIGS. 8A thru 11B schematically illustrate application of Z axis
reinforcement to the composite suspension component of FIGS. 2 and 3 using
variously configured, opposing plates or pads 80 according 1o additional aspects of
the present disclosure. Where in the previously discussed form of Z axis
reinforcement a stiflch or stitches were used as a fastener, in these examples, the
fasteneris a clamp {e.g., 79, FIGS. BA & 8B, 78A, FIGE. 9A & 9B; 70B, FIGS 10A &
10B; 78C, FIGS. 11A & 11B) and includss variously configured, first and second
plates or pads 80 and one or more clamp arms 84, which may include one or more
threaded shafts or bolts 84 and corresponding nuis or connectors 86. In lieu of
threaded bolts, rivets, screws and the like may also be used.

(00571  Each of the first and second plates or pads 80 are sized and configured
to engage respectively a top surface 15 and a bottom surface 19 of suspension

compenent arm 14 (FIGS. 8A-11B). First and second piate bores 82 and

13
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suspension component bores 81 are configured o receive threaded bolts 84, which
when received by connscior 88, apply and maintain pressure on suspension
component arm 14, Any of the aspects of the present disclosure illustrated in FIGS.
8A — 118 will work with 3 single clamp arm, or bolt and connector, or may utilize
additional clamp arms or exdensions which engage or connect with the first and
second plates to apply and maintain pressure on respeciively top and botiom
surfaces of the suspension component anm.

[RB88] A clamp arm or arms may exiend through a corresponding bore in the
suspension compoenent arm 14 {e.g., FIG. 84, 8B8) or around the suspension arm
around & lateral edge or side of the arm (FIG. A}

[00&88] First and second plates 80 also may be formed integrally (FIGS. 8A,
114}, or separately (FIGS. 8A, 104). The first plate or second plate BC may indlude
an extension (80A, FIG.8A; 808, FiG. 10A; 80C, FIG. 11A) which may aexiend
arpund the suspension component arm 14 around a lateral edge or side of the amn
(FIG. @A}, or partially around (FIG. 10A) 80B or entirely around (FIG. 11A) 80C an
outer surface of eye 20.

(0868  Toreinforce an eye or o resist opening of eye 20, clamp 78 is
preferably positioned adjacent the gye 20, preferably with the nearest edge of first
and second plates 80 to be generally in vertical alignment at or near a location along
the X axis of the suspension component arm 14 where first and second portions 16,
18 or their respective elongated fibers diverge.

(0081 FIG. 12A and 12B illustrate an example composite suspension
component, in particular a leaf spring 8, having an arm 14 and first and second
integratly formed, opposing eyes 20 28. Each is configured to receive a bushing for

pivotal mounting 10 a chassis or frame member or shackle assembly. Leafspring 6

14
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has received multiple forms of Z axis reinforcement according to different aspecis of
the present disclosure,

[0062] Inleaf spring 6 (FIGS. 12A-128), resin 10 and elongated fibers 8
extend through a first portion 16 of arm 14 into a first portion 22 of a first eye 20 and
through the first portion 16 of arm 14 into a first portion 28 of second eye 26, and
through a second portion 18 of arm 14 into a second portion 24 of first eye 20 and
through a second portion 18 of arm 14 into a second portion 30 of second eye 26.
The elongated fibers 8 of leaf spring 6 are generally continuous, generally
unidirectional and/or generally parallel.

[BO63]  In this example suspension component, the connection at the interface
9 between the first and second portions 16, 18 of arm 14 depends primarily on the
bond strength of the resin rather than the strength of the elongated fibers 8.

[0884] Reinforcement of first and second eyes is achieved with the use of first
and second plates to apply Z axis reinforcement, according to the present disclosure,
adjacent the eyes, with the nearest edge of first and second plates generally in
vertical alignment with the location along the X axis of arm 14 where first and second
portions 16, 18 or their respective elongated fibers 8 diverge to form an eye (FIGS.
9A-9B).

[0885] Example stitching patiern 40 is applied midway between the seai of
leaf spring 6 and each respective eve 20, 26 (FIGS. 12A-12B)

[0068] It will be appreciated any of the forms of Z axis reinforcement
described and illusirated herein can be substituted for, or combined with one
another, within the scope of the present disclosure. Accordingly, while first and

second plates 80 are used adjacent each eye and stitching 40 is used further down

15
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arm 14 of ieaf spring 6 (FIGS. 12A-12B), either form of Z axds reinforcement may
substituted for or combined with one ancther at any of these locations.

[0087] FIGS. 13 AND 14 illusirates another suspeansion component that may
receive £ axis reinforcement as described and llustrated herein. The suspension
component 7 of FIG. 13 has a first eyve 14 and integrally formed, first and second,
generally opposing, arms 14, 32. Resin 10 containing elongated fibers 8 exiend
through a first portion 18 of first arm 14 into a first portion 22 of eye 20, and through
a second portion (lower portion) 18 of first arm 14 into a second portion 24 of eye 20,
Resin 10 containing elongatad fibers 8 also extend through a first portion 34 of
sacond arm 32 into a first portion of eye 20, and through g second portion 38 of
second arm 32 into a second portion of eye 20. Elongated fibers & may be glass,
carbon or other suitable structural fibers known 1o ong skilled in the art of the present
disclosure,

[0068] Inthe example suspension component (FIGS. 13-15), the connection
at the interface 9 between the first and second portions (16, 18) in first arm 14 and
between first and second portions (34, 36) in second arm depends primarily on the
bond strength of resin rather than the strength of the elongated fibers 8.

[0069] Z axis reinforcement provides an appreciable benefit whether there is a
tendency of uniquely shaped suspension component 7 to experience shear failure,
either due to laminar shear along or near interface 9 resulting from the tension and
compression sides of the arm wanting to move in opposite directions, or due to
tensile shear resulting from the eye being forced into either arm when the eye and
arm are placed under compression along their longitudinal axis.

[0070] FIGS. 14 AND 15 schematically illustrate aspects of Z axis

reinforcement of the present disclosure incorporated into the suspension component

16
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of FIG. 13. The use of stitching (FIG. 14) and opposing plates (FIG. 15) in arm 14 to
provide Z axis reinforcement is carried out in the same manner as previously
described and illustrated herein. These forms of Z axis reinforcement can be
provided adjacent the eye and/or elsewhere along the length of each arm 14, 32,
without departing from the scope of the present disclosure.

(0074 FiIGES 16 and 17 flustrate the incorporation of aspects of the present
disclosure into a torque rod, which in the particular case is a ransverss torque 102,
The Hlustrated torque rods (FIGS. 16-17) incorporate different forms of Z axis
reinforcement, as well as a further aspect of this disclosure, referred o hersin as
tunable compliance. Tunable compliance varies primarily the torsional and lateral
stifiness, as desired. This feature in combination with the lower flex modulus of
composite material reduce bushing stress thereby aliowing for the use of smaller
bushings and increased bushing life.

[B872]  Example torque rod 102, prior to receiving the enhancements of £ axis
reinforcement or wnable compliance, is manufacitured using the same lechniques
used to manufacture the arm and eye componenti schematically illustrated in FIGS.
2-3. Accordingly, FIGS 2-3 schematically illustrates the resin-elongated fiber
construction of example torque rod 102, including arm 114 and eyes 120, 128,

[0873] Example torgue rod 102 has an arm 114 and two integrated, opposing
eves or hubs 120, 126. The elongated fibers (not shown) of example torque rod 102
are generally continuous, generally unidirectional and/or generally parallel. The first
and second portions of the arm exdend generally in parallel to one ancther along the
longitudinal axis of the arm. At each end of the arm, first and second portions of the
arm extend or transition into corresponding first and second portions of each eye.

Resin containing elongated fibers extend through first portion 116 ofam 114 into a
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first portion 122 of a first eye 120, and through a first portion 116 of arm 114 into a
first portion 128 of a second eye 126, and through a second portion 118 of arm 114
into a second portion 124 of first eye 120, and through a second portion 118 of arm
114 into a second portion 130 of second eye 126,

[0874]  Advantageousiy, £ axis reinforcement of the present disclosure may be
incorporated in a torgue rod to counteract against tensile shear which seeks to
separate the first and second portions 118, 118 of anm 114 in the £ direction when
compressive forces are directed through eye 120, 126 info the torgue rod along iis
longitudinal axis. Opposing plates 80 (FIG. 18) with bolts 84 and conneclors 88 or
stitching 140 (FIG. 17) in arm 114 may provide Z axis reinforcement in the same
mannear as described and Blustrated in other embodiments of the present disclosurs.

[6878]  Further, torgue rod (FIG. 18} according to the present disclosure can
optionaily employ many of the fasteners described and lustrated herein at any
location along the longitudinal axis of the arm. Opposing plates can be incorporated,
at the arm 114, adjacent each eye 120, 128 to provide Z axis reinforcement 1o
reinforce the connection between the first and second portions 116, 118 of the arm
114 to resist their separation from one another, 1o resist buckling in the arm, and/or
to resist failure in an adjacent aye,

[0076] FiGS. 18A through 18C iliustrates a tunable compliance feature which
may be utilized in 3 suspension component contemplated by the present disclosure.

[0077]  FIG. 18A illustrates one variant of the tunable compliance feature
wherein the cross section of the arm is generally solid and therefore provides
exireamely high buckling strength, torsional and iateral stiffness. The arm 114 of the

example torque rod shown in FIG. 15A is generally reclangular.
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[0078]  FIG. 188 dlustrates another variant of the tunable compliance feature,
which relalive {o FIG. 18A, has slightly less buckling strength and lateral stiffness
and approximately half the torsional stiffness. In FIG. 18A, first and sscond exterior
surfaces 143, 153 of the armm 114 define respective openings 139, 149, which are
glongated and which exiend inwardly from the first and second exierior surfaces 143,
153 of the arm 114 {o define generally opposing, first and second grooves 141, 151,
First and second grooves 141, 151 are generally perpendicular 1o the exterior
surface from which they extend and 10 a central axis of either the first or second eye.

[00678] FIG 18C ilustrales yet ancther variant of the tunable compliance
featurs. The example torque of FIGG. 18C has reduced or less lateral and torsional
stifiness comparead 10 the variants of FIGS. 18A and 188, In FIG. 18C, first and
sacond exterior surfaces 143, 153 of the arm 114 define respective openings 139,
148, which are elongated and which defing a slot 157 extending through the arm
from the first exterior surface 143 to the second exterior suface 153, The slot 157 18
generally perpendicular to the first and second exierior surfaces 143, 153 and o a
central axis of the first or second eye.

[0080] As bestshownin FIGS. 18B and 18C, it may also be observed that in a
transverse cross section of the arm of a composite suspension component receiving
tunable compliance as described and illustrated herein, the aggregate cross
sectional area of any of the previously described grooves or slots may be less than
the aggregate cross section area occupied by the material of construction of the arm.

[09814] It should be understood that the example torque rod cross sections
illustrated in FIGS. 18A-18C are merely exemplary and differently shaped torque
rods may be employed, without departing from the scope of the present disclosure.

By way of example and not limitation, the depth and width of the grooves can be
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modified to render the torque rod more compliant laterally and torsionally while
minimizing the reduction in buckling strength.

[0082] It will be understood that the embodiments described above are
illustrative of some of the applications of the principles of the present subject matter.
Numerous modifications may be made by those skilled in the art without departing
from the spirit and scope of the claimed subject matter, including combinations of
features that are individually disclosed or claimed herein. For these reasons, the
scope of this disclosure is not limited to the above description but is as set forth in
the following claims, and it is understood that claims may be directed to the features
hereof, including as combinations of features that are individually disclosed or

claimed herein.
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The embodiments of the present invention for which an exclusive property or privilege is

claimed are defined as follows:

1. A vehicle suspension component which is a torque rod, preferably a transverse
torque rod, or a leaf spring, and comprising:

a first arm, a first eye and a second eye, each having a first portion and a second
portion;

said first arm and said first eye and second eye being connected and formed
integrally of a resin, said resin containing a plurality of elongated fibers, said plurality of
elongate fibers being generally parallel to one another, generally continuous or
unidirectional;

said resin and said plurality of elongated fibers extending through said first portion
of said first arm into said first portion of said first eye and through said first portion of said
first arm into said first portion of said second eye, and through said second portion of said
first arm into said second portion of said first eye and through said second portion of said
first arm into said second portion of said second eye;

said first and second portions of said first arm being joined together to form a bond
between said first and second portions of said first arm;

wherein a first fastener comprising a clamp is positioned at or adjacent to said first
eye, said clamp comprising a first plate, a second plate and a clamp arm that operatively
connects said first plate and said second plate, said first plate and said second plate,
respectively, engaging a top surface and a bottom surface of said first arm of said vehicle
suspension component;

wherein said first plate or said second plate includes an extension, said extension
having a generally arcuate shape and extending at least partially around an outer surface
of said first eye, said first eye positioned between a potion of said extension and said first
arm; and

wherein the first fastener connects said first and second portions of said first arm
together to reinforce said first eye, or to reinforce the bond between said first and second

portions of the first arm or to resist their separation from one another.
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2. The vehicle suspension component of claim 1, wherein the suspension component

is a leaf spring.

3. The vehicle suspension component of claim 1, wherein the suspension component

is a torque rod.

4. The vehicle suspension component of any one of claims 1 to 3, the first arm is

generally solid, and wherein the transverse cross section of said first arm is rectangular.

5. The vehicle suspension component of any one of claims 1 to 4, having a second
fastener associated with and positioned at said first arm, said second fastener connecting
said first and second portions of said first arm together to resist their separation from one

another, or to resist opening or failure of said first eye or said second eye.

6. The vehicle suspension component of claim 3, wherein the first arm comprises a
first exterior surface defining an opening in said arm, said opening is elongated and
defines a first groove that extends into said arm and extends longitudinally between said

first eye and said second eye.

7. The vehicle suspension component of claim 6, wherein said first groove extends
inwardly from said first exterior surface in a direction that is perpendicular to a central axis

of said first eye or in a direction that is generally perpendicular to said first exterior surface.

8. The vehicle suspension component of claim 6 or 7 wherein the first arm further
comprises a second exterior surface defining a second opening, said second opening is
elongated and defines a second groove that extends into said arm and extends

longitudinally between said first eye and said second eye.

9. The vehicle suspension component of claim 8, wherein said second groove
extends inwardly from said second exterior surface in a direction that is perpendicular to
a central axis of said first eye or in a direction that is generally perpendicular to said

second exterior surface.
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10.  The vehicle suspension component of claim 8 or 9, wherein said first and second

grooves extend into said first arm in alignment with or parallel with one another.

11.  The vehicle suspension component of claim 3, wherein the first arm comprises a
first exterior surface and a second exterior surface, the first exterior surface defining an
elongated opening in said arm and the second exterior surface defining a second
elongated opening, wherein said first and second openings define a slot extending

through said first arm from the first exterior surface to the second exterior surface.

12.  The vehicle suspension component of claim 11, wherein said first and second

exterior surfaces are non-adjacent or are on opposite sides of said arm.

13.  The vehicle suspension component of claim 12 or 13, wherein a transverse cross
section of the first arm defines a void portion corresponding to an aggregate cross
sectional area of any said groove or said slot in said transverse cross section, and a solid
portion corresponding to an aggregate cross sectional area of said transverse cross
section occupied by the material of construction of said first arm, and wherein the cross
sectional area of said void portion is less than that of said solid portion, preferably wherein
the cross sectional area of said void portion is less than that of said solid portion at each
transverse cross section of said first arm taken along the entire length of said first arm

where any said groove or said slot is present.

14. The vehicle suspension component of any one of claims 1 to 3, wherein said

extension of the clamp has a generally arcuate cross section.

15.  The vehicle suspension component of anyone of claims 1 to 14, in which said

extension extends entirely around the outer surface of said eye.

16.  The vehicle suspension component of claim 15, in which said first plate and said

second plate are integrally formed.

17.  The vehicle suspension component of anyone of claims 1 to 14, in which said

extension extends only partially around the outer surface of said eye.
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18. The vehicle suspension component of any one of claims 1 to 3, wherein said
suspension component arm comprises a bore extending through the top and bottom
surfaces thereof, each of said first plate and said second plate further comprise a bore
and engagement surfaces adjacent said bore,

said clamp arm further comprises a connector having connector engagement
surfaces and a shaft having a head and threads, said connector configured to receive
said shaft,

said shaft is received within said bores of said first plate, said suspension
component arm and said second plate, said first plate and said second plate being
configured to apply and to maintain pressure on said top and bottom surfaces of said

suspension component when said shaft is received in said connector.

19.  The vehicle suspension component of any one of claims 1, 2, 3 and 5 wherein said

fastener comprises a stitch.

20. The vehicle suspension component of claim 19, wherein said fastener comprises
a plurality of stitches, and each plurality of stitches bundles a plurality of elongated fibers

of said first and second portions of said first arm.
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