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(57) Abréegée/Abstract:

The invention provides an assembly for use in reducing automotive noise and vibration transmitted from a road surface through the
vehicle tire and axle system. The assembly of the invention comprises a spring seat retainer comprising (a) first and seconad

ek N [ [ [T
R SN ] ] 7 ]
AN 7 7 7 ]
SNSRI A § C I P O

:'\\"-". BRSO MEATNGN
l.\_s . l_ . \“t-l. n l_a "v \! "'
S e S L
‘a‘"-“-;izf‘:%,:-:-;-:-:-:;‘:s’ T e S
RO RO
N e TN Ty

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




CA 2191119 C 2006/04/25

anen 2 191 119
13) C

(57) Abrege(suite)/Abstract(continued):

oppositely directed surfaces, (b) a recessed area in the first surface, and (c¢) an axially directed interior cavity. A spring Isolator
having at least a portion of one surface coexistent with a portion of the second surface of the spring seat retainer Is attached to the
spring seat retainer. A jounce bumper having an exterior surface Is positioned within the interior cavity of the spring seat retainer
such that a portion of the exterior surface of the jounce bumper Is coexistent with the inner surface of the interior cavity of the spring
seat retainer. A coll spring Is releasably connected to the spring seat retainer via a bottom most section retained within a recessed
area of the spring seat retainer. The coll spring surrounds the jounce bumper. The invention provides advantages In cost and
efficiencies as well as increased durability and long term performance due to the elimination of component interactions vulnerable
to the point load degradation.
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ASSEMBLY FOR REDUCING AUTOMOTIVE NOISE AND VIBRATION

ABSTRACT OF THE DISCLOSURE

The invention provides an assembly for use in reducing automotive
noise and vibration transmitted from a road surface through the vehicle
tire and axle system. The assembly of the invention comprises a spring
seat retainer comprising (a) first and second oppositely directed
surfaces, (b) a recessed area in the first surface, and (c) an axiaily
directed interior cavity. A spring isolator having at least a portion
of one surface coexistent with a portion of the second surface of the

spring seat retainer is attached to the spring seat retainer. A jounce

bumper having an exterior surface is positioned within the interior
cavity of the spring seat retainer such that a portion of the exterior
surface of the jounce bumper is coexistent with the inner surface of the
interior cavity of the spring seat retainer. A coil spring is
releasably connected to the spring seat retainer via a bottom most
section retained within a recessed area of the spring seat retainer.

The coil spring surrounds the jounce bumper. The invention provides

advantages 1n cost and efficiencies as well as increased durability and

long term performance due to the elimination of component interactions

vulnerable to the point load degradation.
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ASSEMBLY FOR REDUCING AUTOMATIVE NOISE AND VIBRATION

1. Background of the Invention

10 This invention relates to assemblies for use in vehicle
suspension systems, and more particularly, to assemblies for use in
vehicle suspension systems containing coil springs. Automobile
vehicles are used on a variety of road surfaces and conditions.

Bumps and sounds generated by the vehicle on these different

15 surfaces contribute to the ride quality perceived by the driver and
passengers. For a vehicle to project an 1image of value and
reliability it is necessary that negative sounds and vehicle
responses be minimized. Accordingly, significant attention is
given to areas such as the interface between suspension coil

20 springs and vehicle spring seats with the goal of providing firm,
secure and quiet performance of the vehicle suspension system.

The points of contact between vehicle suspension components
experience a great amount of movement. At some points, work occurs
during all types .of vehicle operating conditions. A suspension

25 system generally experiences duty cycles comprised of jounces and

rebounds in response to inputs from the road surface which the
vehicle's tires interface with. Thus, suspension performance has a
direct impact on what the owner feels!and hears from a vehicle and

contributes significantly to a vehicle's perceived ride

30 characteristics.
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Negative sounds or noise can often be generated by metal
contact between system components. This has often been found to be
the case when coil springs are used in a suspension assembly. The
ends of the coil springs often contact metal vehicle spring seats.
Relative movement occurring during vehicle operation between the

spring and the mating vehicle surfaces typically causes

objectionable sounds. While it has been conventional to use
resilient insulators between the suspension coil spring and its
points of contact with the vehicle, it has been found that such
systems have a tendency to degenerate over time, particularly at
the point of contact. This type of wear is sometimes referred to

as point load degradation.

U.S. Patent No. 5,421,565 attempts to resolve this problem by
providing a particular foam insulator positioned between the coil
spring and the spring seat. The configquration of the foam

insulator is intended to eliminate the problem of point load
degradation.

However, such configurations are still subject to degradation
over time. Also, prior art systems are vulnerable to corrosion due
to metal/metal interfaces. Finally, such systems generally require
the assembly of multiple components at the point of use. Walk-out
problems or extrusion of the foam can also occur.

Accordingly, it would be desirable to provide an assembly for
use in suspension systems to reduce automotive noise and vibration

which eliminates localized stress distribution and metal to metal

contacts.
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It would be further desirable that such an assembly be capaﬂle

of supply to the automotive manufacture as a single unit, without

the need for bolts or other separate parts.

It would also be desirable for the assembly to exhibit optimum

durability over the life time of the motor wvehicle.

Finally, the design of the assembly should ultimately provide

cost reductions and improvements in efficiency.

Summary of the Invention

The present invention provides the foregoing desirable

advantages. These advantages are achieved by an assembly

which comprises:
a coil spring
a spring seat retainer comprising (a) first and second

oppositely directed surfaces, (b) a recessed area 1in the

first surface, said recessed area being adapted to receive

the coil spring, and (c) an axially directed interilor

cavity;
a microcellular polyurethane spring 1solator having at

least a portion of one surface coexistent with a portion of
the second surface of the spring seat retainer; and

a microcellular polyurethane jounce bumper having an
exterior surface, a portion of which is coexistent with a
portion of the interior cavity of the spring seat retailner,
wherein the Jjounce bumper is molded separately from the

spring isolator;
wherein coil spring has a bottom most sectilon retained

with the recessed area of the spring seat retainer, such

.

that the coil spring surrounds the jounce bumper.
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The invention also provides a method of producing the
above-assembly, which method comprises:

providing a spring seat retainer comprising (a) first
and second oppositely divided surfaces, (b) a recessed area
in the first surface, and (¢) an axially directed interior
cavity;

affixing a microcellular polyurethane spring isolator
to the spring seat retainer, such that at lease least a
portion of one surface of the 1isolator is coexistent with a
portion of the second surface of the spring seat retailner,
wherein the spring isolator is produced by molding a single
large wunit and sectioning the wunit to provide multiple
identical elastomeric spring isolators;

releasably connecting a microcellular polyurethane
jounce bumper to the spring seat retainer, such that a
portion of an exterior surface of the jounce bumper is
coexistent with a portion of the interior cavity of the
spring seat retainer, wherein the Jjounce bumper 1is molded
separately from the spring isolator; and

placing a bottom most portion of a coil spring within

the recessed area of the spring seat retainer, such that the

coil spring surrounds the jounce bumper.

I+ will further be appreciated that the assembly of the
invention is actually comprised of a series of sub-assemblies, the
first sub-assembly having (1) a spriﬁg seat retainer having at

least (a) first and second oppositely directed surfaces, (b) a

3a
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recessed area 1in the first surface, and (c) an axially directed
interior cavity; and (2) a spring isolator having at 1least a
portion of one surface coexistent with a portion of the second

surface of the spring seat retainer, such that the spring isolator

is releasable connected to the spring seat.

A second sub-assembly comprises the first sub-assembly and a
jounce bumper having a exterior surface, a portion of which is
coexlistent with a portion of the interior cavity of the spring seat
retainer of the first sub-assembly.

A third sub-assembly comprises the second sub-assembly and a

coll spring having a bottom most section retained within the
recessed area of the spring seat retainer, such that the coil
spring surrounds the jounce bumper.

It will be appreciated that the final sub-assembly, and hence
the assembly of the invention, may further contain attachment means
(d) for releasably connecting the assembly to an automotive spring
seat or equivalent article. Those skilled in the art will
appreciate that such automotive spring seats will generally be
welded to the axle of an automotive vehicle.

It is a feature of the assembly of the invention that the
supply of the single assembly provides improved efficiency and cost
to the end-use automotive manufacturer. Additionally, the use of
attachment means (d) provides that metal bolts and fastening

devices as previously used are no longer required. This reduces
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the possibility of joints susceptible to the action of various
fluids and corrosion.

Another advantage of the invention is the prgferred use of
microcellular polyurethane in the construction of the jounce bumper

and spring isolator. Microcellular polyurethane provides

progressive load deflection behavior and maximum durability.
Additionally, the design of the spring isolator as a separate unit
allows for the use of microcellular polyurethane of different
performance characteristics as compared to the jounce bumper.

It has also been found that the particular construction of the
assembly of the invention allows for the design of high performance

spring isolators with a relatively low per unit cost.

Finally, the fact that individual component parts may be made
for use in assemblies intended for use on a variety of vehicles
reduces the per unit cost of the overall assembly. Significant
performance differences 1in the various assemblies are easily
achieved, however, due to the use of individually tailored spring

isolator and jounce bumper components made of microcellular

polyurethane.

Those skilled in the art will further appreciate that the

reduction of metal to metal interactions and the elimination of
areas vulnerable to point load improves the overall durability and

life time performance of the assembly.
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2. Brief Description of the Drawings

Figure 1 provides a cross-sectional side elevation of the
assembly of the invention.

Figure 2 provides a cross-sectional side elevation of the
assembly of the invention attached to a vehicle spring seat and

axle.

Figure 3 provides a respective view of a spring isolator of

the assembly of Figure 1.

Figure 4 1is a cross-sectional view side elevation of an
alternative embodiment of the assembly of the invention as attached

to a vehicle spring seat and axle.

Figure 5 is a respective view of the spring isolator of the

assembly of Figure 4.

3. Detailed Description of the Preferred Embodiments

Referring generally to the drawings, various preferred
embodiments of the assembly of the invention are illustrated.

A preferred embodiment 1s 1llustrated in Figures 1 and 2.
Figure 1 provides a cross-sectional side view of the assembly 10 of
the invention. Figure 2 provides a cross-sectional view of the
assembly 10 attached to spring seat 12 and axle 14. As shown in
Figure 1, assembly 10 is comprised of spring seat retainer 16,
spring isolator 18, jounce bumper 20, and coil spring 22.

Spring seat retainer 16 is intended to function as the base or
core component of assembly 10 onto which the other components of

the assembly are subsequently attached. It will be appreciated by
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those skilled in the art, that in this manner, the use of bolts and
other fasteners are not required, reducing the potential for.metal
to metal interaction and subsequént noise and cor:os;on.
The retainer 16 may have a variety of shapes and
5 configurations as necessary to meet engineering requirements.

However, the following aspects will generally be present. For

example, first and second oppositely directed surfaces 24 and 26
are respectively intended to define the upper or top surface of the
retainer 16 and its lower or bottom surface. Either or both of the
10 upper surface 24 or the lower surface 26 may be comprised of a
variety of surfaces existing in parallel planes, such as are

illustrated in Figure 1.

The spring seat retainer 16 will further contain a recessed
area 28 1in at least one of the planes of the first or the upper
15 surface 24. Recessed area 28 may also be termed a groove or
inverted ridge. Inner surface 30 of recessed area 28 possesses a
concave shape relative to first or upper surface 24.
Spring seat retainer 16 further comprises an axially directed
interior cavity 32. Cavity 32 is bounded by interior surface 34.
20 Interior surface 34 has an upper section 35 and a lower section 37.

Upper section 35 is separated from lower section 37 by radically
inward extending shelf 39. In this embodiment, the interior cavity
32 1s characterized by notch 48 which protrudes out of the plane of

upper section 35 of interior wall surface 34. Notch 48 functions

25 to retain jounce bumper 20 as will be discussed below.
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The design of the spring seat retainer provides a
significantly large 1load bearing area for the spring isblator
subjected to coil spring loads when compared to conventional coil
spring/spring 1isolator interfaces. As a result, 1localized

5 compression set is minimized. Thus, spring seat retainer 16
provides for maximum distribution of coil spring loads over spring
isolation.

Spring seat retainer 16 may be comprised of any suitable rigid
material such as plastic or metal. However, plastic is highly

10 preferred since the use of such materials minimize metal to metal
interactions and aides in the reduction of noise transmitted from
the road and rear axial to the coil spring. Accordingly, squeaking
and other such negatively perceived noises are reduced.

Suitable plastics include nylon, isoprene and polypropylene.

15 A particularly preferred plastic is nylon when performance
characteristics are of paramount importance. A particularly
preferred and commercially available material is Ultramide® nylon,
avallable from BASF Corporation of Wyandotte, Michigan.
Alternatively less expensive materials such as polypropylene may be

20 preferred in some designs.

An integral component in assembly 10 in the reduction of

automotive noise and vibration is spring isolator 18. Isolator 18

lUltramid is a registered trademark of BASF Aktiengesellschaft
and is used under license by BASF Corporation.
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functions to dampen vibrations and to reduce noise transmitted from

the road/rear axle to the coil spring.

Isolator 18 will generally be comprised of an elastomeric
material. Such materials may be foamed or nonfoamed. Suitable
materials include polyurethane and rubber, both natural and butyl.
Polyurethane, especially foamed or microcellular polyurethane, is

preferred. A particularly preferred material is commercially

available from BASF Corporation of Wyandotte, Michigan as

Elastocel1™? microcellular polyurethane. Elastocell™ microcellular

polyurethane generally has a density of from 0.20 gm/cm3 to 0.80

gm/cm3. Densities of from .30 to .65 grn/cm3 are preferred, with
densities of from .35 to ‘.60 gm/c::m3 most preferred.

Illustrative materials will generally have compression sets
(ASTM D 3574 TEST D) of no more than 20%. Compression sets of no
more than 10% are preferred, with compression sets of no more than
6% being most preferred. In addition, such materials will
generally have tear strengths (ASTM D 624) of at least 8 KN/mm.
Tear strengths of at least 12 KN/mm are preferred with tear
strengths of at least 20 KN/mm or more being most preferred.
Finally, illustrative materials will be characterized Dby
exceptional durability. Those skilled in the art will appreciate

that durability is dependent upon part design and configuration.

’Elastocell™ is a trademark of Elastogran GmbH and is used
under license by BASF Corporation.
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Most commonly, durability will be evaluated in terms of the number
of cycles achieved prior to part failure under a certain load.

The use of microcellular polyurethane 1is particularly
advantageous since a wide range of performance cﬁéracteristics,
such as the damping of a particular frequency ranges, can be
achieved through the manipulation of the polyurethane composition
and/or part geometry.

The shape and configuration of the spring isolator 18 provides
further advantages to the assembly 10. In general, isolator 18
will have a thickness or height 36 of from between 1-100 mm with

thicknesses 36 of from 5-55 mm preferred. Thickness of 10-30 mm

are most preferred. In general, isolator 18 will possess a wafer or
slab like configuration, such as that illustrated in Figure 3.
Isolator 18 will thus generally have an upper surface 38 and an
oppositely directed lower surface 40.

Spring isolator 18 will generally be attached to spring seat
retainer 16 such that at least a portion of upper surface 38 of

lsolator 18 1s coexistent with at least a portion of the second or
lower surface 26 of spring seat retainer 16. 1Isolator 18 may be

attached or joined to spring seat retainer 16 via compression fit

or mechanical means.

Although it 1is not essential, spring isolator 18 will
generally have an open interior portion 42. It will be appreciated
by those skilled in the art that spring isolator 18 need not be

confined to the cylindrical disk shape illustrated in Figure 3.

10

219019,
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Rather, isolator 18 may have a square shape or the 1like as
necessary to achieve the coexistence between the upper surface 38
of isolator 18 and the second or lower surface 26 of spring seat

retainer 16.

The configuration of the isolator 18 allows for the use of
what would otherwise be prohibitively expensive materials in the
construction of isolator 18. The wafer, disk or slab like
configuration of isolator 18 allows for the use of isolator
manufacturing techniques wherein a single large unit is molded or
shaped. A plurality of individual isolators can then be fashioned
via slicing or cutting, from the single 1large unit. This
manufacturing technique results in a substantially lower per unit
cost with respect to isolator 18. It will be appreciated by those
skilled in the art that such advantages could not be achieved with
prior art assembly constructions.

The attachment of isolator 18 to spring seat retainer 16
results in a the formation of a first sub-assembly 44.

Disposed within the axially directed interior cavity 32 of
spring seat retainer 16 is jounce bumper 20. Jounce bumper 20 is
positioned within cavity 32 such that at least a portion of the
outer surface 46 of jounce bumper 20 is coexistent with the

interior surface 34 of cavity 32 of retainer 16. In particular,

the bottom 47 of jounce bumper 20, rests on the shelf 39 of spring

seat retainer 16.

11
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Jounce bumper 20 may be securely positioned within the
interior cavity 32 of retainer 16 by means of the die 1lock
construction, as 1illustrated in Fiqure 1 or via mechanical
interference. As illustrated in Fiqure 1, the inner wall or surface
34 of spring seat retainer is configured such that protruding notch

48 1s configured to match a recessed or grooved section 50 of outer

surface 46 of jounce bumper 20.

Jounce bumper 20 may further have axially directed inner core
cavity 52 bounded by interior walls 54. Those skilled in the art
will appreciate that the construction of interior cavity 52 is such

that use with struts is possible, but not required. Thus, cavity

52 is optional.

In fact, it is an advantage of the assembly of the invention
that use with struts is not necessary and is not preferred.

Jounce bumper 20 will generally be comprised of an elastomeric
material such as polyurethane or natural or synthetic rubber such
as that described above with respect to isolated 18. Preferred is
microcellular polyurethane such as that discussed above with
respect to spring isolator 18. However, it will be appreciated that

the construction of the assembly 10 is such that microcellular
polyurethane, and particularly Elastocell™ microcellular

polyurethane, of varying density and performance characteristics
may be used 1in order to obtain various assemblies having

particularly directed performance characteristics.

12
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The addition of jounce bumper 22 to the first assembly 44,
comprised of spring seat retainer 16 and spring isolator 18,
results in the formation of a second sub~assembly_5§,

To second sub-assembly 56 is additionally joined coil spring
22. Coil spring 22 will generally be comprised of metal and will
have a construction such as those traditionally known in the art.
The coil spring 22 will generally have an upper top most portion 58
and a lower or bottom most portion 60. Bottom most portion 60 of
coil spring 22 is a releasably attached to spring seat retainer 16
by means of positioning bottom most portion 60 within the recessed
area 28 of first upper surface 24 of spring seat retainer 16. It
will be appreciated that coil spring 22 surrounds the jounce bumper
20 and that the Jjounce bumper 20 extends upwards through coil
spring 22.

The attachment of coil spring 22 to the second sub-assembly 56
results in the formation of a third sub-assembly 62, which may be
further termed complete assembly 10.

As illustrated in Figure 1, assembly 10 1is a single unit
lacking loose parts and is capable of immediate attachment to a
spring seat.

Attachment of assembly 10 will generally take place via
attachment means 64 of spring seat retainer 16. Attachment means 64
are generally comprised of extending arm 66 and attachment hook 68.
In general, there will be at least two extending arms 66, which are

obviously opposed so as to create a distance D; there between.

13
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Extending arm 66 can be configured such that the distance D at
rest is greater than the distance D; when extending arms 66 are
positioned within the opening 70 of spring seat 12. The
restraining lip 72 of attachment hook 68 ensures that assembly 10
fits securely within spring seat 12.

Those skilled in the art will appreciate that spring seat 12
will preferably consist of a steel stamping and maybe welded to an
axle 14 or otherwise mounted to the rest of an automobile. The
later will be true in the case of upper mounts. The spring seat
design 1is intended to provide a means to locate and fix the
isolator and to provide a location in which the overall assembly 10
may be locked into place.

Turning to an alternate embodiment of the assembly 10, Figure
4 1llustrates an assembly 10a which is comprised of a spring seat
retainer 16a, a spring isolator 18a, a jounce bumper 20a and coil
spring 22a. It will be appreciated that in general, the
configuration of this embodiment corresponds to the discussion with
respect to the embodiment of Figures 1 and 2. However, attachment
means 64a extends through spring isolator 18a through cavity 72 of
isolator 18a illustrated in Figure 5. Extending arm 66a extends
through the cavity or hole 72 in isolator 18a such that the outer
surface 74 of extending arm 66 is coexistent with
the interior surface 76 of inter hole or cavity 42a of isolator

18a. In this matter, isolator 18a is securely positioned between

spring seat retainer 16a and spring seat 12a.

14
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It should be understood that while the invention herein shown
and described constitutes the preferred embodiments of the
invention they are not intended to illustrate all possible forms.

A variety of assembly constructions of varying configurations can
5 be created by one of ordinary skill in the art without departing

from the spirit and scope of the invention disclosed and claimed

herein.

15
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WHAT IS CLAIMS IS.:

1. An assembly for use in reducing automotive noise

and vibration, the assembly comprising:
a coil spring;

a spring seat retainer comprising (a) first and
second oppositely directed surfaces, (b) a recessed area 1n

the first surface, sailid recessed area beling adapted to

receive the <coil spring, and (c) an axially directed

interior cavity;

a microcellular polyurethane spring 1i1solator

having at least a portion of one surface coexistent with a

portion of the second surface of the spring seat retainer;

and

a microcellular polyurethane jounce bumper having
an exterior surface, a portion of which 1s coexistent with

a portion of the interior cavity of the spring seat

retainer, wherein the Jjounce bumper 1s molded separately

from the spring isolator;

wherein the coil spring has a bottom most section

retained with the recessed area o©of the spring seat

retainer, such that the coil spring surrounds the jounce

bumper.

2. The assembly of claim 1 wherein the spring seat retainer

further comprises (d) attachment means for releasably connecting the

assembly to an automotive spring seat.

16
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3. The assembly of claim 1 or 2 wherein the spring

seat retainer is comprised of a polymer.

4. The assembly of claim 3 wherein the spring seat retainer is
comprised of a polymer selected from the group consisting of nylon and

polypropylene.

5. The assembly of anyone of claims 1 to 4 wherein

the spring isolator 1is comprised of a microcellular

polyurethane having a density of from .20 to .80 gm/cm3.

6. The assembly of anyone of claims 1 to 5 wherein
the microcellular polyurethane has a compression set of no

more than 10%.

7. An assembly for use in reducing automotive noise
and vibration, the assembly comprising:

a spring seat retainer comprising (a) first and
second oppositely directed surfaces, (b) a recessed area 1in
the first surface, adapted to receive a coll spring, and
(c) an axially directed interior cavity;

a microcellular polyurethane spring 1solator
having one surface coexistent with at least a portion of

the second surface of the spring seat retainer.

8. The assembly of claim 7, further comprising a
jounce bumper having an exterior surface, a portion of

which is coexistent with a portion of the interior cavity

of the spring seat retainer.

9. The assembly of claim 8, further comprising a

coil spring having a bottom most section retained within

17
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the recessed area of the spring seat retainer, such that

the coilil spring surrounds the jounce bumper.

10. The assembly of anyone of claims 7 to 9 wherein
the spring seat retalner further comprises (d) attachment
means for releasably connecting the assembly to an

automotive spring seat.

11. The assembly of anyone of claims 7 to 10 wherein

the spring seat retaliner 1is comprised of a polymer.

12. The assembly of anyone of claims 7 to 11 wherein
the spring seat retainer 1is comprised of a polymer selected

from the group consisting of nylon and polypropylene.

13. The assembly of anyone of claims 7 to 12 wherein

the spring 1isolator 1s comprised of a microcellular

polyurethane having a density of at least .20 gm/cm3.

14. The assembly of claim 8 wherein the jounce bumper

1s comprised of a microcellular polyurethane.

15. The assembly of claim 13 wherein the

microcellular polyurethane has a compression set of no more

than 10%.

16. The assembly of claim 15 wherein the spring

isolator has a thickness of from 5 mm to 55 mm.

17. A method of producing an assembly for use in

reducing automotive noise and vibration, the method compri-

sing:

18
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providing a spring seat retalner comprising (a)
first and second oppositely divided surfaces, (b) a
recessed area 1n the first surface, sald recessed area
being adapted to receive a coil spring, and (c¢) an axially
directed interior cavity;

affixing a microcellular polyurethane spring
isolator to the spring seat retainer, such that at least a
portion of one surface of the isolator 1s coexistent wilth a
portion of the second surface of the spring seat retainer,
wherein the spring isoclator is produced by molding a single
large unit and sectioning the unit to provide multiple
identical elastomeric spring isolators;

releasably connecting a microcellular
polyurethane jounce bumper to the spring seat retainer,
such that a portion of an exterior surface of the jounce
bumper 1is coexistent with a portion of the interior cavity
of the spring seat retainer, wherein the jounce bumper 1s
molded separately from the spring isolator; and

placing a bottom most portion of the coill spring
within the recessed area of the spring seat retainer, such

that the coil spring surrounds the jounce bumper.

19



0

? = 7, \\\\\,Mﬁw
/7 \ / &

A/
s 7

D T

5 W
R S




1

CA 021921119 2004-06-01

A\

N\

777727777 77

72

DLDNNN
7

(L L L L L L L L L

18
38

*
v o1 .‘o sew Wa e - K -
e’ 2 . o e " ]
i « B4 e "t ‘\. .:Q‘ g \."i’..‘\.l ‘:\ oo -’ % . b
@ .. *. ... . » 4 '..' - 'Y - . - ....I * LYY
an . . <° 4 Le a® W AL Ly - u [ . R .ﬂ. - e, Y
«®ear - R I S R ::‘ R TR N N A '?o t"o*.
‘....o.o.... - . 2 P oamets f\c e ) “~, » 2 .l..-O.oa:g { .o -y
e t.1n . “. . . : s W @ Py a B .‘ . * . ,Q - "9 an* atpt ue * o » ot 4 a. -t
A ., ‘. ", " .'. .....‘ ’.t: .:. .‘ 1" :l. . h '..l'. as -‘.IC L F" P Tae s Yo ey :‘.. .‘. LR e,
% » c“: f:‘..'. C . 4. 0.' ’l...*.. LI . oy a ' r.,. teo €* % § LI ‘e :..‘
L J
v 8 o “ R IR L VA PR R n,'. o8 LA 'o:"“ “t 5‘-.° Yo "' :s.f ing ‘.? &
v - *a %a e B "o o e . 4 ¢, ‘t:-."'y.\: .- ‘0 ....."". : ® 1, '-'-
« & * any 0.‘\ ey * .'. - [P as ..‘.~§000.. - ’l y - . .". o a oof oty L] - ‘e " " g
- .c *o »
. (Y ]
“a *yat N e
e 4 e LS
. s 1 P S
' anat G'.. P ey ®
S vt .‘\
*e i "so\"'"‘“ .
e aht b N 1 'r et
. ." * 8 .
'Y ....‘l.. .‘;..‘qs
.\ »¢ .
L : a - .
’t’ ‘o. - Q’!\ O."‘
‘o. '.':.pf ”: ‘:s' . = .
T S S P R a—
’ . A L I
] 4 ave ] * 2
# aat ¢ ot u %
'y I s o N LA A
«
a B ..- » e * " " 4
- %1 "7 - -
{ Q".' ... .\ f:.c.’.".
. o "N
- aw = . h -
S \:Q P Y L L
\ «" IR T L
.0 » PR Y ‘.o. ] "
¢ . ’- » ..’. .. :E' ...‘...
«® . . W e s ¢ %
»e o) .‘.. LA | S
’ @
L - * . S o... AR LA
o‘ .l \ L L 24 .
s 2N, N s e "
LK ] .’ - s. .‘. .“..
. ‘:‘.. .'c Q..Q ‘.%
[ ] - L 2 &
'V s VRl Ty,
~o ': a ‘C\’ uy ‘. .
v .
* N L] ‘..-.. ..‘... . .“ P\ -.'"..".l % ’ .‘. > ) ‘ ..'. ...‘ :. o .. ” ..‘ L] '....'.’ .l.~ L | s » ‘..
Y » N ' a Aw Sl e Ja R N . . N i . . . . e aef 0 ' * RPN Y
e®i ¥ e ™ ~ soldn 2%, 4ty 4 N . .'o .":°' “:'. * ‘s ." - ‘s » ¥, N :‘.000.',.. .’. ‘.. .‘ ‘e v .:..‘ eola WhTy
2 ."‘...‘o'.: LB BN | oy} O'I"’o"o '.o..‘..%‘.. . ) .3 . .l“.o’. e . ¢ L
A pe [ » » » . - - * b g
N TR Q.'\ su’y ay ..:"u Ya .o e .0. te ™ :.‘n ? % %, e NS el i "'o.‘ e % ‘:'g weg®
‘.. ..-;': ..-.‘: . W@ CR .no.."-.s «® ) 'y ‘0 . ‘.o.\ et N Dot & - * Jo: s dumr?, I
» - 'Y a & [ ]
. “ynun °W° 5 . ey ot T3 ¢ : .0 Y ., N
~ nq.(.o ".."'I.~.= |...‘ o'n v atn - =3 - - .c —— : g -
;" o 8, e .'o.c!o:"0"..* ‘o T, 3 n.i.-""“.: : ) gt O v-
d ae 170 & 0% % o e oan M fa L, Nagr BT e RN i S Salav nt® gt 4, .
. - - bs « & g3 o= *A .!.5 w R 1'.0“‘“”!. .. " . “ 0



CA 021921119 2004-06-01

10a

18a

72
12

s o @S c .:. . -’ »
aqti s e ¢ " tar W 3
L S s * 4 - S an * . B
. Qe - e 9 - ot W e, ’ . s »
- . ‘ “ » * " "..‘..'. . ... ve “ '. .. . ‘ L . - e »>
™ '-:-.‘ oo o' B * N ., p e ‘ » ’ b v .\‘ ‘:o. L PRTE PR My PR TL A
4 #, P ' . ° AT L L 1" o as N *
e ®"Wy ¢ W caaa ¢+ »*° av ¢ 8 - L e % . .

- . o't “ o PRt

'o.' < 4 . ‘00: oo & 004 .°..' » ‘. * ..' ) ': . :“. 8 oy .":°- ek, i l: * " ¢ .

. N & '] ...' ® Y ‘ ™ . L 4 " a s '... ® ' * L ] ‘ L] .I -.

Lol a 4 . * i - w?e ‘T e, ¢ . o . "»

L4 ~ ] ' ... a ¢ .‘ ‘...'.’ ‘ I‘. - . . . . - - “ "ll (... . .

a * a . av ¢ L - Mg a » L Y - aa ” - .« 4 .

. L 4 o * »a i:".'-‘.' "ty B L% s e : I R % ae g B, Cee, AW, v
L] a | |
i e ¢ - > ,:.‘ I 2 Ll B T r " « % .: '. » ‘ta i
*...-’."": ¥, s, * . + - e e "N % ¢
+ - » v, * 4 o‘ o % s N . o ¢
.. ."- . .’ ’.~ Y . v « ‘ .
] a iy L :.‘.". ..‘ ¢ "

L3 - - a
'. - .‘ " . L)
e . ™ " el vo." ‘l"o.: a
.I,'..'...’ sty v * LA " o
.:' - B* 5 LIPS a » S
™ - Y - 4
v . " L T o3y e d
RRTLIG H L ' &‘ . ’ gy * ! ¢ . - . -
- & . LI > P - an - $a n a* ’
. ‘ .. l“ ‘ J* m* 7 ) " . .‘ i ¢ \ * ‘~ e & T B K 5‘5 ’.‘
\ » ‘ . * - .“ a ‘ * Py * ‘ ' [ e »? " * a » 4 4
.“ * .'. .. d ..I ~.' ‘.. * ’ ... Q.... ‘..h ... " a - .\ . Y ) . ... * .:’ L] L o . * “
.. . . * 1 p v, % l.% *» b * . v " ’ . . . 3,0 - ) L L & —
. ¢ e I " . . ., . 2 . . (Y Ta . a .- & . sa e _*
* 1 00“ - . - a e 7 e 8" e - o & ¢ ~ . 9 - a - ?
' es ¢ ." . » - - » %“ o g " Y. .‘) on 0.“ » la s e . "+ e " ‘w s * .\ . “ar o, o wlert PR -’ « "
$ » 8 o ® *ua® "» iy aty *F l. N 3, b N v+ o‘ »* (ETR RS * e T3 e en, W y
: ¢ o we” » 00 * e v 4 %t ) - . . wee Te s 107 ¢* s * o = e ® . an’ ate
.‘.r‘ ".. 'l.. - . ® »> ‘e - S ] av * ..’ ‘ ‘. . '.‘ ™ S .‘ e ™ ... ". ‘\ l. P - v - "{ - .9 .‘ : 4 »
» v [ » > a¥ ¢ [] L] L] . ’ LY L Y
~ g §. a . . e Sety ‘I..'...o‘.." :. . . S, t . " » Mot .}.:’.’ .a.'. o .:‘.‘ as» ': Y o, . s e, ¢ 'a ¢ “ -
# ‘. * .:.' "‘ e % »? . a o’ . = ’ ..... s * due ¢ l'c * t.’.... L \. ’ M e * ‘. " et a® vt .v‘. .. o
.‘ a %, : ...' . .. .'\‘.‘. \:p.. OG" . » :. P, »s . .' :.:~ . 0:‘0.'.0 t'.o ‘..l - <
-« »al * e l’ ‘.\ 4.0 F s * > o .‘ a : ’c’ at p o, wet F - T en' 1 ? . * -* b
. . * . - a - . 8% * at * ‘.v M e *a - - P ‘..’ vy ®
ap N . v L ] s,y as * v s L4 ~ .‘" or Po oo ¥, » v
LT T SR 5 . e wt * ' v ey o ey
h ] o o a2 ly v * . - e *° - - " a wb a
2, " - i * « N Ler ' et Ya - - LA S
v ad " e & >4 o a ® ve i ¢ “« 0, ! o ': *a « J
« ¥ ! . Yo = - v, ’ - % . & Y1 e mu *_ %
. oo™ a* ¢ o e F . wu®aa ** L .
. ey ¢ 'L L e A Ba * - . e .‘-. " - a
. % e L P » ‘. Y - TR . s * s l.
. - LI S « ' :.. * L
- 3 2N, 9 tar L s.:- e M “' *5%° "4 ‘a h
4 ¢ . g - - ol « & * av "N * 2
¢ » » .,l ... . .. ..~‘. - Py ‘.. ' ... ‘. ‘. ‘



/2
18

10

;

/]
Y,
12

7

4

7/

NI

@
@
7
N\

NN
7/

N
.

-~

N/

s
SN -
S o6 N

{

NN

DT OEEN

N

&

16
Z
’\



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	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 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - abstract drawing

