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MOTION DAMPER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a motion damper. More specifically, the

invention relates to a motion damper used in connection with vehicle safety systems.
2. Description of Related Art

Conventional dampers are used to limit the transfer of kinetic energy between
two connected objects. In today's world, dampers are used in a wide variety of
applications. For example, shock absorbers in vehicular suspension systems use a
common type of damper. These suépension systems use a spring, such as a steel coil,
to allow each wheel to move up when the wheel encounters a bump, and to rapidly
move back down after the wheel passes the bump. However, if only the spring were
used in the suspension system, the vehicle would bounce up and down several times
after each bump is encountered, making it uncomfortable to ride in the vehicle and
also making it difficult to control the vehicle. The danger of this situation is amplified
significantly if a surface on which the vehicle is operated is coated with rain or snow.
Thus, the suspension system needs a way to dissipate the energy stored in the spring
after the wheel encounters an aberration. A damper performs this function and limits
the transfer of the kinetic energy, or vibrations, of the wheels of the vehicle to the
passenger compartment of the vehicle.

Conventional dampers have been designed in many different ways. One type
of damper involves a piston tightly fitted within a chamber. The piston has a head and
an arm connected to the head. The piston head slides within the chamber. Seals
around the perimeter of the piston head prevent leakage of the fluid between the
piston head and the chamber wall. Thus, the piston head divides the chamber into a
first and a second sub-chamber. The piston arm protrudes out of an opening in the

chamber. Again, seals are required to prevent fluid leakage through the opening. The
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piston arm is connected to a first object, such as the wheel of a vehicle, while the
chamber is connected to a second object, such as the frame of the vehicle.

A volume of fluid, often oil, is disposed within the chamber. A bi-directional
limiting port in the piston head permits the controlled transfer of fluid from the first to
the second sub-chamber and vice versa. The limiting port may be designed to allow
fluid to flow through the piston head at varying rates. A small limiting port provides
for relatively slow transfer of fluid between the sub-chambers and inhibits virtually all
oscillation, thus providing a firm ride and nimble handling when used in a shock
absorber for a vehicle. A large limiting port, on the other hand, permits rapid transfer
of fluid between the sub-chambers and, thus, yields a smooth ride when used in a
shock absorber.

In an alternative design, two unidirectional limiting ports are positioned in the
piston head. One port permits the fluid to move from the first sub-chamber to the
second sub-chamber, while the other port permits the fluid to move from the second
sub-chamber to the first sub-chamber. Using two unidirectional ports, a disparate
damping effect may be provided, depending on the direction the piston head moves
within the chamber.

It takes energy to force the fluid through the limiting port or ports. This energy
is converted into thermal energy, i.e., the fluid is heated. Thus, the divergent
movement of the objects connected to the damper is converted from kinetic energy
into thermal energy to rapidly dissipate the movement of the objects.

The foregoing example illustrates a damper that is very simple in design.
However, dampers can be, and often are, much more complex. For instance, some
dampers provide varying damping levels through the use of multiple chambers,
peripheral passages, or electronic control systems.

Unfortunately, conventional dampers suffer from a number of limitations.
First, these dampers are relatively complex and, as a result, are expensive, particularly
if the damper is intended to be used only a single time.

Second, conventional dampers have a significant risk of failure when stored
for extended periods of time without use. Seals between the chambers may
deteriorate over many years of nonuse and fail when the damper is needed. In

addition, these conventional dampers must be properly lubricated. . Otherwise, friction
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between the piston head and chamber would inhibit or entirely prevent operation of
the damper. Years of nonuse may also decrease lubrication and again result in
product failure. Furthermore, a product failure in a vehicle safety system can be much
more significant than failures in other areas. Thus, reliability of a damper used in a
vehicle safety system is of the high importance.

Third, conventional dampers are not compact. In particular, the damping
effect is generally proportional to the length or size of the damper. That is to say,
longer and larger dampers generally provide a superior damping effect. As a result,
dampers that provide a substantial damping effect are often bulky.

Consequently, it would be an advantage in the art to provide a damper that is
simple in design and, thus, can be manufactured in a cost-effective manner. It would
be an additional advantage to provide a motion damper that can be stored for long
periods of time and still perform reliably when needed. It would be additionally
advantageous to provide a damper that is compact, yet provides a significant damping

effect.

SUMMARY OF THE INVENTION

The apparatus of the present invention has been developed in response to the
present state of the art, and in particular, in response to the problems and needs in the
art that have not yet been fully resolved by current dampers. Thus, the present
invention provides a motion damper that is compact and simple in design, and is thus
inexpensive to manufacture.

The motion damper is comprised of a convoluted member. The convoluted
member has a damper head, damper stages, and a damper wall. The damper wall is
generally cylindrical in shape and, prior to deployment of the stages, surrounds the
damper stages. The damper wall has a first and a second end. The first end of the
damper wall is flexibly attached to the largest damper stage, which is adjacent to the
damper wall. The second end of the damper wall is attached to a lip which extends
away from the second end of the wall. The lip may be used to secure the motion
damper to another object, such as a part of a vehicle.

Each of the damper stages is also generally cylindrical in shape. The damper

stages are of a successively smaller size. The damper stages and damper wall also
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have a nested relationship. This means that each of the stages is sized to fit within an
adjacent damper stage or the damper wall. Because of the nested relationship, the
convoluted member is compact and may be used in small spaces.

The damper wall and damper stages are each flexibly attached to an adjacent
damper stage or the damper wall such that the damper stages may telescopically
extend away from the damper wall along a longitudinal axis of the convoluted
member. Accordingly, each of the damper stages may change in position relative to
each other and relative to the damper wall. The damper stages may be made from
various types of malleable materials, including various types of metals or plastics.

The smallest damper stage is flexibly attached to a damper head. The damper
head is a broad, flat surface and can be used, for example, to secure or attach the
convoluted member to another object.

Because the convoluted member is made from a malleable material, the
convoluted member can be used to dampen motion between a first object connected to
the damper head and a second object connected to the lip or damper wall. As one of
the connected objects moves, the stages change in position relative to each other and
the wall to absorb the kinetic energy and limit transfer of the kinetic energy to the
other connected object. Thus, the convoluted member functions as a motion damper.

The motion damper has numerous uses. For example, the motion damper may
be used in connection with a linear actuator to dampen the motion of the linear
actuator. In fact, one type of linear actuator also uses a convoluted member. For
clarity, when the convoluted member is used as part of a linear actuator, the damper
wall will be referred to as an actuator wall, the damper stages will be referred to as
piston stages, and the damper head will be referred to as a piston head.

The actuator wall, piston stages, and piston wall define, at least in part, an
interior chamber. Thus, by placing a fluid generator over an open end of the actuator
wall, pressurized fluid may be forcefully injected into the interior chamber. In
response to injection of the pressurized fluid, the piston stages deploy, or extend
telescopically away from, the actuator wall to generate linear motion along a

longitudinal axis of the linear actuator.
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The damper head of the motion damper may be secured to the piston head of a
linear actuator to form a dampened actuator. In this configuration, the motion damper
dampens the motion of the linear actuator.

The dampened actuator operates in the following way in the context of a motor
vehicle. The lip of the motion damper is attached to a first part of a vehicle, and the
fluid generator of the linear actuator is attached to a second part of the vehicle. The
first and second parts of the vehicle may be pivotally attached to each other. When
the fluid generator is activated, the piston stages deploy to generate linear motion,
moving the first part of the vehicle away from the second part of the vehicle. The
motion dampers then deploy to absorb the kinetic energy of the first part of the
vehicle. The damper stages change in position relative to each other to provide a
more gradual deceleration of the first part of the vehicle. Were it not for the motion
damper, the first part of the vehicle might be damaged by the rapid deceleration
resulting from the deployment of the linear actuator.

The dampened actuator can be used in a number of different ways. For
instance, the dampened actuator may be used to slightly raise the hood of a vehicle in
the event of a vehicle-pedestrian accident such that the hood is used as a "crumple
zone" to minimize the danger that the occupant's head or torso will impact the engine
block of the vehicle. Also, the dampened actuator could be used to tilt, or recline, a
vehicle occupant's seat about a rear pivot point in the event of a roll-over accident so
that the occupant's head is positioned further away from the roof in case the roof
collapses. The motion damper provides for a more gradual deceleration of a part of a
vehicle, such as the hood or seat, attached to the linear actuator in each of these
instances.

In view of the foregoing, the motion damper provides substantial advantages
over conventional dampers. The motion damper is compact and can be used in the
tight confines of a vehicle. The motion damper is also simple in design and, thus, can
be manufactured in a cost-effective manner. Furthermore, the motion damper can be
stored for long periods of time without significantly increasing the risk of
deterioration or malfunction. As a result, the motion damper is ideally suited for

many types of vehicle safety systems such as the examples cited above.

These and other features, and advantages of the present invention will become
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more fully apparent from the following description and appended claims, or may be

learned by the practice of the invention as set forth hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the manner in which the advantages and features of the invention
are obtained, a more particular description of the invention summarized above will be
rendered by reference to the appended drawings. Understanding that these drawings
illustrate only selected embodiments of the invention and are not therefore to be
considered limiting in scope, the invention will be described and explained with
additional specificity and detail through the use of the accompanying drawings in
which:

Figure 1A is a perspective side view illustrating a convoluted member of a
motion damper or linear actuator prior to deployment;

Figure 1B is a perspective side view illustrating the convoluted member after
deployment;

Figure 2 is a cross-sectional view illustrating a convoluted member prior to
deployment;

Figure 3 is a perspective side view of a dampened actuator (prior to
deployment), which includes a motion damper and a linear actuator that use the
convoluted member;

Figure 4A is a cross-sectional view showing a dampened actuator after
deployment of the linear actuator;

Figure 4B is a cross-sectional view illustrating a dampened actuator after
deployment of the linear actuator and the motion damper;

Figure 5 is a perspective view of a vehicle having a pedestrian safety system
that uses the dampened actuator, the pedestrian safety system being shown in
deployed condition;

Figure 6A is a perspective view of a vehicle having a rollover safety system
that uses the dampened actuator, the rollover safety system being shown in phantom in
a deployed condition; and

Figure 6B is an enlarged perspective view of the dampened actuator of the

rollover safety system in a deployed condition.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The preferred embodiments of the invention are now described with reference
to Figures 1-6, wherein like parts are designated by like numerals throughout. The
members of the present invention, as generally described and illustrated in the Figures,
may be designed in a wide variety of configurations. Thus, the following more
detailed description of the embodiments of the present invention, as represented in the
Figures, is not intended to limit the scope of the invention, as claimed, but is merely
representative of presently preferred embodiments of the invention.

In this application, the phrases "connected to," "coupled to," and "in
communication with" refer to any form of interaction between two or more entities,
including mechanical, electrical, magnetic, electromagnetic, and thermal interaction.
The phrase "attached to" refers to a form of mechanical coupling that restricts relative
translation or rotation between the attached objects. Items, parts, or divisions that are
"attached" may mechanically interact because of a mechanical fastener, such as a clip,
pin, or adhesive, or because the items are integrally formed. The phrases "flexibly
attached to" and "pivotally attached to" refer to forms of mechanical coupling that
permit relative rotation or relative translation, respectively, while restricting other
relative motion.

The phrase "directly attached to" refers to a form of attachment by Which' the
attached items are either in direct contact, or are only separated by a single fastener,
adhesive, or other attachment mechanism. The term "abutting" refers to items that are
in direct physical contact with each other, although the items may not be attached
together.

With reference to Figure 1A, a perspective side view of a convoluted member
10 is shown. The convoluted member 10 may be used in connection with either a
motion damper or a linear actuator, both of which are shown in Figures 3-6. The
convoluted member 10 of Figure 1A is shown prior to deployment, while Figure 1B
shows the convoluted member 10 following deployment.

Referring to Figure 1A, the convoluted member 10 includes a head 12, stages
14a-d, and a wall 16. The head 12 is a broad, flat surface and can be used, for
example, to secure or attach the convoluted member 10 to another object. When the
convoluted member 10 is used as part of a linear actuator, the head 12 is referred to as

-7-



WO 2005/047727 PCT/US2004/036202

10

15

20

25

30

a "piston head." However, when the convoluted member 10 is used as a motion
damper, the term "damper head" will be used to refer to the head 12.

Prior to deployment of the convoluted member 10, the stages 14 of the
convoluted member 10 include a series of concentric folds in alternating directions
formed in a malleable material. The stages 14 are of a successively smaller size.
When the convoluted member 10 is used as part of a linear actuator, the stages 14 will
be referred to as "piston stages." The term "damper stages" will be used to refer to the
stages 14 when the convoluted member 10 is used as a motion damper.

A smallest stage 14a is attached to the head 12. Again, as stated above, the
term "attached to" refers to mechanical interaction between two items because of a
fastener or because the items are integrally formed. As illustrated, the head 12 is
integrally formed with the stages 14. Alternatively, a mechanical fastener or fasteners,
such as an adhesive, bolt, or rivet, may be used to attach the stages 14 to the head 12.

As stated above, the convoluted member 10 also includes a wall 16. The
illustrated wall 16 is flexibly attached to the largest stage 14d. The wall 16 extends
around a longitudinal axis 20 of the convoluted member 10. Prior to deployment of
the stages 14, the stages 14 are generally disposed within, or circumscribed by, the
wall 16. The wall 16 includes a first end 24 and second end 26. The first end 24 of
the wall 16 is flexibly attached to the largest stage 14d. When the convoluted member
10 is used as a motion damper, the term "damper wall" will be used to refer to the wall
16. In contrast, when the convoluted member 10 is used in connection with a linear
actuator, the term "actuator wall" will be used to refer to the wall 16.

A lip 28 extends away from the second end 26 of the wall 16. The lip 28 can
be used to secure the convoluted member 10 to another object, such as a part of a
vehicle (shown in Figures 5 and 6). The illustrated lip 28 extends a uniform distance
away from the wall 16. In an alternative embodiment, the lip 28 may include one or
more discrete portions that extend away from the wall 16.

Referring now to Figure 1B, a perspective side view of the convoluted member
10 is shown after deployment. The stages 14a-d have telescopically extended away
from the wall 16 and have unfolded in the process. The stages 14 change in position
relative to each other and the wall 16. The stages 14 deploy along the longitudinal

axis 20 of the convoluted member 10.
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Figure 1B more clearly shows that the wall 16 and the stages 14 are
successively smaller in size. In particular, moving from the wall 16 to the head 12,
the wall 16 and stages 14 are successively smaller in size.

However, the wall 16 is not necessarily disposed outside of the stages 14. For
example, in an alternative embodiment, which is not illustrated, successively larger
stages 14 are disposed around the wall 16. In such an embodiment, the wall 16 and
stages 14 are of a successively smaller size when moving from the head 12 toward the
wall 16.

As stated above, the convoluted member 10 may be used in connection with a
linear actuator or may be used as a motion damper to absorb kinetic energy. When
used as a linear actuator, a fluid may forcefully be injected into the convoluted
member to deploy the piston stages 14. If the convoluted member 10 is used as a
motion damper, the damper stages 14 extend, or even contract, to absorb kinetic
energy when the damper wall 16 and damper head 12 are connected to objects that are
moving either away from or toward each other. Accordingly, the stages 14 change
position relative to each other or telescopically extend away from the wall 16 upon the
application of a force. This force may drive the stages 14 further away from each
other or may drive the stages 14 closer to each other.

As will be understood by those skilled in the art, the convoluted member 10
can be made from various types of malleable, or energy absorbing, materials,
including certain types of metals or plastics. Because the convoluted member is made
from a malleable material, the convoluted member 10 is a single-use convoluted
member. Thus, during deployment, the convoluted member 10 becomes deformed
and should thereafter be discarded or recycled.

The illustrated stages 14 and wall 16 are generally cylindrical in shape.
However, the stages 14 and wall 16 may be formed in other shapes, such as a
generally octagonal, hexagonal, rectangular, or square shape.

Figure 2 illustrates a cross-section view of a convoluted member 10 before
deployment. Figure 2 shows that each stage 14 is flexibly attached to at least one
adjacent stage 14. More specifically, each stage 14 is flexibly attached to an adjacent
stage 14 by an internal fold 30 or an external fold 32. As stated above, the largest
stage 14d is flexibly attached to the first end 24 of the wall 16, while the smallest
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stage 14a is attached to the head 12. Each stage 14 is flexibly attached to an adjacent
stage 14 such that the stages 14 may telescopically extend away from the wall 16.

The wall 16, stages 14, and head 12 may be integraily formed, as shown, or
may comprise physically distinct components joined together using, for example,
adhesives, rivets, hinges, other types of pivoting members, or a combination of the
foregoing. The embodiment of the convoluted member 10 shown in Figures 1-3
includes four stages 14. Of course, the number of stages 14 may be varied within the
scope of this invention. Also, the stages 14, as illustrated, are each about the same
height, but stages 14 of varying sizes also come within the scope of this invention.

As will be understood by those skilled in the art, the flexible attachment
between the stages 14 and between the largest stage 14d and the wall 16 may be
achieved in a number of different ways. For example, the stages 14 and wall 16 may
be connected using a malleable or flexible material. A plurality of hinges or other
types of pivoting members may be used. Also, the wall 16 and stages 14 may simply
be formed from a malleable or flexible material, as shown in Figure 2.

The stages 14 and wall 16 have a nested relationship. This means that each of
the stages 14 is sized to fit within an adjacent stage 14 or the wall 16. Because of the
nested relationship, the convoluted member 10 is compact and may be used in small
spaces.

The head 12, stages 14 and wall 16 define, at least in part, an interior chamber
34. When the convoluted member 10 is used as part of a linear actuator, pressurized
fluid is injected into the interior chamber 34 to deploy the piston stages 14 of the
linear actuator and generate linear motion.

Figure 2 also shows that the lip 28 is attached to the second end 26 of the wall
16. As illustrated, the wall 16 and lip 28 are integrally formed, but, in an alternative
embodiment, the wall 16 and lip 28 may be physically separate components that are
attached to each other. In addition, the lip 28 shown in Figure 2 is generally
perpendicular to the wall 16, but may be disposed at other angles in relation to the
wall 16 in alternative configurations.

With reference to Figure 3, there is shown a perspective side view of a
dampened actuator 40 prior to deployment. The dampened actuator 40 includes both

a motion damper 42 and linear actuator 44. In Figure 3, the motion damper 42 is
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positioned on top of and is attached to the linear actuator 44. The motion damper 42
and linear actuator 44 are coaxial with each other. More specifically, a longitudinal
axis 50 of the motion damper 42 is coaxial with a longitudinal axis 52 of the linear
actuator 44.

The motion damper 42 is comprised of a convoluted member 10 that is made
from an energy absorbing material. Accordingly, the damper stages 14 telescopically
extend away from, or are pushed toward, the damper wall 16 to absorb the kinetic
energy of an object attached to the motion damper 42.

The linear actuator 44 has a convoluted member 10 attached to and in fluid
communication with the fluid generator 54. In Figure 3, a portion of the actuator wall
16 is cut away to show the piston stages 14. The fluid generator 54 produces a
pressurized gas, liquid, or foam to deploy, or telescopically extend, the piston stages
14 of the linear actuator 44. As will be understood by those skilled in the art, the fluid
generator 54 can use pyrotechnic methods, or methods for releasing compressed
fluids, or a combination of the foregoing to generate the pressurized fluid. As shown,
the fluid generator 54 is attached to the lip 28 of the convoluted member 10 of the
linear actuator 44.

Referring to Figure 4A, a cross-sectional view of a dampened actuator 40 after
deployment of the linear actuator 44 is illustrated. As shown, the motion damper 42
has not yet been deployed. The damper stages 14 are still relatively close to each
other such that the damper stages 14 are substantially disposed within the damper wall
16.

The actuator wall 16 and actuator stages 14 define, at least in part, an interior
chamber 34. The fluid generator 54 is in fluid communication with the interior
chamber 34.

As shown, the fluid generator 54 comprises a housing 58 containing gas
generant 60 and an initiator 62. In response to receipt of a signal from a sensor (not
shown), which determines when accident conditions exist, the initiator 62 activates
the gas generant 60 to produce pressurized inflation gas.

The pressurized inflation gas pushes against the piston stages 14. The amount
of pressurized inflation gas produced by the fluid generator 54 depends on the specific

use of the linear actuator 44. In the embodiment shown in Figure 4A, the pressure of
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the inflation gas is sufficient to fully extend each piston stage 14. To be more precise,
the piston stages 14 have fully extended away from the piston wall 16 and increased a
distance between each piston stage 14 to generate rapid linear motion along the
longitudinal axis 52 of the linear actuator 44.

As illustrated in Figure 4A, the damper head 12 is attached to the piston head
12 using a rivet 64. The use of the rivet 64 is only illustrative. Other types of
mechanical fasteners, such as adhesives or a nut and bolt, may be used attach the
damper head 12 to the piston head 12. Alternatively, the convoluted member 10 of
the motion damper 42 and the convoluted member 10 of the linear actuator 44 may be
integrally formed.

The linear actuator 44 and/or motion damper 42 optionally includes one or
more attachment brackets 66 to permit pivotal connection of the dampened actuator
40 to an object, such a part of a vehicle, which is illustrated in Figures 5 and 6. A
pivotal connection is achieved when, for example, a U-shaped bolt (shown in Figure
6B) is positioned in an opening 67 in the attachment bracket 66 and then the U-shaped
bolt is secured to the object.

In an alternative embodiment, the fluid generator 54 is remote to the interior
chamber 34. In such a design, a gas guide (not shown) conveys the pressurized fluid
generated by the fluid generator 54 to the interior chamber 34. Of course, in such a
design, the open end 68 of the actuator wall 16 is enclosed so that the pressurized
fluid deploys the piston stages 14 rather than exiting through the open end 68 of the
actuator wall 16.

Figure 4B is a cross-sectional view illustrating a dampened actuator 40 after
deployment of the motion damper 42 and linear actuator 44. Following deployment
of the linear actuator 44, strong inertial forces are applied to the motion damper 42.
As a result, each damper stage 14 changes in position relative to an adjacent damper
stage 14. More specifically, the damper stages 14 move further apart from each other
along the longitudinal axis 50 of the motion damper 42 and extend telescopically
away from the damper wall 16. As a result of the damping effect, the lip 28 of the
motion damper 42 decelerates more slowly than the piston head 12. Thus, the motion
damper 42 dampens the motion of the linear actuator 44 and provides a more gradual

deceleration of an object that is connected to the lip 28 of the dampened actuator 40.
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Referring now to Figure 5, a perspective view of a vehicle 72 having a
pedestrian safety system 74 is shown in a deployed condition. The illustrated
pedestrian safety system 74 includes an impact sensor 78 in communication with two
dampened actuators 40. The impact sensor 78 determines when the vehicle 72 has
impacted an object, such as a pedestrian. The illustrated impact sensor 78 is located
in the front bumper 80 of the vehicle 72. Alternatively, the sensor 78 could be
embodied as an electronic control unit (ECU) that senses abnormal acceleration or
deceleration of the vehicle 72. In any case, when an impact, or a potential vehicle-
pedestrian impact is sensed, the impact sensor 78 sends a signal to the two dampened
actuators 40. Wiring 82, for example, may be used to transmit an electrical signal
from the impact sensor 78 to the dampened actuators 40.

A hood 86, which is pivotally attached to a portion of the vehicle 72, includes
a pivoting end 88 and a remote end 90. The motion damper 42 of each dampened
actuator 40 is connected to hood 86 near the pivoting end 88, while the linear actuator
44 of each dampened actuator 40 is connected to another part of the vehicle 72 that is
located within the engine compartment 94, such as the frame or body 96 of the vehicle
72. Alternatively, the linear actuators 44 could be connected to the hood 86 near the
pivoting end 88, while the motion dampers 42 could be connected to the frame or
body 96. Within the scope of this invention, the dampened actuators 40 could be
positioned at various locations on the hood 86. For example, the dampened actuators
40 could be positioned near the remote end 90 of the hood 86, or at other positions
between or on the pivoting and remote ends 88, 90 of the hood 86.

The linear actuator 44 and motion damper 42 may include one or more
attachment brackets 66 (shown in Figure 4A) to permit pivotal attachment of the
linear actuator 44 to the body 96 and pivotal attachment of the motion damper 42 to
the remote end 90 of the hood 86. Of course, those skilled in the art will recognize
that various techniques, including selective connection of the dampened actuator 40 to
the hood 86, may be used to permit opening and closing of the hood 86 during normal
usage.

When the dampened actuators 40 receive the signal, the linear actuators 44
inflate and deploy the piston stages 14. As a result, the hood 86 is rapidly lifted. The
motion dampers 42 then deploy to absorb the kinetic energy of the hood 86, as shown
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in Figure 5. The damper stages 14 change in position relative to each other to provide
a more gradual deceleration of the hood 86. Were it not for the motion dampers 42,
the hood 86 might be damaged by the rapid acceleration and deceleration resulting
from deployment of the linear actuators 44. If so, automobile manufacturers would be
less likely to use the pedestrian safety system 74 because manufacturers, or the end
user, would be required to replace or repair the hood 86 of the vehicle 72, even when
the hood 86 was not otherwise damaged by the accident.

Those skilled in the art will recognize that many variations of the illustrated
embodiment of the pedestrian safety system 74 come with scope of this invention.
For instance, the number and positioning of the dampened actuators 40 may vary
depending of the design of the vehicle 72 in which the system 74 is installed.

The purpose of rapidly elevating the hood 86 in the event of a pedestrian
impact is to limit injuries to the pedestrian. Frequently, in a vehicle-pedestrian
accident, the pedestrian will rotate such that the pedestrian's head, or upper body,
impact the hood 86, and then the engine block of the vehicle 72 at a high rate of
speed. Rapidly raising the hood 86 using the pedestrian safety system 74 transforms
the hood 86 into a "crumple zone," such that hood 86 more gradually decelerates the
pedestrian to minimize the severity of the pedestrian's injuries.

With reference to Figure 6A, there is shown a side perspective view of a
vehicle 100 having a rollover safety system 102 that uses the dampened actuator 40.
The safety system 102 includes an accident sensor 104, such as an ECU, in
communication with one or more dampened actuators 40. When the accident sensor
104 determines that the vehicle 100 has been involved in an accident, the accident
sensor 104 transmits a signal through wiring 82 to the dampened actuator 40.
Alternatively, the accident sensor 104 may determine when the vehicle 100 becomes
inverted or rolls over and send a signal in response thereto.

The illustrated seat 106 is pivotally attached to the vehicle 100 and, thus,
includes a pivot point 108 and a distal end 110. In one configuration, the seat 106
may include shear pins 111 which are severed by the sudden forceful movement of the
distal end 110 of the seat 106. Shear pins 111 prevent the seat 106 from pivoting until
an accident is detected.

As shown, the linear actuator 44 of the dampened actuator 40 is connected to a
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floor 112 of the vehicle 100 and the motion damper 42 of the dampened actuator 40 is
connected to the distal end 110 of the seat 106. Alternatively, the linear actuator 44
could be connected to the distal end 110 of the seat 106, while the motion damper 42
could be connected to floor 112 of the vehicle 100.

Accordingly, when a signal is received from the accident sensor 104, the linear
actuator 44 deploys and reclines the seat 106. Thereafter, the motion damper 42
deploys to provide a more gradual deceleration of the seat 106 to minimize discomfort
to the occupant 114. As a result, the seat 106 moves into a reclined position, as
shown in phantom in Figure 6A.

The reclined seat 106 provides additional clearance 116 between the roof 118
and the occupant 114. Therefore, in an accident in which the roof 118 may collapse,
the reclined position of the seat 106 decreases the risk that the occupant 114 will be
impacted by the roof 118 of the vehicle 100.

Referring to Figure 6B, an enlarged perspective view of the dampened actuator
40 of the rollover safety system 102 is shown in a deployed condition. As illustrated,
the stages 14, 14 of both the motion damper 42 and linear actuator 44 are in a
deployed condition. Accordingly, the seat 106 is in a reclined position, as shown in
phantom in Figure 6A.

Again, the motion damper 42 is connected to the seat 106, while the linear
actuator 44 is connected to the floor 112 of the vehicle 100. The linear actuator 44
includes an attachment bracket 66 that permits pivotal connection of the dampened
actuator 40 to the floor 112 using a U-shaped bolt 120 and two nuts 122. This pivotal
connection permits the dampened actuator 40 to rotate relative to the floor 112 as the
seat 106 pivots away from the floor 112 without contorting, and possibly damaging,
the dampened actuator 40. Thus, an angle 124 between a longitudinal axis 126 of the
dampened actuator 40 and the floor 112 may change without damaging or twisting the
dampened actuator 40.

In an alternative embodiment, both the linear actuator 44 and motion damper
42 include an attachment bracket 66 to permit pivotal connection of the dampened
actuator 40 to both the seat 106 and floor 112. Of course, those skilled in the art will
recognize that various types of pivotal connection mechanisms may be used in

connection with the dampened actuator 40.
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In summary, the motion damper provides substantial advantages over
conventional dampers. The motion damper is compact and can be used in the tight
confines of a vehicle. The motion damper is also simple in design and, thus, can be
manufactured in a cost-effective manner. Furthermore, the motion damper can be
stored for long periods of time without significantly increasing the risk of
deterioration or malfunction. As a result, the motion damper is ideally suited for

many types of vehicle safety systems such as the examples discussed above.

The present invention may be embodied in other specific forms without
departing from its spirit or essential characteristics. The described embodiments are
to be considered in all respects only as illustrative and not restrictive. The scope of
the invention is, therefore, indicated by the appended claims rather than by the
foregoing description. All changes which come within the meaning and range of

equivalency of the claims are to be embraced within their scope.
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CLAIMS:

1. A motion damper, comprising:

a damper wall having a first end; and

at least two damper stages, each damper stage being flexibly attached to at
least one adjacent damper stage, one of the damper stages being flexibly attached to
the first end of the damper wall, wherein the damper wall and damper stages are of a

successively smaller size.

2. The motion damper of claim 1, wherein upon the application of a force,

at least one damper stage changes in position relative to an adjacent damper stage.

3. The motion damper of claim 1, wherein each damper stage is flexibly
attached to an adjacent damper stage such that the damper stages upon the application

of a force, telescopically extend away from the damper wall.

4. The motion damper of claim 1, wherein the damper stages are made

from an energy absorbing material.

5. The motion damper of claim 4, wherein the energy absorbing material
is plastic.

6. The motion damper of claim 4, wherein the energy absorbing material
is metal.

7. The motion damper of claim 1, wherein at least one damper stage is

sized to fit within an adjacent damper stage.

8. The motion damper of claim 1, wherein the damper wall and damper

stages have a nested relationship prior to deployment.

9. The motion damper of claim 1, wherein the damper wall and damper

stages are integrally formed.

10.  The motion damper of claim 1, wherein the damper stages are single-

acting damper stages.
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11. A dampened actuator comprising:

a linear actuator having a fluid generator, an actuator wall, at least two piston
stages, a piston head, and an interior chamber defined at least in part by the actuator
wall and piston stages, each piston stage being flexibly attached to at least one
adjacent piston stage, one of the piston stages being flexibly attached to the actuator
wall and another piston stage being attached to the piston head, the actuator wall and
the piston stages being of a successively smaller size, and the fluid generator being in
fluid communication with the interior chamber; and

a motion damper having a damper wall, at least two damper stages, and a
damper head, each damper stage being flexibly attached to at least one adjacent
damper stage, one of the damper stages being flexibly attached to the damper wall and
another damper stage being attached to the damper head, the damper wall and damper
stages being of a successively smaller size, and the damper head being attached to the

piston head.

12.  The dampened actuator of claim 11, wherein upon the application of a
force, at least one damper stage changes in position relative to an adjacent damper

stage.

13.  The dampened actuator of claim 11, wherein each damper stage is
flexibly attached to an adjacent damper stage such that upon the application of a force,

the damper stages telescopically extend away from the damper wall.

14.  The dampened actuator of claim 11, wherein the damper stages are

made from an energy absorbing material.

15.  The dampened actuator of claim 11, wherein the piston stages deploy

in response to activation of the fluid generator.

16.  The dampened actuator of claim 11, wherein at least one damper stage

" is sized to fit within an adjacent damper stage.

17.  The dampened actuator of claim 11, wherein the damper wall and

damper stages have a nested relationship prior to deployment.
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18.  The dampened actuator of claim 11, wherein the linear actuator is a

single-acting linear actuator.

19.  The dampened actuator of claim 11, wherein the motion damper is a

single-acting motion damper.

20.  The dampened actuator of claim 11, wherein the damper wall, damper

stages, and damper head are integrally formed.

21.  The dampened actuator of claim 11, wherein the actuator wall, piston

stages, and piston head are integrally formed.

22. A dampened actuator for use in a vehicle comprising:

a linear actuator having a fluid generator, an actuator wall, at least two piston
stages, a piston head, and an interior chamber defined at least in part by the actuator
wall and piston stages, each piston stage being flexibly attached to at least one
adjacent piston stage, one of the piston stages being flexibly attached to the actuator
wall and another piston stage being attached to the piston head, the actuator wall and
piston stages being of a successively smaller size, the fluid generator being in fluid
communication with the interior chamber, and the linear actuator being connected to a
first part of a vehicle; and

a motion damper having a damper wall, at least two damper stages, and a
damper head, each damper stage being flexibly attached to at least one adjacent
damper stage, one of the damper stages being flexibly attached to the damper wall and
another damper stage being attached to the damper head, the damper wall and damper
stages being of a successively smaller size, the damper head being attached to the

piston head, and the motion damper being connected to a second part of the vehicle.

23.  The dampened actuator of claim 22, wherein upon the application of a
force, at least one damper stage changes in position relative to an adjacent damper

stage.

24.  The dampened actuator of claim 22, wherein each damper stage is
flexibly attached to an adjacent damper stage such that upon the application of a force,

the damper stages telescopically extend away from the damper wall.
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25.  The dampened actuator of claim 22, wherein the piston stages deploy

in response to activation of the fluid generator.

26.  The dampened actuator of claim 22, wherein at least one damper stage

is sized to fit within an adjacent damper stage.

27.  The dampened actuator of claim 22, wherein the damper wall and

damper stages have a nested relationship prior to deployment.

28.  The dampened actuator of claim 22, wherein the motion damper is a

single-acting motion damper.

29.  The dampened actuator of claim 22, wherein the linear actuator is a

single-acting linear actuator.

30.  The dampened actuator of claim 22, wherein the linear actuator and

motion damper are coaxial.

31.  The dampened actuator of claim 22, wherein the first part of the

vehicle is pivotally attached to the vehicle.

32. The dampened actuator of claim 31, wherein the first part of the

vehicle is a seat.

33. The dampened actuator of claim 31, wherein the first part of the

vehicle is a hood.

34,  The dampened actuator of claim 22, wherein the damper wall, damper

stages, and damper head are integrally formed.

35.  The dampened actuator of claim 22, wherein the actuator wall, piston

stages, and piston head are integrally formed.
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