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(57) Abrégée/Abstract:

A locking strut including a housing with a piston rod extending therethrough. A baffle mounts on the piston rod to divide the
housing Into two chambers. An orifice through the baffle allows fluid to pass between the chambers to damp reciprocating
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(57) Abrege(suite)/Abstract(continued):

movement. An electromagnetic driver within the housing Is selectively energized to move a ferromagnetic plate between an open
position, wherein fluid flows freely between the chambers, and a closed position, wherein the ferromagnetic plate blocks the orifice
to prevent fluid flow between the chambers and lock the locking strut in position. A plurality of orifices may be spaced about the
baffle, with the number and size of the orifices determining the damping capability of the locking strut. A plurality of drivers may be

disposed within the housing to overcome fluid forces during movement of the locking strut between an extended and a retracted
position.
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ABSTRACT

A locking strut including a housing with a piston rod extending therethrough. A baffle
mounts on the piston rod to divide the housing into two chambers. An orifice through the baffle
allows {luid to pass between the chambers to damp reciprocating movement. An electromagnetic
driver within the housing 1s selectively energized to move a terromagnetic plate between an open
position, wherein fluid tlows freeiy between the chambers, and a closed position, wherein the
ferromagnetic plate blocks the orifice to prevent fluid flow between the chambers and lock the
locking strut in position. A plurality of orifices may be spaced about the baffle, with the number
and size of the orifices determining the damping capability of the locking strut. A plurality of
arivers may be disposed within the housing tc overcome fluid forces during movemernt of the

locking strut between an extended and a retracted position.
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LOCKING STRUT

Field of the Invention

[O00] The present invention relates to a strut that can be locked by an external power source
to assist in termination of further motion of the strut, particularly for use in a door.

Description of Related Art

10002] Motor vehicle liftgates act to both provide access and close and seal the rear cargo
area of a motor vehicle. Typically, the liftgate 1s pivotally mounted in a frame at the rear of the
vehicle and pivots about a hinge defining a horizontal axis. The liftgate rotates between a closed
position securedly resting within the frame and an open position, wherein the liftgate 1s pivoted
away from the frame to allow aécess to the cargo area. The hiftgate 1s often very heavy and must
be moved against gravity to reach an open position. Access to the cargo area 1s difficult and
dangerous when a user is required to lift the liftgate to the open position unassisted, and then
hold the liftgate 1n position while accessing the cargo area.

[H003] Most modern vehicles use gas or spring-ioaded cylindrical struts to assist the user
while opening the liftgate, and then o holc the liftgate in an open position. Typically, the user
manually provides the initial force necessary to partially open the liftgate. The strut then
provides a spring force and 2 moment arm suificient to overcome the weight of the lifigate and
move the hiftgate to a fully opened position. The spring force and the moment arm of the sirut
then act to hold the liftgate in the open position while the user accesses the cargo area. To return
the liftgate to a closed position, the user must typically thrust downward on the liftgate, applying
a torce suificient to overcome the upward forces exerted by the strut. Typically a liftgate
assembiy includes two struts at opposite ends of the frame. One end of each strut is pivotally
mounted to the liftgate, while the other end of each strut 1s pivotally mounted to either the frame
or the motor vehicle. '

10004] Powered systems for auiomatically moving vehicle liftgates between an open and a
closed position are aiso known in the art. Typically in such systems, a power actuator applies a
force airectiy to the liftgate. For example, U.S. Patent No. 5,531,498 to Kowall discloses a

typical lifigate opening system wherein the struts are actuated by a pair of cables wound around a
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spool by an electric motor, replacing the user-supplied force necessary to initiate movement of
the liftgate. However, a significant amount of power 1s required to operate such a system,
resuiting in a mechanism that is usuaily quite large and uses a significani amount of vehicle
space.

{0005} Another example of a powered liftgate system is illustrated in U.S. Patent No.
0,367,864 to Rogers, Jr. et al. This system provides a rod in addition to the struts. The rod is
ptvotally mounted (0 a follower mounted on & fixed linear channel. A flexible drive loop moves
the follower to drive the liftgate between open and ciosed positions. Since the liftgate is directly
connected to the drive, some form of clutch or disengagement mechanism is required to allow
manual operaticn of the liftgate. This disengagement mechanism further consumes vehicle space
while also increasing costs.

10006] U.S. Patent No. 5,120,030 to Lin et al. provides yet another example of a powered
iiitgate system. A magnet is provided on a piston to better retain the piston in a fully extended
position. The force exerted by the magnet acis with the force generated by the strut to increase
the force required to initiate compression of the strut when moving the door cut of an open
position. For example, with the sirut fully exfended, a force between 600 N at a strut
éempemmre of -40°C and 800 N at a strut temperature of +85°C is required to initiate collapse of
the strut with the magnetic force disabied. When the magnet is engaged, a considerably higher
initial force is required to overcome the magnetic force. After this initial force is applied and the
magnetic force is overcome, the strui collapses normally. The disadvantage with this type of

system 1s that the separation of the magnet may require a rising force followed by a sudden

release, causing the liftgate to lurch at the point of release.

(0007 Control systems for powered liftgate systems are alsc known in the art. Such control

systems usually mnclude an obstacle detection component to stop the liftgate while opening or
closing if an obstacle is encountered. Typically the control system measures the force applied by
the liftgate or the actuator motor, or the rate at which the motor is moving. The liftgate is
stopped if anomalies are detected in the measurements tending to indicate that an obstacle has
peen encountered.

(6008 ] Finally, a large engagerment force is necessary to activate most prior art locking struts,
which typically include a driver outside of the strut housing. In this type of system, a rod must

travel down the center of a piston rod to translate the signal from the driver to a valve. A
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significant pressure differential exists between the oviside atmospheric pressure where the driver

is located and the pressure within the housing. To resist this pressure differential, the driver must

exert a significant engagement force to activate the valve. Therefore, it is desirable to provide a

system wherein the driver 1s housed within the housing, thereby reducing cr eliminating the
pressure differential and requiring much lower engagement forces.

L0009] It is desirable to provide a a locking strut or struts to smoothly open and close the
liftgate and lock the struf in a fully extended position without adding unnecessary bulk or cost to
the vehicle. \

(6016] Adaitionally, 1t is desirabie to provide a driver located within a strut housing to
significantly decrease the pressure differentiai between the driver and a valve. The strut is
connected to a conirol system to provide for control of the strut during movement between open

and closed positions.

SUMMARY OF THE INVENTION

(00711] Accordingly, the present invention provides a locking strut including a housing with a
piston rod extending therethrough. A baffle mounts on the piston rod to divide the housing into
two chambers. An orifice through the baifle allows fluid to pass between the chambers to damp
reciprocating movement. An electromagnetic driver within the housing is selectively energized
to attract or repel a ferromagnetic plate to move the plate between an open position, with fluid
flowing freely between the chambers, and a closed position, wherein the orifice is blocked to
prevent iluid flow between the chambers and lock the strut in position. A plurality of orifices
may be spaced about the baffle, with the number and size of the orifices determining the
damping capability of the strut. A plurality of drivers may be disposed within the housing to
overcome fluid forces during movement of the strut between an extended and a retracted
position.

100612 By placing the driver inside the housing, much of the buik and cost of typical locking
strut systems 1s eliminated. Additionally, locating the driver within the housing decreases the
pressure differential between the driver and the vaive, greatly reducing the force needed to
engage the locking mechanism. A contrel system connected to the driver selectively energizes
the driver for greater control over the system during movement. A plurality of drivers can be

used to provide even greater control over the selective locking function of the sirut.
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BRIEF DESCRIPTION OF THE DRAWINGS

LUUR] Advantages of the present invention will be readily appreciated as the same becomes
better understood by reference to the tcliowing detarled descripticn when considered in
connection with the accompanying drawings wherein:

Figure 1 1s a cross-sectional view of a first embodiment of a locking strut according
to the present invention showing the strut in an uniocked condition, wherein a plurality of

orifices are unblocked to allow tluid {low between two chambers of a hm@@mg

[001S] Figure 2 1s a cross-sectional view of the locking strut of I r*wwe i in a locked
condition, wherein the orifices are plocked by a plate, preventing {luid fiow between the
chambers and locking the locking struif;

(0016} Figure 3 1s a cross-sectional view of a second embodiment of the Iockin o strut
showing the strut 1n the unlocked condition;

(00171 Figure 4 1s a cross-sectional view of the locking strut of wg,um in the locked

condifion;

[0015] Figure 5 1s a cross-sectional view of a third embodiment of the locking strut showing
the strut in the unlocked condition:

[6019] Figure 6 is a cross-sectional view of the locking strut of Figure 5 in the locked
congition;

G020] Figure 7 1s a cross-sectional view of a fourth embodiment of the locking strut
showing the strut in the uniocked condition;

(0021 ] Higure 8 1§ a cross-sectional view of the locking strut of Figure 7 in the locked
condition:

10022 ] Figure 9 1s a cross-sectional view of a fifth embodiment of the locking strut showing

the sirut in the unlocked condition:

(00231 Figure 10 1s a cross-sectional view of the iocking strut of Figure 9 in the locked
condition;
10024 Figure 11 is a cross-sectional view of a sixth embodiment of the locking strut

showing the strut 1n the unlocked condition;

{0025] Figure 12 18 a cross-sectional view of the locking strut of Figure 11 in the locked

congition; and
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10026]  Figure 13 is a perspective view of a rear portion of a typical vehicle incorporating a

locking sirut of the present inveniion.

ERRED EMIBODIMENT

DETAILED DESCRIPTION OF THE PRI

k!

10027 Referring to Figures 1 through 12, there 15 1llustrated a locking strut 10 of the present
inveniion. The strut 10 comprises a hollow housing 12 hermetically segied with an opening 11 at
one end. The housing 12 1s preferably a cylinder. A piston rod 14 extends through the opening
11 1in a sealed fit. The piston rod 14 moves with respect to the housing 12 beiween an extended
position and a retracted position. A bafile 16 mounts to the piston rod 14 within the housing 12
separating the housing 12 1nto an upper chamber 18 and a lower chamber 20. The baffie 16
slidingly engages the 1interior walls of the housing 12 to slide along the housing 12 as the pision
rod 14 moves between the extended and retracted positions. At least one orifice 22 extends
through the baffie 16 deifining fluid passageways through the baflle 16 to allow fluid to pass
between the chambers 18, 20. While the tluid is preferably air, other fiuids, for exampie oil, may
be used without changing the inventive concept. Additicnally, while the embodiments show in
Figures 1 through 12 illustrate two orifices 22, any number of oritices 22 may be used, with the
total number and size of orifices 22 determining the amount of damping provided by the strut 10.
(0028 A driver 24 mounts within the housing 12. The driver 24 comprises an
electromagnetic coil energizable to produce an electromagnetic driver force. Electrical leads 26
extend from a power source througn the piston rod 14, connecting to the driver 24 (o selectively
provide power to energize the driver 24 in response to external control signals. For example, a
control system could measure a force on the locking strut 10 during movement from an open
position to a closed position and energize the driver 24 upon the cdetection of an excessive force,
perhaps 1ndicating the presence of an obstacie. The driver 24 may also be energized in response
{o a program sequence or a position control detection system.

(G029 Preferably, the driver 24 is @mz‘g%zad according t¢ a pulse width modulation signal,
wherein current 18 rapidly cycled threugh the leads 26 from the power source to the driver 24,
thereby producing a partial duty cycle. Pulse width raodulation is preferred over a constant
supply of power because it provides more control of the driver 24, especially when pressure is
high. Increased control over the driver 24 is particularly important to prevent the locking strut

10 from accelerating more rapidly than desired. For example, when the locking strut 10 is used
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in a door, it is necessary for the door 1o close at an appropriate speed. As the piston rod 14
travels from an extended position o a retracted pésm@m nd thus the door travels from an open
position {0 a closed position, pulse width modulation effects a slower change between the (wo
positions, providing more contrel during movement,

(0030] Turning now to the first embodiment illustrated in Figures 1 and 2, the piston rod i4
includes an opening 28 for receiving a terromagnetic plate 30. The ferromagnetic plate 30 is
disposed within the housing 12 for movement between an open position space {rom the balfle 16

for allowing fluid to pass through the orifices 22 and a closed position covering the onifices 22 to

prevent flow of fluid between the chambers 18, 20. "The ferromagnetic plate 30 comprises an

annular ﬂange 32 and a stem 34, with the stem 34 extending through the baifle 16 and {itiing
such that it 1s attracted or repelled by an electromagnetic force. A valve spring 36 disposed
within the opening 28 exerts a spring force on the stem 34 of the ferromagnetic plate 30. When
the flange 32 is spaced from the baffie 16, the locking strut 10 is in an unblocked condition,
whereby {1uid can freely pass between the chambers 18, 20 through the orifices 22 allowing the
pision rod 14 1o move between the extended and retracted positions. In a locked condition, the
flange 32 engages the baftle 16 to cover the ortfices 22, preventing fluic flow between the
chambers 18, 20, and locking the pision rod 14 in place.

(0031 ] Hach embodiment of the present invention may be operated from the open position to
the closed position, or from the ciosed position (¢ the open positicn. In a first configuration of
cach embodiment, the valve spring 36 1s in a resting state, meaning the valve spring 36 is neither
compressed nor expanded, when the ferromagnetic plate 30 1s 1in the open positicn as shown in
Figures 1,3,5,7,9 and 11. Energization of the driver 24 moves the ferromagnetic plate 30 o
the closed position shown in Figures 2, 4, 6, 8, 10 and 12. De-energizing the driver 24 returns
the ferromagnetic plate 30 to the open position. In a second configuration, the valve spring 36 is
in the resting state when the ferromagnetic plate 30 1s in the closed position, and energization of
the driver 24 moves the ferromagnetic plate 30 to the open position. In this configuration, de-
energizing the driver 24 returns the ferromagnetic plate 30 to the closed position. '

(0032 Returning now to the first embodiment shown in Figures | and Z, the driver 24
preferably mounts ¢n the pismn rod 14 above the baflle 16 and the ferromagnetic plate 30 is

positioned below the baffle 16. In a first configuration, energizing the driver 24 magnetically

N
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atiracts the lange 32 of the terromagnetic plate 30. The electromagnetic force exerted by the

energlzed driver 24 overcomes the spring force exerted by the valve spring 36 and the stem 34

moves upward, compressing the valve spring 36 within the opening 28 in the piston rod i4. The
flange 32, being attached to the stem 34, likewise moves upward to engage the baffle 16, closing
off the oriiices 22 to prevent further {luid flow between the chambers 18, 20 and thus prevent
movement of the piston rod 14. When the driver 24 is de-energized, the valve spring 36 urges
the ferromagnetic plate 30 back downward, thereby unblocking the orifices 22 to resume fluid
flow between chambers 18, 20 and normal operation of the locking strut 10. In a second
configuration, energizing the driver 24 repels the flange 32, expanding the valve spring 36 to
disengage the flange 32 and the baffle 16 to unblock the orifices 22. When the driver is de-
energized, the valve spring 36 urges the stem 34 back into the opening 28, re-blocking the

oritices 22.

Rnioad

(0033] Figures 3 and 4 1llustrate the locked and unlocked conditions, respectively, of a
secend embodiment of the locking strut 10 of the present invention, In this embodiment, the
ferromagnetic plate 30 comprises a ferromagnetic flange 32, a stem 34, and a valve 44. The
driver 24 18 preferably mounted on 2 guide tube 38 extending between the driver 24 and the
batfle 16. The guide tube 38 preferably mounts to the baffle 16 surrounding the orifices 22

through the baffle 16 such that fluid flows through the orifices 22 into the guide tube 38. The

- guide tube 38 includes a passage 40 for allowing fluid to flow into the lower chamber 20. The

passage 40 may comprise a hole tarough or a slit around the guice tube 38. Additionally, a
plurality of passages 40 may be used, with the number and size of the passages 40 determining
the amount of damping provided by the locking strut 10. Alternatively, the guide tube 38 mounts
to the batfle 16 such that the oriﬁces 22 iead directly into the lower chamber 20.

10034 ] The stem 34 of the ferromagnetic plate 30 extends through the driver 24 info the
guide tube 38. Preferably, the valve 44 mounts to one end @f the stem 34 within the guide tube
38, while the ferromagnetic flange 32 mounts to the opposite end of the stem 34 outside of the
guide tube 38. However, the ferromagnetic flange 32 may also be seated within the guide tube
38. As both the valve 44 and the ferromagnetic flange 32 are mounted to the stem 34, movement
of the ferromagnetic flange 32 causes movement of the vaive 44. The valve spring 36 comprises

a guide spring 48 disposed within the guide tube 38 between the driver 24 and the valve 44, and

a plate spring 50 disposed between the driver 24 and the plate 30.
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[0035]  In afirst configuration of the second embodiment, energizing the driver 24
magnetically attracts the ferromagnetic flange 32, causing the ferromagnetic flange 32 tc move
upward toward the driver 24, thereby compressing the plate spring 50. Alternatively, if the
ferromagnetic flange 32 is located within the guide tube 38, energization of the driver 24 repels
the ferromagnetic flange 32, causing the ferromagnetic flange 32 to move upward away from the
driver 24, expanding the plate spring 50. Movement of the ferromagnetic flange 32 causes
movement of the attached stem 34, and therefore movement of the valve 44, thereby expanding
the guide spring 48. The valve 44 engages the baffle 16, sealing the orifices 22 to prevent flow
of fluid between the chambers 18, 20, preveniing further movement of the piston rod 14. As
shown in Figure 4, the vaive 44 aiso seals the passage 40. However, because engagement of the
valve 44 with the baffle 16 prevents fluid flow into the guide tube 38, sealing of the passage 40 is
not necessary to lock the locking strut 10. When the driver 24 is de-energized, the guide spring
48 and the plate spring 50 urge the valve 44 and the ferromagnetic plate 30, and therefore the
shaft 42, back downward, thereby unblocking the baffle 16 to resume fluid flow and normal
operation of the locking strut 10.

10036] In a second configuratior, the guide spring 48 and the piate spring 50 are in the
resting state when the locking strut 10 is in the locked condition showr in Figure 4. Energization
of the driver 24 repels the ferromagnetic flange 32, compressing the guide spring 48 and
cxpanding the piate spring 50 as shown in Figure 3. 'De-a'energizati@n of the driver 24 urges the
springs 48, 50 back to the resting state, returning the locking strut 10 to the locked condition.
i0037] A third embodiment of the locking strut 10 is shown in Figures 5 and 6. A retaining
plate 51 mounts to the piston rod 14, preferably in the upper chamber 18 above the baffle 16, for
engaging the ferromagnetic plate 3C when the locking strut 10 is in the unlocked condition as
shown in Figure 5. The valve spring 36 is disposed between the ferroragnetic piate 30 and the
paffle 16. Preferably, the ferromagnetic plate 30 includes an annular flange 33 enclosing the
valve spring 36 and covering the orifices 22 when the locking strut 10 is in the locked condition
as shown in Figure 6. However, another shape of ferromagnetic plate 30 may oe used. The
driver 24 mounts to the piston rod 14 within the lower chamber 20 bereath the baffle 16. In a
first configuration, energizing the driver 24 attracts the ferromagnetic plate 30 into engagement
with the baffle 16 for sealing the orifices 22, and compresses the valve spring 36. De-energizing

the driver 24 causes the valve spring 36 to urge the ferromagnetic plate 30 toward the retaining



LA

10

15

20

23

30

CA 02445466 2003-10-17

plate 51 and away from the bafile 16. In a second cenfiguration, energizing the driver 24 repels
the ferromagnetic plate 30 such that the ferromagnetic plate 30 disengages the baitle 16 to
unbiock the orifices and expands the valve spring 36. When the driver 24 is de-energized, the
valve spring 36 returns to the resting state, moving the locking strut 10 back to the iocked
condition. ‘

{00351 Figures 7 and 8 show a fourth emmbodiment of the present invention, wherein the
valve spring 36 1s again disposed between the ferromagnetic plate 30 and the baffle 16. The
driver 24 1s preferably mounted in the upper chamber 18 above the {erromagnetic plate 30,
climinating the need for the retaining plate 51. In a first configuraiion, energizing the driver 24
repels the ferromagnetic plate 30, compressing the valve spring 36 and moving the ferromagnetic
plate 30 irom the open position shown in Figure 7 to the closed position shown in Figure €. In a
second contiguration, energizing the driver 24 attracis the ferromagnetic plate 30, expanding the
valve spring 36 and moving the ferromagnetic plate 3C from the closed position shown in Figure
3 to the open position shown 1n Figure 7. De-energizing the driver 24 in each configuration
returns the ferromagnetic plate 30 to the initial position.

10039] A fifth embodiment of the present invention is shown in Figures 9 and 10. In this
embodiment, the driver 24 preferably mounts to the piston rod 14 in the upper chamber 18 above
the ferromagnetic plate 30, with the valve spring 36 disposed between the driver 24 and the
ierromagnetic plate 30. In a first configuration, energizing the driver 24 repels the ferromagnetic
piate 30, expanding the valve spring 36 and moving the ferromagnetic plate 30 to the closed
position shown in Figure 10. In a second configuration, the driver 24 attracts the ferromagnetic
plate 30, compressing the vaive spring 36 and moving the ferromagnetic plate 30 to the open
position shown in Figure 9. As with previous embodiments, de-energization of the driver 24
returns the ferromagnetic plate 30 io the initial position.

10040 Figures 11 and 12 show a sixth embodiment of the present invention, again including
a retaining plate 51, with the valve spring 36 disposed between the ferromagnetic plate 30 and
the retaining piate 51. The driver 24 mounts to the piston rod 14 in the lower chamber 20. In a
first configuration, the valve spring 36 sits in the resting state when the locking strut 10 is in the
unlocked condition shown in Figure 11. Energizing the driver 24 attracts the ferromagnetic plate
30, expanding the valve spring 36 and moving the ferromagnetic plate 30 to the closed position

shown in Figure 12. Conversely, in a second configuration, the valve spring 36 sits in the resting
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state when the locking strut 10 18 in the locked condition. Energizing the driver 24 repels the
ferromagnetic plate 30, compressing the valve spring 36 and moving the ferromagnetic plate 30
to the open position as shown 1n Figure 1 1. De-energizing the driver 24 returns the
terromagnetic piate 30 to the opposite position.

0041 ] Referring now to Figure 13, the locking strut 10 is shown as used in a rear liftgate 56
of a motor vehicle 52, one of many potential uses of the present invention. When the liftgate 56
is in a closed position, the liftgate 56 securedly rests adjacent a frame 54, with the liftgate 56
biased toward the closed position due fo its weight. A hinge assembly 58 providing a generally
horizontal hinge axis connects the iifigate 56 and the frame 54. The liftgate 56 rotates upward
about the hinge axis tc an open position away from the frame 54. Similarly, the liftgate 56
rotates downward about the hinge axis to return to the closed position.

{0042] A latch assembly 60 mounts on the liftgate 56 for releasably locking the liftgate 56 to
the frame 54. A corresponding striker 62 mounts on the frame 54. The latch assembly 60 is
preferably a power assisted latch assembly as known in the art. In such an assembly 60, the latch
assembly 60 pulis the liftgate 56 fully into the closed position as the liftgate 56 nears the closed
position. A liftgate seal disposed on either the liftgate 56 or the frame 54 seals the liftgate 56 to
the frame 34 when the liftgate 56 is in the closed position. Additionally, the latch assembly 60
automatically releases as the liftgate 56 moves from the ciosed position to the open position.
Alternatively, the striker 62 may be power assisted to perform the same functions as the latch
assembly 60, eliminating the need o supply power to the latch assembly 60.

100431 The vehicle 52 includes a locking strut 10 of the present invention pivotally mounted
between the frame 54 and the liftgate 56. Preferably. a second strut 10 is similarly mounted on
the other side of the frame 54 and liftgate 56, which may or may not be of the type contemplated
by the present invention. A control system 64 disposed within the vehicle controls the locking
strut 10, To open the door from the closed position, the latch assembly 60 or the striker 62
disengages the lock. If an anomaly is detected by the control system 64 while the liftgate 56
proceeds from the closed position to the open position, and thus the locking strut 10 proceeds
from an extended position to a retracted position as described below, the control system 64
activates the driver 24 to cease motion of the locking strut 10. Preferably this is achieved using
pulse wave modulation. Specifically, motion of the locking strut 10 is not instantly haited during

movement of the liftgate 56, which could break the locking strut 10 due to internal pressure and

10
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load on the locking strut 10. Instead, locking of the locking strut 10 by blocking the orifices 22
occurs through pulse wave modulation, effecting a slower change between movement of the
locking strut 10 and stoppage of movement.

10044]  When the locking strut 10 1s 1n the {uily exiended position, the baffle 16 rests near the
top of the housing 12, thereby creating an upper cnamber 18 which is significantly smaller than
the lower chamber 20, with the piston rod 14 extending almost fuily cutside of the housing 12.
As the locking strut 10 moves from an extended position to a retracted position, the baffle 16
slides along the housing 12 to reach the fully retracted position, wherein the baffle 16 rests near
the bottom of the housing 12 and the upper chamber 18 is significantly iarger than the lower
chamber 20. Fluid passage through the orifices 22 in the baffle 16 effects movement between
the two positions. When the locking strut 10 moves from an extended position to a retracted
position, fluid rushes through the orifices 22 from the upper chamber 18 to the lower chamber
24, creating a fluid pressure exeriing a downward tluid force on the assembly. Conversely,
moving the locking strut 10 from a retracted position to an extended position creates an upward
fiuid force on the assembly as fluid moves through the orifices 22 from the lower chamber 20 to
the upper chamber 18. These fluid forces will have an impact on the efficiency of the assembly.
For example, referring to Figures 1 and 2, the downward fluid force during movement from the
extended position to the retracted position tends to force the ferromagnetic flange 32 away from
the batfie 16. Therefore, locking of the locking strut 10 in the first configuration, for example,
requires a driver force large enough to overcome both the fluid force and the spring force biasing
the ferromagnetic flange 32 io the open position. Conversely, the upward fluid force during
movement from the retracied position to the extended position tends to force the ferromagnetic
flange 32 toward the baffle 16. Therefore, to keep the locking strut 10 in the unlocked condition,
for example in the second configuration, requires a driver force large enough to overcome both
the fluid force and the spring force biasing the ferromagnetic flange 32 to the closed position.
These tendencies must be considered when choosing which embodiment of the present invention
to utilize in a particular application. Additionally, a locking strut 10 may employ two drivers 24
to more easily resist the opposing forces. In the first configuration of the first embodiment,
mounting a driver 24 in the lower chamber 20 for repelling the ferromagnetic flange 32 during
movement of the locking strut 10 from the extended to the retracted position would IMprove

performance of the locking strut iC. The second driver could aiso atiract the ferromagnetic

i1
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flange 372 to Keep the locking strut 10 uniocked during movement from the retracted to the
extended position in the second configuration.

[0045]  While the tnvention is described herein for use in a motor vehicle liftgate assembly,
the strut may be used in many applications where damping is desirabie, including a motor
vehicle shock absorber or accessory drive tensioner, or any door utilizing a strut, for example, a
garage door or an industrial door.

10046] The invention has been described in an illustrative manner. It is to be understocd that
the terminology which has been used is intended to be in the nature of words of description
rather than of limitation. In fact, many modifications and variations of the invention are possible
in light of the above teachings. Therefore, within the scope of the appended claims, the

invention may be practiced other tnan as speciiically enumerated within the description.
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What is claimed 1s:
1. A locking strut comprising:

a housing;

a piston rod extending through said housing;

a baffle mounted on said piston rod dividing said housing into two chambers, said
baffle being slidingly disposed within said housing;

an orifice through said baffle for allowing fluid to pass between said chambers;

a ferromagnetic plate having a ferromagnetic flange mounted to a stem and
disposed within said housing for movement between an open position spaced from said baftle
for allowing fluid to pass through said orifice between said chambers and a closed position
covering said orifice to prevent fluid flow between said chambers;

an electromagnetic driver mounted to said piston rod and disposed within said
housing, said piston rod including an opening for receiving said stem and said stem extending
through said baffle into said opening, said driver being selectively energized in response to
external control signals to exert a driver force, said driver force acting upon said
ferromagnetic plate for selectively moving said ferromagnetic plate between said open and
closed positions to control fluid flow between said chambers; and

a valve spring exerting a spring force disposed adjacent said ferromagnetic plate
and movable from a resting state wherein said valve spring 1s neither compressed nor
expanded, said spring force being overcome by said driver force when said driver 1s
energized to move said ferromagnetic plate between said open and closed positions;

wherein said valve spring seats within said opening in said resting state when said
ferromagnetic plate is in one of said open and closed positions, and energization of said
driver attracts said ferromagnetic flange, thereby moving said ferromagnetic flange into

engagement with said baffle and compressing said valve spring.

2. The locking strut as set forth in claim 1 wherein said ferromagnetic plate further

comprises a valve mounted to said stem for engaging said baffle to close said orifice.

3. The locking strut as set forth in claim 2 further comprising a guide tube mounted
between said driver and said baffle, said valve being slidingly disposed within said guide
tube.
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4. The locking strut as set forth in claim 3 wherein fluid flows through said orifice
into said guide tube, said guide tube including a passage for allowing fluid to pass between

said chambers.

5. The locking strut as set forth in claim 4 wherein said stem extends through said
driver from said valve to said ferromagnetic flange such that movement of said ferromagnetic

flange effects movement of said valve.

6. The locking strut as set forth in claim 5 wherein said valve spring comprises a
guide spring disposed within said guide tube between said driver and said valve and a plate
spring disposed between said driver and said ferromagnetic flange, said guide spring and said
plate spring being in said resting state when said ferromagnetic plate 1s in said open position
such that energization of said driver attracts said ferromagnetic flange, moving said stem and
forcing attached said valve into engagement with said baffle, said ferromagnetic flange

compressing said plate spring and said valve expanding said guide spring.

7. The locking strut as set forth in claim 6 wherein said valve spring comprises a
gulde spring disposed within said guide tube between said driver and said valve and a plate
spring disposed between said driver and said ferromagnetic flange, said guide spring and said
plate spring being in said resting state when said ferromagnetic plate 1s in said closed position
such that energization of said driver repels said ferromagnetic flange, moving said stem and.
forcing attached said valve out of engagement with said baffle, said ferromagnetic flange

expanding said plate spring and said valve compressing said guide spring.

8. The locking strut as set forth in claim 1 further comprising an electrical lead for
supplying power to said driver, said lead extending from said driver through said piston rod

to a power source.

9. The locking strut as set forth in claim 8 wherein the power source rapidly cycles

current through said lead to produce a partial duty cycle for energizing said driver.

10. The locking strut as set forth in claim 1 further comprising a plurality of orifices
spaced circumferentially about said baffle to provide a plurality of fluid passageways

between said chambers.



CA 02445466 2007-07-20

11. The locking strut as set forth in claim 1 further comprising a plurality of drivers

disposed within said housing.

12. A locking strut comprising:

a housing;

a piston rod extending through said housing;

a baffle mounted on said piston rod dividing said housing into two chambers, said
baffle being slidingly disposed within said housing;

an orifice through said baffle for allowing fluid to pass between said chambers;

a ferromagnetic plate disposed within said housing for movement between an
open position spaced from said baffle for allowing fluid to pass through said orifice between
said chambers and a closed position covering said orifice to prevent fluid flow between said
chambers;

an electromagnetic driver mounted to said piston rod and disposed within said
housing, said driver being selectively energized in response to external control signals to
exert a driver force, said driver force acting upon said ferromagnetic plate for selectively
moving said ferromagnetic plate between said open and closed positions to control fluid flow
between said chambers; and

a valve spring disposed between said ferromagnetic plate and said baffle for
exerting a spring force disposed adjacent said ferromagnetic plate and movable from a resting
state wherein said valve spring 1s neither compressed nor expanded, said spring force being
overcome by said driver force when said driver 1s energized to move said ferromagnetic plate
between said open and closed positions; and

a retaining plate mounted to said piston rod such that said ferromagnetic plate
engages sald retaining plate in said open position and engages said baffle 1n said closed

position.

13. The locking strut as set forth in claim 12 wherein said valve spring is in said
resting state when said ferromagnetic plate is in said open position, and energization of said
driver attracts said ferromagnetic plate, thereby moving said ferromagnetic plate into

engagement with said baffle and compressing said valve spring.
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14. The locking strut as set forth in claim 12 wherein said valve spring 1s in said
resting state when said ferromagnetic plate 1s in said closed position, and energization of said
driver repels said ferromagnetic plate, thereby moving said ferromagnetic plate into

engagement with said retaining plate and expanding said valve spring.

15. The locking strut as set forth 1n claim 12 wherein said valve spring is in said
resting state when said ferromagnetic plate is in said open position, and energization of said
driver repels said ferromagnetic plate, thereby moving said ferromagnetic plate into

engagement with said baffle and compressing said valve spring.

16. The locking strut as set forth in claim 12 wherein said valve spring is in said
resting state when said ferromagnetic plate 1s 1n said closed position, and energization of said
driver attracts said ferromagnetic plate, thereby moving said ferromagnetic plate out of

engagement with said baffle and expanding said valve spring.

17. A locking strut comprising:

a housing;

a piston rod extending through said housing;

a battle mounted on said piston rod dividing said housing into two chambers, said
baffle being slidingly disposed within said housing;

an orifice through said baffle for allowing fluid to pass between said chambers;

a ferromagnetic plate disposed within said housing for movement between an
open position spaced from said baffle for allowing fluid to pass through said orifice between
said chambers and a closed position covering said orifice to prevent fluid flow between said
chambers;

an electromagnetic driver mounted to said piston rod and disposed within said
housing, said driver being selectively energized in response to external control signals to
exert a driver force, said driver force acting upon said ferromagnetic plate for selectively
moving said ferromagnetic plate between said open and closed positions to control fluid flow
between said chambers;

a valve spring disposed between said ferromagnetic plate and said baffle for
exerting a spring force disposed adjacent said ferromagnetic plate and movable from a resting
state wherein said valve spring 1s neither compressed nor expanded, said spring force being

overcome by said driver force when said driver is energized to move said ferromagnetic plate
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between said open and closed positions; and
a retaining plate mounted to said piston rod, said valve spring being disposed

between said retaining plate said ferromagnetic plate.

18. The locking strut as set forth in claim 17 wherein said valve spring is in said
resting state when said ferromagnetic plate is in said open position, and energization of said
driver attracts said ferromagnetic plate, thereby moving said ferromagnetic plate into

engagement with said baffle and expanding said valve spring.

19. The locking strut as set forth in claim 17 wherein said valve spring is in said
resting state when said ferromagnetic plate 1s in said closed position, and energization of said
dniver repels said ferromagnetic plate, thereby moving said ferromagnetic plate out of

engagement with said baffle and compressing said valve spring.
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