(19) (11) Publication humber: SG 190000 A1

(43) Publication date: 28.06.2013
(51) Int. Cl: F16F 9/00;
(12) Patent Application
(21) Application number: 2013031521 (71) Applicant: MSI DEFENSE SOLUTIONS, LLC
(22) Date of filing: 25.10.2011 125 OVERHILL DRIVE. SUITE 103,
' o VILE
(30) Priority: US 61/406,355 25.10.2010 MOORES , NC 28117 NC US
(72) Inventor: HOLDEN, DAVID, J. 19220 CALLWAY
HILLS LANE DAVIDSON, NC 28036 US
PETERSON, JEFF, L. 364 VIBURNUM
WAY COURT CHARLOTTE, NC 28008
us
RYAN, JEFFREY, S. 177 QUEENS COVE
ROAD MOORESVILLE, NC 28117 US
(54) Title:

A HYDRAULIC SUSPENSION SYSTEM FOR LOWERING
THE RIDE HEIGHT OF A VEHICLE

(57) Abstract:
A hydraulic system for lowering the ride height of a vehicle
includes at least one hydraulic shock mounted to the suspension
of the vehicle. Each of the hydraulic shocks has a floating
bearing in the hydraulic shock, and an inlet. The inlet is
hydraulically connected to a central manifold that is adapted
to move fluid into and out of the hydraulic shock for moving
the floating bearing in each of the hydraulic shocks. When the
floating bearing is moved in the hydraulic shock, the hydraulic
shock shortens thereby lowering the ride height of the vehicle.

This PDF First Page has been artificially created from the Singaporian Absiracts



wo 2012/0611277 A1 I 0K 00 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization /{2’—‘?’3\

2 o2 ]; ;
J

W

International Bureau Vi,
(43) International Publication Date \::}‘V; (10) International Publication Number
10 May 2012 (10.05.2012) PCT WO 2012/061127 Al
(51) International Patent Classification: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
F16F 9/00(2006.01) HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
. o KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(21) International Appllcatlon Number: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
PCT/US2011/057673 NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU,
(22) International Filing Date: RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
25 October 2011 (25.10.2011) TM, TN, TR, TT, TZ, UA, UG, UZ, VC, VN, ZA, ZM,
(25) Filing Language: English v

. (84) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of regional protection available): ARIPO (BW, GH,
(30) Priority Data: GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
61/406,335 25 October 2010 (25.10.2010) Us UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD,
RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
(71) Applicant: MSI DEFENSE SOLUTIONS, LLC DE, DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT,
[—/US]; 125 Overhill Drive. Suite 103, Mooresvile, NC LT, LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS,
28117 (US). SE, SL SK, SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM,

(72) Tnventors: HOLDEN, David, J.; 19220 Callway Hills GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).
Lane, Davidson, NC 28036 (US). PETERSON, Jeff, L.; Declarations under Rule 4.17:
364 Viburnum Way Court, Charlotte, NC 28008 (US).
RYAN, Jeftrey, S.; 177 Queens Cove Road, Mooresville,
NC 28117 (US).

(74) Agents: VANDE GARDE, Blake, E. et al.; Hammer &
Associates, P.c., 3125 Springbank Lane, Suite G, Char-

— as to applicant'’s entitlement to apply for and be granted
a patent (Rule 4.17(i1))

— as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

lotte, NC 28226 (US). Published:
(81) Designated States (unless otherwise indicated, for every ~—  With international search report (Art. 21(3))

kind of national protection available): AE, AG, AL, AM, — pefore the expiration of the time limit for amending the

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, claims and to be republished in the event of receipt of

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO, amendments (Rule 48.2(h))

(54) Title: A HYDRAULIC SUSPENSION SYSTEM FOR LOWERING THE RIDE HEIGHT OF A VEHICLE

| ooy
! RHLV1
14~ FkE&rT &= 48 STANDARD
SHOCK SIF%EK e RIDE HEIGHT
/" RES 50
10 —

PULL
2 58 DOWND‘ %8
Qb. ! / RES /

LOSE|

(e}
L

! SHOLK CLOSED

P p—

[ o L]

= 58\

=

[ Qb 10 \ 10

D= PULL
EoEND: L= ; D%I:/SNM &0
NORMALLY CLOSED
NmbesoRe LUl o ___
UNDIRECTIONAL PUMP @
HYDRAULICIPNEUMATIC
FLOATING PISTON AN
SHOCK PISTON ——— . NO PRESSURE
PULL DOWN PISTON — commmoomooceos: 300-1500 PS{
SPRING § Figure 1

(57) Abstract: A hydraulic system for lowering the ride height of a vehicle includes at least one hydraulic shock mounted to the
suspension of the vehicle. Each of the hydraulic shocks has a floating bearing in the hydraulic shock, and an inlet. The inlet is hy-
draulically connected to a central manifold that is adapted to move fluid into and out of the hydraulic shock for moving the float-
ing bearing in each of the hydraulic shocks. When the floating bearing is moved in the hydraulic shock, the hydraulic shock short-
ens thereby lowering the ride height of the vehicle.



WO 2012/061127 PCT/US2011/057673

A HYDRAULIC SUSPENSION SYSTEM FOR LOWERING
THE RIDE HEIGHT OF A VEHICLE

Cross-Reference to Related Applications

This application claims priority to U.S. Provisional Patent Application Ser. No.
61/406,355, filed October 25, 2010, which is incorporated herein by reference in its

entirety.

Field of Invention

The instant invention relates to hydraulic suspension systems for vehicles, and
more particularly, to a hydraulic suspension system for lowering the ride height of a

vehicle.

Background of the Invention

Hydraulic suspension systems with hydraulic shock absorbers or dampers are
known and commonly used on most vehicles. A shock absorber is a mechanical device
designed to smooth out or dampen shock impulses, and dissipate kinetic energy.
Shock absorbers, or merely called shocks, are also known as dampers and dashpots.
Pneumatic and hydraulic shock absorbers commonly take the form of a cylinder with a
sliding piston inside. The cylinder is filled with a liquid (such as hydraulic fluid) or air.
Shock absorbers may include cushions and/or springs. The shock absorber's function
in the suspension system of a vehicle is to absorb or dissipate energy acting on the

vehicle. While shock absorbers may also serve the purpose of limiting excessive
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suspension movement, their intended main purpose is to dampen spring oscillations.
Shock absorbers use valving of oil and gases to absorb excess energy from the springs.
Vehicles typically employ both hydraulic shock absorbers and coil springs or torsion
bars. In such a suspension system, "shock absorber" typically refers specifically to the

hydraulic piston that absorbs and dissipates (i.e. dampens) vibration.

One requirement with hydraulic suspension systems in vehicles is that they
require enough ride height, or ground clearance, to dampen or absorb the terrain being
traveled over. The ride height of the vehicle, or the ground clearance of the vehicle,
may be relatively small for smaller vehicles and vehicles intended to be driven on
smooth surfaces like roads. However, with larger vehicles, like trucks and sports utility
vehicles (i.e. SUVs), and vehicles that are designed to be driven off road and over
uneven terrain, like military vehicles, the ride height or ground clearance required by the

suspension system can be much larger.

One problem discovered in association with a large ride height or the required
ground clearance of the vehicle could be the transportation or shipment of the vehicles.
For example, if the vehicle needs to be shipped in a container, like the cargo unit of a
truck, train, boat, airplane or helicopter, the vehicle may not fit into the container
because the vehicle is too tall. As such, there is clearly a need to lower the ride height
of a vehicle in order to transport the vehicle in a container, like the cargo unit of a truck,
train, boat, airplane or helicopter. Another problem associated with a large ride height

or large ground clearance of a vehicle is it may not be ideal for traveling on smoother
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roads where higher speeds and cornering are desired. For example, multi-purpose
vehicles like trucks, SUVs, and even military vehicles come standard with large ride
heights or large ground clearances in order for the vehicles to maneuver over uneven
terrain or off-road purposes. However, these vehicles are also driven on smooth
surfaces like roads at high speeds where cornering may be required. In these situations
a lower ride height would be ideal but the vehicle's suspension must still function and
dampen the forces acting on the vehicle. As such, it is clear that there is a need for
such multi-purpose vehicles to have suspension systems that may be lowered while still

functioning to dampen forces acting on the vehicle at a lowered position.

One known solution to lowering the ride height of a vehicle for purposes like
transportation is to use mechanical struts to lock the vehicle at a lowered position. The
problem with this mechanically locked solution is that it does not allow for the vibrations
of the container to be dampened by the suspension system, or the hydraulic dampers,
as they are locked into place. Thus, the vibrations of the shipping container, whether it
be the vibrations of the truck, train, boat, plain or helicopter go directly into the vehicle
which has been discovered to cause damage to the vehicle being shipped. In addition,
these mechanical struts clearly would not work for lowering the ride height of the multi-
purpose vehicles described previously. Other problems with these mechanical struts
that lock the vehicle down is that they are difficult to install and take time and power to
lower the vehicle. This may not be ideal for some situations, like military transportation,

where time and efficiency are of the essence. As such, there is clearly a need to
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provide a system for lowering the ride height of a vehicle that still provides damping

forces to the vehicle while it is lowered and is quick and easy to operate.

The instant invention is designed to address at least some of the above

mentioned problems.

Summary of the Invention

The instant invention is a hydraulic suspension system for lowering the ride
height of a vehicle. The hydraulic suspension system includes at least one hydraulic
shock mounted to the suspension of the vehicle. Each of the hydraulic shocks has a
floating bearing in the hydraulic shock, and an inlet. The inlet is hydraulically connected
to a central manifold that is adapted to move fluid into the hydraulic shock for moving
the floating bearing in the hydraulic shock. When the floating bearing is moved in the
hydraulic shock, the hydraulic shock shortens thereby lowering the ride height of the

vehicle.

Brief Description of the Drawings

For the purpose of illustrating the invention, there is shown in the drawings a
form that is presently preferred; it being understood, however, that this invention is not

limited to the precise arrangements and instrumentalities shown.
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Figure 1 illustrates a schematic representation of one embodiment of the
hydraulic system for controlling the ride height of a vehicle according to the instant

invention at standard ride height.

Figure 2 illustrates a schematic representation of the hydraulic system for
controlling the ride height of a vehicle shown in Figure 1 with the ride height pulling

down or being lowered.

Figure 3 illustrates a schematic representation of the hydraulic system for
controlling the ride height of a vehicle shown in Figure 1 with the ride height pulled down

or in the lowered position.

Figure 4 illustrates a schematic representation of the hydraulic system for
controlling the ride height of a vehicle shown in Figure 1 with the ride height returning to

standard height or being raised.

Figure 5 illustrates a schematic representation of another embodiment of the
hydraulic system for controlling the ride height of a vehicle according to the instant

invention at standard ride height.

Figure 6 illustrates a schematic representation of the hydraulic system for
controlling the ride height of a vehicle shown in Figure 5 with the ride height pulling

down or being lowered.
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Figure 7 illustrates a schematic representation of the hydraulic system for
controlling the ride height of a vehicle shown in Figure 5 with the ride height pulled down

or in the lowered position.

Figure 8 illustrates a schematic representation of the hydraulic system for
controlling the ride height of a vehicle shown in Figure 5 with the ride height returning to

standard height or being raised.

Figure 9 shows a perspective view of one embodiment of the hydraulic shock for
the hydraulic suspension system for lowering the ride height of a vehicle according to

the instant invention.

Figure 10 shows a cross-sectional view of the hydraulic shock shown in Figure 9
fully extended with the floating in a normal position or at the bottom of the rebound

chamber.

Figure 11 shows a cross-sectional view of the hydraulic shock shown in Figure 9
fully compressed with the floating bearing in the normal position or at the bottom of the

rebound chamber.
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Figure 12 shows a cross-sectional view of the hydraulic shock shown in Figure 9
fully extended with the floating bearing in the raised position or near the top of the

rebound chamber.

Figure 13 shows a cross-sectional view of the hydraulic shock shown in Figure 9
fully compressed with the floating bearing in the raised position or near the top of the

rebound chamber.

Figure 14 shows a perspective view of one embodiment of the central manifold

and hydraulic fittings for the hydraulic system for lowering the ride height of a vehicle

according to the instant invention.

Figure 15 shows a cross-sectional view of the central manifold shown in Figure

14.

Figure 16 shows a perspective view of one embodiment of the floating bearing

according to the instant invention.

Detailed Description of the Invention

Referring to the drawings, wherein like numerals indicate like elements, there is
shown in Figures 1-15 an embodiment of a hydraulic system 10 for lowering the ride
height of a vehicle. Hydraulic system 10 (may be referred to hereinafter as merely

system 10) may be installed on a vehicle 12 to provide a vehicle with the capability of
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lowering its ride height and still providing at least some damping forces while in the
lowered position. Hydraulic suspension system 10 for lowering the ride of a vehicle may
be for allowing the remote lowering of a vehicle for purposes of transport or shipment,
like in cases of when the vehicle is too tall to fit in a vehicle for transport (such as a
helicopter) or when a vehicle needs to ride at a reduced ride height for performance
reasons (such as multi-purpose vehicles like trucks, sports utility vehicles, or military
vehicles). The hydraulic suspension system 10 may allow the user, or a mechanic or
other capable person, to lower the ride height of the vehicle by activating the central
manifold of the system. Hydraulic suspension system 10 may generally include at least
one hydraulic shock 14 with a floating bearing 16, and a central manifold 20. See

Figures 1-15. These parts and their intended functions will be described in detail below.

Hydraulic shock 14 may be included in hydraulic suspension system 10 for
lowering the ride height of a vehicle. See Figures 1-13. Hydraulic shock 14 may be
mounted to the suspension of a vehicle 12. Hydraulic shock 14 may be mounted to the
suspension of vehicle 12 by any means, including but not limited to, mounting hydraulic
shock 14 similar to standard hydraulic shocks or dampers. System 10 may include any
number of hydraulic shocks, but typically may include one hydraulic shock 14 for each
corner or wheel position of the vehicle. Thus, for example, on a typical four wheel
automobile, system 10 may include four hydraulic shocks 14 on each wheel or corner of
the automobile. However, the invention is not so limited and may include any number of
hydraulic shocks 14 on any combination of corners or wheels. Hydraulic shock 14 may

be adapted for lowering the ride height of the vehicle. Hydraulic shock 14 may also be
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for providing damping forces to vehicle 12 while in a lowered position. Hydraulic shock
14 may be a modified standard shock, including a modified standard passive, active or
semi-active shock. Hydraulic shock 14 may be a modified standard shock that is

modified to include floating bearing 16 and an inlet 18.

Floating bearing 16 may be included in each of hydraulic shocks 14. See
Figures 10-13 and 15. Floating bearing 16 may be for moving inside hydraulic shock 14
to shorten the length 15 of hydraulic shock 14. Floating bearing 16 may be any sized or
shaped device capable of moving inside hydraulic shock 14 to shorten the length and/or
travel distance of hydraulic shock 14. In operation, when floating bearing 16 may be
moved in the hydraulic shock 14, the floating bearing 16 may shorten the length 15 and,
thus, travel distance of hydraulic shock 14. This operation or movement of floating
bearing 16 in hydraulic shock 14 may thereby lower the ride height of vehicle 12.
Floating bearing 16 may be mounted on a piston rod 22 in hydraulic shock 14, where
floating bearing 16 may be able to move longitudinally along piston rod 22. Floating
bearing 16 may have a first fluid tight seal 24 between an outer wall 26 of floating
bearing 16 and an inside wall 28 of hydraulic shock 14. Floating bearing 16 may also
have a second fluid tight seal 30 between an inner wall 32 of floating bearing 16 and an
outside wall 34 of piston rod 22. The combination of first fluid tight seal 24 and second
fluid tight seal 30 may allow for floating bearing 16 to be moved longitudinally along
piston rod 22 by supplying fluid pressure on one side or the other of the floating bearing
16. In one embodiment, floating bearing 16 may have a donut shaped cross-section 36

(see Figure 16). This donut shaped cross-section may be adapted for allowing first fluid
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tight seal 24 to the inside wall 28 of shock 14 and second fluid tight seal 30 to the

outside wall 34 of piston rod 22.

In one embodiment, as shown in Figures 10-13, the floating bearing 16 may be
positioned in the rebound chamber 38 of hydraulic shock 14 and the inlet 18 may be
positioned approximate to the bottom 40 of rebound chamber 38. In this embodiment,
when the fluid may be moved from the central manifold 20 through inlet 18 to the
rebound chamber 38, the floating bearing 16 may be raised in the rebound chamber 38.
This motion of raising floating bearing 16 may reduce the combined size of rebound
chamber 38 and compression chamber 44, thereby shortening the length 15 and/or
travel distance of hydraulic shock 14. However, the invention is not so limited, and the

shock may be designed in other various configurations.

Central manifold 20 may be included with hydraulic system 10 for lowering the
ride height of a vehicle. See Figures 1-8 and 14-15. Central manifold 20 may be for
pumping hydraulic fluid to hydraulic shock 14 for moving floating bearing 16 thereby
shortening the length 15 and travel distance of shock 14. For example, as shown in the
Figures, central manifold 20 may pump hydraulic fluid at a certain pressure to inlet 18 at
the bottom 40 of rebound chamber 38, whereby, floating bearing 16 may raise in
rebound chamber 38. Central manifold 20 may be adapted to pump fluid into each of
the hydraulic shocks 14 of vehicle 12. Central manifold 20 may be any device capable
of pumping hydraulic fluid to hydraulic shock 14. In one embodiment, central manifold

20 may include a fluid accumulator 50, a pump 52 including a power supply 54, and a

- 10 -



WO 2012/061127 PCT/US2011/057673

hydraulic connection 56 and fluid line 58 for each hydraulic shock. . In this embodiment,
the pump 52 being powered by power supply 54 and connected to pump inlet 57 (as
shown in Figures 14-15), may pump hydraulic fluid from fluid accumulator 50 through
each hydraulic connection 56 through each fluid line 58 and into each hydraulic shock
14. Valve 59 may be included to adjust or control the fluid flowing through hydraulic
connections 56 from pump assembly 52, 54. This movement or pumping of fluid from
fluid accumulator 50 into hydraulic shock 14 may be adapted for lowering the ride height
of the vehicle. In one embodiment, the central manifold 20 may have thermal
expansion means 60. Thermal expansion means 60 may be adapted to adjust for
thermal expansion of the hydraulic fluid. In one embodiment, thermal expansion means
60 may be a floating piston 61. System 10 may include a single central manifold 20 for
controlling all hydraulic shocks 14 of the vehicle or it may include multiple central
manifolds 20 for controlling one or more hydraulic shocks 14. For example, one central
manifold 20 may be included in system 10 for controlling the front hydraulic shocks 14
and a second central manifold 20 may be included to control the rear hydraulic shocks

14.

A fluid reservoir 48 may be included with each of the hydraulic shocks 14 in
system 10 for lowering the ride height of a vehicle. See Figures 1-8. Fluid reservoirs 48
may be for taking up fluid when the length 15 and travel distance of hydraulic shocks 14
are shortened to lower the ride height of the vehicle. Thus, each fluid reservoir 48 may

be adapted to take up hydraulic fluid from the hydraulic shocks 14 when the ride height

- 11 -
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of the vehicle 12 is lowered. Fluid reservoirs 48 may be any type of reservoir for taking

up fluid from hydraulic shocks 14, including any standard fluid accumulator or reservoir.

In operation, the central manifold 20 may be connected to each of the hydraulic
shock absorbers 14 of vehicle 12. When no power is supplied by the hydraulic power
supply 54, no hydraulic fluid is pumped into the shock absorbers 14 from the central
manifold 20. In the embodiment shown in the Figures, this allows the floating bearing
16 to remain rested at the bottom 40 of the rebound chamber 38 of the shock absorber
14, where the shock absorber 14 functions normally with standard compression and
rebound strokes (see Figures 10 and 11). Figure 10 shows the shock absorber 14 with
the floating bearing 16 resting at the bottom 40 of the rebound chamber 38 and the
shock absorber fully extended, i.e. the piston 17 is near the bottom of the rebound
chamber on top of floating bearing 16. Figure 11 shows the shock absorber 14 with the
floating bearing 16 resting at the bottom 40 of the rebound chamber 38 with the shock
absorber fully compressed, i.e. the piston 17 is near the top 46 of the compression

chamber 44.

When power is supplied by the hydraulic power supply 54, hydraulic fluid is
pumped into each of the shock absorbers 14 from the central manifold 20. This fluid
enters below the floating bearing 16 and forces the bearing to move from the bottom 40
of the rebound chamber 38. This forces the shock absorbers 14 to compress, which
shortens the length of the shock absorbers, and thus, lowers the ride height of the

vehicle (see Figures 12 and 13). Figure 12 shows the shock absorber 14 with the

- 12 -
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floating bearing 16 raised from the bottom 40 of the rebound chamber 38 and the shock
absorber fully extended, i.e. the piston 17 is on top of floating bearing 16. Figure 13
shows the shock absorber 14 with the floating bearing 16 raised from the bottom 40 of
the rebound chamber 38 with the shock absorber fully compressed, i.e. the piston 17 is
near the top 46 of the compression chamber 44.  These Figures show that the shock
absorber still functions normally; but the compression and rebound strokes have been
shortened, i.e., the travel distance of each shock absorber 14 has been shortened.
Thus, even when the ride height is lowered with hydraulic system 10, the dampers 14
still remain active and provide damping to bumps or jarring impacts while maintaining a

lower ride height for the vehicle.

Referring to Figures 1-4, an embodiment of hydraulic system 10 for lowering the
ride height of vehicle 12 is shown. In this embodiment, a central manifold 20 with a fluid
accumulator 50 (pull down res) is included for left and right front shocks 14 and a
second central manifold 20 is included with a second fluid accumulator 50 (pull down
reservoir) for the left and right rear shocks 14. As shown in Figure 1, when the vehicle
12 is riding at standard right hide, no pressure is supplied to fluid lines 58 via the central
manifolds 20. At standard right hide, valves are closed to pull down cart reservoir (pull
down reservoirs, or fluid accumulators 50), and each of the floating bearings 16 rest at
the bottom 40 of their respective rebound chamber 38 where each hydraulic shock 14
acts as a standard hydraulic shock. When the vehicle 12 is being lowered, as shown in
Figure 2, valves are opened from pull down cart reservoir to the hydraulic shocks 14

and fluid from the pull down cart reservoir is pumped via pump 52 and power supply 54

- 13 -
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through each fluid line 58 (for example, 3000-4000 psi) into the inlet 18 of each
hydraulic shock 14. As each hydraulic shock is shortened, fluid is moved from each
hydraulic shock 14 into its respective fluid reservoir 48 (for example 1100-1700 psi). As
shown in Figure‘3, once the vehicle reaches the desired lowered ride height, the valves
59 from pump assembly 52,54 may be closed, where the system 10 operates, i.e.,
provides damping forces, at a lowered ride height. When the vehicle 12 needs to be
raised, as shown in Figure 4, the valves 59 to pump assembly 52,54 may then be
opened and fluid may freely flow (i.e., flow to 0 psi) from inlet 18 of each shock 14 and
pull down reservoir 50 back into pull down cart reservoir. Fluid may also flow back into
hydraulic shocks 14 from their respective fluid reservoirs 48. This action may cause the
floating bearings to fall back to the bottom 40 of rebound chamber 38 where the vehicle

may return to a standard ride height.

Referring to Figures 5-8, another embodiment of hydraulic system 10 for lowering
the ride height of vehicle 12 is shown. In this embodiment, a central manifold 20 with
two fluid accumulators 50 (pull down reservoirs) is included for each left and right front
shocks (this could be double for each of the left and right rear shocks). In this
embodiment the fluid reservoirs 48 of each shock 14 are fluidly connected to their
respective fluid accumulator 50. As shown in Figure 5, when the vehicle 12 is riding at
standard right hide, no pressure is supplied to fluid lines 58 via the central manifold 20.
The left and right pull down reservoirs 50 in Fig 5-8 have two chambers. When there is
flow, for instance to lower the vehicle, there is fluid flowing into these reservoir from the

compression chamber of each respective shock, and there is fluid flowing out through

- 14 -
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the pump and into the chamber below the floating bearings on each shock. At standard
right hide, valves on both sides of the fluid accumulators 50 are closed, and each of the
floating bearings 16 rest at the bottom 40 of their respective rebound chamber 38 where
each hydraulic shock 14 acts as a standard hydraulic shock. When the vehicle 12 is
being lowered, as shown in Figure 6, valves are opened on each side of fluid
accumulators 50 to the hydraulic shocks 14 and fluid from each fluid accumulator 50 is
pumped via pump 52 and power supply 54 through each fluid line 58 (for example,
2500-4000 psi) into the inlet 18 of each hydraulic shock 14. As each hydraulic shock is
shortened, fluid is moved from each hydraulic shock 14 into its respective fluid reservoir
50. Atthe same time, because the fluid reservoirs are connected to the fluid
accumulators 50, the valves can be opened where the system moves to no pressure in
the fluid reservoirs 48 (This would specifically refer to the fluid side. The air side will still
have pressure and the floating piston will be bottomed out.). As shown in Figure 7,
once the vehicle reaches the desired lowered ride height, the valves on both sides of
fluid accumulators 50 may be closed, where the system 10 operates, i.e., provides
damping forces, at a lowered ride height. When the vehicle 12 needs to be raised, as
shown in Figure 8, the valves on both sides of fluid accumulators 50 may then be
opened and fluid may be pumped back from inlet 18 of each shock 14 back into fluid
accumulators 50. Fluid may also flow back into hydraulic shocks 14 from their
respective fluid reservoirs 48 via fluid accumulator 50 (i.e. at 600-3000 psi). This action
may cause fluid pressure in each shock 14 to increase thereby forcing the floating
bearings to fall back to the bottom 40 of rebound chamber 38 where the vehicle may

return to a standard ride height.

- 15 -
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Figures 1-8 show various pressures and flow rates for the hydraulic system 10.
These pressures and flow rates of system 10 are merely examples and are not meant to
be limiting. The pressures and flow rates shown in Figures 1-8 may be, but are not
limited to, pressures and flow rates for light trucks (i.e. trucks between 10,000-20,000
Ibs). However, the pressures and flow rates used in hydraulic system 10 may vary
depending on many parameters of the vehicle and system 10, including, but not limited
to, the size and weight of the vehicle, the size of the shocks, the spring rates, the
valves, the motion rates, the pull down times, the electrical power to pull down, the
suspension spring rates, etc. Consequently, hydraulic system 10 may be designed to
operate on a variety of different sized and shaped vehicles with a combination of

different sized shocks and valves.

A method for lowering the ride height of a vehicle may be provided by utilizing the
hydraulic system 10. The method may include any steps for utilizing system 10 for
lowering the ride height of the vehicle. In one embodiment, the method for lowering the
ride height of a vehicle may include the steps of: providing at least one hydraulic shock
14 as described above; mounting each of the hydraulic shocks 14 to the suspension of
the vehicle; connecting a central manifold 20, as described above, to the inlet of each of
the hydraulic shocks 14; and lowering the ride height of the vehicle by moving fluid from
the central manifold 20 into each of the hydraulic shocks thereby moving the floating
bearing 16 in each of the hydraulic shocks. In one embodiment of the method of

lowering the ride height of the vehicle, the vehicle may be an automobile having four

- 16 -
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wheels, wherein the step of mounting each of the hydraulic shocks 14 to the suspension
of the vehicle may include mounting four hydraulic shocks 14 to each of the wheels of

the automobile.

Hydraulic system 10 for lowering the ride height of a vehicles, as shown and
described above, provides many advantages over the prior art. System 10 can be
installed on new vehicles or easily retrofitted to any existing vehicle. System 10 can
also be configured in such a way that the hydraulic system is common to the whole
vehicle. For example, if the vehicle has 4 wheels, not in a line, then the single hydraulic
system can be used to lower the ride height of the 4-wheels and suspension corner
modules. Electronic controllers, pressure regulating valves, and other considerations
make the task of accomplishing this task very easy. Adequate provision (i.e. the
thermal expansion means 60) may be provided within the accumulator 50 of the central
manifold 20 for thermal expansion of the working hydraulic fluid. System 10 may enable
a vehicle which is too tall to be transported in a vehicle or container to be able to fit
inside or under the constraint, reducing the packaging and shipping concerns for the
operator of the shipment. Hydraulic system 10 may function just like a shock absorber
during normal operation. Only when system 10 has hydraulic power applied to it by
central manifold 20 does the ride height lowering feature become engaged. The system
may allow an operator to lower the ride height of the vehicle for purposes of transport,
for purposes of functional driving, or for other reasons. System 10 may be capable of
lowering a vehicle for transport to allow it to fit in an existing vehicle compartment,

container, shipping hold, or other shipping location, thereby saving money by reducing
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or eliminating the need to purchase newer or modified shipping vessels, containers, or

other shipping means.

As examples, system 10 may be utilized where the vehicle may need to be
lowered to fit under an access door, to fit inside of a shipping container or vehicle, or to
traverse beneath any other obstacle. However, the invention is not so limited and
system 10 may be utilized for other purposes. The system 10 may enable the vehicle
12 to be lowered in a short period of time, while ensuring a minimum of functionality of
the suspension for purposes of loading and unloading. The use of system 10 may allow
for vehicle 12 to be lowered while not being locked with mechanical struts when
lowered. As a result, system 10 has some compliance or damping in the suspension
when lowered, which improves the transportability of the vehicle because the vehicle is

not subjected to harsh bumps or jarring impacts during transport.

As another example, system 10 may be utilized for multi-purpose vehicles like
personal trucks, sports utility vehicles or military vehicles that come standard with large
ride heights but are also intended to be driven on roads. This feature of system 10 may
be useful for vehicles that have to perform in a wide range of terrain. System 10 may
enable the multi-purpose vehicle to operate at standard ride height when desired and
then be lowered in a short period of time for smoother roads that are traveled at higher
speeds. System 10 may lower the ride height of such multi-purpose vehicles while

maintaining at least some damping forces.
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As yet another example, system 10 may be used in conjunction with a hydraulic
anti-roll system as shown and described in U.S. Patent Application No. 12/862,866.
System 10 may be used in conjunction with the hydraulic anti-roll system for many
purposes, including, but not limited to locking a military vehicle into certain positions and
heights for firing weapons. In this example, system 10 may be engaged on one or
more wheels of a vehicle to adjust the angle and/or height of the vehicle. In
conjunction, the hydraulic anti-roll system of U.S. Patent Application No. 12/862,866
may provide anti-roll damping forces to the vehicle, thus allowing the vehicle to be

positioned at different heights and angles safely.

As yet another example, system 10 may be utilized to stabilize the position of a
vehicle on a grade, a side, or a slope. In this example, when a vehicle is positioned or
traveling on a grade, a side, or a slope, system 10 may be powered on one or more
wheels of the vehicle in order to aid in leveling out the vehicle. This utilization of
system 10 may allow a vehicle to be locked into a certain angle or position for safer

traveling or positioning on a grade, a side, or a slope.

The present invention may be embodied in other forms without departing from
the spirit and the essential attributes thereof, and, accordingly, reference should be
made to the appended claims, rather than to the foregoing specification, as indicated in

the scope of the invention.
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CLAIMS:
1. A hydraulic suspension system for lowering the ride height of a vehicle
comprising:
at least one hydraulic shock mounted to the suspension of the
vehicle;

each of said hydraulic shocks including:
a floating bearing in said hydraulic shock; and
an inlet hydraulically connected to a central manifold;

said central manifold being adapted to pump fluid into each of said

hydraulic shocks for moving said floating bearing in each of the hydraulic shocks;

wherein, when said floating bearing being moved in said hydraulic
shock, said floating bearing shortening said hydraulic shock thereby lowering the ride

height of the vehicle.

2. The hydraulic suspension system for lowering the ride height of a vehicle
of claim 1 wherein said floating bearing being mounted on a piston rod in said hydraulic
shock, where said floating bearing being able to move longitudinally along said piston

rod.

3. The hydraulic suspension system for lowering the ride height of a vehicle
of claim 1 where said floating bearing having a first fluid tight seal between an outer wall

of said floating bearing and an inside wall of said hydraulic shock and having a second
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fluid tight seal between an inner wall of said floating bearing and an outside wali of said

piston rod.

4, The hydraulic suspension system for lowering the ride height of a vehicle

of claim 1 wherein said floating bearing having a donut shaped cross-section.

5. The hydraulic suspension system for lowering the ride height of a vehicle
of claim 1 where said floating bearing being positioned in the rebound chamber of said

hydraulic shock.

6. The hydraulic suspension system for lowering the ride height of a vehicle
of claim 5 wherein said inlet being positioned approximate to the bottom of said rebound
chamber, whereby when fluid being moved from said central manifold to said rebound

‘chamber said floating bearing being raised in said rebound chamber, thereby shortening

the length of said hydraulic shock.

7. The hydraulic suspension system for lowering the ride height of a vehicle
of claim 1 wherein, when said floating bearing being moved and said hydraulic shock
being shortened, fluid may be removed from said hydraulic shock through said inlet and

back into said central manifold thereby lengthening said hydraulic shock.
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8. The hydraulic suspension system for lowering the ride height of a vehicle
of claim 1 further comprising a fluid reservoir for each of said hydraulic shocks, each of
said fluid reservoirs adapted to take up hydraulic fluid from said hydraulic shocks when

the ride height of said vehicle being lowered.

9. The hydraullic suspension system for lowering the ride height of a vehicle

of claim 1 wherein said central manifold comprising:
a fluid accumulator;
a pump including a power supply; and
a hydraulic connection and fluid line for each hydraulic shock;

wherein, said pump being adapted to pump fluid from said fluid
accumulator through each of said hydraulic connections and fluid lines for lowering the

ride height of the vehicle.

10.  The hydraulic suspension system for lowering the ride height of a vehicle
of claim 9 wherein said central manifold having thermal expansion means being

adapted to adjust for thermal expansion of said fluid.

11.  The hydraulic suspension system for lowering the ride height of a vehicle
of claim 1 wherein said vehicle being an automobile with four wheels, where said

system including four hydraulic shocks attached to each wheel.
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12. A hydraulic shock for a suspension system for lowering the ride height of a

vehicle comprising:
a floating bearing in said hydraulic shock; and

an inlet being adapted to move fluid into said hydraulic shock for moving

said floating bearing;

wherein, when said floating bearing being moved in said hydraulic shock,

said floating bearing shortening said hydraulic.

13.  The hydraulic shock for a suspension system for lowering the ride height
of a vehicle of claim 12 wherein said floating bearing being mounted on a piston rod in
said hydraulic shock, where said floating bearing being able to move longitudinally

along said piston rod.

14.  The hydraulic shock for a suspension system for lowering the ride height
of a vehicle of claim 12 where said floating bearing having a first fluid tight seal between
an outside wall of said floating bearing and an inside wall of said rebound chamber and
having a second fluid tight seal between an inside wall of said floating bearing and an

outside wall of said piston rod.

15.  The hydraulic shock for a suspension system for lowering the ride height
of a vehicle of claim 12 wherein said floating bearing having a donut shaped cross-

section.
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16.  The hydraulic shock for a suspension system for lowering the ride height
of a vehicle of claim 12 where said floating bearing being positioned in the rebound

chamber of said hydraulic shock.

17. The hydraulic shock for a suspension system for lowering the ride height
of a vehicle of claim 16 wherein said inlet being positioned approximate to the bottom of
said rebound chamber, whereby when fluid being moved through said inlet into said
rebound chamber, said floating bearing being raised in said rebound chamber thereby

shortening the length of said hydraulic shock.

18.  The hydraulic shock for a suspension system for lowering the ride height
of a vehicle of claim 12 wherein when said floating bearing being moved and said
hydraulic shock being shortened, fluid may be removed from said hydraulic shock

through said inlet thereby lengthening said hydraulic shock.

19. A method for lowering the ride height of a vehicle comprising the steps of:

providing at least one hydraulic shock, where each of said hydraulic

shocks including:
a floating bearing in said hydraulic shock; and
an inlet;

mounting each of said hydraulic shocks to the suspension of the vehicle;
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connecting a central manifold to the inlet of each of said hydraulic shocks;

lowering the ride height of the vehicle by moving fluid from said central
manifold into each of said hydraulic shocks thereby moving said floating bearing in each

of the hydraulic shocks.

20. The method for lowering the ride height of a vehicle of claim 19 wherein
said vehicle being an automobile having four wheels, wherein said step of mounting
each of said hydraulic shocks to the suspension of the vehicle including mounting four

hydraulic shocks to each of the wheels of said automobile.
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