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(57) Abstract: To help hold a trailer bed (16) of a
truck (12) steady at a loading dock (14) as the truck
is being loaded or unloaded of its cargo, a yieldable
vehicle brace (200) exerts a substantial, but limited,
reactive force upward against the trailer’s rear im-
pact guard to resist the trailer’s downward move-
ment. In some embodiments, the brace holds the
trailer bed stationary up to a certain load limit and
provides the trailer bed with a controlled or damp-
ened descent when the load exceeds that limit. In
some cases, the reactive upward force (32) exerted
by the brace increases with the downward veloc-
ity of the trailer bed (16) . The reactive force can
be created by one or more pressure relief valves,
hydraulic fluid passing through a flow restriction,
a brake, a spring, or various combinations thereof
. Some embodiments of the brace include provi-
sions for accommodating horizontal movement of
the rear impact guard.



WO 2006/091900 PCT/US2006/006753

YIELDABLE BRACE FOR A VEHICLE AT A LOADING DOCK

Related Application

This application is a continuation-in-part of U.S. application no. 10/743,577, filed

December 22, 2003, the entire disclosure of which is incorporated herein by reference.

Backeground of the Invention

Field of the Invention

The subject invention generally pertains to service equipment at a vehicle loading
dock and more specifically to a yieldable brace that helps restrain the vehicle’s vertical

movement as the vehicle is being loaded or unloaded of its freight.

Description of Related Art

A typical truck loading dock of a building includes an exterior doorway with an
elevated platform for loading and unloading vehicles such as trucks and trailers. Many
loading docks have a dock leveler to compensate for height differences between the
loading dock platform and an adjacent bed of the truck or trailer. A typical dock leveler
includes a deck, also known as a ramp or dockboard, which is pivotally hinged along its
back edge to vary the height of its front edge. An extension plate, or lip, extends outward
from the deck’s front edge to span the gap between the rear of the trailer bed and the front
edge of the deck. Extending from the deck’s front edge, the lip rests upon the truck bed
to form a bridge between the deck and the bed. This allows personnel and material
handling equipment, such as a forklift truck, to readily move on and off the vehicle during
loading and unloading operations.

When a forklift drives over the dock leveler and onto the trailer bed, the weight of
the forklift and the cargo it may be carrying can add a significant load to the truck bed.
Likewise, when the forklift exits the truck bed, weight is removed from the trailer. Thus,
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Ehéfload eatred by ths alletichianges repeatedly during the loading/unloading process.

The trailer’s suspension may respond to these load changes by allowing the trailer to raise
and lower accordingly.

Unfortunately, the resulting vertical movement of the trailer can create some
problems. For instance, the rear or side edges of the trailer usually engage some type of
dock seal that is mounted at a generally fixed location along the doorway of the dock, so
vertical movement of the trailer can wear out the seal. Also, a forklift suddenly
descending upon entering the trailer can be disconcerting to the driver of the forklift. The
problem becomes worse when the trailer has an air suspension system.

With air suspension, air-pressurized bladders support the weight of the trailer and
its cargo. Air suspension systems typically include an air compressor, a holding tank, and
various control valves that cooperate to add or release a controlled amount of air from the
bladders to help maintain the trailer at a certain height. So, when a forklift enters the
trailer, pressurized air is forced into the bladders to compensate for the forklift’s added
weight. Due to the suspension system’s delayed response time, however, the trailer may
initially sink when the forklift first enters and later rise back up toward its intended height
before the forklift departs. Then, when the forklift leaves and removes its weight from
the trailer, the recently added air in the bladders lifts the trailer above its designed height.
The system compensates for the overshoot by then releasing some air from the bladders
until the trailer settles back down to its original height. This down/up cycle of the trailer
repeats itself with every load the forklift takes on or off the trailer. Compared to other
suspension systems, air suspensions usually provide much greater vertical movement.
And due to the mechanical linkage of typical air suspension systems, the vertical
movement of the trailer is usually accompanied by a generally equal amount of horizontal
movement as well.

To eliminate the repeated movement of the trailer, an air suspension system may
simply dump or completely exhaust the air from the bladders before the loading or
unloading process begins. This causes the trailer to descend until the suspension system
bottoms out, whereby the suspension becomes inactive, and the trailer remains at its

bottomed out position while the trailer is loaded or unloaded of its cargo. Although this
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'mdy-edrtestithiprobleinssctiated with movement of the trailer during loading and
unloading, the low position of the trailer bed can create another problem. For the dock
leveler to reach such an extremely low trailer bed, the deck may need to be set at such a
steep incline that it may be difficult for the forklift to travel across the deck.

Some loading docks may be provided with a vehicle restraint that helps prevent a
truck or trailer from accidentally pulling away from the dock. Such vehicle restraints
usually include a hook or barrier that reaches up in front of the vehicle’s RIG (rear impact
guard) or ICC bar. Examples'of such vehicle restraints are disclosed in U. S. Patents
6,488,464 and 6,431,819. Instead of inhibiting vertical movement of the vehicle during
its loading or unloading, these patented vehicle restraints do just the opposite, they
accommodate or allow the vehicle the freedom to move vertically. The ‘819 patent, for
instance, discloses a spring that compresses with any downward force that an ICC bar
may exert. Similarly, the vehicle restraint of the ‘464 patent inchudes a pressure relief
valve that can be set to hold the weight of the restraint itself, but the relief valve is not
meant to inhibit the downward movement of the vehicle.

Conceivably a solid, immovable support structure, such as a hydraulic jack, could
be placed undemeath the ICC bar to completely eliminate any vertical movement of the
vehicle or actually lift the vehicle; however, such a support structure could result in an
excessive upward reactive force being applied to the ICC bar and the underside of the
trailer bed to which the bar is attached. More speciﬁcﬁlly, if the trailer bed were held
stationary, any added weight of cargo or the weight of a forklift entering the trailer would
be transmitted through the ICC bar and to the frame, neither of which may not be
designed to carry such loads. Thus, holding the trailer bed completely immovable could
damage the ICC bar or other parts of the trailer.

Since holding a trailer bed completely stationary can damage the vehicle, and
since allowing a trailer bed complete freedom of movement (as taught in the ‘464 and
‘819 patents) does not address the problems that such movement causes, there is a need
for a method or apparatus that alleviates the problems created by a vehicle moving in

response to being loaded or unloaded of its cargo.
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Summary of the Invention

In some embodiments, a vehicle brace opposes the vertical movement of a vehicle
at a loading dock.

In some embodiments, a vehicle brace substantially prevents downward
movement of a vehicle for up to a certain downward force exerted by the vehicle.

In some embodiments, a vehicle brace substantially prevents downward
movement of a vehicle for up to 2 maximum allowable downward force exerted by the
vehicle and permits a controlled downward movement of the vehicle when the vehicle
exerts a downward force that exceeds the maximum allowable force.

In some embodiments, a vehicle brace exerts an upward reactive force against a
vehicle, wherein the upward reactive force increases with the downward velocity of the
vehicle.

In some embodiments, a vehicle brace exerts an upward reactive force against a
vehicle, wherein the reactive force’s vertical component is greater than its horizontal
component.

In some embodiments, a vehicle brace includes a pressure relief valve that enables
the vehicle brace to prevent downward movement of a vehicle for up to a certain
downward force exerted by the vehicle.

In some embodiments, a vehicle brace includes a pressure relief valve that enables
the vehicle brace to prevent downward movement of a vehicle for up to a maximum
allowable downward force exerted by the vehicle and to permit a controlled downward
movement of the vehicle when the vehicle exerts a downward force that exceeds the
maximum allowable.

In some embodiments, a vehicle brace includes a flow restrictor that enables the
vehicle brace to exert an upward reactive force against a vehicle, wherein the reactive
force increases with the downward velocity of the vehicle.

In some embodiments, a vehicle brace includes a flow restrictor and a bypass

valve that enable the vehicle brace to move more freely upward than downward.
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w ‘I some-erhb8dithénts) a vehicle brace is responsive to a sensor that determines

whether a forklift or other body is about to enter the vehicle.

In some embodiments, a vehicle brace includes a brake that enables the vehicle
brace to opposes the vertical movement of a vehicle at a loading dock.

In some embodiments, a vehicle brace includes a spring that enables the vehicle
brace to opposes the vertical movement of a vehicle at a loading dock.

In some embodiments, a vehicle brace engages a vehicles rear impact guard to
oppose the vertical movement of the vehicle at a loading dock.

In some embodiments, a vehicle brace for exerting an upward reactive force
against a vehicle is combined with a vehicle restraint that helps prevent the vehicle from
accidentally pulling away from a loading dock.

In some embodiments, a vehicle brace includes a release mechanism that enables
the brace to react quickly in response to a sudden upward movement of a vehicle’s rear
edge. In some cases, the quick reactive movement of the brace is made possible by
allowing the brace to move without necessarily having to displace hydraulic fluid, which
could otherwise dampen or slow the brace’s movement.

In some embodiments, the release mechanism includes a sliding connection
between a hydraulic cylinder and the brace’s support member.

In some embodiments, a vehicle brace includes a release mechanism that enables
the brace’s support member to descend quickly as a vehicle backing into the dock rapidly
forces the support member down from a raised, stored position to a preparatory position.
In some cases, the quick downward movement of the support member is accomplished by
allowing the brace to descend without necessarily having to displace hydraulic fluid that
could otherwise dampen or slow the brace’s descent.

In some embodiments, a vehicle brace comprises a support member and a vehicle-
restraining member, wherein the support member helps restrain vertical movement of the
vehicle’s ICC bar, and the vehicle-restraining member helps limit the forward movement
of the vehicle. In some cases, both the support member and the vehicle-restraining

member are locked in a vehicle-restraining position to help prevent someone from



WO 2006/091900 X PCT/US2006/006753
Stealthythe vehiéle'or-its-tratler by manually forcing the support member or the vehicle-

restraining member away from the ICC bar.

In some embodiments, to prevent thieves from defeating the locking feature of a
vehicle brace, a metal shield can be installed adjacent to or incorporated with flexible
hydraulic hoses that lead to the brace’s support member and the vehicle-restraining

member, whereby the shield help protect the hoses from being cut.

Brief Description of the Drawings

Figure 1 is a perspective view of one embodiment of a vehicle brace installed at a
loading dock.

Figure 2 is a side view of the vehicle brace of Figure 1, wherein a vehicle is
shown backing into the brace to move the brace’s support member to a preparatory
position.

Figure 3 is a side view similar to Figure 2 but showing the brace’s support
member at a preparatory position and showing a dock leveler’s lip extended into the rear

of a vehicle.

Figure 4 is similar to Figure 3 but showing a forklift traveling over the dock

leveler to enter or exit the vehicle’s trailer bed.

Figure 5 is similar to Figure 4 but showing how the weight of the forklift forces
the vehicle downward.

Figure 6 is a schematic diagram of a hydraulic circuit that can control the vehicle
brace of Figure 1.

Figure 7 a side view of another vehicle brace and showing a vehicle having
backed its rear impact guard over a support member of the brace.

Figure 8 is a side view of the vehicle brace of Figure 7 but showing the brace in a

preparatory position.

Figure 9 is a side view similar to Figure 8 but showing a forklift traveling over a

dock leveler to enter or exit the vehicle’s trailer bed.
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"Fighie 10'15"a"sidé view similar to Figure 9, but the figure also shows a partial

cutaway of the brace’s support member to illustrate how the brace responds to movement
of the trailer bed.
Figure 11 is a top view of the vehicle brace of Figure 7.
Figure 12 is a front view of the vehicle brace of Figure 7. .
Figure 13 is a schematic diagram of a hydraulic circuit for controlling the vehicle

brace of Figure 7.

Figure 14 is a schematic diagram of another hydraulic circuit for controlling the

vehicle brace of Figure 7.

Figure 15 is a schematic diagram of hydraulic circuit for controlling the vehicle

brace of Figure 1.

Figure 16 is a schematic diagram of another hydraulic circuit for controlling the
vehicle brace of Figure 7.

Figure 17 is a side view of another vehicle brace.

Figure 18 is a side view similar to Figure 17 but showing the brace raised and
showing a dock leveler in its operative position.

Figure 19 is a side view of another vehicle brace.

Figure 20 is a side view similar to Figure 19 but showing the brace raised and
showing a dock leveler in its operative position.

Figure 21 is a somewhat schematic diagram of an idealized vehicle brace.

Figure 22 is a front view of another vehicle brace in a preparatory position.

Figure 23 is a side view of the vehicle brace of Figure 22.

Figure 24a is a schematic side view of the vehicle brace of Figures 22 and 23 but
showing the brace in a stored preparatory position.

Figure 24b is a schematic side view similar to Figure 24a but showing the brace
immediately after the vehicle has backed into the dock.

Figure 24c is a schematic side view similar to Figure 24b but showing the brace in
a preparatory position.

Figure 24d is a schematic side view similar to Figure 24¢ but showing the brace

having just responded to a sudden rise in the vehicle’s ICC bar.
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Figure 2534"(s"a s¢hématic side view similar to Figure 24a but of another

embodiment.

Figure 25b is a schematic side view similar to Figure 24b but of another

embodiment.

Figure 25c¢ is a schematic side view similar to Figure 24c but of another

embodiment.

Figure 25d is a schematic side view similar to Figure 24d but of another

embodiment.

Figure 26a is a schematic side view similar to Figure 24a but of yet another

embodiment.

Figure 26b is a schematic side view similar to Figure 24b but of another

embodiment.

Figure 26c¢ is a schematic side view similar to Figure 24¢ but of another

embodiment.

Figure 26d is a schematic side view similar to Figure 24d but of another

embodiment.

Figure 27 is a hydraulic schematic that illustrates one example of a circuit for

controlling a vehicle brace.

Description of the Preferred Embodiment

For a truck, trailer; or other vehicle parked at a loading dock, various
embodiments of vehicle braces can be used to help hold the rear edge of the vehicle
steady (particularly in the vertical direction) as the vehicle is being loaded or unloaded of
its cargo. Although various vehicle braces will be described, each of the braces includes
a support member that is movable to a preparatory position where the support member
can provide an upward reactive force against the vehicle in reaction to a downward force

exerted by the vehicle against the support member. In some embodiments a control
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System thoves the suppott member to its preparatory position, and in other cases, it is the

vehicle itself that moves the support member into position.

Once in the preparatory position, the magnitude of the reactive force exerted by
the support member upward against the vehicle can depend on the particular embodiment
of the vehicle brace. In some cases, the reactive force is substantially equal and opposite
that of the downward force exerted by the vehicle against the support member, whereby
the vehicle is held substantially stationary provided the downward force is no greater than
a certain limit. When operating beyond that limit, in some cases the support member
provides a generally constant reactive force that opposes but is less than the downward
force exerted by the vehicle, and in other cases, the reactive force increases with an
increase in the downward force or the downward velocity of the vehicle. In either case,

the reactive force slows the descent of the vehicle, regardless of whether the reactive

force is constant or variable.

Biased-Up, Single Reaction

The first embodiment of a vehicle brace 200 for steadying a vehicle 12 at a
loading dock is shown in Figures 1 — 6. Figure 1 is a perspective view, Figure 6 is a
schematic view, and Figures 2 — 5 are side views of vehicle brace 200 under various
operating conditions. The term, “vehicle” represents any wheeled cargo carrier including,
but not limited to, a truck or trailer. To help restrict downward movement of vehicle 12,
a support member 202 of brace 200 is shown in Figures 3 ~ 5 engaging the vehicle’s rear
edge, which actually encompasses any part of vehicle 12 including, but not limited to, a
lower back surface of a trailer bed 16 or a rear impact guard such as an ICC bar 18.

For brace 200, it is the movement of vehicle 12 backing into dock 14 that moves
support member 202 from its raised, stored position of Figure 2 to a preparatory position
of Figure 3. Once in the preparatory position, a control system 204 of Figure 6 enables
support member 202 to exert a reactive force 32 that is equal and opposite to a downward
force 34 exerted by vehicle 12 so that support member 202 remains substantially
stationary at its preparatory position until force 34 exceeds a predetermined maximum

allowable force. If force 34 exceeds the maximum allowable force, then the downward
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fotce 34 overcomes teuctive fotce 32, which causes brace 200 to yield by allowing
support member 202 to descend. While descending, support member 202 may still exert
:;1 generally constant reactive force 32 that, although it is less than downward force 34, is
sufficient to appreciably or noticeably slow the descent of support member 202 and the
portion of vehicle 12 resting thereon. Below the maximum allowable force, support
member 202 of brace 200 helps hold the rear end of vehicle 12 at a generally fixed height,
and above the maximum allowable force, brace 200 yields to slow the descent of vehicle
12 and prevent reactive force 32 from bending or otherwise damaging bar 18 or other
parts of vehicle 12.

In some embodiments of brace 200, vehicle brace 200 comprises a base plate 206
anchored to the floor of loading dock 14, an articulated guide 208 attached to support
member 202, and a track 210 attached to a vertical wall of loading dock 14 for guiding
the movement of support member 202. To enable support member 202 to exert reactive
force 32, the control system 204 of brace 200 includes one or more piston/cylinders 52
that have an upper end coupled to support member 202 and a lower end connected to base
plate 206. A tension spring 212 urges support member 202 up toward its stored position
of Figures 1 and 2.

Referring to Figure 2, operation may begin with vehicle 12 backing into dock 14.
As vehicle 12 travels back, bar 18, or some other surface of vehicle 12, engages guide
208, which provides a wedge or cam action that pushes support member 202 down in
opposition to the urging of spring 212 until bar 18 rides over the top of support member
202. As vehicle 12 pushes support member 202 down to its preparatory position,
piston/cylinders 52 are free to retract because a de-energized solenoid valve 214 of Fi gure
6 vents the piston side of the cylinders to a tank 96.

Next, Figure 3 shows bar 18 atop support member 202, and a dock leveler 22 is
shown with its ramp 24 raised and its lip 26 extended to provide a bridge from a platform
28 of dock 14 to a trailer bed 16 of vehicle 12. This creates a path for a forklift 30 and

other material handling equipment to move cargo between vehicle 12 and platform 28 as

shown in Figure 4.

10
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T Hélp"Hold the tear efid of vehicle 12 steady as forklift 30 moves on and off of

trailer bed 16, solenoid valve 214 of Figure 6 is energized. This places a check valve 216
between a tank 96 and the piston side of cylinders 52. When forklift 30 or other weight
urges vehicle down, check valve 216 prevents support member 202 from descending;
however, check 216 allows support member 202 to follow any upward movement of
vehicle 12,

If excessive weight added to trailer bed 16 creates a force 34 that exceeds the
predetermined maximum allowable force, then a pressure relief valve 98 opens to release
excess pressure in line 62 to tank 96. This limits the pressure in line 62 to create a
maximum allowable reactive force 32 that slows the descent of vehicle 12. Thus, support
member 202 prevents vehicle 12 from descending up to the maximum allowable force
limit. Beyond the maximum allowable limit, brace 200 yields, but support member 202
still exerts a generally constant upward reactive force 32 that slows the descent of vehicle
12.

As vehicle 12 descends, in some cases, the vehicle may also moves horizontally
due to the design of the vehicle’s suspension system. The vehicle’s vertical and
horizontal movement is depicted by arrow 100 of Figure 5. In some cases, guide 208 may
include a pivotal joint 218 that prevents the downward movement of vehicle 12 from
bending or crushing guide 208. To accommodate the horizontal movement of vehicle 12,
support member 202 may comprise an upper weight-bearing member 220, a lower
weight-bearing member 222, and an anti-friction element 224 therebetween. Upper
member 220 is installed to slide horizontally relative to lower member 222, and element
224 minimizes the friction between members 220 and 222. The reduced friction helps
prevent vehicle 12 from dragging bar 18 across upper member 220, which thus helps
prevent damaging wear or bending forces from developing between bar 18 and upper
member 220. When vehicle 12 moves toward bumper 236 or completely departs dock
14, a spring 238 can urge upper member 220 back to its starting position directly above
lower member 222.

To help prevent vehicle 12 from accidentally or prematurely pulling away from
dock 14, vehicle brace 200 can be provided with a fixed or movable hook 230 (e.g.,

11
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pivotal) ot ¥ottie othict typeof vehicle restraining member. Hook 230, for example, can

be selectively driven between a retracted position, as shown in Figures 1 and 2, and a
vehicle-restraining position as shown in Figures 3 — 5. Further structural and functional
details of hook 230 as well as gnide 208 can be found in U. S. Patent 6,116,839, which is

specifically incorporated by reference herein.

Powered-Up, Single Reaction

As an alternative to having springs 212 raise support member 202, Figures 7 — 13
show a vehicle brace 10 with a support member 20 that is powered up. With brace 10, a
control system 36 of Figure 13 can raise support member 20 from its stored position of
Figure 7 to its operative position of Figure 8. The stored position allows vehicle 12 to
back into dock 14, so bar 18 can be positioned over vertical support member 20 as shown
in Figure 7.

After vehicle 12 backs into dock 14, dock leveler 22 raises its ramp 24 and
extends its lip 26 to provide a bridge from platform 28 of dock 14 to trailer bed 16 of
vehicle 12 as shown in Figure 8. It should be noted that the sequence of raising support
member 20 and placing lip 26 on trailer bed 16 could be reversed.

Vehicle brace 10 comprises a base plate 38 and a track 40 that are attached to
dock 14. A carriage 42 is mounted for vertical travel along track 40. In some cases,
rollers 44 can help reduce friction between carriage 42 and track 40. Carriage 42 may
include flanges 46 that help prevent the carriage from being pulled horizontally out from
within track 40. Carriage 42 provides structure for supporting one or more vertical
support members 20 and an optional hook 48. Hook 48 represents any structure that can
engage a front edge 50 of bar 18 to help prevent vehicle 12 from accidentally pulling
away from dock 14.

In the illustrated embodiment, hook 48 is fixed relative to carriage 42. To
obstruct or release bar 18, carriage 42 respectively rises and descends to move hook 48
accordingly. In other embodiments, however, hook 48 can pivot or otherwise move
relative to carriage 42, so hook 48 can selectively obstruct or release bar 18 without

carriage 42 necessarily having to move along track 40.

12
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10 HioVe cdttidge 42, 0ne or more hydraulic cylinders 52 (a piston/cylinder) are
installed between carriage 42 and base 38. Cylinders 52 actually represent any actuator
capable of moving carriage 42 up or down. Such an actuator could conceivably be
installed in any appropriate orientation or configuration and function under any suitable
principle of operation. Examples of such an actuator include, but are not limited to, a gas
filled piston/cylinder, a liquid filled piston/cylinder, rodless cylinder, spring-return
piston/cylinder, vehicle-operated actuator, linear motor, chain and sprocket, rack and

' pinion, winch, eleciric motor, hydraulic motor, air powered motor, pressurized fluid filled
bladder, spring, etc.

For the illustrated embodiment, cylinders 52 have a lower end pinned to base plate
38 and have an upper end pinned to a shaft 54. Shaft 54 can be an axle for a roller, as
shown, or can be a separate item for just cylinders 52. Cylinders 52 extend to raise
carriage 42, which raises hook 48 and vertical support members 20. Control system 36 of
Figure 13 can be used to control the operation of cylinders 52.

Each cylinder 52 has one port 56 connected to a hydraulic line 58 of system 36
and a second port 60 connected to a line 62. The hydraulic pressure in lines 58 and 62
determine the action of cylinders 52. A hydraulic pump 64 provides system 36 with
hydraulic pressure in a conventional manner. Pump 64, for instance, can be cycled on
and off as needed, or the pump can be associated with an appropriate system relief valve,
and/or pump 64 could be a variable capacity pump. Regardless, pump 64 supplies
pressurized hydraulic fluid at a discharge line 68.

To lift support member 20 to its operative position up against bar 18, a two-
position four-way valve 86 is de-energized to convey the pressure in line 68 to line 62 and
the piston side of cylinders 52. Support member 20 rises until it raises a limit switch 92
up against bar 18, which de-energizes pump 64. A relief valve 82 is set to maintain
sufficient pressure in line 68 for supporting the weight of carriage 42 and support member
20. A check valve 232 prevents support member 20 from being readily pushed back
down. However, if force 34 reaches a predetermined maximum allowable limit, a second
pressure relief valve 98, which is set at a much higher pressure than relief valve 82,

releases the excess pressure in line 62 to tank 96. Thus, support member 20 prevents

13
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‘Vehicle 12" ffoiil deséetiding ip'to the maximum allowable force. Beyond the maximum

allowable limit, brace 10 yields, but support member 20 still exerts a generally constant
upward reactive force 32 (determined by pressure relief valve 98) that slows the descent
of vehicle 12.

In some cases, particularly with air suspension systems, trailer bed 16 will move
about one inch horizontally away from dock 14 for every one inch of downward
movement. This movement is depicted by arrow 100 of Figure 10. To accommodate the
horizontal movement, each vertical support member 20 may comprise a spring-loaded
sleeve 102 that slides over a support beam 104. As bar 18 moves horizontally away from
dock 14, bar 18 forces sleeve 102 to move along with it, thereby minimizing wear
between bar 18 and support member 20 and perhaps avoid bending of bar 18. Installing a
wear pad, linear bearing, or other anti-friction member between sleeve 102 and support
beam 104 can reduce wear between sleeve 102 and support beam 104, When bar 18 lifts
away from support member 20 or when bar 18 moves toward carriage 42, a spring 106

draws sleeve 102 back over support beam 104.

Vehicle Brace with Load Sensor

An advantage of vehicle braces 10 and 200, when controlled as just described, is
that braces 10 and 200 each help hold vehicle 12 substantially still over a broad range of
forces 34. Force 34, however, may accumulate gradually as forklift 30 continues to
deliver cargo into vehicle 12, so eventually the accumulated weight of the cargo may
exceed the maximum allowable force 34, which can cause support member 20 to descend
significantly in response to just a small incremental load being placed in vehicle 12. To
address this concern, it may be desirable, in some cases, to have a vehicle brace that
controllably yields to incremental loads as they occur or shortly thereafter.

For example, the control of vehicle brace 10 may be responsive to a load sensor
108 as shown in Figure 9. Load sensor 108 is schematically illustrated to represent any
device that senses when weight is being added/removed or is about to be added/removed
to or from vehicle 12. Examples of sensor 108 include, but are not limited to, a proximity

switch; a photoelectric eye; a switch responsive to strain or movement of dock lever 22,
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carmagt 4z, By traflet Bed 16, motion detector; infrared detector; an antenna sensing an
electromagnetic field, strain gage, load cell, etc. In response to sensor 108, a control
system 110 of Figure 14 can control the operation of vehicle brace 10. Control system
110 provides pressurized hydraulic fluid to a hydraulic line 112, and a three-way, spring
return solenoid valve 114 responds to sensor 108 to determine the reactive force 32 that
support member 20 is able to exert against bar 18.

In operation, a solenoid 116 of valve 114 is energized when sensor 108 detects
that a forklift is about to drive onto trailer bed 16. This places a line 118 of system 110 in
fluid communication with a higher-pressure reljef valve 120 that is set to only pass
hydraulic fluid to tank 96 when downward force 34 exceeds a certain maximum
allowable limit, such as 10 tons. Thus, support member 20 holds trailer bed 16
substantially rigid unless excessive downward force is applied to support members 20.
When sensor 108 determines that forklift 30 has left trailer bed 16, system 110 responds
by de-energizing solenoid 116. This places line 118 in fluid communication with a
lower-pressure relief valve 122 set to hold just enough pressure in line 62 to support the
movable weight of vehicle brace 10. Valve 122 allows trailer bed 16 to settle to a new
lower elevation in reaction to the trailer bed having just received a load from the recently
departed forklift. Solenoid valve 114 is repeatedly energized and de-energized as the
forklift continues to deliver loads to the trailer bed. The repeated cycling of valve 114
allows the trailer to move downward in reaction to cargo being added, but the downWmd
movement of trailer bed 16 occurs when the forklift is not on the trailer bed. In other
words, when the forklift is on the trailer bed, valve 114 enables relief valve 120 to hold
the trailer stationary, and when the forklift is off the trailer bed, valve 114 enables relief
valve 122 to lower the trailer bed. Since the lowering of the trailer bed occurs when the
forklift is on the dock, the driver of the forklift does not experience the unsettling feeling
of suddenly dropping upon entering the trailer bed.

When forklift 30 is unloading cargo from vehicle 12, the trailer bed may rise with
every load that is removed. System 110 allows support member 20 to follow the upward
movement of bar 18 in a manner similar to that of control system 36 of Figure 13.

When vehicle is ready to depart, valve 86 is actuated to lower support member 20.
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Biased-Up, Variable Reaction

Although load sensor 108 and control system 110 enable a vehicle brace to
respond to incremental loads as they occur, or shortly thereafter, another control system
234 addresses that same issue by using a flow restriction such as orifice 236 of Figure 15.
Control system 234 can control vehicle brace 200 of Figures 1 — 5 in a manner that will
now be described.

De-energizing a two-position, three-way solenoid valve 238 enables springs 212
to bias support member 202 up to its stored position of Figures 1 and 2. De-energizing
valve 238 also allows vehicle 12 to back its bar 18 over support member 202 until
member 18 is at its operative position of Figure 3. Valve 238 is then energized to place
line 62 and the piston side of cylinders 52 in fluid communication with tank 96 via orifice
236. As force 34 increases, due to weight being added to trailer bed 16, the force pushes
support member 202 down, which forces cylinders 52 to retract, which in turn forces fluid
to flow through orifice 236. The resulting pressure differential developed across orifice
236 increases with the amount of flow. So, the pressure in line 62 and thus the reactive
force 32 that support member 202 applies against bar 18 increases with the bar’s
downward velocity.

If force 34 exceeds a maximum allowable force determined by the relief setting of
relief valve 98, then relief valve 98 opens to release the excess pressure in line 62 to tank
96. When relief valve 98 opens, a generally constant pressure is maintained in line 62
and the piston side of cylinders 52. This canses support member 202 to exert a generally
constant upward reactive force 32 that slows the descent of bar 18.

Thus, when vehicle brace 200 is controlled by system 234, support member 202
opposes the downward force 34 with a reactive force 32 that increases with the downward
force 34 or the downward velocity of bar 18 but does so only up to a predetermined
maximum allowable force. When downward force 34 exceeds the maximum allowable

limit, reactive force 32 is generally constant to slow the descent of bar 18.

Powered-Up, Variable Reaction
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The powered-up vehicle brace 10 of Figures 7 — 12 can also be controlled to

operate in a similar manner. When controlled by system 36 of Figure 16, support
member 20 opposes the downward force 34 with a reactive force 32 that increases with
the downward force 34 or the downward velocity of bar 18 but does so only up to a
predetermined maximum allowable force. When downward force 34 exceeds the
maximum allowable limit, reactive force 32 is generally constant to slow the descent of
bar 18.

Each cylinder 52 has one port 56 connected to a hydraulic line 58 of system 36
and a second port 60 connected to a line 62. The hydraulic pressure in lines 58 and 62
determine the action of cylinders 52. Hydraulic pump 64 provides system 36 with
hydraulic pressure in a conventional manner. For instance, pump 64 can be cycled on and
off as needed, or the pump can be associated with an appropriate system relief valve 66,
and/or pump 64 could be a variable capacity pump. Regardless, pump 64 supplies
pressurized hydraulic fluid at a discharge line 68, which feeds into a shuttle valve 70.
Shuttle valve 70 connects discharge line 68 to a line 72 that leads to a flow restriction 74
(e.g., an orifice) and a bypass check valve 76. Another line 78 connects flow restriction
74 and check valve 76 to another check valve 80 and a first pressure relief valve 82.
Another line 84 connects valves 80 and 82 to a two-position, four-way valve 86, which is
actuated by solenoid 90. Valve 86 is used by loading dock personnel to raise or lower
support member 20.

In operation, a dockworker may actuate solenoid 90 to lower carriage 42, which
allows vehicle 12 to back into dock 14 and position bar 18 over support member 20.
Actuating solenoid 90 pressurizes line 58 as hydraulic fluid at discharge pressure passes
in series through line 68, shuttle valve 70, line 72, check valves 76 and 80, four-way
valve 86, and line 58.

Once, bar 18 is directly over support member 20, the dockworker de-energizes
solenoid 90 and energizes pump 64 to pressurize line 62. This raises carriage 42 until
support member 20 and a limit switch 92, carried by carriage 42, engage the underside of
bar 18. Switch 92 engaging bar 18 de-energizes pump 64; however, check valve 80 and

relief valve 82 still maintain sufficient pressure in lines 62 and 84 to hold support
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‘heiber " 207f5 Hgainst bhr 187 -th others words, relief valve 82 is set to maintain a

pressure that is just enough to support the weight of carriage 42, support members 20, and
hook 48. So, hook 48 is now at a height where it can help prevent vehicle 12 from
accidentally pulling bar 18 away from dock 14, and support member 20 can help stabilize
trailer bed 16 in the following manner.

If a certain amount of weight were added to trailer bed 16, bar 18 would exert a
downward force 34 that would push support member 20 downward. The downward
movement would force hydraulic fluid from within cylinders 52 and pressurize lines 62
and 84 to a level beyond what relief valve 82 could hold. In response to the increased
pressure, valve 82 would open to pass the hydraulic fluid into line 78. From line 78, the
hydraulic fluid would pass in series through flow restriction 74, line 72, and shuttle valve
70. Valve 70 would then release the hydraulic fluid to a return line 94 that connects to a
tank 96, which in turn provides pump 64 with hydraulic fluid.

As hydraulic fluid is forced through flow restriction 74, the resulting pressure
drop developed across the restriction allows the pressure in line 62 and cylinders 52 to
increase. The increased pressure in cylinders 52 then opposes the downward movement
of bar 18 to provide bar 18 with a controlled descent (i.e., appreciably or noticeably
slowing the descent of bar 18). Since the pressure drop across restriction 74 increases
with the flow rate through the restriction, the opposing upward force 32 of support
member 20 increases with the downward velocity of bar 18.

If the downward force 34 exceeds a predetermined maximum allowable limit, a
second relief valve 98 releases the excess pressure in line 62 to tank 96 to avoid
damaging vehicle 12. For instance, if vehicle 12 has an air suspension system and the
driver of the véhicle decides to deactivate the system by dumping or exhausting the
system’s air, trailer bed 16 may suddenly descend with its entire load, thereby rapidly
forcing support member 20 down. This could result in extreme pressure developing in
line 62, which could cause an excessive upward force 32 being applied to the underside
of bar 18. An excessive upward force could damage the bar or other parts of the trailer.

So, relief valve 98 limits the maximum allowable upward force that could be exerted by
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support Hietibers 20"4gaingt tdr 18. In some embodiments, relief valve 98 is set to

provide a maximum allowable upward force of five to ten tons.

If vehicle 12 does not have an air suspension system or its air suspension system
is kept in its active state, then the suspension system will likely lift the trailer bed when
forklift 30 departs or a significant amount of weight is otherwise removed suddenly from
the vehicle. Thus, vehicle 12 might lift bar 18 off of limit switch 92 and support
members 20. Bar 18 separating from switch 92 energizes pump 64. This pressurizes
lines 68, 72, 78, 84, and 62 to raise carriage 42. Check valve 76 isin a bypass
relationship with flow restriction 74 to allow carriage 42 to move more freely upward
than downward. Carriage 42 rises until switch 92 and support members 20 once again

engage the underside of bar 18 to help stabilize trailer bed 16.

Frictional Reaction

In another embodiment, schematically illustrated in Figures 17 and 18, a vehicle
brace 124 includes a frictional brake 126 that enables a support member 128 to exert a
reactive force 32 that helps stabilize trailer bed 16. In Figure 17, support member 128 is
shown in a lowered position that allows vehicle 12 to back its bar 18 over member 128.
Once bar 18 is directly over support member 128, brake 126 releases, and brace 124 lifts
member 128 until member 128 engages the underside of bar 18. At this point, brake 126
s actuated to provide some resistance to downward movement of bar 18 and support’
member 128.

To accomplish such operation, brace 124 includes a motor 130 that rotates a lead
screw 132. Lead screw 132 screws into a threaded nut 134 that is attached to support
member 128. So, rotating lead screw 132 can raise support member 128. Conversely,
forcing support member 128 downward can rotate lead screw 132, provided the helix
angle of screw 132 is sufficiently steep and the friction between screw 132 and nut 134 is
sufficienily low as provided by, for example, a ball screw device. Brake 126 comprises
brake calipers 136 that selectively engage a brake disc 138 on lead screw 132. A track
140 and carriage 142 help guide the vertical movement of support member 128. To move

support member 128 upward, brake calipers 136 release disc 138, and motor 130 rotates
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counterelotkWise (160King ipward) until switch 92 engages bar 18. Switch 92 engaging
bar 18 de-energizes motor 130 and causes calipers 136 to grip disc 138 with a
predetermined or variable magnitude of resistance. Then, as weight is added to trailer
bed 16, bar 18 pushes downward against support member 128, which urges lead screw
132 to turn clockwise. Brake 126, however, resists the rotation of lead screw 132, so
brake 126 enables support member 128 to exert reactive force 32 against bar 18, thereby

opposing the downward movement of bar 18 and stabilizing trailer bed 16.

Spring Reaction

In another embodiment, shown in Figures 19 and 20, a vehicle brace 144 includes
a spring 146 whose stored energy enables a support member 148 to exert a reactive force
32 against bar 18, which helps stabilize trailer bed 16 during loading and unloading
operations. Spring 146 represents any restorative device that can store and release
mechanical energy. Examples of spring 146 include, but are not limited to, one or more
leaf springs, coil springs, air springs, air cylinder springs, polyurethane springs, series of
Belleville washers, etc. In some embodiments, spring 146 of support member 148
includes a metal top plate 150 that engages two restraining edges 152 and 154 of support
member 148 to hold a resiliently compressible polyurethane block 156 in a preloaded,
partially compressed state, as shown in Figure 19.

An actuator 158 is connected to move support member 148 vertically along a
track 160. Actuator 158 is schematically illustrated to represent any device adapted for
moving support member 148. Examples of actuator 158 include, but are not limited to a
gas filled piston/cylinder, a liquid filled piston/cylinder, rodless cylinder, spring-return
piston/cylinder, vehicle-operated actuator, linear motor, chain and sprocket, rack and
pinion, winch, electric motor, hydraulic motor, air powered motor, pressurized fluid filled
bladder, spring, etc.

In operation, actuator 158 lifts support member 148 until top plate 150 of member
148 is up against bar 18. If'bar 18 exerts a downward force 34 that is within a certain
allowable range, then actuator 158 stays still, and spring 146 compresses to resist the

downward movement of trailer bed 16. If, however, downward force 34 becomes
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force 34 is once again with the allowable range.

Idealized Reaction

For the embodiment of Figure 21, a vehicle brace 240 comprises a vertically
movable support member 242, an actuator 244 for moving support member 242, and a
control system 246 that controls the support member’s movement in response to a sensor
248. Actuator 244 is schematically illustrated to represent any device that can move
support member 242. Examples of actuator 244 include, but are not limited to, gas filled
piston/cylinder, a liquid filled piston/cylinder, rodless cylinder, spring-return
piston/cylinder, linear motor, chain and sprocket, rack and pinion, winch, electric motor,
hydraulic motor, air powered motor, pressurized fluid filled bladder, etc. Sensor 248 is
schematically illustrated to represent any device that can detect a load or force 34 being
applied to support member 242 and provide feedback 250 that corresponds to the load.
Examples of sensor 248 include but are not limited to, a strain gage, load cell, weight
scale, pressure sensor, etc. Control system 246 is schematically illustrated to represent
any device that can control actuator 244 in response to feedback 250 from sénsor 248.
Examples of control system 246 include, but are not limited to a computer;
microprocessor; PLC (programmable logic controller); integrated circuits; circuits
comprising relays, analog components, and/or digital components; and various
combinations thereof,

As bar 18 exerts force 34 down against support member 242, sensor 248 detects
the magnitude of force 34 and provides that information as feedback 250 to control
system 246. In response to feedback 250, control system 246 commands actuator 244 fo
raise or lower support member 242 so that member 242 exerts an appropriate upward
reactive force 32 that opposes force 34. The results provided by vehicle brace 240 could

be an idealized response, or brace 240 could emulate any one of the various vehicle

braces already described.
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at a loading dock 302 is similar to brace 200 of Figure 1 — 5; however, brace 300 provides
some additional benefits.

First, brace 300 includes a release mechanism 304 that enables the brace’s
upwardly spring-loaded support member 306 to descend quickly in response to ICC bay
18 forcing the support member down as vehicle 12 backs into the loading dock, as
schematically shown in Figures 242 and 24b. With release mechanism 304, support
member 306 can descend quickly because the movement does not require displacement of
hydraulic fluid, which could otherwise dampen or slow the descent. If the downward
movement of support member 306 were hydraulically dampened as vehicle 12 backs into
the dock, member 306 could possibly exert a damagingly high reactive force up égainst
I{CCbar 18.

Second, once support member 306 is actively supporting ICC bar 18, release
mechanism 304 allows support member 306 to rise quickly in response to bar 18
suddenly rising due to a load being removed from the vehicle’s truck or trailer bed.
Again, release mechanism 304 enables the quick movement because hydranlic fluid does
not always have to be displaced when member 306 moves upward. This ability is
particularly useful in cases where brace 300 includes a vehicle-restraining member 308 or
hook that engages an ICC bar 18 to limit forward movement of the vehicle away from the
loading dock. If the support member’s movement always required displacement of
hydraulic fluid, rapid raising of bar 18 could result in the hook losing engagement with
bar 18. The ability of support member 306 to quickly follow the upward movement of
bar 18 prevents bar 18 from suddenly lifting up and over the vehicle-restraining member.

Third, while release mechanism 304 permits quick and easy movement of support
member 306 when vebicle 12 first backs into the dock and when vehicle 12 tries jouncing
(i.e., vehicle's suspension allowing repeated up and down movement of the vehicle in
response to weight being added or removed from the vehicle) during loading and
unloading operations, brace 300 may also include a locking feature that helps prevent
theft of a trailer engaged by brace 300. The locking feature maintains sufficient pressure

in the hydrautic lines that raise support member 306 and/or vehicle-restraining member
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308, thus making 1t very difficult for a thief to manually force support member 306 or
vehicle-restraining member 308 away from ICC bar 18. To prevent a thief from defeating
the Jocking feature by cutting one or more hydraulic lines, suitable guards 310 and 352 or
metallic braided hose covers or the like may be utilized to protect the lines.

The operation of vehicle brace 300 can be better understood with reference to the
schematic diagrams of Figures 24a — 24d. These schematics show brace 300 comprising
support member 306 for minimizing the jouncing of a vehicle’s rear edge or its ICC bar
18, a track 312 attached to a dock structure 314 (e. g., floor, wall, dock leveler frame, or
some other suitable mounting surface in the area), a carriage 316 that supports support
member 306 and travels along track 312, an actuator 318 (e.g., piston/cylinder, linear
motor, drive screw, winch, hydraulic motor, bladder, etc.) extending between a base point
320 and a support point 322 for selectively exerting an upward force against support
member 306, release mechanism 304 (e.g., a protrusion 324 extending from actuator 318
and shiding within a slot 326 in support member 306) for permitting support member 306
under certain circumstances to move without actuator 318 having to necessarily extend or
retract, a spring 328 for urging support member 306 upward, vehicle-restraining member
308 pivotal about a pin 330 for selectively blocking or releasing ICC bar 18, and an
actuator 332 (e.g., piston/cylinder, linear motor, drive screw, winch, hydraulic motor,
bladder, etc) for moving vehicle restraining member 308 between its blocking position
(Fig. 24c and 24d) and its non-blocking position (Figs. 24a and 24b).

Figure 24a shows vehicle brace 300 in its stored position. In this example,
actuators 318 and 332 are hydraulic cylinders that are controlled by a hydraulic circuit
334 shown in Figure 27. In the stored position, spring 328 biases support member 306 up
against a mechanical stop 336, and actuator 318 is retracted. With support member 306
starting at the stored position, vehicle 12 backs into the dock. This causes the vehicle’s
ICC bar 18 to engage a forward-facing cam surface 338 of support member 306 and push
member 306 down against the upward force of spring 328 as bar 18 slides over cam.
surface 338 and comes to rest at the position shown in Figure 24b. As bar 18 moves
quickly from its position of Figure 24a to its position of Figure 24b, release mechanism

304 (relative sliding motion between protrusion 324 and slot 326) allows support member
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306 to déscend rapidly withiout being hindered by actuator 318 having to displace

hydraulic fluid. With brace 300 in the position of Figure 24b, spring 328 causes support
member 306 to exert an upward force 340 of a magnitude that is sufficient to maintain
member 306 in contact with bar 18.

To help prevent vehicle 12 from accidentally pulling too far away from the dock,
actuator 332 can raise vehicle restraining member 308 from its lowered, non-blocking
position of Figure 24b to its blocking position of Figure 24c.

In addition, to dampen jouncing of bar 18 as vehicle 12 is being loaded or
unloaded of its cargo, actuator 318 can extend to move protrusion 324 to its upper travel
limit within slot 326, as shown in Figure 24c. Actuator 318 pushing protrusion 324 up
against the upper end of slot 326 causes support member 306 to exert upward force 340 at
a magnitude that is greater than that which can be achieved by spring 328 alone. At this
point in the operation (Fig. 24c¢), circuit 334 restricts or dampens the compression of
actuator 318 in a manner that will be explained later with reference to Figure 27. With
protrusion 324 engaging an upper edge of slot 326 and circuit 334 restricting or
dampening the retraction of actuator 318, support member 306 is able to stabilize or
minimize the jouncing of vehicle 12 by exerting a substantial reactive force (upward force
340) in response to vehicle 12 urging bar 18 downward as a load or other weight is added
to vehicle 12. Depending on the design of circuit 334, the reactive force can be
comparable to that which was achieved in the embodiments that were described earlier
with reference to Figures 1 — 21.

If bar 18 suddenly moves upward from the position of Figure 24c to that of Figure
24d in response to a load being removed from vehicle 12, release mechanism 304 (e.g.,
protrusion 324 being able to slide within slot 326) allows spring 328 to quickly push
support member 306 upward to follow the bar’s upward movement. The quick response
is possible because the support member’s upward movement is accomplished without
actuator 318 having to extend or displace hydraulic fluid.

During the sudden upward movement of bar 18 (moving from Fig. 24c to Fig.
244d), support member 306 initially moves a certain distance without a significant change

in the distance between points 320 and 322 of actuator 318. Likewise, during the sudden
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downward movement o1 support member 306 (moving from Fig. 24a to Fig. 24b),

support member 306 initially moves a certain distance without a significant change in the
distance between points 320 and 322. The delay or difference between the support
member’s movement and the insignificant relative movement between points 320 and
322 can be accomplished with various types of release mechanisms including, but not
limited to, release mechanism 304 of Figures 24a — 244, a release mechanism 304 of
Figures 25a —~ 25d, and release mechanism 304" of Figures 26a — 26d.

Figures 252 — 25d and Figures 26a — 26d correspond to Figures 24a — 24d
respectively, wherein the end results of the various illustrated embodiments are basically
the same. Release mechanism 304 permits relative translation between support member
306 and support point 322, release mechanism 304’ permits relative translation between a
support member 306 and a support point 322°, and release mechanism 304" permits
relative translation between a base point 320 and dock structure 314. The schematic
illustrations of Figures 24a — 24d most closely represent the structure of Figures 22 and
23,

For the embodiment of Figures 22 and 23, vehicle brace 300 comprises a base
plate 342 anchored to dock structure 314, an articulated guide 338 or cam surface
pivotally attached to support member 306, track 312 mounted to dock structure 314, and
carriage 316 that supports support member 306 and travels along track 312.

Vehicle brace 300 may also include the optional vehicle-restraining member 308
that helps prevent vehicle 12 from prematurely pulling away from the loading dock. The
vehicle-restraining member can be fixed or movable relative to support member 306. For
a fixed vehicle-restraining member, actuator 318 can be used to lower the restraining
member as 2 unit to release the ICC bar. For a movable vehicle-restraining member,
actuator 332 (e.g., a hydraulic cylinder) can be installed to extend between a pin 344
attached to support member 306 and another pin 346 connected to vehicle-restraining
member 308. Actuator 332 can extend and retract to rotate vehicle-restraining member
308 about pin 330 connected to support member 306, whereby vehicle-restraining
member 308 can pivot between the blocking position (Figs. 22 and 23) and a retracted,
non-blocking position (Figs. 24a and 24b) for releasing ICC bar 18.
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To enable support mernber 306 to exert an upward reactive force that opposes
downward movement of bar 18 and thus dampen or inhibit support member 306 from
Jouncing, brace 300 includes actuator 318 (e.g., piston/cylinder) that affects the
movement of support member 306 relative to dock structure 314. Actator 318 includes
base point 320 that at times (i.e., sometimes or always) is coupled to dock structure 314.
Actuator 318 also includes support point 322 that at times (i.e., sometimes or always) is
coupled to support member 306.

To permit quick upward movement of support member 306 in response to ICC bar
18 of vehicle 12 suddenly moving upward, and/or to permit quick downward movement
of support member 306 in response to bar 18 rapidly forcing member 306 down as
vehicle 12 backs into the dock, brace 300 includes release mechanism 304, which in this
example enables hydraulic-free motion between support point 322 and support member
306, and in other embodiments enables hydraulic-free motion between base point 320 and
dock structure 314. For brace 300, release mechanism 304 comprises a protrusion 324
(support point 322) or some other protrusion that extends from actuator 318 and slides
within slot 326 defined by a cam plate 348 of support member 306. Actuator 318 being
able to pivot about base point 320 and protrusion 324 being able to slide within slot 326
allows support member 306 to move vertically without actuator 318 having to extend or
retract or having to displace hydraulic fluid.

While brace 200 of Figures 1 - 5 includes a tension spring 212 for urging the
support member up against ICC bar 18, vehicle brace 300 includes compression spring
328 contained within a telescoping cylindrical housing 350 (Figs. 22 & 23). Spring 328
extends between support member 306 and base plate 342 to urge support member 306
upward. *

To help prevent theft of vehicle 12 or its trailer by manually forcing support
member 306 or vehicle-restraining member 308 away from ICC bar 18, circuit 334 of
Figure 27 holds the pressure within actuators 318 and 332 to help maintain support
member 306 and vehicle restraining member 308 at their operating pasitions of Figure 22,
23 and 24c. Preferably, it would take at least 200 pounds to force members 306 or 308

down. To prevent someone from defeating the holding feature of vehicle brace 300, one
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or more metal shields 310 or 352 can be installed adjacent to or incorporated with flexible

hydraulic hoses 354 that lead to actuators 318 and/or 332, whereby shields 310 and 352
help protect the hoses from being cut, punctured or otherwise broken. Alternatively,
metal braided hose protectors or the like could be utilized.

Although the hydraulic circuit for controlling vehicle brace 300 may vary, in some
embodiments, circuit 334 of Figure 27 is used. A 4-way, 2-position, spring-return
solenoid valve 356 generally determines whether a pump 358 (with an upstream filter
360) pressurizes a raise-line 362 or a lower-line 364 to respectively extend or retract
cylinders 318 and 332. In the normally stored position of Figure 24a, hydraulic pump 358
is turned off, and lines 362 and 364 are generally depressurized, which allows spring 328
to raise carriage 316 to upper stop 336 on track 312.

In moving from the position of Figure 24a to that of Figure 24b, the hydraulic
system is bypassed by virtue of release mechanism 304. More specifically, relative
translation between protrusion 324 and slot 326 allows support member 306 to descend
quickly without actuator 318 having to displace any hydraulic fluid.

To move from the position of Figﬁre 24b to that of Figure 24c, pump 358 is
energized while valve 356 is left at its normal spring-returned position to pressurize raise-
line 362 and connect lower-line 364 to a generally depressurized tank 368. To maintain
or limit the pump’s discharge pressure, a line 370 connected to the discharge of pump 358
leads to an adjustable pressure relief valve 372 that can release excess pressure
(e.g., > 675 psi) to tank 368. A now-pressurized pilot line 374 holds a spring-loaded
check valve 376 closed to ensure that pressurized fluid in rise-line 354 does not drain to
tank 368 via check valve 376 and a flow restriction 366 (e.g., .020” orifice). A hose
connects pressurized raise-line 362 to the cylinder end of actuators 318, and the rod end
of actuators 318 connects to tank 368 via a check valve 378 and valve 356, thus actuators
318 extend. The extension of actuators 318 raises protrusion 324 to the upper end of slot
326. Upon protrusion 324 reaching its upper travel limit within slot 326, hydraulic
pressure in actuators 318 causes support member 306 to temporarily increase the upward
force against bar 18, and pressure begins building in a line 380 leading to a spring-loaded

check valve 382 that is pilot-operated to open via a pilot line 384. When check valve 382
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opens, hydraulic fluid i Tine 380 travels in series through check valve 382 and a flow

restriction 386 (e.g., .045”orifice) to extend actuator 332, which raises vehicle restraint
308 at a controlled rate due to restriction 386. A line 390 connects the rod end of actuator
332 to tank 368.

Once in the preparatory position of Figure 24¢, pump 358 can be de-energized
manually, or it can be de-energized automatically via a sensor (proximity switch, limit
switch, pressure switch etc.) that detects that vehicle brace 300 has been activated and is
fully engaged.

To hydraulically support member 306 at its raised position of Figure 24c, spring-
loaded check valve 376 maintains the pressure in raise-line 362 at 50 psi or some other
predetermined limit. A pressure relief valve 392 (e.g., set at 2000 psi) not only maintains
the restraining member 308 in its raised position, but also prevents damaging high
hydraulic pressure buildup when the capacity of flow restriction 366 is exceeded. The
locking mechanisms of valves 376 and 392 help prevent someone from manually forcing
support member 306 and vehicle restraint 308 away from bar 18.

If adding substantial weight to vehicle 12 causes bar 18 to force support member
306 downward, pressurized fluid in raise-line 362 causes actuator 318 ahd support
member 306 to exert an upward reactive force 340 against bar 18. Hydraulic fluid in
excess of 50 psi in raise-line 362 gets forced through restriction 366 to tank 368, whereby
the fluid flowing through restriction 366 dampens the descent of bar 18.

If removing substantial weight from vehicle 12 causes bar 18 to suddenly rise,
release mechanism 304 (relative translation between protrusion 324 and slot 326) enables
spring 328 to raise support member 306 (including restraining member 308) accordingly.
In response to bar 18 suddenly rising, a sensor (e.g., proximity sensor, limit switch,
pressure switch, etc.) could turn pump 358 back on to extend actuator 318 so that
protrusion 324 once again is up against the upper end of slot 326.

After vehicle ‘is loaded or unloaded, bar 18 can be released by energizing pump
358 and actuating valve 356. Actuating valve 356 connects raise-line 362 to tank 368 and
connects lower-line 364 to the discharge of pump 358. This pressurizes the rod end of

actuators 318 and 332, whereby protrusion 324 retracts from its supporting position of
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Figure 24¢ and restramuig member 308 moves to its non-blocking position. Pressure in
lower-line 364 pressurizes a pilot line 396, which opens check valve 382 and closes a
check valve 398. Check valve 382 being open allows pressurized fluid in the cylinder
end of actuator 332 to drain to tank 368 via restriction 386 and valves 382 and 356.
Closing check valve 398 allows pressurizing the rod end of actuators 318, and actuated
valve 356 allows pressurized fluid in the cylinder end of actuator 318 to drain to tank 368
via valve 356. Thus, pressurizing the rod end of actuators 318 and 332, and
depressurizing the cylinder end of actuators 318 and 332, returns vehicle brace 300 to its
preparatory position of Figure 24b, and upon departure of the vehicle from the loading
dock, spring 328 returns vehicle brace 300 to its stored position of Figure 24a.

Although the invention is described with reference to a preferred embodiment, it
should be appreciated by those skilled in the art that various modifications are well within
the scope of the invention. For example, although various vehicle braces are shown to
include a hook that helps prevent a vehicle from accidentally pulling away from the
loading dock, such a hook is optional. An important feature of the invention is inhibiting
and/or resisting vertical movemeht of a vehicle at 2 Joading dock. Therefore, the scope of

the invention is to be determined by reference to the claims that follow.
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Claims

What is claimed is:

1. A vehicle brace for a vehicle that tends to move vertically in response to being
loaded or unloaded at a loading dock, the vehicle brace comprising:

a support member adapted to engage the vehicle so that the vehicle is able to exert
against the support member an applied downward force;

an actuator having a base point that at times is coupled to the dock structure, and a
support point that at times is coupled to the support member, wherein the actuator
provides between the base point and the support point a reactive force that appreciably
slows the descent of the vehicle when the vehicle moves downward; and

a release mechanism associated with the actuator and providing a relative motion

between at least one of:

a) the base point and the dock structure, and

b) the support point and the support member,
wherein the release mechanism permits a sudden upward movement of the support
member in response to the vehicle moving upward, and the sudden npward movement
can occur without necessarily an immediate corresponding change in distance between

the base point and the support point.

2. The vehicle brace of claim 1, wherein the relative motion is between the support

point and the support member.

3. The vehicle brace of claim 1, further comprising a protrusion extending from the
actuator, wherein the release mechanism defines a slot along which the protrusion travels

during the sudden upward movement of the support member.
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4. The vehicle brace of claim 1, further comprising a hydraulic system coupled to the
actuator.
5. The vehicle brace of claim 4, wherein the hydraulic system includes a hose that is

protected by a metal shield that helps inhibit the hose from being broken.

6. The vehicle brace of claim 5, wherein the metal shield is incorporated within the
hose itself.
7. The vehicle brace of claim 1, wherein the reactive force is at least 200 pounds to

help inhibit the support member from being manually forced down.

8. . Avehicle brace for a vehicle that tends to move vertically in response to being
loaded or unloaded at a loading dock, the vehicle brace comprising:

a support member movable from a stored position down to a preparatory position
in reaction to the vehicle backing into the loading dock and over the support member
such that when the vehicle backs over the support member, the support member exerts
against the vehicle an upward force of a first magnitude; and

an actuator urging the support member upward to increase the upward force to a

second magnitude after the vehicle backs over the support member.

9. The vehicle brace of claim 8, wherein the actuator in response to the vehicle
moving downward against the support member after already being moved to the

preparatory position urges the support member upward to increase the upward force to a

third magnitude that is greater than the second magnitude.
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10.  The vehicle brace of claim 9, wherein the upward force at the third magnitude is

sufficient to appreciably slow a descent of the vehicle.

11. The vehicle brace of claim 8, wherein the upward force is at least 200 pounds to

help inhibit the support member from being manually forced down.

12. The vehicle brace of claim 8, further comprising a release mechanism coupled to
the actuator, wherein the release mechanism permits the upward force to decrease from
the second magnitude to the first magnitude in response to a sudden upward movement of
the support member, wherein the sudden upward movement of the support member may

be in response to a corresponding sudden upward movement of the vehicle.

13. The vehicle brace of claim 12, wherein the release mechanism permits relative

translation between the support member and the actuator.

14.  The vehicle brace of claim 12, further comprising a protrusion extending from the
actuator, wherein the release mechanism defines a slot along which the protrusion travels

during the sudden upward movement of the support member.

15. The vehicle brace of claim 8, further comprising a spring coupled to the support
member, and a hydraulic system coupled to the actuator, wherein the spring helps the

upward force reach the first magnitude, and the hydraulic system helps the upward force

reach the second magnitude.
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16.  The vehicle brace of claim 15, wherein the hydraulic system includes a hose that

is protected by a metal shield that helps inhibit the hose from being broken.

17.  The vehicle brace of claim 16, wherein the metal shield is incorporated within the

hose itself.

18. A method of operating a vehicle brace in response to vertical movement of a
vehicle’s rear impact guard, wherein the vehicle brace is attached to a loading dock, the
method comprising:

exerting from the vehicle brace to the vehicle’s rear impact guard an upward force
of a first magnitude;

increasing the upward force to a second magnitude; and

decreasing the upward force in response to the vehicle’s rear impact guard

suddenly moving upward.

19.  The method of claim 18, further comprising:
moving the vehicle’s rear impact guard downward; and
in response to moving the vehicle’s rear impact guard downward, increasing the

upward force to a third magnitude that is greater than the second magnitude.

20.  The method of claim 19, wherein the third magnitude is at least 200 pounds to
help inhibit the vehicle brace from being manually forced down.
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21.  The method of claim [8, wherein a spring enables exerting the upward force at the

first magnitude, and a hydraulic system helps to increase the upward force to the second

magnitude.

22.  The method of claim 18, further comprising:
connecting a hydraulic hose to the vehicle brace; and

protecting the hydraulic hose with a metal shield to help inhibit the hydraulic hose

from being broken.

23.  The method of claim 22, further comprising incorporating the metal shield within
the hydraulic hose.
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