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(57) ABSTRACT 

A ramp assembly has a ramp portion configured for recipro 
cating motion between a stowed position, a deployed posi 
tion, and a neutral position. A counterbalance is associated 
with the ramp portion and includes a drive element with a 
spring fitting. The drive element is rotatably coupled about a 
first axis of rotation that moves along an arcuate path. A 
restraint is slidably coupled to the drive element and is also 
rotatably coupled about a fixed axis of rotation. An end stop is 
associated with the restraint. A compression spring is dis 
posed between the spring fitting and a portion of the restraint 
so that the compression spring provides a force to bias the 
ramp portion toward the neutral position. 
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COUNTERBALANCE MECHANISMFOR 
FOLD OUT RAMP 

BACKGROUND 

0001. The Americans with Disabilities Act (ADA) 
requires the removal of physical obstacles to those who are 
physically challenged. The stated objective of this legislation 
has increased public awareness and concern over the require 
ments of the physically challenged. Consequentially, there 
has been more emphasis on providing systems that assist Such 
people to access a motor vehicle. Such as a bus or minivan. 
0002. A common manner of providing the physically chal 
lenged with access to motor vehicles is a ramp. Various ramp 
operating systems for motor vehicles are known in the art. 
Some slide out from underneath the floor of the vehicle and 
tilt down. Others are stowed in a vertical position and are 
pivoted about a hinge, while still others are supported by 
booms and cable assemblies. The present invention is gener 
ally directed to a “fold out' type of ramp. Such a ramp is 
normally Stowed in a horizontal position within a recess in the 
vehicle floor, and is pivoted upward and outward to a down 
ward-sloping extended position. In the extended position, the 
ramp is adjustable to varying curb heights. 
0003. Fold out ramps on vehicles confront a variety of 
technical problems. Longer ramps are desirable because the 
resulting slope is more gradual and more accessible by wheel 
chair-bound passengers. Longer ramps are, however, heavier 
and require more torque about the hinge to be reciprocated 
between deployed and stowed positions. To satisfy this torque 
requirement, Such fold-out ramps use large electric motors, 
pneumatic devices, or hydraulic actuators to deploy and stow 
the ramp. Many of such systems cannot be moved manually in 
the event of failure of the power source unless the drive 
mechanism is first disengaged. Some existing fold-out ramps 
can be deployed or stowed manually, but they are difficult to 
operate because one must first overcome the resistance of the 
drive mechanism. 
0004 As noted above, many existing fold-out ramps are 
equipped with hydraulic, electric, or pneumatic actuating 
devices. Such devices are obtrusive and make access to and 
from a vehicle difficult when the ramp is stowed. Moreover, 
many of Such fold-out ramps have no energy storage capa 
bilities to aid the lifting of the ramp, and thereby preserve the 
life of the drive motor or even allow a smaller drive to be 
employed. Finally, operating systems for Such fold-out ramps 
must have large power sources to overcome the torque placed 
on the hinge by the necessarily long moment arm of the 
fold-out ramp. 

SUMMARY 

0005. A ramp assembly has a ramp portion configured for 
reciprocating motion between a stowed position, a deployed 
position, and a neutral position. A counterbalance assembly is 
associated with the ramp portion and includes a drive element 
rotatably coupled about a first axis of rotation, wherein the 
first axis of rotation moves along an arcuate path when the 
ramp portion reciprocates between the Stowed position and 
the deployed position. A spring fitting is associated with the 
drive element. The counterbalance assembly further includes 
a restraint that is slidably coupled to the drive element and is 
coupled for rotational movement about a second axis of rota 
tion, wherein the second axis of rotation has a fixed location. 
A compression spring is disposed between the spring fitting 
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and a portion of the restraint so that the compression spring 
provides a force to bias the ramp portion toward the stowed 
position when the ramp portion is between the deployed 
position and the neutral position, and toward the deployed 
position when the ramp portion is between the Stowed posi 
tion and the neutral position. 
0006. This summary is provided to introduce a selection of 
concepts in a simplified form that are further described below 
in the Detailed Description. This summary is not intended to 
identify key features of the claimed subject matter, nor is it 
intended to be used as an aid in determining the scope of the 
claimed Subject matter. 

DESCRIPTION OF THE DRAWINGS 

0007. The foregoing aspects and many of the attendant 
advantages of this invention will become more readily appre 
ciated as the same become better understood by reference to 
the following detailed description, when taken in conjunction 
with the accompanying drawings, wherein: 
0008 FIG. 1 shows an isometric view of a fold out ramp 
having a counterbalance mechanism, wherein a ramp portion 
is shown in the Stowed position; 
0009 FIG. 2 shows an isometric view of the fold out ramp 
of FIG. 1, with the ramp portion located between the stowed 
position and a deployed position; 
0010 FIG.3 shows an isometric view of the fold out ramp 
of FIG. 1, with the ramp portion in a deployed position; 
0011 FIG. 4 shows an isometric view of a first exemplary 
embodiment of the counterbalance assembly of FIG. 1; 
0012 FIG. 5 shows a side view of the counterbalance 
assembly of FIG. 4, with the ramp portion in the stowed 
position; 
0013 FIG. 6 shows a side view of the counterbalance 
assembly of FIG. 4, with the ramp portion in the neutral 
position; 
0014 FIG. 7 shows a side view of the counterbalance 
assembly of FIG. 4, with the ramp portion in a deployed 
position; 
0015 FIG. 8 shows a side view of a second exemplary 
embodiment of the counterbalance assembly of FIG. 1, with 
the ramp portion in the Stowed position; 
0016 FIG. 9 shows a side view of the counterbalance 
assembly of FIG. 8, with the ramp portion in the neutral 
position; 
0017 FIG. 10 shows a side view of the counterbalance 
assembly of FIG. 8, with the ramp portion in a deployed 
position; 
0018 FIG. 11 shows an isometric view of a third exem 
plary embodiment of the counterbalance assembly of FIG. 1; 
0019 FIG. 12 shows a side view of the counterbalance 
assembly of FIG. 11, with the ramp portion in the stowed 
position; 
0020 FIG. 13 shows a side view of the counterbalance 
assembly of FIG. 11, with the ramp portion in the neutral 
position; 
0021 FIG. 14 shows a side view of the counterbalance 
assembly of FIG. 11, with the ramp portion in a deployed 
position; 
0022 FIG. 15 shows a side view of a fourth exemplary 
embodiment of the counterbalance assembly of FIG. 1, with 
the ramp portion in the Stowed position; 
0023 FIG. 16 shows a side view of the counterbalance 
assembly of FIG. 15, with the ramp portion in the neutral 
position; 
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0024 FIG. 17 shows a side view of the counterbalance 
assembly of FIG. 15, with the ramp portion in a deployed 
position; 
0025 FIG. 18 shows an isometric view of a fifth exem 
plary embodiment of the counterbalance assembly of FIG. 1; 
0026 FIG. 19 shows a side view of the counterbalance 
assembly of FIG. 18, with the ramp portion in the stowed 
position; 
0027 FIG. 20 shows a side view of the counterbalance 
assembly of FIG. 18, with the ramp portion in the neutral 
position; and 
0028 FIG. 21 shows a side view of the counterbalance 
assembly of FIG. 18, with the ramp portion in a deployed 
position. 

DETAILED DESCRIPTION 

0029. Exemplary embodiments of the present invention 
will now be described with reference to the accompanying 
drawings where like numerals correspond to like elements. 
The disclosed embodiments are directed to ramp assemblies, 
and specifically, to wheelchair ramp assemblies. In particular, 
described embodiments are directed to wheelchair ramp 
assemblies Suitable for use in buses, vans, etc. 
0030 The following discussion proceeds with reference to 
examples of wheelchair ramp assemblies for use in vehicles 
having a floor, Such as a bus, van, etc. While the examples 
provided herein have been described with reference to their 
association with vehicles, it will be apparent to one skilled in 
the art that this is done for illustrative purposes and should not 
be construed as limiting the Scope of the claimed subject 
matter. Thus, it will be apparent to one skilled in the art that 
aspects of the present disclosure may be employed with other 
ramp assemblies used in stationary installations, such as resi 
dential buildings and the like. 
0031. The following detailed description may use illustra 
tive terms such as vertical, horizontal, front, rear, curbside, 
roadside, inboard, outboard, proximal, distal, etc. However, 
these terms are descriptive in nature and should not be con 
strued as limiting. Further, it will be appreciated that embodi 
ments of the present disclosure may employ any combination 
of features described herein. 
0032 FIGS. 1-3 illustrate an exemplary embodiment of a 
fold out ramp assembly 100 (hereinafter the “ramp assembly 
100) suitable for use with the described counterbalance 
assemblies. The rampassembly 100 is adapted to be mounted 
to a vehicle (not shown). Such as a bus or a van and includes 
a ramp portion 104. The ramp portion 104 is mounted to be 
rotatable about one end so that the ramp portion 104 is recip 
rocal between the stowed position, as shown in FIG. 1, and a 
deployed position, as shown in FIG. 3. 
0033. When a ramp assembly is installed in a vehicle, 
Some components of the ramp assembly 100 may maintain a 
fixed relationship relative to the vehicle structure, while other 
components move relative to the vehicle structure when the 
ramp reciprocates between a stowed position and a deployed 
position. Similarly, when a ramp assembly is installed in a 
stationary installation, such as a residential building and the 
like. Some components of the ramp assembly may maintain a 
fixed relationship relative to the building structure, while 
other components move relative to the building structure 
when the ramp reciprocates between a stowed position and a 
deployed position. As illustrated, the ramp assembly of FIGS. 
1-3 includes a fixed portion 102. For such embodiments, the 
fixed portion 102 of the ramp assembly 100 maintains a fixed 
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relationship to the vehicle or other structure to which the ramp 
assembly is mounted. It will also be appreciated that the fixed 
portion of the ramp assembly also maintains a fixed relation 
ship to any defined ramp position. That is, the fixed portion 
102 of the ramp assembly 100 can be described as having a 
fixed relationship to the stowed position of the ramp portion, 
i.e., to the ramp portion when the ramp portion is in the 
stowed position. Similarly, the fixed portion of the ramp 
assembly can be described as having a fixed relationship to 
the neutral position of the ramp portion, which is the position 
in which the center of gravity of the ramp portion 104 is 
positioned so that the weight of the ramp portion does not 
imparta moment on the ramp portion. Alternate embodiments 
that do not include a fixed portion are also possible. For such 
embodiments, the ramp portion is rotatably coupled directly 
to a portion of the vehicle or other structure to which the ramp 
assembly is mounted. 
0034 Movement of the ramp portion 104 is powered by a 
motor (not shown), which is operatively coupled to the ramp 
portion with a transmission assembly 110. The transmission 
assembly includes a roadside sprocket 112 operatively 
coupled to the drive shaft of the motor and located toward the 
roadside portion of the ramp assembly 100. A curbside 
sprocket 114 is positioned along the curbside end of the ramp 
assembly. In the illustrated embodiment, the curbside 
sprocket 114 is fixedly coupled to an output shaft 116. The 
output shaft 116 is operatively coupled to the ramp portion so 
that rotation of the output shaft 116 in a first direction actuates 
the ramp portion towards the stowed position, and rotation of 
the output shaft in a second direction actuates the ramp por 
tion towards a deployed position. A chain 118 forms an end 
less loop that engages the curbside sprocket 114 and the 
roadside sprocket 112 so that rotation of the roadside sprocket 
rotates the output shaft 116, thus actuating the ramp portion. 
0035. The illustrated transmission assembly is exemplary 
only and should not be considered limiting. For example, 
although the transmission assembly 110 is described as a 
combination of sprockets 112 and 114 and a chain 118, other 
known transmission assemblies may be utilized, including 
but not limited to a plurality of gears, a belt and pulleys, etc. 
It is also anticipated that the drive shaft of the motor can be 
directly coupled to the ramp portion provide an actuating 
force to the ramp portion. It will be apparent to one of ordi 
nary skill the art that these and other variations to the trans 
mission assembly are possible. Accordingly, such alternate 
embodiments should be considered within the scope of the 
present disclosure. 
0036. In the illustrated embodiment, the output shaft 116 
serves as a pivot axis for the ramp portion 104 to which the 
curbside sprocket 114 is attached. That is, the axis of rotation 
of the output shaft 116 is coincident to the center of rotation 
of the ramp portion 104 as the ramp portion reciprocates 
between the stowed position and a deployed position. It 
should be appreciated that the output shaft 116 need not be so 
located. One of ordinary skill in the art would recognize that 
the location and orientation of the output shaft 116 can differ 
with the inclusion of various known transmission elements to 
couple the output shaft 116 to the ramp portion 104. Also 
envisioned are embodiments wherein the driveshaft that 
couples the motor to the roadside sprocket 112 acts as an 
output shaft 116, i.e., the shaft to which the counterbalance 
130 is attached. Such a configuration would allow the coun 
terbalance assembly to be located internal to the ramp assem 
bly 100, i.e. under the ramp portion 104 when the ramp 
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portion is in the stowed position. It should be appreciated that 
the output shaft 116 can be any shaft associated with the ramp 
assembly 100 that rotates in a first direction when the ramp 
portion 104 moves toward the stowed position and in a second 
direction when the ramp portion moves toward a deployed 
position. 
0037 FIGS. 5-7 show the ramp assembly 100 as the ramp 
portion 104 rotates from the stowed position (FIG. 5) through 
the neutral position (FIG. 6) to a deployed position (FIG. 7). 
Referring to FIG. 5, when the ramp is in the stowed position, 
the weight of the ramp portion 104, which is idealized as a 
force W acting at the CG, is positioned roadside of the center 
of rotation of the ramp portion 104 and imparts a moment Mr. 
on the ramp portion 104 that tends to rotate the ramp portion 
away from the neutral position and toward the Stowed posi 
tion. Similarly, when the ramp portion 104 is in a deployed 
position, as shown in FIG.7, the weight W of the ramp portion 
imparts a moment M, on the ramp portion that tends to rotate 
the ramp portion away from the neutral position and toward 
the deployed position. The moment M is the product of the 
weight W of the ramp portion 104 multiplied by moment arm 
d, which is the horizontal distance between the center of 
rotation and the CG of the ramp portion 104. As the ramp 
portion 104 moves from either the stowed position or a 
deployed position toward the neutral position, the moment 
arm d decreases according to the cosine of the angle of the 
ramp portion relative to a horizontal plane. As a result, the 
moment M, also decreases according to the cosine of the 
angle of the ramp portion relative to a horizontal plane as the 
ramp portion 104 moves toward the neutral position. 
0038. As shown in FIG. 6, when the ramp portion 104 is in 
the neutral position, the CG of the ramp portion 104 is located 
directly over the center of rotation of the ramp portion 104, 
i.e., d-0. As a result, the weight W of the ramp portion 104 
does not impart any moment about the center of rotation of the 
ramp portion 104. In the illustrated embodiment, the neutral 
position is depicted as occurring when the ramp is in a Sub 
stantially vertical position. It should be appreciated, however, 
that the position of the CG can vary according to the configu 
ration of the ramp portion 104. Accordingly, the neutral posi 
tion, i.e. the position at which the CG is located above the 
center of rotation of the ramp portion 104, can also vary 
according to the configuration of the ramp portion 104. 
0039 Referring now to FIGS. 4-7, a first exemplary 
embodiment of a counterbalance assembly 130 is shown. As 
best shown in FIG. 4, the counterbalance assembly 130 
includes a crank 132 coupled to the output shaft 116 so that 
the crank rotates in a first direction when the ramp portion 104 
moves toward the Stowed position and in a second direction 
when the ramp portion 104 moves toward a deployed posi 
tion. While the output shaft 116 of the illustrated embodiment 
is part of the transmission assembly 110, alternate embodi 
ments are contemplated wherein the output shaft is separate 
from the transmission assembly. In this regard, the output 
shaft 116 can be any shaft configured to rotate in a first 
direction when the ramp portion 104 moves toward the 
Stowed position, and in a second direction when the ramp 
portion moves toward the deployed position. 
0040. A drive element 140 is rotatably coupled at a proxi 
mal end 150 end to the crank 132 about an axis of rotation 
142. Movement of the ramp portion 104 between the stowed 
position and a deployed position rotates the output shaft 116. 
and thus the crank 132, so that the axis of rotation 142 moves 
alonganarcuate path. In the illustrated embodiment, the drive 
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element 140 is an elongate rod, however, the drive element 
140 can take any number of various forms and configurations 
without departing from the scope of the present disclosure. 
0041. A spring fitting 146 is associated with the drive 
element 140 and moves with the drive element as the ramp 
reciprocates between the Stowed position and a deployed 
position. As shown in FIG. 4, the spring fitting 146 is a disc 
coupled to the rod. One of skill in the art will appreciate that 
the spring fitting need not be a disc, but can instead take any 
of a number of suitable forms. Further, while the spring fitting 
146 is illustrated to be a separate piece coupled to the drive 
element 140, the spring fitting can instead be integrally 
formed with the drive element. 
0042 Still referring to FIG. 4, a restraint 160 is rotatably 
coupled at a proximal end 162 for rotational movement about 
an axis of rotation 164. The axis of rotation 164 is fixedly 
positioned relative to the neutral position of the ramp portion 
104. For ramp assemblies 100 having a fixed portion 102. 
such as the embodiment shown in FIGS. 4-7, the restraint 160 
can be coupled to a fixed portion of the ramp assembly. 
Alternately, the restraint 160 can be coupled to a portion of the 
vehicle to which the ramp assembly 100 is mounted or to any 
other structure that maintains a fixed position relative to the 
neutral position of the ramp portion 104. 
0043. In the embodiment shown in FIG. 4, the restraint 
160 has an elongate body extending along the side of the ramp 
assembly. The form and orientation of the illustrated elongate 
body are exemplary only, and should not be considered lim 
iting. In this regard, Various changes to the shape and con 
figuration of the body are contemplated and should be con 
sidered within the scope of the present disclosure. An end stop 
166 is disposed on the distal end 168 of the restraint 160, and 
a guide 170 is disposed on the proximal end 162 of the 
restraint. The end stop 166 and guide 170, are illustrated as 
being integral with the restraint 160, however alternate 
embodiments are possible wherein one or both of the end stop 
and guide are formed separately and then attached to the 
restraint. 
0044) The drive element 140 is slidably coupled to the 
restraint 160. More specifically, in the illustrated embodi 
ment, the rod engages the end stop 166 and the guide 170 for 
sliding translation. The spring fitting 146 is located between 
the guide 170 and the end stop 166, and a compression spring 
180 is disposed between the end stop and the spring fitting 
146. In the illustrated embodiment, the drive element 140 
(rod) is concentrically disposed within the compression 
spring 180. 
0045. When the proximal end 150 of the drive element 140 
moves along the arcuate path in response to rotation of the 
crank 132, the restraint 160 rotates around the axis of rotation 
162 about which the proximal end 162 of the restraint 160 is 
coupled. This motion changes the distance between the spring 
fitting 146 and the end stop 166. As shown in FIGS. 5-7, the 
distance between the spring fitting 146 and the end stop 166 is 
greatest when the ramp portion 104 is in the neutral position 
(FIG. 6). As the ramp portion 104 moves from the neutral 
position toward the stowed position (FIG. 5) or a deployed 
position (FIG. 7), the distance between the spring fitting 146 
and the end stop 166 decreases, and the spring fitting com 
presses the compressing spring by moving a first end of the 
compression spring toward a second end of the compression 
Spring. 
0046. As the ramp portion 104 reciprocates between the 
Stowed position and a deployed position, the compression 
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spring 180 engages the spring fitting 146 and the end stop 
166. The compression spring 180 applies a force F to the 
spring fitting 146 that pushes the spring fitting 146, and there 
fore the drive element 140, away from the output shaft 116. 
Consequently, the drive element 140 pulls on the crank 132 
with a force F. The force F creates a moment M, about the 
center of rotation of the ramp portion 104 that tends to rotate 
the ramp toward the neutral position. As the ramp portion 
moves away from the neutral position, the distance between 
the spring fitting 146 and the end stop 166 decreases, and the 
compression spring 180 is compressed. The compression of 
the spring 180 increases the force F applied to the crank 132, 
and thus the moment M, increases as the ramp portion 104 
moves away from the neutral position. The moment M acts 
on the output shaft 116 to counteract the moment M, that 
results from the weight W of the ramp portion 104 when the 
ramp portion 104 is in a position other than the neutral posi 
tion. Thus, when the ramp portion 104 is between the neutral 
position and the Stowed position, the compression spring 180 
provides a force that biases the ramp portion toward a 
deployed position. Similarly, when the ramp portion 104 is 
between the neutral position and a deployed position, the 
spring 180 provides a force that biases the ramp portion 
toward the stowed position. 
0047. As shown in FIG. 6, when the ramp portion 104 is in 
the neutral position, the compression spring 180 is at maxi 
mum extension, and the force F imparted by spring acts 
through the center of rotation of the crank 132. As a result, the 
spring 180 does not impart any moment on the ramp portion 
104 when the ramp portions in the neutral position. 
0048. The compression spring 180 is preferably sized such 
that as the ramp portion 104 reciprocates between the stowed 
position and a deployed position, compression of the com 
pression spring 180 imparts a force Fofa magnitude such that 
Mapproximates M. In this regard, the compression spring 
180 may have a constant stiffness or a variable stiffness. By 
minimizing the difference between M and M, the output 
requirement on the motor is also reduced, allowing for a 
Smaller, more compact motor. Manual operation effort is also 
reduced. 
0049. In the disclosed embodiment, the compression 
spring 180 engages both the end stop 166 and spring fitting 
146 when the ramp portion 104 is in the neutral position. In 
this position, the compression spring 180 may be partially 
compressed. Because the force is applied through the center 
of rotation of the shaft 116, the force does not result in a 
moment M about the shaft. Alternately, the compression 
spring 180 may uncompressed when the ramp portion 104 is 
in the neutral position so that the compression spring 180 
applies no moment M to the shaft 116 when the ramp portion 
104 is in the neutral position. 
0050 FIGS. 8-10 show a second exemplary embodiment 
of a counterbalance assembly 230. The counterbalance 
assembly 230 is similar to the counterbalance assembly 130 
of FIGS. 5-7, but includes two springs in series instead of a 
single spring to provide a counterbalancing force. 
0051. Like the previously described counterbalance 
assembly 130, the counterbalance assembly 230 shown in 
FIGS. 8-10 includes a crank 132 coupled to an output shaft 
116 so that the crank rotates in a first direction when the ramp 
portion 104 moves toward the stowed position and in an 
second direction when the ramp portion moves toward a 
deployed position. A drive element 140 is rotatably coupled to 
the crank 132 about an axis of rotation 142 so that the axis of 
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rotation moves along an arcuate path when the ramp portion 
104 reciprocates between the stowed position and a deployed 
position. A first end stop 166 is associated with the proximal 
end of the drive element 140, and a guide is disposed on the 
distal end of the drive element. 
0.052 The counterbalance assembly 230 further includes a 
restraint 160 coupled at a proximal end for rotation about an 
axis of rotation 164, wherein the axis of rotation maintains a 
fixed position relative to the neutral position of the ramp 
portion 104. A first spring fitting 146 is associated with, i.e., 
coupled to or integrally formed with, the restraint 160. The 
restraint 160 is slidably coupled to the drive element 140 so 
that movement of the ramp portion 104 away from the neutral 
direction toward either the stowed position or a deployed 
position decreases the distance between the first end stop 166 
and the first spring fitting 146. 
0053 A first compression spring 180 is disposed between 
the first end stop 166 and the first spring fitting 146. Move 
ment of the ramp portion 104 from the neutral position toward 
the stowed position and from the neutral position toward the 
deployed position moves a first end of the compression spring 
toward a second end of the compression spring, i.e., com 
presses the compression spring, so that the compression 
spring provides a force F that tends to move the ramp portion 
toward the neutral position. 
0054 The counterbalance 230 further includes a second 
end stop 190 associated with the restraint 160, a second spring 
fitting 192 associated with the drive element 140, and a sec 
ond compression spring 194 disposed between the second 
end stop 190 and the second spring fitting 192. Similar to the 
first end stop 166 and first spring fitting 146, movement of the 
ramp portion 104 from the neutral position toward the stowed 
position and from the neutral position toward the deployed 
position moves the second spring fitting 192 toward the sec 
ond end stop 190. The second spring fitting 192 engages a first 
end of the second compression spring 194 to move the first 
end toward a second end of the compression spring, i.e., to 
compress the compression spring, so that the spring provides 
a force F that tends to move the ramp portion toward the 
neutral position. 
0055. In the illustrated embodiment, the first and second 
compression springs 180 and 194, are arranged in parallel. 
The restraint 160 is a rod concentrically disposed within the 
first and second compression springs 180 and 194. Alternate 
configurations in which the springs are arranged in series are 
also contemplated. 
0056. The first and second compression springs 180 and 
194 provide a counterbalancing force F that biases the ramp 
portion 104 toward the stowed position when the ramp por 
tion is located between the neutral position and a deployed 
position, and toward a deployed position when the ramp 
portion is located between the neutral position and the stowed 
position. The force provided by a typical compression spring 
is proportional to the amount of compression, i.e., the change 
in length of the spring. Accordingly, the two springs combine 
to provide twice the force F as would be provided by a single 
spring with a similar spring constant. As a result, Smaller 
springs can be utilized to provide the desired counterbalanc 
ing force F, allowing for a more compact counterbalance 
assembly 230. 
0057 FIGS. 11-14 show a third exemplary embodiment of 
a counterbalance assembly 330. Referring to FIG. 11, the 
counterbalance assembly 330 is similar to the counterbalance 
assembly 130 shown in FIG. 4, but with the elements of the 
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counterbalance generally reversed. Thus, the drive element 
140 (illustrated as an elongate body similar to the restraint 
member 160 of counterbalance assembly 130) is rotatably 
coupled at a proximal end 150 to the crank 132 about an axis 
of rotation 142. A guide 170 is located on the proximal end 
150 of the drive element 140, and a spring fitting 146 for 
engaging a first end of a compression spring 180 is located on 
the distal end 152 of the drive element. The restraint member 
160 (a rod similar to the drive element 140 of counterbalance 
assembly 130) is coupled at a proximal end 162 for rotatable 
movement about an axis of rotation 164 that has a fixed 
position relative to the neutral position of the ramp portion 
104. The rod is concentrically disposed within the compres 
sion spring 180, and an end stop 166 is disposed on the distal 
end of the rod to engage a second end of the compression 
spring 180. 
0058. The drive element 140 is slidably coupled to the 
restraint 160 so that movement of the ramp portion 104 from 
the neutral position (FIG. 13) toward the stowed position 
(FIG. 12) or toward a deployed position (FIG. 14) moves the 
first end of the compression spring 180 toward the second end 
of the compression spring. Compression of the spring 180 in 
this manner produces a force that tends to bias the ramp 
portion 104 toward the neutral position. 
0059 FIGS. 15-17 show a fourth embodiment of a coun 
terbalance assembly 430 similar to the counterbalance assem 
bly 330 shown in FIGS. 12-14, but with a second spring to 
provide additional force to counterbalance the weight of the 
ramp portion 104. In addition to the structure described with 
respect to counterbalance assembly 330, counterbalance 430 
further includes a second end stop 190 associated with the 
restraint 160, a second spring fitting 192 associated with the 
drive element 140, and a second compression spring 194 
disposed therebetween. In the illustrated embodiment, the 
restraint 160 is a rod concentrically disposed within the first 
and second compression springs 180 and 194. Movement of 
the ramp portion from the neutral position (FIG. 16) toward 
either the stowed position (FIG. 15) or a deployed position 
(FIG. 17) compresses the second compression spring 194. 
The combined force F resulting from the compression of the 
first and second compression springs 180 and 194 biases the 
ramp toward the neutral position, thus reducing or eliminat 
ing the force required from the motor to counteract the weight 
of the ramp portion. 
0060 FIGS. 18-21 show a fifth exemplary embodiment of 
a counterbalance assembly 530. The counterbalance assem 
bly 530 is similar to the counterbalance assembly 130 dis 
closed in FIGS. 4–7, except that the restraint 160 is a hollow 
cylindrical sleeve coupled at a proximal end for rotating 
movement about an axis of rotation 164, wherein the axis of 
rotation has a fixed position relative to the neutral position of 
the ramp portion 104. As best shown in FIG. 18, the sleeve 
includes a shoulder at the distal end that functions as an end 
stop 166. 
0061. In the illustrated embodiment, the drive element 140 

is a rod extending through the central portion of the restraint 
160. A nut is threadedly coupled to the distal end of the rod to 
act as a spring fitting 146. A compression spring 180 is at least 
partially disposed within the sleeve so that the rod is concen 
trically disposed within the spring, and the spring fitting 146 
and end stop 166 engage first and second ends, respectively, 
of the spring. The position of the nut is selectively adjustable 
to provide a predetermined amount of preload or no preloadat 
all when the ramp portion 104 is in the neutral position. 
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0062 Similar to the previously described embodiments, 
the compression spring 180 provides a force F that counter 
acts the weight of the ramp. When the ramp portion 104 
moves from the neutral position (FIG. 20) toward the stowed 
position (FIG. 19) or a deployed position (FIG. 21), the spring 
fitting 146 moves the first end of the compression spring 180 
toward the second end of the compression spring, which is 
restrained by the shoulder (end stop 166). The force provided 
by the spring 180 is proportional to the amount by which the 
spring is compressed. By selecting a compression spring 180 
with a suitable spring constant and adjusting the preload in the 
spring, the force F provided by the spring can be optimized so 
the moment M imparted by the force closely matches the 
moment M, resulting from the weight of the ramp portion 
104. 
0063. While illustrative embodiments have been illus 
trated and described, it will be appreciated that various 
changes can be made therein without departing from the spirit 
and scope of the invention. 
The embodiments of the invention in which an exclusive 

property or privilege is claimed are defined as follows: 
1. A ramp assembly, comprising: 
(a) a ramp portion configured for reciprocating motion 

between a stowed position, a deployed position, and a 
neutral position; and 

(b) a counterbalance associated with the ramp portion, 
comprising: 
(i) a drive element comprising a spring fitting, wherein 

the drive element is rotatably coupled about a first axis 
of rotation, the first axis of rotation moving along an 
arcuate path when the ramp portion reciprocates 
between the stowed position and the deployed posi 
tion; 

(ii) a restraint slidably coupled to the drive element and 
coupled for rotational movement about a second axis 
of rotation, wherein the second axis of rotation has a 
fixed location relative to the neutral position of the 
ramp portion; and 

(iii) a compression spring disposed between the spring 
fitting and a portion of the restraint, wherein the com 
pression spring provides a force to bias the ramp 
portion (1) toward the stowed position when the ramp 
portion is between the deployed position and the neu 
tral position, and (2) toward the deployed position 
when the ramp portion is between the stowed position 
and the neutral position. 

2. The rampassembly of claim 1, wherein the spring fitting 
engages a first end of the compression spring to move the first 
end of the compression spring toward a second end of the 
compression spring when the ramp portion moves from the 
neutral position toward the Stowed position. 

3. The rampassembly of claim 2, wherein the spring fitting 
engages the first end of the compression spring to move the 
first end of the compression spring toward the second end of 
the compression spring when the ramp portion moves from 
the neutral position toward the deployed position. 

4. The ramp assembly of claim 1, wherein the force pro 
vided by the compression spring does not bias the ramp 
portion when the ramp portion is in the neutral position. 

5. The ramp assembly of claim 1, further comprising a 
crank associated with the ramp portion to rotate (1) in a first 
direction when the ramp portion moves toward the stowed 
position, and (2) in a second direction opposite the first direc 
tion when the ramp portion moves toward the deployed posi 



US 2011/00881.75 A1 

tion, wherein the drive element is rotatably coupled to the 
crank about the first axis of rotation. 

6. The rampassembly of claim 1, wherein the drive element 
is a rod concentrically disposed within the compression 
Spring. 

7. The ramp assembly of claim 1, wherein the restraint is a 
rod concentrically disposed within the compression spring. 

8. The rampassembly of claim 1, wherein the drive element 
further comprises a second spring fitting, and wherein the 
restraint comprises first and second end stops, the counter 
balance further comprising a second compression spring dis 
posed between the second compression spring fitting and the 
second end stop, wherein the second compression spring 
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provides a force to bias the ramp portion (1) toward the 
stowed position when the ramp portion is between the 
deployed position and the neutral position, and (2) toward the 
deployed position when the ramp portion is between the 
Stowed position and the neutral position. 

9. The ramp assembly of claim8, wherein the drive element 
is a rod concentrically disposed within the first and second 
compression springs. 

10. The ramp assembly of claim 8, wherein the restraint is 
a rod concentrically disposed within the first and second 
compression springs. 


