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OPERATOR PROTECTION APPARATUS WITH AN OVER-CENTER LINKAGE

BACKGROUND OF THE INVENTION

Some operator or operator protection apparatuses for terrain working vehicles
may have a fold-down capability for avoiding overhead obstacles. Traditionally, foldable
operator protection apparatuses have included a lower portion in a fixed position and an
upper portion that is mounted to the lower portion. Further, many foldable operator
protection apparatuses require that an operator manually actuate the upper portion between a
raised and a lowered position, which may require that the operator leave the seating platform
of the vehicle. Resultantly, efficiencies in the operation performed by the operator and may
be reduced.

Additionally, previous [oldable operator protection apparatuses have used
bulky securing devices to secure the upper portion in a raised position. Various securing
devices, such as removable pins and the like, have been employed to secure upper portions in
a raised position. Further, as can be appreciated, removable securing devices may be lost or

misplaced, further decreasing efficiencies of the operator during operations.

SUMMARY OF THE INVENTION

Aspects hereof relate to an operator protection apparatus that can be lowered
and raised to a locked position using at least one over-center linkage. The operator protection
apparatus includes a lower portion and an upper portion that is movable relative to the lower
portion. The upper portion may be coupled to the lower portion with one or more hinge
joints. Additionally, the at least one over-center linkage may be pivotably coupled to the
upper portion and the lower portion. In some aspects, the over-center linkage includes a
lower link assembly and an upper link assembly coupled at a center pivot joint. Additionally,
the over-center linkage may be configured to move between the locked position and an
unlocked position. When the over-center linkage is in the locked position, the over-center
linkage may retain the upper portion in the raised position. Further, the apparatus may
include an actuator coupled to the over-center linkage for moving the apparatus between the

locked and/or raised position and the unlocked and/or or lowered position.
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Some embodiments disclosed herein provide an operator protection apparatus,
the apparatus comprising: a lower portion having a first end and a second end; an upper
portion having a first end and a second end; at least one hinge joint coupling the lower portion
second end to the upper portion first end such that the upper portion is movable relative to the
lower portion; and at least one over-center linkage, the at least one over-center linkage
comprising: a lower link assembly having a lower link assembly first end and a lower link
assembly second end, the lower link assembly first end pivotably coupled to the lower portion
at a lower pivot joint; an upper link assembly having an upper link assembly first end and an
upper link assembly second end, the upper link assembly first end pivotably coupled to the
lower link assembly second end forming a center pivot joint, and the upper link assembly
second end pivotably coupled with the upper portion at an upper pivot joint; and wherein the
over-center linkage is in a locked position when the center pivot joint is on a first side of a
centerline extending between the lower pivot joint and the upper pivot joint and the over-
center linkage is in an unlocked position when the center pivot joint is on a second side of the

centerline.

Some embodiments disclosed herein provide an operator protection apparatus
for a terrain working vehicle, the apparatus comprising: a lower portion having a first end and
a second end, wherein the first end is affixed to a frame of the terrain working vehicle; an
upper portion having a first end and a second end; at least one hinge joint coupling the lower
portion second end to the upper portion first end such that the upper portion is movable
relative to the lower portion; and at least one over-center linkage, the at least one over-center
linkage comprising: a lower link assembly having a first end and a second end, the lower link
assembly first end pivotably coupled to the lower portion at a lower pivot joint; an upper link
assembly having a first end and a second end, the upper link assembly first end pivotably
coupled to the lower link assembly second end forming a center pivot joint, and the upper link
assembly second end pivotably coupled with the upper portion at an upper pivot joint; and
wherein the over-center linkage is in a locked position when the center pivot joint is on a first
side of a centerline extending between the lower pivot joint and the upper pivot joint and the
over-center linkage is in an unlocked position when the center pivot joint is on a second side

of the centerline.

Date Regue/Date Received 2020-04-23
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Some embodiments disclosed herein provide a riding mower having an operator
protection apparatus, the riding mower comprising: a frame; a mower deck coupled to the frame;
and the operator protection apparatus comprising: a lower portion comprising first lower portion
upright having a first upright first end and a first upright second end, and a second lower portion
upright having a second upright first end and a second upright second end; an upper portion
comprising a first upper portion member having a first member first end and a first member
second end, a second upper portion member having a second member first end and a second
member second end, and a transverse member disposed between the first member second end
and the second member second end; a pair of hinge joints coupling the first upright second end
to the first member first end and the second upright second end to the second member first end
such that the upper portion is movable relative to the lower portion; and a first over-center
linkage, the first over-center linkage comprising: a first lower link assembly having a first lower
link first end and a first lower link second end, wherein the first lower link first end is pivotably
coupled to the first lower portion upright at a first lower link pivot joint; a first upper link
assembly having a first upper link first end and a first upper link second end, wherein the first
upper link first end is pivotably coupled to the first lower link second end at a first center pivot
joint, and wherein the first upper link second end is pivotably coupled to the first upper portion
member at a first upper link pivot joint; and wherein the first over-center linkage is in a locked
position when the first center pivot joint is on a first centerline first side of a first centerline
extending between the first lower link pivot joint and the first upper link pivot joint, and the
first over-center linkage is in an unlocked position when the first center pivot joint is on a first

centerline second side of the first centerline.

Date Regue/Date Received 2021-02-11
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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 or essential 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.

BRIEF DESCRIPTION OF THE DRAWING

[lustrative embodiments of the present invention are described in detail below
with reference to the attached drawing figures, which are incorporated by reference herein
and wherein:

FIG. 1 depicts a riding mower having an operator protection apparatus affixed
thereto in a raised position, in accordance with aspects hereof;

FIG. 2 depicts a perspective view of an operator protection apparatus having
an over-center linkage in a raised position, in accordance with aspects hereof;

FIG. 3 depicts a side view of the operator protection apparatus of FIG. 2 in the
raised position, in accordance with aspects hereof;

FIG. 4 depicts a side view of the operator protection apparatus of FIG. 2 in a
top dead center position, in accordance with aspects hereof;

FIG. 5 depicts a perspective view of the operator protection apparatus of FIG.
2 in a lowered position, in accordance with aspects hereol;

FIG. 6 depicts a perspective view of an exemplary powered actuator, in
accordance with aspects hereof;

FIG. 7 depicts a perspective view of an exemplary electric-hydraulic actuator,
in accordance with aspects hereof;

FIG. 8 depicts a perspective view of an exemplary electric actuator, in
accordance with aspects hereof;

FIG. 9 depicts a perspective view of an mechanical actuator, in accordance
with aspects hereof:

FIG. 10 depicts a perspective view ol an operator protection apparatus having
two over-center linkages in a raised position, in accordance with aspects hereof;

FIG. 11 depicts a perspective of the operator protection apparatus of FIG. 10

in a lowered position, in accordance with aspects hereof;
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FIG. 12 depicts a perspective view of an operator protection apparatus with an
assist in a raised position, in accordance with aspects hereof;

FIG. 13 depicts an alternative perspective view of an operator protection
apparatus in a raised position, in accordance with aspects hereof;

FIG. 13 depicts an alternative perspective view of an operator protection
apparatus in a raised position, in accordance with aspects hereof;

FIG. 14 depicts an alternative perspective view of an operator protection
apparatus in a raised position, in accordance with aspects hereof;

FIG. 15 depicts a riding mower having an operator protection apparatus
affixed thereto in a raised position, in accordance with aspects hereof;

FIG. 16 depicts a perspective view of the operator protection apparatus of FIG.
15 in a raised position, in accordance with aspects hereof;

FIG. 17 depicts a perspective view of the operator protection apparatus of FIG.
15 in a lowered position, in accordance with aspects hereof; and

FIG. 18 depicts a riding mower having an alternative operator protection

apparatus affixed thereto in a raised position, in accordance with aspects hereof.

DETAILED DESCRIPTION OF THE INVENTION
The subject matter of embodiments of the present invention is described with
specificity herein to meet statutory requirements. However, the description itself is not
intended to limit the scope of this patent. Rather, the inventors have contemplated that the
claimed subject matter might also be embodied in other ways, to include different steps or
combinations of steps similar to the ones described in this document, in conjunction with
other present or future technologies.

Aspects hereof relate to an operator protection apparatus that can be raised and
lowered by an operator in a seated position, {or example, on a riding mower. Additionally,
the operator protection apparatus may lock in the raised position. The movement and locking
may be facilitated by an over-center linkage. For example, when an operator raises an upper
portion of the operator protection apparatus, a center pivot joint of the over-center linkage

may be configured to move to a position past a centerline defined as extending between
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pivots points at opposing ends of the linkage. Accordingly, a mechanical force is then
required to overcome the lock and allow the operator protection apparatus to return to a
lowered position.

As a result, an operator may lower the upper portion of the operator protection
apparatus, for example to avoid an obstacle, without stopping operation or leaving an
operator seat of the vehicle. As can be appreciated, the convenience and ease of use of the
operator protection apparatuses described herein may be conducive to improving the
frequency of use of the operator protection apparatus. Further, the over-center linkage may
provide a securing device that remains attached to the operator protection apparatus.
Accordingly, the operator protection apparatuses provided herein may be secured in the
raised and/or locked position using a securing device without loose parts. As a result, the
apparatuses provided herein may eliminate the need for removable securing mechanisms,
which if detached and misplaced, may cause inefficiencies during the operation of a vehicle
associated with the operator protection apparatus.

A first exemplary embodiment provides for an operator protection apparatus,
the apparatus comprising a lower portion and an upper portion. The lower portion may have
a first end and a second end and the upper portion may also have a [irst end and a second end.
The apparatus may also include at least one hinge joint (e.g., pivot) coupling the lower
portion second end to the upper portion first end such that the upper portion is movable
relative to the lower portion. Stated differently, the upper portion may be pivotably coupled
with the lower portion. Further, in some aspects, the apparatus comprises at least one over-
center linkage effective to lock the upper portion in a set position (e.g., raised) relative to the
lower portion. The over-center linkage comprises a lower link assembly having a first end
and a second end, the first end is pivotably coupled to the lower portion at a lower pivot joint.
The over-center linkage further comprises an upper link assembly having a first end and a
second end, the upper link assembly first end is pivotably coupled to the lower link assembly
second end forming a center pivot joint, and the upper link assembly second end is pivotably
coupled with the upper portion at an upper pivot joint. Accordingly, the over-center linkage
is in a locked position when the center pivot joint is on a first side of a line extending
between the lower pivot joint and the upper pivot joint and the center pivot joint is in an
unlocked position on a second side of the line. The apparatus may also include at least one

actuator coupled to the over-center linkage.
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A second exemplary embodiment provides for an operator protection
apparatus for a terrain working vehicle. The operator protection apparatus may comprise a
lower portion having a first end and a second end, wherein the first end is affixed to a frame
of the terrain working vehicle; an upper portion having a first end and a second end; and at
least one hinge joint coupling the lower portion second end to the upper portion first end such
that the upper portion is movable relative to the lower portion. The operator protection
apparatus may include at least one over-center linkage, the at least one over-center linkage
comprising: a lower link assembly having a first end and a second end, the first end pivotably
coupled to the lower portion at a lower pivot joint; an upper link assembly having a first end
and a second end, the upper link assembly first end pivotably coupled to the lower link
assembly second end forming a center pivot joint, and the upper link assembly second end
pivotably coupled with the upper portion at an upper pivot joint. In one aspect, the over-
center linkage is in a locked position when the center pivot joint is on a first side of a line
extending between the lower pivot joint and the upper pivot joint and the center pivot joint is
in an unlocked position on a second side of the line. The operator protection apparatus may
also include at least one actuator coupled to the over-center linkage.

Yel another exemplary embodiment provides for a riding mower having an
operator protection apparatus. The riding mower may comprise a frame; a mower deck
coupled to the frame; and an operator protection apparatus. The apparatus may comprise: a
lower portion comprising a first lower portion upright having a first upright first end and a
first upright second end, and a second lower portion upright having a second upright first end
and a second upright second end. The apparatus may additionally comprise an upper portion
comprising a first upper portion member having a first member first end and a first member
second end, a second upper portion member having a second member first end and a second
member second end, and a transverse member disposed between the first member second end
and the second member second end. The apparatus may also include a pair of hinge joints
coupling the first upright second end to the first member first end and the second upright
second end to the second member first end such that the upper portion is movable relative to
the lower portion. Further, the apparatus comprises a first over-center linkage, the first over-
center linkage comprising: a first lower link assembly having a first lower link first end and a
first lower link second end, wherein the first lower link first end is pivotably coupled to the
first lower portion upright at a first lower link pivot joint; a first upper link assembly having a

first upper link first end and a first upper link second end, wherein the first upper link
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assembly first end is pivotably coupled to the first lower link assembly second end at a first
center pivot joint. In one aspect, the first over-center linkage is in a locked position when the
first center pivot joint is on a first side of a first line extending between the first lower link
pivot joint and the first upper link pivot joint, and the first over-center linkage is in an
unlocked position when the first center pivot joint is on a second side of the first line. The
operator protection apparatus may also include a first actuator coupled to the first over-center
linkage at a first actuator-over-center pivot joint and coupled to the first lower portion upright
at a first actuator-upright pivot joint for moving the upper portion between locked position
and the unlocked positon. The riding mower may also include a controller for controlling one
or more operations of the riding mower; and one or more sensors communicatively coupled
to the controller.

FIG. 1 depicts an exemplary aspect of an operator protection apparatus 100
mounted on a riding mower 190, in accordance with aspects hereof. In some aspects, the
riding mower may include a mower deck 191 coupled to the frame 192 and a controller 198.
The riding mower 190 may also comprise a frame 192 having a frame first end 194 and a
frame second end 196. In one aspect herein, a horizontal line 1-1 extending from the frame
first end 194 to the frame second end 196 deflines a horizontal plane, which may be referred
to herein in order to describe locations and positions of various components of the operator
protection apparatuses described herein. The mower 190 of FIG. 1 is exemplary in nature. It
is contemplated that the operator protection apparatus of provided herein may be associated
with any vehicle having an occupant. Nonlimiting examples of vehicles with which the
operator protection apparatus may be associated include terrain working vehicles, lawn
tractors, UTVs, ATVs, compact tractors, and loaders.

The operator protection apparatus 100 may include a lower portion 102 and an
upper portion 110. In some aspects, the lower portion 102 may comprise a pair of mirror-
image lower portion 102 uprights. Accordingly, the lower portion 102 may be described
herein as comprising the pair of lower portion 102 uprights. The lower portion 102 may be
affixed to or integrally formed with a frame of any number of vehicles. Similarly, the upper
portion 110 may include a pair of mirror-image upper portion members and a transverse
member affixed between the upper portion members. Accordingly, the upper portion 110
may be described herein as comprising the upper portion members and the transverse
member. However, as will be provided hereinafter, alternative configurations are

contemplated while achieving the aspects provided for the operator protection apparatus 100.
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Further, the operator protection apparatus 100 may comprise at least one hinge
joint 120 for coupling the lower portion 102 to the upper portion 110 and at least one over-
center linkage 140. The over-center linkage 140 may be pivotably coupled to the lower
portion 102 and the upper portion 110. Further, the over-center linkage 140 may be movable
between a locked and an unlocked position. In one example, when in the locked position, the
over-center linkage 140 may provide a mechanical stop to prevent back-driving of the
operator protection apparatus 100, in order to keep the operator protection apparatus 100 in a
raised position.

FIG. 2 depicts a perspective view of one embodiment of the operator
protection apparatus 100 having at least one over-center linkage 140, in accordance with
agpects hereof. The operator protection apparatus 100 may include a lower portion 102 and
an upper portion 110. Additionally, the operator protection apparatus 100 may include at
least one over-center linkage 140. In some aspects, the over-center linkage 140 may include
a lower link assembly 142 pivotably coupled to the lower portion 102 at a lower pivot joint
148. Further, the over-center linkage 140 may include an upper link assembly 150 pivotably
coupled to the lower link assembly 142 at a center pivot joint 156. Additionally, the upper
link assembly 150 may be pivotably coupled with the upper portion 110 at an upper pivot
joint 158. Any of the links, members, or other elements may be adjustable in orientation
and/or length to achieve aspects provided herein. For example, the upper link assembly 150
may be an opposing threaded screw link allowing for a rotational movement to adjust the
length of the link.

Further, the operator protection apparatus 100 may include a stop lug 155 for
limiting movement of the over-center linkage 140 beyond the locked position. In one aspect,
the stop lug 155 may be affixed to the lower portion 102 (for example via a bracket) such that
the lower link assembly 142 contacts the stop lug 155 when the over-center linkage 140 is in
the locked position. In other aspects, the stop lug 155 may be affixed to the upper portion
110. The stop lug 155 is one example of a mechanism for limiting movement of the over-
center linkage 140 beyond the locked position. Other structures and mechanisms for limiting
movement of the over-center linkage 140 may also be employed. In an additional aspect, the
stop lug 155, or other stopping mechanism, may be associated with the over-center linkage
140. For example, the stop lug 155 may be affixed to the over-center linkage 140 such that
the stop lug 155 contacts the surface of the lower portion 102 and/or the upper portion 110.

Additionally, one or more pivot joints associated with the over-center linkage 140 (for
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example, lower pivot joint 148, upper pivot joint 158, and center pivot joint 156) may be
limited pivot joints, such that the joints include a limiter for limiting rotation past the locked
position.

Additionally, the operator protection apparatus 100 may include at least one
actuator 122 coupled to the over-center linkage 140. The actuator 122 may generally operate
to articulate the over-center linkage 140 between the locked position and the unlocked
positon. In some aspects, once the actuator 122 has moved the over-center linkage 140 to the
unlocked position, the actuator 122 may provide a force required to move the upper portion
110 to the lowered position and return the upper portion 110 to the a raised and/or locked
position. Although shown here as a hand lever 124, the actuator 122 may be a powered
actuator, such as an electric, pneumatic, hydraulic, or mechanical actuator. Several examples
of actuators are described below, however any suitable mechanism for performing the
actuation is considered within the scope of this disclosure.

Additionally, the apparatus may comprise at least one securing device 130
associated with the over-center linkage 140 and permanently affixed to the apparatus. In one
aspect, the securing device 130 may include a projection for engaging a securing device
engagement aperture 121 of the hand lever 124. In one example, the projection may be
spring-loaded, such that when the projection is aligned with a securing device engagement
aperture 121, the hand lever 124 is secured. Further, the securing device 130 may include a
sensor for detecting an engagement of the securing device 130. In some aspects, the sensor
may be integrated with the securing device 130, or may be associated with the securing
device 130. Any number of securing devices may be suitable for securing the actuator 122.
At a high level, the securing device 130 retains the actuator 122, such that the actuator 122
ensures the over-center linkage 140 remains in the locked position.

In one aspect, the operator protection apparatus 100 includes a position sensor
170. The position sensor 170 may be configured to detect one or more positions of the
operator protection apparatus 100. For example, the sensor may be configured to detect when
the operator protection apparatus 100 is in a locked position. In additional aspects, the
position sensor 170 may be detect when the operator protection apparatus 100 is in the raised
position, but is not in the locked position. In one aspect, a position sensor 170 may include a
projection that is depressed when the over-center linkage 140 is in the locked position.
Further, in some aspects of the position sensor 170 may be configured to communicate the

one or more positions, for example to a controller 198 (described in more detail below).
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Accordingly, a time that the operator protection apparatus 100 is in each position of the one
or more positions may be determined using the sensed information detected by the position
sensor 170.

As shown in FIG. 3, the lower portion 102 may comprise a lower portion first
end 104 and a lower portion second end 106. The lower portion first end 104 may be welded
to (or fastened using any number of means), or may be integrally formed with a frame of a
vehicle. Accordingly, the term “end,” as used herein, does not necessarily indicate a point at
which a given component terminates. For example, the lower portion first end 104 may be
contiguous with the frame of the vehicle. The upper portion 110 may include an upper
portion first end 112 and an upper portion second end 114. The operator protection apparatus
100 may also include at least one hinge joint 120, as described above. In one aspect, the at
least one hinge joint 120 may couple the lower portion second end 106 to the upper portion
first end 112, such that the upper portion 110 is movable relative to the lower portion 102.

The over-center linkage 140 may include the lower link assembly 142 having
a lower link first end 144 and a lower link second end 146. The lower link first end may be
pivotably coupled to the lower portion 102 at the lower pivot joint 148. Further, the over-
center linkage 140 may include an upper link assembly 150 having an upper link first end 152
and an upper link second end 154. The upper link first end 152 may be pivotably coupled to
the lower link second end 146 to form a center pivot joint 156. Additionally, the upper link
assembly second end may be pivotably coupled with the upper portion 110 at an upper pivot
joint 158.

Turning now to more particular aspects, the over-center linkage 140 may
include a centerline 2-1 extending between the lower pivot joint 148 and the upper pivot joint
158. The centerline 2-1 may include a first side 2A and a second side 2B. The over-center
linkage 140 may be in a locked position when the center pivot joint 156 is on the first side 2-
1 of centerline 2-1. Accordingly, the over-center linkage 140 may be in an unlocked position
(as shown in FIG. 5) when the center pivot joint 156 is on the second side 2B of the
centerline 2-1. As can be appreciated, in alternative configurations the over-center linkage
140 may be oriented and positioned such that the over-center linkage 140 is configured to be
in the locked position in a variety of directions. Such alternative configurations are
considered within the scope of this disclosure.

Further, when the over-center linkage 140 is in the locked position, the over-

center linkage 140 may provide a mechanical stop to prevent back-driving of the mechanism.
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In some aspects, the movement of the center pivot joint 156 in the direction of the first side
may be limited, for example, such by the stop Iug 155. In other aspects, the center pivot joint
156 may be limited by the lower portion 102 and the upper portion 110, or by a center pivot
joint 156 that limits rotation in the direction of the first side.

The operator protection apparatus 100 may be described as having a midline
3-1. The midline 3-1 of the operator protection apparatus 100 may have a first midline line
segment 3-2 extending from the lower portion first end 104 to the hinge joint 120 and a
second midline line segment 3-3 extending from the hinge joint 120 to the upper portion
second end 114. Accordingly, the midline 3-1 may define a midline first side 3A and a
midline second side 3B. Further, a lower portion ray 4-1 may extend from the lower portion
first end 104 through the hinge joint 120. Said another way, the lower portion ray 4-1 may be
an extension of first midline line segment 3-2. Further, the lower portion ray 4-1 may have a
lower portion ray first side 4A and a lower portion ray second side 4B. Accordingly, the
operator protection apparatus 100 may be described as having first side 116 and a second side
118 opposite the front side 116. The first side 116 of the operator protection apparatus 100
may be oriented in the same direction as midline first side 3A, and the second side 118 may
be oriented in the same direction as midline second side 3B.

In some aspects, the operator protection apparatus 100 may include a stop 134
associated with at least one of the upper portion 110 and the lower portion 102. The stop
134 limits a range of motion of the upper portion 110 in a radial direction toward the lower
portion ray first side 4A. The stop 134 may be affixed to the operator protection apparatus
100 first side 118 proximate the upper portion second end 114, and extend, at least in part,
beyond the upper portion second end 114. Accordingly, when the operator protection
apparatus 100 is in a locked position, the upper portion may contact the stop 134. In some
aspects, the stop 134 may include a bumper 136. The bumper 136 may be any suitable
material for dampening contact forces with the stop 134, such as a polymer based material.
Further, because the range of motion of the upper portion 110 is limited, a range of motion of
the center pivot joint 156 of the over-center linkage 140 may also be limited, for example, by
coming in contact with the lower portion 102 and/or the upper portion 110. Additionally, as
discussed hereinabove, the stop lug 155, or other mechanism, may limit movement of the
over-center linkage 140 beyond the locked position.

In some aspects, the lower link assembly 142 may be coupled to the lower

portion 102 by a lower portion bracket 160 and the upper link assembly 150 may be coupled
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to the upper portion 110 by an upper portion bracket 162. The lower portion bracket 160 and
upper portion bracket 162 may be welded (or fastened using any number of means), or may
be integrally formed with the upper portion 110 and the lower portion 102. In some aspects,
the lower portion bracket 160 and upper portion bracket 162 may each be offset from the
lower portion 102 and the upper portion 110. For example, each of the lower portion bracket
160 and the upper portion bracket 162 may extend outwardly from the second side 118 of the
operator protection apparatus 100. In some aspects, the lower portion bracket 160 may
extend further outward from the second side 118 than the upper portion bracket 162. As a
result, the lower pivot joint 148 may be positioned on the lower portion ray second side 4B
and the upper pivot joint 158 may be positioned (at least in part) on the lower portion ray first
side 4A. Accordingly, the over-center linkage 140 may provide a mechanical advantage for
retaining the operator protection apparatus 100 in a locked position, in that the center pivot
joint 156 is biased toward the lower portion ray 4-1 when the operator protection apparatus
100 is in a raised and/or locked position.

Turning now to FIG. 4, the over-center linkage 140 is shown in a top dead
center position, in accordance with aspects hereof. The center pivot joint 156 may be
positioned directly along centerline 2-1 when in the top dead center position. Said another
way, the center pivot joint 156 is neither on the first side 2A, nor on the second side 2B of the
centerline 2-1 when in the top dead center position. Accordingly, FIG. 4 depicts a break over
point, or a point at which the over-center linkage 140 is no longer in the locked position. In
one example, the over-center linkage may be moved to this position by the actuator 122,
which supplies the force required to overcome the lock provided by the over-center linkage
140.

FIG. 5 depicts the operator protection apparatus 100 in a lowered position. As
shown, the over-center linkage 140 is in the unlocked position, in that the center pivot joint
156 is on the second side 2B of the centerline 2-1. Additionally, the upper portion 110 is
positioned on the lower portion ray second side 4B of lower portion ray 4-1. As described
above, in one aspect, the actuator 122 comprises the hand lever 124. The hand lever 124 may
include a hand lever pivot joint 123 coupled to a hand-lever actuator linkage 126 that extends
from the hand lever 124 to an actuator-over-center pivot joint 145. Accordingly, a hand lever
lower portion 125 may extend from a actuator-lower portion pivot joint 166 to the hand lever

pivot joint 123. In some aspects, the hand lever 124 includes a trigger 131 that is configured
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to disengage the securing device 130, thereby allowing the operator protection apparatus 100
to be lowered.

As mentioned above, any number of suitable actuators 340 may be employed
in place of or in conjunction with the hand lever 124. For example, as depicted in FIG. 6,
the actuator 122 may comprise a powered actuator 240, such as a hydraulic actuator 180. The
operator protection apparatus 100 may be associated with a vehicle equipped with a hydraulic
system. In one aspect, the hydraulic actuator may be powered by the hydraulic system of the
vehicle. Additionally, as shown in FIG. 7, the actuator 122 may be an electric-hydraulic
actuator 182. For example, the electric-hydraulic actuator may include an electric motor 183
that turns a pump 184. The electric-hydraulic actuator 182 may include a switch that turns
the motor 183 on and off and controls the direction of the motor 183. The direction in which
the motor 183 turns may determine whether a cylinder 181 of the actuator is extended for
retracted. For example, when the motor 183 turns in a first direction, the pump 184 pumps
fluid such that the cylinder 181 is extended. Accordingly, when the motor 183 turns in a
second direction, opposite of the first direction, the fluid is pumped in an opposite direction
such that the cylinder 181 is retracted.

Further, as shown in FIG. 8, an electric-linear actuator 186 may be
implemented. The electric-linear actuator 186 may include a motor 183 that turns a gear
reduction set, which turns a screw thread. Accordingly, the cylinder 181 extends and retracts
based on which direction the motor 183 turns. In an additional aspect, as shown in FIG. 9,
the actuator may include a mechanical linkage 188. In one example, the mechanical linkage
188 may be connected to a foot pedal 128 (shown in FIG. 1) by a cable 187. The foot pedal
128 may have a first side and a second side that rotate about a pivot such that both sides of
the foot pedal 128 may be depressed by an operator. In one aspect, when the first side of the
pedal 128 is pushed the cable 187 may be extended, thereby urging the mechanical linkage
188 in a direction that disengages the over-center linkage 140. Accordingly, when the second
side of the foot pedal 128 is depressed, the cable 187 may be retracted, thereby causing the
mechanical linkage 188 to pull the over-center linkage 140 toward the raised position.

Turning now to FIG. 10, in another exemplary embodiment, an operator
protection apparatus 200 having two over-center linkages is depicted. The operator protection
apparatus 200 may include a lower portion 201 comprising a first lower portion upright 201
and a second lower portion upright 202. The first lower portion upright 201 may have a first

upright first end 203 and a first upright second end 205. The second lower portion upright
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202 may have a second upright first end 204 and a second upright second end 206. In one
aspect, the first upright first end 203 and the second upright first end 204 may be affixed to a
frame of a terrain working vehicle, for example, a riding mower.

Additionally, the upper portion 210 may comprise a first upper portion
member 211 and a second upper portion member 212. The first upper portion member 211
may have a first member first end 213 and a first member second end 215. The second upper
portion member 212 may have a second member first end 214 and a second member second
end 216. Further, the upper portion 210 may comprise a transverse member 217 disposed
between the first member second end 215 and the second member second end 216. While the
first upper portion member 211 and the second upper portion member 212 are discussed as
distinct members, it is contemplated that they form a continuous and contiguous assembly as
a common component or assembly. Further, the operator protection apparatus may have a
pair of hinge joints 120 coupling the first upright second end 205 to the first member first end
213 and the second upright second end 206 to the second member first end 214, such that the
upper portion 210 is movable relative to the lower portion 201.

Additionally, in some aspects, the operator protection apparatus 200 may
include a first over-center linkage 220. The first over-center linkage 220 may comprise a first
lower link assembly 221 having a first lower link first end 222 and a first lower link second
end 223. The first lower link first end 222 may be pivotably coupled to the first lower
portion upright 201 at a first lower link pivot joint 224. The first over-center linkage 220
may also comprise a first upper link assembly 225 having a first upper link first end 226 and
a first upper link second end 227. The first upper link assembly 225 first end may be
pivotably coupled to the first lower link second end 223 at a first center pivot joint 228.
Further, the first upper link second end 227 may be pivotably coupled to the first upper
portion member 211 at a first upper pivot joint 229.

Further, in some aspects, the operator protection apparatus 200 comprises a
second over-center linkage 230. The second over-center linkage 230 may comprise a second
lower link assembly 231 having a second lower link first end 232 and a second lower link
second end 233. The second lower link first end 232 may be pivotably coupled to the second
lower portion upright 202 at a second lower link pivot joint 234. The second over-center
linkage 230 may also comprise a second upper link assembly 235 having a second upper link
first end 236 and a second upper link second end 237. The second upper link assembly 235

first end may be pivotably coupled to the second lower link second end 233 at a second
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center pivot joint 238. Further, the second upper link second end 237 may be pivotably
coupled with the second upper portion member 212 at a second upper pivot joint 239.

Similar to the over-center linkage 140 described hereinabove, the first over-
center linkage 220 may be in a locked position when the first center pivot joint 228 is on a
first centerline first side 200A of a first centerline 200-1 extending between the first lower
link pivot joint 224 and the first upper link pivot joint 229. Accordingly, the second over-
center linkage 230 may be in a locked position when the second center pivot joint 238 is on a
second centerline first side 210A of a second centerline 210-1 extending between the second
lower link pivot joint 234 and the second upper pivot joint 239.

In one aspect, the operator protection apparatus 200 comprises a first actuator
240 for moving the first over-center linkage 220 between the locked position and an unlocked
positon. The first actuator 240 may be coupled to the first over-center linkage 220 at a first
actuator-over-center pivot joint 242 and coupled to the lower portion 201 of the upright at a
first actuator-upright pivot joint 244. In some aspects, the apparatus includes a torque tube
250 (which may be referred to as a rod) affixed between the over-center linkages 220 and
230. The torque tube 250 may transfer the rotational force supplied by the actuator 240 from
the first over-center linkage 220 to the second over-center linkage 230. As a result, the
second over-center linkage 230 may be moved from the locked position to the unlocked
position simultaneously with the first over-center linkage 220.

FIG. 11 depicts the operator protection apparatus 200 and an
unlocked/lowered position, in accordance with aspects hereof. The first over-center linkage
220 may be in the unlocked position when the first center pivot joint 228 on a first centerline
second side 200B of the first centerline 200-1. Accordingly, the second over-center linkage
230 is in the unlocked position when the second center pivot joint 238 on a second centerline
second side 210B of the second centerline 210-1.

Turning now to FIG. 12, in one aspect, the operator protection apparatus 200
may comprise a gas cylinder 245 coupled to the second over-center linkage 230 at a second
actuator-over-center pivot joint 246 and coupled to the second lower portion upright 202 at a
second actuator-upright pivot joint 248, in accordance with aspects hereof. The gas cylinder
245 may function as a biasing mechanism or an assist for retaining the second over-center
linkage 230 in the locked position. Additionally, the gas cylinder 245 may support and/or
compensate for the weight of the upper portion 210 as the upper portion 210 rotates from the

raised position to the lowered position. Although shown as a gas cylinder 245 in FIG. 12,
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other suitable mechanisms (e.g., coil spring, torsion spring, torsion bar) are considered within
the scope of this disclosure.

Further, as shown in FIG. 13, the operator protection apparatus 200 may
implement a powered actuator 240 in place of or in conjunction with any of the actuators
contemplated herein. In a nonlimiting example, the powered actuator may be a linear actuator
and may be electric, pneumatic, or hydraulic. In some aspects, the powered actuator may be
coupled to the first over-center linkage 220 at a first actuator-over-center pivot joint 242 and
coupled to the first lower portion upright 201 at a first actuator-upright pivot joint 244. In
some aspects, the force provided by the powered actuator may apply a force to secure the
operator protection apparatus 200 in the locked position.

Additionally, as shown in FIG. 14, the operator protection apparatus 200 may
include a handle 280. The handle 280 may be affixed to the torque tube 250 and positioned
such that the handle 280 engages a securing device 130 when the second over-center linkage
230 is in a locked position. Accordingly, the handle 280 may be disengaged from the
securing device 130, thereby allowing the over-center linkage to the unlocked and the upper
portion to be lowered. As can be appreciated, any of the actuators provided herein may be
included on the operator protection apparatus 200 with the handle 280.

With reference now to FIG. 15, in yet another embodiment, an operator
protection apparatus 300 having two powered actuators is provided. Accordingly, a first
powered actuator 340 and a second powered actuator 345 may be configured to actuate
simultaneously and with equal (or different) force. As depicted in FIG. 15, the operator
protection apparatus 300 may be affixed to a frame 192 of a vehicle, such as frame 392 of
riding mower 390. In some aspects, the riding mower 190 may include a mower deck 391
coupled to the frame 392 and a controller 398. Further, the riding mower 390 may include a
seat 393. The frame 392 may include a frame first end 394 and a frame second end 396. In
one aspect herein, a horizontal line 390-1 extending from the frame first end 394 to the frame
second end 396 defines a horizontal plane, which may be referred to herein in order to
describe locations and positions of various components of the operator protection apparatus
300.

The operator protection apparatus 300 may include a lower portion 301
comprising a first lower portion upright 303 and a second lower portion upright 302.
Additionally, an upper portion 310 may comprise a transverse member 317 disposed between

a first upper portion member 311 and a second upper portion member 312. Further, the
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operator protection apparatus may have a pair of hinge joints 120 coupling the first lower
portion upright 303 to the first upper portion member 311 and the second lower portion
upright 302 to the second upper portion member 312, such that the upper portion 310 is
movable relative to the lower portion 301.

Additionally, in some aspects, the operator protection apparatus may include a
first over-center linkage 320 and a second over-center linkage 330. The first over-center
linkage 320 may be coupled to the first lower portion upright 303 and the first upper portion
member 311, and the second over-center linkage 330 may be coupled to the second lower
portion upright 302 and the second upper portion member 312.

The first powered actuator 340 may be coupled to the first lower portion
upright 303 and the first over-center linkage 320. Further, the second powered actuator 345
may be coupled to the second lower portion upright 302 and the second over-center linkage
330. The operator protection apparatus 300 may include at least one input device for
controlling the powered actuators 340 and 345. The input device is configured to control
actuation of the powered actuators 340 and 345 simultaneously, as mentioned above. In
some aspects, the input device may be a simple switch communicatively coupled directly to
the powered actuators 340 and 345. In other aspects, the input device may be
communicatively coupled to the controller 398, which may control the powered actuators 340
and 345.

In one aspect, the input device may be a foot button 341 that may be depressed
by the foot of an operator to initiate actuation for both raising and lowering the upper portion
310. In another aspect, the input device may be a toggle switch 343. For example, holding
the toggle switch 343 in a first direction may cause the actuators to lower the upper portion
310 until the switch is released. Additionally, holding the toggle switch 343 in a second
direction may cause the actuators 340 and 345 to raise the upper portion 310. Alternatively,
momentarily moving the toggle switch 343 in the second direction, rather than holding the
toggle switch 343, may cause the actuators 340 and 345 to raise the upper portion to the
locked position. Although described in the examples above, the input device may be
implemented as any other suitable type of input device and at any other suitable location. For
example, the input device may be associated with operator controls 395 such that the operator
protection apparatus 300 may be controlled by an operator while the operator is using the

operator controls 395.
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Turning now to FIG. 16, the first lower portion upright 303 may have a first
upright first end 305 and a first upright second end 307. The second lower portion upright
302 may have a second upright first end 304 and a second upright second end 306. In one
aspect, the first upright first end 305 and the second upright first end 304 may be affixed to a
frame of a terrain working vehicle (for example riding mower 390). The first upper portion
member 311 may have a first member first end 313 and a first member second end 315. The
second upper portion member 312 may have a second member first end 314 and a second
member second end 316.

The first over-center linkage 320 may comprise a first lower link assembly
321 having a first lower link first end 322 and a first lower link second end 323. The first
lower link first end 322 may be pivotably coupled to the first lower portion upright 303 at a
first lower link pivot joint 324. The first over-center linkage 320 may also comprise a first
upper link assembly 325 having a first upper link first end 326 and a first upper link second
end 327. The first upper link assembly 325 first end may be pivotably coupled to the first
lower link second end 323 at a first center pivot joint 328. Further, the first upper link second
end 327 may be pivotably coupled with the first upper portion member 311 at a first upper
pivot joint 329. In one aspect, the first powered actuator 340 is coupled to the first over-
center linkage 320 at a first actuator-over-center pivot joint 342 and coupled to the first lower
portion upright 303 at a first actuator-upright pivot joint 344.

The operator protection apparatus 300 may comprise a second over-center
linkage 330. The second over-center linkage 330 may comprise a second lower link
assembly 331 having a second lower link first end 332 and a second lower link second end
333. The second lower link first end 332 may be pivotably coupled to the second lower
portion upright 302 at a second lower link pivot joint 334. The second over-center linkage
330 may also comprise a second upper link assembly 335 having a second upper link first end
336 and a second upper link second end 337. The second upper link assembly 335 first end
may be pivotably coupled to the second lower link second end 333 at a second center pivot
joint 338. Further, the second upper link second end 337 may be pivotably coupled with the
second upper portion member 312 at a second upper pivot joint 339. The second powered
actuator 345 may be coupled to the second over-center linkage 330 at a second actuator-over-
center pivot joint 346 and coupled to the second lower portion upright 302 at a second

actuator-upright pivot joint 348.
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The first over-center linkage 320 may be in a locked position when the first
center pivot joint 328 is on a first centerline first side 300A of a first centerline 300-1
extending between the first lower link pivot joint 324 and the first upper pivot joint 329. The
second over-center linkage 330 may be in a locked position when the second center pivot
joint 338 is on a second centerline first side 310A of a second centerline 310-1 extending
between the second lower link pivot joint 334 and the second upper pivot joint 339.

Turning now to FIG. 17, the first over-center linkage 320 may be in an
unlocked position when the first center pivot joint 328 is on a first centerline second side
300B of the first centerline 300-1. Accordingly, the second over-center linkage 330 is in an
unlocked position when the second center pivot joint 338 is on a second centerline second
side 310B of the second centerline 310-1. Additionally, similar to the embodiments
described hereinabove, the operator protection apparatus 300 may include one or more stops
350 that limit a range of motion of the upper portion 310 relative to the lower portion 301.
Further, the operator protection apparatus 300 may include a pair of lower portion brackets
352 and a pair of upper portion brackets 354 for coupling the first over-center linkage 320
and the second over-center linkage 330 to the lower portion 301 and the upper portion 310.

In an additional embodiment, as depicted in FIG. 18, an operator protection
apparatus 400 may be affixed to a frame of a vehicle, such as frame 492 of riding mower 490.
In some aspects, the riding mower may include a mower deck 491 coupled to the frame 492
and a controller 498. Further, the riding mower 490 may include a seat 493. The riding
mower may comprise, a frame 492 having a frame first end 494 and a frame second end 496.
In one aspect herein, a horizontal line 490-1 extending from the frame first end 494 to the
frame second end 496 defines a horizontal plane, which may be referred to herein in order to
describe locations and positions of various components of the operator protection apparatus
400.

The operator protection apparatus 400 may include a lower portion 402
comprising a lower portion first end 404 and a lower portion second end 406. Additionally,
the operator protection apparatus 400 may include an upper portion 410 comprising a single
upper portion member having an upper portion first end 412 and an upper portion second end
414. The upper portion 410 may include a cross member 416 affixed to the upper portion
second end 414. Further, the operator protection apparatus 400 may have a hinge joint 420
coupling the lower portion second end 406 to the upper portion first end 412, such that the

upper portion 410 is movable relative to the lower portion 402.
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Additionally, in some aspects, the operator protection apparatus may include
an over-center linkage 440 coupled the lower portion 402 and the upper portion 410. In some
aspects, the over-center linkage 440 may include a lower link assembly 442 having a lower
link first end 444 and a lower link second end 446 pivotably coupled to the lower portion 402
at a lower pivot joint 448. Further, the over-center linkage 440 may include an upper link
assembly 450 pivotably coupled to the lower link assembly 442 at a center pivot joint 456.
The lower link first end may be pivotably coupled to the lower portion 402 at the lower pivot
joint 448. Additionally, the upper link assembly 450 may be pivotably coupled with the
upper portion 410 at an upper pivot joint 458. The lower link assembly first end may be
pivotably coupled to the lower portion 402 at the lower pivot joint 448. Further, the over-
center linkage 440 may include an upper link assembly 450 having an upper link first end 452
and an upper link second end 454. The upper link first end 452 may be pivotably coupled to
the lower link second end 446 to at the center pivot joint 456. Additionally, the upper link
assembly second end may be pivotably coupled with the upper portion 410 at an upper pivot
joint 458.

Additionally, the operator protection apparatus 400 may include an actuator
422 coupled to the lower portion 402 and the over-center linkage 440. In one aspect, the
actuator may comprise a hand lever 424, although any of the actuators contemplated herein
may be used. For example, similar to the riding mower depicted in FIG. 1, the riding mower
490 may include a foot pedal 428. The foot pedal 428 may have a first side and a second side
that rotate about a pivot such that both sides of the pedal may be pushed by an operator and
may be associated with a mechanical actuator, as described hereinabove.

The operator protection apparatus 400 may also include a position sensor 470.
Further, the operator protection apparatus 400 may be coupled to one or more indicators. The
one or more indicators may provide a warning or a notification that a position of the operator
protection apparatus 400 should be changed, or is in an unlocked position. For example, a
visual indicator 472, which may be a light, may provide a visual indication that the operator
protection apparatus 400 should be in the locked position. Additionally, one or more tactile
indicators 474 may be employed to notify or warn the operator of a condition related to the
operator protection apparatus 400. Further, the one or more indicators may include an audio
indicator (although not shown here, the audio indicator may be associated with the controller

498).
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Turning now to a general discussion of each of the embodiments described
hereinabove, a variety of additional features may be implemented with each of the
embodiments. Additionally, some of the features described hereinabove may include
variations, which may be applicable to each of the embodiments described herein. For
example, although the over-center linkages described hereinabove and depicted in the figures
may provide an advantageous configuration, other configurations should be considered
within the scope of this disclosure. For example, it is contemplated that an over-center
linkage could be positioned such that it is affixed to either an interior surface or an exterior
surface of an operator protection apparatus.

Additionally, the hinge joints described hereinabove may alternatively be
described as including the over-center linkages. Said another way, a hinge joint that includes
an over-center linkage for locking an operator protection system has been contemplated and
should be considered within the scope of this disclosure. Additionally, it should be
appreciated that the features of the various embodiments described herein may be
incorporated with one another.

In another aspect, an operator protection apparatus may be provided without
an actuator. In one aspect, a grip or other member may extend {rom the a center pivot joint of
at least one over-center linkage. Accordingly, the over-center linkage may be unlocked
without employing an actuator. In another aspect, a rod may extend between center pivot
joints of two over-center linkages. The rod may be manually moved between the locked and
unlocked position.

Further, the one or more sensors described hereinabove may include any
number of sensors associated with a vehicle and/or the operator protection apparatus. In
some aspects, the operator protection apparatus may include logic that is integrated with the
apparatus or is configured for integration with a controller, or other computing device
associated with the vehicle. Accordingly, an operator protection apparatus may receive
sensor data from a variety of sensors. For example, a vehicle may include a tilt sensor
configured to detect a tilt of the vehicle, for example in a controller (e.g. controller 198, 298,
398, or 498). In another aspect, the tilt sensor may be provided and included with the
operator protection apparatus. Additionally, the operator protection apparatus may be
configured to receive sensor data from a seatbelt sensor associated with the vehicle including,

for example, whether the seatbelt is buckled or unbuckled.
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The sensed data obtained from different sensors may be used by the operator
protection apparatus logic to make a number of determinations. For example, the sensor data
may be used to determine that the operator protection apparatus is in a lowered position, and
the seatbelt is engaged. In this scenario, the operator protection apparatus may cause the
controller to disengage the mower blades. In another aspect, the sensed data may be used to
determine that the operator protection apparatus is in a raised position and the seatbelt is
disengaged. In this example, similar to the previous scenario, the operator protection
apparatus may communicate a command to the controller to disengage the blades. In
additional aspects, the operator protection apparatus may activate one or more indicators
(e.g., a visual indicator 472 and a tactile indicators 474) or warning signals, based on the
sensor data. For example, the sensor data may be used to activate audio, visual, or tactile
indicators for alerting an operator of the vehicle that a state of the vehicle or the operator
protection apparatus should be changed.

Many different arrangements of the various components depicted, as well as
components not shown, are possible without departing from the spirit and scope of the
present invention. Embodiments of the present invention have been described with the intent
to be illustrative rather than restrictive. Alternative embodiments will become apparent (o
those skilled in the art that do not depart from its scope. A skilled artisan may develop
alternative means of implementing the aforementioned improvements without departing from
the scope of the present invention.

It will be understood that certain features and subcombinations are of utility
and may be employed without reference to other features and subcombinations and are
contemplated within the scope of the claims. Not all steps listed in the various figures need

be carried out in the specific order described.
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CLAIMS:

L. An operator protection apparatus, the apparatus comprising: a lower
portion having a first end and a second end; an upper portion having a first end and a second
end; at least one hinge joint coupling the lower portion second end to the upper portion first end
such that the upper portion is movable relative to the lower portion; and at least one over-center
linkage, the at least one over-center linkage comprising: a lower link assembly having a lower
link assembly first end and a lower link assembly second end, the lower link assembly first end
pivotably coupled to the lower portion at a lower pivot joint; an upper link assembly having an
upper link assembly first end and an upper link assembly second end, the upper link assembly
first end pivotably coupled to the lower link assembly second end forming a center pivot joint,
and the upper link assembly second end pivotably coupled with the upper portion at an upper
pivot joint; and wherein the over-center linkage is in a locked position when the center pivot
joint is on a first side of a centerline extending between the lower pivot joint and the upper pivot
joint and the over-center linkage is in an unlocked position when the center pivot joint is on a

second side of the centerline.

2. The operator protection apparatus of claim 1, wherein the operator
protection apparatus has a midline comprising a first midline line segment extending from the
lower portion first end to the hinge joint and a second midline line segment extending from the

hinge joint to the upper portion second end.

3. The operator protection apparatus of claim 2, wherein when the over-
center linkage is in the locked position, the second midline line segment is positioned on a first

side of a lower portion ray extending from the first midline line segment.

4, The operator protection apparatus of claim 1, further comprising at least
one actuator coupled to the over-center linkage, wherein the at least one actuator comprises one

or more selected from: a hand lever; a foot pedal; and a powered actuator.

5. The operator protection apparatus of claim 1, wherein the lower link
assembly is coupled to the lower portion by a lower portion bracket and the upper link assembly

is coupled to the upper portion by an upper portion bracket.
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6. The operator protection apparatus of claim 5, wherein the lower portion
bracket extends outwardly from the lower portion and the upper portion bracket extends
outwardly from the upper portion of the operator protection apparatus such that the lower
portion bracket is offset from the lower portion and the upper portion bracket is offset from the

upper portion.

7. The operator protection apparatus of claim 1, further comprising a stop
associated with at least one of the upper portion and the lower portion for limiting a range of

motion of the upper portion in a radial direction.

8. The operator protection apparatus of claim 1, further comprising at least
one securing device associated with the over-center linkage and permanently affixed to the
apparatus, wherein the securing device is configured to secure the over-center linkage in the

locked position.

9. The operator protection apparatus of claim 1, further comprising a stop

lug for limiting movement of the over-center linkage beyond the locked position.

10.  An operator protection apparatus for a terrain working vehicle, the
apparatus comprising: a lower portion having a first end and a second end, wherein the first end
is affixed to a frame of the terrain working vehicle; an upper portion having a first end and a
second end; at least one hinge joint coupling the lower portion second end to the upper portion
first end such that the upper portion is movable relative to the lower portion; and at least one
over-center linkage, the at least one over-center linkage comprising: a lower link assembly
having a first end and a second end, the lower link assembly first end pivotably coupled to the
lower portion at a lower pivot joint; an upper link assembly having a first end and a second end,
the upper link assembly first end pivotably coupled to the lower link assembly second end
forming a center pivot joint, and the upper link assembly second end pivotably coupled with
the upper portion at an upper pivot joint; and wherein the over-center linkage is in a locked
position when the center pivot joint is on a first side of a centerline extending between the lower
pivot joint and the upper pivot joint and the over-center linkage is in an unlocked position when

the center pivot joint is on a second side of the centerline.

Date Regue/Date Received 2021-02-11



10

15

20

25

84057808

-24 -

11.  The apparatus of claim 10, further comprising at least one actuator
coupled to the over-center linkage.

12.  The apparatus of claim 10, further comprising one or more sensors,

wherein the one or more sensors comprise an operator protection apparatus position sensor

configured to detect one or more positions of the operator protection apparatus.

13.  The apparatus of claim 10, further comprising a seatbelt sensor for

detecting an engagement state of a seatbelt.

14.  The apparatus of claim 10, further comprising a tilt sensor configured to

detect a tilt of the terrain working vehicle and communicate the tilt to a controller.

15.  The apparatus of claim 14, further comprising one or more indicators for
providing an indication that the tilt of the terrain working vehicle exceeds a predetermined tilt

threshold and that the over-center linkage should be in the locked position.

16.  The apparatus of claim 15, wherein the indication is one or more

selected from an audible indication, a visible indication, and a tactile indication.

17. A riding mower having an operator protection apparatus, the riding
mower comprising: a frame; a mower deck coupled to the frame; and the operator protection
apparatus comprising: a lower portion comprising first lower portion upright having a first
upright first end and a first upright second end, and a second lower portion upright having a
second upright first end and a second upright second end; an upper portion comprising a first
upper portion member having a first member first end and a first member second end, a
second upper portion member having a second member first end and a second member second
end, and a transverse member disposed between the first member second end and the second
member second end; a pair of hinge joints coupling the first upright second end to the first
member first end and the second upright second end to the second member first end such that
the upper portion is movable relative to the lower portion; and a first over-center linkage, the
first over-center linkage comprising: a first lower link assembly having a first lower link first
end and a first lower link second end, wherein the first lower link first end is pivotably

coupled to the first lower portion upright at a first lower link pivot joint; a first upper link
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assembly having a first upper link first end and a first upper link second end, wherein the first
upper link first end is pivotably coupled to the first lower link second end at a first center
pivot joint, and wherein the first upper link second end is pivotably coupled to the first upper
portion member at a first upper link pivot joint; and wherein the first over-center linkage is in
a locked position when the first center pivot joint is on a first centerline first side of a first
centerline extending between the first lower link pivot joint and the first upper link pivot joint,
and the first over-center linkage is in an unlocked position when the first center pivot joint is

on a first centerline second side of the first centerline.

18.  The riding mower of claim 17, further comprising a second over-center
linkage, the second over-center linkage comprising: a second lower link assembly having a
second lower link first end and a second lower link second end, wherein the second lower link
first end is pivotably coupled to the second lower portion upright at a second lower link pivot
joint; a second upper link assembly having a second upper link first end and a second upper link
second end, wherein the second upper link first end is pivotably coupled to the second lower
link second end at a second center pivot joint, and wherein the second upper link second end is
pivotably coupled with the second upper portion member at a second upper link pivot joint; and
wherein the second over-center linkage is in a second locked position when the second center
pivot joint is on a second centerline first side of a second centerline extending between the
second lower link pivot joint and the second upper link pivot joint, and the second over-center
linkage is in a second unlocked position when the second center pivot joint is on a second

centerline second side of the second centerline.

19. The riding mower of claim 18, further comprising a torque tube affixed

between the first over-center linkage and the second over-center linkage.
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20.  The riding mower of claim 18, further comprising a first actuator coupled
to the first over-center linkage at a first actuator-over-center pivot joint and coupled to the first
lower portion upright at a first actuator-upright pivot joint for moving the upper portion between
the locked position and the unlocked position, and a second actuator coupled to the second over-
center linkage at a second actuator-over-center pivot joint and coupled to the second lower
portion upright at a second actuator-upright pivot joint for moving the second over-center

linkage between the second locked position and the second unlocked position.
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