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POWERED ROLL-IN COTS HAVING
WHEEL ALIGNMENT MECHANISMS

CROSS REFERENCE TO RELATED APPLICATIONS

The present application claims the benefit of and priority to U.S. Provisional
Patent Application Serial No. 61/769,918 filed February 27, 2013 and U.S. Provisional
Patent Application Serial No. 61/835,042 filed June 14, 2013, the entire disclosures of which

are hereby incorporated by reference.
TECHNICAL FIELD

The present disclosure is generally related to emergency cots, and is specifically

directed to powered roll-in cots having wheel alignment mechanisms.
BACKGROUND ART

There are a variety of emergency cots in use today. Such emergency cots may be

designed to transport and load patients into an ambulance.

For example, the PROFlexX® cot, by Ferno-Washington, Inc. of Wilmington,
Ohio U.S.A., is a manually actuated cot that may provide stability and support for loads of
about 700 pounds (about 317.5 kg). The PROFlexX® cot includes a patient support portion
that is attached to a wheeled undercarriage. The wheeled under carriage includes an X-frame
geometry that can be transitioned between nine selectable positions. One recognized
advantage of such a cot design is that the X-frame provides minimal flex and a low center of
gravity at all of the selectable positions. Another recognized advantage of such a cot design
is that the selectable positions may provide better leverage for manually lifting and loading

bariatric patients.
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Another example of a cot designed for bariatric patients, is the POWERFlexx+
Powered Cot, by Ferno-Washington, Inc. The POWERFlexx+ Powered Cot includes a
battery powered actuator that may provide sufficient power to lift loads of about 700 pounds
(about 317.5 kg). One recognized advantage of such a cot design is that the cot may lift a
bariatric patient up from a low position to a higher position, i.e., an operator may have

reduced situations that require lifting the patient.

A further variety is a multipurpose roll-in emergency cot having a patient support
stretcher that is removably attached to a wheeled undercarriage or transporter. The patient
support stretcher when removed for separate use from the transporter may be shuttled
around horizontally upon an included set of wheels. One recognized advantage of such a cot
design is that the stretcher may be separately rolled into an emergency vehicle such as
station wagons, vans, modular ambulances, aircrafts, or helicopters, where space and

reducing weight is a premium.

Another advantage of such a cot design is that the separated stretcher may be
more easily carried over uneven terrain and out of locations where it is impractical to use a
complete cot to transfer a patient. Example of such conventionally known cots can be found,
for example, in U. S. Patent Nos. 4,037,871, 4,921,295, and International Publication
No.WO01701611.

Although the foregoing multipurpose roll-in emergency cots have been generally
adequate for their intended purposes, they have not been satisfactory in all aspects.

Accordingly, powered roll-in cots having wheel alignment mechanisms are needed.

SUMMARY OF INVENTION

The embodiments described herein address are directed to a versatile
multipurpose roll-in emergency cot which may provide improved management of the cot
weight, improved balance, and/or easier loading at any cot height, while being rollable into
various types of rescue vehicles, such as ambulances, vans, station wagons, aircrafts and

helicopters.
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According to one embodiment, a roll-in cot includes a support frame, afirstpair
of legs pivotably and slidably coupled to the support frame, and a first pair of hinge
members. Each hinge member is pivotably coupled to the support frame and to one of the
first pair of legs. The roll-in cot also includes a first wheel linkage pivotably coupled to the
first pair of legs and a wheel alignment mechanism incorporated into at least one of the
first pair of legs. The wheel alignment mechanism includes a timing mechanism that is
coupled to one of the first pair of hinge members and the first wheel linkage. The first pair
of legs and the first pair of hinge members pivot relative to one another in a relative angular
rotation ratio and the wheel alignment mechanism rotates the wheel alignment mechanism
relative to the first pair of hinge members at a reduction ratio. The relative angular rotation
ratio of the first pair of legs and the first pair of hinge members is approximately inverse to

the reduction ratio of the wheel alignment mechanism.

In another embodiment, a roll-in cot includes  a support frame, a first pair of
legs pivotably coupled to the support frame, and  a first pair of hinge members, where
each hinge member pivotably coupled to the support frame and to one of the first pair of
legs. The roll-in cot includes a first wheel linkage pivotably coupled to the first pair of legs
and a wheel alignment mechanism incorporated into at least one of the first pair of legs. The
wheel alignment mechanism comprising a timing mechanism, a first hub that is coupled to
one of the first pair of hinge members, and a second hub that is coupled to the first wheel
linkage. One of the first pair of legs or the first pair of hinge members are slidably coupled
to the support frame. The first pair of legs and the first pair of hinge members pivot relative
to one another in a relative angular rotation ratio. The timing mechanism is coupled to the
first hub and the second hub, and communicates relative rotation of the first pair of hinge
members to the first wheel linkage. The wheel alignment mechanism rotates the wheel
alignment mechanism relative to the first pair of hinge members at a reduction ratio. The
relative angular rotation ratio of the first pair of legs and the first pair of hinge members is

approximately inverse to the reduction ratio of the wheel alignment mechanism.

In yet another embodiment, a roll-in cot includes a support frame having a front

end and a back end, a front pair of legs pivotably coupled to the support frame, a front hinge
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member pivotably coupled to the support frame and to one of the front pair of legs, and a
front wheel linkage pivotably coupled to the front pair of legs. The roll-in cot also includes
a rear pair of legs pivotably coupled to the support frame, a rear hinge member pivotably
coupled to the support frame and to one of the rear pair of legs, and a rear wheel linkage
pivotably coupled to the rear pair of legs. The roll-in cot further includes a wheel alignment
mechanism incorporated into at least one of the front or rear pairs of legs, the wheel
alignment mechanism comprising a timing mechanism that is coupled to the respective
hinge member and the respective wheel linkage. The front pair of legs and the rear pair of
legs are pivotable relative to the support frame and independently of one another. The front
pair of legs and the front pair of hinge members pivot relative to one another in a relative
angular rotation ratio and the rear pair of legs and the rear pair of hinge members pivot
relative to one another in a relative angular rotation ratio. The timing mechanism is coupled
to the first hub and the second hub, and communicates relative rotation of the respective pair
of hinge members to the respective wheel linkage. The wheel alignment mechanism rotates
the wheel alignment mechanism relative to the respective pair of hinge members at a
reduction ratio and the relative angular rotation ratio of the respective pair of legs and the
respective hinge member is approximately inverse to the reduction ratio of the wheel

alignment mechanism.

These and additional features provided by the embodiments of the present
disclosure will be more fully understood in view of the following detailed description, in

conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed description of specific embodiments of the present
disclosures can be best understood when read in conjunction with the following drawings,

where like structure is indicated with like reference numerals and in which:

FIG. 1 is a perspective view depicting a cot according to one or more

embodiments shown or described herein;
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FIG. 2 is a top view depicting a cot according to one or more embodiments

shown or described herein;

FIG. 3 is a perspective view depicting a cot according to one or more

embodiments shown or described herein;

5 FIG. 4 is a perspective view depicting a cot according to one or more

embodiments shown or described herein;

FIGS. 5A-5C is a side view depicting a raising and/or lower sequence of a cot

according to one or more embodiments shown or described herein;

FIGS. 6A-6E is a side view depicting a loading and/or unloading sequence of a

10 cot according to one or more embodiments shown or described herein;

FIGS. 7A is a perspective view depicting an actuator according to one or more

embodiments shown or described herein;

FIGS. 7B schematically depicts an actuator according to one or more

embodiments shown or described herein;

15 FIG. 8 perspective view depicting a cot according to one or more embodiments

shown or described herein;

FIG. 9 schematically depicts a timing mechanism according to one or more

embodiments shown or described herein;

FIG. 10 schematically depicts a sectional view of the front leg of a cot along line

20 A-A of FIG. 9 according to one or more embodiments shown or described herein;

FIG. 11 schematically depicts a detailed side view of a wheel alignment
mechanism including a shock absorber according to one or more embodiments shown or

described herein;
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FIG. 12a schematically depicts a detailed side view of a timing mechanism for
one of the front legs or rear legs of a roll-in cot according to one or more embodiments

shown or described herein;

FIG. 12b schematically depicts a detailed side view of a timing mechanism for
one of the front legs or rear legs of a roll-in cot according to one or more embodiments

shown or described herein;

FIG. 13 schematically depicts a side perspective view of a portion of a timing
mechanism for one of the front legs or rear legs of a roll-in cot according to one or more

embodiments shown or described herein;

FIG. 14 schematically depicts a side perspective view of a hub for a timing
mechanism for one of the front legs or rear legs of a roll-in cot according to one or more

embodiments shown or described herein; and

FIG. 15 schematically depicts a side perspective view of a hub for a timing
mechanism with certain components removed for clarity according to one or more

embodiments shown or described herein.

The embodiments set forth in the drawings are illustrative in nature and not
intended to be limiting of the embodiments described herein. Moreover, individual features
of the drawings and embodiments will be more fully apparent and understood in view of the

detailed description.
DESCRIPTION OF EMBODIMENTS

Referring to FIG. 1, aroll-in cot 10 for transport and loading is shown. The roll-
in cot 10 comprises a support frame 12 comprising a front end 17, and a back end 19. As
used herein, the front end 17 is synonymous with the loading end, i.e., the end of the roll-in
cot 10 which is loaded first onto a loading surface. Conversely, as used herein, the back end
19 1s the end of the roll-in cot 10 which is loaded last onto a loading surface. Additionally it
is noted, that when the roll-in cot 10 is loaded with a patient, the head of the patient may be

oriented nearest to the front end 17 and the feet of the patient may be oriented nearest to the
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back end 19. Thus, the phrase "head end" may be used interchangeably with the phrase
"front end," and the phrase "foot end" may be used interchangeably with the phrase "back
end." Furthermore, it is noted that the phrases "front end" and "back end" are
interchangeable. Thus, while the phrases are used consistently throughout for clarity, the
embodiments described herein may be reversed without departing from the scope of the
present disclosure. Generally, as used herein, the term "patient” refers to any living thing or

formerly living thing such as, for example, a human, an animal, a corpse and the like.

Referring collectively to FIGS. 2 and 3, the front end 17 and/or the back end 19
may be telescoping. In one embodiment, the front end 17 may be extended and/or retracted
(generally indicated in FIG. 2 by arrow 217). In another embodiment, the back end 19 may
be extended and/or retracted (generally indicated in FIG. 2 by arrow 219). Thus, the total
length between the front end 17 and the back end 19 may be increased and/or decreased to
accommodate various sized patients. Furthermore, as depicted in FIG. 3, the front end 17
may comprise telescoping lift handles 150. The telescoping lift handles 150 may telescope
away from the support frame 12 to provide lifting leverage and telescope towards the
support frame 12 to be stored. In some embodiments, the telescoping lift handles 150 are
pivotingly coupled to the support frame 12 and are rotatable from a vertical handle
orientation to a side handle orientation, and vice versa. The telescoping lift handles 150 may
lock in the vertical handle orientation and the side handle orientation. In one embodiment,
when the telescoping lift handles 150 are in the side handle orientation, the telescoping
lifting handles 150 provide a gripping surface adjacent to the support frame 12 and are each
configured to be gripped by a hand with the palm substantially facing up and/or down.
Conversely, when the telescoping lift handles 150 are in the vertical handle orientation, the
telescoping lifting handles 150 may each be configured to be gripped by a hand with the

thumb substantially pointing up and/or down.

Referring collectively to FIGS. 1 and 2, the support frame 12 may comprise a
pair of parallel lateral side members 15 extending between the front end 17 and the back end
19. Various structures for the lateral side members 15 are contemplated. In one embodiment,

the lateral side members 15 may be a pair of spaced metal tracks. In another embodiment,
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the lateral side members 15 comprise an undercut portion 115 that is engageable with an
accessory clamp (not depicted). Such accessory clamps may be utilized to removably couple
patient care accessories such as a support pole for an IV drip to the undercut portion 115.
The undercut portion 115 may be provided along the entire length of the lateral side
members to allow accessories to be removably clamped to many different locations on the

roll-in cot 10.

Referring again to FIG. 1, the roll-in cot 10 also comprises a pair of retractable
and extendible front legs 20 coupled to the support frame 12, and a pair of retractable and
extendible back legs 40 coupled to the support frame 12. The roll-in cot 10 may comprise
any rigid material such as, for example, metal structures or composite structures.
Specifically, the support frame 12, the front legs 20, the back legs 40, or combinations
thereof may comprise a carbon fiber and resin structure. As is described in greater detail
herein, the roll-in cot 10 may be raised to multiple heights by extending the front legs 20
and/or the back legs 40, or the roll-in cot 10 may be lowered to multiple heights by
retracting the front legs 20 and/or the back legs 40. It is noted that terms such as "raise,"

"lower," "above," "below," and "height" are used herein to indicate the distance relationship
between objects measured along a line parallel to gravity using a reference (e.g. a surface

supporting the cot).

In specific embodiments, the front legs 20 and the back legs 40 may each be
coupled to the lateral side members 15. Referring to FIG. 8, the front legs 20 may comprise
front carriage members 28 slidingly coupled to the tracks of lateral side members 15, and the
back legs 40 may also comprise back carriage members 48 slidingly coupled to the tracks of
lateral side members 15. Referring to FIGS. SA-6E and 10, when the roll-in cot 10 is raised
or lowered, the carriage members 28 and/or 48 slide inwardly or outwardly, respectively

along the tracks of the lateral side members 15.

As shown in FIGS. 5A-6E, the front legs 20 and the back legs 40 may cross each
other, when viewing the cot from a side, specifically at respective locations where the front
legs 20 and the back legs 40 are coupled to the support frame 12 (e.g., the lateral side
members 15 as shown in FIGS. 1-4). As shown in the embodiment of FIG. 1, the back legs
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40 may be disposed inwardly of the front legs 20, i.e., the front legs 20 may be spaced
further apart from one another than the back legs 40 are spaced from one another such that
the back legs 40 are each located between the front legs 20. Additionally, the front legs 20
and the back legs 40 may comprise front wheels 26 and back wheels 46 which enable the

roll-in cot 10 to roll.

In one embodiment, the front wheels 26 and back wheels 46 may be swivel caster
wheels or swivel locked wheels. As is described below, as the roll-in cot 10 is raised and/or
lowered, the front wheels 26 and back wheels 46 may be synchronized to ensure that the
plane of the roll-in cot 10 and the plane of the wheels 26, 46 are substantially parallel. For
example, the back wheels 46 may each be coupled to a back wheel linkage 47 and the front
wheels 26 may each be coupled to a front wheel linkage 27. As the roll-in cot 10 is raised
and/or lowered, the front wheel linkages 27 and the back wheel linkages 47 may be rotated
to control the plane of the wheels 26, 46.

A locking mechanism (not depicted) may be disposed in one of the front wheel
linkages 27 and the back wheel linkages 47 to allow an operator to selectively enable and/or
disable wheel direction locking. In one embodiment, a locking mechanism is coupled to one
of the front wheels 26 and/or one of the back wheels 46. The locking mechanism transitions
the wheels 26, 46 between a swiveling state and a directionally locked state. For example, in
a swiveling state the wheels 26, 46 may be allowed to swivel freely which enables the roll-in
cot 10 to be easily rotated. In the directionally locked state, the wheels 26, 46 may be
actuated by an actuator (e.g., a solenoid actuator, a remotely operated servomechanism and
the like) into a straight orientation, i.e., the front wheels 26 are oriented and locked in a
straight direction and the back wheels 46 swivel freely such that an operator pushing from

the back end 19 would direct the roll-in cot 10 forward.

Referring again to FIG. 1, the roll-in cot 10 may also comprise a cot actuation
system comprising a front actuator 160 configured to move the front legs 20 and a back
actuator 180 configured to move the back legs 40. The cot actuation system may comprise
one unit (e.g., a centralized motor and pump) configured to control both the front actuator

160 and the back actuator 180. For example, the cot actuation system may comprise one
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housing with one motor capable to drive the front actuator 160, the back actuator 180, or
both utilizing valves, control logic and the like. Alternatively as depicted in FIG. 1, the cot
actuation system may comprise separate units configured to control the front actuator 160
and the back actuator 180 individually. In this embodiment, the front actuator 160 and the
back actuator 180 may each include separate housings with individual motors to drive the
actuators 160 or 180. While the actuators are shown as hydraulic actuators or chain lift
actuators in the present embodiments, various other structures are contemplated as being

suitable.

Referring to FIG. 1, the front actuator 160 is coupled to the support frame 12 and
configured to actuate the front legs 20 and raise and/or lower the front end 17 of the roll-in
cot 10. Additionally, the back actuator 180 is coupled to the support frame 12 and
configured to actuate the back legs 40 and raise and/or lower the back end 19 of the roll-in
cot 10. The cot actuation system may be motorized, hydraulic, or combinations thereof.
Furthermore, it is contemplated that the roll-in cot 10 may be powered by any suitable
power source. For example, the roll-in cot 10 may comprise a battery capable of supplying a

voltage of, such as, about 24 V nominal or about 32 V nominal for its power source.

The front actuator 160 and the back actuator 180 are operable to actuate the front
legs 20 and back legs 40, simultaneously or independently. As shown in FIGS. 5A-6E,
simultaneous and/or independent actuation allows the roll-in cot 10 to be set to various

heights.

Any actuator suitable to raise and lower the support frame 12 as well as retract
the front legs 20 and back legs 40 is contemplated herein. As depicted in FIGS. 3 and §, the
front actuator 160 and/or the back actuator 180 may include chain lift actuators (e.g., chain
lift actuators by Serapid, Inc. of Sterling Heights, Michigan U.S.A.). Alternatively, the front
actuator 160 and/or the back actuator 180 may also include wheel and axle actuators,
hydraulic jack actuators, hydraulic column actuators, telescopic hydraulic actuators
electrical motors, pneumatic actuators, hydraulic actuators, linear actuators, screw actuators,
and the like. For example, the actuators described herein may be capable of providing a

dynamic force of about 350 pounds (about 158.8 kg) and a static force of about 500 pounds
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(about 226.8 kg). Furthermore, the front actuator 160 and the back actuator 180 may be

operated by a centralized motor system or multiple independent motor systems.

In one embodiment, schematically depicted in FIGS. 1-2 and 7A-7B, the front
actuator 160 and the back actuator 180 comprise hydraulic actuators for actuating the roll-in
cot 10. In the embodiment depicted in FIG. 7A, the front actuator 160 and the back actuator
180 are dual piggy back hydraulic actuators. The dual piggy back hydraulic actuator
comprises four hydraulic cylinders with four extending rods that are piggy backed (i.e.,
mechanically coupled) to one another in pairs. Thus, the dual piggy back actuator comprises
a first hydraulic cylinder with a first rod, a second hydraulic cylinder with a second rod, a
third hydraulic cylinder with a third rod and a fourth hydraulic cylinder with a fourth rod.
Such hydraulic actuators are described in greater detail in commonly assigned U.S. Patent

No. 7,996,939.

While the cot actuation system is typically powered, the cot actuation system
may also comprise a manual release component (e.g., a button, tension member, switch,
linkage or lever) configured to allow an operator to raise or lower the front and back
actuators 160, 180 manually. In one embodiment, the manual release component disconnects
the drive units of the front and back actuators 160, 180 to facilitate manual operation. Thus,
for example, the wheels 26, 46 may remain in contact with the ground when the drive units
are disconnected and the roll-in cot 10 is manually raised. The manual release component
may be disposed at various positions on the roll-in cot 10, for example, on the back end 19

or on the side of the roll-in cot 10.

To determine whether the roll-in cot 10 is level, sensors (not depicted) may be
utilized to measure distance and/or angle. For example, the front actuator 16 and the back
actuator 18 may each comprise encoders which determine the length of each actuator. In one
embodiment, the encoders are real time encoders which are operable to detect movement of
the total length of the actuator or the change in length of the actuator when the cot is
powered or unpowered (i.e., manual control). While various encoders are contemplated, the
encoder, in one commercial embodiment, may be the optical encoders produced by Midwest

Motion Products, Inc. of Watertown, MN U.S.A. In other embodiments, the cot comprises



10

15

20

25

WO 2014/134321 PCT/US2014/019056

-12-

angular sensors that measure actual angle or change in angle such as, for example,
potentiometer rotary sensors, hall effect rotary sensors and the like. The angular sensors can
be operable to detect the angles of any of the pivotingly coupled portions of the front legs 20
and/or the back legs 40. In one embodiment, angular sensors are operably coupled to the
front legs 20 and the back legs 40 to detect the difference between the angle of the front leg
20 and the angle of the back leg 40 (angle delta). A loading state angle may be set to an
angle such as about 20° or any other angle that generally indicates that the roll-in cot 10 isin
a loading state (indicative of loading and/or unloading). Thus, when the angle delta exceeds
the loading state angle the roll-in cot 10 may detect that it is in a loading state and perform

certain actions dependent upon being in the loading state.

It is noted that the term "sensor," as used herein, means a device that measures a
physical quantity and converts it into a signal which is correlated to the measured value of
the physical quantity. Furthermore, the term "signal" means an electrical, magnetic or
optical waveform, such as current, voltage, flux, DC, AC, sinusoidal-wave, triangular-wave,

square-wave, and the like, capable of being transmitted from one location to another.

Referring now to FIG. 3, the front legs 20 may further comprise a front cross
beam 22 extending horizontally between and moveable with the pair of front legs 20. The
front legs 20 also comprise a pair of front hinge members 24 pivotingly coupled to the
support frame 12 at one end and pivotingly coupled to the front legs 20 at the opposite end.
Similarly, the pair of back legs 40 comprise a back cross beam 42 extending horizontally
between and moveable with the pair of back legs 40. The back legs 40 also comprise a pair
of back hinge members 44 pivotingly coupled to the support frame at one end and pivotingly
coupled to one of the back legs 40 at the opposite end. In specific embodiments, the front
hinge members 24 and the back hinge members 44 may be pivotingly coupled to the lateral
side members 15 of the support frame 12. As used herein, "pivotingly coupled" means that
two objects coupled together to resist linear motion and to facilitate rotation or oscillation
between the objects. For example, front and back hinge members 24, 44 do not slide with
the front and back carriage members 28, 48, respectively, but they rotate or pivot as the front

and back legs 20, 40 are raised, lowered, retracted, or released. As shown in the embodiment
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of FIG. 3, the front actuator 16 may be coupled to the front cross beam 22, and the back

actuator 18 may be coupled to the back cross beam 42.

Referring to FIG. 4, the front end 17 may also comprise a pair of front load
wheels 70 configured to assist in loading the roll-in cot 10 onto a loading surface 500 (e.g.,
the floor of an ambulance). The roll-in cot 10 may comprise sensors operable to detect the
location of the front load wheels 70 with respect to a loading surface 500 (e.g., distance
above the surface or contact with the surface). In one or more embodiments, the front load
wheel sensors comprise touch sensors, proximity sensors, or other suitable sensors effective
to detect when the front load wheels 70 are above a loading surface 500. In one
embodiment, the front load wheel sensors are ultrasonic sensors aligned to detect directly or
indirectly the distance from the front load wheels to a surface beneath the load wheels.
Specifically, the ultrasonic sensors, described herein, may be operable to provide an
indication when a surface is within a definable range of distance from the ultrasonic sensor
(e.g., when a surface is greater than a first distance but less than a second distance). Thus,
the definable range may be set such that a positive indication is provided by the sensor when

a portion of the roll-in cot 10 is in proximity to a loading surface 500.

In a further embodiment, multiple front load wheel sensors may be in series, such
that the front load wheel sensors are activated only when both front load wheels 70 are
within a definable range of the loading surface 500 (i.e., distance may be set to indicate that
the front load wheels 70 are in contact with a surface). As used in this context, "activated"
means that the front load wheel sensors send a signal to the control box 50 that the front load
wheels 70 are both above the loading surface 500. Ensuring that both front load wheels 70
are on the loading surface 500 may be important, especially in circumstances when the roll-

in cot 10 is loaded into an ambulance at an incline.

In the embodiments described herein, the control box 50 comprises or is operably
coupled to a processor and a memory. The processor may be an integrated circuit, a
microchip, a computer, or any other computing device capable of executing machine
readable instructions. The electronic memory may be RAM, ROM, a flash memory, a hard

drive, or any device capable of storing machine readable instructions. Additionally, it is
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noted that distance sensors may be coupled to any portion of the roll-in cot 10 such that the
distance between a lower surface and components such as, for example, the frontend 17, the
back end 19, the front load wheels 70, the front wheels 26, the intermediate load wheels 30,

the back wheels 46, the front actuator 16 or the back actuator 18 may be determined.

In further embodiments, the roll-in cot 10 has the capability to communicate with
other devices (e.g., an ambulance, a diagnostic system, a cot accessory, or other medical
equipment). For example, the control box 50 may comprise or may be operably coupled to a
communication member operable to transmit and receive a communication signal. The
communication signal may be a signal that complies with Controller Area Network (CAN)

protocol, Bluetooth protocol, ZigBee protocol, or any other communication protocol.

The front end 17 may also comprise a hook engagement bar 80, which is
typically disposed between the front load wheels 70, and is operable to swivel forward and
backward. While the hook engagement bar 80 of FIG. 3 is U-shaped, various other
structures such as hooks, straight bars, arc shaped bars, etc may also be used. As shown in
FIG. 4, the hook engagement bar 80 is operable to engage with a loading surface hook 550
on a loading surface 500. Loading surface hooks 550 are commonplace on the floors of
ambulances. The engagement of the hook engagement bar 80 and the loading surface hook
550 may prevent the roll-in cot 10 from sliding backwards from the loading surface 500.
Moreover, the hook engagement bar 80 may comprise a sensor (not shown) which detects
the engagement of the hook engagement bar 80 and the loading surface hook 550. The
sensor may be a touch sensor, a proximity sensor, or any other suitable sensor operable to
detect the engagement of the loading surface hook 550. In one embodiment, the engagement
of the hook engagement bar 80 and the loading surface hook 550 may be configured to
activate the front actuator 16 and thereby allow for retraction of the front legs 20 for loading

onto the loading surface 500.

Referring still to FIG. 4, the front legs 20 may comprise intermediate load wheels
30 attached to the front legs 20. In one embodiment, the intermediate load wheels 30 may be
disposed on the front legs 20 adjacent the front cross beam 22. Like the front load wheels

70, the intermediate load wheels 30 may comprise a sensor (not shown) which are operable
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to measure the distance the intermediate load wheels 30 are from a loading surface 500. The
sensor may be a touch sensor, a proximity sensor, or any other suitable sensor operable to
detect when the intermediate load wheels 30 are above a loading surface 500. As is
explained in greater detail herein, the load wheel sensor may detect that the wheels are over
the floor of the vehicle, thereby allowing the back legs 40 to safely retract. In some
additional embodiments, the intermediate load wheel sensors may be in series, like the front
load wheel sensors, such that both intermediate load wheels 30 must be above the loading
surface 500 before the sensors indicate that the load wheels are above the loading surface
5001.e., send a signal to the control box 50. In one embodiment, when the intermediate load
wheels 30 are within a set distance of the loading surface the intermediate load wheel sensor
may provide a signal which causes the control box 50 to activate the back actuator 18.
Although the figures depict the intermediate load wheels 30 only on the front legs 20, it is
further contemplated that intermediate load wheels 30 may also be disposed on the back legs
40 or any other position on the roll-in cot 10 such that the intermediate load wheels 30
cooperate with the front load wheels 70 to facilitate loading and/or unloading (e.g., the

support frame 12).

Referring now to FIG. 9, in one embodiment the roll-in cot 10 comprises a wheel
alignment mechanism 300. The wheel alignment mechanism 300 provides automatic
vertical positioning of the front wheel linkage 27 as the front legs 20 are raised and lowered.
By positioning the front wheel linkage 27 in the appropriate orientation, predictable rolling
of the roll-in cot 10 can be achieved with the front legs 20 positioned in any of a variety of
positions from fully raised to fully lowered, and intermediate positions therebetween. While
specific discussion is made herein and describes positioning of the wheel alignment
mechanism relative to the front legs 20 of the roll-in cot 10, it should be understood that a
roll-in cot 10 according to the present disclosure may incorporate wheel alignment
mechanisms 300 into any extendible leg assembly including, for example, back legs 40.
Accordingly, “first” and “second” may be used interchangeably herein with “front” or
“back” when describing the legs, hinge members, wheel linkages, and wheel alignment

mechanisms of the roll-in cot 10 without regard to the positioning of a particular component.
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As discussed hereinabove, the front leg 20 and the front hinge member 24 are
coupled to one another and pivot relative to one another during raising and lowering
operations of the front leg 20. The front leg 20 is coupled to the support frame 12 through a
carriage 28 (FIG. §8), which allows the front leg 20 to slide in a longitudinal direction
relative to the support frame 12 and rotate relative to the support frame 12. The front hinge
member 24 is coupled to the support frame 12 and the front leg 20, and allowed to pivot
relative to the support frame 12 and the front leg. Because the degrees of freedom of
movement of the front leg 20 and the hinge member 24 are limited, the front leg 20 and the
hinge member 24 move according to a pre-defined kinematic relationship relative to the
support frame 12 and to each other when the front leg 20 undergoes a raising or lowering
operation. This relative angular rotation between the front leg 20 and the hinge member 24
may be predictable and repeatable. In some embodiments, the relative angular rotation
between the front leg 20 and the hinge member 24 may be generally constant (for example,
within about 10%) over the stroke of front leg 20 as the front leg moves from a fully-
retracted position to a fully-extended position. In other embodiments the relative angular
rotation between the front leg 20 and the hinge member 24 may vary over the stroke of the

front leg 20.

Because the angle of inclination of the front leg 20 relative to a ground surface
changes between the fully-retracted position and the fully-extended position, the angular
orientation of the front wheel linkage 27 relative to the ground surface varies as well. Wheel
alignment mechanisms 300 according to the present disclosure maintain the angular
inclination of the front wheel linkage 27 relative to the ground surface over the stroke of the
front leg 20 as the front leg moves from a fully-retracted position to a fully-extended

position.

As discussed hereinabove, the relative positioning and coupling of the support
frame 12, the front leg 20, and the front hinge member 24 defines a kinematic relationship
between the front leg 20 and the front hinge member 24 that causes the front leg 20 and the
front hinge member 24 to move with relative angular rotation between one another as the

front leg 20 moves between a fully-extended position and a fully-retracted position. This
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relative angular rotation between the front leg 20 and the front hinge member 24 may be
calculated based on the positioning of the front leg 20 and the front hinge member 24
relative to the support frame 12. In general, the front hinge member 24 moves relative to the
front leg 20 to a degree that is greater than the front leg 20 moves relative to the support
frame 12. In the embodiment depicted in FIG. 9, the front hinge 20 moves at an average
relative angular rotation to the front leg 20 that is about twice the movement of the front leg
20 relative to the support frame 12, when evaluated over the stroke of the front leg from the
fully-retracted position to the fully-extended position. It should be understood, however,
that roll-in cots 10 according to the present disclosure may incorporate a variety of relative
angular rotation values. To maintain the relative angular inclination of the front wheel
linkage 27 to the ground surface, the wheel alignment mechanism 300 may include elements
that account for the relative angular rotation of the front leg 20 and the front hinge member

24.

In the embodiment depicted in FIG. 9, the wheel alignment mechanism 300
includes a timing member 130 disposed within at least a portion of a front leg 20. In the
embodiment depicted in FIG. 9, the timing member 130 is a timing belt 131 that is
frictionally engaged with hub set members that are positioned within the front leg 20. As
will be discussed in greater detail below, the timing member 130 may have a variety of
configurations. The timing belt 131 is engaged with hubs 132 that are pivotingly coupled to
components of the front leg 20. A first hub 132a is coupled to the front hinge member 24,
such that as the front leg 20 is raised and lowered, the first hub 132a is held fixed in position
relative to the front hinge member 24 and rotates relative to the front leg 20. The first hub
132a, therefore, modifies the position of the timing belt 131 relative to the front leg 20 as the

front leg 20 moves between a fully-raised position and a fully-lowered position.

A second hub 132b is coupled to the front wheel linkage 27. When the front leg
20 is raised and lowered, the second hub 132b is held fixed in position relative to the front
wheel linkage 27 and rotates relative to the front leg 20. As the front leg 20 is raised and
lowered, the timing belt 131 rotates the position of the front wheel linkage 27. The first hub
132a and the second hub 132b, therefore, modify the position of the timing belt to reposition
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the orientation of the front wheel linkage 27 as the front leg 20 moves between a fully-

retracted position and a fully-lowered position.

The timing belt 131 and the first hub 132a and the second hub 132b may have a
variety of mating interface configurations. In one embodiment, the timing belt 131, the first
hub 132a, and the second hub 132b are grooved at their interface surfaces. However,
alternative embodiments of the interface between the timing belt 131 and the first hub 132a
and the second hub 132b, such as a flat interface or a “vee” interface, are contemplated. The
timing belt 131 may be constructed from a variety of materials including polymers and
elastomers. The timing belt 131 may also be reinforced with various materials that are
conventionally known for increasing the strength and/or durability of belts, including nylon,

polyester, aramids, and the like.

Referring to FIG. 10, one embodiment of a hub portion 230 of the front leg 20 is
depicted. The hub portion 230 provides the interface between the components of the hubs
132 and the front leg 20. As depicted in FIG. 10, the hub portion 230 connects the first hub
132a to the front hinge member 24 through the front leg 20. However, it should be
understood that a similar hub portion may connect the second hub 132b to the front wheel
linkage 27 (see FIG. 9). Referring again to FIG. 10, the hub portion 230 includes the first
hub 132a which is partially encapsulated outer races 234. In some embodiments, the outer
races 234 may be integrated into the front leg 20. The hub portion 230 may include a
plurality of cover plates 232 that are positioned inside the outer races 234, thereby allowing
the first hub 132a to rotate within the outer races 234. The front hinge member 24 is
coupled to the first hub 132a, for example, by fasteners 238 passing through the front hinge
member 24, the cover plates 232, and the first hub 132a. The hub portion 230 maintains
alignment of the first hub 132a relative to the front hinge member 24, such that as the front
hinge member 24 pivots relative to the front leg 20, the first hub 132a pivots relative to the

upper leg 20 at the same rate as the front hinge member 24.

Referring again to FIG. 9, during a raising or lowering operation of the front leg
20, the front hinge member 24 pivots relative to the front leg 20, causing the first hub 132a
to pivot with respect to the front leg 20. As the first hub 132a, which is engaged with the
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front hinge member 24, rotates, the timing belt 131 is drawn by the first hub 132a in one of
two directions and communicates the rotation of the first hub 132a relative to the front leg
24 to the second hub 132b, which is similarly engaged with the timing belt 131. The second
hub 132b is coupled to the front wheel linkage 27, such that rotation of the second hub 132b

changes the orientation of the front wheel linkage 27 relative to the front leg 20.

In the embodiment depicted in FIG. 9, the first hub 132a has a smaller diameter
than the second hub 132b such that the rotation of the first hub 132a is reduced as compared
to the second hub 132b. The wheel alignment mechanism, therefore, has a reduction ratio
that is equivalent to the ratio of the diameter of the first hub 132a to the second hub 132b. In
the embodiment depicted in FIG. 9, the ratio of the diameter of the first hub 132a to the
second hub 132b is approximately inverse to the relative angular motion between the front
leg 20 and the front hinge member 24. Because the angular inclination of the front wheel
linkage 27 is controlled by the front leg 24 and the front hinge member 24, as well as by the
first hub 132a and the second hub 132b of the wheel alignment mechanism 300, maintaining
an inverse relationship between the ratio of diameters of the first hub 132a and the second
hub 132b and the relative angular motion between the front leg 20 and the front hinge
member 24 may maintain an orientation of the front wheel linkage 27 relative to a horizontal
ground surface as the front legs 20 move between a full-retracted position and a fully-

extended position.

In the embodiment depicted in FIG. 9, the first hub 132a is about half the
diameter of the second hub 132b that is coupled to the front wheel linkage 27. This
corresponds to a front leg 20 and a front hinge member 24 that have a relative angular
motion of about 2:1. A rotation Al of the front hinge member 24 relative to the front leg 20
causes a rotation A2 of the front wheel linkage 27 relative to the front leg 20, where rotation
A2 is half the magnitude of rotation Al. Restated, when the front hinge member 24 rotates
10° relative to the front leg 20, the front wheel linkage 27 will rotate 5° relative to the front
leg 20, which is due to the relative size of the diameters of the first hub 132a and the second
hub 132b.
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While the wheel alignment mechanism 300 described hereinabove incorporates
first hubs 132a and second hubs 132b having a diameter ratio of 1:2, it should be understood
that any of a variety of diameter ratios of first hubs 132a and second hubs 132b may be
selected to provide the desired ratio of rotation between the front hinge member 24 and the
front wheel linkage 27. In some embodiments, the diameter ratio of the first hubs 132a and
the second hubs 132b may be inverse to the relative angular rotation provided by the front
leg 20 and the front hinge member 24. In some embodiments, the product of the diameter
ratio of the first hubs 132a and the second hubs 132b and the relative angular rotation of the
front leg 20 and the front hinge member 24 may be within about 30% of unity, including, for
example, being within about 25% of unity, for example, being within about 20% of unity,
for example, being within about 15% of unity, for example, being within about 10% of
unity, for example, being within about 5% of unity. The lower the value of the product
between the diameter ratio and the relative angular rotation may indicate that the relative
angular inclination of the front wheel linkage 27 to a horizontal ground surface is more
uniform through the stroke of the front leg 20 from the fully-retracted position to the fully-
extended position. Accordingly, a roll-in cot 10 having the wheel alignment mechanisms
300 according to the present disclosure may have a front wheel linkage 27 that positions

front wheels 26 in an angular inclination over a variety of orientations of the front legs 20.

Still referring to FIG. 9, the wheel alignment mechanism 300 may include at least
one shock absorber 310. The shock absorber 310 is positioned relative to the timing belt 131
and reduces impact loading applied to the timing belt 131, for example when the front

wheels 26 contact an obstacle.

Referring now to FIG. 11, a shock absorber is shown in greater detail. The shock
absorber 310 includes a housing 312 having an opening 314 to accommodate a tensioner
318, and a belt relief channel 316. The tensioner 318 includes a belt channel 319 and is
positioned within the opening 314 of the housing 312. The shock absorber 310 also includes
a damping assembly 320 that includes a tension member 322, a load dispersing element 324,
and a compliant bushing 326. In the embodiment depicted in FIG. 11, the tension member

322 is a threaded fastener that secures the damping assembly 320 to the follower 318. The
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shock absorber 310 may also include a plurality of cover plates 317 positioned along the

outside of the housing 312 to enclose the shock absorber 310.

As depicted in FIG. 11, the tensioner 318 is positioned within the opening 314 of
the housing 312, and the tensioner 318 is secured to the housing 312 by the tensioner
member 322. The timing belt 131 is introduced along the belt relief 316 of the housing 312
and along the belt channel 319 of the tensioner 318. The path length of the timing belt 131
through the shock absorber 310 is greater than the linear distance along the belt relief 316 of
the housing 312, such that the effective length of the timing belt 131 (i.e., the distance
traveled by the timing belt 131 evaluated around the first hub 132a and the second hub
132b, as depicted in FIG. 9) is decreased upon installation of the shock absorber 310.

The damping assembly 320 of the shock absorber 310 includes a compliant
bushing 326. The compliant bushing 326 may be made from a variety of materials including
natural or synthetic elastomers. In another embodiment, at least one mechanical spring (not
shown) may be arranged within the shock absorber 310 and perform the same functions as
the compliant bushing 326 discussed herein. Further, the tension member 322 may be
adjusted to provide a pre-determined deformation of the compliant bushing 326, such that
variations in the size or material properties of the compliant bushing 326 can be

accommodated without adversely affecting performance of the shock absorber 310.

As discussed hereinabove, the front wheel linkage 27 of the roll-in cot 10 is
configured to be repositionable in its vertical orientation, such that alignment of the front
wheels 26 is maintained over a variety of positions of the front legs 20. In operation of the
roll-in cot 10, when the front wheels 26 contact an obstacle, for example, when the roll-in
cot 10 is being moved, contact between the front wheels 26 and the obstacle may tend to
shift the vertical orientation of the front wheel linkage 27 relative to the front legs 20.
Rotational orientation of the front wheel linkage 27 is arrested by the interaction between
the second hub 132b, the timing belt 131, the first hub 132a, and the front hinge member 24.
However, impact between the front wheels 26 and an obstacle may induce a force into the
timing belt 131. The magnitude of the force may tend to overload the timing belt 131, if the

timing belt 131 is not fitted with a shock absorber 310 as discussed hereinabove.
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When a load is applied to the damping assembly 320 that tends to draw the load
dispersing element 324 in a direction towards the housing 312, the compliant bushing 326
deforms. When an impulse load is applied to the timing belt 131 in an orientation that tends
to increase the path length of the timing belt 131, the timing belt 131 positioned within the
shock absorber 310 tends to “‘straighten” such that the tensioner 318 draws the load
dispersing element 324 in a direction towards the housing 312. As the load dispersing
element 324 translates towards the housing 312, the compliant bushing 326 deforms, thereby
absorbing at least a portion of the impulse load. By absorbing at least a portion of the
impulse load applied to the front wheels 26 at the compliant bushing 326, impulse load
directed into the timing belt 131 may be mitigated, thereby reducing the likelihood of an

overload condition of the timing belt 131.

The material, cross-sectional area, and thickness of the compliant bushing 326
may be selected such that a pre-determined impulse load, for example, an impact load
associated with one of the front wheels 26 contacting an obstacle such as a curb while the
roll-in cot 10 is moving at a brisk walking pace with a patient weighing 550 pounds
positioned in a supine position on the roll-in cot 10 will tend to deform the compliant
bushing 326 without a tensile overload of the timing belt 131. In particular, timing belt 131
may be designed to have a safety factor of approximately 50% over this load case such that
in the event of the introduction of such an impact event as described hereinabove, the timing
belt 131 will maintain structural integrity. Further, when the timing belt 131 of the roll-in
cot 10 is fitted with a shock absorber 310, components of the shock absorber 310 deform to
dissipate force in the timing belt 131 associated with the front wheels 26 impacting an

obstacle.

Embodiments of the roll-in cot 10 may include a plurality of shock absorbers 310
positioned along opposite sides of the timing belt 131. In the embodiment depicted in FIG.
9, the upper shock absorber 310a will absorb impact loads associated with the roll-in cot 10
moving in a forward direction (i.e., loads that tend to increase the length of the timing belt
131 positioned relative to the upper shock absorber 310a), while the lower shock absorber

310b will absorb impact loads associated with the roll-in cot 10 moving in a rearwards
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direction (i.e., loads that tend to increase thelength of the timing belt 131 positioned relative

to the lower shock absorber 310b).

Still referring to FIG. 9, the wheel alignment mechanism 300 may also include at
least one idler roller 330. The idler roller 330 contacts the timing belt 131 and allows the
timing belt 131 to change planar orientations, such that the timing belt 131 may continue to
engage the first hub 132a and the second hub 132b in applications in which the first hub
132a and the second hub 132b do not have line-of-sight clearance. In some embodiments,
the idler roller 330 may include a roller mounted on a bearing that is secured to the front leg
20 and configured to rotate while imputing minimum friction to the wheel alignment

mechanism 300.

In further embodiments, both of the front legs 20 comprise a wheel alignment
mechanism 300 as discussed hereinabove. In such embodiments, raising or lowering the
front end 17 of the support frame 12 by the front legs 20 trigger the rotation of the front
wheel linkage 27. Additionally, the back legs 40 may comprise a wheel alignment
mechanism 300 similar to that discussed in regard to the front legs 20, wherein the raising or
lowering of the back end 19 of the support frame 12 by the back legs 40 triggers the rotation
of the back wheel linkage 47. Thus in embodiments where each of the front legs 20 and the
back legs 40 both comprise wheel alignment mechanisms 300, vertical orientation of the
front wheels 26 and back wheels 46 can be maintained to ensure that the roll-in cot 10 can
roll across surfaces of various cot heights. Thus, the roll-in cot 10 may be rolled in the
fore/aft direction and/or side to side at any height when the support frame 12 is substantially
parallel to the ground, i.e., the front legs 20 and the back legs 40 are actuated to substantially
the same length. Further, by maintaining the vertical orientation of the front wheel linkage
27 and the back wheel linkage 47 relative to the ground, the roll-in cot 10 may be rolled in
the fore/aft direction and/or side to side when the support frame 12 is substantially parallel

to the ground, and the front legs 20 and the back legs 40 are actuated to different lengths.

Referring now to FIG. 12a, other embodiments of the roll-in cot may include a
wheel alignment mechanism 400 having a timing mechanism 130 that is a timing chain 410.

The timing chain 410 is coupled to a first hub 414 positioned proximate to the support frame
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(shown in FIG. 1) and a second hub 412 positioned proximate to one of the front wheels or
the rear wheels (shown in FIG. 1). The first hub 414 and the second hub 412 are positioned
within one of the front legs or the rear legs (shown in FIG. 1) of the roll-in cot. Similar to
the embodiment of the roll-in cot incorporating the timing belt described hereinabove in
regard to FIGS. 9-11, the timing chain 410 maintains the rotational orientation of the front
wheels or the rear wheels relative to the support frame of the roll-in cot so that the rotational
clocking orientation of the wheels relative to the ground surface upon which the roll-in cot
traverses is maintained for all orientations of the front legs or the rear legs through their
range of motion. In various embodiments of the roll-in cot, the first hub 414 may be
positioned at a variety of positions along the front or rear legs. Rotation of the first hub 414
may account for the positioning of the first hub 414 as to maintain the rotational clocking
orientation of the wheels of the roll-in cot. Maintaining the radial orientation of the front
wheels and the rear wheels may assist with mobility of the roll-in cot when the legs are
positioned in a variety of orientations. In one embodiment, steering of the roll-in cot may be
adversely affected if the front wheels or the rear wheels are rotated out of alignment.
Maintaining alignment of the front wheels and the rear wheels, therefore, may improve the

handling characteristics of the roll-in cot.

Still referring to FIG. 12a, the alignment mechanism 400 includes the timing
chain 410 coupled to both the first hub 414 and the second hub 412. The timing chain 410
includes a link coupler 416 that joins the timing chain 410 onto itself so that the timing chain
410 is continuous around its perimeter. The link coupler 416 may adjust the length of the
timing chain 410 so that the timing chain 410 may be adjusted to accommodate variations in

distance between the first hub 414 and the second hub 412.

The alignment mechanism 410 may also include chain tensioners 418, 420 that
modify the position of the timing chain 410 as to increase the path distance of the timing
chain 410 evaluated around the first hub 414 and the second hub 412. By increasing the
path distance of the timing chain 410 around the first hub 414 and the second hub 412, the
effective length of the timing chain 410 may be reduced, thereby increasing tension on the

timing chain 410. In some embodiments, the chain tensioners 418, 420 may include a spring
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mechanism that automatically modifies the path length of the timing chain 410 to account
for relative translational movement between the first hub 414 and the second hub 412. In
embodiment in which the chain tensioners 418, 410 include spring mechanisms, the chain
tensioners 418, 420 may absorb shock loads imparted to the timing chain 410 by temporarily
allowing the timing chain 410 to translate the chain tensioner 418, 420, thereby temporarily

decreasing the path length of the timing chain 410.

Referring now to FIG. 12b, other embodiments of the roll-in cot 10 may include
an alignment mechanism 410 having idler rollers 480 (analogous to the idler rollers 330
described hereinabove) that modify the orientation of the timing chain 410 but do not
actively modify the tension induced into the timing chain 410. The idler rollers 480 may
position the timing chain 410 to avoid contact with elements of the cot legs to prevent

inadvertent contact between the timing chain 410 and the cot legs.

Referring now to FIG. 13, a detail view of the timing chain 410 is depicted. In
the depicted embodiment, the timing chain 410 includes a plurality of links 430 adjoined to
one another to form the timing chain 410. In the embodiment depicted in FIG. 13, the
timing chain 410 is a block chain, however other types of chains may be suitable for the
instant design without departing from the scope of the present disclosure, including roller
chains. In the embodiment depicted in FIG. 13, the timing chain 410 is generally fixed in
orientation to the first hub 414 and the second hub 412 (see FIG. 12) to maintain the
rotational clocking orientations of the first hub 414 and the second hub 412. Therefore, the
orientation of the timing chain 410 relative to the first hub 414 and the second hub 412 is
generally fixed so that the meshing of the timing chain 410 with the first hub 414 and the
second hub 412 is not modified. However, other embodiments of the alignment mechanism
400 may incorporate first and second hubs 414, 412 and a timing chain 410 whose meshing

is modified over in operation.

The timing chain 410 includes a first hub mating portion 432 that is coupled to
the first hub 414 (shown in FIG. 12). The first hub mating portion 432 includes a plurality
of attachment plates 436, 438 that are pinned to one another to form the first hub mating

portion 432. The attachment plates 436, 438 correspond in general thickness to the links
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430 that make up remaining portions of the timing chain 410, so that the first hub mating
portion 432 may be easily integrated into the timing chain 410. Each of the attachment
plates 436, 438 include at least one through hole 440 that passes through the attachment
plates 436, 428. When the attachment plates 436, 438 are aligned and assembled into the
first hub mating portion 432, the through holes 440 are aligned to allow insertion of a
fastener, for example a bolt, screw, or pin. The first hub mating portion 432 may thereby be

resiliently coupled to the first hub 414 through a fastened connection.

Referring now to FIGS. 14 and 15, one embodiment of the second hub 412 is
depicted. Referring to FIG. 14, the second hub 412 includes a first cover plate 452 and a
second cover plate 454 that are positioned opposite one another along the ends of the second
hub 412. The second hub 412 also includes a plurality of attachment plates 456 and bypass
plates 458 that are arranged proximate to one another to form the center portion of the
second hub 412. The first cover plate 452 of the second hub 412 is removed from the view
of FIG. 15 to more clearly depict the attachment plates 456 and the bypass plates 458 of the
second hub 412.

Referring now to FIG. 15, the attachment plates 456 of the second hub 412 each
include a securement tab 457 that extends from a clearance portion 459. The securement
tabs 457 each include at least one through hole 460 through which a fastener, such as a
screw, a bolt, or a pin, may be inserted. When the plurality of attachment plates 456 and the
plurality of bypass plates 458 are assembled and arranged with one another, the links 430 of
the timing chain 410 may be inserted into the clearance zones in the second hub 412 created
by the bypass plates 458 so that at least some of the links 430 may be coupled to the
attachment plates 456. Coupling the timing chain 410 and the attachment plates 456 of the
second hub 412 to one another provides a resilient attachment between the timing chain 410
and the second hub 412, thereby allowing the timing chain 410 to maintain the rotational

clocking orientation of the first hub 414 and the second hub 412.

While specific reference has been made herein to the attachment schemes of the

timing chain 410 to the first hub 414 and the second hub 412, it should be understood that
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these attachment schemes may be modified or altered to suit a particular end-user

application without departing from the scope of the present disclosure.

Referring again to FIG. 3, the roll-in cot 10 may comprise a front actuator sensor
62 and a back actuator sensor 64 configured to detect whether the front and back actuators
16, 18 respectively are under tension or compression. As used herein, the term "tension"
means that a pulling force is being detected by the sensor. Such a pulling force is commonly
associated with the load being removed from the legs coupled to the actuator, i.e., the leg
and or wheels are being suspended from the support frame 12 without making contact with a
surface beneath the support frame 12. Furthermore, as used herein the term "compression”
means that a pushing force is being detected by the sensor. Such a pushing force is
commonly associated with a load being applied to the legs coupled to the actuator, i.e., the
leg and or wheels are in contact with a surface beneath the support frame 12 and transfer a
compressive strain on the coupled actuator. In one embodiment, the front actuator sensor 62
and the back actuator sensor 64 are coupled to the support frame 12; however, other
locations or configurations are contemplated herein. The sensors may be proximity sensors,
strain gauges, load cells, Hall-effect sensors, or any other suitable sensor operable to detect
when the front actuator 16 and/or back actuator 18 are under tension or compression. In
further embodiments, the front actuator sensor 62 and the back actuator sensor 64 may be
operable to detect the weight of a patient disposed on the roll-in cot 10 (e.g., when strain

gauges are utilized).

Referring to FIGS. 1-4, the movement of the roll-in cot 10 may be controlled via
the operator controls. Referring again to the embodiment of FIG. 1, the back end 19 may
comprise operator controls for the roll-in cot 10. As used herein, the operator controls are
the components used by the operator in the loading and unloading of the roll-in cot 10 by
controlling the movement of the front legs 20, the back legs 40, and the support frame 12.
Referring to FIG. 2, the operator controls may comprise one or more hand controls 57 (for
example, buttons on telescoping handles) disposed on the back end 19 of the roll-in cot 10.
Moreover, the operator controls may include a control box 50 disposed on the back end 19

of the roll-in cot 10, which is used by the cot to switch from the default independent mode
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and the synchronized or "sync" mode. The control box 50 may comprise one or more
buttons 54, 56 which place in the cot in sync mode, such that both the front legs 20 and back
legs 40 can be raised and lowered simultaneously. In a specific embodiment, the sync mode
may only be temporary and cot operation will return to the default mode after a period of
time, for example, about 30 seconds. In a further embodiment, the sync mode may be
utilized in loading and/or unloading the roll-in cot 10. While various positions are

contemplated, the control box may be disposed between the handles on the back end 19.

As an alternative to the hand control embodiment, the control box 50 may also
include a component which may be used to raise and lower the roll-in cot 10. In one
embodiment, the component is a toggle switch 52, which is able to raise (+) or lower (-) the
cot. Other buttons, switches, or knobs are also suitable. Due to the integration of the sensors
in the roll-in cot 10, as is explained in greater detail herein, the toggle switch 52 may be
used to control the front legs 20 or back legs 40 which are operable to be raised, lowered,
retracted or released depending on the position of the roll-in cot 10. In one embodiment the
toggle switch is analog (i.e., the pressure and/or displacement of the analog switch is
proportional to the speed of actuation). The operator controls may comprise a visual display
component 58 configured to inform an operator whether the front and back actuators 16, 18
are activated or deactivated, and thereby may be raised, lowered, retracted or released.
While the operator controls are disposed at the back end 19 of the roll-in cot 10 in the
present embodiments, it is further contemplated that the operator controls be positioned at
alternative positions on the support frame 12, for example, on the front end 17 or the sides of
the support frame 12. In still further embodiments, the operator controls may be located in a
removably attachable wireless remote control that may control the roll-in cot 10 without

physical attachment to the roll-in cot 10.

In other embodiments as shown in FIG. 4, the roll-in cot 10 may further comprise
a light strip 140 configured to illuminate the roll-in cot 10 in poor lighting or poor visibility
environments. The light strip 140 may comprise LED's, light bulbs, phosphorescent
materials, or combinations thereof. The light strip 140 may be triggered by a sensor which

detects poor lighting or poor visibility environments. Additionally, the cot may also
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comprise an on/off button or switch for the light strip 140. While the light strip 140 is
positioned along the side of the support frame 12 in the embodiment of FIG. 4, it is
contemplated that the light strip 140 could be disposed on the front and/or back legs 20, 40,
and various other locations on the roll-in cot 10. Furthermore it is noted that the light strip
140 may be utilized as an emergency beacon analogous to ambulance emergency lights.
Such an emergency beacon is configured to sequence the warning lights in a manner that
draws attention to the emergency beacon and that mitigates hazards such as, for example

photosensitive epilepsy, glare and phototaxis.

Turning now to embodiments of the roll-in cot 10 being simultaneously actuated,
the cot of FIG. 4 is depicted as extended, thus front actuator sensor 62 and back actuator
sensor 64 detect that the front actuator 16 and the back actuator 18 are under compression,
i.e., the front legs 20 and the back legs 40 are in contact with a lower surface and are loaded.
The front and back actuators 16 and 18 are both active when the front and back actuator
sensors 62, 64 detect both the front and back actuators 16, 18, respectively, are under
compression and can be raised or lowered by the operator using the operator controls as

shown in FIG. 2 (e.g., "-" to lower and "+" to raise).

Referring collectively to FIGS. SA-5C, an embodiment of the roll-in cot 10 being
raised (FIGS. 5A-5C) or lowered (FIGS. 5C-5A) via simultaneous actuation is schematically
depicted (note that for clarity the front actuator 16 and the back actuator 18 are not depicted
in FIGS. 5A-5C). In the depicted embodiment, the roll-in cot 10 comprises a support frame
12 slidingly engaged with a pair of front legs 20 and a pair of back legs 40. Each of the front
legs 20 are rotatably coupled to a front hinge member 24 that is rotatably coupled to the
support frame 12 (e.g., via carriage members 28, 48 (FIG. 8)). Each of the back legs 40 are
rotatably coupled to a back hinge member 44 that is rotatably coupled to the support frame
12. In the depicted embodiment, the front hinge members 24 are rotatably coupled towards
the front end 17 of the support frame 12 and the back hinge members 44 that are rotatably
coupled to the support frame 12 towards the back end 19.

FIG. 5A depicts the roll-in cot 10 in a lowest transport position (e.g., the back

wheels 46 and the front wheels 26 are in contact with a surface, the front leg 20 is slidingly
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engaged with the support frame 12 such that the front leg 20 contacts a portion of the
support frame 12 towards the back end 19 and the back leg 40 is slidingly engaged with the
support frame 12 such that the back leg 40 contacts a portion of the support frame 12
towards the front end 17). FIG. 5B depicts the roll-in cot 10 in an intermediate transport
position, i.e., the front legs 20 and the back legs 40 are in intermediate transport positions
along the support frame 12. FIG. 5C depicts the roll-in cot 10 in a highest transport position,
i.e., the front legs 20 and the back legs 40 positioned along the support frame 12 such that
the front load wheels 70 are at a maximum desired height which can be set to height

sufficient to load the cot, as is described in greater detail herein.

The embodiments described herein may be utilized to lift a patient from a
position below a vehicle in preparation for loading a patient into the vehicle (e.g., from the
ground to above a loading surface of an ambulance). Specifically, the roll-in cot 10 may be
raised from the lowest transport position (FIG. 5A) to an intermediate transport position
(FIG. 5B) or the highest transport position (FIG. 5C) by simultaneously actuating the front
legs 20 and back legs 40 and causing them to slide along the support frame 12. When being
raised, the actuation causes the front legs to slide towards the front end 17 and to rotate
about the front hinge members 24, and the back legs 40 to slide towards the back end 19 and
to rotate about the back hinge members 44. Specifically, a user may interact with a control
box 50 (FIG. 2) and provide input indicative of a desire to raise the roll-in cot 10 (e.g., by
pressing “+” on toggle switch 52). The roll-in cot 10 is raised from its current position (e.g.,
lowest transport position or an intermediate transport position) until it reaches the highest
transport position. Upon reaching the highest transport position, the actuation may cease
automatically, i.e., to raise the roll-in cot 10 higher additional inputis required. Input may be

provided to the roll-in cot 10 and/or control box 50 in any manner such as electronically,

audibly or manually.

The roll-in cot 10 may be lowered from an intermediate transport position (FIG.
5B) or the highest transport position (FIG. 5C) to the lowest transport position (FIG. 5A) by
simultaneously actuating the front legs 20 and back legs 40 and causing them to slide along

the support frame 12. Specifically, when being lowered, the actuation causes the front legs



10

15

20

25

WO 2014/134321 PCT/US2014/019056

31-

to slide towards the back end 19 and to rotate about the front hinge members 24, and the
back legs 40 to slide towards the front end 17 and to rotate about the back hinge members
44. For example, a user may provide input indicative of a desire to lower the roll-in cot 10

(T2

(e.g., by pressing a “-”on toggle switch 52). Upon receiving the input, the roll-in cot 10
lowers from its current position (e.g., highest transport position or an intermediate transport
position) until it reaches the lowest transport position. Once the roll-in cot 10 reaches its
lowest height (e.g., the lowest transport position) the actuation may cease automatically. In
some embodiments, the control box 50 (FIG. 1) provides a visual indication that the front

legs 20 and back legs 40 are active during movement.

In one embodiment, when the roll-in cot 10 is in the highest transport position
(FIG. 5C), the front legs 20 are in contact with the support frame 12 at a front-loading index
221 and the back legs 40 are in contact with the support frame 12 a back-loading index 241.
While the front-loading index 221 and the back-loading index 241 are depicted in FIG. 5C
as being located near the middle of the support frame 12, additional embodiments are
contemplated with the front-loading index 221 and the back-loading index 241 located at
any position along the support frame 12. For example, the highest transport position may be
set by actuating the roll-in cot 10 to the desired height and providing input indicative of a
desire to set the highest transport position (e.g., pressing and holding the “+” and “-* on

toggle switch 52 simultaneously for 10 seconds).

In another embodiment, any time the roll-in cot 10 is raised over the highest
transport position for a set period of time (e.g., 30 seconds), the control box 50 provides an
indication that the roll-in cot 10 has exceeded the highest transport position and the roll-in
cot 10 needs to be lowered. The indication may be visual, audible, electronic or

combinations thereof.

When the roll-in cot 10 is in the lowest transport position (FIG. 5A), the front
legs 20 may be in contact with the support frame 12 at a front-flat index 220 located near the
back end 19 of the support frame 12 and the back legs 40 may be in contact with the support
frame 12 a back-flat index 240 located near the front end 17 of the support frame 12.

Furthermore, it is noted that the term "index," as used herein means a position along the
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support frame 12 that corresponds to a mechanical stop or an electrical stop such as, for
example, an obstruction in a channel formed in a lateral side member 15, a locking

mechanism, or a stop controlled by a servomechanism.

The front actuator 16 is operable to raise or lower a front end 17 of the support
frame 12 independently of the back actuator 18. The back actuator 18 is operable to raise or
lower a back end 19 of the support frame 12 independently of the front actuator 16. By
raising the front end 17 or back end 19 independently, the roll-in cot 10 is able to maintain
the support frame 12 level or substantially level when the roll-in cot 10 is moved over
uneven surfaces, for example, a staircase or hill. Specifically, if one of the front legs 20 or
the back legs 40 is in tension, the set of legs not in contact with a surface (i.e., the set of legs
that is in tension) is activated by the roll-in cot 10 (e.g., moving the roll-in cot 10 off of a
curb). Further embodiments of the roll-in cot 10 are operable to be automatically leveled.
For example, if back end 19 is lower than the front end 17, pressing the “+” on toggle switch

€6 <<

52 raises the back end 19 to level prior to raising the roll-in cot 10, and pressing the “-* on

toggle switch 52 lowers the front end 17 to level prior to lowering the roll-in cot 10.

In one embodiment, depicted in FIG. 2, the roll-in cot 10 receives a first load
signal from the front actuator sensor 62 indicative of a first force acting upon the front
actuator 16 and a second load signal from the front actuator sensor 62 indicative of a second
force acting upon a back actuator 18. The first load signal and second load signal may be
processed by logic executed by the control box 50 to determine the response of the roll-in
cot 10 to input received by the roll-in cot 10. Specifically, user input may be entered into the
control box 50. The user input is received as control signal indicative of a command to
change a height of the roll-in cot 10 by the control box 50. Generally, when the first load
signal is indicative of tension and the second load signal is indicative of compression, the
front actuator actuates the front legs 20 and the back actuator 18 remains substantially static
(e.g., 1s not actuated). Therefore, when only the first load signal indicates a tensile state, the

(T2

front legs 20 may be raised by pressing the on toggle switch 52 and/or lowered by
pressing the “+” on toggle switch 52. Generally, when the second load signal is indicative of

tension and the first load signal is indicative of compression, the back actuator 18 actuates
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the back legs 40 and the front actuator 16 remains substantially static (e.g., is not actuated).

Therefore, when only the second load signal indicates a tensile state, the back legs 40 may

(T2 [T

be raised by pressing the on toggle switch 52 and/or lowered by pressing the “+” on
toggle switch 52. In some embodiments, the actuators may actuate relatively slowly upon
initial movement (i.e., slow start) to mitigate rapid jostling of the support frame 12 prior to

actuating relatively quickly.

Referring collectively to FIGS. 5C-6E, independent actuation may be utilized by
the embodiments described herein for loading a patient into a vehicle (note that for clarity
the front actuator 16 and the back actuator 18 are not depicted in FIGS. 5C-6E).
Specifically, the roll-in cot 10 can be loaded onto a loading surface 500 according the
process described below. First, the roll-in cot 10 may be placed into the highest transport
position (FIG. 5C) or any position where the front load wheels 70 are located at a height
greater than the loading surface 500. When the roll-in cot 10 is loaded onto a loading surface
500, the roll-in cot 10 may be raised via front and back actuators 16 and 18 to ensure the

front load wheels 70 are disposed over a loading surface 500.

As is depicted in FIG. 6A, the front load wheels 70 are over the loading surface
500. In one embodiment, after the load wheels contact the loading surface 500 the front pair
of legs 20 can be actuated with the front actuator 16 because the front end 17 is above the
loading surface 500. As depicted in FIGS. 6A and 6B, the middle portion of the roll-in cot
10 is away from the loading surface 500 (i.e., a large enough portion of the roll-in cot 10 has
not been loaded beyond the loading edge 502 such that most of the weight of the roll-in cot
10 can be cantilevered and supported by the wheels 70, 26, and/or 30). When the front load
wheels are sufficiently loaded, the roll-in cot 10 may be held level with a reduced amount of
force. Additionally, in such a position, the front actuator 16 is in tension and the back

actuator 18 is in compression. Thus, for example, if the "-" on toggle switch 52 is activated,
the front legs 20 are raised (FIG. 6B). In one embodiment, after the front legs 20 have been
raised enough to trigger a loading state, the operation of the front actuator 16 and the back
actuator 18 is dependent upon the location of the roll-in cot. In some embodiments, upon the

front legs 20 raising, a visual indication is provided on the visual display component 58 of
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the control box 50 (FIG. 2). The visual indication may be color-coded (e.g., activated legs in
green and non-activated legs in red). This front actuator 16 may automatically cease to
operate when the front legs 20 have been fully retracted. Furthermore, it is noted that during
the retraction of the front legs 20, the front actuator sensor 62 may detect tension, at which
point, front actuator 16 may raise the front legs 20 at a higher rate, for example, fully retract

within about 2 seconds.

After the front legs 20 have been retracted, the roll-in cot 10 may be urged
forward until the intermediate load wheels 30 have been loaded onto the loading surface 500
(FIG. 6C). As depicted in FIG. 6C, the front end 17 and the middle portion of the roll-in cot
10 are above the loading surface 500. As a result, the pair of back legs 40 can be retracted
with the back actuator 18. Specifically, an ultrasonic sensor may be positioned to detect
when the middle portion is above the loading surface 500. When the middle portion is above
the loading surface 500 during a loading state (e.g., the front legs 20 and back legs 40 have
an angle delta greater than the loading state angle), the back actuator may be actuated. In one
embodiment, an indication may be provided by the control box 50 (FIG. 2) when the
intermediate load wheels 30 are sufficiently beyond the loading edge 502 to allow for back

leg 40 actuation (e.g., an audible beep may be provided).

It is noted that, the middle portion of the roll-in cot 10 is above the loading
surface 500 when any portion of the roll-in cot 10 that may act as a fulcrum is sufficiently
beyond the loading edge 502 such that the back legs 40 may be retracted a reduced amount
of force is required to lift the back end 19 (e.g., less than half of the weight of the roll-in cot
10, which may be loaded, needs to be supported at the back end 19). Furthermore, it is noted
that the detection of the location of the roll-in cot 10 may be accomplished by sensors
located on the roll-in cot 10 and/or sensors on or adjacent to the loading surface 500. For
example, an ambulance may have sensors that detect the positioning of the roll-in cot 10
with respect to the loading surface 500 and/or loading edge 502 and communications means

to transmit the information to the roll-in cot 10.

Referring to FIG. 6D, after the back legs 40 are retracted and the roll-in cot 10

may be urged forward. In one embodiment, during the back leg retraction, the back actuator
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sensor 64 may detect that the back legs 40 are unloaded, at which point, the back actuator 18
may raise the back legs 40 at higher speed. Upon the back legs 40 being fully retracted, the
back actuator 18 may automatically cease to operate. In one embodiment, an indication may
be provided by the control box 50 (FIG. 2) when the roll-in cot 10 is sufficiently beyond the
loading edge 502 (e.g., fully loaded or loaded such that the back actuator is beyond the
loading edge 502).

Once the cot is loaded onto the loading surface (FIG. 6E), the front and back
actuators 16, 18 may be deactivated by being lockingly coupled to an ambulance. The
ambulance and the roll-in cot 10 may each be fitted with components suitable for coupling,
for example, male-female connectors. Additionally, the roll-in cot 10 may comprise a sensor
which registers when the cot is fully disposed in the ambulance, and sends a signal which
results in the locking of the actuators 16, 18. In yet another embodiment, the roll-in cot 10
may be connected to a cot fastener, which locks the actuators 16, 18, and is further coupled
to the ambulance's power system, which charges the roll-in cot 10. A commercial example
of such ambulance charging systems is the Integrated Charging System (ICS) produced by

Ferno-Washington, Inc.

Referring collectively to FIGS. 6A-6E, independent actuation, as is described
above, may be utilized by the embodiments described herein for unloading the roll-in cot 10
from a loading surface 500. Specifically, the roll-in cot 10 may be unlocked from the
fastener and urged towards the loading edge 502 (FIG. 6E to FIG. 6D). As the back wheels
46 are released from the loading surface 500 (FIG 6D), the back actuator sensor 64 detects
that the back legs 40 are unloaded and allows the back legs 40 to be lowered. In some
embodiments, the back legs 40 may be prevented from lowering, for example if sensors
detect that the cot is not in the correct location (e.g., the back wheels 46 are above the
loading surface 500 or the intermediate load wheels 30 are away from the loading edge 502).
In one embodiment, an indication may be provided by the control box 50 (FIG. 2) when the
back actuator 18 is activated (e.g., the intermediate load wheels 30 are near the loading edge

502 and/or the back actuator sensor 64 detects tension).
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When the roll-in cot 10 is properly positioned with respect to the loading edge
502, the back legs 40 can be extended (FIG. 6C). For example, the back legs 40 may be
extended by pressing the “+” on toggle switch 52. In one embodiment, upon the back legs
40 lowering, a visual indication is provided on the visual display component 58 of the
control box 50 (FIG. 2). For example, a visual indication may be provided when the roll-in
cot 10 is in a loading state and the back legs 40 and/or front legs 20 are actuated. Such a
visual indication may signal that the roll-in cot should not be moved (e.g., pulled, pushed, or
rolled) during the actuation. When the back legs 40 contact the floor (FIG. 6C), the back

legs 40 become loaded and the back actuator sensor 64 deactivates the back actuator 18.

When a sensor detects that the front legs 20 are clear of the loading surface 500
(FIG. 6B), the front actuator 16 is activated. In one embodiment, when the intermediate load
wheels 30 are at the loading edge 502 an indication may be provided by the control box 50
(FIG. 2). The front legs 20 are extended until the front legs 20 contact the floor (FIG. 6A).
For example, the front legs 20 may be extended by pressing the “+” on toggle switch 52. In
one embodiment, upon the front legs 20 lowering, a visual indication is provided on the

visual display component 58 of the control box 50 (FIG. 2).

Referring back to FIGS. 4 and 12, in embodiments where the hook engagement
bar 80 is operable to engage with a loading surface hook 550 on a loading surface 500, the
hook engagement bar 80 is disengaged prior to unloading the roll-in cot 10. For example,
hook engagement bar 80 may be rotated to avoid the loading surface hook 550.
Alternatively, the roll-in cot 10 may be raised from the position depicted in FIG. 4 such that
the hook engagement bar 80 avoids the loading surface hook 550.

It should now be understood that the embodiments described herein may be
utilized to transport patients of various sizes by coupling a support surface such as a patient
support surface to the support frame. The roll-in cot includes a wheel alignment
mechanism incorporated into the front legs, the wheel alignment mechanism controlling the
vertical orientation of the at least one front wheel. The wheel alignment mechanism
includes at least one shock absorber that absorbs an impact load applied to the at least one

front wheel
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It is further noted that terms like “preferably,” "generally," “commonly,” and
“typically” are not utilized herein to limit the scope of the claimed embodiments or to imply
that certain features are critical, essential, or even important to the structure or function of
the claimed embodiments. Rather, these terms are merely intended to highlight alternative or
additional features that may or may not be utilized in a particular embodiment of the present

disclosure.

For the purposes of describing and defining the present disclosure it is
additionally noted that the term “substantially” is utilized herein to represent the inherent
degree of uncertainty that may be attributed to any quantitative comparison, value,
measurement, or other representation. The term “substantially” is also utilized herein to
represent the degree by which a quantitative representation may vary from a stated reference

without resulting in a change in the basic function of the subject matter at issue.

Having provided reference to specific embodiments, it will be apparent that
modifications and variations are possible without departing from the scope of the present
disclosure defined in the appended claims. More specifically, although some aspects of the
present disclosure are identified herein as preferred or particularly advantageous, it is
contemplated that the present disclosure is not necessarily limited to these preferred aspects

of any specific embodiment.
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CLAIMS

1. A roll-in cot comprising:
a support frame;
a first pair of legs pivotably and slidably coupled to the support frame;

5 a first pair of hinge members, each hinge member pivotably coupled to the support

frame and to one of the first pair of legs;
a first wheel linkage pivotably coupled to the first pair of legs; and

a wheel alignment mechanism incorporated into at least one of the first pair of legs,
the wheel alignment mechanism comprising a timing mechanism that is coupled to one of

10 the first pair of hinge members and the first wheel linkage, wherein:

the first pair of legs and the first pair of hinge members pivot relative to one another

in a relative angular rotation ratio;

the wheel alignment mechanism rotates the wheel alignment mechanism relative to

the first pair of hinge members at a reduction ratio; and

15 the relative angular rotation ratio of the first pair of legs and the first pair of hinge

members is approximately inverse to the reduction ratio of the wheel alignment mechanism.

2. The roll-in cot of claim 1 further comprising:
a second pair of legs pivotably and slidably coupled to the support frame;

20 a second pair of hinge members, each hinge member pivotably coupled to the

support frame and to one of the second pair of legs;
a second wheel linkage pivotably coupled to the second pair of legs; and

a second wheel alignment mechanism incorporated into at least one of the second
pair of legs, the wheel alignment mechanism comprising a timing mechanism that is coupled

25  to one of the second pair of hinge members and the second wheel linkage, wherein:
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the second pair of legs and the second pair of hinge members pivot relative to one

another in a relative angular rotation ratio;

the wheel alignment mechanism rotates the second wheel alignment mechanism

relative to the second pair of hinge members at a reduction ratio; and

the relative angular rotation ratio of the second pair of legs and the second pair of
hinge members is approximately inverse to the reduction ratio of the second wheel

alignment mechanism.

3. The roll-in cot of claim 1, wherein the wheel alignment mechanism further
comprises a first hub coupled to one of the first pair of hinge members and a second hub
coupled to the first wheel linkage, wherein the timing mechanism is coupled to the first hub
and the second hub to communicate relative rotation of the first pair of hinge members to the

first wheel linkage.

4, The roll-in cot of claim 3, wherein a diameter of the first hub is less than a diameter
of the second hub and the diameters of the first hub and the second hub define the reduction

ratio of the wheel alignment mechanism.

5. The roll-in cot of claim 1, wherein the product of the relative angular rotation ratio

and the reduction ratio is within 30% of unity.

6. The roll-in cot of claim 1, wherein the timing mechanism is a timing belt.

7. The roll-in cot of claim 6, wherein the wheel alignment mechanism further

comprises a shock absorber that selectively increase the path length of the timing belt.

8. The roll-in cot of claim 1, wherein the timing mechanism is a timing chain.
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0. The roll-in cot of claim 8, further comprising a chain tensioner coupled to one of the
first pair of legs, the chain tensioner contacting the timing chain and increasing a path length

of the timing chain between the first hub and the second hub.

10. The roll-in cot of claim 8, wherein the timing chain comprises a plurality of links
coupled to one another with pins, the links being rotatable with respect to the pins, and a
plurality of attachment plates coupled to a plurality of links of the timing chain, the plurality
of attachment plates are rigidly coupled to at least one of the first pair of hinge members or

the first wheel linkage.

11. The roll-in cot of claim 1, further comprising at least one idler roller coupled to one
of the first pair of legs, the at least one idler roller positioned to contact the timing
mechanism and maintain the timing mechanism in a first planar orientation and a second

planar orientation.

12. A roll-in cot comprising:
a support frame;
a first pair of legs pivotably coupled to the support frame;

a first pair of hinge members, each hinge member pivotably coupled to the support

frame and to one of the first pair of legs;
a first wheel linkage pivotably coupled to the first pair of legs; and

a wheel alignment mechanism incorporated into at least one of the first pair of legs,
the wheel alignment mechanism comprising a timing mechanism, a first hub that is coupled
to one of the first pair of hinge members, and a second hub that is coupled to the first wheel

linkage, wherein:

one of the first pair of legs or the first pair of hinge members are slidably coupled to

the support frame;
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the first pair of legs and the first pair of hinge members pivot relative to one another

in a relative angular rotation ratio;

the timing mechanism is coupled to the first hub and the second hub, and

communicates relative rotation of the first pair of hinge members to the first wheel linkage;

the wheel alignment mechanism rotates the wheel alignment mechanism relative to

the first pair of hinge members at a reduction ratio; and

the relative angular rotation ratio of the first pair of legs and the first pair of hinge

members is approximately inverse to the reduction ratio of the wheel alignment mechanism.

13. The roll-in cot of claim 12, wherein a diameter of the first hub is less than a diameter
of the second hub and the diameters of the first hub and the second hub define the reduction

ratio of the wheel alignment mechanism.

14. The roll-in cot of claim 12, wherein the product of the relative angular rotation ratio

and the reduction ratio is within 30% of unity.

15. The roll-in cot of claim 12, wherein the timing mechanism is a timing belt.
16. The roll-in cot of claim 12, wherein the timing mechanism is a timing chain.
17. The roll-in cot of claim 16, wherein the timing chain comprises a plurality of links

coupled to one another with pins, the links being rotatable with respect to the pins, and a
plurality of attachment plates coupled to a plurality of links of the timing chain, the plurality
of attachment plates are rigidly coupled to at least one of the first pair of hinge members or

the first wheel linkage.
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18. A roll-in cot comprising:
a support frame comprising a front end and a back end;
a front pair of legs pivotably coupled to the support frame;

a front hinge member pivotably coupled to the support frame and to one of the front
pair of legs;

a front wheel linkage pivotably coupled to the front pair of legs;

a rear pair of legs pivotably coupled to the support frame;

a rear hinge member pivotably coupled to the support frame and to one of the rear
pair of legs;

a rear wheel linkage pivotably coupled to the rear pair of legs; and

a wheel alignment mechanism incorporated into at least one of the front or rear pairs

of legs, the wheel alignment mechanism comprising a timing mechanism that is coupled to

the respective hinge member and the respective wheel linkage, wherein:

the front pair of legs and the rear pair of legs are pivotable relative to the support

frame and independently of one another;

the front pair of legs and the front pair of hinge members pivot relative to one

another in a relative angular rotation ratio;

the rear pair of legs and the rear pair of hinge members pivot relative to one another

in a relative angular rotation ratio;

the timing mechanism is coupled to the first hub and the second hub, and
communicates relative rotation of the respective pair of hinge members to the respective

wheel linkage;

the wheel alignment mechanism rotates the wheel alignment mechanism relative to

the respective pair of hinge members at a reduction ratio; and

the relative angular rotation ratio of the respective pair of legs and the respective
hinge member is approximately inverse to the reduction ratio of the wheel alignment

mechanism.
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20. The roll-in cot of claim 19, wherein one of the front pair of legs or the front pair of

hinge members are slidably coupled to the support frame.
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