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MOBILE ROBOT INCLUDING A LIFT
ASSEMBLY AND A LOW-PROFILE DRIVE
MECHANISM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The subject patent application claims priority to
and all the benefits of U.S. Provisional Patent Application
No. 63/34°7,311, which was filed on May 31, 2022, claims
priority to and all the benefits of U.S. Provisional Patent
Application No. 63/347,333, which was filed on May 31,
2022, and claims priority to and all the benefits of U.S.
Provisional Patent Application No. 63/347,290, which was
filed on May 31, 2022, which are herein incorporated by
reference in their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The invention generally relates to a mobile robot
including a lift assembly and a low-profile drive mechanism.

2. Description of the Related Art

[0003] Mobile lift assemblies typically have a base and a
plattorm moveable relative to the base. The platform 1s
commonly moved with a drive mechanism, which can be an
clectric motor. Often, significant weight 1s on the platform
which necessitates the drive mechanism to be capable of
generating significant power. However, mobile lift assem-
blies have spatial limitations 1n the environment 1n which
they operate, which necessitates the drive mechanisms to be
compact. One such spatial limitation 1s commonly height.
However, drive mechanisms typically struggle to generate
significant power when spatially limited 1in height. More-
over, some mobile 1ift assemblies are required to be manu-
ally positioned by an operator.

[0004] As such, there remains a need to provide an

improved mobile robot including a lift assembly and a drive
mechanism.

SUMMARY OF THE INVENTION AND
ADVANTAGES

[0005] The present invention provides a mobile robot
including a lift assembly, a low-profile drive mechanism,
and a plurality of wheels coupled to the low-profile drive
mechanism such that the mobile robot 1s movable. The lift
assembly 1ncludes a base and a platform coupled to the base.
The platiorm 1s moveable between a lowered state where the
platiorm 1s proximal to the base and an elevated state where
the platform 1s distal to the base. The low-profile drive
mechanism includes a plurality of electric motors arranged
in series along an axis to define an 1mitial electric motor, one
or more 1ntermediate electric motors, and a final electric
motor. The low-profile drive mechanism also includes a gear
mounted to each of the electric motors and an output
member driven by the gear mounted to the final electric
motor to receive the combined rotational torque from the
gears mounted to the electric motors. The output member 1s
coupled to the platform to move the platform between the
lowered state and the elevated state.

[0006] In the preferred embodiment as shown, the plural-
ity of electric motors arranged in series permits the rota-
tional torque from the gears to be combined. The combined
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rotational torque from the gears of the series of electric
motors 1s then transferred from the gear of the final electric
motor to drive the output member. The series arrangement of
the plurality of electric motors lowers the profile of the drive
mechanism while still being capable of generating signifi-
cant power due to the rotational torque from the gears being
combined. As such, the mobile robot 1s able to be positioned
underneath a object to be lifted, and the platform of the lift
assembly 1s able to support significant weight when moving
between the lowered state and the elevated state.

[0007] There has thus been outlined, rather broadly, cer-
tain features of embodiments of the invention in order that
the detailed descriptions thereof may be better understood,
and 1n order that the present contribution to the art may be
better appreciated. Additional or alternative features of
embodiments of the invention are described in further detail
below.

[0008] In this respect, before explaining embodiments of
the invention 1n detail, 1t 1s to be understood that the
invention 1s not limited 1n 1ts application to the details of
construction and to the arrangements of the components set
forth 1n the following description or illustrated in the draw-
ings. The mvention 1s capable of other embodiments and of
being practiced and carried out 1n various ways. Also, 1t 1s
to be understood that the phraseology and terminology
employed herein are for the purpose of description and
should not be regarded as limiting.

[0009] To accomplish the above and related objects, the
invention may be embodied 1n the forms 1llustrated in the
accompanying drawings, attention being called to the fact,
however, that the drawings are illustrative only, and that
changes may be made in the specific constructions 1llus-
trated. Moreover, 1t 1s to be noted that the accompanying
drawings are not necessarily drawn to scale or to the same
scale. In particular, the scale of some of the elements of the
drawings may be exaggerated to emphasize characteristics
of the elements.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Other advantages of the present invention will be
readily appreciated, as the same becomes better understood
by reference to the following detailed description when
considered 1n connection with the accompanying drawings.
[0011] FIG. 1 1s a perspective view of the mobile robot
including the low-profile drive mechanism.

[0012] FIG. 2 1s a perspective view of the mobile robot
including the low-profile drive mechanism of FIG. 1, with
the lift assembly enclosed by a skart.

[0013] FIG. 3 1s a perspective view of the mobile robot
including the low-profile drive mechanism i1n a lowered
state.

[0014] FIG. 4 15 a cross-sectional view of the mobile robot
including the low-profile drive mechanmism.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

[0015] With reference to the Figures, wherein like numer-
als indicate like parts throughout the several views, a mobile
robot 10 includes a lift assembly 14, a low-profile drive
mechanism 12, and a plurality of wheels 18 coupled to the
low-profile drive mechanism 12 such that the mobile robot
10 1s movable. The lift assembly 14 includes a base 20 and
a platform 22 coupled to the base 20. The platform 22 1s
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moveable between a lowered state where the platform 22 1s
proximal to the base 20, as shown 1n FIG. 3, and an elevated
state where the platform 22 1s distal to the base 20, as shown
in FIGS. 1, 2, and 4. The low-profile drive mechanism 12
includes a plurality of electric motors 24 arranged 1n series
along an axis Al to define an 1mitial electric motor 26, one
or more intermediate electric motors 28, and a final electric
motor 30. The low-profile drive mechanism 12 also includes
a gear 32 mounted to each of the electric motors 24 and an
output member 34 driven by the gear 32 mounted to the final
clectric motor 30 to receive the combined rotational torque
from the gears 32 mounted to the electric motors 24. The
output member 34 1s coupled to the platform 22 to move the
platform 22 between the lowered state and the elevated state.

[0016] The plurality of electric motors 24 arranged 1n
series permits the rotational torque from the gears 32 to be
combined. The combined rotational torque from the gears 32
of the series of electric motors 24 1s then transterred from the
gear 32 of the final electric motor 30 to drive the output
member 34. The series arrangement of the plurality of
clectric motors 24 lowers the profile of the drnive mechanism
12 while still being capable of generating significant power
due to the rotational torque from the gears 32 being com-
bined. As such, the mobile robot can be positioned under-
neath an object to be lifted, and the platform 22 of the lift
assembly 14 1s able to support significant weight when
moving between the lowered state and the elevated state.

[0017] The lift assembly 14 may turther include a first pair
ol scissor arms 36 and a second pair of scissor arms 38. The
first pair of scissor arms 36 includes a first arm 40 coupled
to the platform 22 and to the base 20, and a second arm 42
coupled to the platform 22 and to the base 20. The first arm
40 and the second arm 42 are pivotably connected to one
another. The second pair of scissor arms 38 includes a third
arm 44 coupled to the platform 22 and to the base and a
fourth arm 46 coupled to the platform 22 and to the base 20.
The third arm 44 and the fourth arm 46 are pivotably
connected to one another.

[0018] The mobile robot 10 may also further include a
skirt 16 disposed about the first pair of scissor arms 36 and
the second pair of scissor arms 38. The skirt 16 both protects
the first pair of scissor arms 36 and the second pair of scissor
arms 38 from damage from nearby objects and contaminants
and protects an operator from injury relating to contacting
the lift assembly 14 during the movement of the first pair of
scissor arms 36 and the second pair of scissor arms 38.
Moreover, the skirt 16 may prevent ingress of contaminants
such as dust and other particles which could affect the
performance of the lift assembly 14. As such, the skirt 16
may be referred to as a safety skirt.

[0019] The mobile robot 10 may further include a housing
48 defining a cavity 50. The plurality of electric motors 24
and gears 32 may be disposed 1n the cavity 50. The housing
48 thus both protects the plurality of electric motors 24 and
gears 32 from damage from nearby objects and contami-
nants and protects an operator from 1njury relating to move-
ment of the plurality of electric motors 24 and gears 32.
Moreover, the skirt 16 may extend between the platform 22
and the housing 48. As such, 1t 1s to be appreciated that the
lift assembly 14 and the drive mechanism 12 may be
enclosed by the skirt 16 and the housing 48.

[0020] The skirt 16 may include corrugations (e.g., 1s
shaped as a bellow). As such, the skirt 16 may be collapsible.
More specifically, the corrugations may collapse upon them-
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selves as the platform 22 moves between the elevated state
and the lowered state. It 1s to be appreciated that the skirt 16
may be enclosed by the platform 22 and the housing 48
when the platform 22 1s in the lowered state.

[0021] The output member 34 and the gear 32 of the final
clectric motor 30 may establish a gear reduction therebe-
tween. As such, although not required, the rotational con-
nection between the output member 34 and the gear 32 of the
final electric motor 30 may be the only gear reduction 1n the
drive mechanism 12. Moreover, the rotational torque pro-
vided to the output member 34 may be exclusively provided
by the gear 32 mounted to the final electric motor 30.
Moreover, although not required, each of the gears 32 may
be sized such that a gear reduction 1s not established between
any of the plurality of gears 32.

[0022] The plurality of electric motors 24 and the gears 32
are each rotatable about a rotational axis. The rotational axes
may be aligned along a common plane. The output member
34 may be rotatable about a rotational axis, and the rota-
tional axis of the output member 34 may be oflset from the
common plane. However, 1t 1s to be appreciated that the
rotational axis of the output member 34 may be aligned with
the common plane. The gears 32 may be in meshed relation
with one another. In other words, each of the plurality of
gears 32 may be 1n contact with at least one adjacent gear 32.
Moreover, the gear 32 mounted to the final electric motor 30
may be 1n meshed relation with the output member 34.

[0023] The mobile robot 10 may further include an output
shaft 52 rotationally fixed to the output member 34 to
position the output member 34 for engagement with the gear
32 of the final electric motor 30. The low-profile drive
mechanism 12 may be configured to exert high torque at low
rotations per minute (RPM) of the output shait 532 and/or the
gears 32. For example, when integrated into the lift assem-
bly, the low-profile drive mechanism 12 may exert suflicient
torque to lift thousands of pounds. As non-limiting
examples, the plurality of electric motors 24 and the gears 32
may be together configured to rotate the output shait 52
between 1 RPM and 50 RPM, between 5 RPM and 40 RPM,
between 10 RPM and 30 RPM, between 10 RPM and 20
RPM, and may be approximately 15 RPM. Such low rota-
tions per minute of the output shaft 52 prevents binding of
the gears 32, which may otherwise be expected from such an
arrangement.

[0024] Moreover, the electric motors 24 arranged 1n series
along the axis A1l do not present any electric and magnetic
field concerns that would prevent the electric motors 24
from successtul operation. More specifically, because the
energy usage of each electric motor 24 1s relatively low, the
total flux generated by each electric motor 24 1s insuilicient
to cause malfunction of adjacent electric motor(s) 24. There-
fore, the electric motors 24 may be arranged in series
relatively closely along the axis Al. For example, a gap may
be defined between adjacent electric motors 24 along the
axis Al. The gap may be between 0.1 inches and 3 inches,
may be between 0.25 inches and 2 inches, may be between
0.25 inches and 1.5 inches, may be between 0.25 inches and
1.25 inches, and may be between 0.25 inches and 1 inch.

[0025] The mobile robot 10 may further include an output
belt 54 fixed to the output shait 52. The output belt 54 1s
configured to be wound about the output shaft 52 upon
rotation of the gears 32. The output belt 54 1s also coupled
to the lift assembly 14 to move the platform 22 between the
lowered state and the elevated state. The low-profile drive
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mechanism 12 may further include a mount block 56 extend-
ing along an axis Al. The mount block 56 supports the
plurality of electric motors 24.

[0026] The low-profile drive mechanism 12 is designed to
be low to the ground, as shown in FIG. 4. Thus, the mobile
robot 10 including the low-profile drive mechanism 12 1s
also designed to be low to the ground. In non-limiting
examples, the height of the low-profile drive mechanism 12
may be between about 5 inches and about 14 inches, may be
between about 7 inches and about 12 inches, may be
between about 8 inches and about 12 inches, may be
between about 9 inches and about 11 inches, and may be
about 10 inches. In a non-limiting example, a prototype
manufactured was limited in height to about 10.3 inches.
Depending upon end use, minimizing the height of the
low-profile drive mechanism 12 may advantageously permuit
the low-profile drive mechanism 12 to operate 1n confined
spaces, potentially generating a meaningiul impact on per-
formance of the low-profile dnive mechanism 12. The drive
system 48 may include the drive mechanism of U.S. Pro-
visional Patent Application No. 63/347,311, which was filed
on May 31, 2022, and U.S. patent application Ser. No.
filed concurrently herewith, both of which are
incorporated by reference 1n 1ts entirety.

[0027] The mobile robot 10 may further include a base
support 538 extending along the axis Al. The mount block 56
may be supported by the base support 58. Moreover, a height
between the base support 58 and the output member 34 may
be between about 5 inches and about 14 inches, may be
between about 7 inches and about 12 inches, may be
between about 8 inches and about 12 inches, may be
between about 9 inches and about 11 inches, and may be
about 10 inches.

[0028] The mobile robot 10 may further include at least
one sensor 60 to detect a position of the mobile robot 10. The
mobile robot 10 may further include a control system 62 to
receive at least one signal from the at least one sensor 60
and, based upon the at least one signal move the wheels 18
to navigate the mobile robot 10.

[0029] The mobile robot 10 may be powered through
either alternative current or direct current. The mobile robot
10 may also be further defined as an automated guided
vehicle (AGV) 10, also referred to as an autonomous mobile
robot (AMR). The automated guided vehicle may be con-
figured to follow along marked lines or wires on a floor, may
use radio waves, may use vision cameras, may use magnets,
and/or may use lasers for navigation. The at least one sensor
may be turther defined as at least one vision camera 64. The
at least one vision camera 64 may be configured to detect
marked lines on a floor. The automated guided vehicle 10
may be used to transport heavy materials around a large
industrial building, such as a factory or a warehouse. It 1s to
be appreciated that the sensor 60, control system 62, and
vision camera 64 may be of any suitable type or configu-
ration as known to those skilled in the art. For illustrative
purposes, these components are shown schematically.

[0030] The invention has been described 1n an 1llustrative
manner, and 1t 1s to be understood that the terminology
which has been used 1s intended to be 1n the nature of words
of description rather than of limitation. Many modifications
and variations of the present invention are possible i light
of the above teachings, and the imvention may be practiced
otherwise than as specifically described.
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What 1s claimed 1s:

1. A mobile robot comprising;

a lift assembly 1ncluding,

a base, and

a platform coupled to said base, said platform move-
able between a lowered state where said platform 1s
proximal to said base and an elevated state where
said platform 1s distal to said base;

a low-profile drive mechanism including,

a plurality of electric motors arranged 1n series along an
axis to define an initial electric motor, one or more
intermediate electric motors, and a final electric
motor,

a gear mounted to each of said electric motors, and

an output member driven by said gear mounted to said
final electric motor to receive the combined rota-
tional torque from said gears mounted to said electric
motors, with said output member coupled to said
platform to move said platform between said low-
ered state and said elevated state; and

a plurality of wheels coupled to said low-profile drive
mechanism such that said mobile robot 1s moveable.

2. The mobile robot of claim 1, wherein said lift assembly
further includes:

a first pair of scissor arms including a first arm coupled to
said platform and to said base and a second arm
coupled to said platform and to said base, with said first
arm and said second arm pivotably connected to one
another; and

a second pair of scissor arms including a third arm
coupled to said platform and to said base and a fourth
arm coupled to said platform and to said base, with said
third arm and said fourth arm pivotably connected to
one another.

3. The mobile robot of claim 2 further comprising a skirt
disposed about said first pair of scissor arms and said second
pair of scissor arms.

4. The mobile robot of claim 3 further comprising a
housing defining a cavity, with said plurality of electric
motors and gears disposed 1n said cavity, wherein said skirt
extends between said platform and said housing.

5. The mobile robot of claim 3, wherein said skirt includes
corrugations.

6. The mobile robot of claam 3, wherein said skirt 1s
collapsible.

7. The mobile robot of claim 1 further comprising a
housing defining a cavity, with said plurality of electric
motors and gears disposed 1n said cavity.

8. The mobile robot of claim 1, wherein said output
member and said gear of said final electric motor establish
a gear reduction therebetween.

9. The mobile robot of claim 1, wherein said rotational
torque provided to said output member 1s exclusively pro-
vided by said gear mounted to said final electric motor.

10. The mobile robot of claim 1, wherein each of said
gears 1s sized such that a gear reduction 1s not established
between any of the plurality of gears.

11. The mobile robot of claim 1, wherein said plurality of
clectric motors and said gears are each rotatable about a
rotational axis, with said rotational axes aligned along a
common plane.

12. The mobile robot of claim 11, wherein said output
member 1s rotatable about a rotational axis, and wherein said
rotational axis of said output member 1s oflset from said
common plane.
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13. The mobile robot of claim 1, wherein said gears are 1n
meshed relation with one another.

14. The mobile robot of claim 1 wherein said gear
mounted to said final electric motor 1s 1n meshed relation
with said output member.

15. The mobile robot of claim 1 further comprising an
output shait rotationally fixed to said output member to
position said output member for engagement with said gear
of said final electric motor.

16. The mobile robot of claim 15 further comprising an
output belt fixed to said output shait and configured to be
wound about said output shaft upon rotation of said gears,
wherein said output belt 1s coupled to said lift assembly to
move said platform between said lowered and elevated
states.

17. The mobile robot of claim 1, wherein said low-profile
drive mechanism further includes a mount block extending
along an axis and supporting said plurality of electric

motors.
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18. The mobile robot of claim 17 further comprising a
base support extending along said axis, wherein said mount
block 1s supported by said base support, and wheremn a
height between said base support and said output member 1s
between about 5 mches and about 14 inches.

19. The mobile robot of claim 1 further comprising at least
one sensor to detect a position of the mobile robot.

20. The mobile robot of claim 19 further comprising a
control system to receive at least one signal from said at least
one sensor and, based upon said at least one signal, move
said wheels to navigate said mobile robot.

21. The mobile robot of claim 19, wherein said at least
one sensor 1s further defined as at least one vision camera.

22. The mobile robot of claim 21, wherein said at least
one vision camera 1s configured to detect marked lines on a
floor.
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