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(57) ABSTRACT

A drive system of a battery powered riding lawn mower is
provided. The drive system may include a battery system
mountable to a frame, an axle, a drive motor and a differential.
The axle may have a wheel on connected to each end of the
axle. The drive motor may be mounted to the axle and may be
electrically connected to the battery system so that the drive
motor is powered by the battery system. The differential may
be operatively mounted to the axle and coupled with the drive
motor so that when the drive motor is powered, rotational
forces are distributed to the axle, thereby rotating each wheel.
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RIDING LAWN MOWER INCLUDING
BATTERY POWERED DRIVE SYSTEM

BACKGROUND

[0001] Lawn care tasks are commonly performed using
various tools and/or machines that are configured for the
performance of corresponding specific tasks. Certain tasks,
like grass cutting, are typically performed by lawn mowers.
Lawn mowers themselves may have many different configu-
rations to support the needs and budgets of consumers. Walk-
behind lawn mowers are typically compact, have compara-
tively small engines and are relatively inexpensive.
Meanwhile, at the other end of the spectrum, riding lawn
mowers, such as lawn tractors, can be quite large. Riding lawn
mowers can sometimes also be configured with various func-
tional accessories (e.g., trailers, tillers and/or the like) in
addition to grass cutting components. Riding lawn mowers
provide the convenience of a riding vehicle as well as a
typically larger cutting deck as compared to a walk-behind
model.

[0002] Riding lawn mowers are currently powered by gas-
fueled combustion engines. Gas-powered engines require the
purchase and storage of the gasoline or other fuel. They
typically also require replacement of engine oil, spark plugs,
and/or the like to ensure proper maintenance of the gas-
powered engine. Moreover, gas-powered engines can be loud,
can create a high amount of vibration, and produce emissions.

BRIEF SUMMARY OF SOME EXAMPLES

[0003] Accordingly, some example embodiments provide
for a wholly battery-powered riding lawn mower. In some
embodiments, the battery-powered riding lawn mower
includes a battery system to operate all of the components of
the mower, including drive components and cutting compo-
nents.

[0004] In one example embodiment, a battery powered
riding lawn mower may include a frame, a wheel supporting
the frame, an axle connected to the wheel, a battery system
mountable to the frame, a cutting deck, a drive motor, and a
mechanical differential. The cutting deck may be attached to
the frame and include at least one blade motor configured to
rotate at least one cutting blade rotatably mounted in the
cutting deck. The drive motor may be mountable to the frame
and powered by the battery system. The drive motor may
include electric wiring for electrically connecting the battery
system with the drive motor. The mechanical differential may
operatively couple the axle with the drive motor so that when
the drive motor is powered, rotational forces are distributed to
the axle, thereby rotating the wheel.

[0005] Inanotherexample embodiment, a drive system of a
battery powered riding lawn mower is provided. The drive
system may include a battery system mountable to a frame, an
axle, a drive motor and a differential. The axle may have a
wheel on connected to each end of the axle. The drive motor
may be mounted to the axle and may be electrically connected
to the battery system so that the drive motor is powered by the
battery system. The differential may be operatively mounted
to the axle and coupled with the drive motor so that when the
drive motor is powered, rotational forces are distributed to the
axle, thereby rotating each wheel.

[0006] Some example embodiments may improve the effi-
ciency of riding lawn mowers as well as lower the costs of
operation thereof and provide a better customer experience.
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BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING(S)

[0007] Having thus described embodiments of the inven-
tion in general terms, reference will now be made to the
accompanying drawings, which are not necessarily drawn to
scale, and wherein:

[0008] FIG. 1A illustrates a side view of a riding lawn
mower according to an example embodiment;

[0009] FIG. 1B illustrates a top view of the riding lawn
mower according to an example embodiment;

[0010] FIG. 2A illustrates a top view of a cutting deck of a
riding lawn mower according to an example embodiment;
[0011] FIG. 2B illustrates a bottom perspective view of the
cutting deck of FIG. 2A according to an example embodi-
ment;

[0012] FIG. 2C illustrates a bottom view of the cutting deck
of FIG. 2A according to an example embodiment;

[0013] FIG. 2D illustrates a back view ofthe cutting deck of
FIG. 2A according to an example embodiment;

[0014] FIG. 2E illustrates a front view of the cutting deck of
FIG. 2A according to an example embodiment;

[0015] FIG. 2F illustrates a side view of the cutting deck of
FIG. 2A according to an example embodiment;

[0016] FIG. 2G illustrates a top perspective view of the
cutting deck of FIG. 2A according to an example embodi-
ment;

[0017] FIG. 3A illustrates a bottom view of a riding lawn
mower according to an example embodiment;

[0018] FIG. 3B illustrates a front view of the riding lawn
mower of FIG. 3A according to an example embodiment;
[0019] FIG. 3C illustrates a back view of the riding lawn
mower of FIG. 3A according to an example embodiment;
[0020] FIG. 3D illustrates a top view of the riding lawn
mower of FIG. 3A according to an example embodiment;
[0021] FIG. 3E illustrates a perspective view of the riding
lawn mower of FIG. 3A according to an example embodi-
ment;

[0022] FIG. 3F illustrates a bottom view of the riding lawn
mower of FIG. 3A according to an example embodiment;
[0023] FIG. 3G illustrates a top view of the riding lawn
mower of FIG. 3A according to an example embodiment;
[0024] FIG. 3H illustrates a perspective view of the riding
lawn mower of FIG. 3A with at least part of the housing
and/or other components removed according to an example
embodiment;

[0025] FIG. 31 illustrates a back view of the riding lawn
mower of FIG. 3H according to an example embodiment;
[0026] FIG. 3] illustrates a side view of the riding lawn
mower of FIG. 3H and illustrating a side cross-sectional view
of the rear compartment according to an example embodi-
ment;

[0027] FIG. 3K illustrates the side cross-sectional view of
the rear compartment of FIG. 3] according to an example
embodiment;

[0028] FIG. 3L illustrates a perspective top view of the
riding lawn mower of FIG. 3H according to an example
embodiment;

[0029] FIG. 4A illustrates a first perspective side view of a
rear compartment area of a battery powered riding lawn
mower according to an example embodiment;

[0030] FIG. 4B illustrates a second perspective side view of
the rear compartment area of a battery powered riding lawn
mower according to an example embodiment;
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[0031] FIG. 4C illustrates an interior view of the rear com-
partment including a view of a configuration of the drive
motor, axle and wheels of a battery powered riding lawn
mower according to an example embodiment;

[0032] FIG. 4D illustrates a block schematic drawing of a
riding lawn mower according to an example embodiment;
[0033] FIG. 4E illustrates a top view of the riding lawn
mower of FIG. 1B with the housing, wheels, axle and other
components removed so that the battery locations can be
illustrated according to an example embodiment;

[0034] FIG. 4F illustrates a side view of the riding lawn
mower of FIG. 1A with the housing, wheels, axle and other
components removed so that the battery locations can be
illustrated according to an example embodiment;

[0035] FIG. 5 illustrates a perspective view of a drive
motor, differential and axle configuration of a battery pow-
ered riding lawn mower according to an example embodi-
ment;

[0036] FIG. 6 illustrates a perspective view of a drive
motor, axle and wheel configuration of a battery powered
riding lawn mower according to an example embodiment;
[0037] FIG. 7A illustrates a bottom view of a riding lawn
mower with various components removed so that at least a
portion of the wiring is exposed according to an example
embodiment;

[0038] FIG. 7B illustrates a side view of the riding lawn
mower of FIG. 7A according to an example embodiment;
[0039] FIG. 7C illustrates a top view of the riding lawn
mower of FIG. 7A according to an example embodiment;
[0040] FIG. 7D illustrates a perspective view of the riding
lawn mower of FIG. 7A according to an example embodi-
ment;

[0041] FIG. 7E illustrates a back view of the riding lawn
mower of FIG. 7A according to an example embodiment;
[0042] FIG. 7F illustrates a side view of the riding lawn
mower of FIG. 7A according to an example embodiment;
[0043] FIG. 7G illustrates a top perspective view of the
riding lawn mower of FIG. 7A according to an example
embodiment; and

[0044] FIG. 7H illustrates a bottom perspective view of the
riding lawn mower of FIG. 7A according to an example
embodiment.

DETAILED DESCRIPTION

[0045] Some example embodiments now will be described
more fully hereinafter with reference to the accompanying
drawings, in which some, but not all example embodiments
are shown. Indeed, the examples described and pictured
herein should not be construed as being limiting as to the
scope, applicability or configuration of the present disclosure.
Rather, these example embodiments are provided so that this
disclosure will satisfy applicable legal requirements. Like
reference numerals refer to like elements throughout. Fur-
thermore, as used herein, the term “or” is to be interpreted as
a logical operator that results in true whenever one or more of
its operands are true. As used herein, operable coupling
should be understood to relate to direct or indirect connection
that, in either case, enables functional interconnection of
components that are operably coupled to each other.

[0046] Some example embodiments may improve the effi-
ciency of riding lawn mowers as well as lower the costs of
operation and maintenance thereof and provide a better cus-
tomer experience. Embodiments of the invention relate to a
battery powered riding lawn mower where the drive motor
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which drives the wheels of the battery powered riding lawn
mower is powered fully by a battery system. Additionally, in
one embodiment, the battery powered riding lawn mower
includes a cutting deck which also may be fully powered by
the battery system that powers the drive motor. When the
drive motor is powered, the drive motor may operate a difter-
ential which may allow the wheels (that are disposed at each
end of an axle) to operate at different speeds so that one wheel
may rotate about the axle at one speed while the other wheel
may rotate about the axle at a different speed. Embodiments
of the battery powered riding lawn mower are described in
more depth below with reference to FIGS. 1-7 and the related
descriptions.

[0047] FIG. 1, which includes FIGS. 1A and 1B, illustrates
a battery powered battery powered riding lawn mower 10
according to an example embodiment. In this regard, FIG. 1A
illustrates a side view of the battery powered riding lawn
mower 10 according to an example embodiment, and FIG. 1B
illustrates a top view of the battery powered riding lawn
mower 10 according to an example embodiment. In some
embodiments, the battery powered riding lawn mower 10
may include seat 20 that may be disposed at a center, rear or
front portion of the battery powered riding lawn mower 10.
The battery powered riding lawn mower 10 may also include
a steering assembly 30 (e.g., a steering wheel, handle bars, or
the like) functionally connected to the wheels of the battery
powered riding lawn mower 10 to which steering inputs are
provided. In some cases, the steering inputs may be provided
to rear wheels 32 of the battery powered riding lawn mower
10 to allow the operator to steer the battery powered riding
lawn mower 10. Since a steering control is provided to the rear
wheels 32, the front wheels 34 may not receive steering inputs
in some embodiments. The operator may sit on the seat 20,
which may be disposed to the rear of the steering assembly 30
to provide input for steering of the battery powered riding
lawn mower 10 via the steering assembly 30.

[0048] In an example embodiment, the steering assembly
30 may include a steering wheel 36 and a steering column 37.
The steering column 37 may operably connect to additional
steering assembly components described in greater detail
below. Moreover, in some embodiments, the steering column
37 may extend into a steering console 38, which may provide
a cover to improve the aesthetic appearance of the battery
powered riding lawn mower 10 by obscuring the view of
various mechanical components associated with the steering
assembly 30. The battery powered riding lawn mower 10 may
also include additional control related components 40 such as
one or more speed controllers, cutting height adjusters and/or
cutting unit lifting controllers. Some of these controllers may
be provided in the form of foot pedals that may sit proximate
to a footrest 46 (which may include a portion on both sides of
the battery powered riding lawn mower 10 (e.g., on opposite
sides of the steering console 38)) to enable the operator to rest
his or her feet thereon while seated in the seat 20.

[0049] Insome example embodiments, the steering assem-
bly 30 may be embodied as an assembly of metallic or other
rigid components that may be welded, fitted, bolted or other-
wise operably coupled to each other and coupled to the
wheels (rear wheels 32 in this example) of the battery pow-
ered riding lawn mower 10 to which steering inputs are pro-
vided. For example, the steering assembly 30 may include or
otherwise be coupled with a steering cable assembly or a
system of mechanical linkages to translate rotational motion
applied to the steering assembly 30 (and more particularly to
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the steering wheel 36) into directional inputs to orient the
wheels (e.g., rear wheels 32) accordingly. In the illustrated
embodiment, the riding lawn mower has an articulated frame
70 where the front wheels 34 are rotatably mounted to a front
frame portion and the rear wheels 32 are rotatably mounted to
a rear frame portion. The rear frame portion and the front
frame portion are joined at articulated joint 72 so that the rear
frame portion can pivot with respect to the front frame portion
in response to steering input in order to reorient the rear
wheels 32 relative to the front wheels 34. Other steering
control systems may be employed in some alternative
embodiments.

[0050] The battery powered riding lawn mower 10 may
also include, or be configured to support attachment of, a
cutting deck 50 having at least one cutting blade mounted
therein. FIG. 2, as discussed later, illustrates portions of the
cutting deck 50 according to example embodiments. The
cutting deck 50 may be a removable attachment that may be
positioned in front of the front wheels 34 in a position to
enable the operator to cut grass using the cutting blade when
the cutting blade is rotated below the cutting deck 50 and the
cutting deck 50 is in a cutting position. When operating to cut
grass, the grass clippings may be captured by a collection
system, mulched, or expelled from the cutting deck 50 via
either a side discharge or a rear discharge.

[0051] In some embodiments, the cutting deck 50 may be
elevated or lifted out of direct contact with the ground via a
cutting unit lifting controller. In this regard, the cutting unit
lifting controller may be a foot pedal or hand operated lever
that operates linkages to lift or tilt the cutting deck 50 upward.
Lifting the cutting deck 50 may enable the battery powered
riding lawn mower 10 to traverse certain rough terrain or
obstacles (e.g., small rocks, curbs, or other features) or may
otherwise be preferable for some operators when in a transit
mode, or when the battery powered riding lawn mower 10 is
not actively being used in a cutting operation. However, other
embodiments may not include any such cutting deck 50 lift-
ing option, but may simply allow the height of blades within
the cutting deck 50 to be adjusted using a cutting height
adjuster (e.g., adjuster 132 in FIG. 2). In this regard, the
cutting height adjuster may be a lever that is operably con-
nected to the blades via linkages to adjust the height of the
blades relative to the ground when the cutting deck 50 is
lowered into a cutting position. In some embodiments, the
cutting deck 50 itself may include wheels 52 to help ensure
that the cutting deck 50 stays relatively level during operation
to provide an even cut.

[0052] In embodiments in which the cutting deck 50 is
removable, the cutting deck 50 may include blade drive com-
ponents (e.g., belts, pulleys, chains, a blade motor or other
components) that may be used to functionally operate the
cutting deck 50 during a cutting operation. The cutting deck
50 may mate with a portion of the battery powered riding lawn
mower 10 via a cutting deck mounting assembly configured
to mate with the battery powered riding lawn mower 10 to join
the cutting deck 50 to the battery powered riding lawn mower
10 to enable use of the cutting deck 50. FIG. 1 illustrates the
battery powered riding lawn mower 10 with the cutting deck
50 attached.

[0053] In the pictured example embodiment of FIG. 1,
drive motor compartment 60 of the battery powered riding
lawn mower 10 is disposed to the rear of the operator’s seat 20
to house various components of the battery powered riding
lawn mower 10 including an electric drive motor 62. How-
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ever, in other example embodiments, the drive motor com-
partment 60 could be in different positions such as in front of
the seat 20 or below the seat 20. In some embodiments, the
electric drive motor 62 may be operably coupled to one or
more of the wheels of the battery powered riding lawn mower
10 (the rear wheels 32 in this example) in order to provide
drive power for the battery powered riding lawn mower 10.
Although the electric drive motor 62 may be capable of pow-
ering the rear wheels 32, in other alternative embodiments,
the electric drive motor 62 may power all four wheels of the
battery powered riding lawn mower 10 (e.g., in cases where
the battery powered riding lawn mower 10 is not articulated).
Moreover, in some cases, the electric drive motor 62 may
manually or automatically shift between powering either two
wheels or all four wheels of the battery powered riding lawn
mower 10.

[0054] Inanexample embodiment, the electric drive motor
62, the steering assembly 30, the cutting deck 50, the seat 20
and other components of the battery powered riding lawn
mower 10 may be operably connected (directly or indirectly)
to a frame 70 of the battery powered riding lawn mower 10.
The frame 70 may be a rigid structure configured to provide
support, connectivity and interoperability functions for vari-
ous ones of the components of the battery powered riding
lawn mower 10. In some embodiments, the frame 70 may be
split or articulated such that, for example, the front wheels 34
are disposed on an opposite portion of the frame 70 than the
portion of the frame on which the back wheels 32 are disposed
with respect to an articulated joint 72 in the frame 70.

[0055] The battery powered riding lawn mower 10 may
also include a battery power source 74. The battery power
source 74 may include one or more batteries that may provide
power for all electrical components of the battery powered
riding lawn mower 10. In cases in which multiple batteries are
combined to form the battery power source 74, the batteries
may be distributed or located near one another. In an example
embodiment, three twelve volt batteries may be employed
connected in series and their locations may be distributed
throughout the battery powered riding lawn mower 10. For
example, as will be discussed later with regard to FIGS. 4E-F,
one or more batteries 35' may be disposed in the drive motor
compartment 60, while other batteries 35", 35" may be dis-
posed under the seat 20 or in other locations of the battery
powered riding lawn mower 10. In the illustrated embodiment
of the invention, where the riding lawn mower 10 has an
articulated frame 70 comprising a forward frame portion
connected to a rearward frame portion via a an articulated
joint 72, two batteries 35", 35" are mounted to the forward
frame portion between the front axle and the articulated joint
72, and one battery is mounted to the rearward frame portion
rearward of the articulated joint 72 and just aft of the electric
drive motor 62 and the rear axle. Since the batteries may
account for a significant percentage of the weight of riding
lawn mower 10, placement of the batteries significantly
affects balance, rollover tendencies, wheel traction, center of
gravity, handling, ease of steering, etc. As is discussed in
more depth later, FIGS. 3A-3L illustrate various views of the
exemplary battery powered riding lawn mower 10.

[0056] Referring now to FIG. 2, which includes FIGS.
2A-2G, the cutting deck 50 (viewed from above in FIG. 2A)
may include a blade housing 100, that may house one or more
cutting blades 102 (show in FIGS. 2B and 2C). The cutting
blades 102 may turn responsive to rotary motive forces
applied by corresponding one or more blade drive motors
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110. In some examples, there may be one blade motor pro-
vided for each cutting blade 102. However, other embodi-
ments could use a single blade motor to turn multiple blades.
[0057] In the example of FIG. 2, there are two blade drive
motors 110 shown for turning two corresponding cutting
blades 102 within the blade housing, but other embodiments
may employ less or more blades and corresponding blade
motors. As illustrated in FIG. 2, each blade motor may be
mounted to the cutting deck so that the shaft extending from
the electric motor is oriented perpendicularly to the cutting
deck. The blade is then attached directly to this shaft extend-
ing vertically outward from the cutting blade motor. The
blade motors 110 may be controlled via one or more blade
motor controllers 120. In some examples, the blade motor
controllers 120 may be disposed substantially between the
blade motors 110 and may receive power from the battery. In
the illustrated embodiment, where a different electric motor
controls each of the two cutting blades and the drive system,
the controllers may electrically control each blade and the
drive system independently without necessarily affecting the
operation of the other blade(s) and/or drive system, as the case
may be.

[0058] A cutting deck mounting assembly 130 may be pro-
vided for attachment of the cutting deck 50 to the frame of the
battery powered riding lawn mower 10. The cutting deck
mounting assembly 130 may suspend the blade housing (and
therefore also the cutting blades 102) relative to the ground. In
some embodiments, the cutting deck mounting assembly 130
may be supported by the wheels 52 of the cutting deck 50
and/or by attachment to the battery powered riding lawn
mower 10. In an example embodiment, adjuster 132 may be
utilized to change the height of the cutting blades 102 via
adjustment of the distance between the cutting deck mounting
assembly 130 and the blade housing 100.

[0059] As mentioned previously, FIG. 2A illustrates a top
view of the cutting deck 50. Similarly, FIGS. 2B-2G illustrate
various views of the cutting deck of FIG. 2A. Each of these
views illustrates components previously discussed above
with respect to the description of FIG. 2A. Additionally, as
briefly mentioned above, FIGS. 1A and 1B illustrate side and
top views of the battery powered riding lawn mower 10.
[0060] Likewise, FIGS. 3A-3L illustrate the battery pow-
ered riding lawn mower 10 according to various exemplary
embodiments. For example, FIGS. 3A-3D illustrate various
views of the riding lawn mower of FIG. 1A according to some
embodiments. Additionally, FIGS. 3E-31 and 3L illustrate
various views of the riding lawn mower of FIG. 3A with parts
of the housing removed according to some embodiments.
FIG. 3] illustrates a side view of the riding lawn mower of
FIG. 3H and illustrates a side cross-sectional view of the drive
motor compartment according to an example embodiment.
FIG. 3K illustrates the side cross-sectional view of the drive
motor compartment of FIG. 3] according to an example
embodiment. Each of these views illustrates components pre-
viously discussed above with respect to the description of
FIGS. 1A-1B.

[0061] FIGS. 4A-4F, 5 and 6 illustrate components for the
battery powered riding lawn mower 10. The components for
the battery powered riding lawn mower 10 may include an
electric drive motor 62, a battery system 35, an axle 104,
wheels 32, a differential 106, wiring 109 and a control system
108, according to some embodiments. Referring first to FIGS.
4A-4B, these figures illustrate the drive motor compartment
60 with the housing (shown in FIGS. 1A and 3C-3E) removed
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so that the interior working components of the drive motor
compartment 60 are visible. Additionally, FIGS. 4A-4B and
4E-4F illustrate the articulated joint 72 which connects the
drive motor compartment 60 with the rest of the battery pow-
ered riding lawn mower 10.

[0062] As illustrated in FIGS. 4A-4B and 4D-4F, the bat-
tery system 35, according to one embodiment, includes one or
more batteries coupled to a load on the battery powered riding
lawn mower 10. In one embodiment, the load is a drive motor.
In another embodiment, the load is one or more blade motors
of the cutting deck. In yet another embodiment, the load is
both a drive motor and one or more blade motors of the cutting
deck.

[0063] The battery system 35 serves as the primary source
of power for the battery powered riding lawn mower 10. In
one embodiment, the battery system 35 is the only power
source for the battery powered riding lawn mower 10 such
that the battery powered riding lawn mower 10 is configured
to concurrently supply all of the power to drive the wheels 32
of the battery powered riding lawn mower 10 via the drive
motor 62 while fully supplying the power to drive the blade
motors 110 of the cutting deck 50. In addition, the battery
system 35 could not only be used as the primary power for the
drive motor 62 and the cutting deck motor 110, but can also
supply power for any other component on the battery powered
riding lawn mower 10, such as a display panel, control sys-
tems, headlights, or any other device which may be operated
via electrical power on the battery powered riding lawn
mower 10. This allows the battery powered riding lawn
mower 10 to operate without any gasoline-based engines or
motors needed for drive, cutting or any other purposes.
[0064] In exemplary embodiments and as best diagramed
in the exemplary illustration of FIG. 4D, the battery system 35
may include one or more batteries connected in series and
may be collectively coupled in parallel to the drive motor 62
as well as the cutting deck motors 110 on the battery powered
riding lawn mower 10. The battery system 35, according to
one exemplary configuration, includes three batteries 35',
35", and 35" (the third battery 35" is shown in FIGS. 4E-4F).
One battery 35' of the battery system 35 may reside in the
drive motor compartment 60 and be primarily supported by
rear axle 104 and the rear wheels 32, while two other batteries
35" and 35" of the battery system 35 may be mounted to the
forward frame portion in a second compartment proximate to
the seat 20 of the battery powered riding lawn mower 10
between the front axle (e.g., the axle supporting the front
wheels 34) and the articulated joint 72. In this way, much of
the weight of the batteries 35" and 35" may be supported by
the front wheels 34. Therefore, in one embodiment, the
weight of the battery system 35 is distributed across the axles
of the battery powered riding lawn mower 10. In another
embodiment, the weight of the battery system 35 is distrib-
uted about the frame of the battery powered riding lawn
mower 10 so that the weight is distributed about the frame.
[0065] Inanother embodiment, the battery powered riding
lawn mower 10 may include a plurality of separated compart-
ments and the weight of the battery system 35 may be distrib-
uted between compartments of the battery powered riding
lawn mower 10. Each compartment may include a housing
and an interior area, where one or more batteries can be
disposed or secured into the interior area of each compart-
ment. For example, as shown in FIGS. 3A-3], the battery
powered riding lawn mower 10 has a drive motor compart-
ment 60 and a front compartment 137, both of which having
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a housing and an interior area within each housing. To illus-
trate this using FIGS. 3A-31, the front compartment 137 is
illustrated as having a housing 137" and an interior area 137'
where one or more batteries may be secured or disposed in the
front compartment 137. It is noted that both the front and
drive motor compartments 60 and 137 are disposed below a
horizontal plane 141 defined by the base of the operator’s seat
20 and proximate (at or just above) a horizontal plane defined
by the front and rear axles. One of the more significant prob-
lems with an electric vehicle is the positioning of the heavy
and often bulky batteries, motors, and other components in
such a way so as to maintain the vehicle’s balance, stability,
traction, etc. The figures provided herein illustrate a solution
to this problem by illustrating how a plurality of heavy bat-
teries and electric motors can be integrated into an articulated
riding lawn mower in such a way that the riding lawn mower
maintains a relatively low center of gravity and good balance,
traction, stability, rollover resistance, acceleration, decelera-
tion and turning performance.

[0066] Asdiscussed above, the battery powered riding lawn
mower 10 may include a drive motor compartment 60 located
at a distal end of the battery powered riding lawn mower 10.
The drive motor compartment may be attached directly to a
steering axle of a zero-turn riding lawn mower. The battery
powered riding lawn mower 10 may further include one or
more front compartments, such as front compartment 137.
The front compartment(s) 137 may be separated from the
drive motor compartment 60, such as via an articulated joint
72, any other type joint, a separator, a compartment housing
wall(s), or any other way to separate two compartments from
each other.

[0067] Inoneembodiment, a drive motor compartment can
house one or more batteries of the battery system 35, while the
other compartment(s) may also house one or more batteries of
the battery system 35. For example, as illustrated in FIGS.
4E-4F, one battery 35' of the battery system 35 may be housed
and supported by the drive motor compartment 60, while two
batteries 35", 35" may be housed and supported by the front
compartment 137. In another embodiment, the drive motor
compartment 60 may house the driving motor 62 and one
battery 35' of the battery system 35, where the driving motor
62 and/or the drive motor compartment 60 is connected
directly to a single steering axle of a zero-turn lawn mower.
As described above, in some embodiments the riding lawn
mower is steered by pivoting the steering axle 104 about the
articulated joint 72 relative to the front axle. In some such
embodiments such as in the embodiment illustrated by the
figures herein, the drive motor compartment 60 pivots along
with the steering axle 104 about the articulated joint relative
to the front compartment 137 and the front axle. In another
such embodiment, the drive motor compartment 60 may be
fixed relative to the front compartment 137 and the steering
axle 104 may pivot beneath the drive motor compartment 60.
In still other embodiments, the

[0068] It should be noted that there may be more than two
compartments that may be physically separated from each
other, whereby each compartment may house or support one
or more batteries of the battery system. It should be further
noted that the weight distribution between compartments
may be equal or unequal. For example, in the above men-
tioned example, the drive motor compartment 60 has only one
battery 35' and one axle 104 to support a majority of the
weight of such battery, while two other batteries 35", 35" of
the battery system be disposed in a front, separate compart-
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ment over another axle, thereby creating more weight over the
other axle of the front compartment than the axle supporting
the drive motor compartment 60.

[0069] Inyetanotherembodiment, all of the batteries ofthe
battery system may be located lower than a plane (as depicted
by the line 141-141 in FIGS. 3B-3C, 31-3J and 4C) defined by
the base of the operator’s seat. Such plane may be substan-
tially parallel to the ground. Alternatively, instead of the plane
being defined by the base of the operator’s seat, the plane (as
depicted by line 141-141) may instead be defined by the top of
one of the compartments, such as the top of the front com-
partment 137.

[0070] In yet another embodiment, the batteries of the bat-
tery system 35 may be located at or higher than a plane
defined by two or more of the axles. According to an embodi-
ment, the batteries of the battery system are located above the
axles and also below the plane defined by the base of the
operator’s seat.

[0071] In yet another embodiment, any battery of the bat-
tery system 35 that is located in the drive motor compartment
may be mounted over the axle 104 supporting the compart-
ment 60 or may be mounted so that no portion of the battery
is located above an axle 104 of the drive motor compartment
60 (as illustrated in FIGS. 4A-B).

[0072] The battery system 35 may be removably mounted
to the frame 70 of the battery powered riding lawn mower 10
so that the batteries of the battery system 35 may be secured
to the frame while the battery powered riding lawn mower 10
is in operation but also allowing the batteries of battery sys-
tem 35 to be replaced when the battery powered riding lawn
mower 10 is not in operation.

[0073] The batteries of the battery system may be mounted
so that if one compartment houses two batteries, the batteries
may be side-by-side or adjacent as is illustrated by the bat-
teries 35", 35" located in the front compartment 137 of FIGS.
4E-4F. As such, the batteries of the battery system may be in
atriangular formation if there are three batteries (as shown in
FIG. 4E), a rectangular formation if there are four batteries
(not illustrated), or any other formation. This allows a distri-
bution of weight of the battery system substantially equally
along the frame so that the drive motor compartment (or other
area of the riding lawn mower) does not bear a substantial
amount of weight of the complete battery system 35. Accord-
ingly, such distribution of weight also allows the drive motor
compartment to maneuver more freely relative to the other
parts of the riding lawn mower 10, which may especially be
helpful when the drive motor compartment is used for steer-
ing in an articulating riding lawn mower as illustrated in the
figures. It should be understood that while embodiments of
the present disclosure are applicable to a articulating riding
lawn mower, these embodiments may also be applicable to
any other type of lawn mower, including a front-steering lawn
tractor, zero-turn lawn mower, and the like.

[0074] The battery system 35 can be made up of various
types of batteries, such as lithium batteries, lead-acid batter-
ies, nickel-cadmium, nickel-metal hydrides (NiMH), zinc-air
or any other battery type. The battery system may be a direct
current (“DC”) battery system according to one embodiment,
but should not be limited to DC. The battery system 35 can
include a battery management system configured to control
charging and recharging of the batteries. This is possible by
having a receptacle 51 (shown in FIGS. 3A, 3C and 3D) that
is accessible to a user so as to allow a user to connect the
battery management system to a 110V (or other voltage)
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power outlet. The receptacle could be a three prong 110V
outlet configured to receive 110V power viaa three prong 110
V plug. The 110 V power may be power that is accessible
from standard outlets in consumers’ homes. The receptacle
could be covered with a cover over the receptacle to shield the
receptacle from debris, liquids and the like and also for aes-
thetic reasons. In one embodiment of the invention, the recep-
tacle is mounted to the rear frame portion in the housing that
covers the battery mounted to the rear frame portion so that
the receptacle is located rearward of the battery. In the illus-
trated embodiment, the housing includes a hinged cover for
covering the receptacle when not being used to charge the
batteries. In one embodiment, the battery powered riding
lawn mower 10 may be recharged, at least in part, via solar
cells.

[0075] As mentioned briefly above, the battery system 35
may be coupled to the drive motor 62 so as to be the primary
power for the drive motor 62. Contacts 107 may provide
electrical connection between the battery system 35 and the
drive motor 62. The contacts 107 may consist of three wires
which allows positive, negative and neutral connections to
electrically couple the battery system 35 with the drive motor
62, thereby providing a means to transport voltage and current
(power) to the drive motor 62.

[0076] The drive motor 62 may be an electric motor that is
operable to drive the wheels 32 of the battery powered riding
lawn mower 10 by transmitting a rotational driving force to at
least the wheels via a differential 106 when electric power is
supplied to the drive motor 62. It should be noted that the
electric motor may also function as an electric generator that
can recover regenerative energy when a braking force is
applied to the wheels 32, according to one embodiment. The
drive motor 62 may generate a rotational force to one or a
series of gears. As illustrated in FIGS. 4A-4C, the drive motor
62 applies rotational forces to two gears 111, 113 each of
which rotate about respective axles. As discussed below with
respectto FIG. 5, these gears 111, 113 translate the generated
rotational force to a differential 106 so as to operate the
differential 106. The differential 106, as discussed below,
rotates both wheels 32 on the axle 104 so that a single motor
62 may operate both wheels 32 of the axle 104.

[0077] FIG. 4C illustrates the drive motor compartment
with the housing removed to show the drive motor 62 con-
nected with the axle 104 via gears 113 and 115. No chain is
illustrated as connecting gears 113 and 115 but it should be
understood that a chain can be disposed around the gears to
mechanically translate rotational forces from gear 113 to gear
115 which in turn rotates the axle 104 and thus, the wheels 32.
[0078] FIG. 4D illustrates a block diagram illustrating
schematically a riding lawn mower configuration including a
battery system 35, a drive system 122, a cutting deck 50, a
computer control system 123 and other components 124
according to example embodiments. The drive system may
include an electric motor 62, a differential 106, an axle 104
and wheels 32. The cutting deck 50 may include at least one
electric blade motor which is rotatably connected with cutting
blades, each cutting blade may have an exclusively separate
blade motor. As previously mentioned, a series of batteries
35', 35" and 35" may be connected in series to form a battery
system 35. The collective output of the battery system 35 may
be connected in parallel to an electric drive motor 62 and a
cutting deck 50. A computer control system 123 may be
connected to both the cutting deck 50 and the drive system
122 for various purposes. The computer control system 123
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may be configured to manage power output and/or consump-
tion of the battery system 35 by the drive motor 62 and/or the
electric blade motor(s) 110 so that a single computer system
123 and a single battery system 35 may be allowed to con-
currently, fully and automatically operate both the cutting
deck 50 and the drive system 122. Although not illustrated in
FIG. 4D, the computer control system may be connected in
series or in parallel with the battery system to control power
output of the battery system 35. The computer control system
123 includes a processor and memory and can receive feed-
back from the cutting deck 50 and the drive system 122 as
well as control power to the electric drive motor 62 and the
electric blade motor(s) 110. The computer control system 123
can also communicate with any other control operations of
the riding lawn mower 10 and any other computer compo-
nents via any network internal or external to the riding lawn
mower. As previously discussed, the riding lawn mower 10
may also include other components 124, such as steering and
driving controls, any control panel, housing components,
seating, displays, software, and the like.

[0079] Referring now to FIGS. 4E-4F, FIGS. 4E-4F illus-
trate top and side views of the riding lawn mower of FIGS. 1B
and 1A, respectively, with the housing, wheels, axle and other
components removed so that the battery locations can be
illustrated according to an example embodiment. As illus-
trated in FIGS. 4E-4F, the battery system 35 may include a
plurality of batteries, such as three batteries 35, 35", 35". In
cases in which multiple batteries 35', 35", 35" are combined
to form the battery power source 74, the batteries 35', 35", 35"
may be distributed or located near one another. FIGS. 4E-4F
illustrate an example embodiment where three twelve volt
batteries 35", 35", 35" make up the battery system 35. These
batteries 35', 35", 35" are connected in series and their loca-
tions may be distributed throughout the battery powered
riding lawn mower 10. As shown in the illustrative embodi-
ment of FIGS. 4E-4F, one or more batteries 35' may be dis-
posed in the drive motor compartment 60, while other batter-
ies 35", 35" may be disposed under the a central portion 131
of the riding lawn mower 10 where the operator’s seat (not
shown in FIGS. 4E-4F) is disposed directly thereabove or the
batteries may be disposed in other locations of the battery
powered riding lawn mower 10. The distribution of the bat-
teries 35', 35", 35" of the battery system 35 allows for weight
distribution of the battery system 35 throughout the frame and
axles of the riding lawn mower so that each axle shares the
collectively weight of the battery system 35. In one embodi-
ment, one of the batteries 35' of the battery system 35 is
located in the drive motor compartment 60 of the riding lawn
mower 10 and the receptacle 51 is not disposed directly above
the battery 35'. Instead, as best illustrated in FIG. 4F, the
receptacle 51 is located horizontally adjacent to a top portion
135 of the battery 35' such that the receptacle will not sub-
stantially receive any vertically-rising fumes produced by or
caused by operation of or recharging of the battery 35' which
may escape from the top portion 135 or other area (e.g., a side
portion opposite of the receptacle) of the battery 35'. This
avoids a situation where these fumes may potentially be
ignited by the receptacle or by operation of the receptacle. In
one embodiment, two batteries may be disposed on the drive
motor compartment 60 and one or two batteries disposed in a
central portion 131 of the riding lawn mower 10. One or
batteries may be disposed in the front portion of the lawn
mower proximate to the cutting deck or any other area of the
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riding lawn mower which may be configured to support the
weight thereof, according to some embodiments.

[0080] FIG.5illustrates the drive motor 62, differential 106
and axle configuration of the battery powered riding lawn
mower 10 according to various embodiments. As discussed
above, the drive motor 62 is powered by the battery system 35
and the driver motor 62 may have gears 111, 113 that apply a
rotational force to the differential 106. The drive motor 62
may be coupled to the differential 106 via any means. In one
embodiment illustrated via FIG. 5, the differential has a gear
115. This gear 115 of the differential 106 may couple to the
gears 111, 113 of the driver motor 62 via a chain (not shown),
as mentioned above. However, it should be noted that the
drive motor 62 could be coupled to the differential 106 via any
other means, such as a belt, by directly engaging gears, or any
other means which may transfer rotational force to the difter-
ential 106.

[0081] The differential 106 may be any device which may
simultaneously provide differing rotational speeds to oppos-
ing wheels 32 via the axle 104. As illustrated in FIG. 5, the
differential 106 is coupled to the axle 104 so that a first portion
117 of the axle 104 (which connects to one of the wheels 32)
is connected with one side 121 of the differential and another
portion 119 of the axle 104 (which corresponds to the other
wheel 32) is connected to the other side 123 of the differential
106. This allows the differential to output a first rotational
speed to the first portion 117 of the axle 104 and a second
different rotational speed to the second portion 121 of the axle
104 so that the first and second portion is capable of rotating
ata differing speeds. And because the first axle portion 117 is
connected to one wheel and the second axle portion is con-
nected to another wheel, these two wheels are allows to rotate
at varying speeds at the same time. This is especially advan-
tageous for maneuvering of the battery powered riding lawn
mower 10, such as a zero-turn radius maneuver.

[0082] Asillustrated in FIG. 6, the wheels 32 are attached to
the axle 104 without a differential being attached to the axle
104 according to the illustrated embodiment. The wheels 32
can be any sized wheels to bear the load of the battery pow-
ered riding lawn mower 10. The wheels 32 are attached to the
axle via hubs 125, 127. The hubs 125, 127 (both hubs are
shown in FIGS. 4C and 5) are removeably attached to the
wheels 32 so that the wheels 32 are secured to the axle 104,
but may also be removed from the hubs 125, 127 in the event
that the wheels 32 need to be changed, adjusted or removed
from the battery powered riding lawn mower 10 for any other
reason.

[0083] FIGS. 7A-7H illustrate the battery powered riding
lawn mower 10 of FIG. 1 with various components removed
so that the wiring 109 of the battery powered riding lawn
mower 10 can be viewed according to some embodiments. As
illustrated the drive motor 62 may be connected to the drive
motor compartment 60 of the battery powered riding lawn
mower 10 and wiring is provided from the battery system 35
(not shown in FIGS. 7A-7H) to the drive motor 62. Since the
battery system 35 may be proximate to the drive motor 62, the
wiring therebetween need not be a great distance. It should
also be noted that there may be wiring in between the batteries
of the battery system 35 to connect the batteries in serial and
to connect the battery system 35 collectively in parallel with
the desired load, such as the drive motor 62, the cutting deck
50, and/or any other electrical component of the battery pow-
ered riding lawn mower 10. As illustrated, the wiring 109 may
also be connected to control panels, sensors, steering compo-
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nents, and the cutting deck 50. The cutting deck 50 has wiring
from battery to a control panel 120, which distributes power
to the blade motors 110. Thus, the cutting deck 50 is capable
of'being operated by the same battery system 35 that supplies
power to the drive motor 62.

[0084] The wiring for the cutting deck 50 may originate
from the battery system 35 which may be located at the drive
motor compartment (or underneath the seat area) along the
frame or housing of the battery powered riding lawn mower
10 to the control panel 120 of the cutting deck 50. The wiring
can be secured to the frame or housing of the battery powered
riding lawn mower 10, can be secured to conduit or can be
secured to the battery powered riding lawn mower 10. It
should be noted that the wiring need not be secured and could
be freely resting within the frame or housing of the battery
powered riding lawn mower 10.

[0085] The wiring should be of such gauge to support the
current and power that the wires will be carrying. The power
of'the battery system 35 may be any amount, such as between
1600-2700 Watts with a voltage of approximately 36 Volts
according to some embodiments. This may be useful for the
exemplary embodiment described above that connects three
batteries in series and each battery outputting approximately
12 V and the voltage and power of the battery system being
cumulative for all three batteries.

[0086] The control panel 120 of the battery powered riding
lawn mower 10 includes components coupled with the blade
motors 110 to distribute electrical power to each respective
blade motor 110. It should be noted that the Figures illustrate
the battery powered riding lawn mower 10 including two
blade motors 110, but any amount of blade motors may be
controlled, such as a single blade motor or more than two
blade motors. As previously discussed with respect to FIG. 2,
the blade motors 110 each operate to rotate each respective
blade to cut material, such as grass, that enters the cutting area
of the cutting deck 50. The control panel 120 of the battery
powered riding lawn mower 10 may provide power to each
blade motor 110 independently so that the blades may rotate
at speed independent from each other or timed according to a
specification controlled by the lawn mower controller. The
control panel 120 may include power converters and/or
amplifiers to adjust the incoming power to the power required
to rotate the respective blades at a certain speed. The control
panel 120 may include a processor and memory and control
the cutting blades via a computer. Regardless, the control
panel 120 is free to use the electrical power received from the
battery system 35 in any manner desired.

[0087] According to one embodiment, the battery system
35 that powers the blade motors 110 may be the same battery
system 35 that powers the drive motor 62 so that the battery
system 35 concurrently and fully provides power to both drive
the battery powered riding lawn mower 10 and to the cutting
deck. This may be done without a gas engine or other gaso-
line-based component. This is advantageous because gaso-
line would no longer been needed to operate the lawn mower
and many of the disadvantages of a gas-powered mower as
previously discussed, such as being noisy, environmentally
polluting, expensive to operate and requiring high amount of
maintenance, are reduced or eliminated.

[0088] Many modifications and other embodiments of the
inventions set forth herein will come to mind to one skilled in
the art to which these inventions pertain having the benefit of
the teachings presented in the foregoing descriptions and the
associated drawings. Therefore, it is to be understood that the
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inventions are not to be limited to the specific embodiments
disclosed and that modifications and other embodiments are
intended to be included within the scope of the appended
claims. Moreover, although the foregoing descriptions and
the associated drawings describe exemplary embodiments in
the context of certain exemplary combinations of elements
and/or functions, it should be appreciated that difterent com-
binations of elements and/or functions may be provided by
alternative embodiments without departing from the scope of
the appended claims. In this regard, for example, different
combinations of elements and/or functions than those explic-
itly described above are also contemplated as may be set forth
in some of the appended claims. In cases where advantages,
benefits or solutions to problems are described herein, it
should be appreciated that such advantages, benefits and/or
solutions may be applicable to some example embodiments,
but not necessarily all example embodiments. Thus, any
advantages, benefits or solutions described herein should not
be thought of as being critical, required or essential to all
embodiments or to that which is claimed herein. Although
specific terms are employed herein, they are used in a generic
and descriptive sense only and not for purposes of limitation.

1. A riding lawn mower comprising:

a frame of the riding lawn mower;

a wheel supporting the frame;

an axle connected to the wheel,

a battery system mountable to the frame;

a cutting deck attached to the frame, the cutting deck com-
prising at least one blade motor configured to rotate at
least one cutting blade rotatably mounted in the cutting
deck;

a drive motor mountable to the frame and electrically con-
nected with the battery system so that the drive motor is
configured to be powered by the battery system; and

a mechanical differential operatively coupling the axle
with the drive motor so that when the drive motor is
powered, rotational forces are distributed to the axle,
thereby rotating the wheel connected to the axle.

2. The riding lawn mower of claim 1, comprising a first
wheel and a second wheel connected to each end of the axle,
and wherein, in response to the drive motor being electrically
powered by the battery system, the mechanical differential
outputs different rotational forces to each of the wheels so the
first wheel is forced to rotate at a different speed than the
second wheel.

3. The riding lawn mower of claim 2, wherein the drive
motor is the only motor powering the mechanical differential.

4. The riding lawn mower of claim 1, wherein the drive
motor comprises an electric motor configured to output rota-
tional forces to the mechanical differential in response to
receiving power from the battery system.

5. The riding lawn mower of claim 4,

wherein the cutting deck is configured to be powered by the
battery system, and

wherein the battery system is capable of providing suffi-
cient power to both power the drive motor for driving the
riding lawn mower and power the cutting deck to cut
materials entering the cutting deck.

6. The riding lawn mower of claim 5, wherein the battery
system is coupled in parallel to both the drive motor and the at
least one blade motor so that the battery system can concur-
rently and solely power both the drive motor and the cutting
deck.
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7. The riding lawn mower of claim 1, wherein the riding
lawn mower does not include a gasoline-powered motor or
engine.

8. The riding lawn mower of claim 1, wherein the battery
system comprises a battery management system to allow a
user to recharge the battery system.

9. The riding lawn mower of claim 8, wherein the battery
management system comprises a receptacle to receive power
from an external source for recharging.

10. The riding lawn mower of claim 9, wherein the recep-
tacle comprises a three prong 110V outlet configured to
receive a three prong 110V plug and wherein the external
source is a 110V power source.

11. The riding lawn mower of claim 1,

wherein the axle comprises a first section and a second
section and the mechanical differential comprises a first
portion and a second portion,

wherein the first portion of the mechanical differential is
connected to the first section of the axle,

wherein the second portion of the mechanical differential
is connected to the second section of the axle,

wherein the mechanical differential receives rotational
forces from the drive motor and translates the rotational
forces to differing rotational forces to the first section of
the axle and the second section of the axle so that the first
and second sections of the axle rotate at different speeds.

12. The riding lawn mower of claim 1, further comprising
a chain connecting the drive motor and the mechanical dif-
ferential, whereby the chain is connected to a gear of the drive
motor and a gear connected to the mechanical differential.

13. A battery powered driving system of a riding lawn
mower comprising:

a battery system mounted to a frame of the riding lawn

mower;

an axle having a wheel connected to each end of the axle;

a drive motor mounted to the axle and being electric elec-
trically connected to the battery system so that the drive
motor is powered by the battery system;

a differential operatively mounted to the axle and coupled
with the drive motor so that when the drive motor is
powered, rotational forces are distributed to the axle,
thereby rotating each wheel.

14. The battery powered driving system of claim 13,
wherein the battery system comprises three batteries con-
nected in series.

15. The battery powered driving system of claim 13,
wherein the battery system, axle and differential are located
in a rear compartment of the riding lawn mower, and wherein
the rear compartment comprises a portion of the riding lawn
mower that is separated from a central portion of the riding
lawn mower, the central portion comprising a front axle sup-
porting an operator’s seat.

16. The battery powered driving system of claim 15,
wherein the rear compartment is separated from the central
portion of the riding lawn mower by an articulate joint that
functions to allow the rear compartment to rotate relative to
the central portion.

17. The battery powered driving system of claim 13,
wherein the drive motor is fully powered by the battery sys-
tem such that no power is provided to the drive motor by a
gasoline-based engine or motor.

18. The battery powered driving system of claim 13,
wherein the battery system also supplies power to a cutting
deck attached to the frame, the cutting deck comprising at
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least one blade motor configured to rotate at least one cutting
blade rotatably mounted in the cutting deck, and wherein the
battery system is configured to power both the cutting deck
and the drive motor concurrently and fully.

19. The battery powered driving system of claim 13,
wherein the drive motor comprises an electric motor config-
ured to output rotational forces to the differential in response
to receiving power from the battery system.

#* #* #* #* #*
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